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PREFACE 
 

 

Nutraceutical and functional foods are in trend nowadays. Consumers 

are showing great interest in adapting nutraceutical/functional foods in 

their regular diet because they not only provide good nutrition but also 

have therapeutic properties. Various nutraceuticals have different 

mechanisms of action and are hence used as alternative pharmaceuticals 

for mitigating health problems. Research in the field of health-promoting 

foods has been escalating since the last decade. In recent years, a growing 

interest related to nutraceuticals has arisen among different vulnerable 

groups of the society because they act as an alternative to modern 

medicine.  

  This book will provide the latest scientific information on different 

aspects of nutraceuticals and functional foods. From production to 

processing, and marketing of nutraceuticals, one must have knowledge of 

national regulations on nutraceuticals. The contents of this book have been 

formulated by considering the syllabus of UG and PG level in various 

central, state and other deemed and private universities and the book is a 

valuable resource for students, researchers, academicians, food 

technologists, food scientists, nutritionists, health professionals and for 

those who are involved in the agriculture, pharmaceutical and food 

processing sectors.   
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Students and leading researchers can find information related to 

nutraceuticals, functional foods, strategies for formulation of functional 

foods, the role of nanotechnology in the food industry, extraction of 

nutraceuticals, role of probiotics, prebiotics, synbiotics for health benefits, 

bioactive proteins and peptides, role of nutraceuticals in disease 

management, role of omega 3 fatty acid and herbs in health and diseases 

as well as role of nutraceuticals in food packaging in a single book. The 

book will prove to be a valuable reference book for graduate as well as 

post-graduate students in the fields of Food Science and Nutrition, Clinical 

Nutrition and Dietetics, Applied Nutrition, Nutrition Biology, Food 

Science and Nutrition Food Technology/Food Engineering, Food 

Biotechnology, Food Microbiology, Post-Harvest Technology, 

Biochemical Engineering and Life Sciences. 

 Tables and schematic figures have also been given in the book 

chapters for better understanding and to simplify the complex matter. 

References including textbooks, journals, and relevant websites are given. 

Teachers, students and researchers can have direct access to the references 

used. This book is a complete package for students, researchers and 

industry personnel working in this field. 

 

 

Anita Kumari 

Gulab Singh  
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ABSTRACT 

 

With rapidly increasing knowledge in the field of nutrition and allied 

sciences, there has been a dramatic change in the concepts about food 

and its use in promotion of good health. Within these trends, 

nutraceuticals have captivated attention because of their significant 

contribution towards boosting health, improving immunity and 

protection from diseases which in turn results in reduced health care cost. 

                                                           
 Corresponding Author’s E-mail: anikum@cuh.ac.in. 
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Compounds obtained from plant or animal foods are used to make 

nutraceuticals, which are concentrated to deliver therapeutic and 

nutritional benefits in appropriate pharmaceutical form. They can be 

classified based on their availability, chemical properties and 

mechanisms of action. Many nutraceutical compounds have proved to be 

preventive and curative for various chronic conditions because of their 

anti-oxidative, anti-inflammatory, anti-cancer and osteogenetic 

properties. These beneficial effects of nutraceuticals are attributed to the 

myriad of bioactive substances present in them, and varied mechanisms 

involved. 

 

 

INTRODUCTION 

 

Food has a significant impact on normal functioning of the body, 

maintaining good health, and risk reduction for many health problems. 

Since olden days, traditional foods and herbs have been a part of the 

comprehensive approach to wellbeing. Hippocrates, the famous Greek 

physician put forth the philosophy of food as medicine, and quoted “Let 

food be the medicine and medicine be the food” [1]. With rapidly 

increasing knowledge in the field of nutrition and allied sciences, there has 

been a dramatic change in the concepts about food and its use in promotion 

of good health. With these trends, many novel concepts are emerging such 

as phytonutrients, phytotherapy, nutritional therapy and nutraceuticals [2-

4]. Of these the term “Nutraceutical” has captivated attention because of 

their significant contribution towards boosting health, improving 

immunity and protection from diseases which in turn results in reduced 

health care cost [5, 6]. 

 

 

THE CONCEPT OF NUTRACEUTICALS 

 

The concept of nutraceutical emerged from studies conducted in the 

three countries namely United Kingdom, Germany, and France, which 

concluded that to attain good health, dietary factors were felt more 

important by consumers than hereditary factors or exercise.  
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In 1989, Stephen DeFelice, president of the Foundation of Innovation 

Medicine and a nutritionist by profession defined nutraceutical as “A food, 

or part of a food, that provides medical or health benefits, including 

prevention and/or treatment of a disease” [7]. Nutraceutical is the blend of 

two terms “Nutrition” and “Pharmaceutical.” Compounds obtained from 

plant or animal foods are used to make nutraceuticals, which are 

concentrated to deliver therapeutic and nutritional benefits in appropriate 

pharmaceutical form [8]. The popularity of nutraceuticals is not only 

because they are a good source of energy and nutrients but also because of 

the range of medicinal benefits provided by them. Nutraceuticals help to 

detoxify our body and restore our healthy digestion [9]. When effectively 

used, they have the potential to prevent and even cure diseases provided 

they have high bioavailability and are used safely [10]. In the market, 

nutraceuticals are available in concentrated forms made from a single 

substance or as a combination. These may be marketed as powders, pills, 

capsules, and tinctures, etc. 

In the literature, many terms such as functional or medical foods, 

nutritional supplements and dietary supplements are mistaken for 

nutraceuticals. These terms can be understood from different perspectives 

for example foods with strong or specific purpose are more often defined 

as functional food [11]. More specifically, functional foods are defined as 

“Food products to be taken as part of the usual diet in order to have 

beneficial effects that go beyond what are known as traditional nutritional 

effects” [12]. Examples of functional foods include milk and milk 

products; yogurt; fruits and vegetables especially oranges, kiwi; whole 

grains like oat, barley, buckwheat, etc. [13, 14]. Dietary supplements 

include amino acids, vitamins, minerals, herbs, etc., which have more 

specific health roles to play as they are expected to improve the intake of 

these nutrients [15].  

While dietary supplements are not used in prevention and treatment of 

health issues [16], nutraceuticals are expected to have more intense results 

in prevention as well as cure of diseases. Nutraceuticals are described as 

“Products extracted, purified or produced from a plant, animal or marine 

source or produced from dried, powdered, or pressed plant material which 
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renders physiological benefit, or to provide protection against chronic 

disease” [17]. 

 

 

WHY NUTRACEUTICAL SEEMS ATTRACTIVE? 

 

The nutraceutical market is growing rapidly. This growth is due to 

various reasons. The consumers are getting more health conscious and 

exploring ways to achieve better health through their diet. However, 

because of busy lifestyles many fail to adhere to balanced diets. With these 

perspectives, nutraceuticals have several benefits such as: 

 

 Consuming nutraceuticals can enhance the nutritional quality of 

the daily diets, which at times fail to fulfil nutrient requirements 

of an individual. 

 My promoting good health, they can boost immunity and increase 

the life span for individuals 

 Nutraceuticals are considered more natural and safer for 

consumption in comparison with medicines, which are apparently 

believed to have harmful effects. 

 Nutraceuticals are preferred for consumption by people with 

specific deficiencies or special needs. 

 They are easily accessible from grocery stores and can be bought 

without prescription. 

 They offer prevention against chronic disorders, such as diabetes, 

cardio-vascular diseases and even cancers. 
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CLASSIFICATION OF NUTRACEUTICALS 

 

Nutraceuticals can be classified on the basis of food availability, 

chemical nature and the mechanism of action of the bioactive substances. 

The classifications are not mutually exclusive but overlapping. The 

detailed classification of nutraceuticals is presented in Figure 1 [18]. 

 

 

Food Availability 

 

 Traditional nutraceuticals: The food which is not subjected to any 

manual changes is known as traditional nutraceuticals. They are 

simply natural, whole foods with some potential health benefits 

like vegetables and fruits, whole grains, milk and milk products, 

meat and fish. They contain several natural components that 

benefit beyond the bounds of basic nutrition like saponins in soy, 

lycopene in tomatoes and omega-3 fatty acids in salmon. They can 

be further grouped as probiotic microorganisms; chemical 

constituents including nutrients, herbs and phytochemicals; and 

nutraceutical enzymes. Probiotic microorganisms are live bacteria 

or microorganisms which when consumed in adequate quantities, 

have the potential to benefit the health of the host [19]. Research 

studies have proven that the consumption of probiotics decreases 

the risk of allergy, cancer, asthma, and several other infections 

[20]. Probiotics also have the potential to treat lactose intolerance. 

This is because they can produce ß-galactosidase, an enzyme that 

can hydrolyse lactose into its component sugars [21]. Nutrients are 

the chemical compounds or substances like antioxidants, vitamins, 

minerals, fatty acids, and amino acids which are present in food 

and act as a nutraceutical. These nutrients are helpful in the 

management and prevention of specific diseases. For example, 

vitamin E is a lipid-soluble vitamin which is useful in protecting 

the cells through the damage caused by free radicals because of its 

antioxidant property. It is known to reduce the incidence of cancer, 
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arthritis, aging, cataracts, etc. The use of botanical products or 

herbs like aloe vera, wheatgrass, ginger, garlic, turmeric in the 

form of concentrate or extract comes under the category of herbals. 

Traditionally herbals are used in the form of decoction to cure 

acute and chronic diseases. Numerous nutraceuticals are present 

in herbal plants, which have a therapeutic property. For example, 

the active compound present in turmeric is curcumin which has 

great health benefits. Phytochemicals are also referred to as the 

compounds phytonutrients that naturally occur in plants like 

anthocyanidins, terpenoids, phytoestrogens, carotenoids, 

phytosterols, glucosinolates, flavonoids, polyphenols and 

isoflavonoids. They are mostly present in whole grains, fruits, 

vegetables, legumes, herbs, spices, nuts, and seeds. It has 

tremendous therapeutic potential in treating various diseases or 

physiological disorders. Enzymes are also known as biocatalysts. 

They are proteins in nature and are produced by our cells. They 

are beneficial for accelerating metabolic processes and dealing 

with health problems such as constipation, diarrhoea and 

gastroesophageal reflux disease which are related to the digestive 

tract. Example lipase is an enzyme produced by Rhizopus species 

through controlled fermentation. Lipase aids in improved 

digestion by facilitating hydrolyses of long chain fatty acids. 

 Non-traditional nutraceuticals: Non-traditional nutraceuticals are 

foods to which nutrients or ingredients have been added or they 

are obtained by agricultural breeding. Many scientists in the past 

have successfully invented techniques to make nutrient rich crops 

and furthermore research studies are being conducted to improve 

the nutritional quality of the crops [22, 23]. They are further 

categorized into fortified and recombinant nutraceuticals. Fortified 

nutraceuticals are obtained mainly from agricultural breeding by 

increasing the nutrient content of the crops. It involves the 

application of biotechnology and genetic engineering. Few 

examples are flour with increased levels of calcium, folic acid, iron 

and milk fortified with cholecalciferol [24, 25]. Another example 
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is gold kiwifruit which is genetically modified for increasing its 

ascorbic acid content. Lutin which is obtained from corn, avocado, 

egg yolk, spinach having potential benefits as an anti-cancer agent 

falls under this category [26, 27]. 

 

 

Chemical Nature 

 

The sources and uses of nutraceuticals based upon their chemical 

nature is given in Table 1. 

 

Table 1. Sources and Uses of Nutraceuticals based upon  

Chemical Nature 

 

Chemical 

Constituents 

Sources Uses 

Carotenoids  Yellow and orange 

colour fruits and 

vegetables 

They have antioxidant and anti-

inflammatory properties. It also helps 

in improving immunity, vision, 

cognition, and functioning of the 

heart. 

Collagen 

hydroxylates 

Obtained from 

connective tissues of 

bovine such as cartilage, 

tendons, bone and skin. 

They have antioxidant, anti-

inflammatory, anti-aging and 

antitumor properties. They also help 

to prevent obesity. 

Soluble dietary fibre Beans, oats, barley, 

some vegetables and 

fruits like peas, apples, 

citrus fruits, carrots. 

It slows down digestion and helps in 

weight management, lowering the 

risk of heart disease, regulates blood 

sugar, and helps reduce low density 

lipoprotein (LDL) cholesterol. 

Insoluble dietary 

fibre  

Whole-wheat, bran, 

whole pulses and beans, 

nuts, and vegetables like 

carrot, cauliflower 

They hasten gastric emptying time 

which helps in easing constipation. 

They also have anticancer properties. 

Fatty acids 

(Especially omega-3 

fatty acids and 

MUFA 

Fish oils, flaxseeds, 

walnuts, green leafy 

vegetables, soya 

They are anti-inflammatory. They 

support functioning of brain and 

reduce cholesterol disposition 
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Chemical 

Constituents 

Sources Uses 

Flavonoids Tea, fruit, vegetables, grains, 

legumes, nuts, and wine 

They have antioxidant, anti-

inflammatory, immune-modulator, 

antiviral, antiallergic, and 

anticarcinogenic properties. 

Glucosinolate 

isothiocyanates 

Broccoli, cabbage, 

cauliflower, rapeseed, mustard 

They are anti-inflammatory and 

anticarcinogenic. 

Phenols Black and green tea, citrus 

fruits, vegetables such as red 

cabbage, cherry tomato, and 

spices such as pepper and 

parsley 

They have antitumor, antioxidant, 

anti-inflammatory, antimicrobial, 

antihypertensive and 

hepatoprotective properties. 

Plant sterols Vegetable oils, nuts, and seeds They lower LDL cholesterol levels. 

Prebiotics Fructo-oligosaccharides and 

inulin 

They help to improve immunity and 

promote gastrointestinal health 

Probiotics Lactobacillus, bifidobacterial 

present in yogurt, other dairy 

and non-dairy food products 

They enhance immunity and helps 

in digestion. 

Saponins Beans like soyabeans, 

chickpeas 

Effective against colon cancer. They 

help in reducing cholesterol level. 

Soya Proteins Soyabean and its products like 

tofu 

It lowers LDL cholesterol levels. 

They also act as antioxidants, and 

protect from various cancers like 

prostate, breast and bowel cancer. 

Phytoestrogens Soyabean, fruits like plum, 

pear, apple; vegetables like 

beans, sprouts, cabbage, 

spinach, wine and tea 

They are effective in maintaining 

bone mineral density and prevent 

bone loss. They also help reduce 

menopausal symptoms. 

Sulphides/Thiols Cruciferous vegetables They help to maintain healthy 

immunity. 

Tannins Tea, grapes, barley, fruits of 

the forest and the sorghum 

They act as antioxidants. 

 

 

Mechanism of Actions 

 

Various research studies have indicated that nutraceuticals help in the 

prevention of chronic diseases with many other advantages like delaying 

aging and increasing life expectancy. Research studies have demonstrated 

the efficacy of many nutraceutical supplements for protection against 

Complimentary Contributor Copy



Vandana Sabharwal, Anita Kumari, Deepika Pawar et al. 10 

obesity, cardiovascular disease, cancer, diabetes, and osteoporosis. This 

section will discuss various classification of nutraceuticals based on 

biological activities in nutraceuticals. 

 

 Anticancer Activity: Cancer development is a long-term process 

that leads to uncontrolled or abnormal growth of cells all over the 

body, called metastasis, and is associated with many complex 

factors. Nutraceuticals have the ability to prevent cancer by 

various mechanisms [28]. Carotenoids and lycopene possess anti-

oxidative properties which are effective against cancer. They act 

as oxygen quenchers and decrease oxidative stress. Another 

mechanism by which nutraceutical helps preventing cancer is by 

controlling DNA damaging factors in cells and prevention of DNA 

transcription in tumours. Cruciferous vegetables lower the chances 

of colorectal and lung cancer by blocking enzymes that promote 

tumour growth [29]. Flavonoids present in citrus fruit protect 

against cancer because of their ability to act as an antioxidant. 

Similarly, cancer preventive properties of isoflavones found in 

soya products, polyphenolic phytochemicals and epigallocatechin 

gallate found in tea and curcumin from curry have been well 

demonstrated. Soybean is a unique food in this respect which 

renders protection against lung, breast, colon, rectal uterine, and 

prostate cancers. Beta-carotene found in yellow, orange, and green 

leafy vegetables and fruits such as carrots, spinach, coriander, 

lettuce, mango, oranges, also possess anticancer properties [30]. 

 Positive impact on lipid profile: Nutraceuticals are considered 

useful in the management of excessive low-density lipoproteins 

(LDL) and total cholesterol (TC) in blood, a condition often 

termed as hypercholesterolemia [31-33]. This is achieved through 

various mechanisms like inhibition of cholesterol synthesis, 

absorption, or enhanced excretion of cholesterol. Plant sterols are 

effective in lowering lipid profiles by decreasing the intestinal 

absorption of cholesterol. Soluble dietary fibres help in regulating 

lipid profile because they are fermented by the microorganisms 
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present in the large intestine [34]. Berberine, a plant alkaloid, has 

also been found to have cholesterol-lowering activity [35]. 

Curcumin helps in increased cholesterol excretion thereby 

reducing TC, LDL and triglycerides levels in the blood [36]. 

 Anti-oxidant properties: Various chronic diseases such as 

hypertension, cancer, cardiovascular disease, atherosclerosis and 

diabetes are caused due to cumulation of free radicals in the body 

which results in creating oxidative stress in the body [37]. Foods 

such as fruits and vegetables are rich sources of vitamins and 

phytochemicals and therefore considered a great source of 

antioxidants [38]. Vitamin C, vitamin E, and phenolic compounds 

have the unique ability to remove free radicals from our body [39]. 

Vitamin E and C also protect cells from lipid peroxidation [40]. 

Beetroot contains betalain and phenolic compounds which protect 

low-density lipoproteins from oxidation [41]. They safeguard the 

liver from damage and also help in maintaining blood pressure 

levels [42, 43]. Dried fruits and nuts such as pistachios, walnuts 

contain polyphenolic compounds which act as antioxidants and 

help to regulate blood glucose levels as well as lowering risk 

factors causing heart problems [44-46]. Isoflavones and lignans 

present in dates can act as antioxidants and also help control 

diabetes because of their capability to module insulin secretion 

[47]. Another example is ginger extract and quercetin [48]. 

 Anti-inflammatory: Inflammation is the body’s response to injury 

or irritation which is distinguished by pain, redness and swelling. 

Acute inflammation can result in chronic diseases. Nutraceuticals 

have demonstrated to possess anti-inflammatory properties which 

can be helpful in prevention and management of chronic diseases 

especially the one caused due to inflammation. For example, 

curcumin can act as an anti-inflammatory agent because of its 

ability to inhibit important enzymes that mediate inflammatory 

processes like cyclooxygenase-2, lipoxygenase, and inducible 

nitric oxide synthase [49]. Omega-3 PUFA in fish oil is another 

anti-inflammatory nutraceutical which suppresses the atherogenic 
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activation of vascular endothelial cells and hence having 

beneficial effects in rheumatoid arthritis, inflammatory bowel 

disease, and among some asthmatics [50]. Probiotics are also 

known to be anti-inflammatory; their effect being modulated by 

modulation of the NF-κB signalling pathway, inflammatory 

cytokines, and the regulatory T cell response [51]. Ginger, 

cinnamon, peppermint, and lycopene are also well researched to 

reduce inflammation [52]. 

 Osteogenetic or bone protective: Bone loss or osteoporosis, is a 

slowly progressive disease that results from poorly regulated 

production of cytokines which promote inflammation. The 

nutraceuticals identified from diet sources such as butein, 

cardamon, curcumin, embelin, diosgenin, gambogic acid, 

genistein, plumbagin, quercetin, etc., can modulate pathways for 

cell signaling and decelerate or reverse osteoporosis [53]. 

 

 

CONCLUSION 

 

The nutrition transition led by industrialization and urbanization has a 

tremendous impact on the health and wellbeing of individuals. One of the 

possible solutions for promoting good health among the masses is 

encouraging use of nutraceuticals which has the potential for preventing 

and treating many health problems. Numerous food sources like fruits, 

vegetables, herbal plants, seeds, nuts, whole grains, and spices of different 

plants are used in the production of nutraceuticals. Nutraceuticals are made 

up of a myriad of bioactive substances which contribute to the various 

beneficial effects through various mechanisms which individually or 

collectively help improve the health of individuals. On the whole, 

nutraceuticals have given rise to a new era of research in nutrition and 

allied disciplines which offers huge potential for the food industry to grow 

as well. 
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ABSTRACT 

 

Nutraceuticals claim physiological benefits, i.e., why they are called 

alternatives to pharmaceuticals. They are formulated from active 

components isolated either from plant sources (phytocomplexes) like 

herbs or from animal origin like fish, which, when concentrated and 

dispensed in an appropriate pharmaceutical form could prevent or treat 

certain pathological conditions. Further, nutraceutical may cover a wide 

spectrum of commodities such as isolated nutrients, botanicals, dietary 

supplements, functional foods, and health supplements. The 

nutraceutical market is going to upsurge in the coming years due to the 
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requirement of the public, which transformed from a "want" for 

preventive health into a "need" in the current scenario. Thus, it integrates 

into the economic growth strategy of any country.  

Additionally, end-users, peculiarly those who belong to higher 

socio-economic and upper-middle-class sections, perceive nutraceuticals 

as a proactive medicine to repress the pre-clinical health conditions. 

Therefore, they could be a potential toolkit to be used 'beyond the diet 

but before the drugs' to impede or cure the emerging infectious and non-

infectious diseases. There is enormous demand for nutraceutical-type 

products by the general public in the current market due to their natural 

origin, minimal adverse effects, and their wide availability over the 

counter in supermarkets, pharmacies, or health product retailers. 

Henceforth, safe and biologically available nutraceuticals may work as 

pharmaceutical products for the treatment of many diseases and also 

improve the physiological functions of the body. 

 

 

1. INTRODUCTION 

 

The integration of two phrases quoted by Hippocrates, "Natural forces 

within us are the true healers of disease" and "let food be thy medicine and 

medicine be thy food," define unified power of body's defense mechanism 

with food as a therapeutic agent in healing and rewiring the body disorders 

or disease. Health is an active state which is protected by an array of the 

body's defense mechanisms and our daily diet. Therefore, food and drug 

from natural origin have greater importance in the public healthcare center. 

The body's five defense systems, namely, angiogenesis, regeneration, 

microbiome, DNA protection, and immunity, are common denominators 

of health. These systems are taking charge of maintaining our health and 

resisting the threat we all face as part of our daily routine. Each of the 

defense systems is persuaded by food on our plate [1]. 

Medical science has long recognized the significance of diet in 

harmonizing our health along with pharmaceuticals. In this way, the 

"Nutraceutical" perspective received an applicable and reliable outlook to 

attain good health and mitigate the risk of pathological conditions. The 

word nutraceutical confides to a nutrient and pharmaceutical approach 

where bioactive substances from natural origin with clinically proven 
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health benefits could prevent, treat or cure disease, improve overall health, 

delay the aging process, and increase life expectancy. Therefore, clinically 

safe and bioavailable nutraceuticals could be used as an alternative to 

pharmaceuticals in managing the disease before they set in. 

Stephen Defelice, a nutritionist, and pharmacist, president of the 

Foundation of Innovation Medicine (1989), elucidated the word 

nutraceutical as a food, or part of a food, that proffer medical or health 

benefits, including prevention and treatment of a disease. A nutraceutical 

may cover a broad spectrum of commodities that vary from isolated 

nutrients, dietary supplements, and specific diets to genetically engineered 

designer foods, herbal products, and processed foods such as cereals, 

soups, and beverages [2]. They are formulated from active components 

isolated either from plants (phytocomplexes) or from animal origin. When 

these functional components are concentrated and dispensed in an 

appropriate pharmaceutical form, they could avert or treat certain clinical 

conditions [3]. 

Pharmaceuticals are drugs primarily used for treatment after the 

pathological condition has occurred and sometimes may have side effects. 

In contrast, Nutraceuticals act as a proactive medicine to repress and 

reduce the risk related to lifestyle disorders. Therefore, they could be 

incorporated in the daily diet regime as a potential toolkit in a region 

ranging from 'beyond the diet but before the drugs' because they proffer 

both nutritional and functional properties of food extracts along with 

healing effects of natural active constituents [4]. 

In the last decades, the demand for nutraceutical products has been 

resurged by the general public because of their natural origin, minimal 

adverse effects, and their availability over the counter in the supermarket, 

pharmacies, or health product retailers. Apart from this, they have been 

available in the market in various different forms (Figure 1). 

So, the nutraceutical market will be an upsurge in coming years owing 

to the requirement of the public, which transformed from "want" for 

preventive health into a "need" in the current scenario.' Thus, it integrates 

into the economic growth strategy of any country.  
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However, regulations related to nutraceutical or dietary supplements 

vary from country to country. Therefore, harmonization in regulation is 

critically essential for consumers' safety from misleading claims of 

nutraceuticals. Nevertheless, the nutraceutical industry faces many 

challenges: drug-food interactions, self-medication, bioavailability, safety, 

clinical efficacy, and so forth. Henceforth, safe and biologically available 

nutraceuticals may reduce the dependence on pharmaceutical products and 

direct towards a more sustainable and integrated approach to improve the 

body's physiological functions.  

This chapter outlined various topics: sources of plant-based 

nutraceuticals, animal-based nutraceuticals, nutraceutical market in India 

and other countries, regulations and safety, challenges, clinical efficacy, 

and case studies related to the nutraceuticals. 

 

 

Figure 1. Different forms of nutraceuticals available in market. 

 

1.1. Plant Based Nutraceuticals 

 

Nutraceuticals from plant origin have emerged as new medicinal 

therapy (phytotherapy) to reverse the damage caused by a sedentary 

lifestyle and faulty eating habits. Plant nutraceuticals are recognized as 
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safe because people believe that "nature is the true healer and safer" than 

pharmaceutical drugs. In addition, bioactive constituents from plants such 

as curcumin from turmeric, gingerol from ginger, anthocyanins, caffeine, 

melatonin, etc., have therapeutic value, prevent the incidence of chronic 

diseases, and have action potential against various microbial infections. 

Sometimes, they may possess curative properties. The few examples of 

widely available nutraceuticals that people frequently use are ginseng, 

melatonin, fenugreek, curcumin, resveratrol, garcinia, and quercetin. 

Further, some nutraceuticals have well-established scientific data on 

their efficacy, toxicity, mode of action, and bioavailability, while others 

are still anecdotal. Thus extensive research is required in this arena to 

assess their clinical efficacy, safety, and toxicity. Nevertheless, Table 1 

and Table 2 outlined various plants and plants' proteins/peptides that have 

nutraceutical potential to attenuate the symptoms of chronic diseases.  

 

 

Figure 2. Parameters consider in formulation of nutraceuticals. 
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1.2. Animal Based Nutraceuticals 

 

 

Figure 3. Nutraceutical from animal origin. 

1.2.1. Nutraceuticals from Fish and Fish by-Products Sources 

Fish Protein Hydrolysate (FPH) is a potential source of bioactive 

peptides for the nutraceutical and pharmaceutical segment. They have been 

described as an appropriate and potent source of proteins in the human diet 

due to their balanced amino acid composition and beneficial effect on 

gastrointestinal absorption. FPH extracted from blue whiting 

(Micromesistius poutassou), and brown shrimp (Penaeus aztecus) could 

be seen as potential appetite suppressive peptides as they were capable of 

stimulating the cholecystokinin releasing activity from STC-1 intestinal 

endocrine cells [43]. A randomized clinical study [44] evaluated the effect 

of FPH, i.e., Slimpro, acquired from blue whiting (Micromesistius 

poutassou) muscles on 120 slightly overweight subjects. FPH intake at a 

level of 1.4 & 2.8g for 90 days was effective in stimulating the secretion 

of cholecystokinin (CCK) and glucagon-like peptide (GLP-1) compared to 

the placebo arm. Which subsequently, produces a slimming effect due to 
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decrease in body weight by reducing fat mass, not by draining impact, i.e., 

reduction in extracellular water content. 

Inhibitory peptides (Val‐Trp and Leu‐Lys‐Tyr) extracted from 

Antarctic krill peptide powder (AKPP) formulated by enzymatic 

hydrolysis of tail meat significantly reduced the systolic blood pressure by 

inhibiting angiotensin -1- converting (ACE) enzyme activity [45]. 

Furthermore, the oral intake of ACE inhibitory peptide (LPH-IV) obtained 

from loach (Misgurnus anguillicaudatus) could significantly alleviate 

hypertension by reducing systolic blood pressure thus may possess 

antihypertensive activity [46]. 

Additionally, the porcine skin gelatin hydrolysate has the potential to 

manage type-2 diabetes mellitus as it inhibits dipeptidyl peptidase IV 

(DPP-IV) activity and improves glycemic control [47].  

Omega-3 fatty acids from marine sources offer many health benefits 

like reducing the risk of arthrosclerosis and cardiovascular diseases, 

improving the lipid profile, controlling cholesterol, lowering the 

triglycerides level, managing diabetes, and many more in a row. In recent 

Vitamin D and Omega-3 Trial (VITAL), oral intake of 840 mg/d of 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) attenuates 

the incidence of a heart attack about 28%, fatal heart attack about 50%, 

and total coronary heart disease about 17%. In the ASCEND study (A 

Study of Cardiovascular Events in Diabetes), there was a 17% decrease in 

death due to cardiovascular disease with an oral intake of 840mg/d of EPA 

& DHA. In the REDUCE-IT study (the Reduction of Cardiovascular 

Events with Icosapent Ethyl–Intervention Trial), intake of 4g/d of EPA 

reported a 25% decrease in the primary endpoint of significant 

cardiovascular instances in subjects with high triglycerides levels (135-499 

mg /dL) and were also taking a statin drug. Therefore, Compiled data from 

the above three studies, i.e., VITAL, ASCEND and REDUCE-IT, revealed 

that Omega-3 fatty acids (EPA & DHA) have the potential to decrease the 

risk of cardiovascular diseases [48]. Furthermore, the pooled evidence 

from systematic review and meta-analysis (involving 39 trials with 2875 

subjects) outlined that omega-3 fatty acid was effective in elevating serum 

total antioxidant capacity, glutathione peroxidase activity, and reduced 
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malondialdehyde in cases versus placebo arm. So, overall omega-3 fatty 

acids have a protective effect against oxidative stress, i.e., reactive oxygen 

species [49]. 

 

1.2.2. Microalgae and Seaweeds 

Microalgae such as cholera and spirulina are frequently used as 

valuable nutraceutical raw materials isolated from marine origin. Blue-

green algae spirulina (Arthrospira) has attained significant interest after 

NASA used it as a dietary supplement for astronauts. It has anti-

inflammatory activity as it impedes the release of histamines from mast 

cells and could modulate the immune system [50]. Systematic review and 

meta-analysis of RCTs on 278 subjects indicated that spirulina 

supplementation significantly reduces weight, mainly in obese patients. 

Also, decrease cholesterol absorption, insulin resistance, oxidative stress, 

and inflammatory markers [51]. 

Marine algae contain sulfated polysaccharides (SPs) in ample 

amounts, like carrageenans in red algae, ulvans in green algae, and 

fucoidans in brown algae. These SPs from marine origin proffer various 

physiological benefits, mainly, immunological activity, antioxidant, anti-

allergic, anticoagulant, and anticancer properties. The underlined 

beneficial effects make marine-derived SPs a potent source for formulating 

nutraceutical products [52]. 

Seaweed has become a boon for the nutraceutical industry as it 

possesses various health-beneficial bioactive agents. Polysaccharides from 

seaweed have been widely used because of their several expedient 

properties such as anti-inflammatory, antiviral, anti-cancerous, and 

anticoagulant activities [53]. For example, fucoxanthin, a carotenoid 

obtained from brown seaweed, has an anti-obesity and anti-diabetic effect. 

It ameliorates insulin resistance and lowers blood glucose levels by 

modulating cytokine secretions from white adipose tissues [54]. 

Fucoxanthin (Fx) is metabolized into fucoxanthinol and amarouciaxanthin 

after absorption, and the metabolized components are accumulated in 

visceral white adipose tissue (WAT). The neuroprotective, 

hepatoprotective, and photoprotective efficacy of Fx is due to its 
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antioxidant potential. The anti-obesity property of Fx is based on the 

upregulation of thermogenesis by expression of uncoupling protein 1 

(UCP1) and the acceleration of metabolism instigated by mitochondrial 

activation [55]. 

Seaweed is also a good source of protein containing all amino acids, 

particularly alanine, proline, glutamic acid, glycine, arginine, and aspartic 

acid. The protein content ranges from 5 to 47% on a dry basis. Further, the 

essential amino acids in algae constitute almost half of the amino acids, 

and their protein profile is similar to the profile of egg protein. Among all 

seaweeds (green, brown, and red seaweed), red seaweed contains protein 

in ample amounts, i.e., approximately 47%. Therefore, algae can be used 

as an alternative and cheap source of ingredients with high nutritional 

value to combat the challenges of protein malnutrition [56]. 

 

1.2.3. Milk and Milk Components 

Advancement in separation techniques and enzyme technology in the 

dairy industry provides an opportunity to extract, concentrate or modify 

the cows' milk components so that these beneficial components could be 

used as nutraceuticals to improve the body's biological functions. Specific 

peptides within the dietary protein may exert specific physiological 

functions like peptides from casein (casein phosphopeptide) may increase 

the bioavailability of minerals (Ca & Zn) by improving their solubility. 

Also, decrease the activity of an angiotensin-converting enzyme (ACE) 

thus, reducing the vasoconstriction and alleviating the high blood pressure 

[57]. 

Systematic review and meta-analysis [58] revealed that casein 

phosphopeptide amorphous calcium phosphate (CPP-ACP) exhibited 

remineralization efficacy, decreased enamel surface roughness, and 

effective reconditioning of form, aesthetics, and function to treat white 

spot lesions. So, CPP-ACP seems to be a potential remedy to treat white 

spot lesions. 

The Single-blind, placebo-controlled study was conducted by [59] to 

assess the effect of casein hydrolysate formulated by a protease from 

Aspergillus oryzae, having major ACE enzyme inhibitory peptides Val-

Complimentary Contributor Copy



Nutraceutical Alternative to Pharmaceutical 35 

Pro-Pro (VPP) and IIe-Pro-Pro (IPP). The study comprised 131 subjects 

with high normal blood pressure and mild hypertensive. These were 

randomly divided into four groups, and two tablets of four different 

dosages of VPP and IPP (i.e., 0, 1.8, 2.5 & 3.5) were given to each subject 

daily for six weeks. A considerable reduction in systolic blood pressure 

was noticed at 6 weeks in the group taking 1.8 mg of dosage. At the same 

time, systolic blood pressure (SBP) in the active groups was lowered at 

both 3 weeks and 6 weeks after administration of either 2.5mg or 3.6mg of 

dosages in contrast to SBP prior to treatment. Further, the antihypertensive 

effect was significantly higher in mild hypertensive subjects compared to 

other subjects. Another novel ACE inhibitory peptide, YQKFPQYLQY 

(YQK), was obtained from hydrolysis of bovine casein using pepsin and 

trypsin. The oral ingestion of YQK was found to lower systolic blood 

pressure in hypertensive rats significantly. Therefore, it may have the 

potential to be used as an antihypertensive agent in nutraceuticals or 

functional foods, or pharmaceuticals [60]. Yak milk casein also contains 

an ACE inhibitory peptide (KYIPIQ), which elevates NO synthesis and 

expression of endothelial nitric oxide synthase in human vascular 

endothelial cells via activation of the protein kinase B (Akt) pathway. So, 

it can be a potential future therapeutic drug or nutraceutical for 

hypertension treatment [61]. 

Lactoferrin is a non-haem iron-binding glycoprotein that has been 

studied extensively. It is also a red fraction of minor bioactive milk protein. 

It has a wide range of physiological activities such as antimicrobial, 

immunological, anticancer, anti-allergic, antioxidant, and anti-

inflammatory properties. Because of its therapeutic value, lactoferrin is 

considered a nutraceutical ingredient for the emerging food industry [62]. 

It also protects neonates against infection caused by a wide spectrum of 

pathogens. That's why exclusive breastfeeding is vital for infants during 

the first six months to provide immunity against microbial infection [63]. 

Lactoferrin-derived peptides, lactoferricin, and lactoferrampin exert 

more potent antimicrobial properties compared to intact protein. 

Especially, lactoferricin has shown potential antibacterial, antiparasitic and 

antifungal activity against various human diseases ranging from ocular 
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infection to osteoarticular, dermatological and gastrointestinal diseases 

[64]. 

 

 

1.3. Nutraceutical Market in India and Other Countries 

 

The evolution of the health-centered ecosystem has upswing the 

nutraceutical market in India and other countries. The market is cover 

under the umbrella of the wellness category (e.g., vitamins and minerals). 

Wellness stands on two pillars: a "preventive approach" and a 

"rejuvenating approach" to compensate for the stress of daily life. At 

present, the nutraceutical segment is urban-centric and is on the edge of 

breaking out and becoming a mighty pillar of the health, fitness, and 

wellness revolution. Functional food shares the most significant chunk in 

the nutraceutical market in India, followed by a dietary supplement. 

The U.S. has been the largest growing nutraceutical market with its 

full potential. It grew to $65 billion from 50 billion with a compounded 

growth of 10% annually between 2010 and 2015. In Europe, the market 

has grown from $ 35 Bn in 2010 to $ 40 Bn in 2016 and is expected to 

grow by $51 Bn by 2021, which indicates an annual growth of 5%. Within 

Europe, Germany, France, and Switzerland covered 70% of the European 

market [65]. 

The graph of the nutraceutical market is ever-expanding from 1999 to 

2019 and is expected to grow in the coming five to ten years. Figure 4. 

indicated that the nutraceutical business in the initial years from 1999 to 

2002 increased from 39bn to 47 bn and from 2010 to 2014 market grew 

from 140 bn to 172 bn which turns to 241 bn industry in 2019. This statistic 

showed that the nutraceutical industry grew at 7% per annum from 1999 

to 2002, while the growth was doubled at 14% per annum in the next few 

years up to 2010. In a recent scenario, $12-$15 bn is being added up per 

annum [65]. 
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Figure 4. Global growth of nutraceutical market. 

The Asian Pacific Nutraceutical Market size is expected to reach a 

CAGR of about 7.4% during the period 2021 to 2026. The booming 

consciousness among the consumers about the health benefits of 

nutritional diet, functional food, or dietary supplement leads to the 

expansion of the APAC nutraceutical market. India is expected to flourish 

in the Asia-Pacific health food sector as people's preferences switch from 

pharmaceutical to nutraceutical products. Further, within dietary 

supplements, the demand for protein and plant supplements is getting more 

consideration among Indian consumers while vitamins among Australian 

consumers. Beyond that, pediatric health supplements are a flourishing 

sector in China with the heavy sale. Major key players in the APAC 

nutraceutical market are ADM company, Cargill, Nestle, Groupe Danone, 

E.I. du Pont de Nemours and Company, Aland (Jiangsu) Nutraceutical Co., 

Ltd, General Mills. 

The paradigm shift in lifestyle, increasing knowledge and awareness 

about health products, leads to the growth of domestic and international 

nutraceutical companies like HealthKart, Patanjali, Cargill, Nestle, and 

Amway in the Indian market. In the race of marketing, Patanjali is the 

forthcoming billion-dollar company in India. Besides this, other 

international ventures, namely, UK wellness giant, Holland, and Barrett 

arriving in the Indian market, witnessed the huge potential of the Indian 
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nutraceuticals market. However, the surge in the incidence of lifestyle 

disorders or chronic disease is deemed to extend the nutraceutical products 

in the upcoming calculated years. The Indian nutraceutical market is 

expected to grow up to $10 bn in 2022 from $ 4 bn in 2015, which accounts 

for massive growth of 21% annually. Around 35% of Indian nutraceuticals 

encompass functional food and beverages and represent considerable 

growth in the coming five years [65]. Figure 5 shows the evolution of the 

nutraceutical market from 2017 and will be expected to grow. 

 

 

Figure 5. Indian nutraceutical market. 

In the present scenario, where COVID-19 pandemic is subsisting all 

over the globe, the dependence on nutraceutical ingredients like herbal 

supplements or immune-boosting plants/supplements are augmenting to 

enhance the physiological function and to boost the immune system. 

During this epidemic, the nutraceutical market is expected to skyrocket due 

to consumers' demand for immune-boosting supplements. The coronavirus 

has been affecting all the industries, primarily, food and beverage sector. 

The long-term aftermath is unforeseeable; however, the key players in the 

nutraceutical segment have seen immense growth during the outbreak. 

 

 

1.4. Clinical Efficacy 

 

The concept of nutraceutical has emerged from historical usage of 

flora and fauna for their survival on earth, which certainly with coming 
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period becoming a future of the food industry and gives a kick for 

innovation of salubrious and novel food product. As bioactive constituents 

found in the ecosphere have been reported to offer various health benefits 

such as reducing oxidative stress, managing diabetes, delaying aging, 

alleviating cholesterol levels, minimizing inflammation related to several 

diseases, and many more in a row. Due to the aforementioned benefits, 

nutraceuticals are seen as the miracle therapy that holds a bright future for 

public health. However, the clinical efficacy of these bioactive molecules 

and their application in the food and pharmaceutical industry are restricted 

because they are heat labile, have poor bioavailability, poor storage 

stability, and low solubility in fluids. Moreover, in the course of storage, 

indispensable bioactive compounds may be lost rapidly due to 

physicochemical reactions, chemical deterioration, and volatilization. 

Few studies based on RCTs revealed the clinical efficacy of certain 

herbs in alleviating the symptoms of pathological conditions. For example, 

[66], carried out a double-blind, parallel-group, placebo-controlled, 

randomized clinical trial to evaluate the efficacy of nutraceutical mixture 

(composed of Lagerstroemia speciosa, Berberis aristata, Curcuma longa, 

Alpha-lipoic acid, Chrome picolinate, and Folic acid) on short term 

glucose and lipid-lowering effect in patients with altered fasting glucose. 

The results indicated that the tested combination of nutraceutical was 

found to improve several parameters like triglycerides (-34.7%), HDL-C 

(-13.7%), fasting plasma glucose (-13.4), and HOMA-Index (-25%) 

compared to a baseline value. Therefore, nutraceutical enhanced mildly but 

considerably many parameters linked with insulin resistance in patients 

afflicted by altered fasting glucose compared to both baseline and control 

groups with no side effects. 

Although ample evidence on the functionalities of nutraceuticals was 

based on in-vitro cell line studies or application techniques that are 

different from oral administration, there is a scarcity of clinical evidence 

on the efficacy of nutraceutical products based on in-vivo studies. Despite 

the product, marketing, and physiological function it proffers, the 

functional claim of any nutraceutical product must be supported by a well-

established and properly designed human clinical trial. The data are 
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accessible from various sources though there is a lack of comprehensive 

scientific guidelines to design, conduct, and report human clinical trials to 

substantiate the health benefits of dietary supplements or foods. The basic 

methodology to design and conduct human clinical trials to evaluate the 

health benefits of the nutraceutical is similar to that of pharmaceutical 

study. Anyhow, there are a few aspects that require special attention while 

investigating nutraceuticals [67]. Therefore, generality concerning the 

efficacy of herbal medicine cannot be produced, and decisions must be 

expressed on a case-by-case basis [68]. 

In pharmacology, the solid and evidence-based data acquired from 

well-designed randomized controlled trials (RCTs) serve as the gold 

standard to evaluate the clinical efficacy of nutraceutical products. But, it 

is hard to employ in nutrition-based settings as it requires suitable placebo, 

appropriate masking, sufficient robust biomarkers, healthy population v/s 

patients' application, and clinical outcomes v/s maintenance of health or 

others [69]. Besides, systematic reviews and meta-analyses provide 

satisfactory clinical proofs for several herbs like flaxseed for hypertension, 

ginger for nausea induced by pregnancy, etc., yet the solid conclusion 

indicating efficacy is more challenging. In contrast, contradictory results 

on efficacy have also been delineated for various common herbs mainly, 

Aloe Vera for treatment of psoriasis, ginkgo for tinnitus, and Pomegranate 

to treat or prevent cardiovascular diseases. Even though several herbs, in 

particular, St Johns' wort, has been related to cause severe adverse effects. 

Therefore, it is not advisable to generalize the efficacy and safety of herbal 

therapy because several clinical trials have been executed with inadequate 

rigor and recorded details [70]. Dietary supplements are classified into six 

categories in accordance with its clinical efficacy [68]: 

 

 The first category includes herbal dietary supplements whose 

documented clinical effectiveness has been manifested by 

systematic reviews and meta-analysis published by the Pubmed 

database/Cochrane library or by other authorized medical journals 

(where 'weight of evidence 'is satisfactory and' direction of 

evidence' is towards positive effects). Like ginger for mild nausea 
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occurring during pregnancy [71] and horse chestnut for chronic 

venous insufficiency [72]. 

