
           ST. TERESA’S COLLEGE, ERNAKULAM 

            (Autonomous) 
            College with Potential for Excellence 

                   Re- Accredited by NAAC in the 4th cycle with grade A++          
 

 

 

 

 

 

 

books and chapters in edited 

volumes / books published by 

Faculty during the year 2021-22 



 

 

 

ADVANCED STUDIES IN 

MULTIDISCIPLINARY 

RESEARCH 

 

 

Volume - 1 

 

 

 

Chief Editor 

Dr. Suprita Jha 

Associate Professor, Department of English, Mata Sundri College, 

University of Delhi, Delhi, India 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Published By: Bright Sky Publications 

 

Bright Sky Publications 

Office No 3, 1st Floor, 

Pocket - H34, SEC-3, 

Rohini, Delhi, 110085, India 

Phone: +91-9911215212, +91-9999779515 

Email: brightskypublications@gmail.com 

 

Chief Editor: Dr. Suprita Jha 

 

The author/publisher has attempted to trace and acknowledge the materials 

reproduced in this publication and apologize if permission and 

acknowledgements to publish in this form have not been given. If any material 

has not been acknowledged please write and let us know so that we may rectify 

it. 

 

© Bright Sky Publications 

Publication Year: 2022 

Pages: 115 

ISBN: 978-93-92804-13-7 

Book DOI: https://doi.org/10.22271/bs.book.31 

Price: ` 678/- 



 

 

 

Contents 

 

Chapters Page No. 

1. The Stepping Stone to Formal Education: Early Childhood Care 

and Education in India in the Light of New Education Policy 

2020 

01-09 

 (Bhagyashree Das)  

2. Attitude of Headmasters of Government and Private High 

Schools towards Physical Education 

11-26 

 (Basavaraj Kumasi and Ravindra Gouda SM)  

3. Emotional Dysregulation and Post Covid-19 Recovery: Issues 

and Explorations 

27-37 

 (Sunil Kumar, Deepak Malik*, Yogita Sharma)  

4. Biotechnology Based Green Energy: A Solution towards 

Sustainable Development 

39-59 

 (Kailash Chandra and Harshada Joshi)  

5. Complete Soft Graphs 61-70 

 (Bobin George and Jinta Jose)  

6. An Introduction to The Microalgae, Spirulina 71-92 

 (Lesny Jacob, Arya P. Mohan and Lizzy Mathew)  

7. Review of Nanotechnology Applications in Science and 

Engineering 

93-115 

 (Sayantan Ganguly)  



 

Page | 73 

 

Chapter - 1  

An Introduction to the Microalgae, Spirulina  

Lesny Jacob, Arya P. Mohan and Lizzy Mathew 

 

 

Abstract 

Microalgae Spirulina is considered as a nutritionally rich microorganism 

containing beta-carotene. It has been a common dietary substance around the 

world from ancient times and plays an important role as an antioxidant. In 

recent years, Spirulina has attracted scientific attention for its various health 

benefits and also understanding the mechanisms of action of its various 

components. Spirulina is a worthy protein source and its components have 

been shown positive benefit across a range of human health indications from 

malnutrition to antioxidant properties. The chapter investigates the 

cyanobacterium, Spirulina and its various techniques of isolation and analysis 

of the carotenoids and its health benefits. Separations of these pigments are 

effective using HPLC technique. The antioxidant property of the Spirulina 

maxima and Spirulina platensis can be used as a dietary supplement can 

restore the richness and microbial diversity of organisms and thus plays a 

significant role in overall health of an organism. This antioxidant property of 

carotenoids can be used to protect gut microbiota to relieve gastrointestinal 

disorders. This implies the wide application in pharmaceuticals and food 

supplements and their effect on the enhancement of gut microbiota. The 

administration of Spirulina into the mice diet alters the gut microbial 

composition. This study focuses the Spirulina derived bioactive pigments and 

to optimize production and application to reduce gut dysbiosis. The effects of 

Spirulina on the gut microbiota and its response with respect to the dietary 

supplement can be effectively utilized to enhance immunity and diversity of 

the gut microflora. 

Keywords: Spirulina, cyanobacteria, microorganism, microalgae, gut 

microflora 

1. Introduction about the organism Spirulina 

Microalgae Spirulina is considered as a nutritionally rich microorganism 

containing beta-carotene. It has been a common dietary substance around the 

world from ancient times and plays an important role as an antioxidant. In 
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recent years, Spirulina has attracted scientific attention for its various health 

benefits and also understanding the mechanisms of action of its various 

components. Spirulina is a worthy protein source and its components have 

been shown positive benefit across a range of human health indications from 

malnutrition to antioxidant properties. 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 [1]. They retain numerous 

natural properties that make them an ideal organism with significant 

importance and cosmopolitan distribution. Spirulina attracts the attention of 

researchers as a future industrial material source of food, drug and cosmetics 

as they can be mass produced in a short time in various environments. 

Spirulina are prokaryotic, filamentous and microscopic blue-green algae, 

visible when they exist in the form of colonies such as crust or blooms [2]. The 

cellular mechanism makes blue-green algae adaptable to environmental 

changes and helps them to thrive in elevated alkaline pH [3]. Their fast growth 

rate depends on variations in nutrient level, biotic factors and climatic change. 

Spirulina is recognized by its peculiar shape of cylindrical trichomes that are 

arranged in a left-handed helix throughout the filament. The taxonomic 

definitions have been revealed through the study of the ultra-structural details 

of the trichomes and 16 srRNA gene sequencing [4]. 

1.1 Cellular characteristics of Spirulina 

Spirulina have popularity in the food and pharmaceutical industry. It has 

long been used as a dietary supplement by people living close to the alkaline 

lakes where it is naturally found. Spirulina has been used as a complementary 

dietary ingredient of feed for fish, shrimp and poultry. Among the various 

species of Spirulina, the cyanobacteria Spirulina platensis has drawn more 

attention of both researchers and industrialist because it shows a high 

nutritional content characterized by 70% protein content, minerals, vitamins, 

amino acids, essential fatty acids [5]. In 1884, Wittrock and Nordstedt reported 

the presence near the city of Montevideo of a helical, septal and blue-green 

microalga called Spirulina platensis. In 1852, Stizenberger gave these new 

genes the name Arthrospira based on the presence of septa, helical form and 

multicellular structure. Because of the common helical morphology, he 

reunified the members of the two genera under the designation Spirulina 

without considering the septum. However, in later 1989, these 

microorganisms were separately classified into two genera Spirulina and 

Arthrospira, which is currently accepted. According to the classification in 

Bergey’s Manual of Determinative Bacteriology, Spirulina belongs to the 

oxygenic photosynthetic bacteria, the cyanobacteria. Further related to the 
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sequence of the rRNA subunit 16srRNA these prokaryotes belong to the group 

Eubacteria. The dried cells of microorganisms such as bacteria, fungi, yeasts 

and algae that are grown in large scale culture systems as proteins, for human 

or animal consumption are collectively known as single cell protein. SCPs are 

characterized by fast growth rate, high protein content (43-85%) compared to 

field crops. They require less water, land and are independent of climate, 

growing in wastewater. They can be genetically modified for desirable 

characters such as amino acid composition and temperature tolerance. Among 

the various microorganisms used as sources of SCP, the blue green algae, 

Spirulina is considered as the best source. The composition of the biomass, 

including the high protein content, low content in nucleic acids, occurrence of 

high concentrations of vitamins and other growth factors and the presence of 

cell wall that is more easily digestible than that of other microbes, indicate that 

Spirulina is a promising source of food or feed.  

1.2 Morphology  

The cyanobacterium, Spirulina is filamentous algae which are 

characterized by coiled trichomes and it shows variety of morphologies such 

as linear shaped and irregularly curved [6]. The helical shape of the trichomes 

and the gas filled vacuoles in the cell is characteristic features of the genus and 

this helps them to floats on aquatic bodies as floating mats. The trichomes 

have a length of 50 to 500μm and a width of 3 to 4μm. However, cyanobacteria 
have a cell wall similar to that of gram-negative bacteria. They contain 

peptidoglycan, a lysozyme-sensitive heteropolymer that confers shape and 

osmotic protection to the cell, in addition to other material not sensitive to 

lysozyme. In the 1970s, sphaeroplasts were produced by disintegration of their 

cell wall by enzymatic treatment of their protoplasts. Spirulina species shows 

great plasticity in the morphological features and these are due to the 

environmental factors. The electron microscopic view of Spirulina shows that 

it is a prokaryotic organism with a capsule and cell wall, the entire unit being 

a photosynthetic system. The irregularity of capsule around the filament in S. 

platensis differentiates them from S. maxima [7].  

1.3 Taxonomy 

Spirulina was isolated by Turpin in 1827 and in 1844, Wittrock and 

Nordstedt reported their presence near the city of Montevideo, as helical, 

septal and blue-green microalgae named Spirulina jenneri f. platensis [7]. But 

it was not until 1852 that the first taxonomic report written by Stizenberger 

appeared. He gave this new genus the name Arthrospira based on the presence 

of septa, helical form and multicellular structure. Gomont (1892) attributed 



 

Page | 76 

the aseptate form to the Spirulina genus, and the septal form to the Arthrospira 

genus. Geitler in 1932, because of the common helical morphology, reunified 

the members of the two genera under the designation Spirulina without 

considering the septum presence, but morphological similarity. In 1989, these 

microorganisms were separately classified into two genera Spirulina and 

Arthrospira; this classification is currently accepted [8]. Arthrospira maxima 

and A. platensis are the most important species in this genus and among these 

existed taxonomic differences in filaments, vacuoles and external cover or 

capsule regularity of each filament. The microalgae under discussion belong 

to the genus Arthrospira, but it will probably be called Spirulina for some 

time. The systematic position of cyanobacteria has been a matter of discussion, 

as these photosynthetic organisms were first considered algae. In 1962, a 

distinction between prokaryotes and eukaryotes was clearly established. The 

main difference is based upon the presence of cell organelles enveloped by a 

phospholipidic membrane in eukaryotes. Stanier and Van Neil, 1962 

incorporated blue-green algae into the prokaryote kingdom 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 ultrastructural cell organization of Spirulina sp. is typical 

of prokaryotes, with a lack of membrane-bound organelles. The thin cell wall 

has four layers, with an easily detectable electron-dense layer corresponding 

to the peptidoglycan layer [9]. The regularly spaced cross walls divide the 

trichome 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 [1]. Thylakoid membranes with phycobilisomes are arranged in 

parallel bundles. The other main subcellular inclusions are gas vacuoles, 

polyglucan granules, polyphosphate granules and large cyanophycean 

granules. 

  

Plate 1: The fluorescence microscopic images of Spirulina sp. isolated from Cochin 

estuary 

(A) Isolated colonies of Spirulina sp., (B) Enlarged view of Spirulina sp., (C) Isolated single 

filament of Spirulina sp. 

A C B 
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The dried cells of microorganisms such as bacteria, fungi, yeasts and 

algae that are grown in large scale culture systems as proteins, for human or 

animal consumption are collectively known as single cell protein. SCPs are 

characterized by fast growth rate, high protein content (43-85%) compared to 

field crops. They require less water and land and are independent of climate, 

growing in wastewater. They can be genetically modified for desirable 

characters such as amino acid composition and temperature tolerance. Among 

the various microorganisms used as sources of SCP, the blue green algae, 

Spirulina is considered as the best source. The composition of the biomass, 

including the high protein content, low content in nucleic acids, occurrence of 

high concentrations of vitamins and other growth factors and the presence of 

cell wall that is more easily digestible than that of other microbes, indicate that 

Spirulina is a promising source of food or feed.  

1.4 Systemic position of Spirulina 

• Phylum: Cyanobacteria. 

• Class: Cyanophyceae. 

• Order: Nostocales. 

• Family: Oscillatoriaceae. 

• Genus: Spirulina. 

2. Relevance of the organism 

The chapter investigates the cyanobacteria, Spirulina and its various 

techniques of isolation and analysis of the carotenoids and its health benefits. 

Separations of these pigments are effective using HPLC technique. The 

antioxidant property of the Spirulina maxima and Spirulina platensis can be 

used as a dietary supplement can restore the richness and microbial diversity 

of organisms and thus plays a significant role in overall health of an organism. 

This antioxidant property of carotenoids can be used to protect gut microbiota 

to relieve gastrointestinal disorders. This implies the wide application in 

pharmaceuticals and food supplements and their effect on the enhancement of 

gut microbiota. The administration of Spirulina into the mice diet alters the 

gut microbial composition. This chapter focuses the Spirulina derived 

bioactive pigments and to optimize production and application to reduce gut 

dysbiosis. The effects of Spirulina on the gut microbiota and its response with 

respect to the dietary supplement can be effectively utilized to enhance 

immunity and diversity of the gut microflora. 

The frequent growth of human population and environmental pollution 

due to anthropogenic activities has resulted in demand for food to access safe 

and nutritious food for healthy life. The unavailability of nutritional sources 
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and changing lifestyles results in health risks. For the better source of 

nutritional requirements, it is mandatory to search into supplements that can 

boost the individual health status. Thus, in the current scenario it is significant 

to find ways to provide dietary supplements in cost effective manner. 

Spirulina is one among the supplement sources which is easy to produce and 

process. 

Many research studies have shown that Spirulina has antioxidant, 

immunomodulatory, anti-inflammatory, antiviral and antimicrobial activity. 

For the past two decades Spirulina has been focus of interest among 

researchers in various fields for its commercial importance as a source of 

protein, vitamins and minerals. Nutraceutical food products are commercially 

available with approved health benefits, as the demand for nutraceuticals and 

food supplements is increasing, organisms that rapidly produce nutritional 

compounds are in demand. 

3. Health benefits and its applications 

The studies show that the Spirulina has the ability to enhance immunity 

and is considered as a powerful tonic to immune system. The gut microbiota 

was beneficial for its therapeutic values and diseases susceptibility and its 

homeostatic distribution, diversity of species and metabolic outputs were 

beneficial to the host health [10]. To sustain or restore the intestinal bacterial 

homeostasis in healthy individuals or disease states, several approaches have 

been implemented like the oral supplementation of probiotics. Oral 

supplementation of non-medical nutraceuticals derived from the food source 

has been widely used for disease prevention due to its potential capacity of 

promoting the growth of commensal gut microorganisms. 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. Recent studies in health and disease animal models have 

shown that Spirulina can modulate the composition of gut microbiota that may 

link to improved health status. Biotechnology correlates Spirulina species as 

food and feed additives in agriculture, food industry, pharmaceuticals and 

medicine. The unique characteristics of blue-green algae have prompted 

researchers and scientists to think about their potential efficiency around the 

globe. The findings pave the way for developing an effective platform to use 

Spirulina in several applications including environmental implications, 

sustainable agriculture practice and pharmaceutical drugs. Spirulina offers a 

wide scope for production of large quantities of natural carotenoids directly in 

an edible state. It has also been demonstrated as a safe food. The beneficial 
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effects of Spirulina as nutritional and dietary supplements with special focus 

on its immunomodulatory and antioxidant effects have been discussed, based 

on the relevant details from scientific publications. This chapter envisages the 

mining of their pigments for the application as bioactive molecules to mitigate 

gut dysbiosis. 

