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Abstract - The phenotypic variations among accessions of Rivinahumilis L. were studied for 24 qualitative and 
12 quantitative characters and found that ecotypes are not present among accessions.  The analysis of 
antimicrobial activity was done by agar disc diffusion method against 10 bacterial strainsand 4 fungal stains.The 
plant material was extracted with n-hexane,chloroform and methanol. The studied showed that the plant extracts 
were more active against gram-negative bacteria than gram-positive bacteria. The most susceptible bacteria 
wereKlebsiellapneumonia (MTCC 109). Pseudomonas. aeruginosa (MTCC 741) also exhibited remarkable 
antibacterial activity.The fungus Candidaalbicans(MTCC 1637) showed remarkable resistance. All other fungi 
tested were susceptible and exhibited remarkable antifungal activity.The plant extract 
wasphytochemicallyassayed for alkaloid, flavonoid, resin, tannin and saponin contents. 
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I  INTRODUCTION 

Phytolaccaceae is commonly known as Pokeweed family.  The name Phytolaccaceae Lindl. is conserved over 

Petiveriaceae Link. (Lawrence, 1974[1]).  The genus Rivina (the Pigeon berry) of the family Phytolaccaceae is 

indigenous to South India from Florida to Texas (Rendle, 1956[2]).Plants are the exclusive source of drugs for 

majority of the world population even today.  A drug is studied with respect to its constituents, active principles, 

their isolation, identification and evaluation.  This was done by conventional methods earlier, but now it is 

supplemented by chemical analytical techniques (Daniel, 1991 [3]).  Chemical constituents of organisms are 

taxonomically valuable and have the advantage over classical characters that they can be exactly described.  The 

purposeful search for certain useful compounds in related taxa has been of great interest to the pharmaceutical 

and food industry.Traditional system of medicine plays a very prominent role in the healthcaresystem of the 

rural people covering all types of ailments.RigVeda andAtharvaveda have details to cure different diseases. 

Plants used for traditionalmedicine contain a wide range of substances that can be used to treat chronicas well as 

infectious diseases. The medicinal value of plants lies in somechemical substances that produce a definite 

physiological action on the humanbody. The most important of these bioactive compounds of plants are 

alkaloids,flavanoids, resins, tannins and saponins (Kokate, et al., 2004[4]).The berries ofthe plant accumulates 

betalains in its berries (Mohammad et al., 2015[5]). The present study deals with the systematic screening of 

antimicrobial activity and estimation of phyto-compounds of the root and shoot extracts of RivinahumilisL.It is 

also aimed to evaluate the phenotypic variations among accessions.The potential of higher plants as source for 

new drugs is still largely unexplored.Among the estimated 250,000-500,000 plant species, only a 

smallpercentage has been investigated phytochemically and the fraction submittedto biological or 

pharmacological screening is even smaller. The antioxidant constituents impart significance to the usage and 

effectiveness of the plant as they were well-known for the eradication of many degenerative disorders by their 

free radical quenching capacity (Muhammad et al., 2013[6]). 

Plants areused medicinally in different countries and are a source of many potent andpowerful drugs. Making 

antibacterial drug therapy effective, safe and affordable hasbeen the focus of interest during recent 

years(Bhavnaniand Ballow2000[7]; Sharma et al. 2002[8]; Janovskaet al. 2003[9]). There areseveral reports on 
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antimicrobial activity of different herbal extracts(Adelakunet al. 2001[10],Camporeseet al. 2003[11],Bonjar 

2004[12],de Boer et al. 1966[13],Nair et al. 2005[14]).The aim of the present study was to identify the active 

principles of plant extract which may be useful in developing new lead compounds to combat deadly diseases.  

 

II  MATERIALS AND METHODS 

2.1Collection of plant materials  

The plant samples for the present study were collected from different localities of Kerala such as Trivandrum, 

Ernakulam and Muvattupuzha.   The collected plant material was identified using standard floras (Hooker 

1983[15], Gamble, 1967[16]; Matthew, 1999[17]) and confirmed by comparing with authentic sheets in the herbaria 

in the Botanical Survey of India, Coimbatore, and Tropical Botanic Garden and Research Institute, Palode, 

Trivandrum.   

2.2. Phenotypic variation among accessions 

The phenotypic variations among accessions were studied in the plants collected.  The accessions of 

RivinahumilisL. were collected from Ernakulam, Trivandrum and Muvattupuzha.  A total of 30 specimens were 

collected from 3 localities of South India.  Each specimen was scored for 12 morphometric characters and 24 

qualitative morphological characters.  Karl Pearson’s correlation coefficient was calculated to test the 

association between pairs of morphometric characters of the accessions.The variations in phenotypic characters 

of accessions of the three samples were studied by breaking down the total variances of a variable into additive 

components which may be attributed to regional factors and genus respectively, by applying the statistical 

method of analysis of variance (ANOVA).  For the analysis of variance and estimation of correlations, SPSS 

Windows Version 17 was used. 
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2.3. Screening of phyto-compounds 

Extracts of the powdered samples of Phytolaccaoctandra L., PetiveriaalliaceaL., and Rivinahumilis L.were 

subjected to treatments with various chemical reagents for quantitative estimation of alkaloids, flavonoids, 

resins, tannins and saponins (Harborne 1973[18]).   

2.4.Bioactivity assay of plant extracts 

Roots and shoots were collected separately and washed thoroughly in running tap water and air dried in shades 

for one week.  The dried samples were powdered and extracted the active principles by solvent extraction 

method.The powdered plant materials were loaded in the soxhlet apparatus and exhaustively extracted for 7 

hours with n-hexane, chloroform and methanol.  The extracts were concentrated using rotary vacuum 

evaporator.   The concentrated residue was carefully packed in small clean bottles and stored at room 

temperature.  A known volume of the extract was taken in a pre-weighed petridish.  The weight of the petridish 

along with the extract was taken.  The extract was allowed to dry in reduced pressure and ambient temperature.  

After complete drying, the weight was measured and the yield (concentration) of the content was calculated. 
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2.4.1. Bacterial and fungal strains used for the analysis 

The microbial strains for the antimicrobial screening were obtained as the Microbial Type Culture Collection 

(MTCC) from the Institute of Microbial Technology, Chandigarh (India). The following strains were used for 

the screening of antibacterial and antifungal activities. 

Gram-positive bacteria:Staphylococcus aureus (MTCC 96), Bacillus cereus (MTCC 430), B. subtilis (MTCC 

441) 

Gram-negative bacteria:Serratiamarcescens (MTCC 97), Pseudomonas fluorescens (MTCC 103), P. 

aeruginosa (MTCC 741), Klebsiellapneumoniae (MTCC 109), Proteus vulgaris (MTCC 426), Escherichia coli 

(MTCC 443), Salmonella typhi (MTCC 733)  

Fungi:Candida albicans(MTCC 227), C. albicans(MTCC 1637), C. albicans(MTCC 3017), C. glabrata(MTCC 

3019) 

 
2.4.2.Evaluation of antibacterial activity 

Antibacterial activity of the plant extractwas tested against the Gram-positive and Gram-negative bacteria by the 

agar disc diffusion method. The bacteria were grown on Mueller-Hinton agar media (pH 7.3). Agar media were 

poured into the plates to a uniform depth of 5 mm and allowed to solidify. The microbial suspensions at 

5x106cfu ml–1 were streaked over the surface of media using a sterile cotton swab to ensure confluent growth of 

the organism. The discs (6 mm in diameter) used were Whatmann No. 1 paper discs.  10µl aliquots of the 

extracts in DMSO were spotted on filter paper discs. The discs were then aseptically applied to the surface of 

agar plates at well-spaced intervals. The plates were incubated at 370C for 24 hours and the growth inhibition 

zones, including disc diameters were measured. Control discs, impregnated with 10 µl of the solvent DMSO and 

streptomycin (2 µg per disc) were used alongside the test discs in each experiment.  

 

2.4.3.Evaluation of antifungal activity 

For the screening of antifungal properties, the fungi were obtained from MTCC, cultured in modified 

Sabouraud’s agar.  Suspensions at 5x106cfu ml–1 were used. 10 µl of extract (33.3% v/v) in DMSO was 

impregnated on discs.  10 µl of the solvent DMSO and fluconazole (2µg per disc) were used as controls.  The 

growth inhibition zone including disc diameters were measured. 

 
 

III RESULTS AND DISCUSSION 

3.1. Phenotypic variation among accessions 

All the observations were mean of 10 samples.  The statistical analysis of correlation and ANOVA showed no 

significant difference among the accessions of the plant.  As per the correlation and ANOVA results of the 

samples morphological ecotypes are not present in the sample sites.  The earlier studies on phenotypic variations 

in other south Indian members of phytolaccaceae also were not supported the presence of morphological 

ecotypes along altitudinal gradients (Semagnet al., 2004[19]) (Table 1, 2 & 3).  
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3.2. Phytochemical analysis 

Phytochemical compounds were estimated in the plant under study. The percentage of alkaloid present in 

Rivinahumilis L.was 14.59 ± 0.61 %.  The flavonoids, resin and tannin were also present in the plant.  Saponins 

were not detected in Rivinahumilis L.(Fig. 1).  Root and shoot extracts were analysed separately to study 

antimicrobial action.  Hexane, chloroform and methanol were used to extract the phytocompounds.  

RivinahumilisL., the selected plant of the family Phytolaccaceae is found to have high concentration of 

phytochemicals, which are biologically active and potent.   
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3.3. Antimicrobial activity 

A total of 6 extracts (hexane,chloroform and methanol) from the root and shoot of the plantspeciesRivinahumilis 

L. belonging to the family phytolaccaceae were screened for potential antibacterial and antifungal activity.  All 

the extracts have exhibited differentdegrees of antimicrobial activity against bacteria and fungi.Inagreement 

with previous reports, plant extracts aremore active against gram-negative bacteria than gram-positive 

bacteria(Vlietinck et al.  1995[20], Rabe and Van 1997][21]).  

Hexane, chloroform and methanol extracts of root and shoot of Rivinahumilis L.were found inhibitory to all the 

bacterial strains tested.  The methanolic root extract was not inhibitory to the bacterial strain MTCC 441. 

The growth of the fungal strains MTCC 1637, MTCC 227 and MTCC 3017 were not inhibited by the plant 

extracts (Tables 4 & 5). 
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IV CONCLUSION 

Analysis of phenotypic variation among accessions of the sample was carried out by correlation analysis and 

ANOVA.  The results did not support the presence of morphological ecotypes in the different localities of the 

sample.The different phytoconstituents present in the plants are responsible for the antimicrobial 

actions.Antibacterial and antifungal studies were carried out to analyse the bioactivity.In the present analysis it 

is observed that the plant studied has high microbicidal activities.  The bioactivity analysis of the plant extract 

showed antibacterial and antifungal properties against all the tested pathogenic organisms.  The plant studied 
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has antimicrobial activity, which is as potent as standard antimicrobial drugs against the microorganisms.  The 

microorganisms studied are industrially important pathogens.  It is concluded that Rivinahumilis L., the 

representative of the family Phytolaccaceaeis a potent source of phytoconstituents.The present study therefore 

underlines the importance of complete exploitation of the potency of the members of the family Phytolaccaceae 

in the field of medicine and chemical industry. 

V REFERENCES 

[1] Lawrence, H.M.G., 1974.  Taxonomy of vascular plants, 4th ed., Oxford and IBH Publishing 

Company, New Delhi. 

[2] Rendle, A.B., 1956.  The classification of flowering plants, Vol.2: Dicotylendons, Cambridge 

University Press, New York. 

[3] Daniel, M.,  1991. Methods on plant chemistry and Economic Botany, Kalyani Publishers, New 

Delhi. 

[4] Kokate, C.K., Purohit, A.P. and Gokhale S.B.,   2004.   Pharmacognosy,NiraliPrakasahan 

Publishers, Pune.  

[5] Mohammad Imtiyaj Khan, P. S. C. Sri Harsha, A. S. Chauhan, S. V. N. Vijayendra, M. R. 

Asha, and P. Giridhar,  Journal of  Food Sci Technol. 2015  52,3, 1808. 

[6] Muhammad Ajaib, Annam Zikrea, Khalid Mohammed Khan, ShahnazPerveen, ShaziaShahand 

and Aneela Karim, Journal of chemical society of Pakistan, 2013, 35, 5.  

[7] Bhavnani, S.M. and Ballow, C.H., Curr. Opin. Microbiol.,2000, 3: 528. 

[8] Sharma, K.K., Sangraula, H. and Mediratta, P. K., Indian J. Pharmacol.,2002 , 34,390. 

[9] Janovska, D., Kubikov, K. and Kokosk, L., Czeck. J. Food Sci., 2003, 21, 107. 

[10] Adelakun, E.A., Finbar, E.A., Agina, S.E. and Makinde, A.A., Fitoterapia, 2001, 72,822. 

[11] Camporese, A., Balik, M.J., Arvigo, R., Esposito, R.G., Morsellino, N., De Simone, F. and 

Tubaro, A., J.  Ethnopharmacol.,2003, 87, 103. 

[12] Bonjar, S., J. Ethanopharmacol., 2004, 94, 301. 

[13] de Boer, H.J., Kool, A., Broberg, A., Mziray, W.R., Hedberg, I. and Levenfors J.J., 

J.Ethnopharmacol., 2005, 96, 461. 

[14]  Nair, R., Kalariya, T. and Chanda, S., Turk. J. Biol., 2005, 29, 41. 

[15]   Hooker, J.D., 1983.  The Flora of British India, Vol.5, L. Reeve and Company, Kent. 

[16]  Gamble, J.S., 1967.  Flora of the Presidency of MadraVol.I., Botanical Survey of India, Calcutta. 

[17]  Matthew, K.M., 1999.  The flora of the Palani Hills, South India, Part I., The Rapinat 

Herbarium, St. Joseph’s College, Tiruchirappalli. 

[18] Harbone, J.B., 1973.  Phytochemical methods: A guide to modern techniques           of plant 

analysis, Chapman and Hall Ltd., London. 

[19] Semagn, K., Brita S. and Asmund, B., Afr. Jour. of Biotech.,, 2004, 3(1): 32-39. 

[20] Vlietinck, A.J., van Hoof, L., Totte, J., Lasure, A., VandenBerghe, D., Rwangobo, 

P.C.andMvukiyuniwami, J., J. Ethnopharmacol., 1995, 46, 31. 

[21] Rabe, T. and Van Staden, J., J. Ethnopharmacol., 1997, 56, 8. 

 

Journal of Xi'an University of Architecture & Technology

Volume XIII, Issue 7, 2021

ISSN No : 1006-7930

Page No: 58

















International Journal of Research in Engineering and Science (IJRES) 
ISSN (Online): 2320-9364, ISSN (Print): 2320-9356 
www.ijres.org Volume 9 Issue 7 ǁ 2021 ǁ PP. 68-73 
 

www.ijres.org                                                                                                                                               68 | Page 

A Study on the Phytochemical and Antibacterial Properties of 
Three Selected Ferns 

 
1 Heera Vinod A. and *2Elsam Joseph 

*1Department of Botany and Centre for Research, St. Teresa’s College, Ernakulam 
2Department of Botany and Centre for Research, St. Teresa’s College, Ernakulam 

*Corresponding Author: Elsam Joseph 
 
ABSTRACT 
It has been observed that, pteridophytes are not much infected by microbial pathogens, which may be due to the 
presence of various phytocompounds present in these group of plants.  The present work deals with the 
Phytochemical and antibacterial analysis of Acrostichum aureum L., Pteris vittata L., Adiantum philippense L. 
belongs to Pteridaceae family.  Phytochemical analysis revealed that the extract of the selected plants such as 
Acrostichum aureum L., Pteris vittata L., Adiantum philippense L. showed the presence of various 
phtocompounds.  Antibacterial activity analysis of extracts of selected pteridophytes were done using both gram 
negative and gram positive bacteria such as Esherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa 
and Staphylococcus aureus. A. aureum shows inhibition zone against all the four bacteria; Pteris vittata shows 
inhibition zone against E. coli and Staphylococcus aureus; Adiantum philippense showed inhibition zone 
against E. coli and Klebsiella pneumonia.     
Key Words: Acrostichum aureum L., Pteris vittata L., Adiantum philippense L. Phytochemicals, Antibacterial, 
Disc diffusion, Micrtitre plate 
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I. INTRODUCTION 
A lot of studies are reported the medicinal properties of various plants, especially on angiosperms. But 

unfortunately limited amount of studies are done to explore the medicinal potentialities of pteridophytes.  The 
pteridophytes which dominated the earth during carboniferous period are survived today by about 12,000 
species comprising 305 genera.   On the basis of preliminary check-list of pteridophytes (Dixit, 1984 [1]; Bir, 
1992 [2]; Chandra, 2000 [3]), it has been reported that within present day political boundaries of India, about 
191 pteridophyte genera comprising over 1250 species exist in India. Considering the rich diversity of Indian 
medicinal plants including pteridophytes, it is expected that, the screening of plant extract for antibacterial 
activity may be beneficial for humans and plants diseases. The synergistic interaction among crude extracts or 
the active compounds may be useful in the preparation of improved herbal or drug formulations. Traditionally 
people used pteridophytes as medicine and as antibacterial agents.  In the present study an attempt has been 
made to evaluate the phytochemical and antibacterial properties of three selected pteridophytes namely 
Acrostichum aureum L., Adiantum phillippense L. and Pteris vittata L. 

Acrostichum aureum L., known as Golden leather fern, Mangrove fern etc. occurs worldwide in 
mangrove swamps, salt marshes, canal margins, and low hammocks. It does not grow in areas where soil 
salinity exceeds 50 ppm, nor does it grow in arid coastlines (Medina et al., 1990 [4]).  Pteris vittata originates 
from Asia and is widely naturalized throughout the tropics and subtropics. In its native habitat it is found 
growing in open sites on limestone,  on walls, drains and in concrete. It is adapted to a variety of soils.  Pteris 
can  accumulate the heavy metal  arsenic which attracted the attention of people interested in using plants to 
extract heavy metals from soils by phytoremediation or phytoextraction.  Adiantum philippense L. syn. 
Adiantum lunulatum Burm.f. is an evergreen, perennial fern. Commonly known as walking Maidenhair fern and 
Black Maidenhair is found across south-east Asia. It inhabits tropical areas in Bangladesh, India, Thailand and 
Cambodia. Adiantum philippense grows in a creeping or semi erect position.  

Shakoor et al., (2013)[5] studied the presence of different phytoconstituents in aqueous, methanolic, 
ethanolic and acetone extracts of 34 species of pteridophytes.   Irudayaraj and Johnson (2011)[6] studied the 
pharmacognostical, morphological and physico-chemical characteristics of Asplenium affine, Asplenium 
decrescens and Asplenium zenkeranum. The studies revealed the presence of alkaloids, triterpenes, glycosides 
and flavonoids in Asplenium species.  Pan et al., (2011)[7] studied the phytochemical and pharmacological 
activities of various species of genus Adiantum. They revealed that the typical constituents of this genus are 
terpenoids and flavonoids. Among them, some exhibit strong bioactivities, especially analgesic, anti-
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nociceptive, anti-implantation, and antimicrobial activities.  Smitha and Vadivel (2019) [8] carried out the 
phytochemical screening on Ceratopteris thalictroides. And reported the   presence of the secondary metabolites 
such as alkaloids, steroids, coumarin, tannins, saponins, flavonoids, quinone, anthroquinone, phenol, glycosides, 
catachin and terpenoids in extracts of Ceratopteris thalictroides.  

Gopalakrishnan, et al., (1993) [9] studied the phytochemical, antimicrobial and antioxidant activities on 
Pteris cretica L. extracts. Their analysis showed significant antioxidant activities as well as antimicrobial 
activities against Bacillus subtilis, Staphylococcus aureus, Clostridium sporogenes, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Candida albicans and Aspergillus oryzae. Gracelin, et al., (2012) [10], Gracelin, et al., 
(2013)[11], Saleem (2016)[12] and Shakoor et al., (20143[13] carried out the phytochemical and antimicrobial 
analyses on pteridophytes. Their study revealed the presence of alkaloids, flavonoids, tannins, saponins, 
terpenoids, steroids, glycosides, and reducing sugars. The antimicrobial analysis showed significant resistance in 
Citrobacter freundii and Escherichia coli.   Staphylococcus aureus, and Klebsiella pneumoniae were also 
sensitive to the plant extracts.  The antibacterial potentials of ferns, underlines their application as a biocontrol 
herbal remedy for various infectious diseases in plants.     
 

II. MATERIALS AND METHODS 
The present study was conducted to analyze the phytochemical and antimicrobial characteristics of the 

three ferns namely Acrostichum aureum L., Pteris vittata L., and Adiantum philippense L. belonging to the 
family Pteridaceae. The plants were collected from various places.  Acrostichum aureum L. from Mulavukad 
(Ernakulam), Pteris vittata L. from Karumalloor village (Ernakulam) and Adiantum philippense L. from 
Madathumpady village (Thrissur). The fronds of the plants were washed under running tap water, rinsed with 
distilled water, air dried for 1 hour and shade dried. It was ground into powder using a blender and stored in 
room temperature. The ethanolic and aqueous extracts of the samples prepared were used for phytochemical and 
antibacterial analyses.  The phytochemical estimations were carried out according to the method of Daniel 
(1991) [14] and Evans (2000) [15]. 

 
2.1 Estimation of Alkaloids 

The total alkaloid contents in the samples were measured using 1, 10-phenanthroline method described by 
Singh et al. (2004) [14] with slight modifications. 100mg drug powder was extracted in 10ml 80% ethanol.   
This was filtered through muslin cloth and centrifuged at 5000rpm for 10 min. Supernatant obtained was used 
for the further estimation of total alkaloids. The reaction mixture contained 1ml plant extract, 1ml of   0.025M 
FeCl3 in 0.5M HCl and 1ml of 0.05M of 1, 10- phenanthroline in ethanol. The mixture was incubated for 30 
minutes in hot water bath with maintained temperature of 70 ± 2 0 C. The absorbance of red coloured complex 
was measured at 510nm against reagent blank. Alkaloid contents were estimated and it was calculated with the 
help of standard curve of colchicines (0.1mg/mL, 10mg dissolved in 10ml ethanol and diluted to 100mL with 
distilled water). 

 
2.2 Estimation of Flavonoids 

Total flavonoid content was measured by taking 1ml aliquot of extract and added to 10 ml volumetric 
flask containing 4 ml of distilled water. To the flask 0.3ml 5% Sodium nitrite was added. After 5 minutes 0.3 ml 
10% Aluminium Chloride was added. After 6 minutes, 2ml 1M Sodium hydroxide was added and the total 
volume was made up to 10 ml with distilled water. The solution was mixed well and the absorbance was 
measured against prepared reagent blank at 510nm.  The O.D value obtained was plotted in the standard graph 
to obtain the concentration of flavonoid in the sample. 
 
2.3 Estimation of Tannin 

Pipetted out 0.1, 0.2, 0.3, 0.4, and 0.5 ml of the working standard solution into a series of test tubes. 
0.1ml of the sample was added to the test tube. To all the test tubes, distilled water was added to make up to 
7ml. 1ml of Potassium Ferricyanide and 1ml of FeCl3 was added and mixed well. The absorbance was measured 
spectrophotometrically at 700nm. 

 
2.4.  Estimation of Phenol 

0.1, 0.2, 0.3, 0.4, and 0.5 ml of the working standard solution was pipetted out into a series of test 
tubes. 0.125ml of the unknown sample was added to the test tube. To all the test tubes, including blank, distilled 
water was added to make up to 3.5ml. 0.125ml of Folin’s reagent was added to all the test tubes. The test tubes 

were then incubated at room temperature for 6 minutes. 1.25ml of 7% Sodium Carbonate was added in all the 
test tubes. The test tubes were again incubated at room temperature for 90 minutes. The absorbance was 
measured spectrophotometrically at 760nm. 
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2.5. AntiBacterial Analysis 
For the antibacterial analysis, the ethanol extracts of the Acrostichum aureum L., Adiantum philippens L. and 
Pteris vittata L. were used as the test solution. The antibacterial study was carried out against the bacteria such 
as  Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus and Pseudomonas aeruginosa.    
 
2.5.1. Disc Diffusion Method 

The disc diffusion method was used to determine the growth inhibition of bacteria by plant extracts. 
Nutrient agar was prepared and 25 ml of each was poured into sterile petridishes. Then the bacterial inoculum 
(Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus) were uniformly 
swabbed in each plate using a sterile cotton swab. Sterile discs prepared using Whatman No.1 Filter Paper, of 5-
mm diameter were used in the study. The original solvent in which the extract prepared was used as a control. 
Test samples were added to the disc and placed over the agar plates. The plates were incubated at 35-37oC for 
18-48 hours, a period sufficient for the growth. After incubation, the diameter of inhibitory zones formed around 
each disc were measured in cm and recorded. 

 
2.5.2. Microtiter Plate Method 

Microtiter plates were prepared under aseptic conditions. A sterile 96 well plate was used for the study. 
A volume of 10μl, 20μl, 30μl, 40μl, 50μl of test material was pipetted into the wells. 100μl of nutrient broth was 

added to each well. Finally, 100 μl of microbial suspension (Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Staphylococcus aureus) was added to each well. Control dilutions of test 
material were also kept. Plate was wrapped loosely with cling film to ensure that organism did not become 
dehydrated. The plates were incubated at 370C for 24 hours and OD reading was taken at 600nm wavelength 
after sufficient incubation. 

 
III. RESULTS AND DISCUSSION 

3.1. Phytochemical Analysis 
Alkaloid content was recorded very high in the ethanolic extract of plant samples. In Acrostichum 

aureum L. it was reported 160µg/ml; in Pteris vittata L. 150µg/ml; and Adiantum philippense L. 130µg/ml.  
Flavonoid content was recorded to be very high in Pteris vittata L. of 105µg/ml while in Acrostichum aureum L. 
and Adiantum philippense L.81.5µg/ml and 82.6µg/ml respectively.   Tannin contents of the ethanolic extracts 
were estimated as 12.1µg/ml for Acrostichum aureum L.; 44µg/ml for Pteris vittata L. and 35µg/ml for 
Adiantum philippense L.  Phenol content was recorded to be 64µg/ml in Acrostichum aureum L., 32µg/ml in 
Pteris vittata L., and 37µg/ml in Adiantum philippense L. (Table 1). 
 

 
 
3.2. Antibacterial Analysis 
Antibacterial activity was tested by using disc diffusion method and microtiter plate method. Antibacterial 
activity was done against four bacteria: - E.coli, Klebsiella pneumonia, Pseudomonas aeruginosa and 
Staphylococcus aureus. 
 
3.2.1. Disc Diffusion Method 

For checking the antibacterial activity of the ethanolic plant extract, the discs are dipped in ethanol, it 
used as negative control and antibiotic Tetracyclin was considered as the positive control.  Acrostichum aureum 
L. shows antibacterial activity against all the above mentioned bacteria. Adiantum philippense L. shows 
antibacterial activity against Klebsiella pneumoniae and E. coli. Pteris vittata L. shows antibacterial activity 
against Staphylococcus aureus and E. coli (Table 2). 
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3.2.2. 2icrotiter Plate Method 
Microtiter plate method was done to calculate the percentage of inhibition against the four selected bacteria in 5 
different concentrations (10µl, 20µ l, 30µl ,40µl and 50µl) of ethanolic extracts of Acrostichum aureum L., 
Adiantum phillippense L. and Pteris vittata L. ( Table 3-6).  
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IV.  SUMMARY AND CONCLUSION 
Nature is a unique source of phytochemical with high diversity and many of them possessing 

interesting biological activities with significant medicinal properties. Though, lot of studies focusing on the 
medicinal properties of angiosperm plants are reported, limited amount of studies have been done to explore the 
medicinal potentialities of the pteridophytes. The pteridophytes constitute a significant part of the plant diversity 
of nature.  They form a dominant component of many plant communities.  The ferns used for the present study 
includes Acrostichum aureum L., Pteris vittata L., and Adiantum philippense L. which belongs to Pteridaceae 
family.  Phytochemical studies showed the presence of secondary metabolites in Acrostichum aureum, Adiantum 
philippense and Pteris vittata.  The antibacterial study was carried out against the bacteria Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus. Acrostichum aureum shows 
antibacterial activity against all the selected bacteria.  Pteris vittata shows antibacterial activity against   
Escherichia coli and Staphylococcus aureus. Adiantum philippense shows antibacterial activity against 
Escherichia coli and Klebsiella pneumoniae. 

The present study reveals the phytochemical and antibacterial potentials of the selected Pteridacean 
members as a potential antimicrobial agent. Further investigations are necessary to explore the complete 
potential of the selected plants in the field of medicine and industry.   
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Abstract: The present study attempts to evaluate the bactericidal activity of Centella asiatica L. extract.  The 

plant extract was used to synthesise silver nanoparticles in an ecofriendly way. Pathogenic bacterial strain such 

as Staphylococcus aureus and Escherichia coli were used to study the antibacterial properties of the green 

synthesized silver nanoparticles and the plant extract.The antibacterial activity was assayed by resazurin based 

microtitre assay.  The formation of silver nanoparticle was indicated by the colour change from pale yellow to 

dark brown and its absorbance was measured using UV-Vis Double beam spectrophotometer. The absorption 

peakwas observed at 336 nm wavelength.  It was found that the green synthesized silver nanoparticle is more 

effective than the plant extract in bactericidal activity.  The bacteria Staphylococcusaureuswas found more 

susceptible to the plant extract and nanoparticles, compared toEscherichia coli.  

 

Key words: Centella asiatica L., antibacterial, green synthesis, silver nitrate, nanoparticle, Resazurin dye, MIC. 

 

I. INTRODUCTION 

The use of phytochemicals can be of great significance in therapeutic treatments. Many plants have been for 

their antimicrobial properties which are due to the compounds synthesized in the secondary metabolism 

(Gislene et al., 2000) [1]. Microbiological assay involves the measurement of activity or relative potency of 

compounds by determining the amount required for producing a stipulated effect on a suitable organism under 

standard condition (Mackie, 1989)[2].In recent years, there has been a growing interest in researching and 

developing new antimicrobial agents from various sources to combat microbial resistance. Therefore, greater 

attention has been paid to antimicrobial activity screening and evaluating methods. In the present study, the 

modified Resazurin based microtitre assay (Satyajith et al., 2007) [3] was used for evaluating the antibacterial 

potential of the plant extract.It is a dilution method appropriate for determination of MIC values. The MIC 

values are defined as the lowest concentration of the assayed antimicrobial agent that inhibits the visible 

growth of the microorganism tested and is expressed in mg/l. An indicatornamely Resazurin, was used to 

detect the microbial growth in extremely small volumes of solution in microtitre plates without the use of a 

spectrophotometer. The method involves a serial dilution of test material challenged by a standard 

concentration of bacterial suspension to obtain the MICvalue. 

Silver nanoparticles (Ag NPs)are broadly applied in shampoos, soaps, detergents, cosmetics, toothpastes and 

medical and pharmaceutical products and are hence directly encountered by human systems (Bhattacharya et al 

.,2008). Earlier, the antifungal properties of silver and silver nitrate were well incorporated in the field of 

medical science. Also, the medicinal importance of innumerable plants and plant parts were known. But the 
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plant-mediated silver nano product is a relatively newer concept. Nano biotechnology and their derived 

products are unique not only in their treatment methodology but also due to their uniqueness in particle size, 

physical, chemical, biochemical properties and broad range of application as well. This current emerging field 

of nano biotechnology is at the primary stage of development due to lack of implementation of innovative 

techniquesin largeindustrial scale and yet has to be improved with the modern technologies. Hence, there is a 

need to design an economic, commercially feasible as well environmentally sustainable route of synthesis of 

nanoparticles in order to meet its growing demand in diversesectors. 

Various approaches available for the synthesis of silver NPs include chemical electrochemical radiation 

(Dimitrijevic, et al., 2001) [4], photochemical methods (Callegari, et al., 2003[5] and biological techniques 

(Naik et al., 2002) [6]. In this race of Ag NP preparation, plant-mediated green biomimetic synthesis of silver 

nanoparticle is considered a widely acceptable technology for rapid production of silver nanoparticles for 

successfully meeting the excessive need and current market demand and resulting in a reduction in the 

employment or generation of hazardous substances to human health and the environment. 

 

 

II. MATERIALS AND METHODS 

 

The leaves of Centella asiatica L. were collected from sites in and around Kochi. The leaves are washed, 

cleaned and kept in shade, finally dried in hot air oven and powdered. This powdered sample was used for 

extraction. 

2.1. ANTIBACTERIAL ASSAY BY RESAZURIN BASED MICROTITRE METHOD 

2.1.1. PREPARATION OF EXTRACT FORASSAY 

Fresh plants collected and cleaned thoroughly were shade dried. The 

wholeplantwaspowderedwell.10gofpowderwasdissolvedin100ml ethanol. This was sealed tightly to check 

evaporation and was kept undisturbed for 48 hours. An aliquot of the filtered extract was transferred to 

petridish and kept in a boiling water bath for about 30 minutes to concentrate the extract by drying. The dried 

sample was dissolved in 2ml DMSO solution and kept for assay. 

2.1.2. PREPARATION OF BACTERIALCULTURE 

 

Bacterial culture medium was prepared using nutrient broth. The prepared medium was autoclaved for about 

20 minutes and allowed to cool. The bacteria were isolated from preserved culture tubes and by using a sterile 

a loop they were inoculated to the nutrient broth solution. Escherichiacoli and Staphylococcus aureus were 

used for preparing culture. The test tube was kept in incubator for 24 hours at 370Celsius and centrifuge set at 

4000 rpm for 5 min. The pellet was dissolved using 10 ml of sterile normal saline solution and centrifuged 

again at 4000 rpm for 5 min. this step was repeated until the supernatant was clear. The pellet was then 

suspended in 10 ml of sterile salinesolution. 
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Resazurin dye was preparedby dissolving 0.032gm of Resazurin dye powder in 5 ml sterile water.The 

antibiotic solution was prepared dissolving 0.1gmAmpicillin in 1 ml sterile water.The microtitre plates were 

prepared under aseptic conditions. A sterile 96 well plate was used for the assay. Each column was labeled 

horizontally as A, B, C, D, E, F, G and H respectively. The first and second rows containing 100µl nutrient 

broth and 100 µl antibiotic. The third and fourth  

rowscontaining100µlnutrientbroth.Thefifthandsixthrowscontaining100µlnutrientbroth and 100µl ethanol. The 

seventh and eight rows containing 100µl nutrient broth and 100µl plant extract. Serial dilutions were 

performed using a micro pipette. 

To each well 10µl bacterial suspension was added followed by 10µl Resazurin dye mixed well using separate 

tips in each row of wells. E. coli was added in rows A, C, E and G.Staphylococcus aureus wasadded in B, D, F 

and H rows. The plates were covered with plastic foil. The plates were incubated in temperature controlled 

incubator at 370 C for 24 hour. The colour change in the wells were observed visually. The colour change 

observed from purple to pink or colourless was taken as positive. The lowest concentration of plant extract at 

which colour change occurred was recorded as the MIC value. The average of three values was calculated and 

that was the MIC for the test material and bacterial strain. 

2.1.3. GREEN SYNTHEZISE OF SILVER NANOPARTICLES 

1mM concentration of silver nitrate solution was prepared by dissolving 42.46g silver nitrate in 250ml distilled 

water. This solution was stored in brown bottles.2gm powdered sample was taken in a beaker and 20 ml of 

distilled water was added to it. Then it was kept in water bath for 15minutes. After that it is filtered using filter 

paper. This filtrate was used for silver nanoparticle synthesis.1ml of the plant extract was added to a test tube. 

To this 9ml of the silver nitrate solution was added. This was kept undisturbed for four hours in dark. 

2.1.4. UV–Vis spectroscopymeasurements 

After four hours the solution was observed for the reduction of silver ions by visual inspection of the solution 

as well as by measuring the UV–Vis spectrum of thesolution. The UV-Vis absorption spectrum of the Ag NPs 

were monitored in a range of300-800nm. 

2.2. ANTIBACTERIAL ASSAY FOR GREEN SYNTHESIZED SILVER NANOPARTICLES 

2.2.1. Preparation ofmicrotitre plate 

 

The plates were prepared aseptic conditions. A sterile 96 well plate was labeled horizontally as A, B, C, D, E, 

F, G, H respectively. The first and second rows containing 100µl nutrient broth and 100 µl antibiotic. The third 

and fourth rows containing 100µl nutrient broth. The fifth and sixth rows containing 100µl nutrient broth and 

100µl ethanol. The seventh and eight rows containing 100µl nutrient broth and 100µl green synthesized silver 

nanoparticles. Serial dilutions were performed using a micropipette.To each well 10µl bacterial suspension was 

added followed by 10µl Resazurin dye and mixed well with separate pipette tips. E. coli was added in A, C, E 

and G rows and Staphylococcus aureus was added in B, D, F and H rows. The plates were covered with plastic 

foil and incubated in an incubator at 370 C for 24 hour. The colour change in the well was noted. The colour 

change observed from purple to pink colourless was taken as positive. The lowest concentration of plant leaf 
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extract at which colour change occurred was recorded as the MIC value. 

III. RESULTS AND DISCUSSION  

 

The plant selected for the present study, Centella asiatica L., is a perennial, herbaceous creeper with kidney-

shaped leaves, found in India, Sri Lanka, Madagascar, South Africa, Australia, China, and Japan (Fig. 1). The 

plant prefers to grow in shady, moist, or marshy areas (Bhavan, 1992) [7]. Saranya et al., (2017) [8] evaluated 

the chemical constituents present in the crude leaf extracts of C. asiatica L. with special emphasis on their 

pharmacological actions. Phytochemical screening of C. asiatica L. was done by extracting the dried powdered 

leaves with different solvents such as water, acetone, chloroform and methanol. The results suggest that the 

leaves of C. asiatica L are a rich source of valuable primary and secondary metabolites.  Apart from wound 

healing, the herb is recommended for the treatment of various skin conditions such as leprosy, lupus, varicose 

ulcers, eczema, and psoriasis.  Manisha et al., 2018 [9] evaluated a study on the phytoconstituents of 

medicinally important plant Centella asiatica L. and screening for antimicrobial and antioxidant activities of 

the plant extracts. The results also showed that Centella asiatica exhibited antimicrobial activities as well as 

ABTS and DPPH radical scavenging activity, which is greater than the standards ascorbic acid and butylated 

hydroxyltoluene (BHT) antioxidant activities.  

 

 

3.1. ASSAY OF ANTIBACTERIALACTIVITY 

Resazurin is an oxidation-reduction indicator used for the evaluation of cell growth, particularly in various 

cytotoxicity assays (McNicholl et al., 2000) [10]. It is a blue non- fluorescent and non-toxic dye that becomes 

pink fluorescent when reduced to resorufin by oxidoreductases within viable cells. The blue colour in the 

microtitre plates indicates non- viable cells whereas the pink wells indicate presence of viable cells. 

The modified Resazurin assay was used to demonstrate antibacterial activity against gram positive 

Staphylococcus aureus and gram negative E.coli strains of bacteria. The ethanolic extract of leaves of Centella 

asiatica L. and green synthesized silver nanoparticle were used as the test sample. The antibacterial activity 

was checked against ampicillin as positive control for plant extract, ciprofloxacin as the positive control for 

green synthesized silver nanoparticles. And nutrient broth as negative control. MIC was calculated for each. 
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Both the ethanolic plant extract showed antibacterial activity on both the bacteria. The plant extract was more 

effective on Staphylococcus aureus with an MIC value of 0.015625g. This was followed by an effect on E.coli 

with an MIC value of 0.03125g (Table 1; Fig. 2). 

 

 

The green synthesized silver nanoparticle showed antibacterial activity on both the bacteria. This was more 

effective on Staphylococcus aureus with an MIC value of 0.0009g. This was followed by an effect on E.coli 

with an MIC value of 0.0019gm (Table2; Fig. 3). 

 

3.2. GREEN SYNTHSIS OF SILVERNANOPARTICLES 

The Ag NPs were synthesized through plant extract by mixing the aqueous plant extracts of Centella asiaticaL. 

with silver nitrate solution (1mM). The formation of silver nanoparticle was indicated by the colour change 

from pale yellow to dark brown. It was due to the reduction of Ag+ (Fig 3). 
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3.2.1. Spectrophotometric analysis 

The spectrophotometric analysis showed the intensity of absorption or optical density (OD) as a function of 

wavelength. Absorbance is directly proportional to the path length, and the concentration, of the absorbing 

species according to Beer–Lambert Law. Synthesis of Ag NPs was observed by UV-VIS spectroscope. The 

UV-VIS absorption spectra of the Ag NPs were monitored in a range of 300-800nm. The formation of the 

nanoparticles was observed with a absorption peak at 336 nm (Fig4). 

 

 

Nano biotechnology is presently one of the most dynamic disciplines of research in contemporary material 

science whereby plants and different plant products are finding an imperative use in the synthesis of 

nanoparticles (NPs). In general, particles with a size less than 100 nm are referred to as NPs. Entirely novel and 

enhanced characteristics such as size, distribution and morphology have been revealed by these particles in 

comparison to the larger particles of the mass material that they have been prepared from (Van, 2005) [11]. 

Nanoparticles of noble metals like gold, silver and platinum are well recognized to have significant 

applications in electronics, magnetic, optoelectronics and information storage (Gratzel et al., 2001) [12]. The 

present study was conducted to analyse the antibacterial activity and synthesize of the silver nanoparticles 

using the using whole plant extract Centella asiatica L.  

Resazurin microtitre plate assay was conducted to evaluate the bactericidal properties of the plant selected. 

Ethanolic plant extract is more effective on gram positive bacteria Staphylococcus aureus than the gram 

negative E.coli bacteria.The plants and their extractives are important in synthesis of nanoparticles as an 

ecofriendly approach. Synthesizing nanoparticles from plant extract is very cost effective, eco-friendly and 

economic. In the present analysis it is observed that silver nanoparticles have higher bactericidal activity on 
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Staphylococcus aureus than onE. coli. and that the green synthesized silver nanoparticles have more 

antibacterial propertiescompared to the ethanolic plant extract. 

IV. CONCLUSION 

The plant selected for the study, Centella asiatica L. is an important medicinal herb that has been valued for 

centuries in ayurvedic medicine for the treatment of various diseases. The antibacterial assay was done using 

modified resazurin microtitre assay. This method corrected the dilution in accuracies, especially in relation to 

the MIC determinations and enabled results to be comparable for the test material for different bacterial strains. 

This method is easy to follow and is very accurate also. Gram positive Staphylococcus aureus and gram 

negative E.coli were the microorganisms selected for the study.  MIC values were calculated for plant extract 

and it showed that plant extract is more effective on Staphylococcus aureuswith lowest MIC value than E.coli.  

The green synthesized silver nanoparticle were found more effective than the plant extract against gram 

positive bacteria Staphylococcus aureus than gram negative bacteria Escherichia coli.The formation of silver 

nanoparticle was indicated by the colour change of the solution and this was measured using 

spectrophotometer with an absorption peak at 336 nm wavelength.  From the study it is clear that Centella 

asiatica L. is having antibacterial potentials against bacterial diseases in crude form of plant extract as well as 

in the form of green synthesized nanoparticles. Therefore, it is concluded that plants and their extractives can 

be used to synthesis metal nanoparticles as ecofriendly approach. 
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Abstract 

The plant extracts were phytochemically assayed various phytocompounds. Three plants of the family 
Phytolaccaceae were selected for preliminary screening of their antimicrobial potentiality, viz., Phytolacca 
octandra L., Petiveria alliacea L., Rivina humilis L.  The analysis of antimicrobial activity was done by agar disc 
diffusion method against 10 bacterial strains and 4 fungal stains. The plant material was extracted with n-hexane, 
chloroform and methanol. The preliminary screening experiment revealed that Phytolacca octandra L. was more 
potent than the other plants studied. The plant extracts were more active against gram-negative bacteria than gram-
positive bacteria. The most susceptible bacteria were Klebsiella pneumonia (MTCC 109). Pseudomonas aeruginosa 
(MTCC 741) also exhibited remarkable antibacterial activity. The fungus Candida albicans (MTCC 1637) showed 
remarkable resistance. All other fungi tested were susceptible and exhibited remarkable antifungal activity. 
 

Keywords: Antibacterial, Antifungal, Disc diffusion method, Medicinal plants, Phytocompounds. 

 
I. INTRODUCTION 

A drug is studied with respect to its constituents, active principles, their isolation, identification and evaluation. 
This was done by conventional methods earlier, but now it is supplemented by chemical analytical techniques 
(Daniel, 1991) [1]. Chemical constituents of organisms are taxonomically valuable and have the advantage over 
classical characters that they can be exactly described. The purposeful search for certain useful compounds   in   
related   taxa  has  been  of  great interest to the pharmaceutical and food industry. Traditional system of medicine plays 
a very prominent role in the healthcare system of the rural people covering all types of ailments. Rig Veda and 
Adharva Veda have details to cure different diseases. Plants used for traditional medicine contain a wide range of 
substances that can be used to treat chronic as well as infectious diseases. The medicinal value of plants lies in some 
chemical substances that produce a definite physiological action on the human body. The most important of 
these bioactive compounds of plants are alkaloids, flavonoids, resins, tannins and saponins (Kokate et al., 2004) 
[2]. 

Phytolaccaceae is commonly known as Pokeweed family. The name Phytolaccaceae Lindl. is conserved 
over Petiveriaceae Link. (Lawrence, 1974) [3]. Three genera of the family Phytolaccaceae are indigenous to 
South India; the Poke berry (Phytolacca) from Maine to Minnesota and southward, the Pigeon berry (Rivina) from 
Florida to Texas and Garlic weed a monotypic genus (Petiveria) whose northern limits are in Southern   
Florida (Rendle, 1956 [4]. The present study deals with the systematic screening of antimicrobial activity and 
estimation of phytocompounds of the root and shoot extracts of the Peninsular Indian Phytolaccaceae viz., 

Phytolacca octandra L., Petiveria alliacea L., Rivina humilis L.  The   potential of       higher  plants as source for new 
drugs is still largely un-explored. Among the estimated 250,000- 500,000 plant species, only a small percent- age 
has been investigated phytochemically and the fraction submitted to biological or pharmacological screening is even 
smaller. Medicinal plants represent a rich source of antimicrobial agents. Plants are used medicinally in 
different countries and are a source of many potent and powerful drugs. Considering the vast of potentiality of plants 
as sources for antimicrobial drugs, a systematic investigation was undertaken to screen the South Indian 
representatives of Phytolaccaceae for antimicrobial activity. Making antibacterial drug therapy effective, safe 
and affordable has been the focus of interest during recent years. The aim of the study was to identify the active 
principles of plant extract which may be useful in developing new lead compounds to combat deadly diseases. 

II. MATERIALS AND METHODS 

The plant materials (samples) for the present study were collected from different localities of South India such as 
Munnar, Ootty, Kodaikanal, Trivandrum, Ernakulam and Muvattupuzha. All the collected plant materials 
were identified using standard floras (Hooker 1983 [5], Gamble, 1967 [6]; Matthew, 1999 [7]) and confirmed by 
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comparing with authentic sheets in the herbaria in the Botanical Survey of India, Coimbatore, and Tropical 
Botanic Garden and Research Institute, Palode, Trivandrum. Roots and shoots were collected separately and 
washed thoroughly in running tap water and air dried in shade for one week. The dried samples were powdered and 
extracted the active principles by solvent extraction method. 

The powdered plant materials were loaded in the soxhlet apparatus and exhaustively extracted for 7 hours with 
n-hexane, chloroform and methanol. The extracts were concentrated using rotary vacuum evaporator. The 
concentrated residue was carefully packed in small clean bottles and stored at room temperature. A known 
volume of the extract was taken in a pre- weighed petridish. The weight of the petridish along with the extract 
was taken. The extract was allowed to dry in reduced pressure and ambient temperature. After complete drying, the 
weight was measured and the yield (concentration) of the content was calculated 

Evaluation of antibacterial activity 

Antibacterial activity of the plant extract was tested against the Gram-positive and Gram- negative bacteria by the 
agar disc diffusion method. The bacteria were grown on Mueller-Hinton agar media (pH 7.3).  Agar media 
were poured into the plates to a uniform depth of 5 mm and allowed to solidify. The microbial suspensions at 

5x106cfu ml–1 was   streaked over the surface of media using a sterile cotton swab to ensure confluent growth of 
the organism. The discs (6 mm in diameter) used were Whatmann No. 1 paper discs. 10µl aliquots of the extracts in 
DMSO were spotted on filter paper discs. The discs were then aseptically applied to the surface of agar plates at 

well-spaced intervals. The plates were incubated at 370C for 24 hours and the growth inhibition zones, including disc 
diameters were measured. Control discs impregnated with 10 µl of the solvent DMSO and streptomycin (2 µg per 
disc) were used alongside the test discs in each experiment. 

Evaluation of antifungal activity 

For the screening of antifungal properties, the fungi were obtained from MTCC, cultured in modified Sabouraud’s 

agar. Suspensions at 5x106cfu ml –1 were used. 10 µl of extract (33.3% v/v) in DMSO was impregnated on discs. 
10 µl of the solvent DMSO and fluconazole (2µg per disc) were used as controls. The growth inhibition 
zone including disc diameters were measured. The microbial strains for the antimicrobial screening were obtained 
as the Microbial Type Culture Collection (MTCC) from the Institute of Microbial Technology, Chandigarh 
(India). The following strains were used for the screening of antibacterial and antifungal activities. 

Gram-positive bacteria :-Staphylococcus aureus (MTCC 96),  Bacillus cereus (MTCC 430), 
B. subtilis (MTCC 441) 

Gram-negative bacteria :-Serratia marcescens (MTCC 97), Pseudomonas fluorescens (MTCC 103), P. aeruginosa 
(MTCC 741), Klebsiella pneumoniae (MTCC 109), Proteus vulgaris (MTCC 426), Escherichia coli (MTCC 
443), Salmonella typhi (MTCC 733) 

Fungi :- Candida albicans (MTCC 227), C. albicans (MTCC 1637), C. albicans (MTCC 3017), C. glabrata 
(MTCC 3019) 

Extracts of the powdered samples of Phytolacca octandra L., Petiveria alliacea L., and Rivina humilis L. 
were subjected to treatments with various chemical reagents for quantitative estimation of alkaloids, 
flavonoids, resins, tannins and saponins. 

III. RESULTS AND DISCUSSION 

Phytochemical compounds were estimated in all the plants under study and it was found that the amount vary among 
the plants. Maximum amount   of  phytocompounds were found  in Phytolacca octandra L.  Rivina humilis L. had 
minimum amount of phytocompounds. The percentage of alkaloid present in Phytolacca octandra L. was 
17.81± 0.69.  Among  the   3  plants studied  Petiveria alliacea L. had the least amount of alkaloids (11.40 ± 0.75 %). 
Rivina humilis L. had 14.59± 0.61 % of alkaloids (Table 1).  The flavonoids, resin and tannin were present   in   
minimum quantity in  Rivina humilis L.(8.29 ± 0.36 %, 12.43 ± 0.41% and 0.41 ±0.04% respectively). Phytolacca 
octandra L. contained a higher percentage of these compounds (23.24 ± 1.8 %, 19.01 ± 0.52 %and 0.79 ± 0.10 
%respectively). The amount of   flavonoids in Petiveria alliacea L. was 10.83± 0.31 %. 16.82 ± 0.34% resin and 0.44 
±0.11 % tannin was estimated in Petiveria alliacea L. (Fig. 1). 

Saponins were absent in Rivina humilis L. Phytolacca octandra L. was observed as a rich source of   saponins (32.87 ± 
1.85 %). 3.77 ±0.38 % of saponins was estimated in Petiveria alliacea L.  Antimicrobial activity. A total of 18 extracts 
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(hexane, chloroform and methanol) from the root and shoot of the three plant species belonging to the family 
phytolaccaceae were screened for potential antibacterial and antifungal activity (Figure1). All the extracts have 
exhibited different degrees of antimicrobial activity against bacteria and fungi. In agreement with previous 
reports, plant extracts are more active against gram-negative bacteria than gram-positive bacteria. The hexane 
extract of shoot and root of Phytolacca octandra L. were found to be inhibitory to the growth of the bacterial 
strains MTCC 97, MTCC 426, MTCC 430, MTCC 441, MTCC 443 and MTCC 733. The root extract in hexane was 
inhibitory to MTCC 2940. Chloroform and methanol extracts were inhibitory to all the test organisms except 
MTCC 2940. Streptomycin (control) had no action on the bacteria MTCC 733. But Phytolacca octandra L. extract was 
inhibitory to this organism. The root and shoot hexane extracts and chloroform extracts of  Petiveria alliacea L. 
inhibited the growth of  all tested bacterial strains. The methanol extract of shoot of Petiveria alliacea L. did not inhibit 
the growth of the bacteria MTCC 426.  Hexane, chloroform and methanol extracts of root and shoot of Rivina humilis 
L. were found inhibitory to all the bacterial strains tested. The methanolic root extract   was  not inhibitory to the 
bacterial strain MTCC 441. The growth    of  the    fungal strains  MTCC 1637, MTCC 227 and  MTCC 3017 were  not  
inhibited by  the  plant extracts (Tables  2 , 1,2 & 3).  

 

 
In   the   present   analysis  it  is  observed  that  the plants studied have high microbicidal activities. The bioactivity 
analysis of the plant extract showed  antibacterial and antifungal properties against all the tested  pathogenic 
organisms. The results indicate that the different extracts have variation in inhibitory potencies due to the 
differences in the phytoconstituents of the extracts.  It was reported that the berries of Phytolacca octandra L. 
synthesize various triterpenoid saponins, which possess potent and useful biological properties including 
detergent, molluscicidal (Lemma, 1965[8];  insecticidal  and fungicidal actions. Most scientifically studied use of 
Phytolacca dodecandra L. is its molluscicidal property (Spielman and Lemma, 1973) [9]. It is referred to as the  
biodegradable  plant    molluscicide  Molgaard et al., 2000)[10]. The three plants studied have antimicrobial activity, 
which is as potent as standard antimicrobial drugs against the microorganisms. The microorganisms 
studied are industrially important pathogens. 
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IV. CONCLUSION 

The South Indian  members of  the family Phytolaccaceae are found to have high concentration of  
phytochemicals, which  are biologically active and potent. The present study therefore underlines the importance of 
complete exploitation of   the   potency of the members of the family Phytolaccaceae in the field of   medicine   and   
chemical  industry. 
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Abstract 
Medinilla beddomei C B Clarke is an epiphytic shrub belongs to the family melastomataceae. The present study was carried to 
determine the phytochemical components present in the petroleum ether, chloroform, acetone and methanol leaf extracts of M. 
beddomei. The study revealed that leaf extracts of M. beddomei consist of different phytochemical compounds like alkaloids, 
phenols, flavonoids, tannins, terpenoids, saponins and steroids. Acetone leaf extracts of the plant had the highest amount of 
phenol and flavonoid contents (26.81 0.42 mg gallic acid equivalent/g and 3.84  mg quercetin equivalent/g respectively). 
GC MS analysis of acetone leaf extract showed 11 phytocompounds. Presence of these compounds makes the plant more 
valuable for treating various ailments. 
 
Keywords: Medinilla beddomei, phytochemicals, GC MS analysis, acetone extract, fever 
 

 

Introduction 
Medinilla Gaudich. ex. DC, is an old Afro-asiatic genus 
consist of 430 species. Among these four species are from 
Penisular India. M. malabarica, M. beddomei, M. 
anamalaiana and M. sahyadrica are endemic to the 
Southern Western Ghats [1]. The forests of Western Ghats of 
Kerala are a rich house of traditional medicinal and 
commercially beneficial plants. Phytochemical investigation 
suggests that members of the genus Medinilla possesses 
valuable phytochemical compounds like phenol, flavonoids 
and tannin and also used in traditional medicine [2-4]. 

Medinilla beddomei C B Clarke is an epiphytic climbing 
shrub native to Southern Western Ghats [5]. Leaves of this 
epiphytic plant are eaten freshly by Muthuva and Irular, 
tribal groups in Idukki for reducing the body heat due to 
fever [6, 7] and also it is used as a refresher while going into 
the forest. [8]. The present study deals with the 
phytochemical screening of the petroleum ether, 
chloroform, acetone and methanol leaf extracts of M. 
beddomei and GC MS analysis of the acetone leaf extract of 
M. beddomei to assay the phytochemical compounds. 
 

 
 

Fig 1: Medinilla beddomei Habit 

Materials and Methods 
Collection of the plant sample 
Medinilla beddomei was collected from Sholayar reserve 
forest, Thrissur during the month of June 2021 and 
taxonomically identified based on the flora of presidency of 
madras. The voucher specimen No. 18372 was deposited at 
KFRI, Thrissur for further reference. 
 
Preparation of the Plant extracts 
The plant sample was collected from the natural habitats and 
thoroughly washed to remove the dirt and debris. The leaves 
were air dried and powdered with mechanical grinder. Forty 
gram of the powder was successively extracted with 200 ml 
of petroleum ether, chloroform, acetone and methanol using 
Soxhlet extractor for 8-12 h at a temperature of the boiling 
point of the solvents. The residues of the plant samples were 
obtained and stored in a refrigerator at 4 °C for further 
studies. 
 
Qualitative and Quantitative analysis of the plant 
extracts 
Phytochemical analysis of the M. beddomei leaf in different 
extracts were carried out according to the standard methods 
[9, 10]. Quantitative estimation of total phenol was conducted 
using modified protocol [11] and the total phenolic content in 
the samples were expressed as milligrams of gallic acid 
equivalent per gram of dry weight of the sample and the 
total flavonoid was quantified based on the method of 
Chang et al., 2002 [12]. Quercetin was used as standard for 
the study. 
 
Identification of the components 
Gas chromatography is a widely used method to detect the 
phytochemical compounds present in the plant extracts. 
Here volatile components of acetone extract of M. beddomei 
leaf were identified and quantified by using GC MS 
analysis. The components were identified by comparing the 
MS fragmentation pattern of unknown compounds with the 
pattern of known compounds stored in National Institute of 
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Standards and Technology (NIST) and Wiley mass spectra 
libraries. 
 
GC MS analysis 
GC/MS analysis was done with Shimadzu QP-2010 Plus 
with thermal desorption system TD 20, fitted with a 60 m × 
0.25 mm × 0.25 m WCOT column coated with diethylene 
glycol (AB-Innowax 7031428, Japan). Helium was used as 
the carrier gas with a flow rate of 1.21 mL/min at a column 
pressure of 77.6 kPa. The injector and detector temperatures 
were set at 260 ᵒC. Samples (8 μL) were injected into the 

column with a split ratio of 10:0. Component separation was 
achieved with a linear temperature program of 70 - 260 ᵒC 
with a total run time of 65.32 min. The MS parameters 

were: electron ionization (EI) voltage 70 eV, peak width 2 s, 
mass range 40 - 700 m/z and detector voltage 1.5 V. 
Compounds were identified by their retention time (RT) and 
elucidation of mass spectra. It was compared with NIST and  
WILEY libraries. 
 
Results 
The phytochemical Analysis  
The qualitative analysis of the phytochemicals of petroleum 
ether, chloroform, acetone and methanol leaf extracts of M. 
beddomei revealed the presence alkaloids, glycosides, 
phenols, flavonoids, tannins and saponins. Coumarins was 
absent in all the extracts. Results of the preliminary 
phytochemical analysis are depicted in table 1 

 
Table 1: Preliminary phytochemical screening of M. beddomei leaf extracts 

 

Sl. No. Phytochemicals Petroleum Ether Chloroform Acetone Methanol 
1 Alkaloid + + + + 
2 Glycosides + + - + 
3 Phenol + + + + 
4 Flavonoids - + + + 
6 Terpenoids + + + + 
7 Tannins + + + + 
8 Steroids - - + - 
9 Saponins - + - + 
10 Coumarins -. - - - 

 
Quantitative estimation of total phenol and flavonoid 
content were estimated and represented in table 2. The 
average triplicate assays showed that phenol content of all 
the leaf extracts of M. beddomei varied from 14.43 mg 
gallic acid equivalent/g to 26.81 mg gallic acid equivalent/g. 

Also total flavonoid content showed variations from 0.28 
mg quercetin equivalent/g to 3.84 mg quercetin 
equivalent/g. M. beddomei leaf extracts exhibited more 
phenol content than flavonoid (Figure1). 

 
Table 2: Quantitative estimation of total phenol and flavonoid content of M. beddomei leaf extracts 

 

Sl. No. Total phenolics (mg GAE/g ± SD) Total flavonoid (mg QE/g ± SD) 
Petroleum Ether 14.43  0.28  

Chloroform 20.80  2.21  
Acetone 26.81  3.84  
Methanol 23.74  2.48  

 

 
 

Fig 2: Graphical analysis of Total phenol and flavonoid content in M. beddomei leaf extracts 
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GC MS analysis 
Gas chromatography is a widely using tool for the detection 
of volatile and semi volatile components. Even trace amount 
of volatile components can be detected through this 
technique. Acetone extract of M. beddomei leaf revealed the 

presence of 11 compounds. The phytochemical compounds 
with their Retention Time (RT), molecular formula, 
molecular weight and peak area in percentage are presented 
in table 3.  

 

 
 

Fig 3: GC-MS chromatogram of the acetone extract of M. beddomei Leaf 
 

Table 3: Phytochemical compounds detected in acetone leaf extract of M. beddomei. 
 

Sl. No. Retention Time Area % Compound Name Molecular Formula Molecular Weight 
1 10.145 0.873 Cis decahydronaphthalene C10H18 138 
2 10.609 0.480 Hexachloromethane C2Cl6 234 
3 11.471 0.926 Spiro [4,5] decane C10H18 138 
4 22.691 2.026 2,4-Bis(1,1-dimethylethyl) phenol C14H22O 206 
5 29.985 24.498 Phytol C20H40O 296 
6 30.494 4.305 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 296 
7 30.870 6.929 3-Eicosyne C20H38 278 
8 57.596 17.499 ᵞ sitosterol C29H50O 414 
9 58.725 9.556 Olean-13 (18)-ene C30H50 410 

10 59.794 22.398 28-Norolean-17-en-3-one C29H46O 410 
11 61.949 10.510 Stigmast-4-en-3-one C29H480 412 

 
Discussion and conclusion 
The present study revealed that M. beddomei leaf extracts of 
petroleum ether, chloroform, acetone and methanol consist 
of valuable phytochemical compounds like alkaloids, 
flavonoids, phenol, glycosides, tannin and saponins. Also 
acetone leaf extract showed the increased amount of phenol 
and flavonoid content. Several studies showed that phenol 
and flavonoid possess many useful properties like 
antimicrobial, anti-allergic, antioxidant, antitumar and 
cytotoxic activities [13, 14]. GC MS analysis of acetone extract 
of M. beddomei revealed the presence of some active 
compounds like spiro [4, 5] decane, 2, 4-bis (1,1-

dimethylethyl) phenol, phytol, ᵞ sitosterol and stigmast-4-
en-3-one. Phytol was present in the higher concentration in 
acetone leaf extract, which shows several pharmacological 
properties like antihyperalgesic, anti-inflammatory and 
antiarthritic effects [15, 16]. Also 2, 4-bis (1, 1-dimethylethyl) 
phenol is an another active component present in various 
plants known for antibacterial and anti-inflammatory 
activities [17]. Other compounds like ᵞ sitosterol and stigmast-
4-en-3-one showed antibacterial, anticancerous, antiviral 
and hypoglycaemic effects [18-21]. The present study revealed 
that M. beddomei is an important phyto pharmaceutical 
plant. It is traditionally used for the treatment of fever due to 
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the presence of various bioactive molecules. So further 
research is needed to identify their potential therapeutic 
activity. 
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Abstract: The oil degradation capability of Pseudomonas sp. were 
tested using lipase enzyme producing bacterial strains from 
petroleum oil contaminated areas. The high level of lipase 
production was observed at temperature range from 30° to 37°C 
and a pH of 4 to 7. The optimum pH and temperature was 7 and 
37°C for the strain Pseudomonas sp. respectively. The presence of 
sucrose and yeast extract in the medium enhanced enzyme 
production when compared with other carbon and nitrogen 
sources. Pseudomonas sp. can be effectively used to degrade 
petroleum oil contaminated soils and also considered as a key 
component in the cleanup strategy for bioremediation of petroleum 
oil. 
 

Index Term : Bacterial strains, Bioremediation, Oil degradation, 
Petroleum oil, Pseudomonas sp. 

I. INTRODUCTION 

Petroleum oil pollution is a great hazard to the environment. 
The soil contamination by petroleum oils particularly engine oil 
(diesel) are one of the major concerns. Approximately five 
million tons of petroleum oil enters the environment each year as 
a result of anthropogenic activities. Oil spill develops as a result 
of oil leakage from oil pipelines, mechanical workshops, 
accidents of oil tankers during transportation and anthropogenic 
activities (Urum et al., 2004). In addition to oil spill from oil 
pipelines, oily sludge contamination is also a main problem. The 
constituents of the petroleum oil are highly toxic (Saxena et al., 
1999), carcinogenic and are poorly biodegradable. Oil 
contamination results in the loss of beneficial properties of soil 
such as fertility, water holding capacity, permeability and 
binding capacity. The oil contaminant persists in the soil and can 
cause groundwater contamination (Margesin and Schinner, 
1998). The process of bioremediation is an advanced technique 

used to degrade the petroleum hydrocarbons using 
microorganisms efficiently (Alexander and Martin, 1994). The 
benefit of microorganism to degrade the petroleum hydrocarbon 
is effective and economic technique to treat oil pollution 
(Thomas et al., 1992). Microorganisms degrade the petroleum 
hydrocarbon compounds by producing enzymes like 
dehydrogenase, lipase and amylase. Bacterial lipases (lipolytic 
enzymes) demolish lipid components of petroleum hydrocarbons 
such as fats, oils and triglycerides which are water insoluble 
compounds. The synthesized bacterial lipases are of great 
demand due to their specificity of reaction and less energy 
consumption. (Margesin and Schinner, 1998). Bacterial lipases 
are significant in bioremedial process, as it is safer 
environmentally friendly way to process hazardous waste and 
used as a viable method for cleanup of oil spills and 
contaminants as an alternative to solve petroleum pollution. The 
development of lipase based technologies for bioremediation is 
rapidly expanding and is used in oil degradation and pollution 
control (Hasan et al., 2006). 

The study aims to optimize the culture parameters for the 
maximum production of lipase for the degradation of petroleum 
oil contaminated soil resulting in the isolation of lipolytic 
potentials and production of lipase by the selected strain and 
used for the processing of bioremediation of petroleum 
hydrocarbons in oil polluted soil with Pseudomonas sp. owing to 
their enzymatic and economic efficiency.  

II. MATERIALS AND METHODS 

A. Isolation, Identification and characterization of bacterial 
strains 

Oil spilled soil samples were collected from a mechanical 
workshop in Vytilla (9.9682°N, 76.38182°E), Ernakulam, 
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Kerala. Serial dilution technique was used to isolate bacterial 
strains. Isolated bacterial strains were subjected to Grams 
staining for morphological and biochemical identification. 
Biochemical tests such as (a) Indole test, (b) Methyl Red (MR) 
and (c) Voges Proskauer test (VP), (d) Citrate test, (e) Triple 
Sugar Iron test (TSI), (f) Oxidase test, (g) Catalase test was 
performed. a) Indole test demonstrate the ability of isolated 
bacterial strain to metabolize the amino acid tryptophan. b) MR 
and c) VP test was performed to detect the fermentation 
pathways of the bacterial strain for acid and carbohydrate 
respectively. d) Citrate test was performed to screen the isolated 
microorganism that capable of utilizing citrate as sole source of 
carbon. e) TSI test was executed to distinguish the members of 
Enterobacteriaceae from other gram-negative bacteria and 
identify the production of hydrogen sulphide. f) Oxidase test was 
done to distinguish oxidase negative and positive bacteria. To 
identify the isolated bacterial strain belongs to aerobic or 
anaerobic habitat g) catalase test was performed. Bacterial 
isolates were identified by referring Bergey’s Manual of 
Determinative Bacteriology (Holt et al.,1994). 

B. Screening for lipase producing bacterial strains 

 (i) Primary screening 

(a) Tributyrin Agar Plate Assay (TBA) 

The primary screening of isolated bacterial strains was made 
by the method suggested by Limpon (Limpon et al., 2006). The 
isolated strains were screened for their lipolytic activity using 
TBA assay (Ronald, 1946). The strains spread on the TBA with 
1.0% olive oil (Kouker and Jaegar, 1987) and were incubated at 
37° C for 24-48 hours. Detection of lipolytic activity was noticed 
by zone of hydrolysis/zone of clearance in TBA medium 
(Limpon et al., 2006) and (Blake et al., 1996). 

(ii) Secondary screening 

(a) Qualitative assay 

The pure culture of Pseudomonas sp. plated on TBA showing 
high zone of clearance were inoculated to peptone medium to 
generate mass culture as referred in Manual of microbiological 
culture broth media, (Difco and BBL, 2009). Pure culture of 
Pseudomonas sp. was maintained in continuous agitation in 150 
rpm for 24 hours in submerged fermentation method (Mobarak 
et al., 2011). After incubation, the culture was subjected to 
centrifugation and culture supernatant fluid was used for the 
quantitative determination of enzyme units (Lowry and Tinsley, 
1976). 

(b) Quantitative assay 

1) Lipase assay 

Lipase activity was estimated by using quantitative method to 
screen potential lipase producer. Lipase assay was performed. 
Lipase activity was measured by measuring the amount of free 
fatty acids (oleic acid) released and measures the absorbance at 
715 nm using uv-vis Spectrophotometer (SL 159). One unit of 
lipase activity was defined as the amount of enzyme releasing 

one µm of fatty acid per min under standard assay conditions  
(Lowry and Tinsley, 1976).  

C. Optimization of physico-chemical parameters and effect 
on Lipase enzyme production 

The lipase enzyme production was tested in various physico-
chemical environments. The standardization of enzyme 
production was considered. The Pseudomonas sp. obtained was 
maintained in a selected physico–chemical environment to 
understand the lipolytic activity. The efficiency of Pseudomonas 
sp. was assayed with different oil substrates (olive oil, sunflower 
oil, coconut oil and mustard oil), pH and temperature. 

1) Effect of oil substrate 

Studies were done to evaluate the effect of oil substrate on 
lipase activity (Bornscheur, 2002). Lipase production was 
assessed by using different oils, a) olive oil, b) coconut oil, c) 
sunflower oil and d) mustard oil. Different oils of 1% 
concentration were added to the medium separately and lipase 
activity was determined at 24 hours of incubation. The growth 
medium added with different oils separately was investigated for 
quantitative production of lipase enzyme was estimated using 
spectroscopy (SL 159). 

2) Effect of pH 

The Pseudomonas sp. was grown at varying pH ranges from 4 
to 9 for studying their effects on lipase production (Larbidaoudi 
et al.,2015). 

3) Effect of temperature 

The Pseudomonas sp. was grown at varying temperature 
ranges from 28°C to 50°C for studying the effects on lipase 
production and all other parameters were left unchanged 
(Tembhurkar et al., 2012). 

D. Screening for biosurfactant potential of pseudomonas sp. 
on oil degradation 

Biosurfactant activity of bacteria Pseudomonas sp. was 
detected by a) Drop Collapsing Test (Youssef et al., 2004). b) 
Oil spreading test (Rodrigues et. al., 2006) and c) Emulsification 
test (E24) and the height of the emulsion layer was measured 
(Cooper and Goldenberg, 1987).   

III. RESULTS  

A. Isolation, Identification and characterization of bacterial 
strains 

Total of six strains of naturally present lipolytic bacteria were 
isolated from the oil spilled soil sample. The bacterial isolates 
were identified with the help of morphological and biochemical 
studies. The isolated six bacterial strains were designated as 
Sp.1, Sp.2, Sp.3, Sp.4, Sp.5 and Sp.6. Four bacterial strains (Sp.2, 
Sp.3, Sp.5, and Sp.6) were gram-positive and two bacterial 
strains (Sp.1, Sp.4) were gram-negative. The isolated strains 
morphological appearance on the nutrient agar plates is shown in 
Fig.1.A and B. The Grams staining results of these bacterial 
isolates were shown in Table I.  
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Fig.1.A: Isolated colonies on nutrient agar (spread plate method); B: 

Isolated bacterial colony growth on nutrient agar (spread plate method); 
C: Zone of clearance (pointed with arrow) around bacterial strain 

(Pseudomonas sp.); D: Production media after inoculating bacterial 
strain (Pseudomonas sp.); E: Production media after 48 hours of 

inoculation (color change shows enzyme production). 

 
Table I: Bacterial strains and Grams staining characterization 

 

 
a) Isolated bacterial strains (Sp.1, Sp.2, Sp.6) belongs to the 

family Enterobacteriaceae. b) Methyl Red test (MR) and c) 
Voges-Proskauer test (VP) determines glucose utilization 
efficiency of isolated strains. d) The bacterial strains (Sp.1, Sp.2, 
Sp.4, Sp.5) utilizes carbon as source of energy in Citrate test. e) 
Triple Sugar Iron test (TSI) differentiates Enterobacteriaceae 

family from other gram-negative bacteria and detect the 
production of hydrogen sulphide. The isolated bacterial strain 
(Sp.3) was TSI positive. f) Oxidase test was done to detect 
Pseudomadaceae family, thus the bacterial strains (Sp.3 and 
Sp.4) belongs to Pseudomadaceae family. g) Catalase test detect 
the release of oxygen with catalase enzyme in the isolated strains 
(Sp.2, Sp.3, Sp.4, Sp.6). The result of biochemical test results as 
shown in Table II. Bacterial isolates were identified and 
confirmed as Pseudomonas sp. by referring Bergey’s Manual of 

Determinative Bacteriology. 

Table II: Bacterial strains and biochemical characterization  

 

(MR: Methyl red test, VP: Voges-proskauer test, TSI: Triple Sugar Iron 
test), + : positive, - : negative 

Sp.1:Proteus, Sp.2: Corynebacterium, Sp.3: Rhodococcus, Sp.4: 
Pseudomonas, Sp.5: Streptococcus, Sp.6: Bacillus 

 

B. Screening For Lipase Producing Bacterial Strains 

1) Primary Screening 

(a)Tributyrin Agar Plate Assay (TBA) 

Screened bacterial strains shows zone of clearance (Sp.4 and 
Sp.6) on the TBA plate. Out of the two bacterial strains (Sp.4 
and Sp.6), elevated zone of clearance was observed around 
bacterial strain Pseudomonas sp. (Sp.4) indicating lipase 
production on TBA (Fig.1.C). Through the biochemical test 
results, the isolated bacterial strains are belonging to the genera 
of Proteus sp. (Sp.1), Corynebacterium sp. (Sp.2), Rhodococcus 
sp. (Sp.3), Pseudomonas sp. (Sp.4), streptococcus sp. (Sp.5) and 
Bacillus sp. (Sp.6). The isolated bacterial strains on the TBA 
plate, four bacterial strains were identified as lipase producers 
(Sp.1, Sp.2, Sp.4, Sp.6). Among the cultured six bacterial strains, 
Sp.4 and Sp.6 showed large zones of clearance in TBA and Sp.1 
and Sp.2 showed moderate zones of clearance and Sp.3 and Sp.5 
strains did not show any zone around the colonies in TBA. The 
two strains considered for further analysis were Sp.4 and Sp.6 
because it shows high zone clearance that denotes they are 
producing lipase enzymes. Gram staining results shows that Sp.4 
is a gram-negative and Sp.6 is gram-positive bacteria. 
Considered only Sp.4 (Pseudomonas sp.) for further studies. 

          Bacterial Strains  Grams staining 
characterization 

Sp.1 - 

Sp.2 + 

Sp.3 + 

Sp.4 - 

Sp.5 + 

Sp.6 + 

Tests 
  

Observations 

Sp.1  Sp.2  Sp.3  Sp.4  Sp.5  Sp.6 

Indole + -     - - +     + 

MR + - - - + - 

   VP - - - - + - 

Citrate + + - + + - 

TSI - - + - - - 

Oxidase - + + + - - 

Catalase - + + + - + 
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Morphological Characters of Pseudomonas sp. 

The morphological and biochemical characteristics of the 
isolate were investigated and it indicated that the isolate (Sp.4) 
belonged to the genus Pseudomonas sp. as Gram negative, rod 
shaped, motile bacteria that are capable of hydrolysis of 
tributyrin. 

ii) Secondary screening 

(a) Qualitative assay 

The Pseudomonas sp. (Sp.4) with high zone of clearance 
subjected to peptone medium shake flask culture shows enzyme 
production (Fig.1.D) and incubated at room temperature on a 
rotary shaker for 24-48 hours. The growth of bacterial strains in 
the production media was indicated as a colour change in the 
medium (Fig.1.E). After that it was subjected to centrifugation. 
The culture supernatant fluid contains the crude extracellular 
lipase enzyme. 

(b) Quantitative assay 

(1) Lipase assay      

Enzyme assay for gram-positive, bacterial isolate Bacillus sp. 
(LPB1) and gram-negative isolate Pseudomonas sp. (LPB2) was 
performed (Fig.2.A). The OD value (Optical density) of the 
supernatant cultures was measured. The measured the OD values 
of Pseudomonas sp.(0.6) and Bacillus sp.(0.28). After 
performing the Lipase assay, zone of clearance produced by 
Pseudomonas sp. shows the maximum lipolytic activity 
(Fig.2.B). The Lipase activity of Pseudomonas sp. was observed 
as 0.23mg/ml/min.  

C. Optimization of physico-chemical parameters and effect 
on Lipase enzyme production. 

1) Effect of oil substrate 

The Pseudomonas sp. cultured in the presence of 1% of 
different oil substrates such as a) olive oil, b) coconut oil, c) 
sunflower oil and d) mustard oil as shown in Fig.2.C. The 
screening of oil substrates showed maximum lipase activity in 
olive oil followed by coconut oil, sunflower oil and mustard oil. 
The activity of enzyme production by Pseudomonas sp. is 
summarized in Table III.   

 
 

Fig.2.A: Lipase producing bacterial strains LPB1 (Bacillus sp.) & 
(Pseudomonas sp.) on TBA plate; B: Zone of clearance around bacterial 

strain LPB2 (Pseudomonas sp.) on TBA plate; C: Screening of lipase 
producing bacterial strain (Pseudomonas sp.) on different substrate A: 

mustard oil, B: coconut oil, C: olive oil, D: sunflower oil. 

Table III: Effect of different oil substrates on Lipase activity 

 
Substrate Lipase activity(μg/ml) 

a Olive oil 0.610 

b Coconut oil 0.288 

c Sunflower oil 0.233 

d Mustard oil 0.122 

 
2) Effect of pH 

The initial pH of the growth medium (lipase broth) was 
optimized for maximum lipase production by the Pseudomonas 
sp. ranges from 4 to 9. The isolated bacterial strain Pseudomonas 
sp. showed maximum lipase production at pH 7. It was noted that 
the lipase production reduces with increase in pH from 7 to 9 
(Fig.3.A). 
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Fig.3.A: Graph showing effect of pH and enzyme activity; B: Graph 
showing effect of temperature and enzyme activity 

3) Effect of temperature 

The temperature of the growth medium (lipase broth) was 
optimized for maximum lipase production by growing the 
Pseudomonas sp. at different temperature. The optimization of 
temperature shows that the bacterial isolate produce lipase in 
wide range of temperature from 28° to 60°C. It was noted that 
the optimum temperature for lipase enzyme production was at 
37°C. The enzyme production was decreased by increasing the 
temperature above 37°C (Fig.3.B). 

D. Screening for biosurfactant potential of pseudomonas 
sp. on oil degradation 

Biosurfactant activity of Pseudomonas sp. was detected by a) 
Drop Collapsing Test, b) oil spreading test and c) oil 
emulsification test as described in materials and methods. 

a) Drop collapsing test 

In the drop collapse test the shape of the drop of oil on the 
surface was collapsed. The culture supernatant makes the drop 
collapse indicates the biosurfactant activity. This clearly 
indicated that the bacterial strain Pseudomonas sp. produced 
biosurfactant activity.  

 

Fig.4.A: Clear zone around oil drop (oil degradation); B: Oil 
degradation activity of Pseudomonas sp. on initial stage of inoculation; 

C: Oil degradation activity of Pseudomonas sp after a month of 
inoculation. 

(b) Oil spreading test 

In oil spreading test the bacterial strain Pseudomonas sp. 
introduced into the water surface coated with petroleum oil 
(diesel). The occurrence of a clear zone indicates the bio-
surfactant activity (Fig.4.A). 

(c)  Oil Emulsification test 

In oil emulsification test, moderate Emulsification index (E24) 
value was observed in Pseudomonas sp. The bio-surfactant and 
oil degradation (Fig.4.B) activity obtained was about 50 %. The 
oil degradation by the bacterial strain Pseudomonas sp. after a 
month of inoculation shows as in Fig.4.C. 

IV. DISCUSSION  

Cleaning up of petroleum hydrocarbons in the environment is 
a real world problem. A better understanding of the mechanism 
of biodegradation by microorganism has high ecological 
significance. The petroleum hydrocarbon compounds are 
susceptible to microbial degradation (Geetha et al., 2014). 
Microorganism degrades hydrocarbons through a natural 
mechanism i.e. bioremediation by bio-surfactant activity of 
enzymes (Batista et al., 2006). Pseudomonas sp. flourishes on oil 
contaminated soil utilizing the hydrocarbons as a nutrient source 
for its growth and development and extracellular lipase enzyme 
obtained from bacteria used for bioremediation (Thomas et al., 
1992). Hence they play a significant role in oil degradation 
(Vitolo et al., 1998). The present study helps us to explore the 
potential application of Pseudomonas sp., optimization of lipase 
production and its application as a natural remedy for oil 
pollution. This study suggested that the oil contaminated 
environment provides bacterial strains a good environment for 
lipase activity. The sample collected from the study area was 
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dominated by Pseudomonas sp. The isolated strains of bacteria 
Lipolytic bacterial strain, Pseudomonas sp. identified and 
characterize as common bacterial strain from oil contaminated 
soil (Sirisha et al., 2010) and were capable of producing the 
extracellular lipase enzyme (Gupta et al., 2004). A variety of 
lipases are produced from both gram-positive and gram-negative 
bacteria (Miral et al., 2016). In this study it was observed that 
bacterial strains isolated from oil contaminated area includes 
both positive and gram-negative bacterial strains but greater part 
of bacterial lipases comes from gram-negative bacterial strains 
and the bacterial genus among the isolated strains is 
Pseudomonas sp., which is capable of hydrolysis of tributyrin 
agar (TBA). The zone of hydrolysis produced by the enzyme is a 
function of concentration of enzyme activity (Shelley et al., 
1987). Bacterial strains Pseudomonas sp. showed high intensity 
of clear zone in TBA, signifies bacterial strain Pseudomonas sp. 
as a lipase producer.  

The extracellular lipolytic enzyme productions by the bacterial 
strains are greatly influenced by physico-chemical parameters, 
such as pH, temperature, nitrogen and carbon sources (Jaeger et 
al.,1994). Here the bacterial strain Pseudomonas sp. the growth 
medium was experimented with different oils, olive oil shows 
maximum lipase activity and is referred as the best substrate for 
lipase production (Bornscheur, 2002). The lipase production was 
noticed at both acidic and alkaline pH range 3 to 12, enzyme was 
most active at pH 6 to 9 (Bayoumi et al., 2007). Pseudomonas 
sp. also shows maximum enzyme activity at temperature 37°C 
and pH 7. The microbial treatments are capable of oil 
remediation in temperate and tropical regions (Mercer and 
Trevors, 2011). The temperature specific enzymatic activity of 
lipase is maximum at relatively high 37°C ensures the activity of 
this enzyme as a bioremediate to restore oil contaminated sites 
of equatorial and temperate regions. Lipolytic activity showing 
bacterial strain Bacillus sp. shows maximum lipase production 
after 24 to 36 hours of incubation (Davender et al., 2012), 
whereas the lipase producing bacterial strain Pseudomonas sp. 
shows maximum enzyme activity after 48 hours of incubation 
and the quantitative analysis of lipase enzyme done by lipase 
assay showed maximum activity of about 0.23 mg/ml/min. 

The bacterial strain Pseudomonas sp. shows positive results to 
oil spreading test, drop collapsing test and oil emulsification 
index test clearly indicates the bio-surfactant activity of the 
bacterial strain Pseudomonas sp. confirmed its applicability 
against different petroleum hydrocarbon pollution (Thavasi et 
al., 2010). Bio-surfactant activity of Pseudomonas sp. shows its 
ability to utilize petroleum oil as a carbon source and has been 
widely used for hydrocarbon degradation (Rodrigues et al., 
2009).  

Two approaches are suggested for bioremediation are 
bioaugmentation and biostimulation (Chandrakant et al., 2011). 
In the former one oil contaminated areas are inoculated with 

hydrocarbonoclastic (degrade hydrocarbon) microorganisms and 
later depends on enhancing already existing microorganisms by 
adding nutrients, surfactants and other materials. The nutrients 
stimulate the microbial community and the isolated bacterial 
enzyme used for the transformation of contaminants into non-
toxic compounds. This approach helps to restore different 
petroleum contaminated sites. The Pseudomonas sp. can be 
effectively used to degrade petroleum oil contaminated soils and 
also considered as a key component in the cleanup strategy for 
bioremediation of petroleum oil. 

V. CONCLUSION 

The isolated bacterial strain Pseudomonas sp. from oil 
contaminated soil exhibits significant potential for extracellular 
lipase production. Among different lipid substrates, olive oil 
showed best results and the addition of 1% olive oil to peptone 
broth production media showed a remarkable increase in lipase 
production. The isolated bacterial strain Pseudomonas sp. 
showed maximum enzyme activity after 48 hours of incubation 
at a pH 7 and temperature 37°C. Pseudomonas sp. can be 
effectively used for the production of extracellular lipase 
enzymes in tropic and temperate regions with optimum pH and 
temperature. So it is applicable for degradation of oil 
contaminated regions to control oil pollution. Thus the future 
prospect of the study can involve in-situ and ex-situ 
bioremediation. The bioremediation is an eco friendly process 
which helps to cleanup environment utilizing the bacterial strain 
Pseudomonas sp. and the bio-surfactant activity of lipase 
enzyme tested using different oil substrate also prove the 
petroleum hydrocarbon degradation by the bacterial strain 
Pseudomonas sp. 
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Abstract- Spirulina is a nutritionally rich microorganism containing beta-carotene. Spirulina is considered as a 
healthy food with various economic and ecological benefits. There are several Spirulina species, although the 
antioxidant property of the Spirulina maxima and Spirulina platensis are well known and are used as dietary 
supplement. They can restore the richness and microbial diversity of gut micro flora henceforth shows a significant 
role in overall health of an organism. As compared to the field crops single cell cultivation of the microalgae are 
characterized by fast growth rate with high protein content. They are underexplored compared to any other 
phytoplankton groups. It is considered as an essential part of Earth’s self regulating life support system hence 
restorative model of planetary health. Spirulina sp products are considered as a source of life support system in 
space exploration. They are biofertilizers hence restore the soil fertility. Innovative studies using microalgae promise 
to enhance CO2 sequestration. It pave ways to enrich health and restoration of the ecosystem. This paper reviews 
and summaries our understanding of Spirulina as well as the occurrence, relevance, nutritional status and ecological 
significance of this organism. 

Keywords- Spirulina, pigments, ecology, cyanobacteria 

I. INTRODUCTION 
 

Spirulina, commonly known as blue-green algae, is the member of group cyanobacteria and belongs to the class 
cyanophyceae. Cyanobacteria are the most ancient prokaryotic life forms on earth, they are found in a wide variety 
of environments such as in warm, alkaline, salty, and brackish water bodies as marine and fresh water species (Fogg 
et al.,1973). Cyanobacteria belong to large and diverse group of autotrophic organisms that shows cosmopolitan 
distribution and they forms an important class of marine primary producers (Van Baalen, 1961). They create 
extensive algal blooms and are identified with bluish green color change in the water bodies and these blooms are 
commonly present in all water bodies (Zhang et al.,2015). This group of prokaryotic filamentous microalgae is 
distinguished by the presence of certain pigments viz. chlorophyll, carotenoids and phycobiliproteins. Spirulina is 
characterized by its color (dark bluish green) and that is due to the presence of a pigment protein complex (Miranda 
et al.,1998). The pigment carotenoids are commonly extracted from Spirulina, an inexpensive source for mass 
production (Safafar et al.,2015). 
 
Carotenoids are tetraterpenes (C40) belongs to the class of secondary metabolites that have coloring property and are 
widely used in various industries. The distinct color of Spirulina is due to two major classes of molecules such as 
carotenes (hydrocarbons) and xanthophylls (similar to carotenes but contain oxygen) (Lorenz and Cysewski, 2000). 
Carotenoids are photo protective pigments predominantly found in many plants and algae and play an important role 
in light harvesting (Ritz et al., 1998).Carotenoids act as antioxidant with provide a beneficial effects on human 
health has been extensively studied by various researchers. They are widely used as nutraceuticals, cosmetics and 
food supplements (Safafar et al., 2015). Carotenoids are widespread among living organisms, including both plants 
and animals, but they are found in greater concentration in certain microalgae. Carotenoids are abundant in green 
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plants, but the presence is masked by green chlorophyll. Therefore, in recent years, the industrial interest towards the 
production of natural carotenoids from microalgae has considerably increased as they have advantages over 
terrestrial plants. Decades of research on carotenoids has improved the understanding and role of these ubiquitous 
pigments, which have emerged as important players exerting a protective role against diseases (Kovary et al., 
2001).Considering its high demand and consumer preference, the global demand for carotenoids is growing 
remarkably. In view of above, this review paper investigates the occurrence, distribution, relevance and ecology of 
microalgae Spirulina. 
 
As compared to the field crops, single cell cultivation of microalgae are characterized by fast growth rate with high 
protein content. Microalgae require less water and land and are independent of climatic variations. They can be 
genetically modified for the desirable characters such as amino acid composition and temperature tolerance. 
Spirulina is considered as the best source of Single Cell Protein (SCP) and it is considered as a promising source of 
food. The cell consists of high protein, low nucleic acids, high concentrations of vitamins, and easily digestible cell 
wall. 
 
Microalgae containing carotenoids are classified into two groups, xanthophylls (lutein, violaxanthin, neoxanthin, 
astaxanthin, flavoxanthin and zeaxanthin) and carotenes (alpha- carotene, beta-carotene and lycopene). Both types 
of carotenoids have antioxidant property and are commercially important (Cha et al.,2010).Based on the metabolism 
and function, the microalgae carotenoids can be classified into two, primary and secondary carotenoids. Primary 
carotenoids are structural and functional components, which take direct part in photosynthesis and the secondary 
carotenoids are pigments produced as a result to specific environmental stimuli (Krinsky et al., 2004). Primary and 
secondary carotenoids placed an important role as natural colorants and play a significant role in human health. 
Specifically, they possess a wide range of distinctive biological activities, including antioxidant, anticancer, 
antidiabetic and anti-obesity, which have been reviewed recently (Zhang et al., 2014).The studies show that 
carotenoids from Spirulina have the ability to enhance immunity and are considered as a powerful tonic to boost 
immune system (Gordon and Pesti, 1971). Carotenoids enhance the host health by increasing the abundance of gut 
micro biota and its therapeutic values and thereby reduce disease susceptibility (Flint et al., 2012). 
 
The probiotics restores the intestinal bacterial homeostasis in healthy individuals as oral supplementation (Verdu, 
2009). The nutraceuticals derived from the food source act as oral supplementation and are widely used for 
promoting the growth of gut microorganism disease prevention (Wu et al., 2011). Spirulina is one of the most 
commonly consumed microalgae as food supplements worldwide because of its potential benefits of nutritional 
values and therapeutic properties in human health (Flint et al.,2012). Recent studies in health and disease animal 
models show that Spirulina can modulate the composition of gut microbiota and that improves the health status of 
the organism. The unique characteristics of microalgae prompted the researchers to investigate their potential 
efficiency worldwide (Yusuf et al., 2016). This review paper is intended to give a reference for developing an 
effective platform to use Spirulina carotenoids in several applications including food supplements and 
pharmaceutical drugs. Spirulina offers a wide scope for production of large quantities of natural carotenoids directly 
in an edible state. In this review paper, the beneficial effects of Spirulina carotenoids as nutritional and dietary 
supplements with special focus on its occurrence, distribution, relevance and ecology of Spirulina are addressed. 
 
1.1 Morphology and Structure 
 
Spirulina is a multicellular and filamentous cyanobacterium and appears as blue green and composed of cylindrical 
cells arranged in unbranched filamentous, helicoidal trichomes. The helical shape of the trichomes and the gas filled 
vacuoles in the cell are the characteristic features of the genus and this helps them to float on aquatic bodies as 
floating mats. These filaments are motile and gliding along their axis. Nitrogen fixing structures like heterocysts are 
absent in Spirulina. The helical shape is a signature characteristics of Spirulina, but its helical parameters vary with 
species and changes with environmental conditions such as growth temperature. Spirulina species shows great 
plasticity in the morphological features and are due to the environmental factors.  
 
The cell wall of cyanobacteria is similar to that of gram-negative bacteria. They contain peptidoglycan, a lysozyme-
sensitive heteropolymer that maintains the shape and osmotic protection to the cell. The thin cell walls with an easily 
detectable electron-dense layer corresponding to the peptidoglycan layer (Van Eykelenburg, 1979). The cytoplasm 
of the smaller species of cyanobacteria appears homogeneous, with no gas vacuoles or scarcely visible septa. But the 
larger species such as S. platensis and S. maxima have a granular cytoplasm containing gas vacuoles and easily 
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visible septa. The irregularity of capsule around the filament is also an identification of S. platensis and S. maxima 
(Ciferri, 1983). The presence and absence of septa are used for the classification of the cyanobacteria, Spirulina. 
Spirulina protoplast can be obtained with high efficiency by lysozyme treatment at the exponential phase of algal 
growth at 30°C (Abo-Shady et al., 1992).  
 
The electron microscopic view of Spirulina reveals that it is a prokaryotic organism with a capsule and cell wall 
composed of four layers (Vonshak and Tomaselli, 2000) and the entire unit act as a photosynthetic system. The 
regularly spaced cross walls divide the trichomes into cells connected by plasmodesmata. Cross-walls are formed by 
centripetal growth and extensions of both the peptidoglycan and the more internal layer of the cell wall toward the 
centre of the cell. The cell has a number of inclusions mostly corresponding to the typical ones for cyanobacteria 
described in previous books (Fogg et al., 1973). The most prominent cytoplasmic structure is the system of 
thylakoids originating from plasmalemma (Van Eykelenburg, 1978).  
 
Blue-green algae lack the nuclear membrane and are incorporated into the prokaryote Kingdom by Stanier and Van 
Neil in 1962 and proposed to call these microorganisms as cyanobacteria. This designation was accepted and first 
published in 1974 in the Bergey's Manual of Determinative Bacteriology. The prominent cytoplasmic structure, 
thylakoids appear to be arranged in concentric whorls in adult cells. Phycobilisomes appears to be attached to the 
thylakoids (Van Eykelenburg, 1978). Phycobilisomes acts as light harvesting antennae and possess photosynthetic 
pigment, phycobilins. Phycocyanins are attached to the thylakoids and their major function is photo protection. 
Thylakoid membranes with phycobilisomes are arranged in parallel bundles. The other main subcellular inclusions 
in addition to carboxysomes, ribosomes and DNA fibrils are gas vacuoles, polyglucan granules, polyphosphate 
granules and large cyanophycin granules. Spirulina has gas vacuoles or pseudo vacuoles and are different from sap 
vacuoles. Each gas vacuole consists of a number of submicroscopic units called gas vesicles. Gas vacuoles function 
as light screen and provide buoyancy regulating mechanism. The gas vacuoles within the cells increase the cell 
buoyancy, so that it remains at the surface of its aqueous environment where the presence of light is greater. 
 
The ultra structural cell organization of Spirulina sp. is typical of prokaryotic organism, being devoid of 
morphologically limited nucleus, plastids and lack of membrane-bound organelles (Vonshak and Tomaselli, 2000) 
but displaying an outer gram-negative type envelope called cell wall (Marty and Busson, 1970). Van Eykelenburg, 
1979, studies revealed that its cell has four layers with an easily detectable electron-dense layer corresponding to the 
peptidoglycan layer. The regularly spaced cross walls divide the trichome into cells connected by plasmodesmata. 
Trichomes are surrounded by a thin diffluent sheath and the sheath is about 0.5 μm thick and has a fibrillar net like 
structure. The sheath material excreted through the pores situated on the cell wall has been thought to be involved in 
the filament motion (Van Eykelenburg, 1979). Just below the cell wall there is plasma membrane enclosing 
cytoplasm, which is rich in cytoplasmic inclusions (Fogg et al., 1973). The extreme outer membrane layer composed 
of materials arranged linearly in parallel with the trichomes axis and is analogous to that of the present cell wall of 
the gram negative bacteria. Third layer composed of protein fibrils that wound helically around the trichomes. The 
second layer composed of peptidoglycan, folds towards inside of the filament along with fibrillar inner layer. The 
septum separating the cells composed of only peptidoglycan layer.  
 
The septum appears as a thin disk, folded in parts and this fold covers a portion of the septum surface and its extent 
seems to be related to the pitch of the trichome. The larger the pitch, smaller the folded area and vice versa. The low 
electron dense areas thylakoid free areas are filled with ribosome and fibrils of DNA. The cyanophycin 
granules composed of copolymers of amino acids. Cyanophycin granules are abundant organelles occupying up to 
18% of the cell volume. Carboxysomes, polyhedral bodies were present in S. platensis were the storage bodies for 
ribulose-1, 5-bisphosphatecarboxylase and other proteins (Pankrantz and Bowen, 1963). The gas vesicles are 
responsible for cell buoyancy and helps in the distribution of organism along the water bodies (Walsby, 1977). The 
vesicle membrane consists of coils of protein molecules arranged in ribs separated by 4 to 5 nm apart. Gas vesicles 
are in the shape of hollow cylinders with cone-shaped ends with a diameter of 65 nm and a length of 1 μm.  
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1.2 Reproduction 

Spirulina shows asexual method of reproduction by means of binary fission. The study on reproductive techniques 
in Spirulina becomes easy as they reproduce by asexual means. In binary fission, the cell divide into two daughter 
cells by developing a cell division develops on the middle of organism. The life cycle of Spirulina is by simple 
fragmentation; a mature trichome is broken in several pieces through the formation of specialized cells, necridia. 
The fragmentation of the trichomes at the necridia produces gliding short chains of cells, hormogonia that move 
away from the parental filament and give rise to new trichome. Random breakage of the trichomes together with the 
formation of necridia assures growth and dispersal of the organism. The cell in the hormogonium lose the attached 
portions of the necridial cells, become rounded at the distal ends with no thickening of the walls. During this process 
the cytoplasm appears less granulated and the cells assume a brilliant blue-green color. By this process, the 
trichomes increases in length and becomes typical helicoidal shape. There are three fundamental stages in life cycle 
of Spirulina: trichomes fragmentation and elongation, hormogonia cell enlargement, and maturation. This mature 
trichome get divided into filaments or hormogonia cells and get increased by binary fission and grows length wise 
and takes helical forms (Robert Edward Lee, 2008). 

1.3 Diversity and Biogeography 

The abundance of Spirulina is usually low though they show high diversity compared to other cyanobacterial groups 
and other planktons such as diatom and dinoflagellates (Bown et al.,2004). There are several species reported, but 
only a few are dominant across the world. With the broad spectrum of ecological characters, they can inhabit in 
almost all kinds of hydrographical condition in the ocean. The highly productive eutrophic environment such as 
temperate and subpolar oceans shows a very diverse and rich presence of Spirulina. The alkaline lakes of tropical 
regions were occupied by Spirulina. In general, Spirulina are found everywhere in the world ocean although their 
distribution varies with the nature of the ecosystems. Spatial distribution varies with different temporal zones and is 
identified based on the blooms. According to Ciferri, 1983, Spirulina is ubiquitous organism that found in a variety 
of environments. Spirulina have been isolated from the wide variety of water ecosystems. Thus, the organism 
appears to be capable of adaptation to variety of environments. Spirulina is alkalophylic, Spirulina platensis are 
identified in certain alkaline lakes of Africa and Spirulina maxima in the Lake Texcoco of Mexico (Léonard, 1966). 
It is also reported that in some of these lakes Spirulina grows as a quasimonoculture. Cyanobacteria or blue-green 
algae are among the most ancient life forms on earth and are found in a wide variety of environments such as 
oceans, fresh water and soil (Fogg et al.,1973). They retain numerous natural properties that make them an ideal 
organism with potential for complex applications. The blue-green algae are adaptable to various environmental 
changes and help them to thrive in elevated alkaline pH and their growth rate depends on variations in nutrient level, 
biotic factors, and climatic change. 

Spirulina originated billion years ago with an ability to utilize dissolved carbon dioxide in seawater as the nutrient 
source and can survive in high temperature and alkaline conditions (Benneman et al.,1987). Spanish invaders had 
discovered Aztecs living in the valley of Mexico stockpile a new food from the lake (Sasson, 1997). The Spanish 
fishermen collected this bluish-green colored organism from the beaches, shorelines and rivers. Until the end of the 
sixteenth century, Spirulina was mentioned as “Techuitlatl” by the naturalist. Later the anthropogenic 
activities drained the lakes and the only remnant today was Lake Texcoco with Spirulina presence. The Kanembu 
population living along the shores of Chad Lake collects the wet algae, drained, and dried for commercialization 
(Abdulqader et al., 2000). 

1.4 Environmental relevance 
 
Cyanobacteria, Spirulina are the most important primary producer globally (Rost and Riebesell, 2004). Spirulina is 
the first autotrophic life form in aquatic ecosystem and it is considered as oldest living plant in earth, approximately 
3.6 billion years ago. These organisms capture carbon dioxide and contributed to the oxygen enrichment in the 
atmosphere. Their ecological importance and its influence on flora and fauna are important aspects to be studied in 
the context of the ecosystem functioning. Along with diatoms and dinoflagellates, Spirulina show a great abundance 
in subtropics and temperate lakes and oceans. Fast turnover rates and high abundance are the critical factor deciding 
the primary productivity. Spirulina contribute 1 to 40% of the total primary production in temperate and subtropical 
lakes and oceans (Kebede and Ahlgren, 1966). The above facts emphasis that the Spirulina plays significant role in 
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the marine as well as freshwater ecosystem. The studies related to the productivity of Spirulina from tropic and 
subtropical ocean are limited (Rost and Riebesell, 2004).  
 
Global warming is one of the alarming issues and that needs to be addressed by minimizing the emission of carbon 
dioxide (CO2) into the atmosphere and this could be achieved by reducing and reversing the already accumulated 
CO2in the atmosphere. Cyanobacteria have the potential to produce renewable energy at a large scale without 
causing major environmental concerns (Huesemann et al., 2016). The distribution of these cyanobacterial species to 
new environments has observed in temperate freshwater environments. The expansion of these cyanobacterial 
species to other regions have a significant effect on several components of the environmental system from primary 
to higher trophic levels and this is due to high reproduction rate and short life span (Behrenfeld and Falkowski, 
1997). Most of the CO2 from human activities enter into the marine system in the dissolved form and it drives the 
biological pump and its dissolution in water leads to the formation of carbonic acid (H2CO3) and that increases the 
concentration of bicarbonate (HCO3) and carbonate ions (CO3). Increase in CO2 can vary the ocean pH and alters the 
primary production and thus affect the food web.  It is reported that the increase in CO2 affect the species diversity, 
distribution, and abundance of primary producers (Rost and Riebesell, 2004). The increase in CO2and climate 
change adversely affected the composition of primary producers. The recent studies show that the rise in CO2 has 
increased micro algal population (Gitau, 2021).  In addition to surface temperature rise due to global warming and 
decrease in pH due to ocean acidification, the distribution of primary producers are affected by availability of lights, 
nutrients, and ocean currents. Due to the climate change, the amount of light entering into the atmosphere varies and 
that will certainly affect the microalgae that prefer optimum light for survival.  
 
Advancements in the field of synthetic biology have paved the way for designing organisms like cyanobacteria that 
could effectively use solar energy for producing valuable products. Cyanobacteria possess several attributes, and the 
most remarkable are their rapid growth (relative to plants), high photosynthetic activity and applicability. They are 
outstanding bio-remediators for various environmental pollutants such as herbicides, pesticides and heavy 
metals (Dwivedi, 2012). Therefore further studies must be performed on Spirulina strain upgrading to attain high 
productivity, maintenance of growth rate, and cell potential improvement for survival in response to stressed 
conditions (Lucie et al., 2016). Such studies will enable the leap from laboratory-based experiments to large-scale 
industrial and commercial production. 
 
1.5 Records from the Indian Ocean 
 
The ecology of Spirulina from the Indian Ocean is unknown and the presence of Spirulina is confirmed only in 
specific locations of the Arabian Sea and the Bay of Bengal (Liu et al., 2018). Central Arabian Sea and Bay of 
Bengal are some of the plankton-geographical regions that have dominance of cyanobacteria (Badrish et al., 2005). 
Northern Arabian Sea has records on microalgae from sediment trap studies as well as on ecological tolerances. The 
studies from the northern Indian Ocean have reported the presence of cyanobacterial species. The ecological aspects 
such as their contribution to the overall productivity of the region, the importance in maintaining the carbon 
chemistry of the oceans, Spirulina as a primary producer and its contribution to the productivity as a primary trophic 
organism and influence on particulate inorganic carbon are not fully known (Rost and Riebesell, 2004). Low 
primary productivity is generally seen in lower latitudes and high productivity in upwelling areas. Ryther et al., 
(1962) has experimentally proved that the Western Indian Ocean is one of the most productive oceanic regions 
around the world. In general, all the findings indicate that the distribution of Spirulina in Indian waters is scarcely 
studied and temperature is a determining factor in Spirulina growth and production. Regions between the Tropic of 
Cancer and the Tropic of Capricorn provide suitable temperature and are suitable for the Spirulina production 
(Antonio piccolo, 2012). More studies have carried out on Cyanobacterial distribution and its ecological significance 
in Indian waters (Mohan et al., 2020). 
 
1.6 Recent observations 

The existing environmental circumstances, changes in the food stuff, physical and mental stress are the common risk 
associated with humans and enhance the death rate. Due to these reasons, new trends are being extensively 
developed in modern medicine and biotechnology to treat and prevent various diseases. Biotechnology associates 
cyanobacteria, Spirulina species, which have been widely used as food and feed additives in agriculture, food 
industry, pharmaceuticals and medicine (Ebrahim, 2020). The unique characteristics of blue-green algae have 
prompted researchers and scientists to think about their potential efficiency around the globe. 
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The findings in this review revealed background knowledge about Spirulina. It is identified that the Spirulina is a 
potential autotrophic primary producer for several applications including environmental implications, sustainable 
agriculture practice and pharmaceutical drugs (Aondohemba et al., 2020). Microalgae, Spirulina production 
occupies only a small amount of footprints with considerable efficiencies and energy consumption. Its production is 
suitable in saline and alkaline conditions and the presence of easily digestible proteins with anti-carcinogenic, 
antioxidative, anti-hypertensive and hepatoprotective activity (Akshita et al., 2019). Spirulina is easy culture in 
aquatic bodies and economical to maintain and harvest and are also processed easily. Thus Spirulina gained 
considerable amount of popularity in the food industry by as a dietary supplement (Friedrich et al., 2019). Even with 
all these unique features, the research in the domain of blue-green algae is still ongoing. However, the results are 
promising hence Spirulina supplement can be added to regulate diet to protect health now and in the future. 

II. CONCLUSION 

There are a lot of developments in the studies that provide us with more and more knowledge on Spirulina which in 
turn have improved our understanding of this organism as well as the ecological role it plays. Much of this 
understanding is not benefitted when it comes to some areas of the world ocean to be particular the major part of the 
Indian Ocean. Global climate change and its associated impacts being the prime focus of most of the research work 
going on today, Spirulina have gained immense recognition as they can be used as tracers for these changes. 
Spirulina has an easily digestible protein with high levels of carotene, vitamins, iron and trace minerals. Spirulina 
production occupies only a small amount of footprints with considerable efficiencies and energy consumption. Its 
production is suitable to saline and alkaline conditions. Spirulina is claimed as a non-toxic, nutritious food with 
abundant protein content and other essential nutrients with anticarcenogenic, antioxidative, antihypertensive and 
hepatoprotective activity, which make use of these microalgae in food industry in the commercialization of health 
and food. Research into these healthy promising blue-green algae are still ongoing, much if still in starting stages. 
However the results are promising hence the economic value of Spirulina supplements can be added to regulate diet 
to protect health now and in the future.  
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Abstract 

Ethnic communities have their own unique practices, beliefs and ways of living,always maintaining a 
harmonious relationship with nature and thishas helped them to remain healthy. On the other hand, urban 
people who solely depend on synthetic medicines, fast food and other luxurious way of living, faces several 
health related problems. As far as the health of women is concerned, atmost, care is needed during pre-natal 
and post-natal period and it play a crucial role in her future healthy wellbeing. It is seen that the health 
problems found in majority of women are associated with negligence of post-delivery maternal health care. 
In the present paper, special maternal health care incorporating herbal preparations followed by the 
Malavedar tribal community and Pulayar caste of Kerala are enumerated. Right from the day of delivery the 
care given to the mother and newborn are explained here. Several unique preparations such as 
Vedhuvellam, Marunnukanji, Chethumarunnu are explained.  

As a part of urbanization, several traditional practices are on the verge of extinction. The mode of 
mythical and therapeutic uses and conservation practices of these plants by the local people have been 
recorded from the Sacred groves central Kerala. These are locked information sites, and the secret of herbs 
and their medicinal uses are known only by the people residing near it. 

Malavedar tribal members are seen only in the districts of south Kerala. The Pulaya caste is the dominant 
Dalit community in Kerala and present in all districts. At present only very few members have the 
knowledge of various traditional practices followed by their ancestors. As their knowledge is transferred to 
the successive generations by word of mouth, documentation is highly essential to prevent the extinction of 
these valuable practices.  

Keywords: Ethnic communities, Kerala, Traditional practices, Malavedar tribe, Pulaya caste, Sacred 
groves. 

1.  INTRODUCTION 

This paper is the outcome of ethnobotanical survey conducted during the period of 2017-2019 among 
Malavedar tribals and Pulaya caste community and their ethno medicinal practices for postpartum neo-
maternal care with reference to the Sacred groves in and around central Kerala districts.     

The present study was aimed to document the ethno medicinal practices for the postpartum neo-maternal 
care carried out by these ethnic communities and their herbal knowledge related to utilization of Sacred 
grove inhabiting wild flora.Various communities in India follow nature worship based on theirbeliefs to 
protect all floral and faunal creations of nature.  Sacred groves still possesses a great heritage of diverse 
gene pool of many forest species having socio-religious attachment and possessing medicinal values.  These 
are gradually shrinking in size and number due to anthropogenic activities, climatic conditions, education 
and literacy to the rural (Trivedi, 1997, Vartak and Gadgil, 1997).The existence of such groves based on the 
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hereditable socio-religious practices of local tribal groups and their effective utilization of herbal knowledge 
for various diseases. 

Most of their medicinal treatments include the specific formulations of several micro climatic species. So 
those such species are commonly present in the nearby Sacred groves. Sahu et al. (2013) studied the sacred 
plants and their ethno botanical importance in Central India. They enumerated a total of thirteen sacred 
groves and medicinal importance of thirteen genera and thirteen families.  

Reproductive tract infections (RTIs) are considered as aserious health problem of women. These 
infections can cause maternal morbidity and mortality and resulting in the loss of healthy life among women 
of reproductive age in developing countries. RTIs include endogenous infections and sexually transmitted 
infections. Along with this, RTIs can have severe consequences like, infertility, ectopic pregnancy, cervical 
cancer, menstrual disturbances, pregnancy loss, chronic pelvic pain, miscarriage, low birth weight babies 
(Muula and Geubbels, 2006, Rabiu et al. 2010). Pathogenic organisms that are responsible for RTI’s are 

Gardnerella vaginalis, Mobiluncus sps., Mycoplasma sps., Escherichia coli, Staphylococcus aureus, 
Streptococcus pyogens, Chlamydia trachomatis, Bacteroides, Neisseria gonorrhoeae, Klebsiella 
pneumoniae, Treponema pallidum, Mycoplasma hominis, Actinomyces israelii, Pseudomona sps. Besides 
bacteria, fungi Candida albicans and protozoa Trichomonas vaginalis are also responsible for RTI. 

Present day medical therapy for RTI comprises the use of systemic or topical antibiotic, antifungal, and 
antiprotozoal preparations and these medications may temporarily reduce infection; they often disrupt the 
balance of genital bacterial flora (pathogenic and non-pathogenic) and often lead to recurrent 
infections.Therefore, as complementary to these medications, herbal therapy is gaining popularity in women 
on account of its lesser side effects and restoration of the normal vaginal flora (Neri et al. 1994). 

 
The postpartum period refers to the first 6 weeks after childbirth. This is also a period of adjustment and 

healing for mothers. Most new mothers don’t return to work for at least the first six weeks after delivery. 

This allows time to adapt and develop some healthy practices. This time gives mother to get plenty of rest, 
eat healthy meals and some exercise. During the postpartum period, the mothers body experiences some 
changes like weight gain, brest engorgement, constipation, pelvic floor changes, sweating, uterine pain and 
vaginal discharges. All these changes have its own traditional care among these ethnic castes.  Some of the 
microbial infections are also seen after delivery in mothers. Postpartum care among Malavedar tribal group 
and Pulaya caste of Kerala state is especially continued till present day. 

Post natal careis an important thing when thenewborns faces lots of primary difficulties and infections. 
All new born require essential care to minimize the risk of illness and maximize their growth and 
development.The neonatal period is the crucial period for child survival. The first 28 days of life is 
considered as the high risk period. This first month of life is also a foundational period for life long health 
and development. Among the ethnic groups of India they were practiced the newborn care very well within 
their limitations to acquire modern medicine. They are fully dependon the ethno botanical knowledge for 
such purpose. 

They continue the sharing of ethnic tradition even after several generations. The primitive rites and 
rituals of these two ethnic groups are completely conserved within their population. Along with this ancient 
culture, they preserve the traditional post maternal and neonatal care practices. 

This paper is perhaps the first record on the floristic composition and ethanobotanical postpartum 
practices on the Sacred groves of central Kerala districts. Objectives of the present study are to find the 
plant diversity in the study area and to know the ethanobotanical practices among these tribal populations.  
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2.  MATERIALS AND METHODS 

2.1 Study area 

For this ethnobotanical study, Sacred groves inhabited Malavedar tribals and Pulaya castes were selected 
from Pathanamthitta, Kottayam, Idukki, Ernakulam, Thrissur and Palakkad Districts of central Kerala. 
(Figure 1.) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Kerala state map with Central Kerala districts 

 
2.2 Data collection 

Field studies on the tribal settlements in four districts were undertaken during June 2017 to December 
2019. The data collection includes ethno botanical survey, plant collection and herbarium preparation. Plant 
collection was done by direct visit to nearby areas and Sacred groves of tribal inhabiting areas. The voucher 
specimens collected from Sacred groves were identified with standard floras (Gamble and Fischer, 1915–

1936) and deposited in the Herbarium, St. Teresa’s College (Autonomous), Ernakulam.  

Most of the information were collected from the elderly people of the community, especially from the 
elder folk woman and herbalists. Survey was performed using semi-structured open ended questionnaires 
via a face to face interview. The questionnaire consisted of two parts- photographs of plants and data 
collection through interviews. The first session is for the assessment of socio-demographic characteristics to 
collect information about the respondents including their name, age, gender, educational status, occupation, 
etc. In the second phase of the interview, ethno medicinal information were collected through general 
conversation and include questions about post-partum neonatal care, myth and believes, medicinal uses of 
plants in post-partum care among Malavedar and Pulaya caste, part of plant used, mode of preparation and 
mode of application. All the information received from the respondents were recorded. Personal visits were 
made to homes, herbalists and indigenous health confinement ladies (Pettukulippirukar/ Vyattatis).  

3. RESULT AND DISCUSSION 
3.1 Socio-demographic characteristics 

 Malavedar: Also known as Malaivedan, has a population of 12435, with a literacy rate 44.53%.They 
are found in Thiruvananthapuram, Kollam, Pathanamthitta, Kottayam, Idukki and Ernakulam districts 
of Kerala.  Their main occupation was hunting and collection of forest products, and are economically, 
socially and in terms of education far away from the mainstream. Malavedar speaks Malayalam and 
their own tribal tongue.  

 Pulayar: Also Known as Cherumar or Cheramar with a literacy rate 81.1%. They were the largest Dalit 
community and inhabited throughout in the state, with a population of 2,638008 (6.78%). 

 

http://www.jetir.org/


© 2021 JETIR January 2021, Volume 8, Issue 1                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2101206 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 31 
 

3.2 Sacred groves and its significance for conservation of ethnic knowledge 

The legal status and management of sacred groves in the country need to be examined and there is an 
urgent need to preserve and acknowledge the efforts of the people of this area in preserving these small 
sacred patches of the forest as local biodiversity (Shashi Kumar, 2004). This present study revealed that two 
ethnic tribal groups and their traditional post-partum and neonatal care practices associated with Sacred 
grove dwelling medicinal plants. Most of the tribal groups in Kerala relay and utilize such small patches of 
evergreen Sacred groves and it’s floral diversity for their local herbal therapies. These untouched virgin 
forests protect many of the valuable medicinal plants and its wild genome. The mystic knowledge of herbal 
medicine for various diseases that effectively utilizes and transferred to their younger generations in every 
tribal groups of Kerala. Ethnic treatments are commonly through raw methods; ie, mono or poly herbal 
treatment with any unprocessed parts of plants is used. Sometimes decoctions are made from various 
ingredients, which are fermented or boiled. 

3.3 Postpartum care methods of Malavedar vtribals and Pulaya caste 

Women are expected to rest at home to recuperate from the rigors of giving birth. All the ethnic groups in 
Kerala believe in the importance of observing the do’s and don’ts of confinement for a woman’s long term 

health benefits. There are different treatment systems among Malavedar tribal community and Pulaya caste. 
Here we discussed about such practices. Both the Malavedar’s and Pulaya’s complete confinement period is 
90 day. It is also called the abstinence period. 

During the first 14 days after child birth is the important days to rejuvenate the mother’s body through 
various ethnic treatments. This period is called “pettukulikalam”. Traditional nourishing herbal based bath, 
diet and belly binding practices are the part of this postpartum care period. An elder expert female leads the 
postpartum care practices in both communities. Some of the important health care practices include: 

 Vedhuvellam (Herbal bath) 

For the postpartum care, they prepare homemade herbal mixes for bath. Turmeric (Curcuma longa) paste 
is applied on whole body before bath. Herbal bath using boiled herbal leaves, colloquially called among the 
tribals as Vedhuvellam.  

The process of herbal bath (Vedhuvellam) have 2 steps. For the first 3 days, the bark of the tree Karayam 
(Lannea coromandelica Houtt. Merrill.) is wrapped in Kamukinpala (Areca catechu L.- flower spathe) and 
is crushed and boiled in a mud pot and this red colored water is used for bathing.  There are several studies 
that clinically proven the antimicrobial properties of L. coromandelica. Protective effect of L. 
coromandelica against three common pathogens such as Streptococcus pyogens, Staphylococcus aureus, 
and Candida albicans which cause female reproductive tract infection is reported by Jain et al. (2013). 
Along with this, some of its traditional uses have been investigated including wound healing and 
antimicrobial activity by Sathish et al. (2010) and Basuri et al. (2011). Hypotensive activity of bark extract 
(Singh and Singh, 1996) and Zoosporicidal activity (Islam et al. 2002) are also reported. So this traditional 
method is able to prevent the vaginal microbial infections immediately after delivery. 

After this 3 day treatment, upcoming 7 days the mother should bath in the hard decoction made up of 
leaves of Mayilellu (Vitex altissima L. f.). Antibacterial efficiency of different extracts of V. altissima 
provides a scientific basis and validates the traditional use (Sathish et al. 2015). Both these little hot herbal 
bath warmup their body and replenish their strength. 

Pettukuli of Pulaya caste is comparatively similar to Malavedar tribes, because both have the use of 
Vedhuvellam. But some of the contents for making herbal bath water are different in Pulaya caste. The first 
three days water is boiled with fully ripened crushed petiole of coconut palm and bark of L. coromandelica. 
Sometimes this practice may continue up to seven days. Two times per day is enough.This will help to heal 
the wounds after delivery. Furthermore, various part of plant contains polyphenols and flavonoids. 
Polyphenols include tannins like ellagic acid and Gallic acid.In addition to that some other flavonols like 
physicion, leucocyanidine, and leucodelphidin have been isolated. Moreover, Lannea is used as a cordial to 
women during lactation. Rai and Lalramnghinglova (2010) reported that Mizoram in India the tree bark is 
used as an Astringent, in ulcers, sore, leaf is used in swellings, sprains and body pain. Saravanan et al. 
(2010) also documented for its potential as anti-inflammatory effect. 
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From the fourth or eighth day, herbal bath of leaves of 9 plants such as Vitex altissima, Calycopteris 
floribunda, Clerodendron paniculatum, Piper nigrum, Naraveliya zeylanica, Artocarpus heterophyllus, 
Mangifera indica, Glycosmis pentaphylla, Ricinus communis and ripened petiole of Cocos nucifera. The 
boiled hot leaves are used for body heating.The crushed mature stem of Acasia caesia is used for body 
massage. 

 Oil massage 

Oil massage with Dhanwantharam Kuzhampu (made of 49 ingredients), commonly called “Thechukuli”. 
Kuzhampu is an Ayurvedic massaging oil for curing stretch marks and backache for new mothers after 
delivary. It have several medicinal properties including anti-rheumatic and anti-inflammatory. This will help 
to strengthen the tissues.  

 Stomach binding practices 

For the contraction of uterus and flattening of stomach a thick cotton cloth is used to bind the stomach 
tightly around the body.  

 Marunnukanji 

Along with the stomach binding, drinking of Marunnukanji carried out for the mother’s wellbeing. It is 
also consumed immediately after delivery, because it helps to prevent the gastrouble problems. The kanji is 
madeup of ingredients such as Kudampuli (Garcinia gummi-gutta),Garlic (Allium sativum), Pepper(Piper 
nigrum), dried red chilli (Capsicum annum) and broken rice (Oryza sativa). 

The Marunnukanji of Pulaya caste is entirely different with Malavedars. Rice gruel is mixed with 
Nilappana (Curculigo orchioides), Muyalcheviyan (Emilia sonchifolia), Thruthaval (Euphorbia hirta), 
Kudakan (Centella asiatica). It isa complete herbal medicine for wound healing, inflammations and 
gastrouble problems and will help increase the appetite. 

 Kashayam (Herbal decoctions) 

Malavedar tribal community practiced ancient methods of postpartum care, that include a herbal 
Kashyam for uterus contraction and gastrouble problems. The main contents of this poly-herbal mix are fine 
sieved powder of Ellarakkari (a smoked charcol dust obtained from the traditional kitchen wall), 
Ayamodakom (Trachyspermum roxburghianum), Kurumulaku (Piper nigrum) and Pattacharayam (Aarrack 
- Fermented homemade distilled drinking solution obtained from Caryotaurens). All the ingredients are 
mixed well, consumed early morning in empty stomach. 

Another type Kashyam used for curing the back pain after delivery is prepared from the bark of the tree 
Vitex altissima. Itis crushedand boiled in water and after cooling this crude extract is consumed 2 ounces per 
day along with boiled broken rice soup. It is called Vettumarummu in tribal language.  

 Other treatments 

 Among the Malavedar tribals, they have unique treatment for urinary tract infections. Tender coconut 
(Karikku – Cocos nucifera) water is mixed with arrowroot powder (Koovappodi- Curcuma neilgherrensis) 
and is drink twice a day, that able to reduce the microbial infections and burning sensation during urination. 
Also they can use the fresh toddy/palm wine of Caryotaurens. 

3.4 Postnatal care methods of Malavedar tribals and Pulaya caste 

Indian postnatal care is based on ancient Ayurveda methods, and the postnatal care of tribal groups on 
the ancient herbal knowledge of their surrounding flora. Some of the studies revealed that the mothers have 
followed oil massage for the baby before bath and provided home remedies for the baby. The mothers were 
applying ashes, soot, powder, or dry cow dung and they exposed their babies to the sunlight when the 
baby’s skin turns yellowish and are applied ‘Kajal’ on baby’s face to prevent bad eye. There is a strong 
relationship between the demographic variables (caste, religion) and cultural practices and beliefs on 
newborn care among mothers (Reshma and Sujatha, 2018). A case study was conducted on “new born care 
practices” among tribal women’s of Bhil Tribal population of Gujarat resulted less prevalent practice of 
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essential newborn care among all cases irrespective of place of delivery and the health care personnel 
facilitating delivery. Habitual traditional or tribal newborn care methods challenge the practice of prescribed 
essential newborn care (Shah and Dwivedi, 2013). “Newborn care practices and home-based post-natal 
newborn care program” at Mewat Haryana by Sinha et al.(2014) explained the Knowledge-practice gaps 
existed among mothers and poor utilization of reproductive, child health services decreased opportunities 
for safe practices.  

There are ample evidences suggesting a definite link of traditional health care practices with the science 
of Ayurveda. The feud between tradition and modernity has now become a global scenario.There is an 
attempt to enlist and throw some light on some traditional health care practices of new born care in Kerala 
with due emphasis on utility, futility and possible hazards. The study focuses on the scientific facts and 
rational reasons to promote the beneficial practices eliminating the potential risks associated, if any (Smitha, 
2017).  

 Herbal baths 

Unique poly-herbal mix prepared by leaves of six plants are crushed in to the water and heated under 
sunlight.The leaves of Coleus aromaticus, glycosmis pentaphylla, Anisomeles indica, Vernonia cinera, 
Emilia sonchifolia and Canthium angustifolium are used. This light warm water is poured on the head and 
other body parts of newborns. They believe this practice help to improve the immune power and prevent 
cold and cough also. In case of Pulaya caste, similar practices are present. The water is warm in the sunlight 
along with leaves of Anisomeles indica and Plectranthes amboinicus.  

 Postnatal massage  

The oil massage improves blood circulation and helps baby sleep better. It is best to use homemade 
coconut oil and refined castor oil on the body parts and head respectively. Also they believe massaging 
helps to the development of higher nasal bridge. 

 Other treatments 

For the Karappan disese (Eczema) of babies up to 1 year old, Kodinjali (Tender stem and leaves of Piper 
nigrum) tender leaves and stems boiled in water and this decoction is used for cleaning the crashed skin and 
bathing of babies also. For the treatment of another skin diseases like wart of babies, whole plant decoction 
of Elephantopus scaber (Anachuvadi) and root of Desmodium gangeticum are relevant for bath.  

The study of the role of prevalent cultural beliefs and practices, which are influencing home-based 
newborn care in Hariyana State in India, resulted that traditional knowledge and practices must be 
considered before developing the scientific neonatal health care intervention strategies. Evaluation of 
neonatal care practices in a tribal community of Odisha, India in a cultural perspective” resulting prenatal 
and antenatal practices by qualitative inquiries of 55 mothers who had babies aged <60 days and from 11 
traditional birth. Reasons for home deliveries were cited as easy availability of traditional birth attendants 
and their family preferences. Application of indigenously madesubstances on umbilical stump and skin of 
the baby,bathing baby immediately after birth, late initiation of breast-feeding and ‘Budu practices’ were 

common among them (Pati et al. 2014).Cultural issues, decision of family members and traditional beliefs 
still play a crucial role in shapingneonatal care practice in tribal communities. Awareness on child care, 
ethnographic understanding of health seeking behavior of tribal community and mobilization of community 
by health workers can be useful in improving health status of mothers and new born babies in tribal 
population.  
 
Table 1:  List of Medicinal plants used for Postpartum & Neonatal care among Malavedar tribals and Pulaya community. 

 
Sl.  
No 

Botanical Name Common Name Family Parts used 

1. Acacia caesia (L.) Willd. Incha Fabaceae Stem 
2. Allium sativum L. Veluthulli Amaryllidaceae Rhizome 
3. Areca catechu L. Kamuku Arecaceae Flower spathe 
4. Artocarpus heterophyllus Lam. Plavu Moraceae Mature leaves 
5. Calycopteris floribunda Lam. Pullanthi Combretaceae Tender leaves 
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6. Canthium angustifolium Roxb. Kattukara Rubiaceae Tender leaves 
7. Capsicum annum L. Vatalmulaku Solanaceae Dried fruit 
8. Caryota urens L. Kalippana Arecaceae Fresh sap from inflorescence 
9. Centella asiatica L. Kudakan Apiaceae Whole plant 
10. Clerodendrum infortunatum L. Perikilom/Oruveran Verbenaceae Mature leaves 
11. Cocos nucifera L. Thengu Arecaceae Tender fruit, ripened petiole 
12. Curculigo orchioides Gaertn. Nilappana Hypoxidaceae Rhizome 
13. Curcuma longa L. Manjal Zingiberaceae Fresh rhizome 
14. Curcuma neilgherrensis Wight Koova Zingiberaceae Dried rhizome powder 
15. Desmodium gangeticum  (L.) DC. Orila Fabaceae Root 
16. Elephantopus scaber L. Anachuvadi Asteraceae Whole plant 
17. Emilia sonchifolia  (L.) DC. in Wight Muyalcheviyan Asteraceae Whole plant 
18. Euphorbia hirta L. Nilappala Euphorbiaceae Whole plant 
19. Garcinia gummi-gutta L. Kodampuli Clusiaceae Dried fruit 
20. Glycosmis pentaphylla  (Retz.) DC. Panal Rutaceae Tender leaves 
21. Lannea coromandelica Houtt. Merrill. Karayam/Kalayam Anacardiaceae Bark and leaves 
22. Mangifera indica L. Mavu Anacardiaceae Mature leaves 
23. Naraveliya zeylanica (L.) DC. Vathakodi Rananculaceae Mature leaves 
24. Oryza sativa L. Nellu Poaceae Dried fruit 

25. Piper nigrum L. Kurumulaku Piperaceae 
Dried fruit, tender stem and 
leaves 

26. Plectranthus amboinicus  (Lour.) Spreng. Panikoorkka Lamiaceae Leaves 
27. Pogostemon purpurascens Dalz. in Hook.'s Poothachedayan Lamiaceae Leaves and flower buds 
28. Ricinus communisL. Avanakku Euphorbiaceae Seed oil 
29. Trachyspermum roxburghianum  (DC.) Craib Ayamodakom Apiaceae Herb 
30. Vernonia cinerea  (L.) Less. Poovamkurunthal Asteraceae Whole plant 
31. Vitex altissima L. f Mayilellu Verbenaceae Leaves, stem and bark 

 
4. CONCLUSION 

The lack of proper postpartum care to mothers and neonatal care to babies may lead to several problems 
like anemia, hemorrhage, etc. For the postpartum care, they prepare some homemade herbal mixes for meals 
and bath.  The new mothers are fed wholesome food and herbal tonics to warm their body and replenish 
their strength. Herbal therapies help to improve the immune system.  It provide an extra energy to mothers 
and new born to overcome their deficiencies through various treatments like Vedhuvellam, Marunukanji, 
Chethumarunnu and Thechukuli. Bark extracts of Lannea coromandelica and Vitex altissima have immense 
potential as antimicrobial and antifungal compounds against microorganisms and they can be used in the 
treatment of female RTI caused by microorganisms. So the indigenous people utilize the plant very 
early.The plant requires a huge research yet to be done in support to the traditional claims.  

A total of 31 plant species belonging to 20 families were recorded and most of the species are Sacred 
grove inhabiting plants. This sanctum provides wide range of adaptations and the existence for the rare 
species also. It is a sustainable resource for local tribal communities to full fill their medicinal 
needs.Majority of plant species are used for anti-inflammatory, microbial activity, wound healing, 
astringent, used against gastro-intestinal diseases, stress, neural diseases, skin diseases and hair growth. 

Hopefully this work may help the future researchers to adopt the methods of tracking indigenous 
knowledge of Sacred groves and its preservation. Different postpartum practices of Malavedar and Pulaya 
community should be unique among Indian maternal and newborn care treatments. Application of locally 
available natural medicines results their healthy regeneration and transfer of ethnic culture to coming 
hereditary groups. 
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Abstract 
An exploratory survey of different sacred groves of Kottayam District (9.5888° N to 
76.5341° E) of Kerala was carried out during the period 2017-2019. The groves which 
were selected for study include Kurinji Bhagavathi Kavu, Illapozhuthu Bhagavathi Kavu, 
Koovakkal Sastha Kavau, Panachikadu Devi temple and Nagampoozhimana Kavu. Over 
all plant composition leads to 326 species coming under 268 genera and 89 families, 
representing 6 vulnerable and 31 endemic. This study covers herbaceous flora of 
angiosperms and pteridophytes. The vegetation profile of the Sacred groves in Kottayam 
district consists of 127 herbs, 88 trees, 74 shrubs and 37 climbers. Taxonomic analysis of 
herbaceous flora shows 103 angiosperms of 78 families and 24 pteridophytes of 11 
families. The  dominant  families  of  herbaceous  members  are  Acanthaceae, Asteraceae 
and Poaceae  (8  species  each)  followed  by Araceae with 7 species, Euphorbiaceae,  
Scrophlariaceae and Pteridaceae (6 species each). Moist deciduous forest members 
(20%) are dominant in the sacred groves and is followed by Wetland species (18%). 
Deciduous, Evergreen and Semi evergreen forests species (16%) followed by Wasteland 
component (12%), Grassland species (7%), Riparian species (6%) and Cultivated species 
(3%). Maximum herbaceous diversity is present in Nagampoozhimana Kavu (94 species 
of 41 families) and minimum diversity is present in Koovakkalmala Sastha Kavu (16 
species belonging to 10 families).  

Key words: Sacred groves, Herbs, Angiosperms, Pteridophytes, Diversity, Endemism, 
Phytosociology, Kottayam.   

1. INTRODUCTION 

Sacred groves are locally known as Kavu mean by consortium of trees seen throughout 
Kerala from coastal areas to the Ghats and are having different cultural practices and 
belief systems. The area of Sacred groves varies from few trees to several hectares. In 
Kerala, the Sacred groves are mostly distributed along the plains of northern and southern 
regions of Kerala and are comparatively well studied [1-4]. These landscapes are 
commonly community based remnants of biological diversity and protected on the basis 
of their religious beliefs, extremely rich in floral and faunal components. This patches of 
untouched forest with rich diversity, which have been protected by the local people for 
centuries for their cultural and religious beliefs [5]. Sacred groves are natural museums of 
living giant trees, treasure house of rare, endemic and endangered species, dispensary of 
medicinal plants, recreation center for urban life, garden for botanists, gene bank of 
economic species, paradise for nature lovers and laboratory for environmentalists [6]. 
About 364 important Sacred groves in Kerala with floristic wealth of over 722 species are 
identified [1]. It is estimated that around 500 ha of area is under Sacred groves in Kerala 
and the total number of groves reported is around 2000. 
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Sacred groves often protect watersheds, and help in soil and water conservation. The 
thick root mat in the ground may help to prevent soil erosion. These virgin forests with the 
most favorable microclimate have an important role in the conservation of biodiversity 
and act as the last shelters of many endemic and ret species. Conservation of traditional 
knowledge about Sacred groves is another critical area that require lot of attention for 
preventing its narrowing. Being a biotype in a rural landscape, this sanctum performs a 
critical role in the maintenance of ecological and hydrological balance of an area, and also 
help to compensate for carbon emissions of polluting industries and thereby offers 
economic and ecological benefits to the communities [3]. Various studies were also 
contributed the information on the floristic wealth of Sacred groves of Kerala [7-13].   

The sacred groves in central Kerala, especially in Kottayam district is poorly explored. 
Earlier studies on the religious important plants of some sacred groves in Kottayam 
district were done [14]. In the present study the vegetation analysis of selected sacred 
groves from three geographical zones of Kottayam districts viz., low land, mid land and 
high land are included.  In central Kerala, Kavu or groves are of two types; Sarpakavu or 
Durgakavu which are close to the human settlements, especially for the Paradevathas of 
families and second type of groves are Sasthakavu which are far away from settlements 
and commonly on hill ranges. 

The main objectives of the study include the analysis of the floristic composition, 
documentation of the herbaceous flora in the Sacred groves based on relevant 
classification [15-17] and to analyze the species diversity, phytosociology based on 
quadrat method.  

 
2. MATERIALS AND METHODS 
2.1 Study area  

Different extents of Sacred groves of Kottayam district are selected for the study.   Five 
Sacred groves from three taluks of Kottayam are identified and assessed for its 
biodiversity. The location of each sacred grove is marked with Garmin 72 GPS. These 
groves are distributed in various geographical zones of Kottayam district, viz, low land, 
mid land and high land. There are two low land and mid land groves and one high land 
grove selected for the study. (Figure 1. & Table 1.)      

  
 

Figure 1. Location of Sacred groves in Kottayam district, Kerala, India 
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Table 1. Selected Sacred groves and Dieties 

 

Sl. 
No. 

Sacred groves Taluk  
Area 

in 
Ha.  

Latitude/ 

Longitude  
Geographical 

Zone  
Deity 

1. 
KurinjiKavu, 
Ramapuram 

Meenachil 2 
9.79620N 
76.69040E 

High land 
Vanadurga, 

Naga 

2. 
Illapozhuthu Kavu, 

Chakkambuzha 
Meenachil 1.80 

9.76760N 

76.65570E 
Mid land 

Bhagavathi, 
Naga 

3. 
Thoovakkalmala 
Kavu, 

Valavoor 
Meenachil 1 

9.74530N 
76.74420E 

Mid land 
Sasthavu, 

Yekshi 

4. 
Panachikkadu 
temple Chingavanam 

Kottayam 1.45 
9.53800N 
76.55250E 

Low land 
Saraswathi, 

Yekshi, 
Naga 

5. 
Nagampoozhimana 
Kavu, Vaikom 

Vaikom 1.6 
9.74900N 
76.39410E 

Low land 
Naga, 
Yekshi 

 
2.2 Methodology 

The study was conducted during 2017-2019, and the plant specimens are identified 
with the help of available floras and literature [18-21]. Ecological and morphological 
observations are done from the fields during site visits and the detailed morphological 
characters were observed under Leica MZ 7.5 Stereo microscope.  

Herbarium were prepared by standard methods [22] and verified with the help of 
herbariums at Kerala Forest Research Institute (KFRI), Peechi and Calicut University 
(CALI). IUCN categories used to evaluate and arrange the taxa into RET species 
[23].Voucher specimens of species collected from Sacred groves were deposited in the 
Herbarium, St. Teresa’s College (Autonomous), Ernakulam. The nomenclature and 
citations followed as per IPNI [24].  

For Phytosociological studies, quantitative data for Frequency, Relative frequency 
(RF), Density, Relative density (RD) and Diversity indices were calculated according to 
the standard methods [25-28]. For the sampling of herbaceous species, each study area are 
divided into approximately four equal quadrats to calculate Density (D) and Relative 
density (RD), while Frequency (F) and Relative frequency (RF) were analyzed after 
dividing each study area into eight equal quadrats. All these parameters are calculated for 
the selected species, which shows presence in more than two slots. Diversity of flora was 
assessed through Shannon‐Weiner diversity index (H’) and the analysis was conducted for 

two consecutive years to cover maximum species representation.  

3. RESULT AND DISCUSSION 

The herbaceous flora of Sacred groves of Kottayam district revealed that, there are 103 
angiosperms in 78 families and 24 pteridophytes belongs to 11 families. 
Nagampoozhimana Kavu have the highest number of herbaceous species (108), followed 
by Illapozhuthu Kavu (56), Panachikadu Devi temple (40), Kurinji Kavu (35) and 
Koovakkalmala Sastha Kavu (28). The dominant families of herbaceous angiosperm 
members are Acanthaceae, Asteraceae and Poaceae (8 species each) followed by Araceae 
with 7 species and Euphorbiaceae and Scrophulariaceae (6 species each), Cyperaceae, 
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Rubiaceae and Zingiberaceae (6 species each), Amaranthaceae and Apiaceae (4 species 
each), Commelinaceae and Fabaceae (3 species each), Malvaceae with 2 species and 
remaining families comprising single species (Figure 2.). Dominant genera in the selected 
sites are Curcuma, Justicia, Lindernia with 3 species and Limnophylla, Phyllanthus, 
Saccharum and Spermacoce with 2 species.  

 

Figure 2. Dominant families of herbaceous 
angiosperms from Sacred groves of Kottayam district 

Floristics of pteridophytes from the groves revealed that, Pteridaceae is the dominant 
family with 6 species, followed by Selaginellaceae and Polypodiaceae with 4 species both 
and Adiantaceae with 3 species (Figure 3.). The dominant genera is Selaginella (4 spp.), 
Adiantum and Pteris (3spp.). 

 

Figure. 3 Dominant families of herbaceous 
Pteridophytes from Sacred groves of Kottayam district 

 

The habitat diversity and natural distribution of identified herbaceous flora (both 
angiosperms and pteridophytes) indicated that, moist deciduous forest members (20%) are 
dominated in the Sacred groves and is followed by wetland species (18%). Deciduous, 
evergreen and semi evergreen forests species (16%) followed by wasteland components 
(12%), grassland species (7%), riparian species (6%), cultivated species (3%) (Figure 4.).  

 

Figure.4 Composition of habitat types of herbaceous angiosperms 
in Sacred groves of Kottayam district 
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The pteridophyte species composition shows habitat specificity for their adaptation and 
survival within the common distribution pattern. In the present in the study area they are 
included in 3 types of habitats:  Terrestrial (15 species), Lithophytes (8 species) and 
Hydrophytes (3 species) (Figure 5.).   

 

Figure 5. Habitat diversity of Pteridophytic flora in Sacred groves of 
Kottayam district  

 

The native range and worldwide distribution of herbaceous species found in the Sacred 
groves shows that; Pan tropical elements (39) and Indo- Malesia & African elements (26) 
are dominated and followed by Asia to Africa (21), Peninsular Indian/Sri Lankan (20), 
South to South East Asia (13), Indian Elements and South East to Australia (10), Endemic 
species (6).  There are 4 endemic angiosperms and 2 pteridophytes. In which Peninsular 
Indian (2), South Indian (2) Western Ghats endemic (1) and South Western Ghats (1) 
(Table 2.).  
 

Table 2.  Native range and worldwide distribution of species found in the      
 Sacred groves of Kottayam district. 

         

Sl. 
No. 

Distribution 
Number of 

Species 

1. Asia to Africa 21 
2. Endemic to Penisular India 3 
3. Endemic to Western Ghats 3 
4. Indian Elements 10 
5. Indo- Malesia & Africa 26 
6. Pantropical / Paleotropical 39 
7. Peninsular Indian / Sri Lankan 20 
8. South East to Australia 10 
9. South to South East Asia 13 

 
3.1 Vegetation profile  

The vegetation profile of the Sacred groves in Kottayam district consists of 127 herbs, 
88 trees, 74 shrubs and 37 climbers (Figure 6.). However herbaceous species in the study 
area has relatively high species number comparing to shrubs, climbers and epiphytes, the 
canopy dominated by most of the wild trees that indicate the rich forest among the 
surrounding ecosystem in the past. But the herbaceous ground layer protect the soil from 
erosion, contributes litter accumulation and improves the microclimate of the region that 
favors these groves to become suitable for many endemic species. Among the herbaceous 

11%

58%

31%
Hydrophytes

Terrestrial

Lithophytes
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members, about 75 species (59%) have medicinal values in different treatment systems 
and is effectively utilized by traditional healers in the nearby areas. 

 
 

Figure 6. Life form analysis in selected Sacred groves of Kottayam district 
 
 

3.2 Phytosociology 

The most frequent herbs observed among the sites are Peperomia pellucida (113), 
followed by Scoparia dulsis (94), Curcuma neilgherrensis (81), Achyranthus aspera (77), 
Centella asiatica (61).  This frequency distribution indicates the disturbed nature of the 
sites, where weeds and cultivated species dominated. The distribution density of herbs 
indicated that Peperomia pellucida has highest (5.65), followed by Scoparia dulcis (4.7), 
Curcuma neilgherrensis (4.05), Achyranthes aspera (3.85) and Weddelia chinensis (3.2). 
It is evident from the relative density (RD-4.7) and relative frequency (RF-80%) data that, 
Scoparia dulcis contribute the highest percent in the ground cover of herbaceous species 
(Table 3.). 

Table 3.  Phytosociological parameters of herbaceous species 
from selected sacred groves of Kottayam district 

Sl. 
No 

Botanical name Family 
No. of 
plants 

Density 
(4*5) 
(20) 

R D 
(%) 

Occurence 
in the 

sampling 
units 

Frequency 
% 

(8*5)(40) 

R F 
(%) 

1 
Achyranthes 
aspera L. 

Amaranthaceae 77 3.85 5.20 29 72.5 5.53 

2 
Adiantum 
latifolium  Lam. 

Adiantaceae 42 2.1 2.83 11 27.5 2.09 

3 
Adiantum 
lunulatum Burm. 

Adiantaceae 33 1.65 2.22 14 35 2.67 

4 
Aerva   lanata (L.)  
Juss.   ex Schult. 

Amaranthaceae 27 1.35 1.82 7 17.5 1.33 

5 
Biophytum 
reinwardtii 
(Zucc.) Klotzsch. 

Apiaceae 51 2.55 3.44 16 40 3.05 

6 
Cardiospermum  
halicacabum L. 

Sapindaceae 9 0.45 0.60 5 12.5 0.95 

7 
Catharanthus 
roseus (L.) G. 
Don 

Apocynaceae 11 0.55 0.74 4 10 0.76 

8 
Centella asiatica 
(L.) Urb. 

Apiaceae 60 3 4.05 27 67.5 5.15 

9 
Colocasia 
esculenta 
(L.)Schott. 

Araceae 31 1.55 2.09 12 30 2.29 

27%

23%
39%

11%

Trees Shrubs
Herbs Climbers
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10 
Curculigo 
orchioides Gaertn. 

Apiaceae 53 2.65 3.58 19 47.5 3.62 

11 Curcuma longa L. Zingiberaceae 37 1.85 2.5 11 27.5 2.09 

12 
Curcuma  
neilgherrensis 
Wight 

Zingiberaceae 81 4.05 5.47 25 62.5 4.77 

13 
Eclipta alba var. 
prostrate (L.) 
Miq. 

Asteraceae 14 0.7 0.94 6 15 1.14 

14 
Emilia sonchifolia 
DC. 

Asteraceae 55 2.75 3.71 17 42.5 3.24 

15 
Euphorbia   hirta    
L. 

Euphorbiaceae 14 0.7 0.94 6 15 1.14 

16 
Gloriosa  superba  
L. 

Liliaceae 12 0.6 0.81 9 22.5 1.71 

17 
Justicia 
procumbens L. 

Acanthaceae 20 1 1.35 7 17.5 1.33 

18 
Laportea 
interrupta (L.) 
Chew 

Euphorbiaceae 21 1.05 1.41 13 32.5 2.48 

19 
Leucas aspera 
(Willd.) Link 

Lamiaceae 26 1.3 1.75 16 40 3.05 

20 
Ludwigia  
hyssopifolia (G. 
Don) Exell 

Onagraceae 28 1.4 1.89 10 25 1.90 

21 Mimosa pudica L. Mimosaceae 28 1.4 1.89 18 45 3.43 

22 
Naragamia alata    
Wight & Arn. 

Meliaceae 32 1.6 2.16 12 30 2.29 

23 
Nephrolepis 
cordifolia (L.) C. 
Presl. 

Oleandraceae 17 0.85 1.14 6 15 1.14 

24 
Oldenlandia 
corymbosa var. 
corymbosa L. 

Rubiaceae 38 1.9 2.56 17 42.5 3.24 

25 
Ophiorrhiza 
mungos Wall. 

Rubiaceae 18 0.9 1.21 5 12.5 0.95 

26 

Parahemionitis 
cordata (Roxb. 
ex. Hook. & 
Grev.)Fraser.-
Jenk. 

Pteridaceae 19 0.95 1.28 10 25 1.90 

27 
Peperomia 
pellucida (L.) 
Kunth. 

Piperaceae 113 5.65 7.63 29 
72.5 

 
5.53 

28 

Phyllanthus   
amarus 
Schumach. & 
Thonn. 

Euphorbiaceae 33 1.65 2.22 8 20 1.52 

29 
Physalis angulate 
L. 

Solanaceae 13 0.65 0.87 5 12.5 0.95 

30 
Pityrogramma 
calomelanos 
(L.)Link 

Pteridaceae 32 1.6 2.16 11 27.5 2.09 

31 
Rauvolfia 
serpentina Benth. 
ex Kurz 

Apocynaceae 12 0.6 0.81 4 10 0.76 

32 Rivina humilis L. Phytolaccaceae 10 0.5 0.67 3 7.5 0.57 

33 
Scoparia  dulcis  
L. 

Scrophulariaceae 94 4.7 6.35 32 80 6.10 
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34 
Selaginella 
ciliaris (Retz.) 
Spring 

Selaginellaceae 16 0.8 1.08 7 17.5 1.33 

35 
Selaginella 
delicatula Alston 

Selaginellaceae 24 1.2 1.62 8 20 1.52 

36 Sida alnifolia L. Malvaceae 26 1.3 1.75 11 27.5 2.09 

37 
Solanum viarum 
Dunal 

Solanaceae 14 0.7 0.94 9 22.5 1.71 

38 
Spermacoce 
latifolia Aubl. 

Rubiaceae 39 1.95 2.63 7 17.5 1.33 

39 
Spilanthes ciliate 
Kunth 

Asteraceae 16 0.8 1.08 3 7.5 0.57 

40 
Tragia 
involucrata  L. 

Euphorbiaceae 40 2 2.70 16 40 3.05 

41 
Vernonia cinerea 
(L.) Less. 

Asteraceae 50 2.5 3.37 19 47.5 3.62 

42 
Vigna adenantha 
(G. Mey.) 
Marechal et al. 

Fabaceae 24 1.2 1.62 9 22.5 1.71 

43 
Weddelia 
chinensis Merr. 

Asteraceae 64 3.2 4.32 10 25 1.90 

44 
Zingiber zerumbet 
(L.) Sm. 

Zingiberaceae 6 0.3 0.40 1 2.5 0.19 

 
TOTAL 
species    = 44 
Genus     = 41 

 1480   524   

 
The distribution frequency range of herbaceous species in Sacred groves of Kottayam 

district indicates 11.36 % herbs in the groves are coming under fairly good and moderate 
frequency range while rest of the 38.63% of species are in the mostly poor and poor 
frequency range (Table 4.). 
 

Table 4. Distribution frequency range of herbaceous species 

Frequency Range 
5 Sacred Groves from Kottayam District 

No. of herbs species % of species 
1-20% (Poor) 17 38.63 
21-40% (Mostly poor) 17 38.63 
41-60% (Moderate) 5 11.36 
61-80% (Fairly good) 5 11.36 
81-100% (Good) 0 0 

 
3.3 Diversity indices   

The Shannon Weiner diversity Index (H’) of the study area is 3.6. This indicates the    
species are distributed uniformly and shows high diversity without dominant species. 

4. CONCLUSION 

The Sacred groves selected for the present study has wide range of diversity of 
herbaceous flora with 103 angiosperms in 78 families and 24 pteridophytes belonging to 
11 families. The dominant families of herbaceous members are in Acanthaceae, 
Asteraceae and Poaceae. Of the 127 herbaceous species 4 angiosperm herbs and 2 
pteidophytic species are endemic. This region is to be conserved and protected for its 
plants and animal diversity. The dominance of light demanding Acanthaceae and 
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Asteraceae members in the groves indicate that the mini forest floor is well exposed 
to sunlight through the canopy gaps. Sacred groves in the low land region shows high 
herbaceous diversity, while groves in the mid land and high land regions shows less 
diversity. Size of the grove is an important factor may affect the floristic diversity also. 
There are 59.12% of the herbaceous flora were medicinally valuable and used in 
traditional treatment systems. Further studies are required for the enumeration of lower 
forms like algae, fungi and bryophytes. Anthropogenic activities in and around the groves 
leads to the disturbance of such natural habitats. Immediate conservation measures should 
be taken to protect these species and its remaining repositories from the extinction.  
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Abstract 
Medicinal plants have been used for centuries and are used as a potential source of therapeutic drug. The present 
study deals with phytochemical screening and antioxidant potentials of leaves of cadaba fruticosa and Ocimum 
basilicum. Phytochemicals were extracted using one polar and one non-polar solvent like Ethanol and 
chloroform. Varying amount of alkaloids, phenols, flavonoids, Terpenoids etc were detected. Preliminary 
phytochemical screening shows notable presence of Alkaloids and Phenols and its quantitative estimation 
showed alkaloid components are much high as compared to Phenolics in both the extracts. Ethanolic extracts 
showed very good antioxidant properties compared to chloroform extract. These results are highly significant as 
they can pave the way for future scientific validation of the traditional knowledge of these potential medicinal 
plants. 
 
Keywords: medicinal plants, Cadaba fruticosa, Ocimum basilicum, physico chemical analysis, 
phytochemical analysis, anti-oxidant potentials 
 

 

Introduction 
Plant based medicines have been used from many centuries ago. Recently, herbal medicine are getting much 
popular than modern pharmaceutical medicines. With its prolonged use, safety, and efficacy, the herbal 
medicines have become a major concern for our society. Phytochemical screening of medicinal plants is 
therefore unavoidable for the development of new, efficient and targeted drugs. Reactive oxygen species play an 
important role in the cell signaling and homeostasis. The number of Reactive oxygen species increased due to 
some environmental stress and it is causing damages to cell structure which leads to cell death. Many medical 
conditions such as cancer, diabetes and anti-inflammatory disorders are accelerated due to the generation of 
Reactive oxygen species. These kinds of disease can be treated using herbal medicines. The bioactive principles 
of plants such as flavonoids, Phenolic components, tannins, alkaloids, saponins etc assured the efficiency of 
herbal medicine. 
Cadaba fruticosa L. member of Capparaceae family is a climbing shrub commonly known as “vizhuthi” 

distributed mostly in the tropical and subtropical regions. In the Indian subcontinent Cadaba fruticosa was found 
in the Punjab, Central and western India, Gujarat, Tamil Nadu and Karnataka and have been utilized in Siddha, 
Ayurveda and other traditional systems of medicine for long. The plant grows up to 5 meters in height, bearing 
cylindrical stems.  
The leaves are ovate, oblong, glabrous and fully margined. The leaves and fruits are used to treat worm 
infestation, swellings, eczema and constipation. The leaves contain ‘cadabine’ and also terpenoids flavones, 

sugar and proteins.  
Phytochemicals are defined as bioactive non-nutrient plant compounds, distributed within the various plant parts. 
Scientific evaluation reveals that medicinal properties of Cadaba fruticosa includes antipyretic, anti-diabetic, 
antifungal, cytotoxic, antimicrobial, hepato protective and antioxidant properties. 
Ocimum basilicum L. popularly known as ‘king of herbs’ belong to the family Lamiaceae, known for its 
therapeutic potential in traditional medicine. The plants have been used as a medicinal aromatic herb to add 
aroma and flavor to food. Basil is rich in various secondary metabolites like polyphenols, flavonoids and 
terpenes.  
It is an annual plant producing white –purple flowers. Due to the characteristic flavors it imparts, the plant is 
used for culinary purposes. The plant grows well in many parts especially in the tropical regions of Asia, Africa 
and Central and South America. It contain many phytochemical compounds, gives various health benefits. 
Various studies showed that the plant Basil has Central (CNS) depressant, anticancerous, cardiac stimulant, 
hepatoprotective, hypoglycemic, hypolipidemic, immunomodulator, analgescic, anti-inflammatory, 
antimicrobial, antioxidant, antiulcerogenic, Chemomodulatory and larvicidal activities.  
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Material and Methods 
Collection of plants 
Cadaba fruticosa collected from Madhurai, and Ocimum basilicum from kuttampuzha, Kerala state. These plants 
were cleaned and washed in sterile distilled water and shade dried for 2-5 days. The dried plant species were 
powdered using blender and store for further use. 
 
Physico- Chemical Parameters 
The physicochemical characteristics of powdered leaves were determined as per the WHO guidelines. 
 
Preparation of Leaves Extract 
 The fresh, undamaged and disease-free leaves were selected and washed thoroughly with sterile double distilled 
water (DDW), shade dried and then coarsely powdered in a blender. The coarse powder was soaked in 500ml of 
Chloroform and Ethanol solvents and kept in a shaker for 48hrs at 200 rpm. After 48 hrs it was filtered using 
whatsman No.1 filter paper. The extracts so obtained were further dried in vacuum desiccators. The residue 
obtained from the extract was used for further studies by preserving it in refrigerator. 
 
Phytochemical Screening  
The freshly prepared different leaves extract were qualitatively tested for the presence of chemical constituents. 
They identified by characteristic color changes and precipitation reactions using standard procedures. (Trease 
and Evans, 2009) 
 
Determination of total phenolic content  
Spectrophotometric methods are most commonly used for the quantification of phenolic content. Estimation of 
total phenolic content in the selected plant seed extract was measured spectro photometrically using Folin–

Ciocalteu reagent.. Aliquots of 0.5 ml of the test sample and each sample of the standard solution were taken, 
mixed with 2 ml of Folin–Ciocalteu reagent (1:10 in deionized water) and 4 ml of saturated solution of sodium 
carbonate (7.5% w/v). The tubes were covered with silver foils and incubate at room temperature for 30 minutes 
with intermittent shaking. The absorbance was taken at 765 nm wavelength. All the samples were analyzed in 
three replications.  
 
Determination of total alkaloid content  
Total alkaloid content was estimated based on the reaction between alkaloid and bromocresol green (BCG). The 
plant extract (1 mg/ml) was dissolved in 2 N HCl and then filtered. 1 ml of this solution was transferred to a 
separating funnel, and then 5 ml of BCG solution along with 5 ml of phosphate buffer were added. The mixture 
was shaken and the complex formed was extracted with chloroform by vigorous shaking. The extract was 
collected in a 10 ml volumetric flask and diluted to volume with chloroform. The absorbance of the complex in 
chloroform was measured at 470 nm wavelength. The whole experiment was conducted in three replicates. 
 