 The second group comprises products that are substantially used 

in specialized conditions; however, their use does not support by 

strong clinical evidence (i.e., 'weight of evidence' is satisfactory 

while 'direction of evidence indicates negative effects). Examples 

mainly include Echinacea for the common cold [73] or valerian 

for insomnia [74]. 

 The third category cover remedies that have exhibited a small 

effect, but their clinical efficacy has not been critically assessed, 

such as garcinia and green tea, advertised for weight loss [75, 76]. 

 The fourth category consists of dietary supplements whose clinical 

evidence revealed contradictory results, such as aloe vera for 

psoriasis [77]. 

 The fifth category consists of numerous dietary supplements 

which have shown promising clinical data. Still, the overall 

outcome is not engrossing and requires more appropriate and 

accurate studies to support their use, such as garlic as hypotensive, 

agnus castus for premenstrual symptoms, etc., [70]. 

 The last category involves a broad range of dietary supplements 

whose RCTs have not been assessed, like Yohimbe for erectile 

dysfunction [78]. 

 

Absorption and biological availability of dietary supplements hold the 

uppermost ladder in the clinical efficacy of a product. As they become a 

part of the daily regime but the bio-accessibility of nutraceuticals shall 

retain a significant degree of therapeutic value on oral administration. 

Many people use neutraceuticals daily; hence, administering supplements 

via the oral route is preferred over any other method because it is easy to 

take, non-invasive and cost-effective. However, the effectiveness of 

various nutraceuticals is often restricted due to inadequate dose efficiency 

when ingested orally. So, to counteract this problem and improve the 

efficacy of the nutraceutical through the oral route, advancement in the 

delivery system has been developed to increase the bioavailability of 
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nutraceuticals through various techniques. Some of them are phospholipid-

based delivery systems (Phytosomes, liposomes), emulsion-based delivery 

systems, chemical modification, and another emerging delivery system 

[79]. 

 

 

1.5. Regulations and Safety Aspects 

 

Nutraceuticals exist in the gray area between pharmaceuticals and food 

because of the scarcity of clear information regarding clinical data claimed 

health benefits, safety profile, and shared regulatory system. Due to the 

lack of common nutraceuticals definition and inconsistency in the 

regulatory framework, it would be judicious to have an appropriate and 

univocal definition of nutraceuticals along with a shared regulatory system 

as it provides: 

 

 An opportunity to assess the safety. 

 Mechanism of action. 

 Clinical efficacy of nutraceutical products. 

 

The principal objective of nutraceutical regulation is to ensure that 

products are safe and prominently labeled without any misleading claims. 

 

1.5.1. Global Regulatory Framework for Nutraceuticals 

FDA regulates both finished dietary supplement products and dietary 

ingredients. It regulates dietary supplements under different regulations 

other than those enclosing “conventional” foods and drug products. The 

Dietary Supplement Health and Education Act (DSHEA) was enacted by 

U.S. Congress in October 1994 and signed into law on October 25, 1994, 

by President Bill Clinton to establish a regulatory framework to assure the 

safety of dietary supplements [81]. DSHEA given the U.S. Food and Drug 

Administration (FDA) authority to lay down a new framework for 

regulations covering manufacturing, health claims, and labeling of dietary 

supplements and forming governmental bodies like the Office of Dietary 
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supplements to boost research on dietary supplements and Commission on 

Dietary Supplement Labels to look after the label claims of dietary 

supplements. Under this law, the word “dietary Supplements” means a 

product i.e., designed to supplement the diet containing one or more of the 

following dietary ingredients: a vitamin; a mineral; an herb or other 

botanical; an amino acid; a dietary substance used by humans to 

supplement the diet by accelerating the total dietary intake; or a 

concentrate, metabolite, constituent, extract, or combination of any 

ingredients mentioned above. According to DSHEA (1994), Adulterated 

or misbranded products are banned from sale by the manufacturers and 

distributors of dietary supplements and dietary components. Therefore, 

companies carrying out the business of dietary supplements are responsible 

for assessing the safety and labeling of their products prior to marketing to 

ensure that they meet all the criteria of DSHEA and FDA regulations. FDA 

is responsible for taking action against any hazardous or life-threatening 

dietary supplement product after it comes out on the market. In 2007, the 

Current Good Manufacturing Practice (cGMP) regulation (21CFR, part 

111) was enforced by the FDA and the department of health and human 

services (HHS). The regulations notified that all the domestic and foreign 

firms that manufacture, package, label, or hold dietary supplements, 

including those engaged with testing, quality control, and distribution of 

dietary supplements in the U.S., must abide with the cGMP for quality 

control and safety. Despite this, the manufacturer, packer, or distributor 

whose name is mentioned on the label of a dietary supplement product 

marketed in the U.S. must submit reports related to any serious unfavorable 

events to the FDA. Withal dietary supplements that cover foods are 

supervised by the FDA’s Centre for Food Safety and Applied Nutrition. 

Likewise, the FDA and Federal Trade Commission are responsible for 

enforcing regulations involving marketing, manufacturing, labeling, and 

advertising dietary supplements. 

The Green Paper on Food Law (1997) paved the way for the 

foundation of European food law, followed by the 2000 White Paper on 

Food Safety, which declared some 80 proposals for new and improved 

legislation in this area. Basically, it envisaged the establishment of General 
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food Law Regulation, laying down principles of food law, and the 

formation of the European Food Safety Authority (EFSA), which provide 

scientific guidance on issues based on scientific risk assessment with 

segregated responsibilities related to risk assessment, risk management, 

and risk communication. There is no specific regulatory framework for 

nutraceuticals that exist in EU food Law. As the General Food Law 

Regulation applies to all food, its general principle also encloses foods 

with added functional properties like ‘nutraceuticals,’ ‘functional foods,’ 

‘dietetic foods, and food supplements. The EU legislation on food 

supplements is directive 2002/46/EC which defines food supplements as 

“foodstuffs the purpose of which is to supplement the normal diet and are 

concentrated source of nutrients or other substances with nutritional or 

physiological effect, alone or in combination, marketed in dose form like 

capsules, pastilles, tablets, pills and other similar forms, sachets of powder, 

ampoules of liquid, drop dispensing bottle, and other similar forms of 

liquids, powders designed to be taken in measured small unit quantities.” 

The main aim of EU legislation on food products covering functional food 

and nutraceuticals is ‘safety’ [80]. So, the judgment on the safety basis of 

legislation depends on risk analysis where scientific risk assessment is 

carried out by EFSA and risk management is executed by European 

Commission, member states, and European Parliament. In the risk 

management stage, both precautionary principle and other reasonable 

factors may be taken into consideration to select the most appropriate way 

to deal with an issue [82]. There is a marked inconsistency in the EU, 

which is associated with product claims by different countries and 

Recommended Daily Allowance (RDAs) of several nutraceuticals. 

Therefore, nutraceutical companies in Europe have established a coalition 

called Food Supplement Europe (FSE) to harmonize rules. The main 

objective of the harmonized regulations on those products listed in 

Directive 2002/46/EC is to protect consumers from potential health 

hazards caused by those products and ensure that they are not marketed 

with misleading claims or information [80]. 

Foods that provide health benefits are generally recognized as health 

foods in Japan, a term currently not defined by the law. The health claim 
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system in Japan has evolved with the advancement in scientific knowledge, 

international trends in the treatment of health claims, and the incidence of 

health hazards related to healthy foods. Significant modifications in the 

treatment of health claims occurred with the establishment of FoSHU in 

1991 and FNFC in 2001. There are only two classifications in Japan, one 

is drug including quasi drug, and another is food. In 2001, Foods with 

Health Claims (FHC) was established, a new regulatory framework that 

includes FoSHU and foods with nutrient function claims (FNFC). So 

FoSHU was incorporated into this system. In 2003, a Food safety 

committee was established which carry our safety assessment instead of 

the Ministry of Health, labor, and welfare (MHLW). Then, the FoSHU 

category was revised in 2005. Currently, FoSHU consists of four 

categories, namely, ordinary, qualified, standardized, and disease 

reduction claims. Finally, in 2009, the FODSU category was revised, 

which resulted in the introduction of five categories of FODSU: 

 

 Medical foods for the ill 

 Foods for a person having difficulty in swallowing 

 Infant formula 

 The formula for pregnant or lactating women and FoSHU 

 

Primarily, the regulatory framework makes a rigid and consistent 

difference between drugs and foods. For example, the Pharmaceutical 

Affairs Act revised in 2014 banned terms like disease, prevention, 

treatment, cure, and diagnosis for food products, even in FOSHU and 

FNFC. Therefore, the establishment of the Food Safety Committee and 

Consumer Affair Agency takes charge to control the overall evaluation and 

approval of health claims on behalf of MHLW [83]. 

 

1.5.2. Nutraceuticals Regulation in India 

In India, the Food Safety and Standard Authority of India (FSSAI) is 

responsible for enforcing nutraceuticals regulations under the Food Safety 

Standard Act (FSS Act, 2006). FSS Act, 2006 was enacted as a 

consolidated Act where all the eight Acts and Orders were repealed to 
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establish a single regulatory body at the national level. This results in a 

paradigm shift from multi-level, multi-departmental control of food safety 

and nutrition to a single line of command with an outreach policy 

framework on food safety and nutrition. According to its preamble, the 

cornerstone of the Act is to ensure the availability of safe and wholesome 

food for human consumption. Ministry of Health and Family Welfare was 

nominated as the Administrative Ministry for FSS act, 2006. FSSAI was 

established as the Food Authority under the aegis of MoHFW in 2008 to 

enforce a provision of the new law. So, Food Authority is a single reference 

point to handle all the matters linked to food safety and standards. 

Food Safety and standard (Health Supplements, Nutraceuticals, Food 

for Special Dietary Use, Food for Special Medical Purpose, Functional 

Food and Novel Food) Regulations, 2016 shall come into force by 1st 

January, 2018. As per regulations “Food business operator may extract, 

isolate and purify nutraceuticals from food or non-food sources, i.e., 

preparing amino acids and their derivatives by bacterial fermentation under 

controlled conditions; may prepare and sell the nutraceuticals in the food 

format of granules, powder, tablet, capsules, liquid, jelly or gel, semi-

solids and other similar formats and may be packed in sachet, ampoule, 

bottle, and in other format as measured unit amounts excluding those 

formats that are intended for parenteral administration.” These regulations 

cover eight categories of food: 

 

 Food for special dietary use 

 Health supplements 

 Nutraceuticals 

 Food for special medical purposes 

 Food with added probiotic ingredients 

 Food with added probiotic ingredients 

 Novel food and Specialty food containing plant or botanical 

ingredients with a safe history of usage 

 

Nutraceutical must contain any of the ingredients listed in Schedule I 

or Schedule II or Schedule IV or Schedule Vi or Schedule VII or schedule 
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VIII. Further, the amount of nutrients incorporated shall not exceed the 

Recommended Daily Allowance (RDA) as mentioned by the Indian 

Council of Medical Research (ICMR), and if standards are not specified, 

then standards are declared by Codex Alimentarius Commission shall 

practice. A person shall manufacture or sell nutraceuticals in India, which 

is not listed in these regulations only after taking the prior approval from 

Food Authority, but its safety has been established in India or any country.  

For approval purposes, the food business operator shall apply to the 

food Authority along with a documented history of usage of at least 15 

years in India or 30 years in the country of origin. Also, the person shall 

not use any ingredients which are not specified in Schedule VI as a 

nutraceutical. Ingredients that are listed in Schedule VI shall be used as 

nutraceuticals with standardization to specified marker compounds and at 

daily usage levels indicated therein. In case ingredients for which 

standardization of marker compound has been established shall use 

manufacturer specification or quality requirements and purity criteria as 

stated in regulation 3. Ingredients whose daily minimum and maximum 

usage limits have not been specified; then one can adopt usage level 

according to relevant scientific evidence and retain that document. 

Alongside, documented scientific data shall submit to the Food Authority 

as and when called for. 

Besides this, labeling, presentation, and advertisement of the product 

shall not claim the nutraceutical has the property to prevent, cure, or treat 

any human disorder or disease. However, food business operator is 

allowed to quote a statement related to the structure or function or the 

general well-being of the body, and generally accepted scientific data 

should support the statement. In addition, the following information must 

be mentioned on the label of the nutraceutical package: the term 

“NUTRACEUTICAL”; its common name; quantity of each nutraceutical 

ingredient added in a product having a nutritional or physiological effect; 

the amount of nutrient must be specified in terms of percentage of the 

applicable RDA as indicate by ICMR; an advisory warning for 

recommended use, ‘Not for medical use’, any danger related to excess 

intake, precautions to be taken while consuming, any side effects, 
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contraindications or possible product-drug interaction; remark stated that 

the product is required to be stored out of reach of children. Nevertheless, 

the manufacturer shall only use additives specified in Schedule VA or 

Schedule VE or Schedule VF in the formulation of nutraceuticals. 

The International Alliance of Dietary/Food Supplement Association 

(IADSA) and Confederation of Indian Industries (CII) have formed a 

coalition under Resource Centre on Health Supplements and 

Nutraceuticals (RecHaN) where IADSA unify the association from 6 

continents in the arena of food supplements to coordinate dialogues in 

Codex Alimentarius and assist the government and the private sector on 

relevant and effective regulation and policy. Its primary objective is to 

develop a science-based interactive platform for making policy and 

harmonized approach to legislation. 

While CII is a business association of industries that provide a 

reference point to Indian Industry and the international business sector, CII 

via the Food and Agriculture Centre of Excellence (CII-FACE) gives an 

integrated approach to action-oriented programs and capacity building that 

addresses problems from farm to fork. It works in collaboration with the 

government, FSSAI, industry, and other stakeholders. 

After the enforcement of nutraceutical regulation first time, the 

stakeholder may, in the beginning, face problems with the compliance 

requirements and need ongoing guidance. So, RecHaN, at its first initiative 

aid to strengthen the compliance efforts. This guidance is under FSS Act, 

2006, and nutraceutical regulations. Above all, the document gives 

guidance on international regulation and best practices to ensure 

compliance in India. 

 

 

1.6. Case Studies 

 

Pineal gland secretes the essential hormone, melatonin, which exhibits 

endothelial safeguard activities like antioxidant property that scavenges 

free radicle by activating antioxidant enzymes defense system, improves 

the lipid and blood pressure, enhance bioavailability of nitric oxide (NO). 
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It also ameliorates functioning of vascular system in experimental 

hypertension, lessen intima infiltration and revitalize the production of 

nitric oxide. Thus, administration of melatonin may contribute to 

endothelium protective potential in many clinical conditions [84]. Meta-

analysis of double-blind, placebo-controlled RCTs performed by [85] 

manifested the efficacy and safety of melatonin from external source in 

improving the nocturnal blood pressure. The meta-analysis included seven 

trials which comprise of 221 subjects who were taking melatonin 2-5 mg 

daily for 7-90 days. The result of study showed that controlled-release 

melatonin significantly reduce both night Systolic blood pressure [–6.1 

(95% CI –10.7, –1.5) mmHg; P = 0.009] and night Diastolic blood pressure 

[–3.5 (95% CI –6.1, –0.9) mmHg; P = 0.00] compared to fast-release 

melatonin. Chronic intake of beta-blockers may be responsible for 

insomnia as it repress the endogenous nighttime melatonin secretion. 

However, melatonin supplementation may resolve this problem as explain 

by [86] in his study. The study design was Randomized, double-blind, 

placebo-controlled, parallel –group where 16 hypertensive patients treated 

with atenolol or metoprolol. The research outcome showed that 

hypertensive participants on 3 weeks melatonin supplementation during 

night time has significantly improves the quality of sleep by accelerating 

the total sleep time (+36 min; P=0.046), increasing sleeping efficacy 

(+7.6%; P=0.046) and declining sleep onset latency to stage 2 (-14 min; 

P= 0.001) in contrast to placebo. 

Avemar™, fermental wheat germ extract (FWGE) nutraceutical has 

been approved as a “dietary food for special medical purpose for cancer 

patients” in Europe. The research directed by [87] reported the adjunct use 

of FWGE to treat high-risk skin melanoma patients. It is a randomized, 

pilot, phase II clinical trial where effectiveness of dacarbazine (DTIC) 

based supportive chemotherapy on survival parameters of stage III 

melanoma patients was compared with same treatment supplemented with 

intake of 8.5g FWGE for 1year. The FWGE supplemented group showed 

significant difference in both progression-free (PFS) and overall survival 

compared to control arm, determined after 7 year long term follow-up 
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period. Therefore, Avemar supplementation as an adjuvant is 

recommended in stage III skin melanoma patients. 

 

 

1.7. Challenges 

 

Nutraceuticals have surpassed from conventional ‘food guide 

pyramid’ to recently termed ‘Phytochemical intricate hierarchy’ of 

bioactive components that are extracted or isolated from food matrix and 

further packed into various delivery material. These bioactive molecules, 

mainly, gingerol from ginger; capsaicin from capsicum; allicin from garlic, 

onion, shallots; lycopene from tomatoes and omega -3 from marine origin, 

have been reported to play a pivotal role in alleviating the symptoms of 

chronic disease and improve the physiological functioning of the body. 

However, the jeopardy of overdose of active compounds may be associated 

with ingestion. Therefore, it is always advisable to take supplement in 

limited amount or consult with your physician prior to its use. 

Since the last decade, the nutraceutical industry has been branched out 

because public demand has been shifted from ‘want’ for preventive health 

into ‘need’ for preventive health. Regardless of the fact that nutraceutical 

industry is rapidly growing segment but also battling with various 

challenges notably [88] 

 

 Variation in genesis of raw material: The frequently used 

nutraceutical herb, ginseng exemplifies how variability in origin 

of raw material affects the product quality and mislead the 

consumer. As ginseng has many varieties like wild ginseng, 

Brazilian ginseng, Southern ginseng, Indian ginseng, Malaysian 

ginseng, prickly ginseng and Pacific ginseng but neither of these 

belongs to genus Panax which is the actual ginseng. All of the 

named items are sold under the name of ginseng. However, only 

Panax ginseng encompass actual ginseng which includes South 

China ginseng (P. notoginseng), Korean ginseng (P. ginseng) and 

American ginseng (P. quinquefolius) [89]. 

Complimentary Contributor Copy



Nutraceutical Alternative to Pharmaceutical 51 

 Paucity of information related to molecular interaction between 

active components of phytochemicals within the same plant. 

 Variation in raw material processing 

 Lack of authentication of active ingredients because of 

inaccessibility of marker compound or reference material. For 

example, it is found that certain varieties of star anise have high 

amount of anisatin, a neurotoxin, which may cause health hazard 

if they are mixed or misidentified with edible star anise [90]. 

 Incompetency and variability in quality control standards. 

 Scarcity of well-established and proof-based clinical trials. 

 Insufficient data reporting on safety and toxicity. 

 Inadequacy in standardization of extraction procedures. 

 Contamination or adulteration of nutraceuticals with other 

phytoconstituents like pyrrolizidine alkaloids, metals (As, Pb and 

Cd), mycotoxins, pharmaceutical drugs and pesticides. In certain 

cases, generally used dietary supplements such as weight loss and 

muscle-building supplements are more likely to be contaminated 

with banned substances in order to improve the clinical efficacy 

[91]. 

 

Besides above stated challenges, another one is the bioavailability of 

active compounds in order to exert their therapeutic effects in body. Upon 

ingestion, bioactive compounds in nutraceuticals come across 

gastrointestinal environment where they undergo various physiochemical 

changes and may lose their bioactivities completely. Therefore, effective 

delivery system is necessary to protect the activity of these bioactive agents 

from various physiochemical reactions occurring in gut. This improves the 

oral efficacy and biological function of nutraceuticals to maintain the 

overall health [79]. 

Therefore, to tackle the challenges of pioneering nutraceutical sector, 

it is important to follow well-establish clinical trial, reproducibility of 

result, meticulous quality control, toxicological and pharmacological 

testing, safety evaluation and unified regulations that can be applies to all 

nutraceuticals. 
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CONCLUSION 

 

The portmanteau word “Nutraceutical” reside under the canopy of 

health and wellness category. The wellness category has two powerful 

pillars which maintain and modulate the overall health. The first pillar 

takes charge of “preventive action” that prevents people from various 

chronic & acute diseases before they set in. While the second pillar, 

focusses on “rejuvenation approach” to compensate the stress load of 

everyday life. Predominantly, nutraceutical products are popular among 

middle and upper-middle class population. The consumers inclined 

towards them due to their natural origin as they believe that nature is a true 

healer and safer. The bioactive compounds from plant and animal origin 

are the fundamental raw materials for the formulation of nutraceutical 

products such as garcinia, curcumin from turmeric, resveratrol from 

berries, allicin from garlic &onion, omega-3 fatty acids capsules from fish, 

Vitamin D from linolein (sheep wool) and so forth. The branches of 

nutraceutical products are proliferating in every direction of health and 

wellness category that ranges from products for improving physiological 

health to psychological health. Henceforth, “nutraceutical is an alternative 

to pharmaceutical.” Nutraceutical industry is a merger of two robust 

industries i.e., Pharma industry and Food & beverages industry. The major 

key drivers for the maturation of ever emerging nutraceutical sector are the 

social media, advertisement, health practitioners, doctors and the consumer 

needs accompanied with increased knowledge and awareness about the 

beneficial effects of nutraceuticals products. However, nutraceutical 

industry is also facing various challenges like clinical efficacy, 

bioavailability, effective delivery system, regulation and safety. There are 

many nutraceutical ingredients (like melatonin, omega-3 fatty acids, 

lactoferrin, fish oil and fish protein isolate) which are intensively evaluated 

and found to be effective in improving the physiological health. In current 

scenario, there is requirement for unified definition of word 

“NUTRACEUTICAL” and single regulatory framework for import and 

export of nutraceutical products or ingredients throughout the world. It is 

also important that government should also support research in the 
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nutraceutical arena by providing sufficient funds. Moreover, research 

centers should be well equipped with modern technological instrument to 

assess their safety and other aspects. Besides this, nutraceutical is a safer 

and nature-oriented approach to restore the deteriorated health and keep 

you away from synthetic drugs that’s why it is known as alternative to 

pharmaceuticals.  
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ABSTRACT 

 

Nutraceuticals are medicinal foods that enhance health, modulate 

immunity, and thereby prevent and cure specific diseases. Food products 

like garlic, ginger, echinacea, ginseng, onion, senna, turmeric, kale, etc., 

contain high content of nutraceuticals. Sources of nutraceuticals other 
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than plant tissues are prokaryotes, fungi, algae, and microalgae. To 

commercialize, nutraceuticals are extracted and isolated. Methods used 

for extraction are soxhlet extraction, steam distillation extraction, 

maceration, percolation, digestion, and extraction, infusion extraction, 

decoction, reflux extraction, tincture extraction, enfleurage, solvent 

extraction, pressurized liquid extraction, subcritical fluid extraction, 

supercritical extraction, microwave-assisted extraction, ultrasonic-

assisted extraction, enzyme assisted extraction and instant controlled 

pressure drop-assisted extraction, etc. After extraction, various methods 

were applied for the isolation of nutraceuticals, such as different types of 

chromatography (gas chromatography, ion-exchange chromatography, 

HPLC, TLC, CC, size exclusion chromatography, etc.). In the present 

scenario, nutraceuticals are used for various medicinal and health 

benefits to cure certain diseases or health conditions (such as to prevent 

chronic diseases, improve health, delaying the aging process, increasing 

life expectancy, or supporting the structure or function of the body). This 

chapter’s main key focus will be on extraction methods and isolation of 

nutraceuticals via conventional, non-conventional methods and the 

application of nutraceuticals. 

 

 

1. INTRODUCTION 

 

Nutraceuticals are functional foods having health benefits and 

medicinal effects. Plant tissues, prokaryotes, fungi, algae, and microalgae 

are the source of nutraceuticals. "The scientist to be successful must be a 

sort of Janus looking at the same time to the future and the past"—

Francisco Grande. This approach leads to the tremendous development in 

methods for extraction and isolation of nutraceuticals along with time. 

Extraction methods are categorized as: 

 

(1) Conventional methods 

(2) Non-conventional methods or Modern time methods 

 

In conventional methods, maceration, percolation, digestion, infusion, 

decoction, steam distillation extraction, soxhlet extraction, solvent 

extraction, tincture extraction, enfleurage and reflux extraction etc. are 

included. Whereas in non-conventional methods, pressurized liquid 
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extraction, supercritical fluid extraction, microwave-assisted extraction, 

ultrasonic-assisted extraction, enzyme-assisted extraction, and pulse 

electric field-assisted extraction are included. 

Chromatography is used to isolate nutraceuticals. Nutraceuticals can 

be used in the form of medicines and have zero side effects, as they are 

natural components extracted from living tissues. Commercially available 

nutraceuticals in the market are tablets, capsules, soft gels, gelcaps, liquids, 

or powders.  

 

 

Figure 1. Stages of extraction. 
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2. METHODS OF EXTRACTION 

 

Extraction of bioactive compounds from the sources of commonly 

known nutraceuticals is termed nutraceutical extraction. Figure 1 shows 

four stages of extraction: penetration of solid matrix by solvent, dissolving 

of solute into the solvent, efflux of solute from solid matrix via diffusion, 

and collection of extracted solutes.  

 

 

2.1. Steps of Extraction 

 

Several factors enhance extraction efficiency like properties of 

extraction solvent, the particle size of materials, time consumed in 

extraction, the temperature during extraction process, and solvent to solid 

ratio. 

 

 

Figure 2. Factors affecting extraction.
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Factors affecting extraction: Figure 2 explains about factors affecting 

extraction. 

Before selecting a particular solvent, certain elements considered 

include A) Selectivity, B) Solubility, C) Cost, and D) Safety. Alcohols are 

universal solvents for extraction processes. Small or fine particle size gives 

a more significant result in extraction as it allows higher degree of 

penetration of solvents and solute diffusion. Figure 3 illustrates the basis 

of several techniques. Solubility and diffusion are enhanced with increased 

temperature. The high temperature might destroy the resultant extract. A 

rise in efficiency with increment in extraction time length is a time bound 

factor. After attainment of equilibrium by solute, efficiency will not be 

affected by the increase in extraction time. A high solvent to solid ratio 

leads to more extraction products; beyond the limit, it increases the 

consumption of extraction solvent [9]. 

 

 

Figure 4. Various methods of extraction of nutraceuticals. 

 

3. CONVENTIONAL METHODS 

 

Various methods of extraction of nutraceuticals are shown in Figure 4. 

Conventional methods involve standard methods for extraction of 
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nutraceuticals. For the extraction of bioactive compounds from plants and 

animal sources, conventional methods are used. 

 

 

3.1. Maceration 

 

Maceration is one of the simplest extraction methods, but it is very 

time-consuming and less efficient in extraction. The use of liquid makes 

the tissue softer and broken into pieces. Because of this, the cellular 

metabolites present in the tissue get leached out in the liquid. Thermolabile 

compounds are extracted using this method [9]. 

Nowadays, the microbial maceration technique extracts various 

bioactive compounds such as phenolics, flavonoids, antioxidants, tannins, 

and saponins from the fruits, vegetables, legumes, cereals, and pulses. 

Microbial maceration is very useful because it allows the extraction of the 

compounds from different sources. It is simpler, low-cost, and energy-

efficient [10]. Fruits and vegetables are rich in phytochemicals, nutrients, 

and other compounds vital for human nutrition [11]. The microbial 

maceration technique is used to extract these phytochemical products. 

Industries utilize these phytochemicals and produce other value-added 

products [11]. Maceration significantly increases the total soluble 

phenolics, antioxidant, and flavonoids content in Citrus sinensis, cabernet 

sauvignon grapes, tempranillo grapes, kiwifruit, green olive, varicoloured 

olives, black olives and Brassica pekinensis Skeels [12, 13, 14, 15, 16]. 

Moreover, there is an increase in antioxidant activity of Citrus sinensis, 

Basella rubra [15, 17], flavonoids in cabernet sauvignon grapes, black 

mulberry [12, 18], pigment composition in Citrus sinensis, cabernet 

sauvignon grapes, tempranillo grapes, black mulberry [12, 18, 15] in 

comparison to control samples. These wastes obtained from food 

processing industries are incredibly diverse, novel, natural, and economic 

sources of numerous phytochemicals [19]. Agro-industrial waste usually 

contains numerous phytochemicals, which are nutraceuticals. 
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3.2. Percolation (Per – Through, Collare -to Strain) 

 

Percolation means filtration of any compound. Percolation is more 

efficient than maceration as it is a continuous process in which the 

saturated solvent is constantly being replaced by fresh solvent [9]. The 

vegetable drug is taken in powdered form in the percolator, and the solvent 

percolates through it. However, some materials (e.g., ginger) can be 

packed in a dry state into the percolator, which may cause difficulties with 

other drugs because the addition of solvent may result in swelling of the 

material. This reduces or blocks the flow of the solvent, thus affecting the 

extraction process badly [20]. Zhang et al. compared the percolation and 

refluxing extraction methods to extract Undariapinnatifida and found no 

significant difference in the two methods [21]. Gao developed another 

percolation method by using the extraction rate of sinomenine and 

ephedrine hydrochloride; the medicine is soaked for 70% ethanol for 24h 

and then percolated with times the amount of 70% ethanol. The transfer 

rates of sinomenine and ephedrine hydrochlorides were 78.23 and 76.92%, 

respectively [22]. 

 

 

3.3. Decoction 

 

A large number of water-soluble impurities are present in an extract 

from decoction. It is used to isolate bioactive compounds from complex 

woody parts such as roots, bark, and stems. In this process, mashing is 

done to make sure that maximum dissolution takes place. This method is 

not suitable for the extraction of thermolabile or volatile components [9].  

 

 

3.4. Reflux Extraction 

 

Reflux extraction is a more efficient and less time-consuming method 

than percolation or maceration [9]. The highest yield of the natural bio-
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insecticidal didehydrostemofoline is obtained by refluxing with 70% 

alcohol from Stemonacollinsiae root. 

In a study, the extraction efficiency of active ingredients baicalin and 

puerarin concluded from a TCM compound were compared by using 

decoction and reflux. The reflux method results are better than decoction 

as the highest yield is obtained from reflux by using 60% ethanol as the 

extraction solvent [27]. 

 

 

3.5. Soxhlet Extraction 

 

The Soxhlet extraction method utilizes the principle of reflux and 

siphoning to continuously extract the herb with fresh solvent. Thus, it is an 

automatic continuous extraction method. As a result, the efficiency of this 

method is higher than other methods, and less time and solvent consuming. 

The high temperature and long extraction time in the Soxhlet extraction 

will increase the possibilities of thermal degradation [9]. 

Tea catechins get degraded in Soxhlet extraction because of the high 

temperature used in the process. Also, the concentrations of both total 

polyphenols and total alkaloids from the Soxhlet extraction method at 70 

°C are decreased [28, 29]. 

 

 

3.6. Digestion 

 

Digestion is similar to maceration; the heat used during this process is 

gentle and moderate (35C-40°C temperature). The solvent efficiency of the 

menstruum is thereby increased by this method [30]. Usually, this process 

opts for the complex parts of plants containing poorly soluble substances. 

 

 

 

 

Complimentary Contributor Copy



Deepika Pawar, Nidhi Bhardwaj, Anita Kumari et al. 74 

3.7. Infusion Extraction 

 

These are dilute solutions of the readily soluble constituents of crude 

drugs [31]. The maceration of crude drugs with cold or boiling water for a 

short period provides fresh infusions. 

 

 

3.8. Aqueous Alcoholic Extraction by Fermentation 

 

The fermentation technique is used to prepare some ayurvedic 

medicines such as asava and arista to extract the active principles. The 

crude drug (powdered or decoction) is soaked for a specified period to 

ferment and produce alcohol which facilitates the extraction of active 

constituents from the plant material. The alcohol thus generated also serves 

as a preservative. 

In large-scale manufacture, wooden vats, porcelain jars, or metal 

vessels are used in place of earthen vessels. karpurasava, kanakasava, 

dasmularista are prepared using this method; however, Ayurveda is not 

yet standardized. Nevertheless, this technique is suitable for the production 

of herbal drug extracts [32]. 

 

 

3.9. Counter-Current Extraction 

 

In counter-current extraction (CCE), a fine slurry is produced by 

pulverizing the raw materials using toothed disc disintegrators. The 

material to be extracted moved in one direction within a cylindrical 

extractor containing extraction solvent in this process. As the starting 

material moves further, it becomes more concentrated. The quantities of 

solvent, material, and flow rates are optimized for complete extraction. 

This process is highly efficient, less time-consuming, and poses no risk 

from high temperature. The highly concentrated extract comes out at one 

end of the extractor while the marc (practically free of visible solvent) falls 

out from the other end.  
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This extraction process has significant advantages: 

 

i)  Minimal solvent is used compared to other extraction methods to 

extract a unit plant material.  

ii)  This process is done at room temperature, thus making it most 

suitable for thermolabile compounds. 

iii) The heat produced during comminution is neutralized by the water 

used for pulverization.  

iv) The extraction procedure is more efficient and effective than 

continuous hot extraction [33]. 

 

 

3.10. Steam Distillation 

 

Distillation is the most popular, widely used and cost-effective method 

to produce essential oils throughout the world. Distillation of aromatic 

plants means vaporizing the oils from the plant cellular membranes in the 

presence of moisture by applying high temperatures and then cooling the 

vapor mixture. This separates the oil from the water because of the 

immiscibility and density of the essential oil with respect to water. 

The following considerations dictate the choice of a specific process 

for the extraction of essential oil: 

 

a)  Sensitivity of the essential oil to the action of heat and water 

b)  Volatility of the essential oil 

c)  Water solubility of the essential oil 

 

The essential oils which are highly soluble in water cannot be extracted 

using steam distillation. Therefore, the volatile steam nature of oils is a 

must for this distillation process. Most of the essential oils are steam 

volatile in nature, heat-stable, and water-insoluble. The components of 

essential oils are a mixture of various aroma chemicals, monoterpenes, 

sesquiterpenes, and their oxygenated derivatives, having a boiling point 

from 150° to 300° C. These oils are released from the plant in the presence 
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of moisture from steam and heat. The latent heat from condensing steam 

is responsible for changing oil state from liquid to steam. The temperature 

gradient is necessary to take the latent heat from the condensing steam to 

vaporize the oil droplet. Thus, the energy from the steam in the form of 

heat as latent heat of vaporization converts the oil into a vapour. As the 

boiling point of the oil is higher than that of water, the vaporization takes 

place with steam based on their relative vapour pressures [34]. 

 

 

4. NON-CONVENTIONAL METHODS 

 

These methods include modern and much advanced techniques to 

extract nutraceuticals such as pressurized liquid extraction, supercritical 

fluid extraction, microwave-assisted extraction, ultrasound-assisted 

extraction, etc.  

 

 

4.1. Pressurized Liquid Extraction 

 

Pressurized liquid extraction (PLE) is also known as accelerated 

solvent extraction, enhanced solvent extraction, pressurized fluid 

extraction, accelerated fluid extraction, or high-pressure solvent 

extraction. Very high pressure is applied in this extraction, keeping 

solvents in a liquid state above their boiling point. This results in an 

increased solubility, increased diffusion rate of lipid solutes in the solvent, 

and high solvent penetration in the matrix. PLE drastically reduces the 

extraction time and amount of solvent used [9]. 

The researchers at University of Macau and other institutes 

successfully extracted many products such as flavonoids and essential oils 

from TCM using this technique [35-38]. Maillard reactions occurred when 

PLE was used at 200 °C to extract antioxidants from grape pomace [39]. 

Gizir et al. successfully applied PLE to extract an anthocyanin from black 

carrots and concluded that the degradation rate of anthocyanins is 

dependent on time [40]. 
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4.2. Supercritical Fluid Extraction (SFE) 

 

In this method, supercritical fluid (SF) is used as the extraction solvent. 

These supercritical fluids can dissolve many natural products, and they 

have similar solubility to liquid and similar diffusivity to the gas. Because 

of small changes in temperature and pressure, the solvation properties 

change dramatically near critical points. The low critical temperature 

(31°C), inert and nontoxic nature, and ability to extract thermolabile 

compounds makes the Supercritical carbon dioxide (S-CO2) suitable for 

widespread use in SFE. Lipids and volatile oils are also extracted using S-

CO2 due to its low polarity. 

A significantly higher percentage of essential oils and antioxidant 

activity are obtained by using S-CO2. [41]. Solvating properties of SFE are 

enhanced considerably by the use of modifier [9]. S-CO2 modified with 

2% ethanol at 300 bar and 40°C gave higher extracting selectivity of 

vinblastine (an antineoplastic drug) from Catharanthusroseus, which is 

92% more efficient for vinblastine extraction compared to traditional 

extraction methods [42]. 

 

 

4.3. Ultrasound-Assisted Extraction (UAE) 

 

 (UAE) is also known as ultrasonic extraction or sonication. Ultrasonic 

wave energy is used in this extraction. Ultrasound produces cavitation in 

the solvent, which accelerates the dissolution and diffusion of the solute, 

and the heat transfer, to improves the efficiency of extraction. The 

advantages of UAE are low solvent and low energy consumption, less time 

used for the process. Thermolabile and unstable compounds are extracted 

using this method [43, 44]. Jovanović et al. obtained a higher yield of 

polyphenols from Thymus serpyllum. Using 50% ethanol as solvent, 1:30 

ratio of solid to solvent, 0.3 mm particle size. [45]. 
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4.4. Microwave-Assisted Extraction (MAE) 

 

The ionic conduction and dipole rotation followed by interaction of 

polar and organic compounds present in the plant matrix is responsible for 

heat generation in the microwave. Heat and mass transfer occur in the same 

order in the MAE, producing a synergistic effect to improve the yield. The 

advantages of MAE are an increase in the extract yield, decreased 

degradation due to heat, and selective heating of vegetal material. The two 

MAE methods are solvent solvent-free extraction for volatile compounds, 

and solvent extraction for non-volatile substances [46, 47]. 

 

 

4.5. Pulse Electric Field (PEF) Extraction 

 

This method significantly increases the extraction yield and decreases 

the extraction time because the mass transfer increases during extraction 

by destroying membrane structures. Its effectiveness depends on several 

parameters, including field strength, specific energy input, pulse number, 

and treatment temperature. PEF extraction is a non-thermal method and 

minimizes the degradation of the thermolabile compounds [9]. 

Bouras studied the antioxidants extracted from Norway spruce bark. 

They concluded that much higher phenolic content (eight times) and 

antioxidant activity (30 times) were obtained after the PEF treatment 

compared to untreated samples [48]. 

 

 

4.6. Enzyme-Assisted Extraction (EAE) 

 

The main barriers to the extraction of natural products are the 

macromolecules present in their cell membrane, and cell walls. At higher 

temperature proteins get coagulated and denatured during extraction.  
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EAE enhances the extraction efficiency due to the hydrolytic action of 

the enzymes on the components of the cell wall and membrane and the 

macromolecules inside the cell, which facilitate the release of the natural 

product. Cellulose, α-amylase, and pectinase are generally used in EAE 

[9].  

The TCM Astragali Radix has polysaccharides as the bioactive 

component. Chen et al. studied the EAE of polysaccharides from the radix 

of Astragalus membranaceus using various enzymes. They found that 

glucose oxidase offered better performance in extracting polysaccharides 

than the other seven enzymes tested (amyloglucosidase, hemicellulase, 

bacterial amylase, fungal amylase, pectinase, cellulose, and vinozyme). 

The polysaccharide yield under the optimized EAE condition using 

glucose oxidase increased more than 250% compared with the non-enzyme 

treated method [49]. 

 

 

5. METHODS OF ISOLATION/SEPARATION 

 

Although nutraceutical extraction provides us beneficial and valuable 

extracts from foods, these extracts further require purification before being 

used. This process of purification comes under the second section i.e., 

isolation of nutraceuticals. This step is necessary because the extracts have 

several natural compounds complexed with our targeted compounds, and 

they need to be separated. [9]. 

 

 

5.1. Basis of Isolation 

 

Basis for isolation/purification of extracts received after the extraction 

process has been mentioned in Figure 5. 
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Figure 5. Basis for isolation/purification of extracts received after the extraction 

process. 

5.1.1. On the Basis of Adsorption Properties 

Column chromatography is used for separation of natural compounds 

present in the complex form with our targeted extract. Initially, this 

chromatography based on adsorption property is used due to its greater 

capacity, ease or simplicity, greater capacity, and cost-effectiveness. The 

used adsorbants like silica gel are available at low cost. 

 

5.1.1.1. Principle of Separation 

The separation of isolation of the compounds is based on the difference 

of adsorption properties of each compound to the surface of the adsorbents. 

For better-isolated products, it is necessary to decide both the stationary 

and mobile phases wisely. The better the adsorption achieved, the better is 

separation and maximum retrieval of our targeted compound will occur. 

Also, in order to avoid irreversible adsorption, additional care is required. 

Commonly used adsorbent or stationary phase used includes silica gel 

due to its low cost and ease of availability. Commonly the silica gel is used 

for the investigation of phytochemicals. Evidence show that nearly 90% of 

separation of phytochemicals at the preparative stage was done via silica 

gel. Silica gel is polar with an attached silanol group. The adsorption on 

silica gel occurs via dipole-dipole interaction, and the bond formed is a 

Complimentary Contributor Copy



Extraction and Isolation of Nutraceuticals … 81 

hydrogen bond. Several times the polar compounds undergo irreversible 

adsorption and make the extraction troublesome. The weakening of the 

adsorption capacity of silica can be due to pre-isolation water addition to 

silica gel or the use of mobile phase-containing water. Also, the tailing 

phenomenon may occur when isolating alkaloids using silica gel; in that 

case, addition of ammonia may reduce the tailing.[9] 

Another example of a strong polar adsorbent is aluminum oxide or 

Alumina. It is commonly used for better isolation of alkaloids. The 

Alumina is not preferred much now a days due to its numerous drawbacks 

like it catalyze dehydration, isomerization or decomposition during the 

process of isolation.[9]  

In the pre-treatment process or standalone system, the adsorptive 

macroporous resins are used. They do not have ion-exchange groups and 

structurally consist of macropores. They stand out because they can 

selectively adsorb almost any natural product. They have several 

advantages over other adsorbents like high capacity of adsorption, 

effective cost compared to other adsorbents, and ease of regeneration. The 

mechanism used for adsorption with this adsorbent includes electrostatic 

forces, bonding - hydrogen bond, size-sieve action due to macropores 

between resins and the natural compounds. The influencing factor of resins 

for isolation are pore size, surface area, and polarity. [50] 

 

5.1.2. On the Basis of Separation Coefficient  

When considering partition coefficient, we take into consideration the 

Partition chromatography (PC). This method of chromatography is based 

on the following principle: 

 

5.1.2.1. Principle of Isolation 

The liquid-liquid extraction is followed in this method. The separation 

here occurs among two different immiscible fluids based on their relative 

solubility. The isolation occurs by a) Coating of one liquid phase to a solid 

matrix as the stationary phase. Materials used for solid matrix includes 

silica gel, carbon, cellulose, etc., b) The other liquid phase is used as the 

mobile phase. 
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The drawback for the technique is the easy removal of stationary 

phase. As a result, partition chromatography is one of the least used 

techniques these days. Although, the drawback can be overcome in the 

bond phase where the liquid stationary phase is bound to the support(inert). 

This is now used as a stationary phase. For bonded phase, usually, alkyl is 

taken into consideration. Example includes aryl, cyano, C8, C18, and 

salines (amino-substituted). They are used widely in the final purification 

step of various natural compounds [9]. 

Gravity or centrifugal force are used to hold the liquid stationary phase 

in counter-current chromatography (CCC). CCC had poor stationary 

retention, large separation time, so it was rarely used earlier. In the 1980s, 

significant improvements in CCC were made to develop the modern CCC 

with hydrodynamic CCC systems with low-pressure drop processes called 

HSCCC, i.e., hydrostatic counter current chromate-graphy and centrifugal 

partition chromatography(CPC). HSCCC has one rotating axis with 

interconnecting chambers for trapping the stationary phase. The HPCCC, 

i.e., high performance counter-current chromate-graphy is another new 

generation chromatography. It works similar to the HSCCC, but the g-level 

of HPCCC is much higher than HSCCC. The HPCCC also benefited less 

time expenditure as the separation via HSCCC was consuming and used to 

operate for several hours. On the other hand, HPCCC can work ten times 

more efficiently than HSCCC [51]. 

 

5.1.3. On the Basis of Molecular Size 

We know that each component that has been extracted has a different 

molecular size. This laid the foundation for isolatating or separating these 

products based on their defined molecular size. This can be achieved by 

two methods, i.e., MF or membrane filtration and GFC or gel filtration 

chromatography [9]. 

 

5.1.4. Membrane Filtration (MF) 

A membrane that is semipermeable is used for this method. The 

smaller molecules can easily pass through this membrane while the larger 

ones are retained by it. The pore size of the membrane is a differentiating 
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factor in nanofiltration. Microfiltration and ultrafiltration methodologies 

are also the kinds of membrane filtration techniques. Membrane filtration 

is significantly used by the food and pharmaceutical industries to remove 

the impurities and clarify products. 