Phycocyanin pigment from Spirulina can be used as a power full 

antioxidant. Oxidative stress also plays a role in a range of health conditions. 

Like inflammation, it is also involved with the aging process. Spirulina 

supplements with powerful antioxidant help to ward off oxidative stress and 

its effects. This reduces the amount of damage in the body, preventing disease 

and potentially increasing lifespan. Spirulina regulates blood pressure. In 

order to protect cardiovascular health, need to control markers of heart disease, 

one of which is blood pressure. The effects of Spirulina were enough to drop 

blood pressure. Along with blood pressure, it is important to keep cholesterol 

levels in line for a healthy heart. Studies have shown that Spirulina can be 

effective in reducing cholesterol levels. Spirulina may be helpful in treating 

certain types of cancer however, particularly cancers of the mouth. It was 

found that supplementing with Spirulina could help tobacco chewers to reduce 

their lesions. 

Foods which are rich in antioxidants can help to counteract this effect, 

reducing muscle fatigue and boosting endurance. It is demonstrated that 

Spirulina supplementation can help to increase endurance, allowing exercisers 

to work out longer before fatigue took over. So, taking Spirulina may help you 

to work out longer and harder it may also enhance the strength of your 

muscles. Spirulina has benefits for blood pressure, cholesterol, and 

triglycerides, it also helps to maintain stable blood sugar levels. Spirulina was 

effective in managing blood sugar levels, even surpassing drugs like 

Metformin. Spirulina helps in improving blood glucose levels and lipid 

profiles. The diabetic or pre-diabetic, blood sugar level was also found to be 

stabilized by imparting Spirulina supplement. 

Spirulina provides a protective effect for liver health, reducing the 

chances that patients suffering from chronic liver disease, cirrhosis or failure. 

Spirulina acts as an antioxidant and is able to assist in scavenging free radicals. 

The researchers also found that Spirulina chelated metals was able to prevent 

liver damage. Spirulina contains a significant amount of protein. The effects 

of protein on many have found that protein can increase metabolism and 

satisfaction. A faster metabolism is a great aid to promoting weight loss, since 

it means that the body is burning through calories more quickly. So that is two 
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ways in which Spirulina can help to reach weight loss goals faster. Radiation 

sickness induce a range of severe symptoms including nausea, vomiting, 

bleeding, mouth ulcers, hair loss, fatigue, fever, diarrhea, and more. Exposure 

to radiation also increases chances of cancer. Research has been done to find 

whether Spirulina might be able to help protect against radiation sickness. It 

was found that Spirulina extract caused significant reduction of the 

micronucleus frequencies induced by gamma-radiation.  

There are multiple studies which show that Spirulina increase immune 

activity. This means that taking Spirulina supplements help to enhances 

disease resistance. One more potential benefit of Spirulina concerns the area 

of wound healing. Researchers have studied Spirulina and wound healing, and 

have found that the aqueous extract from the algae is useful in treating chronic 

wound as well as its complications. This may prove a useful therapy for 

diabetes mellitus patients. It also indicates that Spirulina may be helpful in 

treating wounds all around [11]. 

Lactococcus lactis bacterial growth was promoted by Spirulina and is 

very much beneficial to provide protection against diseases. Indeed, 

Lactococcus lactis has been shown in research to assist in treating cancer. 

Taking Spirulina supplements may help to promote the growth of your own 

healthy intestinal flora. It may also be possible that manufacturers of 

probiotics can make use of Spirulina as part of their production processes. The 

growth of beneficial intestinal bacteria, including Lactobacillus, appears to be 

stimulated by the consumption of Spirulina, based on a study of rats who 

consumed it as 5% of their diets. The absorption of vitamin B1 was also 

improved. The putative health benefit of cyanobacteria has an impact on the 

bacteria colonization in gastrointestinal tract of mammals such as humans. 

This functionally stable community of microbes was referred as the gut micro 

biota. This metabolically active microbial population that outnumbers somatic 

body cells has a considerable influence on the biochemistry, physiology, 

metabolism and immunology of the host [12]. A close relationship exists 

between the host and its gut inhabitants, comprising microbial modulation of 

epithelial gene expression and signal transduction pathways, and an extensive 

host⁄ microbe co-metabolism. Given the importance of the gut micro biota to 

overall host biology, it is not surprising that modulation of gut micro biota 

composition can have a marked influence on metabolic and immunologic 

functions of the mammalian host. In this study, evidence is provided that 

dietary supplementation of blue green algae of the species S. platensis leads 

to alterations in the gut microbiota in mice. These alterations especially 

introduced major changes to the microbial community present in the colon. 

https://www.authoritydiet.com/probiotics-help-you-weight-loss-lose-belly-fat/
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4. Historical use and rediscovery of Spirulina 

Spirulina is a primitive organism originated billion years ago as 

photosynthetic cyanobacteria that has established the ability to utilize carbon 

dioxide dissolved in seawater as the nutrient source and can survive in high 

temperature and alkaline conditions [13]. In the sixteenth century, when the 

Spanish invaders conquered Mexico, they discovered that the Aztecs living in 

the valley of Mexico stockpile a new food from the lake [14]. The Spanish 

fishermen with fine nets collect this bluish-green coloured organism from the 

beaches, shorelines and rivers. These fishermen make a blue-green cake. Some 

of the legends say Aztec messenger runners took Spirulina on their marathons. 

Until the end of the sixteenth century, Spirulina was mentioned as 

“Techuitlatl” by the naturalists. But after that, the lakes were drained for urban 

and agricultural developments. The only remnant today was Lake Texcoco, it 

still has Spirulina population. The population (Kanembu) living along the 

shores of Chad lake collects the wet algae in clay pots, drains out the water 

through cloth bags and spreads out the algae in the sandy shore for sun drying. 

The semi-dried algae are then cut into small squares and taken to the villages, 

where the drying is completed by sun drying and the dried algal cakes were 

sold in the local markets [15]. Dihé is crumbled and mixed with a sauce of 

tomatoes and peppers, and poured over millet, beans, fish, meat and is eaten 

by the Kanembu. Pregnant women eat dihé cakes directly because they believe 

its dark colour will screen their unborn baby from the eyes of sorcerers. 

Spirulina is also used as a remedy for treating certain chronic diseases [7]. In 

1940, a French phycologist published a report on the consumption of dihé by 

the Kanembu people near Chad Lake [16]. He also noted that these algae inhabit 

different lakes in the Rift valley of East Africa, and was the main food for the 

flamingos. Twenty-five years later during 1964-65, a botanist on a Belgian 

Trans-Saharan expedition, Jean Léonard, reported finding on the greenish, 

edible cakes, being sold in native markets of Fort-Lamy (now N’Djamena) in 

Chad [17]. When locals said these cakes came from areas near Lake Chad, 

Léonard related the algal blooms and dried cakes. In 1967 Spirulina was 

established as a wonderful future food source in the International Association 

of Applied Microbiology [14]. Analysis of the nutritional properties of 

Spirulina showed high protein content about 60 to 70 percent of its dry weight. 

The protein with excellent quality was the first fact about Spirulina. This fact 

was enough to launch numerous research projects for industrial purposes, 

because these microorganisms like Yeast, Chlorella, Spirulina, some bacteria 

and moulds seemed to be the most direct route to inexpensive proteins SCPs 

(Single Cell Proteins). At the same time Léonard rediscovered Spirulina in 

Africa, to study the bloom of algae occurring in the evaporation ponds of their 
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sodium bicarbonate production facility in a lake near Mexico City. The first 

systematic and detailed study of the growth requirements and physiology of 

Spirulina was performed and it was the basis for establishing the first large-

scale production of Spirulina [18].  

5. Isolation and Occurrence of Spirulina  

The alkaline lakes of tropical regions were occupied by Spirulina. The 

favorable conditions allow the establishment of cyanobacteria in open 

reactors. It is one of the nature’s first photosynthetic organisms capable of 

converting light directly for complex metabolic processes. Spirulina is used 

for food from time immemorial by tribes living around Chad Lake in Africa. 

The predominant species is Spirulina platensis. The algae Spirulina was eaten 

in Mexico under the name Tecuitlatl [19]. This genus grows optimally in pH 

range of 9-11 and there is least chance of contamination of other microbes. In 

Cyanobacteria, the light harvesting pigments include chlorophyll-a, 

carotenoids and phycobiliproteins. The later proteins being with linear 

tetrapyrrole prosthetic groups according to their structure as phycocyanin, 

phycoerythrin and allophycocyanin [20].  

Ciferri, 1983 studied that Spirulina was a ubiquitous organism that found 

in a variety of environments. Species of Spirulina have been isolated, for 

instance, from tropical waters to the North Sea, thermal springs, salt pans, 

warm waters from power plants, fish ponds. Thus, the organism appears to be 

capable of adaptation to very different habitats and colonizes certain 

environments in which life for other microorganisms is, if not possible or very 

difficult. Hence typical is the population by alkalophylic Spirulina platensis 

in certain alkaline lakes of Africa and by Spirulina maxima in the Lake 

Texcoco of Mexico. It is also reported that in some of these lakes Spirulina 

grows as a quasi-monoculture.  

6. Sampling and culturing 

The isolation and purification of cyanobacteria culture are usually done 

by serial dilution method and the culture preparations were followed by 

standard methodology [21]. Different pure cultures (culture media BG 11, BG-

12, BG-13) of cyanobacteria maintained within the standard environmental 

conditions. Taxonomical identification and classification of the cultured 

cyanobacteria using morphological characters and following standard 

literatures [22]. The fine structure of Cyanobacteria, Spirulina platensis and 

Spirulina subsalsa were examined and viewed by X-ray microscope to obtain 

high resolution images of these spiral cyanobacteria. These high-resolution 

images will allow a close comparison between morphological features of 
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prokaryotic cells and the eukaryotic photosynthetic organelle. The bright blue-

green cylindrical filaments of Spirulina platensis had a lazy spiral turn and 

filament width of 5-6μm. Cell walls are clearly visible crossing the filament 

at intervals of about 2-3μm. 

Getting microalgae culture to grow in the laboratory is done by 

phycologist. Once we take over the work is done. The microalgae Spirulina 

grows on a large-scale production to high concentration. Microalgae strain 

available from the microalgal culture collection. It can be gathered from 

natural surroundings such as sea, lakes and reservoirs. It is extracted from the 

environment through the process of isolation. Then separating it from the 

surrounding organisms placed into a suitable medium (F/2 medium) and 

provide environment for maximum growth. Mass culturing involves the 

development of a high population with the aim of obtaining algal biomass. In 

the mass culture the availability of resources such as light, nutrients were 

limited. The microalgae growth modifiers the environment and thus 

parameters such as pH, temperature and concentration become unbalanced 

and thus it hinders microalgal growth. So, in mass culturing the resources are 

supplied in excess amount, so the cell growth maximized [23]. 

7. Harvesting of Spirulina 

Harvesting of the Spirulina is carried out early mornings and it involves 

two steps. The process of filtration was done to obtain the biomass containing 

about 10% dry matter and 50% residual culture medium. Then the removal of 

the residual culture medium to obtain the fresh Spirulina culture and the 

Spirulina biomass, containing about 20% dry matter. Different harvesting 

techniques used are filtration, flotation, centrifugation, precipitation, ion 

exchange, electrolytic and ultrasonic vibration. Harvesting of microalgae 

Spirulina is done using a filter or mesh cloth of at least 50 microns to 

efficiently collect Spirulina from its medium. 

7.1 Centrifugation 

Centrifugation is a widely used method to separate Spirulina algae from 

the culture media. Centrifugation and chemical precipitation are economically 

feasible, where centrifugation being in appreciably better method. Centrifuge 

is an equipment, driven by a motor, which puts an object in rotation around a 

fixed axis, applying a force perpendicular to the axis. This method is 

reasonably efficient, but sensitive algal cells may be damaged by pelleting 

against the rotor wall. Centrifugation and drying are currently considered too 

expensive for personal use, though viable on a commercial and industrial 

scale. The centrifuge works using the sedimentation principle, where the 
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centripetal acceleration is used to evenly distribute substances of greater and 

lesser density. 

7.2 Filtration 

The cyanobacteria culture undergoes filtration for its commercial 

production. The efficiencies of biomass harvesting by filtration are very high 

which nearly 95% complete. Inclined, stationary screen is considered as a 

better solution for harvesting Spirulina. Vibrating screens filter the same 

volume per unit time as the inclined screens, but require one-third of the area. 

Their harvesting efficiencies are often very high. The combination of both 

inclined filter and a vibrating screen can also be used. In the process of 

pumping the algal culture, the Spirulina filaments may be damaged physically. 

Repeated harvesting leads to the increasing enrichment of the culture with 

unicellular microalgae or short filaments of Spirulina, which can pass through 

the screen easily. According to the works reported in large-scale production 

of Spirulina the vibrating screen may not be the optimum device for 

harvesting. Next step is the washing of excess salts from the biomass and the 

washed cakes are frequently homogenized before being dried. 

7.3 Drying 

Spirulina can be consumed fresh as well as in dried form [24]. It is best 

when consumed within 6 hours of its harvest or can be preserved for later 

consumption. Spirulina is relatively easily digestible in its fresh form [25]. 

Health and nutrition companies have tried to minimize the nutrient loss during 

drying and maximizing the pure microalgae biomass recovered in cost-

effective. Sun drying is the most popular drying method, but requires a few 

precautions. Direct sun drying must be very quick, otherwise the chlorophyll 

will be destroyed and the dry product will appear blue. In industries spray drier 

is used for Spirulina which flash dries fine droplets at very high temperature 

and yields an extremely fine powder of low apparent density. Although freeze 

drying considered as the best way of drying, but far too expensive and 

complicated. The biomass to be dried must be thin enough to dry before it 

starts fermenting. Fundamentally two types of shapes are used, thin layers of 

rather fluid biomass lay on a plastic film, and rods as spaghetti lay on a 

perforated tray. In the former case the air flows horizontally over the film, 

while in the later case it flows vertically through the tray. The rod shape is 

theoretically better as evaporation can take place all around; rods are obtained 

by extrusion. But rods must be sturdy enough to maintain their shape, so this 

type of drying is restricted to biomass that can be dewatered by pressing. The 

total duration of the drying should not be less than 2 hours. Drying temperature 
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should be limited to 68 °C and drying time is limited to 7 hours. For better 

preservation under storage, moisture should not exceed. During the drying 

process as well as after, the product must be protected against contaminations 

from dust and insects and should not be touched by hands. 

8. Pigments of Spirulina 

Cyanobacteria, Spirulina containing photosynthetic pigments are 

classified into three classes. They are chlorophylls, carotenoids and 

phycobiliproteins. Fascinating facts about Spirulina is its colour, the dark 

bluish green being very eye catching. Hence Spirulina is perfectly safe, despite 

the fact that the colour comes from a pigment protein complex referred to as 

phycocyanin. It contains many pigments including chlorophyll, xanthophyll, 

beta-carotene, phycobiliproteins and phycocyanin. Phycocyanin, 

allophycocyanin and phycoerythrin are the components of phycobiliproteins 

and are the major photosynthetic pigments in cyanobacteria. Among 

cyanobacteria, the genus Spirulina are the richest and most inexpensive source 

of the pigment, phycocyanin. Phycocyanin has many commercial applications 

and is used as food colourants cosmetics and in biomedical research. It is also 

a potential pharmaceutical in oxidative stress-induced disease as it has 

antioxidant and anti-inflammatory properties. There may be a potential 

increase in the commercial application of phycocyanin in the near future for 

natural colourants and pharmaceuticals. Extraction and purification of 

phycocyanin from cyanobacteria has been achieved by different way and can 

be categorized under two methods. The cells are subjected to enzymatic 

disintegration followed by centrifugation, fractional precipitation and column 

chromatography. 