Antioxidant activity 
DPPH (2, 2 –diphenyl – 1-picrylhydrazil) radicle scavenging activity 
The ability of Leaf extracts to scavenge the DPPH (2, 2 –diphenyl – 1-picrylhydrazil) radicals was assessed by 
using the method of Blois with some modification (Blois, 1958). About 0.2 mol/L solution of DPPH in methanol 
was prepared, and 500 µL of this solution was added to different concentrations of the extracts (50-250 µg/mL). 
The mixture was shaken vigorously and allowed to stand for 30 min at room temperature. Control was prepared 
as above but without the sample extracts and methanol was used for the baseline correction. Then changes in the 
absorbance of the plant samples were measured at 517 nm wavelength using spectrophotometer. A lower 
absorbance value indicates the higher radical scavenging activity. The ability of DPPH radical scavenging 
activity was calculated by using the following formula 
 

% of inhibition = (Absorbance of control- Absorbance of Test)/ Absorbence of control*100 
 
Results 
 

Table 1: Comparison of Physico chemical parameters of Cadaba fruticosa and Ocimum basilicum 
 

Samples 
PH value 

Total Ash value (%) Moisture Content (%) 
Solubility test (%) 

1% 10% Water Alcohol 
C.fruticosa 5.42 5.51 17 4 24 34 

O. basilicum 7.00 7.00 11.5 2 8 17 
 

Table 2: Phytochemical Analysis of Cadaba fruticosa 
 

Sl.no Phytochemical test Chloroform extract Ethanol Extract 
1 Saponins test - - 
2 Flavonoids test + + 
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3 Alkaloid test + + 
4 Terpenoids test + + 
5 Phenols test + + 
6 Tannins + + 

(+) = Presence of Phytochemical, (-) = Absense of Phytochemical 
 

Table 3: Phytochemical Analysis of Ocimum basilicum 
 

Sl No Phytochemical Tests Chloroform extract Ethanol Extract 
1 Saponins Test - + 
2 Flavonoids Test + + 
3 Alkaloid test + + 
4 Terpenoids test + + 
5 Phenols test + + 
6 Tannins + + 

(+) = Presence of Phytochemical, (-) = Absense of Phytochemical 
 

Table 4: Quantitative Phytochemical analysis 
 

Sl.No Plant extracts Total alkaloid (%) Total phenolics (%) 

1 Cadaba fruticosa 
E 2.04 0.15 
C 2.74 0.069 

2 Ocimum basilicum 
E 1.99 0.68 
C 4.1 0.14 

E: Ethanol, C: Chloroform 
 

Table 5: DPPH assay of of Cadaba fruticosa against different extracts 
 

Sl. No 
Ab.of Blank Ab. of sample Con. In PPM Antioxidant activity 
E C E C E C E C 

1 0.3477 0.3583 0.2241 0.3563 170.66 167.33 35.54±1.05 0.55±1.3 
2 0.3477 0.3583 0.1521 0.3553 341.33 334.66 56.25±0.52 0.83±1.64 
3 0.3477 0.3583 0.0942 0.3539 512 502 72.90±0.82 1.22±0.85 

E: Ethanol, C: Chloroform 
 

 
 

Fig 1: Antioxidant activity of Cadaba fruticosa (C) 
 

 
 

Fig 2: Antioxidant activity of Cadaba fruticosa (E) 
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Table 6: DPPH assay of of Ocimum basilicum against different extracts 
 

Sl. No 
Ab. of Blank Ab. of sample Con. In PPM Antioxidant activity 
E C E C E C E C 

1 0.3524 0.3608 0.2969 0.3306 172.66 160 15.74±1.03 8.37±1.64 
2 0.3524 0.3608 0.2569 0.3156 345.33 320 26.24±0.53 12.52±0.82 
3 0.3524 0.3608 0.2269 0.3023 518 480 35.61±0.43 16.21±0.65 

E: Ethanol, C: Chloroform 
 

 
 

Fig 3: Antioxidant activity of Ocimum basilicum (C) 
 

 
 

Fig 4: Antioxidant activity of Ocimum basilicum (E) 
 
Discussion  
The leaves of Cadaba fruticosa and Ocimum basilicum were collected and analyzed the various standardization 
procedures. The results of physico-chemical analysis of leaves of medicinal plants were represented in Table 
1.The leaves of Cadaba fruticosa are slightly acidic in nature compared to the leaves of Ocimum basilicum, 
shows neutral pH in both 1% and 10 % w/v aqueous solution. At Loss on drying at 1050 C shows the presence of 
moisture content and also the presence of volatile oil in the drug. Total ash value of the material indicated the 
amount of mineral and earthy material attached to the plant material. (Meena et al., 2010.) [13]. The total ash 
value of leaves of Cadaba fruticosa and Ocimum basilicum are 17.5% and 11% respectively. Decadence time of 
the plant samples depends on the amount of the water present on it. If the water content is high, the plant can be 
easily vulnerable to microbial attack. The moisture retaining capacity of Cadaba fruticosa are high as compared 
to ocimum basilicum. The water soluble extractive values of leaves of Cadaba fruticosa (24.8%) and Ocimum 
basilicum (8.32%) indicates the possible presence of high polar compounds such as tannin, sugar, plant acid, 
mucilagea, and glycosides in the materials. The ethanol soluble extractive values are 34.56% and 17.61% 
respectively, show the presence of polar constituents like Phenol, alkaloids, Steroids and glycosides etc. 
Phytoconstituent have been reported for anti-inflammatory, antidiarrheal, anti-microbial and antioxidant and 
insecticidal activities (Rashad et al., 2009).Preliminary phytochemical analysis showed the presence or absence 
of certain phytochemicals in the plant sample. The test was performed using both chloroform and ethanol 
extracts. The phytochemical analysis of five species are presented in Table 2& 3. On the six phytochemicals 
screened, Alkaloids, Flavonoids, Terpenoids, Phenols and Tannins are present in both the extract, except 
Saponin are present only in the ethanolic extract of Ocimum basilicum. Quantitative phytochemical analysis ( 
Table-5)shows that these plants are rich source of alkaloids as compared to phenolics..Alkaloids are rich in 
chloroform extract of Cadaba fruticosa (2.74%) and Ocimum basilicum (4.1%).Total phenolics are higher in 
ethanolic extract of Cadaba fruticosa and Ocimum basilicum. 
Antioxidants are mostly used for the protection of various diseases such as coronary heart disease, dementia, 
cancer, Alzheimer’s disease, and arthritis (Moure et al., 2001). Antioxidant activity of ethanolic extracts by 
DPPH are recognizable as compared to Chloroform extract (Table 5& 6). % of inhibition of Ethanolic extract of 
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Cadaba fruticosa (72.90%) is high as compared to Chloroform extract (1.22%). % of inhibition of Ethanolic and 
Chloroform extract of Ocimum basilicum are 35.61% and 16.21% respectively. Half – maximal inhibitory 
concentration (IC50) the most widely used measurement for checking drug efficiencyIt indicated how much drug 
is needed to inhibit a biological process by half, the lower the IC50 value the more potent the drug (Aykul & 
Martinez-Hackert, 2016). The IC50 value of chloroform and ethanolic extracts of Cadaba fruticosa are 
24.898mg/g and 5.0885mg/g respectively. IC 50 value of Chloroform extract (1.89mg/g) of Ocimum basilicum is 
high as compared to Ethanol extract (0.77mg/g). The results indicates that ethanolic extracts of Cadaba fruticosa 
and Ocimum basilicum shows much potent antioxidant activity compared to Chloroform extract.  
 
Conclusion 
Phytochemical analysis of the plants shows that the plants are rich source of various phytochemicals. The result 
of Anti-oxidant property produced by the ethanolic extracts of the plants Cadaba fruticosa and Ocimum 
basilicum was threshold of isolation of biomolecules from the natural sources in various drug development in the 
near future being responsible for the promising drug for pharmaceutical industry. 
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Abstract

Annona glabra L. belongs to the family Annonaceae. Annonaceae commonly known as custard apple family with
more than 2500 species and 130 genera. Some members of annonaceae have been described as cytotoxic and they are
used as folk medicine and some of the tropical countries used in the treatment of tumors and cancers. The study aims
to integrate the scientific studies that describe the phytochemical compounds from Annona glabra L. leaves by
incorporating the advanced methodology. Recently a bioactive compound named acetogenin has aroused considerable
interest. Annonaceous acetogenins from annonaceae family are anticipated as a possible source for future antitumor
drugs. The acetogenin fractions present in the leaves of Annona glabra L. were identified using Kedde’s reagent and
isolated by column chromatography. Annona glabra L. is a rich source of phytocompounds, which can be well
exploited in the area of drug discovery and therapeutics.

Keywords: Annona glabra L., Phytochemical screening, Annonaceous acetogenin, Thin layer chromatography,
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Introduction

Nature has been a source of traditional medicine
for thousands of years and a splendid amount of
modern drugs have been isolated from natural
sources (Gavamukulya et al., 2017). The term
natural products includes a broad range of
chemical compounds derived from biological
source Hamann (2006). Modern strategies for
research in the area of natural products such as
bioassay-guided isolation and identification of
active compounds from natural sources have
evolved quite significantly over the last few
decades (Suri et al., 2007).

Annona glabra L., popularly known as Pond
Apple is a tropical fruit tree in the family
Annonaceae. It is a natural introduction to the
mangroves of Southern Kerala and has widely
spread along backwaters. Annona glabra L. is a
small, woody tree that grows to 3-6 m high and
can reach upto a height of 12m. Great efforts are
being made to reverse this trend by screening of
medicinal plants from the traditional system of
medicine. The members the family Annonaceae
family is a rich source of secondary metabolites
with high biological activities (Hoang Le Son and
Nguyen Thanh Tram, 2013). Medicinal plants and
the phytocompounds have received more attention
in recent years due to their potential role in
preventing many human disease (Bhavani and
Rathinavel, 2021). Many active compounds have
been found in Annona glabra L. recently a novel
class of bioactive compounds called annonaceous
acetogenins has aroused tremendous interest
(Kojima and Tanaka, 2009). Annonaceous
acetogenin constitute a unique class of compound
C35/C37 natural products derived from polyketide
pathway widely distributed in Annonaceae family
(Gavamukulya et al., 2017). Acetogenins possess
a broad range of potent biological properties such
as cytotoxic, antitumoral, antiparasitic,
antimicrobial, immunosuppressive, neurotoxic
and pesticidal properties (Castillo et al., 2010).
The ability to inhibit mitochondrial complex I
which is a main gate of ATP production has
helped to promote acetogenins as a promising
candidates for the development of a new class of
antitumor drugs (Degli Esposti et al., 1994).

Chromatographic techniques have a major role in
the discovery of novel drugs of pharmaceutical
and biomedical importance (Sanjeet Kumar et al.,
2013). Chromatography is a collective term used
for the separation of mixtures into their
components within a stationary phase and mobile
phase. The components are separated based on the
differential partitioning between the stationary
phase, mobile phase and the molecular weight.
Thin Layer Chromatography is used in the
identification of compounds to find out the
concentration of active substance in the drugs
(Sanjeet Kumar et al., 2013). Column
chromatography is one of the most popular
separation techniques for biologically active
secondary metabolites from plant sample (Vivek
et al., 2022). The objective of the work is to
identify the acetogenin from Annona glabra L.
leaves TLC technique and to isolate the
acetogenin fraction by using open column
chromatography.

Materials and Methods

Sample collection and authentication

Leaves of Annona glabra L. were collected
locally from Kumarakom, Kerala. Leaves were
authenticated by Kerala Forest Research Institute,
Peechi, Thrissur, India: voucher specimen number
17686 is deposited at the herbarium. The leaves
were washed thoroughly using distilled water,
shade dried in open air, homogenised to fine
powder and stored in air tight bottles.

Sample preparation

14 g of powdered leaves were extracted with 250
ml 95% ethanolic extract by using soxhlet
apparatus. The extracts were concentrated by
evaporation of solvents. The concentrated crude
extract was used for further analysis.

Phytochemical Screening

The crude plant extracts were used for various
biochemical and phytochemical analysis using
standard procedures described in (Trease and
evans, 1989).
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Identification of acetogenin by using kedde
reagent

Annona glabra L. leaves were dried and
powdered using mechanical blender. 50g powder
was dissolved in 95% ethanol and kept for 5 days.
Using a rotary evaporator ethanol was evaporated
and the sludge was redissolved in acetone. The
solution was filterated by using a Buchner funnel
with silica gel 60 on a filter paper. Solvent
extraction was carried out using various solvents
such as ethanol, ethyl acetate and water.
Analytical TLC was carried out on silica gel G as
stationary phase and chloroform-methanol (9:1)
as mobile phase. The developed plates were
sprayed with Kedde’s reagent to develop the
characterstic color of acetogenin. Kedde’s reagent
was prepared by mixing equal volumes of 2%
solution of 3, 5-dinitrobenzoic acid in ethanol and
5.7% solution of potassium hydroxide in ethanol.
The reagent developed a pinkish purple color spot
in the TLC plate which indicated the presence of
Acetogenin (Luna et al., 2007; Vinothini and Lali
Growther, 2016).

Isolation of acetogenin by Column
chromatography

A chromatography column of 30cm column was
used to fractionate the sample. The sample was
loaded in the chromatography column packed
with silica gel 60 as the stationary phase. Solvents
used as elutents were hexane, hexane-chloroform
(8:2), hexane-chloroform (1:1) and ethyl acetate.
The fractions obtained were rechromatographed

on TLC sheet with silica gel G as stationary phase
and chloroform methanol (9:1) as mobile phase
for further confirmation. The pink colour spot
developed on TLC plate by dipping Kedde’s
reagent confirmed the presence of acetogenin in
the separated fraction. (Luna et al., 2007;
Vinothini and Lali Growther, 2016).

Results and Discussion

Medicinal plants are a rich source of many
bioactive natural compounds eliciting many
beneficial health benefits to human beings.
Traditional medicines support Annona glabra L.
as sources of novel bioactive drug with a wide
range of biological and pharmacological
properties (Hien et al., 2015).The screening of
phytochemicals from the medicinal plants is very
important in identifying and characterizing the
pharmaceutically important drugs.

Phytochemical screening of ethanolic extracts
of Annona glabra L. leaves.

The qualitative phytochemical analysis of the
Annona glabra L. leaf extract exhibited the
presence of phenols, flavonoids, steroids, tannins,
glycosides and saponins. Phytochemical screening
(Table 1) using the ethanolic extracts of leaves of
Annona glabra L. showed the presence of most of
the phytochemicals expect alkaloids and
terpenoids. Similar results were showed in the
study of ethanolic leaves extract of Annona
glabra L. conducted by Hoang le son and Nguyen
Thanh Tram, 2015.

Table 1: Qualitative phytochemical screening of Annona glabra L. ethanolic leaves extracts

Sl.No. Phytochemical Test Results
1 Alkaloids -
2 Flavonoids +++
3 Saponin ++
4 Steroids ++
5 Phenols +++
6 Terpenoids -
7 Tanins ++

(+++: Stronly present); (++: Moderately present); (+: Present); (-: Absent)
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Identification of acetogenin by using kedde’s
test

All the fractions obtained by column
chromatographic seperation were
rechromatographed on TLC plate coated with
silica gel G as stationary phase and chloroform-
methanol (9:1) as mobile phase. The fractions
obtained in column chromatography were F1 –
H2O, F2 – H20 : EtOH (7:3), F3 – H2O : EtOH
(1:1), F4 – [EtOH + EtOH : EtOAc (1:1) +

EtOAc]. F4 fraction developed a pinkish purple
color spot on TLC plate after spraying Kedde’s
reagent which indicates the presence of
acetogenin. F1, F2, F3 fractions did not showed
any pink spot which indicate the absence of
acetogenin. Similar study was conducted in other
species of Annona L. by Vinothini and Lali
Growther, 2016 which showed the pinkish purple
spot in F4 fraction. This indicated the presence of
acetogenin, while other fractions were negative.

Fig :1 Chromatogram of Annona glabra L. leaves using the fractions F1, F2, F3, F4

Isolation of acetogenin by column
chromatography fractions

The F4 fraction which showed the positive result
on reaction with Kedde’s reagentwas further
separated by column chromatography. Silica gel
60 used as stationary phase and hexane,
chloroform and ethyl acetate solvents were used
as the eluents (Table 2). Ethyl acetate solvent
fraction showed the presence of acetogenin with
Kedde’s reagent which forms a pinkish purple,

while other solvent fractions have not showed any
colour changes. It is confirmed that the ethyl
acetate fraction alone contain acetogenin
compound. It was further confirmed by using
TLC with silica gel G as stationary phase and
chloroform – methanol (9:1) as mobilie phase.
The studies of Vinothini and Lali Growther, 2016
also showed the presence of acetogenin in ethyl
acetate solvent which was confirmed it by
rechromatography on TLC.
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Table 2:  Column Chromatogrphy fractions

Sample Eluent Color Kedde test

F4 Hexane Green -

Hexane-chloroform
(8:2)

Green -

Hexane-chloroform
(1:1)

Yellowish green -

Ethyl acetate light green +

Fig 2: Chromatogram of ethyl acetate fraction

Conclusion

Acetogenins in the Annona glabra L. leaves were
fractionated by using open column
chromatography and identified by using Kedde’s
reagent. This study shows that acetogenin from
Annona glabra L. leaves could be fractionated
and enriched using the present open column
chromatography. The phytochemical compound
acetogenin was identified by using Kedde’s
reagent the presence of the compound was
reconfirmed by different chromatographic
techniques. The preliminary study form a
platform for further pharmacological and
therapeutical studies. The therapeutic potential of
Annona glabra L. leaves can be exploited well in
various areas of drug development and discovery.
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Abstract: India is a rich repository of medicinal plants. Pathogenic microorganisms cause life threatening infections and its frequency may 
increase day by day and it increases morbidity  and mortality in immune compromised patients.  Among the different species of Garcinia, G. 
gummi-gutta is the most widely distributed Garcinia species in Kerala, south India. Garcinia gummi-gutta, popularly known as Malabar tamarind 
or kodampuli is a tropical fruit tree species of high potential and fruit is used as culinary spice, preservatives and also as a source of several 
nutraceutical products. The study was designed with an objective to evaluate the phytochemicals and antibacterial properties of Garcinia 
gummigutta fruit extracts. The preliminary phytochemical screening tests may be useful in the detection of the bioactive principles and 
subsequently may lead to the drug discovery and development. The preliminary phytochemical screening was carried out using standard 
methods. The dried fruits of Garcinia gummi-gutta were collected, dried, and extracted using hexane, ethyl acetate, chloroform,  acetone and 
hydro alcohol solvents. The extracts of Garcinia gummigutta were tested positive for Carbohydrate, Terpenoids, Amino acids, Tannins, Cardiac 
glycosides, Flavonoids, Phlobatanins, Steroids, Phenolic compound and saponin.  The prepared fruit rind extracts were examined to evaluate 
the antibacterial activity against both gram-positive (Bacillus cereus, Staphylococcus aureus) and negative bacteria (Escherichia coli) using agar disc 
diffusion assay. The zone of inhibition was measured.. The hydro alcohol extract is found to be most effective against the microorganism 
Hence, Garcinia gummigutta can be used to discover bioactive natural products that may serve as leads in the development of nutraceuticals or 
therapeutical agents to prevent several diseases. 
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1. INTRODUCTION 
 
Medicinal plants are considered as the “backbone” of 
traditional medicine, which means that more than 3.3 billion 
people in the developing countries utilize medicinal plants on 
a regular basis1. Medicinal plants or their parts are used as 
herbal preparations for the treatment of various ailments 
based on the experience passed from generation to 
generation. In order to promote the use of herbal medicine 
and the determination of their potential, the studies of 
medicinal plants should be more intensified2 .The Genus 
Garcinia contains around 240 species, where 36 species are 
found in the two ecosystems of India, the Western Ghats 
and the Himalayan foothills3. Garcinia gummi-gutta (L.) Roxb. is 
a most common species found in Western Ghats. It  belongs 
to the family Clusiaceae, a slow growing evergreen tree 
which grows in tropical areas of South Eastern and Eastern 
Asia, as well as in Western and Central Africa, although it is 
believed to have originated from the Indian subcontinent4 . It 
is known by a variety of names including brindle berry, 
Malabar tamarind, and pot tamarind etc. Numerous scientific 
studies have indicated biological activity such as anti-obesity, 
hypercholesterolemia, antioxidant and anticancer activity5 . 
The fruit of plant is a commercial product act as major 
market revenue, and is demanding for southern part of 
India.The phytochemical constituents include biflavonoid, 
xanthone and benzophenones and the principle acid in the 
fruit and rind is hydroxy citric acid. This acid has been found 
to suppress fatty acid synthesis, lipogenesis, food intake and 
to promote glycogenesis, while inducing weight loss. The 
sun-dried rind of the fruit is astringent, antiseptic and 
purgative. The efficacy of G. gummi-gutta on the lowering of 
fatty acid composition in mammals has already been 
reported.The plant Garcinia gummi-gutta (L.) Roxb has gained 
much importance as a promising source of ethno medicine. 
The people belonging to Kurichia, Kuruma, Kattunaika, Adiya 
and Paniya tribes of Wayanad use the plant in the treatment 
of many diseases6  Hence, in the present study we tried to 
evaluate the phytochemical screening and in- vitro 
antibacterial activity of dry rinds of Garcinia gummi-gutta fruit 
extracts. The fruit rinds extracts were examined to evaluate 
the antimicrobial activity against two gram-positive bacteria 
(Bacillus subtilis, Staphylococcus aureus) and one gram-negative 
bacteria, Escherichia coli, using agar disc diffusion antimicrobial 
assay. 
 
2. MATERIALS AND METHODS 
 
2.1 Collection and processing of plant samples 
 
The fruit rinds of Garcinia gummi-gutta were collected from 
Thattekad, Kerala.The fruit rinds of Garcinia gummi-gutta 
were washed with water, shade dried at room temperature 
and powdered coarsely. Exactly 15g of the coarse powder of 
fruit rinds were taken in 100 ml of various solvents such as 
ethyl acetate, hydro alcohol, chloroform, acetone and 
hexane. The extracts were refrigerated for 72 hours and 
filtered through Whatman filter paper No.1. Qualitative 
phytochemical tests and antibacterial study were conducted 
on these extracts7  
 
2.2 Phytochemical screening procedure 
 
The phytochemical components of the fruit extracts were 
screened by using standard procedures8. 
 

2.3 Tannins 
 
To 1 ml of extract, add 2 ml of 0.1% Ferric chloride. 
Brownish green or blue black coloration shows the presence 
of tannins. 
 
2.4 Saponins 
 
Add 2 ml of distilled water to 1 ml of the extract, shaken 
vigorously and allowed to stand for 10 min. There is the 
development of foam on the surface of the mixture. Then 
shake for 10 minutes, it confirms the presence of saponins. 
 
2.5 Phenolic flavonoids 
 
To 1 ml of extract add 5 ml of Folin ciocalteu reagent and 
4ml of sodium carbonate. Appearance of blue color indicates 
the presence of phenol. 
 
2.6 Flavonoids 
 
Add 2 ml of 1% aluminium solution to 1 ml of the extract. 
Appearance of yellow color confirms the presence of 
flavonoids. 
 
2.7 Carbohydrates 
 
Add 5 ml of Benedict’s reagent to 1 ml of extract and boil for 
5 minutes. Bluish green color shows the presence of 
carbohydrates. b) Add few drops of Molisch’s reagent and 
few drops of concentratedsulphuric acid to 1ml of extract 
which gives purple color. 

 
2.8 Amino acids 
 
Few drops of 0.2% ninhydrin was added to a 1ml of the 
extract and heated for 5 minutes. Formation of blue color 
shows the presence of amino acids. 
 
2.9 Steroids 
 
To 1 ml of the filtrate add 10ml of chloroform and 10 ml of 
sulphuric acid slowly by the sides of the test tube. Upper 
layer turns red and a sulphuric acid layer shows the yellow 
colour with green fluorescent is a positive indication. 
 
2.10 Terpenoids 
 
Take 1ml of filtrate, add 2ml of chloroform and carefully add 
a few drops of concentrated sulphuric acid. An interface with 
a reddish brown coloration is formed showing presence of 
terpenoids9  
 
2.11 Cardiac glycosides 
 
To 1 ml of extract, add 1ml of Ferric chloride reagent and 
few drops of concentrated sulphuric acid. Greenish blue 
color appears within a few minutes indicating the presence of 
cardiac glycosides. 
 
2.12 Phlobatannins 
 
Add a few drops of 1% aqueous hydrochloric acid to a 1 ml 
of the extract. A red precipitate is formed to confirm the 
presence of phlobatannins10  
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2.13 Chromatographic Analysis 
 

The hydro alcohol, acetone, and chloroform extract was 
subjected to silica gel chromatographic separation using 
standard procedures.11The chromatographic column of length 
50 cm and an internal diameter 3.5 cm was rinsed with 
acetone and allowed to dry. It was then clamped vertically 
with a retort stand, and a plug of cotton wool was inserted 
at the bottom of the column using a clean glass rod. The 
column was filled with hexane and the silica gel slurry. The 
slurry was poured into the column and tapped intermittently 
for uniform distribution of the gel and to avoid bubbles in the 
column. The column was allowed to drain for some minutes 
to stabilize it. A portion of three different crude extracts was 
subjected to chromatography in column silica gel. The 
column was eluted with solvent mixtures of increasing 
polarity. Fractions were collected and tested for antibacterial 
activity using both gram positive and gram negative 
bacteria.12-13. 
 

2.14 Evaluation of antimicrobial activity 
 

Antimicrobial activity of the fruit extracts was determined 
using a modified disc diffusion method14-15. 100 μl of the test 
bacteria were grown at 37 0C in 10 ml of fresh nutrient 
broth until they reached a count of approximately 10 8 
cells/ml (determined by direct microscopic counting). 
Himeda Agar (2%) was prepared and mixed with nutrient 
broth and added to Borosil petridishes. One hundred 
microliters of bacterial suspension were spread onto the 
appropriate agar coated plates (Borosil). The extracts were 
tested using 5 mm sterilised filter paper discs. Discs were 
impregnated with different fractions of elutions of three 
different fruit extracts, allowed to dry and placed onto 
inoculated plates. Plates were incubated at 37 0C for 24 
hours. Diameters of the inhibition zones were measured in 
millimeters. Each antimicrobial assay was performed in at 
least triplicate and mean values were determined. 
 

3. STATISTICAL ANALYSIS 
 

The statistical analysis was done using  SSPS Version 20.0. 
The bacterial inhibition rate was compared with respect to 
the control antibiotics. For this, Duncan method in SPSS was 
adopted for comparison. The data set with p<0.05 was 
ideally considered as significant. 
 

4. RESULTS 

 
The results of preliminary phytochemical constituents are 
tabulated in Table:1. In the present study, preliminary 
phytochemical analysis of Garcinia gummi-gutta fruits was 
done using different successive solvents like hexane, ethyl 
acetate, hydro alcohol, chloroform, and acetone. 
Carbohydrates are present in hydro alcohol and ethyl acetate 
extract. Terpenoids, Phenolic compounds and saponins are 
present in all the extract administered in the study. Amino 
acids, flavonoids and steroids are present in all the extract 
except in hexane extract. Tannin is present in ethyl acetate, 
acetone and chloroform extract and showed prominent 
color. Cardiac glycosides are present in all the extract except 
for chloroform extract. Phlobatanin was present in ethyl 
acetate and chloroform extract. Column chromatographic 
analysis of the three different extracts resulted in different 
fractions of elution with different quantities. Hydro alcohol 
and acetone extract showed three different fractions of 
elution, (B1, B2, B3) and A1,A2,A3 respectively. Chloroform 
extract gives four different fractions, (C1, C2, C3, C4) (Fig 
2). Among the different fractions of elution of G. gummi-gutta, 
all elutes showed good to moderate antibacterial effect on all 
the strains that were tested, which were summarized in 
Table 2. For this study two gram positive bacteria (B. subtilis, 
S. aureus) and one gram negative bacteria (E. coli ) were used. 
In acetone extract a third fraction (A3) showed a high zone 
of inhibition to Bacillus and E.coli. Fraction 2 (A2) showed a 
high zone of inhibition to Staphylococcus. The fraction three 
of hydro alcohol extract (B3) showed a high zone of 
inhibition to both Bacillus and E.coli. Fraction 1(B1) showed a 
high zone of inhibition to Staphylococcus. In Chloroform 
extract, fraction 2 (C2) showed a high zone of inhibition to 
Bacillus, Staphylococcus and E.coli. Antibacterial activity of 
Garcinia fruit was observed for hydroalcoholic extract with 
respect to the control antibiotics. B1 and B2 fraction from 
hydroalcoholic extract showed24±0.4c and 23±0.6c* against 
Staphylococcus aureus. Both fraction showed similar result to 
that of the standard (Gentamycin and Chloramphenicol). P 
value less than 0.05 was showed among fraction A1, A2, 
B1.B2,B3 and also among control (Vancomycin, G-
Gentamycin, C- Chloramphenicol). Thus from statistical 
analysis, it can be concluded that the values showed 
significant variation between the groups (Table 2, Fig. 1).

 

 
 

Graph 1: Graphical representation of zone of inhibition of Garcinia gummi gutta on three bacterials 
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Fig 1. Zone of inhibition of dry rind of Garcinia gummi gutta 
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Fig 2. Schematic diagram showing isolation of compounds using column chromatography 
 

Table 1:Phytochemical analysis of dry fruit of Garcinia gummi-gutta 
SL 

NO: 
NAME OF TEST 

ETHYL 
ACETATE 

HYDRO 
ALCOHOL 

ACETONE CHLOROFORM HEXANE 

1. Carbohydrate + + - - - 
2. Terpenoids + + + + + 
3. Amino acids + + + + - 
4. Tannins + - + + - 
5. Cardiac glycosides + + + - + 
6. Flavonoids + + + + - 
7. Phlobatannins + - - + - 
8. Steroids + + + + - 
9. PhenolicCompound + + + + + 
10. Saponins + + + + + 

 
+ = Present ; - = Absent. Based on the phyto chemical test colour was detected and denoted as (+) and the colour which was not detected was 

treated as (-) 
 

 
Mean ± SD and p<0.05. 

 
BC- Bacillus cereus, SA- Staphylococcus aureus,EC- Escherichia coli, V- Vancomycin (10 mg), G-Gentamycin(10 mg), C- Chloramphenicol(30mg). 
Each value is expressed as mean± std, n=3. a-d superscript denote, different letters in the same column represent significant statistical difference  

p<0.05 by Duncan multiple range test in SPSS version 20.0. Mean values followed by different superscript in the columns are significantly 
different.*Represent p<0.05 in the givn data. 

 

5. DISCUSSION 
 
The World Health Organization (WHO) estimated that 80% 
of the population of developing countries rely on traditional 
medicines mostly plant -based drugs16. The results of 
preliminary phytochemical constituents are tabulated in 
Table:1. In the present study, preliminary phytochemical 
analysis of Garcinia gummi-gutta fruits was done using different 
successive solvents from polar to non-polar solutions. The 
result output showed that polar solvents like hydroalcohol 

and nonpolar solvent ethyl acetate showed detection of 
colour with secondary metabolite reagent. Similarly. non-
polar solvents showed detection of secondary metabolites 
(Terpenoids, cardiac glycosides, saponins and phenolics), 
except primary metabolites (Carbohydrates).The study was 
similar to the finding o, that secondary metabolites like 
phenolics, terpenoids are found in ethylacetate and 
hydroalcoholic extract 17 Flavonoids are present in hydro 
alcohol, ethyl acetate, chloroform and acetone extract of 
fruit of Garcinia gummi-gutta. Flavonoids are a large family of 

Table 2 Antibacterial effect of dry fruit of Garcinia gummi gutta 

S
.n

o
. 

O
rg

a
n

is
m

 Zone of inhibition 
(mm) 

Acetone 
Extract 

Hydro Alcohol Extract Control 
Chloroform 

Extract 

  A1 A2 A3 B1 B2 B3 V G C C1 C2 C3 C4 

1 BC 8±0.5a* 2±0.4a 11±0.8bc 14±0.4a 15±0.2a 16±0.2ab* 16±0.32ab 28±0.82b 21±0.25ac* 6±0.6a 9±0.2b 3±0.2a 7±0.3b 

2 SA 10±0.6b 12±0.6a 9±0.5b 24±0.4c* 23±0.6c* 20±0.4e* 17±0.34ab* 25±0.2a* 24±0.42ab* 6±0.21a 8±0.2ab 4±0.3b 7±0.2b 

3 EC 12±0.5a 10±0.7b 14±0.3a 17±0.5a*b 16±0.4b 21±0.5c 18±0.41c 28±0.53b 34±0.23d 6±0.56a 10±0.3c 5±0.5c 6±0.4a 
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low molecular weight polyphenolic compounds which include 
flavones, flavonoids, isoflavones, flavonols, flavan- 3-ols and 
anthocyanins. It was widely distributed in plants fulfilling many 
functions18 . Flavonoids are generally non- nutritive agents. 
They possess remarkable antioxidant activities and inhibit 
enzyme activities like lipoxygenase, cyclooxygenase and 
prostaglandin synthase. Flavonoid compounds have proved of 
greater general interest to the plant taxonomist, both in 
respect of general angiosperm taxonomy and for detailed 
studies of gene flow at the specific and intraspecific levels19. 
Extensive biological roles of flavonoids have been reported 
which include antiviral, anti-hepatotoxic, therapeutic, 
antibacterial, and other roles in nature. The presence of 
flavonoids enhances the physiological survival of plants by 
shielding them from parasitic diseases and UV radiations. 
Flavonoids enhance the effects of Vitamin C and function as 
antioxidants. They are also known to be biologically active 
against liver toxins, tumors, viruses and other microbes20 . 
The detection of flavonoids in both, polar and non-polar 
solvents clearly support that, these compounds are 
responsible for the biological activity especially antimicrobial 
function. Phenols are found in the natural world, especially in 
the plant kingdom. The antioxidant activity of phenol is 
mainly due to their redox properties, hydrogen donor and 
singlet oxygen quenchers. Some phenols are proved to have 
hypotensive effects and antioxidant properties. Phenolic 
compounds are one of the largest and most ubiquitous 
groups of plant metabolites21. Naturally antioxidant in plants 
is in the form of phenolic compounds such as flavonoids, 
phenolic acids, tocopherols etc22. Biological activities of 
phenolic compounds involve free radical scavenging in cells23. 
Phenolics are present in all the extract and it plays important 
roles in plant development, particularly in lignin and pigment 
biosynthesis. They also provide structural integrity and 
scaffolding support to plants. Importantly, phenolic 
phytoalexins, secreted by wounded or otherwise perturbed 
plants, repel or kill many microorganisms, and some 
pathogens can counteract or nullify these defenses or even 
subvert them to their own advantage. In the present study, 
phenolic compounds were detected for ethyl acetate, hydro 
alcohol, acetone, chloroform, and hexane extract of fruit 
Garcinia gummi-gutta. The study showed positive results for 
terpenoids in ethyl acetate, hydro alcohol, acetone, 
chloroform and hexane extract for fruit. Terpenoids 
(isoprenoids) represent the largest and most diverse class of 
chemicals among the myriad compounds produced by 
plants24 Plants employ terpenoid metabolites for a variety of 
basic functions in growth and development but use the 
majority of terpenoids for more specialized chemical 
interactions and protection in the abiotic and biotic 
environment. Tannins are another group of phenolic 
compounds and are present in ethyl acetate, chloroform and 
acetone extracts. Tannins play an effective role in protecting 
the kidneys. Tannins are a group of natural products widely 
distributed in plants. They are currently investigated for 
human medicinal use25 to help reduce the risk of coronary 
heart diseases26. They are divided into two basic groups such 
as hydrolysable and condensed type. Hydrolysable tannins 
are normally recommended for treatment of inflammation, 
ulceration and tropical application for skin diseases.Tannins 
have shown potential antiviral, antibacterial and antiparasitic 
effects. Thus, detection of tannin in preliminary 
phytochemical study clearly indicated that this fruit is 
pharmaceutically important. Cardiac glycosides are a unique 
group of secondary metabolites that are considered one of 
the most useful drugs in therapeutics, and are present in all 

the extracts except chloroform. Saponins present in plants 
have been suggested as possible anti- carcinogens. However, 
the anticarcinogenic effects of saponins from commonly 
consumed plant foods have not been studied27 . It shows 
beneficial effects on blood cholesterol levels, cancer, bone 
health and stimulation of the immune system. Detection of  
saponins in selected plant may serve as anti- feedants, and to 
protect the plant against microbes and fungi. Benedict’s test 
shows the presence of carbohydrate in the hydro alcohol and 
ethyl acetate extracts. In hydro alcohol, ethyl acetate and 
chloroform extract of fruit Garcinia gummi-gutta showed the 
presence of amino acids. Phlobatannin is another group of 
secondary metabolites, have diuretic properties and from the 
study both Ethyl acetate and chloroform extract shows the 
presence of phlobatannins. Similarly, steroids were also 
detectedin  hydro alcohol, ethyl acetate, acetone extracts 
and chloroform extract of fruit. The present study reveals 
that all the extracts have significant amounts of 
phytochemical properties.Column chromatographic analysis 
of the three different extracts resulted in different fractions 
of elution with different quantities. Hydro alcohol and 
acetone extract showed three different fractions of elution 
and chloroform extract gives four different fractions (Fig 2). 
The different fractions of elution of G. gummi-gutta showed 
good to moderate antibacterial effect on all the strains that 
were tested, which were summarized in Table 2. For this 
study two gram positive bacteria (B. subtilis, S. aureus) and 
one gram negative bacteria (E. coli ) were used. The hydro 
alcohol extract was superior in antibiosis, inhibiting the 
growth of test bacteria with wider zones of growth 
inhibition. Compared to three bacteria, the second fraction 
eluted from Hydroalcohol extract showed very good 
antibacterial activity on Staphylococcus aureus and the zone of 
inhibition. This result was similar to control (Gentamicin, 
vancomycin and chloramphenicol) used in the bacterial study 
(Table 2). It is evident from the results of this study that the 
plant Garcinia gummi gutta has immense potential as a 
medicinal plant, rich in bioactive compounds, and having 
significant levels of antibacterial activity28Separation of 
fractions from Garcinia and testing its antibacterial activity is 
done for first and no much reports are observed. The plant 
has gained much importance as a promising source of 
ethnomedicine. The study should be extended to more 
number of pathogenic bacteria. Further attempts should be 
made to selectively isolate and identify the active compounds 
of the extract and determine the rate of toxicity, their mode 
of action and dose dependent activity against various strains 
of bacteria.  In future it can be used as a good bactericidal 
plant drug. 
 
6. CONCLUSION 
 
The present study has profiled biologically active 
phytochemicals of Garcinia gummi gutta in the ethyl acetate, 
hydro alcohol, acetone, chloroform and hexane extracts. 
Terpenoids, phenolic compounds, and saponins are present 
in all the extracts. The presence of phytoconstituents make 
the plant useful for treating different ailments and have a 
potential of providing useful drugs of human use. Garcinia 
gummi-gutta showed a significant antibacterial activity. 
Acetone, hydroalcohol and chloroform extract of G. gummi 
gutta showed antibacterial activity against Bacillus, E.coli, and 
Staphylococcus. The Hydro alcohol extract was superior in 
antibiosis, inhibiting the growth of test bacteria with wider 
zones of growth inhibition. Further research is needed for 
the isolation and identification of active principles present in 
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the extracts which could possibly be exploited for 
pharmaceutical use. 
 
7. ACKNOWLEDGEMENT 
 
The authors are thankful to the St. Teresas College, 

Ernakulam for providing basic facilities throughout the study. 

They also acknowledge Lisie hospital, Kochi for providing 

bacterial strains used in  this  study. The  authors  also  thank 

Dr. Elsam Joseph for her constant support through the 

research. 

 

8. AUTHORS CONTRIBUTION STATEMENT 

 

Juliya V Devasia and Pinkie Cherian conceived of the 
presented idea. Juliya developed the theory and performed 
the computations. Pinkie verified the analytical methods. 
Pinkie encouraged Juliya to investigate and supervised the 
findings of this work. All authors discussed the results and 
contributed to the final manuscript. 
 
9. CONFLICT OF INTEREST 
 
Conflict of interest declared none. 

10. REFERENCES 

 
1. Ganesh PR, Cock IE. Iatrogenic Trauma to Gingiva - A 

Case Series. BEMS Rep. 2016;2(1):23-6.  
 doi: 10.5530/BEMS.2016.1.5. 
2. Saxena M, Saxena J, Nema R, Singh D, Gupta A. 

Phytochemistry of medicinal plants. J Pharmacogn 
Phytochem. 2013 Mar 1;1(6). 

3. Jacob KM, Ali MA, Vishnu H, Shylaja G, Mythili S, 
Sathiavelu A. Evaluation of antibacterial and 
antioxidant activity of Garcinia gummigutta. Int J Drug 
Dev Res. 2015;7:57-9. 

4. Pramanik M, Paudel U, Mondal B, Chakraborti S, Deb 
P. Predicting climate change impacts on the 
distribution of the threatened Garcinia indica in the 
Western Ghats, India. Clim Risk Manag. 2018 Jan 
1;19:94-105. doi: 10.1016/j.crm.2017.11.002. 

5. Sripradha R, Sridhar MG, Maithilikarpagaselvi N. 
Antihyperlipidemic and antioxidant activities of the 
ethanolic extract of Garcinia Cambogia on high fat 
diet-fed rats. J Complement Integr Med. 2016 Mar 
1;13(1):9-16.  

 doi: 10.1515/jcim-2015-0020, PMID 26595408. 
6. Varghese LS, ShehmaShukkoor JainaP, James BH, Tom 

A, Joseph S. Evaluation of antimicrobial activity of 
leaves of Garcinia gummi gutta- A plant of 
ethnomedicinal importance. Ejpmr. 2016 
Sep;3(10):275-9. 

7. Sukatta U, Takenaka M, Ono H, Okadome H, Sotome 
I, Nanayama K, Thanapase W, Isobe S. Distribution of 
major xanthones in the pericarp, aril, and yellow gum 
of mangosteen (Garcinia mangostana linn.) fruit and 
their contribution to antioxidative activity. Biosci 
Biotechnol Biochem. 2013 May 23;77(5):984-7.  

 doi: 10.1271/bbb.120931, PMID 23649258. 
8. Johnsy Rani1 and Beena Lawerence. Preliminary 

phytochemical analysis of Garcinia gummi-gutta(L.) 
Robson Western Ghats region of Kanyakumari. 
IJASTR. 2015 Jan;1(5):2249-9954. 

9. Yadav M, Chatterji S, Gupta SK, Watal G. Preliminary 
phytochemical screening of six medicinal plants used 
in traditional medicine. Int J Pharm Pharm Sci. 
2014;6(5):539-42. 

10. Justin JS, Milton AR, Natesan G. Phytochemical 
evaluation of peel of Citrus reticulata Blanco using 
various solvent extracts. Int J Pharm Sci Bus Manag. 
2014;2(9):26-35. 

11. Romanik G, Gilgenast E, Przyjazny A, Kamiński M. 
Techniques of preparing plant material for 
chromatographic separation and analysis. J Biochem 
Biophys Methods. 2007 Mar 10;70(2):253-61.  

 doi: 10.1016/j.jbbm.2006.09.012, PMID 17126405. 

12. Olufunmilayo. Adeyemi, AduragbenroD.Adedapo, 
Adeolu A Adedapo and Jones O. Moody. Evaluation of 
the antimicrobial activity of crude extracts and 
chromatographic fractions of the Adenanthera 
pavonina Linn (Leguminosae seeds). Afr J Biotechnol. 
2015 Mar;14(12):1067-73. 

13. Gurib-Fakim A. Medicinal plants traditions of 
yesterday a drug tom marrow. Mol Asp Med. 2006 
Feb 27;1:1-93. 

14. Harborne JB. Phytochemical methods. London: 
Chapman & Hall, Ltd.; 1973. p. 49-88. 

15. Ganesh PR, Cock IE. Iatrogenic Trauma to Gingiva - A 
Case Series. BEMS Rep. 2016 jul;2(1):23-6.  

 doi: 10.5530/BEMS.2016.1.5. 
16. Sumayya PA, Murugan M, Gopukumar ST, Praseetha 

PK. Estimation of phytochemical, antimicrobial and 
molecular comparison of fruit extracts of Garcinia 
Cambogia and Tamarindus indica. Res J Pharm Biol 
Chem Sci. 2016 Jan 1;7(1):1256-63. 

17. Cherian P, Sheela D. Antioxidant activity of ethyl 
acetate extract of genus Amaranthus Linn. Int J Pharm 
Sci Res. 2017 Dec 1;8:5199-204. 

18. Hassan S, Mathesius U. The role of flavonoids in root–
rhizosphere signalling: opportunities and challenges for 
improving plant–microbe interactions. J Exp Bot. 2012 
May 1;63(9):3429-44.  

 doi: 10.1093/jxb/err430, PMID 22213816. 
19. Mabry TJ, Markham KR, Thomas MB. The systematic 

identification flavonoids, the systematic identification 
of flavonoid. J Mol. 1970 Nov;10(2):320-. 

20. Korkina LG, Afanas’ev IB. Antioxidant and chelating 
properties of flavonoids. Adv Pharmacol. 1997;38:151-
63.  

 doi: 10.1016/s1054-3589(08)60983-7, PMID 8895808. 
21. Dimitrios B. Sources of natural phenolic antioxidants. 

Trends Food Sci Technol. 2006 Sep 1;17(9):505-12. 
doi: 10.1016/j.tifs.2006.04.004. 

22. Ali SS, Kasoju N, Luthra A, Singh A, Sharanabasava H, 
Sahu A, Bora U. Indian medicinal herbs as sources of 
antioxidants. Food Res Int. 2008 Dec;41(1):1-15.  

 doi: 10.1016/j.foodres.2007.10.001. 
23. Céspedes CL, El-Hafidi M, Pavon N, Alarcon J. 

Antioxidant and cardioprotective activities of phenolic 
extracts from fruits of Chilean blackberry Aristotelia 
chilensis (Elaeocarpaceae), Maqui. Food Chem. 2008 
Mar;107(2):820-9. 

 doi: 10.1016/j.foodchem.2007.08.092. 
24. Tholl D. Biosynthesis and biological functions of 

terpenoids in plants. Adv Biochem Eng Biotechnol. 
2015;148:(63-106).  

 doi: 10.1007/10_2014_295, PMID 25583224. 



 

ijpbs 2020; doi 10.22376/ijpbs.2020.11.3.b121-128                                 Microbiology                 

 

B-128 

 

25. Scalbert A. Antimicrobial properties of tannins. 
Phytochemistry. 1991 Jan;30(12):3875-83.  

 doi: 10.1016/0031-9422(91)83426-L. 
26. Ranjithkumar J. Secondary metabolites investigation 

and its derivatives on Cassia occidentalis. J Chem 
Pharm Res. 2010;2(4):371-7. 

27. Rao AV, Sung MK. Saponins as anti carcinogens. J 
Nutr. 1995;125(3):717S-24S. 

28. Dharmaratne HR, Sakagami Y, Piyasena KG, 
Thevanesam V. Antibacterial activity of xanthones 
from Garcinia mangostana (L.) and their structure–
activity relationship studies. Nat Prod Res. 2013 May 
1;27(10):938-41.doi: 10.1080/14786419.2012.678348. 

 



NANOSYSTEMS: PHYSICS, CHEMISTRY, MATHEMATICS, 2021, 12 (6), P. 728–748

Removal of metal ions using Chitosan based electro spun nanofibers: A review

Texin Joseph1, Meera Jacob1, Veena R. Nair2, Jaya T. Varkey3

1Department of Chemistry, St. Pauls College, Kalamassery-683053, Kerala, India
2Department of Chemistry, The Cochin College, Kochi-682002, Kerala, India

3Department of Chemistry, St. Teresa’s College. Ernakulam- 682035, Kerala, India
texin@stpauls.ac.in, meera@stpauls.ac.in, jayavarkey@yahoo.com, veenamk2004@gmail.com

DOI 10.17586/2220-8054-2021-12-6-728-748

Chitosan is a promising environmentally-friendly polymer with a wide range of applications in biological, medical and water treatment fields. Recent
research in chitosan-based electro spun nanofibers has led to the very cost-effective and efficient removal of toxic metal ions from solutions that
are extremely important in today’s pollution-ridden world. Nanofiber fabrication of chitosan blends can easily be done by the novel electrospinning
technique. Because of their high adsorption capability, metal chelation ability, nontoxicity, biocompatibility, biodegradability, hydrophilicity,
and cost effectiveness, chitosan-based nanofibers have seen rapid growth in water treatment applications. This review outlines the ability of
electrospinning produced chitosan-based nanofibers to remove toxic metals. The primary goal of this review is to provide current information on
various chitosan blend nanofibers that may be useful in water purification, as well as to encourage further research in this area.
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1. Introduction

Chitosan is a novel biomolecule which is biodegradable and bio-compatible. This polysaccharide is obtained by
the deacetylation of chitin which is the major constituent of the exoskeleton of water-borne crustaceans [1]. Chitosan
is a versatile and promising biomaterial [2]. The cationic nature of this polymer has attracted interest for a number of
purposes and is the only abundant aminated polysaccharides which are available [3–6]. Chitosan is theN -deacetylated
derivative of chitin, but this N -deacetylation is never complete. A rigid nomenclature with regards to the degree of
N -deacetylation has not been defined between chitin and chitosan. About 6.89 % of nitrogen is present in chitin
and chitosan this is the reason why these materials are used as a chelating agent and have many commercial applica-
tions [7, 8]. Consequently, chitosan has attracted tremendous attention for the creation of novel functional materials
and potentially important renewable agricultural resource, and has been widely applied in the fields of agriculture,
medicine, pharmaceuticals, cosmetic, food industries, environmental protection, and biotechnology (see Fig. 1). Re-
cently [9], the chitosan backbone has had an increased capacity of adsorption due to the presence of a large number of
amine groups [10–12].

Several physical and chemical methods have been used to modify raw flaked chitosan [13, 14]. Physical modifi-
cations may increase the sorption properties; gel formation decreases the crystallinity of the sorbent and involves in
an expansion of the porous network [15]. Chemical modifications also offer a wide spectrum of tools to enhance the
sorption properties of chitosan for metals. Both hydroxyl and amine groups of chitosan can be chemically modified.
They may increase the chemical stability of the sorbent in acidic media but decreases the solubility in most mineral
and organic acids. They also increase its resistance to biochemical and microbiological degradation [13, 16]. The
physical and mechanical properties can be improved by cross-linking with glutaraldehyde [17–19], sulfuric acid [20],
epoxides [21] and di-aldehyde starch [22]. Glutaraldehyde has been frequently used to cross-link chitosan. To stabilize
the crosslinking of the chitosan in acidic solutions, a Schiff’s base reaction between aldehyde groups of glutaralde-
hyde and some amine groups of chitosan were commonly used. It has been noted that cross-linking may reduce the
adsorption capacity; it enhances the resistance of chitosan against acid, alkali and chemicals. The chemically modified
chitosan has a great future and its development is practically limitless.

1.1. Electrospinning

For the fabrication of submicron-sized polymer nanofibers ranging from 5 to 500 nm, electrospinning has been
recognized as an effective technique. The nanofibers thus formed from the electrospinning process may be 100 times
smaller than those prepared by traditional methods of solution or melt spinning [23]. The uniaxial stretching of a
viscoelastic solution is used for the preparation of nanofibers through electrospinning. The principles of electrospin-
ning and the different parameters that affect the processes have to be considered to understand and appreciate the
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FIG. 1. Applications of chitosan

process which enables the formation of various nanofiber assemblies. For the solidification of the solution, electro-
spinning makes use of electrostatic forces [24]. An electric field is applied between the collector and the capillary
end so that surface charge is induced on a polymeric fluid, deforming a spherical pendant droplet to a conical shape
in an electrospinning process [25]. The charged fluid jet is ejected from the tip of the conical protrusion commonly
referred to as Taylor cone. When the electric field surpasses a threshold value, the electrostatic repulsion forces of
the surface charges overcome the surface tension and then the charge density on the jet interacts with the external
field to produce instability. Large surface charge densities enhance a whipping mode rather than axisymmetric mode.
Bending of the jet produces a highly stretched polymeric fiber with simultaneous rapid evaporation of the solvent. The
main advantage of the electrospinning nano-manufacturing process is that it is cost effective compared to that of most
bottom-up methods. The nanofibers prepared from an electrospinning process are often uniform and continuous and
do not require expensive purification, unlike sub-micrometer diameter whiskers, inorganic nanorods, and composite
material reinforcement [26].

1.2. Electrospinning arrangement

A high voltage supplier, a capillary tube with a needle and a collecting screen are the three main components of
a typical electrospinning setup [27]. Fig. 2 shows a typical electrospinning setup. A 6 kV applied voltage is required
for initiation of the electrospinning process. The collector and the syringe needle are kept at the proper distance
one from the other. Metallic plates, aluminum foils and rotating drums can be used as target for the collection of
nanofibers during the electrospinning process. The potential difference enables the surface tension to be overcome
by the electrostatic forces of the polymeric solution ejected from the needle tip and the so called “Taylor cone”
configuration [28]. This process shapes the polymeric solution into a jet of charged fluid that is electrostatically
attracted by the collector. The solvent evaporates during this transit from the needle to the collector, allowing for the
accumulation of dry fibers on it. It is possible to run the electrospinning process at a lower applied voltage when a
grounded target is introduced nearer to the spinneret [29]. The widely used spinnerets included clip spinneret, tube-
less spinneret, co-axial spinneret, and heating spinneret. Co-axial electrospinning can be used to produce materials
having low spin ability [30] and by using multi jet spinneret, materials can be electro spun at low voltages [31].

1.3. Adverse effects of heavy metals

Ground water pollution originating from both natural and anthropogenic sources presents a serious threat to the
environment. Natural pollution sources include mineral and metallic deposits in sedimentary rocks and the release by
soil of various metal ions into the environment. Man-made activities like mining, plating, glass making, ceramics, and
battery manufacturing also lead to a great increase in heavy metal contamination in water, causing an ongoing risk to
the biosphere [32]. Metals such as arsenic, chromium, copper, iron, lead, mercury, nickel and zinc, which have high
toxicities and non-biodegradable properties, pose problems to both the environment and living organisms [33, 34].
Heavy metals pollutants in water are always an issue, because they can cause serious ailments such as dehydration,
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FIG. 2. Electrospinning arrangement (a) vertical; (b) horizontal [27]

stomach ache, nausea, and dizziness, lack of coordination in muscles, destruction of the nervous systems of young chil-
dren, lung irritation, eye irritation, skin rashes, vomiting, lung insufficiency, and liver damage [35–37]. Many methods
such as adsorption, electroplating, ion exchange, membrane separation, precipitation are being used to remove the ions
of these metals from aqueous effluents [38–42]. Among these, adsorption is commonly regarded as an effective and
economical method for wastewater treatment. Various types of adsorbents such as activated carbons [43–45], chitosan/
natural zeolites [46, 47], biosorbents [48–50], and chelating materials [51, 52] have been studied for the adsorption of
metal ions from aqueous solutions. The adsorption properties of these adsorbents depend on the functional groups
present on their surface. An adsorbent containing nitrogen-based ligands such as, amino, amidoxime, imidazole, and
hydrazine groups was effective in forming complexes with metal ions [53–57].

In this work, the removal of metals like chromium, lead, copper, cadmium, thorium, uranium, mercury, nickel
and arsenic from waste water by electro-spun nanofibers of chitosan, chitosan blends and modified chitosan were
discussed.

2. Removal of metal ions

Heavy metal ions released into different water resources, are poisonous, carcinogenic, and pose a potential risk
to human health and the atmosphere. Adsorption is one of the most effective techniques for removing heavy metal
ions from aqueous solutions. Different kinds of adsorbents have been used to remove metal ions from various aqueous
solutions, including activated charcoal, oxide crystals (ferric oxide, titanium oxide, cerium oxide, aluminium oxide,
manganese oxide etc.), polymer fabrics, resins, and bio sorbents. In recent years, different natural fibers have drawn
great interest as an adsorbent to remove heavy metal ions from wastewater due to their comparatively large exterior
unique surface area. Metal ions in aqueous solutions can be transferred to the surface of the adsorbent by diffusion or
convection, and then become bound to the surfaces due to various physical or chemical interactions between the metal
ions and the adsorbent’s surface functional groups. The formation of surface complexes, ion exchange, and chelation
have all been proposed as effective adsorption mechanisms for heavy metal ions on various adsorbents. The amino
group on an adsorbent, in particular, has been discovered to be one of the most important chelating groups for heavy
metal ion adsorption. As a result, chitosan nanofibers produced via electrospinning with high adsorption potential for
extracting heavy metal ions have piqued interest [58, 59].

Yunpeng Huang et al. analyzed the heavy metal removal by electro-spun fibrous membrane, its mechanism and
adsorption kinetics. The efficiency can be improved by surface group functionalization incorporation of nanoparticles.
Electro-spun fibrous membranes outperform conventional adsorbents in a variety of ways, including higher permeation
flux, lower pressure drops, flexible component adjustment, and multi-target adsorption [60]. Lei Zhang, et al. exam-
ined the various factors such as pH, temperature, adsorbent dosage, contact time, and co-existing ions, which plays a
key role in the metal removal. They also studied the adsorption kinetics, adsorption mechanism and furthermore, a
response surface approach was used to optimize the process parameters of heavy metal adsorption by modified chi-
tosan. Modified chitosan regeneration has received a lot of attention and several dynamic adsorption experiments have
also been described [61]. Xin Rui, et al. investigated the role of electro-spun nanofibrous membranes in wastewater
treatment. One of the primary issues associated is that the membrane with a nonwoven nanofibrous structure has very
weak mechanical properties, which could limit its use in wastewater treatment. Different strategies and methodologies
were investigated and discussed in this work, to improve the mechanical characteristics of nanofibrous membrane and
ensuring the membrane’s recyclability and reusability during the adsorption process [62]. Dhanush Gandavadi, et al.
discussed in their work about bio-based nanofibers and their application in waste water treatment. They highlighted
the use of biomaterials due to their ready availability, environmental friendliness aspects and resource efficiency. They
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also discussed various strategies like functionalization, incorporation of other natural and synthetic materials to im-
prove the efficiency of nanofibers, which facilitates enhanced adsorption and the potential for removing heavy metal
ions, dyes, and other contaminants polluting the environment [63].

2.1. Chromium

Chromium has been widely used in the pesticide industry, metallurgy, photography, corrosion control application,
metal finishing, steel manufacture, paint formulations, leather industry, varnishes, dye industry, and textile industry,
among others [64–66]. Chromium exists mainly in three oxidation states viz +2, +3 & +6 [67]. Among the different
states, Cr[VI] is the most toxic one [68,69]. The presence of chromium in water is a serious threat to the human life and
may cause severe health problems [70]. Different methods are used for the removal of chromium [VI] from aqueous
solutions and these may include chemical precipitation, membrane filtration, ion exchange, and reverse osmosis [71,
72]. The production of large volumes of waste, requirement of high energy inputs, and high operating costs were some
negative aspects of these methods [73, 74]. Among the various techniques, adsorption is a very effective one which
offers high efficiency, low cost, operational simplicity, versatility and the availability of a wide range of chemically
and thermally stable adsorbents [75, 76]. This method also has a broad applicability in water pollution control.

H. Behesthi et al. prepared, chitosan /multi-walled carbon nanotubes (MWCNT)/ Fe3O4 nanofiber for the effec-
tive removal of Cr(VI) from aqueous solutions. Chitosan powder is mixed with aqueous solution of 0.5 M acetic acid
for 24 hours at 300 ◦C using a magnetic stirrer. The prepared MWCNT/Fe3O4 composite is stirred with the chitosan
solution at room temperature for 6 hours. This composite solution is electro-spun to obtain a chitosan composite
nanofiber. From the TEM image, it was clear that the nanofiber formed has a coaxial nanocable structure that had di-
ameters of ∼10 – 15 nm. The adsorption capacity of this nanofiber depends on the concentration of MWCNT/Fe3O4,
pH, temperature and time. The maximum adsorption of Cr[VI] ions has been occurred at a pH of 2, temperature
45 ◦C and at an equilibrium time of 30 minutes. Kinetic studies show that the reaction follows a pseudo second order
model. One of the advantages that can be pointed out is that the chitosan/MWCNTs/ Fe3O4 nanofibers can be reused
without any frequent loss in adsorption [77]. G. Kummer, et al. prepared novel nanofiber materials composed of chi-
tosan/nylon 6 by the force spinning method using formic acid as the solvent and it was used for the effective removal
of chromium [VI] ions from aqueous solutions. The maximum adsorption capacity was 23.9 mg/g. The kinetic studies
shows that the reaction follows a pseudo second order model and the equilibrium isotherms best fit to the Langmuir
model. The thermodynamic studies show that the adsorption was spontaneous, endothermic and favorable [78].

Liang Ma et al. developed core-shell-structured cellulose acetate-polycaprolactone/chitosan [CA–PCL/CS] nano-
fibers using coaxial electrospinning and reported an excellent removal performance of hexavalent chromium [Cr[VI]].
10 g of chitosan was added to N, N-dimethylacetamide or acetone to obtain 10 % solution. 1 % cellulose acetate &
15 % poly caprolactone were dissolved in the formic acid or acetic acid by blending the solvent system to obtain poly-
caprolactone/cellulose acetatecomposite solution. The desired nanofiber cellulose acetate-polycaprolactone/chitosan
as the shell components and chitosan as core were fabricated via coaxial electrospinning. It was noticed that the core
shell structured fibers possess higher adsorption capability and good durability in acidic environment and also reported
that CA–PCL/CS fibers with core-to-shell ratio of 0.442 have a maximum adsorption capability of 126 mg/g at room
temperature. It is reported that it have a significant role in the adsorption of chromium [79].

Lei Li et al. reported the effective removal of chromium using chitosan nanofibers. Chitosan nanofibers were
prepared using 90 % acetic acid as the solvent by electrospinning. The 75 nm diameter chitosan nanofibers were
cross-linked by glutaraldehyde vapor to minimize the material’s solubility in aqueous solutions, and thus, the formed
cross-linked chitosan nanofibers were good adsorbents of hexavalent chromium directly from aqueous samples The
results showed a maximum adsorption capacity of about 131.58 mg/g, which was more than double that of chitosan
powder. It was also found that the adsorption is due to the presence of amino and the hydroxyl groups present in the
chitosan [80].

Ehsan Bahmani et al. prepared the chitosan-grafted-poly [N-vinylcaprolactam][chitosan-g-PNVCL] nanofibers
via electrospinning. ZIF-8 metal-organic frameworks nanoparticles were incorporated into the nanofibers for the
adsorption of Cr[VI] from water. The scanning electron microscope (SEM) image indicated an average particle size
of 65 nm was fabricated for ZIF-8 metal organic frame works. The SEM image of the prepared nanofiber with shows
an average diameter of 235 nm. The effect of parameters on the Cr[VI] removal was studied. It is also found out that
the synthesized nanofibers could be reused fora maximum of five sorption-desorption cycles.

The maximum experimental adsorption capacity of the chitosan-g-PNVCL/ZIF-8 nanofibers for Cr[VI] was
269.2 mg/g under ZIF-8 concentration of 3 wt. %, adsorbent dosage of 0.5 g/L, pH of 3, equilibrium times of 30 min,
and temperature of 25 ◦C.
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A pseudo first order and Langmuir adsorption model was used to match the kinetic and equilibrium data of
chromium adsorption. The obtained results showed that the prepared nanofiber loaded with ZIF-8 had a high capacity
for the removal of heavy metals [81].

Eryun Yan et al. synthesized the magnetic Fe3O4 containing polyvinyl alcohol/chitosan [Fe3O4@PVA/CS] com-
posite nanofibers via the electrospinning method and characterized by scanning electron microscope [SEM], transmis-
sion electron microscope [TEM], vibrating sample magnetometer [VSM] and Fourier transform infrared [FT-IR]. The
prepared composite nanofibers were used as a novel adsorbent for removing toxic chromium [VI] from the aqueous
solution. The doping of Fe3O4 nanoparticles [NPs] into the fibers had made a good effect on the absorption for Cr(VI)
ions under both neutral and acidic conditions, and the saturated adsorption reached the maximum when pH was 3.0.
The kinetics of Cr(VI) removal by the prepared composite nanofibers follows the pseudo-first-order model [82]. The
possible adsorption mechanism is shown in Fig. 3.

FIG. 3. The possible adsorption mechanism schematic diagram between Cr(VI) and the magnetic
Fe3O4@PVA/CS composite nanofibers (Under neutral and acidic conditions) [82]

2.2. Lead

A major concern to the public health is the presence of heavy metal ions in water [83, 84]. The main source of
lead is the waste water from battery manufacturing factories. The industrial waste water containing lead ions is always
a threat to the ecosystem. Evidence has shown that excess lead ions can cause a harmful effect both on ecological
environment and human health [85–87]. Exposure resulting in acute lead poisoning may cause severe damage to the
kidneys, liver, brain, and nervous system, and in addition, may induce sterility, abortion, and neonatal death [88]. From
the previous studies, it is proved that adsorption process, due to its low cost and high efficiency is the most popular
method for the removal of heavy metal ions [89,90]. As the nanofibrous adsorbent prepared by electrospinning process
have high surface area and porosity, they have been widely used in adsorption of lead [91–97].

Adib Razzaz et al. prepared the chitosan/TiO2 nanofiber by two different techniques – coating method and en-
trapped method. The adsorbing capacity of the nanofibers for the removal of Pb [II] was found to be 526.5 mg/g for
the entrapping method and 475.5 mg/g for the coating method. It was also studied to determine if the chitosan/TiO2

nanofibers prepared by the entrapped method could be reused frequently without significant loss in adsorption perfor-
mance after five adsorption/desorption cycles. Fig. 4 depicts the SEM images of chitosan/ TiO2 SEM images. The
kinetic and equilibrium studies had shown that it follows a pseudo first order kinetics and Redlich – Peterson isotherm
model [98].

R. M. N Thumbi et al. proved that the Pb(II) removal by chitosan blend polyacrylamide nanofibers was accom-
plished without any additional synthetic modifications. They prepared the chitosan polyacrylamide blend solution
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FIG. 4. SEM images of (a) chitosan; (b) chitosan/TiO2 2 wt.%; (c) chitosan/TiO2 4 wt.% and
(d) TiO2 coated chitosan nanofibers [98]

by electrospinning method. The synthes is used aqueous solution of 0.52 M acetic acid. The resultant nanofibers
were crosslinked using glutaraldehyde as shown in Fig. 5. Parameters like different concentrations of acetic acid were
taken for the optimization of the electrospinning parameters. The resulting solution is passed through the syringe to
produce the electro-spun chitosan based nanofibers. The study reports show that the adsorption capacity for Pb was
56.54 mg/g. The Freundlich isotherms explain the theory better than Langmuir. The resultant nanofibers were applied
in the purification of both contaminated pond water and pulp waste. It was noticed that nanofiber prepared have re-
moval efficiency of 100 % in pond water; and 97.2 % in pulp wastewater. The regeneration efficiencies [recovery %]
were 64 % and 72 % respectively [99].

Yan Li et al. prepared a novel and highly efficient lead ion-imprinted adsorbent of chitosan nanofiber mats. The
electrospinning solution of chitosan with the lead chloride was prepared using trifluoroacetic acid (TFA)/CH2Cl2
as the solvent. The nanofiber formed was crosslinked with glutaraldehyde. The results shows that the maximum
adsorption for Pb[II] ions was 577 mg/g, which is five times more than that of the common chitosan-based adsorbents.
The kinetic study proves that the adsorption of Pb[II] ions follows a pseudo-second-order model [100].

Dong Wang et al. prepared a composite nanofibrous films using electrospinning technique and they modified the
film by loading cellulose nanocrystals (CNC). The adsorption capacity of the films was studied by changing the CNC
loading level, solution pH, and adsorption time. The results showed that the adsorption of lead ions by the films was
the best with CNC loading level of 5 wt.%, pH of 6, and adsorption time of 4 h. The adsorption behavior of the
films was agreed with the Freundlich model. The adsorption equation of metal ions could be described while using
a pseudo-second order model. The maximum adsorption capacity of Pb[II] ions was estimated as 323.49 mg/g. The
Pb[II] ion adsorption efficiency of the films after 4 adsorption-desorption cycles was 90.21 % [101].

Hossein Hadi et al. developed a novel electro-spun chitosan/graphene oxide [GO] nanofibrous adsorbent by
electrospinning process. The adsorption behaviors of Pb2+ from aqueous solutions using chitosan/GO nanofibers
were investigated. Kinetic and equilibrium studies showed that the experimental data of Pb2+ was best fitted with
double-exponential model and Redlich – Peterson isotherm models. The maximum monolayer adsorption capacity of
Pb2+ ions using chitosan/GO nanofibers was found to be 461.3 mg/g at an equilibrium time of 30 min and temperature
of 45 ◦C. By the evaluation of the thermodynamic parameters, it was proved that the nature of the metal ions sorption
by chitosan/GO nanofibers was endothermic and spontaneous. It is also noted that the chitosan/GO nanofibers could
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FIG. 5. Preparation of the lead-ion imprinted crosslinked electro-spun chitosan nanofiber mats [100]

be reused frequently without almost any significant loss in adsorption performance. This study provides a promising
chitosan/GO nanofibrous adsorbent with a good adsorption property for heavy metal ions removal [102].

2.3. Copper

Water resources are extensively used in all stages of industrial production and consequently contaminated with
heavy metal ions, which are often disposed into the environment. Heavy metal ions accumulate in living organisms
as a result of their presence in drinking water, air, and soil, resulting in illnesses, poisoning, and mutations [103, 104].
Excess Cu2+ can cause some renal diseases, liver dysfunction, stroke, inflammation and cancer [105]. Therefore,
environmental protection and remediation systems must be developed to eliminate pollution of this metal.

Natalia S. Surgutskaia et al. had prepared diethylenetriaminepentaaceticacid(DTPA)-modified chitosan [CS-
DTPA] for the effective of Cu2+ ions by ethylcarbodiimidehydrochloride/N-hydroxy-succinimide crosslinking [106].
The preparation was done by mixing around 10 ml of 2 % chitosan solution of pH about 4.7 and 10 ml of DTPA
solution which was activated with N-hydroxy-succinimide and ethylcarbodiimide hydrochloride at pH 4.7. Nanofi-
bre formation is clearly in Fig. 6. This modified chitosan nanofiber showed better adsorption of Cu2+ from aqueous
solutions as shown in Fig. 7. The maximum adsorption shown by this nanofiber was 177 mg/g for Cu2+ ions [107].

Ichrak Lakhdar et al. reported the removal of copper from aqueous solutions using modified chitosan nanofibers
with polyethylene oxide. The solution was prepared by mixing 4 % wt chitosan in 50 % acetic acid and 4 % polyethy-
lene oxide in 50 % acetic acid for 18 – 24 hours of ambient temperature and the 4 % weight electro-spun chitosan
nanofibers were produced using a horizontal electrospinning technique. The results show an adsorption of 94.7 %
of copper from the aqueous solutions. Kinetic studies have showed that the adsorption of copper ions on CS/PEO
nanofibers follows a chemisorption by chelation mechanism. From the equilibrium studies, it was noted that the ad-
sorbed copper forms a monolayer with equal distribution of the energy on the homogeneous surface of the adsorbent
as seen in Fig. 8 [108].

Cardenas Bates et al. developed electro-spun chitosan-polyethylene oxide nanofiber mats using a new collector
design. Continuous flawless nanofibers of 151±36 nm in diameter were achieved by this method. Adsorption capacity
of the mats for copper ions in aqueous solutions was investigated. The results showed that sorption equilibrium
was achieved within 2.5 hours with a homogenous distribution of copper ions within the nanofiber mats. Kinetic
studies show that pseudo-second order kinetic model is best fitted the experimental data. The sorption processes are
best described with the Langmuir isotherm with a maximum adsorption capacity of 124 mg/g for trial temperatures
ranging from 25 to 60 ◦C. Thermodynamic parameters [∆G ◦, ∆H ◦ and ∆S ◦] proved that the adsorption was
feasible, endothermic and spontaneous. The results of desorption studies revealed that the electro-spun chitosan mats
can be desorbed and reused up to 5 cycles without significant loss in adsorption performance [109].

Sajjad Haider et al. prepared chitosan nanofiber mat for the removal of copper from waste water. 3 wt % chitosan
solutions were prepared in TFA and the nanofiber is prepared by electrospinning at 20 kV voltage. The dried nanofiber
mat was neutralized using potassium carbonate solution [M], and the mat was taken out from the aqueous solution,
washed repeatedly with the deionized water until the pH of the solution become 7 and dried at about 600 ◦C for about
24 hours under vacuum. The freeze dried chitosan nanofiber mats prepared shows a high adsorption value for the
metal ions and good erosion stability in water. Fig. 9 depicts the SEM images of nanofibres during the various stages.
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FIG. 6. SEM images and size distribution of pre- and post-stabilized CS/PEO (a,c) and CS-
DTPA/PEO (b,d) nanofibers [107]

FIG. 7. Schematic illustration of preparation and adsorption properties of CS-DTPA/PEO NFs [107]
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FIG. 8. Adsorption kinetic of copper ions by chitosan electro-spun nanofibers [108]

FIG. 9. FE-SEM micrographs of the chitosan nanofibers: (a) as-spun; (b) neutralized and (c) neu-
tralized freeze-dried surfaces, and (d) enlarged nanofibers [110]

The results had showed that the equilibrium adsorption capacities for Cu[II] were 485.44 mg/g. It is reported that
the Cu[II] adsorption capacity of this fiber is 6 higher than any other methods. This high adsorption capacity was
explained based on the high surface area per unit mass of nanofiber [110].

Dongxue Yang et al. studied how to improve the adsorption ability of chitosan [CS] for heavy metal ions.
They prepared rich amino-functionalized CS electro-spun membranes. During the efficient synthesis, polyglycidyl
methacrylate [PGMA] and polyethylenimine [PEI] were orderly grafted on the surface of CS electro-spun membrane.
X-ray diffractometer [XRD] analysis confirm the introduction of amino-group on the chitosan. The maximum adsorp-
tion capacity of Cu2+ by CS-PGMA-PEI was 69.27 mg/g. It was noted that the adsorption equilibrium of the heavy
metal ion solutions was rapidly established in 60 min. The kinetics analysis revealed that the adsorption process of CS-
PGMA-PEI followed a pseudo-second-order and can be described by Langmuir model. The prepared CS-PGMA-PEI
membrane also exhibited a good reproducibility and stability [111].

Josó Ortiz C et al. studied about how nanofibrous mats based on chitosan can be used for removal of copper [II]
ions in aqueous solutions. They fabricated different nanofibers based on chitosan-electro-spun CS-PEO nanofibers,
PVA nanofibers coated with chitosan, and PVA: PAA nanofibers coated with chitosan to compare their effectiveness in
the adsorption of Cu2+ in aqueous solutions. Among the different types of nanofibers prepared, PVA: PAA nanofibers
had the best shape and thickness in comparison with CS-PEO nanofibers and PVA nanofibers. Beads were present in
all the electro-spun nanofibers but they were reduced with the control of viscosity and surface tension parameters. The
maximum average percentage of adsorption for the different nanofibers is as follows – CS-PEO nanofibers were of
32 %. For CS-PVA Nanofibers, this value was 16 %, and finally, for CS-PVA: PAA nanofibers, the figure was 98 %.
In conclusion, CS-PVA: PAA nanofibers had the best percentage of adsorption [112].
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Qasim Zia et al. prepared porous poly L-lactic acid [PLLA] nanofibrous membrane with the high surface area
by electrospinning method and post acetone treatment was used as a substrate for the deposition of chitosan. The
porous PLLA/chitosan structure provided the chitosan with a high surface framework to fully and effectively adsorb
heavy metal ions from water and showed higher and faster ion adsorption. The composite membrane was used to
eliminate the copper ions from the aqueous solutions. Chitosan acts as an adsorbent due to the presence of the amino
and hydroxide groups which are complexation sites for the capture of copper ions. The maximum adsorption capacity
of copper ions was 111.66 ± 3.22 mg/g at pH 7 at an interaction time of 10 min and temperature about 25 ◦C. The
adsorption kinetics of copper ions and was well agreed with the second-order model and adsorption studies follow
Langmuir isotherm. From the thermodynamic studies it was found that the adsorption system was exoergic and
spontaneous. From this study chitosan modified porous PLLA nanofiber can be proved as a green adsorbent for
purification of aqueous solutions containing metal ions such as copper [113].

2.4. Cadmium

Nowadays, the removal of heavy metal pollutants such as cadmium from the wastewater is a serious issue because
of their serious and detrimental effects both to the environment and human health [114, 115]. Cd[II] ions are non-
biodegradable and poisonous. The main source of the cadmium metal are organic chemicals, cadmium-nickel battery,
mining, pigments, stabilizers and other industries leading to the release of pollutants to the natural environment by
long-range transport diffusion [116]. A number of technologies were applied to eliminate heavy metal ions from water
streams containing solvent extraction precipitation, membrane, flotation, coagulation,ion exchange, and adsorption etc.
Among these methods, adsorption is the most effective and cheapest one.

Alharbi H.F. et al. prepared nanofiber of PAN (Poly Acrylo Nitrile) doped with metal oxide and chitosan by
electrospinning for the removal of cadmium. The work investigated the role of pH, initial concentration, adsorption
time were studied and established the influence of metal oxide doping [ZnO]/TiO2. Introduction of chitosan to func-
tionalized PAN enhances the adsorption of cadmium by four-fold. Kinetic studies review the pseudo-second order and
Langmuir isotherm equation. The maximum adsorption capacity was found to be 160 mg/g for cadmium ion [117].

Ricardo Brandes et al., in their research for the removal of Cd[II] ions from aqueous solution, developed a new
nanofibrous electro-spun nonwoven sorbent made from chitosan [CS] and phosphorylated nanocellulose [PNC]. SEM,
EDX, AFM and FTIR were used for characterizing the adsorbent material. The results show that adsorption capacity
reached 62.3 mg/g at pH 5.5 and 25 ◦C. The Cd[II] adsorption occurs at a rapid speed and achieved equilibrium
within 120 minutes. Kinetic studies showed that the reaction fits a pseudo-second order kinetic model and the sorption
isotherm was best described by the Langmuir adsorption isotherm. The maximum adsorption capacity of Langmuir
was 232.55 mg/g at 25 ◦C, and increased with temperature, which can be explained by the high affinity of amine and
phosphate groups with cadmium on the surface of the nanofibrous mats. The thermodynamic study showed that the
adsorption follows a spontaneous endothermic reaction. This work also confirmed that an electro-spun nanofibrous
mats based on CS and PNC can be used as an alternative material for the removal of cadmium ions, contributing to
water sustainability [118].

Mohammad Rezaul Karim et al. synthesized nanofibers membranes which were fabricated by polyvinyl alco-
hol/chitosan [PVA/Chi] using an electrospinning technique for selective and high adsorption of cadmium Cd[II] ions
based on the solution acidity. The adsorption capacity of this fiber was investigated against the parameters such as
initial metal ions concentration, interaction time, adsorbent dosage and solution pH also were evaluated. The adsorp-
tion data fit towards the pseudo-second-order model for Cd[II] ions and the equilibrium data were well fitted with
the Langmuir adsorption isotherms model. The maximum adsorption capacity was 148.79 mg/g for Cd[II] ions. The
Cd[II] ions adsorptions were also measured to know the selectivity with simulated environmental solution, and the
data shows the high selectivity for Cd[II] ions at the optimum conditions. Thus, the PVA/Chi NFs are considered to
be an effective and promising material for the removal of Cd[II] ions from wastewaters with high efficiency [119].

Sana Jamshidifarda et al. prepared PAN/chitosan/UiO-66-NH2 nanofibers for adsorption and membrane filtration
of Cd[II] ions from aqueous solutions. UiO-66-NH2 MOF content [0 – 15 wt. %], pH [2 – 7], contact time [5 –
90 min], initial metal ion concentration [20 – 1000 mg/L] and temperature [25 – 45 ◦C] have a marked influence
on the adsorption capacity of the nanofiber. Kinetic studies follows a pseudo-second-order kinetic and Redlich –
Peterson isotherm model accurately described the experimental sorption data. At optimum conditions, UiO-66-NH2

the nanofibrous adsorbent for Cd[II] ions sorption was found to be 415.6 mg/g. It wasalso noted that an increase in the
active layer thickness from 10 to 70 µm and increased the MOF content in the membrane matrix from 0 to 10 wt % as
well as initial concentration of metal ions from 5 to 50 mg/L resulted in increasing metal ions removal and decrease
in the water flux. When the temperature was increased from 25 to 45 ◦C it resulted in increasing the water flux and a
slight decrease in the metal ion removal [120].
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Merin S. Thomas et al., in their work, explained the fabrication of polylactic acid [PLA]/Nano chitosan [nCHS]
composite fibers by electrospinning method for Cd2+ metal ion adsorption from water. Here, nCHS was synthesized
by a method known as ionic gelation method. The scanning electron microscopic analysis revealed that the addition
0.1 wt % nCHS has decreased the fiber diameter as well as the secondary pore size and hence imparted unique
properties to electro-spun composite fibers. The composite nanofibers have higher stability, reduced crystallinity,
higher hydrophilicity and high surface area compared to individual material. The basic character of the composites
has intensified with the increase in nCHS addition was proved by inverse gas chromatography. 70 % Cd2+ removal
efficiency was achieved by this method [121].

2.5. Mercury

Mercury [II] is a highly reactive ion which binds to the amino acid cysteine in proteins. It is considered to be
a carcinogen causing embryocidal, cytochemical, and histopathological events [122]. On converting into methyl-
mercury, mercury and its compounds can affect the human beings even at very low concentrations [123, 124]. The
main sources for contamination of water by mercury are wastewater discharges from industries like chlor-alkali, paper
and pulp, oil refining, paint, pharmaceuticals and batteries. Various methods have been reported for removal of Hg[II],
including chemical precipitation, ion exchange, membrane filtration, electrochemical separation, reverse osmosis,
solvent extraction and adsorption [125–128].

Reena Sharma et al. prepared various combinations of Ce-PVA-CHT composite by electrospinning technique.
From their experiments it has been noticed that from the various combinations, 7:3 ratio of PVA and CHT forms
the bead free nanofibers. Homogenous solutions of 4 wt % CHT powder in 2 % [v/v] formic acid and 8 wt % PVA
in 2 % [v/v] acetic acid were prepared at room temperature. A desirable viscous solution of 7:3 ratio was prepared
and mixed with cerium [III] nitrate hexahydrate [0.5 – 5.0 w/w %]and was electro-spun at 20 kV to form Ce-PVA-
CHT composite nanofiber. Nanofibers were cured at ∼ 110 ◦C for 5 hours prior to its use for Hg[II] adsorption
studies. The main advantage of this polymer is that they are bio degradable, non-toxic and are of low cost. The
results shows that the adsorption of PVA-CHT by Ce is around 31.44 mg/g and effective removal of Hg[II] occurs
at low to moderate concentrations. The adsorption of Hg[II] on composite nanofibers may be due to the small ionic
radii, high electric charge and high potential energy. Best results were observed at a pH range of 5.3 – 6.0. The
kinetics studies showed that the adsorption process follows a pseudo second order and the Langmuir isotherm shows
monolayer adsorption [129].

2.6. Thorium

Thorium [IV] is a radioactive fissionable metal ion, and the embodiment of its radioactive isotopes in living body
over a period of time could cause several health hazards like neurotoxicity and other noxious diseases [130].

Prakash Macchindra Gore et al. prepared the chitosan/RTIL homogenous solution by dissolving 3 % chitosan
in 5 % acetic acid and integrating to the 8 % PVA solution and stirred for 2 h using a magnetic stirrer for about
2 hrs. Solutions of 0.5, 1, 2, 3, 4, 5, 10 wt % 1-butyl-3-methylimidazolium tetrafluoroborate [BMIM-BF4] are added
to the chitosan to prepare Chitosan/RTIL mixture and the mixture is stirred for an hour. The precursor solution for
electrospinning is prepared by adding 0.01 wt % of thorium nitrate to get the ion-imprinted solution. A 1000 ppm
solution of Th[NO3]4 in deionized water is used as the stock solution for the experiment. The influence of pH,
temperature, adsorption and time were studied for the effective removal of thorium by chitosan/RTIL fibers. The
possible mechanism of thorium adsorption is shown in Fig. 11. The maximum adsorption efficiency was reported as
90 % at a neutral pH of 7, temperature of 298 K within 2 hours [131].

2.7. Uranium

Uranium is a naturally occurring, primordial and ubiquitous heavy metal. The main sources of uranium pollution
are nuclear fuel industry, nuclear weapons, exploitation of ore deposits for the extraction, have increased the presence
of U in the environment. The element uranium can exhibit variable valences such as +2, +3, +4, +5 and +6 in nature;
among these, the most common and stable form of uranium is U6+, which is soluble in water [132, 133]. Recently,
uranium has become a serious concern because of its chemical toxicity and radioactivity, and thus, the removal and
recovery of uranium from contaminated sites and aqueous systems is of particular interest. Several methods were
used for this and some of the methods were chemical precipitation, solvent extraction, membrane separation, and
adsorption. Among these, the adsorption is considered as the best method for the removal and recovery of uranium
because of its efficiency, low-cost and easy operation of the adsorption-based technologies [134, 135].

Christos Christoua et al. prepared PVP/chitosan blended nanofibers as adsorbent material for the removal of
hexavalent uranium, U[VI] from aqueous solutions. By using batch type experiments, the nanofibers have been char-
acterized prior to and after U[VI] adsorption by SEM and FTIR measurements, and the effect of various parameters
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FIG. 10. SEM and EDAX of Ce-PVA-CHT composites nanofibers (a) Before adsorption, (b) After
adsorption of Hg(II) [129]

FIG. 11. Interaction between chitosan and RTIL [131]
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such as metal-ion concentration, temperature and contact time on the adsorption efficiency were also investigated. The
increased sorption capacity of this nanofiber can be explained by the presence of polar carbonyl group on the fiber,
formation of the inner sphere complex between uranium and the fiber. The thermodynamic and kinetic studies revealed
a relatively fast kinetics with a rate constant of k1 = 0.01 min−1 and an entropy-driven process. From the recycling
experiments, it was proved that the material can be reused used up to four cycles with 10 % efficiency loss [136].

Ali Reza Keshtkar et al. prepared Polyvinyl alcohol/tetraethyl orthosilicate/aminopropyltriethoxysilane
(PVA/TEOS/APTES) nanofiber membrane by electrospinning method for the adsorption of uranium from aqueous
solutions. From SEM, TEM and FTIR and BET analysis the surface area of electro-spun membranes obtained was
153 m2/g. Experiments were carried out to find out the influence of different sorption parameters like pH, contact
time, initial concentration and temperature. The maximum adsorption of uranium ions takes place at a pH 4.5 and at a
high temperature of 45 ◦C. Langmuir, Freundlich and Dubinin – Radushkevich isotherm models were used to describe
the equilibrium data of uranium to the prepared membrane at different temperatures (25 – 45 ◦C) and the kinetic data
were analyzed by pseudo-first-order. The maximum adsorption capacity of uranium ions onto the PVA/TEOS/ APTES
hybrid nanofiber membrane was found to be 168.1 mg/g. Thermodynamic parameters showed that the adsorption of
uranium onto the electro-spun membrane was feasible, spontaneous and endothermic [137].

2.8. Nickel

The discharge of waste water into the rivers and surface waters from the industries may lead to the presence of
heavy metals, and organic materials in the water sources which may cause various problems in vital organs of humans
and animals [138–140]. Therefore, it should be removed before their diffusion into the ground waters [139]. Nickel
has numerous applications in the field of medicine, automobiles, electricals and jewelry. Continuous exposure to nickel
and heavy dosage can lead to allergy, cardiovascular and kidney diseases, lung fibrosis, lung and nasal cancer [141].

Alireza Karamipour et al. prepared CS nanofibers coated with Fe3O4 by weighing a defined amount of chitosan
and dissolving it in 3 % acetic acid solvent with continuous stirring for 6 hours to obtain the polymeric solution. The
electro-spun nanofibers were coated with Fe3O4 by immersing in NPs suspensions at room temperature to about 6 –
24 hrs. The results had shown that the maximum adsorption capacity of Ni[II] using Fe3O4-coated was 163.3 mg/g at
pH 5, an adsorbent dosage of 0.4 g/L, at a contact time of 5 h, and 25 ◦C. Kinetic studies had proved that the reaction
follows a pseudo second order kinetics and Redlich – Peterson isotherm model, respectively. This modified polymer
sample can be used for more than 5 cycles of adsorption [142].

Mehran Bozorgi et al. removed Ni(II) from aqueous solution by using PVA/chitosan/ZnO/APTES nanofiber.
Initially, 0.2 g of chitosan powder in acetic acid and 1 g of PVA in deionized water is mixed together using a magnetic
stirrer for 4 hours. The ZnO nanoparticles synthesized were modified with APTES. PVA-chitosan composite solution
is sonicated with modified ZnO nanoparticles and was electro-spun to obtain the desired nanofiber. The properties of
nanofibers vary with ZnO-NH2 loading. The TGA analysis showed that PVA/Chitosan/ZnO-NH2 has higher thermal
stability in comparison with PVA/Chitosan adsorbent. From the SEM analysis, it was found that the average diameter
of the nanofiber was 98.5 nm. The optimum content of ZnO-NH2 was 10 wt % for the maximum adsorption. The
maximum adsorption for Ni2+ by the nanofiber is 0.851 mmol/g at 45 ◦C, which is double the value of the cast. The
equilibrium data is well fitted with the Langmuir model. It follows a double exponential kinetic model [143].

Umma Habiba et al. synthesized chitosan/polyvinyl alcohol [PVA]/zeolite nanofibrous composite membrane via
electrospinning. The characterization of the resulting nanofiber was done by electron microscopy, X-Ray diffraction,
Fourier transform infrared spectroscopy, swelling test, and adsorption test. The nanofiber obtained was bead free.
The resulting membrane was stable in distilled water, acidic, and basic media. Kinetic study showed that adsorption
rate was high. Adsorption of Ni(II) on nanofibrous membrane follows pseudo second order kinetics and can be best
explained by Langmuir adsorption isotherm. The adsorption rate decreases at high concentrations. The adsorption
capacity of nanofiber was still retained after five recycling runs; this indicates the reusability of chitosan/PVA/zeolite
nanofibrous membrane [144].

Mahtab Jafarnejad et al. described a multi-functionalized polyether sulfone [PES]/chitosan [CS]/Fe3O4-NH2-SH
nanofiber was prepared and applied for single and simultaneous removal of Ni[II] ions from the water systems. Fe3O4

nanoparticles were synthesized by co-precipitation method and were loaded with Fe3O4-NH2-SH content. The authors
have studied the simultaneous effects of solution pH, adsorbent dosage and Fe3O4-NH2-SH. The composite nanofiber
PES/CS/Fe3O4-NH2-SH was prepared via electrospinning technique. The adsorption of nickel ion optimized with
the parameters, pH, adsorbent dosage, Fe3O4-NH2-SH load, the contact time and temperature. Kinetic data suited to
the double-exponential model and a monolayer adsorption indicates the Langmuir adsorption model. The maximum
adsorption capacity of CS/PES/Fe3O4-NH2-SH was 95.3 mg/g. The main advantage of this nanofiber was their ad-
sorption capacity was retained for 4 desorption steps. In a binary system of ions, the adsorption capacity decreased
with the increase of competitive ion concentration [145].
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2.9. Arsenic

Arsenic is a commonly distributed element in the natural environment, particularly in the ground water. Water
contaminated with arsenic may lead to many health problems such as bladder cancer, skin lesions etc. As many
technologies have been developed to remove arsenic from water, adsorption is the best method among them.

L-L. Min et al. synthesized chitosan based membrane [CS-ENM] by electrospinning process using acetic acid as
solvent for the removal of arsenate from water. The resulting chitosan based fibrous membrane was highly porous, with
a large specific surface area. Due to these factors, the adsorption capacity was higher than the most reported chitosan
adsorbents and the value is about 30.8 mg/g. It was also noted that the pH value has shown a marked influence on the
adsorption of As[V]. The result shows that the adsorption will be maximum at a lower pH [146].

Ping Tan et al. showed that the effective removal of arsenate from water at neutral pH can be done by using
immobilizing chitosan nanofiber with lanthanum. An homogeneous solution of 4 % w/v chitosan and 4 % w/v PEO
are prepared in acetic acid solvent and is loaded with lanthanum. The solution is electro-spun to obtain CS/PEO
nanofiber doped with La. Lanthanum loading has marked influence on the adsorption of arsenate ion. The adsorption
of arsenate ion using this lanthanum-doped chitosan nanofiber was about 83.6 mg/g, which is more than that of any
other chitosan based nanofiber. This method was effective at wide range of pH values. The effect of doping of metal
oxide Fe, Zr, Cu, Fe/Zr, and Fe/Cu with the nanofiber was also evaluated. The use of Fe-oxide impregnated mat give
maximum adsorption of arsenate compared to other oxides. This could be explained on the basis of the formation of
inner sphere complexes with Fe oxide [147].

L-L. Min et al. reported that a novel iron doped chitosan electro-spun nanofiber can be used for the effective
removal arsenate from water at neutral pH, proving a vital role in the removal of arsenate. Fig. 12 indicates the
formation of Fe doped chitosan nanofibres. Many works reported arsenate removal at acidic and basic conditions.
This work proved that Fe doped chitosan fibers will remove arsenate ions from water over a wide range of pH values,
even at neutral pH. The maximum adsorption capacity was noticed at 36.1 mg/g. When the adsorbent dosage increased
above 0.3 g/L, more than 90 % removal efficiency was shown by the fiber. The XPS analysis suggested that the amino
groups on chitosan backbone results in the adsorption of As[III] from the water samples [148].

(a) (b)

(c) (d)

FIG. 12. SEM images of Fe doped chitosan fibers [148]

Reena Sharma et al. synthesized a Ce-CHT/PVA composite nanofiber through an electrospinning technique by
mixing 4 wt % of CHT in 2 % v/v of formic acid and PVA in 2 % acetic acid in the ratio of 7:3 under constant stirring
for about 4 – 5 hrs. The solution was electro-spun to obtain the desired nanofiber. Ce-CHT/PVA composite nanofiber
showed greater efficiency in the removal of As[III] than CHT/PVA. A high adsorption of As[III] compared to the
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other adsorbents was due to the high surface area and presence of more active sites. The kinetic studies revealed that
in the first 10 minutes, over 80 % of As[III] was removed and the adsorption capacity was about 18 mg/g, which was
confirmed from the Langmuir adsorption isotherm [149].

The work of Ling-Li-Min, et al. reported the removal of As[V] using that Iron functionalized chitosan/PEO
electro-spun nanofiber [ICS-PEO-ENF]. This can be synthesized by electrospinning a mixture of chitosan, PEO, and
Fe3+ followed by crosslinking with the ammonia vapor. The experimental results has shown that the As[V] adsorption
was decreased with the increased ionic strength, and this was due to the outer sphere complexion of As[V] on the
nanofiber. Variation of pH also influences the adsorption. The adsorption isotherm was well described by Freundlich
model and the maximum adsorption capacity was found to be up to 11.2 mg/g at pH 7.2 [150].

3. Conclusion

Chitosan is a remarkable green polymer with numerous applications in a variety of fields due to its biocompati-
bility and biodegradability, and also a renewable resource that can be found in abundance in nature. Nanofibers have
a large surface area, which confers additional properties, giving them an advantage over conventional fibers. Bringing
the two ideas together, chitosan and nanofibers could result in amazing materials of research interest. This is not,
however, an easy mission. Natural polymers seem to be difficult substrates for electrospinning techniques due to their
high molecular weights. Several methods were used to solve this challenge. The selection of a suitable solvent facil-
itates nanofiber fabrication. The use of chitosan blends with other synthetic or natural polymers, as well as chemical
modifications, was another technique for creating smooth nanofibers. Chitosan based electro-spun nanofibers have
proven capacity in the removal of heavy metals from water due to their properties like high adsorption capacity, non-
toxicity, hydrophilicity, fast kinetics, and reusability. The disadvantages of these polymers include their low stability
and poor mechanical characteristics. The mechanical properties, especially the porosity of chitosan-based electro-
spun nanofibers, are influenced by the production methods and their blending and modifications, which enhances
the removal efficiency. This review provides a comparison of adsorption of different heavy metals by electro-spun
nanofibers of different chitosan blends. From the literature, it was understood that, temperature, pH, contact time,
concentration were the process parameters which exert influences upon the fibers’ adsorption capacities. Electrospin-
ning parameters like voltage distance between tip and collector, flow rate also affects the properties of fiber. Blending
with other polymers and doping with nanometals and metal oxides are the two significant factors that enhance metal
removal by the chitosan fibers. The blending ratio, nature of dopant, and doping load have a favorable impact on the
fiber characteristics. It was evident from the works; the metal adsorption by nanofibers follows pseudo second order
kinetics in most cases. Currently the world is dealing with a serious problem of heavy metal contamination in water,
which is detrimental to the entire ecosystem. Water purification systems can be better understood and developed in the
future by simulating purification processes. This article may spur the development of more chitosan-based nanofibers
for heavy metal removal as well as to contribute to water treatment industry. In addition to the nanofibers discussed
here, many electro-spun chitosan nanofibers and its composites can be employed for the effective removal of metals
which is shown in Table 1.

Abbreviations

MWCNT – Multi Walled Carbon Nanotubes
CA – Cellulose Acetate
PCL – Polycaprolactone
CS – Chitosan
PNVCL – Poly-N-Vinyl Caprolactam
ZIF-8 – Zeolitic Imidazolate Framework
PVA – Poly Vinyl Alcohol
TFA – Trifuoroacetic Acid
CNC – Cellulose Nanocrystals
GO – Graphene Oxide
DTPA – Diethylenetriaminepentaaceticacid
CS – Chitosan
PEO – Polyethylene Oxide
PEI – Polyethylenimine
XRD – X-Ray Diffraction Pattern
PGMA – Poly Glycidyl Methacrylate
NPs – Nanoparticles
APTES – (3-Aminopropyl)Triethoxysilane



Removal of metal ions using Chitosan based electro spun nanofibers: A review 743

TABLE 1. Comparative adsorption of different metal ions by chitosan blends

Nanofiber Metal ion
Maximum
adsorption

mg/g
Adsorption Model Ref

Chitosan – Graphene oxide Cu[II] 423.8 Redlich – Peterson isotherm model [102]

Chitosan – Graphene oxide Cr[VI] 310.4 Redlich – Peterson isotherm model [102]

Chitosan-Polyethylene oxide Cu[II] 120.6 Dubinin – Daskovich model [107]

Chitosan-Polyethylene oxide Ni[II] 35.24 Dubinin – Daskovich model [107]

Chitosan-diethylene triamine
pentaacetate- polyethylene oxide

Pb[II] 144.7 Dubinin – Daskovich model [107]

Chitosan-diethylene triamine
pentaacetate- polyethylene oxide

Ni[II] 46.95 Dubinin – Daskovich model [107]

TiO2 coated chitosan Pb[II] 475.5 Redlich – Peterson isotherm model [110]

TiO2 entrapped chitosan Pb[II] 579.1 Redlich – Peterson isotherm model [110]

chitosan/sulfydryl-functionalized
graphene oxide composite

Pb[II] 447 Freundlich [153]

Polyaniline grafted Chitosan Pb[II] 13.23 Freundlich [154]

Chitosan/Epichlorohydrin Pb[II] 34.13 [155]

Chitosan/cellulose [CS/CL]
nanofibers

Pb[II] 112.6 [156]

chitosan/TiO2 composite Nano fibrous
adsorbents

Cu [II] 579.1 [98]

Chitosan Stacking Membranes Cu [II] 276.2 Multilayer adsorption [157]

Chitosan electro spun on polyester Cr[VI] 16.5 Adams Bohart Model [151]

chitosan [CA–PCL/CS] nanofibers Cr[VI] 126 Freundlich [79]

Chitosan/cellulose [CS/CL]
nanofibers

As[V] 39.4 [156]

Chitosan/Alumina As[V] 96.46 [158]

Chitosan based electro spun nano fiber
membrane

As[V] 30.8 Langmuir [146]

electro spun DTPA-modified chi-
tosan/polyethylene oxide nanofibers

Ni[II] 56 Freundlich, Langmuir, Temkin and
Dubinin – Radushkevich isotherm
models

[107]

Magnetic Chitosan Ni[II] 22.07 [159]

Pb[II] 27.95

Hg[II] 23.03

Cd[II] 27.83

Cu[II] 216.6 [160]

Chitosan/Diethylenetriamine U[VI] 177.9 [161]

Chitosan/ polyethylene oxide/ carbon-
ated nanofibers

Cu[II] 195.3 [162]

Chitosan PVC Cu[II] 161.3 [163]
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PAA – Peraceticacid
PLLA – Poly L-Lactic Acid
PNC – Phosphorylated Nano Cellulose
MOF – Metal Oxide Frame Works
nCHS – Nano Chitosan
CHT – Chitosan
RTIL – Room Temperature Ionic Liquid
BMIM-BF4 – 1-Butyl-3-Methylimidazolium Tetrafluoroborate
PES – Poly Ether Sulfone
SH – Thiol
ICS-ENF – Iron Functionalized Chitosan Electro Spun Nano Fiber
CL – Cellulose
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A B S T R A C T   

The bacterial sterilization of TiO2 photocatalysts for self-disinfected and hygienic surfaces and coatings was 
explored to enhance by incorporating silver and reduced graphene oxide layers. Binary Ag/TiO2 and ternary Ag/ 
TiO2/rGO (reduced graphene oxide) nanohybrids were developed by a hydrothermally modified sol-gel method 
preceded by the synthesis of Ag nanospheres by polyol method using cetyltrimethylammonium bromide (CTAB) 
as the capping agent. The metallic state and crystalline nature of Ag in the hybrids were affirmed using XRD, 
TEM, and XPS analyzes. The developed nanohybrids were studied for their visible-light-induced photocatalytic 
self-cleaning behavior determined from photo-induced wettability and photodegradation of methylene blue dye. 
Ag/TiO2/rGO ternary hybrid showed excellent photocatalytic antibacterial properties towards Gram-negative 
Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. aureus), under visible-light excitation. 
~100% disinfection of bacterial environments (both E. coli and S. aureus) were achieved within 180 min of 
visible-light irradiation. Finally, a plausible mechanism for the visible-light-induced photocatalytic antibacterial 
behavior of the as-prepared binary and ternary hybrids of TiO2 is proposed. Surface plasmon resonance induced 
by visible-light excitation injects hot electrons from Ag nanoparticles to the conduction band of TiO2 with the 
simultaneous charge separation facilitated by graphene counterpart produces a high concentration of reactive 
oxygen species, which is accountable for the superior photocatalytic self-cleaning and the bacterial cell lysis by 
Ag/TiO2/rGO hybrid.   

1. Introduction 

Infections caused by pathogenic microbes are always a serious 
concern of the healthcare sector, as such microorganisms have the po-
tential to cause diseases that can even kill people. Many of the human 
deaths by healthcare-associated infections reported by WHO in 2016 are 
ascribed to multiple drug-resistant pathogens, which are developed and 
progressed due to the excessive use of antibiotics and other antimicro-
bial drugs. Even the recent emergence of Covid-19 pandemic has made 
researchers around the world focus on the possibility of anti-microbial 
surfaces which are capable to resist bacterial attachment and biofilm 
formation [1,2]. Also, bacterial colonization of surfaces adversely affects 
a variety of mechanical interfaces such as aquatic flow systems, medical 
implants, contact lenses, and petroleum pipelines, etc. [3–5]. The con-
ventional methods of cleaning such surfaces prone to bacterial growth 

includes wiping with aggressive chemicals, using hard ultraviolet light, 
etc. 

Photocatalytic materials amalgamate two variant mechanisms to 
enable a self-cleaning effect. Primarily, the decomposition of dirt is 
enhanced by the superhydrophilic effect on the active catalytic surfaces 
in contact with water. This is triggered by the direct oxidation of 
adsorbing contaminants, when the surface is irradiated with UV light, 
resulting in a surface with a low contact angle [6,7]. The formation of a 
thin water film makes contaminants easier to remove (easy-to-clean 
effect). Self-cleaning surfaces do hold the roost as high-performing 
candidates for glass panes, mirrors, roofing tiles, photovoltaic mod-
ules, and numerous other products. Active photocatalytic surfaces are 
characterized regarding their activity, by the decomposition of organic 
molecules. Most Self-cleaning techniques are bio-inspired, and so is the 
photocatalytic induced cleaning property of hydrophilic surfaces 
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utilizing nature’s source of energy to decompose dirt and other layers. 
According to Cao et al. the hydrophilicity of TiO2 and its hybrids was not 
the most important factor for their anti-fouling property [8], contrary to 
the study by Laıné et al. which demonstrated that hydrophilicity had 
much impact in addition to surface charges and roughness [9]. It has 
been observed through many studies that, smoother surfaces have 
greater antifouling capability [10]. Whereas, the rougher membrane is 
liable to absorb impurities in water to reduce the surface energy. In 
short, developing a photocatalytic material with both self-cleaning 
property and anti-microbial property is of importance for their poten-
tial applicaiton in the allied fields of water treatment, antifouling ma-
terials and surfaces, and disinfected environments such as hospital 
rooms. Hence, the quest to fabricate nanomaterials for such surface-
s/applications is of utmost importance and remains as a high research 
priority. 

Titanium dioxide (TiO2) photocatalysis is known for its antimicrobial 
property which can be extensively applied for killing a wide variety of 
microorganisms including bacteria, viruses, and fungi [11]. Because of 
its biocompatibility, chemical stability, broad-spectrum antibiosis, high 
photoreactivity, and self-cleaning behavior, TiO2 photocatalysts can be 
considered as a useful coating material for antimicrobial disinfection 
purposes [12–15]. The exciton pairs generated by the photoexcitation of 
TiO2 reacts with adsorbed H2O and O2 molecules to produce highly 
reactive oxygen species (ROS), especially hydroxyl radicals and super-
oxide radicals. The so-produced ROS has the potential to destroy bac-
teria and can resist bacterial colonization. However, TiO2 absorbs light 
in the UV region due to wide bandgap, and fast recombination of charge 
carriers limits its antimicrobial application. Various strategies have been 
adopted to enhance the visible light photocatalytic activity of TiO2 viz., 
tailoring its bandgap by defect engineering, heterostructure formation 
with other organic or inorganic counterparts to enhance charge sepa-
ration, engineering the exposed crystal facets, sensitization of TiO2 using 
suitable dyes, etc.[16–21]. 

The addition of plasmonic noble metal nanoparticles (like Ag and 
Au) can enhance the visible-light photoactivity of TiO2 driven by the 
surface plasmon resonance (SPR) effect exhibited by them, as has been a 
research focus of TiO2 photocatalysis these days [22–26]. Nevertheless, 
Ag nanoparticles have probable applications encompassing biosensing, 
photocatalysis, bio-diagnostics, etc. Ag ions themselves have antibac-
terial behavior by inhibiting bacterial growth by the denaturation of 
proteins in the cell walls of bacteria. It was also reported that Ag ions 
take part in the oxidative reactions involving thiol groups and paves the 
way for the formation of disulfide bonds which lead to cell death by 
blocking cellular respiration [27]. Moreover, Ag nanoparticles can also 
cause free-radical induced bacterial death by oxidative reaction at the 
cell membranes leading to their damage [28]. Recently, Wang et al. 
demonstrated TiO2 photocatalysts decorated photochemically with Ag 
nanoparticles for the visible-light photodegradation of 
fluoroquinolone-based antibiotics and inhibition of E.coli [29]. 
Recently, Au nanorods decorated TiO2 nanobelts were demonstrated for 
full solar spectrum photocatalytic antibacterial activity as potential 
heterostructures towards bacterial sterilization improved photo-
generated carrier separation.[30] In another study, Ag/TiO2 nano-
composite prepared by ultrasonochemical treatment of TiO2 with 
varying proportions of Ag was demonstrated as a photoactive antibac-
terial agent used in paint formulation [31]. Saraswati et al. recently 
demonstrated the preparation of Ag/TiO2 nanocomposite using 
photo-assisted deposition and was fabricated onto a cotton fabric for 
antimicrobial footwear applications [32]. Further, hybridizing TiO2 
with graphene has shown profound enhancement in its photocatalytic 
acitivty mostly because of the strong interfacial chemical interaction 
and spatial speration of photogenerated electron-hole pairs.[20] More-
over, graphene with defect states like reduced graphene oxide (rGO) 
synthesized by wet chemical process, are semiconducting and has the 
ability to impart visible-light photocatalysis to TiO2 [33]. The electron 
tranfer from TiO2 to graphene is greatly favored if Ti-C chemical 

linkages are formed during the herterostructure formation [34]. 
Herein, we report the facile fabrication of binary and ternary hybrids 

of TiO2 with Ag and rGO with enhanced visible-light antibacterial 
property and photocatalytic self-cleaning behavior. Ag nanospheres 
were first prepared by polyol method, and Ag/TiO2 and Ag/TiO2/rGO 
nanohybrids by hydrothermally modified sol-gel synthesis are dis-
cussed. Introducing graphene to Ag/TiO2 system can further enhance its 
photocatalytic performance due to enhanced charge separation at the 
interfaces by the conducting nature of graphene owing to its delocalized 
π-π conjugation. The development of a ternary Ag/TiO2/rGO nano-
hybrid tailored with superior antibacterial behavior and superior 
photoinduced self-cleaning property is not so far reported. 

2. Experimental 

2.1. Materials 

Titanium (IV) isopropoxide (TTIP, 98 +%) was purchased from 
Thermo- Fisher Scientific, USA. Graphite powder, particle size < 20 µm, 
was obtained from Sigma-Aldrich. Cetyltrimethylammonium bromide 
(CTAB) was purchased from Spectrochem, India. Methylene blue (MB) 
powder, 98% sulfuric acid (H2SO4), 30% hydrogen peroxide (H2O2), 
glacial acetic acid (AA, reagent grade, 100%), isopropyl alcohol (IPA, ≥
99.0%), and polyethylene glycol 400 (PEG, synthesis grade) were pur-
chased from Merck, India. Potassium permanganate (KMnO4) was ob-
tained from Universal laboratories. All chemicals were used as received 
without further purification. Ultra-pure water (Merck Millipore Milli-Q 
water system) was used in all experiments. For the antibacterial assay, 
strains of Escherichia coli, Staphylococcus aureus, nutrient broth No.3, and 
agar were purchased from Sigma-Aldrich. 

2.2. Synthesis of Ag nanospheres by polyol method 

Before the preparation of nanohybrids, Ag nanospheres were syn-
thesized by a polyol method using PEG as the polyol and CTAB as the 
capping agent. In a typical synthesis, 0.444 g of CTAB was added to 40 
mL of PEG-400 taken in a beaker, and stirred at 80 ℃ until the whole 
CTAB gets dissolved and a clear solution was formed. 1 mL 0.5 M 
aqueous solution of silver nitrate (AgNO3) was thereafter rapidly 
injected into the clear solution and continued stirring at 80 ℃ for 30 
min. The addition of AgNO3 results in the formation of white precipitate. 
The reacting mixture was then transferred to a 100 mL hydrothermal 
autoclave and kept in a pre-heated hot-air oven at a temperature of 240 
℃ for 24 h. The solution obtained after hydrothermal treatment was 
used as such for further synthesis of hybrids without additional 
washing/filtration. 

2.3. Synthesis of TiO2, Ag/TiO2 and Ag/TiO2/rGO photocatalysts 

A tailor-made hydrothermally modified sol-gel method is adopted for 
the synthesis of pristine TiO2 nanocrystals, as reported previously [19]. 
Typically, TTIP is added to a mixture of CTAB, IPA and AA under N2 
atmosphere and the solution is left stirring for an hour. De-ionized H2O 
is added dropwise and the stirring is continued at room temperature for 
another 24 h. Thereafter the reaction mixture as a whole is transferred to 
a Teflon-lined stainless-steel hydrothermal autoclave and kept at 180 ℃ 
for 12 h. The molar ratio of different reactants viz. TTIP/CTAB/I-
PA/AA/H2O was 1/0.5/7.4/0.63/22. For the synthesis of Ag/TiO2 bi-
nary hybrid, 15 mL of as-synthesized Ag nanospheres solution was 
introduced to the hydrothermally modified sol-gel synthesis of TiO2 
nanocrystals, prior to the addition of TTIP. While for the synthesis of 
Ag/TiO2/rGO ternary hybrid, 0.01 wt% GO (graphene oxide synthesized 
from graphite powder by a modified Hummers method) is added to the 
reaction mixture together with 15 mL of Ag nanosphere solution, before 
the addition of TTIP, and the same hydrothermally modified sol-gel 
synthesis route was followed. Optimized 0.1 wt% GO when 
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administrated for the hybrid formation between TiO2 and rGO layers, 
according to our previous reports, showed superior photocatalytic ac-
tivity and self-cleaning property [20,35]. All precipitates so obtained 
was collected by centrifugation, washed, and dried at 60 ℃ overnight. 

2.4. Characterizations 

Crystalline purity and phase of the samples were analyzed using XRD 
studies (Bruker D8 Advance). Size, morphology, and surface features of 
the samples were studied by FESEM (ZIESS Sigma equipped with XFlash 
6I100 Bruker for EDX mapping) and HRTEM (Joel JEM 2100). Raman 
spectroscopy (Horiba Jobin Yvon Lab RAM HR) was used to analyze the 
crystal phase and percentage defects in samples containing graphene. 
The elemental composition and chemical state/environment of the 
samples were obtained from XPS studies using a PHI 5000 Versaprobe 
Scanning Esca Micropore with a monochromatic Al Kα X-ray source. 
Characteristic absorption and emission of the samples were studied 
using DRS UV–vis absorption spectroscopy (Perkin Elmer Lambda 365 
double beam UV-Vis spectrometer), and photoluminescence spectros-
copy (Horiba Jobin Yvon spectrofluorometer) at an excitation wave-
length of 320 nm, respectively. 

2.5. Photocatalytic self-cleaning study 

Mainly, visible-light photocatalytic activity and photo-induced 
wettability studies determines the self-cleaning property of the sam-
ples. The visible-light photocatalytic behavior of synthesized photo-
catalysts was studied by undergoing photodegradation of aqueous 
solution of model MB dye. 50 mg of photocatalyst is mixed under dark 
conditions with 50 mL of MB aqueous solution (10 mg L− 1), and was 
stirred continuously in dark for 30 min to obtain absorption-desorption 
equilibrium. Afterwards, the mixture was irradiated under a solar 
simulator (with an ozone-free Xenon lamp of 300 W power input). 5 mL 
aliquots were withdrawn in every 30 min time interval, and thus the 
concentration of MB is obtained using a UV-Vis spectrophotometer 

(Perkin Elmer Lambda 365) by determining the absorbance of MB at the 
characteristic λmax of 665 nm. Photo-induced wettability of the sample 
coatings (glass substrate spin-coated for 9 layers with 1 mg/mL of 
photocatalyst in IPA spin) were determined using a Rame-Hart 590 
contact angle goniometer. Water contact angle (WCA) measurements 
were taken in dark and after 30 min of visible light irradiation. 

2.6. Antibacterial assay 

Photo-induced antibacterial activity of the synthesized photo-
catalysts was analyzed with two strains of bacterial colonies: - gram- 
negative bacteria (Escherichia coli), and gram-positive bacteria (Staphy-
lococcus aureus). The nutrient broth culture medium was prepared from 
a definite quantity of nutrient broth (2:1:2 proportion of peptone, NaCl, 
and beef extract) dissolved in milli-Q water (1 L) and sterilized at 120 ◦C. 
A definite quantity of nutrient agar was also dissolved in milli-Q water 
(1 L) and sterilized at 120 ◦C, and later poured into ~90 mm agar plates. 
A single pure colony was inoculated in 10 mL nutrient broth solution, 
capped, and placed in an incubator overnight at 37 ◦C. Bacterial cells 
which are still able to multiply after the treatment form visible colonies 
and are called colony forming units (CFUs). The reaction suspension was 
then introduced to a photo chamber. The concentration of the photo-
catalyst taken as 1 gL− 1 was added to the agar plates and illuminated 
under visible light irradiation for 5 h. The colonies developed on the 
agar plates were recorded at time intervals of 1 h. The recordings were 
done as CFU/mL (colony forming unit/mL). The antibacterial efficiency 
of the synthesized photocatalysts was presented as N/N0% vs. time, 
where N0 is the initial number of viable microorganisms, and N is the 
number of microorganisms at a particular time, t. 

3. Results and discussion 

3.1. . Morphological studies on Ag incorporated hybrids of TiO2 and rGO 

Polyethylene glycol (PEG 400), the alcohol-containing hydroxyl 

Fig. 1. (a) FESEM, (b) TEM, and (c) HRTEM images of as-synthesized Ag nanospheres by polyol method using PEG and CTAB. Inset of (a) shows the corresponding 
histogram of particle size distribution. 
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group acts both as the solvent and the reducing agent in the polyol 
process to synthesize Ag nanoparticles. PEG being vulnerable to free 
radical attack in the presence of O2 at elevated temperatures (over 70 
℃), following a random scission process, degrades to oxygenated com-
plex products [36], for e.g. hydroxyl groups of PEG get oxidized to 
aldehyde groups. This in turn reduces Ag(I) ions to metallic Ag(0) 
(equation 1 and 2) [37]. When the concentration of so-forming Ag atoms 
reaches a supersaturation level, they act as nucleating seeds in the so-
lution phase and further grow into different nanostructures [38]. Due to 
the presence of oxygen in its long polymeric chains, PEG has a stabilizing 
effect on the Ag nanoparticles formed [38,39]. 

Fig. 1a shows the FESEM image of as-synthesized monodispersed Ag 
nanoparticles. From the histogram (inset of Fig. 1), the average particle 

size obtained was 80 nm. The use of cetyltrimethylammonium bromide 
(CTAB) as a capping agent has built a peculiar spherical shape to the 
nanoparticles laterally preventing their aggregation. The crystalline 
structure of the so-formed Ag nanospheres was further analyzed by TEM 
and HRTEM images (Fig. 1b and c). The lattice-resolved Ag nanospheres 
from the HRTEM image showed fringe widths of 0.24 nm and 0.203 nm 
corresponding to the crystal planes of (111) and (200), respectively, 
which depicts face-centered cubic (FCC) lattice for the synthesized Ag 
nanospheres [40,41]. 

The so-synthesized Ag nanosphere solution was used as such for the 
synthesis of binary Ag/TiO2 and ternary Ag/TiO2/rGO hybrids, without 
further washing/purification. Figs. 2 and 3 represents the corresponding 
SEM and TEM images of the repared samples. A tailor-made 

Fig. 2. TEM (a), HRTEM (b) images, and SAED pattern (c) for synthesized Ag/TiO2 hybrid.  

Fig. 3. TEM (a) and HRTEM (b) images of Ag/TiO2/rGO ternary hybrid. Red arrows highlight the rGO layers.  
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hydrothermally modified sol-gel method was followed for the synthesis 
of pristine TiO2 nanoparticles, as reported previously [19]. For the 
synthesis of Ag/TiO2 hybrid, Ag nanosphere solution was incorporated 
to the same synthesis procedure before the addition of TiO2 precursor 
(TTIP). The shared morphology of nanoellipsoids and nanocuboids of 
TiO2 (Fig. S1 of supplementary file) were retained in the hybrid for-
mation with Ag nanospheres, as evident from TEM image of the hybrid 
(Fig. 2a). HRTEM image (Fig. 2b) predominantly defined lattice fringe 
width of 0.35 nm corresponding to (101) plane of anatase TiO2, while 
the interplanar d-spacing of 0.24 nm was assigned to (111) plane of Ag. 
The SAED pattern (Fig. 2c) showed high crystalline nature for the 
samples. The bright concentric rings resulted from the diffraction of 
(101), (004), (200), (105) and (211) planes of anatase TiO2. Addition-
ally, two bright spots with a reciprocal lattice diameter of 6.16 [1/nm] 
resulted after the diffraction from (111) plane of metallic Ag in the FCC 
lattice. Both Ag and TiO2 were highly dispersed among themselves in the 
sample and confirmed a close contact with each other that could favor 

the photogenerated electron transfer during photocatalytic process and 
enhance the performance of the hybrid. An FESEM-EDX (Fig. S3) map-
ping analysis of the hybrid further confirmed that Ag/TiO2 solely 
composed of Ag, Ti and O elements, and was equally distributed within 
the hybrid photocatalyst. The corresponding EDX spectrum determined 
that 0.44 wt% Ag was incorporated to the hybrid sample. For the syn-
thesis of Ag/TiO2/rGO ternary hybrid, the same quantity of Ag nano-
sphere solution (as that for the synthesis of Ag/TiO2) was incorporated 
along with 0.1 wt% of GO before the addition of TTIP, and thereafter the 
hydrothermally modified sol-gel synthesis route was followed. 
Analyzing the morphological aspects of the ternary hybrid sample from 
its TEM and HRTEM images (Fig. 3), it was found that Ag nanospheres 
and shared ellipsoidal/cuboidal TiO2 nanoparticles were evenly 
distributed and densely packed over the reduced graphene oxide layers 
(indicated with red arrows). Clear lattice fringes with d-spacings of 
0.35 nm and 0.24 nm affirmed the (101) plane of anatase TiO2 and 
(111) plane of Ag, respectively. Since the same quantity of Ag nano-
sphere solution was administrated for the synthesis of both binary and 
ternary hybrids, Ag/TiO2/rGO ternary hybrid should also contain 
0.44 wt% Ag, along with 0.1 wt% rGO. 

3.2. . Crystalline features and chemical composition of Ag incorporated 
hybrids of TiO2 and rGO 

Crystalline features of TiO2, Ag/TiO2 and Ag/TiO2/rGO hybrids were 
studied using the XRD technique (Fig. 4a). Both the hybrids showed 
peaks consistent with the formation of dual phases including the FCC 
lattice of metallic Ag nanoparticles along with the anatase phase of TiO2 
nanocrystals. No diffraction peaks from other phases of TiO2, oxides of 
Ag (AgO and Ag2O), or any other impurities were obtained. Diffraction 
at 2θ values of 25.3◦, 37.9◦, 48◦, 54◦, 55.1◦, 62.7◦, 68.9◦, 70.3◦, and 
75.2◦ corresponded to (101), (004), (200), (105), (211), (204), (116), 
(220), and (215) crystal planes of anatase TiO2 (JCPDS File: 83-2234). 
The Ag in FCC lattice exhibited 4 major peaks at 2θ values of 38◦, 
44.2◦, 64.4◦, and 77.3◦, assigned well with (111), (200), (220), and 
(311) crystal planes (JCPDS File: 00-001-1167). Moreover, for the 
ternary Ag/TiO2/rGO hybrid, the (001) reflection of GO at 2θ = 10.4◦

has vanished, and instead merged with (101) plane of TiO2 (not iden-
tifiable due to high crystallinity of TiO2), and thus confirmed the 
simultaneous reduction of GO to rGO during the hydrothermal 
treatment. 

Fig. 4b shows the Raman spectra for the synthesized hybrids together 
with parent TiO2 and GO samples. The intense band at 148 cm− 1 was 
assigned to the Eg Raman mode of anatase TiO2, with other bands at 
398 cm− 1, 517 cm− 1, and 639 cm− 1 ascribed to B1g, A1g, and Eg Raman 
modes, respectively. For the case of both binary Ag/TiO2 and ternary 
Ag/TiO2/rGO hybrids, all Raman bands of anatase TiO2 were repro-
duced as such, while any Raman modes corresponding to Ag were absent 
[42]. This is due to its crystal symmetry; metallic Ag nanoparticles have 
no change in polarizability during molecular vibrations, and hence are 
Raman inactive [43,44]. However, while considering the Raman spec-
trum of Ag/TiO2/rGO, graphitic D and G bands were observed at 
1347 cm− 1 and 1538 cm− 1 respectively, confirming the presence of the 
rGO component in the hybrid. Also, the ratio of intensities of D and G 
bands (ID/IG) was found to increase from 1.2 in GO to 2.2 in the hybrid, 
which is due to the close contact of rGO layers with Ag and TiO2 
nanoparticles. The defects are slightly increased due to the formation of 
chemical linkages between rGO with Ag and TiO2. The oxygen func-
tionalities of GO have assisted the growth of TiO2 by acting as nucleating 
sites, which was reflected with the further increase in ID/IG ratio [33,45, 
46]. 

XPS analysis was used to study the elemental state and the presence 
of chemical bonding between different components of the synthesized 
hybrids. Fig. 5a shows the survey spectra for synthesized binary and 
ternary hybrids together with pristine TiO2 and GO samples, and 
affirmed that the hybrids consisted only of Ti, O, Ag, and C without any 

Fig. 4. (a) X-ray diffractograms, and (b) Raman spectra of as-synthesized bi-
nary Ag/TiO2 and ternary Ag/TiO2/rGO hybrids. 

N.T. Padmanabhan et al.                                                                                                                                                                                                                     



Journal of Environmental Chemical Engineering 10 (2022) 107275

6

other detectable impurities. Fig. 5b displays the core level spectra of Ti 
2p for Ag/TiO2 and Ag/TiO2/rGO hybrids along with their parent TiO2 
sample. The binding energies of two prominent peaks of Ti 2p3/2 and Ti 
2p1/2 were centered at 458.3 eV and 464 eV, respectively, which 
confirmed Ti in + 4 state. The doublet splitting energy for these two 
peaks was 5.7 eV, which is also the characteristics of Ti 2p spectrum 
with Ti in its + 4 state [47–50]. Both the hybrids showed consistency in 
the appearance of Ti 2p3/2 and Ti 2p1/2 peaks with characteristic doublet 
splitting of 5.7 eV, but with a slight shift of 0.2 eV to higher binding 
energies. This strongly affirmed that a chemical bonding has resulted 
between TiO2 and Ag or rGO layers on hydrothermal treatment. This 
could enhance the photocatalytic performance of the hybrids by facili-
tating interfacial charge transfer from TiO2 to Ag or rGO layers [51,52]. 
Fig. 5c shows the high-resolution XPS spectra of Ag 3d of Ag/TiO2 and 
Ag/TiO2/rGO hybrids. Two prominent peaks of Ag 3d5/2 and Ag 3d3/2 
with binding energies at 368.1 eV and 374.2 eV are indicative of 
metallic Ag. Further, splitting energy of 6.1 eV between these peaks also 
represented metallic Ag 3d states [53,54]. Lastly, Fig. 5d displays C 1s 
core-level XPS spectra of hybrids along with GO, which indicated that 
GO is reduced to rGO in the hybrids affirmed by the reduced intensities 
of the oxygen functionalities in the hybrids. The peaks corresponding to 
C––C, C-O/C-OH, and C––O oxygen functionalities were assigned at 
288 eV, 286.5 eV, and 284.4 eV, respectively, in the C 1s spectrum of 
GO. Analyzing the deconvoluted spectra of Ag/TiO2 and Ag/TiO2/rGO 

hybrids, the peaks corresponding to C-O/C-OH and C––O oxygen func-
tionalities are weakened. Meanwhile, the intensity of sp2 hybridized 
carbon at 284.4 eV has been enhanced which again confirmed the 
re-establishment of sp2 hybridized structure of graphene layers by the 
reduction of GO to rGO during the hydrothermal treatment. 

3.3. Optical properties of Ag/TiO2 and Ag/TiO2/rGO hybrids 

On analyzing the optical properties of the synthesized samples, 
pristine TiO2 nanocrystals showed strong optical absorption only in the 
ultraviolet region (absorption max. around 330 nm) with an absorption 
edge below 400 nm, and gave almost zero absorption in the visible re-
gion due to its larger bandgap. The incorporation of Ag nanospheres to 
TiO2 had enhanced its optical absorption in the visible region with a 
significant redshift in the absorption edge. This can be attributed to the 
surface-plasmon resonance exhibited by Ag nanoparticles in the visible 
region [42,55]. The presence of rGO layers again enhanced visible light 
absorption and further red-shifted the absorption edge for the case of 
ternary Ag/TiO2/rGO hybrid (Fig. 6a). 

The mass normalized photoluminescence spectra for pristine TiO2 
and its hybrids with Ag and rGO are presented in Fig. 6b. PL spectra can 
depict the effectiveness of interfacial charge transfer in hybrid photo-
catalysts and thereby its impact on the recombination rates of photo-
generated electrons and holes. As evident from the spectra, the emission 

Fig. 5. XPS survey spectra (a), high resolution Ti 2p (b), Ag 3d (c), C 1s (d) core level spectra of pristine TiO2, GO, Ag/TiO2 and Ag/TiO2/rGO samples.  
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intensity of both Ag/TiO2 and Ag/TiO2/rGO hybrids were attenuated 
when compared to the parent TiO2 sample. This suggested that the 
recombination rate of exciton pairs is very much lower both in binary 
and ternary hybrids when compared with parent TiO2. Hence, high 
photocatalytic efficiencies can be expected for the hybrids as compared 
to TiO2. Among the binary and ternary hybrids, the ternary hybrid Ag/ 
TiO2/rGO can be expected to have higher photocatalytic and antibac-
terial property. The charge transfer between the interface of TiO2 with 
Ag and rGO, as indicated by the further attenuation in PL intensity, is 
greatly favored and results in further reduction in recombination rate of 
photogenerated excitons. 

3.4. Self-cleaning activity of Ag/TiO2 and Ag/TiO2/rGO hybrids 

Ag incorporated binary and ternary hybrids of TiO2 and TiO2/rGO 
were studied for their self-cleaning property by analyzing the visible 
light photodegradation of a model dye and determining their photo- 
induced wettability when coated onto a surface. The visible-light pho-
toactivity of the hybrids was indeed higher than that of their parent TiO2 
sample. The pristine TiO2 sample showed ~78% MB degradation with 
180 min of visible-light irradiation with a kinetic rate constant k for 
degradation was 7.23 × 10− 3 min− 1 (Fig. 7a and b). Ag/TiO2 showed 
almost 96% MB degradation within 180 min of photoexcitation with a 

kinetic rate constant k of 13.8 × 10− 3 min− 1. Whereas, ternary Ag/ 
TiO2/rGO showed a superior photocatalytic behavior of almost com-
plete degradation within 150 min of visible-light irradiation, with 
k = 18.4 × 10− 3 min− 1. This infers that the hybrid samples were more 
active photocatalysts due to the enhanced optical absorption in the 
visible region by the incorporation of Ag. Moreover, the rGO component 
has an impact on enabling charge separation to a greater extent, which is 

Fig. 6. (a) DRS UV-Vis absorbance spectra, and (b) photoluminescence spectra 
of parent TiO2 and its binary and ternary hybrids with Ag and rGO. 

Fig. 7. (a) Visible-light MB photodegradation profiles, (b) and its correspond-
ing linear fitted logarithmic functions with respect to time in presence of 
photocatalytic TiO2 and its hybrids with Ag and rGO. (c) WCA measurements 
on sample=coated glass substrate before and after visible-light irradiation 
for 30 min. 
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reflected as the superior photocatalytic MB degradation by the ternary 
Ag/TiO2/rGO hybrid amongst others. 

The self-cleaning behavior was further analyzed from water contact 
angle measurements when the samples coated (1 g L− 1 solution in IPA 
spin-coated for 9 layers) on a glass substrate were subjected to visible- 
light photoexcitation. WCA measurements before photoexcitation was 
32◦ for Ag/TiO2 hybrid and 28◦ for Ag/TiO2/rGO hybrid, and were 
higher than that of pristine TiO2 (WCA ~ 22◦, Fig. S2), but were hy-
drophilic in nature. The photo-induced wettability change was also 
fairly less for the samples, only a change in 5–6◦ in WCA was obtained 
for Ag/TiO2 hybrid (WCA decreased to 26◦) or Ag/TiO2/rGO hybrid 
(decreased to 23◦) when photoexcited for 30 min using visible-light 
(Fig. 7c). While pristine TiO2 showed WCA of 9◦ within 15 min of 
irradiation (Fig. S2). Still, both binary and ternary hybrids showed good 
self-cleaning behavior and can be applied as coatings over surfaces. 

3.5. . Photocatalytic antibacterial studies on binary and ternary hybrids 
of TiO2 with Ag and rGO 

Pristine TiO2, and its binary Ag/TiO2 and ternary Ag/TiO2/rGO 
hybrids were finally evaluated for visible-light photocatalytic bacterial 
inactivation of E.coli (gram-negative bacteria) and S. aureus (gram- 
positive bacteria) by carrying out the suspension test. The antibacterial 

properties of TiO2, Ag, and their nanocomposites have been reported 
earlier [55–60]. However, this present study identifies the enhancement 
in the efficiency of bacterial inactivity by the synergism between 
different components, such as the antibacterial activity of Ag in the wide 
spectrum, self-cleaning behavior of TiO2 and its rGO hybrid, and also the 
added stability and optical absorptivity by graphene layers. For the 
analysis, 1 gL− 1 suspension of the respective photocatalysts in milli-Q 
water was prepared and inoculated with two strains of bacteria, and 
thereafter subjected to visible-light excitation for 5 h. The colonies 
thereafter developed on the agar plates in the presence of photocatalysts 
were recorded at time intervals of 1 h. The recordings were done as 
CFU/mL (colony forming unit/mL). The antibacterial efficiency of the 
synthesized photocatalysts were presented as N/N0% vs. time, where N0 
is the initial number of viable microorganisms, and N is the number of 
microorganisms at a particular time, t. The graphical representation of 
antibacterial test results with TiO2, Ag/TiO2, and Ag/TiO2/rGO photo-
catalysts against E.coli and S. aureus bacterial colonies are shown in  
Fig. 8. A similar pattern of bacterial inactivation was obtained for all 
catalysts but the rate of inactivation obtained was different for the 
parent TiO2 sample and its hybrids with Ag and rGO. Amongst the all, 
Ag/TiO2/rGO ternary hybrid showed superior photocatalytic antibac-
terial efficiency with both strains of bacteria. A visible decrease in 
bacterial growth was observed in the presence of all catalysts when 
subjected to visible-light excitation. Almost 100% bacterial inactivation 
was obtained within 180 min of photoexcitation with Ag/TiO2/rGO 
ternary hybrid for both gram-positive and gram-negative strains of 
bacteria. While for binary Ag/TiO2 hybrid, it required 300 min of irra-
diation, and that of pristine TiO2 required still longer period of excita-
tion was required for complete inactivation. However, all hybrids 
including pristine TiO2 showed a superior photocatalytic bacterial 
disinfection compared to the standard P-25 TiO2 nanoparticles, reported 
elsewhere [61]. 

Fig. 9 illustrates the images of colonies of E. coli and S. aureus on agar 
plates in presence of different catalysts at various time intervals of 
photoexcitation. It is evident from the results that pristine TiO2 itself can 
kill bacterial colonies due to the generation of ROS by photocatalytic 
mechanisms. The increment in the bacterial inactivation by the incor-
poration of Ag nanoparticles can be attributed to its ability in extending 
optical absorption to the visible region, and thus assisting TiO2 to exhibit 
visible-light photocatalytic activity [62]. Besides, Ag also can interact 
with thiol groups of bacterial enzymes leading to their deactivation 
[63]. On the further addition of rGO to Ag incorporated TiO2 photo-
catalysts, the optical absorption is further enhanced in the visible region. 
Moreover, rGO layers function as an electron acceptor accepting pho-
togenerated electrons from the conduction band of TiO2 and trans-
porting the electrons within itself due to its π-π conjugation. Thus, 
reduced recombination of photogenerated charge carriers in the ternary 
hybrid along with its enhanced absorption in the visible region due to Ag 
and rGO components, enabled the hybrid to excel with superior efficacy 
of bacterial inactivation. The charge carriers react with adsorbed H2O or 
O2 molecules on the catalyst surface and form reactive oxygen species 
(ROS) which are viable to tamper the cell wall integrity of bacteria [64]. 
Earlier literatures of TiO2 nanoparticle hybrids with Ag or rGO have 
displayed impressive photocatalytic results compared to their parent 
samples. A summarized glance of the photocatalytic self-cleaning and 
antibacterial behavior is tabularized and compared in Table S1. 

3.6. The photocatalytic antibacterial mechanism by Ag/TiO2/rGO 
ternary hybrid 

The incorporation of metal nanoparticles to a semiconductor is al-
ways reported with an enhancement in the photocatalytic activity owing 
to the advantages from localized surface plasmon resonance (SPR) effect 
by the metal nanoparticles [65]. The SPR effect is explained as the 
appearance of resonant oscillation by the conduction electrons due to its 
interaction with incident photons. This resonance can inject hot 

Fig. 8. Photocatalytic inactivation of (a) E. coli and (b) S. aureus with TiO2 and 
its binary and ternary hybrids with Ag and rGO. 
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electrons to the conduction band of the semiconductor thereby 
enhancing the availability of charge carriers. Besides, the added ad-
vantages of creating an interface between the semiconductor and metal 
nanoparticles include visible-light harvesting, efficient charge separa-
tion and transfer, reduction in the diffusion length of photogenerated 
electrons and holes [66,67]. The interface created between Ag and TiO2 
thus facilitates the movement of electrons and holes in different di-
rections thereby reducing their recombination rate. The presence of 
graphene layers further enhances the photoactivity by accepting elec-
trons from the conduction band of TiO2, and their transfer due to its 
delocalized structure. 

A tentative mechanism for the visible-light antibacterial disinfection 
of Ag/TiO2/rGO ternary hybrid is depicted in Fig. 10. On exposure of the 
ternary hybrid to visible light, the photoexcitation of TiO2 is limited due 
to its wide bandgap, where Ag nanoparticles act as a photosensitizer. 
Thus, light is harvested by Ag nanoparticles in the visible region which 
excited Ag surface plasmon creating coherent oscillation of hot electrons 
leading to the interband excitation thereby gives adequate energy to the 
electrons to overcome the Schottky barrier (0.4 eV above Fermi level, Ef) 

at the interface of Ag and TiO2 [68,69]. Thus, SPR excited electrons are 
transferred to the CB of TiO2, where the electrons may get subsequently 
reacted with adsorbed O2 molecules on the photocatalyst forming su-
peroxide radical (•O2‾). Or else, these SPR excited electrons can be 
transferred to rGO sheets. This transfer of electrons are energetically 
favorable as the electron affinity of anatase TiO2 nanoparticles (4.2 eV) 
are slightly below the work function of graphene layers (4.42 – 4.66 eV) 
[70–72]. The interfacial charge separation and transfer of electrons is 
facilitated by the π-π conjugation of two-dimensional rGO layers. These 
electrons at the rGO surface also generates •O2‾ radicals. Laterally, Ag 
oxidized by SPR effect gets regenerated by themselves accepting elec-
trons from H2O or hydroxide ions present in the medium, i.e., the 
so-formed holes react with H2O or hydroxide ions to form hydroxyl 
(•OH) radicals. In short, it is manifested that various ROS are produced 
by the injection of SPR electrons into the CB of TiO2, from where the 
electrons are transferred to rGO layers and transferred to various pho-
tocatalytic sites alleviated by its π-π conjugation [73]. Thus, 
Ag/TiO2/rGO hybrid shows superior photoactivity than Ag/TiO2 or 
pristine TiO2 samples. Moreover, the high-energy facets exposed by the 

Fig. 9. Images of (a) E. coli colonies and (b) S. aureus colonies on agar plates after various time intervals in presence of different photocatalysts under visible- 
light excitation. 
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shared morphology of nanoellipsoids and nanocuboids for TiO2 have 
added the spatial separation of holes from electrons making them 
available for further photocatalytic mechanisms. When the hybrid is 
photoexcited in presence of bacterial colonies, the so-produced ROS 
interacts with the cell membrane of microbes resulting in changing/-
rupturing its physiology. This results in cell death by the triggered 
outflow of intracellular components. The leakage of DNA/protein, 
inactivation of cytoplasmic proteins and enzymes, are the various pro-
cess that takes place on the interaction of ROS with bacterial cell, that 
eventually leads to cell lysis [74–76]. Also, ROS can result in the 
oxidation of DNA causing gene alteration leading to cellular dysfunc-
tioning which can also lead to bacterial cell death [77,78]. 

4. Conclusion 

In this work, the binary and ternary hybrids of TiO2 with silver and 
reduced graphene oxide were prepared by the hydrothermally modified 
sol-gel synthesis method. Ag nanospheres for the hybrid synthesis were 
prepared by the polyol method and was incorporated into the synthesis 
procedure before the addition of TiO2 precursor. About 0.44 wt% Ag 
was incorporated into the hybrids as evident from EDX analysis. XPS 
together with XRD and TEM affirmed the metallic state for Ag in its FCC 
crystal lattice structure. 0.1 wt% GO incorporated ternary Ag/TiO2/rGO 
hybrid always showed better photocatalytic activity than binary Ag/ 
TiO2 hybrid. The self-cleaning property of Ag/TiO2/rGO hybrid showed 
almost complete photodegradation of MB dye (10 mg L− 1 aqueous so-
lution) within 150 min of visible-light excitation with a kinetic rate 
constant, k of 18.4 × 10− 3 min− 1 (k for Ag/TiO2 was 13.8 ×10− 3 

min− 1), with a photo-induced wettability of 23◦ (from 28◦) within 
30 min of visible-light excitation. Both the hybrids showed good anti-
bacterial behavior under visible-light photoexcitation and were per-
formed with E.coli (gram-negative bacteria) and S. aureus (gram-positive 
bacteria). Almost 100% bacterial inactivation was obtained using Ag/ 
TiO2/rGO ternary hybrid within 180 min of photoexcitation. Finally, the 
proposed mechanism postulates that Ag nanoparticles when photoex-
cited in the visible region, inject hot electrons by SPR effect to the 
conduction band of TiO2, from where it is transferred to the conducting 
graphene layers. This enables greater availability of electrons at the 
photocatalytic surface, and at the same time, facilitates charge separa-
tion and transfer assisted by Ag and rGO components, which is reflected 
as the superior photocatalytic activity of the ternary hybrid. The pho-
togenerated charge carriers produce ROS, which is accountable for the 

cell lysis of bacteria. Thus the present study contributes to developing a 
facile synthesis strategy for Ag/TiO2/rGO ternary hybrid, which can be 
applied as potential candidates to allied fields of photocatalytic self- 
cleaning and antibacterial surfaces and coatings. 
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Abstract
An imidazole based Schiff base (2-[(1H-imidazole-2-ylmethylene)-amino]-4-methyl-phenol) (IMP), with an imine unit, has 
been designed and characterized by various standard methods. The evaluation of the probe as a fluorogenic sensor for  Zn2+ 
and a chromogenic sensor for  Co2+ has been rationalized in terms of the PET mechanism. In the presence of  Zn2+, a light 
yellow colored solution of IMP with maximum absorption of 364 nm becomes bright yellow with maximum absorption of 
410 nm and a measurable fluorescent signal at 612 nm with bathochromic enhancement. The sensitivity of the fluorescent 
based assay (6.78 ×  10–9 M) for  Zn2+ is far below the limit in the World Health Organization (WHO) guidelines for drink-
ing water (7.6 ×  10–5 M) and therefore it is capable of being a practical system for the monitoring of  Zn2+ concentrations 
in aqueous samples. Moreover, IMP showed a highly selective colorimetric response to  Co2+ by displayed an obvious pink 
color upon addition of metal solution immediately without any interference from other ions. These results provide a new 
approach for selectively recognizing the two most important trace elements in the human body simultaneously, for  Zn2+ by 
emission spectra and  Co2+ by the naked eye.

Keywords Imidazole · Colorimetric · Fluorogenic · Zn2+ · Co2+

Introduction

In recent years, fluorescent molecular sensors for the 
detection of various metal ions have been an extensive 
area of research due to several advantages over other tech-
niques [1–3]. A large portion of the metal ions assuming a 

significant role in an assortment of industrial tasks like food, 
drug, paper, material, water treatment, assembling of bat-
teries, and electronic field [4–6]. Fluorescence technology 
was broadly improved from the year 1960s and there has 
been sensational development in the utilization of fluores-
cence for cell and atomic imaging that can be seen today in 
various disciplines. In particular, Schiff bases have excel-
lent coordination environment, which makes them more 
convenient to be used as a fluorescent probe for the detec-
tion of metal ions [7–9]. Schiff base subsidiaries containing 
nitrogen–oxygen-rich coordination as a receptor site pave an 
effective medium for fluorescent detection with observable 
color change [10–12].

Zinc is perhaps the most flexible and essential metal 
with diverse biological functions like cistron  transcrip-
tion, brain  performance, pathology, immune  perform, 
and cell  replica  [13–15]. Thus, hereditary irregularities 
prompting the misregulation in the activities of zinc metal 
may cause various sicknesses like cerebral ischemia, amyo-
trophic sidelong sclerosis (ALS), Parkinson's illness, and 
epilepsy [16]. Because of the absence of spectroscopic 
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marks of  Zn2+, it involves incredible significance to create 
productive recognizing and observing techniques for  Zn2+ 
[17]. Fluorescence based recognition is an amazing asset to 
identify  Zn2+ due to its high affectability and quick reac-
tion. To date, the number of chemosensors for  Zn2+ has been 
developed, but a few of them actually experience issues in 
distinctive  Zn2+ from other metals. Therefore, it is desir-
able to develop a method for monitoring and detecting  Zn2+, 
which would offer a promising approach to study its actions 
in biological, medical, and environmental circumstances 
[18].

Cobalt is an essential trace element that is actively 
involved in the development of vitamin B12 which is also 
found in specific minerals of the earth's crust [19, 20]. 
Although a variety of methods, such as atomic absorption 
spectroscopy [21, 22] chemiluminescence [23, 24], and ICP 
mass spectrometry [25–27], are widely used to detect cobalt 
ions, they have disadvantages because of high-cost technic. 
Hence, the interest for techniques that are straightforward 
and particular to distinguish cobalt particles is persistently 
expanding. Among these recognition strategies, a colorimet-
ric technique for the location of metal particles is very much 
needful. With recent development in technology, the inven-
tion of a new small molecular systems as a probe in different 
forms are developing as an important colorimetric receptors 
for metal ions [28, 29]. Also, the visual sensing of  Co2+ over 
a wide range of transition metal ions using imidazole cored 
Schiff base is an important method of detection which allows 
a direct analysis of the substrate [30].

At hand, for these reasons, we report the design, synthe-
sis and spectroscopic characterizations of a novel imidazole 
bound Schiff base based chemosensor, IMP for selective 
fluorometric and colorimetric detection of  Zn2+ and  Co2+ 
respectively. The unique combination of imidazole and aro-
matic phenolic moiety with imine as a bridge results in the 
excellent coordination to metal ions by providing the dual 
property of the sensor. Until now, there are no reports on 
imidazole bound Schiff base sensor can successfully dis-
tinguish  Zn2+ and  Co2+ by turn-on fluorescence and visual 
effect. Moreover, it would quantify  Zn2+ in the water sample 
appreciated the efficacy of the probe.

Experimental

Reagents and Equipment’s

All the solvents (analytical and spectroscopic grade) were 
retrieved commercially. All the needed chemicals were pur-
chased from Sigma-Aldrich. The stock solutions of various 
metal ions were prepared from Zn(OAc)2·H2O, NaCl, KCl, 
 SrCl2.6H2O,  InCl3,  MnCl2, Cu(OAc)2, Co(OAc)2·H2O, 
Hg(OAc)2,  NiCl2·6H2O, Pb(OAc)2·H2O,  FeCl2.4H2O,  FeCl3, 

Mg(OAc)2·4H2O and Cd(OAc)2·H2O. The melting point of 
the synthesized probe was analyzed by an electrical heating 
method using capillary tubes.

Absorption spectra were recorded at room temperature 
using Thermo Scientific™ Evolution 201 UV–visible Spec-
trophotometer. FT-IR spectrum was worked on JASCO-8000 
FT-IR spectrophotometer using KBr pellets in the range of 
400–4000  cm−1. Elemental analysis of probe was done using 
an ElementarVario EL III CHN analyzer at Sophisticated 
Test and Instrumentation Centre (SAIF), Cochin University 
of Science and Technology, Kochi, India. 1H (400 MHz)  
and 13C NMR (100 MHz) spectra were recorded in DMSO-
d6 as the solvent on a Burker Advance DRX 300 FT-NMR 
spectrometer with TMS as the internal standard. Liquid 
chromatography–mass spectrometry (LC–MS) was worked 
on a Waters 3100 Mass Detector using ESI–MS technique at 
Cochin University of Science and Technology, Kochi, India. 
Fluorescence measurements were performed on a Horiba 
Fluorolog3 FL-1057 model fluorescence spectrometer.

Synthesis of IMP

(2‑[(1H‑imidazole‑2‑ylmethylene)‑amino]‑4‑methyl‑phenol) A 
solution of Imidazole-2-carboxaldehyde (0.20 g, 2 mmol) in 
methanol was added slowly to a solution of 2-amino-p-cresol 
(0.25 g, 2 mmol) in methanol. The reaction mixture was 
blended for 8 h at 60 °C. The resulting light yellow colored 
solution was allowed to evaporate at room temperature. Anhy-
drous ether was added to deposit a yellowish precipitate. The 
precipitate obtained was washed several times with methanol 
which was then recrystallized from DMF and then dried in 
vacuo over anhydrous  CaCl2. The purity of the compound was 
tested with TLC (Hexane:Methanol 10:1). The yield: 0.29 g 
(81%), m.p. 115 °C (Scheme 1). UV–vis: λmax 294, 362 nm. 
FT-IR: 3300  cm−1 (νOH), 3020  cm−1 (νNH), 1624  cm−1 (νC=N of 
imine), 1589  cm−1 (νC=N of imidazole). 1H NMR (400 MHz, 
DMSO-d6, 25 °C): δ = 12.62 (s, 1H), 9.78 (s, 1H), 7.80, 7.72 
(dd, 2H), 7.26 (s, 1H), 6.84, 6.75 (d, 1H), 6.51, 6.49 (d, 1H), 
2.50 (s, 3H) ppm. 13C NMR (400 MHz, DMSO-d6, 25 °C); 
δ = 162.88, 148.20, 138.25, 136.46, 131.80, 128.38, 124.51, 
122.48, 122.10, 117.81, 20.98 ppm. LC–MS: m/z calcd for 
 C11H11N3O—H+: 200.40; found 200.04. CHN analysis calcd 

Scheme 1  Synthesis of IMP
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(%) for  C11H11N3O (201.09): C, 64.98; H, 5.01; N, 21.23; O, 
7.35; found: C, 64.78; H, 5 0.12; N, 20.98; O, 7.15.

Analytical Procedure

Fluorescence Titration of IMP with  Zn2+

Probe IMP (96 mg, 1 mmol) was dissolved in 1:9, v/v 0.01 M 
 H2O-DMF, pH 7 (5 ml). Zn(OAc)2·H2O (1 mmol) was dis-
solved in 1:9, v/v 0.01 M  H2O-DMF, pH 7 (5 mL). Taking 
2 mL from each solution and mixing them for a few seconds, 
fluorescence spectra were taken at room temperature.

UV–visible Titration of IMP with  Zn2+

Probe IMP (96 mg, 1 mmol) and Zn(OAc)2·H2O (1 mmol) 
were dissolved in DMF solution (5 mL). 0.5–5 µL of the 
prepared solution was carried for took UV–vis absorption 
spectra at room temperature.

Job’s Plot Measurement of  Zn2+

Probe IMP (1 mmol) was dissolved in 1:9, v/v 0.01 M 
 H2O-DMF, pH 7 (5 mL).PreparedZn(OAc)2·H2O (1 mmol) 
solution in 1:9, v/v 0.01 M  H2O-DMF, pH 7 (5 mL). 30–170 
µL of the analyte solutions were taken and added probe solu-
tions were until it contains 200 µL in each vial. Each vial 
was then diluted with DMF to make a total volume of 3 mL. 
Shaken well the solutions for a few minutes, fluorescence 
spectra were taken at room temperature.

Detection of  Zn2+ with IMP—Competition Experiment.

Stock solutions for various metal ions  (Cu2+,  Fe2+,  Fe3+, 
 Ni2+,  Co2+,  Mg2+,  Zn2+,  Cd2+,  Na+,  K+,  In3+,  Sr2+,  Mn2+, 
 Hg2+ and  Pb2+ were prepared with a 1.0 ×  10−3 M concen-
tration using metal anions in deionized water, and the pH 
was 6.45. The solution of the probe IMP was prepared with 
a concentration of 1.0 ×  10−3 M in DMF, and the pH of the 
solution was nearly 7.

Quantum Yield Measurement

Quantum yield (QY) is defined as the efficiency of con-
verting absorbed light into emitted light, which can be in 
the form of fluorescence. The QY of IMP and IMP-Zn2+ 
was measured by a comparative fluorescence method using 
Rhodamine B in 1 ×  10–3 M DMF as the standard (std) solu-
tion (QYstd = 0.97 at an excitation wavelength of 414 nm, 
nstd = 1.36). The QY of probe and complex were calculated 
by Eq. (1).

Where ms , mr , �s , and �r represent slope and refractive 
index of the solvent of sample and reference which is meas-
ured by fluorescence spectrophotometer, respectively.

Calculation of the Binding Association Constant 
for IMP‑Zn2+ Complex

The association constant  (Ka) was calculated using the Ben-
esi-Hildebrand plot (or a double-reciprocal plot) as shown 
in Eq. (2).

where; I is the experimentally measured fluorescence inten-
sity, I0 is the fluorescence intensity of probe IMP alone, and 
Imax is the saturated fluorescence intensity of the IMP-  Zn2+ 
complex.

Quantification of  Zn2+ in Real Samples

The application study of probe IMP has been done in two 
different kinds of water samples collected from our home. 
The fluorescent analysis was carried out by adding 50 µL 
(1 mmol) of probe IMP to a 3 mL real sample solution hav-
ing  Zn2+. Solutions were blended for about 10 min at 25 °C. 
Their fluorescence spectra were obtained.

Colorimetric Chemosensor

Naked Eye and UV–vis Detection of  Co2+

Receptor IMP (96 mg, 1 mmol) was dissolved in a set of 
polar and non-polar solvents (2 mL) and 20 µL of the recep-
tor IMP was mixed with 20 µL of Co(OAc)2·H2O solution 
in DMF. After few seconds, UV–visible absorption spectra 
were taken at room temperature.

Job’s Plot Measurement of  Co2+

Receptor IMP (96 mg, 1 mmol) was dissolved in DMF 
(2 mL). Added 30–170 µL of the analyte solutions into 
receptor solutions taken in each cuvet by made up to a 
total of 200 µL volume. DMF was poured to mark up to 
3 mL volume of the total solution. After shaking the solu-
tions, UV–visible absorption spectra were recorded at room 
temperature.

(1)QYSample = QYreference ×
ms

mr
×

[

�s

�r

]

2

(2)
1

I − I0
=

1

Ka
x(Imax − I0)x[Zn2+] +

1

Imax − I0
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Detection of  Co2+ with IMP—Competition Experiment.

For the color change analysis, UV–visible spectra were 
recorded. The colorimetric detection of various metal ions 
was carried out at room temperature using 1 mL volume of 
each metal ion solution of a 1.0 ×  10−3 M concentration and 
1 mL of the Schiff base ligand (1.0 ×  10−3 M), and the solution 
mixture was diluted to 10 mL by adding the DMF solvent. The 
pH of the solution mixture was 7.25. After mixing properly, 
the UV–visible spectra of the mixtures were recorded.

Calculation of the binding association constant 
for IMP‑Co2+ complex

The association constant  (Ka) was calculated using the 
Benesi-Hildebrand plot (or a double-reciprocal plot) as 
shown in Eq. (3).

Where; A is the experimentally measured absorbance inten-
sity, A0 is the absorbance intensity of probe IMP alone, and 
Amax is the saturated absorbance intensity of the IMP-  Co2+ 
complex.

Results and Discussion

We synthesized the new imidazole bound system as 
a sensor molecule IMP by following the general route 
of bonding a hetero aromatic aldehyde to an aromatic 
cresol and characterized by CHN analysis, UV–visible, 
FT-IR, elemental analysis, LC–MS and 1H and 13C NMR 
techniques.

(3)
1

A − A0
=

1

Ka
x(Amax − A0)x[Co2+] +

1

Amax − A0

Fig. 1  A comparative UV–visible spectra of IMP and IMP-Zn2+
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Fig. 3  Combined fluorescence spectra of ligand IMP and IMP +  Zn2+

Fig. 4  Effect of concentration of IMP on fluorescence change of the 
system
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Spectral Characterizations

The elemental concentrations of carbon, hydrogen, and 
nitrogen in the synthesized ligand were determined using 
CHN analysis. The results indicate that the synthesized 
compound is analytically pure and is in good agreement 
with the proposed chemical formula. The electronic spec-
tral investigations were carried out in 1.0 ×  10–5 M DMF 
solution of ligand in the range of 200–800 nm. The spec-
tral assignments for electronic transitions in ligand and 
peaks attributed to starting materials lying in the region 
of 200–260 nm and 200–300 nm for aldehyde and amine 
respectively. As per the spectra, a new peak is formed in 
the region of 350–370 nm indicated the presence of the 
imine group. The two absorption maxima corresponding 
to two intra ligand transitions: a weak peak and a strong 

peak at 294 nm and 362 nm. Low energy band is due to 
n → π* on -HC = N- group which is characteristic of the 
Schiff base [31]. The high energy band can be attributed 
to the π → π* transitions on imidazole and phenol aromatic 
rings [32]. The important bands observed in the IR spec-
trum of the ligand along with their functional group assign-
ments as per the literature data of similar compounds and 
the four characteristic peaks around 3300  cm−1, 3020  cm−1, 
1624  cm−1and 1589  cm−1 were registered as vibrational 
modes of O–H stretching, N–H stretching, C = N of newly 
formed imine and C = N of aromatic imidazole ring [33, 
34]. Mass spectrometry was performed on the IMP ligand 
to determine its molecular weight and fragmentation pat-
tern. The molecular ion peak [M-1]+ was observed at m/e 
200.4, confirming the formula weight (F.W.) which is the 
same as the calculated  M+ value. 1H NMR and 13C NMR 
spectrum of the IMP indicated the proof for ligand forma-
tion. Singlet in the region of 2.50 ppm is due to the presence 

Fig. 5  QY graph of ligand IMP

Fig. 6  QY graph of IMP +  Zn2+

Fig. 7  Job’s plot of IMP and  Zn2+

Fig. 8  Effect of time on IMP and IMP-Zn2+
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of methyl protons. The presence of singlet at 9.78 ppm is 
caused due to the presence of imine H. Another downfield 
singlet discernible at around δ 12.63 was allotted to NH 
proton. The fairly higher downfield effect on NH proton 
owed to strong intramolecular H bonding. The remaining 
protons of aromatic moieties were present in the form of 
singlet and doublets at δ 6.49–7.80 ppm [35]. The proton 
decoupled 13C NMR spectrum provides direct information 
about the carbon skeleton of the molecule. Signals around 
122 and 136 ppm corresponds to carbons of the imidazole 
ring. Aromatic carbons of phenol ring resonate between 
117–140 ppm. A high value near 162 ppm is due to the 
presence of imine carbon. Carbon attached to OH reso-
nates at 148 ppm. The methyl group in phenol resonates 
at 20 ppm [36].