In case the desired separation/isolation has not occurred using a single 

semipermeable membrane efficiently, due to similar molecular size of the 

extracted components or size of the extracts from a range different to the 

pore size of the used membrane; coupling membrane filtration can be 

practiced. For example, in a study conducted to isolate the extracts of the 

olive leaf, a sequential separation was performed as microfiltration, 

ultrafiltration and nanofiltration, respectively. Each step had a signify-

cance like larger than 5KDa of impurities can be removed using 

microfiltration followed by ultrafiltration. The final stage of nanofi-ltration 

was responsible for efficient recovery of the polyphenols and flavonoids 

that were antibacterial.[52] 

 

5.1.5. Gel Filtration Chromatography 

It is an often-used laboratory technique with another name called gel 

permeation or size exclusion chromatography. It is based on the principle 

that the small molecules will have more retention time than large 

molecules when gel filtration chromatography is performed. For example, 

a molecule formed by cross-linking of dextran called as Sephadex was 

used for the separation of hydrophilic compounds (G-type Sephadex) such 

as peptides [53] oligosaccharides and polysaccharides. [54] 

 

 

6. PERSPECTIVE FOR FOOD APPLICATIONS 

 

The overall health and wellness of human beings mainly depends upon 

dietary habits and nutritional supplements. Several epidemiological studies 

proved the health benefits of nutraceuticals, and hence these compounds 

received more attention of the world and scientific communities. Regular 

consumption of a diet rich in fruits, vegetables, and whole grains is 

associated with low incidence and risk of chronic diseases. Estimations 
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suggest that 1/3rd of death due to cancer can be avoided by bringing 

changes in dietary habits. The chemical compounds obtained from plant-

based foods, including antioxidants, primary and secondary metabolites, 

probiotics, etc. provides long-term benefits to the body and prevent chronic 

disease, thus increasing life expectancy. More than 50% of the adult 

population in wesrern countries consume nutraceuticals on a daily basis. 

Globally, Australia is the one of the top consumers of dietary supplements 

(nutraceuticals). Following are some of the nutraceutical plants and their 

medicinal attributes. 

 

 

6.1. Aloe Vera 

 

This succulent originally from northern Africa is used worldwide as 

herbal medicine. It is frequently used in the cosmetics industry because of 

its moisturizing, soothing, and healing effects. It is a common ingredient 

of lotions, yogurts, laxatives, sunscreen, soaps, and shampoos. Aloe vera 

is effective in wound healing, inflammation, genital herpes, and psoriasis. 

The antibacterial and antifungal properties help in the treatment of skin 

infections. Some studies also claim it to be beneficial in raising blood 

glucose levels in diabetes. The phytochemicals mannans, anthraquinone, 

and various lectins make it suitable as a medicinal plant. However, only 

dose-dependent usage of aloe vera is found to be helpful. Sometimes its 

excess use leads to toxicity and causes diarrhea, dysfunction of the kidney, 

and electrolyte imbalance. 

 

 

6.2. Amaranthus 

 

It is a cosmopolitan plant and can grow in any season. it contains the 

organic acid squalene and beta-sitosterol and serves as anticarcinogenic 

and as an antioxidant. In addition, it has cardioprotective effects and also 

removes stored fats from body tissues. 
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6.3. Hibiscus Sabdariffa 

 

Hibiscus originated in -world tropics and has been used as a folk 

medicine to manage cardiac and nerve disorders. This plant has 

antihypertensive effects and is also used to cure dyspepsia also. In addition, 

the leaves of this plant are used for crack feet and on boils for a speedy 

recovery. 

 

 

6.4. Green Tea 

 

Green tea is obtained from the leaves of Camellia sinensis. It is 

globally used for weight loss management. It contains catechins which 

seem to promote weight loss and increase in energy expenditure and 

oxidation of fats. However, the Therapeutic Goods Administration of 

Australia claimed it to be toxic to the liver. 

 

 

6.5. Cinnamon 

 

Cinnamon contains catechins, monoterpenes, proanthocyanidins, and 

sesquiterpenes cinnamonaldehyde, phenols, and trans-cinnamic acids. 

Meta-analysis claimed the beneficial role of cinnamon in reducing fasting 

blood glucose levels. 

The usage of nutraceuticals in continuously increasing among several 

countries because of their enormous benefits to the body and fewer side 

effects. However, further random clinical trials are required to fully 

understand the safety, efficacy, and mechanism of action of nutraceuticals 

as an alternative medicine. 
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CONCLUSION 

 

Medicinal foods or scientifically termed "nutraceuticals," have been in 

growing demand for decades. The concept of food as an ultimate source to 

cure almost every disease has been trending ever since the concept of 

personalized nutrition came to light. As a result, the whole observation 

leads to an amazing idea of extracting and isolating the particular 

components of food that cures the disease/disorder by their very own 

mechanism. These compounds are termed bioactive compounds. The 

various studies regarding the benefits of these nutraceuticals on health are 

being carried out regularly. Once the beneficial effect of these 

nutraceuticals and which compound leads to this is known, we are targeted 

to extract these compounds and later isolate them to use as functional food, 

food supplement, or medicinal component. Numerous techniques are used 

for this with regular advancements and required modifications in them. For 

example, we have come a long way from earlier used solvent extraction to 

Ultrasonic assisted or microwave-assisted techniques. Undoubtedly, the 

effects of these nutraceuticals on human health are doing wonders and 

providing assurance of good health with no side effects. We no longer see 

these compounds as a part of food, but they stand out distinctly as a cure. 

Perhaps one day, we might be able to use these compounds to treat deadly 

diseases like cancer. The target can only be achieved with the 

advancements of these techniques for better extraction and isolation of the 

nutraceuticals. 
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ABSTRACT 

 

Nowadays, progress in the field of food and nutrition sciences brings 

to light that consuming a good diet is important as it can provide nutrients 

able to modulate body functions, improve health status and wellbeing, 

and/or reduce the risk of various diseases. Therefore, in recent years 

much research has been carried out on developing the process and 

applying technologies to prepare functional foods. Beyond basic 

nutrition, functional food can bring essential components with healthy 

benefits. Reliability on functional food products enhances the efficacy of 

publications. It increases consumer awareness and creates a basis for 

regulatory approval and development of health claims. The development 

of functional food includes several different stages, from concept to 

successful market execution. Acceptability of consumers and providers 
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of health claims showed improved market penetration of functional food, 

which encourages initiatives for developing new functional food 

products. 

 

 

1. INTRODUCTION 

 

Functional food is the food in which a new ingredient(s) (either one or 

more) has been added to the product so that it has an additional functional 

property (often regarding health benefits or prevention of disease). In the 

United States, the Institute of Medicine’s Food and Nutrition has defined 

functional food as “any food and food ingredients that may provide a health 

benefit beyond the traditional nutrition that it contains.” Functional foods 

may be originated either from animals or from plants. 

To know better about functional foods, it is necessary to 

understandhow the science behind nutrition has changed itself. Nutrition 

has been developed from the prevention of deficiency nutritionaldue to 

insufficient intake of required dietary components and the development of 

dietary guidelines, nutrition standards, and food guides for the benefit of 

human beings and to minimize the risk of disease.Diet and food are as old 

as humans have existed on this planet.The term ‘nutrition’ is quite modern, 

appearing in the nineteenth century for the first time. In the twentieth 

century, one of the main contributions of nutrition science is the theory of 

balanced diet, a required and proper combination of food items which 

gives, at least, the minimum necessity of all nutrient components required 

for growth and development, to reduce the risk of certain diseases.  

Functional food is not a well-described concept. Additionally, in the 

future, a wide range of food products can be defined as functional food 

containing several different nutrient constituents, which have a relation 

with the various functions of the body, either good state of health or 

lowering the risk of diseases. Therefore, there is no simple definition of 

functional food that exists universally.  

Functional food originated in Japan. Additionally, since the 1980s, 

Japan has been at the forefront in organizing the formulation of functional 
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foods and in large-scale research programmes. Further, the Government of 

Japan also finances them for their regular production analysis to determine 

physiological regulation of food function and molecular plan. In 1991, as 

a conclusion of a long making procedure as a national effort and to form a 

group of potential effective healthy foods to lower the increasing cost of 

health care, the idea of specified health use foods (FOSHU) was started. 

Such foods are planned to be used to improve human health with specific 

health benefit claims. These foods are allowed to be shown and are added 

as one of the food groups illustrated in the Nutrition Improvement Law as 

foods for special dietary use.  

A functional food should remain in the normal regular food pattern 

category, as it is not either a drug (pill or capsule) or a dietary supplement. 

It also must display the particular predictable health effects in total that can 

likely be taken. 

 

 

Figure 1. Functional food from a practical point of view.  

It is not necessary for all the population members that the functional 

food will be functional and match the biochemical needs of every 

individual. Intake of selected food components may become a major job 

Functiona
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as we progress in understanding the interactions between diet and genes. 

Figure 1 describes what a functional food can be from a practical point of 

view. 

 

 

2. MAIN SOURCES AND COMPONENTS  

OF FUNCTIONAL FOOD 

 

Phytochemicals are the major functional food components derived 

from plants and may be nutritive or non-nutritive, and have active 

biological chemicals which show particular preventive function against 

assured diseases that are non-communicable [1]. Around 900 or more 

phytochemicals are present in food and having either one portion of 

vegetables or fruits in our daily diet may provide around 100 various types 

of phytochemicals[2]. 

Previously, it was supposed that the components of functional food 

were found mostly in plant foods, including cereals, vegetables, and fruits. 

However, probiotics, bioactive peptides, etc. are also present in animal 

products, especially in dairies such as milk and fermented milk products. 

Table 1 demonstrates a few functional food components along with their 

biological functions. Additionally, functional components also showed 

numerous metabolic activities which have beneficial effects on various 

diseases in the body[3]. Primary sources of functional food are overviewed 

below: 
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2.1. Whole Grains 

 

Cereals, particularly barley and oat, are functional food, as they 

include non-digestible carbohydrates like FOS, trans-GOS, and lactulose, 

which are beneficial in stimulating the development of bacteria like 

lactobacilli and bifidobacteria in the large intestines. Cereal has fibers that 

are water-soluble like arabinoxylan and beta-glucan that delay the gastric 

emptying, resulting in a reduction of sterols and glucose absorption by the 

intestine, lowering the LDL, blood serum cholesterol, which results in 

reducing the threat of atherosclerotic heart disease, post-meal blood 

glucose, and content of insulin [4]. The fiber in cereal has the ability to 

reduce the cholesterol level and is believed to result from obvious effects 

on the GI tract. This is maybe because of the cereal fiber’s gel-forming 

capability [5]. Some of cereal’s functional components are also useful in 

the bakery and dairy industries. Recently functional food research has 

focused on manufacturing low-fat ice creams and yogurts by using beta-

glucan. The addition of beta-glucan during manufacturing of dairy 

products having low fat changes their taste, appearance and other sensory 

attributes as like dairy products which have full-fat [6]. 

 

 

2.2. Pulses and Legumes  

 

Legumes, pulses and food derived from soya have isoflavones, which 

are also known as phytoestrogens. Two main isoflavones are genestein and 

daidzein. Isoflavones are heterocyclic phenols, and their structure is 

parallel to estrogenic steroids. As the isoflavones are fragile estrogens, 

they may proceed as anti-estrogens the endogenous estrogens naturally. 

This may describe that the people who consume soy food in good quantity 

have minimum threat diseases due to estrogen like cancer of breast and 

prostate and intake of isoflavones rich foods also may be concerned with a 

decrease of diseases. Some evidence suggests that consumption of 

isoflavones may act defensive and helpful against cancers depending on 

hormones and against diseases related to age such as cognitive deficit, 
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osteoporosis, and heart disease. Isoflavones are widely digested in the liver 

and gut of a human. However, soya’s effect of lowering the level of 

cholesterol is the best among reported cardio and vascular protection and 

may be beneficial for a healthy heart. It is also expected to be intervened 

by isoflavones through various mechanisms, including artery function 

effects, estrogen receptor-mediated effects, and cellular effects. Since 

2000, the US FDA has given a significant growth in the saleof food 

products made from soy. The FDA approved the health claim that 

consumption of low saturates and cholesterol soy protein in the diet may 

minimize the threat of heart diseases by reducing the level of cholesterol. 

The claim identifies that an intake of 25g of soy protein is required in a 

day to show its health benefits. Presently, isoflavones are the bioactive 

ingredient used mainly for functional foods from soya yogurts to tomato 

juice to dessert (like pudding). Indeed, as compared to conventional soy 

yogurts, soya yogurts prepared from germinated soybean extract and lactic 

acid bacteria have significantly higher amounts of isoflavones, gamma-

aminobutyric acid, and free amino acids, therefore may have better health 

benefits [7]. 

 

 

2.3. Fruits and Vegetables  

 

The benefits provided by functional food and nutraceutical are because 

of the available phytochemicals constituents and bioactive compounds in 

vegetables and fruit. They are the key resource of essential nutrients like 

fiber, vitamins, carotenoids, minerals, folate, phytosterols, and 

polyphenols. These nutrient components are the major bioactive 

compounds having the benefits of antioxidants on human health. “The 

development of degeneration of the central nervous system like 

Parkinson’s and Alzheimer’s disease, chronic obstructive pulmonary, 

rheumatoid arthritis, and other diseases is due to free radicals”. Because of 

antioxidant consumption, these certain diseases, therefore, may be 

beneficially influenced. Antioxidant plays a vital role in lowering heart 

disease’s threat by inhibiting low-density lipoprotein peroxidation. In 
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contrast, they may also hinder the progression process of other 

cardiovascular diseases [8]. From various epidemiological studies, it was 

absorbed that consumption of vegetables and fruits act as defensive agents 

against various types of human cancers. Because of its compound 

lycopene, tomatoes have gained much attention in recent years, as the 

primary carotenoid in tomatoes has antioxidant functions and helps in 

reducing cancer. The amino acid present in garlic is odorless. On crushing 

garlic, cloves changed enzymatically by alliinase into allicin followed by 

decomposition suddenly to form various compounds containing sulfur 

(diallylsulphide, diallyldisulfide). Epidemiological researches proved that 

vegetables containing allium may provide a shielding effect on 

gastrointestinal tract cancers. In tea, specifically, green tea is a rich source 

of polyphenols. In all polyphenols found in tea, catechins are the primarily 

and most significantly present. A most essential tea constituent, tea 

epigallocatechin gallate, is a potential antioxidant and has anti-

inflammatory, immuno-stimulatory, and antimicrobial activities. 

Consumption of green tea reduces the total cholesterol level, lessens the 

oxidation of lipoprotein, and increases HDL fraction [9]. Epidemiological 

evidence has linked the regular eating of vegetables such as broccoli, 

cauliflower, etc. lower the risk of cancer. The high amount of 

glucosinolates present in all vegetables (like cabbage, turnips, kale, 

etc.)have been recognized for their anticarcinogenic properties.A plant cell 

enzyme called myrosinase helps in converting these components to 

different hydrolysis goods, such assulforaphane, indoles, and 

isothiocyanates. From various epidemiological studies, it is showed that 

fruits from the citrus category are helpful against different types of cancers 

in humans. Although lemons, oranges, grapefruit, and limes are the main 

source of such vital nutrients, i.e., ascorbic acid, fiber, and folate. Elegbede 

et al. [10] described that another constituent is accountable for their 

anticancer action. Citrus fruit is mainly rich in a class of phytochemicals 

recognized as limonoids. Evident studies have been reported which 

support the effect of limonene as a cancer-preventative [11]. Non-alcoholic 

beverages are another important category of functional food segment, 

which are fortified with vitamins A, C, and E or other nutrients are the 
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drinks healthy for the eyes (including lutein), or drinks for better bone 

health (including inulin and calcium) [6]. 

 

 

2.4. Prebiotic/Probiotic 

 

In the last two decades, a significant increase in the field of research 

on different microorganisms and their function in improving people health 

have been noticed. In the early 1900s, the first study on lactic acid bacteria 

(LAB) and their existence in the intestine were published [12, 13]. Though, 

actual advancement was suggested by Metchnikoff in his study, in which 

he reported enhanced health and long life in humans after consuming 

fermented dairy products. Nobel Prize was awarded to Metchnikoff (1908) 

as a symbol of recognition for the significance of these studies. The helpful 

results of LAB on the health of the human gut have become one of the 

standards of current awareness on people’s nutrition. Numerous studies 

showed good health effects resulting from the intake of LAB-consisting 

products and revealed that a few LAB strains provide extra, unique benefits 

that may have showed a good outcome on the human organism 

functioning. Such a type of bacteria with these beneficial properties is 

called ‘probiotic’. In 1954, Vergio [14] was the researcher who was first 

to introduce this term; Although in 1989 Fuller [15] was the first one to 

define probiotic, he used the term for those live microorganisms of food 

products, which gives an extra balance advantage of gastrointestinal tract 

microbial population along with their normal nutritive value benefit. In 

2001, Schrezenmeir and de Vrese [16]explained probiotics as the food 

product consisting of single or more than one live microorganisms culture, 

which after consumption by human beings in required quantity showed 

beneficial health effects. According to them, the most adopted definition 

was provided by WHO, i.e., probiotic are those live microorganisms that 

while taken in required amounts show health benefits in the living 

organism. The healthy effect on human beings by these probiotics may 

include the enhancement of physiological and metabolic processes in the 

body and the medical condition by minimizing the threat of occurrence of 
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many diseases [17, 18, 19, 20]. The products for enhancing human health 

may formulate claims for function enhancement, whereas those 

minimizing the threat of disease occurrence may formulate claims for 

reduction of disease risk. 

 

 

3. MAIN TECHNIQUES TO PRODUCE FUNCTIONAL FOOD 

 

For the formulation of functional foods, it is very important to take an 

incorporated approach that includes various interrelated stepsperformed in 

synchronization prior tofood production can be effectively launched in the 

market. The developmental procedure should begin with considerations 

and thought of the idea and plan of the positioning of the food product, 

specifically concerning authoritarian positioning, classification. The 

second step is to recognize the active bioactive components chemically, 

showing and giving particular health benefits to the host. For instance, the 

method of modern liquid chromatography (LC/MS) analysis can be used 

to identify structural target molecules. After that, the next step is to 

formulate a food product for which possible technologies with suitable 

diagnostic procedures will be used or formed, if required, to produce a food 

product with the preferred enhancing health benefit properties [21-23]. 

Various challenges in the area of functional food products and their 

possible way outs are proposed, that are harmful or enhancing to eradicate 

the components which are harmful or increase the amount of indigenous 

components that are beneficial. To fulfill this target, it is likely to employ 

processes like enzymatic, supercritical fluid extraction, or membrane 

separation [24]. Supercritical fluid extraction and membrane separation are 

the techniques that are also used for harmful components replacement by 

the beneficial components. In contrast, the microencapsulation technique 

can be accepted to maximize the bioavailability of beneficial components 

[25]. Microencapsulation is a modern technology used basically for the 

packaging of materials in solids, liquids, or gaseous form minutely, and for 

sealing capsules which in organized rate and below the pressures of 

particular circumstances can lose their contents. Widely, 
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microencapsulation is a technique used for various food applications, 

counting giving sustained or maintained release, maintaining the reaction 

during oxidation, stabilizing the internal matter, maintaining the reaction 

during oxidation, giving flavors, colors/odors, defensive against loss, and 

prolonging the life of products [26]. Recently nanotechnology field 

showed huge potential in enhancing the effectiveness of the release of 

bioactive compounds and nutraceuticals in functional foods for the benefit 

of human health [27]. Nano-emulsions, association colloids, 

nanostructured multiple emulsions, nanofibers, and nanocomposites are 

the potential nanotechnology-based delivery systems [28]. Processes of 

foods encapsulation, sphere packaging, and pulsed electric field have been 

developed, these processes comprise of following features [29]:  

 

 Eradication of those constituents that are recognized as a reason 

for harmful health effects. For an instance, a protein which is 

allergenic. 

 Maximize the amount of natural bioactive constituents in the food 

to a level where we can get its desirable effects. 

 Adding up the constituent which is absent in most of the food, but 

only for those whose advantageous results has been confirmed. 

 Substitution of constituents, mainly nutrients which are macro, the 

consumption of those who aremeasured dangerous to wellbeing 

when taken in large quantity, by a constituent for those whom 

advantageous results have been expressed. 

 Progression in the bioavailability or alteration of food constituents 

for those whose advantageous results have been confirmed. 

 Supervising quantity and effectiveness of bioactive constituents, 

which are beneficial.  

 

The correct recognition of bioactive compounds is very important to 

discover the connections between various food components and their 

benefits on host health. Additionally, deep quantification is required to 

evaluate the level of intake of diet and safety strategies for possible 

bioactive compounds essential to obtain desired valuable attributes.To 
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effectively demonstrate the benefits of added value to the consumers, there 

is a need for rapid analytical methods to check the action of biomarkers on 

the disease. The four very general steps for the analysis of any analytical 

method are first doing sampling, then their preparation, shelf life, and 

determination (partition and recognition) [30]. More than 90% of 

expansion has its focal point on the last step of investigation in the past 

few decades. Amazing progress in instrumentation, spectroscopy, and 

chromatography have shown in speedy improvement in the process for 

high-throughput partition and recognition of composite multi-component 

blends with trace amounts of the analytes of interest. The gathering of a 

representative sample from the whole matrix is the sampling that requires 

to be examined. The model is taken in such a way that it should 

characterize the whole population. One of the important parts is sample 

preservation as the delay between sample collection and its analysis is 

prevalent. 

Accurate preservation of sample ensures that the physical and 

chemical attributes of sample retain from collection of sample time to its 

analyses time [30]. Therefore, for sample preservation, enzymatic 

inactivation is necessary to maintain the correct identification of the 

sample. Enzymatic inactivation is necessary to maintain the correct 

identification of the sample and exhibit the benefits of these methods in 

chemical and metabolic changes during the storage period. Therefore, 

researchers must preserve samples under suitable conditions and determine 

the temperature and its effects during storage on the analyte of interest. 

Preparation of sample consists of steps like drying of sample, sieving, 

homogenization, extraction, derivatization, and hydrolysis. There are 

numerous reasons behind sample preparation, such as to elevate the 

competence of method, to eradicate or lower potential disturbances, to 

increase the analytical procedure sensitivity by raising the amount of the 

analyte during the evaluation of mix, and occasionally to modify the 

interest of analyte to a more appropriate form which without any difficulty 

can be identified [31]. After completing the preparation of samples, its 

evaluation will be done by using preferred methods and instruments. 

Different instruments are used for varied evaluation; it depends upon the 
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knowledge and data to be taken. Even a clearly defined evaluation can be 

done and drawn in different ways. The aim of measurement of an analytical 

can either be qualitative or quantitative [30]. 

 

 

4. CURRENT AND FUTURE DEVELOPMENTS 

 

The food constituents have the potential to alter the target functions in 

the body. Therefore, inleading the future, functional food science can play 

a main role in the betterment of human health for further progress and 

improvement inactive components and/or their role in minimizing the risk 

of various diseases. In development of functional food, nutritionists and 

food scientists can present favorable opportunities linked with disease 

reduction and human health. These types of new and advanced approaches 

in nutrition are mostly dependent upon various factors viz. relevant 

markers identification, nutrition is mostly dependent upon various factors 

viz. description, measurement, and validation. The steps for analysis of 

such studies should be done vigilantly with specific references, but in a 

different way from clinical studies described to help in drug development, 

not food products. The major target functions that can be modulated by 

consuming a particular food product should be recognized and described 

in the body. The science behind these functions, their relation to well-being 

and health, or a particular pathology process needs to be developed for the 

necessary scientific base for the formulation and development of new 

functional foods.  

Food regulation concerning the validity guarantee and food safety 

should be improved. In the twenty-first century, optimizing nutrition is the 

main challenge in the field of nutritional science. Formulation of functional 

food is the crucial step of this procedure. Still, a proper explanation of its 

health claims should be the utmost step of scientific challenge mainly not 

a promotion one. For the food and the good health of humans, appropriate 

justification of functional food product claims is condemning for the 

achievement of functional foods. 
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In the world market, functional food’s potential achievement may be 

known because the main strength of this area is the diffusion of essential 

awareness of the specific response of these identified components, which 

provide much more good benefits to health while consumed than the 

conventional products. Nutraceutical area has to turn into one of the very 

vigorous and dynamic sections in the food industry. Numerous companies 

showed interest and invested in the manufacturing and promotion of 

nutraceuticals. Presently the need to meet consumer’s demands, upcoming 

challenges and inquiries is increasing day by day, the process of 

development mainly focused on nutrition optimization and improving the 

healthy habits of eating also. Multinational companies widely do the 

manufacturing of functional food. The companies found the chance and 

understand the urgent need of planning for innovation in tendency 

strengthening like mode for the conclusion and process consolidation of 

internationalization, in the direction of network execution and strategies 

for chain production integration. The soaring of the health of individuals 

and the diffusion of preventive drugs drags the customers to better their 

knowledge among food, health, and security. Nowadays, customers are 

highly conscious and attentive about minimizing the health risk factors and 

improving their way of life by adopting accurate eating habits. This 

attentiveness is also because of research done on antioxidants present in 

food, advantageous components present in vegetables, cereals, fruits, and 

probiotic microorganisms. As functional foods contain various bioactive 

compounds, many of them exhibit beneficial properties such as 

antioxidant, anti-inflammatory, and anti-carcinogenic. Mainly, anti-

carcinogenic action of these components is arbitrated by various molecular 

pathways, such as antioxidant, encouragement of the immune defense 

system, anti-mutagenic activity, antioxidant enzymes intonation, 

modulation of hormonal structure, regulation in the growth of cell of 

genetic expression, and necrobiosis. Though these particles are measures 

for the prevention of chemo action, their fundamental biochemical role is 

still uncertain. The nutritional qualities of food are evaluated by the natural 

compounds present in them and by compounds that formed at the time of 

development and preservation. Furthermore, the rising demand for 

Complimentary Contributor Copy



Rashim Kumari and Mahesh Gupta 110 

fortified foods has increased new challenges concerning the number of 

nutrients that are micro and ingestion of food supplements related to their 

effectiveness and safety. A supplementary component of product novelty 

can be its optimization by nano and microencapsulation. In reality, many 

functional components are susceptible to ecological factors like humidity, 

exposure to light, and high temperature. Besides, if applied for the 

enhancement of Ready to eat products may be spoiled during the various 

manufacturing steps. The functional component may also combine with 

another food ingredient and insert aromas, colors, and unwanted savors. 

Therefore, encapsulation can shield the constituent from any thermal and 

mechanical loss. More novel elements concern the advancement of 

alternative procedures to traditional technology for the extraction of 

solvent. The quality of nutraceuticals and their preservation assessment is 

one of the critical factors for functional food. It will help to recognize the 

critical conditions for maintaining phyto-complexes attributes in the 

product (moisture, temperature, outcome from bioactive compounds 

interaction with food design). Lastly, the cerebral method of functional 

foods for subjective awareness and equanimity of weight failure by most 

individuals is still unknown. 

 

 

REFERENCES 

 

[1] Murano, P. S. (2003). Phytochemicals and phytonutrients in 

understanding food science & technology. Wadsworth, Bemont, 51–

56. 

[2] Srividya, A. R., Nagasamy, V. & Vishnuvarthan, V. J. (2010). 

Nutraceutical as medicine: a review. Pharmanest, 1(2), 132–145. 

[3] Swanson, J. E. (2003). Bioactive food components. Encycl Food 

Cult, Gale Cengage. http://www.enotes.com/bioactive-food-

componentsreference/bioactive-food-components Accessed 18 

November 2012. 

Complimentary Contributor Copy

http://www.enotes.com/bioactive-food-componentsreference/bioactive-food-components%20Accessed%2018%20November%202012
http://www.enotes.com/bioactive-food-componentsreference/bioactive-food-components%20Accessed%2018%20November%202012
http://www.enotes.com/bioactive-food-componentsreference/bioactive-food-components%20Accessed%2018%20November%202012


Formulation of Functional Foods 111 

[4] Charalampopoulos, D., Wang, R., Pandiella, S.S. & Webb, C. 

(2002). Application of cereals and cereal components in functional 

foods: A review.Int. J. Food Microbiol., 79, 131-41. 

[5] Brennan, C.S. & Clearyb, L.J. (2005). The potential use of cereal 

(1/3,1/4)-b-D-glucans as functional food ingredients. J. Cereal Sci., 

42, 1-13. 

[6] Siró, I., Kápolna, E., Kápolna, B. & Lugasi, A. (2008). Functional 

food. Product development, marketing and consumer acceptance-A 

review. Appetite, 51, 456-67. 

[7] Wong, M.C.Y., Emery, P.W., Preedy, V.R. & Wiseman, H. (2008). 

Health benefits of isoflavones in functional foods? Proteomic and 

metabonomic advances. Inflammopharmacology., 16, 235-239. 

[8] Diplock, A.T., Charleux, J.L. & Crozier-Williet al, G. (1998). 

Functional food science and defence against reactive oxidative 

species. Br. J. Nutr., 80, 77-112. 

[9] Ferrari, C.K.B. & Torres, E.A.F.S. (2003). Biochemical 

pharmacology of functional foods and prevention of chronic diseases 

of aging. Biomed Pharmacother., 57,251-260. 

[10] Elegbede, J.A., Maltzman, T.H., Elson,C.E. & Gould,M.N. (1993). 

Effects of anticarcinogenicmonoterpenes on phase II hepatic 

metabolizing enzymes. Carcinogenesis., 14, 1221-1223. 

[11] Rafter, J.J. (2002). Scientific basis of biomarkers and benefits of 

functional foods for reduction of disease risk: Cancer. Br. J. Nutr., 

88, 219-224. 

[12] Moro, E. (1900). Uber den Bacillus acidophilus n. spec. Ein 

Beitragzur Kenntnis der normalen Darmbakterien des Sauglings 

(Bacillus acidophilus n. spec.). Jahrbuch fur Kinderheilkunde, 52, 

38–55. [About the Bacillus acidophilus n. Spec. A contribution to the 

knowledge of the normal intestinal bacteria of the infant (Bacillus 

acidophilus n. Spec.). Yearbook of Pediatrics] 

[13] Beijerinck, M.W. (1901). Sur les ferments de lactique de l’industrie. 

Des Sciences Exacteset Naturelles, 6, 212–243. [On industrial lactic 

acid bacteria. Exact and Natural Sciences] 

[14] Vergio, F. (1954). Anti- und Probiotika. Hippocrates, 25: 116–119. 

Complimentary Contributor Copy



Rashim Kumari and Mahesh Gupta 112 

[15] Fuller, R. (1989). Probiotics in man and animals. Journal of Applied 

Bacteriology, 66, 365–378. 

[16] Schrezenmeir, J. & de Vrese, M. (2001). Probiotics, prebiotics, and 

synbiotics – approaching a definition. American Journal of Clinical 

Nutrition, 73, 361–364. 

[17] Saarela, M., Lahteenmaki, L., Crittenden, R., Salminen, S. & 

Mattila-Sandholm, T. (2002). Gut bacteria and health foods – the 

European perspective. International Journal of Food Microbiology, 

78, 99–117. 

[18] Holzapfel, W. H. & Schillinger, U. (2002). Introduction to pre- and 

probiotics. Food Research International, 35, 109–116. 

[19] Saxelin, M., Tynkkynen, S., Mattila-Sanholm, T. & de Vos, W.M. 

(2005). Probiotic and other functional microbes: from markets to 

mechanisms. Current Opinion in Biotechnology, 16, 204–211. 

[20] Shah, N.P. (2007). Functional cultures and health benefits. 

International Dairy Journal, 17, 1262–1277. 

[21] Diplock, A.T., Aggett, P.J., Ashwell, M., Bornet, F., Fern, E.B. & 

Roberfroid, M.B. (1999). Scientific concepts of functional foods in 

Europe: Consensus document. Br. J. Nutr., 81, 1-27.  

[22] Picó, Y. & Barceló, D. (2008). The expanding role of LC-MS in 

analyzing metabolites and degradation products of food 

contaminants. TrAC Trend Anal. Chem., 27, 821-835.  

[23] Picó, Y., Farré, M. l., Segarra, R. & Barceló, D. (2010). Profiling of 

compounds and degradation products from the postharvest treatment 

of pears and apples by ultra-high pressure liquid 

chromatographyquadrupole-time-of-flight mass spectrometry. 

Talanta, 81, 281–293. 

[24] Knorr, D. (1999). Novel approaches in food-processing technology: 

new technologies for preserving foods and modifying function.Curr. 

Opin. Biotechnol., 10, 485-91.  

[25] Wang, L. & Weller, C.L. (2006). Recent advances in extraction of 

nutraceuticals from plants. Trend. Food Sci. Technol., 17, 300-12. 

Complimentary Contributor Copy



Formulation of Functional Foods 113 

[26] Anal, A.K. & Singh, H. (2007). Recent advances in 

microencapsulation of probiotics for industrial applications and 

targeted delivery. Trend. Food Sci. Technol., 18, 240-251. 

[27] Chen, H., Weiss, J. & Shahidi, F. (2006). Nanotechnology in 

nutraceuticals and functional foods. Food Technol., 60, 30-36. 

[28] Neethirajan, S. & Jayas, D.S. (2011). Nanotechnology for the food 

and bioprocessing industries. Food Bioprocess Technol., 4, 39-47. 

[29] Korhonen, H. (2002). Technology options for new nutritional 

concepts. Int. J. Dairy Sci., 55, 79-88. 

[30] Mitra, S. & Brukh, R. (2003). Sample preparation: An analytical 

perspective, In Sample Preparation Techniques in Analytical 

Chemistry, Eds. by Mitra S.Wiley, New York, 1–36. 

[31] Luthria, D.L. (2006). Perspective Significance of sample preparation 

in developing analytical methodologies for accurate estimation of 

bioactive compounds in functional foods. J. Sci. Food Agric., 86, 

2266-2272. 

 

 

Complimentary Contributor Copy



Complimentary Contributor Copy



In: Nutraceuticals ISBN: 978-1-68507-488-3 

Editors: A. Kumari and G. Singh © 2022 Nova Science Publishers, Inc. 

 

 

 

 

 

 

Chapter 5 

 

 

 

ROLE OF NANOTECHNOLOGY IN VARIOUS 

ASPECTS OF THE FOOD INDUSTRY 

 

 

Rajni Sharma, Shiv Kumar Giri and Gulab Singh 
Department of Biotechnology, Maharaja Agrasen University, 

Baddi, Solan, India 

 

 

ABSTRACT 

 

The clear relationship between the quality of food we eat, and our 

health, is demonstrated by various researchers. Gradually, recognition of 

importance of healthy diet and identification of mechanisms by which 

foods modulate the metabolism and health contribute to developing 

functional food concept. Numerous processes and nanomaterials have 

been developed with the potential to act as functional food. The 

nanotechnology is playing crucial role in the field of food technology for 

the production of novel nano-based food materials, delivery of nutrient 

with the help of nanoemulsion, novel packaging system, implementation 

of nanotechnology and biosensors to monitor the food quality and waste 

reduction. Food technologists and engineers are working tirelessly to 

identify novel ways to re invent food products involving nanotechnology 

that will be appeal to the worldwide customers. However, consumer 
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health and safety are primary concern. This chapter provides an overview 

of the developed nanomaterial- based food technologies, delivery 

vehicles, and new opportunities and challenges for nanotechnology. We 

also try to cover recent developments and initiatives being adopted to 

ensure the safe use of nanomaterials based on current predictions. 

 

 

1. INTRODUCTION 

 

Nanotechnology is defined as the development, manipulation, and 

utilization of materials at nanometer scales (Fathi et al., 2012). 

Nanomaterials are usually having a size smaller than 100 nm and behave 

differently as compared macro scale counterparts. This difference in the 

physciochemical properties like color, solubility and thermal behavior is 

mainly due to high surface -to- volume ratio (Zhu et al., 2012; Singh et al., 

2017). The difference in physcio- chemical properties helps to improve the 

sensory qualities such as taste, texture, color of food and also help to 

increase the self of food materials (Chaudhry, 2008). Since, by the end of 

the 20th century, there has been a growing realization of the pivotal link 

between diet and human health. This has led to the development of a new 

category of foods, the so-called functional foods. Functional food is simply 

a convenient way to describe foods, or their components, that may provide 

health benefits beyond nutrition. In other words, functional foods contain 

a variety of nutrients and non-nutrients components which affect a range 

of body functions as well as well-being or reduce the chance of infection 

(Frewer, et al., 2003). The functional components can be enhanced through 

special growing conditions, or through breeding techniques, e.g., β-

carotene rich rice, vitamin-enriched broccoli, and soybeans. Meat, poultry, 

fish, and eggs can have their composition altered by the animal’s diet, e.g., 

increased levels of conjugated linoleic acid or omega-3 in meat and milk 

products. The functional foods segment of the food industry is estimated 

to be worth about 168 billion dollars and is growing at about 9% per annum 

(Euromonitor International, 2016). Nanotechnology can be applied in all 

phases of the food cycle – from farm to fork. Application of 

nanotechnology in the form of utilization of nanocomposites in food 
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packaging is very well accepted by industries as well as common people 

due to increased shelf-life of packaged food materials. Metal oxide and 

nano-clays are most commonly utilized nanomaterials in food packaging. 

However, the number of food products utilizing nanotechnology is 

relatively small, but still the potential application of nanotechnology such 

as detecting microorganisms in packaged food, stronger flavor and 

attractive coloring in the food industry thrilled the manufactures.  

Nanotechnology has potential application in all aspects of the food 

industry like food processing, food packaging, and food monitoring. It has 

been used to improve the materials properties (improved barrier and 

mechanical properties, light materials), but also in the development of 

active and intelligent packaging systems. This chapter will cover the 

different aspects of nanotechnology in food.  

 

 

2. NANOTECHNOLOGY IN FOOD PACKAGING 

 

Nanotechnology is the science of very small materials that has a big 

impact in the food industry including packaging. A variety of 

nanomaterials such as silver nanoparticles, titanium nitride nanoparticles, 

and nano-titanium dioxide, nano-zinc oxide, and nanoclay are introduced 

as functional additives to food packaging (Tager, 2014). Food packaging 

is important for food protection, distribution, transportation from farm and 

industries to consumer and manipulation, etc (Kuswandi, 2017). In 

nanotechnology, functional nanomaterial can also be developed which 

have the properties like antioxidants, antimicrobial, flavor enhancer, 

nutraceutical and enzymes to protect and improve the shelf life of the food 

materials (Cha and Chinnan, 2004). Packaging can release nanoscale 

antimicrobial, antioxidants, flavors, fragrances or nutraceutical into the 

food or beverages to extend its shelf life or to improve its taste or smell 

(LaCoste et al., 2005; Nachay, 2007). By 2003, over 90% of nano-

packaging was based on nanocomposites, in which nanomaterials were 

used to improve the barrier function of plastic wrapping for foods, and 

plastic bottles for beer, soft drinks and juices. Nano-packaging can also be 
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designed to release antimicrobial, antioxidants, enzymes, flavors and 

nutraceutical to extend shelf life (Cha et al., 2004; LaCoste et al., 2005). 

Different types of innovative packaging based on nanotechnology are 

explained below. 

 

 

2.1. Smart Packaging 

 

Smart packaging is the type of packaging used to indicate the internal 

condition of the product, such as the shelf life of the product. Nano-sensors 

are placed on the packaging material of the food product. The sensors sense 

the conditions and properties of the product and express the results in the 

form of different types of signals. The sensor expresses the condition of 

the barrier and properties of the materials (permeability of gases i.e., 

oxygen). It also detects the microbial load in the food product and explains 

the shelf life of the product. Nano-sensors are good for the consumer for 

judging the properties of the product and satisfying their needs (Biji, et al., 

2015). Currently, various industries like Nestle, MonoPrix super market 

and British Airways use chemical sensor- based packaging which indicates 

deterioration of food via color changes (Pehanich, 2006). 

 

 

2.2. Active Packaging 

 

In active packaging, a unique system is used to modify the 

environmental or surrounding conditions for extending shelf life and 

improving food safety. For example, a very common type of activity is 

performed to control the oxidation of food products by creating the 

oxygen- free storage condition. Synthetic antioxidants are widely used in 

food manufacturing processes (e.g., BHT and BHA common example of 

antioxidants) (Contini, et al., 2011). 
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2.3. Antimicrobial Packaging 

 

Food manufacturers have been facing a lots of challenges related to 

food safety. Food safety means food remains protected from deterioration, 

provides nutrition to consumers, and will not have any negative effect on 

consumers health. Many microbial agents (i.e., bacteria) can cause food to 

spoil when they have perfect conditions to reproduce. Nanotechnology has 

helped in many ways to keep the microbial agents in food at acceptable 

levels (Neethirajan and Jayas, 2011; Biji, et al., 2015). In the antimicrobial 

packaging, the antimicrobial agents are used to control the food- spoiling 

microbes in food items. Various forms of silver nano-particles are used in 

large amounts and can control a large range of microbes. E. coli is 

commonly found in contaminated water and can contaminate the product 

in which water (containing E. coli) is used as ingredient. E. coli can be 

controlled by applying the titanium dioxide coating on the packaging 

material (Chellaram, 2014). 

The use of nanoscale particles with antimicrobial properties (e.g., zinc 

oxide and silver nanoparticles) have been used to extend shelf-life of foods, 

reducing microbiological growth during storage. This can be very helpful 

in foods with reduced shelf-life (e.g., fresh meat, poultry, and fish) where 

the increase in shelf life can bring several advantages for the industry, such 

as shipping for export purposes (Rao, 2009). 

 

 

3. NANOTECHNOLOGY IN FOOD PROCESSING 

 

The nanostructure food ingredients are being developed with the 

claims that they offer improved taste, texture, and consistency (Cientifica 

Report, 2006). Nanotechnology increases the shelf-life of different kinds 

of food materials and also helps bring down the extent of wastage of food 

due to microbial infestation (Pradhan et al., 2015).  

The nanotechnology plays a significant role in improvement of food 

texture, appearance, taste, nutritional value and shelf life like nano-

encapsulation technique is used to improve the flavor (Nakagawa, 2014). 
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Anthocyanin, which shows various biological activities, is protected by 

utilizing encapsulation techniques (Zhang et al., 2014). Similarly, edible 

nano-coating can be used to protect vegetables, fruits, meat, fast food, 

cheese, bakery and confectionery goods. In addition to protection, nano-

encapsulation also prolongs shelf life, provides flavor, enhances color, 

enzymes, antioxidants and anti-browning compounds to the manufactured 

products (Azeredo et al., 2009). SiO2 (E551) and TiO2 (E171) were 

approved by the competent authorities for application as food preservative 

in large quantities (EFSA Scientific Committee, 2009). TiO2 is used as a 

coating on doughnuts (Oberdorster et al., 2005). Engineered nanostructure- 

based aerosols are effective in controlling food borne pathogens like 

Listeria, salmonella and E. coli (Pyrgiotakis et al., 2015). Nanotechnology 

also provides food ingredients as well as water-insoluble food supplements 

with controlled release and improved dispersibility (McClements et al., 

2006). 

Production of functional foods such as soft drinks, ice-cream, 

chocolate and chips are made healthy by reducing fat content, 

carbohydrates and calorie content of food and also increasing the vitamins, 

proteins and fibers. Nanotechnology is applied for the modification of food 

materials as per person needs like taste preference, color of choice, flavor, 

nutritional properties, allergies, and lower cost of ingredients (Daniells, 

2007). Foods which contain nanoscale ingredients and additives are 

already available on supermarket shelves. Nestle and Unilever developed 

the ice cream based on nano-emulsion with lower fat content and still 

retains the same fatty texture and flavor of the ice cream (Renton, 2006). 

Various nanoparticles are used as food additive such as TiO2, SiO2, and 

amorphous silica (Gerloff et al., 2009; Uboldi et al., 2012).  

The benefits of nanotechnology in food processing include the 

development of a complete texture for food components; the encapsulation 

of food additives. The development of new flavors and sensations, and the 

control of aroma release with increased bioavailability in dietary 

supplements (Cho and Jones, (2019). Iron oxide (Fe2O3) nanoparticles may 

be utilized in foods as colorants or sources of bioavailable iron (Hilty et 

al., 2010; Trushina et al., (2011); Zimmermann and Hilty (2011); Wu et 
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al., (2014). The ranges of applications of iron oxide as a food colorant in 

the United States are highly limited, i.e., up to 0.1 wt % in sausages as part 

of casings (World Health Organization, 2000). Iron taken in the form of 

enriched/fortified foods ranges from 10 to 23 mg/day, while that from 

dietary supplements may range from 10 to 32 mg/day (Fulgoni et al., 

2011). TiO2 particles are used as functional ingredients in certain foods to 

provide characteristic optical properties such as increased lightness and 

brightness (Weir et al., 2012). Chewing one piece of chewing gum can 

result in an intake of 1.5-5.1 mg of TiO2 nanoparticles (Chen, 2013). 