8.1 Carotenoids 

Cyanobacterial carotenoids have protective effect against oxidative 

stress. Carotenoids are hydrophobic highly conjugated molecule and are 

classified into two groups: carotenes and xanthophylls. The interest of 

cyanobacteria as carotenoids source due to high content of carotenes and 

xanthophylls and it has great capacity to modulate carotenoid content. 

Carotene is known to be able to scavenge harmful oxygen and nitrogen 

radicals. It has many applications in food, pharmaceuticals and cosmetics 

carotene has protective effects against UV and oxidative damage and it has 

been demonstrated that the oral intake of carotene degenerative diseases in 

humans. This pigment is receiving interest for human health given its ability 

as free radical scavenger and capacity to quench singlet oxygen. The two 

important compounds phycocyanin and carotenoids have been determined in 
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Spirulina by spectrophotometric method and HPLC. Pigment characterization 

and extraction using HPLC technique give high resolution and rapid analysis 

of photopigment samples [26]. 

 More and more evidence exist that some carotenoids play an important 

role in humans and adequate intake prevents degenerative diseases. Therefore, 

carotenoids are used as pigment in foodstuffs and cosmetics, in vitamin 

supplements, and in health improving food, but also as feed additive for 

poultry, livestock, fish and crustaceans [27]. β-carotene is the most important 

carotenoid, because it is most active as pro-vitamin A, and it is used as a 

pigment, a pro-vitamin, an additive in multivitamin supplements, and a health 

promoting nutrient with an antioxidant claim. β-carotene not only used as a 

precursor of vitamin A, but also a potent antioxidant, which can effectively 

remove the body of free radicals and oxidants, improve the immune capacity, 

prevent atherosclerosis, cancer, alcoholic-liver disease, at the same time, β-

carotene as a coloring agent and food additives are used in food and medical 

industries [28]. β-Carotene content in Spirulina is much higher than some 

animals or plants; therefore, extracting β-carotene from Spirulina has become 

the focus of current research. A wide occurrence of carotenoid pigments is an 

essential phenomenon in the microorganism, animal, and plant life. They play 

multifunctional roles such as colorant, precursors of visual pigments, as well 

as contribute to improve the antioxidant status in plants and algae. The most 

dynamic form of carotenoids, β-carotene and its derivative compounds also 

may act as the precursor for retinoic acid, retinal, and vitamin A and thus 

improving the nutritional value, vision, and cellular differentiation in 

mammals [29]. Algal β-carotene provides protection against atherosclerosis in 

mouse and humans. Numerous algal carotenoids are also found in terrestrial 

plants (β-carotene, zeaxanthin, antheraxanthin, violaxanthin, neoxanthin and 

lutein). Other carotenoids are specifically present in algae, such as astaxanthin, 

loroxanthin, fucoxanthin, diadinoxanthin, diatoxanthin, siphonein.  

8.2 Chlorophylls 

Chlorophylls (a, b and c) are lipid soluble pigments present in 

photosystems I and II of almost in all photosynthetic organisms. Chlorophylls 

can be converted into phaeophytin, pyro pheophytin. A semi-synthetic 

derivative of chlorophylls, chlorophyllin, is commonly used as a food additive, 

but the presence of copper (instead of magnesium in natural chlorophylls and 

derivatives) can be a problem for consumer health. Chlorophyll or its derived 

products are known for their health benefits, due to their antioxidant and 

therapeutic properties.30 Chlorophyll a and a mixture of chlorophylls a and b 

display different functional activities related to health benefits; in fact, these 
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molecules displayed chemopreventive effects, such as antioxidant activity, 

inhibition of cytochrome P450 enzymes, increased level of glutathione S-

transferase, inhibition of cell differentiation, promotion of cell arrest and 

apoptosis. The high content of chlorophyll per microalgal biomass a highly 

promising source for the extraction and production. 

8.3 Phycocyanin   

Phycocyanin, allophycocyanin and phycoerythrin are the components of 

phycobiliproteins and are the major photosynthetic accessory pigments in 

certain cyanobacteria. Among microalgae, the genus Spirulina is a rich and 

inexpensive source of the pigment, phycocyanin. It is a water-soluble blue 

pigment, phycocyanin that gives Spirulina a bluish tint. Phycocyanin has 

many commercial applications and is used as food colourant, cosmetics and in 

biochemical research. It is also a potential pharmaceutical in oxidative stress 

induced disease as it has antioxidant and anti-inflammatory properties. 

Phycocyanin is a powerful water-soluble antioxidant, scientists in Spain 

showed that an extract of Spirulina containing phycocyanin is a potent free 

radical scavenger. Phycocyanin of Spirulina helps to protect against renal 

failure caused by certain drug therapies. Phycocyanin has also shown promise 

in treating cancer in animals and stimulating the immune system [31].  

9. Spirulina a dietary supplement 

In gut microbiota research mice models are powerful tool and its offer the 

possibility to perform experiments that would be too invasive for human 

subjects and with better control over complex disease. Similarly, although the 

gap between humanized mice models and the human gut microbiota within its 

original host needs to be acknowledged, these models provide unique 

possibilities to manipulate the human microbiota. Such studies are extremely 

valuable for understanding the underlying disease mechanisms and causative 

agents, and thus for getting closer to developing preventive or therapeutic 

treatments. The pioneering studies cited above on new animal models for gut 

microbiota research have greatly demonstrated their potential. Mice models 

provide a range of customizable genotypes and phenotypes far superior to any 

other model organism. They have thus played a very important role in the 

emerging gut microbiota research field. Owing to their widespread use in 

biomedical research, these models are complemented with extensive 

knowledge on genetic background. The animal model referred here shows 

some similarity to the physiology of the human digestive system, thus 

providing useful knowledge from different angles about the gut microbiota in 

health and disease. It is important to keep in mind that models always have 

some degree of dissimilarity therefore, results from animal models, including 
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the popular murine ones, are not always translatable to humans and 

conclusions should be made with caution.  

Research on blue-green algae has focused on their putative health benefits 

with no regard for possible effects on the bacteria colonizing the 

gastrointestinal tract despite its potential implications. The large bowel of 

mammals, including humans, is colonized by a large, functionally stable, 

climax community of microbes referred to as the gut microbiota. A close 

relationship exists between the host and its gut inhabitants. The importance of 

the gut microbiota to overall host biology, it is not surprising that modulation 

of gut microbiota composition can have a marked influence on metabolic and 

immunologic functions of the mammalian host [32]. Evidences provided that 

dietary supplementation of blue green algae, Spirulina leads to alterations in 

the gut microbiota in mice. The findings of this study warrant human studies 

to determine impact of blue-green algae consumption on the human gut 

microbiota. The findings further warrant investigations on how alteration of 

the gut microbiota induced by blue green algae, and impact the host.  

10. Advantages and limitations of Mice models used in gut microbiota 

Low cost of maintenance, high reproductive rate, short life cycle; are the 

main advantages of this omnivorous mammal mouse, with gut physiology and 

anatomy comparable to the humans. Further they allow targeting of a specific 

gene/pathway in the complex gut microbiota and host interactions by using 

knock-out models. Mouse models are inbred, providing a homogenous genetic 

background, a cleaner system to dissect signals from gut-bacteria and host 

interactions improve reproducibility of experiments. Sources of variations 

such as diets and housing conditions are generally controlled for in 

experiments, limiting unwanted influences of noises from the surrounding 

environment to gut microbiota.  

Mice models cannot fully recapitulate human systems. Cross-talk 

between gut microbiota and the host is host-specific, so observations in mouse 

models might not be applicable in humans. Genetic homogeneity implies that 

the inbred mouse strains cannot capture the inherent genetic variations in the 

human population. Multiple factors, such as genetic background, birth mode 

of delivery (caesarean or vaginal), mode of feeding (breast or bottle), diet, 

medical history and social activities all contribute to shaping a ‘real-life’ gut 

microbiota in humans. Absence of these factors in mice implies that gut 

microbiota in mouse models cannot reflect a ‘real-life’ gut microbiota. This 

study shows that the gut microbiota composition of humanized mice in general 

does not differ significantly from that of the initial human donors, except for 

the absence of many low-abundance Firmicutes, but these mice fail to 
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recapitulate a comprehensive response to infections. Moreover, as discussed 

above, gnotobiotic mouse phenotypic responses can vary in different recipient 

germ-free mouse genetic backgrounds. Overall, it has been found that even 

though gnotobiotic mice are being increasingly used as models for studying 

the human gut microbiota, they might not fully recapitulate the mechanisms 

of the human-host–gut-microbiota interaction. They are confirmed as one of 

very few methods to assess causality in microbiota research and thus further 

development and improvement of this approach is essential. 

11. Conclusion 

Cyanobacteria, Spirulina derived products have potential for nutritional 

enhancement, health benefits and environmental mitigation. In particular, the 

production and use of Spirulina has an easily digestible protein with high 

levels of carotene, vitamins, iron and trace minerals and rare essential fatty 

acids. Spirulina production occupies only a small number 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 

anticarcinogenic, antioxidative, antihypertensive and hepatoprotective 

activity, which make use of these microalgae in algal based food industry in 

the commercialization of health and food. The significance of cyanobacterial 

accessory pigments from marine and fresh water habitat for the synthesis of 

drugs envisages the mining of the Spirulina for their bioactive compounds and 

pigments to mitigate gut dysbiosis. Mice are often used to study the impact of 

the diet and other environmental factors as well as the microbial diversity in 

intestinal tract. While mice and humans have many similar anatomical, 

histological and physiological features in their intestine, there are very large 

differences in size, metabolic rate and dietary habits. The fact that oral 

consumption of Spirulina can influence the growth of useful bacterial colony 

in the gut and thus it enhances the immunity. Moreover, the improvement of 

gut ecosystem could be essential for gut health during aging process and in 

this perspective the dietary manipulation of gut microbiota with Spirulina, 

represents a tool for preserving the gastrointestinal community and has a 

beneficial effect on immune function.  
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Spirulina and Its Potential Health Benefits 

Arya P. Mohan, Minu Jose and Lesny Jacob 

 

 

Abstract 

Microalgae have long been a popular food source around the world. These 
nutritionally rich microorganisms contain β-carotene. HPLC technology 
works well in separating these pigments. Spirulina has gained scientific 
interest in recent years due to its numerous health benefits. For instance, the 
antioxidant potential of Spirulina maxima and Spirulina platensis and the 
capacity of microalgae to improve gut dysbiosis conveys its potential in the 
food and pharmaceutical industries. This book chapter propose the prospects 
of cyanobacteria Spirulina, various methods of extracting pigments like 
carotenoids and the applicability in the food and pharmaceutical industries. 

Keywords: Carotenoids, cyanobacteria, gut dysbiosis, gut flora, Spirulina 

Introduction 

Carotenoids are photo protective secondary metabolites [2] that play a 
crucial function during light harvesting. It’s used as coloring agent; in 
nutraceuticals, cosmetics, and as food supplements [3, 4]. The two major kinds 
of molecules carotenes (hydrocarbons) and xanthophylls (similar to carotenes 
but contain oxygen), are responsible for different colors [1]. Extensive research 
on carotenoids has contributed to our understanding on the involvement of 
these ubiquitous pigments, which have emerged as key participants in disease 
prevention [5]. This book chapter looks into the occurrence, extraction and 
nutritional status of carotenoid pigments in this context. 

Microalgae, Spirulina serve as a sustainable and unique alternative source 
of carotenoids [4]. Single cell microalgae cultivation is distinguished from field 
crops by its rapid development rate and high protein content. They need less 
water and land and are independent of climate. They can be genetically 
modified for desirable characters such as amino acid composition and 
temperature tolerance. Among the various microorganisms used as sources of 
SCP, the microalgae, Spirulina is considered as the best source. The 
composition of the biomass, including the high protein content, low content in 
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nucleic acids, occurrence of high concentrations of vitamins and other growth 
factors and the presence of cell wall that is more easily digestible than that of 
other microbes, indicates Spirulina as a promising source of food. Carotenoids 
are widespread among living organisms, including both plants and animals, 
but they are found in greater concentration in certain microalgae. 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. 

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 whereas secondary carotenoids are pigments produced as a 
result to specific environmental stimuli [7]. Primary and secondary carotenoids 
plays an important role as natural colorants, as well as in human 
health. Microalgal carotenoids are classified into two groups, xanthophylls 
and carotenes. 

The studies show that carotenoids from microalgae Spirulina have the 
ability to enhance immunity and are considered as a powerful tonic to boost 
immune system [10, 11]. It enhances the distribution of gut microbiota, its 
therapeutic values, diseases susceptibility and the metabolic outputs of the 
host health [12, 13, 14]. In addition, they possess a wide range of distinctive 
biological activities, including antioxidant, anticancer, antidiabetic, and anti-
obesity, which have been recently reviewed [8, 9]. 

To sustain or restore the intestinal bacterial homeostasis in healthy 
individuals or disease states, several approaches have been implemented like 
oral supplementation of probiotics [15]. Oral supplementation of non-medical 
nutraceuticals derived from the food source has been widely used for disease 
prevention due to its potential capacity of promoting the growth of commensal 
gut microorganisms [16, 17]. 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 [12, 18]. Recent 
studies in health and disease animal models have shown that Spirulina can 
modulate the composition of gut microbiota that may link to improved health 
status. The unique characteristics of microalgae have prompted researchers 
and scientists to think about their potential efficiency around the globe [19, 20]. 

The findings in this review pave the way for developing an effective 
platform to use Spirulina carotenoids in several applications including food 
supplements and pharmaceutical drugs. Spirulina offers a wide scope for 
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production of large quantities of natural carotenoids directly in an edible state. 
It has also been demonstrated as a safe food. In this chapter the beneficial 
effects of Spirulina carotenoid as nutritional and dietary supplements with 
special focus on its extraction techniques, immunomodulatory and antioxidant 
effects to mitigate gut dysbiosis. 

Carotenoids 

Carotenoids are naturally occurring photo protective pigments that give 
many species their distinctive red, orange, or yellow coloration [21]. Many 
researchers have looked into the protective effects of cyanobacterial 
carotenoids against oxidative stress [22]. Several studies have found that 
carotenoids utilized in the chemical, nutraceuticals and pharmaceutical 
industries play an essential role in humans [23]. These pigments are commonly 
found in cosmetics and health supplements and their frequent and adequate 
consumption helps to avoid diseases like Alzheimer’s, cerebral ischemia, Age-
related macular degeneration (AMD), diabetes, and hypertension [24, 25, 26]. 
They’re also employed as a poultry, animal, fish, and crustacean feed 
ingredient [27, 28]. 