Optical Response of IMP Towards  Zn2+

The ligand IMP contains imidazole moiety is frequently 
found as an indispensable piece of a fluorophore which gives 
oxygen to metal coordination and an acidic proton which 
could be lost open metal chelation to frame a monoanionic 
compound. Also, the lone pairs on imine nitrogen and soli-
tary sets on imidazole nitrogen have been adding to develop 
a steady metal complex by clung to the empty d orbital of 
metals. The underlying visibility and substance properties 
are anticipated to prompt metal particle holding qualities 
not quite the same as the noticed for the beginning materi-
als. Then, we inspected the UV–visible titration for IMP by 
adding traces of  Zn2+ metal solution in DMF. At the point 
when the sensor IMP was titrated with  Zn2+, there seen a 
bathochromic shift in the frequency range, 410–430 nm with 
higher absorption maxima even at lower concentrations of 

Fig. 9  Effect of concentration of  Zn2+ on the fluorescence intensity of IMP and inset represents linear calibration graph between the ratio of fluo-
rescence intensities and concentrations of  Zn2+

Fig. 10  Linear representation of binding constant for IMP-Zn2+ com-
plex Fig. 11  Effect of pH on IMP
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the analyte. Additionally, the peaks at 294 nm and 364 nm 
for the IMP ligand were dense together to form a new peak 
in the area of 340–350 nm for the metal complex (Fig. 1). 
The new peak formed thus confirmed the clean conversion 
of IMP to IMP-Zn2+ complex.

The photophysical properties and sensing behavior of 
the ligand IMP were investigated using UV absorption and 
fluorescence spectroscopy. First, the UV–vis spectrum of the 
ligand IMP (1 ×  10–3 M) was recorded in DMF. IMP exhib-
ited two absorbance peaks at 294 and 364 nm correspond-
ing to the π – π * and n – π * transitions, respectively. Also, 
the fluorescence emission spectra of IMP were measured in 
DMF (1 ×  10–3 M) and the emission peak was observed at 
474 nm for IMP. The ligand exhibited excellent absorption 
and fluorescent characteristics are shown in Fig. 2.

Upon the addition of  Zn2+ ions to IMP in DMF, attrac-
tive change has been noticed (Fig. 3), where the fluores-
cent intensity peaks for ligand would disappear and a new 
peak with enormous fluorescent enhancement is observed 
at 612 nm. Since the ligand is non-fluorescent showed a 
fluorescent intensive peak around the region 474 nm. The 
complete disappearance of peak obtained for IMP alone in 
IMP-Zn2+ complex confirmed the chelation power of metal 
towards the active site of the ligand.

We have investigated the concentration of ligand IMP to 
attain sensitivity. A graph was plotted on the concentration 
of IMP with a difference in fluorescence intensity, (I-I0)/
I0, where  I0 is the fluorescence intensity of probe alone and 
I is the fluorescence intensity of probe with an analyte. In 
Fig. 4, there was a sharp increase in intensity on increasing 

Scheme 2  Proposed binding 
mechanism of IMP with  Zn2+

Fig. 12  Fluorescent intensity of 
IMP in DMF due to 1 equi. of 
metal ion. The fluorescence due 
to  Zn2+ is shown as a new peak 
and fluorescence due to other 
metal ions and IMP are the 
baseline curves
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the concentration of probe but reached a maximum value at 
5 ×  10–8 M and becomes constant. Hence we used the same 
for further studies.

The QY graphs are plotted against absorbance versus 
fluorescence intensity for IMP alone (Fig. 5) and IMP-Zn2+ 
(Fig. 6). From the QY calculations (Eq. 1), the fluores-
cence quantum yields of probe IMP in the free and  Zn2+ 
bound state were found to be 0.0093 and 0.7873 respec-
tively. However, probe with  Zn2+ with quantum yields 
higher than 0.1 is still considered quite fluorescent and 
IMP with quantum yield lesser than 0.1 is considered as 
non-fluorescent [37].

A job’s plot was drawn by taking the concentration of 
analytes on x-axis and fluorescence intensity corresponds to 
the analyte in y-axis showed the 1:2 binding between analyte 
 Zn2+ and the probe IMP (Fig. 7). Further characterization of 
IMP-Zn2+ complex was done by CHN analysis. calcd (%): 
C, 57.89; H, 5.67; N, 16.88; O, 6.43. This might be a piece 

of evidence for the 1:2 molar complexation of the probe 
with an analyte.

Change in fluorescence intensity with time was studied 
by illuminating the probe solution in the absence and pres-
ence of  Zn2+ respectively. The IMP solution gave a stable 
fluorescence signal up to 21 min. Upon addition of  Zn2+, 
the fluorescence intensity of the probe enhanced with much 
more photostability which eliminates the time -consuming 
incubation step disposes by many of the existing methods 
for real samples (Fig. 8).

Execution of the Sensor

Effect of Concentration

On expanding the centralization of  Zn2+, a consistent expan-
sion in the intensity just as an adjustment of the shape of 
the fluorescence signal was noticed (Fig. 9). A calibration 
graph was plotted with a concentration of  Zn2+ against I/
I0, and it was found to be linear in the range 5 ×  10−8 to 
5 ×  10−7 M (inset of Fig. 9). The limit of detection and limit 
of quantification was calculated using equations ‘3S/ m’ and 
‘10S/ m’, where ‘S' was the standard deviation and ‘m’ was 
the slope of the calibration graph. The limit of detection 
and limit of quantification was found to be 6.78 ×  10–9 M 
and 2.26 ×  10–8 M respectively. In the presence of  Zn2+, the 
probe IMP shows selective chelation enhanced fluorescence 
(CHEF) [38, 39]. The upgrade in fluorescence spectra in 
this manner force inflexibility and consequently decline the 
nonradiative decay of the energized state. In out range focus, 
the intensity of IMP isn't change due to the zinc particle 
uncomplexed.

The binding association constant  (Ka) was graphically 
evaluated by plotting 1/(I-I0) versus 1/[Zn2+], as shown in 
Fig. 10. From the linear relationship graph, the  Ka value 
calculated from Eq. (2) was 3.96 ×  106  M−1.

Fig. 13  Interference fluorescence of IMP-Zn2+ complex in the pres-
ence of various metal ions

Table 1  Comparison of the characteristics of the IMP sensor with those of the previously reported  Zn2+ sensor

Sensor Dynamic Range (M) Detection Limit (M) Interfering Ions Ref

4-chloro-2-(5-phenyl-1-(pyridin-2-yl)-4,5-dihydro-1H-
pyrazol-3-yl)phenol

0 to 7.0 ×  10−6 1.2 ×  10−7 Ni2+,  Cd2+,  Co2+,  Cu2+ [38]

Tris(3-(2-hydroxyacetophenone)propyl)amine 1.6 ×  10−7 to 5.0 ×  10−5 8.8 ×  10−8 Cu2+ [41]
(E)-3-((4-(diethylamino)-2-hydroxybenylidene)amino)-

2,3-dihydrothiophene-2-carboxamide
0 to 8 ×  10–5 2.55 ×  10–6 No interference [42]

2-[(2-Hydroxy-benzyl)-pyridin-2-ylmethyl-amino]-N-quinolin-
8-yl-acetamide

- 66 ×  10–9 Ni2+,  Fe2+,  Co2+,  Cu2+ [37]

N,N phenylenebis salicylideaminato 1.6 ×  10−7 to 1.0 ×  10−5 1.5 ×  10−7 Co2+ [43]
(E)-(2-((2-nitrobenzyl)(2-((E)-(2-hydroxynaphthalen-1- 

yl)methyleneamino)ethyl)amino)ethylimino)methyl)
naphthalen-2-ol

- 1.0 ×  10−7 - [39]

2-[(1H-imidazole-2-ylmethylene)-amino]-4-methyl-phenol 5 ×  10−8 to 5 ×  10−7 6.78 ×  10–9 No interference This work
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Effect of pH

To find out whether the probe IMP is stable at acidic or basic 
pH conditions, we need to take the fluorescence spectra in 
the pH range 1–10 (Fig. 11). From which, we have remarked 
that the highest fluorescent intensity was observed at pH 7 
indicated the stability of probe in basis buffer. Hence, we did 
further experiments in the same buffer solution.

Mechanism of  Zn2+ Detection

The probe, IMP alone could act as a non-fluorescent system 
and becomes highly fluorescent upon binding with  Zn2+ 
ions due to the formation of a rigid system. We have been 
attempted to be rationalized on the basis of PET mecha-
nism, which is a commonly used strategy for metal sensing 
fluorosensors showing intensity enhancement in the presence 
of suitable metal ions. The enhanced fluorescence in our 
system is a consequence of combined effects of chelation-
enhanced fluorescence (CHEF), C = N isomerization, and 
inhibition of photo-induced electron transfer (PET). In order 
to substantiate it, the quantum yield values for IMP before 
and after binding have been undertaken [40].Scheme 2 
Proposed binding mechanism of IMP with Zn2+Scheme 2 
Proposed binding mechanism of IMP with Zn2+Scheme 2 
Proposed binding mechanism of IMP with Zn2+

Selectivity and Interference Studies

Perhaps the main property of a sensor are its selectivity. 
To contemplate the selectivity of the test, various species 
(1 ×  10−5 M) that are either primarily comparable or coin-
ciding or the same grouped metal ions were taken and their 
effect on fluorescence intensity of IMP was noticed. The 
fluorescent enhancement in the spectra is not seen for other 
metal ions such as  Cu2+,  Fe2+,  Fe3+,  Ni2+,  Co2+,  Mg2+, 
 Cd2+,  Na+,  K+,  In3+,  Sr2+,  Mn2+,  Hg2+, and  Pb2+. The 
selectivity of the probe towards  Zn2+ is shown in Fig. 12. 
Hence the sensor should be an ideal probe for zinc- 
containing samples while the sample has metals of a simi-
lar group. Noting the selective fluorescence enhancement 
due to  Zn2+, metal ions were tested for their ability to 
inhibit the fluorescence of the IMP-Zn2+ complex. The 
metal ions selected for interference studies were  Cu2+, 
 Fe2+,  Fe3+,  Ni2+,  Co2+,  Mg2+,  Cd2+,  Na+,  K+,  In3+,  Sr2+, 
 Mn2+,  Hg2+, and  Pb2+. The intensity of the peak of IMP 
with  Zn2+ had no effect upon addition with metal ions 
except for  Fe3+,  Hg2+,  Cu2+, and  Cd2+ (Fig. 13). The later 
metal ions might interfere with the peak intensity with 
a signal change of 5%. Meanwhile, upon adding more 
equivalents of metal ions (1:5, 1:10, etc.), the fluorescent 
intensity peaks get lowered with significant interference.

Fig. 14  Color of IMP upon 
addition of various metal ions

Fig. 15  UV–visible spectrum of IMP in various solvents Fig. 16  UV–visible spectrum of IMP-Co2+ in various solvents
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It was found that the probe IMP exhibits an off–on-
type mode with high selectivity in the presence of  Zn2+ 
ions. The fluorescence spectra results revealed that the 
fluorescence emission intensity of probe IMP decreased 
dramatically on complex formation and the  Zn2+ com-
plexes showed high emission maxima. In addition, the 
examination of the characteristics of the IMP sensor with 
those of the recently announced  Zn2+ sensor is organized 
in Table 1.

Colorimetric Chemosensor

During the fluorescence investigation of detecting  Zn2+ in 
DMF, we noticed the color changes of IMP within the sight 
of  Co2+ ion instead of some other metals. Consequently, we 
inspected the chromogenic detecting capacity of IMP within 

the sight of an assortment of metal particles like  Cu2+,  Fe2+, 
 Ni2+,  Co2+,  Mg2+,  Zn2+,  Cd2+,  Na+,  K+,  In3+,  Sr2+,  Mn2+, 
 Hg2+, and  Pb2+ in DMF. The receptor IMP showed prompt 
color changes from dull to pink in the presence of  Co2+ and a 
very low yellow intense in presence of  Zn2+ which was pur-
posefully omitted. While different metals caused no adjust-
ment of color (Fig. 14).

However, the receptor IMP was miscible completely in 
DMF and other organic solvents. Even there seen partial 
miscibility in presence of highly polar water solvent with 
low-intensity peak assigned for n → π* transition which was 
inferred from the UV–visible spectrum (Fig. 15). All other 

Fig. 17  A comparative UV–visible spectra of IMP and IMP +  Co2+

Fig. 18  Effect of concentration of IMP on absorbance change of the 
system

Fig. 19  UV–visible absorption spectra of IMP in the presence of dif-
ferent metal ions (1:1)

Fig. 20  UV–visible absorption spectra of IMP-Co2+ in the presence 
of different metal ions (1:1)
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solvents do not cause any change in the absorption spec-
trum of IMP since it has two peaks in the region of 312 nm 
and 358 nm as weak and strong peaks respectively. So the 
need for solvent effect in the UV–visible spectra of IMP 
with  Co2+is mandatory. Upon adding  Co2+, a new peak was 
formed at 474 nm indicated the transfer of free ligand into 
the metal complex. Even though, DMF is the best solvent 
for the complexation of receptor IMP with  Co2+ ion with 
an enhancement in the absorption intensity at 460 nm was 
cleared from Fig. 16. Hence we continued the studies in 
DMF and not with buffer solutions. The UV–visible spectra 
changes of IMP and IMP-Co2+ was shown in Fig. 17.

The sensitivity of receptor IMP towards  Co2+ was deter-
mined. The concentration of receptor IMP was obtained by 
plotting [IMP] against (A-A0)/A0 (Fig. 18) and it was found 

to be 5 ×  10–8 M where  A0 is 0.051 nm. The selectivity of 
receptor IMP towards various metal ions (Fig. 19) suggested 
the future scope of the sensor with rapid determination and 
efficacy. No other metals shown any color change and char-
acteristic peak in the region of 450–475 nm. The new peaks 
formed in the IMP-Co2+ complex might be attributed to 
metal to ligand charge transfer (MLCT), which is responsi-
ble for the pink color of the solution. Moreover, it is quali-
fied to specify that the receptor IMP could be utilized as a 
test for the separation of  Co2+ from  Zn2+ by the naked eye.

To examine the interference of IMP-Co2+ complex in 
presence of other competing metal ions such as like  Cu2+, 
 Fe2+,  Ni2+,  Mg2+,  Zn2+,  Cd2+,  Na+,  K+,  In3+,  Sr2+,  Mn2+, 

Fig. 21  Relative effect of time on IMP and IMP-Co2+

Fig. 22  Effect of concentration of  Co2+ on the UV–visible absorption spectra of IMP. 10 to 100 µL of  (10–5 M)  Co2+ solutions were added to 
receptor IMP and inset represents linear calibration graph between the ratio of UV–visible absorptions and concentrations of  Co2+

Fig. 23  Linear representation of binding constant for IMP-Co2+ com-
plex
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 Hg2+, and  Pb2+, the UV–visible competitive studies were 
graphically implemented (Fig. 20). Background of most 
competing metal ions did not interfere with the naked-eye 
detection of  Co2+ even in one equivalences (1:1) and multi-
ple equivalence (1:10 and 1:50) of other metal ion solutions.

Next, we need to investigate the time stability of receptor 
IMP alone and IMP-Co2+ complex in a period of 0–21 min at 
room temperature (Fig. 21). From the spectra, there should 
be no change in the characteristic peaks for IMP and IMP-
Co2+ as time consumes. Thus it was kept for a long period of 
time without any reduction in the intensity of spectra, which 
will lead to the application studies in biological samples in 
future.

On comparing the incorporation of  Co2+, a gradual expan-
sion in the intensity of absorption spectra with some sort of 
the change in the peaks maxima was identified (Fig. 22). A 
linear calibration graph was plotted with a concentration 
of  Co2+ against A/A0, where A &  A0 are the absorptions 
of analyte and probe respectively. It was found to be linear 
in the range 5 ×  10–8 to 5 ×  10−7 M (inset of Fig. 22). The 
limit of detection and limit of quantification was found to 

be 6.74 ×  10–9 M and 2.22 ×  10–8 M respectively. Imidazole 
bound sensor system is still unaware for the researchers and 
our proposed sensor with better detection limit value would 
definitely detect the  Co2+ at the commercial level.

The binding association constant  (Ka) for IMP-Co2+ was 
graphically evaluated by plotting 1/(A-A0) versus 1/[Co2+], 
as shown in Fig. 23. From the linear relationship graph, the 
 Ka value calculated from Eq. (3) was 3.50 ×  106  M−1.

Stoichiometry of the IMP-Co2+ complex was determined 
by Job’s plot which revealed 1:2 ratio (Fig. 24) might be 
in good agreement with the analyte  Zn2+ discussed above. 
There is a smooth transformation of receptor IMP into the 
cobalt complex by effective binding with possible donor 
atoms in the IMP or supported by the PET mechanism. In 
short, the comparison of IMP and other reported sensors 
with analyte  Co2+ is presented in Table 2.

We took the absorbance spectra of receptor IMP at vari-
ous pH conditions (Fig. 25). It is highly stable at alkaline 
pH conditions and thus, we did further experiments in the 
same buffer condition.

Fig. 24  Job’s plot of IMP and  Co2+ in DMF. Total concentrations of 
IMP and  Co2+ were 200 µL

Table 2  Comparison of the characteristics of the IMP sensor with those of the previously reported  Co2+ sensor

Sensor Dynamic Range (M) Detection Limit (M) Ref

2,6-bis(iminomethyl)pyridine 5 ×  10–4 to 5 ×  10−3 - [44]
DISN 0 to 10 ×  10−6 1.24 ×  10–7 [45]
BNHNTA 0.1 to 1.2 ×  10−6 0.05 ×  10–6 [46]
Methylene blue, Aminothiophenol and Copper nitrate complex - 0.04 ×  10–3 [47]
2,2′:6′,2′′-terpyridine and 2,2′-dihydroxyazobenzene - 0.45 ×  10−6 [48]
2-Chloro-N-(quinolin-8-yl) acetamide and 2-(((pyridin-2-yl) methylamino)

methyl)phenol
- 0.85 ×  10−6 [49, 50]

IMP 5 ×  10−8 to 5 ×  10−7 6.74 ×  10–9 This work

Fig. 25  Effect of pH of IMP on absorbance spectra
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Analytical Application of Detection of  Zn2+ in Water 
Samples

To get clear knowledge on the selectivity conduct, its higher 
selectivity for zinc discovery in this technique, displayed by 
the mentioned sensor, makes it fantastic for observing zinc 
particles at following fixations in various water samples. 
Drinking water and tap water were taken and diluted with 
a buffered solution in a 25.0 mL volumetric flask. Various 
measures of  Zn2+ ions were added to water tests. The pro-
posed sensor was utilized in request to decide the  Zn2+ con-
tent thus the calibration technique was applied. The results 
obtained with the sensor are mentioned in Table 3. It was 
also found that the accuracy of  Zn2+ detection in different 
water samples gives out way to biological sample quantifi-
cation [41].

Conclusion

A new versatile, simple, selective, and efficient imidazole 
bound Schiff base has been synthesized and character-
ized. It exhibited a remarkable selectivity and sensitiv-
ity towards  Zn2+ by fluorescence spectra and for  Co2+ 
by UV–visible spectra over competing for other relevant 
metal ions. The detection limit of the probe with  Zn2+ and 
 Co2+ are far below as compared with other reported sen-
sors. The binding ratios of the probe to  M2+  (M2+ =  Zn2+, 
 Co2+) are 2:1 and the metal association constants are in 
the  106  M−1 range. The probe binds to  Zn2+ through four 
nitrogen atoms and does so through the phenolic oxygen. 
Thus the results reported here provide a novel approach for 
the simultaneous selective identification of  Zn2+ and  Co2+ 
among various metal ions. The attractive properties of this 
method such as selectivity and rapidness would help us to 
extend its applications for the determination of  Zn2+ ions 
in water samples.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10895- 021- 02839-5.
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An Insight into the Biological Properties of Imidazole-Based
Schiff Bases: A Review
Anjali K. Gopalakrishnan, Shanty A. Angamaly, and Mohanan P. Velayudhan*[a]

Imidazole is an azole heterocycle containing two non-adjacent
nitrogen atoms added greatly to natural products and synthetic
compounds. The planar ring system associated with electron-
rich nitrogen donors are essential for the greater affinity of
imidazole derivatives to bind with various bio receptors and
enzymes via weak interactions. It improves the pharmacoki-
netic properties of the pilot molecules consequently utilized as
a solution for aqueous solubility, bioavailability, and toxicity
parameters since it is a polar compound. An organic molecule
with imidazole derivatives has acquired a sustainable place in
medical and clinical fields. The consolidation of the imidazole
unit is a significant synthetic technique in drug development.

The imidazole-based Schiff bases with enormous therapeutic
properties has encouraged the scientists to focus on recently
initiated novel chemotherapeutic agents such as anticancer,
antimicrobial, antioxidant, antiviral, antileishmanial, etc.
Imidazole drugs have expanded the degree of curing different
dispositions in clinical medications. Herein, we have reported
the structural feature of imidazole, design, synthesis of
imidazole derivatives, and its significance. This review aims to
describe the reported materials of imidazole-based Schiff bases
and their derivatives which offer fruitful scope in the field of
medicinal chemistry.

Introduction

The chemistry of organic compounds is described by the way
that a few or all atoms are joined together in form of a ring
and containing at least one atom other than carbon like
nitrogen, oxygen, or sulfur reached the heterocyclic com-
pounds. In their overall design, heterocyclic compounds take
after cyclic organic compounds that join just carbon particles in
the rings however the presence of the heteroatoms gives
heterocyclic compounds whose physical and chemical proper-
ties are regularly distinct from those of all carbon alone ring
systems. A five-membered or six-membered rings with em-
bedded heteroatoms like nitrogen (N), oxygen (O), or sulfur (S)
generalized the feature of heterocycles (Figure 1). The most
popular of the common heterocyclic analogs are pyridine,
pyrrole, furan, and thiophene.[1] Heterocyclic compounds are
excessively found in both synthetic and natural products, are
essential to life with potent pharmacological activity.[2] Also,
heterocyclic compounds exhibited a long range of applications
in the field such as pharmaceuticals, sanitizers, dyestuff,
chemical sensors, corrosion inhibitors, agrochemicals, veteri-
nary materials, etc.[3,4]

Imidazole Chemistry

Medicinal chemistry is the field troubled with investigating the
influence of chemical structure and nature of substituents on

biological activity and newly invented lead compounds with
some structural modification identifies their biological
spectra.[5] The discovery of biologically active compounds and
their mechanism of action favors medicinal chemistry at a
substantial level.[6] Five-membered nitrogen heterocycles with
an imidazole moiety or its derivatives are often found in many
bioactive molecules.[7] Structural designs have been depicted as
privileged structures, however, N-containing polycyclic com-
pounds have been insisted with a wide range of biological
activity. Imidazole, a member of the azole family, shows various
properties. Imidazole-related compounds that have satisfied
drug-likeness parameters might be encouraged by the medici-
nal chemists to synthesize a series of novel chemotherapeutic
agents. Normally, medicinal importance of imidazole expanded
as anticancer,[8,9] enzyme inhibitors,[10,11] antiaging,[12]

anticoagulants,[13] anti-inflammatory,[14] antibacterial,[15,16]

antifungal,[17] antiviral,[18] antitubercular,[19] antidiabetic,[20] and
antimalarial.[21] The outstanding property of imidazole-based
drugs is, even at high concentrations, could exert direct
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Department of Applied Chemistry, Cochin University of Science and
Technology, Kochi 22,
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Figure 1. Some pharmacologically active heterocycles.
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inhibitory action without any toxic effects.[22,23] Imidazole and
its derivatives are accounted for to be physiologically and
pharmacologically active and discover innovations in the treat-
ment of pandemic diseases.

Structure Features of Imidazole

Imidazole was first named by the German scientist Arthur
Rudolf Hantzsch during the year 1857–1935. The first imidazole
was portrayed by Fischer (1882), however, the idea of the ring
framework was shown by Freud and Kuhn (1890).[24–26] In
chemistry, it is an aromatic 1,3-diazole (Figure 2) having two
nitrogen atoms with remaining interconnected carbon atoms
requiring a 14.2 Kcal/mol resonance value which is half the
value of pyrazole. Imidazole, a white solid with C3H4N2 chemical
formula, which is soluble in water and other polar solvents
have been described as a nitrogen-rich pentagonal ring.

Sometimes, it exists as a colorless liquid, arranged linearly,
having a weak intermolecular H-bonding interaction (Figure 3)
resulted in a high B.P. value of 256 °C than all other five-
membered heterocyclic compounds.

It is a polar compound with a dipole value of 3.61 D and
exhibited a higher value of 4.8 D in dioxane media. It meets the
M.P. value at 90 °C. It exists in two tautomeric forms (Figure 4)
via labile hydrogen atom on two nitrogen atoms.

The compound is aromatic with six π electrons from the
atoms of the ring and a proton from the nitrogen atom (NH). In
addition, it can exist in acidic or basic forms (Figure 5), hence
amphoteric with a pKa value 7.2 more than pyrazole and
pyridine.[27] The resonating structures associated with imidazole
are shown in Figure 6.

Many natural products, especially alkaloids, amino acids,
hormones, vitamins, etc. contain the imidazole ring as their
building block. Different substituents in the imidazole ring may
vary the efficacy of pharmaceuticals. The FDA-approved drugs
(Figure 7) are available in the market having potent antifungal
properties, the antibiotics with nitroimidazole series, and the
sedative midazolam. Purines consist of a six-membered

pyrimidine ring fused to a five-membered imidazole ring, which
is the most broadly occurring nitrogen-containing heterocycle
in nature. Imidazoles are significant on the grounds that their
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Figure 2. Structure of 1H-Imidazole.

Figure 3. Hydrogen bonding interaction.

Figure 4. Tautomerism in imidazole unit.

Figure 5. Acidic and basic parts in imidazole.
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biological activity among their isomer, especially the imidazole
had a broad range of biological potency including
antimicrobial,[28–30] antituberculosis,[31] antioxidant,[32] anti-
inflammatory,[33,34] antiproliferative,[35,36] antitumor,[37,38]

antiviral,[39] antipyretic,[40] anti-HIV-1,[41] antidepressant,[42]

antihypertensive,[43] anticancer,[44] and antifungal activity.[45]

These applications of imidazole led to the recent development
of drugs and are regarded to be a potential candidate for
pharmacological and therapeutic fields.

Imidazole is an electron-rich compound that shows the
properties of both pyrrole and pyridine. It is a nucleophile,
where the electrophilic reagent has an affinity towards N-3
with unpaired electrons, but not that on the ‘pyrrole’ nitrogen
since it is the part of a stable aromatic sextet. While the
imidazole ring is somewhat powerless to electrophilic attack on
a ringed carbon, it is significantly less liable to get engaged
with nucleophilic replacement reaction except if there is a
strong electron accepting substituent‘s somewhere else in the
ring. Without such activation the position generally inclined to
nucleophilic attack is C-2. Benzimidazole with fused benzene
ring gives adequate electron withdrawal to permit a diversity
of nucleophilic replacement reaction at C-2. The general

reactivity of imidazole and benzene fused imidazole are
assigned from sets of resonance structures in which the dipolar
supporters have limited significance. These anticipate electro-
philic attack in imidazole at N-3 or any ring carbon atom,
nucleophilic attack at C-2 or C-1, and the amphoteric idea of
the compound. In benzene fused imidazole, the nucleophilic
attack is anticipated at C-2. The reactivity of such benzimida-
zole particle at the C-2 position with nucleophiles is collated
with the neutral molecule.[46]

Consider the spectroscopic parameters like UV-vis spectrum
of imidazole shows an absorption maxima (λmax) at 207 nm
which is corresponding to a π!π* transition within the
aromatic region. The FT-IR spectrum of imidazole shows three
important bands at 1550 cm� 1, 1492 cm� 1, and 1451 cm� 1 have
been assumed by N� H deformation and aromatic C� C stretch
respectively. Mass spectroscopy is read for heterocyclic com-
pounds containing one hetero-atom, exhaustively, not on the
off chance that containing at least two heteroatoms. The 1H-
NMR spectrum of imidazole shows a broad singlet at 13.4 ppm
corresponding to N� H and values at 7.13–7.70 ppm for
aromatic protons.

Figure 6. Resonance in imidazole.

Figure 7. FDA approved imidazole containing drugs.
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Various Strategies of Imidazole Synthesis

The imidazole and its derivatives have been synthesized by
using various name reactions such as Debus synthesis,
Radiszewski synthesis, Wallach synthesis, Markwald synthesis,
and also from aminonitrile/aldehyde/alpha halo ketones or by
dehydrogenation of imidazolines.[47]

Debus Synthesis: C-substituted imidazole’s synthesized
from glyoxal and formaldehyde in ammonia but the product
obtained with low yield is provided in Scheme 1.[48]

Radiszewski Synthesis: It is a benzil-benzaldehyde con-
densation reaction (Scheme 2) that occurs in the presence of
ammonia giving 2,4,5-triphenylimidazole.[49]

Wallach Synthesis: It reported on the transformation of
N,N- dimethyloxamide to chlorine-containing compound using
PCl5 followed by giving N- methyl imidazole (Scheme 3). Higher
alkyl derivatives of imidazole could be synthesized by the same
reduction reaction.[50]

Markwald Synthesis: The reaction between α-amino ke-
tones or aldehyde with potassium thiocyanate or alkylisothio-
cyanates yielding 2-thiol substituted imidazole followed by
giving desired imidazoles is an old method for the synthesis of
imidazole as shown in Scheme 4. The sulfur can promptly be
taken out by oxidation to give the ideal imidazole. The
unavailability of starting materials is the main limitation of this
method.[51]

Scheme 1. Synthesis of C-substituted imidazole.

Scheme 2. Synthesis of phenyl substituted imidazole.

Scheme 3. Synthesis of N-methyl imidazole.

Scheme 4. Synthesis of R-substituted imidazole.
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Dehydrogenation Synthesis: Knapp and associates have
announced a milder reagent Barium Manganate for the change
of imidazolines to imidazoles in presence of sulfur. Imidazolines
acquired from alkyl nitrile and 1,2-ethanediamine on response
with BaMnO4 yields 2-substituted imidazole is depicted in
Scheme 5.[52]

One Bond Formation Synthesis: The (1,5) or (3,4) bond can
be framed by the response of an imidate and α-amino
aldehyde or α-amino acetal, bringing about the cyclization of
an imidine to imidazole (Scheme 6). If R=R1=H, this method
should be applied.[53]

Recent studies reported the synthesis of imidazole deriva-
tives by simple, efficient microwave technique under a solvent-
free conditions with all qualities of sustainable green chemistry.

Schiff Base

Schiff bases are the privileged ligands carrying imine or
azomethine (� C=N� ) functional groups. These are the con-
densation products of aromatic primary amines with carbonyl
compounds either aldehyde or ketone under optimization
conditions and were first reported by Hugo Schiff in 1864.[54–56]

The carbonyl and amino functional groups in starting materials
replaced by the imine functional group make the Schiff base
more relevant in coordination chemistry. Schiff bases are
organic compounds which widely used for their biological
applications. The nitrogen atom of azomethine might be
engaged with the formation of a hydrogen bond with active
centers of cell constituents and which is the key for biological
properties.[57,58] Aside from natural activities, Schiff bases are
likewise utilized as catalysts, intermediates in organic synthesis,
dyes, pigments, polymer stabilizers,[56] and corrosion
inhibitors.[59]

Schiff bases have acquired significance in biological,
industrial, or analytical chemistry and are used as an inter-
mediate for several organic reactions. The pharmaceutical fields

with extensive range of applications such as anti-
inflammatory,[60] analgesic,[61] antimicrobial,[62] anticonvulsant,[63]

antitubercular,[64] anticancer,[65] antioxidant,[66] anthelmintic,[67]

etc. were relevant for Schiff bases.
Figure 8 represents the general structure of Schiff base with

R as an organic side fragment. Sterically less hindered
aldehydes are supposed to form Schiff bases more readily than
ketones. Aromatic Schiff bases are more stable with numbers of
resonating structures or more conjugations than aliphatic ones,
there is a chance for polymerization. Schiff base synthesis is
reversible and a chance for hydrolysis in presence of mineral
acids or bases may happen sometimes. So the need for
accurate pH and mild acidic/alkaline conditions are essential.[68]

It can form insoluble salts with acids via electron donor
nitrogen atoms in imine. Azeotropic distillation technique was
used for the synthesis of Schiff bases for the first time by the
simultaneous removal of water molecules.[69] Dehydrating
solvents like tetramethyl orthosilicate or tetramethyl orthofor-
mate were also used.[70] The nucleophilic amines attacked the
electrophilic carbonyl carbon making a carbinolamine as an
intermediate followed by dehydration resulted in product
formation. The general route for the synthesis of Schiff base is
represented in Scheme 7.

The mechanism (Scheme 8) involves two-step process
where the nucleophilic addition of amine onto the carbonyl
group of aldehydes or ketones initiated the reaction and
assigned as the first step. The unstable intermediate formed,
carbinolamine leads to the second step where nitrogen loses

Scheme 5. Synthesis of 2-substituted imidazole.

Scheme 6. Synthesis of imidazole from imidine.

Figure 8. Structure of Schiff base.
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its proton and the electrons from the N� H bond push the
oxygen from the carbon thereby forms a new C=N bond
(imine) and a water molecule is eliminated.[71,72]

Schiff bases with some functional groups like OH, SH, NO2,
CH3, etc. are found to be better chelating agents. Based on the
coordination sites within the ligands, it may act as mono, di, tri,
or multidentate Schiff bases. If highly boiling solvents like
toluene and benzene are used, the water formed during the
condensation reaction can be removed via azeotropic principle
using the Dean-Stark apparatus. Washing of Schiff bases in
various polar and non-polar solvents followed by recrystalliza-
tion from suitable solvent is the best method for purification.
Schiff bases are generally colored stable solids and can be
stored for a long periods of time.[73] The formation of macro-
cycles and scope of supramolecular chemistry is another
feature of Schiff bases.[74]

Importance of Metal Complex

Some inorganic metal complexes derived from imidazole and
its derivatives have been generally utilized as amazing
possibilities for focused metal-organic frameworks (MOFs) in
the area of coordination chemistry.[75] Besides, ongoing reports
show a blast in exploratory combination utilizing imidazole
derivatives to build novel MOFs because of their particular

characteristics. Likewise, the Schiff bases derived from
imidazole scaffolds have been known to form rigid metal
complexes. The obtained complexes should possess a wide
range of enhanced biological and pharmacological properties
like antibacterial, anticancer, antiviral, anti-inflammatory, etc.[76]

The recent studies in medicinal fields are owing to develop
orally active drugs for various diseases. Heterocyclic Schiff base
metal complexes are viewed as among the most significant
stereochemical models in the main group and transition metal
coordination chemistry due to their ease of preparation and
structural variety.[77] Schiff bases acquire rigidity and stability
only by coordinating with various metal ions and stabilize them
in different oxidation states. The environmental and bioinor-
ganic chemistry has received a lot of attention to completely
filled d10 electronic configuration. The catalytic activity and
corrosion inhibition properties of metal complexes are the
additional attraction.[78]

Results and Discussion

Biological Properties of Imidazole-Based Schiff Bases and its
Derivatives

Contagious illnesses brought about by microorganisms have
become one of the significant reasons for morbidity and

Scheme 7. General synthesis route of Schiff base.

Scheme 8. Mechanism of Schiff base formation.
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mortality worldwide due to the consistent use and abuse of
current antimicrobial agents and the presence of drug-resistant
strains over the past decades. Diseases and infections might be
brought about by various sorts of microscopic organisms like
bacteria, fungi, and viruses, etc. It is essential to reduce such
pathogenic microorganisms and drugs were developed to
preventing microbial attack are termed, antimicrobial agents.
Antibiotics, antiseptics, and disinfectants are the common
examples of antimicrobials where it was classified as antibacte-
rial, antiviral, antifungal, or antiparasitic agents. The commonly
used drugs for various antimicrobial attacks are, the antibacte-
rial drug that is utilized to restrain the pathogenic activity of
bacteria and Zithromax is an example. The antifungal drug is
used to prevent the fungal activity in the receptor and
Miconazole is an example. An antiviral agent is used to
stopping the pathogenic action of a virus, Tamiflu is a used
drug. Antiparasitic drug is used to prevent the growth of
pathogenic parasites and Anthelmintic are used for treating
antiparasitic diseases.[79–81]

Antimicrobials, also known as biocides are substances that
kill microorganisms or prevent the spread of unwanted
microbes. The synthetic or natural components should be
developed with advanced chemical synthesis delivered as an
antimicrobial agent against pathogenic microorganisms. These
compounds are additionally called antitoxins. Pathogenic
microorganisms can be eradicated by developing compounds
at low concentrations. Ampicillin and Amoxicillin are examples.
A German bacteriologist, Paul Ehrlich had invented a synthetic
compound from an arsenic-based construction for the treat-
ment of syphilis, which is called arsphenamine or salvarsan in
1908. At that point, in 1929, Alexander Fleming found active
agent Penicillin from Penicillium notatum mold. Penicillin was
the first invented medication to treat various sorts of bacterial
diseases. Two sorts of anti-infection agents normally used are
bactericidal and bacteriostatic antibiotics.[82,83]

Based on the action of antibiotics, they can be further
classified as broad, narrow, or limited spectrum antibiotics. The
antibiotics are widely used to kill or inhibit Gram-positive and
Gram-negative bacteria which are termed broad-spectrum
antibiotics. An example is Chloramphenicol. Certain antibiotics
are specific towards a certain group of bacteria are known as
narrow-spectrum antibiotics and Penicillin G is an example.
Antibiotics that are effective against a single organism or for a
specific disease are called limited spectrum antibiotics. Dysida-
zirine is an example.[84]

Antiseptics and disinfectants are another class of antimicro-
bials that can be developed by various synthetic routes.
Antiseptics are very effective for killing persisted organisms on
injured tissues, cuts, or infected skin surfaces. Antiseptics are
frequently used in medical fields to reduce the risk of infection
and are not taken orally. Halogenated phenol derivatives,
chlorhexidine, peroxide, permanganate, etc. were used in our
daily life as antiseptics. Disinfectants are used to kill nearly 99%
of the pathogenic microorganisms in manmade objects such as
floors and drainage systems. Chlorine and sulfur dioxide at low
concentrations were taken as an example. A few types of
antimicrobials showcased to the carpet business by various

firms have been found to contain microscopic organisms like
fungi or bacteria. From a logical perspective, the carpet
frameworks utilize two basic compound structures. These are
organometallics and organo-silanes.[85] They can likewise be
combined with one another. The utilization of antimicrobial
agents as exceptionally specific inhibitors has thus immediately
kill organisms by microbial conjugation. It helps in the
prevention of microbial multiplication. The chemical composi-
tion of microbes are different, but the levels at which these
microbes can be altered are similar: protein synthesis, nucleic
acid synthesis, cell wall, and cell membrane. Inhibition of cell
wall synthesis, inhibition of ribosome function, inhibition of
nucleic acid synthesis, inhibition of folate metabolism, and
inhibition of cell membrane function are the general action of
mechanisms of antimicrobial agents. Viruses, on the other
hand, are different structurally as they do not contain a cell
membrane or cell wall.[86,87]

Gong et al. (2016) had been developed a series of novel
Schiff bases-linked imidazole naphthalimides from 4-bromo-
1,8-naphthalic anhydride via a simple synthetic method (Fig-
ure 9). The antimicrobial behavior of the synthesized com-
pounds, 1–3 was analyzed with various substituents. MRSA,
Staphylococcus aureus, Bacillus subtilis, Micrococcus luteus
(Gram-positive) and Escherichia coli (DH52), Escherichia coli
(JM109), Shigella dysenteriae, Pseudomonas aeruginosa, Bacillus
proteus, Bacillus typhi (Gram-negative) bacterial strains were
used for the in-vitro studies. Most of the compounds inhibited
the growth of some tested strains and studied their structure-
activity relationship. Morpholine integrated compound showed
better results compared with other alicyclic derivatives.
Especially compound 1 showed the best inhibition ability for
MRSA with a minimum inhibitory concentration (MIC) value of
0.003 μmol/mL, which was in higher ranking than reference
drugs. Also compounds, 2 and 3 showed significant activity
against MRSA. Chloromycin and Norfloxacin were taken as the
reference standards. Bacterial layer permeabilization, bacterial
opposition, and time-kill kinetic dynamics of compound 1
against MRSA showed that it had the option to permeate cell
membrane, quickly kill the tested strains, and slow down the
improvement of bacterial obstruction. Preliminary research
uncovered that compound 1 could form a stable complex with
calf thymus DNA by intercalation mode. These outcomes
showed that compound 1 was a promising enemy of MRSA
competitors with great healing impact and low drug
obstruction.[88]

Some benzene bridged imidazole compounds had been
developed by Kalarani et al. (2020). The transition metal
complexes of higher benzimidazole-derived Schiff bases were
designed for their antimicrobial property and DNA binding
ability. Bidentate Schiff base compound 4 and Cu (II), Co (II),
and Zn (II) complexes of compound 4 had been synthesized
(compound 5) and is shown in Figure 10. The Schiff base and
its metal (II) complexes were investigated by microanalysis and
spectral techniques such as AAS, UV-Vis, FT-IR, NMR, molar
conductance, and magnetic moment measurements. The non-
electrolytic nature of the complexes was revealed by measuring
molar conductance. All the complexes were showed octahedral
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geometry. Some theoretical, DFT calculations were also done to
confirm the product formation. The compound should act as a
sensor for calcium and magnesium ions. The electrochemical
behaviour of the copper complex was studied using the cyclic
voltammetry technique. The various microorganisms selected
for the antimicrobial activity study were Escherichia coli, Staph-
ylococcus aureus, Pseudomonas aeruginosa, and Candida albi-
cans. The studies were compared with reference compounds
like Amaikacin as antibacterial and Nystatin as an antifungal.
Results showed that the metal complexes possessed more
antimicrobial activity than the Schiff base ligand because of the
ability to attain chelation which reduces polarity thereby
increases the lipophilicity of central metal ion favored the cell
permeation through the lipid layer of the membrane. The best

result of DNA binding ability given by the Cu (II) complex was
analyzed. The formation of hydrogen bond between a phenolic
group of Schiff base and nucleotides gives out a hypochromic
effect which was the reason for better DNA binding affinity.[89]

The antituberculosis advantage of streptomycin was re-
ported in 1945, even though application was restricted by the
fast advancement of resistance. Para-aminosalicylic acid, addi-
tionally found in 1945, when joined with streptomycin was
found to significantly diminish the event of drug resistance.[90]

Antituberculosis agents are drugs used to treat tuberculosis, an
irresistible illness brought about by Mycobacterium tuberculosis.
This disease mostly influences the lungs yet can likewise
influence numerous other organ systems. Numerous classes of
drugs, with a various systems of activity, have an action against

Figure 9. Synthesis of imidazole naphthalimides Schiff bases.

Figure 10. Synthesis of bidentate Schiff base ligands and its metal complexes.
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Mycobacterium tuberculosis. Tuberculosis chemotherapy in-
cludes offering two to four drugs at the same time. These drugs
work contrastingly so they focus on the organism diversely and
utilizing a couple of drugs to resist Mycobacterium from
developing. To shorten the duration of therapy and to treat
multidrug-resistant tuberculosis, combinational technology was
used. Now a day’s imidazole-bound Schiff bases have been
developed as the best antituberculosis agent with outstanding
properties and very few studies are still reported.[91,92]

Antimalarial drugs or antimalarials are a kind of antiparasitic
synthetic agents, frequently determined, that can be utilized to
treat or to prevent malaria, in the last case, regularly focusing
on two target groups, small kids and pregnant ladies. Starting
in 2018, current medicines, including for serious malaria
disease, kept on relying upon treatments getting truly from
quinine and artesunate, both parenteral drugs, extending from
that point into the numerous classes of accessible present-day
drugs.[93] Rate and dissemination of the infection are required
to stay high, worldwide, for a long time to come; in addition,
realized antimalarial drugs have over and again been seen to
evoke obstruction in the malarial parasite including for
combinational treatments highlighting artemisinin, a drug after
all other options have run out, where the opposition has now
been seen in Southeast Asia. In that capacity, the requirements
for new antimalarial agents and new methodologies of treat-
ment stay significant needs in tropical medication. As well,
regardless of exceptionally sure results from numerous
advanced medicines, genuine results can affect a few people
taking standard dosages.[94,95]

Antioxidant agents that prevent oxidation, a synthetic
response that can deliver free radicals and chain responses that
may harm the cells of organisms. Antioxidant agents, for
example, thiols or ascorbic acid may act to inhibit these
responses.[96] To adjust oxidative stress, plants and creatures
keep up complex frameworks covering antioxidant agents, for
example, glutathione. In food science, antioxidants incorporate
segments that prevent rancidity of fat, a substance that
essentially diminishes the adverse impacts of responsive oxy-
gen species on the ordinary physiological capacity of an
individual. A dietary antioxidant (sacrificially) scavenge re-
sponse oxygen/nitrogen species to stop radical chain re-
sponses, or it can hinder the reactive oxidants from being
shaped in the first case (preventive).[97] Natural antioxidants
incorporate enzymatic antioxidants (e.g., Superoxide dismu-
tase, catalase, and glutathione peroxidase) and non-enzymatic
antioxidants like oxidative compound (e.g., cyclooxygenase)
inhibitors, antioxidant enzyme cofactors, reactive oxygen or
nitrogen species (ROS/RNS), and metal chelators. The oxidation
actuated by ROS may bring about cell membrane disintegra-
tion, layer protein damage, and DNA transformations which
assume a significant part in aging and can additionally start or
spread the advancement of numerous infections, like arterio-
sclerosis, cancer, diabetes mellitus, liver injury, irritation, skin
harms, coronary heart illnesses and joint inflammation.[98]

Sterically hindered phenols and amines were used as effective
antioxidants. The most commonly formed free radicals in a
biological system are superoxide (O2

*), hydroxyl (OH*), peroxyl

(RO2
*), hydroperoxyl (HO2

*), alkoxyl (RO*), peroxyl (ROO*), nitric
oxide (NO*), nitrogen dioxide (NO2

*) and lipid peroxyl
(LOO*).[99,100]

Drashti and co-workers (2021) reported the synthesis of
some imidazole conjugates and evaluated their four significant
properties like antimicrobial, antimalarial, antituberculosis, and
antioxidant. They had sketched and synthesized higher
analoges of imidazole derivatives, compounds 6–8 in Figure 11.
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aur-
eus, Streptococcus pyogenes, Candida albicans, Aspergillus niger
and Aspergillus clavatus were the selected strains used for the
analysis. Standard drugs used were Gentamicin, Ampicillin,
Chloramphenicol, Ciprofloxacin, Norfloxacin, Nystatin, Griseo-
fulvin, Isoniazid, Chloroquine, and Quinine for comparison.
Furthermore, a few closely resembles analoges were assessed
for their in-vitro antiresistant bacterial strains, for example,
extended-range beta-lactamases (ESBL), Vancomycin-safe En-
terococcus (VRE), and Methicillin-safe Staphylococcus aureus
(MRSA). Molecular docking, Lipinski’s rule of five, and ADME
predictions confirmed the vigorous pharmacological activity
and drug-likeness of the synthesized compounds. Next, all the
practically equivalent to were tried for their in-vitro antituber-
culosis, antimalarial, and antioxidant activity, and the tested
compounds showed more potent biological properties since it
has heterocycle imidazole ring. Structure-activity relationship
data are revealed that electron-releasing (� OCH3) substituted
derivate, compound 6 exhibited more antibacterial activity
than electron-withdrawing substituted derivatives with MIC
value 62.5, 100, 100 μg/mL against all ESBL, VRE, and MRSA
strains. Compounds 7 and 8 were also scored higher ranks in
their biological activities.[101]

A single crystal of Schiff base compound 9 in Figure 12 was
obtained from the reaction between 2-hydroxy-5-(p-tolyldia-
zenyl)benzaldehyde and N(-3-aminopropyl)imidazole was es-
tablished by Slassi et al. (2019). Other physicochemical charac-
terizations supported the formation of crystals. Computational
techniques were applied for the determination of structural
parameters and electronic absorption properties and were
carried out at DFT/B3LYP/6-31G(d), DFT/CAMB3LYP/6-31G(d),
and DFT/MPW1PW91/6-31G(d) levels of theory. Hirshfeld sur-
face examination was found to showcase the surface contours
and two-dimensional fingerprint plots. In-vitro antibacterial
activities against four pathogenic strains like Staphylococcus
aureus, Pseudomonas putida, Klebsiella pneumonia, and Escher-
ichia coli were tested with compound 9. Commercially available
chloramphenicol was taken as a control drug. In short, the
presence of the azo group was the reason for enhanced
antibacterial activity.[102]

Karunaker et al. (2016) had been examined the Schiff base
compound 10 was blended by responding 2-n-butyl-5-chlor-
oimidazol-4-carbaldehyde and ethylenediamine with metal
complexes 10a–10d in 2 : 1 proportion in methanol solvent.
The Schiff base ligand and their metal complexes have been
portrayed (Figure 13) with the assistance of elemental inves-
tigation, and their structural setup has been dictated by
different spectroscopic strategies like IR, 1H NMR, 13C NMR, and
mass spectroscopy. The geometry of metal complexes was
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analyzed as square pyramidal. The inhibitory potentials of
synthesized compounds were carried out at various bacterial
strains like Staphylococcus aureus (S.aureus) and Escherichia Coli
(E.coli) in nutrient agar medium, whereas antifungal strains
were Candia albicans and Aspergillus niger in saturated dextrose
agar medium. The micro dilution susceptibility method was
used to find out the minimum inhibitory concentration.[103]

Ciprofloxacin and Fluconazole were used as standard antibacte-
rial and antifungal drugs respectively. Among the tested
samples, complex 10b exhibited more antibacterial activity
against S.aureus and E.coli (6.25 μg/ml). Then again, complexes
10c and 10d showed the best action towards fungi. There was
a checked expansion in the bacteria and fungi properties of all
metal complexes than free Schiff base ligand.[104]

Imine and azo functioned imidazole derivatives were
announced by Slassi et al. (2019) shown in Figure 14. They
were synthesized and characterized four different compounds
11–14 with an azo fragment, imine group, and imidazole unit.
Optical properties of the ligands were noticed. There would be
an extra charge move between the azobenzene moiety and the
imino group was examined by spectroscopy. Decided the

minimum inhibitory concentration esteems against pathogenic
organisms like S. apiospermum, A. fumigatus, and C. albicans for
every one of the ligands uncovered that, they may have
compelling antifungal properties with highest activity on C.
albicans for the azole based compounds 11–13 in either solid
or liquid media. Miconazole and Amphotericin B were the
control drugs. Antioxidant studies were led for every com-
pound since all of them had hydroxyl groups which scavenges
the radicals in DPPH. The ligand 14 could not bear the
imidazole unit so it had the least activity. Also, the presence of
an additional substituent on the phenyl ring of the azo group
enhanced the activity of compounds 11–13.[105]

Mahmood et al. (2019) outlined the synthesis of benzimida-
zole-derived compound 15 and their corresponding Zn (II), Ni
(II), Cu (II), and Pd (II) complexes (16) in Figure 15. They have
also evaluated the drug DNA interaction via DNA thermal
denaturation tests. The binding constant (Kb) values were
determined recommending an intercalation method of binding
for the compound 15. They were evaluated for their antibacte-
rial activity against bacterial strains like E. coli, Enterobacter
aerogenes and Micrococcus luteus, and Kanamycin as the
standard (1 mgmL� 1). Ni (II) complex showed promising out-
comes against every single bacterial strain. The compound as
well as metal complexes except for Pd (II), had the ability to
bind to DNA. They were given well to moderate antibacterial
activity with no toxicity in the brine shrimp assay with the
exception of the Cu (II) complex which was slightly toxic.[106]

A biopolymer, chalcone-based imidazole compounds 17–19
were synthesized by the team Kalanithi et al. (2012) is appears
in Figure 16. They had been synthesized tridentate metal
complexes of Co (II), Ni (II), Cu (II), and Zn (II) (20). Structurally
verified all the compounds and complexes. The solution

Figure 11. Synthesis of higher analogues of imidazole derivatives.

Figure 12. Synthesis of amino propyl derived imidazole Schiff base.
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fluorescence spectrum was taken. The electrochemical behavior
of the Co (II) complex was studied by cyclic voltammetry. The
antimicrobial action of the compounds and metal complexes
against the species Pseudomonas aeruginosa, Escherichia coli,
Staphylococcus aureus, Bacillus subtilis, Candida albigans, and
Aspergillus niger had been completely analyzed. Some of the
compounds also exhibited photoluminescent properties. The
presence of azomethine nitrogen, imidazole nitrogen, and
phenolic oxygen would be the reason for chelation and basic
activity with normal cell process.[107] Chalcone-derived Schiff

bases were found to be more active than other chalcone
compounds.[108] The methyl-substituted compound 18 and its
complexes experienced good antibacterial activity and the
nitro substituted compound 19 and its complexes showed
enhanced antifungal activity than the compound 17 and its
complexes.[109]

Radha et al. (2018) were developed new imidazoline-based
Schiff base compounds 21 and 22 from o-phenylenediamine/o-
aminophenol with creatinine (Figure 17). The Co (II) and Cu (II)
complexes of compounds 21 and 22 were prepared. Metal

Figure 13. Synthesis of ethylenediamine derived imidazole Schiff base and its metal complexes.

Figure 14. Synthesis of imine and azo functioned imidazole derivatives.
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Figure 15. Synthesis of benzimidazole-derived Schiff bases and metal complexes.

Figure 16. Synthesis of chalcone-based imidazole compounds and their metal complexes.

Figure 17. Synthesis of imidazoline-based compounds and their metal complexes.
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complexes were showed non-electrolytic properties. Some
theoretical studies were carried out at B3LYP/6-31G(d,p) level.
The antimicrobial activity against two gram-positive bacteria
(Staphylococcus aureus and Bacillus subtilis) and two gram-
negative bacteria (Escherichia coli and Pseudomonas aeruginosa)
and two fungal strains (Aspergillus niger and Candida albicans)
were carried for all the compounds. Ciprofloxacin and
Clotrimazole were to be the reference control. Co (II) complexes
have shown higher activities compared to Cu (II) complexes
and Schiff bases explained by Tweedy’s chelation theory.[110]

The other factors that affect the antimicrobial activity were
solubility, dipole moment, size, coordinating sites, the redox
potential of metal ion, solubility, the bond length between
metal and ligand, the geometry of complexes, steric effect,
concentration, and hydrophobicity.[111–115]

Imidazole-linked two mixed-ligand complexes 23 and 24
that had been prepared by Ebrahimipour et al. (2015) is
manifested in Figure 18. The structures were determined by
single-crystal X-ray diffraction. Complexes were of square
planar geometry. Enzyme inhibition studies revealed that
complex 23 inhibited α-amylase while complex 24 resulted in a
1.3-fold decrease in Km value. Antimicrobial results showed that
these compounds, especially the complex 24, have potential
for antibacterial activity against Gram-negative and Gram-
positive bacteria and antifungal activity against Aspergillus
fumigatus in comparison to complex 23 and the starting
ligand.[116]

Ishak et al. (2019) investigated new ONS donor mixed-
ligand Ni (II) complexes 25 and 26 containing imidazole or
benzimidazole and tridentate Schiff bases derived from thio-
semicarbazide (Figure 19). The complexes were acts as non-
electrolytes in DMSO. Evaluated the cytotoxic activity, but all
compounds were inactive against the MDA-MB-231 and MCF-7
breast cancer cell lines because of the presence of a hydroxyl
group in the Schiff bases of Ni (II) complexes which reduced
the cytotoxicity, probably due to greater steric hindrance and
intramolecular H-bonding.[117] The complexes had specific and
selective activity against Staphylococcus aureus, Bacillus subtilis,
Propionibacterium acne, and Enterobacter aerogenes, and Strep-
tomycin as control. The DNA restricting investigations of
blended ligand Ni (II) complexes against calf thymus DNA
uncovered that slight hypochromic was seen in the absorption
spectra proposing π-π associations between the aromatic
chromophores.[118]

Gałczyńska et al. (2019) studied the scope of antifungal and
antitumor properties of imidazole-derived ligands their metal
complexes. The copper (27) and cobalt (28) complex of ligands
(Figure 20) were taken for antitumor studies on human lung
carcinoma A549 cells and normal bronchial BEAS-2B cells.
Possible interactions of antitumor agents with DNA or protein
should be evaluated. DNA model was PCR gene tlr4 product
and lysozyme or phage-derived endolysin (both peptidoglycan
degrading enzymes) were served as protein/enzyme model.
Bacterial strains like S. aureus, E. coli, P. aeruginosa, and C.
albicans strains were taken for antimicrobial study. The crystal

Figure 18. Synthesis of imidazole-linked mixed ligand complexes.

Figure 19. Synthesis of ONS donor mixed-ligand Ni (II) complexes.
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structure of complex 27 has been found with selective
cytotoxicity towards tumor cells. Among all other compounds,
only complex 28 which was obtained as crystal, non-covalently
interacts with DNA. Cu (II) and Co (II) complexes modified the
hydrolytic activity of enzymes (lysozyme and endolysin). More-
over, only complex 28 exhibited antifungal properties. Com-
plexes having imidazole units exhibited promising antitumor
and antifungal properties.[119]

Nickel complexes of acrylate and imidazole were synthe-
sized by Vlaicu et al. (2017). The resulted complexes were
achieved as 29–32 (Figure 21). They confirmed the octahedral
geometry via magnetic moment measurements. Complexes 29
and 31 experienced bidentate coordination from acrylate ions
whereas, 30 and 32 complexes noticed unidentate or bidentate
coordination. Antimicrobial activity of complexes was analyzed
and ATCC was the reference compound. The microbial strains
like Enterococcus faecium, Pseudomonas aeruginosa, and Bacillus

subtilis were used for the analysis. The MIC values uncovered
moderate antimicrobial movement of complex 29 against
Enterococcus faecium and of complex 30 against Pseudomonas
aeruginosa and Bacillus subtilis.[120]

A simple but selective imidazole and antipyrine-derived
Schiff base 33 was reported by Joseyphus et al. (2014).
Transition metal complexes of Co (II), Ni (II), Cu (II), and Zn (II)
were synthesized (34) easily through the ligands coordination
sites since it was bidentate (Figure 22). The antibacterial activity
and antifungal activity of Schiff base and complexes were
analyzed on microbial strains like bacterial species: Escherichia
coli, Bacillus subtilis, Pseudomonas aeruginosa and Staphylococ-
cus aureus; fungal species: Aspergillus niger, Aspergillus flavus
and Candida albicans by the Kirby Bayer disc diffusion method.
Amikacin and Nystatin were taken as controls. MIC was
determined by serial dilution technique. The DNA cleavage and
superoxide dismutase activities of the designed compounds

Figure 20. Crystal structure of copper and cobalt complex.

Figure 21. Synthesis of nickel complexes of acrylate and imidazole.
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were also carried out. Finally, anticancer properties of com-
plexes have been done towards HeLa and HCT116 cell lines.
Overall, the copper complex resulted in more attractive activity
than others while the Nickel complex would cleave DNA
effectively and Zinc complex provided anticancer activity along
with the copper complex.[121]

McGinley et al. (2013) tell of the synthesis and character-
ization of Apim (1-(3-aminopropyl)imidazole) with salicylalde-
hyde Schiff bases 35–39 (Figure 23) and their Zn (II), Cu (II), and
Ag (I) metal complexes. Single crystals were obtained for some
compounds. These seen, all of Schiff bases and the vast
majority of their metal coordinates were generally non-toxic,
confirmed by in-vivo studies towards Galleria mellonella. The
chosen strains for antimicrobial investigations were Pseudomo-
nas aeruginosa, MRSA, Candida albicans, S. aureus, and E. coli.
Albeit the Schiff bases and the Cu (II) and Zn (II) complexes
were inert, in-vitro, against a choice of microbial microorgan-
isms, a large portion of the Ag (I) complex displayed moderate
antibacterial activity and good antifungal activity.[122]

A new type of Schiff base-bridged multi-component
sulfonamide imidazole hybrids was outlined by Hu et al. (2021)
in Figure 24. One among them was compound 40. The
antimicrobial potential of compounds was analyzed. Notice-
ably, compound 40 showed momentous inhibitory adequacy
against clinical MRSA (MIC=1 μg/mL) than control Norfloxacin
(MIC=8 μg/mL) and Sulfathiazole (MIC=32 μg/mL), yet had no

huge toxic impact on ordinary mammalian cells. The pro-
foundly active compound 40 was uncovered by molecular
docking study that it could embed into the base-sets of DNA
hexamer duplex and tied with the ASN-62 residue of human
carbonic anhydrase isozyme II through hydrogen bonds. More-
over, further primer antibacterial tests affirmed that compound
40 could successfully interfere with MRSA layer and get into
bacterial DNA isolated from clinical MRSA strains through non-
covalent bonding to deliver a supramolecular complex, sub-

Figure 22. Synthesis of imidazole and antipyrine-derived Schiff base and its complexes.

Figure 23. Synthesis of Schiff bases from apim and salicylaldehyde.

Figure 24. Synthesis of Schiff base-bridged multi-component sulfonamide
imidazole hybrids.
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sequently applying its good antibacterial viability by blocking
DNA replication. These discoveries firmly suggested that the
highly active compound 40 could be utilized as a potential
DNA-targeting template for the advancement of the important
antimicrobial agents.[123]

Abrigach et al. (2018) integrated pyrazole and imidazole-
based compounds 41–46 by utilizing palladium catalysts
through a one-pot method (Figure 25). The compounds were
screened to decide their inhibitory effect against the fungal
microorganisms like Fusarium oxysporum f.sp. albedinis (F.o.a)
and four bacterial strains like Micrococcus luteus, Bacillus subtilis,
Staphylococcus aureus and Escherichia coli. The acquired out-
come showed that these compounds displayed an effective
antifungal activity and compound 44 was discovered to be the
most dynamic one. While they showed the very weak

antibacterial properties. The structure-activity relationship (SAR)
examination and lipophilicity study showed the presence of a
strong connection between the ligands and the microbial
action. Furthermore, homology modeling and molecular dock-
ing were conducted on the most active compounds against
F.o.a species.[124]

A novel series of 1-(4-substituted)-N-(5-((2,4,5-triphenyl-1H-
imidazole-1-yl)methyl)-1,3,4-thiadiazol-2-yl) methenamine and
3-chloro-4-(4-substituted)-1-(5-((2,4,5-triphenyl-1H-imidazole-1-
yl)methyl)-1,3,4-thiadiazol-2-yl)azetidine-2-one and their Schiff
base derivatives 47–50 were introduced by Mosa et al. (2020)
in Figure 26. The structures of the synthesized compounds
were confirmed by the aid of spectroscopic techniques. The
bacterial colonies used were S. aureus, Enterococcus facaels
(Gram-positive), Escherichia coli and Klebsiella pneumonia

Figure 25. Synthesis of imidazole and pyrazole based compounds.

Figure 26. Synthesis of thiadiazol-derived imidazole inbuilt Schiff base derivatives.
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(Gram-negative), and an anaerobic (S. pyogen) bacteria. Cefix-
ime and Metronidazole were taken as controls. Some of the
synthesized compounds demonstrated considerable activity
compared to the standards. Compounds 47 and 48 showed the
best action against gram-positive species, while they had low
activity against gram-negative bacterial species. Also, both
seemed to have less antibacterial action against S. pyogen
compared with Metronidazole. Concerning compounds 49 and
50, their activities against S. aureus were discovered to be like
the standard Cefixime is 0.250 gm/mL focus, in any case, with
0.125 gm/mL, the action was marginally better.[125]

Synthesis and antimicrobial activity of imidazole-derived
Schiff Bases 51–58, triazoles and azetidinones had been
proposed by Rekha et al. (2019) is shown in Figure 27. The
molinspiration computations anticipated that Schiff bases 51,
52, and 53 had atomic hydrophobicity, conformational adapt-
ability, great intestinal absorption, and bioactivity scores. The
chloro, bromo, and nitro subbed imidazolyl azetidinones (54,
55, 56) and nitro subbed imidazolyl triazoles (57) showed
promising antibacterial activity on B. subtilis while chloro and
nitro subbed imidazolyl triazoles (57, 58) showed powerful
antifungal activity on A. niger.[126]

The effect of the chaotropicity of the anion for nine imida-
zole primarily based ionic liquids (59) on their antimicrobial
behavior was first investigated by Mester et al. (2015) (Fig-
ure 28). The outcomes indicated that for ionic liquids with small
cations, ([Cnmim]+ with n=2 and 4), the chaotropicity of the
anion was an essential aspect related to antimicrobial behav-
ior, whilst for [C6mim]+ based ionic liquids acted as a surfactant
which was used to be recognized their excessive toxicity. First,
chaotropic anions beautified the surfactant-like properties of
the cation, which was greatly disturbed cell membranes, and
second, chaotropicity itself represented a cation-independent
antimicrobial mechanism.[127]

Anticancer drug, additionally called an antineoplastic drug,
is any drug that is successful in the therapy of dangerous, or
carcinogenic, sickness.[128] There are a few significant classes of
anticancer drugs; these incorporate alkylating agents, antimeta-
bolites, natural compounds, and hormones. The term chemo-
therapy much of the time is compared with the utilization of
anticancer drugs, despite the fact that it refers to the utilization
of chemicals to treat sickness for the most part. One of the
main drugs that was utilized clinically in current medication for
the therapy of cancer was the alkylating agent mechloreth-
amine, nitrogen mustard that during the 1940s was discovered

Figure 27. Synthesis of imidazole-derived nitrogen rich Schiff bases.
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to be successful in treating lymphomas. The choice to use a
specific anticancer drug relies upon numerous factors, includ-
ing the type and location of cancer, its seriousness, regardless
of whether surgery or radiation treatment can or ought to be
used, and the side effects related to the drug.[129,130] The
particularity of anticancer drugs assumes a significant part in
decreasing the seriousness of side effects related to the
utilization of drugs. In fact, since malignant growth cells are like
normal human cells, anticancer agents are for the most part
toxic to typical cells and can cause various side effects, some of
which are life-threatening. The side effects related to anticancer
drugs can be diminished using different biologically active
agents, which frequently empowers the administration of lower
doses of each drug. The utilization of multiple agents may
likewise diminish the rate of cell resistance, a phenomenon
that permits tumors to get away from treatment and to keep
on developing after a time of remission (absence of disease
activity).[131,132]

Parekh et al. (2017) formulated new series of multi-hetero-
cyclic Schiff bases 60–62 constructed from the imidazole unit

(Figure 29). They had been explored the in-vitro cytotoxic
efficacies against a board of three human malignant growth
(cancer) cell lines, in particular, MCF7 (human bosom disease),
HCT116 (human colon malignancy), and DU145 (human
prostate malignancy), and one ordinary skin fibroblast (SF). All
the synthesized compounds have shown significant cytotoxic
activities against individual carcinoma cell line collections with
IC50<100 μmol/L, but weak actions against SF, which was as
expected. The compounds 60, 61, and 62 showed greater
activity against all cancerous cell lines. Perceptions of SAR
recommended that the distinction in the attributes of sub-
stituents joined to the Schiff base ligand prompts the
interesting variations inside pharmacological impacts of resul-
tant molecular frameworks due to the presence of hetero atom
oxygen attached imidazole unit.[133]

Some novel N-salicylidene-o-aminophenol Schiff base li-
gand in presence of imidazole and 1,10-phenanthroline co-
ligands and their copper complexes 63 and 64 were synthe-
sized by Koley and co-workers (2018) is seen in Figure 30.
Complexes 63 and 64 had been described by X-ray crystallog-

Figure 28. General form of imidazole-based ionic liquids.

Figure 29. Synthesis of multi-heterocyclic Schiff bases.
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raphy. The complexes resulted in a monomeric nature in
solution confirmed by EPR spectroscopy. The compounds were
carried for some DNA binding, cell cytotoxicity, and anticancer
biological applications. The remarkable results of IC50 values for
complexes 63 and 64 in the human lung cancer A549 cell line
were 0.67 and 0.59 μM and found for the breast cancer
MCF7 cell line was 6.30 and 8.88 μM respectively. By all
accounts, the compounds were to be stronger for the human
cellular breakdown in the lungs A549 cell line than some
anticancer drugs tried for this cell line. In particular, they were
discovered to be less toxic for the human lung undeveloped
normal cell line L132. They were bound with DNA by
intercalation mode with binding constants 1.53×105 M� 1 and
3.13×105 M� 1, individually, as revealed from their DNA inter-
action study with calf thymus DNA.[134]

Mazlan et al. (2014) had been proposed a mixed ligand,
salicylaldehyde-4-methylthiosemicarbazone Schiff base in the
presence of imidazole and benzimidazole with ONS function-
ality. Their copper (II) (65) and nickel (II) (66) complexes were
synthesized (Figure 31). The metal complexes were designed
with square planar geometry. The copper (II) complexes were
active against MDAMB-231 and MCF-7 cell lines of breast
cancer, more so than Schiff base, though the complex 66 was
dormant. Schiff base was decently active against MCF-7 yet
inactive towards MDA-MB-231. Activity against both the MCF-7
and MDA-MB-231 cell lines was extraordinarily upgraded by
complex 65 with imidazole and benzimidazole as an extra
ligand, while complex 66 had the contrary effect.[135]

Maji and team (2021) had been developed imidazole-based
ruthenium metal complexes 67–74 as anticancer agents with
better selectivity and low toxicity towards triple-negative
human metastatic breast adenocarcinoma (MDA-MB-231),
human pancreas ductal adenocarcinoma (MIA PaCa-2), Chinese
hamster ovary (CHO), and Madin-Darby canine kidney (MDCK)
cell lines (Figure 32). The complexes 70 and 71 were cytotoxic
against MDA-MB-231 and MIA PaCa-2 and nontoxic for non-
cancerous CHO and MDCK cell lines. The improved harmfulness
in hypoxia against MDA-MB-231 might be because of the more
noteworthy expression of CA IX in hypoxia, according to the
immunofluorescence information. The most cytotoxic com-
plexes, 70 and 71, were lipophilic, while complexes 72–74
showed high hydrophilicity and were not cytotoxic up to
200 μM. Higher cellular accumulation in MDA-MB-231 given by
complexes, 70 and 71 likewise showed than the nontoxic yet
solution-stable complex 74. The cytotoxic complexes tied with
the model nucleobase 9-ethylguanine however had moderate
reactivity toward cell tripeptide glutathione. Both 70 and 71
complexes induced apoptosis by depolarizing the mitochon-
drial film potential and arrest the cell cycle in the SubG1 stage.
The complexes productively tied with 9-EtG and had more slow
reactivity toward thiol. Consequently, the sulphonamide and
imidazole-based ruthenium (II) p-cymene complexes gave an
attractive strategy to impart selectivity.[136]

Liu et al. (2015) prepared novel N-substituted carbazole
imidazolium salt derivatives (75; 75a–75g) and investigated
their cytotoxic activity by MTS assay (Figure 33). Selected
human tumor cell lines were HL-60 (myeloid leukemia), SMMC-
7721 (liver cancer), A549 (lung cancer), MCF-7 (breast cancer)
and SW480 (colon cancer). Cisplatin, carbazole, and imidazole
were to be the standards. The presence of the imidazole group
was the reason for the best activity. Compound 75a showed
powerful inhibitory activity along with compounds 75b–75g
and more significant for HL-60, SMMC-7721, MCF-7, and
SW480 cell lines. The IC50 value was obtained as 0.51–2.48 μM.
The compounds could remarkably induce cell cycle arrest and
apoptosis in SMMC-7721 cells.[137]

Carletta and co-workers (2015) developed four imidazole-
based compounds (76–79) for the inhibition of Heme oxygen-
ase-1 (HO-1) which was associated with antitumor activity

Figure 30. Synthesis of copper complexes in presence of imidazole and 1,10-phenanthroline.

Figure 31. Synthesis of copper and nickel complexes with ONS functionality.
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(Figure 34). All the compounds were structurally evaluated by
spectroscopic techniques. Para substituted 77 and 78 com-
pounds were found to be more active with low calculated IC50

values of 2.5 μM. Correlated crystallography with quantum

mechanical and molecular docking data’s hence confirmed the
effective binding with protein. Inhibitors engaged with the
heme cofactor and hydrophobic pockets in the HO-1 binding

Figure 32. Synthesis of imidazole-based ruthenium metal complexes.

Figure 33. Synthesis of N-substituted carbazole imidazolium salt derivatives.
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site and were once in contrast with a reference inhibitor 1-
methyl-tryptophan.[138]

The antioxidant, analgesic and anti-inflammatory activity of
benzene fused imidazole Schiff bases had been evaluated by
Eswayah et al. (2020). Antiinflammatory drugs are individuals
from a drug class that diminishes pain, reduces fever, prevent
blood clumps, and in higher dosages, diminishes inflammation
for a short moment while analgesics can be utilized for both
short and long term pain relief. Thermally-induced pain by hot
plate and chemically induced pain by acetic acid were used to
assess the analgesic activity of the compounds under test.
Formalin prompted pain and inflammation in mouse paw was
employed as a model to find the anti-inflammatory activity.
Benzimidazole-derived Schiff bases delivered a comparable
impact on the response time of animals to heat upon putting
on the hot plate surface. Also, a similar effect or higher than
that produced by morphine at a dose of 25 kg/mg was
exhibited by compounds with a dose of 50 mg/kg. The anti-
inflammatory activity of compounds were done by formalin
test. Both compounds showed an incredible reduction in phase
I and II responses. Moreover, compounds was accounted to
have radical scavenging activity above 75% by the DPPH
method by used standard ascorbic acid.[139]

Gene delivery is the way toward presenting foreign genetic
material, like DNA or RNA, into receptor cells.[140] Gene delivery
should arrive at the genome of the host cell to instigate gene
expression. Effective gene delivery holds foreign substances
inside the host cell and can initiate genome incorporation or
reproduce autonomously of it.[141,142] This requires foreign DNA
to be synthesized, which is intended to enter the ideal host cell
and convey the transgene to that cell‘s genome.[143] Vectors
used as the strategy for gene delivery can be partitioned into
two classifications, recombinant viruses and synthetic vectors
(viral and non-viral).[144]

Guo et al. (2015) delivered Schiff-base linked imidazole dual
functionalized poly(glycerol methacrylate) (80) for gene deliv-
ery (Figure 35). The newly designed compound was effectively
bonded with plasmid DNA. Schiff-base linked imidazole coming
out in advanced endosomal escape and DNA cargo delivering
behaviors, therefore prompting better transfection efficacy

compared to PEI25 K in the focussed cells. Higher transfection
efficiency was inferable from improved cellular uptake and
nuclear localization. Henceforth, guanidine and imidazole
minimized cytotoxicity and DNA releasing function and
effective gene expression in targeted cells. Hence, an efficient
gene delivery carrier with imidazole-related Schiff bases should
be constructed for the future.[145]

A series of imidazole-derived compounds 81–83 were
synthesized by Kumar et al. (2020) is drawn up in Figure 36.
Synthesized imidazole scaffolds were taken for checked the calf
thymus-DNA binding affinity suggesting their superior inhib-
ition ability to displace ethidium bromide, which was further
confirmed by molecular docking. Imidazole derivatives might
be a ladder to the pharmaceutical future. Additionally, the
reaction should be done via the green method with satisfied
principles like Carbon efficiency (82.32%), E-factor (0.51), Atom
economy (77.86%), Process mass intensity (1.51), and Reaction
mass efficiency (66.14%).[146]

Bocian et al. (2019) devised a small library of six tridentate
N-heterocyclic hydrazone Schiff base ligands, Lx=84–89 (Fig-
ure 37), and their iron complexes. Iron (III) chloride leads to the
formation of the equimolar open complexes, while the iron (II)
trifluoromethanosulfonate for the synthesis of bimolar closed

Figure 34. Synthesis of imidazole-based aromatic compounds.

Figure 35. Synthesis of dual functionalized imidazole-linked Schiff base.
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systems. The effect of H-bonding in biological properties was
studied on phenoxazinone synthase and DNA-binders. The
effect of including benzimidazole and imidazole rings in the
Schiff base was observed for DNA-binding studies and
observed biological behavior in terms of mimicking phenox-
azinone synthase activity due to the presence of hydrogen
bond donors. [Fe(Lx)Cl3] complexes do not interact with
studied nucleic acid, which may repel the complex from the
sugar-phosphate backbone of CT-DNA. In contrast, [Fe-
(Lx)2](OTf)2 complexes exhibited bulky cations which resulted in
the interaction with the negatively charged backbone of DNA.
This showed that the benzimidazole moiety adequately blocks
the excess species from intercalation or some other critical

interaction with nucleic acids and the imidazole substituent
can be utilized for tuning of the interaction strength.[147]

Schiff base-linked imidazole-modified polylysine with a
reversible-PEGylation catiomer (90) of high-efficiency gene
engineered by Cai et al. (2015) is shown in Figure 38. The
reversible PEGylation was presented for in-vivo dissemination,
just as particular PEG separation to expand the cell internal-
ization, while presenting Schiff-base connected imidazole
buildups into polylysine was relied upon to speed up the
endosomal escape of the DNA payload, just as work with
intracellular DNA unloading and delivery, in this manner
fundamentally improving gene delivery effectiveness. Schiff-
base linkages with imidazole gave an expanded DNA binding

Figure 36. Synthesis of imidazole-derived compounds with naphthalene and anthracene scaffolds.

Figure 37. Synthesis of tridentate N-heterocyclic hydrazone Schiff bases.

Figure 38. Synthesis of imidazole-modified polylysine-based Schiff base.
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capacity against DNA against nucleases and opportune intra-
cellular DNA unloading to allow DNA dissociation from
polylysine and access to transcriptional machinery thereby
enhanced transfection efficiencies than gold standard PEI.[148]

Shi et al. (2013) had introduced a biopolymer, chitosan
anchored imidazole Schiff base 91 used as the vector for high-
performance gene delivery (Figure 39). It resulted in the
effective binding of the synthesized compounds with plasmid
DNA (pDNA) and protected pDNA from DNase I digestion in
solution. The Schiff base doesn’t instigate noteworthy cytotox-
icity against HEK 293 cells and could upgrade conveyance of
pDNA into cytoplasm and nucleus effectively. A 70% of
transfection productivity could be archived after optimizing cell
transfection conditions. The remarkable highlights were ob-
tained as strong gene binding and protection capability, low

cytotoxicity, good biodegradability, and high efficiency in gene
delivery and cell transfection under physiological pH.[149]

A versatile class of binuclear copper (II) complex (92) with
imidazole Schiff base (Figure 40) had been proposed by Li et al.
(2014). The complex was acquired in contorted square
pyramidal geometries. UV-vis, fluorescence, round dichroism
spectra, and agarose gel electrophoresis gave the interaction of
complex 92 with calf thymus DNA (CT-DNA). The trial results
demonstrated that complex 92 could tie to CT-DNA through an
intercalative mode and show enhanced cleavage activity.
Complex 92 showed an antitumor impact on the cell cycle and
apoptosis. MGC-803 cells were used for the capturing and it
was interlocked in the S phase after treatment with complex 92
evaluated by flow cytometric technique. Apoptosis of MGC-803
cells could be the final result.[150]

Mandal and lab mates (2014) had been synthesized and
characterized two imidazole-bound Schiff bases 93, 94, and
four rhodium (III) and iridium (III) metal complexes 95; 95a–
95d (Figure 41). The complexes could behave as an anode was
verified by electrochemistry. All the complexes exhibited
fluorescence at room temperature. The quantum yield calcu-
lated was 3×10� 2 to 5×10� 2. Cellular imaging studies were
done for all compounds in MCF7 human breast carcinoma cells.
Cytotoxicity was done via MTT assay. Compounds having
imidazole scaffold could be used for bioimaging since they
were low cytotoxic. All the experimental sections were
correlated with computational studies.[151]

Imidazole and taurine Schiff base-based copper metal
complex 96 (Figure 42) had been investigated by Li et al.
(2016). They have noticed the interaction between complex 96
and human serum albumin (HSA) experimentally and theoret-
ically. Evaluated the physical parameters. Complex 96 could
induce an alteration in the secondary structure of HSA and
which was located in subdomain IB of HSA. The 96-HSA
complex would be stabilized by hydrophobic and hydrogen
bond interactions. Also, the 96-HSA complex exhibited ex-
cellent cytotoxicity in cancer cell lines and has no effect on
normal cell lines. It promoted the HepG2 cells for apoptosis
and had a stronger capacity for cell cycle arrest at the S phase
of HepG2 cells.[152]

Khouzani and co-workers (2016) defined the synthesis and
characterization of a nickel (II) complex 97 with imidazole

Figure 39. Synthesis of chitosan anchored imidazole-based Schiff base.

Figure 40. Synthesis of binuclear copper (II) complex with imidazole Schiff
base.

Figure 41. Synthesis of imidazole-bound Schiff bases and its rhodium and iridium metal complexes.
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Figure 42. Crystal structure of imidazole and taurine Schiff base-based copper metal complex.

Figure 43. Synthesis of nickel (II) complex of imidazole attached heterocycles.

Figure 44. Synthesis of pyridine or imidazole-based adducts and their cobalt complexes.

Figure 45. Synthesis of imidazole bridged compounds with oleyl chains linked by an amide group.
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derivatives (Figure 43). The interaction of complex 97 with calf-
thymus DNA (ct-DNA) had been evaluated with an apparent
binding constant value of 1.11×105 M� 1. The reaction was
entropically favored but endothermically disfavoured. There
was no viscosity change for ct-DNA with increasing concen-
tration of complex 97. Complex 97 bonded effectively via
hydrophobic interaction and the mode of binding is a groove
or electrostatic mode.[153]

A pyridine or imidazole-based adducts and their Schiff base
related cobalt complexes 98; 98a–98d were prepared and
characterized by Surendrababu et al. (2011) (Figure 44). The
complexes had shown a quasi-reversible one-electron redox
process. It could effectively bond with calf thymus DNA with an
intercalative mode. The intrinsic binding constants of com-
plexes were in order of ∼103–104 M� 1. A double-stranded
pBR322 round plasmid DNA in the presence and absence of
oxidant was used to test the nucleolytic cleavage in complexes

98c and 98d and were cleaved in presence of hydroxyl
radical.[154]

Mével and co-workers (2016) had been reported the highly
efficient gene delivery system containing compounds 99 and
100 with imidazole groups and two oleyl chains linked by an
amide group (Figure 45). They assessed the relationship of
aminoglycoside lipidic derivative dioleylsuccinylparomomycin
(DOSP) with aminoglycoside polar head group and compared
the morphology and transfection properties of binary lip-
osomes with liposomes having imidazole-based dioleyl helper
lipid (MM27) with phosphoramido group as a linker. The hybrid
dioleyl linker composition of DOSP/MM27 prompted higher
transfection efficiency rather than homogenous dioleyl linker in
essential cell lines.[155]

Chhetri et al. (2020) synthesized azo functionalized
imidazole compounds (101; 101a–101 f) by a simple condensa-
tion method (Figure 46) and characterized using primary

Figure 46. Synthesis of azo functionalized imidazole compounds.

Figure 47. Synthesis of imidazole containing Schiff base compounds.

Figure 48. Synthesis of tridentate imidazole-histidine-based Schiff base and its transition metal complexes.
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analytical and spectroscopic techniques. They have carried out
the inhibitory activity of all the compounds against coronavirus
(COVID-19) and the selected target protein for the molecular
docking analysis was Main Protease (6LU7). The docking results
provided the effective binding of all the compounds except
101b within the active site of the target protein. Also, they
exhibited interaction within the Cyst 145-His 41 catalytic dyad.
The drug-likeness properties of all the compounds were
evaluated by ADMET studies and revealed that all of them
could as the best drug candidate.[156]

Eftekhari and co-workers (2021) have planned and synthe-
sized simple imidazole bearing Schiff bases (102; 102a–c) by

the condensation of carbonyl and amine groups (Figure 47).
They have employed convenient reflux and sustainable green
method for the synthesis. Their main intuition was to develop a
new strategy for the synthesis of imidazole-derived Schiff bases
by using ethanol as a green solvent. The antibacterial activity
of newly developed compounds was carried out in two Gram-
positive (Staphylococcus aureus, Bacillus subtilis) and two Gram-
negative (Proteus mirabilis, Escherichia coli) bacteria. The micro-
wave irradiation method provided higher yields within 2–4 min
and exhibited outstanding antibacterial results for all the
compounds having substituents like Cl, OH, and CH3.

[157]

Figure 49. Synthesis of ionic liquid supported imidazole-based Schiff base and its complexes.

Figure 50. Synthesis of four imidazole-based Schiff bases.
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Reshma et al. (2021) cited the synthesis and biological
properties of tridentate imidazole-histidine-based Schiff base
(103) and its transition metal complexes (104a–b) that are
provided in Figure 48. The coordination properties, nature of
bonding, and stability of the complexes were deduced from
spectroscopic analysis. It was demonstrated that the complexes
have an octahedral geometry, except zinc complex, which has
a tetrahedral geometry. In-vitro antimicrobial activity was
examined over Bacillus subtilis, Staphylococcus aureus, Pseudo-
monas aeruginosa, Escherichia coli, Aspergillus niger, and
Candida albicans. They were shown the excellent antimicrobial
properties. The antibacterial property was further confirmed by
a molecular docking study by selecting suitable target proteins
for the effective binding within its pockets.[158]

Synthesis of new mixed ligand Mn(II), Ni(II), and Cu(II)
complexes (106a–c) from an ionic liquid supported imidazole-
based Schiff base (105) and its antimicrobial evaluation was
published by Sinha et al. (2021) is shown in Figure 49. The
analyzed spectra confirmed the hexa coordinated geometries
of all the complexes around the mixed ligand. The selective
antimicrobial activity of the complexes concerning the Schiff
base was done on Staphylococcus aureus, Bacillus cereus (Gram-
positive) and Escherichia coli, Klebsiella pneumonia (Gram-
negative) bacterial strains. On comparing with other complexes
there seen Ni(II) complex exhibited better antimicrobial activity
while the Cu(II) complex produced minimum inhibition zone in
plates of Staphylococcus aureus. In short, antimicrobial activity
was higher in Gram-positive bacteria over Gram-negative
bacteria.[159]

The theoretical and biological studies of four reported
imidazole-derived Schiff bases (107–110) were published by
Slassi and the team in 2020 is depicted in Figure 50. The

synthesis, characterization, and optical properties of imidazole-
based Schiff bases have been carried out. To evaluate the
antifungal properties of these compounds, pathogenic fungal
species like Candida albicans were selected. The activity was
noted in both solid and liquid mediums. The structural and
electronic properties of compounds would be evaluated using
density functional theory and quantum chemical calculations.
The highest activity of compound 107 was due to the obtained
lowest EHOMO (� 5.918 Kcal/mol) and highest ELUMO (� 2.114 Kcal/
mol) energy values. In contrast, in-silico antioxidant properties
were investigated with the help of molecular docking and it
was carried out on the most and the least active compounds
(107 and 110). The theoretical and experimental results were in
good agreement.[160]

Tanaka and co-workers (2020) were investigated the syn-
thesis and magnetic properties of iron(II) complexes (113,114)
with bis(bidentate)-type Schiff bases (111,112) containing
imidazole groups (Figure 51). A tetrahedral tetra nuclear
structure for the complexes was confirmed by X-ray analysis.
The phenylene segments were tightly placed inside the internal
space of the tetrahedron. Magnetic susceptibility studies
indicated that both complexes showed gradual but incomplete
spin-crossover (SCO) behavior. The research regarding the
magnetic properties is now under the way in their
laboratory.[161]

Recently, Siwach and his co-worker have been published a
review article based on the therapeutic potential of imidazole-
containing compounds in 2021. They have summarized the
various kinds of synthetic routes and different pharmacological
activities of 1,3-diazole containing compounds but not dealing
with the further modification of the diazole compounds to a
Schiff base or its derivatives.[162] In the present work, we focus

Figure 51. Synthesis of imidazole-based bis(bidentate)-type Schiff bases and their iron(II) complexes.
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on the imidazole-based Schiff bases and their derivatives
synthesized during recent years and focused on the biological
importance thereby leading the scope of developing such
selected compounds as a drug candidate in future.

Conclusion

The above makes reference to having clearly shown that the
fundamentally basic imidazole ring assumes a significant part
in therapeutic science. Various remarkable accomplishments
uncovered that imidazole-based compounds have widely likely
application as antioxidant, antimicrobial, anticancer, enzyme
inhibitor, DNA binding, antimalarial, antituberculosis, etc. and
so on have been successfully developed, marketed, and
extensively used in the clinic in preventing and treating various
types of diseases with low toxicity, high bioavailability, and
good biocompatibility and curative effects. A growing effort
from everywhere in the world has been straightforwardly
focusing on imidazole-based compounds for conceivable
clinical application in the analysis and treatment of different
sorts of infections. Excitingly, an expanding number of
imidazole derivatives have been becoming out to be clinical
drug applicants in effectively ongoing research and improve-
ments. All these have emphatically proposed the infinite
possibility of imidazole derivatives in the therapeutic field.
Though a great deal of progress has been gained, it is
undoubted that the improvements of all conceivable use of
imidazole-based compounds as therapeutic drugs, diagnostic
agents, and pathologic probes will constantly be an over-
whelmingly attractive topic for a seriously long time. The broad
medicinal probability will ineluctably draw an ever-increasing
number of scientists to participate in the medicinal research of
imidazole derivatives.
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Crystal lattice engineering in a screw-dislocated
ZnO nanocone photocatalyst by carbon doping†

Jesna Louis,ab Nisha T. Padmanabhan,ac Madambi K. Jayarajd and
Honey John *abe

Screw-dislocated ZnO nanocones exposing a greater percentage of polar {0001} facets are developed

by a tailor-made CTAB-assisted hydrothermal process. A possible formation mechanism of ZnO

nanocones with step edges exposing high-energy {0001} facets is explained by screw dislocated crystal

growth theory. Further, ZnO nanostructures are defect-engineered by the introduction of carbon atoms

into their crystal lattice. A facile synthesis route for carbon-doped zinc oxide (C:ZnO) nanostructures is

proposed, in which ZnO nanostructures synthesized by a hydrothermal method are subjected to an

electrospinning process, followed by calcination, to incorporate carbon as the dopant. Polyvinyl alcohol

(PVA) acts as both the dopant-precursor and the spinning agent for the construction of C:ZnO

nanostructures. XPS analysis confirms the incorporation of carbon atoms into the oxygen vacancies of

the ZnO lattice in C:ZnO nanostructures. The increase in the lattice parameters of ZnO resulting from

carbon doping is evidenced by XRD analysis. UV-visible diffuse reflectance spectroscopy (DRS) results

revealed improved photogenerated charge separation in C:ZnO by the reduction of bandgap energy as

a result of valence band extension to a higher energy region upon carbon-doping. C:ZnO

nanostructures showed a markedly higher photocatalytic activity (97%, kinetic rate constant k = 39.57 �
10�3 min�1) compared to undoped ZnO nanostructures (51%, k = 13.64 � 10�3 min�1) within 90 min

visible-light irradiation of methylene blue dye solution. The mechanism of photogenerated charge

carrier separation and visible-light photocatalytic pathways in C:ZnO nanostructures was further

elucidated. Altogether, this new-fangled simple synthesis approach for crystal lattice engineering in ZnO

for enhancing its visible-light photoactivity brings both the material and the methodology well-nigh

suitable for various environmental applications.

Introduction

Architecting nanomaterials between different morphologies or
dimensions and imparting crystal defects has been a major
pursuit in nanoscience and nanotechnology to achieve specific
applications using their optoelectronic properties.1–3 Such
methodologies hold promise in tackling various environmental
issues and energy challenges. Rational synthesis methods have
to be developed to achieve the desired morphology/dimension

with specific defects for the nanomaterials and to exploit their
efficacies. On this account, the dislocation-driven growth
mechanism forms a versatile tool to elucidate nanocrystals of
varied structures, which itself is a defect to the crystal growth
providing self-perpetuating steps and thereby creating crystal
anisotropy.4–6 Zinc oxide (ZnO) is notable among semiconduc-
tors due to its unparalleled flexibility in designing novel and
complex hierarchical structures due to its characteristic Zn- and
O-terminated polar surfaces along with 6, 2-fold symmetries
and their sub-symmetries.7,8 Generally, ZnO favours a wurtzite
crystal lattice with a c-axis directed dipole moment by zinc
terminated (0001) and oxygen terminated (000 %1) surfaces,
resulting in spontaneous polarisation and bifurcation of
surface energy.9 Typically, the common crystal facets that deter-
mine the growth orientation and therefore the morphology of
ZnO are {10%10}, {0001} and {11%20} with {10%10} being the most
stable surface and {0001} being the high energy surface of low
index planes. Based on crystal growth habits, the growth rate of
planes is in the order: (0001) 4 (10%11) 4 (10%10), frequently
expressing ZnO nanorod structures with a high area of the
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non-polar {10%10} and a low exposed area of the polar {0001}
surface. Because of the high energy of the {0001} surface, h0001i
direction growth is too fast to be observed in the final structure;
instead, low energy planes growing with a slow growth velocity
will be exposed in the final morphology.

ZnO is potentially applied to solve various environmental
issues by photocatalysis due to its wide direct bandgap, good
photosensitivity, and intrinsic electronic characteristics.10–12

Nonetheless, the wide bandgap in semiconductors limits the
utilization of bountiful solar energy and confines their applica-
tion in real-world water purification processes. Another major
limitation of ZnO photocatalysis is its high rate of electron–hole
pair recombination which also hampers their commercial
application. Recently, modifications like coupling with other
semiconductor materials have been reported to enhance
the photocatalytic degradation of organic compounds.13–16

The heterojunctions so-created allow the energy bands to align
suitably which facilitates the separation of photogenerated
charges to a greater extent and reduces the recombination rate.
The exposed crystal planes and their polarity have a significant
effect on the photocatalytic activity. Since the reaction occurs at the
interface between the reactant and catalyst, the surfacemorphology
of ZnO influences greatly the photocatalytic efficiency. The order of
degradation efficiencies of different surfaces towards methylene
blue dye is {0001} 4 {10%11} 4 {10%10}, and the morphology
with a high degree of exposure of the {0001} facet is preferred for
photocatalysis.17 Greer et al. developed (0001) plane exposed
microspheres of ZnO from the aggregation of nanocones via a
solvothermal route using two different H2O–ethylene glycol solvent
mixtures. The high Zn/O lattice atomic ratio obtained from XPS
confirms the zinc enrichment and (0001) plane termination.18

Pyramid-shaped particles with the (0001) basal plane and (10%1%1)
exposed side planes were synthesised by a solvothermal technique
using hexamethylenetetramine as the capping agent and ethylene
glycol–water mixture as the solvent, which exhibits good sensing
behaviour towards ethanol.19 Another interesting approach to
reduce the recombination rate as well as to enhance the physico-
chemical properties is by doping the semiconductors with transi-
tion metals. The dopant acts as an electron scavenger during
photoexcitation of the semiconductor and thus the photogenerated
holes are readily accessible for the formation of hydroxyl radicals.
While developing composites of semiconductors with noble metals
like Au, Ag, Pt, etc., they serve as a sink for photogenerated electrons
and thereby suppress the fast recombination of excitons.20–22 Ag–
ZnO heterojunctions with improved photocatalytic efficiency
towards methylene blue degradation were prepared by Zhu et al.
They found that Ag–ZnO heterojunctions generate more O2�

radicals and Ag loading suppresses the electron–hole pair recom-
bination which enhances the photocatalytic performance.23 Putri
et al. evaluated the effect of the morphology of bimetallic AuAg
nanoparticles (AuAg nanoflowers and AuAg mesopopcorn) on the
photocatalytic efficiency of a nanocomposite with ZnO nanorods.24

A graphene oxide/ZnO nanocomposite embedded with Ag nano-
particles shows complete degradation after 45 min towards
methylene blue degradation.25 Recently it has been reported by
various groups that non-metal (C, B, I, F, and P) doping shifts the

bandgap of semiconductors to the visible region by introducing
crystal defects and a greater number of oxygen vacancies.26–28

Among various non-metals, carbon has gained more attention
due to its effective reduction of the bandgap by creating
intermediate energy levels which result in increased visible light
absorption. Ansari et al. synthesised C-doped ZnO nanostructures
by a decomposition method using melamine as the carbon source.
The narrow band gap and good electron–hole pair separation
efficiency gained upon carbon doping enhance the photocatalytic
efficiency of ZnO towards rhodamine B degradation.29 Pyrolysis of
zinc based metal organic frameworks is another strategy to obtain
carbon doped ZnO. The even distribution of carbon in the ZnO
lattice along with a porous structure from the MOF leads to band
gap narrowing and enhanced adsorption of dye molecules on the
active surface.30

In this work, we developed screw-dislocated ZnO nanocones
with step side edges exposing high-energy {0001} facets by a
hydrothermal process. The study offers a good chance to
understand the formation mechanism and to know the
importance of step-edge preferential growth of nanocones.
We also proposed a facile method for the synthesis of carbon-
doped ZnO nanostructures that involves electrospinning of
hydrothermally synthesized ZnO nanostructures in the
presence of polyvinyl alcohol solution. To the best of our
knowledge, carbon-doped ZnO nanostructures synthesized by
a hydrothermal method, followed by calcination of the electro-
spun ZnO–PVA complex, have not been reported. Therefore, it
is imperative to study the development of ZnO step-edge
nanocones exposed with well-defined crystal facets and
carbon-doped ZnO nanostructures with new facile synthesis
to enhance the photocatalytic activity.

Experimental
Chemicals

Zinc acetate (Zn(Ac)2�2H2O, 99.0%), sodium hydroxide (NaOH),
methylene blue (MB), glacial acetic acid, isopropyl alcohol
(IPA), benzoquinone (BQ), disodium salt of EDTA (Na2EDTA)
and silver nitrate (AgNO3) were purchased from Merck, India.
Cetyltrimethylammonium bromide (CTAB) was purchased from
Spectrochem, India. Polyvinyl alcohol (PVA, degree of poly-
merisation – 15 000, Mn – 6.6 � 105) was purchased from Rolex
Chemical Industries, Mumbai. All these chemicals were used as
received without further purification.

Synthesis of ZnO nanostructures

ZnO nanocones were synthesized by a hydrothermal method
based on our previous work.31 In brief, 0.06% of CTAB and
1 mM Zn(Ac)2�2H2O were suspended in 1% 100 mL glacial
acetic acid solution. The obtained solution was stirred for 24 h
at room temperature. The pH of the solution after stirring was
increased from 3.5 to 11 with the addition of 1 M NaOH
solution. Thereafter the solution was transferred into a
Teflon-lined stainless-steel autoclave for a hydrothermal treat-
ment at 100 1C for 7 h. Finally, the ZnO nanostructures were
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collected by centrifugation, washed several times with DI water,
and dried at 60 1C overnight.

Synthesis of carbon-doped ZnO nanostructures (C:ZnO)

The schematic diagram of the fabrication of carbon-doped ZnO
nanostructures is shown in Scheme 1. The synthesis procedure
involved an electrospinning process, followed by high-
temperature calcination. Initially, ZnO nanostructures (1 wt%)
were added to PVA solution (7 wt%) and sonicated for 2 h to get a
uniform dispersion. The solution was then loaded into a syringe
of needle size 0.06 mm � 25 mm without any air bubble and
further used for the electrospinning process. The voltage applied
was 20 kV between the grounded collector drum and the needle
tip with a flow rate of 1 mL h�1 at a distance of 12 cm. The
electrospun fiber net was then annealed in air at 600 1C for 2 h at
a controlled heating rate of 2 1C per minute using a muffle
furnace. High-temperature annealing degrades PVA within the
sample. The obtained C:ZnO nanostructure is named Z1P7. The
ratio of PVA in the solution for electrospinning was varied for
10 wt% and 12 wt% to obtain samples Z1P10 and Z1P12,
respectively.

Characterization

The crystallographic structure and size of the samples were
analyzed by XRD patterns using a PANalytical X’Pert Pro (l =
1.5418 Å). The surface morphology of the samples was investi-
gated using a Carl Zeiss UltraPlus field emission scanning
electron microscope (FESEM). The X-ray photoelectron spectro-
scopy of the prepared samples was recorded on a PHI 5000
VersaProbe II, ULVAC-PHI Inc., USA, equipped with a micro-
focused (200 mm, 15 KV) monochromatic Al-Ka X-ray source.
Transmission electron microscopy (TEM; JEOL JEM-2100
microscope) images were recorded to investigate the crystal-
lographic structure and size of the samples. The optical proper-
ties of the samples were analyzed using a PerkinElmer UV/Vis
Lambda 365 spectrometer. The photoluminescence behavior of
the samples was analyzed using a Jobin Yvon Horiba Model
Fluorolog at an excitation wavelength of 320 nm. Time-
correlated single-photon counting (TCSPC) data were collected

using a Horiba PTI spectrophotometer. The specific surface area
and pore size measurement were performed on a BELCAT-M
(BEL Japan, Inc.; samples were degassed at 100 1C for 2 h before
analysis).

Photocatalytic MB degradation

The photocatalytic activity of the samples was analyzed from the
degradation of methylene blue as a model organic pollutant
under visible-light excitation. 10 mg of the photocatalyst was
mixed with 40 mL of 10 ppm MB dye solution. The photo-
catalyst–dye solution was stirred in dark conditions for 30minutes
to reach the absorption–desorption equilibrium. Thereafter the
solution was irradiated with simulated solar light for 90 minutes.
5 mL aliquots were taken from the solution at each 30 minute
time interval and the absorbance at lmax = 663 nm was monitored
by UV-Vis spectroscopy. The absorbance of the initial concen-
tration of MB solution before light irradiation was also measured.
The photocatalytic efficiency was calculated using the following
formula:

%Efficiency ¼ C0

Ct
� 100

where C0 is the initial concentration of MB solution and Ct is the
concentration of MB at a particular time t.

Further, to find out the reactive species in the synthesized
C:ZnO, MB photodegradation was monitored after the addition
of 1 ml of 2 mM solutions of IPA, BQ, Na2EDTA, and AgNO3 as
the scavengers for hydroxyl (�OH) radicals, superoxide (�O2

�)
radicals, holes (h+) and electrons (e�), respectively.

Results and discussion

ZnO nanocones were primarily synthesized by a hydrothermal
method using CTAB as the capping agent. Fig. 1a shows the
typical XRD pattern obtained for the as-prepared ZnO nano-
structures matching well with the JCPDS card no: 36-1451, and
corresponding to its wurtzite phase with high crystalline purity.
As evident from the SEM and TEM images (Fig. 1b and c), the
nanostructures have a cone-like morphology with the basal
sides of the nanocones showing regular corners of a hexagon
with an angle of 1201. The SAED pattern shown in the inset of
Fig. 1d taken for the whole nanocone morphology can be
assigned to wurtzite ZnO with zone axis [0001]. The diffraction
spots are clear and concentric without any additional points,
affirming that the whole nanocone is a single crystal without
any stacking faults. Instead, the crystal has grown with screw-
dislocations in the [0001] zone axis and ended with the polar
facet of {0001}.

Further examining the crystal growth, the cationic surfactant
CTAB completely dissociates in water into CTA+ and Br� ions,
which will have a direct influence on the polar facets of ZnO
during its crystal growth by electrostatic attraction.32 Meanwhile,
CTAB also forms micelles with a specific size and shape and will
assist in crystallization of ZnO simultaneously determining the
final morphology of ZnO nanocrystals in lower supersaturation.
Colloidal Zn(OH)2

2� tetrahedral units, formed from the precursor
Scheme 1 Schematic representation of the fabrication of C:ZnO
nanostructures.
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Zn(Ac)2�2H2O with 1% acetic acid solution, are the growth units of
ZnO. These units being negatively charged get electrostatically
attracted to the hydrophobic end of CTA+ which is as well a
positive tetrahedron. Hydrothermal treatment laterally dehydrates
Zn(OH)2

2� to ZnO, and ZnO seeds are formed. CTA+ continues to
act as ionic carrier forming layers of Zn(OH)2

2� over the formed
ZnO seeds. CTA+–Zn(OH)2

2� units tend to face-land onto the
growing interface of ZnO nanoseeds, with simultaneous dehydra-
tion. The landing process of CTA+–Zn(OH)2

2� units onto ZnO
nanoseeds which is growing with a [0001] crystal direction is
diagrammatically shown in Fig. 2a.

This process of face-landing and dehydration continues
until the ZnO crystal experiences some high-energy barriers
(caused by slower mass transport kinetics or by more adsorbed
surfactant molecules) in nucleating new layers of atoms along

[0001] crystal growth. At this instance of overcoming the energy-
barrier, the addition of more CTA+–Zn(OH)2

2� units creates a
screw-dislocation with a step edge to the crystal. These axial
screw dislocations with self-perpetuating steps lead to the
breakage of crystal symmetry and the crystal growth proceeds
with high anisotropy leading to the formation of nanocone
morphology.4 A screw-dislocation can itself be considered as a
defect to the crystal growth of ZnO. To explain the formation of
such a morphology with step edges, crystal growth velocities no
and nc can be considered (Fig. 2b), where no is the velocity of the
steps at the core and nc is the velocity at the outer edges at
hillocks of the dislocation.5 In other words, no promotes the
crystal growth equally along [01%10], [10%10], and [1%100], with
their corresponding reverse axes, while nc promotes crystal
growth along the [0001] zone axis. At the initial stages of crystal
growth, ZnO crystallizes out more like a 2D hexagonal platelet
when no and nc are crystallographically equivalent, without the
creation of any step pile up. The formation of such hexagonal
basal planes at the bottom of nanocones is clear from the SEM
image discussed above. When no o nc, newly generated steps
are perpetuated under low supersaturation in the presence
of CTAB as surfactants. Preferential adsorption of CTAB
molecules onto high-energy {0001} facets stabilizes them along
the c-axis in between the steps (Fig. 2c and d). It is also noted
that the so-formed nanocones have extremely high slopes with
smaller width-to-height ratios. Such defective crystal growth in
wurtzite ZnO, henceforth, exposes a greater percentage of high-
energy {0001} facets due to step-edges, which is expected to
show great potential towards photocatalytic performances.33

The SEM image of ZnO synthesised without CTAB shows
agglomerated nanoparticle morphology confirming the impor-
tance of CTAB for the step edge growth of ZnO nanocones
(Fig. S1 of the ESI†).

We further introduced more defect sites into the screw-
dislocated ZnO nanocones by C-doping. For attaining such

Fig. 1 (a) XRD, (b) SEM, (c) TEM and (d) HRTEM of the as-synthesized ZnO
nanocones. Inset of (d) shows the corresponding SAED pattern.

Fig. 2 (a) Schematic illustration of face landing of CTA+-Zn(OH)2
2� units along the [0001] crystal axis, (b) top view of a ZnO crystal having screw

dislocations with different step velocities at the outer edge (no) and at the dislocation hillock (nc), and (c) ZnO nanorods with screw-dislocations.
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defect states, the as-synthesized ZnO nanocones were dispersed
in a definite concentration of PVA solution by ultrasonication to
obtain the precursor solution for the electrospinning process.
The as-fabricated electrospun PVA/ZnO fibers were then
annealed such that the polymeric chains of PVA get degraded
and carbon-doped ZnO nanostructures are yielded (Scheme 1).
Fig. 3 presents the TEM image of C:ZnO nanostructures. After
carbonization, Z1P7 retains its nanocone morphology similar to
pure ZnO with a slightly higher size, while Z1P10 also somewhat
retains the nanoconemorphology. Also, the nanocone step edges
are gradually transformed to a smooth surface by the removal of
CTAB during annealing. The corresponding HR-TEM images
of all samples are shown in Fig. 3(d)–(f). A lattice distance of
0.26 nm is observed for all samples with sharp lattice fringes,
corresponding to the interplanar distance between the crystal-
lographic (100) planes of the ZnO wurtzite crystal lattice.
The SAED pattern also shows the good crystalline nature of the
samples. The SEM images and elemental mapping of Z1P10 are
depicted in Fig. S2 of the ESI.† The FESEM image of the
electrospun ZnO/PVA (10 wt% PVA) shows well-defined smooth
and beadless nanofibers with an average diameter of 150 nm
(Fig. S2a, ESI†) and it is also clear from the SEM image that ZnO
nanoparticles are uniformly distributed inside nanofibers.
During the annealing process, the PVA nanofibers are degraded
providing carbon as the dopant and this method enables
effective carbon doping as ZnO exhibits a good interaction with
PVA nanofibers. After annealing the sample Z1P10 shows

smooth nanoparticle morphology. The presence of carbon in
ZnO nanostructures was further examined by SEM-EDS. As
shown in Fig. S2(c)–(f) (ESI†), the samples consist of only Zn,
O, and C atoms with uniform distribution, confirming the
formation of C:ZnO.

The XRD spectra of the as-prepared samples are shown in
Fig. 4. All samples show characteristic peaks of hexagonal
wurtzite ZnO with good crystalline nature, which is well correlated
with the literature.34 This indicates that the incorporation of
carbon does not alter the crystalline phase of ZnO. There is a
slight shift in the diffraction peaks of C:ZnO towards a lower angle
compared to pure ZnO, indicating the expansion of the ZnO
lattice by the introduction of carbon atoms into the ZnO lattice.
The peak values of all samples can be assigned to the corres-
ponding crystal planes of the hexagonal wurtzite ZnO structure
(JCPDS card no: JCPDS 36-1451). The absence of any other peak in
the XRD pattern indicates high crystallinity and phase purity. The
average crystallite size of the samples is calculated using the
Scherrer equation (eqn 1) and presented in Table 1.

L ¼ Kl
bsize cos y

(1)

where L is the average crystallite size, K is the constant of
proportionality, bsize is the line broadening in radians, y is the
Bragg angle, and l is the X-ray wavelength. Also, the lattice
parameters a and c are calculated along the (101) peak of the
XRD pattern for both pure ZnO and C:ZnO samples using Bragg’s

Fig. 3 (a–c) TEM and (d–f) HRTEM images of Z1P7, Z1P10, and Z1P12, respectively. The insets of (d–f) show the corresponding SAED patterns.
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law35 (eqn (2)) and given in Table 1.

a ¼ lffiffiffi
3

p
sin y

and c ¼ l
sin y

(2)

The lattice parameters a and c of pure ZnO are calculated as
3.0058 and 5.2062 Å, respectively, increasing to 3.2 and 5.6 Å for
C:ZnO samples. In addition, the lattice parameters increase
linearly for C:ZnO nanostructures upon carbon doping. This
can be explained by the substitution of smaller O2� ions by
larger C4� ions. The ionic radius of C4� is 0.260 nm which is
higher than that of O2� (0.140 nm) in the tetrahedral
environment.36,37 So the incorporation of C4� into the lattice
of ZnO increases the crystal volume and thereby the lattice
parameters. Additionally, carbon doping into ZnO nanostruc-
tures requires an external input energy of B12 eV, which can
also be ascribed to the change in structural parameters com-
pared to pure ZnO.38 Similarly, the Zn–O bond length, L, is
obtained from eqn (3):

L ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:3a2 þ ð0:5� uÞ2c2

q
(3)

where u, an internal parameter, is the Z-coordinate of oxygen

atoms u ¼ a2

3c2
þ 0:25

� �
. From the calculation, the Zn–O bond

length for pure ZnO is recorded as 1.82 Å, and for all C:ZnO
samples the values are found to be 1.95 Å. This increase in
Zn–O bond length is associated with the rise in lattice
parameters a and c.39,40 Thermogravimetric analysis (TGA)
was carried out from ambient temperature to 750 1C for
investigating the thermal stability of the prepared samples
and to understand the components of C:ZnO structures. A
negligible weight loss in the Z1P10 sample compared to pure
ZnO observed in the thermogram shown in Fig. S3 (ESI†)
confirms the removal of organic compounds used for carboni-
zation during the electrospinning process.41,42

Aiming at various photocatalytic applications, one of the
important properties of photocatalysts is their optical absorp-
tion which can be monitored by employing UV-visible spectro-
scopy. C:ZnO nanostructures show a noticeable increase in
visible-light absorption (Fig. 5a) compared to pure ZnO. A
gradual red shift in the absorption edge for C:ZnO samples is
observed, which increases with the increase in the weight
percentage of PVA. The Kubelka–Munk transformed UV-Vis
reflectance spectra (Fig. 5b) are used to calculate the bandgap

Fig. 4 (a) XRD patterns of C:ZnO nanostructures and (b) enlarged XRD pattern.

Table 1 Crystallite size, bond length and lattice parameters of pure ZnO
and C:ZnO samples

Sample
name

Crystallite
size (nm)

Lattice parameters (Å)
Zn–O bond
length (Å)a c

ZnO 42 3.2580 5.2062 1.82
Z1P7 46 3.2612 5.2285 1.95
Z1P10 50 3.2686 5.2480 1.95
Z1P12 50 3.2516 5.2492 1.95

Fig. 5 UV-visible diffuse reflectance spectra of pure ZnO and C:ZnO nanostructures and (b) bandgap energy calculations using the Kubelka–Munk function.
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energy for all samples, i.e., by plotting (F(RN)hn)2 versus photon
energy (eV). The calculated bandgaps for ZnO, Z1P7, Z1P10, and
Z1P12 are 3.23 eV, 3.15 eV, 3.19 eV, and 3.15 eV, respectively.
The reduction in the bandgap energy of C:ZnO can be attributed
to the extension of the valence band maximum (VBM) to a high
energy level due to the creation of vacant energy states above the
valence band on account of carbon substitution. In pure ZnO,
the valence band (VB) consists of O 2p and Zn 3d states with a
slight contribution from Zn 3p, while the conduction band (CB)
is constituted by Zn 3p and Zn 4s states purely from Zn
atoms.29,36,43 The Fermi level of ZnO is mostly contributed by
O 2p states. The C 2p states of the carbon dopant lie closer to the
Fermi level of doped ZnO due to its similarity in electronegativity
and atomic size to oxygen. The deficiency of electrons and
slightly low electronegativity of carbon compared to oxygen lead
to the formation of vacant sites above the Fermi level extending
the valence band to a higher energy.38 These vacant sites con-
struct an efficient route for electrons to jump from the Fermi
level to a higher energy level and to the conduction band. This
directly enhances the visible-light harvesting ability of C:ZnO
samples, thereby boosting the photocatalytic degradation of
organic pollutants.

A detailed XPS analysis was performed for the C:ZnO nanos-
tructures to gain a better understanding of their electronic
structure and surface chemical compositions.

The XPS survey spectrum shown in Fig. 6a indicates that all
samples consisted of Zn, O, and C, without any other detectable
impurities. The presence of carbon in the pure ZnO sample can
be attributed to contamination by adventitious carbon from the
XPS instrument. High resolution XPS scans are used to calculate
the carbon percentages in the samples. We estimated the
percentages of carbon to be 1.95, 2.0 and 1.03% for Z1P7,
Z1P10 and Z1P12 samples, respectively, assuming that undoped
ZnO has only adventitious carbon. As shown in Fig. 6b, the Zn 2p
spectrum of pure ZnO contains two peaks which can be assigned
to the tetrahedral arrangement of Zn2+ ions surrounded by O2�

ions in the hexagonal wurtzite structure of ZnO. The peak at
1021.26 eV represents Zn 2p3/2 and that at 1044.46 eV represents
Zn 2p1/2. The distance between the binding energies of these two
peaks is 23.2 eV, which comes under the standard reference
value of ZnO, further confirming the presence of Zn2+ ions in the
sample.44 For the C-doped Z1P7 sample, the intensities of the
above-mentioned two peaks are reduced due to the carbon
incorporation into the ZnO lattice. The Zn 2p3/2 peak is shifted
to a higher binding energy which can be interpreted as the
presence of different chemical environments of the Z1P7 sample
compared to bare ZnO. A new peak at 1020.13 eV in Z1P7 is
ascribed to the Zn–O–C bond formed by the incorporation of
carbon.44,45 The O 1s spectra of bare ZnO can be deconvoluted to
two components at 530.06 eV and 531.46 eV, which can be
assigned to O2� ions bound to Zn2+ ions in the hexagonal
wurtzite structure of ZnO (lattice oxygen –OL) and loosely bound
surface adsorbed oxygen species (hydroxyl group-OH) or carbo-
nates (C–O, CQO), respectively (Fig. 6c).29 The hydroxyl group
present on the surface of the catalyst promotes the adsorption of
oxygen molecules and helps to get rid of the carbonate species

present on the surface, which could block the active sites of the
catalyst.46 Hence, the presence of a hydroxyl group on the surface
has a positive effect on the enhancement of photocatalysis
efficiency. The ratios of OH/OL for pure ZnO, Z1P7, Z1P10, and
Z1P12 are found to be 0.62, 0.89, 0.94, and 0.46, respectively. The
more the hydroxyl groups present on the surface of the Z1P10
sample, the better its photocatalytic efficiency.

The C 1s high-resolution spectrum of ZnO can be fitted to
two components at 284.76 eV and 288.76 eV as shown in
Fig. 6d. The peak located at 284.76 eV arises due to the presence
of the C–C bond of sp2 hybridized graphitic carbon or residual
carbon, while the peak at 288.76 eV can be assigned to the CQO
of carbonate species and the adsorbed CO2 molecule.44 The
peak located around 286.7 eV for all C:ZnO indicates the
formation of a Zn–O–C bond.47 The Z1P7 sample exhibits an
additional peak at 283.48 eV, indicating the presence of carbon
in the carbide form and can be deemed as primarily associated
with Zn–C bond formation.29 The intensity of this carbide peak
is increased for Z1P10 which reflects the increase in the carbon
concentration of the Z1P10 sample. In addition, a lower energy
peak shift is observed for Z1P10 compared to Z1P7, which can

Fig. 6 (a) XPS survey scan spectra of ZnO and C:ZnO nanostructures
along with their corresponding high resolution (b) Zn 2p, (c) O 1s, and (d) C
1s spectra.
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be associated with the higher electronic density around the
Zn–C bond for the lower carbon-containing Z1P7 sample. The
Zn–C species present alter the energy level and thereby
influence the bandgap energy. This leads to superior photo-
catalytic activity due to reduced electron–hole recombination.
The component that corresponds to the Zn–C bond is absent in
the Z1P12 sample, indicating the inappropriate incorporation
of carbon atoms into the ZnO lattice. These observations
suggest that the Z1P10 sample is expected to show better
photocatalytic activity with successful incorporation of carbon
into the ZnO crystal lattice.

The specific surface area and pore size of the samples are
studied using N2 adsorption–desorption isotherms (Fig. 7).
Both samples display classical type IV isotherms with H3
hysteresis loops. The area of the hysteresis loop is lower for
pure ZnO compared to Z1P10, indicating the high BET specific
surface area of Z1P10 (18.09 m2 g�1) which can be attributed to
the increase in the pore volume of Z1P10 compared to ZnO
(8.97 m2 g�1). The pore size distribution curve derived from the
adsorption branches of isotherms using the BJH model shown
in the inset of the figure shows that the peak intensified in both
mesoporous and macroporous regions. Aside from the intensity
of peaks, a shift from the small mesoporous regions to the large
mesoporous and even to the macroporous regions is also
observed. The total pore volume of ZnO is 0.057 cm3 g�1 which
then increased to 0.144 cm3 g�1 for Z1P10, implying that the
number of pores is larger for Z1P10 than for ZnO. Overall,
Z1P10 possesses a high surface area, pore size and pore volume.
Since photocatalysis is a surface phenomenon, more surface
adsorption results in enhanced photocatalytic activity.

The photocatalytic activities of all samples are analyzed from
the photodegradation of methylene blue (MB) dye as a model
organic pollutant. Fig. 8a shows the degradation plots for pure
ZnO and C:ZnO under visible-light irradiation which indicates
that Z1P10 exhibited superior photocatalytic performance.
To gain a better insight into their reaction kinetics, the

degradation plots are fitted to pseudo-first-order and the rate
constant (k) is calculated from the slope of the logarithmic plot
of lnC/C0 vs. time (Fig. 8b).

The pure ZnO nanostructures show a photocatalytic effi-
ciency of 74% toward MB degradation upon 90 min of visible-
light illumination with k = 13.64 � 10�3 min�1, while Z1P10
exhibited the highest visible-light photocatalytic efficiency of
97% toward MB degradation under the same conditions with k
being 39.57 � 10�3 min�1, which is almost three times higher
than that of pure ZnO. The photocatalytic efficiencies of Z1P7
and Z1P12 are 85% and 80% with rate constants of 21.61 �
10�3 min�1 and 15.91 � 10�3 min�1, respectively. The highest
photocatalytic efficiency of the Z1P10 sample is affirmed by the
XPS analysis discussed previously, showing that the Z1P10
sample exhibits appropriate incorporation of C into the ZnO
lattice with a larger OH/OL ratio and a higher intensity for Zn–C
bond binding energy. The doping also discourages the electron–
hole pair recombination to a greater extent. To evaluate the
photostability of C-doped ZnO, five successive recycling tests for
degradation of MB under solar light irradiation were performed
for the Z1P10 sample, as displayed in Fig. 8c. The sample
exhibits better photostability with only a slight decrease in
degradation efficiency even after 5 cycles.

Normally, the pH and surface charge of a photocatalyst are
two important factors that affect the photocatalytic degradation
efficiency since the pH of waste water varies. The effect of pH on
the degradation efficiency was studied using C–ZnO as the
photocatalyst. The required acidic and basic pH of the dye
solution were established by using 0.1 M HCl and NaOH,
respectively. Accordingly, the kinetics of photocatalytic degra-
dation by using solutions with different pH values of 5, 7 and 9
with 10 mg of the C–ZnO catalyst and 10 ppm of MB in 40 mL
under solar light irradiation is shown in Fig. 8d. As the pH
increases the rate constant of about 32.14 � 10�3 at pH 5 is
increased to 47.7 � 10�3 at pH 9 showing a significant increase
in efficiency. The dye adsorption rate on the surface of the
catalyst greatly depends on the surface charge and charge
characteristics of the dye which can be altered by the pH
of the solution. The surface of ZnO possesses positive and
negative charges at lower and higher pH values, respectively,
due to shifts in the redox potentials of the valence and
conduction bands in accordance with the point of zero charge
of ZnO. A high pH favours the adsorption of cationic MB dye on
the surface of the ZnO photocatalyst which results in enhanced
degradation efficiency under basic conditions. It is expected to
show almost negligible degradation under very high acidic and
basic conditions due to the possibility of dissolution of ZnO.
Moreover, a higher pH provides a higher concentration of
hydroxyl ions that can react with holes to produce hydroxyl
radicals which consequently enhances the degradation efficiency.

Further, to understand the effect of the C dopant on the
separation efficiency of electron–hole pairs during the photo-
reactions, the photoluminescence (PL) spectra of all samples
were also recorded (Fig. 9a). The obtained spectra reflect the
recombination rate of charge carriers. The higher the PL
intensity, the higher the recombination rate. The order of the

Fig. 7 N2 adsorption–desorption isotherms of ZnO and Z1P10. The inset
shows the pore size distribution (STP, standard temperature and pressure).
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PL intensity of the samples is Z1P10 o Z1P7 o Z1P12 o ZnO,
which agrees well with their order of photocatalytic degradation
efficiency. Moreover, the carrier lifetimes of excited electrons
and holes were explored using the time resolved photo-
luminescence (TRPL) curves obtained using the TSCPC technique.
The samples were excited using a 340 nm laser pulse and the
emission was monitored at 379 nm. We calculated the average
lifetimes of the samples ZnO, Z1P7, Z1P10 and Z1P12 to be 1.27,
3.12, 3.51 and 2.99 ns, respectively, by fitting the decay curves
(Fig. 9b) tri-exponentially (see the details in the ESI† and Table
S1). The Z1P10 lifetime is found to be longer than that of pure
ZnO, reflecting the reduced recombination rate of electron–hole
pairs in the carbon doped Z1P10 sample compared to pure ZnO.

Therefore, the C doping reduces the recombination rate and
thereby enhances the performance of the C:ZnO samples towards
visible-light-induced photocatalytic degradation of organic
pollutants.

To understand the photocatalytic mechanism of C:ZnO
nanostructures in detail, trapping experiments of the reactive
species were conducted during the photodegradation of MB
using the Z1P10 photocatalyst. The radical scavengers are
essential for identifying the critical reactive species in the
photocatalytic mechanism. IPA, BQ, Na2EDTA and AgNO3 were
used as the scavengers for hydroxyl (�OH) radicals, superoxide
(�O2

�) radicals, holes (h+) and electrons (e�), respectively.
Trapping experiments were conducted under optimum

Fig. 8 (a) Change in the concentration of MB with respect to time under visible-light excitation. (b) Linear fitted logarithmic functions for MB
photodegradation with time for estimating the kinetic rate constant k. (c) Evolution of the degradation efficiency of the Z1P10 catalyst after different
degradation cycles. (d) Effect of pH on the photocatalytic activity of Z1P10.

Fig. 9 (a) PL emission spectra and (b) TRPL curves of pure ZnO and C:ZnO.
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conditions and the corresponding results are presented in
Fig. 10a. As shown, the photodegradation rate of Z1P10 is
reduced from 97% (k = 39.57 � 10�3 min�1) in the absence of
any scavenger, to 28%, 77%, 65%, and 75%, respectively, in the
presence of 2 mM scavenging solutions. The kinetic rate con-
stant for MB photodegradation is very much reduced when IPA
(k = 3.64 � 10�3 min�1) is used as the scavenger. This indicates
that hydroxyl radicals are the critical species in the photo-
degradation process. After IPA, the highest quenching is
observed for Na2EDTA (k = 11.06 � 10�3 min�1), confirming
as well the vital role of holes in the degradation mechanisms.
The least hampering effect is observed for the scavenging
reactions with BQ and AgNO3, indicating the less active
behaviour of superoxides and electrons. The large amount of
hydroxyl groups present on the surface of Z1P10 (high OH/OL

ratio obtained from the O 1s XPS spectra of Z1P10) react with
holes to produce highly reactive hydroxyl radicals for the
degradation of organic pollutants. Hence, the quenching of
hydroxyl radicals and holes will have more effect on the
degradation efficiency.48 Thus, the reactivity of different photo-
generated species on photoexcitation of Z1P10 is in the order of
�OH 4 h+ 4 e� 4 �O2

�.
Finally, a plausible mechanism for the degradation of

organic pollutants by the as-synthesized carbon-doped ZnO
nanostructures is exemplified based on the aforesaid results,
as presented in Fig. 11. With the addition of carbon as the
dopant, vacant sites are induced near the valence band which
decreases the bandgap energy of C:ZnO nanocones. This facil-
itates the absorption of light energy in the visible region for the
doped ZnO nanostructures. Moreover, the holes in the impurity

Fig. 10 (a) MB photodegradation with the Z1P10 photocatalyst in the presence of IPA, BQ, Na2EDTA and AgNO3 as scavengers and (b) their
corresponding reaction rate constants.

Fig. 11 Mechanism of the photocatalytic degradation of MB dye under visible light irradiation of C:ZnO nanostructures.
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level are readily available for the photocatalytic mechanisms,
which undergo an oxidative half-cycle to convert water molecules
to hydroxyl radicals. This may be the reason for the significant
reduction of MB photodegradation when IPA was used as the
scavenger. The photogenerated electrons in the conduction band
undergo a reductive half-cycle converting the adsorbed oxygen
molecules to superoxide radicals. Both hydroxyl and superoxide
radicals so formed can cleave the C–S+QC functional group of
MB dye and through a series of degradation steps, complete
mineralization to CO2 and H2O takes place. Thus, improved
visible light absorptivity and efficient charge separation induced
by carbon doping resulted in superior photocatalytic activity for
C:ZnO nanocones.

Conclusions

Screw-dislocated ZnO nanocones with step side edges exposing
high-energy {0001} facets were successfully synthesised by a
CTAB assisted hydrothermal process. The screw dislocated
crystal growth mechanism for the formation of ZnO is
explained in detail and the study offers a good chance to
understand the formation mechanism and to know the impor-
tance of step-edge preferential growth of nanocones. Further, a
facile method is adopted for the synthesis of carbon-doped ZnO
nanostructures that involves electrospinning of hydrothermally
synthesized ZnO nanostructures in the presence of polyvinyl
alcohol solution. The carbon doping into the ZnO crystal lattice
was confirmed by XRD and XPS spectroscopy. The increase in
lattice parameters reflected the expansion in the ZnO lattice by
C doping. The presence of the Zn–C binding energy in the C 1s
spectra of C:ZnO samples further proved the carbon incorpora-
tion. The so-obtained C:ZnO nanostructures displayed superior
visible-light photocatalytic degradation towards MB dye with a
kinetic rate constant k of 39.57 � 10�3 min�1 which is almost
three times higher than that of pure ZnO (13.64 � 10�3 min�1).
As evident from PL analysis, the photocatalytic activity was
enhanced by the increase in the separation efficiency of photo-
generated charge carriers in the presence of the dopant. The
superior activity of the synthesized C:ZnO nanostructures towards
organic pollutant degradation opens up the possibility of their use
in various photocatalytic environmental applications.

Author contributions

Honey John: conceptualization, methodology, supervision,
resources, funding acquisition, draft review and editing. Jesna
Louis: investigation, formal analysis, experimental work,
results and discussion, validation, writing – original draft.
Nisha T. Padmanabhan: data analysis, writing – review and
editing, visualization. Madambi K. Jayaraj: supervision, review
and editing.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The authors greatly acknowledge the Fund for Improvement of
S&T Infrastructure in Universities and Higher Educational
Institutions (FIST) Program under the Department of Science
and Technology (DST), Science and Engineering Research
Board (SERB – EMR/2016/002120) and Ministry of New and
Renewable Energy (MNRE), India for providing necessary funds
and fellowships.

References

1 Y. Zhu, L. Peng, Z. Fang, C. Yan, X. Zhang and G. Yu, Adv.
Mater., 2018, 30, 1706347.

2 J. Xiong, J. Di, J. Xia, W. Zhu and H. Li, Adv. Funct. Mater.,
2018, 28, 1801983.

3 A. Kumar, P. Raizada, A. A. P. Khan, V. H. Nguyen, Q. Van
Le, A. Singh, V. Saini, R. Selvasembian, T. T. Huynh and
P. Singh, Sci. Total Environ., 2021, 800, 149410.

4 F. Meng, S. A. Morin, A. Forticaux and S. Jin, Acc. Chem. Res.,
2013, 46, 1616–1626.

5 S. A. Morin, A. Forticaux, M. J. Bierman and S. Jin, Nano
Lett., 2011, 11, 4449–4455.

6 S. Jin, M. J. Bierman and S. A. Morin, J. Phys. Chem. Lett.,
2010, 1, 1472–1480.

7 C. Tang, M. Spencer and A. Barnard, Phys. Chem. Chem.
Phys., 2014, 16, 22139–22144.

8 D. Mora-Fonz, T. Lazauskas, M. R. Farrow, C. R. A. Catlow,
S. M. Woodley and A. A. Sokol, Chem. Mater., 2017, 29,
5306–5320.

9 T. Ghoshal, S. Kar, J. Ghatak and S. Chaudhuri, Mater. Res.
Bull., 2008, 43, 2228–2238.

10 K. Qi, X. Xing, A. Zada, M. Li, Q. Wang, S.-Y. Liu, H. Lin and
G. Wang, Ceram. Int., 2020, 46, 1494–1502.

11 P. Kumar, A. Kumar, M. A. Rizvi, S. K. Moosvi, V. Krishnan,
M. M. Duvenhage, W. D. Roos and H. C. Swart, Appl. Surf.
Sci., 2020, 514, 145930.

12 A. M. Saad, M. R. Abukhadra, S. Abdel-Kader Ahmed,
A. M. Elzanaty, A. H. Mady, M. A. Betiha, J.-J. Shim and
A. M. Rabie, J. Environ. Manage., 2020, 258, 110043.

13 A. Norouzi, A. Nezamzadeh-Ejhieh and R. Fazaeli, Mater.
Sci. Semicond. Process., 2021, 122, 105495.

14 A. Raja, P. Rajasekaran, K. Selvakumar, M. Arunpandian,
K. Kaviyarasu, S. Asath Bahadur and M. Swaminathan, Sep.
Purif. Technol., 2020, 233, 115996.

15 V. Kumari, S. Yadav, J. Jindal, S. Sharma, K. Kumari and
N. Kumar, Adv. Powder Technol., 2020, 31, 2658–2668.

16 D. Gupta, R. Chauhan, N. Kumar, V. Singh, V. C. Srivastava,
P. Mohanty and T. K. Mandal, J. Environ. Manage., 2020,
258, 110032.

17 Y. Liu, H. Liu, Q. Zhang and T. Li, RSC Adv., 2017, 7,
3515–3520.

18 H. F. Greer, W. Zhou, G. Zhang and H. Ménard, Adv. Mater.
Interfaces, 2017, 4, 1601238.

19 N. Saito, K. Watanabe, H. Haneda, I. Sakaguchi and
K. Shimanoe, J. Phys. Chem. C, 2018, 122, 7353–7360.

Materials Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
A

pr
il 

20
22

. D
ow

nl
oa

de
d 

on
 1

2/
22

/2
02

2 
10

:0
9:

54
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ma00098a


© 2022 The Author(s). Published by the Royal Society of Chemistry Mater. Adv., 2022, 3, 4322–4333 |  4333

20 X. Gao, X. Liu, Z. Zhu, Y. Gao, Q. Wang, F. Zhu and Z. Xie,
Sci. Rep., 2017, 7, 973.

21 C. Ren, B. Yang, M. Wu, J. Xu, Z. Fu, Y. lv, T. Guo, Y. Zhao
and C. Zhu, J. Hazard. Mater., 2010, 182, 123–129.

22 C. Yu, K. Yang, Y. Xie, Q. Fan, J. C. Yu, Q. Shu and C. Wang,
Nanoscale, 2013, 5, 2142–2151.

23 X. Zhu, J. Wang, D. Yang, J. Liu, L. He, M. Tang, W. Feng and
X. Wu, RSC Adv., 2021, 11, 27257–27266.

24 A. Eka Putri, L. Roza, S. Budi, A. Ali Umar and V. Fauzia,
Appl. Surf. Sci., 2021, 536, 147847.

25 N. A. F. Al-Rawashdeh, O. Allabadi and M. T. Aljarrah, ACS
Omega, 2020, 5, 28046–28055.

26 Y.-P. Zhu, M. Li, Y.-L. Liu, T.-Z. Ren and Z.-Y. Yuan, J. Phys.
Chem. C, 2014, 118, 10963–10971.

27 Y. Fu, C. Chang, P. Chen, X. Chu and L. Zhu, J. Hazard.
Mater., 2013, 254-255, 185–192.

28 Y. Wu, C. Cao, C. Qiao, Y. Wu, L. Yang and W. Younas,
J. Mater. Chem. C, 2019, 7, 10613–10622.

29 S. A. Ansari, S. G. Ansari, H. Foaud and M. H. Cho, New
J. Chem., 2017, 41, 9314–9320.

30 Y. Zhang, J. Zhou, X. Chen, Q. Feng and W. Cai, J. Alloys
Compd., 2019, 777, 109–118.

31 J. Louis, M. K. Kavitha, V. Anjana, M. K. Jayaraj and H. John,
Mater. Res. Express, 2020, 6, 1250i1254.

32 Y.-X. Wang, J. Sun, X. Fan and X. Yu, Ceram. Int., 2011, 37,
3431–3436.

33 S. Li, X. Zhang and L. Zhang, J. Phys. Chem. C, 2010, 114,
10379–10385.

34 C. Qian, J. Yin, J. Zhao, X. Li, S. Wang, Z. Bai and T. Jiao,
Colloids Surf., A, 2021, 610, 125752.

35 F. K. Konan, J. S. N’Cho, H. J. T. Nkuissi, B. Hartiti and
A. Boko, Mater. Chem. Phys., 2019, 229, 330–333.

36 X. Zhang, J. Qin, R. Hao, L. Wang, X. Shen, R. Yu, S. Limpanart,
M. Ma and R. Liu, J. Phys. Chem. C, 2015, 119, 20544–20554.

37 H. Pan, J. B. Yi, L. Shen, R. Q. Wu, J. H. Yang, J. Y. Lin,
Y. P. Feng, J. Ding, L. H. Van and J. H. Yin, Phys. Rev. Lett.,
2007, 99, 127201.

38 W. Yu, J. Zhang and T. Peng, Appl. Catal., B, 2016, 181, 220–227.
39 E. Gunasekaran, M. Ezhilan, G. K. Mani, P. Shankar,

A. J. Kulandaisamy, J. B. B. Rayappan and K. J. Babu,
Semicond. Sci. Technol., 2018, 33, 095005.

40 T. Hurma and M. Caglar, Mater. Sci. Semicond. Process.,
2020, 110, 104949.

41 A. M. Abdullah, N. J. Al-Thani, K. Tawbi and H. Al-Kandari,
Arabian J. Chem., 2016, 9, 229–237.

42 B. T. Gadisa, S. K. Kassahun, R. Appiah-Ntiamoah and
H. Kim, J. Colloid Interface Sci., 2020, 570, 251–263.

43 S. Liu, C. Li, J. Yu and Q. Xiang, CrystEngComm, 2011, 13,
2533–2541.

44 M. Z. Hussain, A. Schneemann, R. A. Fischer, Y. Zhu and
Y. Xia, ACS Appl. Energy Mater., 2018, 1, 4695–4707.

45 D. K. Mishra, J. Mohapatra, M. K. Sharma, R. Chattarjee,
S. K. Singh, S. Varma, S. N. Behera, S. K. Nayak and P. Entel,
J. Magn. Magn. Mater., 2013, 329, 146–152.

46 L. Zeng, W. Song, M. Li, D. Zeng and C. Xie, Appl. Catal., B,
2014, 147, 490–498.

47 J. Beltrán, C. Barrero and A. Punnoose, Phys. Chem. Chem.
Phys., 2019, 21.

48 J. Wang, X. Liu, R. Li, P. Qiao, L. Xiao and J. Fan, Catal.
Commun., 2012, 19, 96–99.

Paper Materials Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
A

pr
il 

20
22

. D
ow

nl
oa

de
d 

on
 1

2/
22

/2
02

2 
10

:0
9:

54
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ma00098a


Electrochemical Synthesis of Copper 
nanoparticles and Conductivity study on  

PVA-Cu Nanocomposite thin films 
AmruthamLinet 

Post Graduate student, Department of Chemistry and Centre for Research, St.Teresa’s College ( Autonomous), 
Ernakulam, Kerala, India. PIN-682011 

Ushamani. M* 

*Department of Chemistry and Centre for Research, St.Teresa’s College ( Autonomous), Ernakulam, Kerala, 
India. PIN-682011 

 

Abstract: This paper reports on a simple, cost effective and eco-friendly electrochemical synthesis of copper nanoparticles 
using copper sulphate solution as the metal precursor. Electricity was used as the reducing agent. Copper nanoparticles were 
characterized using X- ray diffraction, UV-Vis and FT-IR spectroscopy. XRD pattern reveals the formation of Copper 
nanoparticles which shows crystalinity. Average particle size of Copper nanoparticles prepared by this method was 22.558 
nm. UV-visible absorption spectra and FT-IR spectra showed characteristic peaks of Copper nanoparticles. Polymer nano-
composites were prepared using Polyvinyl alcohol as the polymer matrix.  Conductivity studies were carried out for different 
dopant concentrations of copper nanoparticles. The electrical resistivity measurements of PVA – Cu nanocomposite films 
have been carried out using four probe method. Calculations show that as the copper concentration increases band gap 
decreases, which indicates an increase in conductivity of the composite film. 

Keywords: Copper nanoparticles, electrochemical synthesis, PVA-Cu nanocomposites, four probe method. 

I. INTRODUCTION 

Over the past few decades, considerable intrest has been focused on metal nanoparticles due to their size 
dependant physical and chemical properties and potential applications in diverse fields[1-2]. In the past few 
years, research on the preparation of copper nanoparticles is intensively developed due to their unique optical, 
electronic, catalytic and magnetic properties. Copper nanoparticles is a good alternative for noble metals such as 
silver, gold as it is highly conductive and much more economical [3]. Copper nanoparticles have many potential 
applications in various fields like catalyst, lubricants, antibacterial agents, electronic and optical nanodevices [4]. 
There are lot of techniques employed for the synthesis of copper nanoparticles based on chemical reduction, 
electrochemical method, sonochemical reduction, radiolysis assisted reduction, microwave assisted reduction, 
laser ablation, biological synthesis or elctron beam irradiation[4]. 
Among all these well developed techniques, electrochemical method is one of the promising techniques for 
preparing copper nanoparticles due to its ease and operation in both continuous as well as in batch mode. 
Moreover it promotes synthesis in milder conditions when compared to other methods, which makes it more cost 
effective [5-6].  
 

II. EXPERIMENTAL 
 
2.1.Preparation of Copper nanoparticles 
Copper nanoparticles were synthesized through electrochemical reduction of coppersulphate solution. 3.5gmof 
CuSO4 was dissolved in 150 ml distilled water and stirred for uniform concentration. Surface cleaned copper and 
graphite rod, are connected with negative and positive sides of a D.C power supply of 12V and 2 ampere. 
Electrolysis of this solution was done by passing current. At the end of the electrolysis, deposition of Copper 
nanoparticles on the cathode surface was observed. They were removed carefully, washed with distilled water 
repeatedly and dried. 
Cathode reaction:  Cu2+ + 2 e− → Cu(s)(reduction).  
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2.2. Preparation of  PVA-Cu nanocomposite film 
PVA-Cu nanocomposite thin films were prepared by spin coating technique using SPS Spin 150. In this work an 
optimized spin speed and time was set at 3000 RPM for 30 seconds. The films were prepared with different 
dopant concentration of copper in different weight percentages as 0.05%,0.1%,0.2%,0.3%. 
 

III. RESULTS AND DISCUSSIONS 
3.1. Particle size determination 
Copper nanoparticles prepared in the laboratory by electrochemical synthesis were characterized using XRD 
technique.Fig.1 shows the XRD spectrum of copper nanoparticles prepared and the obtained 2θ values are found 
to be coinciding with the standard JCPDS values. The average particle size calculated using Debye-Scherrrer 
equation was found to be 22.558 nm 

 

Fig.1. XRD of copper nanoparticles prepared by electrochemical method 

Table 1: Particle size calculation  

 

 

 

 

 

 

Average particle size= 22.558 nm 

3.2 UVAbsorption studies 

UV-VIS absorption spectra has been proved to be quite sensitive to the formation of Copper nanoparticles. 
Figure.2 shows the UV-VIS spectra of the copper nanoparticles at 304 nm. This distinctive Plasmon peak shows 
the characteristics absorption of copper nanoparticles [7]. In this work, the resulting copper nanoparticles did not 
show a peak at 560 nmwhich is typical of plasmon resonance (resulting from aggregation) but displayed a 
broadened peak at short wavelength, indicating the presence of small separated copper nanoparticles [8-9]. 
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Fig.2. UV-vis absorption spectra of synthesized copper nanoparticles 

3.3. FT- IR studies 

Figure 3 shows the FT-IR spectra recorded for copper nanoparticle obtained by electrochemical synthesis. The 
attempt made here is to do only a qualitative study indicating the extend of reduction. Pure spectrum of copper 
sulphate shows a strong peak at 1200 cm-1 which disappears in the FTIR spectrum of copper nanoparticle. Strong 
and broad peak at3300nm range in copper sulphate spectrum diminishes to a shoulder dip in the above spectrum 
of copper nanoparticles. Therefore we can conclude that a copper nanoparticle prepared by electrochemical 
method ensures high purity and fewer by-products[7]. 
 

 

 

 

 

Fig.3. FT-IR spectrum of copper nanoparticles prepared by electrochemical method 

3.4.Conducivity studies on PVA-Cu Nanocomposite Thin Films 

Four probe apparatus is one of the standard and most widely used apparatus for the measurement of resistivity of 
semiconductors. The experimental set up consists of probe arrangement, sample, oven, constant current 
generator, oven power supply and digital panel meter (measuring voltage and current).  

This method is employed when the sample is in the form of a thin wafer, such as a thin semiconductor material 
deposited on a substrate. The sample is millimeter in size and having a thickness ′𝑤′. It consists of four probe 
arranged linearly in a straight line at equal distance ′𝑠′ from each other. A constant current is passed through the 
two probes and the potential drop 𝑉 across the middle two probes is measured. An oven is provided with a heater 
to heat the sample so that behavior of the sample is studied with increase in temperature. 
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The electrical resistence measurements of PVA/Cu films were carried out using the four probe method. The 
electrical resistance was found to decrease with increase in temperature for all samples investigated. The bandgap 
energy was calculated for all the doppedPVA/Cu films. 

 

 

 

 

 

 

Fig.4. Band gap energy Vs Copper nanoparticle Concentration 

It was found that undoped PVA has highest band gap energy. As doping concentration increases, band gap 
energy decreases indicating an increase of conductivity. This shows that tuning of electrical conductivity is 
possible in polymer films with addition of proper amounts of Copper nanoprticles. 

 

IV. CONCLUSIONS 

In summary, the synthesis and characterization of copper nanoparticles by the electrochemical reduction of 
aqueous copper sulphate solution is explained. This method provides a clean, non toxic, ecofriendly and efficient 
route for the synthesis of nanoparticles with tunable particle size at room temperature conditions without using 
any additives. Electrochemical methods do not need the use of high pressure, temperature, energy, or toxic 
chemicals. Average particle size of copper nanoparticles prepared by this method was 22.558nm. FTIR studies of 
copper nanoparticles were carried out and compared with their precursors. The studies revealed the presence of 
pure nanoparticles with high purity and fewer by-products. UV- visible spectrum of copper nanoparticles 
displayed a broadened peak at 304 nm indicating the presence of small separated copper nanoparticles. Electrical 
resistivity of PVA/copper nano composite film was carried out using four probe method. Results reveal that, as 
the copper concentration increases band gap decreases showing an increase of conductivity.It is well documented 
that electrical and optical properties of polymers can be improved to a desired limit through suitable doping 
techniques. Further, polymers, on doping with copper nanoparticles, show novel and distinctive properties 
obtained from unique combination of the inherent characteristics of polymers and properties of metal 
nanoparticles. Due to this exclusive combination, polymer – metal nanocomposites are considered as 
advantageous candidates for device applications in various fields like optics, mechanics, electronics etc. 
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Abstract - This study reports on the investigation into the 
ability of nano sized jack fruit seed powder for the 
preparation of bioplastic films. Jack fruit seed powder, 
glycerol and vinegar was used as the raw materials for 
the starch-based bioplastic film preparation. This 
method is simple, eco-friendly and cost effective. 
Characterization of the bioplastic was done using XRD 
and FTIR analysis. Knowing the importance of 
bioplastic, we have attempted to improve the shelf life of 
the bioplastic film by incorporating silver nanoparticles 
prepared by green method using Ocimum tenuiflorum 
(Tulsi). An increase in shelf life of the films was observed 
on storage. 

I.INTRODUCTION 
 

Artocarpus heterophyllus Lam, which is commonly 
known as jackfruit is a tropical climacteric fruit, 
belonging to Moraceae family, is native to Western 
Ghats of India and common in Asia, Africa, and some 
regions in South America. It is known to be the largest 
edible fruit in the world, which is rich in nutrients like 
carbohydrates, proteins, vitamins, minerals and 
phytochemicals [1-2]. Parts of Jackfruit tree like fruits, 
leaves and bark are extensively used for the 
preparation of traditional medicines due to 
carcinogenic, antifungal, anti-inflammatory and 
wound healing properties. Several food products are 
also prepared from jack fruit also. In spite of all these 
benefits, unfortunately the jack fruit seeds are 
underutilized in commercial scale. 
Jackfruit seeds are light brown coloured, rounded, 2-3 
cm in length and by 1-1.5 cm in diameter. They are 
surrounded by the flesh and enclosed in a white aril 
surrounding a thin brown spermoderm, which covers 
the fleshy white cotyledon. It has been found that these 
are rich in carbohydrates and proteins [3-4]. Moreover, 
Jack fruit seeds have rich native starch content of 

approximately 8 to 15% by weight of a jackfruit. The 
recovery yield of starch extracted from jackfruit seeds 
was about 77%, which implies its possibility of being 
used as a potent source of starch in food and 
pharmaceutical industries, as a stabilizer, thickener, 
and as binding agent. They are extensively used in 
health sectors, in the production of food products, as 
antimicrobial agents, in the synthesis of bioplastics 
etc. 
Recently extensive research is focused to replace 
conventional petrochemical based plastic with 
bioplastics. The environmental, economic and safety 
challenges have prompted many scientists to replace 
part of a petrochemical-based polymer with another 
biodegradable type, called bioplastics [5-6]. One of the 
major components of bio plastics is starch. Starch is 
often used in the form of biodegradable films in a 
variety of applications as they are renewable, abundant 
and inexpensive materials. Addition of fillers is also 
essential to increase the strength, toughness of the 
bioplastic products.  
The introduction of nanotechnology in food packaging 
industries offer potential solution for the challenges 
proposed by bioplastic materials like short shelf life, 
quality of the product and microbial attacks [7]. The 
incorporation of nanoparticles in the polymer matrix 
or the fabrication of nanocomposites overcomes the 
shortcomings of these biodegradable polymers. One of 
the advantages of using nanoparticles is the ability to 
tune the rate of biodegradation of the materials. Thus 
physical, chemical and biological properties of the 
biodegradable polymers can be tuned for sustainable 
applications in medicine and related areas [8]. Studies 
on metallic nanoparticles are done based on 
Magnesium oxide, copper oxide, zinc oxide, cadmium 
selenite, cadmium, silver, gold due to their 
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antimicrobial activity [9-10]. These nanoparticles 
have a high surface to volume ratio and large contact 
area per unit volume between the polymer and nano 
particles. Silver nanoparticles are well known for their 
strong toxicity towards microorganisms, besides some 
processing advantages such as high temperature 
stability, antimicrobial and low volatility. 
Antimicrobial activity of silver nanoparticles is 
described by different mechanisms: (a) adhesion to the 
cell surface, degradation of lipopolysaccharides and 
formation of ‘pits’ in the membranes, largely 

increasing permeability b) penetration inside bacterial 
cell, damaging DNA and releasing antimicrobial Ag+ 
ions by dissolution of silver nanoparticles, can be 
incorporated into biopolymers. The antimicrobial 
activity of silver-based systems depends on releasing 
of Ag+, which binds to electron donor groups in 
biological molecules containing sulphur, oxygen or 
nitrogen. Besides the antimicrobial activity, silver 
nanoparticles have been reported to absorb and 
decompose ethylene, which may contribute to their 
effects on extending shelf life of fruits and vegetables 
[8]. 

II MATERIALS AND METHODS 
 

A. Preparation of bioplastic film from Jack fruit seed 
powder 

Nano sized jack fruit seed powder, glycerol, white 
vinegar and distilled water are taken in calculated 
amount and stirred to get a homogeneous solution.  
The mixture was heated to 10-15 minutes to get a 
slightly viscous solution. Lumps may begin to form if 
the mixture gets overheated. Pour the mixture onto a 
ceramic tile. Spread the heated mixture onto the 
ceramic tile to let it cool. Allow the plastic to dry for 
at least two days. It will take time for the plastic to dry 
and harden [11]. Study of degradation time of the 
bioplastic was also done. 
B. Green synthesis of silver nanoparticles from 

Ocimum tenuiflorum (Tulsi) 
Healthy plant samples were collected and cleaned 
properly in running tap water. The samples were 
allowed to dry at room temperature. About 40 grams 
of plant leaves were weighed out and were cut into 
small pieces. Finely cut pieces were then mixed with 
200 ml distilled water. This mixture was kept for 
boiling for 30 minutes. After cooling to room 
temperature, it was filtered. 100 ml of the aqueous 
solution of plant extract was added to 50 ml of 1 molar 

silver nitrate solution. The solution was allowed to 
react at room temperature. Silver nanoparticles formed 
were allowed to settle down. It was then filtered 
washed and dried [12]. 
 
C.  Enhancement of shelf life of bioplastic  
The rate of degradation of the bioplastic made from 
jackfruit seed powder was studied as a function of 
time. Silver nanoparticles prepared by green method 
were incorporated in the bioplastic materials at various 
concentrations. The bioplastic sheet 1, sheet 2, and 
sheet 3 were prepared by adding silver nanoparticles 
in different quantities i.e. 0.02 g, 0.05 g, and 0.1 g 
respectively. The degradation period of bioplastic 
sheets after incorporating the silver nanoparticle was 
also studied. 

 
III RESULT AND DISCUSSION 

 
A. X-ray diffraction studies of Jackfruit seed powder 
The XRD pattern of the jackfruit seed nanoparticles is 
shown in Fig: 1. Indexing process of powder 
diffraction pattern was done and Miller Indices (h k l) 
to each peak is assigned in first step. A number of 
Bragg reflections can be seen which correspond to the 
(111), (200) and (211) reflections. The diffraction 
peaks are broad which indicate that the crystallite size 
is very small. The size of the jackfruit seed 
nanoparticles estimated from Debye–Scherrer formula 
(Instrumental broadening) is 6.8892 nm.  

Fig: 1.XRD pattern of the jackfruit seed nanoparticle 
The X-Ray diffraction pattern of silver nanoparticles 
synthesized by green synthesis method from tulsi plant 
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extract is shown in figure 2.  The XRD analysis 
showed diffraction peaks corresponding to FCC 
structure of silver. Intense peaks were observed at 
38.042, 44.212, 64.369, and 77.271 (fig 2), 
corresponding to 111, 200, 220, and 311 Bragg’s 

reflection, respectively (JCPDS card file no. 03-0921). 
The broadening of the Bragg peaks indicates the 
formation of nanoparticles. Full width at half 
maximum (FWHM) data was used with Scherrer’s 

formula to determine the average particle size. The 
average particle size estimated was approximately 
17.185 nm. 

 
Fig: 2 XRD pattern of silver nanoparticle 

 
B. FTIR Analysis 

 
Fig 3: The FTIR spectrum of nano sized jackfruit 

seed powder 
The FTIR spectrum of nano sized jackfruit seed 
powder is shown in figure 3. FT-IR report is in 
agreement with XRD report of literature and indicates 
the presence of carbohydrate. Presence of alkanes, 
alkenes, aromatics, alcohols, ethers, nitrates, 

sulfonates and organic halogen compounds are also 
observed. Aromatic compounds indicate existing of 
flavanoids. Sulphur derivatives compounds are 
present in jackfruit seeds which exhibit some anti-
microbial properties [13,14].  

Table 1: FTIR analysis of Jack fruit seed powder  
 
The observed bands for amines, amides, amino acids 
indicate the presence of protein and the details are 
presented in Table 1. It is essential to mention here, 
Jacalin a major protein is obtained from the jackfruit 
seeds (tetrameric two-chain lectin combining a heavy 
chain of 133 amino acid residues with a light β chain 

of 20-21 amino acid residues). Some other absorption 
bands indicate the presence of bio-molecules like 
carbohydrates, polysaccharides and lipids [13-16]. 
 
C. Preparation of bioplastic using jackfruit seed 

nanoparticle and study of its shelf life 
Thick sheet of bioplastic synthesized from nanosized 
jackfruit seed powder is shown in figures. The shelf 
life of the film was observed and its degradation period 
was studied. The picture of bioplastic taken on day 1, 
4 and 8 are shown in fig 4,5,6 respectively.  

 
Fig: 4: Bioplastic sheet prepared from jack fruit seed 

nanopowder 
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Fig: 5 Bioplastic sheet after 4 days from the formation 
date 

 
Fig: 6 Bioplastic sheet after 8 days from the formation 
date 
Microbial attack was observed after 8 days and the 
bioplastic film starts degrading. 
 
D. Preparation of bioplastic by incorporating silver 

nanoparticle  
The three different thick sheets of bioplastic 
synthesized from nano sized jackfruit seed powder 
incorporated with different quantities of silver 
nanoparticle having antibacterial property was 
prepared. Degradation study was also done on these 
samples. Bioplastics incorporated with silver 
nanoparticles showed an increase in shelf life 
irrespective of the amount of silver nanoparticle 
added. 
Three different sheets of bioplastic were prepared 
using jack fruit seed nanoparticle by incorporating 
0.02g, 0.05g, 0.1g of silver nano particle. Bioplastics 
incorporated with silver nanoparticles showed an 
increase in shelf life of 11 days irrespective of quantity 
of silver nanoparticle added. This increase in shelf life 
of bioplastic after adding silver nano particle may be 
due to the anti-bacterial property of silver nano 
particle on microorganisms. The advantage of silver 
nanoparticles as antimicrobial agents is that they can 

be easily incorporated to several materials, making 
them useful in wide spectrum applications.  