Metallic oxide (TiO2 and SiO2) is conventionally used in food items mainly 

for as coloring as well as flavoring agents (Ottaway, 2010). SiO2 is one of 

the most commonly used nanomaterial for flavor enhancers or carriers of 

fragrances (Dekkers et al., 2011).  

 

 

4. DETECTION OF DELETERIOUS SUBSTANCES IN FOOD  

 

Nano sensors play an important role in the food industry. Nano sensors 

are able to detect and quantify pathogens, organic and inorganic 

contaminants at very low concentrations, as well as also detect the 

adulteration of different types of materials with high sensitivity and quick 

response time (Otles et al., 2010). One such application was demonstrated 

by Valdes et al., (2009) in the case of detection of organophosphate 

pesticide in fruit and water. Conventional control of microorganisms and 

toxins are complicated but with the help of nano sensors toxins and 

microorganisms can be rapidly detected and controlled during storage and 

processing of food. Different nanotechnology- based sensors are 

developed by utilizing nanowires and antibodies to detect the toxins, 

chemical contaminants, adulteration, and pathogens in food materials 

(McClements, 2015). In supermarkets, nano-electrochemical systems 

(NEMS) are used to detect hazardous substances. They can be used in 

quality control for foods as they contain transducers which help in the 

detection of biochemical as well as chemical signals from food materials 

(Sozer and Kokini, 2009).  
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5. SAFETY ISSUES 

 

It is increasingly clear that nanotechnology offers a wide spectrum of 

benefits and can be a game changer for the food industry. The use of 

nanomaterials in nano-food, nanosensing, packaging incorporating nano-

products could leads to migration of nanomaterials and subsequent human 

exposure through inhalation, skin penetration, and ingestion. Routes of 

possible exposure to humans include: (i) Leaching of nanomaterials into 

food from packaging materials. (ii) Ingestion from intake of nano-food and 

(iii) Disposal of packaging, nanosensors and nanofood in landfills with 

further release into the environment, air, water and soil (Xia et al., 2014). 

Because of their small size, high surface area and increased reactivity, 

nanomaterials pose unique risks and may cause adverse effects on human 

health and the environment. Upon use, nanomaterials may undergo 

physicochemical transformations in the local environment (pH, ionic 

strength, microbial environment, etc.) further changing their fate and 

transport behavior (Garcia et al., 2018). There is growing research related 

to use of nanomaterials in the field of food. Many research groups are 

involved in finding the possible negative impact of the nanomaterials from 

packaging and processing on consumers and environmental health 

(Bradley et al., 2011; Jain et al., 2016). Nanomaterial interaction with food 

systems raises concern related to the health of humans and animals. Nano- 

based products may have negative impact on humans, animals and plants; 

still there is no standard regulatory rule and regulations are established for 

nanomaterial applications in the food and agriculture sector. Various 

regulatory bodies like USFDA and FSANZ are actively participating in the 

regulation of nanomaterials as food additives in various countries like 

USA, Australia and New Zealand (Bowman et al., 2006; Cubadda et al., 

2016). Although a material is being considered as GRAS (Generally 

regarded as safe) substance, still additional studies are required as the 

physicochemical properties of material are completely different in nano-

state as compared to the macro-state. Moreover, there is chance of 

bioaccumulation of nanomaterial in organs and tissues due to its small size 

(Savolainen et al., 2010). Cushen et al., (2014) developed a model to 
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demonstrate the migration of nanoparticles from packaging material to 

food. They have studied the migration of silver and copper nanoparticles 

from nanocomposites and observed and different crucial parameters like 

particle size, temperature and contact time effect, and the rate of migration 

of nanomaterials from packing materials to food. Since each nanomaterial 

has its individual properties, so the toxicity and other impact of 

nanomaterial should be established on a case-by-case basis (Mahler et al., 

2012). Furthermore, regulatory authorities must develop standards rule and 

regulations for the commercial products to ensure quality of product and 

health and safety of human and environments. 

 

 

6. FUTURE PERSPECTIVES  

AND POTENTIAL RISKS OF NANOTECHNOLOGY 

 

There have been tremendous developments in the application of 

nanotechnology in food science and research. Nanotechnology helps in the 

detection of pesticides (Fu et al., 2008) pathogens (Hahn et al., 2008), and 

toxins (Yang and Li (2005), and tracking-tracing-monitoring helps in the 

maintenance of food quality. One such example is use of carbon nano-

tubes by incorporating them into packaging materials for the detection of 

toxic materials, microorganisms and food spoilage (Tully, 2006). Along 

with the incessant research on the application of nanomaterials, several 

potential risks and toxicity issues associated with the application of 

nanomaterials have been revealed, and these concerns must be addressed 

(Yang et al., 2013; Yang et al., 2005). The effect of these nano-scale 

particles on human beings, animals, and the environment are unpredictable 

due to changes over time in their properties. Some nanoparticles can even 

cross biological barriers, such as the blood-brain barrier, and enter various 

cells and organs (Su et al., 2004). 
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CONCLUSION 

 

The increasing investment and development of nanotechnology is 

expected to transform food science and food industries. Advances in 

nanotechnology have brought benefits for the food industries like 

increased shelf life, enhanced flavor and taste etc and many more 

applications yet to be realized. Recently, it has been suggested that food 

nanotechnology can help to develop functional foods and nutraceuticals 

that provide benefits such as nutrition, health, taste and safety. While 

nanotechnology provides great benefits still there are emerging concerns 

that arises from its unknown physicochemical properties of nanomaterials. 

There are no strict rules and regulations to control the nanotechnology-

based food materials with unknown effects of these nanotechnology based 

food materials. There is an urgent need for the rules and regulations to 

control the quality and effect of nanotechnology- based food materials on 

human and environmental health. As the transparency of health and safety 

impact on human and environmental health should be the prime 

importance while developing the nanotechnology- based food materials or 

food development process, and therefore compulsory testing of 

nanotechnology -based foods is required before they are released to the 

market. 
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ABSTRACT 

 

A positive impact on human health and wellness due to 

nutraceuticals has exploded globally over the past two decades by 

becoming a part of the dietary landscape. There has been increasing 

attention devoted to the possibility that several nutraceuticals may be 

anticipated to boost short-term well-being leading to additional benefits 

of long-term defence against certain diseases. Nutraceuticals execute 

their functionality through their bioactive compounds. These are a 

                                                           
 Corresponding Author’s E-mail: siwatchmunish19@gmail.com. 

Complimentary Contributor Copy



Roshanlal Yadav, Munish Siwatch and Upasana Yadav 132 

distinct category of chemicals present in limited measures in plants and 

animals like fruits, greens, legumes, nuts, oils, vegetables, whole grains, 

and fatty fish to name a few. These nutraceuticals have been considered 

for the prevention of cancer, heart disease, Type 2 Diabetes, 

hypertension, hypercholesterolemia, inflammation, oxidative stress, 

brain development and age-associated neurodegeneration etc. by 

incorporating bioactive compounds such as lycopene, resveratrol, dietary 

fibres, phytoestrogens, plant sterols, probiotics, essential fatty acids, 

isothiocyanates, organo-sulphur compounds, Inulin-fructo-

oligosaccharides, lignin, quercetin, curcumin, gingerol etc. The present 

chapter will explore the varied sources, biochemical properties, 

metabolism, health benefits and GRAS status of bioactive ingredients. 

Significant emphasis will be given to associating the molecular and 

chemical structures of biologically active components present in foods to 

their nutritional, pharmacological and functional outcome on human 

health and wellness.  

 

 

1. INTRODUCTION 

 

Scientifically, the term “bioactive” can be used as an alternative for 

“biologically active” compounds [1]. In medical terms, bioactive 

substances are those which exert some effect on living tissues and also 

cause a biochemical reaction or trigger a response in the living tissue. In 

association with food, bioactive compounds are defined as food 

components that can regulate various metabolic and functional processes 

in humans and also help in the improvement of health [2]. Most of the 

bioactive compounds include lycopene, carotenoids, resveratrol, dietary 

fibres, phytoestrogens, plant sterols, probiotics, essential fatty acids, 

isothiocyanates, organo-sulphur compounds, inulin-fructo-oligosaccha-

rides, lignin, quercetin, curcumin, gingerol etc. These compounds vary 

extensively in chemical structure and function and are grouped 

accordingly. Majorly, these bioactive compounds are found largely in 

fruits, vegetables, legumes and whole grains and can be consumed daily. 

Additionally, these substances may also present in other live 

microorganisms, like fungi (mushroom), bacteria and in some animal 

groups [3]. From various previous studies the beneficial effects in terms of 

decreasing inflammation, prevention of aging, scavenging free radicals, 
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prevention of cancer, heart disease, type 2 diabetes, hypertension and 

regulating cell signalling pathways of bioactive compounds have been 

identified in both cell and animal studies [4, 5]. Nowadays the attention for 

the consumption of food containing these bioactive compounds has 

increased because of the safety and lower side effect of these natural 

compounds. Moreover, under the right circumstances, they can also act as 

drugs, further enhancing their attractiveness. The bioactive compounds 

execute their activities through relation with definite biological 

mechanisms and the interactive effect of other nutrients and food matrices.  

Most of the phenolic compounds found in plant cells exhibit 

antioxidant properties and some research has confirmed positive effects on 

thrombosis and tumorogenesis. These phenolics are also responsible for 

the prevention and growth of cancer and cardiovascular diseases (CVD). 

Different phytoestrogens are present in various food components like 

flaxseed, soy, whole grains, fruits, and vegetables. These phytoestrogens 

have antioxidant properties, and several studies established favourable 

effects on other CVD risk factors, and in animal and cell culture models of 

cancer. The availability of hydroxytyrosol in olives and resveratrol in nuts 

and red wine, have antithrombotic, antioxidant and anti-inflammatory 

properties and also inhibits carcinogenesis. Lycopene, present red colour 

fruits like tomatoes and watermelon can protect against prostate and other 

cancers and inhibits the growth of tumour cells in animals. Organosulfur 

compounds in onions and garlic and, monoterpenes in citrus fruits, 

cherries, and herbs isothiocyanates in cruciferous vegetables have 

anticarcinogenic actions as well as cardioprotective effects. 

 

 

2. MECHANISM OF BIOACTIVE COMPOUNDS 

 

2.1. Spices and Herbs 

 

The spices and culinary herbs have generally been used in foods to 

enhance flavour and improve their organoleptic properties. Except for 

proving flavour these spices and herbs have some preservative effects and 
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also have numerous medicinal properties. Various studies have been 

conducted and it was measured that most of the spices have antioxidant 

activity which promotes health benefits [6, 7]. In addition to fruits and 

vegetables, these spices are also a good source of natural antioxidants and 

it is a part of our diet. The spices chiefly consist of phenolic compounds, 

flavonoids, tannins, alkaloids, diterpenes and sulphur-containing 

compounds which have been reported for their antioxidant activity [8, 9]. 

These compounds revealed diverse antioxidant activities like phenolic acid 

and flavonoids can capture free radicals and can form complexes with 

catalytic metal ions rendering them inactive. Previous studies have 

revealed that herbs and spices such as sage, oregano and rosemary are very 

good sources of antioxidants because of the availability of high content of 

phenolic compounds. Antioxidants also can protect lipids and oils 

available in different food from oxidative degradation. With the addition 

of these antioxidant compounds, the rancidity can be controlled and retard 

the development of toxic oxidation products. Moreover, these compounds 

help in maintaining nutritional quality, and extend the shelf-life of 

products. Natural antioxidants obtained from edible materials such as 

spices and herbs have been of increasing interest because of the adverse 

effect of synthetic antioxidant compounds. The oxidative stress, which is 

caused by a high concentration of free radicals in cells and tissues, can be 

induced by various negative factors, such as X-ray, gamma, and UV 

radiation, pollution, psycho-emotional stress, smoking, intensive physical 

exertion, drug addiction, and alcoholism. Natural antioxidants contained 

in spices help to reduce oxidative stress. Chronic oxidative stress has been 

observed to lead to a variety of heart-related diseases and the generation of 

various types of cancer cells. Numerous secondary products of lipid 

oxidation, such as malondialdehyde and 4-hydroxynonenal, can react with 

biological components such as proteins and DNA. The antioxidant activity 

of spices is due to the presence of different unique chemical compounds, 

which majorly consist of biologically active compounds and polyphenolic 

compounds. Numerous publications have reported that lignans, flavonoids, 

alkaloids and phenolic acids are the primary biologically active and 

antioxidants components present in culinary herbs and spices. [10, 11]. 
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Chromatographic technique such as HPLC-MS (High-performance liquid 

chromatography-mass spectrometry) and HPLC-UV (High-performance 

liquid chromatography-UV detector) is largely used to determine these 

bioactive components. The largest amounts of flavonoids have been 

reported in various herbs like celery, parsley, saffron, oregano, fennel, 

Tasmanian pepper and dill. In the human diet, the consumption of these 

culinary herbs and spices may show antioxidant effects. A significant 

quantity of more than ten flavonoids has been reported in various spices 

and the largely available component are kaempferol, luteolin and 

quercetin. The majorly available component in different herbs are as 

follows: luteolin in celery seeds, apigenin in dried parsley, cyanidin in 

Tasmanian pepper, luteolin in Mexican oregano, kaempferol and quercetin 

in capers. Overall all most of the spices and herbs have anti-oxidative 

properties due to the presence of special kinds of chemical compounds. 

 

 

2.2. Phytochemicals 

 

Phytochemicals are bioactive components accessible in the form of 

plant chemicals in fruits, vegetables, grains, and other plant foods that may 

supply desirable health benefits beyond their basic nutrition which helps 

to decrease the risk of major chronic diseases [12]. The phytochemicals 

consist of polyphenols, flavonoids etc. which are described as follows: 

 

2.2.1. Polyphenolic Compounds 

Based on the chemical structure there are more than ten classes of 

polyphenols have been defined and more than 8,000 phenolic compounds 

have been identified [13]. The chemical structure of some important 

polyphenolic compounds is embedded in Figure 1. The most common 

polyphenolic compounds are flavonoids which are present mainly in plant-

based food and they can be categorized into 13 (thirteen) classes having 

more than 5,000 compounds. Very common flavonoids are flavones, 

flavanols, and their glycosides [13]. Although polyphenols are present in 

all plant-based foods, their level and quality depend upon the nature of the 
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plant source. Moreover, the most plentiful phenolic compound available in 

fruits is a flavanol. The primary phenols present in cereals and legumes are 

phenolic acids, flavonoids and tannins. In wine, major polyphenolic 

compounds comprise anthocyanins, phenolic acids, flavonoids and 

tannins. Nuts are rich in tannins [13]. Both phenolic acids and hydrolysable 

tannins are abundantly available in olive oil. The chief flavonoid present 

in onions is quercetin glycoside, while in apples and tea it is quercetin-3-

rutinoside. Limited information is available about the dietary intake of 

polyphenolic compounds, which showed that the intake of these phenolics 

is highly variable among the population groups studied [14]. Different 

studies have shown that red wine is a very good source of polyphenolic 

substances and encloses more than 200 individual phenolic which inhibits 

oxidation of LDL in-vitro [15] and increases the antioxidant capacity of 

plasma [16]. The main antioxidative compounds recognized in red wine 

are flavanols, phenolic acids, polymeric-anthocyanidins, and monomeric 

catechins [17]. Various studies indicated that phenolic compounds have 

reduced synthesis of prothrombotic, antithrombotic effects and pro-

inflammatory mediators that emerge to be the result of reduced 

susceptibility of platelet aggregation. Furthermore, the previous study 

indicated that polyphenols present in wine can modulate the production of 

nitric oxide by the vascular endothelium, resulting in vasorelaxation [18]. 

Chocolate also has antioxidant activity due to the presence of polyphenol 

fraction [19].  

In a recent study, it was measured that consumption of chocolate 

caused a decrease in basal plasma oxidation products [20]. The polyphenol 

present in cacao liquor has been reported to inhibit both superoxide anion 

production and hydrogen peroxide in the human body, due to the presence 

of free radical scavengers. In addition to antioxidant effects, the 

polyphenols of cocoa and chocolate have been shown to inhibit 

cyclooxygenase activity [21]. The predominant flavonoid present in nuts, 

seeds, fruits and vegetables is quercetin, which showed a protective effect 

against cardiovascular disease [22]. Several in vivo and in vitro research 

have shown that flavonoids have the potential to break diverse stages of 

the cancer process [23]. 
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Figure 1. Chemical structure of some important polyphenolic compounds. 
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Previous studies indicated that these phytochemicals have antioxidant 

and anticarcinogenic activity [24]. Flavonoids may directly capture some 

radical species by the chain-breaking antioxidant mechanism. 

Additionally, flavonoids can suppress lipid peroxidation. Moreover, some 

flavonoids can chelate pro-oxidant metal ions, such as copper and iron 

which help in preventing free radical formation [24]. 

 

2.2.2. Phytoestrogens 

A phytoestrogen is a plant-generated xenoestrogen and these 

compounds are divided into three main classes i.e., isoflavones, lignans 

and coumestans [25]. Similar to other phytochemicals, phytoestrogens 

have antioxidant activity and help in the scavenging of free radicals. In a 

study, it was reported that phytoestrogen has the potential to suppress 

tumor promoter–induced hydrogen peroxide and superoxide anion 

formation [26]. In addition to its antioxidant actions, genistein also 

enhances the activity of several antioxidant enzymes, including glutathione 

peroxidase, catalase, superoxide dismutase and glutathione reductase [26]. 

The di-phenolic compounds are similar to estrogen and, as might be 

expected, bind to the estrogen receptor. The plant-based phytoestrogens, 

particularly isoflavones, appear to compete with endogenous estrogen for 

receptor binding, yet they stimulate weaker estrogenic responses, and at 

certain concentrations, they exert anti-estrogenic actions [27]. 

Phytoestrogen action as an estrogen antagonist is dependent on the 

endogenous estrogen levels, the dietary concentration of these compounds, 

menopausal status and sex. Phytoestrogens excite sex hormone-binding 

globulin, which reduces the amount of circulating estrogen, and inhibits 

gonadotropin output to increase the duration of the menstrual cycle. In 

soybeans (legumes), a different components such as daidzein, genistein 

and isoflavones, observed largely [26]. Lignans are the largely available 

phytoestrogens since they have great involvement in plant cell wall 

formation, therefore subsist as minor constituents in most of the plants. 

Flaxseed is the chief dietary source of lignans, whereas it can be available 

in different concentrations in some plant sources such as whole grains, 

seaweed, soybeans, fruits, and vegetables [26]. Iso-flavonoids are the most 
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widely calculated phytoestrogens that have the capacity to reduce 

cardiovascular disease. Soy phytoestrogens have the potential to reduce 

LDL oxidative susceptibility in humans, decrease thrombin formation and 

decrease the extent of atherosclerotic lesion formation [28]. It is important 

to note that isoflavone bioavailability is dependent on gut microflora 

activity. Thus, isoflavone absorption and its beneficial effects may be 

highly variable and could explain discrepant study results [29]. 

 

2.2.3. Lycopen 

Lycopene is an acyclic carotenoid primarily present in tomatoes, 

watermelon and their products. Other minor sources may include some 

food products like guava, apricots, watermelon, grapefruit and papaya. The 

level of lycopene is majorly dependent on the variety and maturity of fruits 

and vegetables. In a study, it was observed that cooking with fat and oil 

can promote the extraction of lycopene [30]. There is inadequate proof that 

dietary supplementation of lycopene lowers LDL cholesterol levels [31] 

possibly because of an inhibition of cholesterol synthesis and increased 

LDL degradation. Some reports showed that lycopene intake, as measured 

by adipose tissue concentrations, is associated with reduced intimal wall 

thickness and risk of myocardial infarction [32]. The epidemiological 

studies propose that the consumption of lycopene may protect against 

different forms of cancer. The anticarcinogenic mechanisms of lycopene 

remain tentative, but their antioxidative capacities are believed to play a 

significant role, as oxidative stress is connected to carcinogenesis. It 

indicates that it may obstruct oxidative damage to lipids, lipoproteins and 

DNA [33]. 

 

2.2.4. Organosulfur Compounds 

Organosulfur compounds extracted from garlic have free radical 

scavenging activity to inhibit lipid peroxidation and they also work as 

antioxidant compounds. The bioactive component diallyl sulfide may help 

to suppress the tumor promotion phase of carcinogenesis by reducing 

polyamine formation using inhibition of ornithine decarboxylase and 

possibly by stimulating DNA repair [34].  
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Figure 2. Chemical structure of (a) some plant-based sterols (b) cholesterol. 

An additional mechanism by which garlic may suppress 

carcinogenesis is through a depression in nitrosamine formation [35]. The 

consumption of garlic, as well as garlic oil, has been shown to decrease 

triglyceride and LDL levels. The most effective mechanism includes a 

decrease in cholesterol and fatty acid synthesis and cholesterol absorption 

[36]. The antioxidant activity was observed from aged garlic extracts, 

because of some lipid and water-soluble compounds present in garlic 

extract [37]. In a different study, various organosulfur compounds like 

lipid-soluble allyl sulfides, allyl amino acid derivatives, saponins and 

flavonoids were observed in prolonged extraction of fresh garlic at room 
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temperature [38]. The antioxidant activity was estimated from water-

soluble organosulfur compounds such as S-allyl mercaptocyteine and S-

allylcysteine [29]. Additionally, garlic extract contains lipid-soluble 

compounds such as triallyl sulfide, diallyl polysulfides, diallyl sulfide and 

diallyl disulfide also showed antioxidant effects. Moreover, diallyl sulfide, 

as well as diallyl disulfide bioactive components present in garlic, have 

anticarcinogenic effects [39]. In a cell culture and animal study, garlic 

extract showed potent inhibitors of tumorigenesis [40]. However, the 

epidemiologic study showed no powerful relationship between the intake 

of garlic and cancer prevention [41]. Allicin is the principal component 

that has been observed to cause a transient reduction in glutathione (GSH), 

which was connected with its antiproliferative action [35]. 

 

2.2.5. Phytosterol 

Plant sterols or phytosterols are a group of substances that are present 

in the non-saponifiable fraction of plant oils. These compounds are 

abundantly found in some food groups like vegetable oils, nuts, and seeds. 

Phytosterols have various medicinal properties and are generally used to 

reduce blood cholesterol levels and also help to prevent various heart-

related diseases. Structurally, plant sterols are analogous to cholesterol 

except that there always are some substitutions on the sterol side chain at 

the C24 position (Figure 2). In a study it was found that plant sterol cannot 

synthesize in human tissue and have very poor absorption in the human 

body, additionally, faster excretion from the liver was also reported in the 

same study [42]. The plentiful plant-based phytosterol in diets is β-

sitosterol. However, some phytosterol such as stigmasterol, sitosterol and 

campesterol are considered as primary plant-based sterols in the diet. The 

phytosterol can be extracted from different plant-based sources, including 

rice bran oil, shea seed oil, pinewood pulp oil and soybean. It has been 

investigated that the phytosterols present in oryzanols (a group of ferulate 

esters of triterpene alcohol sand phytosterols), the unsaponifiable fraction 

of rice bran oil, decrease cholesterol levels in human plasma [43] and 

antioxidant activity of tocotrienols (a type of phytosterol) present in rice 

bran oil was observed [44]. 
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2.2.6. Isothiocyanates 

Isothiocyanate is formed by replacing the oxygen with a sulfur in the 

isocyanate group–N=C=S. The natural isothiocyanates are obtained from 

plants by enzymatic conversion of metabolites called glucosinolates. 

Several cruciferous vegetables, including cabbage, brussels sprouts, 

cauliflower and broccoli are an excellent source of isothiocyanates. 

Several naturally occurring forms of these phytochemicals include benzyl 

isothiocyanate, 2-phenethyl isothiocyanate, and sulforaphane [45]. The 

importance of these compounds has increased due to their noticeable 

chemopreventive capacity in human as well as animal cell cultures. In a 

study, it was concluded that various isothiocyanate components like 2-

phenethyl isothiocyanate, β-napthyl, α-napthyl, benzyl isothiocyanate, and 

other arylalkyl isothiocyanates have a protective effect against 

tumorigenesis in various parts of the body such as liver, lungs, breast, 

esophagus and stomach [29]. Moreover, the use of 2-phenethyl 

isothiocyanate has been suggested as a chemo-preventive agent to reduce 

cancer particularly lung cancer in smokers [46]. Many anticarcinogenic 

actions were established to occur before or during carcinogen 

administration but not after [45]. The precise effects of isothiocyanates 

appear to be dependent on the form of isothiocyanate, treatment schedule, 

and objective tissue being examined. After thermal treatment, the uptake 

of isothiocyanates has remarkably decreased because of the inactivation of 

the myrosinase enzyme. Additionally, it was concluded that most of the 

isothiocyanates including synthetic and natural have anticarcinogenic 

activity because they have the potential to decrease activation of 

carcinogens and increase their detoxification. 

 

2.2.7. Soluble Dietary Fiber 

The soluble dietary fiber such as β-Glucan, pectin and psyllium, has 

been shown to lower total and low-density lipoproteins (LDL) cholesterol 

levels. The oats, barley, and some yeasts are a very good source of β-

Glucan, whereas fruits and vegetables are abundant in pectin content. 

Moreover, psyllium is derived from the husks of blond psyllium seed and 

currently is being added to some foods, including cereals and other grain 
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products. In a study, it was found that fiber from 2 servings of oats showed 

a cholesterol-lowering effect from 2 to 3% beyond what is achieved by 

serum cholesterol-lowering diet [47]. A comparable cholesterol-lowering 

effect of pectin, β-glucan and psyllium has been observed in another meta-

analysis [48]. The cholesterol-lowering effect is directly related to the 

quantity of soluble dietary fiber consumed and different foods have 

varying amounts of these soluble fibers. Thus, soluble fiber has a modest 

cholesterol-lowering effect that goes beyond what can be achieved by 

lowering saturated fatty acids and cholesterol. In addition to lowering 

serum cholesterol levels, a high fiber intake may have other heart-health 

benefits, such as reducing blood pressure and inflammation. In another 

study, it was found that soluble fiber is also responsible to prevent the 

hyper-triglyceridemic response [49]. 

Vitamins like vitamin C and vitamin E are commonly known as 

antioxidant vitamins. These vitamins act both synergistically as well as 

singly for the prevention of oxidative reactions leading to several 

degenerative diseases including cardiovascular diseases, cancer and 

cataracts etc. [50]. Fruits and vegetables are rich source of vitamin C and 

vitamin E. These vitamins exert their protective action by free-radical 

scavenging mechanisms. 

Vitamin C is a water-soluble vitamin. The recommended 

concentrations of vitamin C are maintained through daily consumption by 

food, as humans cannot synthesize ascorbic acid de novo. Vitamin C 

oxidation produces dehydroxy ascorbic acid, which is transferred into our 

cells via glucose transporters and then reduced back to ascorbic acid for 

cellular use [51]. McArdle et al. (2002) [52] Studied that supplementation 

of oral vitamin C leads to an increase in its plasma and skin content. 

Vitamin C is a powerful free radical scavenger and antioxidant that 

protects our DNA, tissues and cell membranes from oxidative damage. It 

also serves as an essential electron donor and cofactor during collagen 

hydroxylation, encouraging the maturation of extracellular and 

intracellular collagen [53]. Vitamin C also reduces the malondialdehyde 

content in the skin, which is an indicator of oxidative stress [52]. The food 

sources containing greater concentrations of vitamin C are raw green and 

Complimentary Contributor Copy



Roshanlal Yadav, Munish Siwatch and Upasana Yadav 144 

red peppers, kiwifruit, oranges, strawberries, Brussels sprouts, broccoli 

and oranges. The Food and Nutrition Board of the Institute of Medicine’s 

recommended dietary allowance of vitamin C is 75 mg a day for women 

and 90 mg a day for men ages 19 years and older. Scavenging of aqueous 

radicals by the synergistic effect of ascorbic acid along with tocopherol 

supplementation is a well-known antioxidant mechanism [54]. 

Vitamin E is a group of fat-soluble vitamin. The biologically active 

and most abundant form of vitamin E is alpha-tocopherol, which also is 

the leading form used in human metabolism [55, 56]. Vitamin E along with 

tocopherols can scavenge singlet oxygen and transfer hydrogen atoms to 

other reactive species. This helps in protecting the peroxidation of PUFA 

within the biological membrane and low-density lipoproteins (LDL). 

Tocotrienols are more motile within the biological membrane than 

tocopherols because of the presence of the unsaturated side-chain and 

hence penetrate tissues with saturated fatty layers, i.e., in liver and brain 

more efficiently. Alpha-tocopherol acts as a shield to protect the skin from 

UVB damage by scavenging free radicals, halting the formation of ROS, 

stabilizing the membranes and surface of cells, minimizing the activation 

of nuclear factors kappa B and reducing the number of apoptotic cells [53, 

57]. Alpha-tocopherol is also accepted to be photoprotective as various 

researchers studied that alpha-tocopherol along with vitamin C 

supplementation increases the minimal erythema dose (MED) [55]. UV 

light decreases the concentration of alpha-tocopherol in the skin and 

promotes skin aging [55]. Some naturally occurring sources of vitamin E 

include plant seeds such as peanuts, sunflower seeds, almonds, pecans, 

walnuts, sesame seeds and pistachios and are also found in lower amounts 

in fruits and vegetables [58, 59]. The Food and Nutrition Board of the 

Institute of Medicine’s recommended dietary allowances of vitamin E is 

15 mg a day for women and men ages 19 years and older. However, the 

estimated intake might be low because they did not account for the fats 

added while cooking. They have more recycling ability and are a better 

inhibitor of liver oxidation [60]. Selenium and vitamin E has a synergistic 

role against lipid peroxidation. Carotenoids like βcarotene, lycopene, 

zeaxanthin, lutein are known to be the most efficient singlet oxygen 
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quencher in the biological systems without the production of any oxidizing 

products. βcarotene traps peroxy free radicals in tissues at low oxygen 

concentrations. Hence β-carotene complements the antioxidant properties 

of vitamin E. 

 

 

2.3. Minerals 

 

2.3.1. Copper 

Copper with many innate properties found naturally in the soil as a 

trace mineral and also acts as an element of fundamental importance for 

the functioning and formation of several proteins and enzymes, such as 

Cu/Zn superoxide dismutase and cytochrome C oxidase, which are 

involved in the processes of respiration, energy metabolism and DNA 

synthesis [61]. Also, during collagen crosslinking with skin pigmentation 

with tyrosinase and lysyl oxidase, copper serves as an essential cofactor in 

enzymatic reactions [62, 63]. Copper promotes fibroblast proliferation and 

keratinocyte leading to wound repair and skin rejuvenation through its 

collagen crosslinking properties [64]. Lastly, the anti-bacterial and anti-

inflammatory effects of copper make it suitable for topical treatments for 

wound healing to promote the repair of damaged skin [64]. Nuts, seafood, 

grains and meat are a good sources of dietary copper. The copper 

deficiencies are rare in humans and are mostly observed in people with 

intestinal malabsorption. The Food and Nutrition Board of the Institute of 

Medicine’s recommended dietary allowance (RDA) of copper is 900 lg a 

day for women and men ages 19 and older. Because of its high redox 

activity, the therapeutic efficacy of copper coordination compounds is not 

limited to antiproliferative action. Copper coordination compounds can be 

highly effective in treating viral infections [65], inflammatory diseases 

[66], and microbial infections [67] by multiple mechanisms of action. 

 

2.3.2. Selenium 

Selenium is an essential mineral and a trace element, found in soil, 

specific foods and water, the majority of which are highly bioavailable. It 
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exists in various forms, foods of animal origin contain selenocysteine and 

seleno-methionine and those of plant origin include seleno-methionine. 

Seleno-methionine is essential to animals and humans, but they can 

produce selenocysteine from seleno-methionine in the organism. It plays 

an important role in cell apoptosis, DNA synthesis and repair, and guarding 

against oxidative damage [53]. Selenium works through thioredoxin 

reductases and glutathione peroxidases, which remove damaging hydrogen 

peroxide, lipid hydroperoxides, and peroxy-nitrite formed during oxidative 

stress, leading to defense against DNA damage and cell membrane 

stabilization [68, 69]. The concentration of selenium depends upon the 

concentration within the soil of various land sources, where those plants 

and animals were produced. The Food and Nutrition Board of the Institute 

of Medicine’s recommended dietary allowances (RDA) of selenium is 55 

g a day for women and men ages 19 years and older. The excess of 

selenium is excreted in the urine as a seleno-amino sugar in large quantities 

and it is excreted through the urine may excrete trimethyl-seleniumions, 

while the respiratory processes as dimethyl-selenide [70]. 

 

2.3.3. Zinc 

Zinc is an essential mineral that occurs naturally in red meat, seafood, 

whole grains. Zinc also acts as an essential component for a large number 

(>300) of enzymes participating in the degradation and synthesis of nucleic 

acids, proteins, carbohydrates and lipids, as well as in the metabolism of 

other micronutrients. Zinc helps in stabilization of the molecular structure 

of membranes and cellular components and in this way contributes to the 

organ integrity and maintenance of cell. Also, zinc protects against UV-

induced cytotoxicity, lipid peroxidation, and oxidative stress induced by 

ROS made and distributed within the cytosol by macrophages [68, 69]. 

The maximum concentration of the skin’s zinc stores is available in the 

epidermis, where it acts as an essential element for keratinocyte 

differentiation and epidermal proliferation [71]. Zinc plays an important 

role in keratinocyte cell survival and wound healing [71]. It also acts as an 

anti-inflammatory agent by hindering intercellular adhesion molecule 1, a 

pro-inflammatory marker of keratinocytes, and reduces the production of 
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nitric oxide [71]. The zinc bioavailability mainly depends upon zinc 

absorption and reabsorption properties found within the human intestines. 

The bioavailability of zinc in the body is also influenced by varying 

concentrations of elements such as copper, iron, phosphate, folate and 

calcium. Non-milled whole grains, seafood and red meat are the foods 

having the highest dietary concentrations of zinc. The Food and Nutrition 

Board of the Institute of Medicine’s recommended dietary allowances 

(RDA) of zinc is 8 mg a day for women and 11 mg a day for men ages 19 

years and older. 

 

2.3.4. Amino Acids 

N-Acetylcysteine is the prodrug form of L-cysteine and has both 

tropical and oral bioavailability [72, 73]. N-Acetylcysteine gives rise to 

glutathione, which is the most abundant endogenous intracellular 

antioxidant and plays a pivotal role in the body’s antioxidant defence [73, 

74]. As the human’s age increases, the rate of glutathione synthesis 

decreases, leading to glutathione deficiency, which leaves the body 

susceptible to oxidative stress [74]. Increased oxidative stress leads to 

increased aging and DNA damage [74]. A study found that elderly people 

had significantly lower intracellular glutathione synthesis and 

concentrations when compared to younger people [74]. After 2 weeks of 

glycine and cysteine supplementation, elderly people had a significant 

increase in their cysteine, red blood cell glycine and glutathione 

concentrations. Also, after supplementation, there was a decline in both 

plasma markers and oxidative stress for oxidant damage [74]. The Food 

and Nutrition Board of the Institute of Medicine’s recommended dietary 

allowance (RDA) of N-acetylcysteine has not been established.  

 

2.3.5. Yeast and Fungi 

Mushrooms and yeasts are representatives of the taxonomic kingdom 

of Fungi, which assembles organisms distinct from animals, plants, and 

bacteria. Mushrooms form multicellular, mostly epigeous, organized 

structures called fruiting bodies (macrofungi) which are produced by 

filamentous branched hyphae called mycelia. Practically more than 1,000 
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mushroom species are edible; approximately 300 are of dietary and 

medicinal importance [75]. A great majority of edible mushrooms fall into 

phylum Basidiomycota and some to Ascomycota (as common morel, 

Morchellaesculenta, and winter truffle, Tuber brumale); and these two 

phyla are representatives of the subkingdom of higher fungi (Dikarya). 

Yeasts are eukaryotic single-cellular organisms, which are not visible 

to the bare eye. Some yeasts, common in many sectors of the food industry, 

belong to the order Saccharomycetales, such as baking yeasts 

(Saccharomyces cerevisiae). Therefore, the term “yeasts” is often used as 

a synonym of S. cerevisiae. Other Saccharomycetales, such as 

Saccharomyces boulardii, are utilized for purposes of probiotic food 

production. 

Edible mushrooms possess attractive sensory properties which place. 

The unique flavor of specialty mushrooms is associated with the presence 

of glutamate, which gives an oral sensation called umami taste. In fact, 

glutamate is also found in meat, and the meat-like texture of mushrooms 

is valued in vegetarian and conventional cooking as a meat substitute. Most 

mushrooms provide a low caloric value of 100–200 kcal/100g [76]. 

Despite their low energy contribution, mushrooms are very satiable. The 

nutritional value of mushrooms is related to having considerable amounts 

of protein, fiber, vitamins, and minerals and to their low levels of fat, 

cholesterol, and sodium. Due to having the same group of nutrients, 

mushrooms are comparable to vegetables but are different in terms of 

nutrient density. Similar to vegetables, the water content in fresh 

mushrooms accounts for between 70–95% of its fresh weight (FW), which 

depends on the environmental conditions and the time of harvest; but 

protein content, however, is greater than in most vegetables. Proteins in 

mushrooms range from 15–35% of dry mass (DM) and are less digestible 

than animal proteins (about 75% versus 90% or more). When compared to 

the amino acid composition of milk, mushroom proteins can supply 

approximately half of each of the essential amino acids [77]. Hence, edible 

mushrooms may be favorable dietary components; and the combination of 

different mushroom species would provide considerable amounts of amino 

acids [78]. Mushrooms possess an array of desirable biologically-active 
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substances which are important for reducing the risk and are helpful to the 

management of certain diseases [79, 80]. Mushrooms demonstrate health-

promoting effects, principally immunomodulatory, hypocholesterolemic, 

hypoglycemic, antitumor, antimicrobial, and hepatoprotective. Therefore, 

they are interesting materials for the functional food industry. Many of 

these beneficial functions are associated with the fraction of structural 

polysaccharides, namely β-glucans, which consist of glucose monomers 

combined with β-glycosidic bonds. Biologically active glucans may form 

complexes with proteins. The most active forms of β-glucans from 

mushrooms are built from D-glucose units joined by 1,3-1,6-β-Dglycosidic 

bonds. They were isolated from several edible mushrooms, for example, 

lentinan from shiitake mushroom (Lentinusedodes); schizophyllan from 

Schizophyllum commune; or ganopoly from Ganodermalucidum. The 

cholesterol-lowering properties of mushrooms are also related to 

triterpenes and alkaloid eritadenine isolated from shiitake and button 

mushrooms. Triterpenes are a group of substances that exhibit not only the 

cholesterol-lowering potency but also show anti-inflammatory, 

hypotensive, and antiplatelet activity [81]. Mushrooms are sources of 

antioxidant compounds, which are active against free radicals, thus 

protecting tissues from oxidative damage, and the major antioxidants in 

mushrooms are polyphenols. Another compound demonstrating 

antioxidant properties in mushrooms is ergosterol. Ergosterol is a 

precursor of vitamin D2 which can be converted to this vitamin with the 

participation of ultraviolet (UV) light. In some studies, ergosterol content 

was positively related to the antioxidant activity of edible fungi [82]. 

Medicinal mushrooms have their history as immunostimulatory and 

immunomodulating therapeutics in the management of tumour, viral, and 

bacterial diseases; but little is known on dietary intakes of commonly 

consumed mushrooms in association with immune functions in humans. A 

dietary survey of Chinese women showed that mushroom consumption can 

decrease the risk of breast cancer by over 60% [83]. This beneficial effect 

was associated with a daily consumption of at least 10 g of mushrooms, of 

which the most commonly eaten was the button mushroom. Based on the 
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low-calorie value, low fat [84], and high fiber contents [85], mushrooms 

can be valuable dietary components for people with high blood cholesterol. 

Virtually two representatives of the Saccharomyces genus, S. 

cerevisiae and S. boulardii, are utilized in functional food manufacturing 

processes. Similar to mushrooms, cell walls of S. cerevisiae are sources of 

water-insoluble β-glucans, polysaccharides consisting of glucose 

molecules, which are connected with 1,3-1,6-β-D-glycosidic bonds. 

Saccharomyces boulardiiare probiotic yeasts, which means they can 

beneficially affect human health when ingested. S. boulardii is far more 

resistant to the gastrointestinal environment than the probiotic bacteria. It 

can well tolerate high acidity of gastric juice and the digestion by bile acids 

in the intestine and can also prevent the growth of harmful 

microorganisms. S. boulardii was used for manufacturing some fermented 

food products with probiotic activity. An example of such products is a 

non-dairy probiotic refreshing beverage prepared from organic grains, 

beans, and seeds. Grainfields Wholegrain Liquid is naturally fermented by 

the lactic acid bacteria and yeasts S. cerevisiae and S. boulardii, which 

allows the body to replenish the supply of probiotic organisms in the 

intestine. 

Yeasts are capable of assimilating large quantities of the trace element 

selenium, mostly in a form of selenomethionine, which is easily 

bioavailable for humans [86]. As a safer selenium source compared to 

inorganic forms, selenium-enriched yeasts were used to manufacture 

supplements. But currently, selenium yeasts are desirable in functional 

food for the prevention of diseases of oxidative stress background. 

Spirulina is a spiral shaped micro algae that grows naturally in the wild 

in warm, freshwater lakes. It is a blue green algae Spirulina plantensis or 

Spirulina maxima belongs to the family Oscillatoriaceae. They are found 

in fresh water and marine habitats, mostly in warmer regions and are found 

in hot springs. Spirulina is symbiotic, multicellular and filamentous blue 

green microalgae with symbiotic bacteria that fix nitrogen from the air. 

Spirulina is an economically important filamentous cyanobacterium. The 

annual production of algae is about 10,000 tons which makes it largest 

microalgal cultivation industry in the world. Spirulina is a protein-rich 

Complimentary Contributor Copy



Mechanism of Bioactive Compounds of Nutraceuticals 151 

food product with a relatively low carbohydrate content of around 15% dry 

weight. It also contains phycocyanin containing phycobiliproteins which 

are through to be some of spirulina’s active ingredients. In addition, 

spirulina also contains several trace minerals, vitamins, pro and pseudo-

vitamins. Phycocyanin is the main active compound in spirulina, it has 

powerful antioxidant and anti-inflammatory properties. Spirulina may 

have anti-cancer properties, especially against a type of precancerous 

lesion called OSMF (Oralsubmucos fibrosis). Also, it lowers blood 

pressure levels. Spirulina supplements have been shown to be very 

effective against allergic rhinitis, helping to reduce various symptoms.  

 

 

CONCLUSION 

 

The mechanism of action of bioactive compounds may be multiple, 

especially in the food matrix. Based on evidence supported in this chapter 

it can be concluded that the bioactive compounds are majorly available in 

most of the food components such as spices, fruits, vegetables, legumes, 

whole grains, living microorganisms and in some animal groups. Plant-

based foods mostly have bioactive compounds such as phenolic 

compounds, flavonoids, tannins, alkaloids, diterpenes and sulfur-

containing compounds which can scavenge free radicals in the human 

body and have antiproliferative action. Because of this the herbs and spices 

majorly have antioxidant antimicrobial properties. The soluble dietary 

fiber such as β-Glucan, pectin and psyllium, has the property to reduce 

LDL cholesterol levels in the human body. Vitamin C and E also have 

antioxidant properties which act both synergistically as well as singly for 

the prevention of oxidative reactions leading to several degenerative 

diseases. Minerals present in different foods have an important role in cell 

apoptosis, DNA synthesis and repair, and guarding against oxidative 

damage. Considering their nutritional and biological properties, 

mushrooms and yeasts are promising candidates for functional food 

manufacturing, as well as ingredients in healthy food formulations. Overall 

the bioactive compounds have a mechanism in the body that may promote 
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good health and prevent degenerative diseases as atheroscle-rosis, 

cardiovascular disease, cancer, diabetes, as well as certain functional 

disorders. Functional foods were recently redefined as “important sources 

in the prevention, management and treatment of chronic diseases of the 

modern age,” and the food component that contains bioactive compounds 

is well placed in this concept. 
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ABSTRACT 

 

The medicinal food or food products used as a substitute for 

therapeutic pharmaceuticals to prevent and treat various diseases are 

known as nutraceuticals. The vitamins, amino acids, minerals, omega-3-

fatty acids, and other nutrients present in these foods decrease the risk of 

chronic disease. Long-term randomized clinical trials, meta-analyses, 
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and studies have claimed their beneficial role in managing chronic 

conditions. Their mechanism of action involves various biological 

processes like anti-oxidant defenses activation, expression of genes 

associated with cell survival, activation of signal transduction pathways, 

differentiation and the proliferation of cells. Because of their easy 

accessibility, enormous health benefits, less cost and fewer side effects, 

nutraceuticals are used by more than 50% of the adult population in 

western countries. It is recommended to consult a physician before 

consuming the nutraceuticals. However, people often overlook this 

advice and continue self-administrating them. While some nutraceuticals 

are safe to use, few may have the potential to cause toxicity. Therefore, 

knowledge of pharmacokinetics and toxicokinetics is necessary for the 

assessment of toxicity and safety of their use. This chapter discusses 

some selected nutraceuticals and their mechanism of action, risk factors 

associated, or clinical safety in managing various chronic diseases, 

including type 2 diabetes mellitus, inflammatory disease (rheumatoid 

arthritis, inflammatory bowel disease), hypertension, obesity, and 

cardiovascular diseases significantly affecting the quality of life. 