Spirulina possess anti-oxidant potential and has therapeutic value to 
prevent various diseases such as malnutrition, asthma, high blood pressure [29, 

30]. Among carotenoids, the most dynamic form β-carotene, pro-vitamin A 
precursor improve the nutritional value, vision and cellular differentiation in 
mammals [31, 32]. 

Spirulina has a substantially greater-carotene concentration than some 
animals or plants, hence obtaining-carotene from Spirulina is a current study 
topic. Spirulina platensis is studied extensively as it contains high amount of 
protein [33, 34, 35]. Carotenoid content of microalgae Spirulina was reported to 
vary from 0.1 to 0.4 mg/g [36]. Spirulina contains carotenoids (-carotene, -
carotene-5, 6-epoxide) and xanthophylls (lutein, violaxanthin, neoxanthin, 
astaxanthin, flavoxanthin and zeaxanthin) [37, 6]. Major carotenoids identified 
in S. platensis are β-carotene [38]. These carotenoids help in controlling photo-
oxidative damage of cells [22], immune enhancement, scavenging free radicals, 
visual dysfunctions [39], hormone regulation, atherosclerosis [40, 41], cell 
maturation and multiplication [42]. The natural form of this pigment it is 
absorbed more easily hence shows stronger effect than the synthetic one. The 
significance of synthetic carotenoid compounds is significantly inferior to 
algal based carotenoids as antioxidant and are not suitable for nutraceuticals 
supplement [43]. 
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Carotenoids have emerged as essential players playing a protective 
function against diseases associated with ageing, such as cancer, 
cardiovascular disease, cataracts and age-related macular degeneration, thanks 
to decades of research on these ubiquitous pigments. Though dietary 
carotenoids (-carotene, lycopene) have well-established in vivo antioxidant 
activity, there is still debate regarding the factors that influence their in vitro 
characteristics in oil-based systems [5]. 

Chemistry and occurrence of carotenoids 

Carotenoids are tetra terpenoids containing 40 carbons and are formed by 
eight isoprenoids [44]. Oxygenated carotenoids are referred as xanthophyll 
while other carotenoids are hydrocarbon carotenoids or simply referred as 
carotenoids. Carotenoids are fat soluble pigments [45, 46]. All carotenoids may 
be derived from the acyclic lycopene by hydrogenation, dehydrogenation, 
cyclization, oxygen insertion, double bond migration, methyl migration, chain 
elongation and chain shortening. 

Structurally carotenoids may be acyclic or contain a ring of six carbons at 
one or both ends of the molecule. This system was approved by the 
International Union of Pure and Applied Chemists, which has published in a 
compendium of rules for the nomenclature of carotenoids [47, 48]. Greek letters 
are used to designate the end groups that may be present in the carotenoid 
molecule. The presence of a large number of conjugated double bonds in the 
carotenoid molecule makes it possible to have numerous geometric isomers. 

In practice, however, most carotenoids are naturally present in the trans 
form. The carotenoids are lipophilic substances and thus insoluble in aqueous 
medium, except in certain cases where highly polar functional groups are 
present. The presence of extensive system of conjugated double bonds is 
responsible for one of the most distinctive characteristics of the 
carotenoids, which is light absorption. 

Extraction technologies for carotenoids 

Carotenoids are commonly recovered from microalgae using solvent 
extraction techniques and find their application in the food and pharmaceutical 
industries. These conventional techniques, on the other hand, are not 
practicable as they take longer and use uneconomical and un-ecological 
number of solvents. Recently, non-conventional methods based on membrane 
permeability have been employed to extract carotenoids from the intracellular 
space of microalgae. This chapter focuses on the most recent advancements in 
the extraction of carotenoids from microalgae utilizing advanced methods. 
These alternative technologies have several advantages, including speedy 
recovery, reduced solvent consumption, and the use of eco-friendly solvents. 
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Conventional extraction methods 

Intracellular product extraction from dry microalgal biomass is often 
accomplished by using organic solvents (chloroform, hexane, acetone, 
petroleum ether) based on the polarity of the target chemicals to be recovered 
in conventional methods [49]. As each Carotenoid is different, solvents are 
chosen carefully according to polarity, solubility, and chemical stability for 
efficient extraction. Carotenoid recovery from microalgae has used a range of 
green solvents such as ethanol, limonene, biphasic water mixtures, and organic 
solvent mixtures, recently [50]. 

Table 1: The active pigments and the general solvents for extraction 

Carotenoids Solvents 

α-carotene 

Acetone 

Chloroform 

Petroleum ether 

β-carotene 

Carbon sulfide 

Hexane 

Petroleum ether 

Ethylic alcohol 

γ-carotene 
Benzene 

Acetone 

Lycopene Benzene 

Lutein Carbon sulfide 

Violaxanthin Hexane 

Zeaxanthin Ethylic alcohol 

Fucoxanthin 
Ethanol 

Acetone 
 

Nonconventional extraction of carotenoids 

Electro technologies 

There is currently a growing interest in using electro technology to extract 
carotenoids using the concepts and recent breakthroughs in electro 
technology. This faceted approach could efficiently target the specific 
intracellular carotenoids, using various physical and chemical processes. 

Pulsed Electric Field (PEF)-Assisted extraction 

PEF is a non-thermal method that subjects the sample matrix to 
continuous electric frequencies between two electrodes in a flow treatment 
chamber. The pore formation induced by electric pulses aids in the rapid 
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diffusion of the solvents and mass transfer of intracellular compounds [51]. 
Extractability of carotenoids using PEF from the microalgae Chlorella and 
Spirulina has recently been explored by few experts. Collaborative extraction 
processes involving a mix of PEF and solvent extractions can help recover and 
yield a greater number of carotenoids sparingly soluble in water [52]. 

Pressurized Liquid Extraction (PLE) 

PLE is a rapid and ecofriendly solvent extraction approach for extracting 
chemicals from biological matrices. The key benefit of PLE is that it enables 
relatively quicker harvesting while also lowering solvent usage.53By altering 
the polarity of green solvents like water and ethanol, PLE aids in the effective 
extraction of a wide range of chemicals [54], which is more than seven times 
higher than the one obtained for ethanol extracts, with the antioxidant activity. 
On comparing the efficiency of optimized PLE process with maceration and 
Soxhlet extraction ethanol at 90% was found to be more suitable solvent for 
the PLE of carotenoids from C. vulgaris than acetone, n-hexane and water. 

Supercritical Fluid Extraction (SFE) 

SFE is a broadly studied non-conventional extraction technique for 
microalgal carotenoids. Supercritical fluids have a low viscosity and high 
diffusivity, making them superior to liquids in terms of solvating and 
transport. Ethane and ethylene were also utilised as SFE solvents for 
carotenoids extraction in few investigations. Currently, many laboratories and 
industries are replacing conventional extraction procedures with SFE in order 
to minimize organic solvent consumption and increase output [55]. From the 
laboratory to the commercial scale, this technology has been used for the 
efficient recovery of carotenoids such as carotene, astaxanthin, lutein, and 
zeaxanthin [6]. Some researchers have employed co-solvents such as ethanol, 
acetone and vegetable oil as polarity modifiers [49]. SFE has been shown to be 
an excellent technique for the selective extraction of carotenoids from a wide 
range of microalgae. 

Microwave-Assisted Extraction (MAE) 

Microwave-assisted extraction (MAE), is based on the principle that 
Microwave radiation can transfer heat to the system by means of dipole 
rotation of molecules and ionic conduction in the medium. The extraction is 
facilitated by microwave radiation that transfers heat into the extraction 
medium and aids in the dissolution and mass transfer of analytes. Heat transfer 
resulted by microwave irradiation can also cause evaporation of moisture 
inside the cell, developing significant pressure inside the biological matrix. 
This pressure change can rupture cell membranes and increase the cell 
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porosity, which in turn accelerates the penetration of solvent and the release 
of intracellular compounds. Several recent studies have shown that MAE has 
the capacity to extract carotenoids from microalgae. This is an excellent and 
promising approach for extracting carotenoids from Spirulina [56]. 

Separation methods of carotenoids 

Method of separations are selected according to the physical and chemical 
properties of bioactive compound (carotenoids); their nature, polarity and the 
functional groups [57]. Among, commonly used separation methods are 
distillation, crystallization, dialysis, electrophoresis and chromatography. 
Distillation is the process of separating components from a liquid mixture by 
evaporation and condensation. Crystallization is the process of separation of 
solid crystals precipitating from the solution. Dialysis is the process of 
separating molecules in solution by the difference in their rates of diffusion 
through semi permeable membrane. Electrophoresis is the method for 
separating macromolecules and their fragments based on the size and 
interaction with gel under electric potential. Chromatographic methods of 
separation distribute components to separate between two phases (stationary 
and mobile) moving in definite direction. The extract is anhydrified with 
sodium sulphate and repartitioned between petroleum ether-methylic alcohols. 
The separation of carotenoids and monohydroxilated xanthophylls by ether 
phase and the dihydroxilated xanthophylls and other superior oxidized 
carotenoids by alcohol phase. Each phase is subject to column 
chromatography techniques or other adsorbant, such as ethylic alcohol, ether, 
absolute ethylic alcohol and acetone. Column chromatography and paper 
chromatography are classical methods used for the analysis of carotenoids. 
HPLC is the analytical method used for separation, quantification and 
structural characterization of carotenoids [58]. The identification of carotenoids 
after HPLC separation is done by spectral characteristics. HPLC analysis of 
natural oil dispersions results in the removal of unwanted pigments, lipids and 
the hydrolyzation of esters therefore it facilitates the identification of major 
carotenoid pigments in the extracts. Reverse phase HPLC systems are capable 
of separating positional isomers of carotenoids with isocratic elution of the 
solvent systems, thus makes it more efficient for the separation of carotenes 
and gradient elution for the analysis of xanthophylls. Determination of the 
active carotenoid content in the natural extracts could be useful for further 
standardization and optimization of their future applications in both food 
additives and nutritional supplements [59]. 
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Separation by liquid-liquid repartition 

A system of repartition comprises of petroleum ether and methyl alcohol. 
This method separates the hydrocarbon carotenoids from xanthophylls. The 
separation is used as a preliminary phase for column chromatography or TLC 
(TLC is a much faster procedure than column chromatography). The 
separation by partition between two liquids can be used as a substitute for 
saponification in order to remove chlorophyll from extracts that cannot be 
saponified by adding bases (some carotenoids are sensitive to these 
substances) [60]. Another variant is the extraction of a methyl alcoholic solution 
of a pigment with petroleum ether, until the chlorophylls are removed. In both 
cases, the xanthophylls from the hypophase are passed in the ethylic ether and 
then washed with water [49]. This process is not widely used due to the 
sensitivity to chromatographic procedures and low yield by repartition. This 
process can be applied in the case of carotenoid soluble only in one of the 
solvents (glycoside or acid), although, the chromatographic methods are 
preferred. 

Separation by the counter-current distribution method 

The approach is termed counter-current distribution because it involves 
recurrent repartition between two solvents. After a particular number of 
repartitions, the initial mixture is divided into parts, each with its own distinct 
solubility: carotenoid hydrocarbons, mono and dihydroxilated xanthophylls. 
Based on differences in adsorption by particular groups of each carotenoid 
group, this step is followed by a column chromatography separation. This 
procedure is excellent for separating polar xanthophylls that are highly 
adsorbed [61]. To separate carotenoids, chromatographic procedures such as 
column and TLC are utilized. 

Thin layer chromatography (TLC) 

TLC is a separation and purification process for carotenoids. When 
compared to column chromatography, this approach achieves a higher level 
of purification. The carotenoid's nature influences the stationary phase, mobile 
phase and plate elution technique used. Because carotenoids undergo cis-trans 
photoisomerization when exposed to light, particularly direct sunlight or UV 
radiation, which can cause photo damage, biological materials containing 
carotenoids or their solutions should be maintained away from light. 

Since many carotenoids, notably xanthophylls, are thermolabile, heating 
them is only done in extreme situations. Carotenoids must be separated at 
room temperature, up to 20 °C and in the dark [62]. Warm saponification 
necessitates the use of solvents with low boiling points (30-60 °C) to safeguard 
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the solutions. Many carotenoids can be oxidised in the presence of oxygen or 
peroxides because they are oxygen sensitive in their adsorbed state (in 
chromatograms, on column and thin layer) [63]. 

Column chromatography 

Column chromatography is the most common method for carotenoid 
separation, but it has recently been surpassed by High Performance Liquid 
Chromatography. The solvent used in column chromatography for carotenoids 
are weak eluents [64]. Using a photodiode array detector with a 600 nm 
reference wavelength, carotenoids are detected at 470 nm. Because all 
discovered carotenoids had comparable absorption maxima and their 
absorption coefficients were unknown, peak areas obtained by an HPLC were 
employed for carotenoid quantification. To be able to apply the carotenoid 
extract to the column only once, it must be extremely concentrated. After the 
pigment is placed in the column, the development process begins with a mix 
of solvents, such as acetone-ethylic ether, ethylic alcohol-ethylic ether, and 
ethyl acetate-benzene, beginning with the least polar. 

Characterization of carotenoids by spectroscopy methods 

Precise characterization of carotenoid chromophore is possible due to the 
correlation between the electronic structure and absorption, position of 
absorption maximums being a function of the number of the conjugated 
double bonds in the molecule. In the case in which the chromophore contains 
triple bond C≡C instead of the double bond C=C, max will decrease [65]. By 
comparison max of an unknown carotenoid with the max values of a known 
carotenoid will estimate the number of double bonds in the chromophore. 
Absorption maximums depend also on the used solvent, Carotenoid spectrum 
in visible and the absorption maximums depend on the nature of the carotenoid 
such as nature of the polyenic extremity, presence of the C=O conjugated 
groups and cis-trans configuration. The carotenoids have been quantified by 
HPLC using external calibration curves constructed for carotenoids. 
Carotenoids have been separated in a column using a mobile phase. The 
carotenoids and have been identified according to the retention times in the 
column, the UV/visible spectra and mass spectra, based on comparison with 
information and confirmed by comparison with the retention times of 
standards. 

Mass spectrometry (MS) 

Taking into account the relative abundance of all ionic species 
formed, important conclusions can be drawn regarding the carotenoid 
structure; can beset the molecular mass or the isotopic composition. If the 
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stream contains electrons with energy equal to the ionization energy of the 
molecule, the formed cation-radical is called molecular ion or pariate ion and 
has the same mass as the molecule from which it came. By determining the 
mass of the molecular ion, it can be set the exact value of the molecular mass. 
On the basis of the information obtained from the specialty literature and 
experiments, have been featured properties characteristic carotenoid ions that 
can be associated to functional groups in the structures of these biocompounds 
[66]. All carotenoids give a maximum of intensity which is situated at the value 
of their molecular mass, caused by the molecular ion M+ or carotenoid. 
Maximums and their intensity are determined by the fragmentation mode of 
the carotenoid molecule, as well as by the stability of the formed ions. 

NMR spectroscopy 

The highest intensity will be for the signals given by the –CH3 
groups, because they are the richest in protons, leading to the possibility of 
determining both the number and types of the –CH3 groups, and the protons 
that come from other groups [67]. 