 
IV. CONCLUSIONS 

 
Jack fruit seed powder could be an effective substrate 
for the production of starch-based bioplastics and it 
will be a feasible solution as a substitute for 
petroleum-based plastics. In this paper we have 
analysed the jackfruit seed powder by XRD and FTIR 
analysis. The average particle size was found to be 
6.8892 nm. FTIR analysis of nano jack fruit seed 
powder showed bands for amines, amino acid and 
amides which indicates the presence of protein and, 
jacalin a major protein obtained from the jack fruit 
seeds. Other absorption bands indicate the presence of 
biomolecules like carbohydrate, polysaccharides and 
lipids. Bioplastic was prepared from nano sized 
jackfruit seed powder using standard procedure and its 
shelf life was studied. The bioplastic was observed to 
have a shelf life of 8 days only. Knowing the 
importance of bioplastic, we have attempted to prepare 
bioplastic from jackfruit seed powder and 
improvement in shelf life was achieved by 
incorporating silver nanoparticles prepared by green 
method. Particle size of silver nanoparticles 
determined by XRD was 17.185 nm. Different 
quantities of silver nanoparticles were incorporated 
into the bioplastic matrix. The shelf life of bioplastic 
increased to 11 days after incorporating silver 
nanoparticle irrespective of the amount of nano silver 
added. Studies reveal that silver nanoparticles enhance 
the shelf life of bioplastic. It may be due to the 
effective antibacterial action of silver nanoparticles on 
the microorganisms. 
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ABSTRACT 

 
The present study reports the green synthesis of silver nanoparticles (AgNPs)prepared by bio-reduction of 
silver nitrate solution using different leaf extracts of Azadirachtaindica,Ocimumtenuiflorum, Psidium 
guajava, Plectranthusamboinicus.The AgNPs obtained were characterized by XRD to analyze the particle 
size.  Characteristic peaks were obtained for AgNPs and the average particle sizes of AgNPsobtained were 
approximately between 13-15nm. The antimicrobial activity of the AgNPswas done on  seven different 
strains of bacteria of which two were gram positive (Staphylococcus aureus, Enterococcus faecalis) and five 
were gram negative (Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Salmonella paratyphi). The method used for the study was Kirby Bauer disc diffusion method. The 
maximum bactericidal activity for AgNps was observed in Staphylococcus aureus. The zone of inhibition 
came up to 2.1 cm. Polyaniline was prepared by chemical oxidative method. Using the silver nanoparticles, 
PANI/Ag nanocomposites (pellets) were prepared in different wt% ratios and the variation in conductivity 
was studied using four probe method. 
 
Keywords: Green synthesis, Silver nanoparticles, PANI, antibacterial effect, Conductivity measurements.  

I. INTRODUCTION 
 
The scientific community is exploring the use of AgNPs is various fields like medical, food, health care, consumer and 
industrial purpose due to their unique properties such as chemical stability, good optical, electrical, thermal, biological 
and catalytic properties [1-2]. Besides, silver is used in the medical field as the best topical bactericides from the 
ancient time. The green process in chemistry and chemical technologies are becoming increasingly popular and are 
much needed as there are global problems associated with environmental concerns. The biosynthesis method 
employing plant extracts have drawn attention as a simple and viable alternative to chemical procedures and physical 
methods. Many researchers demonstrated green synthesis methods of AgNPsusingbacteria, actinomycetes, fungi and 
plants [4-5]. One of the most effective approaches for the production of silver nanoparticles is green synthesis due to its 
potential medicinal property, high availability, possibility of faster rate of synthesis and also low cost[1,6].  
Considering the vast potentiality of plants as sources, this work aim to apply green technique for the synthesis of silver 
nanoparticles as an alternative to conventional methods. Moreover the plant extract acts both as reducing agent as well 
as capping agent. 
 
The present study mainly focus on the green synthesis of silver nanoparticles from different leaf extracts of 
Azadirachtaindica,Ocimumtenuiflorum, Psidium guajava,Plectranthusamboinicusand to examine the antimicrobial 
potential of AgNPs against pathogen like; gram positive (Staphylococcus aureus, Enterococcus faecalis) and gram 
negative (Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, Klebsiella pneumoniae,Salmonella paratyphi). 
Attempts was also done to study the effect of AgNps on the conductivity of polyaniline–silver nanocomposites. 
 

II. MATERIAL AND METHODS 
 
All the chemicals and reagents used in the present study were ofanalytical grade. Silver nitrate was purchased from 
Sigma–Aldrich Chemicals. The glass wares were washed in dilute nitricacid and thoroughly washed with double 
distilled water anddried in hot air oven. 
 

i) Preparation of Silver nanoparticles 
The method involves collection of plant samples, preparation of aqueous extract of the leaf samples and synthesis of 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwj7kvO9oI3RAhUILo8KHaipBGEQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEnterococcus_faecalis&usg=AFQjCNEHxFRGwHX9Aux6d1W4D8q4M54ofQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA
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AgNPs. The leaves selected wereAzadirachtaindica(Neem),Ocimumtenuiflorum(Tulsi), Psidium guajava (Guava) and 
Plectranthusamboinicus (Panikkurkka). The collected leaf samples were cleaned to remove adhering impurities, sand 
particles and dust. Then the sample was soaked in distilled water, washed and dried. 40 grams of dried leaves was 
boiled with 200 ml distilled water for 30 minutes.  Then the resulting crude extract was filtered through Whatman no.40 
filter paper. 
 
 100 ml of the aqueous solution of plant extract was added to 50 ml of 1 molar silver nitrate solution. When the plant 
extract was mixed in the aqueous solution of the silver ion, it slowly changes its colorless nature and goes through 
different colors due to reduction of silver ion, which is the indication of the formation of AgNPs. In this work all the 
plant extract solutions after incubation at room temperature showed the colour change from yellow to dark brown.The 
solution was allowed to react at room temperature. AgNPs formed was filtered, washed and dried.  
 

ii) Antimicrobial study 
1 milli molar silver nitrate solution was used for the study. Sterilized nutrient agar medium was used to culture 
bacteria. The method followed for the antibacterial study was Kirby-Baur Disc diffusion method. For this sterilized 
filter paper discs dipped in AgNPs containing leaf extracts of various plants were kept separately on lawn culture of 
seven different strains of bacteria. The plates were incubated at 37o C for 48 hr and the, zone of inhibition was noted 
after the incubation time [7].The AgNPs were also characterized by UV visible spectroscopy. 
 

iii) Conductivity study on PANI/Ag Nanocomposites 
Polyaniline was synthesized by chemical oxidative method [8]. Distilled aniline was mixed with HCl and ammonium 
per sulphate solution and stirred using a magnetic stirrer for four hours. The precipitated PANI powder was filtered, 
washed and dried. AgNPssynthesized from plant extract was doped in PANI for various concentration (2% , 5% , 10%) 
to make pellets using a Hydraulic press.  A pure pellet of PANI was also prepared. Four probe apparatus was used for 
the measurement of resistivity of PANI/Ag nanocomposites. 
 

III. RESULT AND DISCUSSION 
 

a. Characterization of silver nanoparticles by XRD analysis 

Figure 1 shows the XRD of AgNPs obtained from different plant samples. The peaks corresponding to 
(111),(200),(220) and (311) planes of silver was observed and compared with the standard powder diffraction card of 
JCPDS (Silver file no.JCP2-03-065-2871). The XRD study confirmed that the resultant particles are (FCC) silver 
nanoparticles. Table 1 shows the determination of average particle size of AgNPs from four plant extracts. 

Table 1 shows the determination of average particle size of silver nanoparticles obtained from different plant 
extracts 

 

PLANT SAMPLES 2 θ of the 

intense 
peak(deg) 

hkl FWHM of 
intense 
peak 

Size of 
the 

particle 
(D) nm 

d-
spacing 

nm 

Lattice 
parameter(a) 

Average 
particle 

size 

Psidium guajava 37.832 (111) 0.01151 12.046 0.237 4.070  
13.371nm 45.951 (200) 0.00940 14.751 0.197 4.068 

64.235 (220) 0.01041 13.318 0.144 4.073 
 

Azadirachtaindica 
37.813 (111) 0.557 14.274 0.237 4.070  

13.373nm 64.257 (220) 0.559 14.223 0.144 4.073 
77.165 (311) 0.684 11.624 0.123 4.079 

 
Ocimumtenuiflorum 

37.840 (111) 0.00785 17.661 0.237 4.070  
15.296nm 44.044 (200) 0.01069 12.974 0.205 4.068 

77.176 (311) 0.00909 15.253 0.125 4.079 
Plectranthusamboinicus 37.656 (111) 0.01249 11.101 2.8097 4.070 13.873nm 

45.862 (200) 0.007919 17.509 1.976 4.068 
64.192 (220) 0.01065 13.010 1.4498 4.073 
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Figure 1 shows the XRD pattern of silver nanoparticles from different plant extracts. 

b. UV-Visible spectroscopy 

UV – Visible spectra were taken for all the four samples showed absorption peaks in the range 400 – 450nm. This 
is in good agreement with literature [9], clearly indicating the formation of silver nanoparticles and is reported to 
be due to Surface Plasmon resonance. Figure 2 shows the formation of AgNps prepared from a representative leaf 
extract (neem). 

 

Figure 2 shows the UV spectrum of Ag NPs prepared from neem extract 
 

c. Antimicrobial activity against bacterial species 

Even though the exact mechanism of antibacterial effects of AgNPs has not been clarified, various theories have 
been proposed in this regard. Silver Nanoparticles can inhibit the synthesis of proteins by denaturing the ribosomes 
in the cytoplasm. MoreoverAgNPs have the ability to kill bacteria by accumulating in the pits that form the cell wall 
after they anchor to the cell surface, which result in cell denaturation [10]. Researchers have demonstrated that 
different antibacterial effects of AgNPs on gram negative and gram positive bacteria suggest that uptake of silver 
nanoparticles is important to antibacterial effects [1]. In the present study, the highest inhibitory activity was 
observed for Ocimumtenuiflorum leaf extract where, six out of seven bacterial strains showed the inhibitory zone. 
The maximum inhibitory zone was observed in Staphylococcus aureusand it was found to be 2.1 cm ( table 2). 
While a moderate activity was observed for Guava leaf extract (five), but it was minimum for both Neem and Indian 
Borage leaf extracts (Three).E.faecalis was peculiar in showing resistance against all the four leaf extracts used for 
the study. Figure 3 shows zone of inhibition against selected strains bacteria. 

Table 2 shows the zone of inhibition of silver nanoparticles against different bacteria 
 

 BACTERIA Silver nanoparticles obtained from 

Ocimumten
uiflorum 

Psidium 
guajava 

Plectranthusa
mboinicus 

Azadirachtaindi
ca 

E.coli 0.6 cm 0.9 cm 0 cm No zone 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA


International Journal of All Research Education and Scientific Methods (IJARESM), ISSN: 2455-6211 
Volume 10, Issue 2, February-2022, Impact Factor: 7.429, Available online at: www.ijaresm.com 

 
IJARESM Publication, India >>>> www.ijaresm.com Page 166 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig.3 Zones of inhibition of silver nanoparticles against (a) Staphylococcus aureus (Ocimumtenuiflorum) (b) 
Pseudomonas aeruginosa (Psidium guajava) (c) Staphylococcus aureus (Azadirachtaindica) 

d. Conductivity study of PANI/Ag nanocomposite 

Figure4shows XRD pattern of pure PANI and PANI/Ag nanocomposites. Pure PANI showed a broad peak at 
2θ=25.435° (d=3.49908) and another peak at 2θ=21.5° (d=4.11902) which correspond to (100) and (110) crystal planes 
[11]. The obtained 2θ value is consistent with the standard TCPDS value (JCPDS NO. 78-1285 of 86).  In PANI/Ag 
nanocomposites, in addition to PANI peaks, peaks corresponding to cubic structure of silver were also found indicating 
that silver is successfullyincorporated into PANI matrix. XRD pattern for pure PANI and a representative sample, ie 
PANI/5% Ag nanocomposite is shown in figure 4. 

 

Figure 4 shows the XRD spectrum of PANI and PANI/Ag nanocomposite 

In order to calculate the band gap energy of the PANI/Ag pellets, the resistivity of the samples was measured at 
different temperatures using four – probe technique. The energy gaps for these samples were calculated from the 
resistivity – temperature graphs. The values of energy gap are found to be decreasing with the increase in the silver 
concentration indicating an enhancement of the conductivity of the polymer with the doping of AgNPs. (Table 3). 

 

E.faecalis No zone No zone No zone No zone 

P.aeruginosa 0.7cm 1.3 cm 0.6 cm 0.9 cm 

K.pneumonia
e 

0.8 cm 0.9 cm 0.5 cm 0.5 cm 

S.aureus 1.7 cm 0.8 cm 2.1cm 1.2 cm 

S.paratyphi 1.1 cm No zone No zone No zone 

P. vulgaris 0.5 cm 1.5cm No zone No zone 
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Table3 shows the Energy gap of PANI/Ag pellets for different dopant concentration 

SAMPLE ENERGY GAP, Eg (eV) 
Undoped PANI 

2% Ag doped PANI 
5% Ag doped PANI 

10% Ag doped PANI 

1.1126 
0.154466 
0.10903 
0.07944 

 
CONCLUSION 

The present study concluded that the plants Azadirachtaindica(Neem),Ocimumtenuiflorum(Tulsi), Psidium guajava 
(Guava)Plectranthusamboinicus (Panikkurkka) can be used as an excellent source for preparing AgNPs. In our study 
we used leaf as a source which is easily available, cost effective and environment friendly. The primary confirmatory 
for the AgNPs was colour changes, XRD and UV vis absorption spectra of AgNPsformed. The particle size of AgNPs 
formed was approximately between 13-15 nm in size.The AgNPsformed are small in size, highly stable, and have 
significant antimicrobial activity against seven different strains of bacteria of which two were gram positive 
(Staphylococcus aureus, Enterococcus faecalis) and five were gram negative (Escherichia coli, Proteus vulgaris, 
Pseudomonas aeruginosa, Klebsiella pneumoniae,Salmonella paratyphi). PANI/Ag nanocomposite was successfully 
synthesized by simple wet chemical route. The combination of PANI as a semiconducting polymer with silver as a 
noble metal can produce hybrid material that behaves as semiconductor at low temperature and as metal at high 
temperature.   
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    In recent years researchers are more focussed on greener, cleaner and sustainable chemistry which has made lesser 

impact on the environment having lower levels of pollution and contamin

from petrochemical-based feed stocks towards biological materials 

synthetic biodegradable polymers due to its biodegradability, renewability, and abundance 

chitosan and cyclodextrin are some low cost, renewable and biodegradable polymers which has great economic and 

environmental importance [3].  

    Biopolymers a versatile class of materials have potential applications in various research field

medicine, pharmaceutical and environmental. Because of its high nitrogen content (89.6%) chitosan, the second most 

abundant polysaccharide after cellulose 

polymers. [5-7].  It is the product of N-deacetylation of chitin which is found in the shells of crustacean’s crab, shrimps 

lobsters and exoskeleton of insects and also in the cell walls of fungi. Chitosan is mainly composed of randomly 

distributed β-(1,4)-linked D-glucosamine and N

IJARSCT   ISSN (Online) 2581

   

Advanced Research in Science, Communication and Technology

 

 Volume 7, Issue 1, July 2021 

 
 

   DOI: 10.48175/IJARSCT-1619     

ications of Chitosan Based Schiff bases and its 

Complexes – A Review 
, Meera Jacob2, Texin Joseph2, Jaya T Varkey3 

Assistant Professor, Department of Chemistry, The Cochin College, Cochin, India

Assistant Professor, Department of Chemistry, St. Pauls College, Kalamassery, India

Assistant Professor, Department of Chemistry, St. Teresa’s College, Ernakulam, India

Chitosan, a natural polysaccharides biopolymer is a versatile and promising biomaterial. 

Chitosan metal complexes stand out in their applicability in different research fields due to their 

biocompatibility and biodegradability properties. Presence of primary aliphatic amino group along the 

polymer chain allows for a variety of chemical modifications, of which the most significant is imine 

functionalization. The ability to easily perform complexation between chitosan Schiff bases and metal 

ions results in metal complexes, enhancing its application, resulting in further innovation in various 

fields. The most recent advances of chitosan Schiff base complexes in various fields, including 

biomedical, catalysis, environmental, and adsorption are summarised in this review. 

Chitosan, Schiff Bases, Metal Complexes, Applications. 

I. INTRODUCTION 

In recent years researchers are more focussed on greener, cleaner and sustainable chemistry which has made lesser 

impact on the environment having lower levels of pollution and contamination. This is evident from the recent shift 

stocks towards biological materials [1]. Thus, biopolymers earned more attention than 

synthetic biodegradable polymers due to its biodegradability, renewability, and abundance [2]

chitosan and cyclodextrin are some low cost, renewable and biodegradable polymers which has great economic and 

Biopolymers a versatile class of materials have potential applications in various research field like agriculture, food, 

medicine, pharmaceutical and environmental. Because of its high nitrogen content (89.6%) chitosan, the second most 

abundant polysaccharide after cellulose [4], has commercial significance among the various naturally occurring 

deacetylation of chitin which is found in the shells of crustacean’s crab, shrimps 

lobsters and exoskeleton of insects and also in the cell walls of fungi. Chitosan is mainly composed of randomly 

glucosamine and N-acetyl-D-glucosamine.  
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biocompatibility and biodegradability properties. Presence of primary aliphatic amino group along the 

polymer chain allows for a variety of chemical modifications, of which the most significant is imine 

functionalization. The ability to easily perform complexation between chitosan Schiff bases and metal 

ions results in metal complexes, enhancing its application, resulting in further innovation in various 

base complexes in various fields, including 

In recent years researchers are more focussed on greener, cleaner and sustainable chemistry which has made lesser 

ation. This is evident from the recent shift 

biopolymers earned more attention than 

]. Starch, cellulose, 

chitosan and cyclodextrin are some low cost, renewable and biodegradable polymers which has great economic and 

like agriculture, food, 

medicine, pharmaceutical and environmental. Because of its high nitrogen content (89.6%) chitosan, the second most 

, has commercial significance among the various naturally occurring 

deacetylation of chitin which is found in the shells of crustacean’s crab, shrimps 

lobsters and exoskeleton of insects and also in the cell walls of fungi. Chitosan is mainly composed of randomly 
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    The reactions of chitosan are versatile than other biopolymers like cellulose, starch etc due to the presence of 

chemically active primary –NH2 groups and highly hydrophilic –OH groups. Various efforts have been made by 

researchers to find the chemical modification, [8] thus producing functional derivatives of chitosan with large spectrum 

of applications. Chitosan is functionalized to change its solubility, add metal ligands, and improve biological and 

catalytic activity. [9-11] 

    Among the functionalized biopolymers Schiff bases are unique which contain an imine group, formed by the 

condensation of primary amino group in the polymer structure with carbonyl compounds like aldehydes or ketones.[12] 

These bases enhance the adsorption and complexation properties of chitosan yielding a complexing material with 

extensive  antimicrobial, catalytic and environmental applications.[13-15] Inherently chitosan exhibit antimicrobial 

property, but some   reports show that Schiff bases of chitosan found to have stronger biological activity than chitosan. 

Also, among the different type of catalysis, polymer supported catalyst has potential applications for chemical 

synthesis, as it switched from homogenous catalyst to heterogenous ones. Major advantages of heterogenous catalyst 

are easy removal without loss of catalytic activity, and recycling. [16,17] Chemically modified chitosan received 

attention as versatile supporting material. [18,19]. 

 

II. APPLICATIONS OF CHITOSAN SCHIFF BASE COMPLEXES 

    In the recent years, chitosan anchored Schiff base complexes are being studied the most as they are gaining 

significance as biochemical, antimicrobial and catalytic reagents [20-22]. Various reports are available with chitosan 

anchored Schiff base complexes and its application. This review intended to give an overview of various applications 

of chitosan anchored Schiff base complexes. 

 

2.1 Biological Activity 

    Using the biopolymer chitosan X. Jin et al. [23] synthesised Schiff base by the reaction of chitosan with citral 

working under high intensity ultrasound. The chemical structure was characterised and screened for their antibacterial 

activity against Escheria coli, Staphylococcus and Asper gillusniger.  The results indicate that the activity of Schiff base 

was stronger than chitosan and its activity increases with an increase in the concentration. Rong-Min Wang et.al [24] in 

their work described the anticancer activity of LMW chitosan salicylaldehyde Schiff base and its Zn(II) complexes, 

which inhibit the growth of SMMC-7721 liver cancer cells and was  by sulforhodamine B assay method in vitro 

method. Results revealed that the Zn complexes get bounded to DNA through electrostatic interaction and intercalation.  

Antibacterial activity of seven Schiff bases from O-carboxymethyl chitosan and p- substituted benzaldehyde was 

studied by Xueqiong Yin et al. [25] and also examined the impact of substituents i.e., nature and position on the 

biological activity. Studies indicate that the benzaldehyde with electron donating group like -CH3 and –OCH3 increases 

the activity and the electron withdrawing groups like halogens and –NO2 group decreases the activity.  Emad Soliman 

et al. [26] also synthesised a series of chitosan Schiff bases by the condensation of low molecular weight chitosan with 

benzaldehyde and its p-chloro, p-methoxy and p-N(CH3)2 derivatives.  The antibacterial activity of chitosan Schiff 

bases were evaluated against gram positive (Staphylococcus aureus and Streptococcus pyogenes) and two type of gram-

negative bacteria (Escherichia coli and Shigella dysentriae) and assessed by Optical Density method. Among the 

synthesised Schiff bases, anisaldehyde had the highest antibacterial activity.       By the reaction of 5-chloro-3-methyl-

1-phenyl-1H- pyrazole-4-carboxaldehyde with chitosan Amil. B. Dholakia et al. [27] developed a new chitosan Schiff 

base and its antifungal potential was investigated against Aspergillus niger and Penicillium by agar well diffusion 

method. In another work Singaram et al. [28] reported the antibacterial activity of Pd (II) Schiff  base complexes 

prepared by the reaction of chitosan and aldehyde viz, 4-hydroxy-3-methoxy benzaldehyde and 2-hydroxy 

benzaldehyde. The Pd (II) complexes shows good activity against bacterial organism and activity increases with 

minimum concentration. High activity of the complex is due to the metal ion’s permeation process.   
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Figure 2: Antibacterial effects of Palladium (II) complex of Chitosan

Figure 3: Antibacterial effects of Palladium (II) complex of Chitosan

    Metal complexes of Ni (II) and Co (II) are 

soluble carboxymethyl chitosan with 3,4-dimethoxy benzaldehyde and its biological activity were studied. Biological 

activity includes invitro cytotoxicity, antioxidant activity

the complexes are non-toxic and compatible. ALP activity of Ni complex is high compared to other samples and the 

antioxidant activity of Schiff base is found to be more pronounced than its metal comple

nanomaterials allow a new path for its use in biological action, 

nano-particles with chitosan and its schiff bases. Results revealed that chitosan with Se nanoparticles h

effect only on gram – negative bacteria –

nanoparticles has the highest inhibitory effect against all the bacterial strains tested. 

by Araujo etal. [31] regarding Ni (II), Cu (

its nitro and methoxy derivative anchored on chitosan. Characterisation shows that the complexes are square planar and 

also Cytotoxicity was examined by MTT assay performed using human HeLa cells.  From the results 

are found to be highly toxic and Cu (II) complex presented higher viability.    

    Six novel metal complexes of Pd (II) and Pt(II) were synthesised from biopol

reaction of chitosan and salicylaldehyde and its derivatives like 5

al.[32] The biological activity have been studied against two bacterial plant pathogen Pseudomonas syringae

and antifungal activity against fungal plant pathogen Fusarium graminearum and their antitumour activity against a 

human breast cancer cell line (MCF-7). From antibacterial assay, chitosan Schiff bases and its complexes exhibit high 

anti-tumour activity against breast cancer cells. In this study Ahmed M. Khalil et al

and characterization, of some chitosan Schiff

pyrazole aldehyde derivatives loaded with AgNPs and evaluate the antimicrobial activities. The presence of AgNPs 

displayed the highest antibacterial activity against certain bacteria and fungi.   Wei xiang Liu etal

chitosan derivative having amino pyridine group followed by

metal complexes. And its antifungal activity were evaluated against P.capsici, V.alboatrum, B.cinerea and R. solani. 

Among the series of complexes Cu complex (inhibit the growth of P. capsici 100)

followed by Ni complex (inhibit by B.cincera  77).     

    Mohammed A Hassan et al. [35] developed two novel antibiotic phenolic chitosan Schiff bases by condensation of 

chitosan with indole -3 carboxaldehyde and 4

bases was verified by spectral analysis and its thermal stability were studied by TGA and DSC techniques.  An 

innovative aminated methylacrylate chitosan Schiff base bearing p
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Antibacterial effects of Palladium (II) complex of Chitosan salicylaldehyde schiff base (CSSB)

 
of Palladium (II) complex of Chitosan-vanillin schiff base (CVSB).

II) are synthesised by Suresh et al.[29] with Schiff bases derived from water 

dimethoxy benzaldehyde and its biological activity were studied. Biological 

antioxidant activity and ALP studies. The result indicates that the Schiff bases and 

and compatible. ALP activity of Ni complex is high compared to other samples and the 

antioxidant activity of Schiff base is found to be more pronounced than its metal complexes. Developing nontoxic pure 

nanomaterials allow a new path for its use in biological action, PavlineJelinkova et al. [30]synthesised complexes of Se 

particles with chitosan and its schiff bases. Results revealed that chitosan with Se nanoparticles h

– Escherichia coli, whereas the complexes of chitosan Schiff base with Se 

nanoparticles has the highest inhibitory effect against all the bacterial strains tested. Few studies have been performed 

Cu (II), and Zn (II) complexes with Schiff base derived from salicylaldehyde and 

its nitro and methoxy derivative anchored on chitosan. Characterisation shows that the complexes are square planar and 

y was examined by MTT assay performed using human HeLa cells.  From the results 

II) complex presented higher viability.     

II) and Pt(II) were synthesised from biopolymer chitosan Schiff base by the 

reaction of chitosan and salicylaldehyde and its derivatives like 5-nitro and 5-methoxy salicylaldehyde by Helen et 

The biological activity have been studied against two bacterial plant pathogen Pseudomonas syringae

and antifungal activity against fungal plant pathogen Fusarium graminearum and their antitumour activity against a 

7). From antibacterial assay, chitosan Schiff bases and its complexes exhibit high 

ctivity against breast cancer cells. In this study Ahmed M. Khalil et al.[33] concerned with the synthesis, 

and characterization, of some chitosan Schiff- bases and carboxymethyl chitosan Schiff base by the interaction some 

aded with AgNPs and evaluate the antimicrobial activities. The presence of AgNPs 

displayed the highest antibacterial activity against certain bacteria and fungi.   Wei xiang Liu etal

chitosan derivative having amino pyridine group followed by co-ordination with Cu (II), Ni(II) and Zn(II) ions to form 

metal complexes. And its antifungal activity were evaluated against P.capsici, V.alboatrum, B.cinerea and R. solani. 

Among the series of complexes Cu complex (inhibit the growth of P. capsici 100) showed the best antifungal activity 

followed by Ni complex (inhibit by B.cincera  77).      

developed two novel antibiotic phenolic chitosan Schiff bases by condensation of 

3 carboxaldehyde and 4-dimethyl amino benzaldehyde. Chemical structure of developed Schiff 

bases was verified by spectral analysis and its thermal stability were studied by TGA and DSC techniques.  An 

innovative aminated methylacrylate chitosan Schiff base bearing p-nitro benzaldehyde has been reported by Samesh S 
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schiff base (CSSB). Ref[28] 

vanillin schiff base (CVSB). Ref [28] 

Schiff bases derived from water 

dimethoxy benzaldehyde and its biological activity were studied. Biological 

tudies. The result indicates that the Schiff bases and 

and compatible. ALP activity of Ni complex is high compared to other samples and the 

xes. Developing nontoxic pure 

synthesised complexes of Se 

particles with chitosan and its schiff bases. Results revealed that chitosan with Se nanoparticles have inhibitory 

Escherichia coli, whereas the complexes of chitosan Schiff base with Se 

Few studies have been performed 

II) complexes with Schiff base derived from salicylaldehyde and 

its nitro and methoxy derivative anchored on chitosan. Characterisation shows that the complexes are square planar and 

y was examined by MTT assay performed using human HeLa cells.  From the results Zn (II) complexes 

ymer chitosan Schiff base by the 

methoxy salicylaldehyde by Helen et 

The biological activity have been studied against two bacterial plant pathogen Pseudomonas syringaepv.tomato 

and antifungal activity against fungal plant pathogen Fusarium graminearum and their antitumour activity against a 

7). From antibacterial assay, chitosan Schiff bases and its complexes exhibit high 

concerned with the synthesis, 

bases and carboxymethyl chitosan Schiff base by the interaction some 

aded with AgNPs and evaluate the antimicrobial activities. The presence of AgNPs 

displayed the highest antibacterial activity against certain bacteria and fungi.   Wei xiang Liu etal.[34] proposed 

ordination with Cu (II), Ni(II) and Zn(II) ions to form 

metal complexes. And its antifungal activity were evaluated against P.capsici, V.alboatrum, B.cinerea and R. solani. 

showed the best antifungal activity 

developed two novel antibiotic phenolic chitosan Schiff bases by condensation of 

yl amino benzaldehyde. Chemical structure of developed Schiff 

bases was verified by spectral analysis and its thermal stability were studied by TGA and DSC techniques.  An 

has been reported by Samesh S 
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Ali et al. [36] Its biological studies were assessed in vitro, this new aminated chitosan derivative show remarkable 

antioxidant, antibacterial, and antibiofilm property than chitosan. Evaluation of cytotoxicity and hemolytic

revealed cell viability and proliferation without evident hemolysis.   Vadivel etal

Ru(III) complexes, synthesised by the complexation of metal  with chitosan Schiff bases formed using the ligand 

salicylaldehyde, vanillin, and  O-methoxy vanillin. The antifungal study was carried out by disc diffusion method 

against fungal pathogens such as Asperigillus flavus, Aspergillus niger, Pencillinchyrogenum, Fusarium oxysporum 

and Trigodermaveride. Result analysis concluded that 

parent Schiff base ligand due to their chelation effect on micro

    N. Hidyati.etal.[38] prepared Cu(II) and Fe(II) complexes using the ligand N

complexes were screened for antibacterial activity against bacteria like Escherichia coli and Staphylococcus aureus, 

which was assessed by paper disc diffusion method. X

decreased by the formation of complex but the complex shows the best antibacterial activity due to the increased 

lipophilic nature of the complexes. Recently ManimohanMurugaiyan et al.

hydrazide-based O-carboxymethyl Chitosan S

biomedical and pharmaceutical areas. In another paper in addition to Zn(II)  complexes they described the synthesis of 

Co(II) and  Cu(II) complexes  and its antimicrobial studies.  Amo

anti-inflammatory, antioxidant and antidiabetic performances hence; 

and diabetic treatment.       

Figure 4: Design and synthesis of water

Zn(II) complexes through an in situ reaction.

    Chitosan /Isatin Schiff base developed by A.M.Omer etal

in medical application especially in wound dressing. Antimicrobial activity was screened against gram positive 

pseudomonas aeruginosa, salmonella and Proteus vulgaris. Another similar work was carried 

etal.[41] where chitosan Schiff base were prepared by the interaction of chitosan with 4

followed by dehydrohalogenation under basic conditions to get vinyl derivatives. Vinyl group in the polymeric chai

can undergo polymerisation and co-polymerisation to create novel polymeric structure exhibiting catalytic biological 

and medicinal applications. Three novel chitosan Schiff bases were reported by Nadia.Q Haj 

chitosan with 2-chloroquinoline-3-carbaldehylde, oxazole

Antibacterial activity was studied against Gram negative and Gram

Escherichia coli, Staphylococcus aureus Streptococcus m

Candida albicans and Asperigillus fumigates. The chitosan Schiff bases showed significant activity against one or more 

bacterial and fungal strain and the absence of cytotoxicity was evaluated t
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Its biological studies were assessed in vitro, this new aminated chitosan derivative show remarkable 

antioxidant, antibacterial, and antibiofilm property than chitosan. Evaluation of cytotoxicity and hemolytic

revealed cell viability and proliferation without evident hemolysis.   Vadivel etal.[37] reported the antifungal activity of 

Ru(III) complexes, synthesised by the complexation of metal  with chitosan Schiff bases formed using the ligand 

methoxy vanillin. The antifungal study was carried out by disc diffusion method 

against fungal pathogens such as Asperigillus flavus, Aspergillus niger, Pencillinchyrogenum, Fusarium oxysporum 

concluded that Ru (II) complex show a significant antifungal activity than the 

parent Schiff base ligand due to their chelation effect on micro-organism.  

prepared Cu(II) and Fe(II) complexes using the ligand N-(2-hydroxy benzylidene)

complexes were screened for antibacterial activity against bacteria like Escherichia coli and Staphylococcus aureus, 

which was assessed by paper disc diffusion method. X-ray diffraction study indicate that the crystallinity of chitosan 

ased by the formation of complex but the complex shows the best antibacterial activity due to the increased 

lipophilic nature of the complexes. Recently ManimohanMurugaiyan et al. [39] designed novel water soluble 

carboxymethyl Chitosan Schiff base and its Zn (II) complex for potential application in various 

biomedical and pharmaceutical areas. In another paper in addition to Zn(II)  complexes they described the synthesis of 

Co(II) and  Cu(II) complexes  and its antimicrobial studies.  Among the three complexes Cu complex show enhanced 

inflammatory, antioxidant and antidiabetic performances hence; it possesses the scope for pain killer, antitumor 

 
water-soluble hydrazide-based O-carboxymethyl chitosan Schiff bases and their 

Zn(II) complexes through an in situ reaction. ref [39] 
Chitosan /Isatin Schiff base developed by A.M.Omer etal. [40] has been found to exhibit good antimicrobial activity 

in medical application especially in wound dressing. Antimicrobial activity was screened against gram positive 

pseudomonas aeruginosa, salmonella and Proteus vulgaris. Another similar work was carried out by Vasak.B.Gavalyan 

where chitosan Schiff base were prepared by the interaction of chitosan with 4-(2-bromoethyl) benzaldehyde, 

followed by dehydrohalogenation under basic conditions to get vinyl derivatives. Vinyl group in the polymeric chai

polymerisation to create novel polymeric structure exhibiting catalytic biological 

and medicinal applications. Three novel chitosan Schiff bases were reported by Nadia.Q Haj etal.[42

carbaldehylde, oxazole-4-carbaldehyde and quinazoline

Antibacterial activity was studied against Gram negative and Gram-positive bacteria namely, Klabseilla pneumonia, 

Escherichia coli, Staphylococcus aureus Streptococcus mustans, and its antifungal activity was studied against fungi 

Candida albicans and Asperigillus fumigates. The chitosan Schiff bases showed significant activity against one or more 

bacterial and fungal strain and the absence of cytotoxicity was evaluated through MTT screening test.  Due to the broad 
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Its biological studies were assessed in vitro, this new aminated chitosan derivative show remarkable 

antioxidant, antibacterial, and antibiofilm property than chitosan. Evaluation of cytotoxicity and hemolytic analysis 

reported the antifungal activity of 

Ru(III) complexes, synthesised by the complexation of metal  with chitosan Schiff bases formed using the ligand 

methoxy vanillin. The antifungal study was carried out by disc diffusion method 

against fungal pathogens such as Asperigillus flavus, Aspergillus niger, Pencillinchyrogenum, Fusarium oxysporum 

II) complex show a significant antifungal activity than the 

hydroxy benzylidene) chitosan. The 

complexes were screened for antibacterial activity against bacteria like Escherichia coli and Staphylococcus aureus, 

ray diffraction study indicate that the crystallinity of chitosan 

ased by the formation of complex but the complex shows the best antibacterial activity due to the increased 

designed novel water soluble 

chiff base and its Zn (II) complex for potential application in various 

biomedical and pharmaceutical areas. In another paper in addition to Zn(II)  complexes they described the synthesis of 

ng the three complexes Cu complex show enhanced 

for pain killer, antitumor 

carboxymethyl chitosan Schiff bases and their 

has been found to exhibit good antimicrobial activity 

in medical application especially in wound dressing. Antimicrobial activity was screened against gram positive 

out by Vasak.B.Gavalyan 

bromoethyl) benzaldehyde, 

followed by dehydrohalogenation under basic conditions to get vinyl derivatives. Vinyl group in the polymeric chain 

polymerisation to create novel polymeric structure exhibiting catalytic biological 

42] by the reaction of 

carbaldehyde and quinazoline-6-carbaldehyde. 

positive bacteria namely, Klabseilla pneumonia, 

ustans, and its antifungal activity was studied against fungi 

Candida albicans and Asperigillus fumigates. The chitosan Schiff bases showed significant activity against one or more 

hrough MTT screening test.  Due to the broad 
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application of heterocyclic in medical field, M.K Yadav et al.

carboxaldehyde and 2-thiophene carboxaldehyde and screened its antibacterial activity potency agai

and gram-negative bacteria. Only 2-thiophene carboxaldehyde was found to be active against Escherichia coli.  

Synthesis and biological application of novel N, N, O

Co(II),  and Zn(II) complexes were described by Manimohan et al.

antibacterial, antifungal, anti-inflammatory

interact with CT-DNA by intercalation mechanism. 

    An innovative biomaterial, amino functionalised chitosan bearing nitro benzaldehyde was developed by EL Rafaie 

Kenway et al. [45] for biomedical application. This newly synthesised derivative revealed remarkable antioxidant, 

antibacterial, and anti-biofilm activity than chitosan, also its cytotoxicity and hemolytic analysis were also studied. 

From spectral and thermal analysis R.E.M

chelation with Cu(II), Ni(II) and Zn(II) metals and reported the cytotoxicity of complexes against MG

cancer)cells and  K562 chronic myelogenous leukemia. Function

anticancer acivity against S against cancer MG63 cell line. 

    Another eco-friendly chitosan Schiff base, based on heterocyclic moieties was prepared by Amira A. Hamed et al.

[47] from chitosan and heteroaryl py

carbaldehyde, 1-phenyl-3-(furan-2-yl)-1H

carbaldehyde, its biological activity against gram positive and gram

was evaluated.    

Figure 5: Representative images of viable S.aureus grown on different samples after 24 h of culture

 

2.2 Catalytic Applications 

    Metal complexes build up from biopolymer chitosan play a significant role as heterogeneous catalyst in various 

reactions to increase its yield and selectivity of product. The catalytic activities of synthesised complexes depend on the 

nature of ligands, metal ions and coordination sites. A review on the catalytic activity of chitosan Schiff base 

complexes reported in various reactions such as oxidation, reduction, hydrogenation, coupling reactions etc are given 

below.   

    Biopolymer chitosan anchored Schiff base Cu complexes were prepared by Yue Chang et al.

salicylaldehyde, o-nitro salicylaldehyde and m

of cyclohexane with molecular oxygen was measured. 

benzaldehyde derivative of Cu complex has high catalytic activity. 

complex of Co(II) and Pd(II) as heterogeneous catalyst for the aerobic oxidation of cyclo

solvents an reductants. Studies also proved that these complexes are efficient catalyst for the oxidation of b

and linear alkanes. In another work highly stable, active chitosan supported immine palladacycle complex was

developed by Xia Xue et al. [50] which tested as heterogeneous catalyst for Heck reaction. It was found to be a best 

choice in the C-C bond formation with high yield and regioselective for trans coupling
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application of heterocyclic in medical field, M.K Yadav et al. [43] developed chitosan derivative of 2

thiophene carboxaldehyde and screened its antibacterial activity potency agai

thiophene carboxaldehyde was found to be active against Escherichia coli.  

Synthesis and biological application of novel N, N, O- tridentate isoniazed grafted chitosan Schiff bases and its Cu(II), 

,  and Zn(II) complexes were described by Manimohan et al. [44]  The metal complexes proved to be a good 

inflammatory, antidiabetic and antioxidant drug. Also, as a good DNA binder, they 

mechanism.  

An innovative biomaterial, amino functionalised chitosan bearing nitro benzaldehyde was developed by EL Rafaie 

for biomedical application. This newly synthesised derivative revealed remarkable antioxidant, 

biofilm activity than chitosan, also its cytotoxicity and hemolytic analysis were also studied. 

From spectral and thermal analysis R.E.Malekshah et al. [46] confirmed the formation of chitosan Schiff base and its 

chelation with Cu(II), Ni(II) and Zn(II) metals and reported the cytotoxicity of complexes against MG

cancer)cells and  K562 chronic myelogenous leukemia. Functionalised chitosan and its complex exhibit better 

anticancer acivity against S against cancer MG63 cell line.  

friendly chitosan Schiff base, based on heterocyclic moieties was prepared by Amira A. Hamed et al.

from chitosan and heteroaryl pyrazole derivative namely 1-phenyl-3-(thiophene-2

1H-pyrazole-4-carbaldehyde and 1-phenyl-3-(pyridine-3

carbaldehyde, its biological activity against gram positive and gram-negative bacteria, certain fungi and its cytotoxicity 

 
Representative images of viable S.aureus grown on different samples after 24 h of culture

Metal complexes build up from biopolymer chitosan play a significant role as heterogeneous catalyst in various 

reactions to increase its yield and selectivity of product. The catalytic activities of synthesised complexes depend on the 

tal ions and coordination sites. A review on the catalytic activity of chitosan Schiff base 

complexes reported in various reactions such as oxidation, reduction, hydrogenation, coupling reactions etc are given 

ase Cu complexes were prepared by Yue Chang et al. [48

nitro salicylaldehyde and m-nitro salicylaldehyde and studied their catalytic activity in the oxidation 

of cyclohexane with molecular oxygen was measured. Among the three different catalysts the chitosan m

benzaldehyde derivative of Cu complex has high catalytic activity. J.Tong et al.[49] explored chitosan Schiff base 

complex of Co(II) and Pd(II) as heterogeneous catalyst for the aerobic oxidation of cyclohexane in the absence of 

solvents an reductants. Studies also proved that these complexes are efficient catalyst for the oxidation of b

In another work highly stable, active chitosan supported immine palladacycle complex was

which tested as heterogeneous catalyst for Heck reaction. It was found to be a best 

C bond formation with high yield and regioselective for trans coupling.  J.Liu et al
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developed chitosan derivative of 2-imidazole 

thiophene carboxaldehyde and screened its antibacterial activity potency against gram positive 

thiophene carboxaldehyde was found to be active against Escherichia coli.  

tridentate isoniazed grafted chitosan Schiff bases and its Cu(II), 

The metal complexes proved to be a good 

as a good DNA binder, they 

An innovative biomaterial, amino functionalised chitosan bearing nitro benzaldehyde was developed by EL Rafaie 

for biomedical application. This newly synthesised derivative revealed remarkable antioxidant, 

biofilm activity than chitosan, also its cytotoxicity and hemolytic analysis were also studied. 

confirmed the formation of chitosan Schiff base and its 

chelation with Cu(II), Ni(II) and Zn(II) metals and reported the cytotoxicity of complexes against MG-63(osteosarcoma 

alised chitosan and its complex exhibit better 

friendly chitosan Schiff base, based on heterocyclic moieties was prepared by Amira A. Hamed et al. 

2-yl)-1H-pyrazole-4-

3-yl)-1H-pyrazole-4- 

bacteria, certain fungi and its cytotoxicity 

Representative images of viable S.aureus grown on different samples after 24 h of culture ref [47] 

Metal complexes build up from biopolymer chitosan play a significant role as heterogeneous catalyst in various 

reactions to increase its yield and selectivity of product. The catalytic activities of synthesised complexes depend on the 

tal ions and coordination sites. A review on the catalytic activity of chitosan Schiff base 

complexes reported in various reactions such as oxidation, reduction, hydrogenation, coupling reactions etc are given 

48] using the ligands 

nitro salicylaldehyde and studied their catalytic activity in the oxidation 

he three different catalysts the chitosan m-nitro 

explored chitosan Schiff base 

hexane in the absence of 

solvents an reductants. Studies also proved that these complexes are efficient catalyst for the oxidation of bulky cyclic 

In another work highly stable, active chitosan supported immine palladacycle complex was 

which tested as heterogeneous catalyst for Heck reaction. It was found to be a best 

J.Liu et al.[51] developed 
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(chitosan-Schiff base) cobalt(II) catalyst and reported as an efficient catalyst in the oxidative carbonylation of 2

aminoalkan-1-ols  to form oxazolidin-2-ones which was an important intermediate for herbicides, pesticides and 

pharmaceuticals. Another innovative catalyst chitos

was synthesized and characterised by W. Li

reaction of acryl amide with the phenyl halide and reused up to ten 

dihydroxy benzaldehyde Schiff base complexes were synthesised by Sahar.I. Mostafa

Schiff base complexes of Fe(II), Ni(II), Co(II), Pd(II), Rh(II), and Ru(II) in the oxidation of 1

was investigated. Except for the Pd (II) complex, which has a selectivity of 55 percent, all catalysts have a high 

selectivity of 1,2- epoxy hexane formation (93

characterization and catalytic evaluation of chitosan

complexes in the Heck cross coupling  and Suzuki

catalysts showed high activity for both re

times.              

    Structural, surface, thermal and catalytic activity of three novel Cu complexes from the ligands chitosan and 

salicylaldehyde derivative namely salicyledene anili

studied by Antony et al. [55] All the Cu complexes successfully catalyse the oxidation of cyclohexane to cyclohexanol 

and cyclohexanone using eco-friendly H2O

et al. [56] synthesised three novel quadridentate Schiff base complexes [Cu(OIAC)Cl

[Ni(OIAC)Cl2] and Schiff base by the condensation of chitosan and isatin i.e.([2

chitosan. Chitosan’s thermal stability and crystallinity were reduced when it was modified as a Schiff base and then 

complexed. All the complexes show catalytic activity in the oxidation of cyclohexane to cyclohexanol and 

cyclohexanone using the oxidant hydrogen peroxide. Among the three complexes synthesised Cu complex exhibit 

higher catalytic activity, and were recycled for four times without the major loss of its activity.    Versatile magnetically

recyclable catalyst, coreshell-Fe3O4@ chitosan Schiff bas

X.Cai et al. [57] using salicylaldehyde with different substituent’s. Synthesised catalysts have been employed in 

aerobic oxidation of cyclohexane and show high catalytic efficiency with high turnov

2-cyclohexene-1-one. 

 

 

 

Fig.7. The effect of cyclohexene oxidation with different 
reaction time. Reaction conditions: cyclohexene 19.7 mmol, 
MG@NSal-Co 3.0 mg, reaction temperature 70 
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cobalt(II) catalyst and reported as an efficient catalyst in the oxidative carbonylation of 2

ones which was an important intermediate for herbicides, pesticides and 

pharmaceuticals. Another innovative catalyst chitosan-Schiff base supported palladium and cobalt bimetallic complex 

was synthesized and characterised by W. Li-xia et al. [52] Its catalytic activity and stability was tested in the coupling 

reaction of acryl amide with the phenyl halide and reused up to ten times. A heterogenous catalyst chitosan 2,4

dihydroxy benzaldehyde Schiff base complexes were synthesised by Sahar.I. Mostafa [53] The catalytic activity of 

Schiff base complexes of Fe(II), Ni(II), Co(II), Pd(II), Rh(II), and Ru(II) in the oxidation of 1-hexene to epoxy hexene 

II) complex, which has a selectivity of 55 percent, all catalysts have a high 

xy hexane formation (93-65%). B.C.E. Makhubela et al. [54] carried out the synthesis, 

terization and catalytic evaluation of chitosan- and 6-deoxy-6-amino chitosan-supported Schiff base Pd(II) 

complexes in the Heck cross coupling  and Suzuki–Miyaura reactions. Both the heterogeneous and homogeneous 

catalysts showed high activity for both reactions while the supported catalysts were recycled and reused up to five 

Structural, surface, thermal and catalytic activity of three novel Cu complexes from the ligands chitosan and 

salicylaldehyde derivative namely salicyledene aniline (1), salicyledenethiourea(2) and o-vaniledene aniline(3) were 

All the Cu complexes successfully catalyse the oxidation of cyclohexane to cyclohexanol 

O2 at ~70oC and complex 1 shows high activity.  In another work R. Antony 

synthesised three novel quadridentate Schiff base complexes [Cu(OIAC)Cl2], [Co(OIAC)Cl

] and Schiff base by the condensation of chitosan and isatin i.e.([2-oxo-1H-indol

hitosan. Chitosan’s thermal stability and crystallinity were reduced when it was modified as a Schiff base and then 

complexed. All the complexes show catalytic activity in the oxidation of cyclohexane to cyclohexanol and 

rogen peroxide. Among the three complexes synthesised Cu complex exhibit 

higher catalytic activity, and were recycled for four times without the major loss of its activity.    Versatile magnetically

Fe3O4@ chitosan Schiff base complexes of Cu(II), Co(II) and Mn(II) was developed by 

using salicylaldehyde with different substituent’s. Synthesised catalysts have been employed in 

aerobic oxidation of cyclohexane and show high catalytic efficiency with high turnover number and high selectivity for 

 
Figure 6: Oxidation of cyclohexene 

Fig.8. Reuse of the catalyst. a Reaction conditions: 
cyclohexene 19.7 mmol, MG@NSal-Co 3.0 mg, reaction 
temperature 70 ◦C, reaction time 12 h ref [57]

The effect of cyclohexene oxidation with different 
reaction time. Reaction conditions: cyclohexene 19.7 mmol, 

Co 3.0 mg, reaction temperature 70 ◦C ref [57] 
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cobalt(II) catalyst and reported as an efficient catalyst in the oxidative carbonylation of 2-

ones which was an important intermediate for herbicides, pesticides and 

Schiff base supported palladium and cobalt bimetallic complex 

Its catalytic activity and stability was tested in the coupling 

A heterogenous catalyst chitosan 2,4-

The catalytic activity of 

hexene to epoxy hexene 

II) complex, which has a selectivity of 55 percent, all catalysts have a high 

carried out the synthesis, 

supported Schiff base Pd(II) 

Miyaura reactions. Both the heterogeneous and homogeneous 

actions while the supported catalysts were recycled and reused up to five 

Structural, surface, thermal and catalytic activity of three novel Cu complexes from the ligands chitosan and 

vaniledene aniline(3) were 

All the Cu complexes successfully catalyse the oxidation of cyclohexane to cyclohexanol 

gh activity.  In another work R. Antony 

], [Co(OIAC)Cl2] and 

indol-3ylidene]amino) 

hitosan. Chitosan’s thermal stability and crystallinity were reduced when it was modified as a Schiff base and then 

complexed. All the complexes show catalytic activity in the oxidation of cyclohexane to cyclohexanol and 

rogen peroxide. Among the three complexes synthesised Cu complex exhibit 

higher catalytic activity, and were recycled for four times without the major loss of its activity.    Versatile magnetically 

e complexes of Cu(II), Co(II) and Mn(II) was developed by 

using salicylaldehyde with different substituent’s. Synthesised catalysts have been employed in 

er number and high selectivity for 

 

Reuse of the catalyst. a Reaction conditions: 
Co 3.0 mg, reaction 

] 
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    C.S Thatte et al. [58] synthesized chitosan

complexes which were used as excellent heterogenous catalyst in the air oxidation of β

Mn complexes show significant catalytic activi

[59] developed chitosan anchored Schiff base, (

complex found to an efficient catalyst for the oxidation of alcoho

alcohol using nontoxic ecofriendly molecular oxygen as an oxidant.  Anuradha et al. 

efficient recyclable heterogenous catalyst chitosan anchored 

complexes were prepared by the reaction of Schiff bases of aniline, p

(OAc). H2O. Best results were obtained with complexes containing electron withdrawing NO

the Lewis acidity of complex and reused up to five times.

    Synthesis of water soluble carboxymethyl chitosan Schiff bases supported by Ni

by R. Suresh et al. [61] These were tested as catalyst for oxidation reaction o

pronounced in the carboxy methyl chitosan Schiff base complexes. Talat Baran and Ayfer Mentes

versatile complex, O-carboxymethyl chitosan Schiff base Pd(

coupling reaction for the synthesis of bi-aryls and its reusability were also tested. These new materials demonstrated 

high selectivity and higher efficiency even after six cycles.   

    Anuradha et al. [63] explored two novel chitosan 

of chitosan with quinoline-2-carboxaldehyde  and 8

application  in the synthesis of 5-substituted 1H

coupling of terminal alkynes. The catalyst was recovered from the reaction medium by simple filtration and reused 

to five times. High hydrophilic surface of chito

chitosan supported aqueous phase–Pd catalysts and studied its application to the allylic substitution of (E)

ethyl carbonate by morpholine. Studies proved that the reaction rate

solid catalyst and adding cationic surfactant in the reaction medium.     An alternative for Pt based catalyst in oxygen 

reduction reaction, an electrocatalyst Fe2O3

base. It proved to be a good electrocatalyst with high efficiency, stability and a promising catalyst for fuel cells. 

 

2.3 Other Applications 

    A series of Cu (II) Schiff base complexes derived from the condensation of 

aldehydesiesalicylaldehyde, 4-hexadecyl oxy

synthesised by Xu Hui Li et al.[66]. By the formation of chitosan Schiff base the thermal stability has slightly 

increased, but the stability of its copper complex has reduced. The difference in the crystallinity and thermal stability is 

mainly due to the formation of Schiff base and its complexation with copper ion. To exploit the potential application of 
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synthesized chitosan-based Schiff base and complexed it with Mn (II), Co (

complexes which were used as excellent heterogenous catalyst in the air oxidation of β- isophorone to ketoisophorone. 

Mn complexes show significant catalytic activity and the catalyst was recycled for five times. ImtiyazRsoolParrey et al.

base, ([2-oxo-1H-indol-3-ylidene] amino) chitosan and its Cu complex. This 

complex found to an efficient catalyst for the oxidation of alcohols namely, propanol, n-butanol, n-

alcohol using nontoxic ecofriendly molecular oxygen as an oxidant.  Anuradha et al. [60] described the synthesis of an 

yst chitosan anchored Cu (II) complex for N-arylation of amines. Three different 

complexes were prepared by the reaction of Schiff bases of aniline, p-methoxy aniline and m-nitro aniline with 

. Best results were obtained with complexes containing electron withdrawing NO2 group which incr

the Lewis acidity of complex and reused up to five times. 

Synthesis of water soluble carboxymethyl chitosan Schiff bases supported by Ni2+ and Cu2+ catalyst was explained 

These were tested as catalyst for oxidation reaction of cyclohexane. Catalytic activity was more 

pronounced in the carboxy methyl chitosan Schiff base complexes. Talat Baran and Ayfer Mentes

carboxymethyl chitosan Schiff base Pd(II) and investigated their catalytic activity in suzuki 

aryls and its reusability were also tested. These new materials demonstrated 

high selectivity and higher efficiency even after six cycles.    

Table I 

explored two novel chitosan -supported Copper (II)-Schiff base complexes by the condensation 

carboxaldehyde  and 8-hydroxy quinoline-2-carboxaldehyde and described its catalytic 

substituted 1H-tetrazoles from oxime and sodium azide, as well as oxidative homo

coupling of terminal alkynes. The catalyst was recovered from the reaction medium by simple filtration and reused 

High hydrophilic surface of chitosan allowed, Francoise Quignard et al. [(64] to develop an efficient 

Pd catalysts and studied its application to the allylic substitution of (E)

ethyl carbonate by morpholine. Studies proved that the reaction rate can be increased by increasing the water content of 

solid catalyst and adding cationic surfactant in the reaction medium.     An alternative for Pt based catalyst in oxygen 

3/NCS-Mn composite was developed by Tong etal. [65] from chitosan Schiff 

base. It proved to be a good electrocatalyst with high efficiency, stability and a promising catalyst for fuel cells. 

II) Schiff base complexes derived from the condensation of chitosan with different aromatic 

hexadecyl oxy-2-hydroxy benzaldehyde and 2-hydroxy-1-napthaldehyde have been 

. By the formation of chitosan Schiff base the thermal stability has slightly 

reased, but the stability of its copper complex has reduced. The difference in the crystallinity and thermal stability is 

mainly due to the formation of Schiff base and its complexation with copper ion. To exploit the potential application of 
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Co (II), and Cu (II) 

isophorone to ketoisophorone. 

ty and the catalyst was recycled for five times. ImtiyazRsoolParrey et al. 

) chitosan and its Cu complex. This 

-hexanol and benzyl 

described the synthesis of an 

rylation of amines. Three different 

nitro aniline with Cu 

group which increases 

catalyst was explained 

f cyclohexane. Catalytic activity was more 

pronounced in the carboxy methyl chitosan Schiff base complexes. Talat Baran and Ayfer Mentes [62] developed a 

II) and investigated their catalytic activity in suzuki 

aryls and its reusability were also tested. These new materials demonstrated 

 
Schiff base complexes by the condensation 

carboxaldehyde and described its catalytic 

tetrazoles from oxime and sodium azide, as well as oxidative homo-

coupling of terminal alkynes. The catalyst was recovered from the reaction medium by simple filtration and reused up 

to develop an efficient 

Pd catalysts and studied its application to the allylic substitution of (E)- cinnamyl 

can be increased by increasing the water content of 

solid catalyst and adding cationic surfactant in the reaction medium.     An alternative for Pt based catalyst in oxygen 

from chitosan Schiff 

base. It proved to be a good electrocatalyst with high efficiency, stability and a promising catalyst for fuel cells.  

chitosan with different aromatic 

napthaldehyde have been 

. By the formation of chitosan Schiff base the thermal stability has slightly 

reased, but the stability of its copper complex has reduced. The difference in the crystallinity and thermal stability is 

mainly due to the formation of Schiff base and its complexation with copper ion. To exploit the potential application of 



IJARSCT   ISSN (Online) 2581-9429 

     

 

          International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

 

 Volume 7, Issue 1, July 2021 

 
 

Copyright to IJARSCT       DOI: 10.48175/IJARSCT-1619                  164 
 www.ijarsct.co.in  

     Impact Factor: 4.819 

chitosan and its derivative Xue Wen Wu and Yan Xiong[67] synthesised new chitosan Schiff base and its Zn complex. 

This work describes the modification of chitosan as Schiff base by the reaction between chitosan and 3, 5- di tetra butyl 

salicylaldehyde and its chelation with zinc. An innovative work using chitosan Schiff base complexes was carried out 

by W.Lie et al. [68] for ultraviolet-assisted oxidative desulfurization (UODS).  For eliminating solubility problem of 

chitosan, Baran etal. [69] synthesised two novel O-carboxy methyl chitosan Schiff bases and its Cu(II) complexes. 

Characterisation by spectral analysis and its thermal studies indicate that the chitosan has higher crystallinity and 

thermal stability than that of the modified carboxymethyl chitosan Schiff base and its complex.   For food packing 

application Laura Higueraset al. [70] designed an antimicrobial film from chitosan, where cinnamaldehyde was 

reversibly bounded to chitosan film through Schiff base formation. The antimicrobial properties of these films were 

tested in vivo and invitro against the food borne pathogens. In another work B.Yuan et al.(71)  described the synthesis 

and characterization of  covalently  grafted chitosan Schiff base onto the surface of  L-guluronic acid and also  

explained a method for the adsorption of congo red dye an anionic dye  in a waste water treatment process.    

    R.Suresh and P.Moganavally et al. [72] reported Schiff bases of carboxymethyl chitosan/p-dimethyl amino 

benzaldehyde and its copper complexes. It has been tested for antioxidant activity by DPPH studies. The results 

summarize that the complexes are less toxic and have excellent antioxidant activity.  In this research work, a new 

cinnamyl chitosan Schiff base was tested as antioxidant material by abdelrazik et al. [73] The antioxidant activity was 

tested by two methods ie hydroxyl and alkyl free radical scavenger was determined by rotational viscometry methods 

and its free radical scavenger activity by ABTS method. Results show that the hydrogen donation effect was depressed 

after coupling with cinnamaldehyde and electron donating behaviour was enhanced in cinnamyl chitosan Schiff base.  

F.S.Matty et al. [74] synthesised Co(II), Ni(II), and  Cu(II)  complex of schiff base by the reaction of chitosan with O-

nitro benzaldehyde and this compound were characterized by spectral analysis and thermogravimetric analysis. 

Versatile applications of chitosan Schiff base as eco-friendly inhibitor for mild steel corrosion in 1M HCl was found 

out by R. Menaka and Subhashini [75]. The chitosan schiff base inhibitor get adsorbed and form a protective layer on 

the mild steel which reduces the metallic corrosion. For removing Co (II) ion from aqueous, AL. Shashrani H et al. [76] 

investigated chitosan vanillin (polymer I) and chitosan- ortho vanillin (polymer II) adsorbents under various conditions. 

Effect of various factors like temperature, pH, adsorbent mass, contact time and intial concentration of ion on the 

sorption process was verified. At pH 4 the maximum removal of 93.2o/o of Co (II) was achieved. This study indicates 

that the new modified chitosan polymers are good adsorbents for the treatment of waste water. 

    P. Supriya Prasad and ThandapaniGomathi [77] carried out research work for the modification of chitosan as Schiff 

base using salicylaldehyde. To generate novel properties and applications this chitosan Schiff base (CSB) was further 

modified with polyethylglycol (PEG) to form CSB/PEG blend. Chemical structure and properties were confirmed by 

FTIR, XRD, SEM, porosity water uptake retention measurements etc. and the result analysis confirmed the amorphous 

nature of the synthesised CSB/PEG blend. Series of chitosan Schiff bases N-benzylidene  chitosan, 4-dimethyl 

aminobenzylidene chitosan and 4-nitro benzylidene chitosan and their complexation with Cu2+,Zn 2+ and Ni2+ were 

reported by Fernanda StuaniPereire et al. [78]  X-ray diffraction pattern showed that the modification of chitosan Schiff 

base and its complexation decrease the crystallinity, due to the deformation of strong H-bonds by the formation of co-

ordination of bond between metal ions and Schiff base, the new bond formation enhance its thermal stability.Novel 

eco-friendly antifouling biocides, polyelectrolyte grafted chitosan Schiff base was designed by R.F.M Elsharawfet al. 

[79] These developed ionic liquid chitosan N-salicylidenes were screened for their ability to inhibit Staphylococcus/ 

Escherichia biofilms and also incorporated into the paint matrix to formulate antifouling coating. These materials were 

proved to be a powerful eradicator against green, brown and red macro algae settlement.  To eliminate the health issues 

caused by metal ions, an effective low cost and eco-friendly adsorbent, novel magnetic epichlorohydrin crosslinked 

chitosan Schiff base was developed by G.Yuvaraj et al. [80] for the removal of Cu(II) ions from waste water.  

    Another modification of chitosan as chitosan methylene bridge Schiff base was carried out by Ahmad Fatoni et 

al.[81] using the ligand 4,4-diamino diphenyl ether vanillin. It involves the reaction between chitosan and vanillin 

derivative to form the Schiff base, which was linked by methylene bridge by the reaction with HCHO through casting 

method. Ansari et al.[82] developed a new green corrosion inhibitor for the oil and gas industries using chitosan schiff 
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base derived from the ligand salicylaldehyde. Computational studies, in addition to experimental studies, are published, 

and the DFT method was also used to achieve a theoretical estimate of the inhibition. Methyl orange an anionic dye 

even at low concentration can cause severe ecological issues, its removal from the aqueous environment was achieved 

by G.Yuvaraja et al.[83] using a novel, eco-friendly and highly potential sorbent aminated chitosan Schiff base 

(ACSSB@ZnO). The results revealed that highest sorption capacity was found to be 111.11 mg/g at 323 K and the 

kinetic data followed pseudo-second order and Langmiur model. Another attempt for the removal of anionic dyes like 

methyl orange using a new heterocyclic based chitosan Schiff base was made by A.S. Manchaiah and V. 

Badalamoole[84]. Influence of intial concentration of dye, pH and contact time were carried out. Desorption studies 

indicate the kinetic and thermodynamic aspects as well as its reusability.  

 

III. CONCLUSION 

    Chitosan, which can be easily functionalized by using the reactivity of the primary amino group as well as the 

primary and secondary hydroxyl groups, has a wide range of applications. The aim of this review is to improve 

understanding of the significance of chitosan modifications as chitosan schiff bases and its complexes. The pre-

modifications on chitosan such as carboxymethylation and carboxyethylation have led to the synthesis of water-soluble 

chitosan schiff bases. According to the study, the crosslinking reaction of chitosan through schiff base formation is very 

important, which is very desirable for a variety of biomedical applications. The biological applications of chitosan 

schiff bases are numerous, as this analysis demonstrates, but the functional applications are yet to come. Because of 

their chelation effect, chitosan schiff bases have played an important role in the preparation of stable metal catalysts in 

heterogeneous catalysis. Improvements are still needed because chitosan schiff base-based catalysts are only reusable in 

a few cases. As the chelating ligands, chitosan schiffbasaes have been a good resource for the heavy metal adsorption 

and removal of dyes in the waste water treatment process. Chitosan Schiff base complexes have attracted a lot of 

attention in recent years, owing to their numerous applications in adsorbents, medicine and pharmaceuticals, catalyst 

systems, and environmental applications in general. However, there is still a need to investigate these complexes of 

different properties and applications, as well as to synthesise new complexes with additional applications. 
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Solid Phase Synthesis of Peptides As Ligands of 
Nanoparticles for Brain Drug Delivery 
  
Jaya T Varkey 
 

Abstract 
The blood-brain barrier (BBB) is working as a protecting barrier which is designed to protect the 
environment in the brain. It blocks the entry of hazardous substances into the brain but prevents the 
introduction of some drugs to treat brain and central nervous system. Lately nanoparticles are 
performing a major role in targeted drug delivery. But for the efficient act of nanoparticles as 
effective carriers in attacking brain cells their surface must be enriched with specific ligands. 
Recently peptides have been identified as potential ligands for enclose nanoparticles. The solid phase 
synthesis of selected peptide sequences on a newly developed PS-HDODA support is described. The 
selected sequences are difficult to synthesize in usual peptide synthesis methods. 
 
Keywords: Peptide, Nanoparticles, Drug delivery, Blood-brain barrier, Ligand 
 
 
INTRODUCTION 

The central nervous system (CNS) of the body is protected by the blood brain barrier (BBB). BBB 
is a highly complex structure that precludes the delivery of drugs to the brain, thus preventing the 
treatment in a number of diseases. In recent years, the use of nanotechnology has been considered as a 
valuable strategy to achieve drug delivery to the brain. Nanocarriers possess unique features due to 
their nano structure and increased surface area. Thus, they can incorporate therapeutic agents and can 
be functionalized with different ligands for effective delivery of drugs. Lately peptides have been 
identified as powerful ligands for achieving the BBB targeting of nanocarriers. Most of the research 
projects focus on the crossing of the BBB by nanocarriers in order to deliver drugs in the brain 
parenchyma for therapy and/or diagnosis of brain diseases. Another aspect could be the delivery of 
drugs to brain endothelial cells themselves which are clearly involved in the pathological process of 
some brain diseases as stroke or Alzheimer’s disease. Moreover, the promising results described in 
the literature are usually obtained for one part by in vitro cell culture experiments using BBB models 
focusing more on internalisation than on crossing activities of new nanoobjects or for the other part by 
in vivo evaluation of therapeutic efficacy of a specific CNS drug encapsulated in functionalized 
nanocarriers without evidencing the mechanism of interaction between these particles and the BBB. 

There is a lack of complete research programs 
combining both in vivo and in vitro approaches to 
evidence the real potential of these new 
nanomedicine strategies [1]. 
 
Blood Brain Barrier (BBB) 

The blood brain barrier is performing as a highly 
selective membrane that separates the circulating 
blood from brain fluid [2]. This barrier is formed 
by endothelial cells which are connected to each 
other at “tight” junctions that create a complete 
seal between them [3]. Consequently, only 
lipophilic molecules are able to cross the barrier. 
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Hydrophilic substances, in contrast, are unable to cross the lipid walls unless associated with a 
specific transporter. Because of this, BBB prevents the treatment in a number of brain diseases by 
blocking the delivery of drugs [4].  

 
One of the major problems associated in solid phase assembly of peptides is that of getting 

adequate quantities of pure peptides. Separation of proteins from natural resources can be difficult and 
frequently provides small quantities. Analysis dealing with the quantitative details of polymer-
supported reactions have shown that the insoluble support does have a significant dynamic influence 
on the bound substrates [5]. A systematic polymeric support for peptide synthesis should have 
optimum hydrophobic-hydrophilic balance and it should be compatible with the peptide being 
synthesized. Polystyrene (PS) cross-linked with 1, 6-hexanediol diacrylate (HDODA) is proved to be 
an efficient polymeric support [6–8]. The flexible nature and favourable swelling and solvation 
characteristics of PS-HDODA support has been proved to be better than Merrifield resin. 
 
Nanoparticles in Drug Delivery 

Nanoparticles have a size range of 1–100 nm and they can be efficiently used to transport drug 
molecules across the BBB [9, 10]. These particles can penetrate into the barrier and transport 
pharmaceuticals to brain for treatments against disorders like Parkinson’s disease, Alzheimer’s 
disease and tumours. There is not an efficient method is available to treat these diseases because it is 
difficult to transfer drugs across BBB. Majority of the CNS active drugs could not pass through the 
BBB. But nanoparticles could be effectively used in drug delivery because they can easily penetrate 
the BBB  

 
In order to minimize their surface energy nanoparticles tend to agglomerate. For this purpose, these 

particles try to react with their surroundings. Nanoparticles can be functionalized with various ligands 
for tissue and cell targeting and thus their agglomeration can be prevented. Recently peptides have 
been designed as potential ligands for achieving endothelial cells and more specifically BBB targeting 
of nanocarriers. 
 
Peptide Functionalized Nanoparticles 

Peptides are acting as efficient biomolecular receptors and interlinking between peptide and 
nanoparticles have played a vital role in controlled drug delivery [11]. Peptide-encapsulated 
nanoparticles (pep-NPs) are appearing as favourable imaging and therapeutic agents against cancer 
due to their biocompatibility and tunability [12]. Lately peptides have been reported as potential 
ligands for attaining the BBB targeting of nanocarriers. Peptides can be identified by some receptors 
and transporters of brain endothelial cells permitting the endocytosis and in certain cases the 
transcytosis of the nanoparticles attached with them. 

 
Coating gold nanoparticle surfaces with peptide molecule will increase the use of these 

nanoparticles in biomedical sciences. It is suggested to synthesize peptide sequences which contain 
Cys and Lys residues using PS-HDODA resin and decorate them on nanoparticle surface. These 
particles can cross the blood brain barrier and can be used in drug targeting and delivery systems. 
Functional groups such as -SH and–NH2 present in Cys and Lys amino acids are having a high 
affinity for gold, and they are expected to stabilize gold nanoparticles [13]. 

 
This approach requires two ways for detection and targeting. The detection aspect demands the 

covalent coupling of cysteine in the selected sequences to a gold particle surface through a sulphur-
gold bond. This direct coupling provides an easy one-step procedure that fabricates particles with high 
surface coverage of peptide. The targeting approach involves electrospray of nanoparticles. These 
particles are made from natural polymers that are biodegradable and they will have the capability to 
target specific organs and tissues in the body. The qualitative and quantitative in vitro analysis of 
peptide conjugated nanoparticles to invade and cross a human brain endothelial cell model can be 
carried out (Figure 1, 2). 
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Figure 1. PS-HDODA resin. 
 

  
Figure 2. Chloromethylation of PS-HDODA resin. 
 
Decorating Gold Nanoparticles with the Peptides 

Gold nanoparticle bioconjugates are important constructs for cellular imaging [14, 15]. Due to the 
large scattering cross section of metal particles, each nanoparticle can be imaged under white-light 
illumination. This requires the covalent coupling of cysteine in the selected sequence to a particle 
surface via sulphur-gold bond [16]. This direct coupling offers a simple one-step procedure that 
creates particles with high surface coverage of peptide. One important feature of thiol-gold chemistry 
is that the reaction proceeds at room temperature in aqueous solution. 

 
These peptides are poorly solvated while bound to the solid support results in incomplete coupling 

and aggregation of the peptide chain. These aggregations are due to inter chain interactions of 
protected peptide chains. β-sheets bring extra cross linking in the matrix because of these inter chain 
interactions resulting in poor swelling and solvation of peptidyl resin. The synthesis of these 
hydrophobic peptides by solution phase can result in sudden termination of the synthesis due to poor 
solubility of intermediate peptides. In SPPS the inter chain interactions is dependent on the density of 
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the growing peptide chain. The major factors that contribute to “difficult peptide” synthesis are resin 
type, resin loading and the extent of swelling and solvation of peptide resin matrix. As the size of the 
peptide chain increases swelling of the peptidyl resin decreases because of the aggregation of peptide 
chains. So, there is a strong need of an efficient support with flexibility and optimum hydrophobic–
hydrophilic balance for the successful synthesis of these peptides. 
 
Solid Phase Synthesis of Peptides 

       gH625 (Ac-HGLASTLTRWAHYNALIRAFGGG-COOH) 

             g7 (Gly-L-Phe-D-Thr-Gly-L-Phe-L-Leu-L-Ser-(O-β-D-glucose)-CONH2) 

random g7 (Gly-Leu-Phe-Phe-Gly-Ser-(O-β-D-glucose)-D-Thr-CONH2). 

It is suggested to react a functional group (SH or-NH2) of a side chain of peptide molecules that are 
prepared by solid-phase peptide synthesis with gold particles. But major difficulty in solid phase 
synthesis of peptides is that of procuring suitable quantities of pure peptides. Isolation of proteins 
from natural resources can be laborious and often not possible to get the required quantities. 
Examining the various quantitative aspects of polymer-supported reactions have shown that the solid 
support has a notable dynamic influence on the bound substrates. An ideal polymeric support for 
peptide synthesis should have optimum hydrophobic-hydrophilic balance compatible with the peptide 
being synthesized. It is suggested to use polystyrene (PS) cross-linked with 1, 6-hexanediol diacrylate 
(HDODA) as polymeric support [15]. The flexible nature and favourable swelling and solvation 
characteristics of PS-HDODA support has been proved to be better than Merrifield resin [16]. 

 
Scanning electron microscopy is used to study the shape, size, morphology and porosity of the 

polymers. The change in surface morphology of the polymers on increased cross linking was 
investigated using this technique. The changes in the surface morphological features of HDODA cross 
linked polystyrene before after functionalization is illustrated in Figure 3. 
 

  

  
Figure 3. SEM image of (a) 2% PS-HDODA resin (b) After functionalization. 
 
Relevance and Strategic Nature of the Project in the Context of the State of the Art of the 
Domain  

One of the more significant reasons for the difficulty in treating brain diseases concerns the 
problems faced by many drugs when crossing the BBB. The barrier is established by endothelial cells 
which are coupled to each other at “tight” junctions that generate a complete seal between them. Only 
lipophilic molecules can accomplish to cross the barrier. Hydrophilic materials are unable to cross the 
lipid walls unless associated with a specific transporter. This raises the principal problem that the 
inability of active agents to cross the barrier effectively means that those agents will not collect in 
sufficient concentrations unless large doses are applied. These doses may have notable toxic side 

(a) (b) 
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effects in other tissues. Initiating new therapeutic procedures to the treatment of cerebral diseases like 
stroke, Alzheimer’s disease or brain cancers has to address this matter of crossing the BBB. 
Moreover, recent studies prove that the participation of the BBB and especially the brain endothelial 
cells in the pathological process for numerous brain diseases indicating the necessity to develop 
specific targeting for these cells (17). 

 
The development of nanoparticles that are capable of carrying the active agents into the brain (BBB 

and parenchyma) and to the diseased sites thus appears to be a promising approach. For the carriers to 
be effective in targeting the brain, their surfaces must be designed by decorating with specific ligands. 
Ligands as transferrin, glucose or specific antibodies have been proposed and linked to various types 
of nanoparticles (liposomes, polymeric or lipidic nanoparticles). These approaches are based on the 
recognition of these ligands by receptors and transporters which are overexpressed by the brain 
endothelial cells allowing the transport of essential nutrients for brain tissue. Numerous proofs of this 
concept have been published. For example, nanoparticles linked to an antibody directed against 
transferrin receptor have demonstrated their ability to reach the brain and to deliver an antiapoptotic 
peptide in brain for neuroprotection during an ischemia [18].  

 
Lately peptides have been employed as powerful ligands for attaining endothelial cells and 

specially BBB targeting of nanocarriers. One of the most studied peptides is the g7 peptide 
investigated by Tosi’s group. This opioid like peptide demonstrates an impressive ability to cross the 
BBB in vivo (14% of injected dose measured in the brain) even if the translocation mechanism 
through the BBB is actually not completely elucidated, [19] suggesting the need of new in vitro 
experiments to study in details the involved pathway. Regularly new peptides are proposed for 
targeting brain endothelial cells with various objectives of limiting neovascularisation of brain tumour 
or improving the treatment and diagnosis of CNS diseases. Recently, (gH625) peptide obtained from 
the glycoprotein gH of Herpes simplex has demonstrated to increase the crossing ability of 
nanoparticles through an in vitro BBB model (20). In vivo experiments are now needed to confirm 
these promising results. 

 
Nowadays, there is a lack of complete research programs combining both in vivo and in vitro 

approaches to evidence the real potential of these new nanomedicine strategies. It is required to 
perform in vitro but also in vivo complementary experiments on peptide decorated nanoparticles to 
demonstrate their real potential for brain targeting. Both peptides (g7 and gH625) and a negative 
control one (Random g7) can be used: g7 as one of the most promising peptides and gH625 as a new 
candidate in this goal. This approach will produce new data in the domain of the brain drug delivery 
systems and propose a methodology for their evaluation by combining in vitro and in vivo approaches. 
This methodology could be use in the future to investigate other peptide candidate as brain ligand. 
Moreover, further experiments could be devoted to study the efficacy of peptide conjugated 
nanoparticles in the treatment of a brain disease as a proof of concept. 
 
CONCLUSION 

The blood brain barrier (BBB) prevents the treatment in a number of diseases. In recent years, 
nanoparticles appear a valuable strategy to achieve drug delivery to the brain. Peptides are recognised 
by brain endothelial cells allowing their endocytosis and transcytosis. Then peptide conjugated 
nanoparticles could allow to deliver drugs in brain endothelial cells themselves and/or in brain 
parenchyma in order to treat all the cells involved in CNS diseases. Peptide conjugated nanoparticles 
can be employed for the brain drug delivery studies of both in vitro and in vivo evaluations. Solid 
Phase synthesis methods will produce peptides in adequate quantity and purity for functionalization of 
fluorescent and luminescent particles. A novel support PS-HDODA is introduced for the efficient 
synthesis of these peptides. The distribution of these peptide encapsulated nanoparticles can be 
investigated in vitro in human brain endothelial cells and in vivo in animal by optical imagery. 



 
 
Solid Phase Synthesis of Peptides As Ligands of Nanoparticles                                                        Jaya T Varkey 
 
 

© JournalsPub 2021. All Rights Reserved 37  
 

Combining both in vivo and in vitro experiments would allow evidencing the real potential of these 
new nanomedicine strategies. 
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Chitosan-Schiff Base Manganese Complex 
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Abstract 

Schiff base is the condensation product formed when a primary amine reacts with a carbonyl compound. 
The term Schiff base is normally applied to those compounds when they are being used as ligands to 
form coordination complexes with metal ions. Its formation takes place under acid or base catalysis or 
with heat. Vanillin Schiff base and Aspartic acid-Salicylaldehyde Schiff bases have been synthesised by 
condensation reaction. The synthesized ligands were mixed together to improve the ligand efficiency. 
The mixed ligand was successfully complexed with metal ion manganese to study its catalytic activity. 
The structure and properties of the complex have been characterized by spectral and thermal 
techniques. The catalytic activity and recyclability of the complex has been proved by the efficient 
synthesis of Benzimidazole. 
 
Keywords: Schiff base, Chitosan, metal complex, Benzimidazole, Mixed ligand 
 
 
INTRODUCTION 

Schiff base is the condensation product which forms when a primary amine reacts with a carbonyl 
compound [1]. These are flexible compounds which have a general formula R2C=NR (Figure 1). They 
can be considered as a subclass of imines being either secondary ketimines or secondary aldimines 
depending on their structure. They are neutral molecules with an electron pair [2]. Schiff base is an 
important ligand due to their synthetic flexibility, selectiveness and reactivity. They are highly selective 
towards the central metal atom attached to it and resembles in structure with naturally occurring 
biological molecules [3]. Schiff bases can be employed as ligands to construct coordination complexes 
with metal ions. Its formation takes place under acid or base catalysis or with heat. 
 
Applications of Schiff base 

Schiff bases and their complexes are versatile compounds which exhibit a broad range of biological 
activities including antifungal, anti-inflammatory, 
anti- bacterial, anti-viral properties [4]. Schiff base 
complexes exhibit very good catalytic activity in 
many reactions and is evident from the high yield 
and selectivity of the products [5]. Schiff base 
ligands have significant applications in catalysis 
and which is supported by the efficient route of 
synthesis and thermal stability of Schiff base 
ligands. There have been numerous reports on their 
applications in homogenous and heterogenous 
catalysis. The thermal and moisture stabilities of 
various Schiff base complexes played a significant 
role in their applications as catalysts in reactions 
involving at high temperatures. Their activities are 
usually increased by complexation which leads to 
the synthesis of highly active compounds [6]. One 
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of the possible ways to enhance Chitosan’s biological properties is its chemical modification via 

reactive functional groups present in Chitosan macrochain [7]. 
 

The presence of amino groups in the polymeric chain of Chitosan leads to the possibility of many 
chemical changes, comprising the preparation of Schiff bases [8]. The fabrication of reactive groups in 
the Chitosan matrix improves its capacity for complexation with metallic ions [9]. Thus the reaction of 
Chitosan with aldehydes to generate Schiff bases which can form complexes with metals. These metal 
complexes formed have found applications in analytical and environmental filelds [10]. 
 

 
Figure 1. Formation of Schiff Base.  
 
Structure of Chitosan 

Chitosan is a linear polysaccharide (Figure 2) composed of randomly distributed β-(1→4)- linked D-
glucosamine and N-acetyl-D-glucosamine [11]. 
  

 
Figure 2. Structure of Chitosan. 
 
Formation of Chitosan-Schiff base 

Chitosan on condensation with salicylaldehyde is converted to Schiff Base (CSB) after eliminating 
water molecules. They can be easily prepared and it acts as an excellent chelating agent. In the present 
work chitosan -vanillin Schiff base and aspartic acid-salicylaldehyde Schiff base were prepared and this 
was complexed with Manganese. This mixed ligand Manganese complex was employed for the efficient 
synthesis of Benzimidazole.  
 
Benzimidazole Synthesis 

Benzimidazole derivatives have several medicinal, biological activities such as antivirus, anticancer, 
antifungal, antibacterial properties [12]. Benzimidazole derivatives are mainly used in textile industry 
in various applications like softening agents, dispersants and in dyeing process. It is also used in the 
treatment of fibers to improve whiteness of the undyed material or as an optical bleach. Benzimidazole 
derivetives have further applications in medical field as antimicrobial agents and employed as 
therapeutic agents. Also used in the treatment of cardiovascular disease, nerve disorders, endocrinology 
and ophthalmology. The ring structure of Benzimidazole derivatives finds applications in drug 
development. Several Benzimidazole derivatives have found use in the preparation of sunburn 
preventatives [13]. These compounds protect the skin by absorbing ultraviolet rays. 2- 
mercaptobenzimidazole can be used as an antioxidant for rubber. This compound is used for the 
detection of various metals also [14].  
 
EXPERIMENTAL 

Synthesis of chitosan-vanillin Schiff base: It is synthesized according to the following procedure. 
Chitosan was suspended in ethanol and it was stirred magnetically after adding vanillin (10 mmol). The 
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resulting mixture was refluxed for 24 hrs. After cooling, the yellow colour solid was separated by 
filtration, washed with ethanol and ether and then dried at 50 C̊ under vacuum for 12 hrs. 
 

Synthesis of aspartic acid-salicylaldehyde Schiff base: A mixture of salicylaldehyde (0.1 mol), 
aspartic acid (0.1mol) and ethanol was refluxed for the synthesis of Schiff base. The resultant mixture 
was cooled, filtered off washed with hot water and dried in vacuum. 

 
Preparation of chitosan-Schiff base- manganese complex: The Ethanolic solution of Chitosan-

Vanillin Schiff base and aspartic acid- salicylaldehyde Schiff base is mixed with manganese 
monohydrate sulphate and refluxed for12 hours with magnetic stirring. Then it is filtered, washed with 
ethanol and ether and dried. Chitosan-Schiff base -Manganese complex is thus obtained.  

 
Benzimidazole synthesis: Benzimidazole synthesis is carried out using following procedure, 1mmol 

ortho phenylenediamine and 2mmol salicylaldehyde is mixed with different amount of catalyst (0.01g, 
0.02g, 0.03g, 0.04g, 0.05g) using ethanol as solvent. The above mixture is kept for stirring for about 
half an hour. Filtered, washed with ethanol, dried and weighed. The amount of product formed is noted. 
Yield percentage of the product is calculated. The recrystallization of catalyst is done by dissolving the 
product obtained in ethyl acetate. The mixture is then filtered, washed with ethyl acetate and dried. The 
above procedure is repeated for different amounts of catalyst. 
 
RESULTS AND DISCUSSION 

TGA analysis of chitosan-Schiff base-manganese complex: The TGA graph of Chitosan-Schiff 
base-Manganese complex is represented in Figure 3. The catalyst is stable up to 300°C and this proved 
the efficient activity of the catalyst in higher temperature.  
 

 
Figure 3. TGA spectrum of CSB-Manganese complex. 
 

FTIR analysis of chitosan-Schiff base-manganese complex: The FT-IR spectrum was taken in 
order to illustrate the intramolecular interactions between the various components of synthesised CSB-
Manganese complex shows in Figure 4 and Table 1.  
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Figure 4. FT-IR spectrum of CSB-Manganese complex. 
 
The IR spectrum showed a band at a region of 3300cm-1 which indicated the presence of -OH hydroxyl 
and -NH stretching vibration. The band at 1630 cm-1 concluded the presence of C=N stretching formed 
due to chitosan salicylaldehyde interactions. In addition, the presence of functional groups such as C-O 
stretching in alcohol, C-O-C linkage were confirmed from the peaks at 1154.02 cm-1 and 1062.02 cm-1 
respectively. The band at 650cm-1 indicated the metal-oxide stretching frequency shows in Figure 5. 
 
Scanning electron microscopy (SEM) with energy dispersive x-ray analysis (EDX) 

Optimization of amount of catalyst: As the amount of catalyst increases the yield percentage 
increases. 0.03 g of the catalyst is required to drive the reaction to completion within a short period of 
time shows in Table 2.  
 

 
Figure 5. SEM EDX image of CSB-Manganese complex. 
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Table 1. Data of SEM-EDX of CSB-Manganese complex. 
Element  Line type Wt% Atomic % 
C K series 5.24 37.28 
O K series 11.29 60.3 
S K series 0.74 1.97 
Mn K series 0.29 0.45 
Total  17.56 100 

 
Table 2. Optimization of catalyst. 
S.N. Amount of catalyst (g) Yield (%) 

1 0.01 83.14 
2 0.02 92.05 
3 0.03 100 
4 0.04 100 
5 0.05 100 

 
Recyclability of the catalyst: Product was dissolved in ethyl acetate and the catalyst was removed 

by simple filtration. The catalyst was washed with ethyl acetate, dried and can be used for further 
reaction cycles. It can be used for five times without appreciable loss of reactivity shows in Table 3. 
 
Table 3. Recyclability of the catalyst. 
S.N. Number of cycles Yield (%) 

1 1 100 
2 2 96 
3 3 88 
4 4 77 
5 5 64 

 
The above result confirms that as the number of experiment cycles increases the yield percentage 

decreases shows in Table 4. 
 
Optimization of solvent 

The results proved that ethanol is a better solvent than water and THF. 
 
Table 4. Optimization of solvent. 
S.N. Solvent Yield (%) 

1 Ethanol 100 
2 Water 88 
3 THF 51 

 
Optimization of aldehyde 

Better yield is obtained with salicylaldehyde than benzaldehyde and anisaldehyde show in Table 5. 
 
Table 5. Optimization of aldehydes. 
S.N. Aldehyde Yield (%) 

1 Salicylaldehyde 100 
2 Benzaldehyde 78 
3 Anisaldehyde 32 

 
CONCLUSION  

Synthesis of Schiff bases from Chitosan and Vanillin and using salicylaldehyde and aspartic acid 
were carried out. The synthesized ligands were mixed together to improve the ligand efficiency. The 
mixed ligand was successfully complexed with metal ion manganese to study its catalytic activity. 
Characterization of mixed metal ligand complexes were carried out by FTIR and TGA. Spectroscopic 
analysis had indicated the successful formation of chitosan supported Schiff bases and its complex. 
Thermal analysis proved that the catalyst is stable up to 300°C. 
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In order to establish the efficacy of this mixed ligand complex in heterogeneous catalysis a 
pharmacologically important compound Benzimidazole was synthesised. The synthesis was carried out 
with different aldehydes (salicylaldehyde, benzaldehyde, anisaldehyde) and different solvents (ethanol. 
water, THF) using the mixed metal ligand complex. In order to optimize the catalyst, amount the 
synthesis was conducted using different weight percentages of the catalyst. All the methods gave a good 
yield of Benzimidazole. The recyclability of the catalyst was also carried out and proved its efficient 
recyclability. Thus, a novel mixed ligand complex prepared from Chitosan was introduced as an 
efficient catalyst system in organic synthesis by successfully synthesizing Benzimidazole in good yield. 
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Synthesis, characterization, DNA binding, antibacterial, antidiabetic, molecular
docking and DFT studies of Ni(II), Cu(II) and Zn(II) complexes derived from
heterocyclic schiff base

Angamaly Antony Shanty and Puzhavoorparambil Velayudhan Mohanan

Department of Applied Chemistry, Cochin University of Science and Technology, Kochi, Kerala, India

ABSTRACT
Novel metal complexes of nickel(II), copper(II) and zinc(II) have been synthesized and character-
ized. DFT-based molecular orbital energy calculations of the synthesized ligand and metal com-
plexes have been studied. Ligand and its complexes were screened for their antibacterial activities
by disk diffusion method. The quantitative antimicrobial activity of the test compounds was eval-
uated using Resazurin based Microtiter Dilution Assay. The interaction of these complexes with
Herring sperm DNA (HS-DNA) was analyzed via UV–Visible absorption, circular dichroism and
Voltammetric studies, which indicates that these complexes bind to HS-DNA by intercalation bind-
ing mode. Molecular docking was also used to identify the interaction between ligand and com-
plexes with DNA. a-Amylase inhibition activity of ligand its metal complexes has been determined
by DNS method. Kinetic studies were carried out to identify the mode of inhibition using
Lineweaver-Burk plot. The cytotoxicity of these metal complexes has been evaluated by MTT assay
against normal 3T3L1 cells.
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Introduction

A Schiff base, considered as a condensation product, is pre-
pared by the most familiar and classical method invented by
Hugo Schiff, involving the condensation of an aldehyde or a
ketone with an amine under diverse reaction conditions and
in different solvents.[1] Number of Schiff bases and their
transition metal complexes have attracted considerable inter-
est from bio-inorganic chemists due to their advanced anti-
bacterial, antifungal, antitumour, anticancer, anti-tubercular,
antimalarial, antiradical, ROS scavenging and antiviral activ-
ities.[2–6] The biological activity of these compounds is due
to their excellent chelating ability with metals. These com-
plexes have ability to show tunable properties by varying the
substituent derivatives when coordinated to metal ion and
enhance their activities.[7] Additionally, these moieties show
importance in the development of organometal-
lic chemistry.[8]

Metal-complexes derived from transition metals were sig-
nificantly studied for their biological activity. Metal-based
drug bioactivity may be extended by modulating the metal
chelation, which in turn decreases their toxicity and
increases their lipophilicity, absorbance, and stability.[9]

Some transition metals are vital additives of biological sys-
tems, gambling various roles which include as cofactors
within side the enzyme oxidation process, controlling the
geometry of the enzymic active sites, and activating

enzymatic reactions.[10] Zinc is the abundant transition
metal in the human body gambling numerous essential roles
which include in immunity and metabolism.[11] Copper is
essential for nervous system development and it exists in
many enzymes and proteins with a range of functions such
as in energy metabolism.[12] Currently, the bioinorganic
chemistry of nickel is a topic of increasing interest because
the study of the interactions of Ni(II) with Schiff bases
offers an opportunity to understand various properties of
Ni(II). Since nickel compounds are present in the active sites
of urease and are used extensively in the design and con-
struction of new magnetic materials, the study of nickel
compounds is of great interest in various aspects of
chemistry.[13]

The interest in preparation of new metal complexes
gained the tendency of studying on the interaction of metal
complexes with DNA for their applications in biotechnology
and medicine. Many transition metal complexes are known
to bind to DNA via both covalent and non-covalent interac-
tions.[14] Amylase, one of the important enzymes in human
body, has potential application in a wide number of
Industrial processes such as food, fermentation and pharma-
ceutical industries. Amylase inhibition activity of several
transition metal complexes has been reported.[15] Modern
theoretical methods such as density functional theory and
molecular docking are greatly helpful and can surely
improve our understanding of the chemical and biochemical
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reactivity of drugs, which might help in establishing some
important structure–activity relationships.[16] By considering
all this aspects, in the present work we report synthesis, the-
oretical, spectral characterization, molecular docking and
different biological activities of heterocyclic Schiff base and
their Ni(II), Cu(II), Zn(II) complexes

Materials and method

Pyrrole-2-carboxaldehyde, 2- amino-4-methylphenol and all
metal salts were of 99% purity was purchased from Aldrich.
Solvents employed were either of 99% purity or purified by
known laboratory procedures.[17] The bacterial strains used
in the study were purchased from NCIM, Pune, India.
Bacillus coagulans (NCIM 2030), Bacillus pumills (NCIM
2189), Bacillus circulans (NCIM 2107), Clostridium (NCIM
2677), Staphylococcus aureus (NCIM 2127), Entrococcus fae-
calis, Salmonella typhi (NCIM 2501), Escherichia coli (NCIM
2343), Pseudomonas (NCIM 2863), proteus vulgaris (NCIM
2027) and Klebsilla pneumonia (NCIM 2957) were used for
the study. The strains were grown in nutrient broth medium
over night at 37 �C and used for assay. All the media used
in the study were purchased from Himedia, India. Mueller
Hinton agar media was used for well diffusion. Mouse
3T3L1 preadipocytes from American Type Culture
Collection, USA, were grown in Dulbecco’s modified eagle’s
medium (DMEM) supplemented with 10% FCS and antibi-
otics (100U/ml of penicillin and 100lg/mL of streptomycin)
under a humidified atmosphere with 5% CO2 at 37 �C. [3-
(4,5-dimethyl-2-thia-zolyl)-2,5-diphenyl-2H-tetrazolium
bromide)] (MTT), and dimethyl sulfoxide (DMSO) were
purchased from Sigma, St. Louis, MO, USA. Herring sperm
DNA (HS-DNA) and Tris (Hydroxymethyl) Aminomethane
and dinitrosalicylic acid (DNS) were purchased from Sigma
Aldrich. a-amylase was obtained from Hi-media chemicals

Electronic spectra of the compounds were recorded in
DMF on a Thermo electron Nicolet evolution300 UV-Vis
spectrophotometer. FT-IR spectra of the Schiff bases were
recorded as KBr pellets with a JASCO-8000 FT-IR spectro-
photometer. Elemental analyses of all the synthesized com-
pounds were done using an ElementarVario EL III CHN
analyzer at SAIF. 1H NMR spectra were recorded on a
Burker Advance DRX 300 FT-NMR. TG-DTA-DTG analysis
of the complexes were carried out under air and nitrogen at
a heating rate of 20 �C min�1 using a Perkin Elmer Pyres
Diamond TG/DTA analyzer in the 50-8000c range at
Sophisticated Test and Instrumentation Center (SAIF),
Cochin University of Science and Technology, Kochi, India.
Molar conductivities of the complexes in DMSO solutions
(10�3 M) at room temperature were measured using a
Systronic model 303 direct reading conductivity meter. The
magnetic susceptibility measurements were done at room
temperature on a Magway MSB Mk 1 Magnetic
Susceptibility Balance. EPR spectra of the complexes were
recorded in the solid state at RT, solid state at LNT and in
DMF at LNT using Varian E-112 X-band spectrometer
using TCNE (g¼ 2.00277) as standard at the SAIF, IIT,
Mumbai, India

Computational methodology

DFT calculations for complexes were carried out on
Gaussian 03 package[18] at density functional theory (DFT)
level of theory. The molecular geometry for the ligand and
complexes was fully optimized using density functional the-
ory based on B3LYP method along with the LANL2DZ basis
set. The optimized structure of the ligand and complexes
were visualized using Chemcraft version 1.6 package[19] and
Gauss View version 5.0.9.[20] Quantum chemical parameters
such as the highest occupied molecular orbital
energy(EHOMO), the lowest unoccupied molecular orbital
energy (ELUMO) and HOMO–LUMO energy gap (DE) for
the investigated molecule were calculated.

DNA binding experiments

Absorption spectral studies
The UV-Visible absorption spectroscopic method is used to
study the DNA binding nature of Schiff base ligands and
their Cu (II) complexes. The DNA concentration per
nucleotide was measured spectrophotometrically by using
known molar extinction coefficient value 6600M�1 cm�1 at
260 nm. The absorption titrations were carried out in
Tris–HCl buffer (5mM Tris–HCl/50mM NaCl, pH 7.1) at
25 �C by keeping the concentration of ligands and com-
plexes constant and varying the concentration of the HS-
DNA while maintaining the total volume constant (3mL).
To measure the absorbance of complex and to eliminate the
absorbance of HS-DNA itself, equal quantity of HS-DNA
was added to both the complex solution and the reference
solution. The magnitude of spectral perturbation is an evi-
dence for extent of binding. From the absorption data, the
intrinsic binding constant (Kb) was calculated by a plot
made between [DNA]/(ea � ef) and [DNA].[21]

Voltammetric studies
Differential pulse voltammetric studies were performed on
an Electrochemical Analyzer (CH instrument, Austin, TX)
which is a three electrode system with platinum electrode as
the working electrode, a platinum wire as the auxiliary elec-
trode and Ag/AgCl as the reference electrode. Platinum elec-
trode was mechanically polished with aqueous slurries of
alumina (50 nm) on a flat pad prior to surface modification.
After polishing, it was rinsed ultrasonically with absolute
ethanol to remove residual alumina particles from the sur-
face and then cleaned with a piranha solution
(H2O2:H2SO4¼1:3v/v) for 10minutes. Following this mech-
anical process, an electrochemical cleaning process was car-
ried out using cyclic voltammetry performed from 0 to
1500mV in a 0.5M sulfuric acid solution at a scan rate of
100mV/s until a stable cyclic voltammogram was obtained.

All the electrochemical measurements were carried out at
room temperature in a 10mL electrolytic cell by using 5mM
Tris–HCl/50mM NaCl buffer (pH 7.1) as the supporting
electrolyte. Solutions were deoxygenated by purging with N2

prior to the measurements. The working electrode was
cleaned after every electrochemical assay. The
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voltammograms of 1� 10�5 M solution of complexes were
recorded in absence of DNA. The procedure was then
repeated for systems of 10ml of a mixture containing con-
stant concentration of the complexes and varying the con-
centration of DNA.[22]

Circular dichroism (CD) spectral studies
The Circular dichroism spectrum has been utilized as a
powerful tool for exploring the chiral aspect of compounds.
CD spectra of HS DNA in the presence and absence of
metal complexes were obtained in Tris–HCl buffer (pH ¼
7.1) containing 50mM NaCl at room temperature by using
a Jasco Circular Dichroism Spectropolarimeter (CS/PPG/
CD/018) equipped with a Peltier temperature control device
at 25 ± 0.1 �C with a 0.1 cm path length cuvette. The spectra
were recorded in the region of 220–320 nm for fixed con-
centration of DNA (1� 10�5 M) and varying the concentra-
tion of complexes.[23]

a-Amylase inhibition assay
a -Amylase inhibitory activity was determined by dinitrosali-
cylic acid (DNS) method as reported earlier with slight
modification .The total assay mixture composed of 500mL of
amylase (in 0.05M sodium phosphate buffer (pH ¼ 6.9) and
test compounds (at different concentrations of 50–200 mM)
was incubated at 37 �C for10min. After pre-incubation
500mL of 1% starch solution was added to each tube and
again incubated at37 �C for 15min. The reaction was termi-
nated with 1.0mL DNS reagent, placed in boiling water bath
for 5min and then cooled to room temperature. The reac-
tion mixture was then diluted by adding 10ml of distilled
water and the absorbance was measured at 540 nm. The
control amylase represented 100% enzyme activity did not
contain sample. Acarbose was used as a standard inhibitor
and it was assayed at above mentioned test sample concen-
trations. The maltose liberated was determined with the help
of standard maltose curve and the activities were calculated
according to the following equation.[24]

Activity ¼ Conc: of maltose liberated x enzyme used in mL
Mol : Wt of maltose � time minð Þ � dilution factor

The IC50 values were determined from plots of percent
inhibition versus log inhibitor concentration and were calcu-
lated by non linear regression analysis from the mean
inhibitory values. For IC50 values the above procedure was
used with different concentration of test samples
(50 mM–200 mM). All tests were performed in triplicate. The
% inhibition was calculated according to the formula.[25]

% Inhibition ¼ Absorbance of control – Absorbance of sample
Absorbance of control

� 100

Kinetics of inhibition
The mode of inhibition of a-amylase by the samples was
determined by Lineweaver–Burk plots. For study, 200 mL of
the sample was incubated with a-amylase. Concentration of

starch (substrate) was varied from 0.2 to 5mg/mL .The mix-
ture was then incubated for 10min at 37 �C and then boiled
for 5min after the addition of 1.0mL of DNS to stop the
reaction. The amount of reducing sugars released was deter-
mined spectrophotometrically using a maltose standard
curve and converted to reaction velocities. A double recipro-
cal plot (1/V versus 1/(S)) where V is reaction velocity and
(S) is substrate concentration was plotted and the type
(mode) of inhibition of the samples on a-amylase activity
was determined.[26]

Antibacterial studies

Agar diffusion method
Synthesized compounds were evaluated for antibacterial
activity by agar diffusion method. Test organism was inocu-
lated onto a nutrient agar plate and incubated at 37 �C for
24 h to obtain the primary culture. Several discrete colonies
were picked from the culture to make a bacterial suspension
(10mL) in a test tube using saline water. The turbidity of
the suspension was compared with 0.5 Mc Farland standards
to obtain 106–108 CFUs. The plates were dried for
15minutes and then used for the sensitivity test. The disks
which had been impregnated with (10 mL) the compounds
and were placed on the Mueller-Hinton agar surface. The
plate was then incubated at 37 �C for 18 to 24 hours depend-
ing on the species of bacteria used in the test. Ampicillin
and dimethylsulfoxide (DMSO) were used as standard anti-
bacterial drug and control solvent respectively. All the tests
were performed in triplicates for those compounds that
showed activity of more than 6.5mm and their activity was
recorded as average zone of inhibition.[27]

Minimum inhibitory concentration (MIC)

Resazurin based microtiter dilution assay (RMDA)
The quantitative antimicrobial activity of the test com-
pounds was evaluated using Resazurin based Microtiter
Dilution Assay (RMDA). Under aseptic conditions, 96 well
microtitre plates (HiMedia) were used for Resazurin based
Microtitre Dilution Assay. The first row of microtiter plate
was filled with 100lL of test materials dissolved in sterile
water. All the wells of microtitre plates were filled with
50 lL of Luria broth. Two fold serial dilution (throughout
the column) was achieved by starting transferring 50 lL test
material from first row to the subsequent wells in the next
row of the same column and so that each well has 50ll of
test material in serially descending concentrations. 2 lL of
resazurin solution as indicator was added in each well.
Finally, a volume of 10 lL was taken from bacterial suspen-
sion and then added to each well to achieve a final concen-
tration of 5� 106 CFU/mL. To avoid the dehydration of
bacterial culture, each plate was wrapped loosely with cling
film to ensure that bacteria did not become dehydrated.
Each microtitre plate had a set of 3 controls: (a) a column
with ampicillin as positive control, (b) a column with all sol-
utions with the exception of the test material and (c) a col-
umn with all solutions except bacterial solution replaced by
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10 lL of Luria broth. The plates were incubated at 37 �C for
24 h. The color change in the well was then observed visu-
ally. Any color change observed from purple to pink or col-
orless was taken as positive. The pink color is due to the
formation of resorufin. The lowest concentration of the sam-
ple at which no color change occurred was recorded as the
MIC value. All the experiments were performed in tripli-
cates. The average values were calculated for the MIC of
test mater.[28]

Cytotoxicity-MTT assay
3T3L1 cells were spread in 96 well plates at a density of
5� 10 3 cells/well. After 36 h, the cells were treated with dif-
ferent concentrations (10, 50, 100 mM) of compounds dis-
solved in DMSO and incubated at 37 �C in presence of 5%
CO2. After 24 h, MTT was added at a concentration of
50 mg/well and incubated CO2 incubator. The working solu-
tion of MTT was prepared in Hank’s balanced salt solution
(HBSS) without phenol red. After 2.5–3 h, the formazan
crystals formed were viewed under the phase contrast
microscope. The crystals were then solubilized by adding
DMSO and further incubated for 20min at 37 �C in the
dark. The plate was read at an absorbance of 570 nm.
Control samples were cells without any treatment.[29] The
relative cell toxicity in percent was calculated as:

100� Absorbance of treated=Absorbance of controlð Þ
� 100:

Molecular docking. AutoDock is considered as one of the
modern methods used to illustrate and demonstrate the ben-
efits of bio- logical features of Schiff bases and metal com-
plexes and shed light on experimental data. Binding mode
and interaction of DNA with ligand and metal complexes
were performed using AutoDock Vina software. Docking
was performed to obtain a population of possible conforma-
tions and orientations for the complexes at the binding site
Crystal structure of B-DNA (CGCGAATTCGCG)2 with
PDB ID: 53TL was downloaded from RCSB protein data
bank (www.rcsb.org/). The DNA was loaded in Autodock
4.2 software, creating a PDBQT file that contains DNA
structure with hydrogens in all polar residues. The docking
site on DNA target was defined by establishing a grid box
with the dimensions of X: 40 Y: 40 Z: 40Å, centered on X:
9.157 Y: �4.603 Z: 2.857Å. The ligand and complexes were
then docked in the DNA structure with defined grid param-
eters in their center using AUTODOCK 4.2 and MGLTOOL
1.5.6.[30] The best conformation was chosen with the lowest
docked energy after the docking search was completed.
Eight runs with AutoDockVina were performed in all cases
per each complex structure, and for each run the best pose
was saved. The interactions were analyzed using Discovery
studio Visualizer.[31]

Results and discussion

Synthesis of schiff base derived from pyrrole-2-
carboxaldehyde and 2-amino 4-methylphenol (PMA)

Methanolic solutions of 2-amino-4-methylphenol (8.2mmol)
were added to methanolic solutions of pyrrole-2-carboxalde-
hyde (8.2mmol). The mixture was refluxed on a boiling
water bath for 5-6 h. The solvent was evaporated slowly.
Crystalline products obtained were filtered, washed with
water, methanol and ether and recrystallized twice from
ethanol methanol mixture. The yield and melting point of
the product were determined. Yellow crystals (yield 70%);
m.p. 135 0C; IR (KBr, cm1) : 3320 (OH), 1620 (C¼N); UV-
Vis (k, nm): 269,363; 1H NMR (CDCl3 d-ppm); 2.30 (3H, s,
CH3), 6.3 (1H, q), 6.9–7 (3H, m) 6.72–6.9 (2H, m), 8.4 (1H,
s); 13C NMR (DMSO) 158 (C¼N), 146 (COH) 138 (ArC),
136 (ArC), 133 (Pyrole C), 128 (ArC), 124 (ArC), 121
(Pyrrole C) 119 (ArC), 115(Pyrrole C), 111(Pyrrole C),
21(Methyl C) (Scheme 1).

Synthesis of complexes

A solution of nickel acetate (2.48 g, 0.01mol), cupric acetate
(1.99 g, 0.01mol) and zinc acetate (2.19 g, 0.01mol) in
25mL methanol was added to the solution of the Schiff
base, PMA (0.01mol) in 40mL methanol. The solution was
refluxed for three hours at 60 �C. Ni(II) and Zn(II) com-
plexes were precipitated while in hot. In the case of copper
complex, the precipitate was formed on slow evaporation of
the solvent. The product was washed with cold methanol
and petroleum ether before drying over phosphorous pent-
oxide in desiccators (Scheme 2).

Synthesized Schiff base and their Ni(II), Cu(II) and
Zn(II) complexes were stable in room temperature, non-
hygroscopic, insoluble in many common organic solvents
but they are soluble in DMF and DMSO. The elemental
analyses of complexes shown in Table 1 are agree well with
the formation of 1:2 stoichiometry of the type ML2. The

Scheme 1. Preparation of PMA

Scheme 2. Synthesis of complexes

4 A. A. CHANTY AND P. V. MOHANAN

http://www.rcsb.org/


molar conductance values of 10�3 M DMF solution of sol-
uble complexes lie in the 3–20Ohm�1cm2 mol�1 range,
which are less than the value obtained for 1:1 electrolytes in
the same solvent (65–90Ohm�1cm2 mol�1) indicate the non
electrolyte nature of complexes. The carbon and hydrogen
were determined by CHN analyzer and the data is well
agreed with calculated values. For Ni (II), and Cu (II), the
magnetic susceptibility measurements were carried out, and
obtained data are presented in Table 1. The magnetic
moment observed for the nickel(II) complex is 3.57 B.M
which is consistent with the tetrahedral stereochemistry of
the complex. Magnetic moment (leff) values of copper(II)
complex was found to be 1.94 BM corresponding to one
unpaired electron and this is an indication of monomeric
compounds with square pyramidal or Square planar geom-
etry. Due to completely filled ‘d’ shell as expected for Zn(II)
ion, it exhibits diamagnetic nature. The present Zn (II) com-
plexes are found to be diamagnetic in nature for tetrahe-
dral geometry.[32]

The infrared spectra for the present compounds taken in
the range 400–4000 cm�1 help to indicate regions of absorp-
tion vibrations (Table 2). Infrared spectrum of the ligand
PMA showed a band at 3320 cm�1, which can be attributed
to phenolic OH group.[33] The involvement of deprotonated
phenolic moiety in the complexation process is confirmed
by the shift of � (C–O) stretching band to a lower frequency
to the extent 10–20cm�1. The shift of � (C–O) band at to a
lower frequency suggests the weakening of � (C–O) and for-
mation of stronger M–O bond. A strong band at 1620 cm�1

was assigned to the stretching vibration of azomethine
[�(C¼N)] for ligand PMA.[34] On complex formation the
band corresponding to �(C¼N) shifted toward lower fre-
quency (�� 20 cm�1) indicating that the coordination takes
place through azomethine nitrogen.

Electronic spectra

The electronic spectra of all metal complexes were recorded
in DMSO (10�4 and 10�2M) in the range 900–220 nm. The
spectral bands and their assignments are listed in Tables 3.
In absence of X-ray diffraction studies, the electronic spectra
can be used in determination of the structure of metal com-
plexes as the number and position of spectral bands provide
good insight to the geometry of a metal complex.[34] The
UV–VIS spectra of the ligand showed two bands at 269 nm
and 353 nm. The first band would be assigned to p !
p�transition within the aromatic ring. The second band

would be due to n ! p� transition within the – C¼N
group. The electronic spectrum of Ni(II) complex displayed
two bands at 465 and 550 nm which are assigned to the elec-
tronic transitions 3T1 (F) ! 3A2 (F) and3T1 (F) ! 3T1 (P)
respectively. The observation of this bands suggested a tetra-
hedral geometry around the Ni(II) ion .

The UV-Visible spectrum of copper (II) complex,
[Cu(PMA)2] showed four major absorption bands at 356,
484, 595 and 677 nm. The peak at 356 and 484 nm could be
due to charge transfer (CT) transitions .The band at 595
and 677 nm corresponds to d–d transition.[37] 2B1g!2A1g
(dx2-y2-dz2), 2B1g!2B2g (dx2-y2-dxy) and2 B1g!2Eg (dx2-
y2-dxz, dyz) are the three possible spin allowed transitions
for square planar copper complexes with dx2-y2 ground
state. But these transitions are difficult to observe because of
four lower orbital’s are close together in energy. In the pre-
sent work, these transitions are observed as shoulders in the
range 590–680 nm for copper complex. The electronic spec-
trum of Zn (II) complex shows the absorption bands in the
range 360 nm and 470 nm attributed to ligand to Metal
(L!M) charge transfer which is compactable with tetrahe-
dral structure for Zn(II) complex. There were no d-d transi-
tion seen in visible spectrum of the Zn complexes and it
was found to be diamagnetic in nature

Electronic paramagnetic resonance spectra

The EPR spectra of the copper(II) complex in polycrystalline
state at 298K and in DMF at 77K were recorded in the X-
band, using 100-kHz modulation frequency and 9.1GHz
microwave frequency. [Cu(PMA)2] displayed axial spectra in
the polycrystalline state at 298K with gjj and g┴ values. The
variation in the gjj and g┴ values indicates that in the solid
state, the geometry of the compound is affected by the
nature of coordinating ligands.[35] Copper complex with
axial behavior in polycrystalline state show gjj > g┴ >
2.0023, which is consistent with a dx2_y2 ground state in a
square planar geometry. Hyperfine splitting was not clear in
both parallel and in perpendicular region.

Table 1. Analytical data of PMA and complexes.

Complex Formula weight Color (yield %) Element analysis Found (calc) meff (B.M.)
Molar conductance
(ohm�1 cm2 mole�1)

C H N Metal (%)
PMA 200.24 Light yellow

(68)
71.98
(71.67)

6.04
(6.01)

13.99
(13.51)

– – –

[Ni(PMA)2] 457.15 Dark green
(70)

62.85 (63.05) 4.55
(4.85)

12.17
(12.26)

12.42
(12.84)

3.57 20

[Cu(PMA)2] 480.00 Dark green
(68)

59.86 (60.05) 4.78
(5.04)

11.96
(11.67)

13.70
(13.24)

1.94 12.2

[Zn(PMA)2] 463.86 Green
(72)

61.90
(62.11)

4.78
(4.53)

12.03
(12.08)

13.90
(14.10)

– 3.5

Table 2. Characteristic infrared spectral bands (cm�1) for PMA, Ni(II), Cu(II)
and Zn(II) complexes.

Compound �(OH) �(C¼N) �(C–O)

PMA 3320 1620 1280
[Ni(PMA)2] – 1602 1254
[Cu(PMA)2] 3382 1580 1224
[Zn(PMA)2] – 1602 1271
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The geometric parameter G, represents the exchange
interaction between copper centers in the polycrystalline
compound and is calculated for each complexes using the
equation,

G ¼ gjj 2:0023
� �

= g┴ 2:0023ð Þ
for axial spectra.[36]

If G> 4, exchange interaction is negligible and if it less
than 4, considerable exchange interaction is indicated in the
solid complex. The calculated G values are less than 4 for
complex [Cu(PMA)2] (2.80) which indicate that considerable
exchange interaction is present in the polycrystalline state of
these complex.

The EPR spectra of copper complex also recorded in fro-
zen state at 77K and this gives more information about the
geometry of the complex.[37] For [Cu(PMA)2] (gjj ¼2.22 and
g┴ ¼ 2.075), four well resolved hyperfine lines are observed
in the parallel region due to coupling of the electron spin
with the nuclear spin (63Cu, I¼ 3/2), the splitting are not
well differentiable in the perpendicular region.

The EPR parameters of the copper (II) complex were pre-
sented in Table 4.

The covalency of in-plane r-bonds, in-plane –p bonds
and out-of- plane p-bonds was evaluated by using the bond-
ing parameters a2, b2, c2. The EPR parameters gjj, g┴ , gave,
Ajj and the energies of d-d transitions are used to evaluate
these bonding parameters.

a2, the value of in-plane sigma bonding parameter was
estimated by using the expression[38]

a2 ¼ � Ajj=0:036þ gjj � 2 : 0023
� �

þ 3=7 g┴ � 2 : 0023ð Þ þ 0:04

The bonding parameters K2
jj 5 a2b2 and K2

┴ 5 a2c2 were
calculated by using following expression

K2jj ¼ gjj � 2 : 0023
� �

Ed�d=8k0

K2
┴ ¼ g┴ � 2 : 0023ð Þ Ed�d=2k0

Where Kjj and K┴ are orbital reduction factors and k0
represents the one electron spin orbit coupling constant
which equals �828 cm�1.

Hathaway[39] has pointed out that for pure sigma bond-
ing Kjj � K┴� 0.77, for in plane p-bonding Kjj < K┴ for
out-of-plane p-bonding, K┴ < Kjj . For [Cu (PMA)2] it is
observed that Kjj < K┴ which indicates the presence of sig-
nificant in-plane p-bonding. The nature of metal– ligand
bond is evaluated by comparing the value of in-plane sigma

bonding parameter a2 i.e., if the M–L bond is purely ionic,
the value of a2 is unity and it is completely covalent, if a2 ¼
0.5. Here for all complexes, the value of a2 < 1.0 which
indicate that the metal–ligand bonds in the complexes under
investigation are partially ionic and partially covalent
in nature.

To determine the thermal stability and chemical compos-
ition of Ni(II), Cu(II) and Zn(II) complexes, thermo gravi-
metric analysis has been performed in a temperature range
of 35–800 �C in nitrogen atmosphere at a heating rate of
10 �C /min. The thermal analyses also help us to get valuable
information regarding nature of water molecules in the
complexes.[40]

[Ni (PMA)2] stable up to 273 �C confirming that there is
no coordinated water molecules present in the complex mol-
ecule. The weight loss occurred in the range of 271–610 �C
corresponding to the complete decomposition of the com-
plexes and the loss of their ligand portion. The residue was
the nickel oxide. [Cu(PMA)2] and [Zn(PMA)2] stable up to
250 �C confirming that there is no coordinated or lattice
water molecules present in the complex molecule. This is
followed by the decomposition of the anhydrous complexes
in two or three steps. The final product obtained in this
complex also may be due to the formation of oxide.

Geometrical optimization

The geometrical structure of the Schiff base and its metal
complexes (Ni(II), Cu(II)and Zn(II)) was shown in Figure 1.
The HOMO–LUMO (Figure 2) energy gap (DE), was used
to develop theoretical models for elucidating the structure
and conformation barriers of the Schiff base ligand and
metal complexes in many molecular systems.[41]

Furthermore, the calculated quantum chemical parameters
of Schiff base ligand and complexes were given in Table 5.
Additional parameters such as DE, absolute electro negativ-
ities, v, absolute hardness, g, chemical potentials, Pi, abso-
lute softness, r, global softness, S and global electrophilicity,
x, were calculated.[42] From these data, it was showed that
the value of DE for the Schiff base ligand and Ni(II), Cu(II)
and Zn(II) metal complexes was found to be 3.79, 2.85, 2.96,
2.94 eV. Compared to free ligand, metal complexes possess

Table 3. Electronic spectral assignments for Ni(II), Cu(II) and Zn(II) complexes.

Complex Electronic spectral bands :nm (cm-1) loge (L mol-1cm-1) Band assignment

[Ni(PMA)2] 307 (32570) 4.00 Intra ligand transition
CT
3A2g(F)!3T1g(p)

420 (23810) 3.91
465 (21500) 1.48
550 (18180) 1.23

[Cu(PMA)2] 484 (20660) 1.7 2B1g ! 2Eg (dx
2-y

2 ! dxz, dyz)
595 (16800) 1.5 2B1g ! 2B2g (dx

2-y
2 ! dxy)

677 (14770) 1.4 2B1g ! 2A1g (dx
2-y

2 ! dz
2)

[Zn(PMA)2] 366 (27320) 3.90 CT
460 (21730) 3.64 CT

Table 4. EPR spectral parameters of Cu(II) complexes in polycrystalline state
at 298 K.

Polycrystalline at 298 K

Compound g jj g ┴ g iso/gav G

[Cu(PMA)2]� 2.15 2.055 2.0867 2.8027
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Figure 1. Optimized structure of Ligand PMA and its Ni(II), Cu(II), Zn(II) complexes.

Figure 2. Frontier orbital plots of copper complexes with their energies.
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less energy and having greater stability. Also the positive
value of electrophilicity index (v) and the negative value of
chemical potential (Pi) showed that the ligand and metal
complexes can accept electrons from the environment and
its energy should be decrease upon accepting elec-
tronic charge.

DNA binding

Electronic spectral studies
Absorption spectra of the ligand and metal complexes were
recorded (Figures 3–6) in the absence and presence HS-
DNA. The binding mode of the synthesized ligand and its
complexes to DNA is characterized by the change in absorb-
ance. The absorption spectra of ligand and its Ni(II), Cu(II)
and Zn(II) complexes showed absorbance in the range
350–450 nm. The ligand and its metal complexes show a
decrease in its absorbance as the concentration of HS-DNA
is increased. This results in hypochromism indicating inter-
calative way of binding between DNA duplex and ligands or
complexes.[43] Hypochromism is observed due to the pres-
ence of aromatic chromophore which might facilitate the
interaction of the complexes with the HS-DNA bases
through noncovalent p–p� interaction.

In order to elucidate the binding strengths of these
ligands and complexes, the intrinsic binding constant Kb

were calculated by monitoring the changes of absorbance in
the ligand transfer bands with increasing amounts of HS-
DNA. The Kb (intrinsic binding constant) is calculated from
a plot of [DNA]/(ea � ef) Vs [DNA] using the equation:

DNA½ �= ea � efð Þ ¼ DNA½ �= eb � efð Þ þ 1=Kb eb � efð Þ,
Where [DNA] is the concentration of DNA in base pairs
ea ¼ the apparent coefficient¼Aobsd/[complex],
ef ¼ the extinction coefficients of the free

metal complexes,
eb ¼ the extinction coefficients of the free metal com-

plexes in the fully bound forms.
The binding constant Kb is calculated by the ratio of

slope to the intercept. The magnitude of Kb value gives the
extent of binding.[44]

Voltammetric studies
Recently, electrochemical techniques were used as a simple
and rapid method to study DNA interaction with different
compounds. One of the advantages of using this technique
is that the simultaneous determination of multiple oxidation
states of same species as well as mixtures of several interact-
ing species. Differential pulse voltammogram (DPV) tech-
nique provides the needed high current sensitivity and good

peak resolution for the investigation of the interaction
between different molecule and DNA.[45] DPV experiments
were performed to observe the changes in the formal poten-
tial as well as the current density during the addition of
DNA to the experimental solution of Schiff base ligand and
their Ni(II), Cu(II) and Zn(II) complexes. Differential pulse
voltammogram of ligands and its Ni(II), Cu(II) and Zn(II)
complexes have been collected both in absence and presence
of DNA. The effect of increasing concentration of DNA on
voltammograms of the studied compounds is presented in
Figure 7.

In all synthesized compounds, incremental addition of
DNA effectively alters both potentials and currents of anodic
peaks. Presence of DNA causes a considerable decrease in
the voltammetric current. The drop of the voltammetric cur-
rents in the presence of DNA may be attributed to slow dif-
fusion of the metal complexes bound to large and slowly
diffusing HS- DNA. This in turn indicates the extent of
binding affinity of the compounds to DNA. This result
shows the interaction existing between the ligands and com-
plexes with DNA. It can be concluded that all synthesized
molecule binds to DNA through intercalation, with insertion
of the molecule between the base pairs of the DNA strand.

Circular dichroism

Additional evidence for DNA interaction was obtained from
circular dichroism (CD) spectral studies. Circular dichoric
studies are useful in diagnosing changes in the morphology
of DNA during different compound-DNA interactions.[46]

The conformational changes of HS-DNA induced by the
synthesized Schiff base ligand and its Ni(II), Cu(II) and
Zn(II) complexes were monitored by CD spectroscopy in
Tris-buffer at pH ¼ 7.1 at room temperature. The CD

Table 5. The different quantum chemical parameters of Schiff base ligand and its metal complexes.

Complexes
EHOMO

(eV) ELUMO (eV)
DE
(eV)

v
(eV)

�
(eV)

Pi
(eV)

S
(eV)-1

W(w)
(eV)

PMA �5.5905 �1.7931 3.7973 3.69181 1.8986 �3.6918 0.26334 3.5892
[Ni(PMA)2] �4.8784 �2.0253 2.8531 3.4518 1.4265 �3.45181 0.35050 4.1762
[Cu(PMA)2] �4.98485 �2.02169 2.9631 3.5032 1.7516 �3.5032 0.28540 3.5032
[Zn(PMA)2] �5.0714 �2.1217 �2.9497 3.59655 1.47485 �3.5965 0.33901 4.386524

Figure 3. (a) Absorption spectra of PMA (1.5 x10�5 M) in Tris-HCl buffer of pH
7.1 in the absence (R¼ 0) and presence (R¼ 0. 3, 0. 6, 1, 1.3 & 1.5) of increasing
amount of DNA, R¼ [DNA]/[Complex] 1(b) A plot of [DNA]/(ea-ef) Vs [DNA]).
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Figure 4. (a) Absorption spectra of [Ni(PMA)2] (1.5 x10�5 M) in Tris-HCl buffer of pH 7.1 in the absence (R¼ 0) and presence (R¼ 0. 3, 0. 6, 1, 1.3 & 1.5) of increas-
ing amount of DNA, R¼ [DNA]/[Complex] (b) A plot of [DNA]/(ea-ef) Vs [DNA]).

Figure 5. (a) Absorption spectra of [Cu(PMA)2] (1.5 x10�5 M) in Tris-HCl buffer of pH 7.1 in the absence (R¼ 0) and presence (R¼ 0. 4, 0. 8, 1.2 & 1.6) of increasing
amount of DNA, R¼ [DNA]/[Complex] (b) A plot of [DNA]/(ea-ef) Vs [DNA]).

Figure 6. (a) Absorption spectra of [Zn(PMA) 2] (1.5 x10�5 M) in Tris-HCl buffer of pH 7.1 in the absence (R¼ 0) and presence (R¼ 0. 4, 0. 8, 1.2, 1.6 & 1.9) of
increasing amount of DNA, R¼ [DNA]/[Complex] (b) A plot of [DNA]/(ea-ef) Vs [DNA]).
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spectrum of HS-DNA exhibits two bands, a positive band at
275 nm due to base stacking and a negative band at 243 nm
due to right-handed helicity. When the ligand PMA and
their Ni(II), Cu(II) and Zn(II) complexes were incubated
with HS-DNA, the CD spectra of HS-DNA undergo signifi-
cant changes in both positive and negative bands repre-
sented in Figure 8.

In all syntesised compounds, the intensity of the positive
band decreased and that of negative band increased. The
decreased intensity in the positive band may be due to the
intercalation of the complexes has effect on the p–p stacking
of DNA base pairs. The increased intensity in the negative
band suggests that the complexes can unwind the DNA
helix and lead to some loss of helicity, which induces a
more A-like conformation in DNA .This result remarks a
loss of the typical chirality of HS-DNA after its interaction
with synthesized compounds, in agreement with helix
unwinding after intercalation. These changes also suggest
that the stacking mode and the orientation of base pairs in
DNA were disturbed with the binding of the complexes, and
certain conformational changes, such as the conversion from
a more B-like to a more A-like structure within the DNA
molecules. These observations clearly indicate that the bind-
ing mode of all the compounds should be intercalative.[47]

Molecular docking of schiff base and its metal
complexes with the DNA duplex with sequence
(CGCGAATTCGCG)2

The molecular docking technique has played important roles
in understanding the drug– DNA interactions for the
rational drug design and discovery, as well as in the mech-
anistic study by placing a small molecule in the binding site
of the target specific region of the DNA mainly in a non-
covalent fashion.[48] In the molecular docking study, the
docking of ligand PMA and its metal complexes into the
DNA duplex with the (CGCGAATTCGCG)2 sequence was
performed to preliminarily predict the binding affinity and
the chosen binding site along with the sterically acceptable
conformations. It is generally accepted that the lower the
binding free energy, the more potent the binding affinity is
between the receptor (DNA) and synthesized molecules. The
binding free energy values of ligand and metal complexes
were listed in Table 6. The results of molecular docking
study show that the compounds bind efciently with the
DNA receptor (intercalative) and their binding energy values
�6.7, �8.5, �8.5 and �8.1 kcal mol�1 for ligand, Ni(II),
Cu(II) and Zn(II) complexes, respectively. The more nega-
tive of binding energy indicated its strong binding ability to

Figure 7. Differential pulse voltammogram of PMA and its complexes (1.5� 10�5 M) in Tris-HCl buffer of pH 7.1 in the absence (a) and presence (b, c and d) of
increasing amount of DNA.
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the DNA. Among the compounds, nickel and copper com-
plexes displayed higher binding afnity toward the DNA mol-
ecule. The interactions of the best orientations are presented
in Tables 7–10 and in Figure 9.

Anti-bacterial screening

The antibacterial activity of synthesized Schiff base as well
as their metal(II) complexes was tested against gram positive
and gram negative bacteria using disk diffusion method. The
microorganisms used in the present investigations included
-Bacillus coagulans, Bacillus pumills, Bacillus circulans,
Clostridium, Staphylococcus aureus, Entrococcus faecalis,
Salmonella typhi, Escherichia coli, Pseudomonas, proteus vul-
garis and Klebsilla pneumonia. Minimum inhibitory concen-
tration (MIC) was evaluated for compounds which showed
higher antibacterial activity. Ampicillin was used as standard
antibiotics. The diameter of zone of inhibition and the MIC

results for the Schiff bases and their metal complexes are
presented in Tables 11.

Schiff base PMA shows activity against Entrococcus fae-
cali, Salmonella typhi, Escherichia coli. [Ni(PMA)2] showed
activity against Salmonella typhi, Entrococcus faecalis and
Escherichia coli and inactive against all other tested organ-
ism. [Cu(PMA)2�H2O] active against Salmonella typhi,
Bacillus coagulans, Bacillus circulans, proteus vulgaris,
Entrococcus faecalis and Escherichia coli. [Zn (PMA)2] active
against Bacillus coagulans, Bacillus pumills, Bacillus circulans,
Staphylococcus aureus, Entrococcus faecalis, Salmonella typhi
Escherichia coli and inactive against Staphylococcus aureus,
Klebsilla pneumonia, Clostridium, Pseudomonas. Compared
to ligand metal complexes showed higher antibacter-
ial activity.

The variation in the activity of different metal complexes
against tested bacteria depends on either the impermeability
of cells of the microbes or difference in ribosomes of micro-
bial cells.[49] The higher biological activity of metal com-
plexes than that of the ligand can be explained on the basis
of Overtone’s concept and Tweedy’s chelation theory . On
chelation, metal ion polarity is reduced to a greater extent
due to the overlapping of the ligand orbital and partial shar-
ing of positive charge of metal ion with donor groups.
Further, the delocalization of the p-electrons is increased

Figure 8. CD spectra of HS-DNA (1� 10�5 M) in Tris-HCl buffer of pH 7.1 in the absence (a) and presence (b and c) of PMA and its Ni(II), Cu(II)and Zn(II) complexes.

Table 6. Binding energy values obtained in docking calculations of ligand and
its complexes.

Complexes Binding affinity(kcal/mol)

PMA �6.7
[Ni(PMA)2] �8.5
[Cu(PMA)2] �8.5
[Zn(PMA)2] �8.1
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over the whole chelate sphere and enhances the lipophilicity
of the complex. The lipophilic nature of the central metal
atom is also increased upon chelation, which subsequently
favors the permeation through the lipid layer of cell mem-
brane. It may be concluded that antibacterial activity of the
compounds is related to cell wall structure of the bacteria. It
is possible because the cell wall is essential to the survival of
many bacteria and some antibiotics are able to kill bacteria
by inhibiting a step in the synthesis of peptidoglycan.[50]

a-amylase activity

a-amylase activity of the synthesized compounds was eval-
uated in vitro by amylase inhibition assay using DNS
method. The results of the a-amylase activity studies of lig-
and PMA, and its Ni(II), Cu(II) and Zn(II) complexes are
given in Table 12. In the case of synthesized compounds,
Schiff base PMA and their nickel and copper complexes
shows amylase inhibition activity. These compounds showed
lower amylase inhibition activity than that of standard

Figure 9. 3D plot of the interaction between ligand and its metal complexes with receptor DNA.

Table7. Docking Interactions present in ligand PMA.

A:DC9:HO2 - :LIG1:O Hydrogen Bond Conventional Hydrogen Bond A:DC9:HO2 H-Donor :LIG1:O H-Acceptor
B:DG16:H21 - :LIG1:O Hydrogen Bond Conventional Hydrogen Bond B:DG16:H21 H-Donor :LIG1:O H-Acceptor
A:DC11:O2 - :LIG1 Electrostatic Pi-Cation A:DC11:O2 Positive :LIG1 Pi-Orbitals

Table 8. Docking Interactions present in [Ni(PMA)2].

A:DT7:O4 - :LIG1 Electrostatic Pi-Cation A:DT7:O4 Positive :LIG1 Pi-Orbitals
B:DG16:O6 - :LIG1 Electrostatic Pi-Cation B:DG16:O6 Positive :LIG1 Pi-Orbitals
B:DG16:N7 - :LIG1 Electrostatic Pi-Cation B:DG16:N7 Positive :LIG1 Pi-Orbitals
B:DA18:N7 - :LIG1 Electrostatic Pi-Cation B:DA18:N7 Positive :LIG1 Pi-Orbitals
B:DG16 - :LIG1 Hydrophobic Pi-Pi T-shaped B:DG16 Pi-Orbitals :LIG1 Pi-Orbitals
B:DA18 - :LIG1 Hydrophobic Pi-Pi T-shaped B:DA18 Pi-Orbitals :LIG1 Pi-Orbitals
B:DA18 - :LIG1:C Hydrophobic Pi-Alkyl B:DA18 Pi-Orbitals :LIG1:C Alkyl

Table 9. Docking Interactions present in [Cu(PMA)2].

A:DT7:O4 - :LIG1 Electrostatic Pi-Cation A:DT7:O4 Positive :LIG1 Pi-Orbitals
B:DG16:N7 - :LIG1 Electrostatic Pi-Cation B:DG16:N7 Positive :LIG1 Pi-Orbitals
B:DA18:N7 - :LIG1 Electrostatic Pi-Cation B:DA18:N7 Positive :LIG1 Pi-Orbitals
B:DG16 - :LIG1 Hydrophobic Pi-Pi T-shaped B:DG16 Pi-Orbitals :LIG1 Pi-Orbitals
B:DA17 - :LIG1 Hydrophobic Pi-Pi T-shaped B:DA17 Pi-Orbitals :LIG1 Pi-Orbitals
B:DA18 - :LIG1 Hydrophobic Pi-Pi T-shaped B:DA18 Pi-Orbitals :LIG1 Pi-Orbitals
B:DA18 - :LIG1:C Hydrophobic Pi-Alkyl B:DA18 Pi-Orbitals :LIG1:C Alkyl

Table 10. Docking Interactions present in [Zn(PMA)2].

B:DA17:H62 - :LIG1:O Hydrogen Bond Conventional Hydrogen Bond B:DA17:H62 H-Donor :LIG1:O H-Acceptor
B:DA17:H61 - :LIG1:O Hydrogen Bond Conventional Hydrogen Bond B:DA17:H61 H-Donor :LIG1:O H-Acceptor
:LIG1:ZN - :LIG1:N Other Metal-Acceptor :LIG1:ZN Metal :LIG1:N H-Acceptor
:LIG1:ZN - :LIG1:O Other Metal-Acceptor :LIG1:ZN Metal :LIG1:O H-Acceptor
:LIG1:ZN - :LIG1:O Other Metal-Acceptor :LIG1:ZN Metal :LIG1:O H-Acceptor
:LIG1:ZN - :LIG1:N Other Metal-Acceptor :LIG1:ZN Metal :LIG1:N H-Acceptor
B:DG16:OP2 - :LIG1 Electrostatic Pi-Cation B:DG16:OP2 Positive :LIG1 Pi-Orbitals
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amylase inhibitor acarbose (IC50 value – 0.13mM). In the
action media, salvation behavior of synthesized compounds
and acarbose are different. This may be a reason why Schiff
bases, PMA and their nickel and copper complexes showed
lesser amylase inhibition activity compared to that of acar-
bose.[51] On the other hand zinc complex of PMA enhance
a-amylase activity. Amylase inhibition of PMA is 53.5% at
200mM. Amylase inhibition increases when these ligands are
complexed with nickel and copper. IC50 values of those
compounds which show inhibition were also determined.
IC50 values of PMA and their nickel and copper complexes
are depicted in Table 6. Lower IC50 value indicated greater
inhibition activity. Inhibition of enzymes such as a-amylase
involved in the hydrolysis of carbohydrates has been
exploited as a therapeutic approach for controlling postpran-
dial hyperglycemia.[52] The inhibition activity of a-amylase
was extended and might be responsible for decreasing the
rate of glucose absorption and concentration of postprandial
serum glucose. This effect would delay the degradation of
starch and oligosaccharides, which would in turn cause a
decrease in the absorption of glucose and consequently
inhibit the increase in postprandial blood glucose. In the
human species, a-amylase is present in both salivary and
pancreatic secretions. This enzyme is responsible for cleav-
ing large malto-oligosaccharides to maltose.

Mode of inhibition

Kinetic studies were carried out to identify the mode of
inhibition of PMA and their metal complexes (nickel and
copper) using and Lineweaver-Burk plot. Figures 10–12
show that in all these cases, the straight lines intercept at a
single point in the second quadrant. This indicates that all
these compounds inhibit a-amylase enzyme non competi-
tively. The non competitive mode of inhibition obtained
from the Lineweaver-Burk plot points to the fact that the
active components in PMA and their nickel and copper

complexes do not compete with the substrate for binding to
the active site rather the inhibitors bind to a separate site on
the enzyme to retard the conversion of disaccharides to
monosaccharides.[53] Kinetic parameters: Michaelis-Menten
constant (Km) and the maximum reaction velocity (Vmax)
for PMA and their nickel and copper complexes are pre-
sented in Table 13. In all these compounds Vmax decreases
but Km remained the same.

Cytotoxicity

The in vitro cytotoxicity of new heterocyclic Schiff base and
their complexes were evaluated by MTT assay against nor-
mal 3T3L1 cells. The results (Table 14) showed that ligand
PMA and its Ni(II) and Cu(II) complexes are non toxic in
10, 50,100, 150 mM, but its Zn(II) complexes shows mild
toxicity in 50, 100 and 150 mM.

Conclusion

New Ni(II), Cu(II) and Zn(II) complexes of Bidentate Schiff
Base Ligand derived from Pyrrole-2-carboxaldehyde and 2-
amino-4-methylphenol have been synthesized and character-
ized on the basis of spectroscopic studies. Newly synthesized
Schiff base and its metal complexes have potential practical
applications to formulate into an efficient drug. The binding
behaviors of the ligand and complexes toward Hs-DNA
were investigated by absorption spectroscopy, CD, and CV
techniques. Upon electronic absorption spectral titrations,
synthesized Schiff base and their metal complexes showed
hypochromism. Observed intrinsic binding constant (rang-
ing from 103–105 M�1) is comparable to other intecalaters.
DNA-binding studies with HS-DNA indicate that ligand and
metal complexes bind to DNA by intercalation modes. DNA
binding was also confirmed by docking studies. a-amylase
inhibition results showed that ligand PMA and their Ni(II),
Cu(II) complexes inhibit a-amylase non competitively.

Table 11. Antibacterial activity and MIC values (mg/mL) for the Schiff base PMA and its metal Complexes.

Bacteria

Inhibition zone(mm) MIC (mg/mL)

PMA Ni Cu Zn PMA Ni Cu Zn

Salmonella typhib 09 10 10 11 0.01 0.02 0.02 0.05
Bacillus coagulansa – – 11 10 – – 0.16 0.16
Bacillus pumillsa – – – 11 – – – 0.08
Escherichia colib 10 11 11 10 0.16 0.08 0.08 0.08
Bacillus circulansa 11 – 12 11 0.16 – 0.08 0.08
Pseudomonasb – – – – – – – –
Clostridiuma – – – – – – – –
Klebsilla pneumoniab – – – – – – – –
Entrococcus faecalia 12 16 12 16 0.16 0.04 0.08 0.04
proteus vulgarisb – – 11 10 – – 0.03 0.03
Staphylococcus aureusa – – – – – – – –

Table 12. a- amylase inhibitory activity of Zn(II) complexes (200 mM).

Compound OD at 540 nm Conc.of Maltose liberated (mg) Activity (lmoles/mL/min) % Activity % Inhibition IC50 (mM)

Control 0.2068 0.140 0.0013 100.0 0.00 –
PMA 0.0956 0.065 0.0006 46.4 53.6 95.50
[Ni(PMA)2] 0.0904 0.063 0.0006 45.3 54.7 87.18
[Cu(PMA)2]�H2O 0.0956 0.063 0.0006 45.0 54.9 91.38
[Zn(PMA)2] 0.3767 0.260 0.0024 185.8 �85.8 –
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Kinetic studies were carried out to identify the mode of
inhibition using Michaelis- Menten and Lineweaver-Burk
plot. Schiff base and their metal complexes individually
exhibited varying degrees of inhibitory effects on the growth
of the tested bacterial species. Metal complexes exhibited
higher antimicrobial activity than the free ligand. The results
of the cell viability tests imply that these compounds can be
used as effective pharmachophore without causing percep-
tible damage to the normal cells.
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Figure 10. Mode of inhibition of a-amylase by PMA (A) Michaelis-Menten plot and (B) Lineweaver-Burk plot.

Figure 11. Mode of inhibition of a-amylase by [Ni(PMA)2] (A) Michaelis-Menten plot and (B) Lineweaver-Burk plot.

Figure 12. Mode of inhibition of a-amylase by [Cu(PMA)2] (A) Michaelis-Menten plot and (B) Lineweaver-Burk plot.

Table 13. Kinetic parameters Km and Vmax for Schiff base PMA and its
metal complexes.

Compound Km Vm
Control 0.7342 0.9970
PMA 0.7228 0.5347
Control 0.7396 0.9991
[Ni(PMA)2] 0.7278 0.5362
Control 0.7413 0.9970
[Cu(PMA)2] 0.7379 0.7098

Table 14. The percentage cell viability of Schiff base TMA and its complexes
against 3T3L1 cells by MTT assay.

Compounds Cells 10mM 50mM 100mM 150mM

PMA 3T3L1 100 100 100 100
[Ni(PMA)2] 3T3L1 100 100 100 100
[Cu(PMA)2] 3T3L1 100 100 100 100
[Zn(PMA) 2] 3T3L1 82 58 40 30
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Abstract:   

The newly invented sophisticated softwares like Adobe Photoshop make the alteration of image very easy.  
Advanced tools are provided in these softwares that make the image look real which makes it inconvenient 
to be identified by the naked eye.  Taking out features with key point based method using Scale Invariant 
Feature Transform (SIFT) is discussed in this paper.  The extracted feature points are then modeled to with 
Delaunay Triangulation to get a group of triangles.  Mean vertex descriptor of these triangles is matched.  
Outlier detection is done using Random Sample Consensus (RANSAC).  Equivalent methods are outdone 
by the proposed approach in implementation. 

Keywords: Forensic Digital Image Processing; Delaunay Triangulation; Forgery Detection; RANSAC; 
SIFT. 

1. Introduction 

The present state shows the significance of digital images in human life.  The editing programmes available 
now have made the tampering of pictures a child’s game.  Even before law, this made the images trustless.  Image 
forensic thus ascertains the importance of tools for forensics to distinguish real image from the false one.  Some 
type of forgery is detected by some of the existing methods, but the practical situation shows decrease in accuracy. 

Forensic digital image processing mainly uses two approaches [Ng and Chang, (2004)], Active methods and 
Passive methods.  Embedding additional information about the source in the image itself forms active method 
while the contents are analyzed to see whether the image is altered forms the Passive method [Farid, (2009)].  

Copy move forgery is one passive technique where an image portion is copied and replicated in same image 
itself, but in another portion.  The purpose of this forms covering something or overemphasizing it. Purposefully 
done tampering is not easily identified by the detecting softwares.  This is because, usually the irregularities are 
oppressed of the statistical features locally of various regions in the picture and in the case of passive method; the 
copied region will show consistency with the other regions.   In that case there is a possibility of identifying 
original areas as forged areas.  Thus a filtering method is needed to filter out the outliers.  The geometrical matches 
used for this purposes suffer from high computational costs.  The increase in the number of false matches leads to 
degraded performance and this also happens if the image is having highly consistent regions.  For tackling this 
problem, many of the experiments consider these regions omitted.  The size of the image also matters when the 
image is having more even parts. 

A new method is proposed in this paper in which considering the uniqueness metric, the image is enclosed 
adaptively.  The concentration of the key points is also taken into consideration keeping in mind the suspected 
tampered regions.  By using Delaunay Triangulation method, triangles are formed from these points.  Then 
improvement is done repeatedly to create more pixel based accuracy.  Suspected regions are more concentrated 
over the iterations and thus it results in low computational cost.  In terms of accuracy and computational cost, the 
proposed method shows merit. 
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The article is structured as follows.  Section II covers the extensive literature review conducted on the former 
methods of CMFD.  The proposed method is discussed in Section III and the analysis of the proposed method 
with experimental support is made in Section IV. 

2. Literature survey 

A number of different methods have been recommended for identifying copy move forgery.  There are two 
methods, namely; key point and block based.  Feature elements are mined from the image in both the cases and 
local feature similarity is evaluated.  Feature point is taken out from each point in block based method and in the 
meantime, key point descriptor is taken as element of interest in the other method. 

Framework general for CMFD is illustrated in Fig.1.  A variant was presented by [Christlein et al.(2010)].  
The first stage aim is to improve the efficiency.  The advantage of segmentation is the reduced computational 
complexity.  In the localization phase, local patch centers are determined.  From each segment, feature vector is 
found out.  Similar blocks are identified in the matching phase.  Filtering phase avoids the spurious pairs.  
Morphological operations are employed in the post – processing phase.  It is done in an iterative manner and the 
facts from the previous iterations will update the matching information. 

 

 

Fig. 1. CMFD - General Framework 

The study on CMFD was commenced  in 2003[Fridrich et al.,(2003)] by extracting coefficients of DCT from 
overlapping regular blocks.  SVD [Gouhui et al.,(2007)] and PCA [Bashar et al.,(2010)] were used, and were 
established as vital towards blurring, JPEG compression and noise addition.  In the case of images with geometric 
translations, rotation invariant features like Fourier Mellin Transform (FMT) [Beyram et al.(2009)]  and some 
researchers made use of  Local Binary Patterns (LBP) [Leida and Zhu, (2013)].  Polar coordinates represented 
using circular blocks were used in Polar Cosine Transforms [Li, (2013)] and then in Zernike moments [Ryu et 
al.(2013)].  The filtering algorithm RANSAC estimates the affine transformations of the duplicated areas 
[Lowe,(2004)].  For each block, Matching threshold is used. 

Feature extraction techniques are mostly used by sparsely sampled methods.  SIFT (Scale Invariant Feature 
Transform) [Amerini et al.(2011), Xunyu et al.(2010)] and SURF (Speeded Up Robust Features) [Bay et al., 
(2005), Shivakumar abd Baboo,(2011)], are used to identify the prominent points.  Due to the decreased number 
of points analyzed, these methods show very less computational cost and are found to be tough over geometric 
conversions.  Each application has its own limitations and the indicators suitable for one will not be good for 
another.  The interest points are concentrated on large information parts and as a consequence, regions like low 
contrast areas, where interest points are disproportionately isolated are avoided.  Most recently a new method 
based on Expectation-Maximization method [Li et al., (2014)] was used to minimize the affine transformation 
errors, which also suffered from high computation cost when the image is very large. 

A new method utilizing the advantages of Block-based and Key-point based methods is proposed here in the 
next section. The number of points which are scrutinized is compared to be very less even if the image is fully 
covered.  The result is low computational cost and the entire procedure concentrates clearly on the mistrusted area 
during the subsequent repetitions that provides added accurate value. 

3. Proposed method 

Adaptive full coverage of the image including the less contrast region is applied in the proposed method.  
SIFT is used to detect the interest points.  An operative filtering algorithm is used to filter out false positives.  
Information previously collected is used repeatedly to improve the outcomes. 

3.1 Feature extraction 

The self-similarity of images will be measured as patches particularly in low entropy regions.  The usage of 
all possible spots will decrease the chance of recognition.  In large areas with less uniqueness, the likelihood of 
mock equivalent increases the discernment [Zandi et al., (2016)].  This has led to the selection of more individual 
points which are less probable to be unequal.  But on the contrary, the result will be more accurate if we are to 
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include more points of interest in the entire image.  The proposed algorithm will take into consideration this 
situation which adjusts the concentration of interest points grounded on the resident uniqueness.  With the help of 
extensive experiments, after considering the adjacent blocks, the researchers have recognized the exceptionality 
metric [Barnes et al., (2009)].    They also put forward a local capacity, on the basis of the certainty level and 
individuality to polish up the solidity of the points of interest.   In the first round, the certainty level is set as equal.  
Image resolution increased will limit the resident differences. And as a result, the preliminary certainty level value 
relies on resolution of the image.   In the subsequent iterations, this prior information will provide the required 
data. 

Primarily additional special points are chosen.  For larger dimensions an interest point is taken into 
consideration when it is greater than the local density.  Gaussian window is utilized in finding the local density of 
each individual point.  The smaller value of the distance coefficients will contribute to the nearby point’s 
sensitiveness and this makes the interest points scatter.  Interest points that scatter over the entire image are 
considered in this projected method.  The forged areas will not be identical and moreover will be distorted when 
equated with the original image.   

In CMFD, more accurate detection is shown by Polar Cosine Transform (PCT) and Zernike moments.  
Various filtering techniques are there in which alterations are assessed.  RANSAC (Random Sample Consensus 
was employed in rejecting the outliers or uneven points during affine transformations.  In [Barnes et al.,(2011)], 
PatchMatch is recommended and for every block, adaptive similar threshold is used.  PCT is used for its maximal 
discrimination property [Pew et al.,(2010)].   

The PCT features of a continuous image k with order m repeated an n time is calculated as: 

ʄ = 𝑀 , 𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑚 1 3.0 𝑚, 𝑛 ˂ 3.   (1) 

          where, 

𝑀 ,  = 𝛺    𝐻 , 𝑟, Ѳ   𝑘 𝑟, Ѳ 𝑟𝑑𝑟𝑑Ѳ.  (2) 

The interest point selection is done on the basis of a square block surrounding each interest point changed to 
feature region.  The phase of PCT is used in finding the rotation angle among the patch pair. 

A method, SIFT (Scale Invariant Feature Transform) is experimentally estimated as invariant to noise, 
resizing, lighting adjustments, rotations, Gaussian noises and JPEG compression by Huang et al.[Huang et al., 
(2008)].  Characterization of the extracted features from the area is done using group of linked triangles.  Delaunay 
triangulation, a prototypical mainly applied in computer graphics, is used to relate the feature points extracted 
from the image.  Thus characterization is done by triangles contended with identical feature pixels.  This method 
is a variation of Voronoi tessellation whose drawback is that the minutest element omits the edges and the contents 
considered to be consistent.  Mean vertex of these triangles is used for the matching purposes. 

3.2 Matching of Triangular points 

From the geometric vertices, Mean Vertex of each triangle is obtained.  It is done by taking the average value 
of the feature vectors given as Vavg = ( V1i + V2i + V3i ) / 3 where i shows the extracted feature vectors ranging 
from 1 to the number of triangles formed through Delaunay triangulation in the entire image.  On account of the 
Li norm of the Mean Vertex, the triangles obtained are sorted.  This helps in finding the possible forged regions.  
MVs thus obtained from every triangle are matched with one another and with a fixed length window in place of 
an adaptive window.  Matches are considered only when the relative displacement of Li with their corresponding 
MV shows a decreased threshold value.  Equating two triangles with x and y being the triangle pair indices, and 
given Vmx and Vmy as the equivalent Mean Vertex, then |Vmx Vmy| ≤ THv (y-x) < ws, where ws shows the 
window size and Thv, the threshold value. 

3.3 Identifying False Positives 

Because of the inherent self-resemblance, the real images show common pseudo assignment of the suspected 
matched pairs.  The areas formed from the same copy paste action shows similar behavior and this helps in 
eliminating the pseudo matches.  Affine transforms are used here to compute the relationship common to both.  
Most of the filtering algorithms suffer from high computational cost.  RANSAC (Random Sample Consensus) 
handles this problem very effectively.  In spite correct matches are incorrectly represented as false pairs.  Points 
of interest found out are denser than the key points.  The grouping of these points, that augments the likelihood of 
finding out correct pairs, is not done as it produces high computational complexity.  
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4. Experimental setup 

Experimental analysis of the system proposed is done in this section and it is matched against the most 
updated CMFD methods.  MATLAB 2017a is used for Experimental analysis with 2 GHz Intel Core i3-5005U 
CPU using 64-bit Operating System and 4 GB RAM.  The evaluation is done with diverse subsets of traditional 
datasets.  These datasets include modest copy move to images with transformations like rotation, compression, 
resizing, multiple forgery and combined transformations. 

4.1 Datasets used 

For analysing the comparative performance of the proposed method with that of the prevailing methods, we 
have used MICC-F220 [14],  that includes 110 true images along with 110 altered images with different 
transformations. 

4.2 Metrics 

Pixel level evaluation of the images is done with the following metrics. 

Sl No Parameter Name Formulae Description 

1 
 
 
1 

 
 
 
TruePositiveRate 

 
 
 
TPR = TP / 
(TP + FN) 

TP – Truepositive or Forged 
pixels identified as Forged 
pixelx on Tampered image 
FN – FalseNegative or 
Forgedpixels not identified as 
forged pixels on Tampered 
image 

 
 
2 

 
 
TrueNegativeRate 

 
 
TNR= TN / 
(TN + FP) 

TN – TrueNegative or Original 
pixels identified as original 
pixels on Tampered image 
FP – False Positive or Original 
pixels identified as Forged 
pixels on Tampered image 

3 FalsePositiveRate 
FPR = FP / 
          (FP + TP) 

Represent rate of true matching 
or correct output 

4 FalseNegativeRate 
FNR = FN /  
           (FP + TN) 

Represent rate of false matching 
or wrong output 

5 Accuracy 
(TP + TN) /  
(TN + FP + TP + FN) 

Accuracy in numeric form 

 
Table 1. Pixel level evaluation metrics 

 
Precision   : - Number of appropriately identified tampered pixels in the entire figure of  
                       tampered  
                     Pixels given as  TPR / (TPR + FPR) 
Recall         : - Ratio of true positives to the predicted results 

F1 – Score  : - Harmonic mean of the precision and recall limiting between 0 and 1 

                       F1 Score = 2 x 
  

 

5. Results and discussions 

Experimental analysis of the proposed technique with existing method done in this section shows that more 
localization happens in this approach and it has enhanced the accuracy.  F1 score calculated shows this.  The recall 
rate is enhanced as a result of the iterative approach and this is the result of considering each and every copied 
region.  This method of hierarchical search also reduced the execution time. 

    (a)                                                                    
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   ( b)            

   (c  )          

  ( d )           

( e )             

(f )             
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(g )           

(h )            

Fig 2  - Implementation result -  a) Real Image, b) Tampered image   c) Delaunay Triangulation d) SIFT matched features e) SURF matched 
features  f) Delaunay matched features  g) Tampered region detection        h) Binary image 

 

Fig 3: Execution time Comparison 

 

Method Precision Recall 

SIFT 0.69 0.91 

SURF 0.95 0.63 

Proposed 0.99 0.89 
 

Fig 4: Precision and Recall 
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                                Fig 5:  Rotation : - Recall                                                  Precision 
 

 
         Fig 6: Resizing  - Recall                                                         Precision 

6. Conclusion 

A different approach is experimented in this paper.  The points of interest present per area are very large and the 
possibility of identifying the tampered region very sharply will be effectively increased for the unique areas.  
Iterative approach is used to focus largely on the significant regions of tampering.  This is done with the data 
poised from the earlier iterations.  The technique projected will effectively select the samples taking into 
consideration under sampled and oversampled.  Experimental analysis shows that the method proposed is far 
better in case of many affine transformations like scaling, rotation, and multiple pastes.  More concentration will 
be put on the JPEG compression in the forthcoming work. 
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Abstract 
Disease prognosis plays an important role in healthcare.  Diagnosing disease at an early stage is 
crucial to provide treatment to the patient at the earliest in order to save his/her life or to at least 
reduce the severity of the disease. Application of Machine Learning algorithms is a promising area 
for the early and accurate diagnosis of chronic diseases. The black-box approach of Machine 
Learning models has been circumvented by providing different Interpretability methods. The 
importance of interpretability in health care field especially while taking decisions in life threatening 
diseases is crucial. Interpretable model increases the confidence of a medical practitioner in taking 
decisions. This paper gives an insight to the importance of explanations as well as the interpretability 
methods applied to different machine learning and deep learning models developed in recent years. 

 
Key-words: Interpretability, Explainability, Disease Prognosis, Machine Learning, Deep Learning, 
Blackbox, Whitebox, Visual Representation. 

 
 

1. Introduction 
 

Prognosis of any disease defines the estimate of the likely course and outcome of the disease. 

A doctor can predict the disease by considering the patient’s symptoms. By applying data mining 

techniques and machine learning algorithms on patient’s health data, a well-developed model can also 

predict the disease. Early detection of a disease helps to start the early treatment and hence could save 

many lives from life threatening diseases or at least reduce the severity of the disease. Different ML 

methods are applied for Cancer prognosis and also for classification of patients into low and high-risk 

categories. 
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As an effort of many years, researchers have collected information about the people with 

similar type of disease. With the help of these statistics, doctors can estimate disease prognosis. 

Because statistics are based on large groups of people, they cannot be used to predict exactly what 

will happen to you [4]. So we need analysing tools for medical data to diagnose, predict or classify a 

disease, find out its severity, recommend personalised drugs etc. 