 

 

1. INTRODUCTION 

 

The use of food and food ingredients in managing and treating diseases 

is from immemorial time. Ayurveda recognized the positive impacts of 

food and herbal product intake on our bodies thousands of years ago. 

Acharya Charak defined food as a good diet that provides essential 

nutrition to maintain the healthy state of the body. The infamous quote by 

Hippocrates, let the food be thy medicine and medicine be thy food 

emphasizes the importance of food as medicine. Stefen DeFelic coined the 

term nutraceuticals and defined it as the food or part of food which 

prevents disease and provides medicinal benefits along with proper 

nutrition. 

The word nutraceutical is derived from “nutrition” and 

“pharmaceuticals”. Nutraceuticals include dietary supplement (vitamins, 

amino acids, minerals, herbs), processed foods like cereals, soups, and 

beverages used for nutrition medicine [1]. They can be obtained from 

plants and animals also. Because of their multiple therapeutic properties, 

they provide multipurpose benefits to human health. People often use 
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nutraceuticals to increase life expectancy, delay aging, reducing the risk of 

chronic diseases giving overall physiological benefits to the body [2]. Both 

pharmaceuticals and nutraceuticals can be used to cure diseases, but in 

contrast, pharmaceuticals have patent protection and governmental 

sanction [3]. Therefore, nutraceuticals can be classified as established and 

potential nutraceuticals. 

 

 Potential Nutraceuticals – These seem to be a modifiable factor in 

disease but are not proven efficient by clinical trials evidence. 

 Established Nutraceuticals – These proved to be beneficial in 

disease management by evidence from the clinical trials. 

 

The anti-oxidants, flavonoids, omega-3-fatty acids, polyphenols, and 

dietary fibers in nutraceuticals help in the cure and prevention of diseases. 

Green tea, cod liver oil, aloe vera, echinacea, glucosamine, American 

ginseng, and hibiscus are popular and widely used nutraceuticals in many 

countries. The herbal nutraceuticals are effective in many life-threatening, 

hardly curable conditions such as, Alzheimer’s disease, cardiovascular, 

allergies, Parkinson’s disease, obesity, and cancer. In recent times 

nutraceuticals have received significant interest because of their excellent 

nutritional value, possible therapeutic impacts, promising results for many 

pathological complications and safety. 

 

 

2. ROLE OF NUTRACEUTICALS IN MANAGEMENT  

OF CHRONIC DISEASE 

 

Chronic diseases are progressive degenerative disorders/conditions 

which last for a long time (years) and require extensive care and 

medication. Cancer, cardiovascular disorders and diabetes are among the 

leading causes of death in many countries. Chronic diseases are 

responsible for more than 55% of the world’s burden of conditions and 

their prevalence is increasing continuously worldwide. Current medicated 
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therapy used to treat and manage chronic diseases is not being fully 

effective and has many side effects. Figure 1 explains the role of 

nutraceuticals in management of various chronic diseases. 

 

 

Figure 1. Nutraceuticals for management of various chronic diseases. 

The following points should always be considered before using 

nutraceuticals for chronic disease prevention. 

 

i. Analogs synthesis- synthesis of analog is required for using it as a 

chemical template for combinatorial synthesis and increasing the 

efficacy of nutraceuticals. 

ii. Molecular target identification- by identifying the molecular 

target, developing a more refined chemical for explicitly targeting 

the common shared site is possible. 

iii. Synergic effects- by understanding nutraceutical’s molecular 

target and mechanism, it is possible to test the synergic or 

cumulative effect of two or more nutraceuticals against diseases. 
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2.1. Cardiovascular Disease 

 

Cardiovascular disease includes a group of disorders related to heart 

and blood vessels such as heart attack, hypertension, heart failure, 

cerebrovascular disease/stroke, and heart and many more. Figure 2 

illustrates that the risk factors for CVD are modifiable and non-modifiable. 

Modifiable factors include unhealthy diet, lack of physical activity, 

hypertension, cigarette smoking, diabetes mellitus, Dyslipidemia (lipid 

abnormality), and non-modifiable factors, including age, gender, family 

history, and genetics. Endothelium dysfunction acts as a common reason 

for developing various cardiovascular diseases. Statins have been 

previously used to improve the function of the endothelium. Many 

nutraceutical compounds have been proposed to cause possible positive 

effects in preventing and curing CVDs by improving endothelial 

functioning. Dietary factors contribute significantly in the reduction of the 

associated risk factors [4]. 

 

 

Figure 2. Major modifiable risk factors associated with cardiovascular disease. 

Polyphenols include flavonols, stilbenes, anthocyanins, catechins, 

theaflavins, tannins and phenolic acids [5]. These are widely distributed in 

grapes and its derivatives, cereals, and beverages like cocoa and tea. Many 
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studies demonstrated that consuming a diet rich in polyphenols lowers the 

risk of CVDs and has cardioprotective properties by improving endothelial 

or vascular functions. 

 

 

2.2. Dyslipidemia 

 

Dyslipidemia is one of the major contributing risk factors for CVDs. 

The high concentration of total cholesterol (TC) and low-density 

lipoprotein cholesterol (LDL-C) is a primary reason for abnormal high 

lipid profiles in cardiovascular diseases. Nutraceuticals have the potential 

to modify plasma lipid levels that can reduce the burden of CVDs [6]. 

Consumption of sterols decreases LDL-C by reducing endogenous 

cholesterol production [7]. The mechanism of action of sterols decreases 

cholesterol absorption in the intestine. In addition, It upregulates the 

hepatic LDL receptor, which results in increased uptake of cholesterol by 

the liver [8]. Metanalysis studies suggested that consumption of statins 

with sterols lowers the level of total cholesterol and low-density 

lipoprotein cholesterol to a great extent, thus lowering the risk of CVDs. 

Dose-dependent consumption of cocca flavanols reduces the level of LDL-

C and total glycerides in the body. Both green tea and black tea containing 

polyphenols also aid in reducing the level of TC and LDL-C significantly. 

Still HDL-C concentration is not found to be affected by their 

consumption. Consumption of Spirullina maxima significantly alters blood 

lipid profile by changes in concentration of TC and LDL-C [9]. 

Armolipid plus is a safe nutraceutical supplement. It contains herbal 

ingredients such as red yeast rice extract, policosanol, berberine, folic acid, 

astaxanthin, and ubiquinone/coQ10. Several randomized clinical trials 

confirmed the positive effects of this by reducing the concentration of 

plasma TC up to 20%, LDL up to 31%, and triglycerides up to 16.3% [10, 

11]. 
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2.3. Hypertension 

 

Hypertension or high blood pressure is another important modifiable 

factor for CVDs. Studies have proven that the risk of myocardial infarction 

is reduced by 20-25% for stroke around 40% and 50% for heart failure by 

lowering the blood pressure [12]. According to a recent randomized 

clinical trial, consumption of grape seed extract for about six weeks 

reduces systolic blood pressure by 5.6% and diastolic by 4.7%. Chocolate 

or cocoa consumption was also found to reduce the diastolic blood pressure 

and mean arterial blood pressure. Green tea consumption is also found to 

be associated with a reduced risk of myocardial infarction and stroke. 

Pomegranate juice, rich in polyphenols, has antihypertensive effects, anti-

oxidant, and anti-atherosclerotic properties [13]. 

 

 

2.4. Diabetes Mellitus 

 

Type 2 diabetes is another major complication correlated with CVD. 

Moreover, people suffering from diabetes and hypertension have a double 

possibility of developing cardiovascular disorders in comparison to a non-

diabetic person [14]. Observational studies suggested that changes in diet 

might help to prevent and treat diabetes and associated complications. 

Consumption of red wine and grape seed extract is associated with a 

significant reduction in risk of diabetes by 30% [15]. Resveratrol 

supplementation also aids in improving mean hemoglobin A1c, decrease 

in the level of fasting glucose, lowering insulin and insulin resistance in 

type 2 diabetes patients. Figure 3 shows mechanism of action of 

resveratrol.  

Administration of potential nutraceuticals in high-risk patients along 

with medical treatment, increases the effectiveness of the therapy reduces 

the risk. Studies suggested that these nutraceuticals are well tolerated in 

patients with almost no side effects. However, clinical studies are required 

to recognize nutraceuticals with the best clinical effectiveness [16]. 
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Figure 3. Possible mechanism of action of resveratrol (a) AMPK activation (b) 

Glucose internalization (c) Glucose transporters. 

 

2.5. Cancer 

 

Cancer development is a long-term step-wise process with many 

complex factors involved and leads to uncontrolled and abnormal growth 

of the cells in any part of the body called metastasis [17]. Various 

anticarcinogenic effects of nutraceuticals on cancerous cells are shown in 

(Figure 4). A significant increase in the number of reactive oxygen species 

is also observed in cancerous cells. Cancer is recognized as the second 

most general cause of mortality in the USA. Sometimes free radicals are 

produced in mitochondria which ground damage to cell membrane proteins 

and mutation in DNA, leading to abnormal growth of the cells and 

oxidative stress. Cancerous cells become resistant to apoptosis because of 

increased expression of anti-apoptotic proteins such as Bcl-2 and Bcl-xL, 

IAPs, and FLIP. Simultaneously there is downregulation or decrease in 

expression of proapoptotic proteins such as Bax, Apaf-1, caspase-8, and 

death receptors [18]. Epidemiological studies implicated that dietary 

factors and a healthy lifestyle can prevent carcinogenesis (formation of 

cancerous cells). Consumption of foods rich in lutein such as spinach, 

tomatoes, broccoli, oranges, and leafy greens) is associated with a low 

incidence of colon cancer. Lycopene and beta-carotene can induce 
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apoptosis in prostate cancer cells and malignant lymphoblast cells. These 

carotenoids destroy the reactive oxygen species from the body and act as 

anti-oxidants. 

Nutraceuticals downregulate the pathways involved in cancer 

progression to inhibit the proliferation of cells or induce apoptosis. 

Signaling pathways like IGFR, Wnt/β-catenin signaling, MAPK/ERK 

pathway, PI3K/Akt/mTOR pathway, EGFR family receptors, sonic 

hedgehog signaling are suppressed by nutraceutical consumption in 

subjects [19]. 

 

 

Figure 4. Various anticarcinogenic effects of nutraceuticals on cancerous cells [20, 

21]. 

Indole-3-carbinol, resveratrol, epigallocatechin-3-gallate, curcumin 

lycopene are some of the widely used nutraceuticals to downregulate these 

pathways in cancer progression [22]. Garlic has been successfully 

established as an anticarcinogenic agent. The allyl sulfur compound from 

garlic has antiproliferation activity and diallyl disulfide compounds induce 

apoptosis of cancerous cells in lung cancer, breast cancer, and prostate 

cancer [23]. 

Often nutraceuticals are co-administrated with a chemotherapeutic 

drug to control the activity of the drug by regulating the ATP binding 

Cassettes, namely BCRP, MRP, etc. It also diminishes the potential 

toxicity of the drug administrated. For, e.g., anthracycline, when consumed 
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alone, induce cardiotoxicity. To avoid this, co-administration of coenzyme 

Q10 with anthracycline is usually advised. However, because of the poor 

aqueous solubility of nutraceuticals, their clinical efficacy is constrained. 

To tackle this problem, nano carrier-based delivery of the nutraceutical 

approach is considered. [24]. However, to identify the full potential of 

nano-nutraceuticals, further pre-clinical trials and studies are required on a 

large scale. 

 

 

2.6. Inflammatory Disorders  

 

Inflammation refers to the response of body tissues to any infection or 

injury causing redness, heat, and swelling. Arthritis, inflammatory bowel 

disease (IBD), celiac diseases, asthma are some prevalent examples of 

inflammatory disorders. 

Crohn’s disease and ulcerative colitis are two common forms of IBD 

associated with diarrhea, nausea, abdominal pain, and bleeding from the 

rectum [25]. It is one of the most prevalent gastrointestinal disorders in 

developing nations due to the adoption of western dietary patterns and an 

inactive way of living. A number of other factors such as genetic 

susceptibility, immune system dysfunction, nutrition (high content of fat 

and carbohydrate), and gut micro biota are also responsible for IBDs [26]. 

There is an imbalance between the inflammatory cytokines such as TNF-

α, COX-2, interferon-γ, interleukins (IL-6, IL-1, IL-12), and anti-

inflammatory cytokines (IL-4, IL-10, and IL-11), causing tissue damage 

and inflammation. In addition, the weakening of barrier function of 

epithelium and increase in permeability of intestine facilitate mucosa 

inflammation [27].  

The current therapeutic drugs available are not capable to completely 

cure the disease. Amino salicylates, immunosuppressive agentsand 

corticosteroids are used to regulate the pro-inflammatory cytokines for 

temporary relief down. Also, there is a high risk of infections and 

malignancies of IBD [28]. Recent research outcomes using nutraceuticals 

for treatment suggested that nutraceuticals are beneficial for IBD patients. 
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They mainly act by interfering within the inflammatory pathways, anti-

oxidative properties, and modulating the intracellular signaling 

mechanisms. Therefore, nutraceuticals have emerged as a promising 

alternative to conventional therapeutic drugs because of their lower cost 

and no side effects in the treatment of inflammatory bowel disease. Table 

1 summarizes the role of various nutraceuticals in the treatment of IBD. 

Probiotics inhibit the growth of pathogenic microorganism by 

colonizing the colon. They also interact with mucosa epithelial cells, 

strengthening the barrier and modulating the immune system’s response. 

In addition, prebiotics increase the growth and metabolism of protective 

commensal gut microorganisms. Large-scale clinical trials showed that 

VSL#3 consumption (a multi bacterial culture probiotic) for about eight 

weeks reduces the disease activity and rectal bleeding in ulcerative colitis 

patients. Bifidobacteria and E. coli Nissle are also found to be effective in 

maintaining remission and preventing relapsis in large cohorts of patients 

[39]. 

Curcumin, commonly used as a spice, has anti-inflammatory 

properties. It is obtained from turmeric and also has substantial medicinal 

value. It reduces the expression of the nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB) related inflammation pathways. 

Subsequently, it inhibits the pro-inflammatory cytokines such as TNF-α, 

IL-12, and IL-2. It is found to be effective and safer in various studies and 

trials conducted [38]. Although no clinical trials demonstrated aloe vera 

gel to be effective, it is used in treating UC in many countries as herbal 

therapy. 

Coriolus versicolor, a medicinal mushroom found in China containing 

polysaccharides such as krestin, lignin, and glucan relieves symptoms by 

decreasing IgE levels and expression of interferons, TNF-α, IL-4, IL-6, IL-

1β in mice models [29]. Cordyceps militaris, another medicinal 

mushroom, prevents damage to the epithelium, migration of inflammatory 

cells, and shortening the colon by reducing the level of TNF-α, iNOS [30]. 

The chaga mushrooms rich in anti-oxidants reduce the level of IgE and 

IgA, IL-4 COX-2, TNF-α, STAT1, and STAT6. 
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Table 1. Importance of natural and herbal extracts  

obtained from plants for maintenance of IBD 

 

Natural extract  The main 

compound acting 

Mode of action against IBD 

Mushrooms Coriolus Versicolor 

 

Reduction in levels of, IL-6, TNF-α 

IL-1β [29] 

Reduces interleukins STAT1 and 

STAT6  

Cordyceps militaris Prevent epithelial damage [30] 

Suppresses mRNA expression of 

iNOS and TNF- α.[53] 

Ganoderma lucidum Downregulation of NF-κB and 

inhibition of phosphorylation MAP 

Kinase pathways.[31] 

Extracts from fruits 

Prunus mume Prunus mume extract Decrease inflammatory cytokines 

NF-α and iNOS expressions were also 

reduced. [32] 

Pomegranate  Polyphenols such as 

ellagitannins and 

ellagic acid 

Anti-oxidant effects  

COX-2, TNF α, STAT6 expressions 

are decreased [33]. 

Pomegranate  Aronia melanocarpa 

juice 

Reduced NF-κB translocation 

Anti-oxidant and antiinflammatory 

[34] 

Black check 

Berry 

Haliotis discus 

hannai Ino extract 

Prevent damage to colonic tissue [35] 

Marine foods Green algae extract IFN-γ, IL-4 downregulation  

Phytochemicals  Apple polyphenols  

 

Reduced COX-2 and TNF-α 

Recovered transglutaminase protein 

by reversing its depletion [36] 

Resveratrol Reduced expression of TNF-α and 

NF-κB [37] 

Curcumin Reduced TNF-α, IL-1β, and MPO 

[38] 

 

When combined with olive oil and quercitrin, polyunsaturated fatty 

acids such as EPA and DHA, reduce the iNOS, COX-2, TNF-α, and IL-1β 

expression levels in colitic rats. Alpha linoleic acid lowers the 
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inflammatory damage by lowering IL-6, COX-2, and TNF-α in mice 

models. Butyrate, short-chain fatty acid, enhances the production of 

regulatory T cells and alleviates mucosal inflammation. It also inhibits the 

activation of NF-κB [39]. 

Bioactive peptides can also be used as an alternative to conventional 

therapies in IBDs. For example, alanyl-glutamine treatment in mouse 

models suppressed the Th17 (helper T cells), cytokines and migration of 

macrophages towards peritoneal activity to cause a reduction in an 

inflammatory response. 

 

 

2.7. Osteoarthritis 

 

It is another inflammatory disease characterized by inflammation of 

cartilage and synovium, causing stiffness and swelling in joints. 

Nutraceuticals like fish oil, GAGs (Glucosamine Sulfate, Chondroitin 

Sulfate, and Hyaluronic acid), olive oil, methionine, and botanical extracts 

such as avocado/soy unsaponifiable (ASU) components, curcumin, 

oleoresin from the Boswellia serrata tree are found to be effective in the 

treatment of osteoarthritis [40]. The use of these nutraceuticals inhibits 

inflammatory pathways and reduces pain in joints. 

 

 

2.8. Neurological Disorders  

 

Neurological disorder refers to any condition caused due to 

dysfunction of the brain of nervous system. Neurodegenerative disorder, 

Alzheimer’s disease, Parkinson’s disease, psychosis, and depression are 

some of the neurological disorders with extremely complicated etiology. 

Protein misfolding is one of the main reasons for neurological disorders. 

Alzheimer’s disease is caused by the misleading of protein Tau and 

amyloid-β. Misfolded proteins activate the cascade of inflammatory 

proteins such as NF- κB, iNOS COX, and inflammatory cytokines, which 

causes neurodegeneration. Their inhibition provides neuroprotective 
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action. Nutraceuticals combined with medicated drug are used to enhance 

the therapeutic impact and provide excellent neurobiological effects. Most 

of the commonly used nutraceuticals in the management of neurological 

disorders are presented in the Figure 5.  

 

 

Figure 5. Nutraceutical used for management of various neurological disorders as 

adjunctive therapy [41, 42]. 

 

2.9. Alzheimer’s Disease 

 

Primary degenerative types of dementia of Alzheimer’s type (PDDAT) 

or senile dementia of Alzheimer’s (SDAT) are two types of Alzheimer’s 

disease. Loss of memory is the most noticeable feature of this disease. 

Nutraceuticals seem to be helpful in the management of Alzheimer’s 

disease because the aging process and lack of consumption of anti-oxidants 
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results in promoting oxidative stress, thus causes the development of this 

disease. Food rich in anti-oxidants, PUFAs, saturated and trans fatty acid 

suppresses neurodegeneration while trans-fat rich diet increases 

neurodegeneration. Natural compounds such as flavonoids, carotenoids, 

crocin, luteolin are found to be beneficial in Alzheimer’s disease. 

The primary polyphenols or flavonoids used in the treatment are 

catechin, epicatechin, epigallocatechin, and epigallocatechin gallate are 

obtained from fruits, vegetables wine, and cocoa. The neurological 

modulating action of flavonoids and their metabolic products is found to 

interact with the neuronal-glial signaling pathway, responsible for the 

survival and functioning of neurons [43]. These compounds also inhibit 

neuropathology by upregulating the activity of anti-oxidants proteins 

causing synaptic plasticity and neuronal function repairing, β-

cryptoxanthin, α and β-carotenes, lycopene are major carotenoids found in 

the human body. Astaxanthin, a carotenoid derived from seafood, is used 

because of its anti-oxidant and anti-inflammatory properties. In addition, 

it has microcirculatory and mitochondrial protective functions implicating 

it to be a neuroprotective compound. However, in patients with severe 

complications level of major carotenoids are found to be reduced. 

Crocin, a phytoconstituent extracted from saffron, is well known for 

its antispasmodic, stimulant, improved learning, carminative properties, 

and expectorant. It alters the level of the oxidative marker hippocampus’s 

oxidative markers level and improves the impacts due to chronic stress 

[44]. 

Cyanidin obtained from berries has anti-inflammatory properties by 

reducing the expression of pro-inflammatory cytokines and thus decreases 

damage to brain cells. In addition, it inhibits the phospholipaseA2, which 

is found to play an important role in inflammatory signaling pathways 

oxidative stress. 
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2.10. Psychotic Disorder 

 

Psychotic disorders are the mental disorder such as bipolar disease and 

schizophrenia causing abnormal thinking, perception, and hallucination 

can also be treated by nutraceuticals. Omega-3- fatty acids and vitamins 

are commonly used for the treatment of psychotic disorder. 

Polyunsaturated fatty acids from omega-3-fatty obtained as 

eicosapentaenoic acid, docosahexaenoic acid are integral components of 

the cell membrane and cannot be synthesized by the body. So, they must 

be obtained through diet. EPA and DHA are found to improve 

dopaminergic and serotoninergic nerve transmission, modulate 

mitochondrial function and decrease oxidative stress [45]. In addition, they 

regulate the expression of brain-derived neurotrophic factors and protect 

against toxicity due to apoptosis. 

 

 

2.11. Parkinson’s Disease  

 

Parkinson’s disease is characterized by the drastic depletion of 

dopamine, oxidative factors, anti-oxidant depletion, and mitochondrial 

damage. Current anti-Parkinson drugs used for treatment provide 

temporary relief only and sometimes cause toxicity also. Many natural 

products are studied widely to be used in the treatment of Parkinson’s 

disease. 

 

 

3. NUTRACEUTICALS TARGETING MITOCHONDRIAL 

DYSFUNCTION AND OXIDATIVE STRESS 

 

An increase in free radicals with the mitochondrial damage or its 

abnormal functioning in dopaminergic neurons can cause compromised 

metabolism of cells and imbalance homeostasis and thus impacts the 

functioning of brain and neurodegenerative disorder. Ubiquinon /CoQ10 
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and fish oil are consumed to manage the disease as they are actively 

involved in the Electron transport chain and ATP production. 

Polyphenols protect dopaminergic neurons and decrease free radicals 

and thus help in improving motor and gait abnormalities in patients. Fish 

oil has plentiful omega-3-fatty acids. Eicosapentaenoic and 

docosahexaenoic acids provide protective effects to the neurons. 

Epigallocatechin-3 gallate (ECCG) obtained from Camellia sinensis can 

surpass blood-brain barrier. The anti-oxidant scavenging activity and iron 

chelation of phytochemicals significantly enhance motor neurons 

functioning and DA levels in the brain, thus decreasing neurotoxicity. 

Vinpocetine and vincamine reduce the synthesis of reactive oxygen 

species. MitoQ, a synthetic nutraceutical, maintains the functioning of the 

respiratory chain 

 

 

4. NUTRACEUTICALS TARGETING ENDOPLASMIC 

RETICULUM STRESS AND PROTEIN MISFOLDING 

 

Nutraceuticals targeting this mechanism prevent the formation of 

misfolded proteins and aggregation of proteins. The inability to do so 

causes apoptosis and neurodegeneration in patients. Vitamin A, beta 

carotene, CoQ10, glutathione and vitamin E have anti-fibrillogenic 

properties for Parkinson ’s disease treatment. Vitamin A inhibits the 

intracellular alpha-syn deposition and carotenoids inhibit the proapoptotic 

factor caspase, involved in apoptosis and decreases the expression of 

CHOP and (BIP) Grp78. 

A flavonoid (Bicalein) found in roots of Scutellaria baicalensis gargi 

found in Iran. This compound halts the formation of an oligomer of α-Syn 

and significantly prevents fibrillation. It also decreases the level of 

inflammatory cytokines, inhibition of apoptosis, and induces autophagy. 

Resveratrol also seems to be a potent nutraceutical in treatment because of 

its stability and solubility [54]. Figure 6 summarizes the nutraceuticals 

used for Parkinson’s disease based on the mechanism of action involved.

Complimentary Contributor Copy



 

 

F
ig

u
re

 6
. 

N
u

tr
ac

eu
ti

ca
ls

 u
se

d
 f

o
r 

m
an

ag
e
m

en
t 

o
f 

P
ar

k
in

so
n
’s

 d
is

ea
se

 b
as

ed
 o

n
 m

ec
h

an
is

m
 o

f 
ac

ti
o

n
. 
 

Complimentary Contributor Copy



Nutraceuticals for Chronic Disease Prevention … 181 

4.1. Depression  

 

Depression refers to the mental condition of any person when they are 

always in a sad mood, have an impaired routine, and have no interest in 

doing any social activity. The incidence and prevalence of depression 

continuously increase among young people in many countries causing a 

significant burden on society. Moreover, a depressed person is usually less 

active and productive also; there is a high risk of mortality associated with 

this mental condition. 

Omega-3-fatty acids and folic acids are proved to be beneficial as 

adjunctive therapy. These fatty acid molecules increase neurogenesis and 

decrease the synthesis of inflammatory mediators. They also benefit 

neurotransmission by increasing membrane fluidity and inhibit the 

reuptake of monoamines. Diet rich in nutrients zinc, folic acids, vitamin 

D, and other micronutrients have shown positive effects in the 

management of depression [47]. 

Zinc amplifies the neurogenesis in the hippocampus and also increases 

the BNDF. It also modifies the activity of glutamate and NMDA receptors. 

N- Acetylcysteine having anti-inflammatory and anti-oxidant properties 

replenish glutathione levels and increases the process of neurogenesis. It 

also prevents mitochondrial toxicity and modulation of the glutamate 

pathway, ultimately protecting the person from depression. 

S-adenosyl methionine, an essential methyl donor, affects 

neurotransmitters production and metabolism, affects neurotransmitters 

production and metabolism and causes an increase in phosphate-

dylcholine conversion and decreases the secretion of prolactin. 

 

 

5. MISCELLANEOUS BENEFITS OF NUTRACEUTICALS 

 

Evidence from various studies supported the use of nutraceuticals to 

prevent multiple diseases. A good diet and nutritional supplements are 

important in the health care system and reduce the burden of disease by 

prevention rather than treatment. Nutraceuticals also protect the pregnant 
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mother and baby against various disorders. Consumption of fish during 

pregnancy increases the gestation period resulting in higher birth weights. 

Omega-3- polyunsaturated fatty acids are essential for the development of 

a healthy nervous system. 

A diet rich in anti-oxidants, lutein, and zeaxanthin is proved to be 

beneficial in age-related macular degeneration (AMD). Consumption of 

green tea, Allium spp., polyphenols, vitamin c and E, lycopene, beta-

carotene co-enzyme Q10 have anti-oxidant properties and proved to be 

effective in AMD [48]. Astaxanthin, a carotenoid isolated from marine 

organisms, namely sea bream, salmon, trout, and shrimps, is a potent anti-

oxidant that protects eyes against ultraviolet light effects and boosts 

immune system functions. It is also effective in Alzheimer’s disease. 

Zeaxanthin, lutein is widely used for the management and treatment of 

eye-related disorders [48]. Lutein is mainly obtained from fruits and 

vegetables like sweet potatoes, carrots, tomato, corn, mangoes, and leafy 

green vegetables. Zeaxanthin is also obtained from kiwi, kale, broccoli, 

green beans, cabbage, lettuce, green vegetables, and sprouts. 

Nutraceuticals are also proved to be very useful in improving the 

functioning of the immune system and disease susceptibility. Herbal 

extract from the plant genus Echinacea, Astragalus plays an important role 

in developing active immune cells in the bone marrow and lymph [48, 49]. 

Probiotics are used to maintain balance in pathogenic microflora and 

commensal microflora of the gut [49]. They are also effective in diarrhea 

and the establishment of pro and anti-inflammatory cytokines. 

Phytoestrogens help maintain the hormonal imbalance. Soy isoflavones are 

used as an alternative to estrogen receptor modulators in hormone 

replacement therapy. 

 

 

6. COMMONLY USED NUTRACEUTICALS 

 

The Structure of commonly used nutraceutical are presented in Figure 

7. 
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Figure 7. Structure of some commonly used nutraceuticals [48, 55]. 

 

7. TOXICITY OF NUTRACEUTICALS 

 

Nutraceuticals such as medicinal plants are used as home remedies and 

to meet basic nutritional requirements from a long time back. People 

generally believe that nutraceuticals are entirely safe and often use them 

without consulting doctors or physicians. Although many nutraceuticals do 

not cause any harm or toxicity to humans, this is not true for all. There are 

pieces of evidence from studies conducted in model organisms, but 

nutraceuticals induced toxicity is very rare in humans. There is no evidence 

of the delayed effects of nutraceuticals. Only limited nutraceuticals are 

studied for their safety and toxicity. A large number of nutraceuticals 

remained poorly understood due to a lack of toxicokinetic studies. Studies 

of interactions are essential when nutraceuticals and therapeutic drugs are 

used concurrently. 

Green tea is used as a beverage and nutraceuticals all around the world 

for a long time. It contains more than 2000 chemical compounds. Green 

tea is beneficial in obesity, inflammatory bowel disease, cancer and 

cardiovascular diseases. However, a study conducted with mice using 
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green tea in a dose-dependent manner resulted in adverse changes in 

reproductive organs. Sometimes excessive consumption of green tea 

increases breast cancer risk [51]. In addition, polycyclic aromatic 

hydrocarbons act as contaminants for green tea and exaggerate the toxicity 

potential. 

Aloe vera is also known as the ‘plant of immortality’, is used 

worldwide for wound healing, anti-aging, anti-inflammatory, laxative, and 

antibacterial effects. Although there is no major side effect associated with 

aloe vera but sometimes consuming it orally can cause abdominal cramps, 

diarrhea and thus decreasing the drug absorption. In addition, studies 

indicated that aloe-emodin acts as genotoxic in-vivo and induces damage 

to DNA in lung cancer cells by increasing reactive oxygen species [50]. 

Nutraceutical-drug interaction can lead to serious outcomes because of 

the multiple factors involved. Some nutraceuticals influence the enzymes 

metabolizing drug that is cytochrome P450 and reduces its effects. Ginkgo 

biloba inhibits CYP450 inducers. Ginseng acts as an inducer of CYP450. 

P-glycoprotein acts as a transporter for various lipophilic and amphipathic 

drugs, toxins, xenobiotics, and carcinogens in the liver, kidney, brain and 

many organs. Ginseng inhibits the P-glycoprotein. Hypericum increases 

the expression of P-glycoprotein and significantly modulates the 

pharmacodynamics of many therapeutic drugs. 

Currently, many models are used to determine the safety and toxicity 

of nutraceuticals. In addition to in-vivo studies, in silico and omics 

technology bases studies are required to fully determine the potential 

toxicity [51]. The future of nutraceuticals seems to be very bright due to 

the increase in the prices of therapeutic drugs and the rising burden of 

disorders. To promote good and fully effective treatment with fewer side 

effects, vigorous evaluation of the toxicity of nutraceuticals should be 

performed. Pharmacists should be well educated about nutraceuticals’ 

positive and negative impact before using nutraceuticals as adjunctive 

therapy. 
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CONCLUSION 

 

The use of therapeutic drugs is associated with very less side effects, 

so nutraceuticals provide an excellent alternative to these drugs and help 

in naturally cure the disease by improving the quality of life. The use of 

nutraceuticals is advantageous in terms of cost and for people who do not 

prefer to go for chemical therapies. Currently, many nutraceuticals are 

undergoing research phases, and an increase in the marketing graph of 

nutraceuticals indicated that people to like to go for them. Nutraceuticals 

are very convenient in lifestyle as there is an increased craving for a 

healthy lifestyle. It will play an essential role in the development of future 

therapeutic essentials. The success of nutraceuticals depends upon the 

control of purity, safety and efficacy. Effective regulations and legislation 

are required to ensure the health claims are strongly based on scientific 

evidence and clinical trials conducted. Nutrigenomics is the newly 

growing field in which knowledge of genomics, transcriptomics, 

metabolomics is applied to an individual’s genetic makeup for the 

development of personalized nutraceuticals to prevent chronic diseases. 
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ABSTRACT 
 

In recent years, human health has become an area of enormous 

interest for researchers. An individual’s health is not only affected by 

external factors, but also depends on good dietary intake. The latter is 

required for the smooth functioning of the gut microbiota as they perform 

a cascade of activities that affect human physiology and health. Dietary 

components such as prebiotics have received much attention and 

recognition over the years. They are non-digestible fibers that are 

fermented to produce short-chain fatty acids (SCFAs) by groups of 

health-promoting bacteria like Bifidobacterium and Lactobacillus spp.  
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Prebiotics are found naturally in foods such as fruits, vegetables, 

grains, and pulses. They have also been produced commercially as 

functional food ingredients and as supplements. The few common 

examples of prebiotics include inulin, galacto-oligosaccharides (GOS), 

fructo-oligosaccharides (FOS), polydextrose, and lactitol. Various 

studies have demonstrated that a gluten-free, less fermented, and low 

carbohydrates diet affect growth of the gut microbiota and it may result 

in a plethora of diseases. The primary function of prebiotics is to promote 

the growth of useful bacteria to limit the progression of colorectal cancer 

and inflammatory bowel disease. Besides, they also aid in the prevention 

of obesity and constipation by absorbing several minerals. They have 

also been reported to modulate the body’s immune response by altering 

the expression of cytokines. This chapter highlights the significance of 

prebiotics in our dietary intake and their beneficial effects on human 

health. 

 

 

1. INTRODUCTION 

 

Ecological and evolutionary advancements have taken place all around 

the globe, and the rise of various industrial sectors has transformed the 

lifestyle and food habits of peoples. The ailments of untenable eating 

schedules and the rise of fast-food industries have further changed the 

global population’s eating habits. The food industry has been technically 

advanced with “ready to eat” versions of food that have made people’s 

lives easier. All these advancements have made a positive impact, but have 

simultaneously affected public health and their well-being. A strong 

positive correlation between diet, gut microbiota, and health is widely 

accepted, and a healthy gut is a sign of whole-body fitness and endurance 

[1]. In this regard, prebiotics have been very helpful in building up a 

healthy gut by promoting the growth of beneficial microflora. The term 

prebiotics was introduced in 1995 by Gibson and Roberfroid, and it was 

defined as “a non-digestible food component that favorably impacts the 

host by discriminately promoting the growth/or function of one or a 

restricted number of microorganisms in the gut, and thus improves host 

health” [2]. This was reframed in 2004 as the fermented component that 

allows specific changes, both in composition and/ or activity, in the 
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gastrointestinal microflora that confers benefits upon host betterment and 

health” [3]. The idea behind prebiotics is to reestablish and maintain 

microflora, which is beneficial to human health. Prebiotics are food 

ingredients that fit into the category of functional or medicinal food. Latter 

can be any fresh or refined food that supplies basic nutrients and has 

properties to boost a person’s health. Prebiotics have become a need of 

today’s food industry and can be added to different foods, including 

yogurts, cereals, bread, ice cream, and drinks. 

 

 

2. WHAT IS A GOOD PREBIOTIC? 

 

Good prebiotics should possess the below-mentioned properties 

 

1. It should prevent acid formation in the stomach. 

2. It should be easy to break down by intestinal enzymes. 

3. It should have easy absorption in the upper gastrointestinal (GI) 

tract. 

4. It should not be metabolized by non-probiotic gut microflora such 

as Bacteroids sp. and E. coli.  

5. It should promote the growth and/or activity of intestinal bacteria, 

which is associated with human health and their well-being. 

6. Furthermore, it should be easy to ferment by the intestinal 

microflora. 

 

 

3. SOURCES AND TYPES OF PREBIOTICS 

 

Prebiotics include low molecular weight indigestible oligosaccharides 

consisting of 3 to 9 monomer units. Diverse types of oligosaccharides like 

lactulose, inulin, fructo-oligosaccharide (FOS), galacto-oligosaccharides 

(GOS) are probable contenders for prebiotics. Both GOS and FOS meet all 

the criteria to be classified as prebiotics. They can be obtained from 
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different dietary food sources, including sugar beet, Allium sativum, 

chicory, Allium cepa, asparagus, Jerusalem artichoke, Triticum, barley, 

banana, Lycopersicon, peas, beans, honey, rye, soybean, cow’s/human’s 

milk, microalgae, and seaweeds. Many food products such as bread, cereal, 

cookies, and yogurts have also been fortified with prebiotics. However, 

considering their concentration in natural food sources, they can also be 

produced artificially at large scales. The purified form of prebiotics like 

inulin and oligofructose have been produced industrially and are being 

used as ingredients in many food products. Numerous efforts have been 

made to hydrolyze natural polysaccharides into non-digestible 

carbohydrates. Furthermore, the production of prebiotics like lactulose, 

soybean from oligosaccharides, and raffinose from disaccharides and 

oligosaccharides also has been attempted using various mechanism 

including enzymatic and chemical synthesis, direct extraction, and 

isomerization processes [4]. Various types of prebiotics and their natural, 

as well as industrial sources, have been discussed below- 

 

 

3.1. Inulin 

 

It is a mixture of oligosaccharides with a long chain of 2 to 60 fructose 

molecules. It is commonly found in wheat, onion, asparagus, bananas, 

garlic, artichokes, and leeks. It remains undigested in the stomach due to 

lack of specific enzymes there; once it reaches the colon, it favors the 

growth of Bfidobacteria to improve bowel function. Nowadays, the food 

industries are using inulin as the first-choice food ingredient as it does not 

have any calories, and also it can be used in margarine and salad dressings 

as a fat substitute. Inulin can be isolated from chicory roots by differential 

precipitation with ethanol [5]. 
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3.2. Galacto-Oligosaccharides (GOS) 

 

These are present naturally in both human and cow’s milk and offer 

unique resilience against enzymatic digestion. They could be obtained 

from microbial fermentation of lactose, or can also be synthesized using 

the β-galactosidase. These oligosaccharides selectively enhance the count 

of Bifidobacterium and Lactobacillus within the human intestinal 

microbiota [6]. 

 

 

3.3. Lactulose 

 

It is a synthetic disaccharide formed by the isomerization of fructose 

and galactose, which are linked together with a β-1, 4-glycosidic bond [7]. 

The lactulose escapes digestion in the mammalian gut due to a lack of 

enzymes for β-glycosidic bond, and it reaches the stomach and small 

intestine in the undigested form. Once it enters the colon, it gets digested 

by lactic acid bacteria into lactate and SCFAs as major end products. 

 

 

3.4. Lactosucrose 

 

It is a trisaccharide sugar that consists of D-galactose, D-glucose, and 

D-fructose. It remains undigested in the small intestine and stimulates the 

intestinal Bifidobacterium’s population growth, which ensures the normal 

functioning of the digestive tract. It can either be obtained by a synthesis 

reaction catalyzed by levansucrase [8] or by a transfructosylation reaction 

catalyzed by β-fructofuranosidase [9]. Lactosucrose (lactosyl fructoside) 

can be produced from sucrose and lactose by the action of β-

fructofuranosidase, isolated from Arthrobacter sp. K-1. 
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3.5. Fructo-Oligosaccharides (FOS) 

 

These represent short-chain (3-5 units) oligosaccharides composed of 

D-fructose and D-glucose. These typically contain O- or N-linkages, which 

are known to be compatible with side chains in proteins or lipids. These 

can also be used as an alternative to artificial sweeteners. These are present 

as an ingredient in tomatoes, garlic, asparagus, chicory root, onions, 

barley, wheat, bananas, and sugarcane juice. At an industrial scale, FOS 

can be produced in two ways: The first method involves the enzymatic 

digestion of sucrose using β-fructofuranosidase, and another involves the 

enzymatic hydrolysis of the polysaccharide (extracted from chicory roots) 

in a controlled manner [10]. 

 

 

3.6. Soybean Oligosaccharide (SOS) 

 

These are typically found in soybean whey obtained during soy protein 

production. They are composed of galactose and sucrose units joined by a 

α-1, 6-linkage. When administered, SOS directly reaches the colon due 

lack of the α-galactosidase enzyme required for its digestion and elicits its 

Bifidogenic effect. SOS also include verbascose, raffinose, and stachyose 

oligosaccharides, which works in the same or less manner [11]. 

 

 

3.7. Xylo-Oligosaccharides 

 

These are composed of a short chain of xylose sugar. Naturally, these 

are found in fruits, vegetables, milk, wheat bran, honey, and bamboo 

shoots, however; they can also be produced by (a) enzymatic digestion of 

lignocellulosic material; (b) conversion of lignocellulosic material to 

xylan; and (c) by conversion of xylan to xylo-oligosaccharides with steam 

or diluted mineral acids [12]. 
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3.8. Gentio-Oligosaccharides 

 

These are novel functional oligosaccharides consisting of several 

glucose residues linked by a β-1,6-glycosidic bond. These can be produced 

from starch, by their subsequent hydrolysis with either an acid or an 

enzyme. They can also be obtained from glucose syrup by 

transglycosylation reaction catalyzed by the β- -glycosidase enzyme [13]. 

 

 

3.9. Isomaltulose or Palatinose 

 

These are natural disaccharides and can be found in honey and 

sugarcane juice. These are composed of glucose and fructose units linked 

by a α-1,6- glycosidic bond. These can also be synthesized from sucrose 

in a two-step process involving enzymatic conversion of (1, 2)-fructoside 

to a (1, 6)-fructoside by rearrangement within a glycosidic linkage 

followed by crystallization [14]. 

 

 

3.10. Cyclodextrins 

 

These represent a group of cyclic oligosaccharides composed of the 

macrocyclic ring where 6 to 8 monomers of glucose are linked by a α-1,4-

glycosidic bond. Industrially, these have also been produced from starch 

using cyclodextrin glycosyltransferases, which catalyze inter and 

intramolecular transglycosylation and digest the starch using hydrolytic 

activity [15]. 

 

 

4. MECHANISM OF PREBIOTICS ACTION 

 

Prebiotics can modify the gut environment by modulating the 

composition and activity of the microbiota. Once prebiotics enter the 

Complimentary Contributor Copy



Heena, Neha Verma, Shiv Kumar Giri et al. 200 

human intestine, they escape digestion in the small-intestine due to the 

inability of intestinal enzymes to hydrolyze the polymer bonds. 

Afterwards, they reach the colon in an undigested form where they get 

fermented by a group of beneficial bacteria, such as Lactobacilli and 

Bifidobacteria. The end products formed by the prebiotic’s fermentation 

are mostly acidic, hence lowers the intestinal gut’s pH. It has been 

observed that even small changes in gut pH, i.e., from 6.5 to 5.5, can 

modify the population of acid-sensitive Bacteroides spp; which stimulates 

the formation of butyrate [16]. Prebiotics favor the growth of beneficial 

microorganisms and suppress the growth of harmful microbes by 

enhancing the synthesis of short-chain fatty acids. Prebiotics such as 

galacto-oligosaccharides (GOS) function as immunomodulators by 

influencing the natural killer (NK) cell activity, pro-inflammatory 

cytokines (IL-8 &10) production, and signaling of toll-like receptor-4 [17]. 

Prebiotics such as Fructans, e.g.; inulin and fructo-oligosaccharides (FOS), 

can scavenge the reactive oxygen species (ROS) and stimulate the activity 

of the antioxidant enzymes to neutralize the burden of the oxidative stress 

in the body [18]. 

 

 

5. HEALTH BENEFITS OF PREBIOTICS  

 

The entire human gut hosts numerous microbial species. Once 

prebiotics reach the colon, they act as a substrate for the useful gut 

microorganisms and confer various health benefits to humans, as discussed 

below and shown in Figure 1. 

 

 

5.1. Prevention from Gastroenteritis 

 

Gastroenteritis disease usually occurs due to the ingestion of 

pathogenic microorganisms, contaminated food, or water. Usually 

gastroenteritis is caused by Shigella, Salmonella, Yersinia enterocolitica, 

Campylobacter jejuni, Escherichia coli, Vibrio cholera, and Clostridium 
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perfringens. These pathogens grow and colonize within the gastrointestinal 

tract, where they dominate the host cell and release the toxins in the food. 