Effect of dietary carotenoids 

Mice models are extensively being used to study the role and functioning 
of the gut microbiota and its association with diseases. In research, mice 
models are widely used of its physiological and anatomical similarities to 
humans [68]. Many metabolic disorders in human are linked to the gut 
microbiota composition and its diversity and it implies the significance of 
maintaining a diverse and healthy gut microbiota [69]. 

The composition of the human gut microbiota has been investigated in 
several studies [70], 16S rDNA sequencing approaches [71]. In gut microbiota 
research mice models are powerful tool and its offer the possibility to perform 
experiments that would be too invasive for human subjects and with better 
control over complex disease. The host and its gut inhabitants have a strong 
interaction, which includes microbial control of epithelial gene expression and 
signal transduction pathways, as well as widespread host microbe co-
metabolism [72]. 

Similarly, although the gap between humanized mice models and the 
human gut microbiota within its original host needs to be acknowledged, these 
models provide unique possibilities to manipulate the human microbiota and 
potentially assess causality in the role of the gut microbiota in health and 
disease [73]. In this study, evidence is provided that dietary supplementation of 
blue green algae, Spirulina platensis leads to alterations in the gut microbiota 
in mice. The gut microbiota has a profound impact on the physiology, 
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immunology, metabolism and health of the host and recent studies have shown 
that even subtle changes in the gut bacterial community have an impact on 
host phenotypes [74]. The findings of this study warrant human studies to 
determine impact of blue-green algae consumption on the human gut 
microbiota. The findings further warrant investigations on how alteration of 
the gut microbiota induced by blue green algae and impact the host. Clearly, 
alterations of the gut microbiota should be taken into consideration when the 
pharmaceutical attributes of blue-green algae are studied, or when they are 
included in food supplements for human consumption. Putative 
pharmaceutical effects of micro algal species in animals and humans might be 
attributed the alteration of the gastrointestinal microbiota. 

Conclusion 

Microalgae derived products have health benefits due to potential 
enhancement of nutrition and environmental mitigation. Spirulina in 
particular is non-toxic, nutritious and has easily digestible protein along with 
high levels of carotene, vitamins, iron and trace minerals. They possess 
anticarcinogenic, antioxidative, antihypertensive and hepatoprotective 
activity, which makes them superfood. Spirulina production is viable in saline 
and alkaline conditions. It is energy efficient and leaves only a trace amount 
of footprint and takes up less space. 

The significance of microalgal carotenoid extraction for the synthesis of 
drugs, the mining of the Spirulina for their bioactive compounds and pigments 
to mitigate gut dysbiosis are envisaged in this review.  

Mice are frequently employed to investigate the effects of nutrition and 
other environmental factors, as well as microbial diversity in the intestine. 
While mice and humans share many anatomical, histological and 
physiological features in their intestines, their sizes, metabolic rates and 
dietary habits are vastly different. It's unsurprising that the gut microbiota 
differs significantly not only in terms of qualitative representation of taxa but 
also in terms of their quantitative contribution. Only a small percentage of 
bacterial genes are shared by mice and humans and one notable exception is 
the presence of Lactobacillus spp. in mice's stomach. The advantages of the 
mice model discussed in this review are extensive and outnumber any other 
model. In addition, the amount of research and expertise in the mouse 
gastrointestinal tract, as well as its resemblance to the physiology of the human 
digestive system, provides different insights on the gut microbiota in health, 
disease and immunology. They've made a significant contribution to the field 
of gut microbiota research, which is still in development. It develops an 
effective platform to use cyanobacteria, Spirulina in pharmaceutical drugs, 
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and other valuable co-products for the health and well-being of humans.  

The improvement of gut ecosystem could be essential during aging 
process and in this perspective the dietary manipulation of gut microbiota with 
Spirulina, represents a tool for preserving the gastrointestinal community and 
has a beneficial effect on immune function. Research into these healthy 
promising blue-green algae is still ongoing, most still in initiation phases. 
However, the results are promising hence Spirulina carotenoid supplements 
can be added to regulate diet to protect health now and in the future. 
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NUTRILICIOUS

he right kind of food is the most 
important single factor in the 
promotion of health, and the wrong 
kind of food is the most important 
single factor in the promotion of 
disease.” Eating habits acquired 
during the youngest years persist into 
adolescence and young adulthood. 
Children learn to like foods they are 
provided repeated opportunities to 
taste. Their food preferences also are 
influenced by being told about 
food and rewarded for their 
food choices and they learn 
by identifying with their 
parents’ food choices.

 In today’s world, both 
the parents need to work 
to make their ends meet 
and families are small or 
nuclear. In such instances, 

T
the most ignored aspect becomes the diet 
and the most affected ones are the children, 
especially their ‘lunch’.  Everybody stresses 
the importance of eating breakfast, and 
making the dinner ‘light.’  So what about 
lunch?  Why is it important to have a 
wholesome lunch?

Importance of Lunch

Lunch is a meal that keeps us moving, 
it helps in regulating the blood sugar 

levels and maintaining the body 
metabolism. Most importantly, 

a well-balanced lunch would 
decrease evening junk food 
cravings in kids. Junk food 

craving in the evenings 
is a very common 
issue seen among 
school-going children, 

including teenagers. 

Swathilakshmi Venu 

Asst Professor, Clinical Nutrition 

and Dietetics, St Teresa’s College 

(Autonomous), Ernakulam
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Method of Preparation:
1. Firstly, pluck the mint leaves, wash it properly and add one 

cup of tightly packed leaves

2. to the blender.

3. To this add 2 green chillies. Blend this into a coarse paste.

4. Now, heat a tbsp of oil/ghee in a cooker and add the bay 

leaves and cinnamon stick tothis.

5. Once, this turns aromatic, add ginger garlic paste and 1 finely 
chopped onion andsauté it till the onions turn translucent, 

now add 1 chopped tomato, turmeric powderand chilli 

powder (optional) and sauté it until they are soft and mushy.

6. Now, add the blended pudina mixture to this and mix well.

7. Further, add 2 cup water and 1 tsp salt.

8. Also, add 1 cup basmati rice and mix well.

9. Cover and pressure cook for 2 whistles or until rice are 

cooked well.

10. Finally, pudina/ mint rice recipe ready to be served with 

vegetable raita.

Nutrition per serving of Pudina Rice: 
Energy  237 kcal
Carbohydrates 52 g
Protein   6 g
Fat   6 g
Fibre   2 g
Calcium  6 mg
Iron  72 mg

Fortunately, kids these days are smart and they know 
what is healthy and what is not, but in the evenings it 
is hard for them to control the cravings, because of the 
unregulated blood sugar (due to unbalanced lunch). 
And, this is what makes it problematic, the knowledge 
of a healthy diet and the cravings. This dilemma can 
lead to plenty of behavioural problems in adulthood 
and can even lead to eating disorders or other lifestyle 
maladies like obesity in the later stages.

Ingredients
• 1 cup uncooked Basmati rice
• Oil/ghee – 1 tbsp
• 1 cup pudina leaves or mint leaves (tightly packed)
• Onion – 1 finely chopped
• Tomato – 1 
• Ginger garlic paste – 1 tbsp 
• Bay leaf – 1 or 2 
• Cinnamon stick – 1” piece
• Turmeric powder – ½ tsp 
• Red chilli powder – 1 tsp (optional)
• Green chillies – 1 or 2 (according to taste)
• Salt to taste

Easy Cook

So, what does a well-balanced lunch include? This 
includes a variety of dairy, meats/beans/eggs/nuts, 
grains/ whole grains, fruits, and vegetables. But let’s 
face it, who gets the time in the morning to prepare a 
3-course or 5- course meal before work!  I have mostly 
seen school-going children carrying their breakfasts as 
lunch or buy their food from the school cafeteria, this 
being more common now. However, today’s scenario 
is a little different due to the pandemic. Working from 
home has made the parents even more stressful, so we 
need to cut them some slack. Parents have to juggle 
between cooking meals, their job and managing 
the child’s online classes, and all of this becomes an 
enormous task. Planning the meals considering all 
the food groups to make it balanced, well in advance 
would help to a certain extent. The simplest way is to 
remember is to retain this triangle:

(Nutritionists, dieticians, chefs or anyone interested in cooking may send innovative nutricious food ideas 
 to editor@rajagirimedia.com for publication in this column)

Pudina Rice
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7.1 Introduction  

Digital equity among learners and instructors is a prerequisite for quality online learning. The 

pandemic period witnesses an unprecedented quest for digital equity in higher education. The 

objective of this conceptual paper is to trace-out the levels of digital inequity in Indian Higher 

education and identify practical pathways to bridge them. A template for strategizing for an 

Internet-equitable institution with specified parameters for each student is being provided in 

this research work. 

Responses to the sudden shift to online learning were illustrated by many. One of the true 

reflections was from Chantal Ladias, Lecturer at Dublin Business School (Ladias 2020).  

“Between the four walls of my lecture room, I felt safe; all that was shared inside those 

walls stayed there. Suddenly, with the pandemic threat, the walls were torn down. Our 

homes were now our offices. Zoom, Panopto, and WhatsApp became our lifelines for 

maintaining a connection with students who were dealing with lost jobs, overcrowded 

accommodations, and homesickness. Sometimes students did not even own the right 

equipment or have the stable internet connections necessary to hold a conversation, let 

alone show their face on Zoom”. 



Ladias resonates with most of the teachers around the globe. Being late adopters of technology, 

the intensity of its impact will be much severe in developing countries like India. The 

educational institutions in developed countries are assumed as better off as they have better 

equipped online delivery channels in place. Pre-existing experience with the online mode of 

teaching also came handy during the pandemic season which made the transition to online 

mode less rough. On the contrary, in India, most of the educational institutions, except some 

premiere institutions, were unprepared and underprepared to manage this crisis. The transition 

from on-campus to online has proved equally challenging to the educators and the students. 

One of the reasons for this is the disparity in access to the Information and communication 

technology, which is generically referred to as ‘Digital divide’.  

Digital equity in higher education is a political agenda of the Governments of the nations 

around the globe. Ranges of modes in higher education (Full-time or part-time; on-campus or 

at a distance) requires different usage rate of internet for accessing the course content and 

course activities. But the access to technology is unfortunately is denied for many student 

cohorts. The historically marginalised groups like women are also now gradually included into 

the mainstream with the progress in their access and participation in higher education. fook 

 

7.2 Research questions and methods 

The paper starts with two research questions. Firstly, it tries to understand what are the 

responses to digital inequity from different quarters, on the wake of the COVID-19 pandemic. 

It attempts to build on the existing literature of digital equity and enquire to understand how 

the pandemic and digital inequity enacts together to amplify the existing inequities. The second 

objective is to suggest practical pathways to bridge the digital inequity in educational context 

in general and institutional context in particular.  

This is a conceptual paper supported by literature review and reflective analysis. Author has 

reviewed more than 120 papers from leading databases like Ebsco, Proquest and Elsevier and 

selected the most relevant four dozen papers from which ideas, themes, concerns, solutions and 

insights are configured for the current paper. The author has used reflective approach to briefly 

share what her institution has done in similar situation. In professional learning settings, critical 

reflection is widely used to enhance the quality of practice (Fook 2011). The reflection is a 

result of authors’ engagement with addressing digital equity in the Institutional context since 
March 2020. 

7.3 Theoretical framework 

Role of modern communication technologies in the formation of ‘knowledge economies’ and 
‘network societies’ are well researched (Reich 1991). Use of ICT will ‘empower’ individuals 
(D’Allesandro and Dosa  2001), by enabling them for better social interaction and civic 

involvement thereby enhanced access to education and other services (Katz et al. 2001). 

At the same time an equally prominent theme of research focused on the unequal access to the 

use of technology and new media which has the potential to nullify the stated benefits of ICT, 

if unaddressed. This was referred to as digital divide. Prior to 1990s, the term was largely used 

in a generic sense referring to information inequality, information gap, knowledge gap, 

information asymmetry related to computer or media literacy. Ferrari (2012) views that digital 

competence is a combination of Information skills, Communication skills, Content Creation 

skills, Safety skills, and Problem-Solving skills. 



Amartya Sen (1992) instructs that every investigator studying  any problem related to  equality 

has to answer the most pertinent question: ‘‘Equality of what?’ Accordingly, the first question 
that should be answered would be: What inequality does the concept of digital divide refer to? 

A superficial glance through the social-scientific and economic literature produces answers 

that can be grouped as technological, immaterial, material, social and educational types of 

inequality.  

7.3.1 Digital Divide 

The term “digital divide” was coined by Larry Irving, Jr., former US Assistant Secretary of 

Commerce for Telecommunication and Communication in the mid-1990s. This term was added 

to caution the public on the gap in access to information services between those who can afford 

to purchase the computer hardware and software necessary to participate in the global 

information network and those who cannot. (Boje & Dragulanescu 2003).  

 

The digital divide is the variance existing between different demographics on access to 

information technology. Wilson (2004) defines the digital divide as “inequality in access, 

distribution, and use of information and communication technologies between two or more 

populations.” Wilson identified eight aspects of the digital divide: “physical access, financial 
access, cognitive access, design access, content access, production access, institutional access, 

and political access”. It is the gap between the haves and the have not´s (De Munster 2005). 

The term digital inequity is also used to refer to the digital divide (Straubhaar 2012). 

 

Problems of digital inequity are pointed out by many researchers. “The knowledge gap between 

the information-rich and the information-poor has caused excluding certain parts of the world 

from enjoying the fruits of the global village” (Iskandarani 2008). The determinants and 

dimensions of digital inequity are wide and varied (Yuen Et al., 2018). At the same time, 

bridging this divide is shown as a solution also. Facilitating the provision of ICT skills and 

access helps to bridge the disparities in information, education, income and gender (Heeks, 

2006).  

7.3.2 Layers of digital inequity 

In the 1990s the main topics of mainstream political discussion were focused on ‘information 

haves’ and ‘information have-nots’ (Wresch 1996), ‘information and communication poverty’ 
(Balnaves et al., 1991) and most importantly digital divide. The concept of divide shall be more 

focussed on content rather than technological platform. The term ‘access’ is also highly 
debatable and often Ill-in relation to technology and information.  According to Wise (1997) 

‘access’ refers to making ICTs available to all citizens and thus it simply refers to the 
availability of the physical infrastructure.  

Van Dijk (1999), distinguishes four kinds of barriers to access, viz mental, material, skill, and 

usage. Firstly, mental access is the end result of the absence of interest, computer anxiety, and 

unattractiveness of the new technology. Secondly, material access represents the lack of 

possession of computers and network connections. Material access to digital technologies is 

the next level of inequality. socio-economic differences between people and between countries 

are the main reason for this inequity. Economically and socially backward people and regions 

are affected more by this. Thirdly, skill access means the lack of digital skills caused by 

insufficient user-friendliness and inadequate education or social support. Lack of digital skills 

impedes the handling of technology and widen the divide between the people who can use 



digital skills and those who cannot. This may further mosaic on the pre-existing gender 

disparities too. Finally, usage access denotes lack of significant usage opportunities or 

exposure. Quality of use gap is the inability to use the skills to get good results. The difference 

in the expertise of using the required phrase or key-words while using a search engine is an 

example of this inequity.  