Machine learning is a branch of artificial intelligence based on the idea that systems can learn 

from data, identify patterns and make decisions with minimal human intervention [5]. The intelligent 

systems built on machine learning algorithms have the capability to learn from past experience or 

historical data [5]. Such systems are capable of performing medical diagnosis, disease prediction, 

image processing, disease classification, learning association, regression etc. Deep learning is a 

subset of machine learning in artificial intelligence concerned with algorithms inspired by the 

structure and function of the brain called Artificial Neural Network [6]. 

Machine learning interpretability is critical for data scientists and researchers to explain 

their models and understand the value and accuracy of their findings. Interpretability is the degree to 

which a model can be understood in human terms [25]. ML techniques follows Black box approach. 

It rarely explain the prediction in an understandable form for users [2]. 

In this paper, the importance of interpretability in disease prognosis and the recent 

investigations of interpretability in different machine learning models are discussed. The remaining 

sections of this paper is designed as follows: Section II says about the motivation for writing this 

paper. Section III covers the Interpretability in ML algorithms which discusses about the importance 

of Interpretability, various Interpretability methods available, different types of data used for disease 

prognosis, and a study of Interpretability methods chosen by different researchers for their models in 

recent years. Tables in Section IV shows the different ML models, Interpretability methods and 

performance measures of different problems. Section V concludes the study into key observations. 

 

2. Motivation 
 

Disease prognosis is crucial in medical decision making, and such decisions are significant to 

patients. Interpretability of systems is essential in the prognosis of many life threatening diseases 

since it is considered as a critical and a “life or death” prediction model. Prognosis in such diseases 

require high forecasting accuracy and interpretation which are difficult to achieve simultaneously. 

There is always a trade-off between interpretation and accuracy. Hence, developing an accurate and 

interpretable model at the same time is a very challenging task. High accuracy often requires 
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developing complicated black box models while interpretation requires developing simple and less 

complicated models, which are often less accurate [2].  

Blackbox approach has become a bottleneck to Neural Network models. How to address the 

problem of explainability or interpretability is a big challenge for the developers. EHR, medical 

images and other medical databases are extremely utilized for Natural Language Processing (NLP), 

image processing, text mining, computer vision etc. ML and DL models are developed by making use 

of these processed information to successfully apply it in medicine or healthcare industries. 

Visualization helps both domain experts and end users with better understandability of the model. 

Such visualization techniques assist a doctor to find out the reasoning behind model predictions and 

hence could explain the same to his patients in a much better way. 

 

Fig. 1 - Computer, Data Analyst and Medical Expert Interaction Cycle 

 

 

Fig. 1. [26] depicts the involvement and interaction between computer system, data analyst, 

and medical expert for better and accurate clinical decision making. The data and the model will be 

revised and evaluated by the experts. The analyst will go through certain data pre-processing stages 

and then modify and optimise the model. They guarantees interpretability through visualization 

techniques. A greater involvement of experts from medical domain is much required to develop 

models in biomedical field. 
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3. Interpretability in Machine Learning Algorithms 
 

Importance of Interpretability 
 

Classification accuracy is not the only factor which one can depend on for making crucial 

decisions. For certain problems the model must explain how or why it came to that prediction. In ML, 

how to measure interpretability is not well defined. Interpretability helps in finding out the bias in the 

models and it also increases the social acceptance of the model [7]. 

Explanations always help to ensure the fairness, privacy, reliability and trust of the ML 

models we employed. When we try to explain a model, the explanations must have some desirable 

properties such as it must be accurate, translucent, stable, consistent, comprehensive, and certain. 

More than everything, a good explanation must be human friendly [7]. 

 

Interpretability or Explainability Methods 
 

There are several ways to achieve interpretability in our ML model. First and simplest of all, 

is by implementing a set of algorithms which produces interpretable results implicitly. These are 

called as Intrinsic methods. Linear regression, Logistic regression, Decision tree etc. are examples of 

such models [7]. 

The second way to achieve interpretability is by separating explanations from the model.  

Such models are called as model-agnostic interpretation methods. Here, developers can build models 

using any ML algorithm and then an independent interpretable technique can be applied on the 

model. This makes the model-agnostic interpretation methods more flexible in terms of model, 

explanation and representation. Partial Dependency Plot (PDP), Global Surrogate, Local Surrogate 

(LIME), Shapley values, SHAP etc. are examples of model-agnostic models [7]. 

Explaining the predictions made by Neural Network is more difficult because of the complex 

mathematical computations taking place inside the hidden layers of the network. More specific 

interpretation methods are developed for neural networks even though model-agnostic methods can 

still be used for neural network explanation. Some of the interpretation methods specifically used for 

explaining neural networks are as follows: 

• Learned Features approach where Convolutional Neural Network learns abstract features 

from image pixels [7]. 

• Saliency maps highlight the pixels that were relevant for an image classification.  Grad 

CAM, Guided Grad-CAM, SmoothGrad etc. comes under Saliency map [7]. 
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• Concept-based approach generate explanations based on concepts such as colour, object, 

abstraction or an idea and are not limited to the feature space of the network [7]. 

 

Fig. 2 - Big picture of Explainable ML 

 

 

Fig. 2. [7] shows that the data from the real world, which is at the lowest level, is captured 

using different techniques and applied to black box ML models upon which interpretability methods 

are applied to give explanations to humans. These high level explanations could be in visual or 

textual form.  

Python provides an open-source package called InterpretML [11] which provides 2 types of 

interpretability. One is Glassbox, in which ML models are interpretable by themselves and the other 

is Blackbox, in which explainability techniques are to be separately added to the ML models. 

Comparison of different interpretability algorithms can be carried out easily using this package. 

 

Types of Data for Disease Prognosis 
 

The dataset used for medical analysis could take the form of EHR, EMR, images, 

physiological features, tabular data etc. An EHR or Electronic Health Record is the systemized 
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collection of patient information and storing it in digital format. EHRs store data accurately and 

captures the state of a patient across time. It eliminates redundancy and the need to track down a 

patient’s earlier medical records. It ensures that the data is up-to-date, error-free and clear. The 

biggest problem with EHR is the difficulty in arranging and processing high dimensional 

heterogeneous data for diagnosis and prediction. Also it faces privacy and cyber security issues [1]. 

Medical images give more and accurate information about a particular disease and it is easy to 

manage and retrieve useful information from images after performing a few pre-processing steps on 

it.  

Widespread availability of medical imaging systems resulted in the emerging of medical 

images. By analysing these images of a patient, a domain expert can diagnose the disease and its 

severity. The images could be in the form of X-ray, CT, MRI, PET scan, mammography, 

histopathological images etc. These images are important in classifying the disease stages, clinical 

decision-making including therapy, follow-up, predicting the severity of the disease as well as the 

survival rate of patients. A lot of work had been carried out using the medical image dataset to 

diagnose and predict diseases with classical ML techniques and Deep Learning Techniques. 

 

Study of Interpretability Methods used in ML Models 
 

A detailed study is carried out regarding the ML techniques used in the prognosis of various 

types of diseases. The explanation methods used by each researcher for their model’s interpretability 

is also observed. Most recent and relevant papers are included here.  

The study is made on various category of diseases. Initial two paper makes use of EHR data 

for disease prediction. The third paper deals with molecular biology for predicting cellular responses. 

Next few papers are based on breast cancer, glioma cancer and lung cancer prediction. Then a study 

on brain MRI images for brain lesion segmentation and plaque classification in Alzhimer’s disease is 

made. Next few papers concentrated on skin tumour classification, segmentation of colorectal polyps, 

and prediction of Chronic Kidney Disease. Then a study on the Classification of Diabetic 

Retinopathy Disease and detection of Parkinson’s disease is carried out. And the last three papers are 

associated with COVID-19 disease detection and prediction.  

In the work proposed by [8], a Dipole Bidirectional RNN was developed to remember the 

patient information of both past and future hospital visits and introduced three attention mechanisms 

to gauge the relationship of different visits for diagnosis prediction. Different models evolved before 

based on RNN-based approaches suffered from problems such as the performance of RNNs goes 
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down when the length of the sequences are huge, and the relationship between subsequent visits are 

not considered. 

Mixing diagnosis with treatment using EHR data affect prediction results. Cross Over 

Attention Model (COAM) proposed by [9], uses two RNNs to separate the diagnosis information 

from the treatment information to ensure the integrity and uses the mutual relationship between them 

to improve the accuracy of the disease onset predictions. The cross over attention mechanism in 

COAM provides interpretable prediction results and clinically meaningful explanations. 

[10] proposed a hybrid approach called CellBox that combines explicit mathematical models 

of molecular interactions with efficient parameter inference algorithms adapted from deep learning to 

predict cellular responses. The model do not require prior knowledge and are data driven. They used 

the dataset of a melanoma cell line and achieved global optimal in a complex multidimensional space 

and could interpret the solutions using ODE (Ordinary Differential Equation) applied on CellBox. 

The approach was readily applicable to different models of cell biology and it outperformed the 

previous BP dynamic model approaches. 

An interpretable ML framework developed by [12] consists of a feature extraction module to 

extract and create transparent and meaningful high level features of images and an explanation 

extraction module for creating good explanations based on extracted features. Brain tumour MRI 

images were used for predicting glioma cancer in an interpretable and explainable manner. Model’s 

explanation is achieved through two basic language forms- graph diagrams and questions–answers 

form. 

Dominance Classifier and Predictor (DCP) algorithm [13] is capable of automating the 

process of discovering human-understandable, domain-explainable, more accurate ML models. DCP 

could achieve higher accuracy in its interpretable ML method on the benchmark Wisconsin Breast 

Cancer Dataset. DCP could provide human friendly, simple, visual explanations and textual 

explanations for the model.  

Using radiomic features, lung cancer prediction pipeline has been designed by [14]. The SISC 

(Stacked Interpretable Sequencing Cells) architecture of radiomic sequencer comprises of 

interpretable sequencing cells. This offers prediction interpretability in the form of critical response 

maps. Critical maps highlights the critical regions used by the sequencer for making predictions. 

Critical maps validates the predictions and provides a good collaboration between radiologist and 

machine for effective diagnosis. 
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Fig. 3 - Critical response map for Benign Cases. (a) Benign Nodule from Lung CT-images and (b) corresponding Critical 
response map 

 

 

Fig. 4 - Critical response map for Malignant Cases. (a) Malignant Nodule from Lung CT-images and (b) corresponding 
Critical response map 

 

 

Fig. 3. and Fig. 4.  [14] shows how critical response map represents critical regions while 

predicting whether a lung nodule is malignant or benign. 

[15] developed a model for the interpretation of automatically learnt features for lesion 

segmentation in medical images. For unsupervised feature learning, Restricted Boltzmann Machine 

(RBM) is used and for classification, a Random Forest classifier is employed. The model made both 

global interpretations- in order to understand whether the system learnt relevant relations in the data 

correctly, and local interpretations- to perform predictions on a voxel and patient level. Proposed 

methodology was evaluated in brain tumour MRI and ischemic stroke lesions. 

[16] presented neuropathological analysis of Aβ pathologies in Whole Slide Images of human 

brain for the classification of Alzhimer’s disease. They pipelined an automated segmentation for 

image pre-processing, a cloud-based interface for annotation of images and CNN models for 
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distinguishing Aβ pathologies as cored plaques, diffuse plaques or cerebral amyloid angiopathy. 

Interpretability is achieved through saliency mapping which demonstrates that networks learn 

patterns from pathologic features. 

The neural network RECOD (REasoning for Complex Data) [17] makes use of dermoscopic 

images to classify three skin tumours and is validated on PH2 and derm7pt datasets. CAV (Concept 

Activation Vectors) and TCAV scores are used for the Concept-based explanation of the model. 

An interpretable CNN model [18] based on FCN 8 (Fully Convolutional Networks) was 

developed for the semantic segmentation of colorectal polyps. It also shows the uncertainty in the 

importance of input features affecting precise predictions using Monte carlo Guided 

Backpropagation. Interpretability to the model is achieved through Guided Backpropagation. 

Risk of developing a Chronic Kidney Disease (CKD) is predicted by a Neural Network- based 

classifier [19] using the patient’s demographic and pathological data. Explanations to the model are 

proposed by Case-Based Reasoning (CBR) paradigm which gives explanation-by-example 

justification to a neural network’s prediction. 

[20] used Adaboost algorithm to integrate multiple deep learning models for automatic image-

level Diabetic Retinopathy (DR) disease detection and classification. Weighted class activation maps 

(CAMs) demonstrated the suspected position of lesions. 

[21] proposed an ML model that classifies SPECT DaTscan images as having Parkinson’s 

disease or not along with the reason for prediction. Local Interpretable Model-agnostic Explanation 

(LIME) methods were used here to generate the visual reasoning. 

To estimate uncertainty in Deep Learning solutions, [22] proposed a Monte-Carlo 

Dropweights Bayesian Convolutional Neural Network. The network helps in improving the diagnosis 

and treatment of Covid-19. They proved that the uncertainty in prediction model is strongly 

correlated with the prediction accuracy enabling the identification of false predictions or unknown 

cases. Uncertainty and interpretability are visualized using saliency maps generated by various state-

of-the-art methods. 

A deep learning model developed by [23] uses CT scan and chest X-ray images to detect 

COVID-19 patients. Out of eight different deep learning approaches experimented, NasNetMobile 

generated greater accuracy. LIME is used to explain the model’s interpretability. 

To predict the severity of COVID-19, [24] established an interpretable machine learning 

model. Using clinical information, laboratory tests, and chest CT features, XGBoost algorithm 

predicted the possibility of COVID-19 patients becoming severe and critically ill and output the most 

crucial deterioration factors. Shapley Additive explanations (SHAP) gave interpretability to the 
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model by computing each feature’s contribution individually or combined and it could find out the 

factors that put the patients at risk. 

 

4. Discussion 
 

After reviewing the latest papers on different types of disease prognosis which employs new 

and state-of-the-art ML models, a few relevant papers are chosen here which brought novelty in their 

methodology and could produce improved performance measures. Table I. shows different methods 

or algorithms used for solving particular problems and their respective performance measures. 

 

Table I - Methods Used and Performance Measures of Different Models 
Reference 
Paper 

Year Problem Methodology/ Algorithm used Performance Measurement 

[8] 2017 Disease prediction using EHR data 
Bidirectional RNN using Simple Attention 
Mechanism 

Accuracy-84% 

[9] 2019 Disease prediction using EHR data RNNs and Cross Over Attention Mechanism Accuracy-85% 

[10] 2021 Predict Cellular Responses  
A Combination of Mathematical and Deep 
Learning Model 

Highly correlated predictions 

[12] 2020 
Image Classification- Case study:- 
Glioma cancer prediction 

White Box (DT, NB, LR) and Black Box 
(NN, SVM, KNN) methods implemented. 
White Box Models produced greater 
accuracy 

AUC for LR- 94%  

[13] 2018 
Classifier and Predictor Algorithm-  
Case study:- Breast Cancer 
Classification 

Construct Class Dominance intervals and 
combine it using Voting methods 

Average Accuracy- 97.01% 

[14] 2019 Lung Cancer Detection Stacked CNN AUC-89.06% 

[15] 2018 
Extract ML features automatically 
and interpretably - Case study:- 
Brain lesion segmentation 

RBM (Restricted Boltzmann Machine) for 
Feature Learning & RF (Random Forest) for 
Classification 

Accuracy of 84% in BRATS 
challenge 

[16] 2019 
Plaque classification in Alzhimer’s 

disease 
CNN pipeline 

AUC for cored plaque- 74.3% 
AUC for diffuse plaque- 99.7% 

[17] 2020 Skin tumour Classification Transfer Learning with ensemble methods 
Mean AUC - 
90.8%  

[18] 2019 
Semantic Segmentation of 
Colorectal Polyps 

(FCN 8) Fully Convolutional Networks, 
Segnet and UNet. 
FCN-8 outperformed others 

Global Accuracy- 94.9%  

[19] 2019 Chronic Kidney Disease Prediction Neural Network Accuracy- 95% 

[20] 2019 
Diabetic Retinopathy Disease 
Classification 

DL models integrated using Adaboost 
algorithm 

AUC- 94.6% 

[21] 2020 Detection of Parkinson’s disease 
VGG16 CNN architecture with Transfer 
Learning 

Accuracy- 95.2% 

[22] 2020 
Detecting Uncertainity in COVID-19 
detection 

Bayesian CNN (BCC) with  Monte carlo 
DropWeights 

Strong correlation of 0.99 
between entropy of the 
probabilities shows uncertainty 
and prediction errors 

[23] 2020 Detecting COVID-19 patients 
8 DL techniques with transfer Learning were 
used. NasNetMobile outperformed others. 

Accuracy in CT Scan Dataset -
82.94%. 
Accuracy in X-ray Dataset - 
93.94%  

[24] 2021 
Prediction of Crucial Factors and 
Severity of COVID-19 Patients 

XGBoost 
AUC- 92.4%, Sensitivity-
90.91%, Specificity-97.96% 
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In this paper, since more importance is given to the Interpretability in ML algorithms, Table 

II. represents a summary of visual interpretations made by different models discussed in section            

III- D. 

 

Table II - Representation of Different Model’s Interpretabilty 

Reference 
Paper 

Type of   Data 
used for 
Interprettion 

Interpretability 
Representation 

Model Interpretability 
Explanation 

[12] 
Brain MRI images 
for predicting 
Glioma cancer 

 

Instance A 

 

Explanation graph for 
instance A 

[13] 

Wisconsin Breast 
Cancer Dataset for 
Breast Cancer 
Classification  

DCP visual explanation. 
Dominant intervals of 
attributes in red and blue 
class allows direct 
judgement 

[14] 

Lung Image 
Dataset from 
LIDC- CT scan 
images for Lung 
cancer detection 

 

Critical map for benign lung 
CT image 

 

Critical map for malignant 
lung CT image 

[15] 
Brain MRI images 
for Brain tumour 
prediction 

 

Global Interpretability on 
MRI sequences 

 

Local Interpretability on 
MRI sequences 

[16] 
Whole Slide 
Image of brain 
images for  

Heat maps for diffuse (red) 
and cored (yellow) plaques 
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Alzhimer’s disease 

classification  
Confidence Scale of Heat 
map 

[18] 

Colonoscopic 
Images for 
Semantic 
segmentation of 
Colorectal polyps 

 

Uncertainty map using 
Montecarlo guided 
Backpropagation 

 

Interpretability map using 
Guided Backpropagation 

[20] 

Fundus images for 
Diabetic 
Retinopathy 
disease detection 
and classification 

 

CAM of Integrated model  

[21] 

SPECT DaTscan 
images for 
Parkinson’s 

disease 
classification 

 

Raw Image 

 

With LIME 

[22] 

Chest X-ray 
images for 
diagonising 
Covid-19 disease  

Saliency map- Class 
Activation Map (CAM) 

[23] 

Chest CT scan and 
X-ray images for 
identifying 
COVID-19 
patients 

 

LIME, applied on Chest X-
ray Image of a covid-19 
patient, extracting top 
features 

 

5. Conclusion 
 

Providing accurate prognostic information is the responsibility of medico-legal teams. The 

importance of prognosis in the field of oncology and other chronic diseases is likely to increase in the 

future without any doubt. Many models for disease prognosis are developing day by day. But model’s 

Interpretability is a crucial factor for model evaluation especially in medical field. Interpretable 

Machine learning methods in disease prognosis based on medical images, is not a well-researched 

area. 

In this paper, the importance of interpretability in medical field is explained along with the 

description of different interpretability models available. A study is made on different interpretability 

methods adopted by researchers in their ML models for various disease prognosis. 
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Improving the interpretability of ML models could not only substantially enhance the 

acceptability of ML predictions but also enhance the transparency of health communication between 

physicians and patients. Interpretable models assist doctors to recognize and appreciate the rationale 

behind the recommendations and helps in making accurate and confident decision. 
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Survey of Working Conditions and Related 
Perceptions in Cochin Special Economic Zone 

Anupa Jacob 

As a means to boost exports, employment and income, countries around the 
world are establishing Special Economic Zones. In India, a liberalised SEZ 
policy intends to make the firms operating in the Zones export competitive. It 
intends to maximise production for exports simulianeously, by maintaining a 
lower cost of production. Often the labour class bears the burden of competitive 
strategy of SEZs. This article is an attempt to investigate the status of working conditions provided to the labourers working in Cochin Special Economic 
Zone, in the backdrop of ILO labour standards. 

Introduction 

To sustain their competitiveness in the export market and to simultaneously 
maintain a lower cost of production, firms in SEZs follow the strategy of provision 
of poor working conditions to its workers. Exceptions are some firms with modern 
employment practices that provide good standards to enhance the labour 
productivity. Article 49 of SEZ Act, 2005 specially mentions that all labour laws 
relating to trade unions, industrial and labour disputes, welfare of labour including 
conditions of work, etc., are applicable to SEZs. But, with the transfer of powers 
from Labour Commission to Development Commissioner, the labour law 
enforcement in Zones is very lax. 

This paper attempts to analyse the exact status of working conditions in 
Cochin Special Economic Zone (CSEZ) and tries to explore the extent to which 
good working conditions have been compromised or maintained on the pretext of 
strategy of maintaining export competitiveness. 

II Literature Review 

Several authors have argued about the violation of workers' rights in the Zones. 
Lang (2010), in view of the low and deteriorating labour standards at EPZs (i.e. 
Export Promoting Zones), comments that the human rights violations that take 
place in EPZs are more serious than labour issues. Under the assumption that 
union-free-EPZs attract greater investments, most governments do not confer 
collective bargaining rights to its workers. 

Anupa Jacob, Assistant Professor, Department of Economics, St. Teresa's College. Emakulam 
682011, Kerala, Email: anupajacob@gmail.com 
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Similar to the international scenario, labour abuse is visible in Indian SEZs too, especially during the post-reform period. A shift from the long protected 'non-competitive to the 'competitive markets involved the use of labour-replacing productivity-enhancing technology and recruitment of labour on short duration contraetual basis. Contract workers are more hard pressed than permanent union workers in terms of wage, hours of work, PF and gratuity (Sen and Dasgupta 2008). The exploitative nature of labour process at Indian SEZs is often compared to experiences of labour during Industrial revolution in England (Sen and Dasgupta 2008, Murayana and Yokata 2009). In this backdrop, the following research questions emerge: Do the firms/secetors at CSEZ provide good working conditions? Are better working conditions sacrificed for the sake of competitiveness? To answer these questions an in-depth study has been made. 

Il Objectives of the Study 

To analyse the present status of working conditions in CSEZ in the backdrop of ILO labour standards. 
To compare the working conditions across sectors in CSEZ. 

IV Scope of the Study 

The present study will explore the realities about the labour standards in the Zone 
and can prove to be useful for policy makers to frame strategies aimed at 
promoting the interests of not only the firms but also the working class in the Zone. 

V Methodology and Sampling Technique 

Two-stage sampling technique has been adopted for the selection of samples for 
survey of working conditions. In the first stage, selection of enterprises has been 
done from the selected sectors. Proportionate random sampling technique without 
replacement has been used for the selection of enterprises from each sector. From 

each sector, a representative size of 30 per cent of the enterprises is selected. 
In the second stage, non-proportionate purposive sampling technique is used 

to select the sample workers. From the sectors with more than 20O0 employees, 

two per cent is fixed as the sample size (IT and ITES and Electronics). Three per 
cent samples are taken from sectors with workers ranging between 1001 and 2000 

(Gem and Jewellery and Engineering). For the sectors with workers less than 1000 

workers and above 200 workers, five per cent samples are chosen (Plastic and 
Rubber Products and Agro and Food). The sectors with less than 200 workers but 
more than 100 workers, 10 per cent, and those with less than 100 workers, 20 per 

cent sanmples are selected (Services and Textiles and Garments respectively). 
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Confidence of the workers is gained by assuring them confidentiality of their identity. 

VI Working Conditions at CSEZ 

The satisfaction level of workers on working conditions is very important as it has 
a bearing up on staff tum-over, individual performance, productivity levels and 
Overall well-being of the workers. Satisfaction levels are influenced by the wages, working conditions, quality of work, fairness, relationship in the organisation, etc. 

Wages and Other Working Conditions 

Generally. the workers in all the sectors are satisfied with the wages offered to 
them. except Plastic and Rubber Sector. Workers in Gem and Jewellery and 
Textiles and Garments sectors accept the existing wage considering their (poor) education and skill (acquired) level they. In sector like IT and ITES and Service 
sectors. wage structure is comparatively better and fair, 1.e., determined according 
to their skill level, education and years of service. 

Companies function in OT and Shifts and the working time gets extended to 
12-20 hours. Workers can convert extra working hours into OT work and shifts, 
thus claim a payment for it. Sometimes pay structure does not match the 'volume 
of work like in the Agro and Food sector. Job security is limited even for 
permanent employees, least to mention about workers in the temporary category. 

Wages in the Zone have been rated on a five-point scale by collecting 
responses to whether they receive very high wage', high wage', 'moderate 
wage, low wage', or 'very low wage'.Coincidently, it has been noticed that most 

of the workers with a wage more than 20000, 15000-20000, 10000-15000, 5000-
10000, and less than 5000 were in the above respective categories. They are given 
scores in descending order starting from five to one. The number of respondents 
under each category is taken as the weight and is multiplied with the respective 
Scale. Sector-wise score obtained for wages is presented in table 1. 

Table 1: Sector-wise Labour Standards (Wage) Score 
Scale 

Sectors Total Average 
4 Seore Score 

IT and ITES 15 32 262 3.9 
Electronics Hardware 17 25 0 I13 2.09 

Engineering 14 6 105 2.83 
Gem and Jewellery 23 2.29 71 
Plastic and Rubber Products 25 0 53 1.89 

Agro and Food 19 2.2 5 
Services 0 8 7 81 4.05 
Textiles and Garments 2.3 

Notes: 1otal Score: Sum of (no. of respondents * scale), Average Score: Total Score/ No. ot respoe Source: Computed from primary data. 
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The labour standard in terms of wages is the highest in the service sector with araoe Score of 4.05. It is followed by the IT and ITES sector. The average 
an 

and h Dabber sector where the wages do not rise above < 10,000 for any category o workers. 

score of wages is at a modest level for other sectors. The lowest score is for Plastic owest score is for Plastic 

Absence of Discrimination 

Ahsence of discrimination in wages paid between males and females is rated and directly represented on the five-point scale. The respondents' agreement of ahsence of discrimination is categorised as 'Strongly Agree', 'Agree', 'Disagree', Strongly Disagree', and 'Not at All', which are respectively given 5, 4, 3, 2, and 1 scale. 

Discrimination is reported in all sectors except IT and ITES and Services. Workers in Gem and Jewellery and Agro and Food are largely female workers. So 
the discrimination is reported only by less than five per cent. 

Table 2: Sector-wise Labour Standards (Absence of Discrimination) Score 
Scale 

Sectors Total Average 
Score Score 

IT and ITES 27 299 4.4 

Eletronies Hardware 4 37 10 215 3.98 

Engineering 18 135 3.64 

Gem and Jewellery 0 0 20 10 133 4.29 

Plastic and Rubber Products 4 21 3 107 3.82 

Agro and Food 0 18 5 4.13 

Services 0 4 16 6 4.8 

57 3.8 
Textiles and Garments 2 

Notes: Total Score: Sum of (no. of respondents* scale), Average Score: Total Score/ No. of responses. 

Source: Computed from primary data. 

Workers of Engineering and Plastic and Rubber have reported the greatest 

aiscrimination (32 per cent and 20 per cent of workers respectively). In the 

Engineering sector and Electronics Hardware sector, female workers are paid 

400 to I 2,000 lesser salary in a month, compared to their male counterparts. 

Workers in the Plastic and Rubber and Textiles and Garments sectors also pay 

2,000 less to their women. Agro and Food sector pays 400 less to their women 

workers. 

1nalysis of workers" 
satisfaction 

level with respect to working environment 

CVeals that generally, IT and ITES and Services 
sectors, along with Gem and 

Working Environment 

and 
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Jewellery have comparatively better average scores for working environment 
(promotion, training, medical aid and cleanliness). The sector with low average 
score of labour standards is Plastic and Rubber sector. In sectors where promotions 
prospects are unavailable, worker turn-over is very high. In such sectors, 

management abstains from providing regular training workshops to the 

employees. But workers have rated the attitude of management to be very 
cooperative. Medical expenses are met either partly by the company or through 
ESI facility. Ventilation and cleanliness, computerisation, mechanisation, air. 
conditioning, room dimensions and space, lighting, etc. are also adequately 
provided. However, in the Electronics Hardware and Plastic and Rubber sectors. 
the workers do complain about the presence of chemicals in the atmosphere which 
often creates lung problems for them. Agro and Food firms use 'masalas' and curry 
powders and the smell lingers in the atmosphere causing discomfort to the 
workers. The absence of crèche facility and canteen inside the Zone is also a 
serious worry considering the number of young women who work in the Zone. 

Social Security Measures 

Social security measures are the facilities like provident fund, gratuity, bonus, and 
insurance like ESI. When all these four facilities are offered to the workers, they 
were given five points. Those with three schemes, two schemes, one scheme and 
no scheme are respectively given 4, 3, 2 and 1 point. The number of respondents 
in each sector receiving the corresponding package of social security measures is 
given respective scales. 

Table 3: Sector-wise Labour Standards (Social Security Measures) Score 

Scale 
Total Average Sectors 

4 Score Score 

IT and ITES 0 13 41 280 4.1 
Electronics Hardware 17 26 0 167 3.09 

Engineering 0 28 117 3.16 
Gem and Jewellery 23 5 76 2.45 
Plastic and Rubber Products 0 21 2.7 5 

Agro and Food 
56 2.4 0 

Services 20 
20 

Textiles and Garments 
5 57 3.8 

Notes: Total Score: Sum of (no. of respondents * scale), Average Score: Total Score/ No. of responses. Source: Computed from primary data. 

The IT and ITES sector, which offers social security measures irrespec the workers' nature of employment, receives the highest score. The firm n service sector is managed by its foreign parent company. As per the no 

the 
S 
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hv the parent company, the wOTkers in this sector receive only wages and 
follow 

no 
sOCial 

security measures. So it has the average score of one. 

Trade Union Membership 

perce centage of workers with trade union membership is also rated on a five 
The point cale. The respective choice variables are, no trade union, limited trade union 

olvement (i.e., less than 25 per cent workers are union members), moderate 
trade union involvement (i.e. 25-50 per cent of workers are union members), high 

trade nion involvement (1.., 50-75 per cent of workers are 
unon 

union 
members), 
members), 

high 
and 

nhigh trade union involvement (1.e., more than 75 per cent of workers are union 

members). They were given 1, 2, 3, 4, and 5 scores respectively. 

Table 4: Sector-wise Labour Standards (Trade Union Membership) Score 

Scale 

Sectors 

Total Average Score 
3 4 Score 

IT and ITEs Nil 0 0 0 

Electronics Hardware 
20.4 

2 

Engineering 
56.8 

Gem and Jewellery Nil 

Plastic and Rubber Products 
57.1 

Agro and Food 
4.3 

Services 
Nil 

Textiles and Garments 
Nil 

Average Score: Total Score/ No. of responses. 

Source: Computed from primary data. 

The sectors without membership for its workers receive the lowest average 

SCore of one. Plastic and Rubber sector 
receives the highest average 

score of four 

With more than halfof its workers having trade union participation. 
The least scale 

IS for Agro and Food sector with only 4.3 per 
cent of its workers being members. 

Consolidated 
Scores for Labour 

Standards 

labour standards 

rkers are selected. They 

which have 
immediate 

influence 
on the 

welfare of the worke 

From various 
labour aspects 

discussed 
above, 

four important 

are: wage, 
absence 

of 
discrimination, 

social 
security 

measures and trade n 

membership. 
For each of these 

selected 

labour 
standards, 

Combined 

Score 

union 

e is 
estimated 

for 
quantitative 

approximation 

of the 

Simple 
average 

of the four 
averages 

score of 
labour 

standar 

Sector. 
The 

sector 

with 
CAS of 0-1.4 is rated as 'Very 

1.5 to 2.4 as 
Low, 

with 
CAS of 2.5 

to 3.4 as 
"Moderate', 

with CAs 

High', an 

age 

he labour standards. I It is the 

lards calculated for each 

Low sector, with CAS of 

erate', with CAS of 3.5 to 4.4 

gets the rating "Very High'. 

and 
with 

CAS 
score of above 

4.5 gets the 
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The Combined Average Score (CAS) of labour standards found out for the 

sectors, reveals that all the sectors have moderately rated' working conditions 
CAS ranges between 2.50 (Gem and Jewellery sector) and 3.4 (Engineering 

sector), showing variations in the moderately rated labour standards provided in 
each sector. The sectors with CAS of more than three recorded, are IT and ITES 

(3.35) and Plastic and Rubber (3.1). 

VII Summary and Conclusion 

The study is an attempt towards a comprehensive assessment of working 

conditions of labourers in the Zone. Individual labour standards are all rated at 

high' and 'moderate"' levels for Engineering sector. The IT and ITES and Service 

sectors with modern management practices have working conditions reported to 

be 'high' and better compared to the Zone standards. But in IT Sector, trade union 

participation is miserably poor, which has adversely affected its CAS (moderate). 

CAS for Plastic and Rubber Products is reported to be 3.1. But the most important 

labour standard of wage is 'low' for this sector, the lowest in the Zone with a score 

of 1.89. Gem and Jewellery has the lowest CAS (2.5) in the Zone sector which is 

largely composed of unorganised women workers. 

The moderate level of labour standards provided in the Zone invites serious 

discussions and the need for policy interventions, both at national and global 

levels. A balanced strategy of preserving the interests of both the investors and 

labourers should be adopted, if the export competitiveness is to be preserved for 

the long run. This way, SEZs can play an effective role in ensuring 

competitiveness and simultaneously aid in human capital formation and poverty 

alleviation. 
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ABSTRACT 

This paper introduces the theory of intersectionality as a lens to examine the multiple forms 
of exclusion and oppression that intersect to forge powerful hegemonic systems that have 
become the greatest challenge for contemporary feminism. The main objective of this article 
is to illuminate the intersectionality of the lives of black womxn in Bernadine Evaristo‟s 
novel Girl, Woman, Other. This study adapts the theoretical framework of intersectionality 
developed by Anna Carastathis, who has built on the seminal ideas of Kimberlé Crenshaw. It 
will explore how Evaristo‟s work illustrates the four analytic components of intersectionality 
- simultaneity, complexity, irreducibility, and inclusivity to analyse how the convergence of 
race, class, gender and sexuality create the hyphen-ated identities of woman in Britain. 
 
Keywords: Intersectionality, womxn, black feminism, simultaneity, complexity, 
irreducibility, and inclusivity 
 

“I wanted to put presence into absence”  
Bernadine Evaristo. 

 
The art of writing fiction has witnessed dramatic changes in this digital, empowered, 
postmodern world. Bernadine Evaristo has experimented with a new style of writing that she 
terms “fusion fiction”. It can be seen as a literature of discontinuity,  fragmentation and 
displacement. She subverts the anatomy of the novel by using a fragmented structure in 
layers to build a whole that is greater than the sum of its parts. She eschews the traditional 
form of punctuation and instead creates a grammar of her own through her stylistic choices. 
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Her sentences sans full stops that ride into each other and zig zag across pages to allow the 
reader to step into the cadence of her thoughts, and into the lived memories of her characters.  
As the blurb on the back of the novel proclaims, “This is Britain as you‟ve never read it” 
because “it has never been told”. This novel comes across as a fluid portrait of the lives of 12 
womxn (alternative spelling used in intersectional feminism to avoid the suggestion of sexism 
and to be inclusive of trans and nonbinary women), that seeks to illuminate and overcome the 
overlapping effects of the base structures of race, class, gender, sex that exert influence over 
their lives. She  writes the histories of womxn who have been erased by the patriarchal 
construction of history. In typical postmodernist fashion, she questions the grand narrative of 
history and its legitimacy. She reconstructs the untold history of black womxn in Britain and 
argues that the traditional representation systems in literature have had only one focus 
centered around the constitutive male subject. Evaristo unleashes these 12 womxn into the 
world, their presence loudly reminding us of their absence in mainstream narratives so far. 
She deconstructs the unitary concepts of womxnhood, female identity, and gender, and 
claims that they are complex and remain unstructured. The genius of her stylistic choices and 
the unusual structuring of this novel lies in its ability to allow the reader to enter into the 
memory streams of these characters. Fusion fiction the way Evaristo writes it, becomes a 
battleground for asserting and contesting these previously silenced groups especially women, 
lesbians, trans people in the supposedly monolithic western culture. Since she politicises the 
telling of these stories in the light of sexuality, gender, race and class, it can be considered as 
a double discourse which speaks out against all kinds of repression.  
Each of the lives chronicled in this novel are performed in response to the overlapping social, 
political, sexual and economic “jeopardies” and establishes the fact that we construct the 
ideal of essence which in turn creates a lot of dissonance and ruptures. She conceives to 
illuminate and overcome the lived intersectional reality of these characters, across the 100 
years that she chronicles.  
Intersectionality theory has been celebrated as the “most important contribution that women‟s 
studies has made so far” (McCall 1771). The theory of intersectionality assumes a lot of 
relevance in discussing any feminist movement today, but it has its origins in the political 
movement of Black women, Chicana and Latina women, and other women of color – most of 
them lesbian-identified. The metaphor of intersecting categories of discrimination was 
introduced and later elaborated by the Black feminist legal scholar Kimberlé Williams 
Crenshaw. This concept of intersectionality transformed the trajectory of black feminist 
thought, widening its scope and making it an indispensable part of any modern feminist 
discourse.  
Black feminism emerged as a social and intellectual movement in order to dismantle racist, 
classist, and sexist ideologies. One of the aims of the black feminist movement was to 
develop a theory dealing with the issues of triple oppression of race, gender and class on 
black women. However, Bell Hooks in Ain’t I A Woman: Black Women and Feminism 
asserts: 

The women‟s movement had not drawn black and white women closer together; 
instead, it exposed the fact that white women were not willing to relinquish their 
support of white supremacy to support the issues of all women. (136) 
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The lack of understanding and convergence amongst the feminist movements of women of 
colour and white women led to the framing of the new discourse of intersectionality, which 
sought to bring to light the truth that black women always had to fight multiple oppressions 
of race, class, and gender at the same time. Even while white middle-class women have 
traditionally been treated as delicate and destined to subordinate themselves to white men, 
black women have been denigrated, objectified and subjected to unimaginable levels of the 
racist, classist, and sexist abuse, violations and cruelty. Hooks argues that while “...white men 
idealized white womanhood, they sexually assaulted and brutalized black women” (32).  
Evaristo‟s narrative strategy is distinct as she expresses her feminist concern with traditional 
evaluation of sexual identity that has been used as a tool for the marginalisation of womxn of 
colour. Within her critical practice, she raises concerns about conventional literary traditions 
which have a tendency to homogenise women in the existing matrix of romantic love, 
motherhood, and femininity. Her fictional canvas encompasses the legacy of struggle of black 
women in Britain and seeks to set free these “the exquisite butterflies trapped in an evil 
honey” ( Toomer 232) . This polyphonic novel also searches for an authentic voice to erase 
the controlling images that have long dehumanised these womxn. 
The theory of intersectionality posits that the lived reality of women‟s lives are constructed 
by multiple, interwoven systems of oppression and not as a singular, binary process. It also 
questions the validity of situated knowledge and tries to reconstruct a new inclusive paradigm 
of womxnhood. This theory of intersectionality finds legitimacy in the contents of Girl, 
Woman, Other because we see how women of different age groups, sexual orientations and 
social backgrounds are battling various, interconnected issues, all at once. 
In The Concept of Intersectionality in Feminist Theory, Anna Carastathis builds on our 
understanding of the application intersectional frameworks to texts. She derives that there are 
four components in this framework which can be used as a critical tool to enunciate how she 
has interwoven the historical, social and ideological elements to authorize the unheard voices 
of black womxn in British literature. Through the framework of  simultaneity, complexity, 
irreducibility, and inclusivity, intersectionality exposes the relationship between the layered 
systems of oppression that create and locate our identities in the hierarchies of power and 
privilege. Intersectionality interrogates and exposes those totalising systems  that discredit 
and devalue women from all spheres of cultural, socio-political and literary existence.  
Simultaneity 
Feminist theory and art has always dealt with the overlapping of many discourses - black, 
ethnic, gay and psychoanalysis. This study has outlined the critical premise of simultaneity to 
highlight the institutionalised practices and power structures that intersect the lived 
experiences of women. According to Carastathis, intersectionality insists that multiple, co-
constituting analytic categories are operative and equally salient in constructing 
institutionalized practices and lived experiences (307). An intersectional reading demands 
that we “read these categories simultaneously”(Russell 47). In Girl, Woman, Other, the 
character of Amma Bosu (socialist-polyamorous lesbian-playwright) simultaneously lives 
with the challenges of being a woman, lesbian, and an anti-establishment, immigrant artist. 
Her art reflects the struggles that she had endured as a young, queer, black actress and the 
exclusionary practices of a patriarchal society. For Amma, theatre is a means to visualise her 
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many hyphen-ated identities, as we see in her magnum opus The Last Amazon of Dahomey. 
When this analysis is taken one step further, Amma seems to question the abstractions that 
historical events impose on women in particular. Evaristo uses Roland as perfect foil to 
pinpoint the exclusionary trajectory that a woman like Amma had to face. While Roland 
became “a winner and household name among the educated classes where it counts”, Amma 
“had to wait three decades before being allowed in through the front door”, even while she 
had spent “much of her early career slinging rocks against it” (406).  As much as Amma was 
a victim of power politics, she was also a perpetrator of it. In her queer sexual relationships 
with women of “very ethnicity known to humankind (it‟s called multiracial whoredom), she 
seemed to love and discard them in the same way that men do in heterosexual relationships 
(51).    
The representation of motherhood forcefully conveys the layered simultaneous oppression 
that remains hidden in matrices of familial relationships. The story of Grace renders visible 
the patriarchal subjectification of women, and the stereotypical belief that women are 
childbearing machines. As an unemployed woman of colour married to a white man, her 
many miscarriages also created an anxiety that she would be “replaced by another wife who 
could deliver on her obligations” (397).  
 
Complexity  
Unlike monistic approaches, intersectionality highlights the experiential and structural 
complexity of the lives of black womxn in Britain. The rigid conventions of traditional 
literary narratives reduce the visibility of multiple oppressions into unitary categories. 
Evaristo on the other hand,  exonerates this complexity through her unconventional and 
experimental narrative and stylistics. Her multivalence foregrounds the abrasive nature of 
human beings. She staples it to the imprecise nature of language in order to highlight the 
paradoxical challenge of representing women and their lived reality. The Adinkra symbols 
used in each chapter signify the complexity of various identities and their historical 
connection to their African origins.  
 
The 12 characters in Girl, Woman, Other are rooted in humanist individualism, seeking to 
extract their own selves from the identities imposed upon them. Amma Bosu, is the nucleus 
around which all the other characters build their stories. The interconnected narratives that 
frame the lives of these characters, reflect the complex connections and conflicts that join the 
lives of these women together. Their stories define more only when read as a large, 
intersecting narrative with many contradictions and paradoxes.  
There is a tendency in fiction to abandon the illusion of reality in favour the fictional process. 
In Girl, Woman, Other Evaristo builds a connection between her authorial voice and those of 
the characters. It comes across as a reflection of the complex harmony of the multiple selves 
within each womxn. The hyphe-ated manifestation of identities in this novel reflect this 
intersectional complexity and encourage the reader to identify the hyphenations in their own 
identities. Evaristo uses a disruptive style of narration that embodies this complexity and 
challenges the reader to the painful task of deciphering the truth from fragmented narratives.  
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In the stories of Bummi and her daughter Carole, Evaristo highlights the intense, tightly 
woven complexity of the mother-daughter relationship, as well as the immigrant quest for 
acceptance. Bummi is a first-generation immigrant who deals with the challenge of raising a 
daughter in a strange land. She strives to give her all the opportunity to excel while also 
trying to keep her rooted in the culture of their homeland. She is lonely in her struggles of 
raising a daughter whose world she cannot comprehend.  She asks Carole : 
 

“Why are you tired all the time when all you have to do is go to school and work our 
brain, whereas I have to be on my hands and knees cleaning every day? who should 
be tired? you or me?” (154) 

 
Meanwhile, Carole deals with the trauma of being gang-raped by some boys in her school 
and cannot communicate that to her mother “who‟d tell her off for lying” (127). She also 
struggled with the guilt of her own violation, blaming herself for it. Later, when Carole 
channels her energy into her ambition to become successful and accepted by upper class 
white society. Evaristo illustrates the crushing power of the exclusionary institutional 
practices when Carol goes to college and finds that “...the really posh ones...made her feel 
crushed, worthless and a nobody / without saying a word to her / without even noticing her 
(131-2). 
Her struggle to overcome the limitations of her class alienates her not only from her mother 
but also from her own self. From contemplating having her womb removed as a “tactical 
hysterectomy for ambitious women'' to having Vivaldi as ringtone, she denies her own true 
self in order to fit into society and into the male dominated world of finance. The only time 
she is herself is when she dances “like a warrior queen to frenzied beats of the war-
painted  shamanistic godfather, Fela Kuti'' (141). The more that Carole fit into upper class 
British society, Bummi finds that her own daughter has become othered from her. “You are a 
Nigerian, first, foremost, and last-most”, she tells her daughter who has “rejected her true 
culture” (155).  
 
Inclusivity  
According to Hancock, intersectional approaches are inclusive and incisive and fosters „deep 
political solidarity‟ (Hancock 183). The concept of intersectionality creates an inclusionary 
framework and facilitates a strong bond between womxn who belong to different strata of 
society. By weaving the stories of 12 women who belong to diverse backgrounds, she 
validates the fact that an intersectional approach has the power to subvert the static body of 
ideas that divide women. She problematizes  the politics of inclusion by showing that women 
assume the roles of both the victim and the victimiser. For example, even though Dominique 
is a queer, survivor of relationship trauma, her definition of womanhood excludes 
transwomen.  
 
Megan‟s journey to becoming Morgan exemplifies another kind of struggle for inclusion - 
within herself and from others in society. She struggles with her many hyphen-ated identities 
“part Ethiopian, part African American, part Malawian and part English'' while also coming 
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to terms with her gender identity as a trans person. She feels like she is full of contradictions 
as her identity is deceived by her body. The agony of alienation is conveyed using a language 
that fluctuates with the surge of emotions that is experienced by a „flawed‟ body . She goes 
on a journey of “shedding layers of what has been imposed, hoping to reach the core of 
herself (317). Towards the end of her story, she finds her “gender-free identity” and liberates 
herself. Having found acceptance within herself, her social media activism then becomes her 
most powerful weapon in the fight for inclusion and acceptance of the idea of a gender-free 
world. 
 
Irreducibility  
Irreducibility is another important component of intersectionality that looks at multiple 
oppressions as a product of the “...interaction of multiple, decentred, and co-constitutive 
axes.‟‟ (Carastathis, 308). Evaristo contextualises multi-layered oppressions that operate 
systematically within the patriarchal mould. She brings to life womxn with hyphen-ated 
identities who are so complex that they defy the ideal of perfect womanhood. They are full of 
aberrations which gives them their own distinct voice and identity. Evaristo uses the very 
things that would exclude them from traditional narratives to celebrate their hyphen-ated 
identities with protean ease.  
 
Evaristo's attempt to retell 100 years of British history through the lives of womxn puts 
forward the most powerful question of the kind of oppression and exploitation that is 
prevalent in society. Through these stories, she also reveals how the feminist movement has 
failed to reconstruct a new literary tradition that  accepts difference without any exclusions.  
 
In the words of feminist civil rights leader Fannie Lou Hamer, “No one is free till everyone is 
free”.  Evaristo has freed the narratives that were silenced for so long, and through her 
characters, she dexterously illuminates how the trajectories of intersectionality will one day 
forge a society that offers equity, justice and safety to everyone.  
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Abstract 

This paper explores the unsettling effects of the fundamental opposition between lived memory and 
constructed history. It studies how alternate history can be created by the timeless practice of 
recollecting facts through memory. The theoretic premise of this paper is rooted in the study of sites 
of memory by Pierre Nora to further enrich our understanding of material memory in Aanchal 
Malhotra’s Remnants of a Separation. Postmodernism has questioned the validity of history as a 
grand narrative. This paper reflects on the disintegration of certain traditional views about Partition 
narratives and the humanist notion of unitary representation of reality in history. It tries to situate the 
significance of memory in establishing a palpable reality suggests alternative pathways of 
constructing history.   

 Keywords: material memory, Partition Studies, memory and history, lieux de mémoire 

. 

Introduction 
 

“The historian's first duties are sacrilege and the mocking of false gods. They are his indispensable 
instruments for establishing the truth.” 

Jules Michelet, Histoire Du France 1833 

Memory and history have a syncretic bond. When we objectively examine the term ‘history’, we discover that 
it is inherently unstable, discontinuous, and disruptive. It demands an unflagging intellectual vigour and total 
immersion to reconstruct established historical narratives so that one can pinpoint the paradoxical nature of 
the representation of truth. History can be seen as a human construct, a record of the human spirit that 
traverses the linearity of time. Memory is inextricably linked to history and there is one thing they have in 
common – they reverberate the individual and collective human mind. The consciousness of the being records 
every thought, every action and every emotion that is experienced to create a text. This text becomes the 
intertext of human memory. 
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The historical narrative embeds human memory in order to create a discursive text that indulges in varied 
systems of meaning production peculiar to a nation, a society, and a culture. These systems in turn produce a 
cohesive understanding that the traditional historian deals with facts that are to an extent fabricated by power 
structures. Postmodernism in its turn questions the veracity of truth and the legitimacy of history that pre-
exists in the human mind as a grand narrative. These little narratives which rely on memories of human beings 
raise a cogent question about the truth-value of facts that become our major socio-cultural reference points. 
What postmodernism denies is the totality of truth-value that is assigned to historical statements. It is haunted 
by the spectre of a non-reliable past that is mediated by the structures of ideology that disengage with the 
reality of human existence. 

The vivid memories of lived experiences, both individual and collective, breathes life into the formless clay of 
history, transforming it into signposts that link the present, past and future of civilisations. The creation of 
history thus engages with ordinary and extraordinary memories that are at times muted. Memories thus 
become the application of the human spirit to the manifold world that it interiorises. 

 This paper explores the unsettling effects of the fundamental opposition between lived memory and 
constructed history. It studies how alternate history can be created by the timeless practice of recollecting 
facts through memory. The theoretic premise of this paper is rooted in the study of ‘lieux de mémoire’ or sites 
of memory by Pierre Nora to further enrich our understanding of material memory, especially in the context of 
Aanchal Malhotra’s Remnants of a Separation. Malhotra traces the tumultuous historical period of the 
Partition of India through the material memory of objects that became the quintessential repository of 
collective memory. According to Pierre Nora “…consciousness of a break with the past is bound up with the 
sense that memory has been torn…” (8). When the lives of people (1 million dead and 14 million displaced) 
are torn by the madness of fury of communal violence and unbearable trauma, it forces them to uproot their 
lives and flee across borders with no guarantee of survival. It leads to the fragmentation of their selves, their 
homes, their livelihoods and their identities so that there is no longer any ‘milieux de mémoire’ or real 
environments of memory but only ‘lieux de mémoire’ or sites of memory, as Nora posits. 

 The invisible power of material memory 

Most narratives about the Partition focus on the violence committed upon the bodies of individuals, on the 
land and on the cultural psyche. But Malhotra focuses instead on “things, things, things” – the material objects 
possessed the unique history of being secreted across borders by refugees fleeing for their lives (11). Amidst 
the stories of riots, violence and disorder, there emerges a different perspective created by objects that were 
taken by the refugees. Malhotra says “…I had become interested in artifacts of the old; people and objects that 
had survived this colossal historical event and continues to exist in the present” (35). 

The Partition of India and Pakistan is considered to be one of the largest forced migrations of populations 
across a continent, carrying “...memories, possessions...about which the affected people were unable and 
unwilling to speak” (17). It can be said to be the dark price that we paid for independence.  Malhotra searches 
for an answer as to what becomes the most valuable things that people carry with them when they are forced 
to abandon their homes. Real life experiences and a whole chain of sorrowful memories are fused into the 
mundane objects that the survivors chose to carry with them as they fled across newly created borders. The 
constructed history of the partition puts a blanket of fog over the existential agony of being uprooted and 
having their identities erased in a life across the border or ‘sarhad par’. The risk that they took is 
unimaginable, with many losing their homes forever. They crossed the newly drawn lines to be in an 
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unfamiliar territory, fighting to carve new identities, and livelihoods for themselves. 

There is always a question whether memories are true . Agonizing memories do not fade as they could be 
recollected at some point through an incident or seeing an object /material that has a correlation with our 
traumatic experience . Malhotra’s work draws our attention to the fact that memory is not a recording device. 
Our memory of experiences fades over time, it is inherently “malleable” and acquires “perforations” that 
colour it with new impressions and corrections, such that each recollection becomes a “reconstruction” (39). 
As Freudian studies have established, the mind alters or suppresses memories that are too traumatic to bear. 
Forgetting in this sense is not “a random result of entropy or erosion…but a purposeful act…” in order to 
preserve one’s ability to survive and to function (Terdiman 95). Another way in which memory gets distorted 
is through the intervention of hegemonic powers and through the  construction of grand historical narratives. 
The trauma of loss and dehumanising suffering is buried deep into “memory traces” or “memory symbols” 
which become receptacles of memory (Terdiman 97).  For Malhotra, these materials “…become a collated 
experience of their physicality and potential metaphysicality” (35). 

Malhotra becomes a collector of memories that bear the scars of the trauma of physical and mental 
displacement. She theorises that there is a transference of memory into inanimate objects, which serve as a 
“catalyst for remembering memories”, a sort of untarnished “portal into the past” (43). The taxonomic 
collection of memories preserved within these objects powerfully articulate the muted trauma and angst that 
otherwise cannot be expressed. This echoes Freud’s thoughts on memory when he states that “The memory of 
what cannot be spoken still speaks, and it does so irresistibly” (Terdiman 98). 

In Remnants of a Separation, mundane objects become signifiers of memory and trauma. Permeated with 
pain, these objects become physical manifestations of the memories that have been pushed into the recesses of 
the mind. They become vessels that keep a record of pain, loss and suffering, so that they can heal with time. 
This process eases the anxiety of forgetting and makes room in the mind for the healing effect of time. 
Anytime an individual uses or comes into contact with these objects, they are able to be transported back to 
cataclysmic events of the partition. As the keeper of memories, the value of these objects “transcend their own 
physicality”, becoming a time machine for us to travel between time and “state of being” (Malhotra 46). 

Human memory is “fragile” – but these objects endure (Malhotra 39). They carry “memories sometimes too 
heavy to be borne” (Malhotra 18). Pierre Nora refers to such objects as ‘lieux de mémoire’ or sites of memory. 
These are places where “memory crystallizes and secretes itself” or “the places where the exhausted capital of 
collective memory condenses and is expressed” (Nora 7). He outlined that these objects have three 
characteristics that define them – they are material, symbolic and functional. 

In Remnants of a Separation, the objects and their stories reflect these three characteristics. The craftsmanship 
of these objects, often of great value, take a backseat to their functionality during life as a refugee. They are 
also appropriated for functions beyond their original ones. For example, a woman shows a knife to Malhotra 
which was meant to be used as a weapon to kill herself in the event of a possible assault.  These objects 
become symbol of thier past, of happier times when they  remained unshattered and unmolested by the act of 
Partition. In the third chapter, Balraj Bahri talks about the utensils that were the only items that his mother 
took with them when they crossed the border. Her main concern was that “…ration might be provided but 
what would we cook it in?” (Malhotra 97). 

The documents of natural history were textual – oral or written. But the locus of material memory within the 
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topography of history is situated in these objects which reconstruct the tangible reality of past experiences that 
were temporarily hidden from the conscious mind. Thus, the objects in Aanchal Malhotra’s book become 
symbols of a “…lived memory of a forgotten forgetting” (Terdiman 95). She says, “The memory buried 
within things sometimes is greater than what we are able to recollect as the years pass” (44). These objects –a 
pair of scissors, a shawl, books, documents, a plaque, utensils, and kitchenware, to name a few – were 
selected in those heated moments of panic which preceded the cataclysmic displacement that followed. They 
dissect through the haze of the mind, igniting a recollection of the many incidents of premeditated violence 
and the systemic patterns that designed them. 

Human memory vs historical narrative 

Materials or objects awaken the forcibly repressed memories of trauma that are profound. Material memory in 
fact wages a war against the prevarication of constituted meanings. Thus, the ideological and the 
epistemological implications of history created through material memory becomes a paradoxical transgression 
that rekindles the resolvent angst within the minds of the traumatised. Aanchal Malhotra, chronicles the 
rhizomatic narratives of the Partition through the material memory of objects that belonged to the survivors. 
Through them, she reconstructs a tapestry of a new history based on the mnemonic narratives stored inside 
these objects, each of which becomes political, cultural and personal signifiers.  Through them, this version of 
history has also survived the onslaught of time and hegemonic silencing. Thus, the tales of separation from 
Malhotra’s book become a spectacle of historical and aesthetic significance. Material memory becomes an 
intermediary between the trauma of partition violence and the decentred, vandalised identities of self and 
nation. 

There is a fundamental dilemma in the creation of memory and history, where history colonialises memory. 
Memory and history exist in “fundamental opposition” (Nora 8). The living, evolving, vulnerable nature of 
memory is pitted against the static, immovable and robust narratives of history created by socio-political 
power structures. Historical texts are framed within the power structures that disengage them from reality. The 
way facts are assembled is reflective of the historian’s bias or a singularity of perception. According to 
Hayden White, “the historical narrative does not reproduce the events it describes; it tells us in what direction 
to think about the events and charges our thoughts about the events with different emotional valences” (201). 

Memories can be seen as extended metaphors in creating meta histories that can be validated through any 
period of time. They are not simulated or modified realities, but the realities of lives that enable greater insight 
to emerge fusing events with emotional signifiers, something that Malhotra seeks to illuminate in her 
construction of partition history. 

Through Aanchal Malhotra’s distinct type of partition studies, we witness how the material memory of objects 
from 1947 subverts the established narratives about the events of partition and its searing impact on the lives 
of millions. Her stories create ruptures in the skin of the grand narratives of Indian history that have been 
enshrined in the history textbooks as the true version of events that took place during the Partition. One of the 
mainstream perceptions that gets questioned as a result of her book is linked  to Sir Cyril Radcliffe, who was 
the architect of the partition. Popular history glosses over his ignorance and does not record  how ill-suited he 
was for the task of dividing India - either geographically or culturally.  Through many of Malhotra’s stories, 
we see the real-life impact of this arbitrary line that was drawn through the lives of people who never thought 
about their land as a divided terrain on the basis of religion. We see the confusion, the panic, and the 
vulnerability as people were suddenly othered from the very places that they called home. One is reminded of 
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lines from Alien-Nation: Strangers at Home: 

         “Home is your prison. Home is an institution. 

         Home is forbidden. Home is your exile” (9). 

She alters the traditional concept of history that narrativizes events through select facts, claiming an objective 
stance. The value of her narrative lies in her ability to give voice to the quantum of suffering and the weight of 
what has been lost in the drawing of the Radcliffe Line. She highlights five ways in which material memory 
unlocks an inaccessible, forgotten reality of life during the Partition, manifesting itself “...in the most unlikely 
scenarios, generations later” (46). The first of these objects are those that bind several generations of a family 
together, such as the three stunning pieces of handmade jewellery procured by Narain Das Berry. More than 
eighty years after Partition, these scattered items connected three of his descendants with the memories of “a 
generation and a city they yearn to remember'' (47). Then there are the objects that were carried back by 
people who recrossed the borders to retrieve them, such as the name plaques from houses in Jalandhar and 
Lahore. There are also the objects associated with occupations and professions, objects discovered through 
sheer serendipity and objects of sheer utility. Most poignantly, there are also stories of objects that no longer 
remain, such as the haunting story of the woman who soaked up her dead husband’s blood using her chadar, 
then made her way to Lahore and buried the blood-soaked cloth to mark the grave of her husband. She used 
this object that was no longer present to create a tangible connection so  that her child could get acquainted 
with the father whom  he never saw. 

The relevance of history constructed through material memory lies in the fact that it adds layers of personal 
meaning, and individual relevance to the vast annals of history. It is not enslaved by any political or cultural 
agenda of the state as it integrates the minutiae of human experience into the vortex of history. Material 
memory underlines itself as a discourse and connects us to problematic omissions of history that are ransacked 
from the painful memory traces of millions of people. The study of any traumatic historical event, such as the 
20th century holocausts, or even ongoing Israeli-Palestinian conflicts, must be conducted through the lens of 
material memory in order to fully understand not just the facts that were buried, but also the true weight of the 
human cost behind these world-events. Memory thus becomes an effective critical tool to visibilise the 
concealed truths and emotional valences of history. Without this, it would be impossible for us to have a 
perspicuous view of our past that can inform our present and transform our future. 

Works Cited: 

Jordan, June. “Alien-Nation: Strangers at Home.” Charting the Journey:Writings by Black and Third World 
Women, edited by Shabnam Grewal et al., Sheba Feminist Publishers, 1988, p. 9. 

Malhotra, Aanchal. Remnants of a Separation: A History of the Partitionthrough Material Memory. Kindle 
Edition, Harper Collins Publishers, 2018. 

Michelet, Jules. Histoire De France. Translated by G. H. Smith, D. Appleton, 1847. 

Nora, Pierre. “Between Memory and History: Les Lieux De Mémoire.”Representations, vol. 26, no.2, 
Memory and Memory, 1989, pp. 7–24. doi:10.2307/2928520. 



SOCIO-LEGAL IMPACT OF SURROGACY IN INDIA: AN ANALYSIS 

NIU International Journal of Human Rights ISSN: 2394 – 0298 Volume 8(IX), 2021 46 

 

 

Terdiman, Richard. “Memory in Freud.” Memory: Histories, Theories, Debates,edited by Susannah Radstone 
and Bill Schwarz, Fordham U P, 2010, pp. 93–108. 

White, Hayden. “The Historical Text as Literary Artefact.” NarrativeDynamics:Essays on Time, Plot, 
Closure, and Frames, edited by Peter Rabinowitz et al., Ohio State U P, 2002, p. 201. 



                                                                                                                                                       ISSN No. 0976-0822 

(UGC-CARE List Group I) 

                                                                                                                             
36 Volume – 36 No. (XV) 2021 

GESTIC LANGUAGE IN MAHESH DATTANI’S PLAY THIRTY 
DAYS IN SEPTEMBER 

 

Dr Latha Nair R 

Head and Associate Professor, Dean of Research Department of English and Centre for 

Research St Teresa’s College (Autonomous) Cochin, Kerala – 682011 India 

Email: drlathanairr@gmail.com 

Juney Thomas 

Visiting Faculty, Department of English and Centre for Research St Teresa’s College 

(Autonomous) Cochin, Kerala – 682011 India 

Email: juneythomas@gmail.com 

ABSTRACT  

This paper explores how Mahesh Dattani’s Thirty Days in September interpellates dark and 

disturbing themes to recreate the trauma of intergenerational childhood sexual abuse and to 

offer a searing criticism of the social structures that create and mute it. It traces how he 

embraces Brechtian concepts of verfremdung, as well as aesthetic practices such as gestus 

and haltung, in order to illumine a locus of human agony and the tragedy of circumstances 

that fuel it. It aims to codify a grammatology of gestic language through which the audience 

is provoked to question their society and themselves, rather than simply to have an uplifting 

aesthetic experience.  

Keywords: Brecht, Gestic Language, Gestus, Haltung, Verfremdung, Child Abuse, 

Psychological Trauma  

Gestic Language in Mahesh Dattani’s Play Thirty Days in September 

Theatrical praxis has now become more conscious of producing an intended effect that 

liberates and conscientize the audience to delve deeper into silenced spaces. The most 

apparent change that we notice in postmodern plays is the fact that they integrate social 

breadth by blurring the gap between the audience and the text. Theatre today is not as 

concerned with the creating uplifting aesthetic experiences. Instead, it concentrates on 



                                                                                                                                                       ISSN No. 0976-0822 

(UGC-CARE List Group I) 

                                                                                                                             
37 Volume – 36 No. (XV) 2021 

making the audience question their personal and social reality and to reflect on the inner 

lives and motivations of characters. There is an emphasis on the process of the play, focusing 

on powerfully articulating the intensity of emotions and actions by experimenting with 

figures, form, space, narrative. Mooring theatre in a dynamic social context demands a 

clarity of intention and a deliberateness of performance. Playwrights like Mahesh Dattani 

are able to explore themes that probes into the psyche of society to unravel or expose the 

emotional turbulences of human experiences.  

As Peter Brooks opines, plays that do not provoke and disturb the audience are not worth 

producing. Plays like Mahesh Dattani’s Thirty Days in September interpellate dark and 

disturbing themes to recreate the trauma of intergenerational childhood sexual abuse and to 

offer a searing criticism of the social structures that create and mute it. The narrative 

language and dramatic organisation explore the regimental family relations that create 

opportunities for fundamental violations of the women and children.  The audience/reader 

is forced to engage in the quandary of the dilemma intellectually and emotionally by being 

a part of the questioning process. Thus, the ensuing action widens the scope of providing 

the audience/readers to find a space which exemplifies the apparently irresolvable problem 

of victimisation. This play, by embracing Brechtian concepts of verfremdung as well as 

aesthetic practices such as gestus and haltung, is able to illumine a locus of human agony 

and the tragedy of circumstances that fuel it.  

Gestus is one of Brecht’s key aesthetic ideas with respect to theatre, which expresses basic 

human attitudes, not merely “gestures but all signs of social relations - deportment, 

intonation, and facial expression. It includes “…elements such as stylistic level, speech 

rhythm, phrasing, syntactic deviations, metrical structures, sound patterns, etc...” 

(Hamburger 36). He believed that all actions had a gestus that pointed to underlying reasons 

and meanings. The Brechtian actor is to work at expressing social attitudes in clear and 

stylized ways. Brecht wished to embody gestus in the dialogue, as if to compel the right 

stance, movement and intonation. Through a subtle use of rhythm, pause, parallelism and 

counterpointing, Brecht creates a gestic language that encompasses a social physicality as 

well as action. This process demands the actors to overtly focus on developing a “socialised 

body” so that there is a synchronicity that is established between the body of the actor and 

social dimensions of the theme at hand. Gestus manifests not only through language but also 

through the actions of the actors that throws light on inherent contradictions and 
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complications. This seeds a unique stage consciousness and a total emotional identification 

with the theme that becomes the main modus of performance. Thus, gestus is instrumental 

in achieving what Brecht calls Verfremdung, which makes familiar actions strange and 

points to what may have informed it.  

Dattani’s plays are very differently situated. A play like Thirty Days in September draws to 

itself correspondences to everything from religious faith to family ties. It is a study in pain, 

and it configures the social and political pathologies that produce it and the emotional 

pathologies that are produced by it. It is a critical discourse that unearths philosophical and 

theological assessments of the absurdity of the human condition and of man's inhumanity to 

man. Dattani delves deep into the human matrix of emotions which are signified by the 

gestic language systems that he devises for the play.  

Mala Khatri, Shanta, Deepak and The Man lead us into a psychological minefield where the 

audience/reader can see how we as a society, are caught up in the complications and 

contradictions created by cur traditional values and cultural assumptions. Thirty Days in 

September is a complex, emotionally charged play that is unique in its portrayal of child 

abuse and its implications. It is a fiercely faithful revelation of the lived experiences, 

supressed anger, guilt and psychological trauma of children who are sexually abused. Shanta 

is a relic of the traditional configuration of womanhood that denies her any agency to save 

herself, let alone her daughter. She is a victim circumstances, who leads a tortured life and 

is destined to inflict the same upon her daughter. While the play focuses on Mala’s journey 

to freedom from the haunting experience of trauma, her mother remains an emblem of the 

tragic debacle that befalls millions of children who remain as  voiceless victims.   

Dattani’s Gestic Grammatology  

The play brings to light the unsettled divided selves of victims whose passions are chained 

by guilt and invisible oppressors. Shocking revelations at the end provide a resolution for 

the characters in the story but leave no such hope for audience, who are forced to examine 

the silent spectre of sexual abuse in their own lives. Instead of the seamless continuity of 

the naturalistic theatre and  the illusion of natural disorder,  Dattani in a  true Brechtian 

tradition, breaks up the story into distinct episodes, each of which presents, in a clear and 

ordered manner, a central basic action.  



                                                                                                                                                       ISSN No. 0976-0822 

(UGC-CARE List Group I) 

                                                                                                                             
39 Volume – 36 No. (XV) 2021 

 

Dattani’s gestic language brings home to us the pain and horror of the victims. He grapples 

with dialogue, delivery, stage directions and production techniques to create a discursive 

structure for the play that is it precise and epigrammatical. His grammatology also includes 

theatrical devices such as evocative lighting, visceral sound effects, and symbolic props.  

One of the most powerful techniques that he creates, is the four-quadrant stage design that 

casts an unbreakable temporal illusion that plunges the audience into the past and present of 

the figures on the stage. The non-linear narrative syncopates the past and the present of the 

protagonist in a very powerful way, and this is helped by the unique design of the spatial 

configuration of the actors on the stage.  Dattani specifically uses simple sentences to instil 

power in the language used by Mala when she vocalises the haunting incidents from her 

past. Her voice is at time broken, slow, and disjointed as she processes the trauma. Dattani 

uses the gestus of a tape recorder and a recording of her voice from the past to project how 

her painful memories inhabit her present reality.  

MALA. Mala Khatri. February 2004… Why Not? … I do not hesitate to use my 

name now.  Let people know. There is nothing to hide. After all it is he who must 

hide…. I wish he were here now, so I could see his face when I tell him I have 

nothing to hide. Because I know it wasn’t my fault…now I know now. (8) 

He employs various vocal gestus such as sighs, pauses, tone, volume, along with pithy 

sentences that open up ways of understanding the complexities of the emotional turbulence 

experienced by the victims of trauma. Mala’s voice on the tape is explicitly made nervous, 

filled with pauses and heavy breathing. Similarly, Shanta’s voice oscillates between a 

dreamy distractedness, timorous submission, and hysteria. The character of Deepak speaks 

in soothing, patient tones whereas the main abuser (The Man) employs either a tone of 

parental concern or of predatory aggression.  

Situating ‘Haltung’  

Dattani also employs the Brechtian concept of haltung which refers to the actors onstage  

and its physical connection to society. It is used to show the relationships between characters 

and how they evolve in response to external changes and stimuli. Shanta is the product of 

the delusion of an age where mental illness and trauma is seen through the lens of religion 
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and superstition. Dattani uses the portrait of Krishna that she clings to and stares at in 

between conversations to represent the social condition of submitting all of one’s pain and 

suffering to God.  

MALA. I can’t let you hide behind this all the time! 

SHANTA. (Hanging on to the portrait). I will do anything you say but leave my 

Krishna alone! 

… 

SHANTA. (Aghast). What are you doing? NO!  

Mala flings the painting out the door. We hear a crash and the breaking of glass. 

Shanta rushes out. (26-27) 

The verbal altercations between Shanta and Mala in this play constantly bring to light the 

stereotypical thought processes of the traditional Indian mother who would rather avoid 

confronting the established patriarchal status quo in the family and instead disbelieve her 

daughter. He makes the familiar unfamiliar by giving Shanta a scene in Act 3 where she 

finally accepts the reality of her own abuse at the hands of her own brother, and how it 

rendered her powerless to prevent the same brother from abusing her daughter. The moment 

of Brechtian haltung can be seen in this Act, when Shanta cuts off her tongue to simulate 

the reality of her muted existence. The dramatic device attains perfection when she mocks 

her enforced muteness, and then committing the gruesome act through which she literally 

takes away her ability to speak up, thereby resigning herself to a voiceless existence.  

SHANTA. (To the man, speaking like a mute person making unintelligible sounds.) 

Uh, eh, oo, aa, aaaaaaaaaaa…. (Gesturing with her hands to say she will not tell 

anyone while making the sounds.) And the final unintelligible sounds gesturing with 

her hands to say that she will not tell anyone. (55) 

This becomes a turning point in the play, where Dattani’s characters thus transcend into the 

realm of become Brechtian “figures”. While traditional theatre considers the actors to play 

characters, Brecht reconceptualises them into figures who are less bound to characteristics 

and have more potential for fluidity. This is evinced in the changes that happen in people’s 

nature, depending on the situations they find themselves in.  
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In the climax of the play, Mala finally voices the unknown disturbing accusations that were 

only vaguely spoken of previously. She asks her: 

MALA (to Shanta). Where  were you when he locked the door to your bedroom 

while I was napping there? Where were you during those fifteen minutes when he 

was destroying my soul? Fifteen minutes every day of my summer holidays, add 

them up. Fifteen minutes multiplied by thirty or thirty-one or whatever? That’s how 

long or how little it took me to send me to hell for the rest of my life. Surely you 

must have known, ma. (53) 

Shanta’s characteristic avoidance of any conversation about past trauma, her inability to 

acknowledge her daughter’s abuse, and her obsession with her portrait of God, can be seen 

as aspects of her haltung which “…give insights into the cunning means that underdogs 

have to master in order to come to terms with fundamentally hostile societal circumstances 

dominated by utterly callous and ruthless ruling strata” (Fiebach 208). In this case, it was 

entirely her defence mechanism to deal with the irresolution of her own experience of 

childhood sexual abuse.  

SHANTA. I was six, Mala. I was six. And he was thirteen…and it wasn’t only for 

summer holidays. For ten years! For ten years!! (53).  

In the play, Mala’s enduring anger towards her mother, and Shanta’s guilt and disgust 

towards her daughter both evolve into an empathetic understanding and bonding between 

mother and daughter after  the climax of the play . 

MALA. I want to…I want to ask you whether you need my help. Please let me be of 

help. (Gently turning her mother’s face towards her.) It’s not your fault mother, just 

as it wasn’t my fault. (58) 

Situating verfremdung 

According to Brecht, theatre does not take place in a vacuum (Heinemann 236). It should 

“enable the spectators to perceive things in a new way so that the social rules governing our 

actions can be revealed and so that we (the spectators) can see how events could have turned 

out differently” (Brecht 15). Thus, it becomes a dialectical process where the audience 

recognises something familiar, which is then presented as strange, in order to “intensify our 

sensations and perceptions of objects in a world where authentic vision has been deadened 
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by abstraction, so that we never see beyond the surface of reality (Brecht 16). Essentially, 

the aim of Brechtian theatre is to help us understand the world better. Through verfremdung, 

the playwright exposes the audience to an “alienating confrontation with the unknown, 

through which the self-questions presupposed or reified structures” (Tatlow 14). According 

to Althusser, the Brechtian critical trajectory creates a disruptive function on the spectator’s 

consciousness. He believes that “it is within the play itself, in the dynamic of its internal 

structure, that this distance is produced and represented, at once criticising the illusion of 

consciousness and unravelling its real conditions” (146-7). 

In Thirty Days of September, Dattani evokes a sense of verfremdung which is critical and 

active to demonstrate the consequences of childhood sexual abuse and the wounds it leaves 

in the lives of the victims and their families. Through his use of gestus and haltung, he is 

able to visiblise the subconscious, as well as the flux of sensation and painful thoughts. 

Dattani defamiliarizes the concept of the unity of space on the stage, by dividing into to four 

quadrants which are representative of 4 spaces across time within which the story unfolds.  

This potency, making the familiar unfamiliar can be seen in the beginning of Act 3, where 

two scenes are unfolding simultaneously in two quadrants. She is with Deepak, who’s trying 

to comfort her, while The Man encroaches the bounds of his quadrant to play out the scene 

from her memory where he abuses her. Thus, the stage becomes a dynamic site for unveiling 

the psychological abscesses that have been festering in Mala’s mind.  Mala’s gestic 

vocabulary in this scene is based on her reactions to the memory of her abuse in the past as 

well as the comforting presence of Deepak in the present. 

DEEPAK. (Stroking her hand gently.) It’s okay. It’s okay. Cry if you want to. 

MAN. Shh! Don’t cry. You want to come here in your holidays, no? Then don’t cry. 

This your seventh birthday, no? You are seven now. Ready for a real birthday 

present. Lie Down. Come on, quickly. 

… 

DEEPAK. Sit back and relax 

MAN. Hold your frock up. Up over your face! Shut up! (43) 
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The Man uses furtive glances, a sense of conspiracy in his tone, to recreate the shame, horror, 

and pain of the abuse that he put Mala and her mother through. The rapid alternation between 

the lines that Deepak utters in the present and those being voiced by The Man in the past, 

both occur simultaneously on the stage. The contrast between the two worlds in which she 

is placed is  staged innovatively, juxtaposing  the present and the past simultaneously in 

order to condense time and action. The spatial and temporal negotiations that Dattani creates 

in this Act breaks the conventional rules of theatre, disorienting the audience/reader and 

making them relive the trauma of the past and the present all at once. The audience moves 

a pluralistic understanding of the syntagmatic flow of incidents in Mala and Shanta’s lives. 

Dattani’s use of gestic language brings to life the detrimental effect of socio-cultural codes 

that governs how family and society deal with the concept of childhood sexual abuse. The 

punctum of gestic language, combined with theatrical devices in the Brechtian spirit, elicits 

an extraordinary emotional response in the audience/reader. One is forced to question the 

role played by parental figures, society, religious establishments and governmental agencies 

who fail to prevent the sexual abuse of children. To erase the landscape of violence and 

abuse is to reconfigure our own cultural codes of behaviour and the lacunae in our systems.  

In the end of the play, Mala has found freedom, and the dynamic of her relationship with 

her mother has also evolved. However, the audience/reader is left to contemplate the horrors 

of the abuse that are still there – “his reflection in the glass of a subway, hiding behind a 

newspaper or pretending to be asleep. But it doesn’t matter” (58). This effect is precisely 

what Brecht intends through his concept of verfremdung. The meshed, wildly churning, 

agony of the characters find form and a mode of expression unique to the identity of the 

characters, a cryptography which the audience/reader has to decode.  
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Abstract 
The technique we practice to tell imagined stories among ourselves especially the construction and 
the preservation of the mythical stories is always important to our psychological development. 
Today, the world of digital games work as the foundation into artificial worlds, where the imagined 
stories are well maintained and prolonged. Mythic narratives have the power to develop above their 
standard and become “remediated” which means, they can stimulate, translate and adapt into other 
forms of media and afterwards create a life outside their original medium, where the artificial 
universe sustains, expands and grows in detail. (Bolter & Grusin, 5). Thus, the fictional world of the 
games exists beyond the game and have become more than the game. The mythic world has its own 
story to tell, its own metanarrative, framing and assistance of the game. The video game Asura’s 
Wrath (2012) have advanced the borders of digital and narrative experiences and they merged the 
digital interaction with traditional notions of play and explained the mythological interaction. In 
other words, these games involve the activity of the play. 
Keywords: Digital games, mythic narratives, digital interaction, digital narratives, mythological 
interaction, game and story 
 
Introduction 
Mythology is a collection of myths which exists within a particular cultural context, such as a belief 
system or a religion. To give a definition to myth, it is a fictional narrative or a fable that has some 
basis in reality at the same time it embodies the dreams, hopes, fears and ambitions of a certain 
civilization at a certain time in history. French theorist Jean Francois Lyotard has called the ‘myth’ 
as metanarrative because it is the story of the order of things and how these things came to be (xxiv). 
As the prefix ‘meta’ implies, it goes beyond narrative which speaks about something of an advanced 
order. It means “the metanarrative organizes language games, and determines the success or failure 
of each statement […] that take place within them” (Malpas, 24). Therefore, the myth or 
metanarrative operates under a certain set of rules, which determine what is valid and what is invalid 
within the context of the mythology. As myth can be seen as an explanation of the world, it has been 
at odds with modern science through several theorists, who have seen myth as an irreconcilable 
primitive science, or as a reconcilable modern science. 
Joseph Campbell approached the term myth in relation to psychology in his work, The Hero With a 
Thousand Faces and his interest was in the Jungian approach to myth. Campbell describes myth as 
the “secret opening through which the inexhaustible energies of the cosmos pour into human cultural 
manifestation” (13). He arranges the mythic characters in archetypes, as inspired by Jung, on behalf 
of the building blocks of the unconscious. He believed that these archetypes could not only represent 
aspects of the single unconscious mind, but also of the collective unconscious, where everyone 
shares the same basic idea of what a hero or a quest is and thereby making it possible for people who 
does not speak the same language to enjoy the same stories. During his career, Campbell explored 
the myths of several religions, and importantly summed up his ventures by stating that “every 
religion is true […] when understood metaphorically” and his approach of myth was both as 
archetypical and universal metaphor (Campbell & Moyers,56). In Thou Art That: Transforming 
Religious Metaphor, Campbell describes the first function of myth as “reconciling consciousness to 
the preconditions of its own existence –that is, of aligning waking consciousness to the mysterium 
tremendum of this universe, as it is” (2). The “great mystery” of the universe or of the world, which 
Campbell refers have the sense of awe and curiosity it attracts and it is an important theme of the 
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mythic narrative and subsequently of the mythic game. And another important aspect of myth is its 
capability to maintain authority over the “fiction” it preserves.  
As Marie-Laure Ryan states in Narrative as Virtual Reality, “in a fictional universe, objective reality 
corresponds to fictional truths, and fictional truths are established by textual authority. This authority 
means that fictional truths are unassailable, whereas the facts of the actually actual world can always 
be questioned” (104). Based on these, we can comprehend that, myth constitutes knowledge of a 
vague, unquestionable, convincing and fictional truth which demands decoding. It also portrays the 
great mystery of the universe and motivates the need to unravel that mystery. In other words, the 
function of myth is to communicate that which cannot be understood, and  to answer the questions 
like why are we here, and what is the meaning of the world? And when the myth is decoded through 
the act of game play, it is  openly linked to the narrative immersion.  
Mythopoeia is a term that refers to the making and renewal of myths. Myth itself is a complicated 
concept that carefully balances the concepts of truth and fiction. Myth refutes the titles of facts  or 
lies and  operates beyond those terms as metaphors or expressions that which surpasses the human 
psyche . It becomes an additive type of knowledge that cannot be explained or contested. Throughout  
mankind’s history, myth  making or mythopoeia, has been an important part of the legacy that  has  
been  passed through  cultures and civilizations.  Thus, the creation of narratives has the power to 
affect us and move us in ways that non-fictional stories cannot, simply because myths are fictional 
truths. Currently, mythopoeic digital games not only offer the possibility of reading and hearing 
about faraway lands and galaxies, but a chance of partaking in the sustaining and making of new 
myths.  
Ludwig Wittgenstein in his work, Philosophical Investigations defines, ‘game’ as a vague term that 
cannot be explained using only one definition (32). He argues that the various uses of the term 
‘game’ share the ‘family resemblances and a unique definition can only apply very carefully rather 
than the whole concept (32). Wittgenstein puts his finger on something very important while 
discussing mythopoeic digital games. Though they are all gathered in the same category, they can be 
very different and each offer very different experiences, even within digital games. Marie-Laure 
Ryan, a researcher in the field of digital narrative and interactivity, explains Wittgenstein’s notion of 
what it means to play game in her work Narrative as Virtual Reality, as the pleasure aspect, where 
the games are freely played and played only for their own sake. If we emphasis on institutionalized 
games, as opposed to free play we can add a second basic feature, like games are constituted by 
rules, and these rules [...] are absolutely binding (177- 178).  
Ryan also makes a clear point, that games are more than rules and methods instead they are supposed 
to be fun and engaging. It creates a break from  reality and also from everyday routine and opens a 
getaway into the fantasy and imagination. The irony that Ryan pinpoints is the paradox between rules 
and play where the game is given its purpose through the constraint of rules, just like the statement 
“there are no rules” is a rule. According to game designer and academician Eric Zimmerman, the 
“play” can be divided into three categories: the formal gameplay, the informal ludic activities and 
finally the act of being playful, or in a playful state of mind (159). Zimmerman states that a general 
definition that agrees to all these three states is the “free space of movement within a more rigid 
structure”. He explains it further by stating that “play exists both because of and also despite the 
more rigid structures of the system” (159). According to the Business and Culture of Digital Games: 
Gamework and Gameplay, the advantage of using the term ‘digital games’, instead of using 
computer games from video games, is that it will describe the entire field with its arcade, computer, 
console and mobile games in all their diversity (Kerr, 3). And one more advantage is that it will 
avoid the confusion regarding the reference of all forms of game technologies because, the terms like 
‘game’ and ‘play’ always misleadingly common.  
This paper will explore the constrained nature of digital games narrative and interaction and to show 
how digital game narratives are different from traditional narratives, together with the improvised 
world of make believe. As the new narrative technologies are introduced, the new myths are 
superimposed with photo realism and also with the vibrating haptic game controllers for true 
interactive affect and immersion. Altogether, the combination of mythopoeia and narrative 
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technology becomes a very powerful medium for interactive storytelling of which we are only 
beginning to grasp the full potential  
 
Deconstructing the narrative interface  

While involving with a fictional text which is based on a larger mythology, the basic 
objective for the player turns out to be the decoding of the myth itself. As the protagonists evolve 
through character arcs, the myth gradually reveals by itself. The decoding of the myth depends upon 
the potential and the ability of the player’s character. Player experience is subsequently measured by 
how well the player knows the mythology and how much familiarity he or she is in the game-world. 
Victor Nell theorizes the pleasure of reading literature in Lost in a Book: The Psychology of Reading 
for Pleasure and argues that immersion and pleasure exists independently of dramatic craftsmanship 
and quality of prose. He argues that “in terms of attention theory […] the ludic reader’s absorption 
may seem as an extreme case of subjectively effortless arousal which owes its effortlessness to the 
automatized nature of the skilled reader’s decoding activity” (77). In other words, the decoding and 
transition between the real world and the fictional world should be unproblematic to maximize 
immersion and pleasure. 

Immersion is a narrative term defined by Janet Murray in Hamlet on the Holodeck: The 
Future of Narrative in Cyberspace as the “sensation of being completely surrounded by another 
other reality that takes over all of our attention, our whole perceptual apparatus” (98). One way to 
measure the levels of immersion is in terms of proprioceptive (sense of the body and its movements), 
exteroceptive (external stimuli) and interoceptive (internal stimuli) responses to the text. Marie-
Laure Ryan argues in Narrative as Virtual Reality, that a book that is difficult to read and difficult to 
decode as it  not only demands conscious concentration, but also proves difficult for the reader to 
immerse in, making the reader easily distracted by external elements. If a text is easily decoded, it 
promises deep and pleasurable experiences and the capacity to carry the reader off to the storytelling 
realm. In the context of this paper the application of Nell’s narrative theory from literary texts will 
change to the concept of mythopoeia. If the same mechanics could apply for myth, as for any literary 
text, then immersion depends on a successful decoding of the myth, regardless of the medium or the 
narrative it encompasses. Since myth frames and superimposes itself on the story, one might argue 
that only someone who can effortlessly decode all aspects of the mythology in which the narrative 
exists, can claim to fully comprehend all facets of the narrative itself. Thus, the myth acts as a 
catalyst for the narrative’s potential for immersion pre-packaged with the exploration quest as part of 
the “hero’s adventure”.  

Aura’s Wrath (Asurazu Rāsu) (2012), is a action video game developed by the Cyber 
Connect 2 and published by Capcom. The game follows the title character, the demigod Asura on his 
mission of taking revenge on the other demigods who betrayed him. The story is shown in a 
cinematic view, where the game play is combined with the player interactive scenes and also the 
players switch between the third person combat. And this unique style labels the game as an 
interactive anime. The developer has combined the video game with the various forms of Asian 
mythologies and has perfectly blended the science fiction with the elements of spaceships and 
futuristic weaponry. It is well worn road travelled by countless heroes and villains before Asura, but 
it’s the understanding as well as the knowledge of what’s unfolding  that keeps alive the sense of 
desire and comfort. 

Mythopoeic fiction lends itself particularly well to digital games because of the exploratory, 
and thematic nature of games. Of course, there are many types of digital games, and it would be a 
mistake to attempt general statements about digital games as such. These theories would not apply to 
traditional, ludic sports simulation games or abstract puzzle games and if we keep these exceptions 
aside, more interesting are established digital game genres such as “adventure”, “survival horror”, 
“first person shooter”, “stealth” and “role-playing”. Furthermore, the act of mythological 
exploration, including the game-world itself and the plot, serves to disguise the unavoidably 
contrived nature of digital games. The mythology limits where necessary and enhances where 
possible. One example where the mythology acts as enhancer is the use of Golden Spider 
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(antagonist)like creature which provokes him to regain his memories and climbing back into the 
mortal world.  It is this invention and the dramaturgical device that  saves time and  keeps the pacing 
of the story.  

 The story takes place in a place called Gaea where human inhabitants stay and its under 
threat by the destructive demonic forces known as Gohma. The protagonist Asura is one of the Eight 
Guardian General in the God like Cyborgs and he was betrayed by his fellow man and kills his wife 
and daughter. Asura was killed and finds himself in the limbo of Naraka and a Golden Spider prods 
him to regain his consciousness. When he returns back, the situation in Gaea is same and he started 
fighting with his rivals (other generals) and one of them kills him and turns his body into a molten 
rock. Years later, Asura’s body was excavated and worshiped in a small human village. Coming back 
to the life, Asura encounters a young girl who resembles her daughter. Later in a  war with his 
enemies, he defeats them to save the human place Gaea and  is  immortalised in the form of statue. 
The epilogue fast forwards to 870 years , to the present day and the characters are reincarnated as 
mortals living happily as the old immortalised incarnations. 

The human inhabitants of Gaea have been created and utilized for the practical purpose of 
enhancing game play by showing the vastness of the mythological world to the player. This 
“management” if you like, of the game-world, affords what Roland Barthes calls “the reality effect” 
which refers to the presence of apparently insignificant and “incongruous” detail in a narrative, that 
authenticate the fiction (142). Marie-Laure Ryan adds in Narrative as Virtual Reality that “the 
[portrayal of] seemingly random detail conveys the reader’s sense of the presence of the setting and 
facilitates spatial immersion. The reader’s sense of being there is independent of the verisimilitude of 
the textual world” (130). In general terms, mythopoeic fiction provides a contextual reality that 
transcends the narrative, and the everyday details of the myth makes the narrative realistic or 
plausible – giving us the paradox of fiction, or perhaps in this instance, the paradox of myth. Our 
relationship with fiction and reality instantly becomes a complex one, especially when the constraints 
of the medium are well disguised. When executed well, it awards a narrative flow easy for the player 
to decode. Ryan furthermore states on the importance of balance between fiction and reality: “The 
ocean is an environment in which we cannot breathe; to survive immersion, we must take oxygen 
from the surface, stay in touch with reality” (297). Ryan further correlates this statement by quoting 
psychologist J.R. Hilgard, who describes the condition as “dreaming when you know you are 
dreaming” (Ryan, 97).  

When a game becomes so intensively immersive as to create a physical response in the 
player, gameplay has entered into the realm of affect theory, which brings us to the next level of 
interfacing in our model of immersion and mythology. When discussing myth in relation to games, it 
is necessary to clearly distinguish myth from “game-world”. The game-world is the described 
geographical and structural place where gameplay takes place. In Asura’s Wrath, the game world is 
Gaea which is inhabited by human tribes and the game-world is subordinate to mythology on an 
equal footing with narrative. It acquires its knowledge from mythology in the same way narrative 
does. According to Bateman and Boon, the practice of game world abstraction is the “core of the 
game designer’s work during the early parts of the design process, and […] an important factor in 
any changes to the design during development” (149). They further define game world abstraction as 
“stat[ing] the rules of the world the game is set in: the nature of the game world, the players’ 
potential interactions with that world, and the manner in which that world is represented” (149). The 
keyword here is abstraction and representation. Even with the most advanced digital games, the 
fictional world cannot possibly contain the same level of detail as the real world. Therefore, the game 
world will always be an abstraction of the real, a representation of the real. The fantasy game, which 
might bear little or no resemblance to the real world, exists in a universe of simulation for which 
there is no real basis. French postmodern theorist Jean Baudrillard called this the “hyperreal” (169).  

The game world can therefore be seen as a secondary depiction, a distilled adaptation of a 
mythology that is designed to contain and support the narrative. To recognize the function of the 
game-world, a contextual historical account is appropriate. Early games used single-screen 
environments to host play, such as Pong (1972) or Donkey Kong (1981). Meanwhile, text-based 
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adventures like the King’s Quest (1980) provided large, though abstract, text-based worlds in which 
gameplay took place. Salen and Zimmerman talk about “narrative descriptors” and describe them as 
“representations [and] depictions of one or more aspects or the game world” (399). These descriptors 
can come from a wide range of sources, including the box, the manual, the soundtrack and the game 
itself. Anything that embellishes the narrative setting and tells us what the game world looks like is a 
narrative descriptor.  

Fictive worlds and story events reference shows the game narrative in a very different way, 
on the level of a player’s imaginative engagement with the game story. “Both embedded and 
emergent elements can play a part in defining a game’s fictive world or its story events” (Salen & 
Zimmerman, 402). What Salen and Zimmerman are arguing is that the overarching narrative 
experience transcends the naked gaming experience, making it a part of it, rather than the sum of it 
all. With the concept of the game world, we come back to mythology as a concept superimposed 
over the gameplay and the story. Here, mythology is an idea, a framework and supplier of narrative 
material that ensures rich immersion for the player. The game narrative will be as immersive as the 
depiction of the mythology is successful.  

 
CONCLUSION 
The world of mythopoeic digital gaming is a prominent area, which even goes beyond many 
disciplines on its search for the completion of gameplay. Thus, the paper can conclude it as follows: 
the first point speaks about the link between immersion and mythology. By outlining Winnicott’s the 
meta-transition of make believe and The Journey of Hero by Joseph Campbell, blends well together 
and shows a pathway to contemplate the narrative immersion as an entry into the myth, not only as a 
spectator but literally as a Hero described by Campbell. When a player immerses with the game 
world, he enters into the divine world of make believe, where he has to face many trials and troubles 
and later when he returns to the real world realises that the divine and real are actually one and the 
same. Because of the superficial reality and the metaphorical nature of mythology, theoretically one 
can argue that the former is conceived out of the latter. As a result, the structure of the myth as 
outlined by Campbell follows the same as immersive game experience because at one point the 
experience of the player and character becomes one and the same. Thus, one can argue that the 
mythological narratives are appropriate for the game structures since meta-transition incorporates 
with the narrative transition.  

The second point talks about the structural and narrative limitations of the game play and 
these limitations are inherently present in the digital game as a media form. By enhancing the 
mythology, the gap left by the programmers and the story developers can break into the illusion of 
the game, a clearly crafted illusion of freedom. The third point relates to the perceived reality of the 
myth which opposes  the realism that found in other types of games that can be critically evaluated 
and dispelled. The myth thus embodies a kind of paradox that injects a level of realism into its form 
that nonfictional narratives cannot hope to match. The fourth point narrates the affective power of 
immersion, which in turn plays an important role in how a particular situation is interpreted. The 
perception of time, space and movement are the important elements that affect the immersion and 
also how well the player plays the game. Immersion determines the emotions experienced during the 
play, after all pleasure and the sense of achievement is the primary purpose of game play. 
 And as the conclusive point, the affective game and the myth serves the same function. The 
affective game focuses on the bodily reaction, of the immersed state of the mind and takes the player 
to the divine world to be transformed. The focus remains inwards, on the personal change as part of 
the player’s monomyth, fixed on the player’s journey. Joseph Campbell states that the function of 
myth is to fit in language that which cannot be talked about. As myth makes divinity concrete, the 
affective game makes the game world real. As a metaphor for the divine search for answers and 
truth, mythopoeic games feed into this mechanism. The power of myth is to enliven the curiosity 
regarding the mystery of creation and of existence and also to maintain that mystery. If the mystery 
is lost, then the myth is lost and we lose the desire to search for answers. Thus, Myth infuses the 
gaming session with meaning beyond  the object of the game. 
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ABSTRACT 
Science Fiction has always provided a platform for female writers to express their repressed desire for 
gender equity and ethical values through characters in alternative worlds. Through an Eco feministic 
reading of Marge Piercy’s Woman on the Edge of Time, this article traces how Science Fiction writers 
envision social justice and ecological values. The novel oscillates between a dystopic reality and the 
fictional utopian future through the perspective of Connie while she is incarcerated in a mental hospital. 
As Devall and Sessions’ observes “the distance between what ought to be and what is now a reality in 
our technocratic industrial society” (162) is evident in the novel. Apart from the external asylum that 
symbolizes the prison, life itself has become a prison for her under patriarchal domination. Her 
hallucinations symbolically imply her mental escape. Connie acts as a female voice, with her 
revolutionary thinking and actions to put a culmination to the system of domination by the capitalist 
society in which she is trapped. This paper attempts to analyse Piercy’s treatment of gender, race, class, 
sexuality and ecological issues through the representation of marginalized communities like Connie. It 
opens up the future world of gender politics. 
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During the second wave of feminism, many writers expressed their hope and desire through the 

allusion of the utopian world that includes Ursula K Le Guin’s The Dispossessed, Joanna Russ’s The 
Female Man and Sally Miller Gearhart’s The Wanderground. Following this tradition, Marge Piercy has 
written Woman on the Edge of Time which can be analyzed in terms of ecofeminism.  Karen J. Warren 
discusses in her article “Toward an Ecofeminist Peace Politics” that the networks of violence rest in the 
long run under patriarchy. It discusses the present-day issues which include environmental degradation, 
uncontrolled scientific experiments, marginalization of women, and ill-treatment against women and 
nature by the patriarchal society. She mentions different kinds of violence like violence against the earth, 
economic violence, violence against self and violence against others. Piercy has  
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successfully conveyed these ideas by the depiction of the subjugation and oppression of female characters 
by the patriarchal society which has to read in parallel with the exploitation of nature.  

The woman “on the edge of time” whom Marge Piercy refers to is Consuela “Connie” Ramos 
popularly known as Connie. She is a 37-year-old Mexican-American who is tired and ruffled, an 
affectionate mother and “child abuser”. She is a spirited and strong-willed woman who is branded as 
insane by the powerful force whose throne is shaken by her revolutionary actions. Connie acts like a 
victim of subjective violence in a society that has made it customary to tyrannize the feeble and fragile 
souls. She struggled hard due to poverty to pursue higher studies but she was determined. Piercy writes, 
“I can! I am going to get a scholarship. I am not going to lie down and be buried in the rut of family, 
family, family! I am so sick of that word, Mama! Nothing in life but having babies, and cooking and 
keeping the house. Mamacita, believe me - oigame, Mama - I love you! But I am going to travel. I am 
going to be someone” (45). Unfortunately, she becomes pregnant before marriage which shatters her 
dreams and then goes for an abortion. Later meets Martin Alvarez, a married man but he dies in a knife 
fight where her hope to lead a peaceful life with him is exhausted. Finally marries Eddie Ramos a typical 
violent alcoholic with whom she has a daughter, Angelina. The men with whom she comes into contact 
throughout her life always looked for establishing their overriding power over her body.  

She has come across Claud, a blind musician who is kind and loving but is a petty thief due to his 
circumstance. He promises Connie to take care of her daughter Angelina but by the time Claud is arrested 
and executed in jail. He becomes the scapegoat for the unethical scientific experiment. Piercy rightly puts 
it, “They had injected him with hepatitis and the disease had run its course and he had died. Her probation 
officer, Briggs would not let her go to the funeral” (23). She becomes violent and expresses her anger 
against the administration by beating her daughter and she is taken into the hospital as insane. The cause 
of her violent behaviour is purposefully ignored by the male-identified society. 

She is labelled as insane by the patriarchal society for her assertions on a feminist utopian future. 
She was violent against the ill-treatment of nature by the capitalist. Her actions against the capitalist 
society were projected as violent barbarianism under the modern tag of civilization. Like an ecofeminist, 
she could associate oppression of women and domination of nature as an outcome of the same patriarchal 
force. Her wrath against ecological issues is evident in Piercy’s remarks, 

Ugliness had surrounded her, had imprisoned her all her life. The ugliness of tenements, 
of slums, of El Barrio—whether of El Paso, Chicago, or New York—the grimy walls, the 
stinking streets, the stained air, the dark halls smelling of piss and stale cooking oil, the 
life like an open sore, had ground away her strength. 
Whoever owned this place, these cities, whoever owned those glittering glassy office 
buildings in midtown filled with the purr of money turning over, those refineries over the 
river in Jersey with their flames licking the air, they gave nothing back. They took and 
took and left their garbage choking the air, the river, the sea itself. Choking her. A life of 
garbage. Human garbage. She had had too little of what her body needed and too little of 
what her soul could imagine. She had been able to do little in the years of her life, and that 
little had been ill paid or punished. The rest was garbage. (304-305) 

When she gets out of the asylum she is depressed and finds solace with her niece Dolly who does sex 
service to find her living. When Dolly becomes pregnant by her pimp Geraldo, he forces her to do an 
abortion and employs physical force to control her. He even tells her “Woman, so many man been into 
you, it could have been a whole subway car of daddies” (8). The unsophisticated imagery of a woman’s 
body is compared to “a whole subway car of daddies” (8) reflects the patriarchal treatment of 
commodifying the female body. He advocates machismo, a sort of hyper-masculinity where women are 
further exploited in terms of racism and sexism. Geraldo can be read in parallel with Cash who is the 
boyfriend of Gildina, a similar sex worker like Dolly. Beyond the role of a sex worker, she is “cored to 
make babies all the time” (316). A fate shared by any woman of Gilda’s socioeconomic status. 
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 Unlike Geraldo Cash had made alterations in his body to establish his masculine power. .Gildina 
says, “He turns off fear and pain and fatigue and sleep, like he’s got a switch. He’s like a Cybo, almost! 
He can control the fibers in his spinal cord, control his body temperature. He’s a fighting machine, like 
they say” (324-325). 

 Connie reacts against the patriarchal male figure, Geraldo by attacking him in the face using a 
wine jug. To quote Piercy, “She hated Geraldo and it was right for her to hate him. Attacking him was 
different from turning her anger, her sorrow, her loss into…self-hatred, into speed and downers, into 
booze, into wine, into seeing herself in Angelina and abusing that self born again into the dirty world” 
(15). She continues “Connie hated him. It flowed like electric syrup through her veins how she hated 
him” (7). But she is taken into an asylum for her violent behaviour as reported by Geraldo. Both the 
doctor who diagnosed her as a mental patient and Geraldo stand as the representative of the patriarchal 
society that silences the voice of women and tags them as insane. In a world that denies freedom and 
devalues humans, they pay the least attention to ecological values as well. 

Connie’s mind wavers between reality and fantasy. She could feel the presence of Luciente, an 
androgynous woman from the future time 2137 who narrates the tale of the utopian world of Mattapoisett. 
Luciente, as the name, suggests lights up the utopian world to a completely lost woman. Luciente accepts 
her as she is identifying her individuality and freedom for the first time and claiming to the whole world 
that she is not insane. To quote, “you don’t seem mad to me” (66). Initially, Connie was a sceptic because 
Mattapoisett was against her expectation of a technologically advanced future world. She was expecting 
“Rocket ships, skyscrapers into the stratosphere, an underground mole world miles deep, and glass domes 
over everything? She was reluctant to see this world” (69).  She even asks Luciente, “‘You sure we went 
in the right direction?  Into the future?’” (69). She continues, “‘Forward, into the past?  Okay, it’s better 
to live in a green meadow than on 111th Street.  But all this striving and struggling to end up in the same 
old bind’” (72). Connie finds it difficult to believe in the presence of future utopia and its eco-friendly 
economic systems. But later she realizes that it is more beneficial than her present patriarchal society. 
Mattapoisett fulfils the environmentalists dream to build self-sufficient regional economies. They “see 
[themselves] as partners with water, air, birds, fish, trees” (132). Her questions to Luciente is shot against 
the corporate society. Piercy rightly puts it,  

Never in your life have you been helpless—under somebody’s heel. You never lived 
where your enemies held power over you, power to run your life or wipe it out. You can’t 
understand. That’s how come you stand there feeding me empty slogans!” Luciente 
bowed her head. “You crit me justly, Connie. Forgive me. I’ll try to see your situation 
more clearly and make less loud noises in your ears. (286) 

She is looking forward to a utopia that will be set only after crossing the limits set up by the power 
hierarchy. In terms of Connie, the revolutionary action which she refers to is more of a personal touch. 
The reader is not sure whether Connie’s ideal land or utopian vision of Mattapoisett is real. But it is a 
reflection of ideological changes that deep ecology advocates. Fritjof Capra rightly puts it, deep ecology 
“recognizes the intrinsic values of all living beings and views humans as just one particular strand in the 
web of life” (20). The utopian identity of Mattapoisett is questioned because it is not something readers 
are not accustomed to rather the style of living which Piercy mentions are yet to put into practice. Piercy 
writes, 

She saw … strange structures like long legged birds with sails that turned in the wind, a 
few large terracotta and yellow buildings and one blue dome, irregular buildings, none 
bigger than a supermarket of her day, an ordinary supermarket in any shopping plaza…We 
don’t have big cities—they didn’t work. You seem disappointed, Connie?” (69-70) 
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There is a changeover in the power structure in the ideal world which she refers to, a typical 
representation of an egalitarian society. Unlike the real world where doctors are all men who decide who 
is sane and insane and any deviation from the normalcy set up by the authority is tagged as insane. In the 
utopian world as told by Luciente, “mad houses are places where people retreat when they want to go 
into themselves, to collapse, carry on, see visions, hear voices of prophecy, bang on the walls, relive 
infancy, getting in touch with the buried self and the inner mind (67). The fear, anxiety and maltreatment 
against the inmates in the mental asylum in the dystopian world are replaced by freedom, meditation and 
self-discovery in the Mattapoisett. 

 In the future world women also act as doctors, their ideologies are also welcomed. Their process 
of healing is different. Piercy puts it, “‘we don’t do much taking out. When we do, we regrow. We 
program the local cells. Slow healing but better after’” (170). Even motherhood is also equated among 
both men and women and children are born in artificial wombs. There are rooms called “brooders” (353) 
that develop embryos in the place of wombs. To quote Piercy,  

Here embryos are growing almost ready to birth. We do that at nine months plus two or 
three weeks. Sometimes we wait ten months. We find that extra time gives us stronger 
babies. He pressed a panel, and a door slid aside, revealing seven human babies joggling 
slowly upside down, each in a sac of its own inside a larger fluid receptacle. (107) 

The rituals and patterns of Mattapoisett emphasize the importance of the natural world. They are 
not part of the barbarian society instead the fictional world characterizes a group of people who use 
technology in the most ecologically comprehensive ways. Their energy comes from the utilization of 
solar panels, waves, windmills, methane gas produced from composting waste and wood gas. As Karen 
Stein remarks, “their educational system strives to imbue all community members with values of caring 
and nurturance” (Stein 129). While explaining the policies of Naess for ecological stability, David E. 
Cooper emphasizes population control. He puts it, “Among the policies advocated by Naess are radical 
reduction of the world’s population” (213). The same ideology is fulfilled in Mattapoisett where a new 
child is born only to replace the absence of someone in the society and the population is always 
controlled.  

During the conversation between Connie and Luciente, when Connie says they burn the food 
waste Luciente couldn’t accept it. She says, “But to burn your compost! To pour your shit into waters 
others downstream must drink! That fish must live in! Into rivers whose estuaries and marshes are links 
in the whole offshore food chain! Wait till I tell Bee and Jackrabbit” (55). For them recycling and reusing 
were a social responsibility. In Luciente’s words, “we compost everything compostable. We reuse 
everything else” (55). He cannot accept Connie’s explanation of throwing waste. In the utopian world, 
apart from the gender differences, people are addressed by the non-gendered pronouns such as per and 
ze instead of her/him and s/he. They assure social justice and individual freedom. Connie enjoys the 
freedom in Mattapoisett which is denied in her dystopian world.  She expresses her great desire for her 
younger daughter to get an opportunity to live in Mattapoisett. Connie feels, 

She will be strange, but she will be glad and strong and she will not be afraid.  She will 
have enough.  She will have pride.  She will love her own brown skin and be loved for 
her strength and her good work.  She will walk in strength like a man and never sell her 
body and she will nurse her babies like a woman and live in love like a garden, like that 
children’s house of many colors.  People of the rainbow with its end fixed in earth, I give 
her to you!  (150) 
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Luciente presents socially conscious anarchy in the form of Mattapoisett. The ecotopian space 
that it provides assures equal space for every species. But her community is being attacked by Shapers, 
a cluster of scientists. It is an opening to the revolutionary action that sprouts from revolutionary thinking. 
Connie’s Mattapoisett set the drive for an ideal world as mentioned by Wegner, 

the presentation of an “ideal world” operates as a kind of lure, a play on deep desires, both 
immediately historical and otherwise, to draw its readers in and thereby enable the form’s 
educational machinery to go to work—a machinery that enables its readers to perceive the 
world they occupy in a new way, providing them with some of the skills and dispositions 
necessary to inhabit an emerging social, political, and cultural environment.  (2) 

Piercy’s future world satisfies the ideologies of ecofeminist thinkers. As Carolyn Merchant 
mentions in The Death of Nature, “nonhierarchical forms of organization, recycling of wastes, simpler 
living styles involving less-polluting ‘soft’ technologies, and labor-intensive rather than capital-intensive 
economic methods” (Merchant 295) can be seen in the utopian world. By restricting the use of technology 
and encouraging eco-friendly living, they were highlighting an alternative future world as proposed by 
ecofeminists. Mellor rightly puts it, “An ecofeminist society would be egalitarian and ecologically 
sustainable. There would be no sexual/gender division of labour, and any necessary work would be 
integrated with all aspects of communal life” (Mellor 69). It is from the notion that domination of nature 
by man is an outgrowth of domination of marginalized society by the elite groups. 

Connie is confused between the utopian life of Mattapoisett and her own dystopian life. Luciente 
tells her “Maybe [we exist]. Yours is a crux-time. Alternate futures coexist. Probabilities clash and 
possibilities wink out forever” (191). Luciente’s words give her a kind of hope for a better society. 
“Someday… The oceans will be balanced, the rivers flow clean, the wetlands and the forests flourish. 
There’ll be no more enemies. … The vestiges of old ways will fade. I can’t know that time - any more 
than you can ultimately know us” (357). 

Women were victims of cruel shock therapy in the dystopian world by male doctors. To quote 
Piercy, “A little brain damage to jolt you into behaving right. Sometimes it worked. Sometimes a woman 
forgot what had scared her, what she had been worrying about. Sometimes a woman was finally more 
scared of being burned in the head again, and she went home to her family and did the dishes and cleaned 
the house” (83). The treatment is continued until the woman is back to the normalcy of the so-called 
feminine role assigned by the patriarchal society. Connie who is one among them is treated as a mere 
commodity to do a neuro-electric experiment by Dr Redding which has previously tried on monkeys. 
She is devalued and treated as if a subhuman. He will set an implant in her brain that will assure the 
complete authority for the male doctors to control her belligerent actions against the powerful authority. 

 Piercy remarks, 
Suddenly she thought that these men believed feeling itself a disease, something to be cut 
out like a rotten appendix. Cold, calculating, ambitious, believing themselves rational and 
superior, they chased the crouching female animal through the brain with a scalpel. From 
an early age she had been told that what she felt was unreal and didn’t matter. Now they 
were about to place in her something that would rule her feelings like a thermostat. (308) 

It seems the extent to which patriarchal men have misused science and technology to control the minds 
of women, thereby suppressing their revolutionary thinking and imbibe the patriarchal values into it. 
Despite her refusal, the doctors did the surgery. As a result of it, she behaves as if “an object. She went 
where placed and stayed there” (329) without any identity of her own. But due to the complications that 
arise, they decide to remove the implant and decide to remove the part of her brain responsible for 
impulse/anger control. 
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She is perplexed to see that the Shapers in her utopian world got the faces of the doctors from the 
mental hospital. Connie pours the insecticide which she collected from her Brother Luis’ greenhouse into 
the doctors' coffee pot intending to murder him as a means of resistance. But when they came to know 
Connie’s presence in poisoning she is shifted to another institution and remains there forever. She never 
experienced the presence of Luciente anymore, Connie thinks she has shaped a better future for herself. 
But for her, she was recreating the utopian world of Mattapoisett, through her act of killing the doctors 
by destroying the hegemony. It is a journey of Connie, the woman of resistance who is tagged as insane 
in a capitalist world. Her journey from the dystopian world to utopia is not an easy one as the hegemony 
will not suddenly break through the response of a personal revolution.As Wegner proposes, imaginary 
communities “are real [. . .] in that they have  material, pedagogical, and ultimately political effects, 
shaping the ways people  understand and, as a consequence, act in their worlds” (xvi). 

 Marge Piercy has successfully created an ecofriendly utopian society that challenges the 
shortcomings of the present system. It is under the apprehension that without ecotopian dreaming 
ideological change cannot be introduced. She has presented Connie as the female voice of the body as a 
site of resistance by depicting the diverse ways Connie react to the violence and suffering imposed upon 
her. She is a strong woman who can rise above gender, race, and social differences enforced by society. 
Her voice reverberates in the ears, “I'm a dead woman now too. ... But I did fight them. ... I tried” (410). 
From the state of violent outbursts towards the end of the novel, she has employed passivity which is the 
most drastic violent gesture. She takes a stand to survive to tell the story to society. The autocracy of the 
twentieth century has changed into a new form of tyranny, the tyranny of the ‘Anthropocene’. Piercy’s 
foresight on the ecological and gender issues pre-dates the serious deliberations going on today. The 
readers join with the people in Mattapoisett and sing, 

Someday the past will die/the last scar heal/the last rubbish crumble to good dirt/the last 
radioactive waste decay/to. silence/and no more in the  
crevices of the earth/will poisons roll...Sweet earth, I lie in your  
lap/I borrow your strength/I win you everyday...Someday water will  
run clear/salmon will thunder upstream/whales will spout just  
offshore/and no more in the depths of the sea/will the dark bombs  
roll...Sweet earth, I lie in your lap... (247) 
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Abstract: 

 The praxis of science fiction encompasses a wide variety of writings from hard-core 

scientific prognosis to speculative fantasy. Ramayana 3392 AD, “India’s Answer to The 

Lord of the Rings”, reformulates epic mythology as science fiction, with its post- 

apocalyptic setting, scientific rationalization of monsters and mutants, and its stylistic 

coherence to the configurations of the genre. The graphic novel is an ahistoric mythic 

prefiguration of a dystopic world, where archetypes are re-enacted to present science and 

its working as the ‘monster’ or the “Asura Prime” that must be destroyed. Like the 

earliest science fiction canonical texts, Ramayana 3392 AD epitomises science gone 

wrong. Science is a threat to the physical and social world, invading human bodies, 

creating monsters, transmogrifying nature and endangering existence. The graphic text 

places science in a socio- environmental matrix and enunciates adherence to a pantheistic 

ideology. The eco- feministic inflections of the text is reified in the apotheosis of Mother 

Earth as the 'Earth Goddess', a verdant, regenerative force. The centrifugal forces of 

masculine violence resulting from scientific hubris is controlled only by the centripetal 

sacrilized female 'network of energy'. This paper attempts to interrogate the repertoire of 

images that locates the text within the genre of science- fiction and the semantic, 

metonymic and formal strategies used by the graphic novel to communicate the 

philosophy of eco- feminism and biocultural conservation. 

Keywords: science, fiction, Ramayana, eco-critical, fantasy. 

  

 Science fiction has been a literary method to illustrate political and social problems, 

particularly to critique the technological process and to censure the hubris of science. The 
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praxis of science fiction encompasses a wide variety of writings from hard-core scientific 

prognosis to speculative fantasy and recounted myths. Myths have been reconfigured as 

science fiction and archetypes reenacted in modern contexts to coalesce the ancient 

cultural ideals in present day actualities. "Behind the retelling of myth ... lies the feeling 

that, although, particular myths grew out of a specific cultural background, the truths they 

express relate to our humanness and remain relevant to all our societies..." (sf 

Encyclopedia,np).  

 Ramayana 3392 A.D, a graphic novel published in 2013, narrates, reconstructs and 

(re)presents the story of Rama and the conquest of Lanka - in an uncanny futuristic 

setting. Though classified as epic fantasy and labelled "India's answer to The Lord of the 

Rings", it can be categorized as science fiction as it effulgent with the icons and 

iconography of classic science fiction texts. The setting is in the distant future, the 

protagonists use elements of advanced technology (laser swords, machine guns, ariel 

scooters), the aliens that populate the texts are cognizable by scientific logic - not 

supernatural creatures from magical places, and the story uses science as a crucial 

element of the diagesis. The icons of science fiction - space ships, wastelands, cities, 

robots - are integral components of the plot. The argument that this paper makes is that 

Ramayana 3392 A. D is an ahistoric, mythic prefiguration of a dystopic world which 

presents science as problematic when it appropriates the prerogatives of the Gods. It is an 

eco-feminist novel - recognizing the ecological carnage caused by man and the 

regenerative powers of woman who is close to the landscape, which is itself picturized as 

feminine. The graphic novel is a harsh indictment of the toxic effect of industry and 

technology on human beings and society.  

 Ecocriticism as a method of literary analysis first arose in the 1970s and refers to 

the reading of a text from an environmentalist standpoint and texts evaluated in terms of 

their environmental preoccupations. The absolute right of man over nature has been 

challenged by eco-critics, and according to the philosophy of Deep Ecology, the "non-

human world has value independent of its usefulness to human beings" (Kerridge, 536). 

This calls for a change in the attitude of human habits of consumption and exploitation of 

the natural world, "not only to avoid catastrophe, but as a spiritual and moral awakening" 

(ibid). The logic of human domination over nature leads to the ascendency over women 
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as well, because of the postulate that women were closer to nature. Thus, belief systems 

that legitimise environmental degradation also legitimises the subordination and 

oppression of women. Ramayana 3392 A.D presents the political agenda of ecological 

consciousness and the power of the sacred feminine refracted through the prism of 

science fiction.  

 The novel opens on the classical sci - fi note of time travel - "As we sail upstream 

on the river of time, we will come to the shores of distant lands" (Ramayana 3392 

A.D,np). The setting is a post - apocalyptic world "surviving holocaust, an apocalyptic 

war that once destroyed the atmosphere and ecology." The "last remains of the human 

race" amongst various anthropomorphic creatures, is a highly evolved people in their last 

bastion, the land of Armagarh, situated in the North east of the great continent, Aryavarta. 

The brave new world of Armagarh possesses its "superior technology and lifestyle since 

it is the only land blessed by the light of the sun" (ibid).  Harnessing solar energy with the 

'marvel...reactor' 'Shakti Kundali' is adumbrated as a paradigm towards holistic 

advancement. The semiotics of the name points to the feministic overtones - 'shakti' is the 

term for the Mother Goddess in Hinduism and 'Kundali' also refers to spiral galaxies. The 

discrete and yet mutually involved terms suggests the feminine power of energy creation, 

that has the capacity to "cut through the noxious cloud cover that enwraps the planet" 

(ibid).  Climate changes that occur because of increasing levels of carbon dioxide in the 

earth's atmosphere leads to "flooding, desertification, famine..." (Kerridge, 533) which 

results in the distinction between Armagarh and the rest of Aryavarta. As an 

environmentally oriented text, Ramayana 3392 A. D presents the natural non- human 

environment as an active agent that shapes human history and impacts the life of the 

people.  

 The eco- feministic orientation of the novel is brought out both by creating a binary 

opposition between the physical, social and moral standards of Aryavarta and the rest of 

the world, and by presenting Seeta as the Sacred Feminine, the apotheosis of Mother 

Nature into Earth Goddess. Seetha as Earth Goddess is introduced after Rama lies dying 

after the war in the "godforsaken junkyard with the asura- haunted Chitrakut mountains at 

...[the] back, and the wasted deserts of Thar in front..." (Ramayana 3392 A. D, np). The 

threat of war is the fear of space age genocide that culminates in the death of Gods, while 
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desertification is the conceptual representation of natural and social destruction - land and 

people which are barren, arid and untenable. Chitrakut is characterized by ‘entropy’ – it is 

a system that has no symbiotic biosphere and is decayed both physically and spiritually.  

However, Seetha, the woman, has "the capacity to change the very face of the earth with 

her will and make it a place we all dream of"(ibid) - the power, affinity and compatibility 

of the woman with the earth and Seeta's identification with the Earth makes her the 

'genius loci' of monistic beliefs. She is presented standing in a dilapidated building in the 

midst of the desert as a princess who has "lost everything", but whose capacity to work 

miracles still exists. Her "tears [can] bring a dead plant back to life" and one tear drop 

revives the dying Rama (ibid). She is thus, the power of the earth with the human and 

nature seen as an organic body and a strengthened sense of human embeddedness in 

nature. Like the earth, she can work miracles but destruction of nature has led to her 

incapacity to have control over her magic.  

 Creativity and productivity come from her, "You're the one who can bring life" and 

her powers rejuvenate the wasted deserts of the Pampa to make it "earth...as it should be" 

(ibid). The greening of the Pampa is depicted through a series of panels, which grow 

larger as the earth splits to sprout full grown trees, inserted into a full page spread of 

Shaab, her monstrous rats and the three travellers dwarfed before the magnificent 

immensity of nature in full fruition. The power of woman to provide solace reinforces her 

biological attributes and promotes her agency.  

 Similarly, when war and destruction, "madness and Chaos" reign in Panchavati, it 

is the Sacred Feminine that "gives...salvation" and averts the urban peril. The placement a 

biome at the centre of the narrative and the primacy attributed to the feminine reverses 

the traditional hierarchy that privileged the human and the male.  

 Ravana, the spawn of man's precipitous hyper technology, which created hybrids 

and ravaged the earth and its creatures, desires Seeta, not for sexual gratification, but to 

gain control over the natural processes inherent in living organisms which bionic forces 

are denied. He was created in a nuclear "fallout shelter" in the pre- apocalyptic age. 

Ravana epitomises the forces that govern the destruction of nature and he is 

"blasphemously brought into this world by the evil of man" (Ramayana 3392 A.D). 

Ravana's desire for Seeta is the hubris of the scientist who desires to "control the energy" 
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the Earth Goddess wields so that "I shall become God" (ibid). He is incomplete because, 

though his bionic body makes him "more powerful than any other creature on earth", he 

is not alive. The text privileges natural biology over synthetic technology by making 

Ravana crave "the power of the earth, the secret of life" (ibid). He transforms himself 

alchemically to capture Seeta, representing the both the machinations of patriarchy and 

the forces that seek to desacrilize nature making it 'natural resources' whose "true 

potential" can be exploited through "proper guidance" (ibid). 

 Rama is the binary dyad of Ravana who believes, loves and protects the Earth 

Goddess and seeks her as a presence, not a possession. His rejects Soornaka who offers 

him "a huge treasure of wealth" (ibid) is a rejection of material gains that attract the asura 

hoards.  

Physical, Social and Moral Degradation 

 The novel builds up a binary opposition between Amargarh, where the environment 

is protected and women accorded respect and the rest of Aryavarta, intent on the 

exploitation of nature and subjugation of women.  

 The entry point of the novel is a double page spread of the princes of Armagarh on 

the right and the the embattled trio of Rama, Lakshman and Seeta on the left. 

Significantly, the full-page spreads appear periodically throughout the novel, imposed by 

the narrative structure - which Groesteen called 'gridding'. The story is divided into 

sequences of the same length and it is within and through this matrix that the narrative is 

effectuated. Except for the first double page spread, the others occupy three pages, 

signifying the present, the past and the immediate future. The first spread is the 

equivalent of low angled shots with Rama foregrounded and therefore of greater salience; 

but, notably, the weapons - the sword and battle- axe - are wielded by Bharat and Shatru, 

not by Rama or Lakshman. Rama's aversion to unnecessary violence, his reverence for 

the sanctity of life "values life more than anything", the reason for which he was exiled, 

is introduced in the following pages - but Amargarh is presented at the outset as "the land 

reflecting the splendour of human excellence" - where two of the "finest soldiers" are not 

shown wielding weapons (Ramayana 3392 A.D)."The ultimate warrior" fights only to 

avoid a greater catastrophe not to acquire land or wealth, as do the rulers of Panchavati. 

Even when facing death and ordered to slay his opponent, Rama's "honour" disallows 
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him from killing "an unarmed man". Again, as opposed to the machine guns and tanks 

that are the artillery of the Vanara and Asura armies, the armaments borne by the 

Amargarh heroes can only kill the immediate opponent, not annihilate an army. Even the 

potent "Haradhanu" (bow of Shiva) gifted by Seeta's father only serves to temporarily 

check the progress of the Vanara hordes, it does not exterminate the threat: "I think all 

you did was make him mad, brother" (ibid).  

 The network of full-page spreads relates to each other, through the process of 

'braiding' - where "every new term of a series [is] a recollection or an echo of an anterior 

term" (Groesteen, 147). Here the text of the comic produces a tension between the 

brightly coloured introductory spread, in tones of warm gold; to the deep expressionistic 

red and high key lighting of the spread that shows us the Asuras; to the grey and macabre 

monstrous image that brings in the fake Vishwamitra, the somber grey war pictures of 

Viv-shan, and the floral cornucopia that presents Seeta. The visual contrasts privilege the 

value-systems of Armagarh and Rama as productive and desirable. 

 Moral degradation as a natural concomitant of environmental damage and 

consequent rapacity is the theme of the Pamba sequence where the heroes and Seeta meet 

Shaab, an ironic parody of the meeting of Rama with Shabari on the verdant banks of the 

river. By 3392 A.D, Pamba has become a ‘junkyard’, the devout old Shabari, a 

cannibalistic vampirish fiend, surrounded by ravenous "oversized rats". She does not 

await Rama with half- eaten gooseberries, as the epitome of hospitality - she is intent on 

devouring the brothers and Seeta herself because in the junkyard of Pampa, "Food is even 

scarcer than love" (Ramayana 3392 A.D). The human and divine values do not operate in 

the wasteland: "there is no good or evil" (ibid); there are only eco- wars over limited 

resources and animal instincts of survival - "there's just predator and prey" (ibid).  Shaab, 

who provides the Prince of Ayodhya with the choicest fruits, the finest he had eaten, is an 

environmental refugee wonder-struck at the fruit trees that sprout under the magic 

wrought by the Earth Goddess.   

 The arboretum that is created is a network of sustenance - "bounty from heaven and 

from this more bounty shall sprout. Shaab and her children will never, ever be hungry 

again" (ibid). Trees not only provide food that is nutritionally essential, they sustain life 

and protect human and ecological existence. As the junkyard becomes an oasis, there is a 
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transformation in the behaviour of Shaab and her fiends - she transmogrifies into the 

Shabari of the Ramayana attitudinally - submits herself to the Earth Goddess, the 

threatening aspects lost and warmth towards her guests restored " Stay with Shaab and 

her children, we shall be your servants forever. How else could be repay you?" (ibid). 

 The environmental values of Armagarh are set against the industrial, technological 

societies of Nark and Panchavati. Lanka, the capital of Nark, and Vigadh, the castle of 

the Asura Prime is technologically advanced, but void of emotional and organic 

fecundity. Ravan is portrayed as a bionic creature - a mechanized robot, which can feel 

no emotion, cannot be physically hurt and has the capacity to easily heal. The Asura 

hordes are malignant and deformed, suffering from "loss of fuel”, and consequently, 

selfish and hyper aggressive, a state characteristic of what is known as "ecological 

antagonism”. 

 Panchavti is, similarly, in a state of post- apocalyptic decay, ecologically barren, 

morally corrupt and predicated on the notion of individualism not organicity. The 

graphics present an arid desert, reinforced by images of turbaned travellers with camel-

like prehistoric mounts. The city teems with buildings and migrants and tourists come 

seeking profits "seldom a day passes in Panchavati without a meeting of creatures, each 

of whom believing the other's land a fable", in a land where "anything can be had for a 

price" (Ramayana 3392 A.D). Panchavati, "a city of smugglers, brigands, thieves of all 

nations" (ibid) is also a critique of globalization, a natural concomitant to scientific 

advance and adventurous forays. The physical threat of an invasive species is narratively 

characterised by the influx of foreigners, the last of who are the travellers from 

Armagarh, who destroy the city. Men are regarded as "property" in the city that "reeks of 

corruption and dementia". Soornaka is the woman abused - "It was his hunger" - in the 

city where nature is exploited (ibid). The only legitimate interest in Panchavati is that of 

the human and the male. Woman and nature are shackled, regimented and deployed for 

putative uses of man.  

 Included in this scientific society are "degenerate hybrids" (ibid), the result of 

biological experiments, which like the "oversized rats"(ibid) that attacked Seeta in the 

Pampa episode, are monstrous beings that ultimately assail the life force of the world. In 

the "arena of despair" where combatants fight to death for the paid entertainment of the 
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public, the brothers battle a "formless abomination". The gigantic, murderous beast is the 

result of "an experiment gone wrong in the Asura strongholds" where scientists were 

involved in selective breeding of a super warrior by fusing together the finest attributes of 

"a platoon of superheroes" (ibid).  What was "once a unified force of heroic men" is 

reduced to being malignant abominations because of the hubris of man playing God 

(ibid). Monsters in science fiction novels - Mary Shelley's Frankenstein, Stevenson's Mr. 

Hyde - have all dealt with the disasters wrought on the world through the hubris of 

scientific knowledge, and "shows the 'true' face of science" which is potentially 

dangerous and trespasses the boundaries of nature (Shelde, 42). A city that fails to 

conform to Seeta's "own image" is destined to be ruled over by monsters, lust, corruption, 

avarice and hatred. In the sub-text of Seetha’s overwhelming Panchavati with jungle, a 

movement from ‘culture’ to ‘nature’, lies the ideology of the Deep Ecologists who took 

the radical stance that technology was problematic and ‘saving’ the planet is only through 

a return to wild nature.  

 Scrutinized through the eco-critical lens Ramayana 3392 A. D postulates the 

sacrilization of nature and prepotency of women. By reconfiguring a mythical text to 

enunciate a contemporary social issue, the novel becomes a descriptive - meditative 

narrative, uberous with eco- feministic messages.    
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The post-modern conception of life- writing holds that biography does not communicate 
an essential ‘truth’ about a stable, unified self; it is only a textural representation or ‘fragmentary 
record’ through which a subject is constructed. While earlier biographical research interrogated 

sources and texts to find a coherent core or meaning, theorists now reject the idea that a text can 
‘reveal’ a life; all one has to work with is language with its conventions, contradictions and 
silences. This idea stems from the reconceptualization of the individual self as ‘decentred, 

multiple, or unknowable’ rather than fixed and open to a final interpretation. In biography, 

meaning is created and persons, events, and actions crafted through language and grammatical 
features, to communicate certain images and ideologies. Discourses of the biographical text 
implicitly and explicitly set up expectations of the subject and structures the reader’s approach 
and understanding. 
Feminist theory, similarly, holds that the category of ‘woman’ can be understood only in terms 

of ‘performance’ – there is no essential ‘woman’, all we have is a discursively constructed set of 

gender identities, continuously created, “‘becoming’ rather than ‘being’” (Margdant 79). 

Multiple, shifting identities are constructed for the female subject in different historical contexts 
shaped by accepted cultural models. As Judith Butler put it, “...there need not be a ‘doer behind 

the deed’...the ‘doer’ is invariably constructed in and through the deed” (195).  An analysis of 
biographies of woman subjects exemplifies the extent to which the dominant, hegemonic 
practices shape the delineation of women. 

In the case of female politicians, the participation in political life and the construction of 
an alternate image of womanhood destabilizes the hierarchy that enshrines political power as 
masculine. The representation of such a subject is, thus, either through presenting an acceptable 
‘idealized’ image that inscribes her within the masculine discourse, or through ‘unflattering’ 

picturization that subverts the binary frame of gender.  The authorized biography by Jayakar, 
Indira Gandhi: A Biography (1992), that presents the ‘idealised’ Indira Gandhi, interpellates her 
into the cultural images of womanhood, the milieu of domestic ideals and familial norms, where 
as the narrative by Katherine Frank, Indira: The Life of Indira Nehru Gandhi (2001), subverts 
the sex-role expectations of society and is therefore seen as presenting an ‘unflattering’ image of 

her subject. Borrowing from Norman Fairclough, this paper attempts a critical discourse analysis 
of two crucial aspects of the biographical diegesis – the elaboration of romantic liaisons and the 
depiction of the declaration of Emergency, and interrogates the representational strategies that 
forge contrasting images of the gendered subject through an analysis of lexical fields used to 
interpret the specific events and participants.  

Critical Discourse Analysis, which has its roots in Critical Linguistics, shows how 
language and grammar can be used as ideological apparatuses and texts re-examined for the way 
different lexical choices affect the categorization of persons, events, and actions. By making 
apparent the broader set of associations that may not be overtly specified, the underlying 
ideologies of the text can be denaturalized, (Machin and Mayr 2). “Strategies that appear normal 

or natural on the surface ... may, in fact, be ideological and seek to shape the representation of 
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events and persons for particular ends” (5). The practices and conventions within and behind the 

text shapes and is shaped by the power interests and politics of representation.  
According to Halliday, the way people are perceived is shaped by representation of 

transitivity or of how they are represented as acting or not acting (104). Jayakar’s biography 

presents Indira Gandhi as chaste, demure and feminine in the depiction of relationship with her 
French teacher at Shantiniketan, the German, Frank Oberdorf. Agency/ verb process belongs to 
the man, while the woman is given the object/ affected position. Oberdorf is activated – he 
“comes to Shantiniketan”, is “attracted by Indira”, has “no inhibitions expressing his 
admiration”, “told her she was beautiful”, “persist[s] in love”, “continu[es] to call her beautiful” 

(62-63, italics added). He has more voice and, therefore, more power. He is “the active, dynamic 

force” (van Leeuwen 43), controlling events and making things happen. Indira, on the other 
hand, is the receiver of the verbiage, and is described through mental and behavioural processes 
of transitivity. She “reacts”, continues to “offer friendship”, “withdraw[s]”, feels “vulnerable”, 

“insecure”, “terrified” (Jayakar 62-3). According to Van Leeuwen, ‘reaction’ is a particular kind 

of mental process, and social actors depicted through mental verbs about sensing and reacting 
tend to connote passivity (Machin and Mayr 108). Participants made subjects of mental 
processes are ‘reflectors’ or ‘focalizers’ of action, which makes them seem active even when 

there is no material process. They are humanized, but since their actions have no goal or 
beneficiary, they are theoretically categorized as ‘weak agents’. 

Lexical or word choices set up different ‘lexical fields’ that “signify identities, values and 

sequences of activity” (Machin and Mayr 30). Word connotations signify without making overt 

statements. Jayakar portrays Indira’s words as having an “elusive quality”, she can only “hint” at 

a close relationship, she stands at “the threshold of a memory” but “shies away”, she ‘withdraws’ 

as the intensity of the relationship increases (62, italics added). She ‘offers’ friendship – a weak 
verb – which can be refused, as opposed to the possible verb, ‘give’. The words connote 

hesitation, irresolution, lack of confidence – a luminal space of indecisiveness and delicacy.  
Just as her reserve and decorum are over-lexicalized through the surfeit of quasi- 

synonymous terms and behaviours –  ‘terrified’ at the idea of marriage, “wept and wept” and 

“reacted angrily” (62-3) to the admiration of men – so is the idea of her sacrifice in the interests 
of the nation. Two relationships are renounced because “the affairs of the country were too 
serious for such frivolity” (Jayakar 62, italics added) and “...all involved in the freedom struggle 

and during battle no serious person could think of such frivolities” (63, italics added). Her 

conceptualization of marriage is depicted as “the betrayal of her father’s dream” (85). This is 

part of the ‘repertoire of images’ through which a woman political leader can be crafted, an 

idealized image that “could imprison and restrict women, denying their human needs and desires 

as it elevated them to the rarefied heights of the ethereal” (Margdant 91).  
The life of purity, denial, and sacrifice, in being over-lexicalized, becomes a performance 

text – a set of actions that are repeated, consolidated by and consolidating the gendered subject. 
Indira speaks of her ‘despair and loneliness’, her ‘fears of the future’ and Oberdorf is the brief 

‘incandescence’ in her life. The positive metaphor of light is here employed to deploy the 
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delitescent binary of the ‘darkness’ of her “hard, difficult life” (62). In connection with her 

public and familial role, the liaison is presented through the negative flood metaphor - “She was 

not swept away by him...her upbringing had left her with a certain primness and rectitude which 
she did not lose...” (85, italics added). The lexical choices and grammatical positioning of actors 
are reflective of a socio- cultural regime where identity categories of duty and decorousness gain 
positive connotations as opposed to individualism and desire.   

Indira performs in and through the text when she ‘weeps’ in private but expresses herself 
with “no emotion” (63): the resonance of the text tries to subvert the public semiurgy of strength 

and dominance by employing the gendered paradigms of sensitivity and suffering, “...signifying 

gestures through which gender itself is established” (Butler xxxi). The discourse of Jayakar’s 

biography incorporates the powerful, dynamic man who initiates actions and the passive woman 
who resists and reacts. 

On the other hand, Katherine Frank’s biography constructs Indira Gandhi as an assertive 
figure with complete agency. She is described as a “mature and serious seventeen year old” who 

found herself “strongly attracted to a man” (97), thus, capable of actions that have an outcome. 

The stereotype of self- sacrifice is undermined as Indira is described as unwilling to go abroad – 
“she did not wish to leave the Abode of Peace or possibly, Frank Oberdorf, or both” (98). The 

auxiliary verb “did not” constitutes high transitivity and the authority level of a person so 

encoded is substantial. She is also represented in terms of interactive material (affecting people) 
and verbal processes – “ ...she wrote to [Oberdorf] that she did not love him, and, she brutally 
added, she did not want to love him either ‘even if he was the last man on earth’” (118, italics 

added).  In addition to the high authority auxiliaries, the lexical connotations of ‘brutal’ with its 

implications of ruthlessness and remorselessness, produces the discourse of a woman in control 
and authoritarian, and inverts Jayakar’s picture of an outwardly strong, but inherently sensitive 
woman. Frank further connotes the theatricality of Indira’s hyperfemininity and sex role 

expectations of society – “Though she often appeared frail and vulnerable, there was a hard and 
resilient core in her: she never collapsed” (112, italics added). Structural oppositions are set up 

between appearances and actuality which problematises the gender constructs and foregrounds 
how it is “an act of cultural inscription” (Butler 199, italics in original).  

The narrative on the declaration of Emergency commences with a discussion of feminism 
and womanhood in Jayakar’s biography where Indira declares that she is “not a feminist in the 

accepted sense of the word”  and repudiates the example of the western woman who equated 
emancipation “with an imitation of men”(265). This is a relational verb process about states of 

being, where western women and feminism are imbricated as conceptually opposed to the 
dignity of women. Significantly, the biographical component, which deals with the brutality of 
Emergency, is introduced through the prism of creative energy of women and the destructive ego 
of men (266-7).  

A technique used by Jayakar in detailing the circumstances of the Emergency is the use 
of functional honorifics. She receives a “message from Prime Minister” (265), Dikshit “was 

convinced that there was a conspiracy against the Prime Minister” (271), “Information had 
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reached the Prime Minister”, “’Siddhartha, we cannot allow this,’ said a tense Prime Minister” 

(274). Functional honorifics represent people in terms of what they do and suggest superiority 
and respect, connotes importance and authoritativeness. Jayakar, thus, obscures Indira behind the 
legal title, mitigating her role and legitimizing the Emergency. At the same time, 
functionalisation reduces the person to a role, dehumanizing the social actor and denying her 
agency.  

Similarly, Jayakar’s biography individualizes only members of Indira’s coterie – 
Siddhartha Shankar Ray, Barooah, Bramananda Reddy, Om Mehta, Bansi Lal – while,  apart 
from Jayaprakash Narayan, Morarji Desai and Deshmukh, those opposing her are collectivized 
as “other senior leaders” and “the Opposition”. This transfers empathy and humanism to the 

former while denying it to the others. While the reader is given an insight into the mental 
processes of the former and therefore, evokes empathy, the text is silent on the deliberations and 
state of mind of the Opposition. On the other hand, Frank’s biography personalises all the social 

actors so that the reader identifies alternately with both. 
Indira’s responsibility for the declaration of Emergency is removed further by the use of the 

passive sentence structures. “News had percolated to her...”, “Secret reports had reached her...” 

about the conspiracy (270), a method by which actors are hidden and ambiguity is created so that 
the reader’s vision is channelled and narrowed. The text becomes dense and compressed but the 

details of the events themselves are reduced and agents backgrounded, so that the resultant action 
is constructed as justified.  

The semantic and grammatical forging of female dependence in Jayakar’s biography is 

foregrounded in the deliberations over Indira’s resignation. While Frank states that she 

“discussed the situation with her son, Sanjay” (372), a verbal process where she initiates the 

verbiage, Jayakar delineates how Sanjay “took his mother to her room, and told her angrily that 
he would not let her resign” (272, italics added). The man is the actor/active participant in the 
material process, while the woman is the goal/ patient; he is associated with the verbal process 
and has high deontic modality, she is the receiver of his verbiage. Indira’s modality is further 

reduced when another authority has to be named in decision- making – “The Prime Minister and 
Ray realized that unless immediate action was taken... there would be chaos in the country” (275, 

italics added). The decrease in power is indicated both by recourse to a male authority and by the 
use of the passive voice which removes her agency – “On Siddhartha Shankar Ray’s advice, a 

decision was taken by Indira Gandhi to promulgate Emergency laws...” (275). Actions can also 

be played down by grammatically positioning it later in the sentence. While the process mitigates 
responsibility, it also elides power.  
Indira is also passivised through verbs of mental process: “...she felt trapped...” (275). The verb 

of cognition in Jayakar’s work does not connote agency or position her as a doer, though it gives 

the reader a glimpse into her inner turmoil. In terms of transitivity, Indira comes off as weak.   
In contrast, Frank returns full responsibility for action and prepotence to Indira – “Indira 

did not want advice; she needed an imprimatur for a course of action that had already been set in 
motion the previous day...” (375). She has the capacity for agentive action as she is 
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grammatically positioned in the dominant clause. She is attributed verbiage: “...she told Ray that 

she did not want to discuss Emergency with the Cabinet until after it had been imposed” (376, 

italics in original). The mental process verb, ‘want’, and the typographic variation serve to 

convey a sense of decisive individualism and audacity. In Frank’s text, the decisions and deeds 

are instantiated by Indira and, grammatically and diagetically, she regains primacy in discourse. 
However, her centrality and agency subvert the received notions of gender and propriety. Frank 
follows Jayakar in detailing how “She was convinced that India would self- destruct if she 
relinquished power” (375, italics added), but Indira is not functionalized or in need of male 

authority to add credence to her beliefs. Also, ‘convinced’ is a stronger mental verb than 

‘realized’.  
In addition to grammatical features, another representational strategy is suppression or 

lexical absences –  absences of elements and activities that reveal the underlying ideology of the 
text. “What is missing from the text is just as important as what is in the text” (Machin and Mayr 

85). Both Jayakar and Frank narrate the details of the meeting of Ray with Indira on 25th June, 
1975, basing their record on personal interviews with Ray. In Frank’s account,  

...with great emphasis and far from spontaneously, she repeated, “Some drastic, emergent 
action is needed.” Ray was struck both by the adjective ‘emergent’ and by the fact that 

grammatically Indira used the passive rather than active voice – she said action is needed 
rather than they must take action. (374, italics in original). 

The transcript verb, ‘repeated’ marks the development of the discourse, and demonstrates that 

the initial postulation of Emergency lay with Indira, and the ‘emphasis’ manifests the implicit 

agenda of the consultation. Ray, himself, comments on Indira’s use of the passive – the 
grammatical device which hides agents and actors. When ideologically Indira constructs the 
necessity of strong action without implicating herself, the discursive framing of the text presents 
her as the person using the voice – the provenance of power lies with her. Responsibility and 
power/knowledge is attributed to her, it is the man who is attributed the mental process of being 
‘struck’ by her verbiage and is the receiver of information. The verb processes represent her 

strongly as a ‘doing’ kind of agency.  
Jayakar’s biography, as a restitutive text, is silent on the event.  Along with omitting 

crucial elements in Ray’s narrative, Jayakar over-lexicalizes Indira’s anxiety and uses the us/ 

them division in pronouns used.  
“Siddartha, we cannot allow this,” said a tense Prime Minister. “I want something 
done...” (274, italics added). 

The use of the functional honorific adds credence to the anxiety on national interests, and the use 
of the mental verb process grants the reader a glimpse into the mind of the character. Secondly, 
the personalization of the social actor and the use of pronouns like ‘us’ and ‘we’ help the reader 

identify and empathise with the speaker. These pronouns “are used to align us alongside or 

against particular ideas. Text producers can evoke their own ideas as being our ideas and create a 
collective ‘other’ that is in opposition to these shared ideas” (Machin and Mayr 84). Jayakar 
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positions the reader to empathise with Indira, but these representational strategies also situate her 
as the nervous woman whose modality and authority have to be reinforced by a male figure.   

An analysis of language in a text reveals the pressures of interested investment that shape 
and naturalize the practices, values and ideas communicated by the text. The two biographies of 
Indira Gandhi reveal the subjective selective perception in the shaping of the same elements, 
events and actors. Neither reveals a ‘truth’ or ‘life’ but embody the ‘multiple, shifting identities’ 

constructed for a subject. The grammatical patterns, structure and omissions reveal how the 
authorized biography “written with the close collaboration of her subject” (Jayakar, blurb) 

reinstates a political leader widely regarded as autocratic and ruthless, into the matrix of 
normative femininity, while the other critical text presents Indira as “a woman who played a 

dominant role in the history of the twentieth century, and ...was voted the Woman of the 
Millennium” (Frank, blurb). One legitimises actions and exonerates the subject by emphasising 

the first element of the hyphenated identity: woman- politician. The other ascribes agency and 
power to the woman by not construct the subject to follow a gender script. The authorized 
biography creates the public woman through the discourse of female and family; it is the un- 
idealized image that can present a woman as being autonomous and wielding power. 
 

References 

Primary Sources 

Frank, Katherine. Indira: The Life of Indira Nehru Gandhi. Harper- Collins, 2001.  

Jayakar, Pupul. Indira Gandhi: A Biography. Penguin, 1992.  

Secondary Sources 

Butler, Judith. Gender Trouble. Routledge, 2013.  

Machin, David, and Andrea Mayr. How to Do Critical Discourse Analysis. Sage Publications, 

2012.  

Margadant, Jo Burr, ed. The New Biography: Performing Femininity in Nineteenth Century 

France. U of California Press, 2000.  

Van Leeuwen, Theodore. ‘Representing Social Action.’ Discourse and Society 6.1. 1996.  

---. Discourse and Practice: New Tools for Critical Discourse Analysis. Oxford UP: 2008.  

































© 2021 IJRAR September 2021, Volume 8, Issue 3              www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR21C1937 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 528 
 

ANALYSIS OF HERBAL ANTIBACTERIAL 
FINISH ON WOOL AND MILK FABRICS 

 

1VINITHA PAULOSE, 2DR.JAYALAKSHMI. I 

1Research Scholar, (Bharathiar University) Assistant Professor, 2Assistant Professor     
1Department of Fashion Designing, St.Teresa’s College, Ernakulam, Kerala, India 

2Dept. of Costume Design and Fashion, Chikkanna Government Arts College, Tiruppur, Tamil Nadu, India 
 
 

  
Abstract :    
  
Apparel consumers all over the world are demanding textile products which have functionality as well as 
durability in nature. Product attributes like water proofing, flame resistance, wrinkle resistance, soil release 
finishes are gaining importance in these days. Of these functional product attributes, antimicrobial finishes 
imparted to garments are considered to be an important parameter since garments comes in direct contact 
with the skin. Medicinal herbs play a major role in giving antimicrobial finishes to textile fabrics which will 
satisfy the consumers both in providing environment friendly fabrics. The present study focuses on the effect 
of antibacterial activity of selected three medicinal herbs on handloom fabrics.   
    
Key words: Medicinal herbs, Functional, Finishes, Antibacterial activity. 
 

I. INTRODUCTION 
 

Textiles have become an integral part of everyone’s life as it is closely associated with us throughout day and 
night. From the very early days, textiles are used to protect the human body from dirt, dust and other harmful 
organism [1]. Thus, in the past days textiles were primarily considered as a protective and functional element 
to the humans. In the present day, people are also concerned about the safety which they get by the clothes 
they wear. As textile materials come in direct contact with the environment and also the human skin, there is 
a potential risk of developing health related problems to the wearer. Since textiles are emerging today as a 
high-tech product in many interdisciplinary areas, functionality of the textile materials is needed in every 
aspect of its progress [2]. 
Textile materials are considered as the second skin of the human body. Hence the fabrics worn next to our 
skin should be healthy and also eco- friendly. Functional aspect of the clothing depends on factors like wrinkle 
resistance, soil repellence, flame resistance and also resistance to microbial infestation [3]. Therefore the 
resistance of the textile materials to harmful disease causing pathogens should be considered as an important 
parameter in the fabrics. Finishing is any operation, physical or chemical, that is given to the fabrics to 
improve its appearance and usefulness. Many novel finishes are given to the textile materials to improve its 
attractiveness and also to enhance the properties. 
The term “antimicrobial” has become most popular in treating textile materials. Micro- organisms like bacteria 
and fungi grow on textile surfaces based on the ability of the fabrics to retain moisture in them. This in turn 
causes unpleasant odour, discolouration and many contagious diseases. Microbial infestations causes cross 
infections from pathogens, develops unpleasant odour in the fabrics and also the textile materials may lose its 
properties due to the microbial attack [4]. The health and hygiene sector is always concerned with the microbial 
contamination. Surface contamination on the textile materials and nosocomial infections in hospitals points 
out the significance of antimicrobial textile finishing methods. 
Functional antimicrobial finishes can be given to textile materials using natural as well as synthetic agents. 
This growth inhibiting antimicrobial agents always comes in direct contact with the human skin. So, finishes 
using natural products are gaining significance nowadays as they prevent pollution, safeguard environment 
and promote eco-friendly textiles [5]. Among the natural products, plants are more dependable for its 
renewability and many of them are rich antibacterial agents which of its application in textiles not yet 
documented. 
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The use of plant as natural anti-microbial has opened up new arenas in the field of textiles. Our nature is filled 
abundantly with plants and many medicinal herbs which can perform many important functions. Extracts 
obtained from various parts of the herbs like leaves, roots, bark and stem exhibit important anti-bacterial 
properties. Textile fabrics can be finished with herbal anti-microbial agents. These antibacterial extracts can 
be used to finish textile materials to safeguard the wearer and also to protect the fabric itself. The herbal 
finished garments have the ability to defend the wearer from several skin infections, offers relief from viral 
infected diseases and also mental depressions [6]. Antimicrobial finishes for textile materials are the need of 
hour as they control the growth of micro-organism, protect the wearer from viral infections and improve the 
quality of textile material from staining and deterioration. When textile fabrics are made from renewable 
resources with a good ecological footprint and little chemicals in the growing and processing, it is termed as 
green fabric, which trends will reflect towards green economic applications. Textile fabrics should be 
ecological enough to protect and serve the customers as well as the environment.    
Considering the importance of herbs as anti-microbial agents for finishing textile materials, the present study 
investigates on the antibacterial activity of certain medicinal herbs on selected eco- friendly fabrics.     

 
 

II. METHODOLOGY 
 

 2.1  SELECTION OF YARN 
Wool is a natural renewable fibre. It has been widely used for making apparels. It has high elasticity, 

flexibility, wettability, biodegradability and biocompatibility.  Wool is a completely natural product, entirely 
renewable and sustainable. Milk yarn made from milk protein fibres was first introduced in 1930’s. Casein 

from which milk fibre is obtained has a natural antibacterial effect [7].  Fabrics made from milk fibre nurtures 
skin and watch out from allergies occurring in the skin. Hence two different types of eco- friendly yarns such 
as hundred per cent wool yarn (100% W) and hundred per cent Milk Yarn (100% M) were selected for the 
study by the investigator. 

 
2.2     SELECTION OF BLENDING PROPORTION  

The two selected hundred per cent yarns were blended with cotton in the ratio of 50:50. So two blended 
yarns 50:50CW and 50:50CM were spun.  

 
2.3 SELECTION OF YARN FOR THE STUDY 

 Two hundred per cent yarns (100% W), (100%M) and two 50:50 blended yarns (50:50 CW), 
(50:50CM), totally four yarns were selected for the study. 

 
2.4 SELECTION OF FABRICATION METHOD  

Handloom weaving was selected as the fabric construction technique for the study. Two hundred per 
cent yarns (100% W), (100% M) and two 50:50 blend (50:50 CW), (50:50 CM) yarns were converted into 
material by handloom weaving which comprises both warp and weft yarns of the same nature. Thus four 
handloom fabrics 100% HW, 100% HM, 50:50 HCW and 50:50 HCM was developed by the investigator for 
the study. 

 
 2.5  SELECTION OF HERBS 

 Ethanomedicinal plants have been used all over the world from the early period. Many of the 
indigenous communities in India still depend on biological sources like plants for their various life activities. 
The traditional knowledge of using plants as a source of medicine can contribute to conserve and sustain the 
use of biological diversity [8], [9].  

Fresh and healthy parts of Rubia Cordifolia (Indian Madder), Curcuma Longa (Turmeric) and 
Santalum Album (Sandal Wood) were chosen for the study owing to the plant’s medicinal values. The roots 
of Indian Madder have anti-inflammatory, immunomodulatory, anti-malarial, analgesic and anti-tumour   
properties [10]. Curcuma longa or turmeric commonly called manjal still occupies an important position as 
every food item contains it in India. Religious ceremonies always make use of turmeric in many forms. The 
use of turmeric against biliary disorders, anorexia, cough, diabetic wounds, hepatic disorders, rheumatism, 
and sinusitis is known among various indigenous medicinal practices. In many Hindu texts turmeric is 
ascribed for its aromatic, stimulant and carminative properties [11]. Santalum Album or Sandal wood tree is 
one of the most valuable trees in the world. The parts of the tree have a vast number of potential uses for 
mankind. It is extensively used in cosmetics, perfumery, aromatherapy and also in pharmaceutical industries. 
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Sandalwood is considered as coolant, sedative, astringent, disinfectant, diuretic, expectorant and stimulant 
[12]. 

Hence the investigator has selected three medicinal herbs namely Rubia Cordifolia (RC), Curcuma 
Longa (CL) and Santalum Album (SL), which possess important medicinal properties for the study. 

 
2.5.1 PREPARATION OF HERBAL EXTRACTS  
  The plant parts collected were dried in a temperature of 100 to 150 degree Celsius and were then stored 
in air tight containers. This avoids the breakage of important compounds and contamination of 
microorganisms. The following recipe was used for Ethanol extraction for the three selected herbs. 
 
 2.5.1.1 PROCEDURE FOR ETHANOL EXTRACTION  

For the ethanol extraction of herbs, required grams of each herbal powder were taken separately and 
mixed into 80 ml of ethanol and 20 ml of water in a conical flask respectively. The flask was sealed and kept 
on a magnetic stirrer for five hours. The conical flask was incubated for twenty-four hours in room 
temperature. The supernatant was filtered using Whatman no: 1 filter paper and then evaporated to get a 
concentrated extract.  

 
2.6 SELECTION OF HERBAL RATIOS 

Ethanolic extracts of the three selected herbs Rubia Cordifolia (RC), Curcuma Longa (CL) and 
Santalum Album (SL) were taken in four different ratios of 1:1:1, 1:2:3, 3:2:1 and 2:3:2 respectively and kept 
ready for finishing.  

 
2.7 APPLICATION OF HERBAL EXTRACTS TO SELECTED HANDLOOM MATERIALS     

The herbal extracts of four different ratios were used to finish the selected handloom fabrics by Dip 
Method. The selected 100% HW, 100% HM, 50:50 HCW, 50:50 HCM handloom woven  materials were de-
sized and cut in a diameter of 2.5cm +/_ 0.1 cm. The samples were sterilized with UV rays in a laminar air 
flow for thirty minutes. These were kept in sterile containers for further study.  

The extracted herbal solvents were taken in desired ratio in a beaker. The four handloom samples were 
immersed in the desired ratio such as for 1:1:1 for thirty minutes. The samples were removed from the solvent 
and dried on hot plate without washing. The samples were then sterilized in UV rays in the laminar air flow 
chamber to avoid microbial growth on the surface of the fabric. The same procedure was repeated for the 
remaining three ratios 1:2:3, 3:2:1and 2:3:2 respectively. The samples were kept ready in sterile containers 
for further study.  
 
 2.8 AGAR DIFFUSION TEST  

The herbal combinations were evaluated using the antibacterial activities on the finished fabrics. For 
testing the antimicrobial activity of the selected three herbs in four different ratios on the four handloom 
woven fabrics, the Agar Diffusion Method was used. The assessment for anti-bacterial activity was carried 
out following AATCC Test method 147 (Qualitative Method).  

 
The test was performed on four un-dyed original samples   100% HW, 100% HM, 50:50 HCW and 

50:50 HCM which was kept as control. From the treated handloom woven woollen samples 100% THW and 
50:50 handloom woven cotton wool blend samples 50:50 THCW, ten random samples were cut and subjected 
to test. Similarly, from treated handloom woven milk fabric samples 100% THM and 50:50 handloom woven 
cotton milk blend samples 50:50 THCM, ten random samples were cut and subjected to Agar Diffusion Test.   

 
2.8.1 PREPARATION OF INOCULUMS 

The test organisms selected for the study were Escherichia coli (gram negative bacteria) and Bacillus 
Subtillis (gram-positive bacteria). The above two strains of bacteria were inoculated into a sterile nutrient 
broth in a conical flask. The conical flasks containing the bacterial samples were then incubated at 370 C for 
24 hours. The inoculums were then ready for the further process. 
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2.8.2 PREPARATION OF THE CULTURE MEDIUM   
The desired grams of agar was taken and mixed with the required grams of nutrient broth in 100 ml of 

distilled water. The culture medium was autoclaved for 15 minutes at 120 degree Celsius at a pressure of 15 
lb. The medium was then transferred into sterile petri plates and allowed to solidify. This nutrient agar was 
used as a substrate to grow the selected bacteria. 