Contaminated food can disrupt the functions of the intestinal mucosa, 

causing symptoms like nausea, vomiting, and diarrhea. Prebiotics prevent 

acute gastroenteritis by increasing the population of beneficial 

microorganisms in the large intestines [19]. 

 

 

Figure 1. Showing Health benefits of Prebiotics. 

 

5.2. Reduce Colon Cancer Risk 

 

Cancer is the major cause of death all over the world. It occurs due to 

abnormal cell division and multiplication of cells. The third most common 

cancer type is colon-rectal cancer, which usually leads to metastatic 

tumors. Conventional treatments like chemo and radiotherapy may worsen 

the situation as they make the person immunocompromised. In contrast, 

feeding a combination of live microorganisms (known as probiotics) along 

with prebiotics could resist cancer progression by the formation of 

butyrate-like metabolites [20]. Latter is produced from the fermentation of 

galacto-oligosaccharides, which help to reduce the progression of tumor 
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cells and induce apoptosis in colon cells. Butyrate is also known to 

promote the expression of enzymes required to inhibit cancer-causing 

agents. Clinical studies have showcased the efficient role of synbiotics 

(combination of prebiotics and probiotics) in reducing the inflammatory 

state and usage of antibiotics in colon cancer [21].  

 

 

5.3. Reduce Cardiovascular Disease Risk 

 

The risk of coronary heart disease increases due to elevated levels of 

low-density lipoproteins (LDL) and blood cholesterol. Due to changes in 

lifestyle and consumption habits, people have shown keen interest in 

prebiotics. These can promote the growth of lactic acid bacteria, which can 

absorb the cholesterol and triglycerides and help to maintain the fats and 

lipids index in the body. Furthermore, prebiotics like fructo-

oligosaccharides lower the synthesis of triglycerides in the body. 

Consumption of prebiotic dietary fibers helps to decrease LDL and 

inflammatory elements, while elevating the levels of high-density 

lipoproteins (HDL) and ferulic acid. In this manner, prebiotics lower the 

risk of cardiovascular disease and obesity [22]. 

 

 

5.4. Aid into Skincare 

 

The metabolism of aromatic amino acids by gut microbes produces 

phenol-like compounds that help to reduce the risk of skin allergies and 

infections such as atopic dermatitis [23]. Prebiotics like GOS have shown 

the ability to control skin pigmentation, thus aiding in skincare. Moreover, 

GOS can also boost the skin barrier by elevating the levels of CD 44 and 

collagen type 1 markers. In females, ingestion of GOS in the presence or 

absence of probiotic strains such as Bifidobacterium breve, can eliminate 

the deficiency of keratin and water caused by phenols [24]. 
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5.5. Reduce Diabetes Risk 

 

Prebiotics can influence blood glucose and insulin levels by a delay in 

gastric emptying, intestinal transit time, and absorption of glucose into the 

bloodstream by producing SCFAs like acetate, butyrate, propionate, etc. 

The products of prebiotic fermentation-like propionates decrease 

gluconeogenesis, enhance glycolysis, and stimulate the glucose regulating 

hormones to balance the insulin and glucose levels in the host [25]. 

 

 

5.6. Prevention of Bone Mineralization 

 

Dietary fibers have positive as well as negative impacts on mineral 

absorption. Insoluble dietary fiber can interfere with mineral absorption, 

while the implications of soluble dietary fibers are not much known. The 

impact of prebiotics on mineral absorption has been demonstrated in 

clinical studies. Several studies have reported a significant increase in 

calcium absorption after the intake of 5-20 gm per day doses of lactulose, 

transgalacto-oligosaccharides, or inulin in combination with oligofructose. 

Fermentation of inulin-type fructans by probiotics results in colonic 

mineral absorption, elevates the concentrations of SCFA, and lowers the 

colon pH. Additionally, the inulin-type fructans also augment calcium 

accumulation and improve bone mineralization and density in young adults 

[26]. 

 

 

5.7. Boost the Immune System 

 

Intake of prebiotics plays an important role in improving host 

immunity by enhancing the population of beneficial microbes. Various 

studies on animals and humans have reported the prebiotics role in 

reducing the population of detrimental bacteria with the support of 

Lactobacilli and Bifidobacteria. Consumption of D-mannose can decrease 

the colonization of pathogens such as Salmonella sp. by stimulating its 
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adhesion to mannose through type 1 fimbriae. Adhesion of mannose 

ensures the incompetency of pathogens to bind the epithelial cells [27]. 

Prebiotics such as oligofructose and inulin aid in amelioration of antibody 

reactions in response to measles and influenza virus vaccines. Studies have 

shown that FOS consumption plays a vital role in improving antibody 

response towards the influenza vaccine and helps to reduce its side-effects. 

In infants, FOS can reduce diarrhea-associated fever and also helps to 

reduce the incidence of pyretic seizures [28]. In healthy volunteers, 

elevated interleukin 4 (IL-4) levels, and modulated immune responses 

from the toll-like receptor 2 (TLR 2) have been reported on consuming the 

(2→1) fructans [29]. Intake of prebiotics like GOS can surge the levels of 

interleukin 8 (IL-8), interleukin 10 (IL-10), and C- reactive proteins into 

the bloodstream to reduce the inflammatory immune responses from IL-

1β. Furthermore, GOS intake also improves the function of NK cells and 

helps in reducing the menace of atopic dermatitis and eczema in infants. 

 

 

CONCLUSION 

 

Prebiotics are food supplements usually present in raw food sources 

and can be synthesized artificially as well. These stimulate the growth of 

beneficial microorganisms in the gut, and thus play a vital role in 

maintaining the good health of the host. Prebiotics confer numerous health 

benefits against gastroenteritis, cancer, diabetes, and cardiovascular 

diseases. These also play an important role in boosting the host immune 

system response. However, prebiotics produced industrially are 

susceptible to various challenges such as critical selection of abundant and 

cost-effective raw materials, stability at high pH, temperature fluctuations, 

storage, and functional viability. Despite such challenges, new materials 

are variously being screened to meet expectations; for example, 

mushrooms could be used as an invaluable source for cheap, non-dairy-

based raw materials. Similarly, cereals and their husks can be a good 

source for galactose and fructose oligosaccharides. Various experimental 

studies have demonstrated their role in disease prevention; however, to 
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explore their precise mechanisms of action, further investigations are 

needed. Further clinical trials should be conducted to gather more 

information about their other health benefits as well as side effects before 

considering their role in therapeutics. 
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ABSTRACT 

 

The scientific community has shown significant interest in 

probiotics research over the previous few decades because of its potential 

health benefits. Probiotics are live microbes that enhance the nutritional 

value of food and also help to maintain the beneficial microflora of the 

gut. With the increasing demands of functional foods, the probiotic strain 

has been introduced into a wide range of dairy-based products such as 

fermented milk, buttermilk, ice cream, milk powder, yogurt, and cheese. 
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In contrast, non-dairy foods include soy-based products, cereals, and a 

variety of juices. The most frequently used probiotic groups belong to 

Lactobacillus, Bifidobacterium, Pediococcus, Lactococcus, Bacillus, and 

yeast strains. These probiotic strains have a competitive ability to fight 

against pathogenic microbes for adhesion sites or act as an antagonist 

against them. They play a therapeutic role in many disorders like lactose 

intolerance, gastrointestinal disease, allergies, urogenital infections, 

diarrhea, and inflammatory bowel syndrome. They also aid in the 

cholesterol lowering, boosting of the immune response, cancer 

prevention, and overall improvement of intestinal health. However, the 

effectiveness of a specific probiotic strain is influenced by short-chain 

fatty acids and bacitracin production, nutrient competition and low gut 

pH. Furthermore, overall effectiveness of probiotics depends on their 

adequate dose. Considering the stress caused by today’s lifestyle and 

consumption habits on human health, in this chapter, we have highlighted 

the importance of probiotics to better health and quality of life. 

 

 

1. INTRODUCTION 

 

Probiotics are live microbial feed dietary supplements that confer 

fitness advantages to the host by balancing its intestinal microbial 

equilibrium. The gastrointestinal (GI) tract microbiota is described as a 

complicated and dynamic microbiome. It hosts more than one thousand 

distinct microbial species, and these are inevitable for homeostatic 

physiological actions [1]. The microbes that inhabit the intestine make an 

everlasting diversification and decide the physiological, immune, 

metabolic, and behavioral improvement. Currently, numerous well-

attributed strains of Lactobacilli and Bifidobacteria are being used as 

probiotics to decrease the threat of GI infections or cure the same. With 

the emergence of new sequencing technologies and improvements in 

revolutionary bioinformatics tools; the classification of the gut microbiota 

is being upgraded and making our understanding better about the 

organization and functions of the intestinal microbiota. 

To get clinical benefits, knowledge about probiotics, prebiotics, and 

other food supplements have been translated with great interest into 

therapeutic strategies to influence the gut microbiota directly or indirectly 

[2]. Nowadays, consumers have become conscious about the implications 
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of what they eat for their wellbeing; therefore, they look for practical 

nourishment. In recent years, many studies have reported probiotics' role 

in balancing gastrointestinal, respiratory, and immunological functions. 

The release of the bacteriocins and metabolites (lactic and acetic acid) by 

probiotics describes its protective role against intestinal pathogens [3]. 

These have shown immense potential as therapeutics alternative chiefly for 

gastrointestinal illnesses, including acute infectious diarrhea, antibiotic-

associated diarrhea, ulcerative colitis, irritable bowel syndrome, and 

necrotizing enterocolitis [4]. Besides the therapeutic benefits of probiotics, 

concern has been raised regarding safety issues; for instance, using live 

microorganisms, especially in sensitive populations. This may be due to 

the absence of apparent clinical guidelines, the absence of compelling 

evidence from clinical preliminaries, and restricted studies evaluating the 

contrasts between viable or non-viable microorganisms in the digestive 

tract. 

 

 

1.1. Morphology and Physiology of Probiotic Bacteria 

 

Bifidobacteria are gram-positive, non-motile, anaerobic, and non-

spore-forming pleomorphic rods. The cell morphology of probiotic 

bacteria ranges from regular rods to various branched and club-shaped 

structures [5]. The multiplying cells in the exponential growth phase depict 

the development of the intra-cytoplasmic membrane complex portrayed by 

lamellar, myelinoform, vesicular structures. The nucleoid is localized as 

the central poly-branched or scattered in the osmophobic zone, and its 

distribution is dictated by morphogenesis processes such as exobudding 

and multiseptation. 

 

 

1.2. Probiotics and Food Products 

 

There is a diverse range of dietary products that contain probiotic 

strains and are still surging. Mainly dairy-based products are available in 
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the market as fermented milk, ice cream, milk powder, buttermilk, cheese, 

and yogurts. Latter accounts for the largest share of sales among all dairy 

products. 

Non-dairy food products such as soy-based products, cereals, nutrition 

bars, and various juices serve as a suitable medium for probiotic delivery 

to the consumer. 

 

 

1.3. Desirable Properties of Probiotics 

 

A potential probiotic strain with all its valuable impacts, should 

possess certain attractive properties, such as- 

 

1. It should show resistance to gastric acid and bile tolerance.  

2. It should possess adhesion properties for mucosal and epithelial 

surfaces. 

3. It should destroy pathogenic bacteria. 

4. It should be safe for consumption, i.e., non-pathogenic.  

5. It should not result in any hypersensitivity reaction. 

6. It should be able to affect metabolic activities like lactose 

intolerance and assimilation of cholesterol.  

 

There are no essential criteria that have been defined for probiotic 

applications. However, because of in vivo and in vitro disparities, issues 

of pertinence, and the absence of standard operating procedures need to be 

considered before their practical use. 

Taking everything into account, the level of probiotic dosage should 

show effectiveness in humans and is expressed as colony-forming unit 

(CFU) per gram of the product. Still, information on minimum effective 

concentrations of probiotics is inadequate. A minimum concentration of 

106 CFU/mL or gram of probiotic microorganisms have been 

recommended for transfer of health benefits to the consumers. However, 

probiotic strains should retain their viability under normal storage 

conditions for maximum benefits [6]. 
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1.4. Probiotic Microorganisms 

 

Various microbial species such as bacteria, yeast, and mold can be 

used as probiotics (Table 1). However, Lactobacillus and Bifidobacteria 

are the most known ones. 

 

 

2. MECHANISM OF PROBIOTIC ACTION 

 

A few mechanisms have been hypothesized concerning probiotics' 

mode of action, which have been discussed below- 

 

Table 1. List of commonly used probiotics microorganism 

 

Group Probiotics species References 

Bifidobacterium 

sp. 

B. infantis, B. animalis, B. adolescentis, B. 

bifidum, B. breve, Bifidobacterium lactis, 

7-15 

Lactobacillus sp. L. acidophilus, L. casei, L. crispatus, L. 

plantarum, L. reuteri, L. acidophilus, L. 

bulgaricus, L. paracasei, L. rhamnosus, L. 

fermentum, L. lactis, L. gasseri, L. johnsonii, L. 

brevis, L. johnsonii, L. salivarius, L. kefir 

Non-lactic acid 

bacteria 

Bacillus cereus var, Enterococcus faecalis, E. 

faecium, E. durans E. coli nissle, Streptococcus 

thermophilus, Propionibacterium freudenreichii 

Non-spore 

forming 

Bacillus. coagulans, B. clausii, B. pumilus, B. 

licheniformis, B. laterosporus, B. subtilis, B. 

racemilacticus, Coccobacillus, Leuconostoc, 

Lactococcus lactis, Pediococcus 

Non-pathogenic 

yeast 

Saccharomyces cerevisiae, S. boulardii 

Mold/Fungus Aspergillus niger, A. oryzae, Candida 

pintolopesii 
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2.1. Production of Short-Chain Fatty Acids (SCFAs) 

 

Probiotics are involved in the production of SFCAs like acetate, 

propionate, and butyrate that aid in gut health maintenance by acting as 

key signaling molecules and interacting with peripheral cell receptors. 

Besides this, these also act as an energy source for enterocytes, hence 

playing a vital role in energy homeostasis and metabolism regulation. 

Various studies have demonstrated the role of SCFAs in decreasing fat 

accumulation. 

These also could elevate the intestinal secretion of polypeptide YY and 

glucagon-like peptides by interacting with G protein-coupled receptors 

(GPR 41 and 43) [16, 17]. 

 

 

2.2. Production of Bacteriocins 

 

These are positively charged molecules and are composed of ∼30–60 

amino acids. Bacteriocins have been designated as antimicrobial peptides 

because of their inherent ability to disrupt the proton motive force of the 

cytoplasmic membrane of selected pathogens [18]. Probiotics like 

Lactobacilli (L. plantarum and L. acidophilus) and Bifidobacteria have 

been reported to inhibit the growth of rotaviruses, Helicobacter, and 

multidrug-resistant Shigella sp. [19]. 

 

 

2.3. Stimulation of Mucosal Barrier 

 

The gastrointestinal mucosa is the initial interface between the exterior 

and defense systems. 

Secretion of mucin by intestinal epithelial cells can prevent adhesion 

of pathogenic bacteria. 

The probiotic Lactobacillus sp. facilitates mucous layer secretion and 

helps to protect against pathogens [20]. 
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2.4. Production of Enzymes 

 

Incomplete lactose absorption and incitement of the intestinal mucosal 

lactase action has been hypothesized as a potential mechanism against 

certain sorts of diarrhea. Lactobacilli utilized in the fermented milk 

industry have dynamic β-galactosidase to diminish the lactose 

concentrations in dairy items that further influence the seriousness of 

osmotic looseness of the bowels [21]. 

Most of the known probiotics produce bile salt hydrolase (BSH) which 

participates in the deconjugation of biliary salts and, in turn, influences 

cholesterol absorption [22]. 

 

 

2.5. Competitive Exclusion and Colonization 

 

It refers to the condition where one microbial species aggressively 

competes with another for the receptor sites in the intestinal tract. Few 

mechanisms like luminal pH reduction, bacteriocin production, and 

competition for nutritional sources contribute to the competitive exclusion 

of pathogens [23]. Probiotics can also adopt enzymatic mechanisms such 

as competitive inhibition to prohibit the colonization of harmful  

microbes [24]. 

 

 

2.6. Strengthening of Intestinal Barriers 

 

Epithelial integrity is maintained primarily by the intestinal barrier that 

protects it from pathogenic microorganisms. Consumption of probiotics 

helps to strengthen the intestinal barrier. One of the possible mechanisms 

that may fortify intestinal barrier integrity involves enhanced gene 

expression. 

Probiotics like Lactobacilli have been found to modulate the 

expression of several genes encoding adherens junction proteins (E-

cadherin and β-catenin) [25]. 
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2.7. Modulation of the Immune Response 

 

The immunomodulatory effects of probiotics result from their 

interaction with epithelial and immune cells. Latter can activate immune 

signals to boost the immune response. The probiotic microorganisms 

regulate the synthesis of secretory IgA immunoglobulin, and the 

production of cytokines, thus, play a crucial role in mucosal  

resistance [26]. 

 

 

3. PROBIOTICS AND HEALTH BENEFITS 

 

Most of the well-known probiotics generally belong to Lactobacillus 

and Bifidobacterium. The species of these two genera (B. breve, B. longum, 

L. fermentum, L. plantarum, L. casei, or L. rhamnosus) normally reside in 

the human gut, and are thought to play a crucial role in maintaining human 

wellbeing [27]. A few of the beneficial health activities of probiotics are 

discussed below- 

 

 

3.1. Probiotics and Diarrhea 

 

Probiotics are well-known for their use in diarrheal infections. Various 

explicit strains, including Lactobacillus sp. (L.GG, L. reuteri and, L. 

boulardii), Bifidobacteria sp., and others, have shown an enormous 

advantage for the loose bowels. Lactic acid bacteria release various 

compounds into the intestinal lumen that synergistically impact processing 

and manifestations of intestinal malabsorption. Probiotics resist or 

ameliorate diarrhea by exerting their impact on the immune system. These 

offer advantages against viral diarrhea, especially in the pediatric, 

population by increasing the levels of secretory antibodies (IgA). 

Additionally, probiotic strains compete with pathogenic bacteria or viruses 

for binding sites on epithelial cells [28]. Probiotics prohibit the 

development of pathogenic microscopic organisms by releasing the 
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bacteriocins, such as nisin, and promote intestinal mucin secretion, which 

forestalls the connection of enteropathogens [29]. 

 

 

3.2. Probiotics and Cancer 

 

The progressive aggregation of mutations in the hereditary material of 

the cell is the primary cause of cancer. It has been reported that 5-10 

percent of cancers involve hereditary deformities, while in 90-95 percent, 

external factors play a significant role [30]. The relationship of probiotics 

in forestalling, treating, and diminishing the surge of a tumor cell has been 

well explored. Various studies have demonstrated anti-proliferative or pro-

apoptotic activities of probiotics against myeloid leukemia and tumors of 

breast colon, stomach, and cervix cells [31-34]. The possible mechanisms 

by which probiotics counteract malignant growth may involve (i) 

balancing of the gut microbiota; (ii) up gradation of gut capacity; (iii) 

modulation of immune response; and (iv) protection of intestinal 

epithelium against DNA damage by the deterioration of possible cancer-

causing agents. Probiotics are gaining lots of consideration because of their 

capacity to balance malignant cell expansion and apoptosis. It has been 

studied that eating food that is flourished with Lactobacilli has a profound 

effect on the growth rate of colon cancer [35]. Moreover, probiotic-

induced stimulation of the immune system, as demonstrated by an increase 

in T-helper cells and NK cells, might play a significant role in the 

repression of cancer advancement. 

 

 

3.3. Anti-Pathogenic Activity of Probiotics 

 

Probiotics are regarded as one of the most advantageous formulations 

against pathogenic activities. It has been demonstrated that probiotics can 

inhibit the growth of harmful microorganisms by the synthesis of SCFAs 

such as acetate propionate, butyrate, and lactate [36].  
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The SCFA’s role is to maintain optimum pH levels in the colonic 

lumen, which is necessary for the manifestation of various bacterial 

enzymes and thus aids in the digestion of foreign compounds and cancer-

causing agents inside the gut [37]. It has also been suggested that probiotics 

may show their anti-pathogenic activity by releasing ethanol, 

acetaldehyde, hydrogen peroxide (H2O2), bacteriocins, and peptides. Latter 

is thought to be involved in the expansion of layer penetrability that results 

in cell demise by depolarizing the membrane potential [38]. 

Additionally, the synthesis of H2O2 by probiotics causes the oxidation 

of sulfhydryl groups, bringing about the denaturation of enzymes that 

participate in lipid peroxidation. Latter results in cell death due to enhanced 

porosity of the cell membrane [39]. 

 

 

3.4. Anti-Inflammatory Activity of Probiotics 

 

Ulcerative colitis (UC) and Crohn's disease (CD) are among the most 

severe inflammatory diseases, and together they are called IBD. It is 

related to hindrance in SCFAs production, especially, acetic acid 

derivatives, butyrate, and propionate. The SCFAs have been known to play 

a critical role in maintaining colonic homeostasis and thereby improving 

colonic capacity [40]. The CD can influence the mucosa, submucosa, and 

serosa of the GI and may affect it entirely, while UC affects the mucosa 

and submucosa of the colon. A disparity in the gut microbiota plays a 

significant role in the pathophysiology of IBD, and its effects can be 

modified by supplementation with probiotics, prebiotics, and synbiotics 

[41]. Lactobacillus, Bifidobacterium, Enterobacter, and E. coli are the 

most commonly used probiotics in diets that have shown satisfactory 

results against IBD. 
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3.5. Role of Probiotics in Allergy 

 

Allergic diseases arise due to the hypersensitivity of the body’s 

immune system in response to foreign particles, i.e., allergens. An allergic 

reaction 

may result from animals, mold, drugs, food, latex, and seasonal changes 

that result in anaphylaxis, asthma, and contact dermatitis. It has been 

shown that gut microbiota composition plays a critical role in allergy 

prevention and treatment. 

Therefore, probiotic supplementation beneficially influencing the 

gastrointestinal microflora is gaining interest as they can reduce allergic 

complications. 

The potential mechanism of probiotics actions against allergic 

response includes balancing of Th1/Th2 ratio and inhibition of Th17 cells 

function; development of Tolerogenic regulatory T (Treg) cells; and 

modification of Toll-like receptors (TLR) [42]. The probiotics' 

microorganisms such as B. umbifidum may incite the T cells to produce 

more IL-10 [43]. 

Moreover, probiotic utilization improves skin inflammation, i.e., 

eczema, by lowering the CD4+, and CD25+ cells count while increasing 

the CD8+ cells counts. 

The probiotic utilization also animates TLR action and may affect the 

activity of immunoregulatory cytokines, e.g., IL-10 and TGF-β, and 

different subgroups of Treg cells [42]. 

 

 

3.6. Lactose Intolerance 

 

Lactose intolerance refers to the inability to hydrolyze complex 

carbohydrates such as lactose into the monosaccharides glucose and 

galactose due to the deficiency of the enzyme β-galactosidase. After 

consuming milk or milk products, persons with lactose intolerance develop 

symptoms such as diarrhea and abdominal uneasiness. It has been 

demonstrated that traditionally made yogurt preparations using S. 
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thermophilus and L. delbrueckii sp. Bulgaricus, shows more efficacy 

against lactose intolerance, partially because of higher β-galactosidase 

activity. 

The combination of L. casei and B. breve could also be used for high 

efficacy against lactose intolerance [44]. 

 

 

3.7. Probiotics and Heart Health 

 

Coronary heart diseases are associated with elevated cholesterol levels 

in the blood (hypercholesterolemia) and are considered as major risk 

factors; therefore, lowering cholesterol levels can help to maintain the 

good health of the heart. The probiotic strains (lactic acid bacteria) play a 

significant role in lowering down the cholesterol levels. The mechanism 

by which probiotic strains help in its assimilation involves  

 

1) inhibition of cholesterol synthesis by de novo mechanism;  

2) lowering of dietary cholesterol absorption in the gut;  

3) self-digestion of cholesterol into its metabolites.  

 

Various studies have reported that administration of probiotic 

microorganisms such as B. bifidum, B. breve, L. plantarum, L. brevis 

LB32, and L. reuteri in food products helps in eliminating the risk of heart 

diseases [45, 46]. 

 

 

3.8. Anti-Diabetic Activities of Probiotics 

 

Firmicutes such as Megasphaera, Pectinatus and Zymophilus are 

Gram-positive bacteria that dominate the human gut.  

A recent study has demonstrated the relationship between reduction in 

firmicutes and type-2 diabetes.  

The decreased count of firmicutes is positively related to glucose 

concentration [47].  
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Moreover, changes in gut microbiota, also favor the invasion of 

opportunistic microorganisms that might inhibit the growth of bacteria 

engaged in SCFAs production [48]. 

Currently, research has been focused on the management of diabetes 

by controlling the gut hormones by the intervention of probiotics 

(Lactobacillus and Bifidobacteria sp.) and prebiotics (arabinoxylan and its 

oligosaccharides). 

 

 

3.9. Probiotics and Blood Pressure Regulation 

 

Blood pressure in hypertensive conditions result from the imbalance 

of total and low-density lipoprotein (LDL) cholesterol. It has been reported 

that intake of probiotics and their products might help to regulate blood 

pressure. Probiotic supplementation containing Saccharomyces cerevisiae, 

Streptococcus thermophilus, Lactobacillus Spp. (L casei, L acidophilus, L 

helveticus, L bulgaricus, L rhamnosus, L kefiri), and Bifidobacteria 

umbrella and longum could be used as antihypertensive agents [49, 50]. 

 

 

3.10. Probiotics and Urogenital Health Care 

 

Bacterial vaginosis (BV) and urinary tract infection (UTI) are the most 

common causes of urogenital infections. The BV results from abnormal 

discharge from the vagina due to the growth of non-endogenous bacteria. 

Imbalance in the vaginal microenvironment can enhance the incidence of 

UTI. More than 50 different types of Lactobacillus Sp. inhabit the vagina. 

Probiotic supplements can reassure the balance of Lactobacillus Sp, 

especially the L. reuteri, L. vaginalis, L. delbrueckii, L. rhamnosus, L. 

brevis, L. casei, and L. salivarius that are considered as the main regulators 

of urogenital infections [51]. 
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CONCLUSION 

 

Probiotics represent a group of microorganisms that improve the 

health status of the human gut when consumed in adequate doses for 

appropriate periods. Its mode of action involves production of bacteriocins 

and volatile fatty acids (SCFAs and BCFAs), modulation of the immune 

system response, and activity of enzymes involved in the metabolism of 

various types of toxic substances and carcinogens. The other mechanisms 

include competitive exclusion, stimulation of mucous production, and 

maintenance 

 of the intestinal barrier. All these mechanisms work together to favor 

the growth of beneficial microorganisms while inhibiting the growth of 

pathogenic ones; thereby resulting in a healthy gut. In the last few decades, 

a surge in probiotic research-related data has drawn the scientific 

community's attention to explore further their potential role in therapeutics. 

However, to consider probiotics as a component of personalized medicine, 

intensive studies need to be conducted. It will further help us to understand 

each probiotic microorganism’s personality and its overall role in affecting 

host health. Moreover, technological innovations need to be adopted to 

ensure that probiotics do not lose their function and useful properties once 

they enter the gastrointestinal tract. 
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ABSTRACT 

 

In the past decade, the keen interest of researchers towards 

nutraceuticals and functional foods has led to certain advancements in 

food technology. The combined formulation of probiotics and prebiotics 

(synbiotics) is one of the significant advancements. The synbiotics have 

provided countless health benefits such as prevention and treatment of 

diseases, improved gastrointestinal tract health, and reduced risk of colon 
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cancer and mental illness. Furthermore, the introduction of the synbiotic 

approach has improved and accelerated the growth and implantation of 

viable probiotics in the gut lining due to the presence of combined 

prebiotic. In this chapter, the authors covered the fundamental aspect of 

synbiotics, their possible mechanism of action, and their potential health 

benefits. 

 

 

1. INTRODUCTION 

 

After hundreds of years of co-evolution, symbiosis has developed 

between microbes and hosts inhabiting them, such as the gut microbiome. 

The gastrointestinal tract of humans has numerous microbes inhabiting it 

and surviving in a symbiotic relationship. Collectively, the human gut 

microbiota is observed to be composed of nearly 500-1000 bacterial 

species [1]. A wide range and characteristics of these microbes are kept in 

the gut. These can be beneficial or harmful for individuals, i.e., both good 

and bad microbes may be expected in the gut microflora. The key focus in 

the chapter remains on the beneficial ones, which are supposed to provide 

countless health benefits such as a healthy gut, strong immunity, improved 

metabolism, and mental health. 

Some of these beneficial microbes are taken via diet and others via 

pharmaceutical formulas or functional foods. Presently, these beneficial 

microbes are known as probiotics. Earlier, when probiotic formulations 

were not developed, food was the primary source of their intake. One such 

popular probiotic bacteria is Lactobacillus lacti; present abundantly in 

curd, it is proven to reduce the effects of diarrhea [2].  

The combination of probiotics and prebiotics in synbiotics is a widely 

accepted food supplement these days. The WHO (World Health 

Organization) and FAO (Food and Agriculture organization) define 

synbiotics as “a supplement that contains both, a prebiotic and a probiotic 

that works together to promote ‘healthy microflora’ in the human 

intestine.” The synbiotics are supposed to work according to symbiotic 

theory, and their excellent mechanism is discussed in this chapter in the 

later sections. 
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Figure 1. Benefits of synbiotics over usual medications. 

Figure 1 has shown how synbiotics are beneficial for the health of 

mammals as their intervention in several physiological, clinical, and even 

psychological illnesses has led the individual to better health and even 

psychology via the gut-brain bidirectional axis. With the advent of 

synbiotics, life is set free from the bitter taste of drugs; even 

pharmacological studies potentially formulate these synbiotics in the form 

of medicines and not solely as foodstuff. The experimentally proven 

synbiotics are available in the markets at a reasonable rate, unlike 

expensive medication. Another good part about synbiotics is that it doesn’t 

mean information about something alien to the gut. Its inhabiting microbes 

are supplemented with superficial dietary fibers with emerging nutritional 

studies and technology. We are moving towards the betterment of these 

formulations day by day. 

 

 

2. SYNBIOTICS: PROBIOTICS AND PREBIOTICS 

 

The supplement of synbiotics (Figure 2) containing combinations of 

the live bacteria and the non-digestible fructooligosaccharides that 
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stimulate their growth is a tremendous significant milestone in attaining 

good health. In this combination of probiotics and prebiotics, the latter 

component enhances the growth of combined probiotic bacteria and 

flourishes the growth of native bacterial strains in the gastrointestinal tract. 

The importance of these microbes is visible from the fact that alterations 

of these microbial strains in early life due to unfavorable conditions have 

influenced the potential risk for several diseases. Gibson introduced the 

concept of synbiotics. The term synbiotics alludes to synergism with 

beneficial effects. The two sub-components of synbiotics are, therefore, a) 

Probiotics and b) Prebiotics which are discussed briefly in chapters 8 and 

9, and general ideas about these are given below:  

 

 

Figure 2. Synbiotics are a combination of probiotics and prebiotics.  

1. The enhanced production of beneficial short-chain fatty acids 

(SCFAs) due to prebiotic consumption: SCFAs can modulate 

histone acetylation via fermentation. As a result, they enhance the 

presence of several genes for transcription factors. Example of 

SCAFs includes butyric acid and propionic acid. 

2. Reducing the pH of the gut: Fermentation of these unprocessed 

foods, main carbohydrates by probiotics like Bifidobacterium or 

Lactobacillus, somehow leads to a decrease in pH, making the gut 

environment more suitable for the survival of inhabiting probiotics 

(3). 
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Table 1. Examples of certain prebiotic-influenced health 

effects/benefits in different studies are clinical disorders 

 

S. 

No 

Administered 

prebiotic 

Outcome of study Reference 

1 OFS Among individuals facing obesity issues, a reduction in body 

weight due to oligofructose supplementation was seen, and 

the control group experienced an increase in the body’s 

weight. In addition, glucose levels were decreased in the 

oligofructose group and increased in the control group 

between the initial and final tests. 

[5] 

2 FOS No effect of FOS on glucose and lipid metabolism in subjects 

suffering from type 2 diabetics 

[6] 

3 AX Improved glycaemic control in subjects administered AX-rich 

fibre for clinical condition type 2 diabetes. 

[7] 

4 OFS Decreased serum aminotransferases, aspartate 

aminotransferase, and insulin levels in patients having non-

alcoholic fatty liver disease. 

[8] 

5 GOS, FOS A high percentage of Bifidobacterium, i.e., probiotic growth, 

enhanced and low level of E.coli observed in subjects after 

administration of GOS, FOS. The study was carried out with 

bottle-fed infants. 

[9] 

6 Inulin Endoscopic and histological inflammation decreased after 

administration of inulin. In addition, increased intestinal 

butyrate and lowered pH were also observed, along with a 

significant reduction in Bacteroides fragilis. 

[10] 

7 GOS, FOS Allergic symptoms—AD, wheezing, urticaria, and fewer URI 

were observed less in the subject group given prebiotic than 

control group individuals in the clinical condition of atopic 

dermatitis. 

[11] 

8 GOS Symptoms for alleviation of lactose intolerance include pain, 

bloating, cramping, diarrhoea, etc. With the prebiotic 

administration, it was observed that at least one of these 

symptoms disappeared or improved in at least 71% of 

subjects. Bifidobacteria, i.e., probiotic bacteria, also 

significantly increased by 90% among non-lactose tolerant 

participants after administration of GOS. In addition, lactose 

fermenting microbes, i.e., Bifidobacterium, Faecalibacterium, 

and Lactobacillus, were significantly increased. 

[12] 

9 Inulin In human colorectal carcinoma, apoptosis was induced, and 

growth was inhibited. 

[13] 

 

3. The molecular interactions in probiotics and prebiotics: Molecular 

structure of prebiotics fates their physiological effects. Therefore, 
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only particular micro-organisms, i.e., probiotic microbes, are the 

only type of gut microbes to obtain nutrients to flourish their 

growth (4). 

 

Table 2. Examples of specific probiotic potential carrying bacteria 

and their health effects in different studies; among individuals  

with clinical disorders 

 

S. 

No 

Name of the 

microbes  

Health benefit observed  Reference 

1. E. faecium and 2, 

S. thermophilus 

strains 

Decrease in total weight of the body, BP (Systolic), LDL-

C, and gain in levels of the fibrinogen in subjects facing 

obesity. 

[14] 

2. L. acidophilus 

La5, B. animalis 

subsp. lactis Bb12 

Decrease in glucose concentration for fasting stage and 

elevation in HOMA-IR in subjects facing obesity. 

[15] 

3. L. gasseri 

SBT2055 

Decrease in BMI value and arterial BP (arterial) in 

subjects facing obesity. 

[16] 

4. Bifidobacterium, 

Lactobacillus, S. 

thermophilus  

Better lipid profile and sensitivity for insulin and 

reduction or lower CRP in subjects facing obesity. 

[17] 

5. L. salivarius Ls-

33 

Positive elevation in the ratios of Prevotellae, 

Bacteroides, and Porphyromonas in subjects facing 

obesity. 

[18] 

6.. L. casei Shirota VCAM-1 level drop in subjects with insulin resistance 

syndrome. 

[19] 

7.  L. plantarum Reduction in levels of Glucose and homocysteine subjects 

with Insulin resistance syndrome 

[20] 

8. L. planatarum A7 Reduction in the process of methylation, 8-OHDG and 

SOD in Diabetes type 2 patients 

[21] 

9. L. acidophilus La-

5, B. animalis 

subsp. lactis BB-

12 

HDL-C levels gain and reduced LDL-C/HDL-C ratio in 

Diabetes type 2 patients 

[22] 

10. L. acidophilus La-

5, B. animalis 

subsp. lactis BB-

12 

Different changes of HbA1c, TC in groups of subjects for 

study, and LDL-C in Diabetes type 2 patients 

[23] 

11. L. acidophilus 

La5, B. lactis 

Bb12 TC and 

LDL-C 

improvement. 

Improved TC and LDL-C in Diabetes type 2 patients [24] 
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S. 

No 

Name of the 

microbes  

Health benefit observed  Reference 

12. L. bulgaris, S. 

thermophilus 

The reduction was observed for the levels of ALT and γ-

GTP among subjects with Non-alcoholic fatty liver 

disease. 

[25] 

13. Bifidobacterium, 

Lactobacillus, S. 

thermophilus 

Fatty liver severity improved, reduced BMI, and more 

GLP1/aGLP1 among patients with non-alcoholic fatty 

liver disease. 

[26] 

14. L. rhamnosus GG  ALT and PG-PS IgAg antibodies reduction among 

patients having non-alcoholic fatty liver disease. 

[27] 

15. L. reuteri ATCC 

55730 

Pain and symptoms associated with intestinal colic 

disappeared in subjects having Irritable bowel syndrome 

(IBS). 

[28] 

16. L. rhamnosus 

HN001 

It decreased the cumulative prevalence of eczema 

substantially in newborns/infants for the clinical condition 

of Atopic dermatitis. 

[29] 

17. B. bifidum, B. 

lactis, L. Lactis 

Reduction of eczema in high-risk for two years due to 

probiotic administration within three months of birth to 

infants for clinical condition of Atopic dermatitis. 

[30] 

 

Though prebiotic consumption is for the improved growth of 

probiotics, their availability to target beneficial microbe instead of 

pathogenic microbes remains an area of concern. Probiotics have 

developed several characters for the competitive win for nutrients during 

this case. In addition, prebiotic food products have been shown to provide 

health benefits, as given in Table 1, to its consumer beyond essential 

nutrition when added to a regular diet. Thus, it remains an area of interest 

for various food technologists. Also, some of the administered prebiotic 

and probiotic bacteria and the health benefits they provide have been 

mentioned in Tables 1 and 2. 

 

 

3. SELECTION CRITERIA FOR SYNBIOTICS 

 

While developing a synbiotic formulation, it is important to select an 

appropriate probiotic and prebiotic. Under this, we check the suggested 

microbe and indigestible foodstuff we are considering as probiotic and 

prebiotic have a positive impact on human health with no side-effects 

either short term or long term when used separately and not in 
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combination. The second thing after the theory search is to look for all the 

desired attributes for their survival and effective functioning in the gut. 

Some examples of synbiotic formulas are given in Table 3. 

After checking the different potential next steps, look for the effect of 

the selected prebiotic on the growth of desired probiotic. Prebiotic is 

limited if it carries specific properties that have a favorable impact on the 

probiotic. Several lab-based experiments are then carried out where the 

selected probiotic is administered as a nutrition source to the lab-grown 

probiotic microbe/bacteria. Later, the pre-preparation is kept for 

incubation at optimum conditions in an incubator for a probiotic growth 

period. Now, the effects are seen; either the probiotic will flourish or 

increase in number, indicating the right choice of probiotic, or the number 

of probiotics will decline, suggesting the given food doesn't complete the 

criteria of prebiotic for desired probiotic. Also, the prebiotic will be 

checked for interaction with other pathogenic microbes present in the gut. 

In competitive conditions, the prebiotic should stimulate the growth of 

only desired probiotic, and no pathogenic microbe should be benefitted. 

Let say we have to check the effect of prebiotic: PRE1 on probiotic: PRO1. 

We can have two different observations:  

 

 

3.1. The Probiotic Density Increases 

 

In this case, the number of PRO1 will be increased with PRE1 as the 

sole source of nutrition for PRO1. It suggests PRE1 as a potential food 

source for PRO1. 

 

 

3.2. The Probiotic Density Decreases 

 

In this case, the number of PRO1 will be decreased with PRE1 as the 

sole source of nutrition for PRO1. It suggests PRE1 as a non-potential food 

source for PRO1. 
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Table 3. Several examples of synbiotic formulas (31) 

 

S. No Genus of Bacteria as Probiotic Prebiotic combined 

1 Lactobacillus Inulin 

2 Lactobacillus, Streptococcus, and Bifidobacterium FOS-Fructooligosaccharides 

3 Lactobacillus, Bifidobacterium, Enterococcus FOS- Fructo-oligosaccharides 

4 Lactobacillus and Bifidobacterium Oligofructose 

5 Lactobacillus and Bifidobacterium Inulin 

 

 

4. MECHANISM USED BY POTENTIAL SYNBIOTICS 

 

The synergistic effect of probiotics and prebiotics lays the foundation 

for the synbiotics theory. The probiotics aid to our health is nothing new 

to our knowledge repurchased. Still, the interest is bought back by how 

these probiotics settling our small and large intestine benefit from the food 

we consume. This theoretical knowledge was added up with evidence from 

several empirical studies where researchers observed that prebiotics aided 

probiotics in tolerating the GI tract’s environmental conditions with ease. 

The requirements included: pH, oxygenation, and temperature. However, 

how prebiotics provides this added tolerance to probiotics is still into 

search criteria. The combination of prebiotics and probiotics lead to the 

formation of dietary supplements carrying viable microbes and assurance 

to withstand the harsh conditions in the way before it starts its mechanism 

to provide desired health benefits to host/consumer. 

Figure 3 explains the most believed mechanism of synbiotic action is 

improved viability of combined probiotics for improved shifting [32]. 

 

1. Synbiotics lead to enhanced growth and viability of beneficial 

microflora and elimination of harmful ones.  

2. Synbiotics results in the maintenance of the intact intestinal 

structure and a decrease in concentrations of unwanted 

metabolites.  

3. They also increase the level of useful, beneficial short-chain fatty 

acids like propionic acid and butyric acid, carbon disulfides, 
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ketones, and methyl acetates, which influence the health of the 

host/consumer beneficially [32]. 

4. Synbiotics have proven therapeutic effects on host health, 

including prevention and improvement of condition from several 

health diseases and disorders like diabetes, obesity, osteoporosis, 

diarrhea, intestinal bowel syndrome, and brain-related disorders.  

5. Also, they are anti-cancerogenic, anti-allergic, and anti-bacterial 

(for pathogenic bacteria inhabiting the gut). All these properties 

aid synbiotics to act as a potential food supplement with 

therapeutic benefits. 

 

 

Figure 3. Mechanism of action of synbiotics. 

 

5. HEALTH BENEFITS OF SYNBIOTICS 

 

Over the past few years, the interest of researchers in the synbiotic 

concept, carrying synergistic effects, has led to many help, valuable 

findings in the field. The synbiotics may seem just a food supplement, but 

their benefits are beyond our imagination several times. The proven health/ 

clinical benefits of synbiotics are given in Figure 4. 

Complimentary Contributor Copy



Synbiotics 241 

 

Figure 4. Health benefits of synbiotics. 

 

5.1. Increased Ratio of Healthy Gut Microflora 

 

The healthy gut microflora majorly accounts for the bacteria of genus 

Lactobacillus and Bifidobacterium. Administrations of synbiotics have led 

to a boost in the density of these bacteria by many folds. The increased 

number of these beneficial microbes serves as stimulation to several health 

benefits like improved efficiency of the gut, resistance to several diseases, 

and enhanced work efficiency. These microbes are even sometimes 

associated with brain functioning and psychology. The concept of the gut-

brain axis and its efficiency to modulate our mood leading us to the path 

of happiness and away from psychological diseases like stress, depression, 

and anxiety is an approach towards achieving good mental health; when 

most individuals these days can be seen suffering from stress-related 

disorders in our day to day lives [33]. 
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5.2. Improvement in the Functioning of Organs  

in the Human Body 

 

The benefits of Synbiotics are not limited only to the gut but also to 

the organs such as the liver and brain. 

 

5.2.1. Liver/Hepatic Functioning Improvement 

The end product of probiotic bacteria metabolism includes ethanol, 

SCFA (Short-chain fatty acids), and LPSs (Lipopolysaccharides). These 

end products can quickly efficiently translocate and penetrate the liver. 

Inside the liver, the synthesis and storage of hepatic triacylglycerol carrier 

stimulated by SCAFs. This leads to hepatic detoxification resulting in the 

storage of triacylglycerol in the liver and intensifying liver steatosis. LPSs 

also play a crucial role in developing resistance to insulin and increasing 

inflammatory cell uptake in the case of non-alcoholic fatty liver disease 

(NAFLD). This is stimulated due to induction of TNF or tumor necrosis 

factor by LPSs [34]. 

 

5.2.2. Improvement in the Brain’s Functioning 

The Enteric Nervous System (ENS), Central Nervous System (CNS), 

and subsequently the brain is benefitted via the administration of 

synbiotics carrying psychological effects; commonly known as 

psychobiotics. Considerable large-scale improvement in concentration, 

thinking efficiency, memory, and decision-making ability has been 

observed in several studies targeting psychobiotics. The reason for the 

benefits observed is proper maintenance and functioning of the bi-

directional brain-gut or gut-brain axis. Diet intake has shown great 

importance in this regard [35]. 

 

 

5.3. Reduced Chances of Nosocomial Infection 

 

Post-surgical wounds have always been an area of concern. They are 

most susceptible to infections caused by several pathogenic micro-
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organisms. In places like hospitals, multiple patients taking potential 

pathogens are current, and the chances of infection increase many folds. 