The digital split arises from a plethora of social, geographic, and economic factors. The digital 

divide operates across geographic location (whether it be rural-urban), income (whether it be 

rich-poor), gender (whether it be male-female) and language (whether it be English–
vernacular) (Kenniston 2003). Digital inequity was considered to be a temporary phenomenon 

which was expected to be bridged when people have physical access to devices. But over time 

and when more technologies evolved its spread rather increased. Agreeing these arguments, 

there is a general misconception that the digital divide is bridged when people have equal 

access to computer and internet connectivity (Dijk and Hacker 2003). The mental barrier is 

often ignored as a type of digital divide and viewed as that is confined to elderly people, some 

categories of housewives, illiterates and unemployed. Similarly, the skill gap and usage gap 

are also given little attention while confronting the problem of the digital divide. In many 

societies there is inequality of access of both the technology and information and this often 

creates digital divide between different social groups (Selwyn 2002). It is often argued that 

when individuals and groups are deprived of using ICT, they are also deprived of the various 

potential benefits that ICT can bring in their lives. The participation in ICT and connectivity 

helps to acquire more economic advantage (Parker. 2000). Digital technologies offer an 

opportunity to minimise social disparities, to manage social disparities, to tackle social 

exclusion, enhance social and civic rights and promotes equity. (Ragnedda 2020) 

7.3.3 Ensuring digital equity 

Of late, the theory on digital access and digital divide starts focusing the on how to bridge the 

divide. The units of study for such enquiries varied like individuals, communities, nations and 

world as a whole. In general, the theory revolved around themes like promoting digital literacy, 

developing and making available relevant and local content and promoting innovations for 

overcoming the digital divide.  

A spike in the execution part of digital inequity and subsequent research was triggered by the 

rapid penetration of mobile subscriptions across the globe. Yet there are groups of digitally 

excluded peoples within and across countries. Most countries have been striving to address 

connectivity issues, digital technology, teacher training and associated learning concerns 

within local contexts and beyond (Resta & Laferrière 2015) even before pandemic.  

The primary difference between the attempts before the pandemic and after the pandemic was 

the institutional involvement. Institutions of higher education started facing the ill effects of 

digital inequity on face during the pandemic which forced them to rethink and device ways to 

address the issue as first hand, which were earlier considered generally as an issue of the state. 

Many institutions were quick in raising to the level. 

While portraying the online teaching-learning modes adopted by the Mizoram University 

during the lockdown, Mishra (2020) points out that some of the students had not essential 

resources to join online which further pushes the digital divide. The study reiterates a lack of 

devices and unstable internet connection as difficulties faced by the students. 

7.3.4 Addressing the inequity  



The countries of the world responded differently to bridge the digital divide that became more 

exposed due to shutting down of the educational institutions due to COVID 19. Innovative 

methods were used by the countries to improve access to the Internet and help the students and 

teachers in online teaching-learning. The common methods deployed were using broadcast 

media (video and audio), distributing printed study materials, broadcasting videos through 

websites, portals, social media (Facebook, Youtube, WhatsApp), video lessons in CDs and 

memory cards, and so on. Table 1, details some of the practices followed in different countries 

as noted by World bank from March 2020 to June 2020 

Table- 1: Special initiatives taken to reduce the digital divide  

Country Initiative 

 

Argentina Zero-rated its education portal. Browsing the digital platform is free of 

charge. 

Bhutan Different Telcos, like Bhutan Telecom (BT) and TashiCell, are working 

with the Government to provide additional data for students. 

 

Croatia Telecommunications companies are providing free Internet access (via SIM 

cards) to pupils of lower socioeconomic status. 

 

Dominican 

Republic 

 

Free Wi-Fi hotspots for learners. 

Jamaica 

 

SIM cards are made available at no cost to students if they have a device. 

 

Kenya Google’s Loon Balloons are floating over Kenyan airspace. Loon is a 
network of stratospheric balloons that floats in the airspace facilitating 

internet connectivity to rural and remote communities. 

Korea Students can get free access to zero-rated websites 

Liberia Granted free access (waived data charges) to online educational content to 

students and teachers. 

South Africa A telecom operator, Telkom ZA, has zero-rated education websites to 

provide cost-free access to learners. 

 

Source: World bank: How countries are using edtech (including online learning, radio, 

television, texting) to support access to remote learning during the COVID-19 pandemic  

[Alt Text] The table shows how the different countries of the world have taken initiatives to 

reduce digital divide. The table has two columns and column 1 shows the name of the country 

and column 2 gives the measures they have taken to reduce the digital divide. 

Srinivas and Salil (2020) provide a set of affordability focused, access focused, support focused 

and system focused measures to bridge the digital inequity, as given in Table 2. Though the 

classification suggested is subjective, the framework is useful to understand various efforts to 

solve digital inequality.   

 



 

 

 

 

 

 

 

 

 

 

Table 2: Efforts to bridge the digital inequalities in online learning 

 

 

 

 

 

 

Short-term 

solutions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term 

Solutions 

Affordability Focused Access Focused 

 Popularising the existing low-cost devices  

like Raspberry  

 New affordable devices 

 Alternative bouquet approaches  

    (Educational TV Programmes +  Podcasts 

Physical Study Material) 

 Zero-rating programs (West, 2015)) 

 Subsidised internet plans or  

Reimbursement of internet packages 

 Fee waivers for devices and no-tax 

connections 

 Pay-forward loans 

 Free Community PCs over LAN 

 Offline distribution of digital content as in 

USB drive. 

 School buses or vehicles repurposed to 

serve as a wi-fi hotspot 

 Device Lending Programmes (Rent a 

laptop) 

 Use of interactive textbooks and reading 

devices. 

 Customise content for low bandwidth areas 

with selective tools. 

 Installing the hard drives with the content 

on local area networks. 

 Internet-connect solar energy products 

 like Veriown CONNECT 

Support Focused System and Policy Focused 

 Community centres as hot-spot or wi-fi 

 centres  

 Content in multiple formats, models  

and languages 

 Hole in the Wall Model: providing  

unrestricted computer access in an open 

 setting. 

 Support from local bodies to provide space 

 and access facilities. 

 Support from corporate initiatives like HP  

e-inclusion 

 Digital literacy programmes for all ages 

through formal and informal means. 

 Promotion of free and open-source 

software tools (FOSS) 

 Regulations for operators in the internet 

edtech domain to make their operations 

more inclusive 

 Focused empowerment programmes in 

rural areas 

 Revamping IT Policies for the 

informational space in Higher Education 

 Technology alternatives like new forms of 

satellite internet connections, airborne 

connections, cognitive radio solutions etc 

 Infrastructure enhancements like the 

backbone of the fibre-optic network  

in possible areas and digital-smart villages. 



Source: G Srinivas and S Salil- 'Online Learning: Debate, Design and Digital Equity' 

published in University News, July 27-August 02, 2020 

[Alt Text] This table gives the long-term solutions and short-term solutions to bridge digital 

inequities. The table has four quadrants. The first quadrant shows the affordability focussed 

solutions , the second quadrant show access focussed solutions, the third quadrant shows 

support focussed solutions and the fourth quadrant shows system and policy focussed solutions 

to bridge the problem of digital inequity. 

7.4.1 Discussion: Indian responses and pathways 

There are many governmental and non-governmental efforts to bridge the digital inequity in 

India. The micro-chitty laptop scheme under the Pradhan Mantri Dhan Yojana offer laptops or 

the required monetary help through the state. These laptops are priced under       Rs.15, 000 

and more than 2 lakh laptops are expected to be distributed in the current year. Some states like 

Punjab and Karnataka have launched the distribution of smartphones or laptops to youths. 

Some of the schemes come with free data with talk time. 

 

Ministry of Education and University Grants Commission (UGC) has widely made available 

more than two dozen useful resources in higher education to the academic community even 

before the pandemic. This is apart from the online platforms like SWAYAM. Top hundred 

universities of the country have allowed starting online education. A program for multi-mode 

access to digital education is envisaged under the e-Vidya program through which a bouquet 

of Television Channels, more e-content, QR coded energized books and special e-content for 

differently-abled are being made available.  

 

There are other institutional attempts also. The team in IIT Mumbai, India, led by Dr Kannan 

Moudgalya has come-up with an affordable, compact and high-performing laptop with 11.6-

inch screen, Intel Atom processor, 4GB RAM, 64GB storage space, 10000 mAH battery power 

and Linux Operating System, all for Rs 10,000. Initially piloted among IITB students, it is 

reported that this model is sold in bulk of 100s(Nath,2019). St Teresa’s College (Autonomous), 

Kerala, India has initiated a laptop lending project to the less privileged students. The college 

has mobilised funds from the Alumni, Staff, Students, Parent-teacher Association and its other 

stakeholders for this project.  The college also has launched an e-buddy program wherein 

Senior students are allotted to help the newly admitted students in their journey of coping up 

with the online education system and other related issues. 

There are many non-governmental initiatives too. 'Support our students' is a Bengaluru based 

organisation that provides refurbished laptops, desktops and tablets to underprivileged students 

(Mathew , 2020). The venture collects old devices, refurbish and provide them to the deserving 

students.  

 

Zero-rating is a practice in which certain services or applications are exempted from the data 

charges. It enables the users who cannot afford expensive data plans, to access a few 

applications without charges towards the individual’s data cap. This means, the poor will get 

more data for their money, as some data applications are not charged. Citing examples from 

different developing countries, West (2015) argues that Zero-rating programs are effective 

ways to bring poor people into the digital era and promote innovation in the Internet sector. 

Many mobile operators around the world offer some type of zero-rating services. However, 

zero-rating approach raised many questions about internet neutrality. Firstly, it is against the 

about:blank


principle that Internet Service Providers should treat all transmission of data equally. Second 

is about long-term cost. The zero-rating service launched in India by Facebook under the tag 

Free Basics was banned by TRAI in 2016 because of the above reasons. But in many countries, 

similar schemes still exist. Literature has mixed results on the impact of the zero-rating 

practice. Saenz (2016) shows that consumers are better off with zero-rating in terms of 

estimated consumer surplus and brings socially desirable outcomes, though the practice may 

have the potential for adverse consequences. Criticisms on zero-rating services are applicable 

when the application selected is of commercial value, as in the case of Facebook in India. As 

it will lead to demographic Potential need to be explored where educational applications from 

the government may come under zero-rating practices. In many countries like Argentina, Korea 

and South Africa educational websites are zero-rated. This is yet to be explored in India. 

Subsidised internet plans are one commonly used but less studied access facilitating the 

programme. Internet service providers can also offer their assistance to families with low 

income. One such programme in the US is Lifeline where a monthly discount is provided on 

telephone service, broadband Internet service, or bundled voice-broadband packages purchased 

from participating wireline or wireless providers. A similar programme is available with BSNL 

in India where the discount ensure that low-income consumers can afford broadband access. 

However, studies are yet to be conducted on the educational impact of such offers in India. 

Similarly, reimbursement of internet packages another method to extend the attempts to address 

inequity.  

Fee waivers for devices are yet another approach which mainly comes as a part of selected 

educational loans for the eligible students. No-tax connections for the deserving is also already 

implemented in India. 

Pay it forward (PIF) programmes involve a no-fee, no-cost loan offered to students to address 

the affordability barrier. It is suitable for those who do not have a credit back-up or track record. 

The borrowers are kept accountable to pay it either back or later to someone equally eligible, 

thus creating accountability and support framework. 

Though there are corporate bodies who attempts to bridge the digital divide through their funds 

for corporate social responsibility, the practice is not widespread in India compared to its 

potential. According to the Corporate Social Responsibility Policy (Section 135 of the 

Companies Act, 2013), every company having a net worth of rupees five hundred crores or 

specified turnover or net profit should spend at least two per cent of the average net profits. For 

the cause of social responsibility. Using such funds in a coordinated way in the areas 

surrounding the company or where its bottom-of-the-pyramid customers, if any, are located 

will be a big push to bridge the digital divide. 

 

7.4.2 Addressing the inequity at the institutional level  

 

We are unsure of the containment possibility and potential recurrence of biothreats like 

COVID-19. Preparing for instructional disruptions is a priority for all institutions. The 

following template suggests for strategizing for an Internet-equitable institution in more 

specific details.  

 

Table 3: Preparing the baseline data for strategizing at the institutional level 

No. Dimension Details Institutional Strategies 

about:blank


To be collected from each 

student for baseline data. 

To be devised as per the need and 

relevance 

1 Device 

i. Availability 

ii. Quality 

iii. Usage 

iv. Power 

 Affordable computing devices 

 Common Wifi zones 

 Community PCs and Televisions 

 Solar-powered PC units 

 Low-cost educational tools 

2 Connectivity 

v. Infrastructure 

vi. Reliability 

vii. Power 

 Zero-rating arrangements 

 Asynchronous data saving lessons 

 Compressed data saving video 

lessons 

 Free high-speed internet for the 

students  

 Shared learning spaces 

 Community controlled learning 

centres with power back-ups 

3 Affordability 

viii. Price 

ix. Choice 

x. Payment terms 

 Pay-it-forward loans 

 Rent-a-device 

 Lend-a-device  

 Instalment Sharing arrangements 

like Library-of-things  

 Institutionally subsidised services 

 Seller subsidised services 

 Banker’s Subsidies 

 Government subsidies 

4 Relevance 

xi. Content form 

xii. Content level 

xiii. Context 

xiv. Language 

 Focus on design 

 Bundling from OER 

 Sharing content /language 

 Translation services 

 Customising content in the relevant 

language 

5 Support 

xv. Educator support 

xvi. Technical support 

xvii. Maintenance load 

xviii. Digital leadership 

 Faculty-student groups and apps 

 Open-source support systems in the 

campus 

 Time-based voluntary support 

groups 

 E -buddies and mentoring 

 Data privacy and security assurance 

 

 

IT policies, system and preparedness at the institution level 

 

Strategizing for digital equity at the institutional level starts by collecting learner information 

from each student, which will serve as baseline information. Exploring all options to address 

the gaps in baseline data will open up the possible community-links, industry-links and related 

solutions which may lead to restructuring the IT policies to be more inclusive. Apart from the 

top-down approach, there are possible bottom-up approaches too. This may include identifying 

the local governance member from where the student is coming and intimating the 

requirements. This was partially done in certain remote panchayats in the state of Kerala during 

the lockdown situation. Such approaches can ensure better community support and awareness.  



In practice, this author’s institution has taken a stock of the device and data access for all its 
students in the initial days of the lockdown that helped to design ubiquitous connectivity and 

device availability for all its 3000 plus students, thus taking care of the first three dimensions 

in the template through a scheme, Sumanusu. Reworking on LMS – in the author’s case, 
Moodle – with more asynchronous sessions followed by short interactions helped to address 

many contextual and discipline-related changes required in the fourth dimension. Among 

others, a programme named e-buddies, in which each first-year undergraduate student is paired 

with a senior for e-learning and personal support was used to address the fifth dimension. 

Finally, the institution can develop transition protocols for each segment of the institution and 

integrate it for the institution as a whole to ensure sustained digital leadership. 