 
2.8.3 PROCEDURE FOR QUALITATIVE ANTIBACTERIAL INHIBITION 

Sterilized cotton swabs were dipped in the bacterial inoculums and were then swabbed on the surface 
of the Nutrients agar uniformly. The sterile dried herbal samples were then placed on the nutrient agar surface 
using a sterile spatula and forceps. The samples along with Nutrient agar petri dishes were incubated at 370 C 
for 24 hours. The plates were examined for the zone of inhibition around the fabric samples after 24 hours. 
The size of clear zone of bacterial growth around the control and treated samples was evaluated which was 
the inhibitory effect of the herbal extract. The zone of inhibition can be measured which gives an assessment 
on how effective the herbal extract is against the action of micro-organisms. 
 

III. RESULTS AND DISCUSSION 
 

  3.1 ANALYSIS OF ANTIBACTERIAL ACTIVITY: 
The average results of the anti-bacterial finish are presented in Table I and Table II and the comparison 

between ratios for the gram negative and gram-positive bacteria are shown in Figure 1 and Figure 2 
respectively. 

From Table I and II, it is clear that the results of the Agar Diffusion Test, when compared to the control 
and treated samples for the gram positive and gram-negative bacteria, the control samples of wool and milk 
fabric in both hundred percent and 50:50 blend did not reveal any zone of inhibition. 

From Table I, it has been found that the anti-bacterial activity within 100%THW of gram negative 
bacteria, the highest activity was noted in 2:3:2 sample, followed by 3:2:1, 1:1:1 and lowest activity was seen 
in 1:2:3. When compared within 50:50 THCW of gram negative bacteria, sample 1:1:1 exhibited higher zone 
of inhibition followed by 2:3:2, 1:2:3 and lowest zone was noted in 3:2:1. In the case of gram positive bacteria 
it was noted that in 100% THW samples, the ratio 2:3:2 showed the highest zone of inhibition followed by 
3:2:1, 1:2:3 and the lowest was observed in 1:1:1.When compared within 50:50 THCW of gram positive 
bacteria, the ratio 1:1:1, 1:2:3 and 2:3:2 showed similar highest zone of inhibition whereas the sample of 3:2:1 
showed  lowest zone of inhibition.When the zone of inhibition was compared between the 100% THW and 
50:50 THCW against gram negative and gram positive bacteria, it was noted that the sample 2:3:2 exhibited 
the highest zone of inhibition. 

From Table II, within the 100% THM of gram negative bacteria, it was noted that the sample with 
ratio 2:3:2 showed the highest zone of inhibition followed by the samples 3:2:1, 1:2:3 which showed similar 
activity and the lowest zone of inhibition was seen in the sample 1:1:1. When compared within 50:50 THCM 
of gram negative bacteria the samples 2:3:2 and 3:2:1 exhibited similar highest zone of inhibition followed 
by the samples with ratio 1:2:3 and 1:1:1.In the case of gram positive bacteria it was observed that within the 
100% THM samples the ratio 2:3:2 showed the highest zone of inhibition followed by 1:1:1, 1:2:3 and the 
lowest zone of inhibition was observed in 3:2:1. When compared within 50:50 THCM, the sample 2:3:2 
exhibited a higher zone of inhibition followed by 1:2:3, 1:1:1 and the lowest were seen in 3:2:1. When the 
zone of inhibition was compared between the 100% THM and 50:50 THCM against gram negative and gram 
positive bacteria, it was noted that the samples with ratio 2:3:2 exhibited the highest zone of inhibition. 

 
When compared between handloom fabrics 100% THW, 100% THM, 50:50 THCW, 50:50 THCM, 

100% THW and 50:50 THCW exhibited highest zone of inhibition against both strains of microorganisms 
than 100% THM and 50:50 THCM. All the ratios showed a broad spectrum of activity towards both the 
microorganisms in which the ratio 2:3:2 showed the highest zone of inhibition.   
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IV. CONCLUSION 

One of the key concerns for the textile industries now is to satisfy the consumers by producing   textile 
fabrics which have functional, durable and eco-friendly properties. Plants have been used by man since time 
immemorial for many purposes. When used as natural anti-microbial agents medicinal plants exhibits great 
potential in treating various kinds of diseases. Textile fabrics when finished with natural anti-microbial agents 
ensure a safe and natural end product. Under this context the investigator has selected two eco-friendly yarns 
and blended it with cotton in a ratio of 50:50. The two hundred per cent pure yarns and two 50:50 cotton 
blends were constructed into fabrics by handloom weaving technique. 

 The herbs Rubia Cordifolia, Curcuma Longa and Santalum Album were selected for the study in four 
different ratios. The same was applied to the handloom materials and was subjected to the Agar Diffusion 
test. The test results of herbal extracts in four different proportions showed a high zone of inhibition and with 
the ratio 2:3:2 at its highest.  Efforts are being taken up to develop more environmental friendly antibacterial 
textile material for the development of eco- friendly green clothing which will in turn protect the consumers 
from the harmful effects of the surrounding disease causing mediums. 
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Table 1: ANALYSIS OF HERBAL ANTI-BACTERIAL ACTIVITY OF TREATED WOOL FABRICS 
 

HERBAL ANTI- BACTERIAL ACTIVITY ON TREATED WOOL FABRICS 
 Herbal 

Combinations 
Zone of Inhibition (mm) 

(CL) (SA) (RC) Treated Samples 

 Escherichia coli Bacillus Subtillis 
 (Gram negative bacteria) (Gram-positive bacteria) 

Ratio of Herbs 

100%Treated 
Handloom Woven  

Wool Fabric 
(100%THW) 

50:50treated 
Handloom Woven 
Cotton Wool Blend 

(50:50 THCW) 

100%Treated Handloom 
Woven Wool Fabric 

(100%THW) 

50:50treated 
Handloom Woven 
Cotton Wool Blend 

(50:50 THCW)  
 1:1:1 28 35 27 35  

 1:2:3 25 33 32 35  

 3:2:1 32 32 33 31  

 2:3:2 36 34 35 35  
 
 
 
 
 

Table 2: ANALYSIS OF HERBAL ANTI-BACTERIAL ACTIVITY OF TREATED MILK FABRICS 
 

HERBAL ANTI- BACTERIAL ACTIVITY ON TREATED WOOL FABRICS 

 Zone of Inhibition(mm)    

Herbal Combinations Escherichia coli  
(Gram negative bacteria) 

Bacillus Subtillis  
(Gram positive bacteria) (CL) (SA) (RC) 

Ratio of Herbs 

100% Treated 
Handloom Woven                     

Milk Fabric                
(100%THM) 

50:50 treated 
Handloom Woven 
Cotton Milk Blend 

(50:50 THCM) 

100% Treated Handloom 
Woven Milk Fabric 

(100%THM) 

50:50 treated 
Handloom Woven 
Cotton Milk Blend                    

(50:50 THCM) 

 

 

 
 1:1:1 25 25 28 27  

 1:2:3 29 27 28 30  

 3:2:1 29 30 27 26  

 2:3:2 30 30 34 34  
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 Fig. 1a:  Herbal Anti-bacterial activity of Treated Wool Fabrics   

 
 
 
 
 

 
 
 
 
 
 
                                                  
                          
 
 
 
 
 
 
 
 
 
 
 

Fig. 1b:   Herbal Anti-bacterial activity of Treated Milk Fabric  
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आदिवासी जीवन के िस्तावेज़: नारायण के मलयालम उपन्यास 

डॉ. उषा नायर 
असोससयेट प्रोफसर, हिन्दी विभाग, सेंट तेरेसास कॉलेज, (स्िायत्त), एरणाकुलम, केरल, भारत 

 

साराांश 
आहदिाससयों के मलअरयार समदुाय की मलयालम साहित्य-जगत में जो विशेष पिचान िै, उसका शे्रय जाता िै 
इसी समदुाय के सदस्य, विख्यात उपन्यासकार श्री नारायण को। साहित्य जगत की दृष्टट में आहदिाससयों की 
मलूरूढ छवि को नारायण सशंोधित करना चािते िैं और यि प्रमाणणत करना चािते िैं कक िि प्रकृतत के साथ 
समरसता में जीने िाला ऐसा कहिन पररश्रमी जन समदुाय िै ष्जसके स्पटट जीिन मलू्य और सांस्कृततक िैसशट्य 
िैं। नारायण ने समदुाय-िशेष की जीिन शाली, रीतत ररिाज़, सांस्कृततक संकट, िन अधिकाररयों और शिरी लोगों 
द्िारा उद्धार के नाम पर ककये जा रिे शोषण आहद का सविस्तार धचत्रण ककया िै। आहदिाससयों के अधिकांश 
रीतत-ररिाज़ मनुटय के जीिन-चक्र के मित्िपूणण पडािों से जडु ेिैं। जन्म, वििाि, दाि ससं्कार से जडुी उनकी रस्में 
तनराली िैं। प्रकृतत और देिता उनके दैतनक जीिन में िे ऐसे घुल-मलु गये कक उनका प्रखंडीकरण सभंि निीं िै। 
िे अपने देिताओं में क्रोि, तनराशा, खुशी, सतंोष, दुुःख जसेै मानि सिज, गणुों को आरोवपत करते िैं। आहदिाससयों 
की पिचान उनके पररिेश से असभन्न िै और उनका िजदू ज़मीन, पिाडों, पानी, सूरज, पेडों और सिजीवियों के 
साथ गिराई से जडुा िै। ज़मीन से उन्िें बेदखल ककया जा सकता िै, पररटकृत समाज की यि व्यिस्था उनकी 
समझ से बािर िै। बािरी दतुनया से लेन-देन कभी भी उनके हित में निीं िो पाता क्योंकक तथाकधथत पररटकृत 
समाज की चुतराई का सामना आहदिासी अपनी सरल, अनपढ बुवद्ध के सिारे निीं कर पाते। 
 

मलूशब्िः आहदिासी जीिन, पररश्रमी जन समदुाय, सांस्कृततक िैसशट्य, रोज़गार, सांस्कृततक मान्यतायें, धचककत्सा 
विधियााँ
 

प्रस्तावना
केरल में आहदिाससयों के उनचालीस समदुाय िैं। इनमें 
मलअरयार समदुाय की मलयालम साहित्य-जगत में 
जो विशेष पिचान िै, उसका शे्रय जाता िै इसी समदुाय 
के सदस्य, विख्यात उपन्यासकार श्री नारायण को। 
साहित्य जगत की दृष्टट में आहदिाससयों की मूलरूढ 
छवि को नारायण सशंोधित करना चािते िैं और यि 
प्रमाणणत करना चाित े िैं कक िि प्रकृतत के साथ 

समरसता में जीने िाला ऐसा कहिन पररश्रमी जन 
समदुाय िै ष्जसके स्पटट जीिन मलू्य और सांस्कृततक 
िैसशट्य िैं। 
नारायण को अपने पिले िी उपन्यास "कोच्चरेती" के 
सलये केरल साहित्य अकादमी पुरस्कार प्राप्त िुआ था 
और आलोचकों ने उसे, िषण 1998 के सिणशे्रटि उपन्यास 
में रूप में मान्यता दी थी। इस उपन्यास का अनुिाद 
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हिन्दी अगें्रज़ी और अन्य अ#ेेक भारतीय भाषाओं में 
िो चुका िै। इसका हिन्दी अनुिाद "पिाडडन" नाम से 
रमणणका गपु्ता फौन्डशेन की पत्रत्रका "युद्धरत आम 
आदमी" में प्रकासशत िुआ था। इसमें कोच्चुरामन-
कुन्जीपेन दंपततयों के भाग्य और दभुाणग्य की कथा के 
माध्यम से लेखक आहदिाससयों के मलअरयार समिू के 
जीिन के उतार-चढािों की गाथा सनुाते िैं। खतरों से 
भरी उनकी ष्ज़न्दगी में कालान्तर में सशक्षा की रोशनी 
का प्रसार िोता िै। इसी रोशनी में उनकी नई पीढ़ी 
प्रगततशील सोच के साथ आगे बढ़ रिी िै। 
"ऊरासलक्कुडड" उनका दसूरा उपन्यास िै जो 
कोम्बोडडन्जी गााँि के ऊरासल आहदिासी समदुाय के 
जीिन पर केष्न्ित िै। िे लोग खेतीिर िैं और घने 
जगंलों को काटकर उन स्थानों को खेती योग्य बनाते 
िैं। जिााँ जगंल न िो, उन स्थानों पर अरासल कभी निीं 
बसते। िे ज़मीन के उपजाऊपन को ककसी भी तरि का 
नुकसान निीं पिुाँचाते। "चेन्गारुम कूट्टालमु" उनकी 
तीसरी औपन्याससक कृतत िै जो मतुुिान आहदिासी 
समदुाय के जीिन पर प्रकाश डालती िै। उनके आधथणक 
और सामाष्जक उद्धार के घोवषत लक्ष्य के साथ पररटकृत 
समाज उनके जीिन में िस्तक्षेप करता िै। िे आहदिासी 
बडी आसानी से उन तथाकधथत पररटकृतों के त्रबछाये 
जाल में फाँ स जाते िैं। शिरी लोगों के अपरािों की सज़ा 
भगुतना उनकी तनयतत बन जाती िै। िाथी का सशकार 
िो या अफीम की खेती अन्यथा स्त्री का अपिरण ि 
बलात्कार; जमुण कोई भी िो, बडी आसामी से ककसी भी 
मतुुिान के ससर पर मढ़ हदया जाता िै। तीनों िी 
उपन्यासों में नारायण ने समदुाय-िशेष की जीिन 
शाली, रीतत ररिाज़, सांस्कृततक सकंट, िन अधिकाररयों 
और शिरी लोगों द्िारा उद्धार के नाम पर ककये जा रिे 
शोषण आहद का सविस्तार धचत्रण ककया िै। 
आहदिाससयों का प्रमखु रोज़गार खेती िै। पिाडी प्रदेशों 
की किोर भसूम पर काम आसान निीं िोता। उसपर 
दो-तीन बार अनाज की खेती करके िे उसे छोड़ देते 

िैं। उनका आिार मखु्यत:दान की खेती पर और जगंलों 
में सलुभ कंद-मलूों पर तनभणर िोता िै मछली पकडकर 
और सशकार करके िी िे अपनी ज़रूरतों की पूतत ण करते 
िैं। जो अनाज या कंदमूल उनकी आिश्यकता से अधिक 
िोता िै, त उसका िे आपस में वितनमय करते िैं। इस 
प्रकार समदुाय की प्राय: सभी ज़रूरतों की पूतत ण समदुाय 
के भीतर िी िो जाती िै। इस तरि एक आत्मतनभणर 
अथण-व्यिस्था कायम िो जाती िै। बािरी दतुनया से 
लेन-देन कभी भी उनके हित में निीं िो पाता क्योंकक 
तथाकधथत पररटकृत समाज की चुतराई का सामना 
आहदिासी अपनी सरल, अनपढ बुवद्ध के सिारे निीं कर 
पाते। 
ककसी भी समदुाय के रीतत-ररिाज़ उनकी िे सांस्कृततक 
मान्यतायें िै ष्जनका पीढी दर पीढी पालन िोता िै। िे 
प्रतीकात्मक िोती िै; उन्िें भौततक जीिन में िी 
असभव्यष्क्त समलती िै ककन्तु समदुाय की विसशटट 
पिचान बनाने में िे मित्िपूणण भसूमका तनभाती िैं। 
आहदिाससयों के अधिकांश रीतत-ररिाज़ मनुटय के 
जीिन-चक्र के मित्िपूणण पडािों से जडु े िैं। जन्म, 
वििाि, दाि ससं्कार से जडुी उनकी रस्में तनराली िैं। 
उनके बीच जातत प्रथा अत्यंत सशक्त िै। केरल में 
प्रत्येक जातत की अनेक उपजाततयााँ भी िै। नारायण के 
मलअरयार जातत की पााँच उपजाततयााँ "इल्लम" 
किलाती िैं। "कोच्चरेती" में इन इल्लमों का नामोल्लेख 
समलता िै - िालतयल्लम, पुतातनतयल्लम, 
मतुलक्काडडल्लम, नेल्लीपुलीइल्लम और चूककल्लम। 
इनमें चकूकल्लम के सदस्य िे िोते िैं ष्जन्िें दरुाचरण 
के कारण जात बािर ककया जा चुका िै। वििाि, समान 
दजे के इल्लामों के स्त्री-पुरुष के बीच िी िोते िैं। उसमें 
पुरुष की इच्छा और बुजगों की राय मित्िपूमण िोती िै। 
ष्स्त्रयों का इच्छा-अतनच्छा का कोई मित्ि निीं िोता। 
विजातीय वििाि िष्जणत िैं। 
कुल की मान-मयाणदा का पालन पूणणत: स्त्री का 
उत्तरदातयत्ि माना जाता िै इससलये तनयम उसके सलये 
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बिुत किोर िोते िैं। दसूरी जातत के पुरुष के साथ 
शारीररक सबंंि स्थावपत करने िाली कुाँ िारी स्त्री का 
अपराि अक्षम्य िै, कफर चािे उसका बलात्कार िी क्यों 
न िुआ िो। ऐसी स्त्री को पच्छर मारकर या ष्जन्दा 
जलाकर मतृ्यु दण्ड हदया जाता िै। आहदिाससयों के घर 
"पन्ता" किलाते िैं ष्जससे थोडी दरूी पर एक झोंपडी 
भी बनाई जाती िै ष्जसे "ईट्टप्पेरा" किते िैं। ष्स्त्रयााँ 
माससक िमण के समय यिीं पर सात हदन त्रबताती िै 
और पररिार के अन्य लोगों, यिााँ तक कक अन्य ष्स्त्रयों 
से भी सपंकण  िष्जणत िै। प्रसि पीडा शुरु िोने पर गभणिती 
स्त्री भी इस ईट्टप्पेरा के भीतर प्रिेश करती िै और 
बच्चे को जनम के बाद छप्पन हदन ििीं गज़ुरती िै। 
"अरुसलक्कुडड" में िेलपु्पी ऐसी एक पात्र िै ष्जसके 
गभणस्थ सशश ुका वपततृ्ि उसका शराबी पतत स्िीकार 
निीं करता। अरुसलयों के ररिाज़ों के अनुरूप उसे तुरंत 
जात-बािर ककया जाता िै। उसके माता-वपता भी उसके 
साथ कफर कोई सबंंि निीं रखते। जब प्रसि पीडा शु 
डडग्री िोती िै तो ईट्टप्पेरा के अदंर छोड हदया जाता िै। 
उसकी सिायता न कोई दाई करती िै, न कोई अन्य 
स्त्री। ष्स्त्रयााँ उस ईट्टप्पेरा की ओर कान लगाये आतंककत 
हृदय के साथ इंतज़ार करती िै। क्योंकक िे जानती िै 
कक भविटय में उनके साथ भी यिी िो सकता िै। पुरुष 
यहद अपनी पत्नी पर वििािेतर सबंंि का आरोप लगाता 
िै तो उन्िें लफाई का मौका भी निीं हदया जाता िै। 
िेलपु्पी जब प्रसि के दौरान दम तोड देती िै तो उसकी 
सतंान कफर अछूत निीं िोती। 
प्रकृतत और देिता आहदिाससयों के जीिन के असभन्न 
अगं िैं। उनके दैतनक जीिन में िे ऐसे घुल-मलु गये 
कक उनका प्रखंडीकरण सभंि निीं िै। मरुता, चातन, 
पुसलयाम्बुल्ली तंबुरान, घंटाकणणन और गणपतत की 
उपासना प्राय: सभी आहदिासी समदुायों में िोती िै। िे 
अपने देिताओं में क्रोि, तनराशा, खशुी, सतंोष, दुुःख 
जसेै मानि सिज, गणुों को आरोवपत करते िैं। भोग 
के सबंंि में भी आम-इंसानों की तरि उनकी पसदं 

नापसदं िै। गणपतत को नाररयल और केले चढाते िैं, 
पुसलयम्बुल्ली को पोिे, गडु और केले पसदं िै तो चातन 
को भनुा िुआ चािल का आटा और पान वप्रय िै, तो 
ििीं घंटाकणणन को शराब के साथ मगेु का मााँस। 
"कोच्चरेत्ती" में मलअरयार लोगों का विश्िास िै कक 
उनके देिता उनके जीिन में आद्यतं शासमल िै,उनके 
आस-पास सदैि रिते िैं और उनपर करीब से नज़र 
रखते िैं। जीिन में जो भी सखु-दखु समलते िैं, िे उन्िीं 
की प्रसन्नता और क्रोि के पररणाम िै। कफर चािे िि 
अच्छी खेती, स्िस्थ सतंान आहद से जडुी खुशी िो 
अथिा प्राकृततक विपदा, चेचक जसैी मिामारी के कारण 
उत्पन्न दखु। 
धचककत्सा विधियााँ भी ईश्िर और प्रकृतत से समान रूप 
से जडुी िै। "कोच्चरेत्ती" में इट्टयाडी उस पीढी का 
प्रतीक िै जो इलाज के सलये झाड-फूाँ क का रास्ता 
अपनाती िै। दसूरी ओर उसका दामाद कोच्चुरामन िै 
जो त्रबना औपचाररक सशक्षा के, प्रकृतत की ज़ी-बूहटयों 
की अनन्त सभंािनाओं को पिचानता िै। िि ककतनों 
को रोगमकु्त कर देता िै। इन पीहढयों की सोच में जो 
भेद लक्षक्षत िोता िै िि परंपरागत सोच के कालानुसार 
पररितणन का सचूक िै।  
 
ननष्कषष 
नारायण ितणमान की भसूम पर पैर जमाकर अतीत की 
सांस्कृततक विशेषताओं पर प्रकाश डालते िैं। उन्िोंने 
आहदिाससयों के आधथणक शोषण, िमण पररितणन, 
सांस्कृततक ह्रास, आरक्षण की व्यिस्था की कमज़ोररयााँ 
आहद सभी पिलओुं पर प्रकाश डाला िै। आहदिाससयों 
की पिचान उनके पररिेश से असभन्न िै और उनका 
िजदू ज़मीन, पिाडों, पानी, सरूज, पेडों और सिजीवियों 
के साथ गिराई से जडुा िै। ज़मीन उनके सलये त्रबकाऊ 
िस्तु निीं िै। उसे िे अपनी सपंष्त्त निीं मानते ककन्तु 
उसपर अपना पूरा अधिकार मानते िैं। उस ज़मीन से 
उन्िें बेदखल ककया जा सकता िै, पररटकृत समाज की 
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यि व्यिस्था उनकी समझ से बािर िै। उनकी रचनायें 
इस बात की मााँग करती िै कक भौगोसलक दृष्टट और 
विकास के नज़ररये से जो आहदिासी समदुाय िासशये 
पर िै उसके विलक्षण सांस्कृततक िैसशटय का 
िचणस्ििादी सभ्य समाज पिचाने। 
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ey;kye Le`fr f”kykvksa ds f”kYidkj &  
MkW- iqufRry dqatCnqYyk 

MkW- m’kk uk;j  

'kks/k lkj % dFkkdkj M‚- iqufRry dqatCnqYyk Fkds&gkjs balkuksa dh dgkuh 
lqukrs gSaA mu balkuksa ds ik¡o eksg rFkk eksgHkax ds nyny esa Q¡ls gSA e`R;q 
muds thou dh vfuok;Z ifj.kfr gh ugÈ] mudh eqfDr dk ,dek= ekxZ Hkh 
gSA iqufRry th dks vkykspd mRrj eyckj dk lcls fuMj ys[kd ekurs 
gSa] ftUgksaus dHkh] uSfrdrk ds Lo?kksf"kr laj{kdksa dh ijokg ugÈ dhA 
cht 'kCn % ey;kye] MkW- iqUufRry dqatCnqYyk] miU;kl] dU;kou³~y] 
e#Uuq 

 

y;kye dFkk lkfgR; ds {ks= esa vkèkqfudrk ds mUuk;dksa esa M‚- iqufRry 
dqatCnqYyk çFke Lej.kh; eus tkrs gSaA mudh [;kfr dk vkèkkj ftruk 
mudk ys[ku gS] mruk gh èkeZ] et+gc] fookg] L=h iq#"k lacaèkksa vkfn ls 

lacafèkr mudk LoPNan vkSj mUeqDr –f"Vdks.k Hkh jgk gSA lgt] ljy 
vk[;ku 'kSyh ds t+fj, ladh.kZ ekuo thou dh ijrksa dk mn~?kkVu djus esa 
os fln~/kgLr FksA M‚- iqufRry dqatCnqYyk us vius dFkk lkfgR; ls ey;kye 
esa çpfyr ys[kdh; ekunaM gh ugÈ] ikBdh; vfHk#fp ds lkFk Hkh u, 
vk;ke tksM+ fn,A dF; vkSj f'kYi] nksuksa gh –f"V;ksa ls viuh ledkyhu 
lkfgfR;d ço`fRr;ksa ls i`Fkd viuh ltZukRedrk dh fof'k"V igpku cukÃA 
muds miU;kl cnyrs lkekftd vkSj jktuhfrd ifj–'; esa dqaBk vkSj 
vdsysiu ds f'kdkj vke vkneh ds tn~nkstgn dh xkFkk lqukrs gSaA 1978 esa 
dsjy lkfgR; vdkneh vkSj 1980 esa dsaæh; lkfgR; vdkneh ds iqjLdkjksa us 
muds oSf'k"V~; dks js[kkafdr fd;kA 

Jh- dqatCnqYyk dsjy esa cMdjk çkar ds fuoklh gSaA vyhx<+ eqfLye 
;qfuoÆlVh ls mUgksaus ,e-ch-ch-,l- dh f'k{kk çkIr dh FkhA cpiu ls gh os 
ys[ku dh vksj mUeq[k gks x, FksA Qyr% 45 ls vfèkd iqLrdksa ls mUgksaus 
ey;kye lkfgR; dks”k dks le`n~/k fd;kA miU;kl] dgkuh laLej.k vkSj 
;k=k o`Rrkar foèkkvksa ds varxZr mudh jpuk,¡ çdkf'kr gks pqdh gSaA ÞLekjdk 
f'kydyÞ ¼Lekjd f'kyk;sa½] Þe#UuqÞ ¼nok½] ÞijyksdEk~Þ ¼ijyksd½] 
ÞdU;kou³~yÞ ¼dU;k ou½] Þuoxzg³~yqMs rjoVkÞ ¼uoxzgksa dk dkjkxkj½ vkfn 
muds mYys[kuh; miU;kl] èkkjkokfgd ds :i esa dsjy dh çfrf"Br 
if=dkvksa Þekr`HkwfeÞ vkSj Þdsjy dkSeqnhÞ esa Nis FksA 

ÞLekjdk f'kydyÞ dks ikBdksa vkSj vkykspdksa us M‚- iqufRry 
dqatCnqYyk ds ys[kdh; thou esa gh ugÈ oju~ ey;kye ds le`) miU;kl 
lkfgR; esa ehy ds iRFkj ds :i esa ekU;rk nh gSA blesa yksd dFkkvksa vkSj 

e
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Çdonafr;ksa dh ekSf[kd vk';ku 'kSyh dk ç;ksx fd;k x;k gSA ikBd dks 
çrhr gksrk gS fd dFkkokpd mldh tkuh igpkuh dgkuh dks vkxs c<+k jgk 
gSA vkèkqfud thou lanHkZ çkphu vk[;ku 'kSyh ds ekè;e ls çLrqr gSA 
çkphurk vkSj uohurk dk ;g ef.kdapu ;ksx bl —fr dks foy{k.k cukrk 
gSA miU;kl ds dsaæ esa efLtn ds ikl dh gosyh esa jgrk vjDdy [kkunku 
gSA ml [kkunku ds eqf[k;k iqDdks;k r³y] mudh csVh iqdqathoh vkSj muds 
xksn fy, dqatkfy ds thou ds mrkj&p<+koksa ds lkFk gh blesa efLt+n ds 
ikl ds dfczLrku esa fpjfuæk esa lks;s fdrus gh yksxksa dh nkLrku gSA ;g 
buds vykok eqØh] ,jkeqYyku] dkseIiu oSn~; FkksM+s vkSj FkksM+sokys dh Hkh 
dgkuh gSA blesa Hkwr&çsr vkSj ftu ds Hkh fdLls gSaA blesa yksd dFkk,¡] 
Çdonafr;k¡ vkSj QSaVsfl;k¡ Hkh 'kkfey gSaA bu vla[; dFkkvksa dks ,d lkFk 
xw¡Fkdj bl miU;kl dk dysoj rS;kj fd;k x;k gSA [kaMgj tSlh gosfy;ksa 
dk o.kZu Hkh vrhr ds oSHko dh Le`fr f'kyk ds rkSj ij fd;k gqvk çrhr 
gksrk gSA 

iqDdks;k ra³y dk pfj= vR;ar çHkko'kkyh gSA mudh nqfu;knkjh] 
ikS#"k] ifj"—r fpRr] mnkj&ekuorkoknh Çpru mlds O;fDrRo ds mTToy 
igyw gSaA nwljh vksj buds vfu;af=r ;kSu lacaèk muds bl pfj= dh 
detksjh gSA var esa ;gh nqcZyrk mudh ihB ij Nqjh cudj ?kql tkrh gS 
vkSj muds nnZukd var dk dkj.k curh gSA nq%[k vkSj ekSr dh Nk;k 
miU;kl esa vkn~;ar gSA gj ik= viuh cnulhch dk Hkkj <ksrk gSA ekSr çk;% 
lHkh ds thou esa eqfDr dk ekxZ gSA lHkh eq[; vkSj xkS.k dFkkik= e`R;q ds 
le; gh viuh vlá ihMk ls eqDr gksrs gSaA  

efLtn ds vkl&ikl thus okys ,d laiw.kZ tu leqnk; ds thou 
dh ckjhfd;ksa dk fp=.k fd;k x;k gSA tgk¡ ,d vksj vjDdy [kkunku ds 
jÃlksa dk vkMacjiw.kZ thou gS rks ogÈ nwljh vksj muds vufxur 
vkfJr&tu] ukSdj&pkdj tks vHkkoksa dk thou thus dks ckè; gSA Lokfn"V 
idokuksa dk vkuan ysus okys jÃl ,d rjQ gS rks ek= mudh twBu ls Hkw[k 
feVkus dks foo'k xjhc nwljh rjQ gSA vius ys[kuh ds laLi'kZ ls 
mI;kldkj us ml vapy fo'ks"k ds mPp] fuEu vkSj eè;oxÊ; thou ds 
fojksèkkHkklksa dk inkZQk'k fd;k gSA vk¡pfydrk dk lw{e fuokZg gh bl 
miU;kl dks dkyt;h cukrk gSA 

vyhx<+ eqfLye ;wfuoÆlVh esa] fpfdRlk'kkL= ds fo|kFkÊ ds :i esa 
nok vkSj ekSr dh nqfu;k dks fupksM dj Þe#UuqÞ miU;kl dk dysoj rS;kj 
fd;k x;k gSA ltZjh ÝksQslj M‚- xksoèkZu jksfx;ksa ds lkFk nq'euksa dk 
O;ogkj djrk gSaA os cM+s [kqnxtZ Hkh gSA muds O;fDrRo dk vU; igyw ;g 
gS fd mudk laiw.kZ thou 'kY; fpfdRlk ds çfr leÆir gS vkSj os cM+s 
laxhr çseh gSA laxhr] bl miU;kl ds ekgkSy dks gh ugÈ cnyrk oju~ 
mlesa çk.kok;q&lk çrhr gksrk gSA M‚- ruwtk Hkh esganh glu ds xtyksa dh 
nhokuh gSA 
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M‚- nsonkl ds [;kyksa ds ekè;e ls miU;kldkj vius gh eu ds 
;g bl loky dks lkes j[krs gS fd nok vkSj ekSr ds la?k"kZ esa fdldk i{k 
çcy gS\ thou esa ;g la?k"kZ pyrk gh jgrk gS vkSj var esa ekSr bl rjg 
dCtk tekrh gS fd nok csvlj gks tkrh gSA chekfj;ksa] nokvksa vkSj e`R;q ds 
okrkoj.k esa thus okys MkDVjksa ds fy, viuh ekSr D;k ek;us j[krh gS\ D;k 
ekSr dh lPpkÃ dks Lohdkj djuk mUgÈ ds fy, vklku gksrk gS\ bUgÈ 
Lokyksa ds ekè;e ls miU;kl dk dFkkud fodflr fd;k x;k gSA 

M‚- iqufRry dqatCnqYyk us cpiu ls gh vusd fj'rsnkjksa dh e`R;q dk 
nq%[k >syk gSA ek¡ ds xqt+jus ij os brus NksVs Fks fd ml foink dk vFkZ os 
ugÈ le> ldsA vius bUgÈ vuqHkoksa dks vkèkkj cukdj mUgksaus ÞijyksdeÞ 
dh jpuk dhA ;g miU;kl laLej.kkRed gSA blesa lHkh ik= e`r gS tks 
vius xqt+js thou vkSj mlds var dk ewY;kadu djrs gSaA 

ÞdU;kou³~yÞ miU;kl esa vjc jk"Vªksa dh jsrhyh t+ehu ij thou 
:ih e#}hi dh ryk'k esa HkVdrs yksxksa dh dgkuh gSA lHkh vr`Ir bPNkvksa 
ds Å¡Vksa ij lokj gSaA isV dh Hkw[k ls ijs'kku xjhcksa vkSj gol dh Hkw[k ls 
O;kdqy vehjksa dk thou jsfxLrku dh catj t+ehu tSlk gSA nksljh] gkrwu] 
jfl;k] dqUtkok] gehn vkfn ik=ksa dh foink ds dkj.k vyx&vyx gS ij 
lHkh vius fnyksa esa jsfxLrku dh d¡Vhyh >kfM;k¡ iky jgs gSaA 

e`R;q ekuo thou dk ,dek= 'kkÜor lR; gS] mldh vfuok;Z 
ifj.kfr gSA miU;kldkj iqufRry dqatCnqYyk ds ltZd eu ij ekSr dk 
lk;k lnk gh e¡Mjkrk jgrk gSA chekjh] nq?kZVuk] vkRegR;k] gR;k] egkekjh 
vkfn vyx&vyx dkj.k gj miU;kl esa ekSr dk rkaMo epkrs gSaA ÞLekjd 
f'kydyÞ esa cPpksa dks tUe nsrs gq, uhyh dh e`R;q] ,jkeqYyk dh ykokfjl 
ekSr] r³y dh gR;k] ?kksM+s vkSj ?kksM+sokys dh ty&lekfèk] iqdqathoh dh 
fofp= ekSr vkSj dksysjk ls gksusokyh vla[; ekSrs] ;s gh rks bl miU;kl ds 
gj eksM+ ij LFkkfir Le`fr f'kyk,¡ gSaA 

miU;kldkj ds T+;knkrj eq[; o xkS.k ik= Hkw[k vkSj r`".kk ls xzLr 
gSA L=h&iq#"k lacaèkksa esa fueZy çse <w¡<+us ij eqf'dy ls feyrs gSaA ÞLekjdk 
f'kydyÞ esa iqdqathch vkSj dqatkfy ds chp] ÞdU;kou³~yÞ esa dqatkck vkSj 
gehnk ds lacaèkksa esa :gh ds tksM+us okys çse dh dqN >yfd;k¡ feyrh gSaA 
vU;Fkk lHkh L=h&iq#"k lacaèkksa dk vkèkkj gol gSA ÞLekjdk f'kydyÞ ds 
[kku cgknqj iqDdks;k r³y blh gol ds csyxke ?kksM+s ij tc lokj gksrs gSa 
rks fL=;k¡ ek= miHkksx dh oLrq cu tkrh gSA ÞdU;kou³~yÞ esa ikS#"kghu 
nkslkjh ls chl lky NksVh mldh pkSFkh iRuh jfl;k dks mldh vr`Ir  
dkeuk,¡ Hkw[ks HksfM, tSlk cuk nsrh gSA miU;klksa ds vfèkdka'k L=h ik= 
fookgsrj ;kSu lacaèk j[krh gSA xjhc uyh] ra³~y ds ?kj dh ukSdjkfu;k¡] 
pwfM+;k¡ cspus okyh L=h] lqf'kf{kr M‚- vyesyq] ra³~y ds ej.kksijkar bczkfge 
ls lacaèk tksM+us okyh vkV~Vch] nksljh dh ifRu;k¡ gkru vkSj jfl;k tSlh 
lekt ds fHkUu Lrjksa ls vkusokyh vkSjrksa esa ;gh ,d lkekU; ckr gSA çk;% 
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lHkh iq#"k ik= bUgsa micksx dk lkeku gh ekurs gSaA os et+k vkSj cudj 
iq#"kksa ds thou ls tqM+h jgrh gSA 

dFkkdkj M‚- iqufRry dqatCnqYyk Fkds&gkjs balkuksa dh dgkuh lqukrs 
gSaA mu balkuksa ds ik¡o eksg rFkk eksgHkax ds nyny esa Q¡ls gSA e`R;q muds 
thou dh vfuok;Z ifj.kfr gh ugÈ] mudh eqfDr dk ,dek= ekxZ Hkh gSA 
iqufRry th dks vkykspd mRrj eyckj dk lcls fuMj ys[kd ekurs gSa] 
ftUgksaus dHkh] uSfrdrk ds Lo?kksf"kr laj{kdksa dh ijokg ugÈ dhA  

 
lanHkZ lwph % 
• M‚- iqufRry dqatCnqYyk dksê;e] ^Lekjd f'kydy^] 
 Mh lh cqDl] 1977 
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• M‚- iqufRry dqatCnqYyk dksê;e] ^dU;kou³~y^-] Mh lh cqDl] 2012 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



150 @ lleUo; nf{k.k] vk’kk<+&Hkknzin] 2078@tqykbZ&flracj] 2021 
 

ys[kdksa ds uke o irs 

1. izks- ,l- radef.k vEek] ef.k eafnje] vu;kjk iksLV] 
fr#ouariqje&695029] ¼dsjy½] 
bZ&esy&thankamoniamma@hotmail.com 

2. çks- ,e- Kkue] 21&22] vUukuxj] dksfoyaiawfM iksLV] vUueySuxj] 
ok;k dqM~Mqywj] ftyk&608002] ¼rfqyukMq½ Ãesy % 
gandhignanam@yahoo.co.in 

3. MkW- izksfeyk] vflLVsaV izksQslj] fganh foHkkx] vaxzsth ,oa fons”kh Hkk’kk 
fo”ofon~;ky;] gSnjkckn&500007] ¼rsyaxkuk½] 
bZ&esy&promila.du@gmail.com  

4. MkW- fcuq iqyjh] lgk;d izk/;kid] ljdkjh dkWyst] ekuarokMh] 
o;ukM] ¼dsjy½] fiu& 670645] bZ&esy&binupulari.d@gmail.com 

5. M‚- m"kk uk;j] ,lksfl,V çksQslj] fganh foHkkx] lsaV rsjslkl d‚yst] 
¼Lok;Rr½] ,j.kkdqye&682011] ¼dsjy½] 
bZ&esy&ushanair@teresas.ac.in 

6. MkW- izHkkdju gsCckj bYyr] ,lksfl,V izksQslj] fganh foHkkx] dqlkV] 
dksfPpu] ¼dsjy½&682022] bZ&esy&drhebbarillath@gmail.com 

7. MkW- oh.kk ts-] vflLVsaV izksQslj] foHkkxk/;{k] fganh foHkkx] ,l- Mh- 
dkWyst] vkyIiq’kk] dsjy&690104] 
bZ&esy&veena.prasad@sdcollege.in 

8. MkW- vkyksd dqekj flag] 1@220&,] lkdsr dkWyksuh] lqjsanz uxj] 
vyhx<+&202001] ¼mRrj izns'k½] 
bZ&esy&aloksingh1475@gmail.com  

9. MkW- vuhrk eksgu csyxkaodj] lgk;d izk/;kid ,oa foHkkxk/;{kk] 
ljdkjh izFke Js.kh egkfon~;ky;] fljfl mRrj dUuM&581401] 
¼dukZVd½] bZ&esy&poojakiranj@gmail.com  

10. MkW- Hkkypanz t;”ksV~Vh] t;uxj] lsMe jksM] dycqjxh&585105] 
¼dukZVd½] bZ&esy&bbj123@gmail.com  

11. MkW- ;rhanz ukFk prqosZnh] 3@16] dchj uxj] nqxkZdqaM] 
okjk.klh&221005] ¼mRrj izns'k½] 
bZ&esy&yatindranathchaturvedi@gmail.com  

12. MkW- vejukFk iztkifr] lgk;d vkpk;Z] fganh foHkkx] dukZVd jkT; 
vDdegknsoh efgyk fo”ofon~;ky;] fot;iqj] ¼dukZVd½&586108] 
bZ&esy&amar20ballia@gmail.com  

13. MkW- euksjaftuh dksVseus] 503] lehj ch foax] lq”khy lehj vikVZesaV] 
v”kksduxj] dkafnoyh ¼iw½] eqacbZ&400101] ¼egkjk"Vª½] 
bZ&esy&kmanoranjinee@gmail.com  



lleUo; nf{k.k] vk’kk<+&Hkknzin] 2078@tqykbZ&flracj] 2021 @ 151 
 

14. MkW- jes”k dqekj] ,lksfl,V izksQslj] f”k{kk foHkkx] ,u-lh-bZ-vkj-Vh] 
Jh vjksfcan ekxZ] ubZ fnYyh&110016] 
bZ&esy&ramesh.ncert@yahoo.co.in 

15. MkW- lqjs'k dqekj feJk] e-ua-8&7&69@105@ih,p&2] banzizLFk 
dkyksuh Qsl&2] gfLrukiqje lsaVªy] gSnjkckn&500007 ¼rsyaxkuk½] 
bZ&esy&jaijaihindi@gmail.com  

16. MkW- lh- ,p- uan dqekj] fganh foHkkx] gSnjkckn fo”ofon~;ky;] 
xPphckmyh] gSnjkckn&500046] ¼rsyaxkuk½] 
bZ&esy&kumarhcu2010@gmail.com  

17. MkW- m’kk dqekjh] “kks/kkFkhZ] fganh foHkkx] mLekfu;k fo”ofon~;ky;] 
gSnjkckn&500007] ¼rsyaxkuk½] bZ&esy&bkusha29@gmail.com  

18. MkW- ds- jkeukFku] —‘.k dqVhj] 83@23&ch] d#axfyiV~Vh] pkSFkk 
LVªhV] lsye&636006] ¼rfeyukMq½] 
bZ&esy&ramprem87@gmail.com  

19. MkW- lquhy ikfVy] fganh izoDrk&n~okjdknkl xksoZ/ku nkl oS’.ko 
egkfon~;ky;] vk:ckDde] psUubZ&600106] ¼rfeyukMq½ 
bZ&esy&sunilpatil7969@gmail.com  

20. MkW- iwf.kZek Jhfuoklu] 2 ,] ufYyIisV~VbZ ØkWl LVªhV] tkfeu 
jks;kisV] ØksesisV] psUubZ&600044] ¼rfeyukMq½] 
bZ&esy&srinivasan.mangadu@gmail.com  

21. MkW- ih- ljLorh] lgk;d izksQslj] fganh foHkkx] enzkl 
fo”ofon~;ky;] psUubZ&600005] ¼rfeyukMq½] 
bZ&esy&psarashindi@gmail.com  

22. MkW- lR;sanz dqekj voLFkh] Hkkjrh; Hkk’kk laLFkku] ¼mPprj f”k{kk 
foHkkx] f”k{kk ea=ky;½] gqalwj jksM] eSlwj&570006] ¼dukZVd½] 
bZ&esy&awasthisatendra@gmail.com  

23. MkW- jke izos'k jtd] lgk;d izk/;kid] fganh foHkkx] dydRrk 
fo”ofon~;ky;] dksydkrk&73] ¼if'pe caxky½] 
bZ&esy&rajak.ram2010@gmail.com  

24. izks- vkjlw ¼vkj- lqjsanzu½] lkdsr] psysacjk] ftyk eyIiqje] 
dsjy&673634]  arsusaketh@yahoo..com 

25. MkW- Vh- lh- olark] xyh uacj 6] edku uacj 1&9&709] vkfndeB] 
gSnjkckn&500044] ¼rsyaxkuk½ 

26. MkW- vfgY;k feJ] 93&lh ^jktlnu^] osaxyjko uxj] 
gSnjkckn&500038] ¼rsyaxkuk½] mishra.ahilya1609@gmail.com 

27. MkW- ujsanz dqekj esgrk] lhfu;j ,evkbZth&103] O;kl uxj 
¼_f"kuxj foLrkj½] mTtSu&456010 ¼e/; izns'k½] 
bZ&esy&drnarendrakmehta@gmail.com 



ISSN0970-0226

THE JOURNAL OF

RESEARCH

ANGRAU

TheJ.Res.ANGRAU, Vol.XLIXNo.(3),pp.1-140,July-September,2021

Indexedby CAB International(CABI),AGRIS (FAO)and ICI

www.jorangrau.org

ANGRAU

ACHARYA N.G.RANGA AGRICULTURAL UNIVERSITY

Lam,Guntur522 034



Utilisationofpassionfruitand mango forthe development of a probioticdrink 64

P.M.MEERA, C.L.SHARON,SEEJATHOMACHAN, E.R.ANEENAand P.S.LAKSHMY

Nutritionalstatusassessmentof femalecancerpatientsinCochin,Kerala 72

RASHMI H.POOJARA and ANOL THOMAS

Barriersfacedby the agri-entrepreneursof Kottayam district

duringCovid-19pandemic 81

ELIZABETHJOSEPH and NISHA VIKRAMAN

PART IV:SOCIALSCIENCES

Farmers awareness on responsibleuse of pesticidesincucurbit 92
growing areas ofGunturdistrict

A. DEVIVARAPRASADSAI,CH.SREENIVASARAO,D.V.SAIRAM KUMAR,
D.RAMESH and CH.TIRUMALA DEVI

Analysisof researchpapers publishedinThe JournalofResearchANGRAU 98
A.LALITHA,K.S.PURNIMA, M.VENKATARAMULU,

K.GURAVA REDDY and A.MANOOJ

PARTV: RESEARCH NOTES

Assessmentofseasonalvegetationdynamics overpartsof TharDesert 105

usinggeospatialtechniques
SURAJ KUMAR SINGH,GOWHAR MERAJ, NIYAMOTULLA MONDAL,
A.K.BERA, MANISH KUMAR VERMA, JAGPAL SINGH TOMAR and SHRUTIKANGA

Comparativeanalysisofmean scorevaluesoflivelihoodsecurityindex 110
ofagriculturallabourersofthreeregionsofAndhraPradesh
I.VENKATA REDDY,T.GOPI KRISHNA, P.V.SATHYA GOPAL,
Y.RADHA and V.SRINIVASARAO

Heterosisforphysiologicaltraitsinsunflower(HelianthusannuusL.) 115
K.VARALAKSHMI and S.NEELIMA

Phytochemicalscreeningof flowerand barkextractsofPeltophorumpterocarpum
K.SANGAMITHIRAIand N.VASsUGI

123



J.Res.ANGRAU 49(3)72-80,2021

NUTRITIONAL STATUs ASSESSMENT OF FEMALE CANCER
PATIENTSINCOCHIN, KERALA

RASHMI H.POOJARA" and ANOL THOMAS

artmentof Home Science,St.Teresa'sCollege(Autonomous)

Mahatma GandhiUniversity,Ernakulam-682011

Date of Receipt02.6.2021
DateofAcceptance 04.8.2021

ABSTRACT

The studyenvisagedthe assessmentofnutritional,functionalstatusand,Qualityof Life(QoL)

among selectedfemalecancerpatientsundergoingcancertherapy.The findingssuggestedthat

breastcancerwas the leadingtype of cancerand the majorityof the patientswere in the terminal

stagesof cancer.The SubjectiveGlobalAssessment (SGA) revealedthat the majorityof subjects

belongedto the mildly-moderatelynourishedcategory.Allthe studysubjects
had an inadequate

nutrientintakeconcerningenergy,protein,fat,calcium,iron,and ascorbicacid.
A statisticallysignificant

differencewas evidentbetween theactualand suggestednutrientintake.The mean valuesofphysical,

social/family,emotionaland functionalwell-beingusingthe FACT-Gscalewerecomputed to be 16.6,

18.8,11.2,and 10.8,respectivelyshowingthat QoL was pooramong study subjects,thus,impacting

cancertherapy.The nutrientintakeof the patientswas compared with SGA gradingand itwas found

thattherewas a statisticallysignificantdifferenceinthenutrientintakeamong thepatientsbelonging

to differentnutritionalstatuscategorieswith the lowestintakein the severelymalnourished.

INTRODUCTION 63 percentof alldeaths,and cancerwas one of

the leadingcauses(9%)(Mathuretal.,2020).
Cancer isa disease with multifactorial

Breast cancer isthe most frequentlyetiologythat can resultin death if not treated

diagnosedcancerinwomen. Jemaletal.(2011)

indicateda highprevalenceof breastcancer
appropriately.Canceriscausedboth by external

factors,such as tobacco use,infectious

organisms,and unhealthydietsaswellasinternal among totalnew cancercasesand totaldeaths

globally.Ithasbeen indicatedby Sadiand Avvaru

(2014)thatbreastcancerissetto overtake
factors,such as inheritedgeneticmutations,

hormones,and immune conditionsrespectively

(American Cancer Society,2016).Accordingto cervicalcancer,which isthe mostcommon type

ofcanceramong women in India.The studyby

Chaves etal.(2010)assessingthediversityof
Sung etal.(2021)therewere estimated19.3

millionnew casesand 10 millioncancer deaths

worldwidein2020.In India,non-communicable nutritionalstatussuggested a likelyrelation

diseases(NCDs)were estimatedto account for between nutritional status, disease
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Effect of Minimal Processing on Physicochemical 
Properties of Pineapple Variety Mauritius  

(Ananas cosmosus)
Betty Rani Isaac* and P. G. Mary Sneha 

Department of Home Science, St. Teresa’s College, Ernakulam – 682035, Kerala, India;  
bettyraniisaac@teresas.ac.in

Abstract
Pineapple is considered as one of the most wanted fruit crop grown in the tropical and subtropical areas. Many varieties of 
pineapple are cultivated in the world. Mauritius variety is one of the important fruit crops of pineapple. The Vazhakulam 
area in Ernakulam district of Kerala state has more concentrated in pineapple cultivation. The present study aimed to 
determine the physical properties of Vazhakkulam pineapple (Mauritius grade) before and after minimal processing. The 
present study revealed that the fresh pineapple comprises of TSS (12.20 Brix), acidity (0.64%), firmness (12 Kg/cm2), 
sweetness index (19.06), ascorbic acid (48.48 mg), reducing sugar (4.014%), total sugar (26.26%), non-reducing sugar 
(21.13%) and the fresh fruit was acidic. The total weight of fruit was 702 g and the percentage recovery of edible fruit was 
62.5%. Physio-chemical properties of the fruit were changed based on the minimal processing method used. 

*Author for correspondence

1. Introduction
India is the sixth largest producer of pineapple in the world 
with a share of about 7.4% in production of pineapple. 
Pineapple is the third most important tropical fruit crop, 
after bananas and mangoes. Pineapple is widely grown in 
Asia (Thailand, Philippines, Malaysia, China and India), 
South Central America (Brazil, Costa Rica). The pineapple 
fruits are normally consumed fresh or as fresh pineapple 
juice and in processed forms like canned pineapple slices, 
pineapple jam, pineapple candy, pineapple beverages etc.

To increase the shelf life of fruits or any product they 
can be preserved through processing. Minimal processing 
is one of the short term preservation technique. It increases 
the shelf life of the product. Minimally processed products 

are more convenient and these products also retain 
their nutritional quality. Minimally processed fruits and 
vegetables are prepared and handled to maintain their 
fresh nature while providing ‘ready-to-eat’ convenience 
to the user.

Gonzalez-Aguilar et al., (2005)1, states that, “minimal 
processing is becoming increasingly popular amongst 
consumers due to the retention of the nutritional 
quality and sensory characteristics namely appearance, 
texture and flavour, as a result of reduced dependence 
on chemicals and heat treatments. The minimal 
processing aims to make the food chemically as well as 
microbiologically safe. Minimally processed sample also 
maintain the nutritive value”. 

Keywords: Mauritius Variety, Minimal Processing, Physio-chemical Properties, Pineapple

FoodSci: Indian Journal of Research in Food Science and Nutrition, Vol 8(1), 01-06, January-June 2021

DOI: 10.15613/fijrfn/2021/v8i1/203379 
ISSN (Print) : 2349-8897

ISSN (Online) : 2350-1006



Effect of Minimal Processing on Physicochemical Properties of Pineapple Variety Mauritius (Ananas cosmosus)

FoodSci:Indian Journal of Research in Food Science and NutritionVol 8 (1) | January-June 2021|2

Kerala produces four lakh tonnes of Vazhakkulam 
pineapple (Mauritius grade) in around 40,000 acres. Even 
though majority of the produce goes into the fresh fruit 
segment in the domestic market, it is also greatly needed 
for making processed and shelf-life extended products. 
Minimal processing is one of the short term preservation 
technique commonly used for extending the shelf life of 
fruits. The reduction of microbial load is expected in MP 
products. 

Minimally processed fruit may have longer shelf life 
than whole fruit because different pre-treatment methods 
that are taking place. Therefore it is imperative to study 
whether the minimally processed products can maintain 
their physio-chemical properties. Therefore the present 
study was undertaken with the following objectives to 
determine the physical properties and edible portion size 
of fresh sample of Vazhakkulam pineapple (Mauritius 
grade), to analyse the physio-chemical properties and to 
ascertain the physio-chemical composition of pineapple 
variety Mauritius after minimal processing.

2.  Materials and Methods
‘Mauritius’ variety of pineapple with yellowish orange 
coloration was chosen for this study. Pineapple is one 
of the leading commercial fruit of the tropical countries 
around the world. Vazhakulam pineapple locally known as 
‘kannara’ is a Mauritius variety coming under the species 
Ananas cosmosus. It comes under the family Bromeliaceae 
and the order of Polaes. It is one of the most commonly 
grown cultivars in Kerala.

2.1  Assessment of the Physical Properties of 
Pineapple

The quality of fruits varies to a large extent due to 
difference in their taste, flavour, colour, aroma and size. 
At the time of purchasing of fruits, the consumer consider 
the external appearance such as freedom from external 
damage along with good weight, colour and consistency 
(Ngereza and Pawelzik, 2016)2. The fruit weight, overall 
length, circumference, shape and peel colour were the 
important physical characteristics in fresh pineapple. 
These characters were analyzed in the laboratory after 
procurement.

2.2  Determination of Edible Portion of 
Mauritius Pineapple

To determine the edible portion of pineapple, the whole 
fruit was weighed and then removed the crown, peel and 
inner core and weigh the edible portion was separated. 
Weighed the peel, crown and inner core separately to find 
the individual weight and also taken the weight of the 
edible portion. Percentage weight of the edible portion 
was also determined.

2.3  Minimal Processing of Pineapple
Minimal processing is one of the preservation techniques 
of fruits and vegetables. The minimal processing 
technology involves cleaning, washing, trimming, coring, 
slicing and shredding of fruits, sanitization, rinsing, 
chemical treatment, drying, packaging, refrigeration and 
package.

2.3.1  Preparation of the Pineapple Sample for 
Minimal Processing

Mauritius which is the most common grade and 60% ripe 
pineapples were chosen for this study. Fruit were selected 
according to size and skin colour (yellowish to orange 
coloration).

The fruits were washed with water and disinfected 
with a 2% sodium hypochlorite solution (2 ml of sodium 
hypochlorite 1 L of water). After sanitation followed by 
washing with soap water and twice in running tap water 
to remove chlorine content in fruit surface. Fruit were 
washed and disinfected.

The whole fruit was weighed then the crown was 
removed from the fruit apical region. Fruit was then 
manually peeled and sliced. It was then cut into pieces 
using sharp stainless steel knife under aseptic condition. 
The slices were cut at approximately 1 cm thickness and 
their cores were removed.

2.3.2  Minimal Processing Methods
The slices were separately dipped into treatment 

solution i.e., distilled water (T0 – control experiment) for 
3 minutes, Hot water immersion treatment at 650C for 3 
minutes (T1), Hot water immersion treatment at 1000C 
for 1 minutes (T2), dipped in Citric acid 1% + Ascorbic 
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acid 1% for 3 minutes (T3), dipped in<0.5% CaCl
2 

for 3 
minutes (T4), 2.5% Calcium lactate for 3 minutes (T5), 
Microwave exposure for 1 minutes (T6) and dipped in 
Honey (600 Brix ) for 4 hours (T7) (Table 1).

The treated samples were drained with muslin cloth 
and each treatment was packed in separate PET bottles. 
All packed bottles were placed on trays and stored in a 
cold room at 40C. The packs from each treatment were 
selected and were evaluated for quality changes.

2.4  Physio-chemical Composition of 
Samples

All the main physio-chemical attributes that can indicate 
quality changes in minimally processed pineapple: Such 
as firmness, sweetness index, acidity, ascorbic acid, 
total soluble solids, pH, reducing sugar, non-reducing 
sugar and total sugar were determined. Chemical 
composition of the samples was analyzed using standard 
AOAC procedures. The TSS of a given fruit sample was 
determined with the help of the refractometer, acidity by 
pH meter and the firmness of the fruit was measured by 
penetrometer. The sweetness index was calculated as (SI) 
= Total soluble solid (TSS)/Acidity3.

2.5 Data Analysis and Interpretation
Collected data was tabulated and percentage analysis was 
applied for better understanding.

3. Results and Discussion 

3.1 Physical Properties of Fresh Pineapple
Physical properties of fresh pineapple (Mauritius) 
assessed for are presented in Table 2

Table 2. Physical properties of fresh pineapple 
(Mauritius)

Physical properties Values
Total fruit weight 702 g

Fruit weight (without crown) 609 g

Overall length 32 cm

Fruit length 13.5 cm
Crown length 17.8 cm

Circumference 29.7 cm

Shape Conical

Peel colour Yellowish orange

Treatment code Minimal processing methods

T0 Control sample - Dipped in water for 3 
minutes

T1 Hot water immersion treatment - 650C for 
3 minutes

T2 Hot water immersion treatment - 1000C for 
1 minutes

T3 Dip in Citric acid 1% + Ascorbic acid 1% 
for 3 minutes

T4 Dip in CaCl2 (<0.5%) for 3minutes

T5 Dip in 2.5% Calcium lactate for 3 minutes

T6 Microwave exposure for 1 minute

T7 Dip in Honey (600 Brix) for 4 hours

Table 1. Different minimal processing methods
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The fresh pineapple (Mauritius) fruit was tapering 
slightly from the near base and the total weight was 702 
g. After removing the crown, the weight was 609 g. The 
overall length of fruit including crown was 32 cm. After 
removing the crown, the fruit length was 13.5 cm and 
the crown length was 17.8 cm. The circumference of the 
fruit before peeling was 29.7 cm. The fresh pineapple 
(Mauritius) fruit was conical in shape. And the peel was 
yellowish orange in colour.

3.2.  Edible Portion Percentage of Fresh 
Pineapple (Mauritius)

Total weight of the fresh pineapple (Mauritius) was 
weighed and then removed the crown, peel and inner 
core. Weight of the edible portion was taken separately. 

The percentage recovery of edible fruit portion is shown 
in Table 3.

The whole fruit weight was found to be 702 g (100%). 
The crown weight was 73 g (10.4%) and peels weight was 
121 g (17.2%) and the inner core constituted 69 g (9.8%). 
The percentage recovery of edible fruit was calculated as 
439 g (62.5%).

3.3  Physio-chemical Properties of Fresh 
Pineapple   

Physio-chemical properties of pineapple (Mauritius) were 
analysed by quantitative method for determining the 
chemical characters and presented in Table 4. Sweetness 
index and firmness of the fruit was also determined in 
fresh and minimally processed samples.

Portions Weight Percentage (%)

Total fruit weight 702 g 100

Crown weight 73 g 10.4

Peel weight 121 g 17.2

Core weight 69 g 9.8

Edible portion percentage 439 g 62.5

Chemical characters Values/100g

Acidity (%) 0.64

Sweetness index 19.06

Ascorbic acid (mg) 48.48

Total soluble solid (TSS) (0Brix) 12.2

Reducing sugar (%) 4.014

Total sugar (%) 26.26

Non- reducing sugar (%) 21.13

Firmness Kg/cm2 12.0

pH 3.58

Table 3. Edible portion percentage of fresh pineapple (Mauritius)

Table 4. Physio-chemical properties of fresh pineapple
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Fresh Mauritius variety pineapple sample had 0.64% 
acidity, 48.48 mg of ascorbic acid, 12.20 Brix of total soluble 
solids, 26.26% of total sugar, 21.13% of non-reducing 
sugar and 4.014% of reducing sugar. The fresh pineapple 
fruits were acidic in nature and pH was 3.58. Sweetness 
index of the sample was found to be 19.06. Firmness of 
the fruit was 12.0 Kg/cm2.

Ali et al., (2015)4 has reported that the sweetness 
index of pineapple varieties of Honey queen, Giant Kew 
(G.K), Asshini and Ghorashal pineapple was 28.2, 18.24, 
18.29 and 31.50 respectively.

In minimally processed samples, the acidity has 
been found to be maximum in T3 sample (citric acid 
1% + ascorbic acid 1% - 3minutes). Sweetness index 
varied in different treatments. Dip in honey (T7) had the 
maximum index (83.75). Increased level of Total Soluble 
solids was found in treatment T7. Ascorbic acid content 
of the minimally processed samples ranged from 18.18 
mg to 46.4 mg. Ascorbic acid is the vitamin that usually 
degrades most rapidly.

The above result shows that the reducing sugar, total 
sugar and non-reducing sugar have been found to be high 
in T7 i.e. 10.3%, 28.62% and 17.39 respectively. A study 

conducted by Eman et al., (2015)5 recorded that, “the total 
soluble solids content was increased in fresh-cut guava 
treated with honey throughout cold storage”. 

Firmness of the fruit found to vary according to 
the treatments given ranging from 7.5 to 12.35 Kg/cm2  

(Table 5).
There was not much variation found in the pH of 

minimally processed samples of different treatments. 

4.  Conclusion
Medium sized fresh pineapple (Mauritius) fruit weighed 
702 g of which 439 g was edible (62.5%) and had 48.48 mg 
of ascorbic acid per 100 g. Sweetness index was moderate in 
Mauritius variety. It was clear from the study that, physio-
chemical properties of pineapple were changed based 
on the minimal processing method applied. Minimally 
processed refrigerated fruits have attracted the interest 
of the food industry including food manufacturers, retail 
food stores, restaurants and carry-out establishments. 
Further studies may be conducted to develop new 
techniques that will retain the physio-chemical properties 
of the pineapple after minimal processing.

Particulars T0 T1 T2 T3 T4 T5 T6 T7

 Acidity (%) 0.23 0.32 0.23 0.38 0.24 0.33 0.29 0.32

 Sweetness index 20.04 38.13 43.47 32.63 53.33 36.66 48.27 83.75

Total soluble solid (TSS) (0Brix) 12.2 12.2 10.0 12.4 12.8 12.1 14 26.8

Ascorbic acid (mg) 44.4 18.18 42.42 46.4 45.9 38.2 42.36 38.38

Reducing sugar (%) 3.89 3.19 2.71 3.75 4.07 4.52 2.93 10.31

 Total sugar (%) 17.60 17.21 15 16 16.6 19.53 18.68 28.62

Non-reducing sugar (%) 13.02 13.31 11.67 11.63 11.9 14.25 14.96 17.39

Firmness Kg/cm2 9.73 9.45 6.36 12.35 11.31 7.56 11.41 7.5

pH 3.74 3.59 3.63 3.41 3.52 3.67 3.69 3.7

*T0 – Contro l = sample-Dipped in water for 3 minutes; T1 = Hot water immersion treatment - 650C for 3 minutes; T2 = 
Hot water immersion treatment - 1000C for 1 minutes; T3 = Dip in citric acid 1% + ascorbic acid 1% -3 minutes; T4 = Dip 
in CaCl2 (<0.5%) for 3 minutes; T5 = Dip in 2.5% Calcium lactate for 3 minutes; T6 = Microwave for 1 minutes; T7 = Dip 
in honey (600 Brix) for 4 hours.

Table 5. Physio-chemical properties of the minimally processed pineapple 
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INTRODUCTION

ADHD is a common, chronic, and

widespread childhood condition marked by

developmentally inappropriate activity levels,

impulsivity, and an inability to maintain attention

and concentration. According to the Diagnostic

and Statistical Manual of Mental Diseases,

attention deficit hyperactivity disorder (ADHD)

is characterized by widespread and debilitating

symptoms of inattention, hyperactivity, and

impulsivity (APA, 2013). The symptoms of ADHD

must be evident before the age of seven years
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ABSTRACT

The study aims to determine the prevalence and gender differences of attention deficit

hyperactivity disorder (ADHD) among preschoolers residing in the Kottayam district of Kerala. A  total

of 380 children aged between 4 and 5 years were selected through purposive sampling method from

government and private schools during the year 2020-21. Fifteen preschools were selected after

taking the consent of concerned authorities. Data was collected using the Vanderbilt ADHD rating

scale IV preschool version (McGoey et al., 2007). The result of the study showed that 6% (23) of

children had ADHD out of 380 children selected and this disorder was higher among boys with 3.4%

(13) and 2.6% (10) among girls. However, the hyperactivity-impulsive type was more prevalent in

boys and inattentive type in girls. Among the positive cases (23), children having hyperactivity type

were 4.2% (16), inattention was 1.3% (5) and combined type was 0.5% (2).

Key Words: ADHD, Prevalence, pre-school children, Kottayam, Kerala

to meet the diagnostic criteria. ADHD has a high

proportion of co-morbidity and has a substantial

impact on school performance and family health

even in the early stages of development (Josefa,

2016).The objective of the study was to find the

gender difference and prevalence of attention

deficit hyperactivity disorder among

preschoolers in the Kottayam district of Kerala.

MATERIAL AND METHODS

The study was carried out in government

and private schools located in the Kottayam

district in the state of Kerala. Fifteen (15)
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preschool institutes were selected randomly after

the consent of concerned authorities. The

sample consisted of 380 children aged between

3-5 years selected through purposive sampling.

The study was conducted in the academic year

2020-2021.An online survey using a structured

questionnaire was used as the method of

collecting data from the respondents. Parents

of children were asked to complete the Vanderbilt

ADHD rating scale. The scale consisted of 18

items with a three-point rating scale. Data

obtained were analysed through the SPSS 20.0

version for windows. The qualities of the data

collected from the sample were described and

summarised using descriptive statistics. The chi-

square test was used for estimating any

difference in the sets that arose by chance.

RESULTS AND DISCUSSION

Demographic profile of the children

Table 1 lists the general information about

the students who were chosen, such as their age,

gender, and grade level.

Table 1 reveals that 234 children were 5

years old and which was the highest percentage

(61.6%). Gender category consisted of 197 boys

(51.8%) and 183 girls (48.2%). A majority of the

200 children were studying in the LKG class

(52.6%).

A total of 140 (95.8%) number of four-year

old children had no symptoms of ADHD. Five

(3.4%) children had hyperactive symptoms and

only 1 (0.7%) child had both inattention and

hyperactive symptoms. However, out of 234 five-

year old children, 217 (92.7%) were normal, 5

(2.1%) had inattention, 11 (4.7%) were

hyperactive and only 1 (0.4%) child had both

inattention and hyperactivity symptoms. The test

shows no significant difference based on age as

the p-value is greater than 0.05 (Table 2).

Table 1. Demographic profile of the children (n=380)

S. No. Category Demographic variable Frequency Percentage

1 Age 4 years 146 38.4

5 years 234 61.6

2 Gender Boy 197 51.8

Girl 183 48.2

3 Grade L.K.G 200 52.6

U.K.G 180 47.4

Out of the 198 boys, 185 (94.4 %) were

normal, one boy had inattention symptoms, 12

(6 %) were hyperactive and no child fell under

combined type. Out of the 182 girls, 94 percent

were normal, 4 (2.2 %) have inattention, 4 (2.7

%) were hyperactive and 2 (1.1 %) of the children

belonged to the combined type. The Pearson

Chi-Square test shows no significant difference

based on age as the p-value is greater than 0.05

(Table 3).

Out of the 380 children, 6 (3.2%) girls and

one (0.5%) boy were inattentive type. No

SUKANYA and NISHA VIKRAMAN
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 Classification of children based on age and gender

Table 2. Classification of children based on age (n=380)

S. Age Total

No.  (in                         Classification chil-

years)         Normal        Inattention              Hyperactivity     Combined dren

Freq- Freq- Freq- Freq-

uency % uency % uency % uency %

1 4 140 95.8 0 0.0 5 3.4 1 0.7 146

2 5 217 92.7 5 2.1 11 4.7 1 0.4 234

Total 357 93.9 5 1.3 16 4.2 2 0.5 380

Value df P-value

Pearson Chi-Square 1.778 1 0.182

Table 3. Classification of children based on gender

S. No. Gender Classification (n=380)

               Normal               Inattention           Hyperactivity            Combined

Count % Count % Count % Count %

1 Boy 185 94.4 1 0.5 12 6.0 0 0.0

2 Girl 172 94.0 4 2.2 4 2.7 2 1.1

Total 357 94.2 5 1.3 16 4.2 2 0.5

Value df P-value

Pearson Chi-Square 0.00173 1 0.967

symptoms of inattention were found in 196

(99.5%) boys and 178 (97.3%) girls. However,

the p-value is less than 0.05 and hence

significant (Table 4).

Hyperactivity symptoms were found in 10

(5.1 %) boys and 7 (3.8 %) girls. A total of 17

(4.5 %) children belonged to the hyperactive-

impulsive type and the results are significant

(Table 5).

The overall prevalence of ADHD was 6% out

of 380 children selected for the study.  These

findings emphasize the importance of diagnosing

ADHD in children at a young age in order to

develop treatment strategies. (Joshi and

Angolkar, 2018). One of the first studies to look

at the incidence of ADHD in rural India highlighted

the critical need for more study into the

condition. (Anshuman, 2016). Ashraf and Razieh

(2011) found informants regularly reported

PREVALENCE OF ADHD AMONG PRESCHOOLERS
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Attention Deficit Hyperactivity Disorder (ADHD): Types and Gender Difference

Table 4. Inattentive type and gender difference (n=380)

Sl No Gender            Inattentive type Total

No Yes

Frequency % Frequency %

1 Boy 196 99.5 1 0.5 197

2 Girl 178 97.3 6 3.2 183

Total 374 98.4 7 1.6 380

Value df P-value

Pearson Chi-Square 0.010

Table 5. Hyperactive-Impulsive type and gender difference

Sl No Gender       Hyperactive-Impulsive type Total

No Yes

Count % Count %

1 Boy 187 94.9 10 5.1 197

2 Girl 176 96.2 7 3.8 183

Total 363 95.5 17 4.5 380

Value df P-value

Pearson Chi-Square 0.031

ADHD symptoms, possibly more by teachers than

by parents, and teacher-parent agreement may

be low. The findings may help to highlight the

prevalence of ADHD in the population and the

need to improve the quality of public health

mental health services for the prevention and

treatment of ADHD. (RioBianchini et al., 2013).

The majority of ADHD children from a joint

household and belonged to the lower middle

class.(Pawan et al., 2020).

Hyperactive-impulsive symptom rate was

higher than inattention symptom and the

prevalence rate of ADHD was high among boys

than girls. This is consistent with Visser et al.

(2014) who found during the study period of 2003

to 2011, males had a continuously greater

prevalence of ADHD than girls. According to

Jyothsna and Anuja (2013) there is a significant

prevalence of ADHD among elementary school

students, with boys having a higher frequency

than girls.

Results showed hyperactivity-impulsive type

had a male predominance which agrees with the

study of Jaisoorya et al. (2020) who reported that

SUKANYA and NISHA VIKRAMAN
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4.3% self-reported symptoms for ADHD

combined type, 1.8% for ADHD hyperactive-

impulsive type and 1.4% for ADHD inattentive

type with a male predominance in children

attending school in India. They also claimed that

clinically significant self-reported ADHD

symptoms can be just as incapacitating as  ADHD.

Among the 23 children with ADHD, inattention

was more prevalent in girls than boys. Sam et al.

(2012) concluded that ADHD was significantly

prevalent in boys than in girls. The prevalence

of  ADHD in school-going children aged between

5-12 years in Bengaluru was found to be 1.3%.

Among the positive cases, children belonging to

the hyperactivity type were 34.1%, inattention

was 9.8% and combined  type was 56.1%

(Ramya, 2017). In comparision to western

studies, the prevalence of ADHD and co-

morbidity of bipolar disorder was lower in India.

(Kuppili et al., 2017).
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CONCLUSION

The overall prevalence rate of ADHD was

found to be 6% (23) with 3.4% (13) among the

boys and 2.6% (10) among the girls in

preschoolers out of the 380 children selected for

the study. The prevalence rate of attention deficit

hyperactivity disorder (ADHD) was high among

boys than girls. The results also recommend the

need for screening, early diagnosis and treatment

of attention deficit hyperactivity disorder (ADHD)

in preschool-age children.
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ABSTRACT  

Objectives: To assess QOL of different head and neck cancer patients.  

Materials and Methods: A cross sectional study of 35 subjects with HNC was selected based on the type of cancer. After a 
background study, 35  subjects were chosen classifying on the type of cancer and were assessed using an interview schedule.  

Results: Physical as well as emotional score was poor among the group (312.5 and 349.5). The results had a high 

degree of variation. Conclusion: QOL among HNC patients were concluded to be poor.  

Keywords: Quality of life, Head and neck cancers, Physical score, Emotional and social score 

INTRODUCTION  
WHO defines quality of life (QOL) as an individual’s  
perception of their position in life in the context of the  
culture and value systems in which they live in, in 
relation  to their goals and expectations, standards, and 
concerns[1]

  

(WHOQOL Group, 1995) and it closely resonates with 
the  perception of health. With the increase in life 
expectancy in  chronic diseases like cancer, the 
importance of maintaining  an acceptable QOL is 
gaining importance. In conditions like  head-and-neck 
cancers (HNCs), requiring a more radical  treatment, 
longer survival mostly comes with a toll on QOL.  
Outcome of disease and efficacy of treatment is usually  
assessed at each stage of the treatment but the patient’s  
view of the treatment outcome in his daily life is usually  
not addressed. QOL is now increasingly perceived as 
the  primary outcome of the treatment itself.[2]

 Moreover, 
QOL  during treatment affects the overall response of 
the subject  to the treatment itself.  

According to GLOBCAN (2018) report, HNCs account  
for approximately 30–40% of all cancer sites, in India.[3]

 

It  mostly requires a multimodality treatment involving 
surgery,  radiotherapy, as well as chemotherapy in most 
cases, affecting  the subject’s physical, emotional, and 
social QOL to a large  extent.[4]

 They can hence be a 

group vulnerable to lead a poor   
QOL during as well as post the treatment.  

An effective tool to record the patient perception of 
his/her  health is important to assess QOL. University of 
Washington  (UW) developed a questionnaire that is 
briefly discussing all  the domains in a set of 12 
questions.[5]

 UW-QOL is a reliable  instrument for 
assessing the QOL in Indian population  and will be a 
vital tool for an insight into the short- and the  long-term 
QOL of HNC patients.[6]

  

It is established by now the importance of the QOL  
perceived by a patient undergoing radical treatment  
methods involving impairment. At present, such an  
assessment is not a routine part of their treatment in  
countries like India, the study aims to bring attention  into 
the very poor QOL in this group so that additional  
assistance can be provided to help each of them during  
the treatment as well as post the treatment to restore 
their  social, physical, as well as psychological state. 
The study  aims in conducting a QOL assessment in 
HNC patients  using UW-QOL to bring about the 
importance of such an  assessment in every stage of 
their treatment.  

MATERIAL AND METHODS  
The methodology of this study is discussed under the  
following headings:
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Type of study  

It was a cross-sectional study. In this way, this study 
provides  a “snapshot” of the outcome and the 

characteristics associated  with the diseased condition, 
at a specific point in time.  

Selection of subjects  

For the study, subjects with head or neck associated 
cancers  were selected. A  total of 35 subjects including 
male and  female were selected.  

Selection of area  

The study was conducted in Msgr. Joseph Kandathil  
Memorial Cancer Research Centre, Cherthala. It was 
the first  comprehensive cancer care center in a rural 
setting, in Kerala  state of India with diagnostic, 
therapeutic, and palliative  facilities for cancer care.  

Selection of tools  

For the interview, a pre-tested interview schedule 
prepared  by the investigator was used to collect 
background  information of the subjects along with the 
UW-QOL  questionnaire which was developed to identify 
issues of  concern of the individual patient. The 
questionnaire gives  an overall scoring based on 
emotional, social, and physical  status of the patient and 
allows the investigator to grade  them accordingly.  

Conduct of study  

The consent to conduct the study and interview the 
patients  and caretakers were obtained from the hospital 
authorities,  the subjects, and the caretakers. 
A  personal interview was  conducted with subjects 
based on the questionnaire.  

Data analysis and interpretation  

Data were recorded, tabulated, and scored using 
Statistical  Package for the Social Sciences Windows 
software,  version 25. The collected data were analyzed 
and results were  discussed.  

RESULTS  

For an individual to lead a good quality life, he should  
physically, socially, and emotionally be stable. UW-QOL  
questionnaire, used in the study consists of 12 single 
question  domains. The domains are pain, appearance, 

activity,  recreation, swallowing, chewing, speech, 
shoulder, taste,  saliva, mood, and anxiety. The results 
thus obtained are given  below.  

Medical history  

A brief medical history was recorded for each patient, 
mainly  focusing on the type of cancer and the 
treatments they have  undergone.  

Ca tongue was the most common diagnosis, seen in  
11 patients, which is followed by Ca larynx with six 
subjects.  Ca buccal mucosa was found in four subjects, 
three subjects  had carcinoma alveolus, and another 
three had Ca thyroid  Figure 1. Two subjects had 
carcinoma cheek and one subject  each suffered from 
cancers associated with brain, esophagus,  
nasopharynx, oropharynx, tonsil, and neck.  

In majority of the patients (77.1%), there was no 
relapse in  the cancer, whereas 22.9% suffered a 
relapse Table 1.  

Treatment record seen in Figure 2 gives an insight into 
the  physical, emotional, and nutritional difficulties 
experienced  by the patient. It also gave an insight into 
the vulnerable  group of patients to poor QOL. 
Treatment record is  represented in the above figure, 
where the current treatment  as well as the past 
treatments undergone for the present  diagnosis is 
mentioned. More than half (60) of the subjects  had 
undergone surgeries in the past and 57.1 had currently  
undergone a surgery, 31.4 had radiotherapy ongoing, 
and  22.9 had undergone radiotherapy in the past. About 
5.7% of  the subjects were currently under palliative 
treatment.  

QOL  

QOL questionnaire for HNCs was developed by UW in 
1993  by Hassan and Muller. The tool has been 
validated by many  studies to be brief, valid, and reliable. 
QOL is discussed under  four categories as follows:  

Symptoms and scores  

Table 2 shows: Pain, 0: No pain; 25: There is mild pain 
not  needing medication; 50: Moderate pain requiring 
regular  medication; 75: Severe pain requiring 
prescription medicine;  100: Pain uncontrolled with any 
medication.  

In appearance, 0: No change; 25: Minor change;  50: 
Appearance bothers the patient, yet chooses to stay 
active;   



Figure 1: Distribution of types of cancers in subjects.
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75: Feeling of being significantly disfigured leading to 
limiting  of activities; 100: Cannot handle the change in 
appearance.  

In activity, 0: Active like before; 25: Old pace could not 
be  achieved sometimes but not often; 50: Often tired 
and slowed  down activities; 75: Does not go out due to 
poor strength;  100: Confined to bed or chair.  

In mood, 0: Excellent and unaffected by cancer; 25: 
Generally  good; 50: Neither good nor depressed about 
cancer;  75: Somewhat depressed by cancer; 100: 
Extremely depressed  with the diagnosis.  

Among the subjects, 69.2% experienced moderate pain,  
requiring regular medications like paracetamol and  20% 
went through a mild pain but not requiring any  
medication.  

Majority (54.3%) of the subjects felt significantly 
disfigured  and limited their activities due to their 
appearance.  

Activity was widely variable, 31.4% felt often tired and 
has  slowed down their activities although they still get 
out.  About 25.7% do not go out and complained of not 
having  the strength to. Another 22.9% felt that were 
times when they  could not keep up their old pace but 
not often.  

Figure 2: Distribution of cancer treatment record of the 
subjects. 

Table 1: Relapse of cancer in the subjects.  

Relapse of the cancer Frequency Percentage  

New diagnosis 27 77.1 Relapsed 8 22.9  

Table  2: Distribution of symptoms and the score among 
the  subjects.  

Symptoms Scores (percentage) 0 25 50 75 100  

Pain 2.9 20.0 62.9 5.7 5.7 Appearance 0.00 8.6 28.6 54.3 
8.6 Activity 8.6 22.9 31.4 25.7 11.4 Mood 14.3 42.9 22.9 
20.0 0.00  
Mood was analyzed and 42.9% felt their mood generally 
good  and only occasionally affected by the cancer, 
while 22% felt  neither good nor depressed about the 
cancer. Twenty percent  of the subjects felt somewhat 
depressed with their cancer.  

Table 3 shows: Sleep, 0: Good; 30: Fair; 70: Poor; 100: 
Very poor.  

In saliva, 0: Normal saliva; 30: Lesser saliva but 
satisfied;  70: Too little saliva; 100: No saliva.  

Taste: 0: Normal taste; 30: Most foods have normal 
taste;  70: Can taste some foods; 100: Cannot taste 
any foods.  

In speech, 0: Same as before; 30: Have difficulty but  is 
understood over phone; 70: Only close people can  
understand; 100: Cannot be understood by any.  

Forty percent of the subjects had a fair and another 40%  
had a poor sleep. Another 17.1% complained of very 
poor  quality of sleep and 45.7% complained of less 
saliva than  normal but found it to be enough. It was 
noticed that 31.4%  had too little saliva. Only some foods 
could be tasted by  25.7% another 25.7% expressed that 
they can taste most  foods normally. Forty percent of 
subjects found that only  their family and friends could 
understand them and 28.5%  had difficulty saying 
certain words but could be understood  over phone.  

Health-related quality  

Health-related quality of the subjects depicted in 
Table  4,  was perceived to be somewhat worse by 
around 65.7%  whereas 20% felt the quality to be about 
the same as before  to the month before they developed 
cancer. However, 14.3%  complained that the QOL was 
much worse.  

Study depicted that 51.4% of the subjects believed that 
their health related quality for the past 7 days to be fair, 
34.3% did find the  quality poor, and a minor of 8.6% 



felt it very poor Table 5. Some  of them (5.7%) 
remarked their health-related quality to be good.  

Physical function score  

Physical function score is a culmination of six domain  
scores – those of chewing, swallowing, speech, taste, 
saliva,  and appearance. It gives a perception of the 
physical status of  a patient.  

Table  3: Distribution of other symptoms and score among 
the  subjects.  

Symptoms Scores (percentage) 0 30 70 100  

Sleep 2.8 40 40 17.1 Saliva 11.4 45.7 31.4 11.4 Taste 
34.2 25.7 34.2 5.7 Speech 11.4 28.5 40 20 
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Figure 3 illustrates the percentage of physical function 
score  of the subjects under different types of cancers 
experienced.  It shows that the least mean score was 
seen in patients  suffering from Ca oropharynx, followed 
by a score of 34.72  among Ca alveolus, 35.42 among 
Ca larynx, 36.25 among  Ca cheek, 43.56 among Ca 
tongue, 43.33 among Ca tonsil,  and 45.42 among 
carcinoma buccal mucosa. A  score of  55.83 was seen 
in Ca nasopharynx followed by Ca brain  with 6.67 and 
71.39 in Ca thyroid whereas Ca esophagus  had a good 
score of 84.17. The best score was seen among  a 
newly diagnosed neck tumor that has not undergone 
any  treatment at the time.  

Social and emotional score  

Social and emotional score is the culmination of six  
domains, namely, pain, activity, recreation, mood, 
anxiety,  and shoulder function [Figure  4]. Among the 
subjects, the  lowest mean score was of subjects with 
carcinoma cheek of  37.08 followed by 36.94 among Ca 
larynx, and 37.5 among  Ca tonsil. Ca oropharynx had a 
score of 42.50, Ca alveolus  had a  mean score of 55.28, 
and Ca brain had 53.33 as the  score. Ca tongue had a 
score of 51.21. Good scores were seen  among Ca 
esophagus with 75 and Ca thyroid with 76.94 and  neck 
tumor had the highest score of 79.17, again due to the  
fact that the patient had not undergone any treatment.  

DISCUSSION  
Surgery being the most promising treatment, more than 
half  of the subjects had surgeries in the past or recent 
period.  A  great subset of the subjects had cancers 
associated with  tongue, larynx, and buccal mucosa. 
Surgeries in these areas  can significantly alter 
appearance, swallowing, chewing,  saliva, etc. 
Radiotherapy and chemotherapy can further  disturb the 
emotional state of the subject. Therefore, the   

Table 4: Health-related quality of the subjects.  

Quality of health Percentage  

Much better 0.0 Somewhat better 0.0 About the same 
20.0 Somewhat worse 65.7 Much worse 14.3  

Table 5: Health-related quality of life during the past 

7 days. Health‑ related quality of life Percentage  

Outstanding 0.0 Very good 0.0 Good 5.7 Fair 51.4  
Poor 34.3 Very poor 8.6  
analysis of the patients QOL is of significance in each 
step of  the treatment as well as post-therapy period.  

When assessing symptoms such as pain, appearance, 
activity,  mood, and sleep, the scores were very poor, 
every subject faced a  low score in any one of these 
symptoms once the treatment began.  

Physical function score was poor for all the subjects 
being treated  for various HNCs but was better in 
carcinoma esophagus and  neck tumors due to the fact 
that they were both in the beginning  of their treatment 
and not much radical treatment was  undergone. 
Cancers affecting oropharynx, alveolus, larynx, and  
tongue had the least scores largely due to the area of 
resection  and radiation affecting the physical score 
largely.  

Social and emotional score had almost similar results.  
Carcinomas of thyroid, esophagus, and neck tumors 
had  good scores comparing to the extremely poor 
scores among  carcinoma cheek and larynx, which both 
had a severe  impairment in appearance, mood, and 
anxiety.  

The study sums up the poor QOL of HNC patients.  
Assessment of their QOL can be monitored in every step 
of  the treatment, which would give insights into the 
measures  that can help them maintain a more 
satisfactory lifestyle.  Now treatment methods such as 
physiotherapy, occupational  therapy, psychology 
counseling, and group counseling are  gaining 
importance in helping cancer patients worldwide  to 
overcome their treatment-related complications.   



Figure 3: Physical function score of the subjects.  
Figure 4: Social and emotional score of the subjects.
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Identification of their hurdles is the first step in helping 
them  have a better life beyond cancer, a good 
assessment tool like  the one we have studied here can 
help the patient as well as  the caregivers achieve a 
good treatment response.  

CONCLUSION  
The study sums up the very poor QOL among HNC 
patients.  Further, management can be undertaken once 
an assessment  is made in each stage of their treatment 
and care to provide  effective and efficient methods to a 
better QOL throughout,  especially post the treatment.  
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Abstract : People are the major part of environment that produces waste. The manner in which an individual or a general public 
deals with its solid waste has notable long - term entail on environment and human well being. The risks of neglecting to 
incorporate unbridled waste in the totality of its structures are unquestionably all the more destructive as they go on the far side of 
health hazards and medical complexities. The present study aims to improve the household biodegradable solid waste 
management options at the source itself. The objective is to design an economically feasible, ergonomically adaptable device for 
sustainable management of households biodegradable solid waste. The study was carried out in Ernakulam. Household reviews 
have been utilized in this study in combination with the waste portrayal study as an approach to accumulate fundamental 
information about the current waste handling issues. Based on the basic issues identified, the researcher designed a fertilizer 
canister to suit the necessities and resolve the issues pointed out by the households. For design development the software used 
was CAD.  The newly designed waste composter model is exceptional from other accessible models with the accompanying 
highlights - increasingly advantageous to use in balcony or porch, creates brisk manure, ease in turning compost, no direct contact 
with fertilizer and leachate, the material used for its construction is durable, strong and practical. The proto type of new compost 
model design will be introduced to the selected households. The design modification will be incorporated according to the 
suggestions and practical easiness with the functioning of device.   
 
 
IndexTerms - Households, Solid waste, Sustainable waste management, design development 

I. INTRODUCTION 

Solid waste is a complicated combination of solid substances along with some liquid elements, some of which are innately 
harmful to health. Solid waste generation and its management has become an indispensable piece of human life. Its principle 
centre is to accomplish a sustainable environment to preserve the present and future generation from unfriendly impacts of solid 
waste.  
According to the report published by World Bank(2015), 70% global increase in municipal solid waste is expected by 2025, with 
developing nations dealing with the challenges as their waste is anticipated to greater than double. According to the Central 
Pollution Control Board (CPCB, 2015), the average waste production in Indian cities is more than five hundred ton per day 
(Times of India, 2015). Solid Waste Management is one of the challenges dealing with any urban region in the World (Guerrero, 
Mass, & Hogland, 2013). 

Given the presence of well-established private and informal frameworks of waste trading, it may appear that a city like Ernakulam 
is in no need of any intervention to help waste reduction. It ought to be recalled, despite, that Ernakulam like innumerable number 
of other cities in the developing world, is under extraordinary stress of modernization and advancement. It is a city that is 
formally uninformed of its traditions and customs of waste reusing and recycling. Despite the fact that the municipalities have a 
generally limited quantity of waste to manage day by day, they are not able to handle with that proficiently. 
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Family units create a largest part of Municipal Solid Waste in Kerala. It is very significant to control and study household waste 
due to the magnitude of the hassle and its consequence to the overall public. Food and other organic waste constitute a significant 
fraction of household waste, and its management presents considerable challenges due to its highly sarcastic nature and the 
environmental, public health, and amenity implications. Organic waste disposal units were introduced in municipal & corporation 
areas as convenient means to collect food waste dispose of it. However, although waste collections are used in many places 
throughout the state, their potential as a waste management option has not been fully considered. In developing countries in 
particular, Municipal Solid Waste Management is characterized with a high organic fraction in excess of 60% compared to less 
than 30% in developed economies (World Bank, 2012;IPCC, 2006). This fraction can be diverted from the waste collection 
system by introducing a organic waste composter at the household level, which converts the food wastes to organic fertilizers. 
With this contextual the current study was led propose a practical solution for dealing biodegradable solid waste for the 
households. 

Objectives of the study 

1. To find out the composition of solid waste generated at household level. 

2. To evaluate the waste management options and its related issues at household level. 

4. To design an economically feasible ergonomically adaptable device for converting biodegradable household waste in to manure. 

 

II. Review of work done including need in Society: 
1. Management of Solid waste is the most complex issues in India than anywhere else in the universe. The amount of solid waste 
has expanded immensely with enhanced way of life and economic wellbeing of the populaces. (Begum Zareena (2001) 2. The per 
capita waste generation rate in India has increased from 0.44 kg/day in 2001 to 0.5 kg/day in 2011, increased by varying standard 
of living and improved purchasing power of urban Indians. (Annepu, 2012). 3. Monney et.al (2013) affirmed that household solid 
waste is ruled by organic waste (48 percent) and lifeless materials (33 percent). 4. The uncollected waste is often deserted 
arbitrarily resulting in clogged drains and sewerage that serves as propagation ground for rodent vectors and insects leading to 
multiply of diseases. 5. This common practice directs to major health hazards for the population and to a hasty deprivation of the 
urban environment (Hardoy et al., 2001; Rajagopal, 1998) 6. The prevalent method of disposal has been open dumping (94%), 
and just 5 % of the aggregate waste is taken for fertilizing the soil (CPCB, 2000a). 7. Physiochemical characteristics of 
groundwater samples from tube wells and bore wells close to dumping destinations in some major Indian urban communities have 
shown heavy metals and synthetic substances in abundance exceeds the permissible limits. (Kumar et al., 2009). 8. A lot of solid 
dissipates are produced from homes. Family unit waste is a significant origin of solid waste. (Vinod and Venugopal, 2010). 9. In 
the Gods own country, Kerala. regardless of the higher proficiency rate and all around better educational frameworks and status, 
there is absence of rehearsing appropriate waste management among Keralites, whether young or aged. Ifegbesan (2008). 10. 
Taking note of that the COVID-19 pandemic is proceeding to spread and its effects upon human wellbeing and the economy 
escalating step by step, the UN Environment Program asked governments to treat waste management, including of clinical, 
household and different hazardous waste, as an insistent and crucial public service so as to limit conceivable additional effects 
upon wellbeing and nature. 11. New methodologies in solid waste administration are accepted to accomplish extensive, 
composed, economical and ecofriendly techniques. It centres the 4R's - Reduction, Reuse, Recycle, and Recovery to make wealth 
from the wastes and to diminish the final wastes going in to the landfills. 12. The major causative components to the waste related 
issues are absence of ecological energy, loyalty and obligation among the overall population. It is important to sharpen people in 
general to know about waste management issues in order to comprehend the results of ill-advised management of waste and the 
ensuing genuine danger to their lives and well-being (Shekdar, 2009). 

III. RESEARCH METHODOLOGY 
The present study was undertaken to design an economically feasible ergonomically adaptable device for sustainable management 
of biodegradable solid waste for households. In order to carry out the study the researcher reviewed the related literatures and 
studied about the existing household biodegradable waste converters to identify related issues in handling the waste with the 
waste converters. The design of the organic waste composter is developed using CAD Software. The study wàs carried out 
through 3 phases: 
3.1 Household survey for problem identification 

Organic waste composting appeared as an environmental solution at the household level that can reduce waste and turn 
materials into valuable resources. So, to promote home composting effectively, it was essential to recognize the 
determination and the attitudes of homemakers towards home composting.  
A questionnaire was structured to identify the problem according to the components of the conceptual framework. An expert 
confirmed the validity of the questionnaire and the homemakers were selected as samples. The total number of participants 
in this problem identification study was 30. These participants were equally selected from corporation, Municipality and 
Grama panchayat areas of the Ernakulam District.  

3.2 Design development of organic waste composter 
Based on the basic issues identified, the researcher designed a fertilizer canister to suit the necessities and resolve the issues 
pointed out by the households. 

3.3 Evaluation of the prototype design developed 
The evaluation of the prototype design developed was done with the help of score sheet. Experts were evaluated and the 
scores were recorded. 
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IV. RESULTS AND DISCUSSION 
  

4.1 Waste portrayal study 

Basic, efficient and possible technique to manage residential organic waste in the upcoming nations like India is 
composting. Treating the soil is the common procedure of decay and recycling of natural waste in to a humus rich soil 
rectification known as fertilizer. Treating the soil gives a way out just of decreasing the measure of waste that should 
be discarded, yet additionally of changing over it in to a useful and important final product (Lower Rio Grande Valley 
Improvement Counsil, 2004). 

There are various structures and strategies accessible to get ready fertilizer at family unit level that fluctuate from 
basic pit/store techniques to complex receptacle or pivot drum plan. Conventional composting techniques have been 
polished for a long time far and wide in numerous provincial and semi - urban territories with various types of organic 
matters. In-vessel composting has a decent control over ecological conditions, for example, temperature, dampness 
and wind current. Receptacle composting, one of the in-vessel composting framework has been related to the 
attributes of simplicity in activity, light weight, minimal effort, better utilization of floor space and smart look. 
Kumar, Jayaram, and Somashekar (2009) surveyed the performances of the distinctive manure models to oversee 
urban family unit natural waste. Rough evaluation of waste that can be overseen by various composter model had 
been managed, notwithstanding the effectiveness as far as comfort, cost, time required for development of fertilizer 
and the nature of the manure. Four sorts of composting models - basic plastic container with top model, Horizontal 
drum with pivoting shaft, earthenware composter and basic plastic canister for vermi treatment were attempted in the 
investigation, each with two units, one for wet waste and the other for mostly sun-dried waste. Natural kitchen waste, 
residential added substances like buttermilk and jaggery, dry organic elements like waste paper, dead leaves and 
Neem leaves and refined earthworms were utilized in the examination. Among the four composting models, basic 
plastic container for vermin-composting was low in cost, simple to deal with and had the option to manage15-20 Kg 
of waste and furthermore indicated better outcome (47.5%) as far as a normal weight decrease in weight of wet and 
dry solid waste. It was discovered that simple plastic container for vermin-composting as the most ideal choice to 
upgrade the effectiveness of the general solid waste administration. 
The findings indicated that the waste composting in Corporation residents were due to the lack of space and because 
of the wastes were collected by the corporation volunteers. Zen percentages of entire respondents are ready to follow 
if  a cost effective frameworks of equipment are installed.  
4.2. Basic issues identified 
Composting receptacles are getting well known in urban territories with the developing solid waste removal issues. Trouble in 
including waste and expulsion of fertilizer from the manure receptacle, manual treatment of manure, spillage of Leach, longer 
time frame to get manure, vermin issue, upsetting odour, attraction of bugs are some of the technical and management issues that 
have been recognized as the primary requirements in promoting the in-vessel composting procedure.Spending attitude towards 
composting, cost of Vessel Technique Gadgets and the space consumption were also few of their prime concerns. 
4.3. Development of the Design Prototype  
As the administration of the family unit waste is a mammoth issue for the general public, the analyst chose to build up an eco-
friendly practicable easy to use model, creative framework for source conversion of family unit biodegradable solid wastes into 
organic composts to support safe removal and reusing of family unit biodegradable waste at the source itself. In order to 
accomplish an on location composting of family unit solid organic waste, the researcher picked the canister composting 
framework. 
The recently evolved waste compost model is exceptional from other accessible models with the accompanying highlights - 
increasingly advantageous to use in balcony or porch, creates brisk manure, ease in turning compost, no direct contact with 
fertilizer and leachate, tough, durable, strong and practical.  
4.4. Design information 
A fertilizer container can be made of any tough and inflexible material to help the composting procedure, Ceramic ware, Concrete 
or solid, plastic, metal, wood, recycled containers, wooden pallets, snow fence or chicken wire can be utilized to make easy 
manure nooks (Pears, 2009). The newly developed waste compost device was a metal wire bucket, manufactured with metal 
wastes or recyclable metals. The wire basket with lid and stirrer fixed can be just inserted to any plastic bucket and can be used as 
kitchen waste collector. This will be a suitable design so that the waste can be easily stacked and mixed with the least hand touch. 
The outer part of the wire basket is filled with eggshells, news papers and dry leaves, which acts as composting agent, helps in 
composting and reducing odor. The bottom part of the plastic bucket collects the compost. When compost is ready, we can lift the 
wire mesh basket pulling from the top using the wire basket handle. Since this designed wire mesh can be kept inside any used 
plastic bucket, as mentioned in the device concept it can be placed in the balcony or terrace. The device is designed in such a way 
that the compost and leachate will not be in direct contact. It is also unbreakable, long-lasting, durable and very economical. 
Selection of Raw Materials  
In-vessel systems using specially manufactured containers are the basic structure of this Organic waste composter. It is simple to 
use, easy to turn, require minimal labor, is not weather sensitive, and can be used in balcony areas, kitchen work areas, or terrace 
garden side etc. The investment is zero and handling volumes are according to plastic bucket used. 
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Base Basket 
The concept of raw materials selection implies effective and efficient use of raw materials (to minimize losses along 
the process system) as well as using different raw materials that will not generate waste during processing. This also 
further implies re-using materials or using recycled materials. Used broken plastic bucket is being used as the base 
basket where the conversion process is being taking place.  
Stirrer 
Aeration or oxygen is essential for optimum microorganism populations to effectively breakdown the composting 
material. This can be done by turning or mixing of the waste placed inside the base bucket. Used Mop handles, broken 
mops etc can be used as the stirrer. The prototype model is utilizing a metal stirrer fixed to have a proper mixing of 
wastes in regular intervals.  
Wire Mesh 

Bins using wire mesh or wooden frames allow good air circulation, are inexpensive, and require little labor.  

Two chamber bins allow for faster compost production utilizing varying stages of decomposition. Bin composting is 
typically used for small amounts of organic waste. 

This two bin system can handle significant quantities of materials. It also allows staged composting, by using one 
section for storing compostable materials, one section for active composting, and for that purpose another broken half 
buckets are used. The second chamber to collect finished compost is the base plastic bucket itself. 
Wire mesh placed inside the base bucket is designed in such a way allowing compost to settle down in 
the base bucket/chamber.  

Design and Development of Structure  
The figure shows the design structure of the Organic waste composter. It has a rod attached to stir 
wastes to get sufficient oxygen. The waste can be easily stacked and mixed with the least hand touch. 
The outer part of the wire mesh is filled with egg shells, dry leaves which act as composting agent, 
helps in composting agent and reducing odor. The bottom part of the plastic bucket collects the 
finished compost. 
Features 
Features to be incorporated are decided based on priorities. Floor space area, Compartments, Portable, Ease of use, Attractive, 
Less cost, Maintenance, Lightweight, Durable are the major requirements plotted. These were marked against technical voices 
like Mechanism, Weight, Performance, Material, Ergonomics, Feature, Shape, Size, Aesthetics and Capacity. Households rated 
Ease of use as the important requirement. The technical requirement, which is important, is weight, ergonomics and simple 
mechanism 
Analysis of the prototype design developed  
Static structural analysis and processing analysis is done on locally made FWC Bin. Materials used in arm are metal 
rod, and the outer structure is a plastic bucket and the wire mesh bin is positioned inside the bucket. The wire basket 
with lid and stirrer fixed on it is placed altogether in the plastic bucket. The shape of wire basket is designed such a 
way that it will sit inside a plastic bucket leaving space at the bottom to collect the compost powder. Stirrer helps in 
mixing waste in regular intervals. 
The steps involved in composting of the working prototype are as follows: 1. Depositing daily kitchen waste, 2. 
mixing by stirrer, 3. Adding Calcium oxide to the waste collecting bin on initial deposition. 
Major part of the waste that is expunged on a daily basis from 
homes is food and other kitchen waste, which are biodegradable or 
compostable. In rural areas, such waste is disposed of in landfills, 
such that they get decomposed to form compost that is used as 
manure for crops. But this is not feasible in large cities where 
empty land, as well as the time required for waste to get converted 
into compost, is in short supply. Composting is a proven method to 
reduce the volume of waste, to almost 15-20% of its original 
amount.   Phases of Compost  
Therefore, this work is focused on designing a Simple composter 
Device that could decompose waste naturally, and is compact, 
efficient and easy to operate. This product can thus manage 
biodegradable waste at the source of its generation, and effectively 
supplant the wastebasket in a kitchen by occupying no greater space 
than the latter. The yield of compost would also provide nutritive 
natural fertilizer to homes wherein kitchen gardens or terrace farms 
have been set up, as well as promote the creation of the same wherever space is available.                                           
Composting is the natural manner of decomposition and recycling of natural fabric into humus rich soil amendment 
called compost. For any individual household producing food waste, this organic material can be easily decomposed 
into high quality compost 
Food waste has uniqueness as a raw compost agent. Because it has a high moisture content and low physical shape, 
it's far critical to mix fresh food waste with a bulking agent that will soak up a number of the extra moisture as well as 
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add structure to the mixture. Bulking agents with a high C:N ratio, such as sawdust and yard waste, are good choices. 
Food waste is highly susceptible to odor production -- mainly ammonia -- and large quantities of  leachate. The best 
prevention for odor is a well-aerated pile that remains aerobic and free of standing water. Leachate can be reduced 
through aeration and sufficient amounts of a high carbon bulking agent. It is normal to have some odor and leachate 
production. Captured leachate can be reapplied to the compost. 
The components of the Device had been constructed on CAD software Solid Works according to the calculated 
dimensions. The body of the composter is the basic skeletal structure to which all other parts are appended. The top 
face of the body needs to have grooves for attaching the hinges and screwing them on 

                                                           
Figure 1                   Figure 2 

Wire mesh bin collector with stirrer                Wire mesh collector inserted in bucket 
(Composter device) 

 
Figure 3: Second-hand utensils used for the making of Composter device 

Figure 2 and Figure 3 show the final model depicting the composter and Figure 4 contains data pertaining to the parts used in the 
composter, which could be studied along with the information in Figure 1 as to which stage of operation they are employed in. 
Input:  In this stage, the waste generated in kitchens, including food waste, waste tissue papers, cartons and slime are added to the 
bin of the composter. The device is equipped with a lid operated by a hinge, that could be opened to append the waste, and closed 
to make sure the odour does not get out, and so that the composter could function properly. 
Composting:  Once the bin is filled with each days waste, the stirrer is manually operated by twisting the handle on the top of the 
device. The composting is carried out by microorganisms whose growth is promoted by the addition of inoculums in the form of 
Bioculum. It serves the purpose of the compost starter mixture and accelerates the process 
Outlet: This is the stage which follows the composting phase, where the end product is transferred onto the bottom of the plastic 
bucket for retrieval. 
Collection & Retrieval: The compost is made to fall onto the bottom of the bucket and get collected there. The user could take 
out the device from the bucket and place into another bucket so that process will continue and the compost collected onto the 
bottom of 1st bucket can be transferred or carried to the plants site for organic fertilizing. 
The present study was aimed to produce compost from wet waste (primarily comprising food waste) in composting drums 
modified for improved natural air circulation. Effect of microbial inoculum and waste turning on composting process was also 
studied. The final results showed the production of matured and stable compost in the modified Device. Addition of the microbial 
inoculum resulted in Sunlight & Air circulation phase within a week time. 
Evaluation of the Device prototype 
The newly developed Device to compost kitchen waste was made by wire mesh sheet weighing approximately 500gms, holds 
approximately 20 Kg of kitchen waste. The application based on its design and operation aspects was examined from 50 
homemakers using a checklist. The obtained data was subjected to descriptive statistical analysis. 
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Unlike most composting devices, which use heat to dehydrate the scraps, the new appliance uses a plant -based stabilizer to 
help break food down, along with oxygen, moisture, heat, and stirring. 
The Device Cost and Design Aspect 
The device cost acceptance and appearance were studied and the percentage responses of the selected homemakers are shown in 
below figure 4. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Respondents acceptance of device in terms of Expense 
The figure implicit that the 90% and above respondents are happy with the appearance and cost of the device. The more attraction 
is that the device itself is made of left over’s with zero cost. The end result–a rich fertilizer–isn’t technically compost, since it 
isn’t made by the food decomposing on its own. But when it’s spread outside in a garden, it finishes the decomposition 

process 
Operational Evaluation Study  
The application of the Device among the selected homemakers are studied based on its operation aspects and is presented in 
figure 5.below  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Respondents acceptance of operational features of the device 

 
The respondents of this product survey are either people who currently compost, and are frustrated with the process, or those 
who have tried composting in the past but have stopped due to the inconveniences associated with traditional composting 
methods and few are not composting wastes. All respondents are equally happy with the output and operations of the new 
composting device. 
V. CONCLUSION  
Organic waste composter play a major role in solid waste management in both urban & rural area of Ernakulam District in the 
future by eliminating the organic waste dumping at the source and instead only dumping inorganic waste. As the developed waste 
composter is easy to use and is cost effective, many people can make at their places by themselves and use it. It is easy to make 
and is simple to use. This design of the organic waste composter is aesthetically good looking can be kept inside kitchen, non-
messy, no odor, keeps insects, flies away from compost pile, and keeps the plants in the home healthy. 
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A B S T R A C T 
Eating a safe food continues to be one of the major concerns of the societies. An important factor for a successful food 
control is to create awareness for food safety and quality information, education and communication. According to FSSAI, 
Food Safety Officers conduct inspection of the food establishments, and they must have adequate knowledge in food 
safety to perform their duties and responsibilities. This study is carried of the respondents had a moderate knowledge in 
food safety. Only 20% of the respondents were included in the required group of high knowledge category. Karl Pearson 
correlation coefficient between knowledge score and practice score is 0.361(P<0.05) shown that the strength of the 
association between knowledge and practice is medium. The chi square test shows that the level of knowledge is 
significantly associated with their educational qualification. The proportion of medium/high level of knowledge is more 
among post graduates in Food Science. The findings shown a need to update the qualifications required for a Food Safety 
Officer. 

 
Key words: Food safety, Food control, Food safety knowledge, FSSAI, Food safety officers 

 
Eating a safe food continues to be one of the major 

concerns of the societies. Every year, millions of people 
worldwide are hospitalized or die as a result of eating 
contaminated foods. World Health Organization identified 
factors associated with food borne illnesses including poor 
personal hygiene and sanitation, cross contamination from 
other foods, inadequate cooking, temperature abuse during 
storage and purchasing food from unsafe sources. Food workers 
and handlers may contribute food borne illnesses. Official food 
control is one of the cornerstones of food safety [1-3]. The 
responsibility of food safety is primarily the food business 
operator’s but food control authorities verify that the handling 

of food products complies with food safety legislation. The 
authorities have several control methods to intervene in case of 
non-compliance in food premises. Negotiations and on-site 
education by the inspector are first line control measures and 
are considered efficient. An important factor for a successful 
food control is to create awareness for food safety and quality 
information, education and communication [4]. According to 
FSSAI, Food Safety Officers conduct inspection of the food 
establishments, and they have to complete training as specified 
by the Food Authority in a recognized institute. So, they must 
have adequate knowledge in food safety to perform their duties 
and responsibilities. In this context, this study is carried out with 
the purpose of investigating the relationship between the 

educational qualification and knowledge on food safety of the 
food inspectors. The investigator also aimed to check the 
association between knowledge and practice of the respondents.   
▪ To find out the relationship between educational 

qualification and knowledge on food safety of the FSOs 
▪ To understand the association between knowledge and 

practices. 
 

MATERIALS AND METHODS 
 

Based on the objectives, the study was conducted to find 
out the relationship between educational qualification and food 
safety knowledge of the respondents. Also assessed the 
association between knowledge and current practices of the 
respondents. The study was conducted on food safety officers 
in Kerala state. The researcher obtained permission from Food 
Safety Commissioner of Kerala to conduct the study. The study 
sample from Thrissur, Kannur, Palakkad and Malappuram 
districts. The sample size was 50 as it was a preliminary study. 
The data was collected through a questionnaire. The 
questionnaires were given to the FSOs and the researcher 
collected back immediately after they filled it out. The collected 
data was analyzed by suitable statistical tool and interpreted the 
results. 
 

RESULTS AND DISCUSSION 
 
General profile 

The (Table 1) reflects that 26% of the respondents were 
graduates in various subjects like chemistry, physics, 
biochemistry etc. 28% studied veterinary science as their degree 
course. 30% of them were post graduates including food science 
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also. The remaining 16% studied other courses such as BAMS, 
BHMS etc. [5]. 
 

Table 1 Education level of respondents 
Variables Frequency Percent 

BSc 13 26.0 
MSc 15 30.0 
BVSc 14 28.0 
Others 8 16.0 

Total 50 100.00 
 

 

Fig 1 Education level 
 

Table 2 Participation of gender 
Variables Frequency Percent 

Male 20 40 
Female 30 60 

Total 50 100.00 
 

From the (Table 2) 60% of the participants were women 
and the remaining 40% were men. 
 

 

Fig 2 Participation of gender 

 
Table 3 Participation of gender 

Variables Frequency Percent 
20-29 years 18 36.0 
30-39 years 20 40.0 
40-49 years 4 8.0 
>50 years 8 16.0 

Total 50 100.00 

Data depicted in (Table 3) revealed that 40% of the of 
the respondents were in the age group of 30-39 years, 36% were 
in 20-29 years group, 16% were in >50 years group and the 
remaining 8% included in 40-49 years age group [6]. 

 
 

Fig 3 Age of respondents 
 

Table 4 Respondents knowledge on food safety 

Topics 
No. of 

correspondents 
(N=50) 

The most important food safety problem 
arising from unsafe food 

50 

Items needed by food poisoning bacteria to 
grow 

25 

Correct statement regarding food poisoning 46 
Common reasons for food spoilage 34 
Occurrence of food poisoning 13 
Ways to prevent food spoilage 15 
Critical situation which requires hand 
washing  

25 

Recommended freezer temperature to 
prevent food poisoning 

38 

Thawed foods should do when they felt 
warm due to power off 

25 

Example of poor manufacturing practice 42 
 

Table 5 Knowledge score of the respondents   
Variables Frequency Percent 

Low 15 30.00 
Medium 25 50.00 
High 10 20.00 

Total 50 100.00 
 
All of the respondents correctly answered to the question 

on the most important food safety problem arising from unsafe 
food. Only 50% knew about the items needed by food poisoning 
bacteria for their growth. 92% of them correctly marked the 
statement regarding food poisoning. 32% of the respondents 
didn’t know the common reasons for food spoilage. Most of the 
respondents that is, 74% didn’t know the occurrence of food 

poisoning [7-8]. Only 30% knew the ways to prevent food 
spoilage. 50% of them only knew the critical situation which 
requires hand washing. 76% of the respondents correctly 
answered the recommended freezer temperature to prevent food 
poisoning. 50% didn’t know, what to do the thawed foods 
which felt warm due to power failure. 84% of them were aware 
about the poor manufacturing practices [9]. 
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Fig 4 Respondent's Knowledge on Food Safety 

 

Fig 5 Knowledge score of respondents 
 
The total knowledge score of the respondents lies in 

between 4 and 9. Nobody secured the full score of 10. The mean 
score of knowledge is 6.2, median is 6, with a standard 
deviation of 1.20. 

According to the score obtained from knowledge level 
questions, the researcher classified the respondents in to three 
group, that is score 0 to 5 included in low group, score5 to 7 
included in medium group and score7 to 10 included in high 
group, as the respondents would have thorough knowledge in 
their relevant field. 50% of the respondents included in 
moderate knowledge group, 30% included in low knowledge 
group. Only 20% of the respondents were included in the 
required group of high knowledge category [10]. 

 
Respondents practices 

The self-reported practices of the respondents showed 
that only 12% were checking the labels on food always and 
most of them (60%) were doing it often.10% of them were 
doing inspections always at the public distribution system to 
ensure quality. Only 12% of the respondents always prepared 
food safety plans for Panchayat and Municipality. 10% of them 
were doing inspection in the vehicles for its for carrying food 
[11]. Only 6% made inquiries and inspections always as it was 
necessary and 20% were doing it often. 

 
Table 7 Practice of respondents 

Topics Always Often Sometimes Rarely Never 
Checks the labels on food for sale 6 30 10 4  
Doing inspections at the public distribution systems to ensure quality 5 7 10 17 11 
Prepare food safety plans for Panchayath and Municipalities   6 4 25 5  
Stop and inspect any vehicle suspected to contain any unsafe food 5 5 10 9 21 
Make inquiries and inspections as may be necessary  3 10 15 16 6 

 

Fig 6 Current practice of respondents 

Table 9 Correlation between knowledge score and practice 
score 

 
Knowledge 
score of the 
respondents 

Practice 
score of 

respondents 
Knowledge 
score of the 
respondents 

Pearson 
correlation 

1 0.361* 

Sig. (2-tailed)  0.010 
N 50 50 

Practice 
score of the 
respondents 

Pearson 
correlation 

0.361* 1 

Sig. (2-tailed) 0.010  
N 50 50 

 
r = 0.361, p = 0.000 

 
*Correlation is significant at the 0.05 level (2-tailed) 

145                            Res. Jr. of Agril. Sci. (Jan-Feb) 13(1): 143–146 

0 10 20 30 40 50 60

The most important food safety problem arising from unsafe food

Items needed by food poisoning bacteria to grow

Correct statement regarding food poisoning

Common reasons for food spoilage

Occurrence of food poisoning

Ways to prevent food spoilage

Critical situation which  requires hand washing

Recommended freezer temperature to prevent food poisoning

Thawed foods should do when they felt warm due to power off

Example of poor manufacturing practice

Column1 Column2 No of correct responses

CARAS 



Karl Pearson correlation coefficient between knowledge 
score and practice score is .361(P<0.05) shows that there is 

significant positive correlation between knowledge and 
practice. i.e., The strength of the association is medium 

 
Table 10 Knowledge score of the respondents  

Knowledge score of the 
respondents 

B. Sc. (N=13) M. Sc. (N=15) B. VSc. (N=14) Others (N=8) Total (%) 

Low (%) 30.8 0 35.7 75 30 
Medium (%) 69.2 33.3 64.3 25 50 
High (%) 0 66.7 0 0 20 

Total (%) 100 100 100 100 100 

From the (Table 10) 30% of the respondents were 
included in the “Low” knowledge category and they had BSc 

(physics, Chemistry, etc.), B. VSc, BAMS, BHMS etc. as their 
educational qualification. 50% of them were in “Medium” 

knowledge category in which most of them had B. Sc. and B. 
VSc. as their qualification. Only 20% included in the required 
group of “High” knowledge category and they had MSc Food 

Science and allied subjects as their educational qualification.  
 

Table 11 Chi-square tests  

Chi-square tests Value df 
Asymp. Sig. 

(2-sided) 
Pearson chi-square 36.755a 6 .000 
Likelihood ratio 40.575 6 .000 
Linear-by-linear association 4.799 1 .028 
N of valid cases 50   
 

a9 cells (75.0%) have expected count less than 5. 
The minimum expected count is 1.60 

 
The chi square test shows that the level of knowledge is 

significantly associated with their educational qualification. 

The proportion of medium/high level of knowledge is more 
among post graduates in Food Science and allied subjects [12]. 
 

CONCLUSION 
 

In this study, the chi square test shows that the level of 
knowledge is significantly associated with their educational 
qualification. The proportion of medium/high level of 
knowledge is more among post graduates in Food Science. The 
findings shown a need to update the qualifications required for 
a Food Safety Officer as there are so many other courses like 
BAMS, Unani, BHMS, BVSc etc. were included in the list 
provided by Government, as they are not directly related to food 
safety. Lack of thorough knowledge in concerned aspects, the 
Food Safety Officers will fail to implement the rules and 
regulations in to the practical side. 
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Mental Health Status of Children during Late 

Adolescence from Ernakulam District, Kerala in the 
Pandemic Era 

 
Dhanya N, Aishwarya Mohan  
 
Abstract 
Background: COVID pandemic had created a huge havoc in the lives of citizens all over the world. 
Adolescence being the most sensitive period in an individual’s life, is the most affected stage. School 

and college lock down had led to social isolation and media addiction among teenagers, all leading to 
poor mental health. Furthermore, the terrifying news of COVID-19 spread all over the social media 
have deteriorated the mental health status of the youth. The cases of depression and suicide rates 
among the youth population has increased from the onset of pandemic. Hence, the study is an attempt 
to determine the mental health status of the teenagers of Ernakulum, thereby strategies to cope up 
with this situation can be formulated and made into practice. 
 
Objectives 
 To study the prevalence of various mental health issues among adolescents. 
 To explore the symptoms of various mental health issues among adolescents. 
 To assess the impact of COVID 19 upon the mental health of youngsters. 
 
Methodology 
 The area selected for the present study was Ernakulam city, which is a city in Kerala. 
 The sample consists of 225 adolescents between the age group of 18 to 20 years from different 

areas of Ernakulam city. Adolescents were chosen randomly from different parts of Ernakulam 
via Google forms.  

 A self- designed questionnaire was distributed via Google form to elicit information regarding 
the mental health status of the youth. 

 Data collected from the study, was tabulated, consolidated and analysed using percentage 
analysis. 

 
Results: It is evident from the study that a noticeable amount of the adolescents had mental health 
issues due to various problems including peer pressure, academic pressure, parental conflicts, 
divorce, family background, social media and lockdown.  
 
Conclusion: As the results indicates, COVID pandemic had made the teenagers feel unsafe, anxious 
and depressed. It is very important for the family and school/college to join hands together and keep 
an eye on the growth and development of the adolescent, spent time with them and provide them with 
confidence to share their issues and viewpoints with them. 
 
Keywords: Mental health, late adolescents, COVID Pandemic, Lockdown. 
 
Introduction 
Adolescence is said to be a period of transitional development. It’s a peak phase of 

developmental changes that can occur in an individual’s life. The ability to cope up with 

these changes and challenges depends upon the mental health of the teenager. Reports and 
studies have indicated that there has been an increase in mental health issues among 
adolescents from past 8 years due to social and emotional changes around them, including 
family disruption, unemployment, social media, educational and vocational pressures and 
peer pressure. 
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Majority of the mental health problems arises during 
adolescence period. Latest studies have revealed that 
mental health problems, specifically depression is the main 
cause of psychological burden among teenagers. Poor 
mental health can have a significant impact on the overall 
health and development of adolescents, and is associated 
with many health and social consequences, such as 
increased use of alcohol, tobacco and illegal substances, 
teenage pregnancy, dropouts, and criminal behaviours. The 
emergent studies have also indicated that healthy 
development of children and adolescents leads to the 
development of good mental health and well-being and aids 
in preventing mental health related issues or disorders 
(Subbadra 2017). 
The outbreak of COVID 19 has brought many disturbances 
and to daily life. For children and young people, school 
closures affect about half of the world’s student population. 
Social distancing measures and movement restrictions can 
bring serious risks of loneliness. In the short and long term, 
this painful temperament is associated with an amplified 
risk of poor physical health and higher levels of anxiety and 
depression among teenagers. Studies have confirmed that 
the impact of these types of long-term disruptions on 
physical and mental health, showcasing that when children 
are out of school, they are less physically active, spend 
more time in front of the screen, have irregular sleeping 
patterns and less favorable diets often leads to weight gain 

and decreased cardiorespiratory fitness (Nearchou et.al., 
2020). 
At the present scenario, lock down have affected the mental 
health among adolescence adversely. It has put the 
teenagers at risk of dropping out from school, emotional 
turmoil, screen addiction, abuse and loneliness, substance 
abuse, interrupted career/educational opportunities, early 
marriage and various other serious mental health issues. 
The cases of suicides, depression and criminal behaviours 
among teenagers are all over the newspaper.  
Since there are only very few studies related to mental 
health issues among late adolescents conducted in Kerala, 
the investigator endeavoured to assess and examine the 
mental health issues among late adolescents developed 
during COVID 19 lockdown. Therefore, this study would 
provide an insight on the prevalence and extent of mental 
health among the teenagers and will form a basis to 
formulate strategies to tackle the adverse youth condition. 
 
Results and Discussion 
The mental issues among the late adolescents during the 
pandemic era are discussed in the following sections. 
 
1. Mental health facts about the respondents 
The figures 1-4 portrays the mental health problems faced 
by the teenagers due to media usage, home environment, 
activities done before sleeping and sleeping time. 

 

 
 

Fig. 1: Time spent online. 
 

 
 

Fig. 2: Life Events. 
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Fig. 3: Activities done before sleeping. 
 

 
 

Fig. 4: Sleeping Time. 
 

Figure 1 clearly indicates that majority (61%) of the 
respondents spent 10-12 hours online per day. About 21% 
of the teenagers spent 7-9 hours online and few of them 
spent 4-6 (12%) and 13-15 (6%) hours online.  
It was wretched to note from figure 2 that about 15 percent 
of the respondents have faced violence at their home 
surroundings and 12 percent of them had experienced 
traumatic incidents in their life.  
Figure 3 indicates the activities done by the teenagers 
before they sleep. A considerable proportion (34%) of the 
respondents liked surfing through social media before they 
sleep. Around 27 percent of the teenagers listened to music, 
13 percent of them played games and 10 percent of them 
watched series before going to sleep. A few of them 
preferred to write diary (9%), spend time with family (4%), 
read (2%) and watch TV (1%) before dozing. It is evident 
from table 3 that almost half (40%) of the youngsters sleep 
at night by 11pm, about 36 percent of them sleep by 10pm 
and a few of them usually sleep at 12am (17%) and 9pm 
(7%) respectively.  
It is evident in figure 4 that almost half (40%) of the 
youngsters sleep at night by 11pm, about 36 percent of 
them sleep by 10pm and a few of them usually sleep at 
12am (17%) and 9pm (7%) respectively.  
 
2. Adolescent- Family Relation 
A trusting bond amongst teenagers and their caregivers 

motivates these adolescents to reveal the hidden phases of 
their problems to their parents and elude avoid treacherous 
traits caused by the influence of peers with less knowledge 
and less life experience (Shahhosseini et.al, 2012). 
The figures depicted below points out the child- family 
relation, discussing various aspects including Family status, 
relationship and the qualities that the child dislike about 
their parents. 
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Fig. 5: Family Status. 
 

 
 

Fig. 6: Child – parent relation. 
 

 
 

Fig. 7: Qualities of parents that the child dislike. 
 

From figure 5, it can be noticed that 11 percent of the 
respondents had divorced family status, 7 percent of them 
revealed that they often face parental conflicts and a few of 
them (4%) belonged to single parent led family.  
Figure 6 points out that about 30 percent of the respondents 
have responded that their parents don’t have time to spend 

with them. The various reasons for not spending with the 
teenagers included late night jobs; looking after siblings, 
watching news on TV, surfing through social media and 

household works. It was shocking to note that 7 percent of 
the teenager’s parents pressurized them to score good 

marks, 13 percent of the parents often compare their child 
with others and 13 percent of the adolescent’s parents 

consume alcohol.  
It’s clear from figure 7 that 29 percent of the respondent’s 

disliked that parents keep on having high expectations 
regarding them. The various other qualities of parents that 
the teenager disliked included their argumentative nature 
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(24%), comparison (21%), not showing apt affection 
(12%), egocentric viewpoint (13%) and punishing 
mentality (4%).  
 
3. Adolescent – School relation 
A Study conducted by Cavioni et.al (2021) pointed out that 
good school - adolescent relation leads to positive mental 

health outcomes and life satisfaction among the teenagers. 
The figures indicated below reveals the relation and level 
of comfort and safety that the adolescent had with the 
school. 
 
 
 

 

 
 

Fig. 8: School interests. 
 

 
 

Fig. 9: Peer pressure. 
 

It was disturbing to note from figure 8 that nine percent of 
the teenagers didn’t feel happy in their school or college 

surroundings. Around 25 percent of the respondents didn’t 

prefer extracurricular activities and six percent of them 
stated that they don’t get support from parents, teachers or 

friends in joining extracurricular activities. It was alarming 
to note that 14 percent of the respondents accepted that they 
were victims of bullying or had bullied someone. A study 
conducted by Norrington (2021) portrayed that bullying 
can lead to long lasting impact upon the mental health of 
the teenager and can still persist throughout their adulthood 
too. 
Figure 9 depicts the viewpoints of the teenagers about the 
various activities peers pressurize them to do. It was 
shocking to note that 8 percent of the teenager’s friends 

often coerce them to dress up in a certain way and bunk 

classes. Around 7 percent of the respondents conveyed that 
their peers compel them to watch adult movies and 5 
percent of the peers forces them to pass comments on 
teachers. 
 
4. Mental health issues due to lockdown  
Panchal et.al (2021) reported that the pandemic leading to 
lockdown had led to mental health issues and psychological 
problems including anxiety and depression within the 
teenagers. The graphs illustrated below describes the 
mental health issues and concerns of the adolescents due to 
lockdown. 
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Fig. 10: Lockdown issues. 
 

 
 

Fig. 11: Lockdown Activities. 
 

It as alarming to note from figure 10 that about 52 percent 
of the total respondents felt lonely/sad during lockdown 
days. It was eye-catching to note that about 56 percent of 
the respondents felt stressed due to online classes and 61 
percent of them had difficulty in adapting to the scenario of 
lockdown. Around 41 percent of the respondents accepted 
that they don’t want to face scenario similar to COVID 19 

pandemic again. 
Figure 11 depicts the activities done by the teenagers to 
pass time during lockdown period. Around 38 percent of 
the respondents preferred to surf through social media to 
overcome the lockdown boredom. About 29 percent of the 
respondents favoured to watch series/ movies. The rest of 
the teenagers engaged in activities such as family time 
(10%), chatting (10%), cooking (5%), reading (4%) and 
gardening (4%). 
Excessive screen time has been reported to be associated 
with a variety of negative mental health consequences 
including anxiety, depression and emotional distress 
(Pandya & Lodha, 2021). 
 
Discussion 
The study on “Mental health status of late adolescents of 
Ernakulam district, Kerala in the pandemic era” was 

conducted to determine the mental health status of the 
youth due to the pandemic. The results obtained from the 
study clearly points out a red flag towards the mental health 
of the adolescents. A substantial number of adolescents 
accepted the fact that they feel stressed, depressed and 
unable to cope up with the new situation. The various 
reasons for their deteriorating mental health included peer 
pressure, academic pressure, disoriented family 
background, and social isolation and so on. According to 
Behere A, Basnet P & Campbell P. (2017), dysfunctional 
family circumstances and financial hardships have resulted 
in suicidal tendencies within young people. Divorce and 
family conflicts leads to short- and long-term psychological 
problems within teens.  
It was also discovered via the study that lockdown and 
pandemic have created screen addicts among the youth. 
Around more than half of the teenagers spent 10-12 hours 
online and 34 percent of them preferred to go through 
social media before sleeping. A study by Hale L. et.al 
(2018) have revealed that there is interconnection between 
screen time and disrupting sleeping patterns. The sleep loss 
hugely impacts the teenager by triggering obesity, 
psychological distress and impaired intellectual 
functioning. Similarly, Medic G, Wille M and Hemels M.E 
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(2017) revealed through their study that disrupted sleep can 
lead to poor scholastic performances and deviant 
personalities among teenagers. 
The study also revealed that half of the respondents felt 
depressed and felt stressed to attend online classes and a 
little less than half of the respondents didn’t want to face 

the pandemic situation again. The points depict above 
clearly proves that lockdown had created a huge impact 
upon the mental health of the youths making them feel 
confused, fearful, stressed and lonely. A similar study by 
Panchal u. et.al (2021) reports that the COVID-19 
lockdown has caused emotional trauma and has drawn 
attention to vulnerable populations including individuals 
who have had or are now experiencing mental health 
issues. 
From the results, we can conclude that there is prevalence 
of mental health issues among adolescents. Let this study 
act as a precursor to formulate new strategies to promote 
good mental health among adolescents in Kerala. It’s time 

for the community, school and family to make strategies 
together and look after the mental needs of the youths for 
their future well- being and development. 
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ABSTRACT 
 

Background: Millets are considered as an ideal food because of their high nutritive value. Compared to cereals, 
millets contain high levels of proteins, minerals, vitamins and antioxidants. The present study was carried out 
with the objective of determining the current trend in the consumption pattern of millets in different regions in 
South India. The study also assessed the factors influencing purchase and consumption of millets, consumer 
acceptability and awareness on the availability and health benefits of millets. Methodology: A total of 250 adults 
from South India, comprising 100 subjects  (male and female) from the five states namely Kerala, Tamil Nadu, 
Telangana, Andhra Pradesh  Karnataka  were selected through quota sampling method. The tool selected for 
conducting the present study was a questionnaire. Considering the present pandemic situation, the 
questionnaire was circulated as a Google form. The data collected was analysed and interpreted. Results: More 
than half were found to be  regular consumers of millets, the highest proportion of regular consumers were from 
Telangana followed by Tamil Nadu while  least  were from Kerala. Majority of the respondents were aware of at 
least one form of millet. Most popular was Finger Millet. Among the total subjects, majority were aware of the 
benefits of millets. Consumers in Andhra Pradesh were found to have the highest awareness. Reasons for the 
unpopularity of millet was limited knowledge on methods of preparation, unacceptable taste, and lack of 
availability. In Kerala, the major reason attributed to low consumption of the millet was less availability. 
 
Key Words: Awareness; Consumption; Frequency; Households; Millets. 

 
INTRODUCTION 

 
Millets are regarded as an ideal food for humans due to their high nutritional content. Millets are recognised as 
'Nutritious millets' or 'Nutri Cereals,' since they provide a high level of protein, minerals, vitamins, and antioxidants 
when compared to other cereals, and they are non-glutinous and provide non-acid forming diets. Over the last 50 years, 
the share of „coarse grain,' which includes pearl millets, sorghum, maize, finger millets, barley, and 50 other millet 
species known as „small millets,' has indeed been known and continues to include a spectrum of millets in conventional 

cropping patterns, which consider millets as a significant part of the local diet, has improved in value. Pearl and finger 
millets, in particular, contain 11.8 and 7.4 g of protein per 100 g of grain, respectively, and have low fat content, as 
well as higher levels of Low Glycemic Index (GI) non-starch polysaccharides and dietary fibres, which protect against 
diabetic condition. 
 
Millets are well-known for their health benefits, which are mostly due to their nutritional composition. While kodo 
millet and barnyard millet are rich in nutrients, they have received little attention in terms of production and use. Kodo 
millet and barnyard millet had higher protein, mineral, and fibre content, although their energy content was comparable 
to other cereals and millets. B vitamins can also be used in kodo millet and barnyard millets. They're also high in 
phytochemicals like phytic acid, which is thought to lower cholesterol, and phytate which has been linked to a lower 
risk of cancer.[1] As a result, these two millets are critical for local agro-ecosystems' food, nutritional, and livelihood 
security.[2] 

 
Millets are nutritionally comparable and even superior to major cereals in terms of energy value, protein, fat and 
minerals. They are also a good source of phytochemicals (phenolic acid, lignans and phytoestrogens), phenolic acids 
that are present in the bran layer of the grains. The important millets cultivated and consumed in India includes 
sorghum, pearl millet, finger millet (ragi), foxtail millet (kangni), kodo millet (kodo), proso millet (cheena), barnyard 
millet (sawan) and little millet (kutki).[3,4] 

 
In India, the cropped area of small millet has decreased from 46.77 lakh hectares in 1961-66 to 9.05 lakh hectares in 
2008-2009. Small millet output fell from 18.89 to 4.45 lakh tonnes over the same time span. Barnyard millet production 
was 1.65 lakh tonnes [5] with contributions from Uttarakhand (0.91), Arunachal Pradesh (0.16), Nagaland (0.14) [6] 
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Madhya Pradesh (0.12), Uttar Pradesh (0.07), and Tamil Nadu (0.03), respectively. Kodo millet production was 0.98 
lakh tonnes, with contributions from Madhya Pradesh (0.50), Chhattisgarh (0.17), Tamil Nadu (0.12), and Maharashtra 
(0.08) [7]. Despite an increase in area under fine cereals, the resilience of Indian agriculture, which has weathered all the 
vagaries of the monsoon, has resulted in a drop in food grain output, necessitating a paradigm shift toward increased 
production of minor millets, which has broad adaptability to extremes of soil and climatic conditions.  
 
Output and usage have both decreased dramatically in recent years. The decrease in millet consumption is due to a 
greater reliance on rice and wheat, which account for more than half of the caloric intake of the average Indian 
household. In recent years, there has been a noticeable shift in household dietary habits from cereals to high-value food 
commodities such as livestock production, fruits and vegetables, and beverages, increasing urbanisation, and shifting 
tastes and preferences. [8,9] Younger generations' tastes and preferences are turning away from millets, and processing 
millets for consumption at home is tedious and time consuming, both of which have led to millets being regarded as a 
lesser food. The millet crop has been slowly and steadily increasing due to other factors such as easy access to 
irrigation and markets for high-value crops. The millet crop has been gradually and steadily replaced by high value 
crops in their traditional production areas due to other factors such as easy access to irrigation and markets for high 
value crops [10]. Aside from that, a few unique household characteristics have an effect on the purchase and 
consumption of various food items. Food prices, household disposable income, the age, educational level, and gender 
of the household head, asset status, household size, dwelling place, the heterogeneous community of different ethnic 
groups, evolving lifestyles, and rising health consciousness are some of these factors [11, 12]. 
 

MATERIALS AND METHODS 
 

The study was conducted between November and January 2020-21 using quota sampling method. The sample selected 
for the study consisted of 50 households from each of the 5 states of South India i.e.  Kerala, Tamil Nadu, Karnataka, 
Telangana and Andhra Pradesh amounting to approximately 100 consumers and totalling to 250 respondents. The tool 
used for the study was a questionnaire. Considering  the present pandemic situation, the questionnaire was circulated as 
a Google form to elicit  information regarding consumption pattern and trends in the usage of millets among 
consumers, frequency and magnitude of purchase and to compare the consumption trend in millets among the different 
states of South India. Details such as socio demographic data, consumption, frequency of consumption, awareness, 
millet availability, health benefits etc. were also collected. The questionnaires were forwarded electronically by e-mail 
or whatsapp to respondents in the different States. The purpose and importance of the study were clearly conveyed 
through the Google form. The subjects could directly record their response in the Google form. 
 
The questionnaire was divided into five sections. Section one of the questionnaire included background information 
such as age and gender. Section two included socio demographic data such as education, occupation of the respondents 
etc. Third section was on awareness and opinion about millets of the consumer. Fourth section was on consumption 
pattern which includes the frequency of consumption, usage, type and preparation, health benefits-awareness on 
benefits of using millets and factors affecting consumption- season, price, acceptability, preparation methods, 
awareness on its nutritional and health benefits. Fifth section consisted of the purchase details which includes the 
frequency of purchase, quantity bought etc. The data collected was tabulated, consolidated and appropriate analysis was 
conducted. 

RESULTS 
Gender and Age 
Majority of the respondents of the study were females from all the districts surveyed. (Table. 1). Majority of the 
respondents were students who were pursuing their graduation and post-graduation in different fields. Apart from that 
the subjects also included subjects from different fields of occupation namely doctors, teachers, nutritionist/dietician 
etc. Most of the respondents were from the age group of 17 to 25 years (70%), followed by the remaining (28%) in the 
27-60 age group.  

Table 1. Gender wise Distribution of subjects 
 

STATE MALE 
(N=51) 

FEMALE 
(N=199) 

TOTAL 
N= 250 

ANDHRA PRADESH 17 (34%) 33 (66%) 50 
KARNATAKA 9 (18%) 41 (82%) 50 
KERALA 10 (20%) 40 (80%) 50 
TAMIL NADU 6 (12%) 44 (88%) 50 
TELANGANA 9 (18%) 41 (82%) 50 
 
Consumption Pattern 
Out of the total 250 subjects from the various states, more than half (51%) reportedly were regular consumers of 
millets. Comparison of state wise data indicated that a higher proportion of millet consumers were from Telangana 
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(60%), followed by Tamil Nadu (56%), Karnataka (54%) and Andhra Pradesh (52%). Least number of consumers were 
from Kerala (32%) and a substantially lower proportion when compared to the other states. The reason for the low 
consumption of millets in Kerala can be attributed to easy availability of rice and wheat through PDS (Hindu, 2014) [13]. 
(fig.1) 

 
Fig 1. Millet Consumption Pattern in South India 

 
Nearly 60% of the total subjects responded that they were interested in trying out new/additional varieties of millets. 
Highest rate of interest was noted among consumers from Andhra Pradesh (74%) and least from Telangana (46%). 
From Kerala, more than half of the subjects (56%) were interested in trying new/additional varieties.  
 
More than half of the total subjects claimed using some type of millet. About (88%) of the total respondents claimed 
that they consume Finger Millet (Ragi) mainly in their diet, which is followed by Pearl Millet (bajra) (38%) and Jowar 
(32%). 
 
Comparison of the variety of millet commonly consumed state wise, it was observed that generally  lowest 
consumption was  in Kerala except in case of Finger Millet (80%) and highest consumers were Telangana and Tamil 
Nadu (94%). Jowar, Kodo, Foxtail and Barnyard consumption were seen higher in Andhra Pradesh (50%, 20%, 30% 
and 16%), Pearl Millet, Proso and Little millet were higher in Tamil Nadu (54%, 32% and 14%). (fig.2). 

 
Fig 2. Millets Consumption by Subjects 

 
Out of the total respondents, most of them (30%) reported consuming millets for a long time while only 14% started 
consuming millets recently. From the state wise data collected, it was noted that most people from Tamil Nadu started 
consuming millets recently (18%). State wise comparison indicated that Tamil Nadu had the highest consumers in a 
family comprising almost all members while in the other states it was either the parents or grandparents. 
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Awareness on Millets 
Among the total subjects, about 72% were aware of the benefits of the use of millets though some do not use it on a 
regular basis. State wise, it was noted that increased awareness on benefits of millets was among the consumers from 
Tamil Nadu (78%) and Telangana (76%), followed closely by Karnataka (74%) and Andhra Pradesh (72%), as they are 
regular consumers of millets, possibly due to the increased availability. Comparatively, least awareness was seen 
among the consumers from Kerala (62%) because people from Kerala do not popularly use millets and also they mainly 
know only one variety i.e. ragi which is often considered as a “cereal”.  
 
The data on awareness of millet varieties available indicated an overall good awareness among subjects. About 82% of 
the respondents were aware of at least one form of millet. Most popular was Finger Millet (Ragi) (64%) followed by 
Foxtail Millet (40%) and Pearl Millet (28%). More than half of the consumers were able to identify and name the 
millets in their local names. Among the different states, it was seen that Finger Millet (Ragi) was the most popular with 
more than half of the subjects from each state being familiar with it (Andhra Pradesh 52%, Karnataka 54%, Kerala 
58%, Telangana 76% and Tamil Nadu 78% respectively). (fig.3). 
 
Awareness on other types of millets were found to be very low among consumers in all the States viz. Sorghum (23%), 
Little Millet (12%), Barnyard (8%), and Proso Millet (1%).  Compared to other states, awareness on other millet 
varieties was generally low among the consumers in Kerala.  

 
Fig 3. Awareness of the Types of Millets 

 
Among the 250 subjects surveyed a good majority (90%) were found to be aware of the nutritional quality of millets.  
From the five States of South India studied, consumers in Andhra Pradesh were found to have the highest awareness 
(96%) followed by Tamil Nadu and Telangana (92%). In Kerala awareness among the consumers was (86%). (fig.4).  

 
 

Fig 4. Awareness of the consumers on the nutritional quality of Millets 
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Unpopularity of Millets 
Main reason for the unpopularity of millet as opined by the consumers was the limited knowledge on methods of 
preparation of  millets by majority (82%)while  another important factor was dislike of its taste by children and family 
members (41%) and also not commonly available (32%). In Kerala, the major reason attributed to low consumption of 
millet was lack of accessibility (44%).  
 
There are also other reasons such as the belief that millets are mainly consumed by consumers from low income groups 
or during illness. (fig.5). 
 

 
 

Fig 5. Reasons for unpopularity of Millet Consumption 
 
Purchase Process 
About (61%) of the respondent purchased millets “Monthly”, (17%) “Weekly” and (12%) “Yearly”. Daily purchase of 

millets accounted for a meagre (3%) of the consumers only and (17%) reportedly did not buy at all. Majority of the 
respondents were Monthly buyers and in that (76%) were from Telangana followed by Tamil Nadu (74%). Weekly and 
yearly buyers were found to be more in Kerala with (28%) and (24%) respectively. (fig.6). 
 

 
 

Fig 6. Purchase frequency of Millets 
 
About 75% of the respondents considered “Nutrition” as the main factor for considering purchase of millets by 
consumers in Telangana (86%), followed by Andhra Pradesh (76%). This is followed by “Quality” considered by 67%. 

Third factor was “price” (49%), fourth “Value for money” (40%) and finally “Taste” (29%).  
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Out of the total respondents, 56%  purchased “Ready to Cook” millets followed by 54% purchasing millet  products 
that “Need processing” and only 10% of the  total consumers go for “Ready to Eat” items made with millets available 

for purchase. 
DISCUSSION 

 
Out of the subjects from the various states, more than half were regular consumers of millets and majority were aware 
of the benefits of the use of millets though some did not use it on a regular basis. There was an overall good awareness 
among subjects on the benefits of millets. Majority of the respondents were aware of at least one form of millet. The 
most popular was Finger Millet (Ragi) followed by Foxtail Millet and Pearl Millet. Majority of the subjects were found 
to be aware of the nutritional quality of millets. From the five States of South India studied, consumers in Andhra 
Pradesh were found to have the highest awareness and were regular consumers of Finger Millet (Ragi) followed by 
Pearl Millet (bajra) and Jowar. Majority of the consumers were aware that millets were good for health. Millets are 
healthy, easy to digest, gluten free, gives strength to the body, and lowers blood sugar level, protein rich, rich source of 
iron and high in fibre. 

CONCLUSION 
 

It can be concluded that though awareness on the nutritional and health benefits of millets in the different states of 
South India is high, popularity in terms of regular consumption and accessibility needs to be increased generally in all 
the States especially in Kerala. The market potential of the processed products and consumer perception on millet based 
foods. Improvement of millet production for effective market penetration that is acceptable by the consumer should be 
the objective of the government. 
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Abstract 

Diabetes has come to be regarded as a major public health problem today which keeps affecting huge segments of the population groups, 
all over the country. Faulty dietary practices, sedentary lifestyle and increased urbanization have aggravated the problem further. 
Improper diets over the years contribute to type 2 diabetes mellitus. Today, there are 382 million people living with diabetes. This silent 
killer, ruin all the internal organs and makes one dependent on medicines for life long. But Mother Nature has kept numerous awesome, 
exclusive and fancy natural tools of healing diabetes in her personal treasury. The present study is an attempt to find out the natural 
methods adopted by selected sample to tackle diabetes. The method adopted for the study is survey cum interview with a specially 
formulated interview schedule. Fifty diabetic patients were selected randomly from urban area of Ernakulam City. The results of the 
study revealed that majority of the patients go for medicine to tackle diabetes along with natural food and life style modification. Thus, 
the study realises the fact that there is need for creating awareness among the diabetic patients to adopt the natural techniques for 
managing diabetes.  

Keywords: Diabetes mellitus, Natural methods, Life-style disease, Awareness and Consumption. 

1. Introduction 

Diabetes has come to be regarded as a major public health problem today which keeps affecting huge segments of the 
population groups, all over the country. Faulty dietary practices, sedentary lifestyle and increased urbanization have 
aggravated the problem further. Improper diets over the years contribute to type 2 diabetes mellitus. Today, there are 
382 million people living with diabetes.  Diabetes mellitus is a nutritional disorder, characterised by an abnormally elevated 
level of blood glucose and by the excretion of the excess glucose in the urine [1]. India has a high prevalence of diabetes 
mellitus and the numbers are increasing at an alarming rate. In India alone, diabetes is expected to increase from 40.6 
million to 79.4 million by 2030 [2]. Type 2 diabetes is 4-6 times higher in urban than in rural areas. The risk factors peculiar 
for developing diabetes among Indians include high familial aggregation, central obesity, insulin resistance and life style 
changes due to urbanization. Diabetes occurs in all age groups, from young infants to the elderly. The main task, while 
keeping an eye on diabetes is, to see that the level of blood sugar level does not exceed beyond the normal range. Regulating 
blood sugar is really a skill, which could be learnt by anybody who knows what to do and what not to do. Diabetes does not 
have to be a potentially fatal sickness. By making use of the natural remedies discretely, any patient could live a normal and 
healthy life [3]. All that needed is an earnest effort and personal determination to achieve the target.  

Diabetes is a group of metabolic disorders that affects the body’s ability to either produce insulin or to use insulin 
effectively. According to statistics, India is fast becoming the diabetic capital of the world, and with a large number 
of young people being diagnosed with the condition, doctors are looking at newer techniques to treat the disorder. 
Diabetes is the common term for several metabolic disorders in which the body no longer produces insulin or uses the 
insulin it produces ineffectively. Insulin is a hormone that is needed to convert sugar, starches and other food into energy 
needed for daily life. The cause of diabetes continues to be a mystery, although both genetics and environmental factors 
such as obesity and lack of exercise appear to play roles [4]. It is a common condition and is characterized by abnormally 
high blood sugar levels. 

Diabetes is characterized by a partial or complete lack of insulin production by the body. The most common forms of 
diabetes are type 1 diabetes and type 2 diabetes. In both types of diabetes, people have little or no ability to move sugar out 
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of the blood stream and into the cells, where it is used as the body's primary fuel. People with type 2 Diabetes may have no 
symptoms for nearly 5-7 years after high glucose levels develop- even when there are no symptoms, they may experience 
vague symptoms like tiredness, muscle pain, headache, anxiety etc. 

Globally, as of 2010, an estimated 285 million people had diabetes, with type 2 making up about 90% of the cases In 2013, 
according to International Diabetes Federation, an estimated 381 million people had diabetes. Its prevalence is increasing 
rapidly, and by 2030, this number is estimated to almost double. Diabetes mellitus occurs throughout the world, but is more 
common (especially type 2) in the more developed countries. The greatest increase in prevalence is, however, expected to 
occur in Asia and Africa, where most patients will probably be found by 2030. The increase in incidence in developing 
countries follows the trend of urbanization and lifestyle changes, perhaps most importantly a "Western-style" diet.  

India has a high prevalence of diabetes mellitus and the numbers are increasing at an alarming rate. In India alone, diabetes 
is expected to increase from 40.6 million to 79.4 million by 2030. Type 2 diabetes is 4-6 times higher in urban than in rural 
areas. The risk factors peculiar for developing diabetes among Indians include high familial aggregation, central obesity, 
insulin resistance and life style changes due to urbanization. Screening for gestational diabetes and impaired glucose 
tolerance among pregnant women provides a scope for primary prevention of the disease in mothers as well as in their 
children. The problems of obesity and impaired glucose tolerance are not confined to adults alone but children are also 
increasingly getting affected. Most long-standing macro and micro vascular complications are also more common among 
Indian diabetics as compared to other races and ethnic groups. The rising incidence of diabetes and its complications are 
going to pose a grave health care burden on our country. Timely effective interventions/measures and screening tests for 
complications at the time of diagnosis becomes imperative not only for early detection, but also to prevent progression to 
end stage disease [5]. 

1.1 Relevance of the Study 

Diabetes mellitus – the silent killer, ruin all the internal organs and makes one dependent on medicines for life long. But 
Mother Nature has kept numerous awesome, exclusive and fancy natural tools of healing diabetes in her personal treasury. 
Nature is bent upon providing us such natural ways of healing which do not burden you with undue side effects. The present 
study is an attempt to find out the natural methods adopted by selected sample to tackle diabetes.  

1.2 Aim of the Study 

• To study the awareness and consumption of natural food to manage diabetes 

1.3 Objectives of the Study 

• To check the knowledge among the sample about food that control diabetics naturally 

• To understand the type of fruits, vegetables, spices and other food consumed by the diabetic patients 

• To study other techniques adopted by the sample to control diabetics 

2. Methodology 

The method adopted for the study is survey cum interview method with a specially formulated interview schedule. The 
interview schedule was designed to check the awareness of the sample on natural method of dealing diabetes and to study 
their consumption pattern.  Fifty diabetic patients were selected randomly from urban area of Ernakulam City as the sample 
of the study.      

3. Results of the Study 

Diabetes is a disease known to the medical world since time immemorial. Its incidence is, however, much at present than 
ever in the past. The results of the present study is discussed under socio economic background of the sample and 
knowledge and practice of consuming Hypoglycemic foods. 

 

387 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 6, June 2021  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

3.1. Socio economic background of the sample 

Details pertaining to the basic family details includes age of the respondents, monthly family income, height, weight and 
BMI of the selected sample. Sixty two percent of the sample were in the age group of above 50 years, thirty percent of the 
sample were in the age group of 41 – 50 and only eight percent of the sample were in the age group of 31-40 years. When 
family income is studied, study reveals that 18% of the sample has income below Rs. 10,000/- 38% of the sample is between 
10.000 – 20,000 and 44% of the sample belongs to income above Rs. 20,000/- There is a very close relation between body 
mass index (BMI) and prevalence of diabetes mellitus. Studies reveals that approximately 90% of people with Type 2 
diabetes are obese. The study reveals that among the samples 46 percent of the sample is having normal BMI, 52 percent 
have BMI above normal and only two percent has BMI below normal. 

3.2. Knowledge and Practice of Consuming Hypoglycemic Foods 
The key to a successful hypoglycemia diet lies in its “individualization.” Each one of us is different and biochemically 
unique. Therefore, every diet must be tailor-made to meet our individual nutritional requirements. Knowledge and practice 
of consuming hypoglycemic food reduce type 2 diabetes in a natural way and will pave way to a healthy nation. 

3.3. Awareness and Consumption of Fruits good for Diabetes 
Consumption of fruits rich in chromium is good for reducing blood sugar level. Diabetes has been highly affiliated with a 
shortage of chromium, in the top layer of soil where our foods get ripened [6]. 

 
Figure 1: Awareness and Consumption of fruits good for diabetics 

The study reveals that 86% of the sample were aware of the hypoglycemic quality of gooseberry but only 42% consume it 
regularly. 20% of the sample consume guava though 50% of them know it is good for diabetic. 32% consume citrus fruit 
12% consume papaya, 16% consume pomegranate and 40% consume apple to manage diabetes.   

3.4. Awareness and Consumption of vegetables good for diabetics 
Vegetables are rich source of fiber which can control diabetes in a natural way. They contribute to roughage which can 
reduce blood glucose level [7]. 
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Figure 2: Awareness and Consumption of vegetables good for diabetes 

           Among the sample 78% consume onion, 38% cucumber, 36% bitter gourd, 18% lady’s finger, 20% cabbage, 32% 
carrot, 72% tomato and 68% leafy vegetables for reducing their blood glucose level.  

 
3.5. Awareness and Consumption of spices good for diabetics  
              Many of the spices such as fenugreek, garlic ginger, cinnamon, turmeric and white pepper  are abundant in sugar-
reducing features. 

 
Figure 3: Awareness and Consumption of spices good for diabetics 

The respondents consume spices such as fenugreek (26%), garlic (62%) ginger (66%), cinnamon (20%), turmeric (32%) 
and white pepper (12%) to reduce their blood glucose level naturally.  

3.6. Awareness and Consumption of other foods good for diabetics  

Skimmed milk is good for diabetes as it is fat free.  Oats lowers the risk of Type 2 diabetes and improves bowel movement. 
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Figure 4: Awareness and Consumption of Other foods good for diabetics 

            The study reveals that the respondents are aware of the benefits of  green tea (70%), skimmed milk (32%), Oats 
(76%), Olive oil(26%), Neem leaves(58%) Soy (20%) and honey (18%) for reducing blood sugar level.  
 
3.7. Food that should be avoided from diet  

            Certain food that increase the blood sugar level should be completely avoided for controlling diabetes. 

 
Figure 5: Food that should be avoided from the diet 

The selected sample were avoiding certain food such as sugar, starchy food, fatty food, junk food, bakery products, salt and 
ajinomoto from their diet.  

3.8. Amount of water consumed  
Consuming plenty of water is essential for diabetes. Imperfect hydration is a common affair in diabetics, because elevated 
blood sugars can prompt the body to sweep water from the body in efforts to eliminate surplus glucose in the blood. This is 
the reason why persistent discharge of urine and uncontrolled thirst often takes place in coexistence with diabetics. The 
study reveals that 20% of the respondents were only consuming less than one litre of water.  

3.9. Possession of Gluco-meter  
Possession of Gluco-meter will help the diabetic patient for regular checkup of blood glucose level.  Study reveals that only 
38% of the sample possess gluco-meter for checking their blood glucose level regularly. 
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3.10. Life style changes adopted for reducing Blood Sugar Level  
Diabetes and other blood sugar disorders are caused by what we eat and the way we live. One can cure themselves by 
making healthier food choices and living better by adopt better life style changes.  

Table 1:  Life style changes adopted for reducing Blood Sugar Level  

Life style changes adopted Percentage of respondents 
Systematic (regular) intake of food 64 
Intake of fiber rich foods 76 
Proper sleep 64 
Regular exercise/aerobics 56 
Regular check up 52 

 
Sixty four percent of the sample stick on to Systematic (regular) intake of food, 76% increased the intake of fibre rich food, 
64% insists on proper sleep, 56% was doing regular exercise and 52 percent of the sample adopted regular checkup. 

 
3.11.  Alternative therapies used for reducing Blood Sugar Level 

 
Table 2:  Alternative therapies used for reducing Blood Sugar Level 

Alternative therapies Percentage of respondents 
Acupuncture 16 
Magneto therapy 04 
Aroma therapy 02 

 
Alternate therapies also will reduce the blood glucose level [8].  The study reveals that 16% of the sample adopt 
acupuncture, 4% magneto therapy and 2% aroma therapy for getting cured form diabetes. 

4. Conclusions 

Diabetes is not a condition that should drive us into distress as it can be managed quite effectively if handled in the 
appropriate way. If supervised carefully, one can indeed live a virtually normal life by bringing about simple modifications 
in lifestyle. Even though more than half of the sample has better awareness level, their practice level was very low.  Thus, 
the study realizes the fact that there is need for creating awareness among the diabetic patients to adopt the natural 
techniques for managing diabetes.  
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ABSTRACT 
 
Every Individual aspires to achieve a satisfying life within a 
comforting home environment and good housing is imperative for it 
which should be designed to accommodate all despite individual 
differences. Giving due consideration while designing safe and 
accessible life spaces for seniors is a vital aspect in supporting their 
desire to ‘Age-in Place’. Related studies strongly point out that a 

typical design criterion will not always apply when it comes to 
housing the elderly but a special design treatment that could be 
associated with the physical and psychological deterioration which is 
likely to pop up with advancing age is the need of the hour.  Staying 
independently with dignity requires a conducive home environment 
which was dealt with in this study, ‘Accommodation Status of 
Independently Living Elderly’. Relevant data is collected from one 

hundred elderly from Ernakulam, Kottayam and Thrissur through 
personal interviews and observations. The analysis revealed that 
very few Elder friendly features were incorporated in their house 
designs. Familiar surroundings helped many in managing even 
without elder friendly features yet stated that it will be an added 
advantage if integrated.  
 
Keywords: Accommodation Status, Age in Place, Elder friendly, 
Housing satisfaction, Independently living, Life Space 

I. INTRODUCTION 

“We can’t avoid age. However, we can avoid some 

ageing. Continue to do things. Be active. Life is fantastic in the 
way it adjusts to demands, if you use your muscles and mind, 
they stay there much longer.”-Charles H. Townes.  

Ageing is an uncontrollable sequence in everyone’s life. 

It is a process of physiological deterioration that gradually impairs 
the capacity of people to function socially, constituting a 
continuum that requires multiple development responses. Ageing 
in place usually provides older adults the flexibility to continue 
enjoying what they value on their own terms, which can enhance 

independence and happiness. These aspects could be a major 
factor which motivates elderly to opt for staying independently 
though there are situations which are beyond their control; such 
as no kids, empty nest, loss of spouse etc. which forces them to 
stay independently. One of the major requirements for the elderly 
is a decent and supportive home front especially if one is leading 
an independent life out of choice or by compulsion. Warm, safe, 
well designed housing, effective delivery of home adaptations, the 
provision of supportive assistance, equipment and assistive 
technologies all have quantifiable effects with regard to improved 
health, well-being and independent living, particularly for older 
people with chronic physical and related health conditions. 
 