Administration of synbiotics in such cases has shown a significant 

decrease in nosocomial infections by preventing bacterial translocation in 

post-surgical procedures. 

 

 

5.4. Aid in Curing/Prevention of Health Diseases 

 

Improvement in health conditions during several illnesses has been 

observed in several diseases. The conditions discussed in this chapter are 

Cancer and Intestinal Bowel Syndrome. 

 

5.4.1. Cancer 

Cancer is a disease caused by the uncontrolled growth and 

proliferation of cells in the body. Cancer may either be benign or malignant 

depending on the limit of its effect on an organ or the whole body. 

Synbiotics are means of manipulating the gut microbiota to provide 

therapeutic effects in preventing and curing cancer. Onco-suppressive 

agents have shown a positive impact on controlling proliferation and 

enhancing immunomodulation. Synbiotics have demonstrated that they act 

as adjuncts in cancer treatment during several studies. Even after the 

disease has occurred, the post effects of its treatment like chemotherapy, 

radiotherapy, and antibiotics have shown to be minimized as a result of 

synbiotics administration [36]. In a study, the health effect of a synbiotic 

administration (where probiotic strains considered were Lactobacillus 

rhamnosus GG and Bifidobacterium animalis subsp. lactis Bb12, and the 

prebiotic was fructo-oligosaccharides) were observed for patients at 

potential risk of colorectal cancer, and results were reduction in the risk of 

colorectal carcinoma [37]. 

 

5.4.2. Irritable Bowel Syndrome 

Irritable bowel syndrome is a commonly found disorder associated 

with harm to the large intestine. It is a chronic illness that arises over a long 

Complimentary Contributor Copy



Deepika Pawar, Nidhi Bhardwaj, Anita Kumari et al. 244 

time due to our negligence towards our health, such as developing lousy 

eating habits, mainly fried food, junk food, carbonated drinks 

consumption, and excessive intake of spices. The sedentary lifestyle and 

chronic stress in an individual also enhance the risk factor for this disorder. 

The illness is associated with abdominal pain, gas, cramping, constipation, 

or diarrhoea. The administration of synbiotics has shown significant 

improvement in patients’ health conditions with irritable bowel syndrome 

[38]. In a study among 76 patients with IBS, the supplementation of 

synbiotics (probiotic used was L. acidophilus La-5®, B. animalis ssp. 

lactis BB-12®, dietary fibers (Beneo)) for nearly four weeks led to an 

improvement in total IBS-QoL score by 18%. In addition, significant 

improvements in IBS symptoms like bloating severity, satisfaction with 

bowel movements were observed. Though several improvements were 

seen, the area is still in the infancy stage and needs more attention for 

improvements [39]. 

 

 

6. DELIVERY SYSTEMS FOR SYNBIOTICS 

 

Synbiotics are functional foods or nutraceuticals having potential 

health benefits. Their health benefits are undoubtedly numerous, but 

finding the delivery systems for their administration is an area of concern. 

Microcapsules can be used as a delivery system for this purpose. The 

encapsulation of probiotics alone was standard earlier. Now, for synbiotics 

also a similar process called co-encapsulation is done. In this system, the 

co(combined) encapsulation of the probiotic bacterium occurs with the 

prebiotic food component, which will aid this health-promoting bacterium 

to flourish its growth in the consumer’s gut and the increased period of 

stay inside the digestive system. The co-encapsulation can be achieved by 

specific techniques like electro-hydrodynamic atomization, i.e., EDHA. 

Example: The double-layer co-encapsulation of Lactobacillus plantarum 

and Bifidobacterium lactic with insulin or resistant starch can be done in 

the microcapsules of alginate or chitosan using EDHA [40]. 
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Another example is using the microcapsules with combinations of 

fenugreek gum, alginate, and locust bean gum to co-encapsulate the 

probiotic strains Pediococcus pentosaceus KID7, Lactobacillus plantarum 

KII2, Lactobacillus fermentum KLAB6, and Lactobacillus helveticus 

KII13 along with required prebiotic [41]. The use of delivery systems has 

several associated benefits. The co-encapsulation can enhance or improve 

the viability of bacteria in microcapsules, and gastrointestinal transit time 

can also be increased [41] using this system. The bioavailability and bio-

accessibility are also enhanced. 

Other delivery systems like nano-emulsions (O/W) and microspheres 

are also available. For example, the aqueous phase of protein incorporated 

prebiotics emulsion for the nano-emulsion system was used for probiotic 

Enterococcus faceium. Gum Arabica was used as an emulsifier for this. 

The aqueous phase included whey protein concentrate (WPC), Gum 

Arabica (GA), and inulin as prebiotic for this study [42]. For the 

microsphere delivery system, alginate and arabinoxylan can be co-gelated 

to produce microsphere for a synbiotic combination of probiotic 

Lactobacillus plantarum along with prebiotic arabinoxylan 

oligosaccharides. Using prebiotic for microsphere will increase the 

encapsulation efficacy [43]. Each delivery system has its benefits. The 

majorly and popularly used delivery system observed is co-encapsulation 

in microcapsules. 

 

 

CONCLUSION 

 

The never-ending side effects of drugs make them the least picked yet, 

the only option for someone suffering from any disease or disorder. Their 

alternatives have always been searched for irrespective of their extensive 

use for the treatment of any disease. The requirements of pharmaceuticals 

carrying the potential to cure diseases and prevent them; without causing 

any harm or side effects to the consumer have always been in the light. The 

stimulative impact of prebiotics for probiotics laid the foundation of the 

synbiotic concept, which requires formula used as a food supplement due 
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to its association with numerous health benefits. The potential benefits do 

not only limit to the digestive tract but spread across the whole body. 

Probiotics have shown their needed health effects for years, but adding 

something that can boost their efficiency and potential led to better 

probiotics and the host they inhabit. Laboratory studies were carried out to 

develop the most suitable synbiotics by combining desired probiotics with 

suitable prebiotic. The extensive experimental studies and clinical 

evidence have shown the potential of synbiotics in the prevention and 

treatment of certain health concerns. However, more clinical trials need to 

be done to establish the precise therapeutic application of synbiotics in 

different groups of populations. 
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ABSTRACT 
 

In recent years, the scientific community has established the 

connection between a good diet and health. Therefore, people are 

becoming more aware about the benefits of healthy food and its 

importance in maintaining well-being. Over the years, with 

advancements in technology, numerous biologically active peptides (BP) 

have been identified from various food sources. They are naturally 

present in milk, eggs, soy, fish, and meat proteins, but can also be 

synthesized with prior knowledge of the peptide sequence. Although both 

peptides and proteins differ in their molecular weight; but, they share a 
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common standard building block, i.e., amino acids. The latter are 

connected by a peptide bond that results from covalent interactions. Once 

released into the gut and bloodstream, the activity of the peptides and 

proteins is determined by their sequence and composition of amino acids. 

The peptides are derived from proteins as small fragments of unequal 

length by the digestion of various gut enzymes. Out of the complex 

peptide mixture, a few become active and exert their beneficial effects by 

binding themselves to gut receptors. Once BP reaches the bloodstream, 

thereby, they target the cardiovascular, endocrine, nervous, digestive, 

and immune systems and improve their efficacy. The various studies 

have demonstrated the antimicrobial, antioxidant, cytomodulatory, and 

anticancer potential of bioactive peptides. In this chapter, we have 

discussed various bioactive peptides and their importance in the 

betterment of human health.  

 

 

1. INTRODUCTION 

 

The emergence of various lifestyle-related disorders is related to 

inadequate dietary intake. Therefore, protein and fiber-rich foods are 

gaining the attention of the scientific community. Protein-rich foods offer 

nutritional values and enhance the physiological functions of the body [1]. 

To have potential health benefits from proteins, these need to be 

hydrolyzed into small fragments known as bioactive peptides (BP). Latter 

are composed of amino acid residues linked to one another with the help 

of amide or peptide bonds. Currently, a database named ‘Biopep’ has been 

developed that contains more than 4000 BP entries. Inside the parent 

protein, BP usually remains inactive and can be converted into an active 

form either by enzymatic hydrolysis or by food processing methods such 

as cooking, fermentation, and ripening [2]. In recent years, the overall 

production of BP has increased many folds because of its numerous health 

benefits. Bioactive peptides specifically interact with specific gut receptors 

and biomolecules to facilitate the physiological functions of the body [3]. 

Moreover, depending on their mode of action, they could display hormone 

or drug-like activities. They have been categorized as antihypertensive, 

anti-cancerous, antidiabetic, antimicrobial, immunomodulatory, 

antioxidative, opioid, and mineral binder.  
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2. SOURCES OF BIOACTIVE PEPTIDES 

 

These can be obtained from both plants (mushrooms, sorghum, 

pumpkin, soy, rice, wheat, and maize) and animals (bovine blood, meat, 

eggs) sources. Various fish species (salmon, tuna, sardine, and herring) and 

dairy products (bovine milk) also provide BP with potential health 

benefits.  

 

 

2.1. Vegetal Sources 

 

Bioactive peptide can be produced by in vitro gastrointestinal (GI) 

digestion of soy milk and soybean seeds. Digestion of soy hydrolysates 

and the soy-fermented foods (natto and tempeh) by a variety of proteases 

such as trypsin, kidney membrane proteases, pronase, and plasma 

proteases generates oligopeptides with antithrombotic and angiotensin-

converting enzyme (ACE) inhibitory activity [4]. Cereal grains such as 

wheat, millet, barley, corn, rice, and oats are routinely being used as part 

of the diet. The cereal proteins contain numerous BP with potential 

biological effects such as anticancer, antioxidant, antithrombotic, and 

opioid activities [5]. Roasted (malt, coffee & cocoa) and fermented (beer 

& aged sake) foods contain cyclic dipeptides such as 2, 5-

diketopiperazines (DKPs). Latter are also present in hydrolysates of whey 

protein and have been reported to have antioxidant properties [6].  

The waste material generated from fruit and vegetable processing can 

also be utilized as a source of BP. The enzymatic digestion of protein-rich 

fruits such as plums with thermolysin, protease P, and alcalase generates 

BP with ACE inhibitory and antioxidant properties [7]. A significant 

amount of waste is produced by the oil industry; for example; the 

extraction process of olive oil generates a lot of non-biodegradable waste, 

and attempts have been made to recover BP from such waste material. In 

one of the studies, enzymatic digestion of waste proteins with alcalase 

produced a hydrolysate with anti-hypersensitive and antioxidant activity 

[8].  
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2.2. Animal Sources 

 

Animal protein is considered as a rich source of BP and is thought to 

confer various health benefits. The bovine blood obtained from the 

slaughterhouse contains an abundant amount of BP, and when digested in 

vitro, generates 75 types of unique peptides with profound physiological 

function [9]. The hydrolysis of blood proteins such as serum albumin with 

trypsin generates BP with antioxidant, antihypertensive activity and also 

aids in blood glucose regulation [10]. The peptides derived from meat and 

fish exhibit antimicrobial, antihypertensive, and antioxidative activities in 

vitro as well as in vivo, too. For example, peptides obtained from nebulin 

(Arg-Pro-Arg) and titin (Ala-Pro-Val-Ala and Pro-Thr-Pro-Val-Pro) in 

pork digest have been reported to show antihypertensive activity [11]. 

Eggs are considered a rich source of valuable proteins and are 

recommended as part of a healthy diet. Eggs have been known to contain 

numerous types of BP with therapeutic potentials, besides fulfilling the 

nutritional requirement. The protein powder derived from the egg white is 

routinely being used in the food industry as it offers extended shelf life and 

is known to produce numerous BP on hydrolysis with proteases [12]. The 

BP (Arg-Val-Pro-Ser-Leu) with antihypertensive properties has been 

derived from egg white protein [13]. 

 

 

2.3. Dairy-Based Products 

 

Dairy-based products, primarily bovine milk, have numerous BP, 

which act as a critical source of nitrogen and make up for a truly balanced 

diet. The processing or GI digestion of milk proteins such as 

immunoglobulins and lactoferrin (Lf) releases numerous active peptides 

[14]. Milk fermentation with lactic acid bacteria has been reported to 

generate BP with an antihypertensive effect. Two peptides (Tyr-Pro and 

Lys-Val-Leu-Pro-Val-Pro-Gln) purified from fermented milk exhibit ACE 

inhibitory, immunomodulatory, antibacterial, antithrombotic, and 

anticancer activities [15]. The BP derived from donkey milk protein 

hydrolysates possess various nutritional properties along with biological 
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activities. One of the studies demonstrated that donkey milk contains five 

endogenous BP with immunomodulatory and ACE inhibitory effects [16]. 

 

 

2.4. Marine Organisms Derived Sources  

 

The peptides derived from marine organisms have been  

used effectively for treating various diseases. The potential health  

effects of such BP include appetite suppression, hypocholesterolemic, 

antihypertensive, antidiabetic, antimicrobial, anticancer, 

immunostimulatory, anticoagulant, and antioxidative activities [17]. The 

BP isolated from crustaceans is known to regulate various biological 

functions such as metabolism, reproduction, and metamorphosis. Marine 

algae are considered a powerful source of proteins, and BP isolated from 

it offers multiple health benefits, including immunomodulatory, 

antibacterial, and ACE inhibitory activities [18]. 

 

 

3. PRODUCTION OF BIOACTIVE PEPTIDES 

 

They can be obtained from various food proteins by GI digestion, 

enzymatic hydrolysis, and microbial fermentation. However, with prior 

knowledge of the peptide sequence, it is also possible to synthesize the BP 

chemically or using recombinant DNA technology.  

 

  

3.1. Enzymatic Hydrolysis 

 

Numerous peptides have been obtained from various animal and plant 

sources by enzymatic treatment. It involves the enzymatic digestion of 

proteins with proteases such as trypsin, pepsin, alcalase, savinase, elastase, 

chymotrypsin, and thermolysin in combination or individually [19].  

The hydrolysis process involves sample reconstitution at optimum pH, 

followed by heating at 95°C that releases the proteolytic enzymes and 
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produces hydrolysates. Latter was subjected to centrifugation and several 

purification techniques to obtain BP [20]. It has been observed that 

digestion of Neutrase® and thornback ray skin gelatin hydrolysate with 

protease generates BP with antioxidant and antihypertensive potential [21]. 

 

 

3.2. Gastrointestinal Digestion 

 

Digestion of food-derived proteins inside the GI tract releases several 

health beneficiaries BP [22]. Once food reaches the stomach, the food 

proteins get denatured by secretion of hydrochloric acid (HCl) from 

parietal cells. Low pH favors the conversion of inactive proteases into 

active ones, and as a result, BP of different lengths are released from 

proteins by GI enzymes. 

 

 

3.3. Fermentation 

 

The process of fermentation makes use of a proteolytic enzymatic 

system of microorganisms. These enzymes hydrolyze the proteins into 

their building blocks i.e., amino acids and peptides, to fulfill the nitrogen 

requirement of microbes. For example, fermentation of milk proteins with 

the help of L. helveticus and S. cerevisiae is known to produce 

antihypertensive peptides such as Ile-Pro-Pro (IPP) and Val-Pro-Pro-Pro 

(VPPP) [23]. Furthermore, L. helveticus, L.-plantarum, and S. thermophile 

proteolytic systems have also been used to release BP from fermented milk 

proteins [2]. 

 

 

3.4. Chemical Synthesis 

 

In recent years, peptidomimetics have helped a lot to produce synthetic 

BP with pharmaceutical properties [24]. Furthermore, advanced 

technological interventions and in silico approaches could be used for the 
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identification of novel BP. The chemically synthesized tetrapeptide such 

as Lys-Arg-Glu-Ser (LAGS) has been reported to reduce peroxidation and 

atherosclerosis [25]. Similarly, the synthesized peptide having the active 

Pro-His-His (PHH) fragment exhibits remarkable properties of lipoprotein 

oxidation inhibition [26].  

 

 

3.5. Genetic Engineering 

 

The synthesis of short-chain peptides using genetic engineering has 

gained much interest in the last few years. The process involves cloning a 

peptide coding region in a prokaryotic expression vector that allows mass 

production of BP with biological activities. The ACE-inhibitory peptides 

such as His-His-Leu, His-Val-Leu-Pro-Val-Leu, and Gly-His-Ile-Ala-Thr-

Phe-Gln-Glu-Arg have been expressed successfully using E. coli as host 

[27]. 

 

 

4. PURIFICATION AND CHARACTERIZATION  

OF BIOACTIVE PEPTIDES 

 

Various purification and characterization techniques are being used for 

BP production from crude peptide extracts. The purification of peptides 

makes use of various separation techniques such as ultrafiltration (UF) and 

reversed-phase high-performance liquid chromatography (RP-HPLC) 

[28]. At the same time, characterization is done using spectrometry-based 

methods such as matrix-assisted laser desorption/ionization mass 

spectrometry (MALDI-MS)), electrospray ionization mass spectrometry 

(ESI–MS), and fast atom bombardment mass spectrometry (FAB-MS) 

[20]. The purity of BP is assessed by methods other than the one used for 

the purification process. 
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5. BIOACTIVE PEPTIDES AND HEALTH BENEFITS 

 

These can act as endogenous signals that interact with certain 

biomolecules and cell receptors and thereby exert various biological 

effects (Table 1) as discussed below-  

 

 

5.1. Antihypertensive Peptides 

 

Bioactive peptides (BP) are thought to play an important role in the 

regulation of ACE. The primary role of ACE is to maintain stable blood 

pressure by 1) inhibition of angiotensin II synthesis; 2) inhibition of 

bradykinin degradation; and 3) stimulation of water and Na+ retention [29]. 

Peptides with ACE inhibititory activity have been derived from 

hydrolysates of milk proteins such as α-S1-casein, β-casein, and kappa-

casein. Animals (pigs, cattle, and poultry) as well as plants (soybeans, 

peas, barley, oats, and canola) sources contain numerous BP with 

antihypertensive potential [30]. A diverse type of amino acid residues in 

BP contribute significantly towards their ACE inhibitory activity. Latter is 

thought to be associated with the presence of positively charged (lysine 

and arginine) and hydrophobic (proline) amino acids at N- and C-terminal, 

respectively [31]. The BP having branched-chain amino acids (valine and 

isoleucine) have also been reported to show antihypertensive activity. 

Likewise, cation (Zn2+) chelators such as serein, histidine, and glutamate 

residues also could act as potent ACE inhibitors [1]. 

 

 

5.2. Cholesterol-Lowering Peptides 

 

Cholesterol is required for the synthesis of steroid hormones, vitamin 

D, and bile acids. However, excessive levels of cholesterol 

(hypercholesterolemia) may lead to plaque formation in arteries and result 

in arteriosclerosis and ultimately to hypertension [1]. Cholesterol plaques 

may also result in cardiovascular diseases as they block the arteries and 
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reduce the oxygen supply to the heart. In recent years, BP has been 

identified with antihypercholesterolemic effects. The peptides obtained 

from cumin seeds reduce cholesterol by binding to bile acids and by 

inhibiting micelle formation and lipase activity [32]. Moreover, soybean-

derived peptides can lower cholesterol levels by improving low-density 

lipoproteins (LDL) absorption and by inhibiting β-hydroxy-β-

methylglutaryl (HMG)-CoA activity [33]. Similar effects have been 

observed in rice bran, and cowpea protein hydrolysates, where BP have 

reduced cholesterol micellar solubilization [34]. 

 

 

5.3. Antioxidants Peptides 

 

Dysfunctional antioxidant system and reactive oxygen species (ROS) 

such as superoxide anion (O2·) and hydroxyl radical (OH·) generate 

oxidative stress, and subsequently result in tissue injury. Various risk 

elements could elevate levels of ROS and it might act as a predisposing 

factor for various diseases [35]. In the last few years, peptides with 

antioxidant activities have been derived from animal and plant origin food 

sources. The hexapeptide (QFQPGL) and tetrapeptides (WNIP & GWNI) 

derived from milk protein (α-S1-Casein), and egg white protein 

(ovotransferrin) respectively, have been reported to show antioxidant 

activity [36].  

The antioxidant potential of BP is primarily attributed to its amino acid 

sequence composition and hydrophobicity. Latter plays a crucial role in 

promoting antioxidant activity, as it enhances the BP solubilization in 

lipids and expedites the free radicals’ accessibility. The presence of 

aliphatic (valine and leucine) and aromatic (proline) residues in the peptide 

sequence significantly contributes to their antioxidant potential [37]. 

Moreover, the presence of lysine in the BP sequence aids in their 

antioxidant potential by enhancing their ability to chelate cations (Fe2+ and 

Cu2+ ions). It has also been observed that the presence of phenylalanine 

and histidine residues in BP efficiently quench and scavenge the ROS by 

acting as proton donors [38]. 
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5.4. Antidiabetic Peptides 

 

Diabetes mellitus (DM) is characterized by elevated blood glucose 

levels due to inadequate or no insulin secretion from pancreatic cells. It 

can be categorized as type I (insulin-dependent) and II (insulin-

independent). Type 1 results due to insufficient secretion of insulin from 

dysfunctional β-cells of the pancreas, while; type 2 results from an 

imbalance between insulin secretion and absorption of blood glucose [29]. 

The BP derived from various food proteins hydrolysates can act as 

antidiabetic agents and may aid in balancing of glucose and insulin levels. 

The BP extracted from fermented soybean proteins has been reported to 

stimulate insulin-dependent glucose uptake [39]. Similarly, peptides 

(LSVSVL, ATNPLF, and AKSPLF) obtained from protein hydrolysates 

of black beans have shown the potential to inhibit the sodium-dependent 

glucose transporter-1 (SGLT-1) and glucose transporter-2 (GLUT-2), 

which result in lowering of blood glucose levels. Silver carp protein-

derived peptides ((LPIIDI and APGPAGP) have shown the ability to 

inhibit the activity of dipeptidyl peptidase IV (DPP-IV) [40]. Latter is 

thought to be involved in the regulation of the incretin hormones 

[(Glucagon-Like Peptide-1 (GLP-1) and Glucose-Dependent 

Insulinotropic Polypeptide (GIP)]. The duo is known to normalize blood 

glucose levels by stimulating insulin secretion from pancreatic cells [41]. 

Moreover, it has been observed that inhibition of α-amylase and α-

glucosidase activity could also be employed as an alternative strategy to 

regulate the glucose level in diabetic patients [42]. 

 

 

5.5. Antimicrobial Peptides 

 

The peptides with antimicrobial potential are of immense importance, 

as they also aid in an enhanced immune response against a wide range of 

microorganisms. The proteins hydrolysates from various sources have 

been tested extensively for their antimicrobial activity. The BP 

(AMPSSSEESII) derived from milk protein (β-S2-Casein) can inhibit the 

growth of various microbes such as E. coli, L. innocua, M. luteus, and S. 
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enteritidis. The antimicrobial property of BP is attributed to the presence 

of positively charged (arginine and lysine) amino acid residues that 

facilitate their binding to the negatively charged membrane of microbes 

[43]. The bovine proteins (lactoferrins, α-lactalbumin, and lactoglobulin) 

derived peptides have also been found to inhibit the growth of a variety of 

Gram-positive and negative bacteria [44]. Furthermore, the BP 

(SIFIQRFTT) obtained from fish protein inhibits the growth of L. innocua 

and E. coli [45]. The peptides obtained from blood proteins have also been 

employed for their antimicrobial potential against S. aureus C. albicans 

and E. coli [46]. The presence of hydrophilic and hydrophobic amino acid 

residues in BP significantly contributes to their antimicrobial potential. 

Moreover, the mechanism of antimicrobial properties of BP is mainly 

attributed to their ability to make pores in the microbial cell membrane 

[47]. 

 

 

5.6. Anticancer Peptides  

 

The modern therapy currently being employed for cancer treatment 

has many adverse effects as it might result in various types of toxicological 

complications. Therefore, in recent years, attempts have been made to 

isolate BP with the anticancer property. Food protein-derived peptides 

selectively act on different cancer stages and may aid in cancer prevention. 

The intrinsic properties of BP might be due to their cationic nature, which 

facilitates their interaction with negatively charged cancer cells [48]. 

Moreover, the other mechanisms by which BP shows its anticancer 

potential include angiogenesis prevention, modulation of gene expression, 

cell cycle arrest, and promotion of apoptosis [49]. The peptides (casein 

phosphopeptides) derived from milk proteins inhibit intestinal tumor 

growth by activation of calcium channels that result in apoptosis [50]. 

Furthermore, the peptide obtained from soybean and chickpea protein 

hydrolysates downregulates the Bcl-2, PARP, and caspase nine genes and 

upregulates the expression of p21, p27, and p53 genes in breast cancer cell 

lines [51-52]. 
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5.7. Immunomodulatory and Anti-Inflammatory Peptides 

 

The BP may also function as anti-inflammatory agents, as they can 

modulate the immune response. The peptides isolated from soybean and 

rice protein hydrolysates are known to trigger the activation of non-

specific immune responses by stimulating reactive oxygen species. Two 

synthetic peptides, Tyr-Gly (YG) and Tyr-Gly-Gly (YGG) are thought to 

stimulate the proliferation of B-cells. The peptides derived from the whey 

protein concentrate (WPC) and glycomacropeptide (GMP) stimulate IgG 

and interleukins-1 (IL-1) production and proliferation of phagocytic 

activities [53]. The peptide obtained from milk proteins such as lactoferrin 

can stimulate interleukin-8 (IL-8) production from human leukocytes [54]. 

The egg white protein (EWP) such as ovotransferrin or conalbumin could 

also boost the immune system by its antimicrobial and anti-inflammatory 

action [55]. 

 

 

5.8. Opioid Activity of Peptides 

 

Opioids represent a group of compounds that are used as medicine for 

relaxing body pain. Most of the peptides derived from protein hydrolysates 

of milk and whey show opioid activity. The peptides obtained from α and 

β- S1-casein are known as α & β-casomorphins, respectively. The 

mechanism of casomorphins action may include analgesia production, 

antidiarrheal effect, controlled secretion of somatostatin and insulin, 

absorption of amino acids and electrolytes, and also prolong the GI transit 

time [56, 57]. 

 

 

5.9. Mineral-Binding Peptides  

 

Many food proteins-derived BP functions as mineral binder. These 

maintain levels of calmodulin (CaM), which controls calcium-dependent 

cell division and proliferation, and neurotransmission.  
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Table 1. Sources and function of bioactive peptide 
 

Source Peptide sequence Function Reference 

Soybean seeds 

and soy milk 

protein 

YVVFK, 

 RNLQGENEEEDSGA 

Antihypertensive [60, 42] 

Milk protein  

(β-casein & 
Lactoferrin) 

PFPGPIPN, LHLPLP, QKEPMIGV, 

KYIPIQ, SLPQNIPPL, HVLPVP, 
DPYKLRP, PYKLRP, YKLRP, 

GILRP 

  

[61-63] 

Whey from 

bovine milk 

AQSAP, IPAVF, APLRV, AHKAL [1] 

Jellyfish 
gonads 

SY [64] 

β-
Lactoglobulin 

HIRL, IIAEK Cholesterol 
lowering 

[65, 66] 

Soybean 

protein and 
White lupin 

seed 

LPYP, IAVPGEVA, IAVPTGVA 

HSDADYVLVVLNGR, 
HGREEEEEEEEEDER, 

YPSSTKDQQSY 

[67] 

Black bean and 

cowpea 

YAAAT [68] 

Lentil protein LLSGTQNQPSFLSGF, 
NSLTLPILRYL, 

TLEPNSVFLPVLLH 

Antioxidative  
[69] 

Rice bran 

protein 

YSK [70] 

Casein from 

bovine milk 

PGPIPN, PFPGPIPN, YPFPGPIP, 

VYPFPGPIPN, MPFPKYPVEP, 

EPVLGPVRGPFP, 

QEPVLGPVRGPFP, 
TPVVVPPFLQPE, 

TQTPVVVPPFLQPE 

 

 

[20] 

Chicken egg 

white 

AEERYP, DEDTQAMP [71] 

Buffalo ricotta 
cheese & milk 

casein 

YVEELKPTPEGDL, VLPVPQK [72, 73] 

Whey protein IPA, IPAVF, VAGTWY Antidiabetic 

(T2DM) 

[74, 75] 

Camel milk 
protein 

ILDKEGIDY, ILDKVGIQY, 
ILQLA, LLQLE, LAHKPL, 

ILDKEGIDY 

VPV, YPI, VPF, VPV, 
KDLWDDFKGL, MPSKPPLL 

 
[76, 77] 

Germinated 

soybean 

NNDDRDS, LSSTEAQQS, 

NAENNQRN, 
QQQQQGGSQSQ, EEPQQPQQ, 

IKSQSES 

 [42] 
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Table 1. (Continued) 

 

Source Peptide sequence Function Reference 

Milk Protein LKPTPEGDL, LPYPY, IPIQY, 

WR, YP, LP, IPI, VPL, IPA, IPAVF 

 [78, 79] 

Meat protein PPL  [80] 

Human milk 
casein 

ELLLNPTHQIYPVTQPLAPV, 
AMPSSSEESII 

Antimicrobial [81] 

Soybean PGTAVFK [83] 

Forage fish 

and by product 

VNFKLLSHSLLVTLASHL, 

FPIGMGHGSRPA 

[84, 85] 

Lactoferrin RRWQWR, PFWRIRIRR, 

FKCRRWQWRMKKLGAPSITCV

RRAF 

Anticancer [86] 

Dendrobium 

catenatum 

RHPFDGPLLPPGD 

RCGVNAFLPKSYLVHFGWKLLF
HFD 

KPEEVGGAGDRWTC 

 

[87] 

Tuna cooking 
juice 

KPEGMDPPLSEPEDRRDGAAGP
K, 

KLPPLLLAKLLMSGKLLAEPCT

GR 

[88] 

Soybean 

protein 

RKQLQGVN, GLTSK, GEGSGA, 

MPACGSS, LSGNK, MTEEY 

[89] 

Chickpea RQSHFANAQP [90] 

Whey protein Tyr-Gly, Tyr-Gly-Gly Inflammatory 
and 

Immunomodulat

ory 

[91] 

Lactalbumin GLL [92] 

Casein VPP, IPP [93] 

Ovotransferrin IRW, IQW [94, 95] 

Soybean VPY [96, 97] 

Abbreviations: G: glycine, A: alanine, P: proline, V: valine, L: leucine, I: isoleucine, M: methionine, F: 

phenylalanine, Y: tyrosine, K: lysine, R: arginine, H: histidine, S: serine, T: threonine, C: cysteine, N: 

asparagine, Q: glutamine, D: aspartate, E: glutamate, W: tryptophan,  

 

Abnormal CaM levels might aid in the development of cancer and 

other severe diseases. The CaM-binding peptides have been isolated from 

hydrolysates of bovine milk proteins such as casein, and they can bind to 

minerals like Ca, Mg, Fe, Ba, Cr, Ni, Co, and Se [58, 59]. 

 

 

CONCLUSION 

 

Food-derived peptides have the inherent potential to act as therapeutics 

as they can interact with tissues, cells, enzymes, reactive oxygen species, 
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and specific biomolecules. Such interactions are helpful in the 

management and treatment of many lifestyle-related disorders, including 

hypertension, diabetes mellitus, obesity, and cancer. Also, several BP 

possess antimicrobial potential and that further aids in the enhanced 

immune response. Although significant progress has been made to isolate 

and purify BP from several natural sources, there are several issues which 

still need to be addressed, such as retention of their activity after 

consumption. Further, studies are needed to be carried out to determine the 

role of BP in unexplored genetic and metabolic disorders.  
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ABSTRACT 

 

Nutraceuticals described like any food or component of nutrition that 

delivers beneficial effects like disease prevention or care, now evolved 

as a requirement among buyers in both developed and emerging nations. 

Nutraceutical is a new industry in the pharmaceutical world and the 

growth of the business in the years ahead is massive. The Food Safety 

and Standard Authority of India [FSSAI] has been the only central 

authority governing the production of nutraceuticals, delivery, and 

marketing in India. The availability of a wide variety of foods and dietary 

products has intensified emphasis on the global health-related food 

industry. The section summarizes the present situation, potential growth 

of nutraceuticals in India, the regulatory structure for supplements, and 

the entire statutory registration process under FSSAI law. 
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INTRODUCTION 

 

Nutraceutical is a concept that identifies things that are not nutrients 

and are commonly accepted (for example, proteins, vitamins, botanicals), 

yet the biochemical impact on the human body is positive [1, 2]. Stephen 

Defelice has coined the expression in 1995 and defined it as: food or a part 

of food contributing medicinal benefits, like disease treatment/prevention. 

Nutraceuticals are primarily taken in the form of a unit dose, like capsules, 

pills, or fluids, and are usually recognized as food supplements. There has 

been substantial growth in the dietary supplements, nutritional, and 

nutritious food industry globally over the past decades [3]. The fitness and 

wellness industry is currently projected to be about US$ 1.6 billion and has 

reached US$ 7.5 to 10 billion in 2015, rising around 30% average growth 

rate. Historically, various rules and regulations in India have established 

varied norms, including food additives, toxins, color of food, additives, 

and branding. India recently introduced the Food Safety and Standard Act 

2006, a deeply streamlined dietary regulation to serve only as a central 

point of focus for the enforcement of food items like food additives, 

nutritional supplements, and fortified foods. To conform with the 

international requirements of Europe and the United States, the Food 

Safety and Standard Act still needs to be significantly effective in terms of 

facilities and practical sustainability. It is predicted that the act will also 

have a significant effect on the Indian food products and nutraceutical 

sector, including the 1994 Dietary Supplements Health Education Act 

(DSHEA) worldwide. 

The determination of the ideal conditions with the use of nutraceuticals 

must be compatible with data on efficacy and also details on 

biocompatibility and bioavailability to be able to introduce itself as an 

efficient tool for the treatment and prevention of certain chronic diseases 

in subjects not suitable for traditional pharmacological therapy. 

With this factor, and because of their organic sources, there is an 

increasing market for dietary supplements, shading the distinction between 

pharmaceutical products and food, which also helps farmers expand their 

cultivation and encourage innovation and technology. Additionally, the 
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key obstacles faced by nutraceuticals are numerous country-specific laws, 

protection, and safety claim supporting evidence. The primary barrier has 

been the lack of a standard national policy for nutraceuticals that would 

consider its existing and emerging function as clinical tool in certain 

disease states depending on the efficacy, established safety profile, proven 

scientific effectiveness for both minimizing the possibility of the onset of 

disease and significantly improving health [4]. 

 

 

Market Growth in India 

 

FMCG (fast-moving consumer goods) producers and the drug industry 

seem to be the main stakeholders in the Indian nutraceutical sector. Around 

64% of the total Indian market for nutritional supplements accounts for 

nutritional and vitamin supplements. The Indian market for nutraceutical 

products of $2 billion is subdivided into functional foods and beverages 

and dietary supplements. 

 

i. Functional food and beverages: This category protect 

approximately 60% of the global market. Fortified foods are 

alluded to as the adding of micro-nutrients to the packaged food, 

like all reinforced beverages, juices, food products, and diet 

drinks, according to the WHO. 

ii. Dietary supplements: This category represents the remaining 40% 

of the Indian nutraceutical sector. Mineral and vitamin 

supplements, nutritional supplements, and herbal supplements are 

included in this class. 

 

The awareness of traditional nutraceutical additives by the local 

customers is minimal, and nutraceutical producers have to join the cause 

and inform people of Indians regarding the commodities. The worldwide 

demand for nutraceuticals sees a substantial increase in recent years. 

Drinks and food supplements are projected to experience a vividly faster 

growth rate in India relative to dietary supplements in the next 5 years. The 
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Indian market for dietary supplements, which increased from in 2008 

around $1 billion to 2013 around $1.8 billion, and by 2014 crossed $2 

billion also is expected to exceed $4 billion by 2018.  

The Indian demand for nutraceuticals is forecast to expand from $4 

billion in 2015 to $10 billion in 2022. The estimated demand for practical 

food and drinks is around $1.5 billion. Approximately 22% CAGR demand 

for functional foods and beverages is projected to hit $4.11 billion by the 

year 2022. The dietary supplement market is forecast to hit 19% of CAGR 

by the year 2022 at $5.90 bn. The Indian demand for nutraceuticals reached 

only about 10% at all levels of India. The prevalence rate is high at 22.51% 

for urban areas, where it is just 6.32% in remote areas of India. India 

accounts for only 2% of the world nutraceuticals industry and is well far 

behind in terms of total expenditure on nutraceuticals at only US$ 2.5 

relative to the world average of around US$ 21. The Indian market for 

nutraceuticals is especially pronounced throughout South India, led via 

East India, with West Bengal, Tamil Nadu, and Andhra Pradesh leading 

the three top states. With the recent invasion of lifestyle disorders in rural 

areas, the urban orientated Indian demand for nutraceuticals is steadily 

making inroads in south villages. Almost one-third of the sector is 

occupied by rural India [5].  

 

 

Laws Regulating Nutraceutical -  

Food Safety and Standard Act 2006 

 

It combines the core elements of the 1954 Food Adulteration 

Prevention Act and is protected by international standards, 

recommendations, and the Codex Alimentarius Committee [6]. The core 

elements of the law as a whole are: 

 

a) This act serves as a carrier for eight laws regulating the food 

industry and establishes Sector Regulatory Body for Food Safety 

and Standards Authority (FSSA) and other associated bodies. 

Requirements or products, toxins, pesticide contamination, 
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environmental risks, tags, and many others may be used in these 

specifications. 

b) In the food processing industry, it is required that everybody can 

receive a license or certification issued by local entities. 

c) The bill shall be enforced by federal food safety commissioners 

and municipal food safety commissioners’ officials. 

d) The clause ensures for a system with a structural fine in which the 

sentence relies on the seriousness of the breach. 

e) Framing and controlling requirements for nutraceuticals are the 

responsibility of the Food Safety and Standards Authority of India 

(FSSAI) as defined in the law on Food Safety 2006. 

 

Advantages of the Act’s implementation 

This act includes certain advantages as mentioned below: 

 

 Coexistence of eight rules, i.e., harmonized steps 

 Integration worldwide of regulations 

 Science-based criteria 

 Description and uniformity in new emerging food sectors 

 Help to overcome misconduct 

 

Complications of Law enforcement 

Regulation broadly defines the intervention of government in industry. 

And in the context of food, regulations mainly regulate the consistency of 

the material. Each legal framework has had its benefits and drawbacks. 

However, the advantages of enforcing the Food Safety and Standards Act 

have overshadowed the obstacles that occur due to enforcing this act. 

Except for across the US, in which the DSHEA is always in force to control 

these commodities, the government is working on drafting a bill in India 

to regulate the production, distribution, and distribution of food 

supplements, herbal supplements as well as other nutraceuticals [7]. 
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Regulation- Food Regulations History in India  

 

India is the leading vegetable and fruit market globally, but a limited 

proportion of consumable farm goods are managed at about 2%, compared 

to 80% as in the United States [7]. Weak infrastructure and logistical and 

rigid food safety regulations are obstacles to development in the food 

market. The Arbitrary Committee on Food and Agriculture Sectors was 

created in 1998 by the Executive Council on Enterprise and Market by the 

Prime Minister, which introduced integrated legislation under the Single 

Food Regulatory Authority. In the year 2002, the key goal of a national 

non-profit organization was to ensure that any food processing industry 

could provide its products with research assistance to preserve customers 

and encourage and maintain a legislative climate favourable to the sector. 

In 2003, an advisory group study from the Ministry of Health suggested a 

need to build current dietary laws and additional frameworks for governing 

dietary supplements and nutritional food. It is suggested that necessary 

safety monitoring for these items should be done. The Bureau of Indian 

Standards (BIS) and the National Standards Committee, comprising 

representatives from various core food industry stakeholders, have 

established ethical guidelines in India. Eventually, passed into law, the 

Indian Food Safety Standard Bill 2005 pledged a significant influence on 

the industry of Indian food processing. The Indian Food Safety and 

Standard Act with key aims was enforced in 2006 to - implement a single 

food-related law to allow for the technological advancement of the food 

manufacturing industry [8]. 

 

 

Requirements for License and Registration 

 

 Registration must be obtained by any food owner in the nation and 

enforcement in compliance with the FSSAI protocol (licensing 

food company and registration) as per Regulation 2011. 

 A producer may not start the business until he is enrolled or 

consists of a valid license.  
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 Previous licenses/approvals must be translated before August 5, 

2012 (presently prolonged by a few months) into FSSAI 

licenses/enrolments. 

 The request to issue the license must be sent to the licensing 

authority as per Schedule 2 in Form B; the license shall be granted 

within 60 days of the date of approval of the ID number of the 

request. 

 Upon issue of the request ID number, the licensing body may 

inform the food safety agent for the examination of the property in 

compliance with such regulations as specified by FSSAI. 

 The regulatory authority must grant a license in compliance with 

Schedule 2 in Format C. 

 The certification or license issued in compliance with these 

regulations must be precise and legal, subsisting for a total of 1-5 

years, except as stated [8]. 

 

 

Regulatory Entry Requirements in India 

 

Nutraceuticals could be manufactured and marketed in form of 

capsules, tablets, and syrups. This should achieve the USP, IP, and BP 

quality specifications and standards. The composition must, wherever 

needed, be based on good therapeutic or dietary concepts backed by 

established scientific evidence. To be processed into capsules, tablets, or 

syrup, it should not be just a mixture of minerals and vitamins; this is not 

a product until minerals and vitamins are applied to a food component 

depending on the product type. Steroids, psychotropic additives, or 

hormones are not allowed to be included in the preparation. Any 

requirement must not be surpassed by the number of nutrients 

recommended for daily consumption (RDA) by the Indian Council of 

Medical Research (ICMR). When those standards are not defined, then 

standards will be included in the Codex Alimentarius Commission. Usage 

of licensed additives and colouring agents, natural, similar, or artificial 

flavours as allowed in Schedule VF of such rules, as permitted in the Food 
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Safety and Standards (Food Product Standards and Food Additives) 

Regulations, 2011 [5]. 

To access the Indian nutraceutical industry, the focus should be on the 

fields that involve product assessment, real product review, sourcing, 

product evaluation, permits, and India-specific health and claims for 

production. 

 

Evaluation of Products 

The 2011 Food Safety and Standards Rules demonstrate the 

framework and processes which the central government intends to 

establish for regulatory compliance. The system includes a structural 

hierarchy from, food security officers to a number of officers and 

demarcations who may be participating in the substance testing process at 

all times, like product safety officers, food inspectors, etc. 

Various measures in the study of the product involve [8]: 

 

a) Construction and authentication of samples of records by the 

concerned body 

b) Collecting samples 

c) Dispatch of a sample by the authorized body 

d) Food testing and analysis 

e) If the review is not done within a defined amount of time, the 

assigned officer will take an additional plan of action 

f) Proceedings in Adjudication 

 

Licenses 

Around 4-5 licenses to have the commodity licensed in India may be 

needed, based on the exact state of the commodity, like: 

 

 The business needs to market bulk medications or complete 

formulations 

 The business imports bulk ingredient products.  

 The company has a license for packing, 

 A manufacturing license is required. 
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 This requires a marketing license. 

 The number of records to be supplied by the food importer 

including registration dossiers to the government agency. 

 

Health and Label Claims 

The critical element to be concentrated on while accessing the Indian 

market is to establish health and label statements relevant to Indian 

government regulations. Foreign as well as national customers have a 

range of concerns regarding the specifications of Indian packaging and 

labelling, consignment packing, the need for sample material and 

registration declaration, the structure of the shipment and its approach, the 

quality of the mark, the layout claim and the product claim [8]. 

 

Registration Process in India 

For the registration of license following steps need to be taken- 

 

a) Submit under Form A to the State Licensing Authority for the 

registration of the site. 

b) The request shall be dealt with for a limited time of seven days by 

the body. 

c) An inspection shall take place in 30 days and then the site 

acceptance is done and if not suitable, denial of the proposal shall 

operate concurrently. 

d) Manufacture must request for a manufacturing license in form B 

and then, within 60 days, a specific application number has been 

issued. 

e) Queries shall be communicated within 60 days to the application 

on the incomplete application. 

f) In 60 days, after getting the incomplete data inspection will be 

conducted on the premises. 

g) After 30 days’ authorization or denying of a license is done. 
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CONCLUSION 

 

In summary, the introduction of the Food Safety and Standard Act 

2006 had been an important step, but further needs to be done to remove 

the duplication of existing rules and regulations. There were several rules 

and legislation regulating food safety and standards after FSSA. Later, it 

was important to preserve in 2006 the unified and scientific growth of the 

food manufacturing industry, all current legislation was combined to create 

a new regulation. The Food Safety and Standards Regulations of 2011 

confirmed in the Indian Gazette entered into power on 5 August 2011 to 

govern the storage, delivery, and allocation of dietary supplements, dietary 

food products, and supplements in India. 
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ABSTRACT 

 

Spices and herbs have been utilized for a very long time in traditional 

medicine. They possess several health-beneficial properties including 

antimicrobial, antioxidant, anti-inflammatory, antidiabetic, 

anticarcinogenic, carminative, spasmolytic, hypolipidemic, hepato-

protective, etc. Though herbs and spices have been used since antiquity 

to provide unique sensory properties to foods and beverages, their 

potential to be utilized as natural preservatives in processed foods has 

gained importance in the recent past. Spices and herbs exert their 

antioxidant activity through free radical scavenging, decomposing 

peroxides, and quenching singlet and triplet oxygen. Several studies also 

confirmed their antimicrobial properties against antibiotic-resistant 
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bacteria responsible for various infectious diseases in humans. The 

presence of several bioactive compounds viz., alkaloids, flavonoids, 

phenolic acids, sulfur-containing compounds, tannins, terpenes, and 

anthocyanins increased their potential to be used as a natural alternative 

to synthetic preservatives. Therefore, fortifying foods with spices and 

herbs could improve the nutritional, therapeutic, and functional attributes 

of food products. Several in-vivo and in-vitro experiments have proved 

the efficacy of herbs and spices to be used as functional foods or 

nutraceuticals. This chapter summarizes an overview of the 

classification, chemical composition, and functional properties of herbs 

and spices, their potential as functional foods and impacts on human 

health, issues in the use of spices and herbs, and suggestions for future 

research.  