 

Ensuring digital trust among teachers and student is an important priority as the problematic 

internet behaviours are high in Asia compared to European countries. Balhara (2019) explains 

that the term problematic internet usage to encompass all potentially problematic web-related 

behaviours including gaming, gambling, buying, pornography viewing, unwanted social 

networking and other forms of misuses. The differences in the technological and economic 

advances between countries leading to differential smartphone ownership, Internet penetration, 

bandwidth availability and pricing offered by local providers could also be responsible behind 

these differences observed in the pattern of problematic Internet usage (Mak Et al. 2014). 

Therefore, the strategy to ensure meaningful connectivity shall also pre-empt the potential 

problematic internet usages by infusing digital trust. Srinivas and Salil (2020) say that digital 

trust among teachers and students is much beyond regulations.  

7.5 Conclusion 

At first level, the benefits of digital access are obvious. From an economic point of view, the 

citizens of the country can easily network, can learn new areas and find better employment or 

business opportunities and increase their earning. In the educational parlance this assumes 

higher importance as our moral responsibility to provide better learning experience for the 

students.  As several authors point out (Bayne 2014: Ito et al. 2013), digital technology supports 

and improves the educational situation.  

 

At the second level, as suggested in the template in this study, we need to work from the 

institutional baseline data on all forms of access to the students to address various layers of 

digital inequity. A bottom-up institutional plan and top-down governmental plan can 

cohesively co-exist, which perhaps, the only way to resolve the inequity issues in education 

India. Using the template given in this work will increase the preparedness to emergencies and 

enhance institutional resilience. While large scale IT infrastructure and long-term solutions 

need more resources, the template suggested is relatively easily implementable in a learning 

community. More studies are required on each of the paths and how it converges. The 

significance of cultural capital and parental background in middle-income groups in India 

should be subjected to further scrutiny while designing digital assistance programmes.  
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Abstract 

The study analyses the cocoa cultivation scenario in India, using secondary data for a period of 22 years 
from 1998-2020. An attempt has been made to evaluate the current performance of cocoa in terms of growth 
rate in area, production and productivity. The study revealed that there has been an increase in area (10.69 
percent), production (6.84 percent) and productivity (0.94 percent) in terms of CAGR. Efort has been made 
to bring out the interstate variability in production of cocoa. The study employs linear supply response 
function to find out the past year price, previous year acreage and 4 year average price which have significant 
influence on the current acreage of the crop. Price instability has been calculated using the Cuddy Della 
Valle Instability index, giving a result of 20.028, indicating medium instability in domestic cocoa prices. 

Challenges faced by cocoa growers in India along with suggestions for improoement are included in the 

study. 
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which is characterised by rising growth rate in per 
capita chocolate consumption. India's per capita 
chocolate consumption is very miniscule (0.17 kg) 
when compared with other developed nations of 

the world like UK (8.61 kg), Germany (8.26 kg), 
Switzerland (8.59 kg), Russia (6.68 kg) and Austria 
(5.37 kg'. The retail sale of chocolate products 
across India amounted to approximately 1.8 

billion U.S. dollars in 2018, up from around 1.6 
billion dollars in the year 2016 and the analysts 

estimate the figures to only grow over the next 

years. India's real chocolate market is projected to 

grow at a CAGR of 19 percent until 2023. 

1. Introduction

Being a native of the Amazon Basin, Theobroma 

Cacao L., is one prospective crop that can offer 
a profitable yield to Indian farmers, if cultivated 

on scientific lines. The world cocoa economy

currently dominated by the African economies, 
which account for more than 75 percent of the 
global cocoa supply, is facing a huge demand 

supply mismatch and is on the verge of an 

imminent cocoa shortage. India being endowed 
with the most congenial climate for the production 
of the crop has not been able to profitably tap the 

huge potential that "the chocolate tree"holds for 
its farmers. The abundant perennial gardens of 

coconut, oil palm and arecanut in India provide 
ample interspace for the growth and cultivation of 
cOCoa plants which require only 40-50% of sunlight 
penetration. 

Cocoa was introduced as an experimental 

crop in Kerala in the 1960's and thereafter owes 

its spread to the commercialisation strategy of 
Cadbury India. The rapid spread of the crop 
continued until the 1980s. A sudden drop in cocoa 

prices thereafter, and the sudden withdrawal of 

Cadbury from the bean procurement market made 
the desperate farmers of the country to cut down 
the tree on a massive scale. Though CAMPCO 

Apart from global demand, clear indications 
of a steady rising demand for cocoa is expected 
to come from India's domestic chocolate market, 
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Abstract
Rice bran is one of the major by-products obtained from rice milling and constitutes about 10% of the total weight of the
rice. Rice branhaspericarp, aleurone, sub aleurone layer and germ. It is a major source of nutrients such as proteins,
vitamins, minerals, essential fatty acids, dietary fiber and other sterols. Rice bran protein which isextracted from rice
bran is considered to be a potential ingredient in nutritional and functional foods. The objective of this chapter is to throw
an insight on the method of extraction, nutritional and healthy properties of rice bran proteins including thehypo
allergenicity, and antioxidant, antidiabetic, and anticancer activity. The physical methods (homogenisation), chemical
methods (alkaline extraction) and enzymatic methods are used for assisting the protein extraction from the rice bran.
Thischapter would also provide abrief insight on the rice bran protein which are rich in bioactive peptides and is used as
value added products, edible films and pharmaceutical applications.

Keywords: rice bran protein, nutritional benefits, extraction, functional food
Introduction
Rice (Oryza sativa) is one of the major cereal crops which is widely grown in Asian countries. According to the
Food and Agriculture Organisation (FAO) the production of rice in India was estimated to be 177.6 million metric
tons in the year 2019. The production of rice has increased by 3.5 times in the past 60 years. Indiaranks second in
rice production in the world with the global production share of more than 11% after China. The country exported
9819 thousand metric tons in the year 2019 and the increase in rice consumption in emerging and developing
nations across the world may promote the rice export. The rice global rice trade in India in 2021 reached up to
44.4 million. The increase in export from India is due to the increasing demand for rice globally. It is the second
major staple food which is grown across the globe (Peanparkdee and Iwamoto, 2019) and is a major source of
protein, carbohydrate, vitamins and minerals (Sohail et al., 2017). The outer part of the rough rice is called rice
bran which is one of the major underutilised by-products obtained from the rice processing
industry(Sereewatthanawutet al., 2008). Milling of paddy results in the major product (70%) endosperm, (20%),
bran (8%), germ (2%) and the by-products such as husk (Kim et al., 2011). It also provides important health
benefits such as hypolipidemic effects ,anticancer activity, hypoallergenicity, Antioxidant activity, and
hypocholesterolemic effect (Zhou et al., 2012, Ni et al., 2003; Yeom, 2009)

Rice protein iscome under the category of plant-based proteins, which has applications in different products such
as baby foods and gluten free foods. Rice bran has numeroususes in food industry for improving the nutritional
characteristics of the processed foods. The therapeutic potential of rice bran plays a predominant role in the
formulation of functional foods and value-added foods which are of increased demand in the present scenario.
Various foods such as bread, pasta, noodles, cakes, and ice creams are supplemented with rice bran which
improve the textural and functional properties of foods.

Rice bran and its composition
Rice bran comprises of about 5-8% of the weight of the total grain. The chemical composition is protein,10-20%,
lipid,15-20%, moisture- 8-12%, fiber 7-14%, 31.4-52.3% carbohydrate. (Fabian and Ju, 2011). It consists of
minerals such as phosphorous, magnesium, iron, etc. (Oliveira et al., 2011). Therice bran compositionchanges
with the climatic conditions, method of processing and the variety of rice (Grist, 1985). Rice bran consist of
oryzanol, tocopherols and tocotrienol (Godber and Wells, 1994), which is the major source of antioxidant. The
quality of rice bran is also affected by the type of equipment which is used for milling of rice. The composition
and the yield of the bran in milling depends on the degree of milling.
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Figure 1. Rice Milling by-products
Rice bran proteins
The average protein content of rice bran protein varies from 10-20% and the digestibility and function are greater
compared to other cereals such as maize, wheat, barley (Amaglianiet al., 2017). Rice bran protein which are
globulin, glutelin, prolamine are soluble in water, alcohol and saline medium. (Amagliani et al., 2017; Phongthai
et al., 2017). The major rice protein in the whole grain, milled rice and rice polish fraction is glutelin. Other types
of proteins such as albumin and globulins, are present in rice bran and rice polish. The most evenly distributed
protein in prolamine.The amount of lysine content is higher in rice bran compared to the protein of wheat and
maize (Amagliani et al., 2017). It also has high amount of free amino acids such as glutamic acid (7–13%), serine
(5–15%) and alanine (11–16%)(Liu et al., 2019).

The World Health Organisation and Food and Agricultural Organisation recommended the Protein Digestibility
Amino acid score (PDCAAS) to evaluate the quality of proteins (WHO Report 935, 2007). The dairy protein had
higher PDCAAS value than rice protein. The rice bran protein had similar PDCAAS value of soy protein (Han et
al., 2015). The lesser value of rice protein when compared to dairy protein was due to the deficiency of lysine
content in rice protein.

In comparison with other protein sources, the foaming property, solubility and emulsification property are the
main functional property of rice bran protein. The white rice proteins have the solubility fractions about 15%
albumin, 20% prolamin and 65% glutelin. Bran proteins consist of are 66-98% albumin. The low amount of
prolamin is the reason of higher lysine content.

Rice bran protein has higher solubility compared to brown and white rice proteins at rangeof pH 4-7 (Cao et al.,
2009). The availability of the concentrates and isolates of rice bran protein is not common. The decrease in
availability is because of the complexity of proteins in rice bran and large amount of fibre (12%) and phytate (1-
7%) and which bind to the proteins, makes the protein bodies hard to get separated from each other components.
Lipases, trypsin inhibitors, haemagglutinin-lectin and phytatesare the antinutritional factors present in the bran
limit its usage in as feed and food ingredient. Different treatments such as alkali, mild acid and heat treatment
denatures the undesirable factors other than phytates which are present in the bran that are proteinaceous in nature
(Jiaxun, 2001).Phytates generally interfere with the absorption of the minerals in the gut (Rajkishore et al., 2015).

Extraction of proteins from rice bran
The rice bran proteinextraction iscarried out by physical, enzymatic and alkaline and methods. The process of rice
bran protein extraction is difficult because of the aggregation anddisulfide cross linking (Hamada et al., 1997).
Enzymatic extraction is investigated to have good efficiency and its widely used but the high cost of the enzyme
limits the production of bran proteinin commercial scale (Apinunjarupong et al., 2009; Thamnarathip et al., 2016).
Though, the extraction efficiency by physical method is not so high, it is economical and is easy to operate.
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Physical techniques such as homogenisation, microwave and ultrasonic methods disrupt the cell wall easily and
aids in extraction of protein (Tang et al., 2002).

The common method of dissolving the rice bran protein by chemical method is by alkaline extraction.This will
reduce the molecular size of the protein andcleave the hydrogen and disulfide bond in rice glutelin, and thus
improving the rate of extraction. (Xia et al., 2012).Alkaline procedure accompanied by isoelectric precipitation
method with pH 4-4.5 was also utilized to obtain proteins from rice bran with a yield varied from 40 to >80%
(Bandyopadhyay et al. 2008). High alkaline conditions can in turn affect the nutritional parameters of the protein
and produce toxic products. Therefore, different methods are used to extract rice bran proteins through chemical,
physical and enzymatic methods.

Alkali extraction
The rice bran protein is commonly extracted by alkali extraction. The high concentration of sodium hydroxide
causes the breakdown of disulphide and amide bonds in protein structure (Phongthai et al., 2017). The increase in
the temperature of extraction and pH, increased the yield of rice bran. (Sari et al., 2015, Gupta et al., 2008). The
protein exposure to high alkali conditions and heat cause denaturation of protein, changes inflavour and colour
and decrease the nutritional and functional value and also generate some toxic compounds likelysinoalanine
(Kelly et al., 1982). The rice bran protein extraction by the isoelectric precipitation method (pH 11) resulted in the
recovery of 71-86% of protein (Paraman et al., 2008). At lower isoelectric pH 4-4.5, the yield varied from 40-
80% (Bandyopadhyay et al., 2008; Chandi and Sogi, 2007; Jiamyangyuen et al., 2005; Yadav et al., 2011).

The functional properties such as foaming, emulsification and film formation are affected by the process of alkali
treatment.The drawbacks of alkaline extraction are that the protein yield is of low quality.The accelerated maillard
reaction lead to low purity proteins products of dark color and formation compounds such as lysinoalaninewhich
is toxic in nature (Fabian and Ju, 2011).

Enzyme-assisted method
The alternative method to extract rice bran protein is by enzymatic method. There are different enzymes such as
carbohydrase , protease and lipase that help in the isolation of protein bybreaking the bondbetween proteins and
components such asstarch, fiber etc. Proteases have better extraction rate, solubility and thus hydrolyse the rice
bran protein (Tang et al., 2002). Hamada (1999) concludedthat the use of the enzyme protease enhanced the yield
from 60% to 93% byimproving the rate of hydrolysis. Enzymatic extraction facilitates the starch -bound protein
release, degradation of cell wall and thus, increased protein solubility (Fabian and Ju, 2011). The combination of
phytase and xylanase was used in the extraction of protein from rice bran and concluded that the use of enzyme
carbohydrases might increase the yield of the soluble protein (Wang et al.,1999). Wanyo et al., (2014)
investigated the combined action of enzymes in the increased yield of protein; however, the cost of processing
was highand did not result in pleasant organoleptic profile and good nutritional properties in protein.

Khan et al. (2011) estimated that rice bran protein was 61% for parboiled rice and 85% for unstabilised bran.The
commonly used enzymes which are food grade are flavourzyme, protamex, alcalase and the enzymes such as
papain (from plants) and pepsin and trypsin (from animal sources) (Samaranayaka and Chan, 2011). The protein
solubility can be improved by proteinases by splitting them down into peptides and enhancing the extraction
efficiency. Enzymes such as,flavourase, alcalase, chymotrypsin and papain were used to extract the protein from
rice endosperm and evaluate the antioxidant capacity. The endosperm proteins were hydrolysed depending on the
optimal conditions, for 4 h (Zhang et al., 2009). Thedefatted rice bran hydrolysed by the enzyme flavorzyme and
alcalase increased the protein yield upto 81-88% at 50 C and pH 8 (Hamada, 2000). Enzymatic hydrolysis
improved the functional, sensory and physicochemical properties of proteins (Yeom et al., 2009). Since, the use
of commercial enzymes are costly, alkaline extraction is preferred for protein extraction.

Physical method
The different physical methods for the extraction of protein areultrasonication, colloid milling, microwave
treatment etc. (Anderson and Guraya, 2001). Tang et al., (2002) investigated the extraction rate of different
physical methods such as, freeze-thaw, high-speed blending, sonication and found that the defatted rice bran
resulted in the yield of protein about 11–16%. The shear force developed by physical methods contributed to the
cell disruption (Anderson and Guraya, 2001). Ultrasonication method also induce damage to the cell membrane
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and disrupted the molecular bonds. The shock wave generated during the process of ultrasonication also resulted
in cavitation bubble collapse. Further, sonication for 5 min resulted in the yield of 15% compared to high pressure
techniques which gave 11% protein yield (Tang et al., 2002). Subcritical water extraction is one of themethods to
extract amino acids or protein or from rice bran (Amagliani et al., 2017; Sereewatthanawut et al., 2008).
Theincrease in temperature used in subcritical extraction may cause denaturation of the proteins (Fabian and Ju,
2011).