The Study is relevant in that it analyses houses which are the key 
factors imbued with several meanings such as independence, 
autonomy, comfort, security, control, protection, etc. especially to 
older adults and relates their social and physical conditions with 
subjective appraisals and goals. This is with regard to the 
awareness that consideration in planning, designing and building 
environments that are safe and accessible to seniors is vital in 
supporting their desire to live in their own homes and local 
communities.  
 
A) Aim: To analyze the Accommodation Status of Independently 
Living Elderly through the mode of stay, the extent of 
independent living possible in the present house, the suitability of 
houses for Independent living and the preference of house and 
community by the elderly for independent living. 
B) Operational definition of the major terminology used in the 
study 
 

● Accommodation Status: The prevailing conditions of 
the Housing and the surrounding Environment  

 Accommodation Status of Independently 

Living Elderly 
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● Age in Place: It is term where the person gets to choose 
the way they live or the place they live for as long as they are 
capable of being independent of others, satisfying their 
personal needs and until they become dependent on others, 
such as situations allowing the elderly to continue their life 
in the homes of their youthful days. 
● Elder friendly features: Features of a house or 
surrounding which are conducive for the safe and convenient 
use of elderly such as user friendly and ergonomic designs in 
work places, pathways, furniture and storage meant for 
elderly persons 
● Housing satisfaction: Satisfaction derived from the 
use of current accommodation based on the user related 
criterion 
● Life Space: The space meant for personal use where 
the fullest development and expression of an individual is 
possible. It’s a part of the total internal environment that 
provides peace, security and allows easy movement for the 
individual.  
● Independent living: It is a lifestyle where the person 
is living unaccompanied by their offspring or relatives by 
choice or by chance, completely unassisted or partially 
assisted. 

II. LITERATURE SURVEY OF RELATED STUDIES 

Housing performs a variety of functions in society as well 
as providing shelter. It is a capital investment for individuals 
and families, an important sector of economy, and it 
contributes to both psychological and financial security. Our 
home will have a serious impact on our physical and mental 
health; this can be significantly true for older people who might 
pay longer time at home. Older people in social (i.e., Public) 
housing is particularly vulnerable. Housing choices for older 
folks in social housing embody customary style dwellings or 
specially designed “sheltered 

housing.”  (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5
406190/Exploring the Housing Needs of Older People in 
Standard and Sheltered Social Housing (nih.gov) 

 
According to M. H. Dalal, founder and chairman, 

Association of Senior Living in India (ASLI), "nearly 99 per 
cent of the housing for senior citizens is old age homes”. 

“These old age homes though provide for the old, do not 

promote a lifestyle. There is a demand for such housing where 
retired people want to live in a community of like-minded 
people, with dignity in a home of their own and be provided 
for facilities. (Piplani, 2017) 

 Defined as living in one’s own home in the community 

(American Association of Retired Persons [AARP], 2005), 
Ageing-In-Place involves being able to identify resources to 
support personal and environmental change (Fänge, Oswald, 

& Clemson, 2012) and respond to essential needs. 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5342846/). 

 
There are many advantages to Aging-In-Place. 

Economically, providing help with home maintenance or home 
care is dramatically less expensive than institutional care 
(Canadian institute for health information, 2008). Moreover, 
the social and health advantages of ageing at home have been 
extensively documented (Cutchin, 2003; Joosten, 2007; 
Wagnild, 2001) and include attachment to place, familiarity 
with the neighbourhood, and the ability to maintain functional 
health. The idea of “being at home” is enhanced by familiar 
things and places familiarity left. Relocation requires that 
forging in part of a new identity. Repetition of particular 
qualities in the house that trigger familiar feelings may ease the 
older person’s transition to a new location. 

 
According to the study conducted by Mimiyamol K.G. 

(2016) on ‘Awareness and Integration of Elder-Friendly 
Housing Practices by Young Adults’, accommodation options 
for elderly include Institutional care, day care centre, 
retirement communities, living alone, living with other family 
members, Home nursing (hiring-in-caregivers), independent 
living, assisted living and respite care are all living options a 
few major options. She continues that the older people see 
‘home’ as a place of security and refuge, a place where they 

can express their individuality, retain control over their lives 
and remain independent. All these aspects of housing need to 
be considered when examining housing for ageing population. 

 
 The study by Umaira Banu (2017) on the Analysis of 

Old Age Homes on the Basis of Geriatric Friendly Facilities 
found out that when age increases, social contact and mobility 
decreases and this, in turn, compels the old to stay at home. It 
is necessary to provide good and hygienic housing for 
maintaining better health status. In rural areas children often 
allow their elderly parent’s preservations of personal 

autonomy and rights which can uphold the dignity of the 
elderly. 

Sarinnapha Vasunilashorn, Bernard.A.Steinman, Phoebe S. 
Leibig and Jon Pynoos 
(https://pubmed.ncbi.nlm.nih.gov/22175020) studied the 
increasing attention given to ageing in place in the 
gerontological research community over the past 30 years. Their 
findings indicate the growing variety of topics pertaining to 
aging in place, ranging from housing and environment to health 
and technology. The relevance of their topic has increased over 
time, in part due to the acknowledged preference of older 
persons to maintain independence, and to the greater availability 
of non-institutional care. In addition, concerns about the 
increasing costs of long-term institutional care of elderly and its 
effect on family made policy makers consider avoiding 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5342846/
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relocation and promoting Ageing in place with family 
assistance.  

The study conducted by Pay-Shin Lin, et al. (Association 
between Physical Fitness and Successful Aging in Taiwanese 
Older Adults (https://pubmed.ncbi.nlm.nih.gov/26963614, 
2016) where Community-dwelling elderly aged more than 65 
years were studied on comprehensive geriatric assessment, 
which includes socio-demographic data, health conditions and 
behaviours and quality of life.  As people age, housing 
modifications become important to assist in the adaptation of 
elderly in their deteriorating health conditions, and maintain a 
sense of well-being and independent life. 

Housing in later life acquires new meanings for elderly 
individuals as a result of the long duration of living in the same 
home, familiarity, and processes of attachment (Evans, 
Kantrowitz & Eshelman, 2002; Rowles, Oswald, & Hunter, 
2004; Rubinstein & De Medeiros, 2004; Sixsmith & Sixsmith, 
1991). The sense of “being at home” is enhanced by familiar 

things and places. Relocation requires that forging in part of a 
new identity.  

Housing satisfaction of elderly is the index of perceived 
quality of the home in terms of objective based evaluation of 
elderly (Aragonés, Francescano, & Gärling, 2002; Weideman & 
Anderson, 1985).  

III. PROPOSED RESEARCH APPROACH 

 
Fig.1. Research Design 

IV. MAJOR FINDINGS OF THE STUDY 

● A. GENERAL INFORMATION OF THE INDEPENDENTLY 

LIVING ELDERLY 

 
Fig.2: General Information on the selected elderly 

The total number of subjects was 100 out of which almost 
half of the respondents      belonged to the age group of 60-69 
years and many (35%) belonged to 70-79 years and a few 
(19%) belonged to 81 and above age groups. Slightly more 
than half (56%) of the respondents were females and the rest 
were males (44%). All the selected elderly were married; out 
of which a few from all the categories had lost their spouse. 

o 1) Mode of Independent Living by the selected elderly 

 

 

o Fig.3: Mode of Independent living by elderly  

The data showed that there is a proportional decrease in the 
percentage of elderly staying alone with advancing age. 

o 2) Health issues faced by the selected elderly 

These are identified as these could be the constraints in the 
independent living of the elderly 
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o Fig.4: Analysis of primary and secondary health 

issues faced by Elderly based on Independent living 

The issue of vision impairment or eyesight is more in the 
entire category than auditory / hearing issues which affected the 
Old-Old more than the other two categories. Memory loss was 
identified and stated more by Old-Old.  Physical issues are faced 
by nearly half among the middle old and Old –Old people. 

o 3) Mode of House Ownership 

 
o Fig.5: Mode of House Ownership 

The figure above indicates that all the Old-Old (80 and above) 
elders are permanently settled in their own houses. A small 
percentage of Young Old and Middle Old were noticed to stay 
in rented houses, there can be two reasons for this: People below 
80 years could be working and they have to stay away from their 
native place and their financial obligations are more which 
prevented them from owning a house. 

B. ANALYSIS OF HOUSE BASED ON SUITABILITY FOR 
INDEPENDENT LIVING  

This section under the major heading of housing is pertaining 
to the supportive or debilitating features existing in the present 
homes occupied by the selected elderly.  All main areas/rooms 
of the houses were analyzed in different   aspects of flooring, 
doors, windows and lighting and medical responses during an 

emergency mainly to identify whether the houses are suitable 
for the elderly to live without much assistance. The final opinion 
of the elders on these aspects is given below : 

 
o      Fig.6: Opinion of elderly respondents on the Elder 

friendly nature of their houses 
 
● C. ANALYSIS OF COMMUNITY AND NEIGHBOURHOOD 

BASED ON SUITABILITY FOR INDEPENDENT LIVING 

This was analysed on the basis of two statements 1) extent of 
Social participation 2) desire to move out of locality and the 
factors affecting the decision to moving out of the locality 

1) Social Participation:   Social participation is a degree of 
participation in the activities of a community or a society where 
one lives. 

 

 

o Fig.7: Extent of Social Participation 
Possible in the neighbourhood 

 
2) Factors affecting desire to move out of locality  
In case the elderly planned to move out of the locality what are 

the factors affecting the decision is depicted in the figure below 
 



Journal of Scientific Research, Volume 65, Issue 1, 2021 

   5 Institute of Science, BHU Varanasi, India 

 
o Fig.8: Factors Influencing the desire to move out of 

the locality 

● C. RATING OF COMMUNITY AND 

NEIGHBOURHOOD BASED ON SUITABILITY FOR 

INDEPENDENT LIVING  

The subjects were asked to give their opinion about their 
community in which they live with the help of a 5-point rating 
scale - Excellent, very good, good, fair and poor.  
 

 

o Fig.9: Rating of Community and Neighbourhood 
Based on Suitability for Independent Living  

 
The analysis of 5-point rating scale by the elderly revealed that 

all the three categories assessed the neighbourhood and 
community as good which was an average rating. This could be 
discussed as not having much hostility or friendliness towards the 
elders. 

 
o Fig10: Satisfaction of Independently Living Elderly 

on their Neighbourhood and surroundings 

Almost all the elderly are satisfied with their surroundings and 
feel safe in their neighbourhood and are happy to live in their 
present environment. 

● V. CONCLUSION 

 All main areas/rooms of the houses occupied by the selected 
elderly were analysed on the basis of a few important features 
supporting the Independent living in order to identify whether 
the houses are suitable for the elderly to live without much 
assistance. Nearly half the houses had rooms large enough for 
the people to move around freely even on a wheelchair. 
Adequate space is required in the kitchen for easy movement, 
which helps to do activities in a more convenient way, slightly 
more than half of the kitchens are large.  

Majority of the houses used non-slippery flooring for safety 
and protection in all the major areas.  Most of the selected 
houses' doors were easy to open and close. Most of the subjects 
did not face any issues as the door handles used were levers in 
most of the houses. Most of the house has adequate number of 
windows which have better access to natural light during day 
time. And adequate lighting through artificial lights was 
provided for night time use. Ventilation is also a factor which 
improves indoor air quality by preventing staling of air which in 
turn causes a lot of diseases. Adequate provision of windows 
passively improved ventilation.  

More than half the Old - Old has done bathroom 
modifications as their age required safer bathrooms. The 
modifications were mostly regarding the areas of flooring, grab 
bars, raised toilet seats, adequate lighting etc.  

Nearly half of the houses of the Old-Old category were fitted 
with medical emergency response systems out of necessity 
whereas almost 1/3rd of the Young old also installed medical 
emergency response systems at their homes. The subjects were 
made aware of the features which makes the house elderly 
friendly and they were asked to assess.  
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Only half of the Old- Old considered their houses as elder-
friendly as their requirements were more compared to the other 
age groups.  

It is found out that Cent percent of the Old-Old senior 
citizens preferred to move out of their locality which could be 
due to their safety and security concerns or to stay with their 
children.  

All the elderly subjects wanted safe and secure housing 
irrespective of their age ranges, followed by affordable homes. 
Well maintained homes and properties were the next 
requirement of majority. 

The analysis of 5-point rating scale by the elderly revealed that 
all the three categories assessed the neighbourhood and 
community as good which was an average rating. Almost all the 
elderly are satisfied with their surroundings and feel safe in their 
neighbourhood and are happy to live in their present 
environment.  

The study revealed that very few elderly features were 
incorporated in the design of the assessed houses. There is a 
decrease in the percentage of elderly staying alone as age 
advances. ‘Young Old’ are more independent while the other 2 

groups are slightly dependent. Since the elderly subjects have 
been living in their surroundings for the long 30 years, they have 
become used to their surroundings and hence they don't find a 
need for elder-friendly features but it will be an added advantage 
if incorporated.  

Limitations: It was felt that quite a good number of elderly 
subjects were either reluctant to part with relevant information 
or were providing only positive information due to issues related 
to privacy, status etc. This might have influenced the findings to 
some extent. The accuracy of health-related data could be 
increased by the verification of Medical documents. 
  

Suggestions for future study: A comparison between Male 
and female subjects will throw a clear picture on the difference 
between their mode of housing management, preferences and 
requirements for elder friendly homes etc.  Inclusion of elder 
friendly features based on Time Saver Standards will make the 
data easily quantifiable.  
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ABSTRACT 
 
With advanced ageing occurs a gradual physical and mental degeneration leading to feelings of insecurity 
among elderly, whose ageing accentuated diseases also makes many of them highly dependent, even for 



their daily routine activities. India currently witnesses the rapid aging of its population and with joint 
family disintegration and modernization, the care of elderly has emerged a nagging issue, resulting in their 
neglect and abuse, even within the families. Thus feeling the lack of personal space and alienation in their 
homes, many are forced to relocate to old age homes; in search of safe havens in their twilight years, 
creating a family-like atmosphere. Yet many may experience psycho-social problems there due to 
adjustment issues, loneliness, lack of freedom etc. This is the juncture where ‘Elder-friendly life spaces’ 
are required which enable elders to participate in community activities, to stay healthy and live with 
dignity. So designing senior care spaces presents unique and formidable challenges and opportunities by 
creating settings that encourage social interaction, vital for quality life among elderly population. Thus, 
the need to analyse the design features of ‘Old-age Homes’ in the light of elderly’s diverse needs and 

debilities arises.  The study among selected elderly staying in ‘Old- Age homes’ from Ernakulam with 

regard to  “Elder Friendliness of Life Spaces’ assessed the conformity of available spatial facilities with 

the universal design standards. The study also threw light on the fact that ‘Old Age Homes’ though 

mushrooming in the city were increasing in quantity and not much in quality. Old age homes, especially 
Government ones providing elder care ought to have elder friendly features included in them and with an 
environment that is appealing and elder - friendly,  effectively removing the negative stigma associated 
with them.  

 
 
Key Concepts: Elder Friendly,  Life Spaces 

 
    

Ageing is an inevitable and irreversible process. It is a natural multidimensional phenomenon involving 
biological, psychological, social and economic changes. There is no universally accepted age that is 
considered as old age, because it shifts according to the context.. The various physical problems include loss 
of teeth, rough and wrinkled skin, hard brittle bones, loss of hearing and vision etc. It also causes certain 
ageing associated diseases like arthritis, osteoporosis, diabetes, hypertension, Alzheimer's disease, dementia, 
cancer and heart diseases.  Many elderly people need the help of others in their daily routine activities like 
food preparation, personal activities, walking, feeding etc. So taking care of elderly parents at home requires 
dedication of time and effort. Caring to elderly people is not an easy task and puts a lot of strain on caregivers 
and their families, regardless of how willing they are to help.  

               The world today is at the verge of a paradigm shift with an increasing population of older people 
as compared to children and more people are at ancient age than ever before. China and India, which are 
both developing countries, have the largest total populations, so they are likely to have the largest number 
of older people too. India like many other developing countries in the world is witnessing the rapid ageing 
of its population. Urbanization, modernization and globalization have led to change in the economic 
structure, the erosion of societal values, weakening of social values, and social institutions such as the 
joint family. In this changing economic and social milieu, the younger generation is searching for new 
identities encompassing economic independence and redefined social roles within, as well as outside, the 
family.  

               Providing care for the aged has never been a problem in India, where a value based joint family 
system was dominant. But compounded by disintegration of joint families and ever-increasing influence of 
modernization and new lifestyle, the care of elderly has emerged as a nagging issue to Indian families too. 

I. INTRODUCTION 



Also as the population becomes more urban and secular, it becomes more and more inconvenient for adult 
children to support their parents. So the coping capacities of the younger and elderly family members are 
now being challenged under various circumstances resulting in neglect and abuse of elderly in many ways, 
both within and outside the family. As a result, elderly feel a lack of space and less belongingness in their 
own homes itself. Due to poor health, economic pressure and lack of adequate care, many elderly migrate or 
are made to relocate to old age homes for the fulfilment of their special needs. Old age homes provide safe 
havens not only for people who have no support , but those who prefer solace in their twilight years. These 
homes provide medical facilities, besides basic facilities of food and shelter. Apart from this, they also 
provide recreational and spiritual activities. These homes also create a family like atmosphere among the 
residents. Senior citizens are likely to experience more sense of security and friendship when they share their 
joys and sorrows with each other. 

               Although elderly are provided with all the facilities in old age homes, they may experience psycho- 
social problems due to fear of new atmosphere, loneliness, lack of freedom and homely care. Old age facilities 
today have to address a wide variety of needs and wants of older adults. With an environment that is appealing 
and elder - friendly, the negative stigma on old age homes can be removed. Elder-friendly life spaces enable 
senior citizens to actively participate in personal and community activities with ease and at the best of their 
abilities and helps them to stay healthy and active despite advancing ages, living with dignity. 

               So it comes as no surprise that those designing senior care environments are presented with unique 
and formidable challenges. In addition to the emergent need for these facilities, there is a unique need to 
make these spaces an invaluable setting that encourage personal and social  interactions and other pursuits 
which are vital for maintaining quality life of the elderly population. In addition to the rapidly growing need 
for these facilities identified by the design fraternity and the potential benefits for business, the authorities 
should intervene in the different stages of the  life space design of old age homes, considering it an unique 
opportunity. This will  make an invaluable contribution to the senior citizen and will be the greatest gift the 
nation can provide to its elders in their twilight years, i.e.  by creating an environment which is vital for 
maintaining a good quality of life and health to the elderly population. Thus, the need to analyse the design 
features of old age homes in the light of elderly’s diverse needs and debilities arises.   

 
● Aim: Assessing the spatial facilities provided in old age homes to identify constraints 
and check its conformity with spatial requirements of the elderly in relation with international design 
standards prescribed by "Time Saver Standards". 
 
● OPERATIONAL DEFINITION OF THE MAJOR TERMINOLOGY USED IN THE STUDY 
Elder friendly features: Features of a house or surrounding which are conducive for the safe and 
convenient use of elderly, such as user-friendly and ergonomic designs in work places, pathways, 
furniture and storage meant for elderly persons 
Life Space: The space meant for personal use where the fullest development and expression of an 
individual is possible. It’s a part of the total internal environment that provides peace, security and allows 
easy movement for the individual.  

II. LITERATURE SURVEY OF RELATED STUDIES 

Housing performs a variety of functions in society, as well as providing shelter. It is a capital investment 
for individuals and families, an important sector of economy, and it contributes to both psychological 
and financial security. Our home will have a serious impact on our physical and mental health; this can 
be significantly true for older people who might pay longer time at home. Older people in social (i.e., 
Public) housing is particularly vulnerable. Housing choices for older folks in social housing embody 
customary style dwellings or specially designed “sheltered 



housing.”  (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5406190/Exploring the Housing Needs of 
Older People in Standard and Sheltered Social Housing (nih.gov) 
 
According to M. H. Dalal, founder and chairman, Association of Senior Living in India (ASLI), "nearly 
99 per cent of the housing for senior citizens is old age homes”. “These old age homes though provide 

for the old, do not promote a lifestyle. There is a demand for such housing where retired people want 
to live in a community of like-minded people, with dignity in a home of their own and be provided for 
facilities. (Piplani, 2017) 

 Defined as living in one’s own home in the community (American Association of Retired Persons 

[AARP], 2005), Ageing-In-Place involves being able to identify resources to support personal and 
environmental change (Fänge, Oswald, & Clemson, 2012) and respond to essential needs. 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5342846/). 
 
There are many advantages to Aging-In-Place. Economically, providing help with home maintenance 
or home care is dramatically less expensive than institutional care (Canadian institute for health 
information, 2008). Moreover, the social and health advantages of ageing at home have been 
extensively documented (Cutchin, 2003; Joosten, 2007; Wagnild, 2001) and include attachment to 
place, familiarity with the neighbourhood, and the ability to maintain functional health. The idea of 
“being at home” is enhanced by familiar things and places familiarity left. Relocation requires that 
forging in part of a new identity. Repetition of particular qualities in the house that trigger familiar 
feelings may ease the older person’s transition to a new location. 
 
According to the study conducted by Mimiyamol K.G. (2016) on ‘Awareness and Integration of Elder-
Friendly Housing Practices by Young Adults’, accommodation options for elderly include Institutional 
care, day care centre, retirement communities, living alone, living with other family members, Home 
nursing (hiring-in-caregivers), independent living, assisted living and respite care are all living options 
a few major options. She continues that the older people see ‘home’ as a place of security and refuge, 

a place where they can express their individuality, retain control over their lives and remain 
independent. All these aspects of housing need to be considered when examining housing for ageing 
population. 
  
Sarinnapha Vasunilashorn, Bernard.A.Steinman, Phoebe S. Leibig and Jon Pynoos 
(https://pubmed.ncbi.nlm.nih.gov/22175020) studied the increasing attention given to ageing in place in 
the gerontological research community over the past 30 years. Their findings indicate the growing variety 
of topics pertaining to aging in place, ranging from housing and environment to health and technology. 
The relevance of their topic has increased over time, in part due to the acknowledged preference of older 
persons to maintain independence, and to the greater availability of non-institutional care. In addition, 
concerns about the increasing costs of long-term institutional care of elderly and its effect on family 
made policy makers consider avoiding relocation and promoting Ageing in place with family assistance.  
 
The study conducted by Pay-Shin Lin, et al. (Association between Physical Fitness and Successful Aging 
in Taiwanese Older Adults (https://pubmed.ncbi.nlm.nih.gov/26963614, 2016) where Community-
dwelling elderly aged more than 65 years were studied on comprehensive geriatric assessment, which 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5342846/
https://pubmed.ncbi.nlm.nih.gov/26963614


includes socio-demographic data, health conditions and behaviours and quality of life.  As people age, 
housing modifications become important to assist in the adaptation of elderly in their deteriorating health 
conditions, and maintain a sense of well-being and independent life. 
 
Housing in later life acquires new meanings for elderly individuals as a result of the long duration of 
living in the same home, familiarity, and processes of attachment (Evans, Kantrowitz & Eshelman, 2002; 
Rowles, Oswald, & Hunter, 2004; Rubinstein & De Medeiros, 2004; Sixsmith & Sixsmith, 1991). The 
sense of “being at home” is enhanced by familiar things and places. Relocation requires that forging in 

part of a new identity.  
 
Housing satisfaction of elderly is the index of perceived quality of the home in terms of objective based 
evaluation of elderly (Aragonés, Francescano, & Gärling, 2002; Weideman & Anderson, 1985).  

 

III. PROPOSED RESEARCH APPROACH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SELECTION OF AREA- ERNAKULAM CITY 

 

 

SELECTION OF METHOD - CASE STUDIES 

 

 

SELECTION OF TOOL- TWO SEPARATE INTERVIEW SCHEDULES- 1)  FOR OLD 
AGE HOME OFFICIALS AND 2) ELDERLY INHABITANTS 

 

 

SAMPLE SIZE- 5 OLD AGE HOMES AND 25 INHABITANTS (5 FROM EACH BASED 
ON WILLINGNESS TO PARTICIPATE) FROM  SELECTED OLD AGE HOMES 

 

 

COLLECTION AND CONSOLIDATION OF DATA 

 

 

EVALUATION ON PERSONAL SPACES IN OLD AGE HOMES BASED ON ELDER 
FRIENDLINESS OF PERSONAL LIFE SPACES  

 



 

 

Fig.1. Research Design 
 
 

Fig 1: Research Design  

 
 

IV. MAJOR FINDINGS OF THE STUDY 
 

1) General Information on the Selected Old Age Homes : Five old age homes were purposively 

selected from the city of Ernakulam, Kerala for the smooth conduct of the study.  

Table 1: General Information of the selected Old Age Homes  

Sl.No Name  
of Old 
 Age 
Homes and 
Code 

Location Categor
y 

Year of 
Establishment 

Payment 
Mode 

Nature of 
Stay 

Provided 

1 Government 
Old Age Home 

(GOH*) 

Thevara Govern
ment 

1997 Charitable Full time 

2 Home For The 
Destitute 

(HD*) 

Perumanoor Private 1936 Charitable Full time 

3 House Of 
Providence 
(HPRV*) 

Kacherippadi Private 1937 Charitable Full time 

4 Snehatheeram 
Old Age Home 

(SNH*) 

Perumalpadi Private 2010 Paid Full time 

5 St. Teresa’s 

Mercy Home 
(ST*) 

Kacherippadi Private 1988 Charitable Full time 

Out of the five old age homes selected for the study, four were privately owned. On the other 
hand, Government Old Age Home was owned by the Government. It was very sad that 
Snehatheeram Old Home was strict on the economic criteria that the beneficiaries should be able 
to pay an institutional charge / month, though small. Whereas the remaining four old age homes 
provided free accommodation. All the selected old age homes (5) provide full time / residential 
accommodation to the inhabitants. Except one all were gender neutral and no specific age of entry 
also followed. 

 

2) Total Strength of care givers and Inmates  

Supportive evidence by a survey conducted by Help Age India (1995) revealed that out of 258 
institutions 63 percent were destitute institutions offering accommodation, food, clothing and medical 
aid to their inmates free of charge. The others were pay and stay institutions run by NGOs or religious 



organisations. There are also institutions that provide care only for specific communities. The majority 
of those institutions were run by voluntary organizations with or without government assistance.   

  

Fig 2: Total Strength of residents and care givers in each Old age home 

Except in Government Old Age Home, majority of caregivers do not have any special qualification,  
those willing to take care of the elders with love and patience were accepted. In many cases, the locals 
also participated in taking care of elderly. Periodical checkups and caring for bedridden patients are done 
by doctors and nurses on call. Authorities of ‘Pain and Palliative care’ also visit these institutions and 
provide services.The Government Old Age Home run under a government aided organization reported 
less staff strength. All the 5 selected old age homes had emphasised that it is only for nursing and medical 
staff but for  administration also trained staff is necessary.  

 

General Details of the Elderly People  
The data consists of the general information collected from the selected 25 inhabitants of five different 
old age homes in Ernakulam district, regarding their age, gender, marital status, occupation etc.  

● General profile of the selected elderly  
 

 



 --  

 
 
Table  

Particulars Name of Old Age Homes* Number of 

Inhabitants 

GOV HD HPRV SNH ST N=25 

       

1) Gender 

Male 

Female 

 

1 

4 

 

2 

3 

 

1 

4 

 

3 

2 

 

- 

5 

 

7 

18 

2) Marital status 

Married 

Unmarried 

Divorced 

 

4 

1 

 

4 

 

1 

 

3 

1 

1 

 

4 

1 

 

 

3 

2 

 

 

18 

5 

2 

3) Occupational status 

Rt. From Govt. Service 

Rt. From private services 

Self employed 

Daily waged 

 

1 

1 

2 

1 

 

- 

2 

1 

2 

 

1 

3 

1 

- 

 

- 

3 

1 

1 

 

- 

1 

2 

2 

 

2 

11 

7 

6 

 

3) Number and Types of Rooms available in the selected Old Age Homes 

 



 

Fig 4:Total Number and Types of Rooms  

 

Individual rooms were not provided in any of these old age homes. Twin rooms were the most available 
luxury provided for bedridden elderly. Dorms were the most common feature. And the number of twin 
and sharing rooms was disproportionate to the number of inmates in most places.  

4) Provision of Facilities  and Amenities for the Elderly Residents 

The increased ageing population demands an urgent rethinking of the service provision solutions 
available. The role of new technologies must be explored in order to use its potentials adequately for 
elderly, and thus probably, enhancing their quality of life. The participation of elderly in activities can 
reduce the emergence of attitudes and thoughts focusing on negative aspects of their lives, like for instance 
on functional limitations and loneliness (Graafmans J. and Taipale, 1998).   

 

 

Fig. 5: Facilities and Amenities Provided  



Most places provided Out of five selected old age homes, Government Old Age Home and House of 
Providence had the provision of a proper library. All the selected five old age homes provided reading 
materials such as daily news papers and magazines even though there is no separate room for the library. 
        
  The majority of  places had outdoor areas for relaxation and gardening, conducting cultural programmes 
and celebrations. Mostly passive Indoor game facilities such as caroms, chess etc were provided by one 
place. Television sets were  provided at all places accessible from the group space, mostly the dining area. 
Religious facilities provided as common prayer halls and churches as most were run by catholic 
denominations.  

 

5) Analysis of Personal Spaces:   As all the institutions for elderly in the study are residential in 
nature they are expected to have all the facilities and services necessary for daily living. This section 
describes the services and facilities available for the elderly living in the selected institutions for elderly.  
 
● Adequacy of Personal Room Space:   As per ‘Time Saver Standards’, adequate space should be 

provided in bed rooms for getting into bed from either sides, making the bed, using the dresser or chest of 
the drawers, cleaning the room, using the closet and dressing. To provide for this degree of comfort and 
convenience, the bedroom must be about 11ft 2in.wide and 9ft 10in. or 10ft 4 in. Long, depending on 
whether space is provided in the bedroom. The clear distance of 3 ft is often recommended as between 
beds, some agencies recommend an allowance of at least 5 feet at one side of the bed for a wheel chair 
(De Chiara and Hancock, 1992). 

Dormitory areas were somewhat congested as there were more beds occupying the available space. 
Twin rooms and rooms with 3-5 beds were provided adequate space as recommended by De Chiara and 
Hancock, 1992, that is about 11ft 2in.wide and 9ft 10in.long. It was noticed that the majority of the elderly 
people expressed satisfaction with the personal space provided for them and could be inferred as they 
wouldn’t want to make negative comments on their last resort.  

● Type of Furniture, Storage Space and Other Fixtures Provided in the Room 
The table presents information on the type of furniture, storage, fixtures and other facilities and services 
available in the personal spaces of selected institutions for the elderly.  

 
 



A. Fig.6: Furniture and Storage Provided 

 

All the inmates from all the institutions selected (5) reported the availability of fans, common cupboards, 
beds with mattresses and pillows etc. Out of five old age homes, Home for the Destitute, House of 
Providence, and St.Teresa’s Mercy Home provided the inmates with cupboard / locker facilities. Inmates 
of Home for the Destitute had provision of table and chair too. All the three old age homes where lockers 
were provided had well secured shutter and key. 

In the Government Old Age Home, it was found that storage space was inadequate and hence the personal 
clothes and belongings had to be kept beneath the cot. They complained about the lack of space to keep 
their medicines and other frequently required items like water bottles, spectacles etc. The common 
cupboards provided in Government Old Age Home had closed shutters, where dresses, food items, 
medicines etc had been kept. 

The lack of adequate storage or improperly designed storage is a major concern of sanitation. Storage 
design must facilitate cleaning operations; eliminate vermin or insect harbourage etc. Particular care must 
be taken to assure that adequate storage space is provided (www.cchealth.org.eh).  Mostly common wall 
cupboards or shelves provided were open and no shutters except in the Government owned old age home, 
and there is always risk of losing personal goods. 

 

Provision of Comfortable Seating in Open Spaces 

Provision of seating facilities in open public spaces is a necessity for elderly as they get tired fast and their 
feet could not hold for long.  

Comparative Analysis of Bed / Cot provided with standards measurements 

The recommended standard cot measurement for a single person is 99.1cm in width and 190.5 cm in 
length (http//www.bensonsforbedsstandards.co.in).     

Table 8: Comparative Analysis of Cots provided with standards measurements 

Name of 
Old Age Homes* 

Length 
of Cot (In 

Cms) 

Width of 
Cot 
(In Cms) 

Height 
of Cot (In Cms) 

Safety 
Features 

GOV 165 cm 
(5.5 feet) 

71 cm 
(2.4 feet) 

40 cm No specific 
features 

HD 180 76 46 Bed railing 
HPRV 160 70 57 Bed railing 
SNH 150 68 65 No specific 

features 
ST 165 68 4 No specific 

features 
 

 

The data regarding length, width, and height of cot provided for the elderly in selected old age homes are 
shown in the Table 8 

*KEY: GOH- Government Old Age Home, HD- Home for the Destitute, HPRV- House of Providence, SNH- 
Snehatheeram Old Age Home, ST- St.Teresa’s Mercy Home 

 

http://www.cchealth.org.eh/


It is noticed that the cot provided for the elderly varies in its size in different old age homes, especially a 
great difference in the height of cot. Too low bed / cot seemed to be very much uncomfortable, because it 
constrained the user to stoop much to sit or lie down. Among the five selected old age homes, Home for the 
Destitute, House of Providence had cot with protective adjustable railing which prevented falls. This ensures that 
the authorities are aware of individual needs and assure better safety. And no old age homes were provided cot as 
recommended as standard measurements.  

Lighting and Ventilation Provided in Room 

Based on De Chiara and Hancock (1992), it reveals that illumination level required for elderly should be 
approximately double that of generally used in residential practice. Light sources should always be shielded. Wall 
switches should control all light fixtures. Two-way switched outlets are particularly important in bedrooms or 
sleeping alcoves so that the elderly person need not stumble around in the dark when looking for the switch or 
after putting out the light. 

 
Table 9: Data regarding lighting and ventilation provided in the personal life space  

Particulars Name of Old Age Homes* Number of 
Respondents 

 
N=25 GOV HD HPRV SNH ST 

i) Well 
lightened rooms 

2 5 5 5 5 22 

ii) Two way 
switches 

- - - - - - 

iii) Adequate 
Windows and doors 

3 5 5 5 5 22 

iv) Easy 
operating windows 

5 5 5 5 5 25 

All the five old age homes provided adequate lighting in the rooms by means of tube lights and CFL bulbs. 
No one provided two way switches in rooms.  

Three of the selected inmates from the Government Old Age Home were not satisfied with the lighting 
provided for them and mentioned that the illumination were not equally distributed throughout the room. 
Those who are in the corners of the dormitory didn’t get adequate light and air. 

 It is found that all the selected old age homes provided adequate ventilation by means of windows, doors, 
and ceiling fans, except in Government Old Age Home where the number of windows was not enough to 
provide adequate air circulation which caused stuffiness and foul smell in the interior. 

Flooring Materials Used in Rooms :   All floor surfaces should be nonslip, outside as well as inside the 
basic dwelling unit. In this connection, apparent slipperiness is as important, because of the psychological 
danger, as actual slipperiness. This is particularly pertinent to the design of lobbies and other public spaces 
which often have large expanses of glossy, although perhaps nonslip, surface. Suitable flooring materials 
include unglazed tile, cork, vinyl or vinyl-asbestos tile, unwaxed wood, and wall to wall carpeting (De 
Chiara and Hancock, 1992). 
 

Table 10: Details of the flooring material used in the Personal life spaces  



Name of Old Age Homes* Materials Used for Flooring 

GOV Vitrified tile 

HD Vitrified tile 

HPRV Vitrified tile 

SNH Vitrified tile 

ST Cement 

Above table reveals that among the five selected old age homes, four institutions had used 
vitrified tile as flooring material in personal life space, whereas St.Teresa’s Mercy Home had 

cement flooring. All the flooring was comparatively safe to elders, though no institution had 
specifically thought of features like skid proofing. 

Analysis of Bathroom and Toilet Areas 

Bathroom for the older people should be planned carefully. There must be a short access from the bed to 
the bathroom. The location of the bathroom in relation to the sleeping area must be given special 
consideration (De Chiara and Hancock, 1973). 

Types of Bathrooms Provided 

Bathrooms are one of the most accident prone areas due to the presence of water oil soap etc. Advancing 
old age aggravates this issue and at most care in design features only could reduce this lurking danger.  

 
          Table 11: The Types of Bathroom Provided and the Accessibility to the Bathroom 

Name of 
Old Age 
Homes* 

Attached Commonly 
Provided or 
Detached 

N=25 
GOV 5 - 
HD 2 3 
HPRV 5 - 
SNH 5 - 
ST 3 2 
Total 20 5 

 

 

          The information regarding the types of bathroom provided to the elderly residing in the selected old 
age homes and the accessibility to the bathroom is provided in the above table. All the selected old age 
homes provide attached bathrooms for their inhabitants based on the type of rooms. All the bathrooms 
provided by Government Old Age Home, House of Providence and Snehatheeram Old Age Home were 
attached to the personal life space. 

          Home for the Destitute had provided attached bathrooms for twin rooms where most of the 
inmates were bedridden. And those in the dormitory were provided with sufficient number of bathrooms 
but common and away from the dorms. 



          St.Teresa’s Mercy Home had provided both attached and common bathrooms, wherein out of 
five selected elders, two preferred common bathrooms though away from room, more spacious and 
comfortable than attached bathrooms. It is noticed that it was very inconvenient and inadequate for the 
elders who stayed in dormitories to manage with a single attached bathroom and toilet and they needed to 
wait for a long time to use it.  

          Majority of the elders except those who are in twin rooms faced the problem regarding the 
easy accessibility to the bathroom especially for those elderly, with sleeping areas on the opposite end of 
the dormitory. 

Door Width of Bathrooms:     Many of the elderly need assistance in the bathroom, so the room 
should be large enough to permit one person to help another. For a person in a wheelchair, the bathroom 
should be large enough so that he can manoeuvre the chair, and door way must be 3 feet (91 cm) wide to 
permit easy passage of wheelchairs (De Chiara and Hancock, 1992).  

Table---: Analysis of the door measurement of bathrooms in different old age homes 

Name of Old Age Homes* Width of Bathroom Doors 
(In Cm) 

Enough Width for 
Wheelchair Passage 

GOV 65 No 
HD 77 Yes 

HPRV 72 Yes 
SNH 67 No 
ST 65 No 

 

From the above table it is clear that bathrooms provided in Home for the Destitute, House of 
Providence and some of the bathrooms of St.Teresa’s Mercy Home were designed with wide doors and 

ramps for passage of wheelchair. 

The main design defect noticed in other places was the small and narrow passages with inadequate 
lighting and ventilation and steps provided near bathroom doors. It was found that the inmates had 
difficulty in climbing in.  

Adequate Space inside Bathrooms for Personal Assistance 

          As per standard values, bathrooms for older people should be ample in size and planned for 
safety. A minimum area of 35 to 40 square foot is acceptable but, because of the possibility that crutches 
or wheelchairs may need to be accommodated, 50 to 60 sq ft is often recommended. 

          All the inhabitants of selected old age homes except Government Old Age Home where satisfied 
with the bathroom space provided. It is noticed that all the inhabitants of the Government Old Age Home 
complained about the small bathrooms provided for them.    

Flooring Material and Features in Bathroom 

Flooring in Bathrooms if provided with adequate grip and roughness will prevent likely falls. 
Continuous presence of water and soap aggravates this especially if adequate gradient for drainage and 
wet and dry area demarcation is not provided.  

Table :   The flooring provided in the bathrooms of the selected old age homes.   

 

*KEY:  GOH- Government old age home, HD- Home for the Destitute, HPRV- House of providence, SNH- 
Snehatheeram Old Age Home, ST- St.Teresa’s Mercy Home 

 



Old Age Homes 
Materials Used For 

Flooring Specific Features 

GOV Tile - 

HD Tile Tile with skid proof grip 

HPRV Tile Tile with skid proof grip 

SNH Tile Tile with skid proof grip 

ST Tile, cement 
Tile with skid proof grip, Roughly 

textured cement to prevent skidding 

 

      It is noticed that the entire old age home had Tile floorings for bathrooms and St.Teresa's 
Mercy home had cement flooring in attached bathrooms. The tile paved in Government Old Age Home 
was slippery and smooth without any skid proofing features to prevent falls.       

Sanitary Fittings and other facilities provided in Bathrooms:  Most people think of shower 
grab bars as the way to make bathing safer. There are other ways to help ensure safety in the bath, like 
adding grab bars by the toilet too, or other places in the room where someone may need a helping hand. 
A step-in shower is safer than a tub, but if that is not possible grab bars can be added that help someone 
getting in and out. A hand-held shower head is often easier to use for someone with limited mobility than 
a fixed shower hand Beers.M.H, 2004). 

 

 



B. Fig.6: Furniture and Storage Provided 

 

The sanitary fittings of the Government Old Age Home were poor in quality, with no shower, grab 
bars, and water heater provisions. Grab bars essential for the elderly for support and also to prevent falls 
were provided throughout the areas including bathroom pathways, near water tap, water closet etc. Most 
places provided grab bars in the bathroom and near the closet for support. 

Regarding the lighting provided in bathrooms, the majority of the places had well lighted bathrooms 
provided with CFL bulbs and the lighting provided in the bathrooms of Government Old Age Home and 
some bathrooms of St.Teresa's Mercy Home seemed yellowish and dim, not illuminated as required for 
the elderly. 

 

Analysis of Group Spaces 

Dining hall facilities can foster a harmonious gathering for the inmates (Bali, 2001). The group spaces 
facilitate to share each other and can reduce the emergence of attitudes and thoughts on negative aspects 
of their lives, like for instance on functional limitations and loneliness (Graaffmans J and Taipale, 1998) 

Provision of Group and Public Spaces: Various Group and Public Spaces provided for the inhabitants 
in the selected Old Age Homes. Common Dining being the commonest. Other facilities for group 
interaction included a library. All the selected old age homes had Public Spaces with somewhat similar 
facilities. Most of the elderly were used to spending their time by sleeping and by watching TV and hence 
most of the facilities provided, such as library, outdoor areas for sitting and gardening were 
underutilized.Space for prayer and other religious activities were provided in the  

As in the present study, television is the mode most frequently selected by the elderly for entertainment 
and information (Prakash, 2001 and Kohli et al, 1997). In general, the number and varieties of activities 
engaged in is found to be declining with advancing age, even though the fascination persists. (Roseland 
R. and Sykes J., 1977) 

Support and Mobility System in Common Areas 
The details of the support and mobility systems available at the selected old age homes for the elderly 
are discussed under this heading.  

Mode of Vertical Transportation within Old Age Homes:  Whenever possible the accommodation for 
the aged should be on one level and, unless elevators are used, located on the ground floor. For small 
unavoidable changes in level, ramps with flat slope not over 5 percent are preferable to stairs. Stairs 
should not be less than 3 ft 3 inches in clear width. Risers should not be more than 7 inches high (De 
Chiara and Hancock, 1992). 

   

Table 2: Mode of Circulation Facilities provided in the Selected Old Age 
Homes 

Name of Old Age 
Homes* Levels 

Facilities Provided 
For Circulation 



GOV Within a single story NA 

HD Within a single story Ramp 

HPRV Different levels Ramp and stairs 

SNH Different levels Stairs 

ST Within a single story Ramp 

Most places had single storeys only making it convenient for elderly to freely move horizontally. In places 
where there were 2 storeys, they  provided sloping ramps for the convenience of the beneficiaries in wheel 
chairs especially. It is noticed that the only means of mobility between different floors in oneOld age home 
was stairs which were congested and narrow. 

 

 

Lighting in Hallways and Passages: Adequate lighting prevents occurrence of accidents and falls to a 
great deal. With regard to Aged people, the lighting intensity should be more than for younger persons yet 
without glare and not causing shadows. Mostly the old age homes selected for the study had adequate 
lighting in the hallways and passages.  In one place the passages were narrow and dark, making it  
inconvenient for elderly with vision issues. 

Elder Friendly Features in General :Elder friendly features available for subjects in the selected old age 
homes checked were mainly wheelchair provision, well lit interiors, comfortable seating in group spaces 
and open yard outside, and protective handrails and grab bars.  

 

 



C. Fig.--: Provision of elder friendly features 

V.  

Out of five selected old age homes, it is noted that inhabitants of Government Old Age Home had 
no provision of wheelchair facilities. And all the selected old age homes had provided well lighted interior 
and exterior spaces for the elderly. Comfortable seating areas were provided for, except in one place where 
there was no provision for outdoor seating areas.  All the elderly from private institutes commended on 
the availability of handrails and grab bars throughout their facility. There were no handrails and grab bars 
provided in Government Old Age Home.  
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1. INTRODUCTION

Let {Xi, i ≥ 1} be a sequence of independent and identically distributed (iid) random variables having an absolutely continuous cumulative
distribution function (cdf) F(x) and probability density function (pdf) f (x). An observation Xj is called an upper record if Xj > Xi for every
i < j. An analogous definition deals with lower record values. In a number of situations, only observations that exceed or only those that
fall below the current extreme value are recorded. Examples include meteorology, hydrology, athletic events, mining, etc. Interest in records
has increased steadily over the years since Chandler [1] formulation. Useful surveys are given in Ahsanullah [2] and Arnold et al. [3]. Let
Ri, i = 1, 2,… , n be the first n upper record values arising from a distribution with cdf F(x) and pdf f (x). Let Dn = (R1,R2,⋯ ,Rn). Then
the joint density function of Dn is given by

f (r1, r2, ..., rn) = f (rn)
n−1∏
i=1

f (ri)
1 − F (ri)

, −∞ < r1 < r2 < … < rn < ∞. (1)

In reliability theory, record values are used for statistical modeling, shock models and they are closely connected with the occurrence
times of a corresponding nonhomogeneous Poisson process, with some minimal repair scheme (see, Kamps [4]). Estimation of parameters
using record values and prediction of future record values have been studied by several authors, for details see Balakrishnan and Chan [5],
Raqab [6] and Sultan et al. [7]. Bayesian estimation and prediction for some life distributions based on record values have been considered
by Ahmadi and Doostparast [8]. Seo et al. [9] developed an entropy estimation method for upper record values from the generalized half-
logistic distribution.

Entropy measures the uncertainty associated with a random variable. Let X be a random variable having an absolutely continuous cdf F(x)
and pdf f(x) then the entropy introduced by Shannon [10], called Shannon entropy is defined by

H( f ) = −∫
∞

−∞
f (x)log( f (x))dx. (2)

Several generalized entropy measures have been proposed in the literature to measure the uncertainty of a probability distribution since the
seminal work of Shannon [10]. Among these, one of the most important and applicable measures is Renyi entropy proposed by Renyi [11].
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For a random variable X with pdf f(x) the Renyi entropy is given by

H𝛼( f ) =
1

1 − 𝛼
log∫

∞

−∞
f(x)𝛼dx; 𝛼(≠ 1) > 0. (3)

Several authors have discussed the problem of estimation for entropy functions for different distributions. Kang et al. [12] derived estimators
of entropy for a double exponential distribution based on multiply Type II censored samples. Cho et al. [13] derived estimators for the
entropy function of a Rayleigh distribution based on doubly-generalized Type II hybrid censored samples. Baratpour et al. [14] developed
the entropy of upper record values and provided several upper and lower bounds for this entropy by using the hazard rate function. Chacko
and Asha [15] considered the problem of estimation of entropy for generalized exponential distribution using lower record values.

In this paper we consider the problem of estimation for entropy of a two parameter Weibull distribution with cdf given by

F(x|𝛽, 𝜆) = 1 − e−𝜆x𝛽 . (4)

The pdf corresponding to the above cdf is

f(x|𝛽, 𝜆) = 𝛽𝜆x𝛽−1e−𝜆x𝛽 . (5)

The Weibull distribution has wide applications in broad areas including reliability engineering, survival analysis, hydrology, meteorology
and insurance (see, Murthy et al. [16]). Also, parametric inference of Weibull distribution based on record data is of special interest, because
the Weibull distribution arises naturally from the extreme value theorem and thus it has a meaningful physical interpretation in many real
applications (see, Ye et al. [17]). In various engineering applications such as independent component analysis, image analysis, genetic analysis
and time delay estimation it is useful to estimate the entropy of a system or process given some observations. If the observations available
are only in the form of record values and the parent population follows Weibull distribution then the inferential procedure developed in
this work can be utilized to estimate the entropies of the system or process.

The Shanon entropy for the Weibull distribution with cdf given in (4) is given by

H(𝜆, 𝛽) = 𝜈
(

1 − 1
𝛽

)
− log

(
𝛽𝜆1∕𝛽) + 1, (6)

where 𝜈 is the Euler constant. The Renyi entropy for the Weibull distribution with cdf given in (4) is given by

H𝛼(𝜆, 𝛽) = 1
1 − 𝛼

[
(𝛼 − 1) log 𝛽 + 𝛼 log 𝜆 + log

(
Γ
(
𝛼
(

1 − 1
𝛽

)
+ 1

𝛽

))
(
𝛼
(

1 − 1
𝛽

)
+ 1

𝛽

)
log(𝛼𝜆)

]
.

(7)

Cramer and Bagh [18] discussed the entropy in the Weibull distribution for progressive censoring. Cho et al. [19] obtained estimators for
the entropy function of a Weibull distribution based on generalized Type II hybrid censored samples.

In this paper, we consider the estimation of entropies for Weibull distribution based on upper record values. In Section 2 we obtain the
maximum likelihood estimators (MLEs) for Shannon entropy and Renyi entropy using upper record values. In Section 3, we consider the
Bayes estimation of entropies using MCMC method. Section 4 is devoted to some simulation studies. In Section 5, a real data is used for
illustration. Finally in Section 6 some concluding remarks.

2. MAXIMUM LIKELIHOOD ESTIMATION

In this section, we obtain the MLEs of entropies for the two parameter Weibull distribution using upper record values. Let Ri, i = 1, 2,… , n
be the first n upper record values arising from Weibull distribution with cdf given in (4). Let Dn = (R1,R2,⋯ ,Rn). Then from (1) the
likelihood function is given by

L(𝜆, 𝛽|dn) = (𝜆𝛽)ne−𝜆r
𝛽
n

n∏
i=1

r𝛽−1
i , (8)

where dn = (r1, r2,⋯ , rn). The log likelihood function is given by

logL(𝜆, 𝛽|dn) = n log(𝜆𝛽) − 𝜆r𝛽n + (𝛽 − 1)
n∑
i=1

log(ri). (9)
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Then

𝜕logL
𝜕𝛽

= n
𝛽
− 𝜆r𝛽nlog(rn) +

n∑
i=1

log(ri)

and

𝜕logL
𝜕𝜆

= n
𝜆
− r𝛽n.

Then the corresponding normal equations are

n
𝛽
− 𝜆r𝛽nlog(rn) +

n∑
i=1

log(ri) = 0 (10)

and

n
𝜆
− r𝛽n = 0. (11)

From (11), we get

𝜆 = n
r𝛽n
.

By putting the value of 𝜆 in (10) we get

n
𝛽
− nlog(rn) +

n∑
i=1

log(ri) = 0. (12)

Therefore, the MLE of 𝛽 is given by

𝛽 = n
nlog(rn) −

∑n
i=1 log(ri)

.

Thus the MLE of 𝜆 is obtained as

�̂� = n
r𝛽n
. (13)

Then by invariant property of MLE, the MLE of Shannon entropy for Weibull distribution based on upper record values is given by

ĤML = 𝜈
(

1 − 1
𝛽

)
− log

(
𝛽�̂�1∕𝛽

)
+ 1. (14)

Similarly MLE of Renyi entropy for Weibull distribution based on upper record values is given by

Ĥ(ML)(𝛼) = 1
1 − 𝛼

[
(𝛼 − 1) log 𝛽 + 𝛼 log �̂� + log

(
Γ
(
𝛼
(

1 − 1
𝛽

)
+ 1

𝛽

))
−
(
𝛼
(

1 − 1
𝛽

)
+ 1

𝛽

)
log(𝛼�̂�)

]
.

(15)
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3. BAYESIAN ESTIMATION

In this section, we consider Bayesian estimation of entropy for the two parameter Weibull distribution under symmetric as well as asym-
metric loss functions. A symmetric loss function is the squared error loss (SEL) function which is defined as

L1

(
d (𝜇) , d̂ (𝜇)

)
=
(
d̂ (𝜇) − d (𝜇)

)2
,

where d̂ (𝜇) is an estimate of d (𝜇) . The Bayes estimate of 𝜇 under L1 is the posterior mean of 𝜇. An asymmetric loss function is the LINEX
loss (LL) function which is defined as

L2

(
d (𝜇) , d̂ (𝜇)

)
= eh

(
d̂(𝜇)−d(𝜇)

)
− h

(
d̂ (𝜇) − d (𝜇)

)
− 1, h ≠ 0.

The Bayes estimate of d (𝜇) for the loss function L2 can be obtained as

d̂LB (𝜇) = −1
h

log
{
E𝜇

(
e−h𝜇 | x)} ,

provided E𝜇 (⋅) exists. Another asymmetric loss function is the general entropy loss (EL) function given by

L3

(
d (𝜇) , d̂ (𝜇)

)
=

(
d̂ (𝜇)
d (𝜇)

)q

− q log

(
d̂ (𝜇)
d (𝜇)

)
− 1, q ≠ 0.

In this case Bayes estimate of d (𝜇) is obtained as

d̂EB (𝜇) =
(
E𝜇

(
𝜇−q | x))− 1

q .

Let Ri, i = 1, 2,… , n be the first n upper record values arising from Weibull distribution with pdf given in (5). Then the likelihood function
is given by

L(𝜆, 𝛽|dn) = (𝜆𝛽)ne−𝜆r
𝛽
n

n∏
i=1

r𝛽−1
i ,

where dn = (r1, r2,⋯ , rn). Assume that the prior distributions of 𝛽 and 𝜆 follow independent gamma distributions with density functions
respectively given by

𝜋1(𝛽|a, b) = ba
Γa

𝛽a−1e−b𝛽 ; a >, b > 0

and

𝜋2(𝜆|c, d) = dc
Γc

𝜆c−1e−d𝜆; c > 0, d > 0.

Thus the joint prior distribution of 𝜆 and 𝛽 is given by

𝜋(𝜆, 𝛽) = badc
ΓaΓc

𝛽a−1𝜆c−1e−b𝛽e−d𝜆.

Then the joint posterior density of 𝜆 and 𝛽 given Dn = dn can be written as

𝜋∗(𝜆, 𝛽|dn) = L(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)∫ ∫ L(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)d𝜆d𝛽 . (16)

Therefore the Bayes estimate of any function g(𝛽, 𝜆) of 𝛽 and 𝜆 under SEL, LL and EL are respectively given by

ĝS =
∫ ∫ g(𝛽, 𝜆)L(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)d𝜆d𝛽

∫ ∫ L(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)d𝜆d𝛽 , (17)
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ĝL = −1
h
log

[∫ ∫ e−h g(𝛽,𝜆)L(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)d𝜆d𝛽
∫ ∫ L(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)d𝜆d𝛽

]
(18)

and

ĝE =

[∫ ∫ (g(𝛽, 𝜆))−qL(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)d𝜆d𝛽
∫ ∫ L(𝜆, 𝛽|dn)𝜋(𝜆, 𝛽)d𝜆d𝛽

]−
1
q
. (19)

It is not possible to compute (17)–(19) explicitly. Thus we propose MCMC method to find the Bayes estimates for the entropies given in (6)
and (7).

3.1. MCMC Method

In this subsection, we consider the MCMC method to generate samples from the posterior distributions and then find the Bayes estimates
for entropies. The joint posterior distribution given in (16) can be written as

𝜋∗(𝛽, 𝜆|dn) ∝ 𝛽n+a−1𝜆c+n−1e−𝜆(d+r
𝛽
n)

e−b𝛽e(𝛽−1)
∑n

i=1 log(ri).
(20)

From (20) the conditional posterior distribution of 𝛽 given 𝜆 and data is given by

𝜋∗
1 (𝛽|𝜆, dn) ∝ 𝛽n+a−1e−𝜆r

𝛽
ne−𝛽(b−

∑n
i=1 log(ri)). (21)

Again from (20), the conditional posterior distribution of 𝜆 given 𝛽 and data is given by

𝜋∗
2 (𝜆|𝛽, dn) ∝ 𝜆c+n−1e−𝜆(d+r

𝛽
n). (22)

Thus from (22) we can see that conditional posterior distribution of 𝜆 follows a Gamma distribution with parameters (n + c) and (d + r𝛽n).
That is, 𝜆 ∼ Gamma(n + c, d + r𝛽n). Therefore one can easily generate sample from the posterior distribution of 𝜆. But it is not possible to
generate random variables from the posterior distribution of 𝛽 given in (21) using standard random number generation methods. Hence
we use Metropolis–Hasting (M-H) algorithm to generate sample from (21) (see, Chib and Greenberg [20]). Since plot of (21) is similar to
a normal plot we take normal proposal density for 𝛽 for the M-H algorithm. For updating 𝛽 we have used adaptive MCMC method given
in Roberts and Rosenthal [21] to get an optimum acceptance rate (44%) for the Metropolis sampler.

By setting initial values 𝛽(0) and 𝜆(0), let 𝛽(t) and 𝜆(t), t = 1, 2,… ,N be the observations generated from (21) and (22) respectively. Then
the Bayes estimator of Shannon entropy function given in (6) under SEL, LL and EL, by taking first m iterations as burn-in period, are
respectively given by

ĤS(MC) =
1

N −m

N∑
t=m+1

Ĥ(𝜆(t), 𝛽(t)), (23)

ĤL(MC) = −1
h
log

[
1

N −m

N∑
t=m+1

e−h Ĥ(𝜆(t),𝛽(t))
]

(24)

and

ĤE(MC) =

[
1

N −m

N∑
t=m+1

(
Ĥ(𝜆(t), 𝛽(t))

)−q]− 1
q

, (25)

where

Ĥ(𝜆(t), 𝛽(t)) = 𝜈
(

1 − 1
𝛽(t)

)
− log

(
𝛽(t)(𝜆(t))

1
𝛽(t)

)
+ 1. (26)
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Similarly the estimate for Renyi entropy given in (7) under SEL, LL and EL functions are respectively given by

ĤS(MC)(𝛼) =
1

N −m

N∑
t=m+1

Ĥ𝛼(𝜆(t), 𝛽(t)), (27)

ĤL(MC)(𝛼) = −1
h
log

[
1

N −m

N∑
t=m+1

e−h Ĥ𝛼 (𝜆(t),𝛽(t))

]
(28)

and

ĤE(MC)(𝛼) =

[
1

N −m

N∑
t=m+1

(
Ĥ𝛼(𝜆(t), 𝛽(t))

)−q]−1∕q

, (29)

where

Ĥ𝛼(𝜆(t), 𝛽(t)) = H𝛼(𝜆(t), 𝛽(t)). (30)

4. SIMULATION STUDY

In this section we carry out a simulation study for illustrating the estimation procedures developed in Sections 2 and 3. First we obtain the
MLEs for Shannon entropy and Renyi entropy using (14) and (15). We have obtained the bias and MSE of MLEs for different values of n
using 500 simulated samples for different combinations of 𝛽 and 𝜆 and are given in Tables 1 and 2. For the simulation studies for Bayes
estimators we take the hyper parameters for the prior distributions of 𝜆 and 𝛽 as a = 2, b = 2, c = 2 and d = 2. We have obtained the Bayes
estimator for entropy of Weibull distribution using record values under SEL, LL and EL functions using MCMC method. For the MCMC
method we do the following

(1) Generate n upper record values from two parameter Weibull distribution with parameters 𝜆 and 𝛽.

(2) Calculate estimators of entropies using the generated upper-record values using MCMC method as described below.

(a) Start with initial values 𝛽(0) and 𝜆(0).

(b) Set t = 1.

Table 1 The bias and MSE for maximum likelihood estimator for entropy of
Weibull distribution.

n 𝝀 𝜷 H Bias MSE
5 1 2 0.30685 0.15120 0.37001
5 1.5 2 0.32484 −0.15206 0.13575
5 2 2 0.24889 −0.18819 0.09578
5 2 2.5 0.13732 −0.19030 0.10134
5 2.5 2 0.15278 −0.21610 0.09239
6 1 2 0.30685 0.14299 0.36303
6 1.5 2 0.32484 −0.14447 0.11767
6 2 2 0.24889 −0.11993 0.05973
6 2 2.5 0.13732 −0.13473 0.05981
6 2.5 2 0.15278 −0.16502 0.06212
7 1 2 0.30685 0.13766 0.36020
7 1.5 2 0.32484 −0.13625 0.11341
7 2 2 0.24889 −0.07448 0.05311
7 2 2.5 0.13732 −0.09947 0.05553
7 2.5 2 0.15278 −0.12254 0.04306
8 1 2 0.30685 0.11629 0.32744
8 1.5 2 0.32484 −0.13183 0.11810
8 2 2 0.24889 −0.06559 0.04837
8 2 2.5 0.13732 −0.09507 0.04945
8 2.5 2 0.15278 −0.09617 0.03402
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Table 2 The bias and MSE for maximum likelihood estimator for Renyi entropy of Weibull distribution.
n 𝝀 𝜷 𝛼 = 0.5 𝛼 = 1.5

H Bias MSE H Bias MSE
5 1 2 0.693147 −0.059948 0.255098 0.117783 0.169949 0.578651
5 1.5 2 0.529969 −0.134760 0.116871 0.228574 −0.142179 0.163301
5 2 2 0.406562 −0.159747 0.089425 0.170486 −0.197631 0.101358
5 2 2.5 0.294990 −0.177099 0.089145 0.058914 −0.199679 0.108348
5 2.5 2 0.298591 −0.190835 0.081160 0.077009 −0.225456 0.096036
6 1 2 0.693147 −0.048178 0.210207 0.117783 0.162723 0.564276
6 1.5 2 0.529969 −0.093890 0.097729 0.228574 −0.089287 0.138563
6 2 2 0.406562 −0.117676 0.064852 0.170486 −0.126982 0.064085
6 2 2.5 0.294990 −0.111895 0.058984 0.058914 −0.142571 0.063598
6 2.5 2 0.298591 −0.147710 0.050369 0.077009 −0.172724 0.065074
7 1 2 0.693147 0.038929 0.189841 0.117783 0.150699 0.544762
7 1.5 2 0.529969 −0.034808 0.082219 0.228574 −0.041861 0.139014
7 2 2 0.406562 −0.088107 0.048488 0.170486 −0.102682 0.057537
7 2 2.5 0.294990 −0.085120 0.047481 0.058914 −0.103589 0.060667
7 2.5 2 0.298591 −0.112599 0.039862 0.077009 −0.129293 0.045110
8 1 2 0.693147 0.037996 0.213258 0.117783 0.145250 0.533804
8 1.5 2 0.529969 −0.023618 0.080715 0.228574 −0.037239 0.140882
8 2 2 0.406562 −0.056474 0.039593 0.170486 −0.070742 0.052154
8 2 2.5 0.294990 −0.069971 0.040944 0.058914 −0.080985 0.053370
8 2.5 2 0.298591 −0.088663 0.029999 0.077009 −0.101960 0.035630

(c) Generate 𝜆(t) from Gamma
(
n + c, d + r𝛽

(t−1)

n

)
.

(d) Using M–H algorithm, generate 𝛽(t) from 𝜋∗
1 (𝛽|𝜆(t), dn).

(e) Calculate Ĥ(𝜆(t), 𝛽(t)) using (26) and Ĥ𝛼(𝜆(t), 𝛽(t)) using (30).

(f) Set t = t + 1.

(g) Repeat steps (c) to (f) for N = 50, 000 times.

(h) Calculate the Bayes estimators for Shannon entropy H(𝜆, 𝛽) using (23) to (25) by taking burn-in period m = 5000.

(i) Calculate the Bayes estimators for Renyi entropy H𝛼(𝜆, 𝛽) using (27) to (29) by taking burn-in period m = 5000.

(3) Repeat the steps 1 and 2 for 500 times.

(4) Calculate the bias and MSE of the estimators.

Repeat the simulation study for n = 5(1)8, and for different values of 𝛽 and 𝜆. The bias and MSE for Bayes estimators for Shannon entropy
under SEL, LL and EL functions are given in Table 3. The Bayes estimators for Renyi entropy H𝛼(𝜆, 𝛽) for 𝛼 = 0.5 and 𝛼 = 1.5 are obtained.
The bias and MSE for the Bayes estimators are given in Tables 4 and 5. From the tables we have the following inference:

(1) The bias and MSE of all estimators decrease when n increases

(2) For Shannon entropy the bias and MSE of Bayes estimator under SEL function, LL function when h = 1 and EL function when q = 0.5
are smaller than that of MLE.

(3) For Renyi entropy the bias and MSE of Bayes estimators under EL when q = 0.5 are smaller than that of MLE.

(4) Among the Bayes estimators, estimators under EL function when q = 0.5 have least bias and MSE.

5. ILLUSTRATION USING REAL DATA

To illustrate the estimation techniques developed in this paper, we consider the real data set given in Lawless [22]. These data are from Nelson
[23] concerning the data on time to breakdown of an insulating fluid between electrodes at a voltage of 34 kV (minutes). A model suggested
by engineering considerations is that, for a fixed voltage level, time to breakdown has a Weibull distribution (see, Zakerzadeh and Jafari [24]).
The 19 times to breakdown are 0.96, 4.15, 0.19, 0.78, 8.01, 31.75, 7.35, 6.50, 8.27, 33.91, 32.52, 3.16, 4.85, 2.78, 4.67, 1.31, 12.06, 36.71, 72.89.
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Table 3 The bias and MSE for Bayes estimator using MCMC method for Shannon entropy of Weibull distribution.
n 𝝀 𝜷 H SEL LL EL

Bias MSE h = −1 h = 1 q = −0.5 q = 0.5
Bias MSE Bias MSE Bias MSE Bias MSE

5 1 2 0.306853 0.143080 0.096597 0.340523 0.167842 −0.145350 0.242566 0.183398 0.054376 0.025239 0.069449
5 1.5 2 0.324842 0.112276 0.037794 0.171091 0.035764 −0.095093 0.116375 0.128627 0.019914 0.008324 0.020252
5 2 2 0.248887 0.104140 0.019558 0.148803 0.019410 0.034968 0.020701 0.117607 0.011001 0.019666 0.010130
5 2 2.5 0.137315 0.165508 0.014981 0.215424 0.013658 0.143391 0.017412 0.197337 0.006689 0.060376 0.005729
5 2.5 2 0.152780 0.121316 0.013246 0.164007 0.014080 0.061470 0.041449 0.150895 0.006893 0.053233 0.006554
6 1 2 0.306853 0.134769 0.099796 0.250452 0.103948 −0.121101 0.142941 0.173916 0.068909 0.002086 0.050069
6 1.5 2 0.324842 0.140342 0.039032 0.190267 0.038795 −0.096762 0.120789 0.154457 0.025543 0.020353 0.026235
6 2 2 0.248887 0.082657 0.015958 0.121330 0.015852 −0.032087 0.047686 0.099380 0.009640 −0.004533 0.013504
6 2 2.5 0.137315 0.112191 0.016870 0.148596 0.015433 0.108993 0.016559 0.148833 0.007245 0.074144 0.010614
6 2.5 2 0.152780 0.087899 0.012446 0.119921 0.012482 0.052823 0.009223 0.117893 0.005912 0.027957 0.005149
7 1 2 0.306853 0.121294 0.068333 0.303026 0.070291 −0.103702 0.691284 0.221761 0.051423 0.056752 0.069872
7 1.5 2 0.324842 0.134404 0.032169 0.176695 0.030892 0.081059 0.019577 0.147814 0.021758 0.041127 0.023117
7 2 2 0.248887 0.063552 0.019593 0.091111 0.019820 0.025151 0.008057 0.074621 0.012175 −0.015254 0.010470
7 2 2.5 0.137315 0.096933 0.013217 0.124696 0.013022 0.088383 0.011950 0.126323 0.006319 0.051155 0.007487
7 2.5 2 0.152780 0.063370 0.011832 0.085732 0.011989 0.047954 0.007346 0.087166 0.005458 0.007998 0.006020
8 1 2 0.306853 0.109351 0.074187 0.235044 0.070451 −0.061158 0.079785 0.172108 0.050844 0.009060 0.054591
8 1.5 2 0.324842 0.116412 0.032394 0.149612 0.022140 0.077393 0.029301 0.124510 0.024135 0.043029 0.033992
8 2 2 0.248887 0.037031 0.018292 0.060380 0.018038 0.031047 0.008966 0.051597 0.010647 −0.013535 0.010475
8 2 2.5 0.137315 0.091880 0.013430 0.114333 0.013584 0.074230 0.012085 0.116211 0.006824 0.043945 0.006925
8 2.5 2 0.152780 0.070568 0.012560 0.089709 0.012945 0.038894 0.007220 0.087907 0.006900 0.001881 0.006214

Table 4 The bias and MSE for Bayes estimator using MCMC method for Renyi entropy of Weibull distribution when 𝛼 = 0.5.
n 𝝀 𝜷 H SEL LL EL

Bias MSE h = −1 h = 1 q = −0.5 q = 0.5
Bias MSE Bias MSE Bias MSE Bias MSE

5 1 2 0.693147 0.196546 0.082497 0.813508 0.778931 0.054065 0.078996 0.152929 0.103351 0.022458 0.067898
5 1.5 2 0.529969 0.176811 0.055391 0.798937 0.661261 0.116578 0.035725 0.143455 0.054033 0.040668 0.042459
5 2 2 0.406562 0.162975 0.060423 0.263453 0.139603 0.140737 0.029188 0.134038 0.036698 0.061923 0.031100
5 2 2.5 0.294990 0.246542 0.084822 0.423705 0.447057 0.178052 0.042749 0.216017 0.099793 0.081297 0.015073
5 2.5 2 0.298591 0.182706 0.089290 0.304593 0.304736 0.167506 0.033163 0.157428 0.040966 0.077330 0.015939
6 1 2 0.693147 0.177223 0.066265 0.361536 0.542525 0.044947 0.059022 0.140688 0.102355 0.014939 0.050761
6 1.5 2 0.529969 0.182290 0.045371 0.384255 0.511322 0.104023 0.029926 0.136531 0.053129 0.041075 0.036877
6 2 2 0.406562 0.145335 0.047646 0.199118 0.062987 0.094076 0.018461 0.120119 0.030960 0.022167 0.023291
6 2 2.5 0.294990 0.167407 0.047461 0.215544 0.071396 0.166097 0.039095 0.146616 0.036630 0.070173 0.022421
6 2.5 2 0.298591 0.136886 0.045278 0.176971 0.050306 0.114437 0.022314 0.116736 0.026724 0.039207 0.013904
7 1 2 0.693147 0.181780 0.058457 0.343809 0.246411 0.118695 0.048293 0.132774 0.085692 0.016012 0.040022
7 1.5 2 0.529969 0.168940 0.039860 0.334644 0.338679 0.120777 0.027189 0.126735 0.045108 0.035957 0.031654
7 2 2 0.406562 0.096236 0.040584 0.132437 0.043320 0.076677 0.015079 0.077070 0.025269 0.012859 0.018218
7 2 2.5 0.294990 0.135825 0.033213 0.166573 0.041962 0.116869 0.025366 0.117778 0.025622 0.057641 0.016409
7 2.5 2 0.298591 0.089041 0.022729 0.113852 0.026272 0.076116 0.011697 0.083620 0.017741 0.008698 0.012332
8 1 2 0.693147 0.159678 0.049626 0.250205 0.196829 0.055757 0.044402 0.129939 0.076439 0.009386 0.032933
8 1.5 2 0.529969 0.127840 0.030039 0.162985 0.057665 0.086131 0.018567 0.109171 0.041364 0.027335 0.024476
8 2 2 0.406562 0.064855 0.017210 0.089315 0.025790 0.064308 0.014565 0.048934 0.018451 0.009570 0.016832
8 2 2.5 0.294990 0.118928 0.023678 0.143125 0.035012 0.111415 0.022639 0.103322 0.023135 0.050477 0.014464
8 2.5 2 0.298591 0.094234 0.013884 0.104579 0.025505 0.056222 0.011352 0.079402 0.016641 0.000468 0.010885

Thus the six upper record values obtained from the above data are

0.96, 4.15, 8.01, 31.75, 33.91, 36.71.
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Table 5 The bias and MSE for Bayes estimator using MCMC method for Renyi entropy of Weibull distribution when 𝛼 = 1.5.
n 𝝀 𝜷 H SEL LL EL

Bias MSE h = −1 h = 1 q = −0.5 q = 0.5
Bias MSE Bias MSE Bias MSE Bias MSE

5 1 2 0.117783 0.143785 0.214935 0.809917 0.830768 −0.812705 0.915072 0.153166 0.057908 0.093631 0.040360
5 1.5 2 0.228574 0.097911 0.048286 0.152334 0.055674 −0.599903 0.696059 0.162594 0.037728 0.081120 0.023191
5 2 2 0.170486 0.054085 0.022127 0.107969 0.038909 −0.789021 0.743881 0.124505 0.027592 0.010485 0.007134
5 2 2.5 0.058914 0.127366 0.023164 0.183583 0.069983 −0.227253 0.828956 0.187259 0.047305 0.106829 0.004858
5 2.5 2 0.077009 0.113595 0.018904 0.169285 0.058878 −0.518612 0.647417 0.179826 0.053159 0.061674 0.007146
6 1 2 0.117783 0.123926 0.161183 0.674674 0.691893 −0.653557 0.855418 0.208283 0.057167 0.042790 0.042846
6 1.5 2 0.228574 0.080413 0.046841 0.146626 0.045126 −0.426703 0.577858 0.156055 0.036695 0.067811 0.018417
6 2 2 0.170486 0.031606 0.020470 0.096560 0.018792 −0.388842 0.612311 0.097146 0.017333 0.006862 0.007919
6 2 2.5 0.058914 0.087448 0.019065 0.132682 0.045161 −0.152802 0.776322 0.166613 0.035097 0.087896 0.004021
6 2.5 2 0.077009 0.077770 0.013118 0.108067 0.032541 −0.196939 0.589683 0.141192 0.032973 0.049119 0.005657
7 1 2 0.117783 0.127652 0.113003 0.555421 0.517746 −0.492061 0.750442 0.147221 0.046980 0.032156 0.041178
7 1.5 2 0.228574 0.060234 0.030591 0.122757 0.036892 −0.373434 0.355197 0.125840 0.022963 0.040831 0.015223
7 2 2 0.170486 0.035268 0.017766 0.083967 0.018368 −0.186198 0.572364 0.094418 0.012888 0.003683 0.006916
7 2 2.5 0.058914 0.076822 0.017810 0.128533 0.028193 −0.147492 0.577554 0.167304 0.028828 0.063494 0.004193
7 2.5 2 0.077009 0.058212 0.012529 0.082072 0.013411 0.089488 0.216347 0.121062 0.023789 0.038882 0.002229
8 1 2 0.117783 0.105772 0.109842 0.314116 0.428191 −0.465304 0.547167 0.133842 0.039836 0.025446 0.050438
8 1.5 2 0.228574 0.025821 0.029142 0.113412 0.034319 −0.342524 0.320062 0.110418 0.017284 0.029241 0.014719
8 2 2 0.170486 0.020583 0.016766 0.087848 0.017410 0.013301 0.059215 0.086408 0.010146 0.001713 0.005958
8 2 2.5 0.058914 0.071074 0.013908 0.096153 0.013318 −0.012665 0.251670 0.118776 0.024196 0.056404 0.003458
8 2.5 2 0.077009 0.047979 0.011430 0.066928 0.011708 −0.066936 0.137418 0.103945 0.023205 0.026421 0.002190

We have obtained the estimators for Shannon entropy and Renyi entropy and are given below. For the Bayes estimation we took the non-
informative priors for 𝜆 and 𝛽 and are obtained when a = 0, b = 0, c = 0 and d = 0. For MCMC method we took number of iterations as
N = 50, 000 and first m = 5000 iterations as burn-in period. The estimators for Shannon entropy using different methods are given below.

MLE 2.4237
Bayes estimator SEL 2.1563

LL h = −1 2.1945
h = 1 1.9874

EL q = −0.5 1.9879
q = 0.5 1.8241

Also the estimators for Renyi entropy using different methods are given below.

𝛼 0.5 1.5
MLE 3.0179 2.0983

Bayes estimator SE 2.8231 1.8923
LL h = −1 2.6142 1.8756

h = 1 2.6987 1.9982
EL q = −0.5 2.6574 1.9475

q = 0.5 2.7462 1.9526

6. CONCLUSION

In this work, we have considered the problem of estimation of entropy for a two parameter Weibull distribution using record values. The
maximum likelihood estimation and Bayesian estimation have been applied to obtain estimators for Shannon and Renyi entropies. For
obtaining the Bayes estimates, MCMC method has been applied. Based on the simulation study we have the following conclusions. The
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bias and MSE of all estimators decrease when n increases. The Bayes estimators for both Shannon entropy and Renyi entropy using MCMC
method perform better than corresponding MLEs. Among the Bayes estimators, estimators under entropy loss function perform better.
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Abstract.  Capital market is inevitable in the emerging economies. Equity market has greater potential for growth in 
future. In the modern world, women are very much involved in all the sectors of the economy. They have dominant 
participation in the business world as well. The present study attempts to understand the needs and concerns of women 
investor‟s regarding investment in equity shares. This study could find out how much they are aware and involved in 

the capital market investments by revealing their attitude and perception towards their investment decisions and level of 
satisfaction with their current investment pattern. The study analyzes that dividend and capital appreciations are the 
major motivational factors which influence women to buy the equity shares and they are ready to take only a moderate 
risk by investing in A group and a combination of A and B group securities. The most of the women investors prefer to 
invest in banking sector and they prefer to buy it with their own savings. 
Keywords: risk, investors, women‟s attitude, equity shares, capital market, and investment 

1. Introduction 
 

 Capital market is the heart of an economy through which the savings are channelized into effective long-term 
investments.A developed vibrant capital market will immensely contribute towards speedy economic growth and 
development. Now, the Indian capital market is well organized, fairly integrated, mature, modernized and demographically 
well diversified. The Indian equity market is one of the best in the world in terms of technology. Advances in computer and 
communication technology, coming together on internet are spreading very fast across the world and enlarging the investor 
class across the national boundaries. Equity is the ownership interest of investors in a business. Warren Buffet, the most 
successful investor, writes, “To invest successfully over a life time does not require a stratospheric IQ, unusual business 

insight, or inside information. What‟s needed is a sound intellectual frame work for making a decision and the ability to keep 
emotions fromcorroding that framework.” Equity market otherwise called stock market is a public entity for trading securities 
at an agreed price. Supply and demand in the stock market is affected by various factors that in turn affect the price of the 
stock (stock price volatility). Investment decisions are found to be complicated as there are various factors to be considered to 
choose a security to invest in or trade into. Investment decisions in equities are rational where the investors take decisions 
after analyzing the information related to the market. Irrational decisions may also happen due to the investor‟s limited 

capacity to process the information available. The equity investment decisions are influenced by a number of factors like 
good corporate earnings, price earnings ratio, investment behaviour of FIIs, company‟s reputation, broker‟s recommendation, 

global economic condition and other professional advices, etc. 
 Many studies like Mclanile Powell, David Ansie, July (1997)studies whether the gender difference in risk propensity and 
strategy in financial decision making can be viewed as gender traits or whether they arise because of contextual factors and 
they came in to a conclusion that females are less risk seeking than males irrespective of familiarity and framing of cost or 
ambiguity. It also says that males and females adopt different strategies in financial decision environment but these strategies 
have no significant impact on their ability to perform.Peter Roger Eiving (1970)identifies those factors which motivates and 
guide the investment decision of the common stock investors. The factors include income from dividend, rapid growth, 
purposeful investment as a protective outlet of savings, Professional Investment Management.Shanmugam (1990)examined 
the factors affecting investment decision and found that the investors are high risk takers. Theinvestors possessed adequate 
knowledge of Government regulations, monetary and fiscal policy.  Managing money is a difficult skill for most people, but 
it‟s one of the most important skills to be possessed by all the investors. The current study i.e., „A study on women‟s attitude 
and perception towards investment in equity shares‟ could help to understand women investor‟s level of satisfaction with 
their current investment pattern andthe psychology that works behind equity market investment decisions. The present study 
attempts to understand the needs and concerns of women investor‟s regarding investment in equity shares by revealing their 
attitude and perception towards their investment decisions. This study tries to analyze the factors which influence women to 
buy the equity shares and to examine whether they are aware of the risk involved in the equity market. Also it tries to 
understand the source of fund for buying equity shares and to analyze the attitude of women towards investment in the equity 
shares. The variables studied are Attitude, Perception and Investment. 
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2. Objectives 
 

 The objective of this study is to analyze the factors which influence women to buy the equity shares, to identify the source 
of funds for buying the equity shares, to examine whether women are aware of the risksinvolved in the capital market,to 
analyze the attitude of women towards investment in equity shares. 
 

3. Methodology 
 

 Research methodology provides various steps that can be adopted by the researcher in studying his research problem.The 
primary data is collected throughinterviewing the women investors in Cochin City, using questionnaires. Structured 
questionnaires are distributed to 40 women investors who are actively involved in the equity market.The sources of 
secondary data used in this study are internet, website, books, journals and magazines.In this research work, the universe 
under study is women investors in Cochin City. The sample size of the study is 40 women investors in the equity market. The 
sampling method used for the study is convenience sampling. Data is analyzed by calculating percentages. Various tables, 
graphs and charts are used as tool of presentation .The variables under study are Attitude, Perception, and 
Investment.Variables of the study areAttitude, Perception and Investment. 
 

4. Analysis and interpretation 

  To analyse the factors which influence women to buy the equity shares: Motivational factors are those factors which 
motivate the investors to invest in equity shares such as dividend, capital appreciation, status symbol, easy to hold, less risky, 
liquidity etc. 
 

 
 
 
 
 
 
 
 

                                                                                                                   (Source: Primary data) 
 

 
                                                                                                            (Source: Primary data) 

                                                                                                                                                                                           
  the women investors are investing in equity shares for dividend and capital appreciation. Also the table shows that 
motivational factors like status symbol and easy to hold are not much attractive factors for investing in equity shares. Sources 
of fund for buying the equity shares: An important factor to be considered is the sources of fund for buying the equity shares. 
Sources of fund for buying the equity shares includes savings, pledging the asset, borrowings, sale of asset etc.85% of equity 
investors invest from their savings. It proves that investors who have savings enter the capital market and capital market is a 
well sought after destination for those who have savings. Only 5% of investors have chosen pledging their asset as a source 
of fund to invest in shares. The study shows that women investors are not at all interested in investing in equity shares by 
borrowing. As the capital market does not guaranty profit on investment, investment with borrowed fund will increase the 
risk. It also indicates that women do not want to take risk. Extent of risk the investors are prepared to take in investing in 
equity shares: Equity Investment is always associated with high risk. A general formula that we knowaboutthe investment is; 
“higher the risk, the more the chances of earning.” 
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Sl. No. 
 

Motivational factors to 
Invest in equity 

No. Of 
Respondents Percentage (%) 

1. Dividend 16 40 
2. Capital Appreciation 16 40 
3. Status Symbol 0 _ 
4. Easy to hold 0 _ 
5. Less Risky 2 5 
6. Liquidity 6 15 
7. Others 0 _ 
 Total 40 100 
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(Source: Primary data) 

 

(Source: Primary data) 

  It is clear from the table that 55% of the respondents are ready to take only a moderate risk in investing in equity shares. 
And none of the respondents are ready to take high risk. To analyze the attitude of women towards investment in equity 
shares. Attitude of women have been revealed through following: Sectors preferred by equity investors for investment: The 
sectors preferred by women equity investors are pharmaceuticals, telecom, banking, metal and mining, automobiles, IT, oil 
and gas, petroleum etc. The table below shows the information about the sectors preferred by respondents. 

   
 

 

 

 

 

 

                                                                                                                    (Source: Primary data) 
 
  The most preferred sector for investment by equity investors is banking. 45% of investors are interested to invest in 
banking sector. It can be due to the high capital gain and low risk for the shares in the banking sector. IT sector is preferred 
only by 15% of investors which shows the high risk involved in the IT sector. Group of securities preferred by equity 
investors for investment: Listed securities are mainly classified into A group & B group. A group security is actively traded 
shares. These are shares of companies which have growth potential, dividend paying and with large market capitalization. 
Group B shares represent equity shares of companies whose shares are not included in Group A. They are also known 
asNon-specified shares.Group B shares are classified into B1 and B2.Among the Group B shares, those shares which are 
actively traded are included in B1 and the remaining shares come under B2. 
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Sl. No. Extent of Risk No.of Respondents % 
1. No risk 6 15 
2. Low risk 12 30 
3. Moderate risk 22 55 
4. High risk 0 _ 
 TOTAL 40 100 

Sl. No. Sectors No. Of respondents % 
1. Pharmaceuticals 4 10 
2. Telecom 2 5 
3. Banking 18 45 
4. Metals and mining 0 _ 
5. Automobile 2 5 
6. IT 6 15 
7. Oil and gas 4 10 
8. Petroleum 2 5 
9. Others 2 5 
 TOTAL 40 100 
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                                                                                                                                     (Source: Primary data) 

  T-Group (Trade to Trade Segment) implies that all transactions in this share are delivery based to curtail excessive 
speculation i.e., purchase price of these shares should be paid and delivery of shares is compulsory. No squaring off is 
possible on these shares. The following table shows the group of securities preferred by the women investors. 
 

Sl. 
No. 

Group of securities preferred by 
investors 

No. Of respondents Percentage 
(%) 

1. A group only 18 45 

2. B group only 6 15 
3. Combination of A and B groups 16 40 
4. T group 0 _ 

 Total 40 100 

                                                                                                                    (Source: Primary data) 

 

                                                                                                                    (Source: Primary data) 

  45% of the investors prefer to invest in A group securities. It shows that they select dividend paying companies with 
growth potential to invest in. T-group is not at all preferred by any of the investors. It shows that investors are aware of the 
risk involved in the T-group shares. A combination of both A and B groups is preferred for investment by40% of equity 
investors; it is a good trend as it can reduce the risk in investment. Amount invested by respondents in equity shares in the 
year (2013-2014): During the year 2013-14, only 5% of the women investors have invested more than Rs.1,00,000 in the 
capital market. 65% of equity investors have invested less than Rs.20,000in the equity market during the year 2013-
2014.This shows the slow pace in equity market during that period. Percentage of profit earned by equity holders during the 
year (2013-2014): Earning profit is the motive of every investor. Profit is a motivational factor which encourages the 
investors to invest more.Over 45%of investors have earned a profit around 10% on their investment. Only 5% of the 
investors were able to make a profit of 30%-40%. 15% of the respondents have earned a profit of 20%-30% from the capital 
market. It indicates that a reasonable profit can be earned from the equity market with proper choice of the portfolio.None 
has incurred a loss during the year 2013- 2014, that shows a silver line in the future of the capital market. Percentage of 
profit expected by investors from investment in equity shares: 45 % of investors expect a profit of 10-20% from investment 
in the equity shares. A profit of 20%-40% is expected by 15% of the investors. If the actual profit does not match with the 
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expectations, the investors may desert the market. So the regulators of the market have to be cautious of the frequent ups and 
downs in the market and should try to eliminate such volatility in share prices.They should ensure a good investment climate 
and take all measures to protect the interests of the investors to retain them in the market. Future of the equity market as 
pointed out by the investors: Future of equity market can be normal growth, stable growth, high potential for growth and 
decline. Different investors have different views about the equity market. The following table shows the future of the equity 
market as pointed out by the respondents. 

 
 
 
 
 
 
 
 

                                                                                                            (Source: Primary data) 

 
                                                                                                                (Source: Primary data) 

  30% of the investors expect a stable growth of the equity market for a long period. 45% opined that there is high potential 
for growth for the market. The high expectations of investors on the growth of the market will be reflected in the quantum of 
investments that they will make in the market. It shows that the investors will not desert the market as they expect that the 
market will definitely grow. The growth can be the result of the vibrant economy and the stable Government which support 
the growth of equity market. None of the equity investors expect a decline in equity market.  

5. Conclusion 

  The study analyses the attitude and perception of women towards investment in equity shares and the main objectives of 
this study is toanalyze the factors which influence women to buy equity shares,to identify the source of funds for buying the 
equity shares, toexamine whether women are aware of the risk involved in the capital market, to analyze the attitude of 
women towards investment in equity shares.The study coversthe motivational factors to invest, extent of risk the investors 
prepared to take,sectors preferred by the women investors, group of securities preferred by the women investors, sources of 
fund for buying the equity shares andfuture of equity market as pointed out by the investors. 
The certain findings are made after analyzing the tables and figures which shows the ultimate result of study.  

1. Dividend and Capital appreciation are the major motivational factors for the investment in equity shares. 
2. Most of the investors are ready to take a moderate risk in investing in equity shares  
3. Banking sector is the most preferred sector for investment by the women investors. 
4. For most of the investors, the source of fund for buying the equity shares is from their own savings. 
5. Women investors do not prefer to invest in the equity market with borrowed funds. 
6. A group security and a combination of A and B group securities are the most preferred group of securities for 

investment. 
7. T-group securities are not at all preferred by the women investors.  

 None of the investors have incurred loss in the equity market during 2013-2014 which shows the silver line in the future 
of the Capital market. It is found that equity market has greater potential for growth in future. The study shows that there is 
growth potential in the equity market, but the investment made by the women investors is low compared to their savings. So 
women should be given awareness about the potential of the capital market.Equity is an investment which is easy to hold, but 
easy holding is not a motivational factor. So they should be made aware about the advantages of investment in equity 
shares.High profit is attached to high risk, but women investors are not ready to take high risk. They should be made aware 
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Sl. No. Future of the equity market as pointed out 
by  the investors No. Of respondents Percentage (%) 

1. Normal Growth 10 25 
2. Stable growth for a long period 12 30 
3. High potential for growth 18 45 
4. Decline 0 _ 
 Total 40 100 
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of the potential of the capital market from where high profit can be made by taking high risk. The attitude and perception of 
women towards risk depend on wide variety of factors including age, income and wealth, gender, marital status, educational 
attainment and level of financial knowledge and experience. Thus, these factors which influence the attitude of women 
towards investment ultimately influence the investment decisions of women in equity shares. 
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Abstract. In this paper, we develop a framework for tensor product with imprecise and indeterminate bounds

as a neutrosophic submodule of an R-modules. The fundamental goal of this study is to extend the conventional

tensor product in contemporary algebra to the most generalized domain of neutrosophic set algebraic structures.

We discuss the construction of tensor product in neutrosophic submodules as a quotient space in this study and

derives the universal uniqueness property of tensor product in neutrosophic domain .
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—————————————————————————————————————————-

1. Introduction

Algebra is a vital branch of Mathematics. The gist of Algebra lies in construction of fun-

damental mathematical structures and identification of relations between mathematical ideas.

The group representation theory proposed by Frobenius [16] has a major role in advanced

algebra and emphazises on the detailed study of symmetries in nature. The study of modules

and group representation are inter-related and has several applications in different branches of

physics and chemistry. Several researchers have looked into the algebraic structure underlying

uncertainty in pure mathematics. When the novel set theories evolved as a result of the works

of Zadeh [35], the concept of modules also underwent the subsequent tranformation. The ma-

jor inventions in this direction include the research contributions of Negoita and Ralescue [21]

and Mashinchi and Zahedi [17, 18] towards fuzzy modules. In 1986, Atanassov [2]came up

with the intuitionistic version of fuzzy sets. In 2011, P. Isaac, P.P.John [14] characterised an

intuitionistic fuzzy submodule

The notion of neutrosophy originally appeared in philosophy [26], and then as a mathemat-

ical tool. In 1995, Smarandache [19, 23] invented the neutrosophic set with the main goal of
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translating set theory into the the real world by bridging the gap with theoretical certaini-

ties and practical uncertainities. The intervention of neutrosophic sets to algebraic structures

by Smarandache [34] paved the way to many innovative concepts in algebraic research field.

Kandasamy and Smarandache [33] designed the fundamental algebraic neutrosophic systems.

Smarandache and Ali [29] proposed the neutrosophic triplet group, a new algebraic struc-

ture that leads to evolutionary changes in the neutrosophic research domain. Gulistan and

Naeem [11, 12] introduced the concept of neutrosophic triplet semi hypergroups and complex

fuzzy hyper ideals in non-associative hyperrings. The works of Vidan Cetkin [5, 6] resulted

in the creation of neutrosophic subgroups and modules. The idea of fuzzy G-modules and

innovative group represenations was proposed by Sherry [9]. The further study in this area

was carried out by Ursala by infusing the concepts of rough and fuzzy sets with module

theory [15, 24]. The notion of neutrosophic submodules of an R-module and the additional

characteristics in methodology were introduced by Binu [3, 4]

In equivalences of module categories, homomorphism functions and tensor product play

a major role, and it is the more flexible generalisation of free module. The study of bilinear

operations and the extension of scalars is made possible by the tensor product of modules. The

universal multiplication of modules is achieved by tensor algebra of modules. In a neutrosophic

context, the principal application of the tensor product is the management of large amounts

of ambiguous data and the reduction of object dimensions in mathematical modelling. The

tensor product in neutrosophic modules can be used to set up computational uncertainty

quantification in probabilistic and deterministic models, allowing for easier interpretation of

latent information and extraction of more components of information. The concept of tensor

product in neutrosophic submodules of an R-modules generalises the concept of tensor product

in modules and gives the multilinear operation more strength. We design the tensor product in

neutrosophic submodules and characterised its features in this paper. The objects or entities

used in this study for the algebraic creation of tensor products are neutrosophic submodules,

which allow us deal with ambiguous data in imprecise bounds.

The following is the organization of this work, with the first section serving as an intro-

ductory concept. The Section 2 of this research article deals with the pre-requisite definitions

and results. The concept of tensor product between neutrosophic submodules and the char-

acteristic properties are presented in Section 3. Section 4 provides an overview of the further

research work in this particular area of neutrosophic set theory.

2. Preliminaries

In this section, we examine some of the preliminary definitions and outcomes that are

necessary for a thorough understanding of the subsequent sections.
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Definition 2.1. [1] Let R be a commutative ring with unity. A module M over R is an

‘Abelian’ group with a law of composition written ‘+’ and a scalar multiplication R×M →M ,

written (r, x) rx, that satisfy these axioms

(1) 1x = x

(2) (rs)x = r(sx)

(3) (r + s)x = rx+ sx

(4) r(x+ y) = rx+ ry ∀ r, s ∈ R and x, y ∈M .

Definition 2.2. [8, 10] Let R be a ring and M be an R-module. Let N be a submodule of

M . The (additive, abelian) quotient group M/N can be made into an R-module by defining

an action of elements of R by

r(x+N) = (rx) +N, ∀ r ∈ R, x+N ∈M/N

Remark 2.1. [m] represents the coset m+N, ∀ m ∈M .

Definition 2.3. [8] A homomorphism Υ : M → N of R-modules is a map compatible with

the laws of composition

(1) Υ (x+ y) = Υ (x) + Υ (y)

(2) Υ (rx) = rΥ (x) ∀ x, y ∈M, r ∈ R.

Remark 2.2. HomR(M,N) represent the set of all R-module homomorphisms of M into N .

Definition 2.4. [8] Let M1,M2, ...,Mn be R-modules. Then the direct product is a collection

of n-tuples, denoted and defined as M1×M2× ...×Mn = (m1,m2, ...,mn), mi ∈Mi, 1 ≤ i ≤ n
with addition and action of R defined component wise is again an R-module.

Definition 2.5. [22] Let M be an R-module and S ⊆ M the set of finite formal linear

combinations L(S) of elements of S is a submodule of M . A typical element of L(S) is

r1m1 + r2m2 + ...+ rnmn, ri ∈ R,mi ∈ S, ∀ i = 1, 2, ..., n.

Remark 2.3. If S ⊆ M and L(S) is the set of all finite linear combination of elements of S,

then L(S) is the smallest submodule that contains S.

Definition 2.6. [13] Let M,N and P be an R-modules. A map ϕ : M ×N → P is said to

be R− bilinear if ∀ m1,m2 ∈M , n1, n2 ∈ N and r ∈ R, the following conditions hold

(1) ϕ(m,n1 + n2) = ϕ(m,n1) + ϕ(m,n2) ∀ m ∈M
(2) ϕ(m1 +m2, n) = ϕ(m1, n) + ϕ(m2, n) ∀ n ∈ N
(3) ϕ(rm, n) = ϕ(m,nr) = rϕ(m,n) ∀ m ∈M,n ∈ N, r ∈ R.

Definition 2.7. [1, 13] The tensor product of R-modules M and N can be denoted and

defined as M ⊗N = (M ×N)/L(S) where S is the set of all formal sums of the following type
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Figure 1. Tensor product

(1) (rm, n)− r(m,n)

(2) (m, rn)− r(m,n)

(3) (m1 +m2, n)− (m1, n)− (m2, n)

(4) (m,n1 + n2)− (m,n1)− (m,n2),∀ m,m1,m2 ∈M ;n, n1, n2 ∈ N ; r ∈ R.

Remark 2.4. (1) Being the quotient of R-module by a submodule, the tensor product

M ⊗N is an another R-module.

(2) ∃ a map τ : M × N → M ⊗ N such that τ(m,n) = (m,n) + L(S), ∀ m ∈ M,n ∈ N
and denote τ(m,n) by m⊗ n.

Definition 2.8. [1, 22] The tensor product M ⊗ N of R-modules M and N satisfies the

following properties

(1) (rm)⊗ n = r(m⊗ n)

(2) m⊗ (rn) = r(m⊗ n)

(3) (m1 +m2)⊗ n = (m1 ⊗ n) + (m2 ⊗ n)

(4) m⊗ (n1 + n2) = (m⊗ n1) + (m⊗ n2)

where ∀ m,m1,m2 ∈M, n, n1, n2 ∈ N, r ∈ R

Definition 2.9. [8,22] Let M and N be two R-modules. A tensor product of M and N over

R is an R-module M ⊗N which is equipped with an R− bilinear map

τ : M ×N →M ⊗N
such that for each R-module P and each R-bilinear map ϕ : M × N → P , there is a unique

homomorphism φ : M ⊗N → P, that is ϕ = φ ◦ τ (Refer Fig. 1)

Proposition 2.1. [8] “Let M and N be two R-modules. Tensor products of M and N over

R are unique upto isomorphism .
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Definition 2.10. [27, 31] A neutrosophic set P of the universal set X is defined as P =

{(η, tP (η), iP (η), fP (η)) : η ∈ X} where tP , iP , fP : X → (−0, 1+). The three components

tP , iP and fP represent membership value (Percentage of truth), indeterminacy (Percentage

of indeterminacy) and non membership value (Percentage of falsity) respectively. These com-

ponents are functions of non standard unit interval (−0, 1+) [25].

Remark 2.5. [3, 28,32]

(1) If tP , iP , fP : X → [0, 1], then P is known as single valued neutrosophic set(SVNS).

(2) The algebraic structure R-module with SVNS as the underlying set is discussed in this

work. SVNS will be referred to as a neutrosophic set for the sake of convenience.

(3) UX denotes the set of all neutrosophic subset of X or neutrosophic power set of X.

Definition 2.11. [3, 20, 30] Let P,Q ∈ UX . Then P is contained in Q, denoted as P ⊆ Q

if and only if P (η) 6 Q(η) ∀η ∈ X, this means that tP (η) ≤ tQ(η), iP (η) ≤ iQ(η), fP (η) ≥
fQ(η), ∀ η ∈ X.

Definition 2.12. [7] “Let M be an R module. Let P ∈ UM where UMdenotes the neutro-

sophic power set of R-module M . Then a neutrosophic subset P = {x, tP (x), iP (x),

fP (x) : x ∈M} in M is called neutrosophic submodule of M if it satisfies the following;

(1) tP (0) = 1, iP (0) = 1, fP (0) = 0

(2) tP (x+ y) ≥ tP (x) ∧ tP (y)

iP (x+ y) ≥ iP (x) ∧ iP (y)

fP (x+ y) ≤ fP (x) ∨ fP (y), ∀x, y ∈M
(3) tP (rx) ≥ tP (x), iP (rx) ≥ iP (x), fP (rx) ≤ fP (x),∀ x ∈M,∀ r ∈ R

Remark 2.6. The set of all neutrosophic submodules of R-module M represented by U(M).

Definition 2.13. [3] A homomorphism Υ of M into N is called a weak neutrosophic ho-

momorphism of P onto Q if Υ (P ) ⊆ Q. If Υ is a weak neutrosophic homomorphism of

P onto Q, then P is weakly homomorphic to Q and we write P ∼ Q. A homomorphism Υ

of M into N is called a neutrosophic homomorphism of P onto Q if Υ (P ) = Q and we

represent it as P ≈ Q.

Definition 2.14. [3] If P = {m, tP (m), iP (m), fP (m) : m ∈ M} ∈ U(M) and N be a

submodule of M , then define ω, a neutrosophic set in M/N as follows.

ω = {[m], tω([m]), iω([m]), fω([m]) : m ∈M}
where

tω([m]) = ∨{tP (u) : u ∈ [m]}
iω([m]) = ∨{iP (u) : u ∈ [m]}
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fω([m]) = ∧{fP (u) : u ∈ [m]}
Then ω ∈ U(M/N).

3. Tensor Products in Neutrosophic submodules

The tensor product between R-modules M and N is a more general than the vector space

tensor product. The construction of tensor products give a most characteristic strategy for

joining two modules. This section describes the construction and properties of neutrosophic

tensor products.

Definition 3.1. Let M and N be two R-modules. If A ∈ U(M) and B ∈ U(N), then the

cartesian product A×B of A and B is a neutrosophic set of M ×N drfined as (A×B)(x, y) =

{(x, y), tA×B(x, y), iA×B(x, y), fA×B(x, y) : (x, y) ∈M ×N} where

tA×B(x, y) = tA(x) ∧ tB(y)

iA×B(x, y) = iA(x) ∧ iB(y)

fA×B(x, y) = fA(x) ∨ fB(y).

Proposition 3.1. If A ∈ U(M) and B ∈ U(N), then A×B ∈ U(M ×N).

Proof. We prove that A×B satisfies the following conditions :

(1) tA×B(0, 0) = 1, iA×B(0, 0) = 1 &fA×B(0, 0) = 0

(2) tA×B((x1, y1) + (x2, y2)) ≥ tA×B(x1, y1) ∧ tA×B(x2, y2)

iA×B((x1, y1) + (x2, y2)) ≥ iA×B(x1, y1) ∧ iA×B(x2, y2)

fA×B((x1, y1) + (x2, y2)) ≤ fA×B(x1, y1) ∨ fA×B(x2, y2) ∀ (x1, y1), (x2, y2) ∈M ×N
(3) tA×B(r(x, y)) ≥ tA×B(x, y)

iA×B(r(x, y)) ≥ iA×B(x, y)

fA×B(r(x, y)) ≤ fA×B(x, y) ∀ (x, y) ∈M ×N, r ∈ R

1. From the definition 3.1,

tA×B(0, 0) = tA(0) ∧ tB(0) = 1

iA×B(0, 0) = iA(0) ∧ iB(0) = 1

fA×B(0, 0) = fA(0) ∨ fB(0) = 0

2. Now ∀ (x1, y1), (x2, y2) ∈M ×N

tA×B((x1, y1) + (x2, y2)) = tA×B(x1 + x2, y1 + y2)

= tA(x1 + x2) ∧ tB(y1 + y2)

≥ (tA(x1) ∧ tA(x2)) ∧ (tB(y1) ∧ tB(y2))

= (tA(x1) ∧ tB(y1)) ∧ (tA(x2) ∧ tB(y2))

= tA×B(x1, y1) ∧ tA×B(x2, y2)
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Similarly prove that iA×B((x1, y1)+(x2, y2)) ≥ iA×B(x1, y1)∧iA×B(x2, y2) and fA×B((x1, y1)+

(x2, y2)) ≤ fA×B(x1, y1) ∨ fA×B(x2, y2).

3. Consider ∀ (x, y) ∈M ×N, r ∈ R

tA×B(r(x, y)) = tA×B(rx, ry)

= tA(rx) ∧ tB(ry)

≥ tA(x) ∧ tB(y)

= tA×B(x, y)

Similarly prove that iA×B(r(x, y)) ≥ iA×B(x, y) and fA×B(r(x, y)) ≤ fA×B(x, y). Hence

A×B ∈ U(M ×N).

Definition 3.2. Let A ∈ U(M), B ∈ U(N) and C ∈ U(P ) where M,N and P are R modules.

A map ϕ : M × N → P is called neutrosophic R bi additive if the following conditions are

hold ∀ (m,n) ∈M ×N,m ∈M,n ∈ N

(1) The map ϕ : M ×N → P is R bi additive

(2) tC(ϕ((m,n))) ≥ tA×B((m,n))

(3) iC(ϕ((m,n))) ≥ iA×B((m,n))

(4) fC(ϕ((m,n))) ≤ fA×B((m,n))

Definition 3.3. Let A ∈ U(L(M ×N)) = U(Y ) and Y (S) be a submodule of L(M ×N) = Y .

Then the neutrosophic tensor product of R-modules M and N , (M ⊗ N), is a neutrosophic

set Q of Y/Y (S) defined as follows

Q((m,n) + Y (S)) = {(m,n) + Y (S), tQ((m,n) + Y (S), iQ((m,n) + Y (S), fQ((m,n) + Y (S)}

∀ (m,n) ∈M ×N,m ∈M,n ∈ N where

tQ((m,n) + Y (S)) = ∨{tA((m,n) + y(S)) : y(S) ∈ Y (S)}

iQ((m,n) + Y (S)) = ∨{iA((m,n) + y(S)) : y(S) ∈ Y (S)}

fQ((m,n) + Y (S)) = ∧{fA((m,n) + y(S)) : y(S) ∈ Y (S)}

Remark: The coset (m,n) + Y (S) is represented by [(m,n)]

Theorem 3.1. Let Q be the neutrosophic tensor product of M ⊗N , then Q ∈ U(Y/Y (S)).

Proof. We have

Q([(m,n)]) = {[(m,n)], tQ([(m,n)]), iQ([(m,n)]), fQ([(m,n)]) : (m,n) ∈M⊗N,m ∈M,n ∈ N}

and A ∈ U(L(M ×N)) = U(Y ) and Y (S) be a submodule of L(M ×N) = Y . Also

tQ([(m,n)]) = ∨{tA(x, y) : (x, y) ∈ [m,n]}
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iQ([(m,n)]) = ∨{iA(x, y) : (x, y) ∈ [m,n]}

fQ([(m,n)]) = ∧{fA(x, y) : (x, y) ∈ [m,n]}

We have tQ([0, 0]) = ∨{tA(x, y) : (x, y) ∈ [0, 0]} = tA(0) = 1, similarly iQ([0]) = 1 and

fQ([0, 0]) = ∧{fA(x, y) : (x, y) ∈ [0, 0]} = fA(0) = 0

Now for (m1, n1), (m2, n2) ∈M ⊗N

tQ([(m1, n1)] + [(m2, n2)]) = ∨{tA(x, y) : (x, y) ∈ [(m1, n1)] + [(m2, n2)]}

= ∨{tA((x1, y1) + (x2, y2)) : (x1, y1) + (x2, y2) ∈ [(m1, n1)] + [(m2, n2)]}

≥ ∨{tA((x1, y1) + (x2, y2)) : (x1, y1) ∈ [(m1, n1)], (x2, y2) ∈ [(m2, n2)]}

≥ ∨{tA(x1, y1) ∧ tA(x2, y2) : (x1, y1) ∈ [(m1, n1)], (x2, y2) ∈ [m2, n2]}

= (∨{tA((x1, y1)) : (x1, y1) ∈ [m1, n1]}) ∧

(∨{tA((x2, y2)) : (x2, y2) ∈ [m2, n2]})

= tQ([m1, n1]) + tQ([(m1, n2)])

Similarly we can prove that

iQ([m1, n1] + [m2, n2]) ≥ iQ([(m1, n1)]) ∧ iQ([(m2, n2)])

and

fQ([(m1, n1)] + [(m2, n2)]) ≤ fQ([(m1, n1)]) ∨ fQ([(m2, n2)])

Now for any r ∈ R, (m,n) ∈M ⊗N ,

tQ(r[(m,n)]) = tQ([r(m,n)])

= ∨{tA(x, y) : (x, y) ∈ [r(m,n)]}

= ∨{tA(r(x, y) + y(s) : y(s) ∈ Y (S)}

≥ ∨{tA(r(x, y) + ry1(S)) : y1(S) ∈ Y (S)}

= ∨{tA(r((x, y) + y1(S))) : y1(S) ∈ Y (S)}

≥ ∨{tA((x, y) + y1(S)) : y1(S) ∈ Y (S)}

= ∨{tA(x1, y1) : (x1, y1) ∈ [m,n]}

= tQ([m,n])

Similarly we can prove that

iQ(r[(m,n)]) ≥ iQ([(m,n)]) and fQ(r[(m,n)]) ≥ fQ([(m,n)])

Thus Q ∈ U(Y/Y (S)).
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Definition 3.4. A pair (M ⊗ N, τ) or a map τ : M × N → M ⊗ N is said to be the tensor

product of A and B where A ∈ U(M) and B ∈ U(N) if for every neutosophic R bi additive map

ϕ : M ×N → P of A×B to C, there is unique neutrosophic homomorphism φ : M ⊗N → P

of A⊗B onto C such that φ ◦ τ = ϕ where

tC(φ(m⊗ n)) ≥ tA×B(m,n)

iC(φ(m⊗ n)) ≥ iA×B(m,n)

fC(φ(m⊗ n)) ≤ fA×B(m,n)

Theorem 3.2. The tensor product of two neutrosophic R modules exists and it is unique up

to isomorphism.

Proof. Let A ∈ U(M), B ∈ U(N) and τ : M × N → M ⊗ N be the tensor product of R-

modules M and N .Then by the definition of 3.4, for every neutosophic R bi additive map

ϕ : M × N → P where P be an R module, there is unique neutrosophic homomorphism

φ : M ⊗N → P such that φ ◦ τ = ϕ.

Now define a map A⊗B : M ⊗N → [0, 1] by putting

A⊗B(m⊗ n) = {(m⊗ n), tA⊗B(m⊗ n), iA⊗B(m⊗ n), fA⊗B(m⊗ n)}

where

tA⊗B(m⊗ n) =
∨
{tA×B(m′, n′) : (m′ ⊗ n′) = (m⊗ n)}

iA⊗B(m⊗ n) =
∨
{iA×B(m′, n′) : (m′ ⊗ n′) = (m⊗ n)}

fA⊗B(m⊗ n) =
∧
{fA×B(m′, n′) : (m′ ⊗ n′) = (m⊗ n)}

Let C ∈ U(P ), then to prove that, ∀ m⊗ n ∈M ⊗N

tC(φ(m⊗ n)) ≥ tA⊗B(m⊗ n)

iC(φ(m⊗ n)) ≥ iA⊗B(m⊗ n)

fC(φ(m⊗ n)) ≤ fA⊗B(m⊗ n)

Suppose (m′ ⊗ n′) = (m⊗ n) ∈M ⊗N

tC(φ(m′ ⊗ n′)) ≥
∨
{tC(φ ◦ τ)(m′, n′)}

=
∨
{tA×B(m, , n′)}

= tA⊗B(m⊗ n)
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Definition 3.5. Let A be left neutrosophic R-module of left R-module M and let B be

right neutrosophic R-module of right R-module N . Let C be a neutrosophic abelian group

and
∼
g : A × B → C be neutosophic biadditive. A pair (C,

∼
g) is called a tensor product of

A and B if for every fuzzy biadditive F : A×B → H where H is a neutrosophic abelian group

, there is a unique neutrosophic map θ ∈ Hom(C,H) such that θ ◦ ∼g = F.

Theorem 3.3. Let A be left neutrosophic R-module of left R-module M and let B be right

neutrosophic R-module of right R-module N . The tensor product of the two neutrosophic

R-modules A and B exist and it is unique up to isomorphism.

Proof. Let ϕ : M ×N →M ⊗N be the tensor products of R-modules A and B. Then we can

define the maps t, i, f : M ⊗N → [0, 1] such that ∀ i

tA⊗B(
∑

(ai ⊗ bi)) =
∨
{tA×B(

∑
(a


i , b


i )) :

∑
(a


i ⊗ b


i ) =

∑
(ai ⊗ bi)}

iA⊗B(
∑

(ai ⊗ bi)) =
∨
{iA×B(

∑
(a


i , b


i )) :

∑
(a


i ⊗ b


i ) =

∑
(ai ⊗ bi)}

fA⊗B(
∑

(ai ⊗ bi)) =
∧
{fA×B(

∑
(a


i , b


i )) :

∑
(a


i ⊗ b


i ) =

∑
(ai ⊗ bi)}

Then ϕ : A × B → A ⊗ B is neutrosophic biadditive and
∼
H be a neutrosophic abelian group

and ψ : A × B →
∼
H be a neutrosophic biadditive. Thn by definition of tensor product, ∃ a

unique homomorphism θ : M ⊗N → Hsuch that θ ◦ ψ = ϕ.

Now we have to show that
∑

(ai ⊗ bi) ∈ A⊗B and

tH(θ(
∑

(ai ⊗ bi))) ≥ tA⊗B(
∑

(ai ⊗ bi))

iH(θ(
∑

(ai ⊗ bi))) ≥ iA⊗B(
∑

(ai ⊗ bi))

fH(θ(
∑

(ai ⊗ bi))) ≤ fA⊗B(
∑

(ai ⊗ bi))

Suppose
∑

(a

i ⊗ b


i ) =

∑
(ai ⊗ bi) ∈M ⊗N

tH(θ
∑

(a

i ⊗ b


i ) = tH(

∑
(θ(a


i ⊗ b


i )))

≥
∧
{tHθ(a


i ⊗ b


i )}

=
∧
{tHθϕ(a


i , b


i )}

=
∧
{tHψ(a


i , b


i )}

≥
∧
{tA×B(a


i , b


i )}

= tA×B(a

i , b


i )

= tA⊗B(
∑

(a

i ⊗ b


i ))

Similarly ,

iH(θ(
∑

(ai ⊗ bi))) ≥ iA⊗B(
∑

(ai ⊗ bi))
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fH(θ(
∑

(ai ⊗ bi))) ≤ fA⊗B(
∑

(ai ⊗ bi))

This concludes that
∑

(ai ⊗ bi) ∈ A⊗B and A⊗B is a tensor product of A and B. Also it is

obvious that tensor product is unique up to isomorphism.

Remark 3.1 : Let A and B be two neutrosophic right and left R module, then 0R⊗A ∼=
A and B ⊗ 0R ∼= B

4. Conclusion

The concept of tensor product is great significance in classical algebra, geometry and anal-

ysis. In the emerging algebraic research domain, the amalgamation of tensor product in a

neutrosophic submodule context leads to the design of the most flexible version of algebraic

product. In this research a neutrosophic quotient submodule of an R-module is constructed

as a tensor product in neutrosophic submodules of an R-modules. It will definitely lead to

the development of new theoretical and practical techniques for problem solving in the fields

of classical and quantum mechanics, image processing and neural networks, artificial intelli-

gence and machine learning. The concept of tensor product in neutrosophic submodules is an

imminent tool for the vague multi dimensional real world big data processing and analysis.

In our future research, we propose to extend the concept of exact sequences to use tensor

factorization in the neutrosophic domain, as well as the associative property of the relation-

ship between neutrosophic injective and projective modules.The above mentioned study leads

to the homological properties of neutrosophic submodule tensor products and neutrosophic

module category theory.

Conflicts of Interest: Declare conflicts of interest or state ”The authors declare no conflict

of interest.”
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a b s t r a c t

In this paper we report the results of the thermal diffusivity of water based ZnO nanoflower and
ZnO nanoflower/rGO composites prepared by varying the rGO concentrations (3.3%, 4.8% and 6.3%,
labelled as ZnO/rGO1, ZnO/rGO2 and ZnO/rGO3, respectively) using an in situ hydrothermal method.
The dual beam thermal lens technique has been employed for the study of the thermal diffusivity of
the samples. It is observed that the ZnO Nano fluid shows better thermal diffusivity compared to water
and on further investigations with the ZnO/rGO composites we observed that the ZnO/rGO1 nanofluid
displays an enhanced thermal diffusivity by 2.5 times that of the ZnO nanofluid. The experiments
also give a great insight into the optimum value of the ZnO/rGO compositions for efficient thermal
diffusion, inter-particle interaction, as well as its dependence on Brownian motion and agglomeration
dynamics in nanofluid experiments.

© 2021 Published by Elsevier B.V.

1. Introduction

Nanofluids have been a topic of intense research since the ad-
vent of nanotechnology, owing to their enhanced thermophysical
properties. These fluids, obtained by dispersing nanomaterials of
different shapes and sizes in organic or inorganic base fluids, are
reported to have tunable properties which have made them all
the more interesting. Research on these materials reveals that
they exhibit improved values of thermal conductivity and thermal
diffusivity than the base fluid which points to their potential as
high-performance heat transfer fluids in cooling applications and
heat sinks [1].

In this context, it is pertinent to know that the findings of
Maxwell [2], where solids having a higher thermal conductivity
than liquids can help increase the thermal conductivity of the
liquid, boosted the development of nanoscale solid particle-based
liquids for heat transfer applications. There is abrupt progress
in device engineering from bulk to nano, hence there is a need
to understand the thermal transport properties at the nanoscale.
Thermal studies have mainly focused on thermal conductivity
measurements and many theoretical models have been proposed
by various scientists; for example, Hamilton–Crosser, Yue–Choi,
Xue and Strauss–Pober, to explain the thermal conductivity in
nanofluids [3–5]. However, there are many discrepancies be-
tween these theoretical models and experimental values which

∗ Corresponding author.
E-mail addresses: susanmathew@teresas.ac.in (S. Mathew),

frincy2006@yahoo.co.in (F. Francis), santhia.a@gmail.com (S.A. Joseph),
kalams@teresas.ac.in (Kala M.S.).

led the research community to identify other thermo-optic pa-
rameters influencing the thermal properties. The main parameter
identified was thermal diffusivity, hence research has gained
momentum in this area in recent years [6]. Instead of measuring
the thermal conductivity of a material, it is more convenient to
measure the thermal diffusivity since the methods of determina-
tion of the diffusivity offer many advantages, including less time
required for the measurements and the small volume fraction
of samples needed. Moreover, the thermal conductivity (K ) and
thermal diffusivity (D) are directly related by the equation D =

K
ρC

where ρ is the density of the nanofluid and C is the specific heat
capacity, hence it is relevant to determine the thermal diffusivity
in order to understand the thermal conductivity of nanofluids.
Since the density of the nanofluid is directly proportional to the
concentration of nanoparticles added, we can measure the ther-
mal diffusivity as a function of the concentration of the samples
in the base fluid [7,8].

For measuring the thermal diffusivity of nanofluids, many
techniques are in vogue, such as transient techniques, steady
state techniques, thermal lens techniques and thermal compara-
tor etc. [9–11]. Among these, the thermal lens technique (TL)
has many advantages. TL is a very sensitive technique used to
measure the photo thermal parameters. It is well known that the
TL technique is sensitive enough to measure very small refractive
index changes across the beam width resulting from a very small
temperature variation in liquids [6]. The TL technique can be
employed by two methods, one with a single beam laser setup
and the other with a dual-beam setup. The single-beam technique
uses the same laser beam for both pumping the sample and also

https://doi.org/10.1016/j.nanoso.2021.100784
2352-507X/© 2021 Published by Elsevier B.V.

https://doi.org/10.1016/j.nanoso.2021.100784
http://www.elsevier.com/locate/nanoso
http://www.elsevier.com/locate/nanoso
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nanoso.2021.100784&domain=pdf
mailto:susanmathew@teresas.ac.in
mailto:frincy2006@yahoo.co.in
mailto:santhia.a@gmail.com
mailto:kalams@teresas.ac.in
https://doi.org/10.1016/j.nanoso.2021.100784


S. Mathew, F. Francis, S.A. Joseph et al. Nano-Structures & Nano-Objects 28 (2021) 100784

for probing the thermal lens effect, while the dual-beam uses two
laser sources separately for pumping and probing. In the dual
beam set up, the wavelength of the laser beam employed for the
excitation of the sample should match the absorption peak of the
sample, however, the wavelength of the probe should be different
from that of the absorption band so as to ensure that the probe
laser does not induce thermal lens effects [12]. Though the single
beam technique is simpler, it has disadvantages like low laser
power at the optimal sample position, insensitiveness to longer
wavelengths and time-consuming signal recording etc. [12].

Extensive research has been involved in the study of ther-
mal diffusivity enhancement of nanofluids. Detailed studies with
metals, ferromagnetic materials and metal oxides have shown
that they increase the thermal diffusivity. J. L. J. Perez et al. [13]
reported an increment of 7 and 0.7% in the thermal diffusivities
for water and ethylene glycol respectively with the incorpora-
tion of gold nanoparticles. It was also reported that 4 vol. % of
nanoparticles of copper oxide (CuO) in ethylene glycol increased
the thermal diffusivity by 22% [14]. Jimenez Perez et al. [15]
investigated the effect of the concentration of gold nanoparticles
in a Rhodamine 6G dye solution and found an enhancement of the
thermal diffusivity with temperature. Remya N et al. [6] reported
an enhancement of the thermal diffusivity for zinc oxide (ZnO) in
water by 4%.

Graphene is a single layer of graphite, sp 2 hybridized car-
bon atoms arranged in a honeycomb structure, which has some
remarkable properties, such as high thermal and electrical con-
ductivity [16,17]. These properties of graphene make it suitable
for some progressive applications in material science, medical
science, chemical science, engineering technology etc. It is found
relevant for the tuning of the properties of ZnO, where the latter
is hybridized with graphene. When ZnO nanostructures are dis-
persed on graphene layers, it results in the reduction of agglom-
eration of ZnO [16] which in turn produces fast Brownian motion
in nanofluids and hence results in a remarkable enhancement of
the thermal diffusivity.

In this work, we have used the dual-beam thermal lens effect
for the study of the thermal diffusivity of flower-shaped ZnO
nanoparticles and ZnO flower/rGO composites synthesized by in
situ hydrothermal methods, as reported by Shaohua Xu et al. [18].
Two modifications were incorporated in the reported preparation
method — namely, reducing the amount of hydrazine hydrate
and calcinating the precipitate at 400 ◦C. The samples obtained
in powder form were dispersed in water for thermal diffusion
measurement. Measurements of the thermal diffusivity of these
particular composites have not been recorded in any prior re-
search works. The basic physical and optical characterization
tools include the X-ray diffraction method (XRD), field emission
scanning electron microscopy (FESEM), energy-dispersive X-ray
(EDX) and transmission electron microscopy (TEM) for struc-
tural and morphological analysis. The valence state of carbon in
the composite is identified by X-ray photoelectron spectroscopic
(XPS) analysis. The absorption properties over a wide range of
the visible region were investigated by UV–Visible absorption
spectroscopy.

2. Experimental

2.1. Materials

Graphite powder was purchased from Laboratorie Reagent
and Fine Chemicals. Sodium nitrate, sulphuric acid, hydrochloric
acid, potassium permanganate, hydrogen peroxide, zinc nitrate
and hydrazine hydrate were purchased from NICE Chemicals. All
chemicals were used for reactions without further purification.

2.2. Preparation of graphene oxide

A modified Hummers method was used to synthesize GO [19].
2 g of graphite flakes and 1 g of sodium nitrate were put together
in 100 ml of sulphuric acid. The beaker was kept in an ice bath
to maintain the temperature in the range 0 to 5 ◦C and stirred
well for half an hour. The above mixture was again stirred for two
hours with the slow addition of 6 g of potassium permanganate.
The ice bath was removed and the mixture was stirred for one
and a half hours. The above mixture was diluted with 100 ml
of de-ionized water (DIW), upon which the colour turned brown
and the mixture was further stirred for half an hour. To the
mixture, 200 ml of DIW was added and stirring was continued for
20 min. The solution was finally treated with hydrogen peroxide
to terminate the reaction. For the removal of excess manganese
ion from the solution, 10% hydrochloric acid solution was added.
The solution was filtered and the sediment was dried in a hot air
oven at 80 ◦C for four hours to obtain GO. Reduction of GO was
achieved along with the preparation of ZnO.

2.3. Synthesis of the composites

ZnO/rGO for different GO concentrations (3.3%, 4.8% and 6.3%)
were prepared by the in situ hydrothermal method reported by
Shaohua Xu et al. [18]. For this, 15 mg of GO, as prepared, was
dispersed in 30 ml of DIW by ultra-sonication for one hour. After
sonication, 50 mM solution of zinc nitrate was slowly added to
the GO solution while stirring over half an hour. Next, 0.25 ml
hydrazine hydrate was added to the above mixture and stirring
was continued for one hour. The solution was transferred to
a 100ml autoclave and heated to 140 ◦C for four hours. The
residue was washed with DIW, centrifuged, dried in a hot air oven
at 90 ◦C for three hours, then calcinated at 400 ◦C to get the
composite, which was labelled as ZnO/rGO1. For 4.8% and 6.3%
of GO concentrations, the composites were labelled as ZnO/rGO2
and ZnO/rGO3, respectively.

2.4. Characterization

The structural characterization of the prepared composites
was carried out with a Bruker AXS D8 Advance X-ray powder
diffraction metre. The surface study was obtained with a Carl
Ziess’s (Sigma 300) field-emission scanning electron microscope
(FE-SEM) and a TEM Joel/JEM 2100. The elemental composi-
tion was attained from EDS analysis. The optical properties were
studied with a Varian, Cary 5000 UV–visible spectrometer. The
valence state of carbon in GO and the rGO composites was iden-
tified by X-ray photoelectron spectroscopy (XPS, PHI 5000 Versa
Probe II, ULVAC-PHI Inc., USA) equipped with a micro-focused
(200 µm, 15 KV) monochromatic Al-Kα X-ray source (hν =

1486.6 eV).

3. Result and discussion

3.1. Structural characterization — XRD

Fig. 1(a) and (b) represent the XRD analysis of GO, ZnO and
the composites. Pristine graphite has an X-ray diffraction peak at
26◦ and the inter-layer spacing between the graphene sheets is
nearly 0.34 nm. Two peaks are observed in the XRD of GO, one at
10.64◦ (002), with increased inter-space distance of 8.37 Å, which
indicates the insertion of an oxygen functional group. The other
peak at 42.31◦ indicates (100) reflections [20]. The disappearance
of the peak at 26◦ confirms the oxidation of graphene. The XRD
patterns of the ZnO/rGO composites consist of ZnO peaks [JCPDS
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Fig. 1. XRD patterns of (a) GO and (b) ZnO and ZnO/rGO composites.

Fig. 2. W–H plot of (a) ZnO and (b), (c), (d) ZnO/rGO1,2,3. The negative strain of ZnO confirms the lattice shrinkage and the increase in strain of the composite
indicates the defects and imperfections in rGO.

File no:36-1451] which supports the hexagonal wurtzite struc-
ture [21,22]. The disappearance of the peak at 10.639◦ confirms
the reduction of GO [22]. Moreover, the rGO peak is absent in
the composites because of the complete exfoliation and lower
concentration of rGO in the composite. The calculated lattice
parameters completely agree with standard values and this also
validates the wurtzite hexagonal structure of ZnO.

3.2. Williamson–Hall Plot

Crystal imperfections and lattice defects result in strain broad-
ening of the XRD diffraction peaks, which is directly proportional
to sin θ . In addition to this, crystalline size and instrumental error
also cause a broadening of the diffraction peaks [23]. By consider-
ing these effects, Williamson and Hall proposed a plot (W–H plot)
according to the equation βcosθ = 4εsinθ +

Kλ
D where β is the

full-width half maximum (FWHM), ε is the micro strain, K = 1, λ
is the wavelength of X-ray and D is the grain size. The W–H plots
of ZnO and the composites are shown in Fig. 2. The negative strain
of ZnO indicates the shrinkage of the lattice [24]. In the case of the
composites, as the rGO concentration increases, the micro strain
also increases; this may be due to the imperfections and defects
centred in rGO.

3.3. Morphological studies — FESEM, EDX and TEM

The FESEM images of ZnO and the composites together with
the SEM images of GO are shown in Fig. 3. The FESEM images
of the composites and ZnO substantiate the cylindrically shaped
rod grouped forming the flower structure. The presence of rGO
sheets provides a better spacing area for ZnO, thus reducing the
agglomeration of the ZnO flower. Exfoliated layers of rGO in the

3
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Fig. 3. FESEM images of (a) ZnO and (b), (c), (d) ZnO/rGO1,2,3, and the SEM image of (e) GO.

composite confirm the reduction of GO. From the FESEM images
of the composites, it is clear that the lengths of the rods are
around 4.716, 3.674 and 4.336 µm and the widths are around
491.5, 406.6 and 447.2 nm for ZnO/rGO1, 2 and 3 respectively.
The SEM image of GO confirms the stacking layers of GO with
the incorporation of oxygen functional groups.

The elemental composition of the samples was analysed using
EDX spectra (Fig. 4). The EDX spectra of ZnO and ZnO/rGO1,2,3
confirm the purity of the samples and consist of only zinc and
oxygen peaks for ZnO, and carbon, zinc and oxygen peaks for the
composites.

The HRTEM image (Fig. 5(a)) of the composite confirms the
intense reflections from the (101) planes of ZnO with a d spac-
ing of 2.4 Å, which supports the intense peak obtained in the
XRD data shown in Fig. 1(b). Fig. 4(b) shows the TEM image of
ZnO/rGO2, which also depicts the flower structure of ZnO on
graphene layers.

3.4. Optical characterization — XPS and UV–visible studies

The X-ray photoelectron spectroscopy (XPS) data of GO and
ZnO/rGO3 are shown in Fig. 6. Fig. 6(a) represents the wide scan
surface analysis of the samples GO and ZnO/rGO3, which confirms
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Fig. 4. EDX of (a) ZnO, (b) ZnO/rGO1, (c) ZnO/rGO2 and (d) ZnO/rGO3.

Fig. 5. (a) HRTEM image of ZnO/rGO2 which supports the intense reflection of the (002) plane and (b) TEM image of ZnO/rGO2.

the deposition of ZnO on the graphene layers. There is a trace of
nitrogen in the composite which may be due to the hydrazine
hydrate used for the reduction in the composite preparation.
The deconvoluted CI spectrum of GO (Fig. 6c) consists of three
peaks at 284.77, 286.77 and 288.47 eV which correspond to
C–C/C==C, C–O and O–C–O bonds, respectively [25], while that of
the composite (Fig. 6b) deconvoluted to four peaks, due to the
splitting of the delocalized C–C/C==C bonds in GO into C==C (sp 2)
and C–C bonds (sp 3), which confirms the reduction of GO in the
composites. A substantial decrease in the intensity of the oxygen
functional groups in the composite also indicates the reduction of

GO [26]. The zinc of the composite is attributed to two peaks at
1022 and 1045 eV, confirming the Zn 2p3/2 and Zn 2p1/2 states,
respectively [26].

Fig. 7 displays the UV–Visible spectra of the samples. The UV–
Visible absorption spectrum of GO (Fig. 7a) displays two peaks,
one peak at 223 nm, which is consistent with π transitions of the
C==C bond, and a weak shoulder at 305 nm, which is attributed
to the n to π transition of the carboxyl group [27,28]. The UV–
Visible spectra of ZnO and the ZnO/rGO composites are shown
in Fig. 7b, which shows a slight shift of the absorption peak to
the higher wavelength side for the composites with respect to
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Fig. 6. XPS (a) wide spectra of GO and ZnO/rGO3 (b) C1 spectrum of ZnO/rGO3, (c) C1 spectrum of GO and (d) Zn spectrum of ZnO/rGO3.

ZnO. Additionally, the composites exhibit a significant increase of
absorption in the visible region as the graphene content increases,
which is in agreement with the literature [29–31]. The increase
in absorption over the visible region authenticates the strong
lattice coordination between Zn-O-C [15]. The Tauc method was
used [32,33] to find the bandgap energy of the samples, as shown
in Fig. 7c. For ZnO, the bandgap energy obtained was 3.075 eV and
the corresponding absorption band edge was 404 nm. The band
gap energy of nanoparticles depends on various factors, such as
the size, shape, morphology, defects and dislocations. The dislo-
cations and defects of the flower structure impose constraints
on the motion of electrons, which in turn result in a decrease
in the band gap energy slightly from that of the bulk mate-
rial [34]. For the composites ZnO/rGO1, ZnO/rGO2 and ZnO/rGO3,
the bandgap energies obtained are 3.004, 2.992 and 2.952 eV
respectively and the corresponding absorption band edges are
413, 415.2 and 420.2 nm respectively. The bandgap energy of the
composite is reduced when ZnO is hybridized with rGO, which is
a zero bandgap energy material, and the reduction in the bandgap
energy depends on the weight fraction of the lower bandgap
material added [14]. Moreover, the decrease in band width of the
composite with the increase in rGO concentration confirms the
chemical bonding interactions between ZnO and the carbon sites
in rGO [35–37].

4. Photothermal diffusion - theory and experimental set-up

4.1. Theory and experimental set-up

When a sample is irradiated with a laser beam, non-radiative
relaxation of the atoms causes the emission of heat. Since the
intensity of the light is maximum at the centre of the beam, for

a Gaussian profile, there is the corresponding variation in the
absorption as well, resulting in a temperature gradient and hence
a refractive index gradient from the centre to the peripheral
regions of the excited sample through which the laser beam
passes [12,38]. If another probe laser is allowed to pass through
this exact same region of the sample, which is now converted to
a concave lens, the probe will diverge, resulting in lesser intensity
detected by a photodetector kept at the axial position of the probe
beam. This time-dependent probe beam intensity variation can
be analysed using the heat diffusion equation (1) and various
photothermal parameters of the sample can thus be extracted.

I (t) = I (0)

⎡⎢⎣1 −
θ

1 +
tc

2−t0

+
θ2

2
(
1 +

tc
2−to

)2

⎤⎥⎦
−1

(1)

where I(0) is the initial value of the intensity of the probe beam
I(t), θ is the phase shift of the probe beam is given by θ =
2.303PA

kλ ( dndT ) where P and λ are the power and wavelength of the
excitation laser beam respectively, k is the thermal conductivity, A
is the absorbance of the sample and (dn/dT ) is the variation of the
refractive index with temperature. The thermal time constant tc,
the spot size ω of the excitation beam and thermal diffusivity D of
the sample are related by the equation tc =

ω2

4D and ω is obtained
from the equation ω =

λf
πωo

where λ is the wavelength of the
laser beam, f is the focal length and ωo is the initial spot size
of the laser beam. Curve fitting was carried out using the MAT-
LAB program, which uses the above equation (1). The MATLAB
program fitting directly gives θ and tc. Since tc =

(λf )2

4D(πωo)2
, After

substituting λ,f and ωo, the equation for D =
0.6763×10−6

tc
m2/s

where tc is in milli seconds.

6



S. Mathew, F. Francis, S.A. Joseph et al. Nano-Structures & Nano-Objects 28 (2021) 100784

Fig. 7. UV–Visible spectra of (a) GO (b) ZnO and the composites and (c) the Tauc plots of ZnO and the composites.

4.2. Photo thermal activity of ZnO and the ZnO/rGO composites

The dual-beam experimental setup in our research lab that
was used to determine the diffusivity of the samples is shown
in Fig. 8. A green laser of wavelength 532 nm was used as the
pump, which had a maximum power of 75 mW, and the probe
had a maximum power of 25 mW. Using suitable neutral density
filters, the intensity of the probe beam was reduced to 2.5 mW, so
that no heating effect could be generated due to the probe laser.
A photo-transistor was used as the detector to find the intensity
variation of the emerging beam as a function of time.

The experimental set up was standardized by finding out the
diffusivity of water and the obtained result (0.182 × 10−6 m2/s)
is in good agreement with the theoretical value. To analyse the
thermal diffusion, 1 g of ZnO, ZnO/rGO1, ZnO/rGO2 and ZnO/rGO3
were used, with each sample well dispersed in 10 ml DIW sepa-
rately by ultra-sonication, and a small fraction of the as-prepared
solution was added to DIW in a 3 ml cuvette. The heat dissipa-
tion efficiency of each sample for different concentrations was
investigated and the thermal diffusivity was hence determined.
The overall experimental percentage error in the determination
of thermal diffusivity was nearly equal to 3.08.

Fig. 9 represents the fitted decay curves of ZnO and the vari-
ation of the diffusivity constant for different concentrations re-
spectively. For the ZnO sample, the diffusivity was evaluated for
three different concentrations of ZnO in the base fluid. It is seen
that as the concentration increases, the diffusivity decreases. This
decrease in diffusivity is because the absorption peak of pure ZnO
is at 404 nm which is much less than the wavelength of the pump
laser used in our study, resulting in comparatively less absorption
and non-radiative emission from the atoms and as the concentra-
tion increases, the agglomeration of ZnO particles increases which
in turn reduces the efficient thermal diffusion [39,40].

Fig. 10 shows some fitted decay curves of ZnO/rGO1 and
the variation of the thermal diffusivity for the sample at var-
ious concentrations. ZnO/rGO1 shows better diffusivity among
the composites. When ZnO is hybridized with rGO, it provides
better spacing for ZnO without agglomeration and the volumetric
concentration of ZnO is high due to the low rGO content. Hence
the thermal diffusivity constant increases with sample concen-
trations up to 10 µl, a further increase in concentration up to 40
µl reduces the diffusivity slowly and beyond that the decrease
is very rapid since the large concentration limits the Brownian
motion of the particles, which in turn reduces efficient thermal
diffusion [39–42].

Fig. 11 shows some fitted decay curves of ZnO/rGO2 and the
variation of the thermal diffusivity for different concentrations.
The diffusivity of the sample initially increases very slowly up
to 10 µl concentration, then increases steeply up to 20 µl and
beyond this concentration it then decreases, also in a steep way.
The initial slow variation is because of the higher concentration
of rGO, thus the ZnO available in the volumetric concentration is
less when compared to the first composite ZnO/rGO1. Here the
diffusivity is maximum for the sample ZnO/rGO2 at the sample
concentration of 20 µl, while that of ZnO/rGO1 is at 10 µl and the
maximum value of diffusivity is slightly less, 0.54 × 10−6 m2/s for
ZnO/rGO2 compared to 0.6 × 10−6 m2/s for ZnO/rGO1.

Fig. 12 shows some fitted decay curves of ZnO/rGO3 and the
variation of the diffusivity constant for different concentrations
of the sample. The thermal diffusivity is comparably less for this
composite compared to ZnO/rGO1 and ZnO/rGO2 , but it is greater
than that of ZnO. This sample has the highest concentration for
rGO content, hence the ZnO concentration markedly less, but due
to less agglomeration of particles it shows a better diffusivity
constant than ZnO. The variation of the diffusivity constant is
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Fig. 8. Dual beam set up with a pump laser of wavelength 532 nm and probe laser of wavelength 645 nm with a photo detector.

Fig. 9. (a) Decay curve of ZnO and (b) the variation of the diffusivity constant (D) of ZnO for different sample concentrations.

Fig. 10. (a) Decay curves of ZnO/rGO1 and (b) the variation of the diffusivity constant (D) of ZnO/rGO1 for different sample concentrations.

Fig. 11. (a) Decay curve of ZnO/rGO2 and (b) the variation of the diffusivity constant (D) of ZnO/rGO2 for different sample concentrations.
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Fig. 12. Decay curve of ZnO/rGO3 and (b) the variation of the diffusivity constant (D) of ZnO/rGO3 for different sample concentrations.

Table 1
Comparative summary of the thermal diffusivity of the samples with other
research works.
Nano fluid Thermal diffusivity (10−6) m2/s

ZnO/Water [6] 0.1464
Gold/Water [13] 0.1532
Rhodamine/Gold/Water [15] 0.2366
Gold/Water [43] 0.2891
ZnO/Water (present sample) 0.2480
ZnO/rGO1/Water (present sample) 0.6030
ZnO/rGO2/Water (present sample) 0.5374
ZnO/rGO2/Water (present sample) 0.3079

almost the same as those of the other samples. The ZnO/rGO3
composite shows maximum diffusivity at a sample concentration
of 10 µl and a further increase in concentration decreases the
diffusion constant; this may be due to the higher concentration
of rGO sheets which limits the Brownian motion of ZnO.

Based on dynamical theory, the enhancement of thermal dif-
fusivity of nanofluid depends on many factors, such as Brownian
motion-assisted heat transfer, the specific heat capacity of the
nanofluid, lowering of heat resistance, etc. [43–45]. The specific
heat capacity of the nanofluid is always less than that of the
base liquid since solids have comparably less heat capacity and
this will enhance the thermal diffusivity of the nanofluid [46].
Moreover, as the concentration of nanoparticles in the nanofluid
increases, the specific heat capacity decreases, hence the thermal
diffusivity increases. When the concentration of nanoparticles ex-
ceeds an optimum value, the stability of the dispersion decreases
and hence aggregation and agglomeration of nanoparticles will
reduce the thermal diffusivity and this is found to be highly
sample dependent [47,48]. The thermal diffusivity of a nanofluid
is also enhanced with an increase in the optical absorption of
the nanoparticles [49]. Among these factors, the Brownian motion
of nanoparticles is the main cause of thermal diffusivity. With
regard to our samples, ZnO shows the lowest thermal diffusivity
and this may be due to the agglomeration and a lower optical
absorption of the ZnO nanoparticles. In the composite, graphene
act as a good matrix, hence the agglomeration of ZnO is less as
the rGO concentration increases and the optical absorption also
increases with the rGO concentration, whilst the concentration
of ZnO to graphene ratio decreases. Among the composites, ZnO
with the lower concentration of rGO (ZnO/rGO1) shows the high-
est thermal diffusivity since the concentration of ZnO to graphene
ratio is high. With increasing rGO concentration, the thermal
diffusivity decreases due to the above reasoning.

The optimum value of the diffusivity constant shown by each
sample is marked in the bar diagram shown in Fig. 13 and Table 1
represents a comparative study of reported thermal diffusivities.

Fig. 13. The optimum value of the thermal diffusivity (D) for ZnO and the
ZnO/rGO composites. Among the samples, ZnO/rGO1 shows high diffusivity..

5. Conclusion

An experimental investigation on the dependence of ther-
mal diffusivity for water-based ZnO nanoparticles and ZnO/rGO
nanocomposites revealed interesting results. Thermal diffusivity
calculations proved that the composite ZnO/rGO1 shows an en-
hanced photothermal effect and its optimum value is 2.43 times
greater than that of ZnO and 3.31 times greater than that of
water. It was also observed that the presence of ZnO and ZnO/rGO
composites enhances the thermal diffusivity of the base fluid
water. The incorporation of ZnO onto graphene layers, increases
the surface area and reduces the agglomeration of ZnO parti-
cles. Hence ZnO can undergo Brownian motion more freely thus
dissipating an increased amount of heat compared to that of its
pure form. The Brownian motion of ZnO nanoparticles is the main
factor for their excellent thermal diffusivity. Due to this reason,
the thermal diffusivity is high for the ZnO/rGO1 composite since
the concentration of ZnO to graphene is high. The investigation
also reports optimum values for the composite concentrations at
which maximum thermal diffusivity was recorded; a further in-
crease in concentration led to a decrease in the diffusivity which
could be due to the limitations of Brownian motion as a result
of agglomeration. These results thus highlight the probability
of the ZnO/rGO sample for high photocatalytic properties, op-
toelectronic applications, conductivity applications, antibacterial
applications. Thus ZnO/rGO in a tuned proportion could act as a
promising nanostructure in nanofluid dynamics for heating and
cooling devices. The dual-beam lens technique is a propitious
method that can be used to investigate thermal diffusivity of both
solid samples well dispersed in suitable base liquid and samples
in a liquid phase.
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Abstract
Nano metal ferrites (MFe2O4, M=Ni, Zn, Cu) were synthesized by sol–gel method and comparative studies of their
adsorption efficiency on the removal of Cr (VI) ions from its aqueous solution were carried out. The ferrite samples were
characterized by X-ray powder diffraction (XRD), scanning electron microscopy (SEM), and Fourier transform infrared
spectroscopy (FTIR). The various factors affecting the uptake of Cr (VI) from its aqueous solution such as pH, time,
adsorbent dose, adsorbate concentration, and temperature were investigated through batch adsorption studies. It is observed
that the adsorption process follows a pseudo-second-order kinetics model, and the experimental data fitted well with
Langmuir isotherm. Of the MFe2O4 (M=Ni, Zn, Cu) nanoparticles, ZnFe2O4 showed highest adsorption efficiency. By
regenerability study, the extent of reuse of the ferrite samples was checked.
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Highlights
● Nano metal ferrites (MFe2O4, M=Ni, Zn, Cu) were synthesized by sol–gel method.
● The various factors affecting the uptake of Cr (VI) from its aqueous solution were investigated through batch adsorption

studies.
● The adsorption process follows a pseudo second order kinetics model.

1 Introduction

Nowadays, pollution has become a boundless threat to
every entity in the world. Water pollution is more severe,
and extensive research is going on worldwide in this
regard. Of the many reasons for water pollution, the heavy
metal depositions in water are critical because of their
tendency for bioaccumulation and the hexavalent Chro-
mium (Cr(VI)) is more toxic [1]. The environmental release
of Chromium (Cr) is due to various anthropogenic activ-
ities like burning of fossil fuels, leather tanning industries
etc., and natural sources including volcanic eruptions,
geological weathering of rocks, soils, and sediments [2].
High levels of exposure to Cr(VI) cause many deadly
diseases. It is also reported that Cr(VI) ions can cause a
reduction in the rate of photosynthesis in plant species and
hematological problems and toxic effects on immune
response in freshwater fish [1]. Thus the development of
effective methods for removal of Cr(VI) from water sour-
ces is inevitable. In line with this, numerous physical,
chemical and biological methods have been developed so
far including flotation, chemical precipitation, electro-
chemical treatments, ion exchange, biosorption and
adsorption, etc. [3]. Owing to its effectiveness and eco-
nomical nature, adsorption is currently considered one of
the most suitable techniques for water treatment [2]. Also
there is a possibility for the regeneration of the adsorbents
by suitable desorption processes [4]. The most commonly
used adsorbents for heavy metal removal from water are
graphene, activated carbon, bio adsorbents, magnetic
adsorbents, alumina, and clay etc. [3].

Nanomaterials are widely used for the effective removal
of heavy metals from aqueous solutions for the past few
years. Of the many materials, iron oxide-based nanoma-
terials hold a special position for the adsorption of heavy
metal ions. The main attraction of this material is the pos-
sibility of separation of them from the water by an external
magnetic field [4, 5]. Metal ferrites exhibit many interesting
electrical, magnetic, and dielectric properties, which make
them suitable in many applications ranging from electronic
devices, sensors, memory devices to biotechnology and
water treatment [6].

The desorption process of magnetic nanoparticles can
also be easily achieved by pH adjustment, which enables
the nanoparticles to be recycled several times [4, 7]. The

advantages of metal ferrite nanoparticles with the general
formula MFe2O4 (M= Fe, Co, Ni, Zn, Cu, Mn, etc.),
including large surface area, low toxicity, ease of prepara-
tion etc. lead them as a good candidate for adsorption.
These particles are capable of removing heavy metals such
as Cd (II), Pb (II) and Cr (VI), etc., even at their low con-
centration of the order of ppm under varied conditions of
pH and temperature. The required dose of nanomaterials is
very low, making their application more economical [5].
Among several methods of synthesis of nanomaterials, the
sol-gel method of synthesis gives compositionally stoi-
chiometric samples with high purity, chemical homogeneity
and crystallinity [8].

In this regard, we made an attempt to synthesize nano
metal ferrites (MFe2O4, M=Ni, Zn, Cu) by sol–gel method
and study their adsorption efficiency for removing Cr (VI)
ions from aqueous solution.

2 Materials and methods

2.1 Materials

Analytical grade Fe(NO3)3.9H2O (98%), Ni(NO3)3.6H2O
(98%), Zn(NO3)3.6H2O (96%), Cu(NO3)2.3H2O (98.5%),
C6H8O7.H2O (99.5%), K2Cr2O7 (99.5%), HCl (35%),
NaOH (97%) were used for synthesis of nano metal ferrites
and are obtained from Nice Chemicals Pvt. Ltd. All the
chemicals were used without further purification. Ultrapure
water from a Barnstead E-Pure deionization system is used
for synthesis purposes.

2.2 Synthesis of ferrite nanoparticles

The metal ferrites MFe2O4 (M=Ni, Zn, Cu) were synthe-
sized by sol–gel method. Stoichiometric amounts of Fe
(NO3)3.9H2O and M(NO3)3.6H2O (M= Zn, Cu, Ni) were
mixed together and were added to C6H8O7.H2O keeping
metal to citric acid ratio 1:1. This solution was heated at
100 °C with stirring at 400 rpm until the formation of a dry
gel. The gel was then self-ignited to form the respective
metal ferrite. The dried gel was further calcined at 400 °C
for 1 h and the resultant samples were ground using an agate
mortar and pestle. The obtained powders were used for
characterizations.
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2.3 Characterization of ferrites

The crystal structure as well as phase purity of as synthe-
sized ferrite samples were studied by recording the X-ray
diffraction (XRD) pattern (Bruker AXS D8 Advance X-ray
diffractometer). The morphology of the samples were
obtained from scanning electron microscope (SEM) images
(TESCAN VEGA3 SB). The Fourier transform infrared
(FTIR) spectra of the samples were recorded with the
Nicolet 380 FTIR spectrophotometer. The adsorption effi-
ciency of the metal ferrite on the removal of Cr(VI) from its
aqueous solution was investigated by carrying out batch
adsorption studies and was done using a flame atomic
adsorption spectrophotometer (AAS) (GBC Avanta
ver 1.33).

3 Results and discussions

3.1 XRD analysis

Fig. 1 shows the XRD pattern of as synthesized MFe2O4 (M
=Ni, Zn, Cu) samples. The observed patterns of NiFe2O4,
ZnFe2O4 and CuFe2O4 are in good agreement with standard
data of JCPDS card No. 54-0964, JCPDS card No. 82-1042
and JCPDS card No. 34-0425, respectively, and all of them
have spinel structure. Of these ferrites, both Ni/ZnFe2O4

have cubic symmetry and CuFe2O4 has tetragonal sym-
metry. The diffraction peaks of all samples are indexed. The
average crystallite sizes of the ferrite samples were calcu-
lated by taking into account of the peak (311) for both Ni/
ZnFe2O4, (211) for CuFe2O4 using Debye-Scherrer formula,
D ¼ Kλ

βDcosθ
, where λ is the X-ray wavelength (CuKα radiation

with λ= 0.154 nm), θ is the Bragg diffraction angle, and β is

the FWHM of the XRD peak (311). Average crystallite sizes
of NiFe2O4, ZnFe2O4, and CuFe2O4 samples are found to be
16.34, 14.69, and 10.96 nm, respectively.

3.2 SEM analysis

The surface morphology of the ferrite samples was deter-
mined using SEM and are shown in Fig. 2. SEM

Fig. 1 X-ray diffraction patterns of MFe2O4 (M=Ni, Zn, Cu) samples

Fig. 2 Scanning electron micrographs of a NiFe2O4, b ZnFe2O4, c
CuFe2O4 samples
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micrograph depicts that the samples are uniformly formed
and bit agglomerated. The agglomeration could be due to
the magnetic nature of ferrites. The particle sizes are
observed to be of the order of sub-micro size.

3.3 Adsorption/desorption studies

To investigate the adsorption efficiency of the as synthe-
sized nano metal ferrite samples on the removal of Cr (VI)
ions from its aqueous solution batch adsorption and deso-
rption studies were carried out. For this, different dilutions
of the working solution of Cr(VI) were prepared from the
stock solution prepared by dissolving 2.829 g of K2Cr2O7 in
1000 ml of distilled water. pH of the working solution was
adjusted using 0.1 N HCl and 0.1 N NaOH. The effects of
various parameters such as pH of the solution, contact time,
adsorbent dose, adsorbate concentration and temperature on
the adsorption efficiency of synthesized MFe2O4 samples
were studied. Batch adsorption studies were conducted for
each MFe2O4 samples in 20 ml of Cr (VI) solution on a
temperature-controlled stirrer with stirring rate 400 rpm
under standard conditions (adsorbent dosage of 0.25 g, pH
of 7, temperature of 301 K, contact time of 45 min and
initial Cr(VI) concentration 25 mg/l) except otherwise sta-
ted. The spent adsorbents were separated via external
magnetic field and the final concentration of Cr (VI) ions in
solution was determined by using a flame AAS.

For the recyclability studies of MFe2O4 (M=Ni, Zn, Cu)
samples, the solution was prepared by agitating 20 ml of
50 mg/l Cr(VI) solution with 2 g of adsorbent for 45 min at
301 K. The adsorbents were magnetically separated and Cr
(VI) concentration in the remaining solution was deter-
mined. The separated particles were agitated with a 10 ml
solution of 0.1 N NaOH for 1 h on a magnetic stirrer at
301 K and the concentration of Cr (VI) in the solution after
the magnetic separation of adsorbents were determined. The
adsorbents after desorption were dried in oven at 100 °C for
1 h and was again used for the adsorption of Cr(VI) from
50 mg/l synthetic wastewater to ascertain the stability of
adsorbents toward removal of Cr(VI) from aqueous
solutions.

The adsorption efficiency and adsorption capacity qe of
Cr(VI) on nanoferrites were calculated by using the fol-
lowing equations [5]:

% ¼ Ci � Ceq
� �

Ci

� �
� 100 ð1Þ

qe ¼
Ci � Ceq
� �

V

m
ð2Þ

where Ci and Ceq are the initial and equilibrium Cr(VI)
concentration in mg l−1, qe is the adsorption capacity in

mg g−1, m is the mass of the adsorbent in mg and V is the
volume of the adsorbate solution in l.

3.3.1 Effect of adsorbent dosage

Experiments were performed to understand the effect of
adsorbent dose on the removal of Cr(VI) by varying the
dosage from 0.02 to 2 g.

The results are shown in Fig. 3. It was observed that as
the adsorbent dosage increases from 0.02 to 1 g, the
adsorptive removal rate of Cr (VI) increases but on further
increment of adsorbent dosage to 2 g, no additional increase
in percentage removal of Cr(VI) is observed. From the
graph it is clear that, of the MFe2O4 (M=Ni, Zn, Cu)
samples, ZnFe2O4 was the most efficient, followed by
NiFe2O4 and CuFe2O4 in the removal of Cr(VI) from aqu-
eous solution. The optimum dosage of ferrite was found to
be 1 g for 20 ml of Cr(VI) solution with initial ion con-
centration of 25 ppm. The increase in the removal of Cr(VI)
with increase in adsorbent dosage could be due to the
increase in the surface area as well as the number of
available active sites for adsorption [5]. On the other hand,
at higher doses of ferrite samples there is a tendency for
more agglomeration leading to decrease in surface to
volume ratio and this could be the reason for decrease in
rate of removal efficiency at higher dosages [9].

3.3.2 Effect of pH

The effect of pH on the removal efficiency of Cr(VI) by
MFe2O4 (M=Ni, Zn, Cu) was investigated for the pH
values 1, 3, 5, 7, 10, 12 and 14 and the results are presented
in Fig. 4.

Fig. 3 Effect of MFe2O4 (M=Ni, Zn, Cu) dosage on Cr(VI)
adsorption
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From the figure, it is clearly observed that for all ferrite
samples, Cr(VI) adsorption efficiency decreases sharply as
the pH increases from 1 to 14. The pH value for effective
removal of Cr(VI) was found to be 1.0. Surface hydroxyl
groups and surface charge play an important role in the
adsorption process. The pH of the solution can affect the
surface charge of adsorbent, the degree of ionization and
speciation of adsorbate during reaction. Point of zero charge
or pHpzc is the pH value at which a solid submerged in an
electrolyte exhibits zero net electrical charge on the surface
[10]. For ferrites, pHpzc lies in between 7 and 8 [11]. The
observation in the present study can be explained as fol-
lows. Below the pHpzc, the adsorbent ferrite surface is

positively charged (S−OH2+ and S−OH groups) and the
anion Cr(VI) exists as HCrO�

4 and CrO2�
4 . The adsorption

takes place due to the electrostatic attraction between the
surface positive groups and the negatively charged anionic
species. At pH values higher than pHpzc, the adsorbent
ferrite surface is negatively charged, which enhances elec-
trostatic repulsion between negatively charged Cr(VI) spe-
cies and charged adsorbent surfaces. This results in
weakening of electrostatic force between adsorbate and
adsorbent species and hence lowering of adsorption capa-
city [11].

3.3.3 Effect of temperature

Batch adsorption experiments were carried out at different
temperatures ranging from 301 to 363 K to study the effect
of temperature on Cr(VI) removal by ferrites. Figure 5
shows that with increase in temperature there is a decrease
in the adsorption capacity for all three adsorbents. The
maximum removal of Cr (VI) was attained at a temperature
of 301 K.

3.4 Study of thermodynamic parameters

Thermodynamic considerations of the process are essential
to know whether the adsorption process is spontaneous or
not. For this, the data from batch adsorption experiments at
temperatures 301, 313, 343, and 363 K were used. The
thermodynamic parameters such as change in enthalpy
(ΔH), change in free energy (ΔG°) and change in entropy
(ΔS) of the adsorption process were calculated using the
following equations:

Gibb0s free energy isotherm equation; ΔGo ¼ �RT lnKc

ð3Þ
Equilibrium stability constant; Kc ¼ CsCe ð4Þ

Gibb0s free energy; ΔGo ¼ ΔH � TΔS ð5Þ

Equating 3ð Þ and 5ð Þ lnKc ¼ ΔS
R

� ΔH
R

� �
1
T

ð6Þ

where R is the universal gas constant, 8.314 J mol−1 K−1, T
is temperature in Kelvin, Cs and Ce are the equilibrium ion
concentration on the adsorbent surface and on the aqueous
phase, respectively [5, 12]. The values of ΔH and ΔS were
calculated from the slope and intercept of the plot of lnKc

vs. 1/T as shown in Fig. 6 and are listed in Table 1.
The negative values of ΔG° for the experimental range of

temperatures, confirmed that the adsorption process was
spontaneous. The value of ΔG decreases with rise in

Fig. 5 The variation of adsorption efficiency of MFe2O4 (M=Ni, Zn,
Cu) samples with temperature

Fig. 4 Variation of adsorption efficiency of MFe2O4 (M=Ni, Zn, Cu)
samples with pH
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temperature for all the ferrites which indicates that sponta-
neity of the reaction decreases with increasing temperature
and adsorption is less favorable at higher temperatures
[10, 13].