It was found that protein extractability rate increased to 15%by milling and differential sieving of rice bran
(Prakash and Ramanatham, 1994). The protein recovery from physical methods was found to be economical and
easier but compared to the enzymatic and chemical extractions the yield was low. So,rice protein was extracted
effectively by the physical processing in combination with alkali extraction and enzymatic treatments was
suggested to effectively extract protein from rice bran (Tang et al., 2002).

Health benefits and functional properties of rice bran protein
Rice bran proteins and peptides consist of bioactive molecules which areinvolved in several physiological
functions. These include lowering of cholesterol, antidiabetic effect, antioxidant effect etc. The use of cost-
effective protein supplements is increasing in the present scenario. The rice bran is very cheap by-product and has
a highamount of nutrients. The quality proteins can be utilised effectively in the production of bioactive peptides.

Table 1. Composition of Amino Acid in Rice Isolate, Soy Isolate, and Casein

Amino acid Rice isolate (%) Soy isolate
(%) Casein (%)

Aspartic acid 11.44 14.21 9.17

Serine 9.49 8.73 7.99

Histidine 2.05 1.93 2.25

Arginine 7.84 6.59 3.23

Proline 6.67 6.61 12.4

Isoleucine 2.07 2.37 3.54

Glutamic acid 17.82 18.51 18.8

Threonine 4.17 4.24 4.59

Glycine 8.44 8.8 4.99

Alanine 6.73 6.03 4.99

Valine 2.34 2.89 5.77

Tyrosine 3.87 2.71 3.51

Methionine 4.62 0.92 2.1

Leucine 4.55 4.88 6.41

Lysine 3.41 5.58 8.48

Phenylalanine 4.49 4.01 3.46

(Frederick et al; 2000)

Chittapalo and Noomhorm (2009) found that the maximum solubility (85%) was found in alkaline extraction at
the pH 12 and solubility was minimum (2%) at pH 4–6. Rice bran protein exhibited higher foaming stability in
comparison to casein under different range of pH (5-9). Rice bran protein has good emulsifying property and can
be used as emulsifiers in the processed foods (Xia et al., 2012). The emulsification property of protein
concentrates was in the range 24 to 74% (Chandi and Sogi, 2007). The capacity of oil absorption (OAC) values of
the proteins from heat stable and unstabilised rice bran was estimated to be 3.3 and 2.4 mL/g (Khan et al., 2011).
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The rice bran protein concentrates had the excellent functional property to be used for food applications. Rice
bran protein has gained much importance due to its nutraceutical properties, high protein quality and various other
health benefits.

Antihypertensive effect
Rice bran protein is used as therapeutics for the prevention and treatment of hypertension. A strong angiotensin-
converting enzyme (ACE) inhibitory action was found in rice bran protein with molecular weight (<4KDa) (Wang
et al., 2017). A higher inhibitory effect was found in prolamine and globulin compared to albumin (Uraipong and
Zhao, 2016).A strong hydrogen bond was formed within the active sites of human angiotensin-converting
enzymeby the tripeptide sequence Try-Ser-Lys, from rice bran protein. Hence, rice bran protein is considered to
be the good source to treat hypertension (Liu et al., 2017).

Antioxidant Capacity
The rice endosperm protein was digested by using different enzymes with antioxidant properties such as
chymotrypsin, neutrase, flavorase, alcalase, and papain. (Zhang et al. 2009). Under the in vitro digestion approach,
the radical scavenging capacities of rice protein can reduce the oxidative stress (Liu et al., 2016). The antioxidant
activity of the protein hydrolysate from rice bran resulted to its hydrophobicity, structure of aminoacids and
molecular weight. The bran protein rich in albumin showcased the highest reducing power followed by glutelin,
prolamin and globulin fractions (Zhang et al., 2014). The rats diet supplemented with the rice bran extract
improved the antioxidant enzyme actionlikeglutathione peroxidase and catalasewhich reducedthe oxidative
damage of lipids and proteins compared with control. There was significant reduction in the superoxide radical
production with low expression of reduced NADPH (nicotinamide adenine dinucleotide phosphate oxidase),which
is an enzyme which help in superoxide production in rats. In general, the oxidative stress was also found to be
reduced by the rice bran protein (Fan et al., 2008).

Figure 2.Phytochemicalsof anti-oxidative nature in rice bran
Antidiabetic Activity
The protein isolates of rice bran extracted by the enzymes proteases (and Protamax and Alcalase) resulted in high
inhibitory action on the enzymes α-glucosidase and α-amylase.The activity of inhibition was observed to be
similar with acarbose which is an antidiabetic drug that showcased that the rice bran protein hydrolysate had the
potential to manage diabetes and also function as dietary or nutraceutical supplement. (Uraipong and Zhao, 2016).
In the in vitro study, a strong α-glucosidase inhibitory activity was noted in the protein hydrolysate of rice bran
which concluded that the antidiabetic peptides can be generated by the consumption of rice bran protein
(Uraipong et al, 2018)
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Anticancer activity
The in vitro studies of the viability and proliferation of breast, colon, and liver cells of the rice bran peptide
fractions weredemonstrated. The hydrolysates and peptides of the bran protein was formulated by the enzyme
alcalasetreated defatted form of rice bran.A significant growth inhibition and cytotoxic effects was noticed in
breast cancer cell lines and human colon when treated at 500μg/mL (Kannan et al., 2009).The characterisation
and further purification of the peptidesobtained from the protein hydrolysates of rice bran resulted in sequence
ofamino acid Glu-Gln-Arg-Pro-Arg of the peptide which indicated about 84% inhibition on the growth of colon
cancer,80%inhibition in the breast cell growth and 84% inhibition on growth of liver cancercells (Kannan et
al.,2010). The results suggested that the rice bran protein is a good source and can function as an antitumour agent
for curing breast, colon and liver cancer.

Figure 3. Anticancer activity of rice bran (Yonghui et al; 2019)
Anti-Cholesterol activity
The hypocholesterolaemiaproperty of rice bran is due to the binding protein ofbile acidfound in the rice bran
(Wang et al., 2015). Zhang et al. (2010) concluded that rice bran protein isolates by the action of pancreatic
peptidase trypsin lowered the solubility of the cholesterol in the invitro study. The bile acids get bound with the
sequestrant factors and insoluble complexes were formed which are eliminated from body. More cholesterol is
converted in the liver to bile salts to compensate the excreted bile acids. This lowers the serum LDL cholesterol
level and also enhances the expression of low-density lipoprotein receptor (LDL) which.

Table 2. Functional Properties of Rice Bran Protein

Properties Benefits/ Results References
Functional Properties

Solubility Maximum nitrogen solubility was 82%and 80%at
differentpH 12 and 10

Wang et al. (1999)

Maximum solubility of 60% at pH 11 Pinciroli et al.
(2009)

Foaming ability Maximum foam capacity between 40-90% and
foam stability 30-90min

Yeom et al. (2010)

Foam capacity was more than 60% at pH 11 Cao et al. (2009)
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Applications of Rice bran protein
Rice bran is used in foods in different forms such as defatted bran, full fat bean, rice protein concentrates and bran
oil. Defatted bran is used as the binder for meat and sausage product and protein supplements. The protein
hydrolysates derived from rice bran has wide application as dietary supplements and functional foods.Meat
products which are sensitive to lipid oxidationneed protection against the reactive species. The rice protein
liberates antioxidant peptides which decrease the oxidation of meat. (Zhou, Canning, and Sun 2013). It was
estimated that therice bran protein hydrolysates would increase the oxidative stability of emulsion and oil
(Cheetangdee and Benjakul, 2015). The rice proteins are used as additives in sports nutrition and is also used to
substitute casein, whey and soy protein.

The rice bran protein serves as a good source of nutritional supplements and as a functional food.It is used in
various bakery goods, sausages etc.because of its oil and water binding properties (Tang et al., 2003). It is also
used as a base for desserts and cake batters. Rice bran protein can also be supplemented as an ingredient in infant
foods. The rice bran protein has high amount of glutamine and asparagine which functions as the flavour
enhancing ingredients in sauce, soup etc. The rice bran protein gained more attention as the ingredient of food in
the preparation of products which are gluten free such as bread, cookies, pasta and noodles.The rice bran protein
concentrate (2%) was added into gluten free bread which improved the retention of gas, specific volume and shelf
life of rice bran protein concentrate. Also, protein supplemented pasta which is gluten free was made by using rice
bran protein, whey proteinandsoy protein. The results showed the greater cooking loss andcracked and irregular
surface. (Phongthai et al., 2017).The rice bran protein concentrate was formulated using alkaline method of
extraction and had the oil adsorption capacity of 2.3 mL/g,water adsorption capacity of 2.9 mL/g and thus
formulated the protein enriched biscuits which had excellent overall acceptability Yadav et al. (2011).The rice
bran protein such as albumin and globulin incorporated into tea catechins enhanced the its stability in the process
of digestion (Shi et al., 2017).

The rice bran proteins were also applied in the fabrication of biodegradable film(Wang et al., 2012). The bran
protein-based film was fabricated which exhibited comparable functional proteins than the films prepared from
soy proteins (Adebiyi et al., 2008). Shin et al. (2011) fabricated a composite film of 4% rice bran proteinand 4%
gelatinwhich improved the mechanical properties of the films. The Rice bran-chitosan nanoparticles exhibited
slower degradability in gastric conditions and digestible completely in the small intestine with better
biodegradability (Hailong et al., 2017).

Emulsifying
capacity

Maximum emulsifying capacity of 0.149 and
0.634 and emulsion stability 24.26 and 25.96 min

Zhang et al.(2010)

Emulsifying capacity between 0.6-0.8 and
stability 20-30min

Yeom et al. (2010)

Water absorption
and binding
capacity

Capacity of Water absorptionrate of 3.71 and
4.4g/g

Highest water absorption of 3.83mL/g

Zhang et al. (2014)

Cao et al. (2009)

Bio-function properties

Reducing power
activity

6964,2904,2017 and 1809 mmoL of Fe2+ for
albumin, globulin, prolamin and glutelin.

Chanput et al.
(2009)

ACE inhibitory
activity

IC50 of 0.46mg/mL(hydrolysate) Chen et al. (2013)

Inhibit lipid
peroxidation

Reduce the formation of lipid hydroperoxides Zhao et al. (2012)

Other bio functions Reduces serum cholesterol concentrations Tang et al. (2002)

Potential to potentiate anti leukaemia immunity Chen et al. (2010)
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Table 3. Applications of rice bran protein
Sample form Product

Type
Usage
(%)

Properties Results

Protein
concentrate-
Rice Bran

Bread 1-5 Lesser microbial load
and%Weight loss than control
sample

Jiamyangyuen
et al.(2005)

Protein isolate-
Rice bran

Rice
noodles

10 Increase the cooking quality,
nutritional quality, properties
of dough, and microstructure
of rice noodle

Kim et al.(2011)

Rice bran
protein

Films 4 Used as food packaging film
with enhanced properties

Shin et al.(2011)

Protein
hydrolysate-
Rice bran

Yeast
culture

2 Supporting the yeast growth
same as glucose

Sereewatthanawut
et al.(2008)

Figure 4. Applications of Rice Bran (Spaggiari et al., 2021)

Conclusion
The protein from rice bran has various application in food processing industry, pharmaceutical, and cosmetic
industry. Many researchworksiscarried out on the functional and nutritional properties of rice bran protein. Many
experiments are to be carried out to increase the extraction of rice bran protein more economically and efficiently.
The antioxidant peptides from the protein were used in food and pharmaceutical industry. Future studies are to be
carried out for commercial preparation and characterisation of the antioxidant peptides. The rice bran protein has
greater potential to be used as functional foods. Future research works are to be carried out to effectively utilise
rice bran protein.
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7he uman gastrointestinaltracthotsa complex
ad dynamie

Npulation of microorganisms,thegutmierobiotathathas a slgnifican
role intke host both during homeostasIsand diseane,Innumerable

Jactors determinecstablishmentofthe human gul ilcroblota,Dietis
coRsideredas aprimary factorregulatingthe gut mlcroblota,Intestinal

bacteriaplay a pivotaloleinmaintainingimmunlty and homeostasis
within the human body. Dysbiosis,refersto an alleredgutbacterial
composition thatis associatedwith the onsetofnflammalorydiseases
and

infections,whilea healthyand balanced ecosystem ofmicrobesin
the gut is

eubiosis.These two conditionsofthegutmicrobiotastrongly
influencehealthand diseasestatusofhuman beings.An understanding
with

respect to the
heterogeneityofbacterialcommunitiesinthegutand

their impact on gut integrityas wellas hosthealthis
gainingincreasingsignificanceThe dietary factorsthatinfluencethegut microbiotaneed tobe spelledout such thatthereisa "Window of opportumityforthemaintenance of eubiosis,whichwillfacilitateoptimalhosthealth.

Keywords:Gut Microbiome,Dysbiosis,Eubiosis,Immunity,Diet

The term microbiotarefersto a
complex,dynamicmultispeciescommunity of

bacteria,fungi,archaea,and
protozoans,livingwithinaparticularenvironment in mutual

synergywith the host
organism.The

human body,includingthe gut,skinand othermucosal
environments,iscolonizedby a

huge number of
microorganisms,collectivelytermedthemicrobiome or the

microbiota.The human
gut containstrillionsof

bacterialcellsthatare
indicatedtobe ata ratioof

approximately1:1with
our own cells.The

gastrointestinaltract,withits
epithelialbarrierhas a

total area of
approximately400m,and is a

complex, open, and
integratedecosystem in

humans with
maximum

exposuretotheexternal
environment.The human

gut,mostlythedistal
partofthedigestivetract
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Food safetyisa scientificdisciplinedescribinghandling,preparation,and
Is,A.W,2001b.

ffectson eating storageof food inways that can preventfood-borneillness.Over the

nityDent.Oral
decades the food chain has become immensely complex contributedby

00.Totaltooth
demographic,cultural,economic and environmentaldevelopments-

ureBr.Dent.J.

globalizationof trade, travel and migration,ageing populations,

siological,and
changing consumer preferencesand habits,industrializationand new

evierSaundre

technologies,emergencies,climatechange and extreme weather events

oderate iodine

respectively.Thesefactorspose threatsto the occurrenceoffoodborne7:829-835.

diseases.Consumer demand drivenfood industryofferspeoplegreater

access to a wider varietyof foods, manufactured out of season,

transportedacross continents,processedfortheirconvenienceand

increasinglyconsumed outsidethehome.

Food safetyisa basic human rightand commences at the point of

productionand extends rightup to the pointof consumptionoften

addressed as a "Farm to Fork"approach. Food safety is not the

responsibilityofan individual,a groupofpeople,norofan industryora

governmentagency.Itisthe shared responsibilityofmany peopleand
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