The negative value of ΔH indicates the exothermic
nature of the adsorption process. The typical value of ΔH
for physisorption usually lies below 84 kJ mol−1, and for
chemisorption it is in between 84 and 420 kJ mol−1.
Hence the adsorption of Cr(VI) onto MFe2O4 (M=Ni,
Zn, Cu) samples can be considered as a physisorption
process [14, 15]. The decrease in the degree of freedom of
the adsorbed species at the solid/solute interface during
the adsorption could be attributed to the negative value of
ΔS [16].

3.4.1 Effect of contact time

Equilibrium time is one of the most important parameters in
the design of economical wastewater treatment system as it
affects the adsorption kinetics. The Cr(VI) removal effi-
ciency of ferrite samples as a function of contact time was
studied and the adsorption data were recorded after different
contact time intervals of 5, 15, 30, 45, 60 and 120 min. The
adsorbent dosage added was 0.1 g. The observed variation
of adsorption efficiency of ferrite samples with contact time
is presented in Fig. 7.

It was observed that the rate of adsorption of Cr(VI) was
initially increased with increase in contact time and then
gradually attained equilibrium. The time required for the
uptake of Cr(VI) by ZnFe2O4, NiFe2O4, CuFe2O4 nano-
particles to reach equilibrium was observed to be 15, 30 and
45 min, respectively. The adsorption process could be
considered as a fast process as the equilibrium was attained
within 60 min. Speedy uptake of Cr(VI) and fast attainment
of equilibrium implies the effectiveness of using MFe2O4

(M=Ni, Zn, Cu) nanoparticles as adsorbents in economical
wastewater treatment. It was observed that Cr(VI) adsorp-
tion onto CuFe2O4 nanoparticles took the longest time and
ZnFe2O4 the shortest time to reach equilibrium. This may be
attributed to the magnetic strength of the nanoparticles.
Among the three metal ferrites, CuFe2O4 exhibits the
strongest saturation moment and ZnFe2O4 the weakest. For
stronger magnetic particles, longer contact time is required
for the separation of the aggregated nanoparticles and then
its interaction with the Cr(VI) [11]. The relatively short time
for attaining equilibrium is because of the presence of large
number active sites available for adsorption on the ferrite
samples owing to their small size and high surface area [17].
For a fixed number of adsorbate and adsorbent nano-
particles, the ratio of the initial number of Cr(VI) adsorbed
to the adsorption sites is less if the surface area of the
adsorbent is higher. Therefore, most of the Cr(VI) ions can
be adsorbed onto the exposed active sites faster and thus the
equilibrium time is shortened. After the equilibrium is
attained, no further adsorption takes place because the
remaining sites were difficult to occupy due to repulsive
forces between adsorbate ions already adsorbed to the
adsorbent surface and the remaining ions in the solution
[18].

3.5 Kinetic studies

The batch adsorption experimental data of the present study
were fitted into pseudo-first-order and pseudo-second-order
kinetic models in order to describe the mechanism of
adsorption of Cr(VI) ions on to the as synthesized MFe2O4

(M=Ni, Zn, Cu) nanoparticles and for estimation of their
adsorption rates [19]. Pseudo-first order kinetic model
assumes that the variation of adsorption rate with time is
directly proportional to the difference between the equili-
brium concentration of the adsorbate in the solution and the

Table 1 Thermodynamic
parameters (ΔG°, ΔH and ΔS)
associated with adsorption
process of Cr(VI)

Adsorbent ΔG° at different temperatures (kJ mol−1) ΔH (kJ mol−1) ΔS (kJmol K−1)

301 K 313 K 343 K 363 K

ZnFe2O4 −1.6546 −1.6582 −1.5737 −1.5375 −2.293 −0.002

NiFe2O4 −1.0477 −1.0261 −0.9608 −0.8511 −2.095 −0.003

CuFe2O4 −0.4614 −0.3574 −0.2022 −0.1169 −2.095 −0.005

Fig. 6 Plot of ln K vs. 1/T of Cr(VI) adsorption by MFe2O4 (M=Ni,
Zn, Cu) samples
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concentration of the adsorbate on the adsorbent surface, or
in other words, the controlling step in the adsorption rate is
mass transfer. The pseudo-second-order model assumes that
the chemical sorption involving valence forces by means of
sharing or exchange of electrons between heavy metal ions
and adsorbent may be the rate-determining step [6].

The pseudo-first-order and the pseudo-second-order
kinetic model are expressed in Eqs. (7) and (8), respec-
tively:

ln qe � qtð Þ ¼ lnqe � k1t ð7Þ

t

qt
¼ 1

k2q2e
þ 1
qe

t ð8Þ

where qt (mg g−1) and qe (mg g−1) represent the amount of
Cr(VI) adsorbed on the adsorbent surface at time t and at
equilibrium time, respectively, and k1(min−1) is the rate
constant for the pseudo-first order adsorption and
k2 (g mg−1 min−1) is the pseudo-second-order rate constant.
The plots of lnðqe � qtÞ vs. t and t=qt vs. t are given in Fig.
8 and the calculated parameters along with regression
coefficient R2 are listed in Table 2.

The data suggest that second-order kinetic model is more
appropriate to describe the adsorption process of Cr(VI)
onto MFe2O4 (M=Ni, Zn, Cu) nanoparticles as its higher
regression coefficients are near to 1. Also, calculated qe
values from the linear plot of pseudo-second-order model
are very close to experimental qe values.

3.5.1 Effect of initial ion concentration

To optimize the initial heavy metal ion concentration for
effective adsorption, batch adsorption studies were con-
ducted with various initial Cr(VI) concentrations of 10, 20,
25, 30 and 40 mg/l. The plot of adsorption efficiency vs.
initial concentration is shown in Fig. 9.

It was observed that the adsorption efficiency is greater at
lower initial concentration of Cr(VI) and decreased

Fig. 8 a Pseudo-first order adsorption kinetics and b pseudo-second-
order adsorption kinetics of Cr(VI) adsorption by MFe2O4 (M=Ni,
Zn, Cu) nanoparticles

Table 2 Parameters of kinetic models of Cr(VI) adsorption by MFe2O4

(M=Ni, Zn, Cu) nanoparticles

Kinetic model Parameters ZnFe2O4 NiFe2O4 CuFe2O4

qe (exp) (mg g−1) 2.6906 2.4936 2.246

Pseudo-first-order qe (mg g−1) 0.0626 0.2131 0.3207

k1 (min−1) 0.0381 0.0543 0.0599

R2 0.3309 0.8129 0.8506

Pseudo-second-
order

qe (mg g−1) 2.6944 2.5055 2.2633

k2 (g mg−1 min−1) 1.6863 0.7131 0.5052

R2 0.999 0.999 0.999

Fig. 7 Variation of adsorption efficiency of MFe2O4 (M= Zn, Ni, Cu)
samples with contact time
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continuously with the increase in Cr(VI) concentration. As
initial ion concentration increases, there is an increase in the
number of adsorbate ions competing for the available
binding sites on the adsorbent surface, causing a decrease in
number of active sites available on the adsorbent surface for
adsorption, thereby decreasing the adsorption efficiency
[17].

3.5.1.1 Adsorption isotherms Adsorption isotherm models
are essential to describe the interactive behavior between the
adsorbate and adsorbent. It illustrates the relationship between
the amount of adsorbate on the adsorbent or the adsorption
capacity qe (mg g−1) and the equilibrium concentration of
adsorbate in the bulk solution Ce (mg l−1) at constant tem-
perature [6, 20, 21]. Equilibrium data were analyzed by
Langmuir, Freundlich and Dubinin–Radushkevich adsorption
isotherm models and are expressed by Eqs. (9)–(11),
respectively:

Ce

qe
¼ 1

qm
Ce þ 1

qmKL
ð9Þ

lnqe ¼ lnlnKf þ 1
n
lnCe ð10Þ

lnqe ¼ lnqm � βε2 ð11Þ

where qm is the maximum adsorption capacity reflected on a
complete monolayer adsorption (mg g−1). KL is the
Langmuir constant, the coefficient related to the affinity
between the adsorbent and adsorbate (l μg−1) [19]. Kf is the
Freundlich constant, also known as absorption or distribu-
tion coefficient, reflects the affinity of adsorbents to heavy

metal ions. It also represents the maximal sorption capacity
at unit concentration of adsorbate (μg g−1). n is the
heterogeneity [19, 22]. β is the Dubinin–Radushkevich
constant, a constant related to adsorption energy and ϵ is the
Polanyi potential (kJ2 mol−2) which is given by:

ε ¼ RT ln 1þ 1
Ce

� �
ð12Þ

where R is the universal gas constant (8.314 J mol−1 K−1)
and T is the absolute temperature [20, 21].
Langmuir, Freundlich and Dubinin–Radushkevich

adsorption isotherm on Cr(VI) adsorption by MFe2O4 (M
=Ni, Zn, Cu) nanoparticles is shown in Fig. 10 and the
corresponding parameters are tabulated in Table 3.
The linear fit correlation coefficient (R2) values for

Langmuir adsorption isotherm indicate a better fit with the
experimental data than that of Freundlich and D-R isotherm
models for the three metal ferrites.
The Langmuir isotherm is based on the assumption that a

finite number of structurally homogeneous, energetically
equivalent binding sites are distributed on the adsorbent
surface and the adsorption process takes place at specific
active sites within the surface [10, 19, 23]. It also considers
that once an adsorbate species occupies a site, no further
adsorption can take place at that site, which concludes that
the adsorption process is monolayer in nature [22]. As this
model suggests that there is no interaction between
adsorbed species, it can be inferred that the adsorption of
Cr(VI) on the metal ferrite nanoparticles is possibly a
physical adsorption process [6].
To determine whether the adsorption process is favorable,

a separation factor of equilibrium parameter RL is defined
[10, 22]:

RL ¼ 1
1þ CeKL

ð13Þ

Adsorption process is irreversible when RL= 0, favorable
when 0.0 < RL < 1.0, linear when RL= 1.0 and unfavorable
when RL > 1 [10, 22]. Here, all the RL values for the
adsorption of Cr(VI) are in the range between 0 and 1
confirming that the (M= Zn, Ni, Cu) nanoparticles are
favorable for adsorption of Cr(VI) under the conditions
studied.
The Freundlich isotherm is an empirical equation

applicable in non-ideal adsorption on energetically hetero-
geneous surfaces, where the interaction between the
adsorbed molecules is not limited to the formation of a
monolayer [10, 23, 24]. For the Freundlich isotherm model,
the empirical parameter 1/n is a measure of variation of
adsorption intensity with surface heterogeneity. It becomes
more heterogeneous when the value of 1/n approaches zero.
The value of 1/n < 1 suggests a normal Langmuir isotherm,
while 1/n > 1 is indicative of cooperative adsorption [24].

Fig. 9 Plot showing the effect of initial Cr(VI) concentration on
adsorption by MFe2O4 (M=Ni, Zn, Cu) nanoparticles
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The value of n indicates the degree of non-linearity between
solution concentration and adsorbent as follows: If the value
of n= 1 the adsorption is linear; n < 1 the adsorption

process is chemisorption and if n > 1 the adsorption is a
favorable physisorption [22]. In the present study, for
MFe2O4 (M=Ni, Zn, Cu) it is observed that n > 1 indicates
favorable physical adsorption of Cr(VI) onto the magnetic
ferrite nanoparticles. The value of (1/n) < 1 and close to 0,
suggests a normal Langmuir isotherm.
D-R isotherm is a general model which explains the

nature of adsorption and gives insight to the mean sorption
energy E which in turn helps to determine whether the
adsorption process is chemical or physical [20, 21, 25]. The
mean sorption energy is defined as the change in free
energy when one mole of the adsorbate ion is transferred to
the adsorbent surface from infinity which is calculated as
[20]:

E ¼ 1=
ffiffiffiffiffi
2β

p ð14Þ

If the E value is below 8 kJ mol−1 physisorption is
considered to occur and if it lies between 8 and 16 kJ mol−1,
then the adsorption type is chemical adsorption [20, 26].
The values of E calculated (at 301 K) from the experimental
data of the present study indicated that the adsorption was
purely physisorption.

3.6 FTIR analysis

The FTIR spectra of the metal ferrite samples were recorded
before and after adsorption of Cr(VI) to identify the
adsorption mechanism as shown in Fig. 9 [12].

Two main, strong and broad metal–oxygen absorption
bands are observed at 558 and 413 cm−1 for NiFe2O4, 531
and 404 cm−1 for ZnFe2O4 and 539 and 404 cm−1 for
CuFe2O4, which indicates the characteristic vibrational
modes of spinel ferrites [6, 7, 27, 28]. The higher wave-
number ν1 corresponds to the intrinsic stretching vibrations
of the metal–oxygen (Mtetra–O) bond in the tetrahedral sites
whereas the lower absorption band ν2 is attributed to the
(Mocta–O) bond vibrations in the octahedral sites [6, 7]. As
can be seen from the spectra, the vibrations of the tetra-
hedral cluster is higher than that of the octahedral cluster.
The difference in the position of bands may be attributed to
the shortness of the Mtetra−O bond with respect to the Mocta

−O bond in their respective sites [6, 7, 27, 28]. It is also
observed that the ν2 absorption band has got several split-
ting or shoulders which may be contributed by the presence
of Fe2+ ions in ferrites. Jahn-Teller distortion produced by
Fe2+ ions locally produces deformation in the crystal field
potential and hence splitting of the absorption bands are
observed [29, 30].

The strong and broad band at 3307 cm−1 in the FTIR
spectra of MFe2O4 samples after adsorption corresponds to
the stretching vibrations of hydroxyl functional group (O
−H) and the band at 1635 cm−1 corresponds to bending

Fig. 10 a Langmuir adsorption isotherm, b Freundlich adsorption
isotherm and c Dubinin–Radushkevich isotherm on Cr(VI) adsorption
by MFe2O4 (M=Ni, Zn, Cu) nanoparticles
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vibrations of O−H group. These prominent bands indicate
the presence of adsorbed water in the sample after adsorp-
tion [12, 31, 32]. The FTIR spectra showed no new bonds
created or destructed after the adsorption process, indicating
that the mechanism of adsorption in the present study is a
physisorption (Fig. 11).

3.7 Regenerability study

Regeneration and reusability of used adsorbents in water
treatment is one of the crucial aspects to be investigated to
address ecological and economic demands for sustain-
ability. As the adsorption of Cr(VI) ions is a reversible
physical process, it is possible to regenerate the spent
adsorbents for the purpose of reusing. The adsorption of Cr
(VI) onto metal nanoferrites is highly pH-dependent; thus
desorption of Cr(VI) can be accomplished by adjusting the
solution pH. The main objectives of desorption study is to
restore the adsorption capacity of used adsorbent and to
recover valuable metals present in the adsorbed phase, if
any [11].

All the three metal ferrites in the present study exhibited
high desorption efficiency; 92.833%, 94.322%, and
90.183% for ZnFe2O4, NiFe2O4, and CuFe2O4, respectively.
When the desorbed adsorbents were reused for adsorption,
the percentage adsorption was found to decrease slightly
from 94.982% to 87.688%, 90.172% to 84.076% and
85.240% to 79.948% for ZnFe2O4, NiFe2O4, and CuFe2O4,
respectively. The decrease in adsorption efficiency indicates
that the adsorption of Cr(VI) by the metal nanoferrites is not
completely reversible and that the adsorption process may
also include chemisorption [10, 12]. Schematic representa-
tion of the adsorption efficiency, desorption efficiency and
the efficiency of adsorption during recycling are shown in
Fig. 12.

It is also noticed that during the desorption process, the
initial Cr(VI) concentration of the synthetic wastewater was
50 mg/l, whereas after the desorption, the adsorbate ions
were concentrated to a smaller volume and thus the final
concentration of Cr(VI) ions rose to ~90 mg/l. The high
concentration of Cr(VI) solutions can be thus considered for
recycling to industrial purposes [11].

4 Conclusions

In the present work, applicability and mechanism of the
spinel type nano metal ferrites MFe2O4, (M= Zn, Ni, Cu)
in the adsorptive removal of Cr(VI) from synthetic waste-
water were investigated. It is observed that the synthesized
nano ferrite samples effectively removed Cr (VI) from
aqueous solution under varied conditions. Of the metal
ferrites, ZnFe2O4 exhibited better performance, followed
by NiFe2O4 and CuFe2O4. Fast removal of Cr (VI) is
accomplished with a very small dose of ferrite samples.
The adsorption capacity of all the ferrites on Cr (VI) was
found to decrease with pH, temperature and initial ion
concentration whereas it increased with increase in adsor-
bent dosage and contact time. Kinetic study revealed that
the rate of adsorption followed pseudo-second-order
kinetics and the experimental data fitted well to Langmuir
isotherm indicating that the adsorption is monolayer
adsorption. It is also confirmed that the adsorption reaction
was thermodynamically feasible and exothermic. The
desorption studies indicated that nanoparticles could be
regenerated with a desorption efficiency of more than 90%
and may be reused for water treatment. Thus it is con-
clusively evident from batch adsorption studies that the
nano metal ferrites can be effectively used for the removal
and recovery of Cr(VI) from wastewater.

Table 3 Langmuir and
Freundlich adsorption isotherm
parameters of Cr(VI) adsorption
by metal ferrite nanoparticles

Isotherms Parameters ZnFe2O4 NiFe2O4 CuFe2O4

Langmuir qm (mg g−1) 1.4601 1.3402 1.1476

KL (l mg−1) 1.0859 0.9098 0.7144

R2 0.9999 0.9999 0.9997

RL 0.9485–0.0393 0.7559–0.0438 0.4984–0.0504

Freundlich N 11.0388 11.1869 11.5247

1/n 0.0906 0.0894 0.0868

KF (mg l−1) 0.9337 0.9730 0.8236

R2 0.9419 0.9607 0.9945

D-R qm 1.3987 1.2796 1.0867

β 6.2223 8.3431 1.1500

E 1.2207 1.4243 2.4548

R2 0.9599 0.9612 0.8551
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7,!( 9/'!#$( $!:/)'( )*( %,!( "9)%( )*( 74$=;%/=>/$=( /.( !R%$#")9#%!1( %)( :!%( #( M#'1( :#"( )*(
G6`iE!V(#.(.,)J'(/'(*/:=$!(E;M>(J,/0,(/.(9!..!$(%,#%(%,!(.%#'1#$1(K#9=!()*(G6PE!V6(7,/.($!1(
.,/*%(0#'(M!(#%%$/M=%!1(%)(#11/%/)'#9(.=MBM#'1B:#"(!'!$:-(9!K!9.(/'%$)1=0!1(M-(")/'%(1!*!0%.4(
J!99( /'( 9/'!(J/%,( %,!( "$!K/)=.9-( $!")$%!1( )M.!$K#%/)'.( %,#%( .=$*#0!( #'1( /'%!$*#0!( 1!*!0%.( /'(
L/'0(*!$$/%!('#')"#$%/09!.(&#-(0#=.!(#($!1.,/*%()*(M#'1(:#";GF>6(7,=.(%,!($!1(.,/*%(!',#'0!.(
K/./M9!(9/:,%(#0%/K#%/)'()*(%,!(.#&"9!(*)$(",)%)$!#0%/)'6(

(
3.4 Vibration Sample Magnetometer Studies 
7,!(5B.,#"!1(WB](0=$K!((#.((.,)J'(/'(*/:=$!(i($!K!#9.(%,!(.="!$"#$#&#:'!%/0('#%=$!()*(%,!(
.#&"9!6(7,!( .#%=$#%/)'(&#:'!%/.#%/)'( ;W.>( /.( *)='1()=%( %)(M!(C6G^!&=N:(#'1(#( ( $!&#'!'0!(
;W$>( #.( ?+@A B CD9E!&=N:( :/K!.( #( 9)J( .Y=#$!'!..( $#%/);W$NW.>( )*( ( C+FG B CD9E/J,/0,(
/'1/0#%!.(#(M!%%!$(./':9!(1)&#/'(*)$&#%/)'(#'1(.="!$"#$#&#:'!%/0(M!,#K/)=$6((
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I)$60%&G=(WB](0=$K!()*(L/'0(*!$$/%!('#')"#$%/09!6(

 
3.5 Photocatalytic Studies 
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Abstract. Under high power, Nd: YAG 532nm, ns pulsed laser spectral narrowing of an 
amplified spontaneous emission (ASE) from ZnO nanostructures in rhodamine 6G has been 
studied. The dependence of emission intensity on excitation power, particle density of ZnO 
nanostructures, and silica as scatterers show a distinct threshold. The Full width half maximum 
(FWHM) substantially reduces from 46 nm to 3.16 nm at high excitation power and ZnO-silica 
scatterer inclusion. 

 

1. Introduction 
Amplified spontaneous emission (superfluorescence) is the process where spontaneously emitted 
photons are amplified by further coherent stimulated emission [1]. In other words, ASE is the 
amplification of spontaneous fluorescence by stimulated emission. It is readily observed in high gain 
media like dye solutions when excited using intense light pulses [2]. Amplified spontaneous emission 
is often regarded as an unwanted effect in laser physics, but it has significant applications like Random 
lasing. Random lasing is a nonconventional laser whose feedback is formed by random fluctuations of 
the dielectric constant in space [3]. It can be achieved in a strong gain medium that provides ASE when 
proper feedback in the form of scattering particles is introduced. 

     Studies on random lasing in metal oxides like Zinc oxide, Titanium oxide, organic dyes, organic and 
inorganic nanocomposites etc. have been reported by numerous research groups [4], [5]. [6], [7]. Our 
interest specifically lies in ZnO owing to its unique characteristics including high bandgap (3.37 eV), 
larger excitonic binding energy (~60 meV), non-toxic nature etc. The PL spectra of ZnO nanostructures 
have confirmed distinct emissions at the visible region. F. Francis et. al had previously reported the 
anomalous thermal diffusivity showed by ZnO microtubes and nanoparticles, many folds greater than 
water and other existing heat transfer fluids. These fascinating properties have triggered great interest 
in developing ZnO into a self-heat dissipating random laser at the visible region. This work is a first step 
towards developing a potential random laser out of ZnO finding applications in biological, biochemical, 
optoelectronic and photovoltaic fields.  

     This work particularly focused on the behaviour of ZnO nanoparticles as scatterers in rhodamine dye. 
The study investigated the optimum concentration of ZnO scatterers that give maximum ASE intensity. 
The effect of silica microspheres as scatterers was also a subject of interest. The threshold magnitudes 
of certain parameters like pump intensity and dye concentration required to obtain narrowed ASE spikes 
were achieved by the optimization process.  
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2. Preparation Technique 
ZnO nanoparticles of size 50 nm were synthesized using the low-temperature hydrothermal technique. 
The hydrothermal method has been opted as it is a simpler and faster synthesis method that enables the 
control over particle dimensions and, the physical conditions including temperature required for the 
synthesis process are easily achievable. ZnO nanoparticles were synthesized using Zinc acetate 
dihydrate [Zn (CH3 COO)2.2H2O] as the Zinc precursor and Sodium Hydroxide [NaOH] as the 
precipitating agent. These were dissolved separately in deionized water at the desired molarity. The zinc 
acetate dihydrate was added drop-wise to NaOH solution, then inserted into an electrical oven at 90°C 
for 2 hours. A white solution with precipitate was formed. The mixture was then centrifuged at 3000 
rpm for 30 minutes and the supernatant was removed and the precipitate was cooled to room temperature 
for 2−4 hours and then washed several times to remove the organic impurities and other unreacted 
compounds. Later, the precipitate was ground using an agate mortar and pestle for making nanoparticles 
[8]. 
 
3. Characterization 
3.1 structural characterization-FESEM 
The structural characterization of synthesized samples was done using FESEM using Carl Zeiss Zigma 
TM instrument with specifications of 5kV and 10X -1.000.000X.  

 

 

 

                           

                            

Figure 1. FESEM image of ZnO nanoparticles of size (a)50 nm (b) 100nm 
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     Figure 1 is the SEM image of ZnO nanoparticles of size 50 nm and 100 nm, Figure 2 depicts the 
SEM image of silica microspheres having a diameter of about 1.68 μm. 

3.2 Optical characterization 
The optical behaviour was analysed using UV-Visible absorption and PL measurements. To study 
the absorption spectra, a JASCO V570 UV-VIS-NIR spectrophotometer with a resolution of 1 nm 
and wavelength range 200-1000 nm was used. 
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     Figure 3 shows the absorption spectra of ZnO nanoparticles of size 50 nm and 100 nm with 
absorption peaks at 361 nm and 377 nm respectively. The PL spectra of ZnO nanoparticles are 
obtained using Horiba QM 8075 11 C spectrofluorometer with emission range 185-900 nm and 
resolution of 0.3 nm. The samples were excited at wavelengths 295 nm, 350 nm and 488 nm.  

Figure 3. Absorption spectrum of ZnO nanoparticles 
of sizes 50 nm and 100 nm 

 

 

 

 

 

 

Figure 2. FESEM image of SiO2 revealing diameter of about 1.68𝛍m 
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     Figure 4 shows the PL spectra of ZnO nanoparticles of sizes 50 nm and 100 nm. The spectra show   
distinct peaks at the visible region apart from the typical ZnO peak at about 391 nm when excited using 
295 nm and 350 nm. The broadband emission in the visible region is due to the defect states such as Zn 
vacancy or O interstitials. 

4. Experimental Set up 
The difference between normal fluorescence and ASE lies in the excitation source used. An ASE 
spectrum can be observed when the weak excitation lamp used in normal fluorescence measurements is 
replaced by a short-pulsed laser. An indication of ASE is the narrowing of the fluorescence spectrum in 
extension and in time and the substantial elevation in intensity. The study was conducted on Rhodamine: 
ZnO composites. The absorption wavelength of Rhodamine 6G lies at about 532 nm. Therefore, a   
frequency-doubled pulsed Nd: YAG laser (532 nm, pulse width -10 ns) was used to observe ASE. The 
light was focused on the sample using mirror and lens and, the emission was detected and measured 
using Ocean Optics mini spectrometer and emission was recorded and analysed using Ocean Optics 
STS-VIS Software. 
 
      A stock solution of rhodamine 6G dye having molarity 0.05 mM was prepared. A part of this solution 
was taken in a four-sided cuvette. The sample was irradiated using a 532 nm pulsed laser and the 
emission was recorded. Both pump power and dye concentration were varied to determine the optimum 
ranges for pump intensity and dye concentration for obtaining ASE. Later, ZnO nanostructures were 
added in equal steps to the optimized rhodamine solution. The ASE intensity is measured in all trials 
and the optimum particle density of ZnO scatterers for maximum intensity was found out. Silica solution 
of molarity 1.7 mM was prepared using deionized water. 5 μL of this solution (particle density- 5×1012 ∕
cm3) was micropippetted and added to the optimized rhodamine-ZnO sample to observe changes in 
emission intensity. The concentration of silica was varied to discover the optimum value. 
 
 

 
 

Figure 4. PL of ZnO nanoparticles excited at 295 nm, 350 nm, and 488 nm 
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     Figure 5 shows the schematic diagram for the experimental set-up for measuring ASE. The sample 
was illuminated with a frequency-doubled pulsed Nd: YAG laser using a mirror. The emitted light was 
collected using a collimator lens, detected by Ocean Optics mini spectrometer and, the emission was 
recorded and analysed using Ocean Optics STS-VIS Software. 
 
5. Observations and Results 
5.1 ASE measurements 
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Figure 5. Schematic diagram for experimental set up to measure ASE 

Figure 6. Optimization of pump power using rhodamine dye solution 
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Figure 6 shows the optimization of dye concentration and pump power. ASE is recorded for different 
concentrations of dye (0.5 ml, 1 ml, 1.6 ml and 2 ml) at pump powers ranging from 100 mJ to200 mJ. 
Narrowed and intense ASE was observed at the dye concentration of 2 ml and pump power of 125 mJ. 

 

 

 

 

 

     Figure 7 shows ASE from ZnO nanoparticles of size 50 nm in rhodamine dye with varying particle 
density. Emission intensity increases with the addition of particles and reaches the maximum particle 
density of 4.3× 109 ∕ cm3 and then decreases. At the threshold particle density, random lasing with 
a very thin and intense pulse was achieved.  

 

Figure 8. ASE from ZnO nanoparticles of size 50 nm, molarity 1.2 ×10−7M, 
4.3×109 ∕ cm3 particle density (a) without silica (b) with silica particle density-
5×1012 ∕ cm3  (c) 1×1013 ∕ cm3 

 

Figure 7. ASE for varying particle density of ZnO nanoparticles of 
size 50 nm, molarity 1.2 ×10−7M, dispersed in 2 ml rhodamine dye 
Solution, laser power 125mJ(a) 1.4×109 ∕ cm3 (b) 2.9×109 ∕ cm3 
(c) 4.3×109 ∕ cm3 (d) 5.8×109 ∕ cm3 (e) 7×109 ∕ cm3 (f) 
8.7×109 ∕ cm3 
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     Figure 8 represents ASE intensity from ZnO nanoparticles of size 50 nm, 4.3×109 ∕ cm3 particle 
density with and without silica. The Addition of 5×1012 ∕ cm3 silica further enhanced particle density 
and contributed to emission intensity and random lasing. Ideal laser-like emission was observed for 
ZnO: silica inclusion. But a further increase in particle density tremendously decreased emission and 
spectral broadening took place. 
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     Figure 9 shows ASE from rhodamine: ZnO nanocomposite with ZnO nanoparticle size 100 nm at 
various particle densities. The emission showed enhanced intensity at particle density 7×109 cm3⁄   with 
a very narrow spectrum.  

 

Figure 9. ASE for varying particle density of ZnO nanoparticles of size 
100 nm, molarity 1.2 ×10−7M, dispersed in 2 ml rhodamine dye 
Solution, laser power 125 mJ (a) 1.4×109 ∕ cm3 (b) 2.9×109 ∕ cm3 (c) 
4.3×109 ∕ cm3 (d) 5.8×109 ∕ cm3 (e) 7×109 ∕ cm3 (f) 8.7×109 ∕ cm3 

 



ICRTMS-2021
IOP Conf. Series: Materials Science and Engineering 1233  (2022) 012006

IOP Publishing
doi:10.1088/1757-899X/1233/1/012006

8

 

400 450 500 550 600 650 700 750
0.0E+00

2.0E+03

4.0E+03

6.0E+03

8.0E+03

1.0E+04

1.2E+04

1.4E+04

1.6E+04

E
m

is
si

on
 In

te
ns

ity
(a

.r
.b

)

Wavelength(nm)

 without silica
 5uL
 10uL

 

 

 

 

 

     Figure 10 shows the ASE intensity of ZnO nanoparticles of size 100 nm with a particle density of 
7×109 ∕ cm3 without and with silica. From the plot, it is evident that the addition of silica of particle 
density 5×1012 cm3⁄  to this sample narrowed the emission spectrum. But further addition caused 
broadening of the spectrum. 

6. Conclusion  
The synthesis of ZnO nanoparticles using the low-temperature hydrothermal method yielded mono-
dispersed, stable crystalline phased structures. We were able to optimize the conditions for obtaining 
high intense and sharp ASE pulse from rhodamine dye solution. Initially, a broad spectrum over a wide 
wavelength range was detected, which later turned to a laser-like emission at about 562 nm when pump 
intensity and dye concentration were increased. 2 ml of 0.05 mM rhodamine dye solution excited at a 
pump power of 125 mJ could readily give narrowed pulse as output. The evolution of the emission 
spectrum confirms the transition from ASE to random lasing. 

     The challenges that limit applications of random lasers are multidirectional emission, lack of 
tunability and strong mode competition with chaotic fluctuations. In a strongly scattering random 
medium, light can be trapped by concurrent scattering leading to the formation of localized cavity 
modes. Such localization of photons within the cavity formed by scatterers is termed as Anderson 
localization which aids stable multimode random lasing. The criterion for Anderson localization is that 
the average distance between random scattering events (localization length) should be shorter than the 
sample length. Below the lasing threshold, the fluorescence would be damped by unpumped surrounding 
gain material. When excitation intensity, dye concentration and scatterer concentration increase, light 
amplification compensates for loss and the lasing threshold could be reached [9]. The addition of ZnO 
scatterers to rhodamine solution enhanced the scatterer density, thereby reduces localization length 
shorter than sample length thus affirms Anderson localization. 

     An optimum particle density for getting maximum random lasing intensity was figured out for ZnO 
nanoparticles. The optimized concentration for silica scatterers was also determined. A striking 
enhancement in emission and laser-like narrowing of the spectrum was observed in rhodamine: ZnO 
nanoparticle: silica composite. We could observe that the emission intensity has almost doubled by the 
inclusion of 5×1012/cm3 silica microspheres to the optimized concentration of the rhodamine- ZnO 

Figure 10. ASE in ZnO nanoparticles, 100 nm size, 
1.2 ×10−7M, 7×109 cm3⁄  particle density, without 
and with silica of particle density 5×1012 cm3⁄   and 
1×1013 ∕ cm3 
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nanoparticle ample. The Full width at half maximum (FWHM) substantially reduces from 46 nm to 3.16 
nm at optimized conditions and with ZnO-silica scatterer incorporation. The results prove that ZnO 
nanostructures in rhodamine dye solution can act as nanoresonators that amplify the ASE emission and 
random lasing intensity. The comparative study between normal fluorescence and amplified 
spontaneous emission revealed that the peak intensity of ASE was centred around the same wavelength 
and frequency as that of the peak intensity from normal fluorescence. It is worth mentioning that the 
inclusion of particles can contribute remarkably towards random lasing and an optimum particle density 
is existing. 
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Abstract.  A novel multifunctional nanofluid composite of Iron oxide/Gold (Fe2O3-Au) was 
prepared using simple wet chemical method by reducing Chloroauric acid using trisodium citrate 
in the presence of Fe2O3 stock solution. The optical and morphological characterization 
confirmed the formation of hybrid structure of Iron Oxide with Gold nanoparticles. In-vitro 
cytoprotective studies of the sample was carried out in L929 cells. The study showed an increase 
up to 15% in the cell viability by the co-administration of 25 µL of Fe2O3-Au nanofluid in the 
L929 cells, which suffered significant reduction in cell viability due to laser irradiation. Thus, 
the sample is found to possess potential application in Photodynamic therapy. 

1.Introduction 
Composite nanoparticles have attracted great attention in the present times because of the combined 
physio-chemical properties of multi-materials and a wide range of potential applications. Gold and iron 
oxide are two promising candidates to form a multifunctional nanocomposite whose properties opens 
the windows for new applications if combined together. Nanogold possesses unique characteristics 
because of the phenomenon of localized surface plasmon resonance (SPR). Gold nanoparticles exhibits 
biocompatibility, non-cytotoxicity and optoelectronic properties which has been utilized in biological 
applications like biosensing, and in optical applications [1-3]. As gold is an expensive material, it is 
feasible to combine gold with a material which is less expensive and still has potential applications. Iron 
oxide is considered to be a very important semiconducting materials as it is economical, nontoxic, 
biocompatible and environmentally friendly [4]. Therefore, it is trustworthy to focus on the fabrication 
of the gold/iron oxide nanocomposites so as to develop multifunctional materials that possess the 
properties of both gold and iron oxide. 

Photodynamic therapy[PDT] is a minimally invasive technique that can be curative as well as preventive 
in the case of many diseases , especially in the treatment of cancer.[5]Nanoparticles finds applications 
in photodynamic therapy as it can overcome many of the limitations of the traditional techniques.[6] 
One advantage of nanoparticles in PDT is the efficiency to increase the amount of photosensitizer to be 
delivered to the target cells due to the large surface to volume ratio.[7]It can also ensure the timely 
release of the photosensitizer and thus can prevent the nonspecific accumulation in normal tissues. 

mailto:divyarajank@gmail.com
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Another advantage is that their surface can be modified by targeting agents to alter its properties and can 
improve the abilities.[8]. In this work we are trying to explore the functionality of Fe2O3-Au 
nanocomposite solution in photodynamic therapy.  

2. Sample Preparation 

 
The method adopted for the synthesis of hybrid Fe2O3-Au nanoparticles is a simple, wet chemical 
method which involves a chemical reduction process using a reducing agent. The chemicals used were 
of analytical grade and were not further purified. The precursors used for the synthesis are Iron (III) 
oxide (Fe2O3), Chloroauric acid (HAuCl4) used to form neutral gold, Sodium citrate (Na3C6H5O7.2H2O) 
which act as a reducing agent to form Au (0), all purchased from Merck. Stock solutions of 25mM 
Fe2O3, 0.1 M sodium citrate and 0.01 M chloroauric acid were prepared in deionized water. To 10ml 
deionized water in a beaker, 100µl of Fe2O3 stock solution was added and the solution was heated while 
stirring for approximately 5 minutes. Next, 1ml of 0.1 M sodium citrate solution was added and the 
solution was brought to boil. Then 250 μl of 0.01 M chloroauric acid was added to the boiling solution 
and continued heating at 100ºC for 10 minutes. After 2-3 minutes the solution was seen to turn reddish 
brown indicating the formation of gold nanoparticles. The solution was removed from the heating block 
and allowed to cool off at room temperature for 1-2 hours. The sample was purified by centrifugation 
for 7 minutes at 8000 rpm. Later on, the supernatant was removed and the sample was redispersed in 
distilled water up to 10ml. [9].  

Then the optical, morphological and elemental characterization and further the Bioimaging, Cellular 
uptake and Cytoprotective studies were conducted. 

3. Characterization 

 The measurement of the sample’s light absorption at room temperature is carried out using a JASCO 
spectrophotometer with a resolution of 1.0nm and wavelength range 200 to 900 nm. The fluorescence 
emission from the same is recorded using Flouoromax 4 spectrofluorometer. The synthesized Fe2O3-
Au sample was characterized by FESEM using Carl Zeiss Zigma TM instrument with specifications of 
5kVand 10X - 1,000,000X equipped with an energy dispersive X-ray spectroscopy (EDS) to investigate 
morphology and elemental composition. 

3.1. Optical Characterization 
The UV-Vis absorption spectrum of the sample is shown in Figure 1. In the spectrum, a broad 
absorbance peak is observed between 350–400 nm which is due to the Fe3+ ligand to metal charge 
transfer transitions and a shoulder peak between 600 and 650 nm which is due to the pair excitation 
by the simultaneous excitation of magnetically coupled adjacent Fe3+ cations in Fe2O3 [10].  The peak 
at 526 nm corresponds to the plasmonic peak of gold nanoparticles. 
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                     Figure 1. UV-Visible absorption spectrum of Fe2O3-Au nanocomposite 
 

The PL emission spectrum of Fe2O3-Au nanofluid was measured with an excitation wavelength of 450 
nm as shown in Figure 2. When excited with 450 nm, a strong peak appeared at 532 nm which may 
correspond to the plasmon band of the noble metal.  The PL emission of Au nanoparticles can be 
attributed to the inter-band transitions of d band electrons into the conduction band (sp band) and 
subsequent radiative recombination with holes [11].  

Photoluminescence is not exhibited by α-Fe2O3 in the bulk, because of localized d–d transitions and 
resonant energy transfer between cations, but it can be observed when the size of  Fe2O3  is reduced to 
the nanometer scale.[12] When excited with a lower wavelength of 290 nm, we got a sharp peak at 
322nm as in Figure 3. This luminescence may originate from electronic transition within the iron oxide 
(α-Fe2O3) nanoparticle. The lowest exciton state of Fe2O3 arises from excitation between the mixture 
of Fe (3d) and O (2p) states in the valance band, and the Conduction Band which derives from Fe (4s) 
states. Under excitation of 290 nm, an electron is excited from the valance band to the conduction band, 
leaving a hole in the valance band. The exciton (-) and the hole (+) move freely and forms an exciton, 
the recombination of the electron and hole in the exciton yields the photoluminescence emission. A 
broad emission is observed around 400 nm which may relate to deep level emissions and mainly result 
from defects such as interstitials and oxygen vacancies. [13].  

   
      Figure 2.PL spectrum of Fe2O3-Au nanocomposite                          Figure 3.PL spectrum of Fe2O3-Au nanocomposite   
                at excitation wavelength of 450 nm                                              at excitation wavelength of 290 nm 
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3.2. Morphological /Elemental Characterization 
FESEM image confirmed the formation of hybrid structure of Fe2O3-Au where small bright gold 
nanoparticles  are decorated on  the surface of  irregular shaped Fe2O3  nanoparticles .(Figure 4 ) 

 

 

                   Figure 4. FESEM image of Fe2O3-Au nanocomposite 
 

The EDS spectra of Fe2O3-Au nanocomposite confirmed the presence of elements Fe, O and Au in the 
prepared sample (Figure 5).  The EDS data of the sample is provided in Table 1.    
 
         

 
 

            Figure 5. EDS spectrum of Fe2O3-Au nanocomposite 

 
Table 1. EDS data of Fe2O3-Au nanocomposite 

Element Atomic 
number 

Mass % Atomic 
% 

   

Oxygen 8 28.91 64.41    

Iron 26 55.64 35.52    

Gold 79 0.41 0.07    
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4. Biomedical application study of Fe2O3- Au nano composite in Photodynamic Therapy 

 
Photodynamic therapy (PDT) is a relatively new and non-invasive therapeutic technique. It is used in 
the treatment of non-cancerous diseases as well as different forms of cancers. It has reliable results and 
the advantage of co-administration possibility with other therapeutic protocols. [14,15] PDT also finds 
application in areas like dermatology, gynecology and urology. It is based on the local or systemic 
application of a photosensitizer, which absorb light of the appropriate wavelength, initiating the 
activation processes leading to the selective destruction of the inappropriate cells. The selective action 
makes it suitable for a vast majority of patients. [16,17] In our study, we investigated the suitability of 
our sample Fe2O3-Au which is bio safe for application in photodynamic therapy. 

4.1. In vitro Cytoprotective effect determination by MTT Assay for L929 Cells using Fe2O3-Au 
nanocomposite 
L929 (Mouse Fibroblast) cell line were initially procured from National Centre for Cell Sciences 
(NCCS), Pune, India and maintained in Dulbecco’s Modified Eagles medium (DMEM) (Sigma Aldrich, 
USA). The cell line was cultured in 25 cm2 tissue culture flask with DMEM supplemented with 10% 
FBS, L-glutamine, sodium bicarbonate and antibiotic solution containing: Penicillin (100U/ml), 
Streptomycin (100µg/ml), and Amphotericin B (2.5µg/ml). Cultured cell lines were kept at 37ºC in a 
humidified 5% CO2 incubator (NBS Eppendorf, Germany). The viability of cells was evaluated by direct 
observation of cells by Inverted phase contrast microscope followed by MTT assay method.  
 
Cells seeding in 96 well plate: 
Two days old confluent monolayer of cells were trypsinized and the cells were suspended in 10% growth 
medium, 100µl cell suspension (5x104 cells/well) was seeded in 96 well tissue culture plate and 
incubated at 37ºC in a humidified 5% CO2 incubator. 
  
 Preparation of compound stock: 
1mg of the sample was weighed and completely dissolved in 1mL DMEM using a cyclomixer. The 
extract solution was filtered through 0.22 µm Millipore syringe filter to ensure the sterility.  
 
Cytotoxicity Evaluation: 
After attaining sufficient growth, the cells were exposed with laser for one hour. The medium was 
removed and the prepared extracts in 5% DMEM were five times serially diluted by two-fold dilution 
(100µL, 50µL, 25µL, 12.5µL, 6.25µL in 500µl of 5% DMEM) and each conc entration of 100µl were 
added in triplicates to the respective wells and incubated at 37ºC in a humidified 5% CO2 incubator for 
24 hours. Non-treated control cells and cells exposed with laser were also maintained.  

     
Cytotoxicity Assay by Direct Microscopic observation: 
Entire plate was observed after 24 hours of incubation in an inverted phase contrast tissue culture 
microscope (Olympus CKX41 with Optika Pro5 CCD camera) and microscopic observation were 
recorded as images.  Any detectable changes in the morphology of the cells, such as rounding or 
shrinking of cells, granulation and vacuolization in the cytoplasm of the cells were considered as 
indicators of cytotoxicity.  

     
Cytotoxicity Assay by MTT Method: 
Fifteen mg of MTT (Sigma, M-5655) was reconstituted in 3 ml PBS until completely dissolved and 
sterilized by filter sterilization. After 24 hours of incubation period, the sample content in wells were 
removed and 30µl of reconstituted MTT solution was added to all test and cell control wells , the plate 
was gently shaken well, then incubated at 37ºC in a humidified 5% CO2 incubator for 4 hours. After the 
incubation period, the supernatant was removed and 100µl of MTT Solubilization Solution (Dimethyl 
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Sulphoxide, DMSO Sigma Aldrich, USA) was added and the wells were mixed gently by pipetting up 
and down in order to solubilize the formazan crystals. The absorbance values were measured by using 
microplate reader at a wavelength of 540 nm [18] 

5. Results and discussions 

 
Table 2. The percentage viability of L929 cells as control and under the influence of Fe2 O3 –Au  

nanoparticles in    varying concentration. 
       
Concentration(µg/mL) 
 

OD I        OD II        OD III       Average       
          OD 

Percentage 
Viability 

Control 0.4582 0.4936 0.4652 0.4723 100 
Laser exposed cells 0.3409 0.3470 0.3211 0.3363 71.21 
Sample 
6.25 0.3746 0.3573 0.3710 0.3676 77.84 
12.5 0.3777 0.3875 0.3733 0.3795 80.35 
25 0.4276 0.4129 0.3833 0.4079 86.37 
50 0.4115 0.3788 0.3800 0.3901 82.60 
100 0.3820 0.3522 0.3741 0.3694 78.22 

 
 
 
 
 

 
Figure 6. Graphical representation of in vitro cytoprotective effect of Fe2O3-Au on laser irradiated L929 cells 

 
 

The percentage of growth inhibition was calculated using the formula: 

% 𝑜𝑓 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑀𝑒𝑎𝑛 𝑂𝐷(𝑜𝑝𝑡𝑖𝑐𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 )𝑠𝑎𝑚𝑝𝑙𝑒𝑠 × 100

𝑀𝑒𝑎𝑛 𝑂𝐷 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑜𝑢𝑝
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Figure 7: Determination of in vitro cytoprotective effect of Fe2O3-Au on laser irradiated L929 cells (A) untreated 
L929 cells and laser irradiated cells treated with Fe2O3-Au nano composite (B) laser irradiated L929 cells (C) 6.25 
(D) 12.5 (E) 25 (F) 50 (G) 100 µL (Magnification 20X).  
 
The study for In-vitro cytoprotective effect determination by MTT Assay for L929 cells using Fe2O3-
Au nanocomposite reveals that the Laser exposure (532nm) to L929 cells has induced toxicity and 
reduced the cell viability to 71.21% suggesting cell death. The percentage viability of L929 cells as 
control and under the influence of Fe2 O3-Au nanoparticles in varying concentration (Table 2) shows 
that the compound has afforded protective effects at lower concentration and a maximum increase of 
viability to 86.37 % was observed in 25 ug/ml concentration of Fe2O3-Au. Further increase in 
concentration was found to reduce the viability which suggest an optimum value of Fe2O3-Au 
nanocomposite sample for the In-vitro cytoprotective studies. (Figure 7) 

6. Conclusions 
In the present work, we have synthesized Fe2O3-Au nanocomposite using simple wet chemical method.  
The linear optical characterization including absorption and photoluminescence confirmed the formation 
of Fe2O3-Au nanocomposite. The morphological characterisation using FESEM revealed the formation 
of decorated gold nanoparticles on the surface of irregular shaped Fe2O3. The EDS spectra of Fe2O3-Au 
nanocomposite confirmed the presence of elements Fe, O and Au in the prepared sample. From the 
studies for Invitro Cytoprotective effect determination by MTT Assay for L929 cells, it is clear that there 
is a significant decrease of cell viability to 71.21 % upon treatment with laser for 1 hour which was 
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increased to 86.37 % by 25 µL of Fe2O3-Au nanocomposite. There was concomitant reversal of 
morphological characteristics as determined by phase contrast microscopy. Laser irradiation was found 
to induce cytotoxicity of fibroblast cells as determined by MTT assay and co administration of Fe2O3-
Au nanocomposite increases the viability of cells up to 15 % at a concentration of 25 µL of 
nanocomposite, thus proved to be a suitable candidate for photodynamic therapy. It has been reported 
that gold nanoparticles can be used as thermal therapy for tumors and also iron oxide nanoparticles have 
wide bio medical applications for magnetic resonance imaging, magnetic bio separations and magnetic 
force-based heating mediators and for drug delivery system [19 and 20]. The above results shows that 
Fe2O3- Au is appropriate for bio imaging and also hold potential for photodynamic therapy. 
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Satellite Launch Vehicle (SLV. 
which successfully deployed the Rohini Satelliac 

near-

Abstract 

This paper is a humble attempt to 

traverse the inimitable work of the great 
humanitarian and scientist, Dr. A.P.J Abdul 
Kalam, Wings of Fire" using sociological 
extrapolations. His writings has always reflected 
a deep sense of meaningful discourses and an launch vehicle technologies, Dr. Kalam b took un intriguing sense of reality. "Wings of Fire the responsibility of developing Indigenous represents his insightful dialogues and inspiring Guided Missiles at DRD0 as the Chief Executive expositions for the people around him, for the of Integrated Guided Missile Development construction of a better world. A sociological Programme (IGMDP). He was responsible for the imvestigation into this work was intended to development and operationalisation ofAGNI and bring out some latent dimensions of the work, 
through 
phenomenological reflections. 

earth orbit in July 1980. Dr. Kalam's contrihut ribution to the scientific world was immense, yet he was was always modest about his achievements. After working for two decades in ISRO and astering 

PRITHVI Missiles and for building indigenous capability in critical technologies through networking of multiple institutions. He was the 

Foucaultian ideas and 

Scientific Adviser to Defence Minister and 

1.1 Introduetion 

Secretary, Department of Defence Research & 
Development from July 1992 to December 1999.Jt is no surprise that Dr. Kalam was known as India's 
Missile Man. Dr. Kalam was elected as llth AvulPakirJainulabdeen Abdul Kalam, born on 15th President of India in July, 2002. As President, he 

"If you wani to leave your footprints On the sands of time 
Do not drag your feet"- Abdul Kalam 

President of India in July, 2002. As President, he 
October, 1931 in a small village in Rameswaram in shared his vision for India, addressing youtn ai 

shared his vision for India, addressing youth and 
old with the same passion which formed his entire 
life. Dr. Kalam was passionate for transformings 
SOCiety through technology especially in inspiring 

Tamil Nadu, rose to become the President of India. Even though he came from a poor and humble background, his desire to contribute to society never faded from his vision. He specialized in Aeronautical Engineering from Madras Institute of Technology. Dr. Kalam joined the Defence Research and Development Organisation (DRDO) as a scientist. In 1969, Dr. Kalam was transferred 

tne youth of India to harness Science and 

Technology for human welfare(pibphoto.nic.n 
documents/rlink/2015/jul/p201572901.PDE). DE 
A.PJ.Abdul Kalam passed away on 27 July 201 
due to a massive cardiac arrest during a lecture at 

to the Indian Space Research Organisation (ISRO) where he was the project director of India's first the Indian Institute of Management, Shillong poben pulpmivay (usmeDTmLGÚ LSTPaj FLhig sneoncoonG iasi) 3-5fn. 2021 
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magnum opus of the 

457 

covered under Creation', Kalam, in the year 1976, 
Wings 

indomitable spirit 

Wings 
of Fire' is the autobiography of 

lost his father who lived up to 102 years of age. Kalam took the bereavement with courage and 

India 's most 

distinguished 

exemplary legend, the 
has has quoted these words ,written on the death 
of William Butler Yeatsby his friend Auden, and 

maste 
piece 

juxtaposes 
the life history of kalam 

discourse 

of the intricate social matrix of Indian 

his father: 

personal 

reflections 
and ientific temper. This 

eleventh 

President of lIndia 
and Scientist Dr. A.P.J 

Abdul 

alam, 
which is imbued with passion of 

Earth receive an honoured guest; 
William Yeats is laid to rest: 

eams that came true in the In the prison of his days 

Teach the free man how to praise. 
with 

tenets of his. 

four phases 
of his life and builds an excellent 

narrative on 
it.-Orientation, 

Creation, Propitiation 

ociety. 
Kalam 

divides the Wings of Fire' into the The period covered in the section 'Creation' also 

brought Kalam national recognition-conferment 

of Padma Bhushan on the Republic Day,1981. 

and Contemplation. Section Propitiation' covers the 

period 1981 to 1991, and contains five chapters, 
The section on 

Orientation' depicts the 

childhood 
experiences of Kalam , where he 

persistently 
acknowledges 

his gratitude to the 

driving forces of his life- his parents, 
immediate 

family members, his teachers, professors, 

from chapter 10 to chapter 14.This section 

covers the scientist's journey towards becoming 

the "Missile Man of India". In this section, his 

excellent leadership qualities as taking up the 

scientists and directors. The section 'Creation' responsibility of shaping up the Guided Missile 

Development Program, are clearly visible. In this 

phase of the life, Kalam was responsible for the 

development of the five missiles-

Prithvi, Trishul, Akash, Nagand Agni. 

navigates through seven chapters, from chapters 

four to chapter ten; and covers Kalam's life and 

work for 17years, from the year 1963 until 1980. It 

begins with his recollection of works at the Langley 

Research Center, NASA, in Houston, Virginia, U.S., 

and at other facilities in the USA, including the 

Wallops Flight Facility at Wallops Island in East 

Coast of the United States, Virginia. At a NASA 

facility, he remembers to have seen a painting, 

The section on 'Contemplation' is the the 

last segment 
connected with the later years where 

Kalam is bestowed upon with series of awards, 

prominently displayed in the lobby. The painting 

depicted a battle scene with a rocket flying in the 

background. On closer examination, he found that 

his thought and his visions for a proud India. This 

segment along with the conclusion also mentions 

of Kalam's dream for the year 2020. 

According to Gusdorf, the task of writing 

autobiography 
is to be undertaken by an "aging 

une painting depicted Tipu Sultan's army fighting 

the British. Kalam felt happy to see an Indian 

glorified in NASA as a hero of rocketry warfare.His 

association with Thumba and Satellite Launch 

man to appease 
the more or less anguished 

uneasiness" 
(Anderson 

2001).The"Wings of Fire 

which was 
written by Kalam in the sixtieth year of 

vehicle and related projects are vividly presented 
his life, 

unleashes the 'anguished 
uneasiness 
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truth that pervades society, and which is in 

A 
SOCIOLOGICAL 

SOJOURN 
WITH AN 

INDOMITABLE 
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a better nation and a community of dignified 
human 

beings. Pascal 
considered the 

"intention of the 

autobiographer" equal to "the 
seriousness 

of the 

author" and "the 
seriousness of his personality" 

(Anderson 2001). Wings of Fire' 
reflectsKalam's 

multi-
dimensional 

intentions ingrained 
with 

personal philosophy of his life and the success 

and setbacks of science and technology of 

moden India. 

term 
'power/knowledget to signify that power 

the 
is 

knowledge, scientific understand:of 
and 

constant flux and negotiation. Foucault ch 
uses 

is 

the 
constituted through accepted forms of 

is 

its regimeof truth':Each society has 
truth, its 

general politics" of truth: that is, the types of 
discourse which it accepts and makes fun 
as true; the mechanisms and instances 

which 
enable one to distinguish true and false alse 
statements, the means by which each is 

procedure 
1.3 Foucaultian Discourse and 'Wings of Fire' 

Michel Foucault (1926-1984) was one of sanctioned; the techniques and 

the most influential postmodern social theorists 

of the latter part of the 20h century.He has been 

hugely influential in shaping understandings of 

power, leading away from the analysis of actors 

who use power as an instrument of coercion, and 

even away from the discreet structures in which 

those actors operate, toward the idea that 'power 

is everywhere', diffused and embodied in 

discourse, knowledge and 'regimes of truth' 

(Foucault 1991; Rabinow 1991). Power, for 

Foucault, is what makes us what we are, operating 
on a quite different level from other theories: His 

work marks a radical departure from previous modes 
of conceiving power and cannot be easily 
integrated with previous ideas, as power is diffuse 
rather than concentrated, embodied and enacted 
rather than possessed, discursive rather than 
purely coercive, and constitutes agents rather 

accorded value in the acquisition of truth; the 

saying status of those who are charged with 
what counts as true"(Foucault, in Rabinqw 

1991). These 'general politics' and 'regimes of 

truth' are the result of scientific discourse and 
institutions, and are reinforced (and redefined 
constantly through the education system, the 
media, and the flux of political and economic 
ideologies. In this sense, the "battle for truth' is 
not for some absolute truth that can be 
discovered and accepted, but is a battle about 
the rules according to which the true and false 
are separated and specific effects of power are 
attached to the true'... a battle about 'the status 
of truth and the economic and political role it 
plays'(Foucault, in Rabinow 1991). This is the 
inspiration for Hayward's focus on power as 
boundaries that enable and constrain being deployed by them' (Gaventa 2003: 1). 

Foucault challenges the idea that power is wielded by people or groups by way of 'episodic' or 'sovereign' acts of domination or coercion, seeing it instead as dispersed and pervasive. Power is everywhere' and 'comes from everywhere' so in this sense is neither an 

possibilities for action, and on people's relative 
capacities to know and shape these boundaries 
(Hayward 1998).A key point about Foucauts 
approach to power is that it transcends politics and sees power as an everyday, socialised and 
embodied phenomenon. This is why state Centric power struggles, including revolutions do not always lead to change in the soC1a order. For some, Foucault's concept of power 

agency nor a structure (Foucault 1998: 63). Instead it is a kind of 'metapower' or "regime of pehenp pbypmisy(ucoGomGi Lpsj pubig snoncobNG slpii) 3-5fc. 2021-Apul5P 
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s0 lusive and 

that 
there 

seems 

to 

from agency in life. Revealing himself as a true spiritual person, Kalam upholds that true spirituality has the 
unconquerable power to make dreams come true. 
In the same lines, Kalam envisions scientific temper 
as a power to build the nation to compete with the 
challenges of the postmodern era. 

nd removed fro or 
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be little scope for 

he has been hugely 

ointing 
to the ways that norms 

to be beyond our 

ical action. But 

so embedded as 

causing 
us to discipline 

ourselves 

coercion from others. 
enception 

thout any wiltul. 

In Wings 
of Fire', the Foucautian power 

transversed 

in Kalam's thoughts 

Throughout Kalam's writings we can see 
the power discourse in terms of the efficient 

which onsistently reverbera 

all the 
human 

beings 

management techniques of true leadership, and 

the courage and enthusiasm they radiate to their discourse is 
erates the notion that 

ings have this dynamic power 

all their dreams come 

within 

themselves 

to make a 

In this regard, 
Kalam 

discloses the major 

followers. For instance, he has narrated his own 

true 

aspects 
of his 

personalit 
that 

transformed him 

experiences where he has succumbed to his leader 

Prof. Sarabhai's strategy of "using errors as an 

lity that transformed him 

from 
a 

humble 
and rustic person to an 

opportunity to promote the innovation and the 

development of the new ideas". 

extraordinarily 
talented scientist, spiritual guru and 

the 
President of India. He highlighted his personal, 

physical, 
psychological 

and professional 

struggles that stirred his spirit to achieve his noble 

goals. 
Kalam presents his ideas of motivating 

Indians, particularly the youth, which will give 

them the power to dream high for a building a 
everywhere'- so, in this sense, is neither 

nation which is self sufticient and independent. His 

In retrospect, Kalam'swritings depicts 

power as something which produces truth, and 

that help the human race to compete for a better 

society and better nation. According to Foucault, 

Power is everywhere' and 'comes from 

everywhere'- so, in this sense, is neither an agency 

nor a structure. This all pervasive nature of power 

is highlighted in "Wings of Fire', where Kalam 

impeccable 
discourse 

reveals a spirit of integrity 

unity, teamwork and honesty which he upholds 

in each and every 
situation of his life, which is a 

power in itself to transform anything in the social 

milieu one lives in. In Foucault's discourse, state 

centric power struggles, including revolutions, do 

not always lead to transform the social set-up. 

Thinking along these lines, we can see that, in 

Wings of Fire', Kalambrings into limelight the 

struggles of independent India for technological 

self-sufficiency, which did not yield effective 

outputs throughout history. 

discloses power within and around human beings 

to transform themselves and world around them. 

1.4 Phenomenological Reflections 

do 
Phenomenology is a philosophical 

movement 

originating in the 20th century, the primary 

objective of which is the direct investigation and 

description of phenomena as consciously 

experienced, 
without 

theoriesabout 
their 

causal explanation 
and as free as possible from 

unexamined (https://www.britannica.com/topic/ 

phenomenology). 

For 
phenomenologists, 

the 

In another context, Kalam presents 

spirituality as a pervasive power which offers 

eternal contentment with regard to any situation 

ultimate 
source of all meaning 

and value is the 
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aesthetic judgments have the status of opportunity to promote the innov 

In Wings Fire, the poems of literary giants are used by Kalamto nilosophize challenges of real life.He has taken excerpts from John Milton, T.S. Eliot, Auden, Emerson, Le 
from 

460 novation and the 
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development of the new ideas" 
world (https://www.brown.edu/Departments/ 

Joukowsky Institute/courses/.../1065.html). 

abstractions from the ebb and flow of the lived 

on While reading 'Wings of Fire', we can 

see the portrayal of a young boy who tries to 

achieve his dreams beating all odds. As from the Caroll, and Samuel Taylor Coleridge wis 
narrat 
ne has to endure throughout the life. For instance, 

a 
the haunting experiences in DRDL in 1982i 

portrayed by Kalam by rememberi Samuel Coleridge's Doem "The Rime of the Ancient Mariner". 

book itself, his is the story of Kalam who beautifully the reality ofthe social m matrix e naate 

flourished from darkness into the bright sunlight, 

his personal and professional efort...... This is 
also the narrative of independent India's struggle 
for technological self adequacy & sovereignty in 

defense systems a story as much regarding 
politics, as it is regarding science."The 

autobiography reflects the phenomenological 

standpoint wherein Kalam makes a deep inquiry 
into the question-"Why not write about the 

victimization which is a hallmark of the tragedy of 

e, the 

"Day after day, day after day, 
We stuck, nor breat, nor motion; 
As idle as a painted ship 
Upon a painted ocean" 

We can see that, he has ingrained the philosoph Dsophy Indian science and technology? Which is a of his life from spiritual.reflections, which he has adopted with a spirit of secularism. In one instance in the book, where he is going to attend an 

glaring reality of Indian scenario. 

The words in the autobiography reflects 
Kalam's obsession for emancipation as a necessity 
in a society riddled with oppression and 
suppression. He writes- "You, me and everyone 
on this planet is sent free by Him to cultivate all 
the creative potential within us and live at peace 

interviewin Bombay, he acquiesces the apprehensive situation by reminding himself the voice of LakshmanaSastry's from Bhagawad Gita-
Al beings are born to delusion...overcome 
by the dualities which arise from wish and 

with our own conscience".Kalam articulated 
Wings of Fire with the problem and solution method of narrative. He identified the problems, found out solutions out of his experience and shared the solutions for the benefit of the society Kalam's work reflects on the problems of Indian youth, reminiscing his own challenges and setbacks. His tenacious word echoes many strategies to lead a challenging but a successful and fruitful life. He reaffirms failure as a learning 

hate.. But those men of virtuous deeds in 
whom sin has come to an end, freed from the 
delusion of dualities, worship Me steadfjast 
in their vows". 

Paul Ricoeur urges that the 

autobiographer should search for a story that wil 
answer the question "Who am ?".In retrospect. 
from a phenomenological perspective, Kalam has 

Deen highly successful in answering this query 
of existential reality. The concluding words i 

strategy. We can see how he utilized Prof. Sarabhai's strategy of "using errors as an 
Wings of Fire'is a testimony of this-pohm 5upmisa (ue0oTTILGÚ USTPaj pLSnG aneonsinG yivsñsij) 3-5 fT. 2021-AipAIE 
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5. Hayward, Clarissa Rile. (1998). "De-Facing Power', Polity 31(1). l in this great 

land 

am a wel, boys and girls 
/ am 
Looking 

at 
its 

millions 

o 

m 

drm 

rom 

me 

Tthe imexhaustible divini 

4nd spread 
HIS 

grace 

everywhere 

6. Kalam,A.PJ Abdul&Rajan, Y.S. (1998). India 
2020: A Vis ion for the New Millennium. 
Penguin Books Ltd, New Delhi. 

The 

inexhaustible 

spirit of his being is 

lives into a beautit success story 

drawn from a well. 
" 

7. Kalam, A.P.J Abdul&'Tiwari, Arun. (1999). 
As 

does 
the 

water. 

his being is amotivation Wings of Fire, An Autobiography of APJ 
Abdul Kalam. Universities Press India Pvt. 

transtorm their li 

in 
tune 

with 
the 

cosmic 
laws. 

each 

and every 
human being who wishes to 

Ltd: India 

8. Kalam, A.P.J Abdul &Rajan, Y.S. (2005). 

Mission India, A Vision for Indian Youth, 
India. Penguin Books Ltd. 

I.5 Conclusion 

Dr.A.P.J.Abdul Kalam's Wings of Fire 

offers a unique 
epistemological 

view instilled with 

his 
philosophical, 

psychological 
and spiritual 

ideas. 
He has 

evolved his unique theory of 

know ledge, where insighttul 
revelations become 

an 
element of paramount 

importance. As a noble 

human being, his writings revels his keen interest 

in other human beings, in order to make their 

Kalam, A.P.JAbdul & Tiwari, Anun K. (2005). 

Guiding Souls, Dialogues on Purpose of Life. 
Ocean Books Pvt. Ltd, New Delhi. 

9. 

10. Kalam, A.P.JAbdul (2004). Children Ask 

Kalam. Rajpal& Sons, New Delhi. 

11. Kalam, A.P.J Abdul. (2006). Indomitable 

dreams come true. "Wings of Fire' is an exemplary 

work on human psychology ,mysteries of the 

social matrix and spiritual refinement, which is an 

unparalleled asset to thousands of generations 

Spirit. Rajpal& Sons, New Delhi. 

12 Kalam,A.PJAbdul & Pillai, Sivathanu. (2004). 

Envisioning an Empowered Nation, 

Technolog for Societal Transformation. 

Tata McGraw-Hill Publication Company. New 

to come. 
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VID 19 PANDEMIC AND EMERGING PARADIGMS 

sistant Professor and Research Guide Department of Sociology and 

CUEDUCATION: A SOCIOLOGICAL DISCOURSE 

Dr. Sajitha J. Kurup 

Research St. Teresa 's College (Autonomous), Ernakulam 
Cenl 
entre for Research 

ABSTRACT 

Covid 19 pandemic. has drastically changed the lives of millions of people 
phe 

by the virus; and edu 
e irus; and educational sector is no exception. There is a paradigm shift in 

de of teaching-learning and digital learning has become the new normal 

ound the world. Almost all domains of social life have been viciously affected 

efer the lock down phase. A plethora of ongoing research is trying to highlight 

he mulifaceted dimensions of the novel fuce of education, so that it can becomea 

meaningful dialogue. At this juncture, it would be highly rewarding to purview the 

online mode of education based on a Sociological standpoint, because the ultimate 

obiective of education is to transform the individual into a socially useful human 

being. This conceptual research paper is a humble attempt to reconstruct the 

emerging paradigms in education using postmodernist discourses. The sociological 

perspectives are meant to extrapolate the current scenario of online education 

imbroglio within the framework of deconstructive discourse. 

KEYWORDS: e-learning, Postmodernism, Hyperreality, Deconstruction 

INTRODUCTION 

Education is going through challenging times. The imbroglio generated by the 'Covid 

pandemic has left the entire domain of education embroiled in a paradigmatic shift with 

unanticipated implications and unanswered questions. The digital technology has always 

reductionist in its approach, changing life and experiences into bits and bytes, and 

ede Scenario is no exception. Education, in the new normal, at least for the time 

has been reduced into a handful of applications and teaching-learning platforms of 

al world. 'Flipped classroom',Zoom' and 'Google Meet' have become the buz2Z 

h 
ne day. The emerging paradigms of the digitalized mode of education need to 

prehensive analysis, so that, it becomes a meaningful 
endeavour for al the 

Concened. The review of pertinent literature unravels the current scenario 

stakeholders conce 
of online education,an its dimensions, in anabridged 

manner. 
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onlime Online learning refers to the delivery of instruction to a remote audience usino 

delivered 

REVIEW OF LITERATURE 
e using the weh 

as an intermediary (Khan, 1997). Elaine Allen, Jeff Scaman 
(2011) have definede 

percent of courses as those in which minimum eighty percent of the courSe content is da 

online, and face-to-face instruction are those courses in which less than thirty pero 

mmensely 
(Kapla 

proliferation of Massive Open Online Courses (MOOCs) 
have contributed imae 

towards the phenomenal growth in online education. 
MOOCs are online courses 

the content is delivered online. From the review of existing literature, it is seen 

since the are aimed at unlimited participation and offer open 
access through the web (e 

Andreas M.; Haenlein, Michael,2016). 
MOOCs have gained lot of momentum si 

ld have. 
According to some recent statistics, more than 800 universities around the world 

launched at least one MOOC in their domain. According to report by Class Ca 

there were 83 million students, who had registered for MOOCs by December. 1 

time of its development in 2008. 

by 

registered users include Coursera, edX, XuetangX, Udacity, Udemy and Futurele 
Government of India, in Association with Ministry of HRD, has initiated a programn me 

named 'SWAYAM (Study Webs of Active -Learning for Young Aspiring Minds) that is 

designed to achieve the three fundamental objectives of Education Policy i.e., accese 

equity and quality.Nearly two thousand online courses are offered through 'Swayam' and 

approximately 150 million students across the globe are benefitting from these difere 
courses (Chahal, B.P.S and Aman Jindal, 2018). According to a report by Google and 
KPMG(2017), the online education market in India at the end of December, 2016 was 
$247 million and it will reach $1.96 billion by 2021. Also India's online education 
market is the second largest market after US. The findings of the report also states that 
the paid user base for online education services will also grow at least by six times Le approximately 9.6 million users by 2021 

The review of related literature points out that, the list of top five MOOC providers 

am 

EMERGING PARADIGMS OF ONLINE EDUCATION AND THE POSTMODERNIST DISCOURSES 

of face to face interaction, cyber scams, low motivation from the students, asynchrou 

soe 

be put in the kaleidoscope of sociological perspectives, especially from the viewp 

onos 

Online education is a double edged sword. The intimidating facts frozen behind the r scenario, needs to be thawed, so as to enhance its effectiveness in this pandemic stries educational background. The review of literature extrapolates a plethora of grues challenges in the arena of online education including inadequate digital infrastructure, " 
Jack 

communication style etc. Hence, the emerging paradigms of online education neu 
ds t 
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so that many of the stark realities behind the façade can be brought 

perspectives 

of 
Jean 

Ba 

AUDRILLARD AND HYPERREALITY 

ol postmode 
limelight. The 
inmeliglean Baudrillard, Zygmunt Baumann and Jacques Derrida. 

odernism, so 
c gstm The scenario can be best understood from the postmodernist theoretical 

nto 

EAN BA UDR 

EAN illard (27 July 1929 6 March 2007) was a French sociologist, 
media, ntemporary cultur 

postmodernism, 

media, cen. Baudrillard's focus is on the critique of technology in the era of media 

philosopher and cu 

philosontemporary culture, and technological communication. Associated more with 

Jean Baudril 

and cultural theorist, who is best represented for his extensive analyses of 

ion of hyperreality Cion of hyperreality. Simulacra are copies that portray things that either had no 

the hor that no longer have an original. Simulation is the imitation of the operation 

ction. He extrapolated the concepts of Simulacra and Simulation, along with 

original, or that 

ongworld process or system over time. Baudrillard has defined "hyperreality" as 

"the generation by models of a real without origin or reality"; that is, hyperreality is a 

representation, a resentation, a symbol, wthout an original referent. Baudrillard seeks to examine the 

interrelationships interrelationships between reality, symbols and society, in particular, the significations, 

symbolisms and mass media involved in constructing an understanding of shared 
symbolisms and 

existence and experiences. 

In the context of this research paper, media culture deserves special attention. 

Contemporary media (television, film, magazines, billboards, the Internet etc.) are 

concerned not just with relaying information or stories but with interpreting our most 

private selves for us, making us approach each other and the world through the lens of these 

media images or representations. Not necessarily in entire agreement with Baudrillard's 

view that humankind can only surrender to a world of images and simulations, there 

is an impelling need for redefining the educational scenario in lieu of the implosion of 

postmodern technologies in students' and teachers' lives alike. In the Covid 19 pandemic 

scenario, the entire domain of education has been infested by technology, controlled by 

symbolic communication and bedazzled by the media. This unprecedented deluge of 

technology in education has not only led to the loss of a meaningful discourse, but a total 

alienation of the instructors and the learners alike. 

Everything is strategically preplanned, simulated, reduced to a spectacle- for the 

S. The human element is entangled in the cobwebs of virtual world; the real 

pse of bringing about an holistic development of the individual, slowly falling 

nto abyss of the technology driven platforms of instructional strategies. The 

are onverted into unemotional beings, who are given targets to complete in their 

student relationship is connected by the fragile thread of internet connectivity 

Vailability of leaning platforms. The students, who are dragged into the virtual 

world 
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fipped 
classroom' settings. The sad truth is that, 

education 
is not cquipping 

the challenges of the real world. They are turning 
into fighters within the v 

which don't provide them with a real sense of their being& 

in the virtual 

SCeat 
SCENaty 

the parameters to be followed in the e-learning 
models of the online modee 

What is the socio-cultural impact of such a technology 
driven educationol 

ques Where is the demarcating point of the 
teacher-student 

relationship in the curren 

Are we moulding a generation of learners in a hypereal world, who eGc1a are enge educain fort 

by only numbers and symbols, so that the real world is an inscrutable challeno.a 

kills? W 

Is the online mode of education equipping 
them to be humane with social �. 

Parents or the students themselves? Or should we just blindfold ourselves an 

the thought provokinglines of Baudrillard himself- "We are no longer the acto 
Who are the nodal persons to give the answer? The erudite pedagogues? Psu 

ger the actors of 

The hypemeality of the cxisting 
educational paradigms is poSiting us with these 

stick 

real but the double agents of the virtual" 

ZYGMUNT BAUMAN'S LIQUID MODERNITY 

Zygmunt Bauman (19November 1925-9 January 2017) was a Polish-British socisl. 

and philosopher who extensively wrote on issues as diverse as postmodernism an 

liquid modernity. Zygmunt Bauma can be considered as one of the greatest intem 
of our present time- a time, especially in this cataclysmic scenario of Covid-19 whi 

witnessing transformations that is affecting human lives beyond measurable outcome 

holog 

According to Bauman, solidity and liquidity are the distinguishing charactemi 
of two eras: modernity and postmodernity, which becomes liquid modernity as it relaz 
to contemporary existence. It is an existence where identity is turned from a fact m 
a task: each of us relentlessly running into self-building. Indeed, in our contemporr age. the relationship between the individual and society is rapidly fluctuating because concepts of identity, individual and individuality are becoming meaningless. The w demands to the individual a constant and increasingly controversial search for idem and tracking of parameters for standardizing in order to obtain the role of indnviou because, today the identity is a task. Social aggregation and organization are aep 

tt 

of their traditional tasks: they stop being identity dimensions of the subject capa 
prn 

providing a set of standards and benchmarks. The individual becomes an isolateu 

able 

i the ot 
to communicate and interact with their fellows-generates discomfort ana 

of providing saa 
It is a social system that despite being in possession of increasingly innova 

continuously viewing for new forms of socialization, which instead of provia 
mon 

and welfare, increase the gap between man and the Self and between man an 
me tive mainly because the son of a networked individualism that it is a social mo 
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lated individuals, just because the most important role of internet in 

f social relations 1s the contribution to the new model of sociability 
olleetion o! Isolated 

dualism. More and more people are organized in social networks, which 

he a computer. Thus, it is not the internet to create a model of networked 

t the development of the Internet to provide adequate material support 

alaf individualism in the web as the dominant form of online socializing. In 

sed on individ 

commnicae 
ividualisn, but 

iniva 

for 
the 

spread 

of 

umann 's pers 

individualism 

orcncctive, the novel ecology of modernity reflects above all the light speed 

nann's 
f power; it is light and liquid, focused increasingly on mobility, flexibility, 

tenporality , 
power; 

i 

dividuali and desocialized individualit 

bhazing 

intemo of a In thsn0 of deformed structure of education, which has lost its shape and essence 

his 
context, 

the current scenario of online education is like adding fuel into the already 

one 

holistic personality ofi 

vefully i Iv into the whirlwind of new normal of education, wherein their individuality is 

ned in the virtual platforms, which is as meaningless as envisioning oneself in the 

students for conter 

suersonality of the individual- is somewhere lost. Right now, the students are thrown 

in the postmodem 

in nor content delivery, it's alarming to realize the core of education- building the m society. With the digital platforms trying to reach out to millions of the 

felings reduced into eclings reduced into emojis and doubts entrapped into the time frames available- which 
trapped in the 

seencs of a movie. In the virtual platforms, names are reduced into roll calling numbers, 

is always not too enough. The worst part is not only losing the individuality- but a sense 

f alienation which throws the student into loneliness and depression. Psychologists 

Sy that, even mentally healthy individuals can also succumb to these problems in the 

long run.According to the e-learning model of Garrison and Anderson (2003), the social 

presence of the learner is very important in online education. This is, undoubtedly not 

acknowledged in the current mode of online education. As discussed in Baumann's ideas 

in the Covid-19 pandemic 
educational scenario focus is entirely shifted into 'tasks' to be 

completed- the person 
behind the tasks falling into oblivion. 

JACQUES DERRIDA AND 
DECONSTRUCTION 

Jacques Derida (1930-2004) was the founder of deconstruction, a 
controversial 

ysem of analysis, which challenges the basis of traditional western thought.It's a way 

Crticizing not only both literary and philosophical texts but also political 
institutions. 

POstmodernism, 
deconstructionism finds concrete experience more valid than abstract 

Work 
rerore, 

contests any attempt to produce a history or a truth. In his celebrated 

da rammatology, Derrida unveils in detail his main philosophical argument on 

ction. Deconstruction as such is a critical practice which serves to interpret 

provides i gnt by reversing or displacing the 
hierarchical "binary opposition'" that 

the western tho 

mantlin 
10undation. However, in popular usage, the term has come to mean a critical 

tling of tradition and traditional modes of thought. 
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trad ion vith deconstru tructive ide deconstructive 

should be considered to make the entire 
exercise 

meaningful? 
Education 

isde 

these elemeta 

denese In this Covid 19 scenario, where we 
are 

witnessing 

a 
breakdown of 

But the pertinent 
question 

is-
which are the key areas 

where. 
deconstructiae 

nal and spiri 
modernity 

alike and the 
educational 

sector 
is 

also 
rampant 

with deconst 

s a struct 

ion 

deconstruction w 

disastrous not only to the 
individual but to the entire system, 

because all thed 

vamp theg 
on, i 

aspect and applying 

and systemic 
conglomeration of social, 

psychological, 

physical, 
emotional 

Stni 

aspects. 
The 

delineation of any 
onc aspect 

and 
apiying 

deconstructior 

ncludin, nstructional 
strategies 

and a compelling urge to the 
student community to roPng 

lcaming strategies. This has led to the 
breakdown of solid 

structures of education "P b 

interpersonal sk 
synchronous 

communication 
which is inevitable in building social and interperson 

The deconstruction of the educational system and he onset or anew system based on 

are inextricably 
interconnected 

and 
interrelated. 

However, the present 
scenario is witnessing 

the 
irrevocable reality of re 

technology have given rise to new dilemmas, which is still not addressed- inchudi 

replacing 
with a media-centered instructional strategy? Where exactly is the deconstruction. 

educational paradigm leading to? When psychologists and sociologists debate anima. 

tah 

of te is the implication of breaking down a 
learner-centered 

education system and renl 

imated 
on the psychological and sociological impact of the scenario, what are the precati 

we need to focus on, so that the true essence of education is not lost in these inevits 

changes brought about by the covidl19 pandemic?The questions are toomany the answ 

wide and varied but not conclusive. 

LIQUID 
MODERNIT 
Desocialized 

individuality 
naccesSio 

of Digital 
Resources 

ONLINE 
EDUCATION 

Changes in 
Social 
Norms 

DECONSTRUCTION: 
Dismantling of 
traditional paradigms 
of educaion 

Alienation HYPERREALITY 
Simulacrum 

Fig 1: Emerging Paradigms in Education and the Sociological Discoul 
52 Carmel Graphics: ISSN 2320- 7299 Vol:9 Issue: 1 April 2021 

r'se 



(ONCLUSION 
admit that the emerging paradigm of online education in the Covid 19 

s very grim, and is, undoubtedly, a double edged sword. Right now, a 
enario is very grim, 

everal aspec seeeral aspects is unavoidable due to diversity of the learners with regard to 
We have 

andemic scenario 

myouise 
s*OCulturai 
ite imbroglho brought 

onment. However, a few suggestions are listed below which can alleviate 

brought about by the pandemic in the educational sector to some extent: 

Facilitating Blended lear 

carefuly balanced. 

:eming the teaching learning platforms in such away that teachers should have 

Reds for learning verification, especially in the formative period of the course. 

.e Rlcnded learning, wherein live classes and offline activities have to be 

more means for, 

Ensuring digital int digital infrastructure for the marginalized and under privileged sections of 

the society 

Assessins 
in o the needs of the relevant stakeholders in the education sector and provide a 

need based approach 

Giving Sociala Giving Social and emotional support to the stakeholders through various governmen-

tal and non-governmental agencies. 

Ensuring a Comprehensive feedback system 

Reframing the curricula and other allied activities based on the new normal 

.Outcome based education models have to be revamped based on the emerging para-

digms in the covid 19 pandemic scenario. 

The Covid19 pandemic has been a learning process in many ways. The same is true 

for educational sector also. However, the fact remains- though models change, learning 

never stops. 
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Is respect getting 
the importance 
it deserves in 
our society? 
Will changing 
perspectives on 
displaying respect 
lead to tensions 
in public life, 
workspaces and 
social relationships?

ecently Kerala witnessed a controversy 
when the Mayor of Thrissur complained 
to the Director General of Police (DGP) 
that policemen did not salute him. Fol-
lowing this, a video clip of MP and film 
star Suresh Gopi asking a policeman to 
salute him went viral. At the opposite end 
of the spectrum, the Kerala Pradesh Con-
gress Committee (KPCC) communicat-
ed to panchayats controlled by the party 
to do away with the address ‘sir/madam’ 
and to instead allow for public function-
aries to be addressed by their name or 
official designation. There has also been 
debate about changing some of the terms 
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and phrases used in official letters such as 
‘humbly request’ with more egalitarian ter-
minology. A college professor made news 
when he said students should be allowed to 
address teachers by name rather than as ‘sir/
madam’. These contradictory pulls within 
our polity asks us to take a relook at the way 
respect is transacted in public places. 

Our social milieu is becoming more democ-
ratized in some ways. Social media especial-
ly has put forward a great many possibilities 

Respect is to 
be Earned
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to circumvent traditional hierarchies. 
The same spirit is also prompting a re-
look at other edifices of respect. Doc-
tors are manhandled by the relatives 
of patients when they are dissatisfied 
with the service provided. Teachers 
are questioned by ‘helicopter parents’ 
about every minute aspect of their 
ward’s education.These changes are 
also affecting various conventions 
in communicating with others. The 
informal lingo of WhatsApp and 
Instagram creeps into conversations 
where greater formality and respect 
are expected. 

Here we come to the much-debated 
role of experts in a democratic soci-
ety. On the one hand democratic 
principles demand equality and 
equal respect. Yet we also concede 
that some people have greater ex-

pertise in certain fields. To strike a 
balance between the demand for 
equality and the honouring of ex-
pertise is not easy. It would be very 
odd to demand that a patient must 
decide on her treatment, yet there 
is also a need to safeguard patients’ 
rights from the designs of corpora-
tized healthcare practices.

Colonial Vestige?
A common critique we hear of offi-
cial protocols is that they are vestiges 
of the colonial past. The status of a 
‘subject’ under a ruler is more vulner-
able than that of a citizen. A citizen 
could appeal to the rule of law or the 
judiciary against government excesses 
while subjects did not have recourse 
to such remedies, as the power of rul-
ers was often absolute. The modern 
conception of the ‘rights’ of an indi-
vidual stands contrary to the absolute 
power of the state. Where the rights of 
citizens increase, the absolute power 
of the state necessarily wanes. The 
arguments to break down the walls of 
respect claimed by officials and to cre-
ate (at least symbolically) a more level 
playing field between officials and lay 
person is an extension of this demo-
cratic urge. We marvel at the heads 
of governments in Nordic countries 
walking about in public like other citi-
zens. Such ideals have prompted the 
present re-examination of the terms of 
respect in official usage. 

The argument to exchange the com-
monly used term ‘request’ for ‘de-
mand’ in communicating with of-
ficials also displays a different taken 
on the nature of governance. We are 
moving away from notions of paternal 
benevolence of the state to that of a 
committed service provider, where 
citizens are seen as stakeholders with 
the rights to demand service. Hope-
fully courtesiescan still be retained 
while accommodating these changes 
in terms.

Social 
Competencies
However, the issue of removing terms 
of respect between a teacher and stu-
dent is more contentious. Education 
is not just about learning a specific 
subject but also includes a ‘hidden 
curriculum’ inculcating certain traits 
which extend into the world beyond 
the classroom. Beyond the cocoon 
of primary groups like family, neigh-
bourhood and friends, educational in-

RELATIONAL
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stitutions are often the first formal 
institutions that many children 
come in contact with. From there 
they learn the ways of behaviour 
in larger secondary groups which 
have impersonal relationships. 
Educational institutions thus serve 
as a bridge which impress upon 
the next generation various con-
ventions of social life, including 
the polite ways of addressing oth-
ers, not just teachers but also non-
teaching staff and peers. To ask for 
this to be done away with is to wish 
away some of the niceties of social 
life, which does not appear desir-
able.

Rahul Gandhi addressing college 
students at Puducherry earlier this 
year went viral when he said they 
could call him ‘Rahul’ and reserve 
the term ‘sir’ for their teachers 
and Principal. This is a welcome 
distinction, accepting that public 
figures may be considered at par, 
while conceding that certain po-
sitions still commanded respect.
Even while retaining terms of re-
spect, there should be greater stu-
dent freedoms and protection of 
student rights through grievance 
redressal cells, SC/ST/minority 
monitoring committees, commit-
tees against sexual harassment, etc. 

The Limits of 
Respect
The political scientist Gopal Guru, 
editor of Economic and Political 
Weekly and formerly Professor at 
Jawaharlal University (JNU), notes 
that humiliation is an important 
means by which upper castes con-
tinue to exert power over lower 
castes, well into the twenty-first 
century. This shows us that the 
need to engage with the issue of 
respect is very much alive. Respect 
has great currency in any society. 
Pope Francis kissing the feet of 
prisoners and refugees takes the 
message of love and respect of fel-
low beings to new heights.

While we are on the subject, we 
could also consider our biases that 
hinder the offering of respect. Eth-
nocentric thinking prevents us from 
accepting and respecting people of 

diverse ethnicities. The discriminations 
faced by tribals, north-easterners and mi-
grant labourers in different parts of the 
country are examples of ethnocentrism. 
We also need to be aware of the anthro-
pocentrism in our thoughts which con-
fine our discourses to human beings and 
forgets to respect the other elements of 
nature (the alternative philosophy of bio-
centrism was mentioned in the August 
2021 issue of Pallikkutam). 

Further, the discourse on respect cannot 
be confined to the public sphere alone. 
If a person demands respect from public 
officials but does not extend the same 
respect to his wife it would be a shallow 
understanding of respect indeed. Truly, 
a greater challenge is to bring about re-
spect in personal interactions. Does our 
concern for respect and equality allow for 
an employer to seat her housemaid at her 
table and serve her tea? These personal 
interactions would reveal the actual limits 
we set to our notions of respect. 

Gopal Guru
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This study gives a systematic description of six bryozoans species such as Hippopodina iririkiensis (Tilbrook, 1999), 
Smittipora harmeriana (Canu & Bassler, 1929), Drepanophora indica (Hayward, 1988), Calyptotheca hastingsae (Harmer 
1957), Tarsocryptus laboriosa (Tilbrook, 2006) and Poricella robusta (Hinck 1884) supported by Scanning Electron 
Micrographs, collected from the shallow waters (up to five meters) in Maharashtra coast and Islands of Gulf of Mannar 
Marine Biosphere Reserve (GoMMBR). These species have not been reported from the Indian waters previously, though 
they were identified as Indo-Pacific encrusting bryozoans with bio fouling capacities. 

[Keywords: Gulf of Mannar (GoMMBR), Indo-Pacific bryozoans, Maharashtra coast, Marine Biosphere Reserve] 

Introduction 
Bryozoans are lophotrochozoan protostomes that 

commonly form encrusting colonies on rocks, shells 
and seaweeds. There are also free-living forms having 
bushy appearance1. These organisms are also known 
as moss animals or sea mats due to their encrusting 
nature forming thin patches. Similarly due to their 
association with corals, they are also called ‘lace 
corals’. Bryozoan colonies are observed in fresh 
water, estuarine and largely in marine habitats. 
Reports of these marine species have come from the 
coastline to the ocean depths, including the 
hydrothermal vents in the deep-sea2. 

The world’s most taxonomically diverse Bryozoans 
seen in the Indo-Pacific region3 due to the El-Niño–
Southern Oscillation that creates sea surface 
temperature anomalies over the Indian Ocean4. These 
peculiar phenomena which exist only in the Indo-
Pacific region, makes it a highest species rich area, 
next to the Western Atlantic with reference to reef 
building corals5. According to the world list of 
Bryozoa, there are 5,434 species of living bryozoans 
reported globally6, out of which 293 species have 
been so far reported from India. 

First report of bryozoans from Indo-Pacific region 
was made by Thornely7 followed by Harmer8-12 which 

was the most inclusive accounts of the Indo-West 
Pacific Bryozoans. Canu & Bassler13, worked on 
bryozoans of the Philippines but their work was 
mostly restricted to the benthic bryozoans and hardly 
referred to any reef-associated species. Only 284 coral 
reef-associated bryozoans were included in the global 
checklist from tropical Australia and its adjoining 
areas14. Major work on bryozoans of Indo-Pacific 
region has been from Hondt15, Annandale16,17, 
Robertson18, Liu19 and Liu et al.20, though it resulted 
in a massive increase in the bryozoan’s records; 
however these were mostly on deep benthic 
communities. The first all-inclusive account of the 
bryozoans of coral reefs was from Tilbrook et al.21. 
Recently Gordon et al.22 reported several bryozoan 
species from the coast of Bangladesh for the first time 
and a study of fouling bryozoans in Singapore waters 
was done by Goh23.  

Menon & Nair did a notable work on bryozoans of 
India24-26 while Ravindran et al.27 reported fouling 
bryozoan species of Cochin harbour area and offshore 
waters of Mumbai, respectively. Badve & Sonar28 
have surveyed bryozoan species, from west coast of 
Maharashtra. Soja29 recorded as many as 102 species 
of bryozoa along the coasts of India and Cochin 
estuary, of which three were new to science. Swami & 



SANJAY et al.: NEW RECORDS OF MARINE BRYOZOANS FROM INDIAN WATERS 715

Udhayakumar30, Nair31, Goankar et al.32 and 
Mankeshwar et al.33 have given a paleontological 
taxonomic report on bryozoan species of South West 
coast of India. However, bryozoans of the Indian 
region are still not adequately studied in most of the 
areas, like shallow-waters, coral reefs and in the 
intertidal zone. The only studies concerned with the 
reef-associated bryozoans and intertidal bryozoans are 
the work by Venkatraman et al.35,36 and Sanjay et al.36 
on bryozoans of Gulf of Mannar, Marine Biosphere 
Reserve (GoMMBR) in the Southeast coast of India, 
and those from Gujarat and Maharashtra coast, which 
included 20 new species. Therefore the present work 
focuses on the least studied areas in India, such as 
Gulf of Mannar in the coast of Tamil Nadu, Pirotan 
Island of Gujarat and some areas in Maharashtra, by 
concentrating on the reef-associated bryozoans 
and intertidal bryozoans of shallow-waters up to 
5 m depth.  

Materials and Methods 
Bryozoan colonies were collected by resorting to 

SCUBA diving and snorkelling methods in the 
intertidal region up to the depth of 5 m. Specimens 
were collected from reef areas, exposed rocks, 
floating objects and boat hulls by means of hand 
picking. Selected portions of colonies of marine 
bryozoans, or fragments of shells with small colonies, 
were soaked in 0.5 % commercial sodium 
hypochlorite solution (liquid domestic bleach) for 
several hours till organic tissues were dissolved from 
the zooid surfaces. Distilled water used to wash 

colony fragments thoroughly and dried prior to carbon 
and gold-palladium coating for the scanning electron 
microscopy. The voucher specimens are deposited in 
the National Zoological Collection (NZC), Zoological 
Survey of India, Headquarters Kolkata. 

Study area (Fig. 1) 
Pirotan Island: The Island is known for its 

biodiversity and scenic beauty and is 12 km away 
from the coast. Live corals are found in the eastern 
and northern sides. The major mangrove species are 
Avicennia, Rhizophora, Ceripes and Agiocerus. The 
island surrounded by sandy beach from all the sides 
and on the west and central part high tidal mudflat is 
present. Intertidal mud flats are present in the eastern 
and western parts. 

Kunkeshwar: A small coastal village which is 
40 km away from Malvan, is very famous because of 
the Lord Kunkeshwar temple situated high on the hill 
near the coast. Collections were made from the rocky 
areas near the shore. 

Vijaydurg: A small coastal village of one kilometre 
stretch has a good view of the fort at the right and a 
small plateau with a hut to the left and is 80 km away 
from Malvan beach. Collections were made near the 
fort and the beach area. 

Pullivasal Island: This Island is a thickly vegetated 
area with 29.95 ha land having a circumference of 
5520 m. It is 5 km away from the Mandapam camp 
which can be approached from Poomarichan Island by 
crossing the channel separating the two islands. 
Fringing reefs seen on the southern side at a distance 

Fig. 1 — Study area 
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of 200 m and a similar patchy reef, in the muddy area 
on the northern side. 

Manoli Putti Island: It is a tiny island of just 
2.34 ha and circumference of 940 m, and is 6 km 
away from the Mandapam camp separated from the 
nearby Manuali Island by an extensive mud flat fully 
exposed during low tide. A patchy distribution of 
massive coral is present at 500 m distance from the 
shore throughout this island. 

Shingle Island: This Island is resplendent with 
shingles and coral rubbles, along the shore to a height 
of 0.75 m fully covered by thick vegetation with an 
area of 12.69 ha and a circumference of 1736 m. It is 
4 km away from Pamban. Presence of fringing reefs 
seen around the island except at the southern side. 
The most commonly seen corals are of Acropora sp. 
are at a distance of 300 m from the island shore. 
Boulder corals are also seen scattered around. 

Results 
The systematic description of six marine bryozoans 

collected from the inter-tidal regions of Maharashtra 

coast (west coast) and Gulf of Mannar, Marine 
Biosphere Reserve (GoMMBR) in the East coast of 
India, which are new to the Indian waters, given 
below: 

Systematic account of marine Bryozoans 
Phylum: Bryozoa (Ehrenberg, 1831) 
Class: Gymnolaemata (Allman, 1856) 
Order: Cheilostomata (Busk, 1852) 

1. Hippopodina iririkiensis (Tilbrook, 1999)
Suborder: Flustrina (Smitt, 1868)
Family: Hippopodinidae (Levinsen, 1909)
Genus: Hippopodina (Levinsen, 1909)
Hippopodina iririkiensis (Plate 1a – d)
Locality: Paliyar Munai Island, Gulf of Mannar &

Vijayadurg, Maharashtra 
Substratum: Dead coral rubble. 
Description: The encrusting colony is often very 

extensive, unilamellar/multilamellar. Autozooids 
generally slightly inflated and rectangular, when 
superposed, they are arranged in regular longitudinal 
rows, and separated by grooves that are well-defined. 

Plate 1 — Hippopodina iririkiensis (Tilbrook, 1999): a) Colony, b) Zooids, c) Ovicells, and d) Orifice and adventitious avicularia 
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Evenly perforated frontal wall is tuberculate and 
convex. The hoof-shaped primary orifice which is 
indented with condyles is rounded distally, concave 
proximally and oriented medially. Adventitious 
avicularia often paired, single or absent, occupying 
disto-lateral position towards the orifices. Rostra 
raised, with complete cross bar. Mandibles acutely 
triangular, slender with curved tip which is hinged to 
swing through one plane, it is evidently seen in one of 
the Zooid. Ovicells when present are very large, 
rounded, slightly calcified and perforated evenly. 

Remarks: Hippopodina iririkiensis gets its name 
from the type location the Iririki Island, Port Vila 
Harbour, Vanuatu by Tilbrook37. Hippopodina 
iririkiensis differs from H. feegeensis in its slightly 
proximally concave primary orifice and adventitious 
avicularia which is generally short and more lateral 
towards the orifices. 

Distribution: Widely distributed in the Indo- West 
Pacific tropical region at a depth of 4 m. Range of 
distribution is from the Vanuatu Islands and north 
Queensland to Fiji and in west towards Philippines, 
Singapore, China and recently from Sri Lanka. It was 
also reported from Mauritius, Red Sea and 
Mediterranean. It has not been previously reported 
from the Indian coastal waters until now. 
 
2. Smittipora harmeriana (Canu & Bassler, 1929) 

Superfamily: Microporoidea (Gray, 1848) 
Family: Onychocellidae (Jullien, 1882) 
Genus: Smittipora (Jullien, 1882) 
Smittipora harmeriana (Plate 2a, b)  

Locality: Shingle Island, Gulf of Mannar & Piroton 
Island, Gujarat. 

Substratum: Gastropod shell. 
Description: Colony flat, encrusting, mostly 

hexagonal to irregularly polygonal, zooids separated 
by thin grooves along the thick and greatly raised 
marginal rim. Front, concave in the centre with 
translucent membranous frontal membrane covering 
the coarsely granular depressed cryptocyst. Orifice-
opesia large, sub-triangular or bell-shaped, longer 
than wide. The frontal cryptocyst surrounds the distal 
half, distal border rounded, with wide edge pointing 
proximally. The proximal edge is smooth, slightly 
convex with faintly arching lip dipping slightly at 
each lateral corner. Operculum smaller than opesia, 
marginal sclerite lacking. The avicularia smaller than 
autozooids with slightly narrow, coarsely granular 
cryptocyst. Its Opesia centrally located, oval, 
denticulate proximally and smooth distally, a pair of 
condyles is also present. Mandible if present, short 
with rachis that are hooked at the tip but it is lost in 
this specimen. Ovicelen to zooecial, very 
inconspicuous but the opesia of the fertile zooids are 
rounded distally and a small cap of granular 
cryptocyst calcified found distally. 

Remarks: Smittipora harmeriana is distinguished 
by the shape of the opesia and avicularia. It defers 
from S. cordiformis in having a large opesia and a non 
curved avicularia. Smittipora harmeriana defers from 
S. philippinensis in having a large sub-triangular or 
bell-shaped opesia other than a large D-shaped opesia 
which is found in S. philippinensis and the opesia of 

 
 

Plate 2 — a, b) Smittipora harmeriana (Canu & Bassler, 1929) [a) Colony, and b) Zooid and avicularia]; c, d, e) Drepanophora 
indica (Hayward, 1988) [c) Colony, d) Orifice and adventitious avicularia, and e) Zooid] 
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the avicularia is centrally located in Smittipora 
harmeriana where as in S. philippinensis, it is distally 
located. 

Distribution: Smittipora harmeriana has an Indo-
Pacific distribution which is recorded from Indonesia, 
Torres Strait, Mascerene Island, Solomon Island, 
Yandina, Mbanika, and Russell Island; and in Indian 
Ocean from Western Australia to Mauritius. It has not 
been previously reported from the Indian coastal 
waters until now. 
 
3. Drepanophora indica (Hayward, 1988) 

Superfamily: Lepralielloidea (Vigneaux, 1949) 
Family: Lepraliellidae (Vigneaux, 1949) 
Genus: Drepanophora (Harmer, 1957) 
Drepanophora indica (Plate 2c – e) 
Locality: Pullivasal Island, Gulf of Mannar. 
Substratum: Coral debris 
Description: The unilamellar colony is encrusting 

with distinct autozooids which are separated from each 
other by deep grooves which are oval and convex. 
Slightly pear-shaped primary orifice is longer than 
wider, wide distally and broader proximally. On one 
side, single transversely oriented avicularia with sharply 
hooked rostrum and a slight constriction on the opposite 

side. Proximally incomplete peristome; low and thin. 
The nodular frontal shield has large marginal pores. 
Ovicell when present is prominent, globular, and 
recumbent; a large elliptical foramen is angulated 
towards the frontal plane, on either sides of the midline. 

Remarks: The distinguishing character noted in the 
Drepano phoraindica is its ovicell and orificial 
avicularium. 

Distribution: It is found to have tropical 
distribution. It was first reported from Mauritius and 
has been recorded from Poanangisu and Gulf of 
Emirate also. It has not been previously reported from 
the Indian coastal waters until now. 
 
4. Calyptotheca hastingsae (Harmer, 1957) 

Superfamily: Smittinoidea (Levinsen, 1909) 
Family: Labioporella (Harmer, 1926) 
Genus: Calyptotheca (Harmer, 1957) 
Calyptotheca hastingsae (Plate 3a, b)  
Locality: Mandapam group of islands, Gulf of 

Mannar. 
Substratum: Gastropod shell. 
Description: Zooecia of primary layer regularly 

arranged in longitudinal rows, while superposed 
irregularly oriented, hexagonal and usually very 

 
 

Plate 3 — a, b) Calyptotheca hastingsae (Harmer, 1957) [a) Colony, b) Orifice and adventitious avicularia]; c, d) Poricella robusta 
(Hinck 1884) [a) Colony, and b) Zooids and Interzooidal avicularia with Ancistrula in the centre] 
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regularly disposed, slightly inflated front with 
advanced calcification and highly convex in the 
multilamellate zooids. The frontal surface covered 
with tremocyst which has numerous large pores in 
between them separated by wide intervals. The frontal 
surface also contains minute rounded prominent 
calcification which gives a gritty appearance to the 
surface. Several umbonate processes found proximal 
to the orifices. The orifices variable in form, mostly 
distally semicircular and with wide sinus limited by 
two small and strong cardelles. Thin operculum with 
two thin transparent regions at the proximal part 
present. Peristome absent. Paired or single tear drop 
shaped avicularia obliquely placed on either side or 
one side of the orifices either proximo-distally or 
laterally directed with complete cross-bar. Porous 
ovicell, hyperstomial and slightly set in the 
succeeding zooecium but absent in this sample. 
Spines wanting. 

Remarks: Calyptotheca hastingsae can be 
distinguished by the frontal surface covered with 
tremocyst which has numerous large pores in between 
them separated by wide intervals. The tear drop 
shaped avicularia also serve as a distinguishing 
feature. In this specimen most of the avicularia are on 
one side of the orifice, proximo-distally oriented. 

Distribution: Indonesia, Philippines, Queensland 
and Great Barrier Reef Australia. It has not been 
previously reported from the Indian coastal waters 
until now. 
 
5. Poricella robusta (Hinck 1884) 

Superfamily: Arachnopusioidea (Jullien, 1888) 
Family: Arachnopusiidae (Jullien, 1888) 
Genus: Poricella (Canu, 1904) 
Poricella robusta (Plate 3c, d) 

Locality: Kunkeshwar Beach, Maharashtra. 
Substratum: Rocky.  
Description: The encrusting colony, multilamellar. 

Oval autozooids are convex. Orifice longer than wide, 
slightly tapering proximally, anterior region marked 
by the presence of two very inconspicuous condyles; 
two or three distal oral spines present. Marginal pores 
limit the granular frontal wall, by one to three central 
foramina which could be large and occluded. Large 
and mostly spatulate interzooidal avicularia, equally 
proportionate to autozooids, occasionally 
asymmetrical, mostly distally directed rearly 
proximaly. Complete crossbar present with rostrum 
lightly serrated distal edges; directed distally or disto-
laterally. Ovicell when present, finely tuberculate, 
imperforate, initially prominent but becoming 
immersed. 2-3 distal pore-chambers present, but this 
sample was devoid of ovicells. 

Remarks: This species is charecterised by large 
interzooidal avicularia which has an equal number of 
autozooids which are mostly spatulate. The ansestrula 
is noted in (Plate 3d). 

Distribution: Initially reported from the coast of 
Myanmar, and has been consequently reported from 
Sri Lanka, Red Sea, Persian Gulf, and Seychelles.  
 
6. Tarsocryptus laboriosa (Tilbrook, 2006)  

Suborder: Malacostegina (Levinsen, 1902) 
Superfamily: Membraniporoidea (Busk, 1852) 
Family: Electridae (Stach, 1937) 
Genus: Tarsocryptus (Tilbrook, 2011) 
Species: Tarsocryptus laboriosa (Plate 4a, b) 
Locality: Paliyar Munai Island, Gulf of Mannar. 
Substratum: Sea grass. 
Description: Colony encrusting, with irregular 

autozooids oval in shape, partitioned by shallow 

 

Plate 4 — Tarsocryptus laboriosa (Tilbrook, 2006): a) Colony, and b) Zooid 
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grooves. Gymnocyst reduced, prominent proximally, 
changing in width, a delicate wall of gymnocyst 
completely surrounds the cryptocyst, with a slightly 
raised tubercles on the rim. Cryptocyst extending up 
to one third to one half of frontal area, extending to a 
greater or lesser extent on either sides of opesia. 
Cryptocyst inconspicuous distally, wide proximally, 
flattened, smooth apart from a raised reticulate pattern 
of tubercles. Opesia oval or triangular, mostly narrow 
distally, more wider proximally. In general basal wall 
is complete, but partly lacking in some autozooids. 

Remarks: It was encrusting on a leaf blade of a sea 
grass, extremely delicate forming a very thin 
extensive coat over the leaf blade. These have a 
distinctive relatively large cryptocyst bearing a 
reticulate. It belongs to a very recently described 
genus which has never been reported in India so far. 

Distribution: Originally described from Vanuatu, 
also found as a biofouling species in the South China 
Sea, as well as a species associated with the reefs at 
Lizard Island on the northern Great Barrier Reef and 
Indo-Philippine region38. It has not been previously 
reported from the Indian coastal waters until now. 
 

Discussion 
The Indo-Pacific area is a geopolitical region that 

spans across the two Oceans, the Indian Ocean and 
the Pacific Ocean extending from the western coast of 
the India to the western coast of United States. 
Countries that are defined as the “Indo-Pacific” are 
India, Sri Lanka, Philippines, Singapore, Myanmar, 
Nepal, Bangladesh, Indonesia, Japan, Fiji, Laos, 
Malaysia, Maldives, Taiwan, Thailand, Timor, Leste, 
Vietnam, Australia, Brunei, Cambodia, New Zealand, 
Papua New Guinea and United States39. The 
bryozoans, which are discussed in this paper, are 
known as Indo-Pacific species but not yet been 
recorded from the Indian waters so far. This could be 
due to lack of study from these regions or they might 
have been introduced through accidental transport as 
fouling organisms on commercial ships, recreational 
boats or aquaculture shipments. Since biofouling 
species are very resilient towards a variety of 
environmental conditions, they can establish and 
become a part of the fauna in that area. In Indo-
Pacific, the rising seaborne trade is an indication of 
growing diversity of fouling organisms especially 
when intra-regional merchandise trade has been 
increasing fast, as stated by Anil40. The impacts of 
exotic bryozoans are wide-ranging, with many having 
no reported impacts, but some species are fouling 

pests growing on ship hulls, docks and other hard 
surfaces41.  

H. iririkiensis has recently reported from Colombo 
port, Sri Lanka, which was found on the artificial 
settlement by Marasinghe et al.42. However, in this 
study, H. iririkiensis was found encrusting on dead 
coral rubble at a depth of 4 m in Pullivasal Island, 
Gulf of Mannar. The suspected means of introduction 
is by maritime trade. The port of Tuticorin, India and 
nearby port of Colombo, Sri Lanka is a busy maritime 
route separated by only 197 nautical miles43. In 
between the two ports, the Pullivasal Island is located. 
The discharged water from ships ballast tanks 
travelling in this route could contain the planktonic 
forms of H. iririkiensis; hence the range of 
distribution might have extended to India.  

 Poricella robusta is a known fouling species 
which has been originally reported from Mergui 
Archipelago coast of Myanmar and subsequently 
from Sri Lanka, Persian Gulf and Red Sea44. Poricella 
robusta could also be introduced to Kunkeshwar 
beach in Maharashtra through maritime trade since 
Mergui is a busy port involved in the coastal trade. 
The various Drepanophora and Calyptotheca species 
also have been recorded as fouling organisms by 
Cumming & Tilbrook46. In this survey, the 
Drepanophora indica was found encrusting on dead 
coral rubble and Calyptotheca was found encrusting 
on gastropod shell. However, Smittipora harmeriana 
has not yet been reported as a major biofouling agent, 
but its encrusting nature and diverse distribution 
around the Indian coast proves its presence in India 
too, as this (Smittipora) species was found on a 
gastropod shell. Tarsocryptus laboriosa is a unique 
species, which is one and only member belonging to 
this genus. It was earlier placed under genus Biflustra, 
when it was originally described from Vanuatu as 
Biflustra reticulate by Tilbrook et al.44 and later it was 
renamed as Biflustra laboriosa by Tilbrook47. Most 
recently, it has been assigned to a new genus 
Tarsocryptus due to its extremely distinctive well-
developed zooidal cryptocyst covered in a raised 
reticulate ornamentation and Cyphonautes larvae 
producing a single ancestrula47. Of late, Tarsocryptus 
laboriosa was reported by Gorden48 as a biofouling 
species in the Lizard Island on the northern Great 
Barrier Reef and the South China Sea as a reef 
associate. In this study, Tarsocryptus laboriosa was 
found encrusting on a sea grass near reef area of 
Pullivasal Island, southeastern coast of India. 
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Conclusion 
There are 5,434 species of living marine bryozoans 

reported from all over the world according to the 
world list of Bryozoa by Bock & Gordon6, yet only 
293 species have been reported from India so far, 
despite the fact that India is having considerably long 
coastline. This indicates that Indian bryozoans 
diversity is quite inadequately studied and there could 
be rich diversity of fouling bryozoans goes unnoticed, 
especially when intra-regional maritime trade has 
been increasing in a fast pace. The present study is 
just to bring to light a small portion of the Indian 
bryozoan diversity from unexplored regions of the 
Indian coastline. Thus, there is a great need for 
detailed taxonomic and ecological studies of the 
Indian bryozoans. 
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ABSTRACT 

 
The present study reports the green synthesis of silver nanoparticles (AgNPs)prepared by bio-reduction of 
silver nitrate solution using different leaf extracts of Azadirachtaindica,Ocimumtenuiflorum, Psidium 
guajava, Plectranthusamboinicus.The AgNPs obtained were characterized by XRD to analyze the particle 
size.  Characteristic peaks were obtained for AgNPs and the average particle sizes of AgNPsobtained were 
approximately between 13-15nm. The antimicrobial activity of the AgNPswas done on  seven different 
strains of bacteria of which two were gram positive (Staphylococcus aureus, Enterococcus faecalis) and five 
were gram negative (Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Salmonella paratyphi). The method used for the study was Kirby Bauer disc diffusion method. The 
maximum bactericidal activity for AgNps was observed in Staphylococcus aureus. The zone of inhibition 
came up to 2.1 cm. Polyaniline was prepared by chemical oxidative method. Using the silver nanoparticles, 
PANI/Ag nanocomposites (pellets) were prepared in different wt% ratios and the variation in conductivity 
was studied using four probe method. 
 
Keywords: Green synthesis, Silver nanoparticles, PANI, antibacterial effect, Conductivity measurements.  

I. INTRODUCTION 
 
The scientific community is exploring the use of AgNPs is various fields like medical, food, health care, consumer and 
industrial purpose due to their unique properties such as chemical stability, good optical, electrical, thermal, biological 
and catalytic properties [1-2]. Besides, silver is used in the medical field as the best topical bactericides from the 
ancient time. The green process in chemistry and chemical technologies are becoming increasingly popular and are 
much needed as there are global problems associated with environmental concerns. The biosynthesis method 
employing plant extracts have drawn attention as a simple and viable alternative to chemical procedures and physical 
methods. Many researchers demonstrated green synthesis methods of AgNPsusingbacteria, actinomycetes, fungi and 
plants [4-5]. One of the most effective approaches for the production of silver nanoparticles is green synthesis due to its 
potential medicinal property, high availability, possibility of faster rate of synthesis and also low cost[1,6].  
Considering the vast potentiality of plants as sources, this work aim to apply green technique for the synthesis of silver 
nanoparticles as an alternative to conventional methods. Moreover the plant extract acts both as reducing agent as well 
as capping agent. 
 
The present study mainly focus on the green synthesis of silver nanoparticles from different leaf extracts of 
Azadirachtaindica,Ocimumtenuiflorum, Psidium guajava,Plectranthusamboinicusand to examine the antimicrobial 
potential of AgNPs against pathogen like; gram positive (Staphylococcus aureus, Enterococcus faecalis) and gram 
negative (Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, Klebsiella pneumoniae,Salmonella paratyphi). 
Attempts was also done to study the effect of AgNps on the conductivity of polyaniline–silver nanocomposites. 
 

II. MATERIAL AND METHODS 
 
All the chemicals and reagents used in the present study were ofanalytical grade. Silver nitrate was purchased from 
Sigma–Aldrich Chemicals. The glass wares were washed in dilute nitricacid and thoroughly washed with double 
distilled water anddried in hot air oven. 
 

i) Preparation of Silver nanoparticles 
The method involves collection of plant samples, preparation of aqueous extract of the leaf samples and synthesis of 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwj7kvO9oI3RAhUILo8KHaipBGEQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEnterococcus_faecalis&usg=AFQjCNEHxFRGwHX9Aux6d1W4D8q4M54ofQ
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwj7kvO9oI3RAhUILo8KHaipBGEQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEnterococcus_faecalis&usg=AFQjCNEHxFRGwHX9Aux6d1W4D8q4M54ofQ
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AgNPs. The leaves selected wereAzadirachtaindica(Neem),Ocimumtenuiflorum(Tulsi), Psidium guajava (Guava) and 
Plectranthusamboinicus (Panikkurkka). The collected leaf samples were cleaned to remove adhering impurities, sand 
particles and dust. Then the sample was soaked in distilled water, washed and dried. 40 grams of dried leaves was 
boiled with 200 ml distilled water for 30 minutes.  Then the resulting crude extract was filtered through Whatman no.40 
filter paper. 
 
 100 ml of the aqueous solution of plant extract was added to 50 ml of 1 molar silver nitrate solution. When the plant 
extract was mixed in the aqueous solution of the silver ion, it slowly changes its colorless nature and goes through 
different colors due to reduction of silver ion, which is the indication of the formation of AgNPs. In this work all the 
plant extract solutions after incubation at room temperature showed the colour change from yellow to dark brown.The 
solution was allowed to react at room temperature. AgNPs formed was filtered, washed and dried.  
 

ii) Antimicrobial study 
1 milli molar silver nitrate solution was used for the study. Sterilized nutrient agar medium was used to culture 
bacteria. The method followed for the antibacterial study was Kirby-Baur Disc diffusion method. For this sterilized 
filter paper discs dipped in AgNPs containing leaf extracts of various plants were kept separately on lawn culture of 
seven different strains of bacteria. The plates were incubated at 37o C for 48 hr and the, zone of inhibition was noted 
after the incubation time [7].The AgNPs were also characterized by UV visible spectroscopy. 
 

iii) Conductivity study on PANI/Ag Nanocomposites 
Polyaniline was synthesized by chemical oxidative method [8]. Distilled aniline was mixed with HCl and ammonium 
per sulphate solution and stirred using a magnetic stirrer for four hours. The precipitated PANI powder was filtered, 
washed and dried. AgNPssynthesized from plant extract was doped in PANI for various concentration (2% , 5% , 10%) 
to make pellets using a Hydraulic press.  A pure pellet of PANI was also prepared. Four probe apparatus was used for 
the measurement of resistivity of PANI/Ag nanocomposites. 
 

III. RESULT AND DISCUSSION 
 

a. Characterization of silver nanoparticles by XRD analysis 

Figure 1 shows the XRD of AgNPs obtained from different plant samples. The peaks corresponding to 
(111),(200),(220) and (311) planes of silver was observed and compared with the standard powder diffraction card of 
JCPDS (Silver file no.JCP2-03-065-2871). The XRD study confirmed that the resultant particles are (FCC) silver 
nanoparticles. Table 1 shows the determination of average particle size of AgNPs from four plant extracts. 

Table 1 shows the determination of average particle size of silver nanoparticles obtained from different plant 
extracts 

 

PLANT SAMPLES 2 θ of the 

intense 
peak(deg) 

hkl FWHM of 
intense 
peak 

Size of 
the 

particle 
(D) nm 

d-
spacing 

nm 

Lattice 
parameter(a) 

Average 
particle 

size 

Psidium guajava 37.832 (111) 0.01151 12.046 0.237 4.070  
13.371nm 45.951 (200) 0.00940 14.751 0.197 4.068 

64.235 (220) 0.01041 13.318 0.144 4.073 
 

Azadirachtaindica 
37.813 (111) 0.557 14.274 0.237 4.070  

13.373nm 64.257 (220) 0.559 14.223 0.144 4.073 
77.165 (311) 0.684 11.624 0.123 4.079 

 
Ocimumtenuiflorum 

37.840 (111) 0.00785 17.661 0.237 4.070  
15.296nm 44.044 (200) 0.01069 12.974 0.205 4.068 

77.176 (311) 0.00909 15.253 0.125 4.079 
Plectranthusamboinicus 37.656 (111) 0.01249 11.101 2.8097 4.070 13.873nm 

45.862 (200) 0.007919 17.509 1.976 4.068 
64.192 (220) 0.01065 13.010 1.4498 4.073 
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Figure 1 shows the XRD pattern of silver nanoparticles from different plant extracts. 

b. UV-Visible spectroscopy 

UV – Visible spectra were taken for all the four samples showed absorption peaks in the range 400 – 450nm. This 
is in good agreement with literature [9], clearly indicating the formation of silver nanoparticles and is reported to 
be due to Surface Plasmon resonance. Figure 2 shows the formation of AgNps prepared from a representative leaf 
extract (neem). 

 

Figure 2 shows the UV spectrum of Ag NPs prepared from neem extract 
 

c. Antimicrobial activity against bacterial species 

Even though the exact mechanism of antibacterial effects of AgNPs has not been clarified, various theories have 
been proposed in this regard. Silver Nanoparticles can inhibit the synthesis of proteins by denaturing the ribosomes 
in the cytoplasm. MoreoverAgNPs have the ability to kill bacteria by accumulating in the pits that form the cell wall 
after they anchor to the cell surface, which result in cell denaturation [10]. Researchers have demonstrated that 
different antibacterial effects of AgNPs on gram negative and gram positive bacteria suggest that uptake of silver 
nanoparticles is important to antibacterial effects [1]. In the present study, the highest inhibitory activity was 
observed for Ocimumtenuiflorum leaf extract where, six out of seven bacterial strains showed the inhibitory zone. 
The maximum inhibitory zone was observed in Staphylococcus aureusand it was found to be 2.1 cm ( table 2). 
While a moderate activity was observed for Guava leaf extract (five), but it was minimum for both Neem and Indian 
Borage leaf extracts (Three).E.faecalis was peculiar in showing resistance against all the four leaf extracts used for 
the study. Figure 3 shows zone of inhibition against selected strains bacteria. 

Table 2 shows the zone of inhibition of silver nanoparticles against different bacteria 
 

 BACTERIA Silver nanoparticles obtained from 

Ocimumten
uiflorum 

Psidium 
guajava 

Plectranthusa
mboinicus 

Azadirachtaindi
ca 

E.coli 0.6 cm 0.9 cm 0 cm No zone 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjp15GwoI3RAhULO48KHVhhBnwQFggZMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&usg=AFQjCNHeHVDrmBXUe3XjpMplqKBBJXt_NA
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Fig.3 Zones of inhibition of silver nanoparticles against (a) Staphylococcus aureus (Ocimumtenuiflorum) (b) 
Pseudomonas aeruginosa (Psidium guajava) (c) Staphylococcus aureus (Azadirachtaindica) 

d. Conductivity study of PANI/Ag nanocomposite 

Figure4shows XRD pattern of pure PANI and PANI/Ag nanocomposites. Pure PANI showed a broad peak at 
2θ=25.435° (d=3.49908) and another peak at 2θ=21.5° (d=4.11902) which correspond to (100) and (110) crystal planes 
[11]. The obtained 2θ value is consistent with the standard TCPDS value (JCPDS NO. 78-1285 of 86).  In PANI/Ag 
nanocomposites, in addition to PANI peaks, peaks corresponding to cubic structure of silver were also found indicating 
that silver is successfullyincorporated into PANI matrix. XRD pattern for pure PANI and a representative sample, ie 
PANI/5% Ag nanocomposite is shown in figure 4. 

 

Figure 4 shows the XRD spectrum of PANI and PANI/Ag nanocomposite 

In order to calculate the band gap energy of the PANI/Ag pellets, the resistivity of the samples was measured at 
different temperatures using four – probe technique. The energy gaps for these samples were calculated from the 
resistivity – temperature graphs. The values of energy gap are found to be decreasing with the increase in the silver 
concentration indicating an enhancement of the conductivity of the polymer with the doping of AgNPs. (Table 3). 

 

E.faecalis No zone No zone No zone No zone 

P.aeruginosa 0.7cm 1.3 cm 0.6 cm 0.9 cm 

K.pneumonia
e 

0.8 cm 0.9 cm 0.5 cm 0.5 cm 

S.aureus 1.7 cm 0.8 cm 2.1cm 1.2 cm 

S.paratyphi 1.1 cm No zone No zone No zone 

P. vulgaris 0.5 cm 1.5cm No zone No zone 
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Table3 shows the Energy gap of PANI/Ag pellets for different dopant concentration 

SAMPLE ENERGY GAP, Eg (eV) 
Undoped PANI 

2% Ag doped PANI 
5% Ag doped PANI 

10% Ag doped PANI 

1.1126 
0.154466 
0.10903 
0.07944 

 
CONCLUSION 

The present study concluded that the plants Azadirachtaindica(Neem),Ocimumtenuiflorum(Tulsi), Psidium guajava 
(Guava)Plectranthusamboinicus (Panikkurkka) can be used as an excellent source for preparing AgNPs. In our study 
we used leaf as a source which is easily available, cost effective and environment friendly. The primary confirmatory 
for the AgNPs was colour changes, XRD and UV vis absorption spectra of AgNPsformed. The particle size of AgNPs 
formed was approximately between 13-15 nm in size.The AgNPsformed are small in size, highly stable, and have 
significant antimicrobial activity against seven different strains of bacteria of which two were gram positive 
(Staphylococcus aureus, Enterococcus faecalis) and five were gram negative (Escherichia coli, Proteus vulgaris, 
Pseudomonas aeruginosa, Klebsiella pneumoniae,Salmonella paratyphi). PANI/Ag nanocomposite was successfully 
synthesized by simple wet chemical route. The combination of PANI as a semiconducting polymer with silver as a 
noble metal can produce hybrid material that behaves as semiconductor at low temperature and as metal at high 
temperature.   
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a b s t r a c t

Coral reefs are one of the important habitats of marine biodiversity in shallow tropical waters as
they sustain numerous crucial ecosystem services. This study provides the taxonomic account and
sheds light on the habitat of Bryozoan species, which exclusively considers corals as its substratum
for their growth and their role in reviving the depleting coral ecosystem. The systematic description
of 12 coral associated bryozoans is, discussed here. Among the described 12 species, six of them,
Parasmittina collifera (Robertson, 1908), Smittipora philippinensis (Canu and Bassler, 1929), Onychocella
angulosa (Reuss, 1848), Plesiocleidochasma porcellanum (Busk, 1860), Robertsonidra argentea (Hincks,
1881) and Schizoporella errata (Waters, 1878) are reported for the first time in Indian waters. The
survey was conducted during April 2013–April 2015 in Gulf of Mannar Marine Biosphere Reserve
(GoMBR). Bryozoan species were, collected from the coral rubble and coral skeletal framework in the
shallow waters (up to 5 m) and illustrated by scanning electron microscopy (SEM). A conclusion was
drawn from this study, where Bryozoans, which colonise dead coral skeletal framework and rubble,
can revive the depleting coral reef ecosystem as they play a major role in cementation and act as
pioneer species in succession.

© 2021 Published by Elsevier B.V.

1. Introduction

Bryozoans are colonial invertebrates, mostly encrusting, on
rocks, shells and seaweeds in the tropics. They are observed in
all aquatic habitats, but largely in marine ecosystem, which have
been reported from the shoreline to the oceanic depths, even
from the hydrothermal vent (Gordon, 2013). These organisms are
lophotrochozoan protostomes commonly known as ‘lace corals’
due to their association with corals. Bryozoans found within
coral-reef frameworks, flanking or on rubble are known as reefal
bryozoans (Cuffey, 2011). They are often primary reef-builders
and an important component of cryptic reef communities world-
wide (Sorokin, 1993). Most of the reefal bryozoans belong to
the order Cheilostomata, as they are calcifying animals form-
ing colonies of intricate patterns to make less organised reef
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Road, Chennai, Tamil Nadu, India.
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like structures called ‘thickets’, providing shelter for juveniles of
crustaceans, fishes and echinoderms.

Underwater surveys employing SCUBA-diving techniques in
several reef areas have brought to light the fact that bryozoans
are widespread forming diversified communities of coral reefs
(Cuffey and Fonda, 1977). The taxonomic work on reef bryozoans
are limited, the first recorded study of bryozoan association with
corals was cited by Roger J. Cuffey and his team. Among reefal
bryozoans the Great Barrier Reef (GBR) bryozoans were exten-
sively studied by Busk (1852) and Winston (1986). Followed by
Pacific Coral Reefs, Virgin Islands (Schopf, 1974) Jamaica (Jackson
and Buss, 1975) and Bahamas (Cuffey and Fonda, 1977). Winston
(1986) produced the global checklist of coral reef-associated bry-
ozoans. The first comprehensive account of the reef-associated
bryozoans was from Tilbrook (2000). Recently Andrej Ernst and
Peter Konigshof (2008) studied the role of bryozoans in Wood
et al. (2012) studied the complex habitat generated by marine
bryozoans.

In India, major reefs are restricted to the Gulf of Mannar, Palk
Bay, Andaman and Nicobar Islands in the East, Gulf of Kachchh,
and the Lakshadweep Islands in the West (Hoon, 1997; Wilkin-
son, 1998). Guha and Gopikrishna (2005, 2007), and Venkatraman
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Map 1. Sampling areas in Gulf of Mannar.

et al. (2018) have identified rich and diverse bryozoan fauna from
Kachchh region. Recently Goutham Bharathi and Raghunathan
(2020) have reported the cheilostomatous bryozoans from the
Andaman and Nicobar Islands. Amongst the major coral reef
in India, Gulf of Mannar is one of the key and oldest reefs of
the country (Shrinivaasu, 2016). There have been only a few
studies carried out in this region to investigate the habitat and
record the taxonomy of reef bryozoans. Pioneering studies by
Thornely (1907) and Robertson (1921), the most notable works
on bryozoans of India are by Menon and Nair (1969, 1972).
Of lately Venkatraman et al. (2016) studied the bryozoans of
Gulf of Mannar Marine Biosphere Reserve including several reef-
associated bryozoans. In the light of previous studies conducted
on coral reef-associated bryozoans, this work focuses on the taxo-
nomic account and habitat of Bryozoan species, which exclusively
considers corals as substratum for their growth and its role in
reviving the depleting coral ecosystem.

2. Materials and methods

The collections were done during April 2013–April 2015 fol-
lowing the protocol by Dick and Grischenko (2017) along the
inter-tidal zone, starting one hour before and continuing up to
an hour after low tide. Bryozoans were collected from the coral
skeletal framework and coral rubble in the reefs surrounding
Mandapam group of islands along the Gulf of Mannar Marine
Biosphere Reserve (Map 1), by employing SCUBA diving and
snorkelling up to 5 m of depth. A hammer and chisel were,
used to chip the substratum containing the colonies, then they
were sorted and dried to preserve. Following the protocol of
Goutham Bharathi and Raghunathan (2020) the specimens were,
scraped off the substratum using a scalpel blade, bleached with
sodium hypochlorite (0.5%) to remove the inorganic sediments,
later rinsed in distilled water and dried. The colonies were, ob-
served under a stereomicroscope (Leica EZ4). For scanning elec-
tron microscopy, the colonies were coated with gold palladium
under vacuum conditions and scanning electron micrographs
were prepared with a Zeiss Evo 18 Special Edition SEM, using
the ‘‘Smart SEM version 5.09’’ image processing software. The
identification of the micrographs was done with the help of
Harmer (1926, 1934), Menon and Menon (2006) and Tilbrook
(2006). All specimens were deposited to the National Zoological
Collections of Zoological Survey of India, Kolkata.

3. Result

This paper presents the taxonomic account of Bryozoan species
and their habitat, which exclusively considers corals as substra-
tum for their growth and their role in reviving the depleting

coral ecosystem. The systematic description of 12 coral associated
Cheilostomus Bryozoa belonging to 11 genera of 8 families in
3 suborders have been discussed. Among the recorded coral
associated Bryozoa, 6 are new records from the Indian coast
such as Parasmittina collifera (Robertson, 1908), Smittipora philip-
pinensis (Canu and Bassler, 1929), Onychocella angulosa (Reuss,
1848), Plesiocleidochasma porcellanum (Busk, 1860), Robertsonidra
argentea (Hincks, 1881) and Schizoporella errata (Waters, 1878).

3.1. Habitat

All the bryozoans collected from the reef ecosystem are en-
crusting, calcifying species of phylum Bryozoa. ‘White patches’ on
the coral skeletal framework and coral rubble denoted by arrows
represent the bryozoan colonies. They occupy the spaces between
branches of corals (Fig. 1,A). They are also found inside the caves,
crevices and cavities of coral rubble (Fig. 1,B). Often massive
colonies of Bryozoans can be founded underneath of worn-out
coral boulders (Fig. 1,C) or coral heads. It has been observed that
bryozoans compete for suitable surface area to grow, they not
only show competition between different families of bryozoans
but also between different encrusting organisms. When a bry-
ozoan colony grows and comes in contact with another colony in
the same space, the successful one over grows the other leading
to its death (Fig. 1,D). Hydrozoa has been observed to be growing
on top of the encrusting bryozoan colony, marked by an (*) in
(Fig. 1,B), which represents the facilitative succession on coral
rubble. Copious Bryozoan colonies can be seen on coral rubble
than on the live corals.

3.2. Systematic account

Phylum: Bryozoa
Class: Gymnolaemata
Order: Cheilostomatida
Suborder: Lustrina
Superfamily: Calloporoidea
Family: Calloporidae
Genus: Alderina

3.2.1. Alderina smitti Osburn, 1950
(Fig. 1.E)
Locality: Mandapam coast: 9.19912, 79.07530
Habitat: Encrusting on undersides of worn coral boulders.
Description: Colony encrusting. Zooids oval in shape, the

frontal membrane oval, underlined by a depressed cryptocyst
with aligned beads of calcium-carbonate. The orifice marked on
the distal wall skeleton by indentations. Gymnocyst, narrow and
smooth, but with several projecting tubercles. Avicularia and
ovicell wanting.

Remarks: This species was first reported from Brazil under the
name Alderina irregularis (Smitt, 1873). It was a highly fragile rare
samples, found to have a previous association with coral rubble.

Distribution: This species have a world-wide distribution,
was first reported from Brazil and subsequently from Florida,
Caribbean, southern California on the Pacific coast, Tropical west-
ern Atlantic, Gulf of Mexico, and Eastern Pacific according to
(Winston, 1986) and from India, Maharashtra coast (Venkatraman
et al., 2016) Alderina smitti (Osburn, 1950) is reported for the first
time from this area.

Suborder: Ascophora
Infraorder: Acanthostega
Superfamily: Catenicelloidea
Family: Savignyellidae
Genus: Savignyella

2
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Fig. 1. A- branched coral, B- Coral rubble, C- Undersides of worn coral boulder, D- Competition between different families of Bryozoa, E- Alderina smitti Colony, F-
Savignyella lafontii Zooids, G- Savignyella lafontii Distal portion of the zooid.

3.2.2. Savignyella lafontii (Audouin, 1826)
(Fig. 1.F–G)
Location: Pullivasal Island: 9.23699, 79.19100
Habitat: Inside the cavity of dead coral rubble.
Description: Colony of uniserial chitinous branches which

are joined, Zoarium erect. Zooids trumpet shaped having in-
flated distal portion and tube like proximal portion, numerous
pores penetrating the frontal region and non-porous basal re-
gions. Length varying, orifice semicircular with raised peristome
consisting of four short spines and a large pointed suboral avic-
ularia, the mandible of the avicularia is lost from this sam-
ple. Ovicell, globular and perforated by pores but absent in this
specimen.

Remarks: This sample is a highly delicate colony, which is un-
conspicuous until the substratum material is examined under the
microscope. It was observed as attached to a coral. It contains the
sessile type of avicularia (marked by an arrow in Fig. 1.F) similar
to Osburn’s sample (Osburn, 1950).

Distribution: Widely distributed in tropical or subtropical
regions, commonly seen in the Mediterranean region. Extends
throughout the Indo-Pacific realm. It has also been recorded from
Brazil, West Africa, Mauritius, Australia, and Egypt. Reports from
India, Chennai by (Robertson, 1921) and from Cochin by Menon
and Nair (1969).

Infraorder: Lepraliomorpha
Super family: Smittinoidea
Family: Lanceoporidae
Genus: Calyptotheca

3.2.3. Calyptotheca tenuata Harmer, 1957
(Fig. 2.A–C)
Locality: Manali-Putti Island 9.21581,79.12800
Habitat: Encrusting on worn-out coral boulders.
Description: Encrusting zooecia, primary zooids in longitudi-

nal rows, elongate, front slightly convex, faintly tuberculated with
numerous sunken minute pores. Superposed zooids shorter and
more convex. The orifice oval, wider than longer, surrounded by
tubercular thickening proximally and laterally. The median part
of which may become a small suboral umbo, wide sinus lim-
ited by large sunken condyles. Fertile zooids are almost the size
as the others but appear smaller. Larger avicularia uncommon,
typically unilateral, generally directed inward obliquely, in this
particular sample only a single one is observed on a fertile zooid
with rostrum long, narrow and triangular. Ovicells prominent and
globose, within the distal zooecium uncrossed by suture line.

Remarks: Calyptotheca tenuata is characterised by an oval
orifice with wide sinus limited by large sunken condyles. This
colony was found encrusting on a dead coral, the zooecia of the

3
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Fig. 2. A- Calyptotheca tenuata Colony, B- Calyptotheca tenuata Orifice, C- Calyptotheca tenuata Avicularia, D- Calyptotheca tenuata Zooid, E- Calyptotheca tenuata
Colony, F- Parasmittina collifera Colony, G- Parasmittina collifera Orifice, H- Parasmittina collifera Burred Condyles and Lyrula.

centre region was found to be longer than wider and the ones on
the periphery are wider than longer with distinct ovicells.

Distribution: This species has an Indo-Pacific distribution
from Sri Lanka to northern Great Barrier Reef. It has been re-
ported from Sri Lanka (Thornely, 1905), Indonesia (Harmer, 1926),
Mbanika Island and Russel Island by Winston (1986). It has also
been reported from Cochin, India by Menon and Nair (1969).
The species name ‘‘tenuata’’ means made slende referring to the
setiform termination of the mandible.

3.2.4. Calyptotheca inclusa (Thornly 1906)
(Fig. 2.D–E)
Locality: Manali-Putti Island 9.21581, 79.12800
Habitat: Encrusting on coral skeletal framework
Description: Colony encrusting, unilaminar or bilaminar,

forming an encrusting base. Autozooids separated by grooves
or sutures. The frontal shield densely pseudoporous, areolar-
pores separately distinguishable or lateral walls with conspic-
uous septular pores. Primary orifice oval, pyriform or rounded,
with a proximal sinus and conspicuous proximolateral condyles.
Oral spines absent. Adventitious avicularia, small oval median
with a trifoliate opesia, placed slightly towards the side in the

zooids with presiding ovicell. Large, infrequent vicarious avic-
ularia seen in some species, but absent in this sample. Ovicell
globose, hyperstomial (prominent), immersed, resting upon or
partially embedded in the frontal shield of the distal zooid,
cleithral; pseudoporous, secondary calcification resembling the
pseudoporous frontal shield; often cormidial, with raised lines of
calcification separating sectors. Conspicuous orificial dimorphism
in some species, with ovicellate orifices wider and with a shal-
lower sinus than non-ovicellate orifices. Ancestrula tatiform, with
spines.

Remarks: Pear-shaped primary orifice, nodular frontal shield
and a small oval median avicularium with a trifoliate opesia. In
the zooids where hyperstomial ovicell prominent, the median
avicularium is shifted to one side due to the presence of the
hyperstomial ovicell. In the type specimen a vicarious avicularia
is noted, but it is absent in this sample as well as the sample from
the Solomon Island.

Distribution: It is an Indo-Pacific species. Reported from In-
donesia (Harmer, 1915), Philippines, Sri Lanka, Great Barrier Reef
and Solomon Island (Tilbrook, 2006) and Gulf of Mannar from
India by Thornely (1905)

Super family: Smittinoidea

4
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Fig. 3. A- Pleurocodonellina signata Colony, B- Pleurocodonellina signata Zooid, C- Smittipora philippinensis Autozooids besides an avicularia, D- Smittipora
philippinensis Mandible on an avicularia, E- Onychocella angulosa Colony, F- Plesiocleidochasma porcellanum Colony, G- Plesiocleidochasma porcellanum Orifice.

Family: Smittinidae
Genus: Parasmittina

3.2.5. Parasmittina collifera (Robertsom,1908)
(Fig. 2.F–H)
Locality: Manali-Putti Island 9.21581, 79.12800
Habitat: Encrusting on coral framework.
Description: Colony encrusting, budding upward frontally to

form nodules with layers separated by pillars or Colli, zooids with
a large number of areolaes, front becoming mostly reticulate with
few additional pores. Aperture rounded, developing secondary
lappets or deeper rounded peristome except for the distal gap
with one or two spines. Lyrula anvil shaped, wide at the top and
shallow set, but becoming truncate. Paired lateral condyles large,
burred, proximal tip distal to the lyrula. Large knobs or thickened
pillars growing up beside or sub oral to the aperture or elsewhere
on the front (marked by an arrow in Fig. 2,F). Avicularia large,
acute or subacute, bulbous, initially originating beside areolae
with distal tip raised and heavily calcified, hinge bar complete,
distal opesia sub-triangular, palate becoming extensive, proximal
opesia shallow, hemispherical, avicularia capable of budding up-
wards independent of zooids. Lateral sub-oral avicularia spatulate

or rounded, directed proximally unraised. Other small avicu-
laria are also present on the front. Ovicell raised with numerous
pores that become occluded distally by secondary calcification
occasionally with Colli.

Remarks: This sample is a developing colony with some giant
avicularium and some exceeding past the aperture (marked by
an * in Fig. 2,F). The appearance of Colli as suboral protuberances
is a distinct feature of this species. The circular orifice with
thick-burred condyles with wide lyrula makes it a unique species.

Distribution: This species is tropical and warm water temper-
ate species previously reported from British Colombia, Coronados
island, Southern California and San Francisco (Soule et al., 1995).
Now extending its range to Indian waters too.

Genus: Pleurocodonellina

3.2.6. Pleurocodonellina signata (Waters, 1889)
(Fig. 3.A–B)
Locality: Pullivasal Island: 9.23699, 79.19100
Habitat: Encrusting underneath worn-out coral boulders.
Description: Colony encrusting, unilaminar, arranged in a lon-

gitudinal row. Auto zooids rectangular or elongate-polygonal,
separated by distinct marginal walls. The frontal shield modestly
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Fig. 4. A- Robertsonidra argentea Colony, B- Robertsonidra argentea Zooid with Ovicell and avicularia, C- Schizoporella errata Zooid, D- Schizoporella errata Colony, E-
Schizoporella errata Avicularia, F- Hippopodina feegeensis Colony, G- Hippopodina feegeensis Orifice and avicularia.

calcified, relatively smooth with dimpled effect boarded by mod-
erately sized marginal areolaer pores. Thin and tubular peristome
with a distinct ‘drop’ shaped sinus present in the sunken primary
aperture. One to three oral spines usually present but in this
sample spines are wanting. Lyrula absent. Moderately sized avicu-
laria placed proximo-latral to the orifice. The avicularia occasion-
ally takes a slanting/oblique position. Ovicells slightly perforated,
convex with a narrow basal rim of ectooecium. Semi-circular
operculum provided with a proximal tongue.

Remarks: Pleurocodonellina signata (Waters, 1889) was for-
merly known as Smittina signata and then as Parasmittina signata.
The presence of the ‘drop’-shaped sinus, dimpled front and the
elongated triangular avicularia makes this species more distinct.

Distribution: Pleurocodonellina signata (Waters, 1889) is
recorded to hav a circum-tropical distribution in the shallow
reef area. It was originally described from New South Wales
and subsequently found from Solomon islands (Tilbrook, 2006),
Russell Islands Mbanika Island, Sri Lanka by Thornely (1905) and
Cochin, West coast of India (Menon and Nair, 1969).

Superfamily: Microporoidea
Family: Onychocellidae
Genus: Smitipora

3.2.7. Smittipora philippinensis (Canu and Bassler, 1929)
(Fig. 3.C–D)
Locality: Manali Island9.21564, 79.12834
Habitat: Encrusting, spaces in-between coral branches
Description: Colony encrusting unilaminar. Autozooids, flat,

separated by raised marginal rim and distinct sutures, hexagonal
or irregularly polygonal in shape. Frontal membrane transparent,
covered by a coarsely granular cryptocyst on the frontal surface,
opesia small, slightly wider than longer. almost semicircular/D-
shaped, in the distal half of the zooid. Opecia surrounded by gran-
ular cryptocyst, distal border rounded lacking dentacles prox-
imal edge straight with a raised lip, base slightly dipping at
lateral corner. Avicularia is as long as autozoids but narrower,
cryptocyst coarsely granular. Opecia of the avicularia distally
located and pear shaped, wider distally, proximal border denticu-
late and smooth distally. The Distal end of the avicularia is slightly
pointed. Mandible medium length and hooked at the tip, blades
reach approximately half the length of the raches. Fertile zooid
similar in length to autozooids dimorphic opicia twice the size as
long as wide.

Remarks: D-shaped opesia of the autozooids and the dis-
tally located pear-shaped opesia of the avicularia, with proximal
border denticulated and smooth distal part are a characteristic
features of this species.
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Distribution: This species has an Indo-west Pacific distribu-
tion originally described from the Philippines and reported from
Rusell Islands and Florida Islands (Winston, 1986). It is reported
for the first time in India

Genus: Onychocella

3.2.8. Onychocella angulosa (Reuss, 1848)
(Fig. 3.E)
Locality: Mandapam coast: 9.19912, 79.07530
Habitat: Encrusting underneath worn-out coral boulders
Description: Colony encrusting, hexagonal, with raised edges.

Autozoids with depressed Cryptocyst, uniformly concaved with
minute pearly granules. Opesia of autozoids slightly trifoliate,
frequently found with distinct opesules. Avicularia with a long
rostrum curved around a zooecium, the opesia of avicularia oval,
wide distally and narrow proximally. Mandible with a long and
sharp edged narrow portion, formed by the union of two halves
of the main sclerite, which is strongly incurved at the tip bearing
a membranous expansion, which is turned away from the side of
the associated zooecium. Mandible is lost from this colony.

Remarks: The characteristics of this species are depressed
Cryptocyst, Concaved uniformly with minute pearly granules and
Avicularia with a long curved rostrum around a zooecium, with
oval opecia wide distally and narrow at the proximal end.

Distribution: Onychocella angulosa (Reuss, 1848) is an Indo-
Pacific species, which has been reported from China sea, Philip-
pines, Indonesia (Harmer, 1926) and Sri Lanka by Thornely (1905).
It is reported for the first time from Indian Waters.

Suborder: Flustrina
Superfamily: Celleporoidea
Family: Phidoloporidae
Genus: Plesiocleidochasma

3.2.9. Plesiocleidochasma porcellanum (Busk, 1860)
(Fig. 3.F–G)
Locality: Manali-Putti Island 9.21581, 79.12800
Habitat: Encrusting on underneath worn-out coral boulders
Description: Colonies encrusting, zooids are hexagonal in

shape, slightly inflated, with thick calcification and sparsely gran-
ular, with two to three marginal pores. A faint line of calcification
marking the edge. Orifice key hole shaped and rounded prox-
imally boarded by 2 or 3 spines and with Cardelles directed
backward into the deep and broad sinus, usually an umbo present
at the base of the orifice. Avicularia varying in size and position,
in this specimen avicularia is located beside the orifice directed
disto-laterally. Ovicell hyperstomial, imperforated, covered by
thick calcification often embedded in the calcification of the distal
Zooid.

Remarks: This species often become multilayered, it is char-
acterised by the ‘key hole’-shaped orifice and the helmet-shaped
hyperstomial Ovicell.

Distribution: This species has been reported from Sri Lanka,
Indonesia and Philippines (Harmer, 1926). It is also recorded
from the Gulf of Mexico, Caribbean, Brazil and Galapagos Island
(Winston, 1986). This is a newly reported from Indian waters.

Superfamily: Schizoporelloidea
Family: Robertsonidridae
Genus: Robertsonidra

3.2.10. Robertsonidra argentea (Hincks, 1881)
(Fig. 4.A–B)
Locality: Manali-Putti Island 9.21581, 79.12800
Habitat: Encrusting spaces in-between coral branches
Description: Autozooids oval to hexagonal, convex with dis-

tinct sutures. The Primary orifice rounded as long as wide with
deeply concave sinus, condyles not obvious, usually two thin

spines, seldom three present at the distal end of the orifice, often
a short umbo present. Avicularia of two types present, one or both
can be found on a single zooid or completely lacking. Avicularia,
positioned laterally or suborally, opposite to the umbo, acute to
frontal plane, triangular rostram, hinged directly. Ovicell large
and spherical.

Remarks: It is characterised by a rounded orifice with the
suboral umbo and small suboral avicularia and the absence of the
condyles. Considerable evidences show its association with corals
since it has been repeatedly reported from coral seas.

Distribution: This species was originally reported from an un-
known location of Africa and subsequently it had been reported
from different locations of Indo-Pacific region. Sri Lanka Thor-
nely (1905), Solomon islands (Tilbrook, 2006), Indonesia (Harmer,
1926) and the Great Barrier Reef (Winston, 1986). It is reported
from Indian coast for the first time.

Family: Schizoporellidae
Genus: Schizoporella

3.2.11. Schizoporella errata (Waters, 1878)
(Fig. 2.C–E)
Locality: Manali-Putti Island 9.21581, 79.12800
Habitat: Encrusting underneath worn-out coral boulders
Description: Colony encrusting, unilaminar or multilaminar,

or developing erect, foliaceous, branched or cylindrical growth,
this sample was multilaminar. Autozooids rectangular or lozenge-
shaped, flat or slightly convex, separated by shallow grooves,
in linear series; in multilaminar colonies, more disoriented in
frontally budded additional layers. The frontal shield evenly per-
forated by numerous round pores, each in a shallow depres-
sion. The primary orifice was slightly wider than long, appear-
ing almost circular; with broad and shallow U-shaped median
sinus. Oral spines are lacking. Adventitious avicularium single,
placed lateral to the orifice and level with the proximal bor-
der or sinus; cystid prominent, mandible acute triangular, an-
gled to frontal plane, distolaterally oriented, Ovicells prominent,
globular, regularly perforated.

Remarks: Characterised by the evenly perforated frontal shield
by numerous round pores, each in a shallow depression and
primary orifice with broad and shallow U-shaped median sinus.

Distribution: It is prevalent throughout the Pacific, particu-
larly populations are known from California, Hawaii, American
Samoa, New Zealand and Australia (Osburn, 1950). It was first
described from Naples, Italy and appears to be a native to the
Mediterranean. New to Indian waters.

Family: Hippopodinidae
Genus: Hippopodina

3.2.12. Hippopodina feegeensis (Busk, 1884)
(Fig. 4.F–G)
Locality: Pullivasal Island: 9.23699, 79.19100
Habitat: Encrusting spaces in-between coral branches.
Description: Colony is encrusting, often extensive, unilamellar

or multilamellar. Autozooids rectangular, slightly inflated when
superposed, arranged in regular longitudinal rows, and sepa-
rated by well-defined calcareous lines. Frontal wall is convex,
tuberculate and evenly perforated. The primary orifice is hoof-
shaped and indented with condyles otherwise with straight lat-
eral sides. Adventitious paired avicularia occupying the disto-
lateral region directing inwards with tips not meeting on the
median line (Fig. 4.G). Mandibles are acutely triangular. Orifice,
orientated medially. Ovicells when present very large, slightly
calcified, rounded and evenly perforate, hyperstomial ovicells
porous with pearly tubercles.

Remarks: Adventitious paired avicularia, which occupies the
disto-lateral region directing inwards with tips not meeting on
the median line is the characteristic feature of this species.

7



M.S. Sanjay, S. Shrinivaasu, C. Venkatraman et al. Regional Studies in Marine Science 44 (2021) 101775

Distribution: This species has a circum-tropical distribution
throughout the Red Sea to the Philippines including Sri Lanka,
Australia and Fiji (Winston, 1986). In India, it is reported from
Mandapam, Gulf of Mannar from East Coast, Cochin from West
Coast (Shrinivaasu, 2016) and from Andaman and Nicobar Islands
(Goutham Bharathi and Raghunathan, 2020).

4. Discussion

All the species recorded in the present study are having a
global distribution along the shallow waters of the tropical or
temperate seas. Among the described 12 species, six of them,
Parasmittina collifera (Robertson, 1908), Smittipora philippinen-
sis (Canu and Bassler, 1929), Onychocella angulosa (Reuss, 1848),
Plesiocleidochasma porcellanum (Busk, 1860), Robertsonidra argen-
tea (Hincks, 1881) and Schizoporella errata (Waters, 1878) are
common Indo-Pacific species, but reported for the first time
in Indian waters. Alderina smitti (Osburn, 1950), Savignyella la-
fontii (Audouin, 1826), Calyptotheca tenuata Harmer, 1957, Pleu-
rocodonellina signata (Waters, 1889) are reported for the first
time from this area, but previously identified from various parts
of India. Calyptotheca inclusa and Hippopodina feegeensis (Busk,
1884) are bryozoans species which are prevalent in India, which
have been previously reported from Gulf of Mannar.

This survey was conducted at the three reef islands along the
coral reefs of Gulf of Mannar and Palk Bay on the basis of Manta
tow technique, for recognition of reef area with an equal propor-
tion of live coral cover and rubble. From this study, Bryozoans
are noted to have a high affinity towards the coral rubble and no
affinity towards live corals. This observation corresponds to the
results of the study conducted to identify the diversity, species
richness and evenness of cryptic fauna on the dead and live corals
by Shrinivaasu (2016). According to his study Diversity index and
the species richness were higher in the dead coral substrates
than in the live coral samples. Studies have reported that coral
architecture (eroded carbonate skeletons), which results in topo-
graphic complexity provides suitable substrata for the settlement
of larva (Idjadi and Edmunds, 2006). This offers high protection
against wave action and predation, serving as major reasons
for species diversity and generic richness in dead coral rubble.
Whereas chemical defences and potent nematocysts of the Coral
polyps create an unfavourable condition for settlement of the
pelagic larva on live coral (Enochs, 2010).

The Bryozoans act as a perfect pioneer species for secondary
succession. As all pioneer species, bryozoans are resilient organ-
isms that are small, simple, and capable of colonising in a hostile
environment, altering and creating less stressful conditions for a
more complex successional species as in facilitative successions
(Bruno et al., 2003). This is followed by competitive succession,
and as the conditions continue to improve, species competition
steadily increases and the bryozoans gets displaced to remote
areas on reefs such as caves, crevices and cavities of the coral,
which is demonstrated by McCloskey (1970) and Enochs (2012) in
their study on facilitative succession within coelobite communi-
ties. Barnes and Neutel (2016) have proved Bryozoa as one of the
competitors among many encrusting fauna on hard substratum.
In this study it has been observed that bryozoa, not only compete
with different families, but also with different organisms to estab-
lish on suitable surface to grow (Barnes, 2003). When a bryozoan
colony grows and comes in contact with another colony in the
same space, the successful one over grows the other leading to its
displacement or death. If the two species are equally competent,
they cease to grow, but persists. Thus, the bryozoan colonies
observed in this particular study, in spite of being large are less
in species diversity, due to competition. Similar observation was
also recorded by Barnes and Neutel (2016) where they recorded

frequency of direct contact spatial-interactions and the outcomes
of bryozoan interactions. The facilitative succession is followed
by competitive succession resulting in community structure for
biodiversity maintenance within cryptic reef community (Jackson
and Buss, 1975; Buss and Jackson, 1979).

5. Conclusion

Among the twelve species described in this study, six are
common Indo-Pacific species, but reported for the first time in
Indian waters, four are reported for the first time from Gulf
of Mannar region and two have been previously reported from
this area. Bryozoans form an indispensable part within cryptic
reef community (Shrinivaasu, 2016). Most bryozoans described
in this study, such as Smittipora philippinensis (Canu and Bassler,
1929), Onychocella angulosa (Reuss, 1848) Plesiocleidochasma por-
cellanum (Busk, 1860), Schizoporella errata (Waters, 1878) Hip-
popodina feegeensis (Busk, 1884) Robertsonidra argentea (Hincks,
1881), Pleurocodonellina signata (Waters, 1889) and Savignyella
lafontii (Audouin, 1826) are found attached to the under surface
of corals or inside the caves, crevices and cavities of the coral
rubble, thus forming a cryptic reef habitat on dead corals. These
Bryozoans, which colonise on dead coral skeletal framework, can
revive the coral reef ecosystem, which has been destroyed by
anthropogenic activities through facilitative succession followed
by competitive succession, providing a community structure. The
cryptic fauna of the coral rubble also play a major role as the reef-
modelling agent. The solid massive crust (bryozoans exoskeleton),
which coats the surfaces of dead corals and rubble, cements the
trenches and holes in the reef as Winston (1986), hypothesised
about the geological role of recent bryozoans to be cementation
and infilling the cavities of the coral rubble. Exhaustive sam-
pling at different reefs are imperative to authenticate the reefal
bryozoan’s role in reving the coral reef ecosystem.
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Coral reefs are a valuable and diverse marine ecosystem that is crucial in respect of 

ecosystem services and economy, yet they are facing a bleak future globally due to rapid 

coastal development and climate change. India has four major coral reefs explicitly the 

Gulf of Kachchh, Lakshadweep archipelago, the Gulf of Mannar, and the Andaman and 

Nicobar Islands. The present investigation has looked into the taxonomy and adaptive 

features of a few species of bryozoans collected from different Indian reefs classified 

based on the level of anthropological stressors. The bryozoan samples were collected as 

part of the survey conducted by the Zoological Survey of India between 2018 September 

-2021 February from the shallow waters (up to 5 m) from, Gulf of Kachchh (GoK), Gulf of 

Mannar Marine Biosphere reserve (GoMBR) and Lakshadweep islands. The study showed 

that rising environmental stressors have been disrupting the coral ecosystem and forcing 

the organism to modify so that it can adapt to the changing ecosystem. Bryozoans from 

the Gulf of Kachchh (GoK), located north-western part of the Indian Arabian Sea, show 

unique colony structure modification as this region experiences some extreme climatic 

conditions like high Sea surface temperature (SST) and sedimentation. Conversely, 

bryozoans from Lakshadweep, one of the near-pristine reefs due to remoteness and less 

human perturbation were delicate. Whereas bryozoans from the Gulf of Mannar Marine 

Biosphere reserve (GoMBR)in the south-east coast of India show a moderate level of 

modification as this reef experience modest rate of sedimentation and pollution. 
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Marine environment and its continental shelf play an important role in its ecology. India 

being a peninsular landmass has a rich faunal diversity and well distributed benthic 

organisms in the continental shelves of the Indian EEZ. Bryozoans are hard bottom 

benthos, constituting an important component of the benthic community of these 

regions. They show exceptional levels of species diversity than any other organisms 

known today. Indeed the current research reveals that how common they are among all 

the stations investigated in this region; the Indian EEZ. Various modes of sampling like 

the dredge, panel immersions, scube diving samples were encrusted to almost 70% by 

this fascinating group. The paper focuses on the most abundant species available from all 

these sampling modes. A total of 278 species belonging to 64 families under 125 Genus 

of Gymnolaemates has been identified from Indian waters till date. Among the reported 

bryozoans, highest number of species are recorded from Tamil Nadu (104) followed by 

Kerala (92). Family Smittinidae (Levinsen. 1909) were found to be dominating in 

the Indian waters as it comprises of 28 species of bryozoans belonging to 4 genus, 

followed by Bugulidae Gray. 1848 (19 species). Of the 28 species belonging to 

Family Smittinidae (Levinsen. 1909) the Genus Parasmittina showed the highest 

species richness of 21 species.   
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