 

 

1. INTRODUCTION 

 

Food is viewed as a means to improve health and well-being. 

Functional foods are developed to positively impact human health besides 

providing the essential nutritional requirements for good health. Increased 

health consciousness, the growing cost of health care, longevity, and 

longing for a better quality of life have fueled the surge in demand for 

functional foods [1]. Numerous bioactive compounds inherently 

biosynthesized by plants can promote health and combat the risk of 

degenerative diseases in humans. The undesirable oxidative damage 

induced by reactive oxygen species (ROS) could be fought either through 

supplementation of exogenous antioxidants or enhancing the defense of 

endogenous antioxidants present in our body. Though the health-

enhancing properties of plants have been known for thousands of years, 

the frequent ineffectiveness of conventional medicine has contributed to 

the renaissance of phytotherapy [2]. 

Herbs and spices used in culinary preparation often help in enhancing 

certain physiological functions and preventing risk factors associated with 

a variety of diseases in the consumer, in addition to imparting specific 

aroma, taste, piquancy, and colour to food [3]. Generally, the fresh green 

leafy part of a cooking plant is referred as a culinary herb. Other parts of 

the plant like tree bark (cinnamon), bud (cloves), root (ginger), fruit/berry 
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(pepper), seeds (cardamom), and even the flower stigma (saffron), often 

dried as a spice. Turmeric, garlic, ginger, clove, black pepper, cinnamon, 

oregano, basil, thyme, and rosemary are candidates extensively employed 

in food preparation. 

Concerns about the possible health problems and toxicity associated 

with the use of synthetic food additives are growing over time. To 

overcome this, natural plant-based compounds are being employed in the 

food industry. Using natural phytochemicals as preservatives could be an 

alternative approach to produce food products with high nutritional 

content, clean label, and synthetic chemical additives. Phytochemicals are 

classified as “Generally recognised as safe” (GRAS) food additives for 

human consumption by the Food and Drug Administration. Most of them 

have a wide range of health-promoting properties and offer more 

significant advantages over their artificial counterparts [4]. In addition to 

enhancing the organoleptic quality of foods, these compounds can 

slowdown the autoxidation of unsaturated triacylglycerols and the growth 

of pathogenic microbes [5]. With increasing consumer demand, the spice 

trade has been growing globally. The global value of the spice market was 

about US $11.5 billion in 2019 and is likely to increase to about US $14.5 

billion by the year 2025.  

 

 

2. CHEMICAL COMPOSITION 

 

Spices and herbs used in food preparations are not only rich in 

nutrients, especially minerals and fiber, but they also have substantial 

quantities of bioactive phytochemicals of various kinds. These 

phytochemicals constitute a broader group of bioactive compounds viz., 

alkaloids, flavonoids, carotenoids, lignans, phenolics, saponins, sterols, 

glucosinolates, sulfur compounds, etc. Table 1 depicts the major chemical 

constituents present in commonly used spices and herbs. 
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2.1. Polyphenolic Compounds 

 

Phenolic compounds are composed of a hydroxyl group (—OH) bound 

to an aromatic hydrocarbon group. More significant variation exists in 

molecular weight as well as the structure among phenols. Most 

polyphenols available as glycosides have diverse sugar units and acylated 

sugars at different polyphenol skeletons. The ability to scavenge a wide 

range of reactive oxygen spices (ROS) and chelating metal ions is 

primarily determined by the presence of hydroxyl groups in phenolic 

compounds. Polyphenols exert their antioxidant capacity either through 

retarding enzymes involved in the formation of ROS or scavenging them. 

They also exhibit their diverse antimicrobial mechanism through the 

synergistic activity via reducing the efflux pumps’ function and working 

as efflux pumps inhibitors strand. Phenolic compounds are also associated 

with some of the vital enzymes like β Ketoacyl acyl carrier protein 

synthase (KAS) II and III, which are accountable for forming precursors 

of bacterial cell membranes. Further, phenolics also engaged with FabG, 

FabI, and FabZ, which are involved in the fatty acid biosynthesis 

elongation cycle. Curcumin is one such potential compound that has 

diverse mechanisms of action [6]. 

 

2.1.1. Phenolic Acids 

These are important classes of plant phenolic substances having one 

carboxylic acid group. Many of the phenolic acids viz., amides, esters, and 

glycosides exist in bound form, and very few of them are in free form. 

Phenolic acids are classified into hydroxybenzoic and hydroxycinnamic 

acid based on their C1-C6 and C3-C6 backbones. Phenolic acids possess 

antioxidant, antimicrobial, and anti-inflammatory properties. 

Hydroxycinnamic acids and hydroxybenzoic acids are derived from 

cinnamic acid and benzoic acid, respectively. Hydroxycinnamic acids are 

present in foods primarily as simple esters with quinic acid or glucose. The 

four most common hydroxycinnamic acids are caffeic, ferulic, p-coumaric, 

and sinapic acids. Hydroxybenzoic acids have a standard structure of C6-

C1 and are present in soluble form (conjugated with sugars or organic 
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acids). They are attached with cell wall fractions as lignin. The more 

predominant hydroxybenzoic acids include p-hydroxybenzoic, 

protocatechuic, vanillic, and syringic acids. Phenolic acids exert their 

inhibitory effect on microbial growth by disrupting the cytoplasmic 

membrane, altering their permeability, inhibiting extracellular microbial 

enzymes, directly affecting microbial metabolism, and depriving the 

substrates needed for the growth of microbes [7]. 

 

2.1.2. Flavonoids 

These phenolic substances have a hydroxyl group synthesized by 

plants in reaction to microbial infection. Almost all flavonoids are 

synthesized from phenylalanine, tyrosine, and aromatic amino acids. 

Flavonoids are C15 compounds with the general structural backbone of 

C6-C3-C6. They are a broad group of polyphenols with a benzo-γ-pyrone 

structure. Flavonoids are divided into six main subclasses: flavones, 

isoflavones, flavanols, flavanones, catechins, and anthocyanidins. The 

structure determines the chemical properties of flavonoids, degree of 

hydroxylation, degree of polymerization, other substitutions, and 

conjugations. The antioxidant effects of functional hydroxyl groups are 

mediated either by free radicals scavenging or metal ions chelation. Metal 

ions chelation prevents damage to the target’s biomolecules. The 

therapeutic efficacy of flavonoids against several bacterial and viral 

infections, degenerative diseases (cardiovascular, cancers), and senile-

associated ailments have been reported [8]. 

 

2.1.3. Other Polyphenols 

 

2.1.3.1. Curcumin 

It is a well-known antimicrobial compound obtained from turmeric. 

The antibacterial activity of curcumin is due to its ability to damage 

bacterial cell membranes. The amphipathic and lipophilic chemical 

structure enables curcumin to enter into membrane bilayer and improve the 

permeability of the bilayer membrane [9]. 
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2.1.3.2. Lignans 

These are fibre associated phytoestrogens compounds found in plants. 

These polyphenolic compounds are derived from phenylalanine and 

include pinoresinol, lericiresinol, secoisolariciresinol, syringaresinol, and 

sesamin. Plant lignans are converted into various metabolites like 

enterolignans, enterodiol, and enterolactone by a group of intestinal 

bacteria. Due to their tissue-specific estrogen receptor activation, anti-

inflammatory, and apoptotic effects, enterolignans reduce the risk of 

disease in humans.  

 

2.1.3.3. Tannins 

Tannins are more efficient free radical scavengers and delay tissue 

oxidation more effectively than β-carotene, vitamin C, and vitamin E. 

Tannins ably neutralise the hydroxyl free radical (•OH) and also 

noncompetitively inhibit xanthine oxidase, the enzyme involved in the 

generation of significant amount of free radicals in cellular metabolism. 

Tannins are used effectively as antiseptic, antibacterial, and antifungal due 

to their capacity to form complexes with macromolecules, specifically 

with proteins [10]. 

 

 

2.2. Carotenoids 

 

These compounds are predominantly antioxidants and efficient 

scavengers of singlet molecular oxygen and peroxyl radicals. In biological 

systems, several factors affect the antioxidant activity of dietary 

carotenoids. The antioxidant potential of carotenoids could be enhanced 

by using them along with other synergistic antioxidants and also using 

mixtures of carotenoids rather than single compounds [11]. 
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2.3. Organosulfur Compounds 

 

S-alk(en)yl-l-cysteine sulfoxides are usually present in the plants of 

the Allium genus (family Amaryllidaceae), such as garlic, onion. In 

contrast, S-methyl cysteine-l-sulfoxide is found in plants belonging to the 

Brassica genus or cruciferous families (Brassicaceae) like cabbage, 

cauliflower, and mustard. Organosulfur compounds viz., ajoene, allicin, 

and isothiocyanates can display antibacterial, antifungal and antiviral, 

activities.  

 

2.3.1. Allicin 

Allicin/diallylthiosulfinate, the compound responsible for the pungent 

smell of garlic (Allium sativum), also possesses strong bactericidal activity 

against both Gram-negative and Gram-positive bacteria. Allicin exerts its 

antimicrobial activity through inhibiting sulfhydryl-dependent enzymes 

such as RNA polymerase, alcohol dehydrogenase, and thioredoxin 

reductase. It targets intracellular enzymes by interacting with their free SH 

groups and also plays a role in partially inhibiting the DNA and protein 

synthesis. Allicin could exert its bactericidal activity against several 

bacteria with LD50 values ranging from 3 to >100 μg/mL. However, the 

bacteriostatic effect requires lesser concentrations (0.15–1.5 μg/mL). 

Allicin inhibits RNA synthesis by reducing or hindering cell protection 

mechanisms due to which it is potentially used in bacteriostasis [12]. 

 

2.3.2. Ajoene 

Ajoene, one of the significant constituents of garlic, is also an 

organosulfur compound. The E and Z ajoene are the two main 

stereoisomers. Ajoene has proven broad-spectrum antimicrobial activity 

against Gram-negative, Gram-positive bacteria, fungi, and protozoa [13]. 

 

2.3.3. Isothiocyanates (ITCs) 

Isothiocyanates are volatile organosulfur phytochemicals synthesized 

by the plant upon damage. They are produced by enzymatic cleavage of 

released glucosinolates from intracellular compartments by membrane-
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bound myrosinase. Myrosinase helps hydrolysis and intramolecular 

rearrangement of intermediates, leading to the synthesis of nitriles, 

thiocyanates, and isothiocyanates. Plants belonging to the Brassica family 

viz., broccoli, cabbage, cauliflower, and mustard are significant sources of 

these compounds. Among these compounds, isothiocyanates are 

considered potent antimicrobial candidates as they are more effective 

inhibitors of variety of pathogenic bacteria. Allyl isothiocyanate (AITC), 

both in vapour and liquid form, is effective against a wide range of food 

spoilage as well as pathogenic microbes. They exert their action by 

disrupting the cell wall integrity, which results in the leakage of cellular 

metabolites. Exposure to AITC causes the formation of holes on the 

bacterial cell membranes and leads to intracellular substances leakage. 

AITC impedes O2 uptake of yeasts and uncouples the oxidative 

phosphorylation by inhibiting cytochrome c oxidase in the electron 

transport chain. 

 

 

2.4. Terpenes 

 

Terpenes are hydrocarbons formed through the amalgamation of 

several isoprene units. These are the modified forms of terpenes where 

methyl groups are changed or removed or added with oxygen atoms. 

Carvacrol, linalool, menthol, and thymol are efficient terpenoids with 

potent antimicrobial activity against pathogenic microbes. Generally, 

terpenes are more effective against Gram-positive bacteria than Gram-

negative ones. The lipophilic properties have a more significant impact on 

antimicrobial mechanism of terpenes. By enhancing membrane fluidity 

and permeability, changing the topology of its proteins and creating 

disruptions across the respiration chain, monoterpenes impact the 

membrane structures. 
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2.4.1. Carvacrol 

It is a phenolic monoterpenoid primary found in aromatic plants such 

as oregano and thyme. Carvacrol exerts its antimicrobial action by causing 

damages to the structural and functional properties of the cell membrane. 

The damage to the outer membrane of bacteria leads to release of 

lipopolysaccharides.  

 

2.4.2. Thymol 

Like carvacrol, thyamol has a hydroxyl group at various positions of 

the phenolic ring. Thymol is a potent antifungal compound and its 

antibacterial activities involve disruption of the inner and outer cell 

membrane, interaction with membrane proteins and intracellular targets, 

which leads to membrane potential loss, cellular uptake of ethidium 

bromide, and leakage of carboxyfluorescein, ATP and potassium ions. 

Food industries could use thymol, carvacrol, eugenol, and menthol as 

substitutes for synthetic chemical fungicides. These phytochemicals are 

beneficial to a greater extent against several food spoiling fungi [15]. 

 

2.4.3. Eugenol 

Clove essential oil is one of the vital sources of Eugenol. Because of 

its non-specific permeabilization, eugenol is capable of permeating the cell 

membrane and interacting with proteins. Eugenol exerts its antimicrobial 

action on membranes primarily by inhibiting biofilm formation, 

interrupting communication between cells, eradicating the pre-formed 

biofilms, and killing the microbes in biofilms [16]. 

 

 

2.5. Alkaloids 

 

Alkaloids are one of the largest groups of secondary plant metabolites. 

This group includes neuroactive compounds like caffeine and nicotine, 

life-saving drugs such as emetine used for oral poisoning, as well as the 

antitumoral molecules viz. vinblastine and vincristine. Alkaloids are 

known to be toxic against pathogens and predators, making them defense 
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compounds in plants. Quantity, duration of exposure, the sensitivity of the 

individual, site of action, and developmental stage determine the severity 

of toxic effects. Further, depending on the ecological or pharmacological 

context, the toxicity effects could be harmful and beneficial.  

 

 

3. HEALTH BENEFITS 

 

Recent developments in biomedical have proved that the reactive 

oxygen species (ROS) -superoxide (O2● -), hydrogen peroxide (H2O2), and 

nitric oxide (NO●), which cause oxidative damage in living tissues, are the 

major contributors to most of the old age-related illness such as CVDs, 

cancer, cataracts, impaired immune system and degenerative nervous 

diseases like Alzheimer’s and Parkinson’s disease. The reaction of free 

radicals with DNA of the plasmid, dividing the double helix and causing 

oxidative damage, leads to carcinogenesis, degenerative nerve diseases, 

and abnormalities in the chromosomes. The innate defences of the 

consumer need to be strengthened through exogenous antioxidant food 

supplementation. The polyphenols, in addition to functioning as free 

radical scavengers, also modulate the cellular signaling processes during 

inflammation and serve as signaling age [17]. The balance between the 

antioxidant defence mechanism and the generated reactive oxygen species 

is required for normal cellular functions. The inclusion of plant 

antioxidants in the diet can support the human body in neutralising free 

radicals generated and reducing the damage due to oxidative stress. Many 

antioxidant phytochemicals counter ROS directly or restore antioxidants 

through enhancing the regenerative systems. The therapeutic potential of 

bioactive compounds found in herbs and spices in inhibiting allergies, 

preventing cancer and heart diseases by suppressing cell growth, viral 

replication, and abrupting several other pathological conditions has been 

demonstrated through extensive in-vitro as well as in-vivo models. 

In addition, to improve the organoleptic properties of foods, culinary 

herbs and spices could also be used as functional ingredients in various 

food products. 
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Table 2. Health benefits of commonly used culinary spices and herbs 

 

Spices Health benefits 

Bay leaf  Bay leaf oil possesses several beneficial effects against fungal and 

bacterial infections 

Cardamom  Effective in controlling digestive disorders and helps in coping with 

diabetes 

Chili Helps in maintaining cholesterol level and also helps burning 

calories 

Cinnamon Helps in reducing blood glucose level in type 2 diabetic patients by 

supporting the natural production of insulin. It has anti-blood clot 

properties. It also lowers triglycerides, LDL, and total cholesterol. 

Clove  Excellent remedy in the problems associated with tooth ache and 

sore gums. Clove is also effective in treating digestive problems, 

fever, cough, and cold.  

Coriander  Seeds are suitable to treat sore throat, hay fever, allergies, and 

digestion problems  

Cumin  Cumin contains high amount of B - complex and is also rich in 

various minerals like iron, copper, calcium, potassium, and zinc. It 

also has many antiseptic properties and helps to keep the immune 

system healthy. 

Curry 

leaves 

 Beneficial for reducing blood sugar levels 

Fenugreek   Helpful in treating diabetes and lowering cholesterol levels in the 

body 

Garlic  Garlic has antibiotic properties. It helps in coping with cough and 

cold 

Ginger   Excellent digestive aid. It helps in the absorption of food and the 

elimination of various gastric disorders. 

Mustard  Excellent source of minerals viz., calcium, iron, manganese, and 

zinc and also consists of omega-3 fatty acids  

Nutmeg  Helpful in treatments of heart disorder and asthma 

Pepper Beneficial for digestive problems, muscle pains, and especially with 

cold, cough, various infections, etc.  

Saffron Helpful in the treatment of skin and respiratory system disorders 

Star anise Improves digestion and is beneficial for treating rheumatism 

Turmeric  Good antiseptic aid, a powerful antioxidant, anti-inflammatory and 

helps in coping with diabetes easier 
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Due to the presence of biologically active compounds, many of the 

plants have been demonstrated to possess broad spectrum of health-

promoting properties such as antioxidative, antiallergenic, anti-

inflammatory, antidiabetic, spasmolytic, hepatoprotective, antimutagenic, 

anticarcinogenic, and antimicrobial activities. They also function as 

enhancers of numerous body functions in humans such as gastrointestinal 

activity, immune-modulators, boosters, and reducing agents for blood 

pressure and cholesterol [18]. 

Consumption of antioxidant-enriched foods protects the human body 

from oxidation caused by free radicals, superoxide, other oxygen radicals, 

and oxidation-causing substances. Several studies have established the role 

of spices in promoting health benefits to the consumer.  

Fenugreek is one such spice found to reduce blood cholesterol and 

glucose levels in both laboratory diabetic animals and humans. As food 

products serve as unique carrier to supply bioactive compounds and other 

nutraceuticals for promoting consumer health and wellbeing, designating 

them as functional foods [19]. 

In recent years, multiple approaches have been contemplated to 

overcome the antimicrobial resistance. Combining other molecules/ 

compounds with the failing antibiotics could be one of the strategies to 

restore the desirable antibacterial activity. Phytochemicals having solid 

antimicrobial properties are increasingly employed to overcome microbial 

resistance. Lately, different methodologies have been recommended to 

defeat the obstruction of anti-toxins. One of the prescribed procedures to 

accomplish this objective has included the blend of different atoms with 

weak antimicrobials, which re-establishes the alluring antibacterial 

movement. 

 

 

4. PREVENTION OF FORMATION  

OF HARMFUL SUBSTANCES 

 

Spices and herbs, in addition to enhancing the safety and shelf life of 

food products by effectively retorting lipid oxidation and microbial 
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growth, also play a significant role in decreasing the formation of toxic 

compounds like heterocyclic amines (HCAs). Cooking meat at a high 

temperature or for a long duration leads to the formation of these 

mutagenic compounds from the reaction of creatine or creatinine, amino 

acids, and sugar. The 2-amino- 3, 8-dimethylimidazo (4,5-f) quinoxaline 

(MeIQx), and 2-amino-1-methyl-6-phenylimidazo (4,5 b) pyridine (PhIP) 

are the most predominant heterocyclic amines linked with red  

. Maillard reaction between carbohydrates and amino acids produces 

heterocyclic amines with N-methyl 1-2-aminoimidazole moiety in the 

meat matrix by producing intermediate Schiff bases and imine form aldol. 

This imine undergoes heat catalysis to produce dialkyl-pyrazine radical or 

by condensation of glyoxal, and another imine generates pyridine radical. 

In the meat, the free radicals produced react with creatinine, and a 

particular HCA compound is generated depending upon the type of 

aldehyde added.  

The antioxidants present in the spices could reduce HCA production 

by inactivating free radicals of pyrazinium and pyridinium generated as 

intermediates during the Maillard reaction. Several studies reported that 

rosemary, sage, thyme, garlic, onion, red chili, black pepper and turmeric 

could reduce 50 to 100% concentration of various HCA compounds. The 

ability of these spices to inhibit HCAs is related to the amount of 

polyphenolic antioxidant compounds present in them. Black pepper  

(1% w/w) inhibited (12-100%) the formation of HCA (IQ, MeIQ, MeIQx, 

4,8-DiMeIQx, PhIP) when used as a surface marinade for 12 hours before 

frying high-fat meat balls [20]. The concentration of heterocyclic amines 

(HCA) was found to be reduced in grilled beef with the addition of spices 

such as turmeric (4 g/100 g), torch ginger, lemongrass, and curry leaves 

(10 g/100 g) [21]. 

 

 

5. ROLE OF SPICES AND HERBS IN FOOD PRESERVATION 

 

High moisture and high-fat food products are more prone to both 

microbial and oxidative spoilage, and therefore it is desirable to use 
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preservatives with antioxidant and antimicrobial properties. As the public 

becomes more suspicious of artificial food additives, a common 

requirement is the availability of bioactive phytochemicals with 

preservative properties to protect the food from oxidation by enzymes and 

spoilage by microbes. An ideal replacement for toxic artificial food 

additives could be the use of potent antioxidant and antimicrobial extracts 

from various plants. Among the several functional properties of plants, 

antioxidant and antimicrobial activities have been widely exploited for 

protection and enhancing the shelf life of foods. Bioactive substances such 

as polyphenols, flavonoids, alkaloids, quinines, polypeptides, or oxygen 

substituted derivatives present in spices and herbs exert antioxidant, 

antibacterial and antifungal activities. The incorporation of bioactive 

antioxidant compounds extracted from spices and herbs retards the 

oxidative rancidity in different meat products, dairy products, and oils and 

improves their shelf life. 

Similarly, the growth of pathogenic bacteria and fungi was inhibited 

by the antimicrobial phenolic compounds extracted from herbs and spices. 

Examples of these compounds are coumaric acid, oleuropein, tea 

catechins, ellagic acid, and ferulic acid. Hence, spices rich in bioactive 

compounds could be considered as an alternative to the synthetic 

antioxidant and antimicrobial chemicals employed in safe food production. 

 

 

5.1. Natural Antioxidants from Herbs and Spices 

 

Virtually all living organisms and biological systems, including food, 

undergo autoxidation processes, lipid peroxidation, and other oxidation 

forms, similar to the human body—the reaction of fats and oils or lipid 

contained in foods with atmospheric oxygen results in oxidative rancidity. 

The reaction products viz., aldehydes, ketones, acids, and alcohols formed 

from oxidative rancidity impart undesirable off-odors, off-flavours, and 

undesirable changes in colour and texture in many fat-rich foods [22]. 

Thus, lipid oxidation renders the foods rancid and makes them unpalatable 

and unacceptable to consumers. In addition to the loss in nutritional value 
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resulting from the deterioration of fat-soluble vitamins and essential fatty 

acids, oxidative degradation of fat also leads to the production of harmful 

substances such as lipid peroxide and malonaldehyde. These toxic 

compounds are found to induce mutagenesis and carcinogenesis in 

consumers. Hence, the utilisation of antioxidants has become an 

imperative necessity to protect fat-rich food products from this type of 

chemical deterioration. 

Dietary antioxidants incorporated into foodstuffs exert their function 

similar to the endogenous antioxidants of the human body in protecting the 

foods from oxidative deterioration and conserving their sensory and 

texture properties, and keeping them safe for consumption. The photo-

antioxidant compounds derived from herbs and spices delay or retard 

oxidative rancidity mainly through their ability to absorb and neutralise 

free radicals such as hydroxyl, peroxyl, and superoxide radicals, quench 

singlet and triplet oxygen or decompose peroxides and form complexes 

with metal ions, that catalyse the oxidation reactions. The shelf life of 

foods could also be enhanced by employing natural polyhydroxylated 

aromatic compounds like flavonoids, which retard the development of 

oxidative rancidity by inhibiting the activities of lipoxygenase and 

cyclooxygenase enzymes. The color of meat could be stabilised with 

carnosic acid extracted from rosemary, which has a higher role in 

controlling lipid oxidation and metmyoglobin oxidation [23]. Further, 

plant-based antioxidants in addition to having desirable properties viz., 

being natural, non-genetically modified organisms (GMO) and having 

clean-label ingredients, have never been associated with promotion of 

carcinogenesis as that of synthetic antioxidants.  

Fishes are more prone to autoxidation among animal foods because of 

the higher proportion of unsaturated fatty acids and the higher probability 

of having transition metals in their flesh and skin. Moringa oleifera leaves 

extracts inhibited lipid oxidation in ground pork patties while having no 

effect on sensory attributes [24]. 

Similarly, vegetable oils and dried fruits are more susceptible to 

autoxidation among vegetarian foods because of the formation of 

alkanes/alcohols or homolytic removal of β carbon-carbon bonds. In case 
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of protein autoxidation, the damage comes from photochemical reactions, 

metal-ion interactions, and carbonyl groups. Amino acids viz., arginine, 

cysteine, serine lysine, histidine, proline, methionine, tryptophane, and 

valine are susceptible to protein autoxidation. Food antioxidants are 

employed to stabilise oils, fats, lipids, and other food products. Food 

antioxidants are used to stabilise lipids and other food products by avoiding 

and arresting their series of oxidative reactions. 

Several analytical methods viz., ABTS (2, 2'-azino-bis (3-

ethylbenzothiazoline6-sulphonic acid)), cupric reducing antioxidant 

capacity (CUPRAC), DPPH (2, 2-diphenyl-1-picrylhydrazyl), ferric 

reducing antioxidant power (FRAP), oxygen radical absorbance capacity 

(ORAC), total radical-trapping antioxidant parameter (TRAP), Trolox 

equivalent antioxidant capacity (TEAC) and total phenolics content are 

employed to establish the antioxidant activity and potency of herbs and 

spices. Several methods need to be employed to determine the antioxidant 

capacity of these extracts since the phenolic compounds present in them 

have different molecular structures and different reaction natures either by 

reducing Fe+3 ions or by acting against hydroxyl group, ABTS, and DPPH 

radicals. The methods of extraction as well as the kind of solvents 

employed for extraction possibly cause variation in the total phenolic 

levels of the same spice or herb. Further, the variety of plants, the location 

where cultivated, fertilisation and prevailing climate are some of the 

natural variations influence the antioxidant activities of spices orherbs.  

Several studies have proved the presence of significant levels of 

variety of natural phenolic antioxidants in number of spices and herbs. This 

includes flavones (chrysin, apigenin, luteolin and diosmetin) in parsley and 

thyme; flavanols (kaempferol, isorhamnetin, myricetin, quercetin, rutin) in 

onion; carnosic acid, carnosol, rosmanol, rosmarinic acid in rosemary; 

carnosol, carnosic acid, lateolin, rosmanul, rosmarinic acid in sage; 

flavones (eriodictyol, dihydroquercetin, apigenin and 

dihydrokaempherol); flavonols, flavanones in oregano; kaempherol, 

quercetin, and rhamnetin in black pepper. Due to multiple hydroxyl 

groups, flavonoids exert stronger antioxidant potential activities against 

peroxyl radicals compared to phenolic acids. Several studies have 
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demonstrated a possible synergistic effect between natural extracts and 

synthetic antioxidants. 

 

Table 3. Total phenolic and flavonoid content  

of essential herbs and spices 

 

Species Substances and types of 

substances 

Mode of action 

Rosemary Carnosic acid, carnosol, 

rosmarinic acid, rosmanol 

Scavenge superoxide radicals, 

lipid antioxidant, and metal 

chelator 

Sage Carnosol, carnosic acid, 

rosmanol, rosmarinic acid 

Scavenge free radicals 

Oregano Derivatives of phenolic acids, 

flavonoids, tocopherols 

Scavenge free radicals 

Thyme Thymol, carvacrol, p-cumene-

2,3-diol, biphenyls, flavonoids 

Scavenge free radicals 

Ginger Gingerol related compounds, 

diarylheptanoids 

Scavenge free radicals 

Turmeric Curcumins Scavenge free radicals 

Black 

pepper 

Phenolic amides, flavonoids Scavenge free radicals 

Red 

pepper 

Capsaicin Scavenge free radicals 

Clove Eugenol, gallates Free radical scavenger and metal 

chelator 

 

 

5.2. Antimicrobial Activity of Major Spices and Herbs 

 

Antimicrobial phytochemicals in plants defend themselves against 

microorganisms and are also crucial for the proper functioning of the plant. 

Several categories of phytochemicals viz., phenolic compounds, 

terpenoids, alkaloids, essential oils, and polypeptides present in spices 

possess antimicrobial properties. These phytochemicals have been utilised 

for several centuries to treat various health problems, including infections. 

Spices could also be employed to reduce the risk of food poisoning, 
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spoilage and improve food safety and products shelf life [25]. The spices 

and herbs exert their antibacterial activity by interfering with the formation 

or functioning of essential components of microbes. The hydrophobic 

essential oils disturb the bacterial cell structure by accumulating in the lipid 

bilayer of the bacterial cell membrane and mitochondria and increase the 

permeability of the cell wall, which leads to the loss of the liquid 

constituents of the cell. Several research studies have documented the 

minimum inhibitory concentration of spices against food spoilage, 

pathogenic and harmful bacteria varying from 0.01% to 1%. 

Numerous spices and herbs possess an inhibitory effect on at least one 

or more pathogen. Garlic is one such spice that has broad antibacterial 

activity against a variety of pathogenic and foodborne microbes, including 

Clostridium, Escherichia, Salmonella, Staphylococcus, Streptococcus, 

Mycobacterium, and Helicobacter species. Spices such as clove, oregano, 

rosemary, cumin, thyme and cinnamon have antimicrobial action against a 

larger group of food spoilage bacteria, harmful fungi, pathogens and even 

antibioticresistant microorganisms. Carvacrol and thymol are the two 

major phenols, principally responsible for the antimicrobial activity in 

thyme. In the case of cinnamon, cinnamaldehyde possesses antimicrobial 

effects by inhibiting the biosynthesis of the cell wall and interfering with 

the function of the membrane and also specific enzyme activities. 

Rosmarinic acid, carnosic acid, carnosol, rosmaridiphenol, epirosmanol, 

rosmanol and isorosmanol are responsible for the microbial inhibitory 

effect of spices and herbs. Based on their antimicrobial activities, spices 

are grouped into strong (clove, mustard and cinnamon), medium (cumin, 

coriander, bay leaf, sage, thyme, oregano and rosemary), and weak (ginger 

and black pepper) categories. Food model studies carried out with spices 

and their extracts have shown strong antimicrobial effects on wide range 

of foodborne pathogens both in the laboratory medium as well as in-vitro 

studies. 
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Table 4. Minimum inhibitory concentration (MIC) of certain 

essential oils (mg/ mL) [26] 

 

Microorganisms Minimum inhibitory concentration (mg/ml) 

Basil Cinnamon Oregano Rosemary 

S. aureus 2.5 5 5 10.0 

L. monocytogenes 1.25 2.5 2.5 2.5 

B. cereus 1.25 2.5 2.5 5 

Y. enterocolitica 0.075 0.075 0.075 0.075 

E. coli 1.25 5.0 5.0 2.5 

S. typhimurium 2.5 5.0 5.0 10.0 

 

Table 5. Antimicrobial activity of natural  

extracts against target pathogen 

 

Name of natural 

extract  

MIC Value Test organism(s) Refs 

Mint EO from 

Menthapiperita 

1.2%v/v Staphylococcus aureus and 

Salmonella enteritidis 

[27] 

Carvacrol, thymol, 

TC Cravone 

1-3 mM 

10 mM 

Escherichia coli and 

Salmonella typhimurium 

[28] 

Finger root extract 0.2% v/v, 

0.4% v/v 

Listeria monocytogenes, 

Bacillus cereus and S. aureus 

[29] 

Galangal extract 8% v/v E. coli O157:H7 [29] 

Clove, cinnamon, 

and mustard extracts 

1% v/v E. coli O157:H7, 

S. aureus and B. cereus 

[30] 

Thyme 1000 ppm Vibrio parahaemolyticus [31] 

Thyme 0.05%(v/v) S. aureus [32] 

Carvacol 1 mM E. coli O157:H7 ATCC 

43895 

[33] 

Carvacol, P-cymene 7.8-800 µg/ml Campylobacter spp. [34] 

EO and extracts from 

clove 

0.5-5.5 mg/ml L.monocytogenes [35] 

Phenolic contents from 

dried fruits of cinnamon 

5 mg/plate Salmonella typhimurium  

TA 100 

[36] 

 

Complimentary Contributor Copy



M. Muthukumar, B. M. Naveena, R. Banerjee et al. 314 

6. CHALLENGES AND FUTURE PERSPECTIVE  

IN THE USAGE OF SPICES AND HERBS 

 

Food industry is continuously exploring innovative ways and means to 

enhance the functional attributes of food products that offer greater value 

and potential health benefits to users. Food products have been 

successfully employed as a unique carrier to supply bioactive plant 

chemicals and additional nutrients to promote consumers health. However, 

before making any claim, the science based relationship of phytochemicals 

to health benefits should be established through extensive pharmacological 

and chemical experiments together with human metabolic studies [37]. 

Several technological hurdles have to be tackled to develop safe functional 

food products fortified with herbs and spices. In general, herbs and spices 

are recognized as safe, at least at concentration normally present in foods. 

However, for promotion of health and prevention of disease, the amount 

of spices and their bioactive compounds that need to be employed exceeds 

those normally found in food. It is imperative to conduct scientific studies 

to identify any possible safety issues associated with different levels of 

their usage. The synergistic effect of combining blended spices/herbs or 

blended natural compounds could be a solution to this problem.  

Although several in-vitro assays revealed that many phytochemicals 

have strong antioxidant potentials, only few of these compounds could 

express their therapeutic value under in-vivo conditions due to their 

interference with several physio-pharmacological activities such as 

absorption, circulation, metabolism and excretion. The biggest challenge 

in the development of products with novel natural compounds is the 

transformation of in-vitro experiments to in-vivo trials and lastly clinical 

trials with human subjects. Similarly, the usage of natural products as 

antimicrobial substance is also more critical, because the microbial 

inhibition efficacy of the natural phytochemicals mainly depends upon 

maximum plasma concentration, tissue penetration and their 

bioavailability. As various external factors like the climate, location, time 

of harvest, nature of the extracts and mode of extraction have a significant 
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impact on the chemical composition of plants, these aspects need to be 

taken into account to optimise the application of natural extracts in 

different food systems. The current pressing needs are refinement of 

existing procedures and development of innovative methods for optimised 

extraction and separation of active components from herbs and spices. 

Stability is one of the biggest challenges for wider usage of natural 

phytochemicals as dietary antioxidants. Generally, the degradation of 

antioxidant activity of many phytocompounds (polyphenols, carotenoids, 

terpenes) starts at the point of extraction and continues thereafter, which 

leads into a loss of potential. Enzymes, chemicals and the passage of time 

and processing at elevated temperatures are some of the factors responsible 

for loss of activity. Technological advancements such as encapsulation, 

vacuum packaging, modified atmospheric packing with inert gas, using 

oxygen scavengers, and more antioxidants have been employed to retard 

the degradation of antioxidant efficacy of extract compounds. 

 

 

CONCLUSION 

 

Phytochemicals with varied chemical nature and mechanisms of action 

offer promising therapeutic tools for developing functional products to 

promote health and well-being in consumers. Besides enhancing the 

organoleptic properties, especially flavor, aroma, and color, herbs and 

spices, because of their antioxidant and antimicrobial potential and lower 

toxicity, could be utilized as an effective food preservative. Natural plant-

based compounds could be employed together with conventional food 

preservation methods to enhance the antioxidant and antimicrobial 

potential and ensure food products’ safety. The interest in exploring the 

exact mechanisms of actions and physio-pharmacological properties of the 

bioactive compound and the development of newer technologies for better 

ways of utilization of spices and herbs will continue to grow in the years 

to come. 
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ABSTRACT 

 

In recent years, there has been growing interest in the potential 

benefits of nutraceuticals in the food industry and consumers. The 

chapter is designed to provide in-depth information on the potential 
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capacity of fatty acids as nutraceuticals. Nutraceuticals are a group of 

nutritional substances extracted from natural foods that offer nourishing 

and therapeutic benefits, and is one of the vital nutraceuticals. As the 

awareness of a healthy diet and lifestyle increases, omega-3 attracts a lot 

of interest among the food industry and consumers. Out of various 

clinical trials and epidemiological studies, it has been established that 

omega-3 possesses multiple nutraceutical properties. It also reduces the 

risk of several diseases like inflammatory diseases, cancer therapy, 

cardiovascular symptoms, bipolar disorder, kidney disease, attention 

deficit disorder, and many more. However, beneficial outcomes are not 

accomplished by conventional modes of delivery and applications. The 

omega-3 is prone to oxidation, and by-products may lead to adverse 

effects which limit its uses. This shortcoming can be overcome using 

emerging technology such as nanoemulsion, nanoparticles, and 

liposomes to improve their oxidative stability and the effectiveness of 

omega-3. 

 

 

INTRODUCTION 

 

Increased public awareness and health awareness have attracted 

researchers and consumers towards the nutraceuticals industry. To fulfill 

the nutritional requirement of the human body, food, and other novel foods 

should be included in the diet. Therefore, the incorporation of health 

supplements and nutraceuticals fulfills the nutritional requirement. The 

word nutraceuticals is derived from two terminologies: “nutrition” and 

“pharmaceuticals.” This refers “to a substance that is procured by 

extraction or purification of foods and is sold in forms that are commonly 

not related to food and similar characteristics to pharmaceuticals, having 

potential physiological advantages” [1]. Kathleen and Stephen [2] defined 

“Nutraceutical is any non-toxic food component with scientifically proven 

health benefits including prevention and treatment of disease.” Thus, a 

nutraceutical exhibits physiological benefits or protection against chronic 

disease. 
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OMEGA -3 AS NUTRACEUTICALS 

 

People are nowadays becoming more nutrition savvy and moving 

towards foods having various health benefits. Omega-3 is one of the 

primary interests of food professionals and industries because of its health 

benefits. Omega-3 fatty acids are essential polyunsaturated fatty acids 

mainly consisting of EPA and DHA. EPA and DHA are referred to as 

“miracle food of the 21st century” [3, 4]. EPA and DHA are bioactive 

lipids [5]. Mammals cannot synthesize omega-3 because they lack 

enzymes that help form double bonds at the omega-3 position. Hence, 

mammals require omega-3 in their diet. EPA and DHA have shown anti-

inflammatory effects [6] and are essential for proper fetal growth and 

development [7]. EPA and DHA also act as precursors of lipid mediators, 

which play a crucial role in numerous health diseases [8]. 

Several studies on omega-3 suggested that omega-3 is beneficial in 

several diseases. The omega-3 produces several lipid mediators beneficial 

in cardiovascular disease, inflammation, cancer, depression, other mental 

disorders, and metabolic syndrome [9]. The evidence and epidemiological 

study recommended that omega-3 in the diet helps in altering blood lipids 

profile. Oxidative stability and bioavailability of omega-3 is a primary 

concern for food technologists and the food industry. The different novel 

delivery systems were used to increase the bioavailability and functional 

capabilities of omega-3. It also protects the bioactive agent from oxidation. 

Therefore, industry and researchers are adapting delivery systems such as 

encapsulation, nanoemulsion, nano liposomal, solid lipid nanoparticle 

(SLN) [10]. 

 

 

CHEMISTRY AND NOMENCLATURE OF OMEGA -3 

 

“Fatty acids are hydrocarbon chains consist of a carboxyl group 

(COOH) at one end and a methyl group (CH3) at the other end”[9]. The 

fatty acid is of two different types, i.e., saturated FA and unsaturated FA. 

The saturated fatty acid (SFAs) consists of a single bond, whereas 
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unsaturated fatty acids (USFA’s) comprise one or more than one double 

bond. Further, the unsaturated fatty acid is categorized into two, i.e., 

monounsaturated fatty acids (MUFAs) (having one double bond) and 

polyunsaturated fatty acids (PUFAs) (more than one double bond) [11]. 

PUFAs were further sub-grouped based on the location of the first double 

bond. The two main compound groups are omega-3 and omega-6 families 

[12]. 

 

 

TYPES OF OMEGA-3 FATTY ACID 

 

Polyunsaturated fatty acids are further classified as short-chain and 

long-chain unsaturated fatty acids [13]. The FAO/WHO Expert [14] 

defines “Unsaturated short-chain fatty acids with 19 or fewer carbon atoms 

and unsaturated long-chain fatty acids with 20-24 carbon atoms”. Thus, 

there are majorly three different types of omega-3 fatty acids: 

 

 

Figure 1. Classification of fatty acids based on the number of the bond. 

 

Figure 2. Structure of Alpha-linolenic acid. 
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Alpha-Linoleic Acid (ALA) 

 

Alpha-linoleic acid [ALA; C18:3 (n-3)] is an essential omega-3 fatty 

acid obtained from the diet. It consists of an 18-carbon chain and three cis 

double bonds. Thus, it is also named as-cis-9,12,15-octadecatrienoic acid. 

The abundant sources of ALA are green leafy vegetables, flaxseed, linseed, 

perilla seed, and nuts. Cyclooxygenases and lipoxygenases convert 

arachidonic acid to prostaglandins and leukotrienes.  

 

 

Eicosapentaenoic Acid (EPA)  

 

EPA [EPA; 20:5(n-3)] is a long-chain omega-3 of 20 carbon chains 

with 5 cis double bond omega-3. Rich sources of EPA are some fish, e.g., 

salmon, cod, menhaden, and sardine. The other sources of EPA are 

different types of edible algae. It is also formed from the ALA by the 

desaturation and elongation process. These are the precursor for 

prostaglandin-3, Thromboxane -3, prostacyclin I-3, and Leukotriene-5 

eicosanoids. These eicosanoids have shown positive effects on some 

human disorders like inflammation, platelet aggregation. 

 

 

Docosahexaenoic Acid (DHA) 

 

Docosahexaenoic acid (DHA) is unsaturated, long-chain PUFA having 

22 carbon atoms [15]. DHA is the major component of the CNS and retina. 

However, the human body cannot synthesize it, and the requirement of 

DHA in the body can be either accomplished from diet or synthesized from 

ALA [16]. DHA is found in fish and other seafood [17]. DHA plays an 

essential role in brain development. It is also crucial during prenatal 

development. Therefore, pregnant women should include DHA in their 

diet [18]. DHA improves cognitive functions as well as neuroprotective 

functions [19]. 
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Figure 3. Structure of Eicosapentaenoic acid. 

 

Figure 4. Structure of Docosahexaenoic acid. 

 

SOURCES OF OMEGA-3 FATTY ACID 

 

Nowadays, omega-3 exists naturally in some food and is also available 

as fortified food such as egg, milk, yogurt, juices, infant formulas, etc. [20, 

21]. 

 

 

Plant Sources  

 

Alpha-linolenic acid (ALA) is the only plant source found in green 

leafy vegetables (GLVs) and seeds. Other sources of omega-3 are seeds, 

seed oils, and some nuts. Soybean oil, rapeseed oil, walnut, corn oil is good 

sources of α-linolenic acid. Flaxseed and their oil consist of 40-55% FA as 

alpha-linolenic acid [22].  

 Vegetable oil such as Echium oil comprised approximately 36.3% of 

ALA. It also contains a significant amount of LC- PUFA, i.e., stearidonic 

acid (18:4n-3; SDA) [23]. Perilla seed oil (Perilla frutescens) is also an 

abundant source of omega-3 containing up to 54% of ALA [24].  
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Fish and Marine Sources  

 

Fish and seafood are primary sources of long-chain omega-3 fatty 

acids such as EPA, DHA, DPA which appear to be highly bioactive [25]. 

Fish such as cod, mackerel, herring, salmon, and tuna are rich sources of 

omega-3, including EPA and DHA [26]. Different types of fish contain 

different amounts of these fatty acids depending upon the type of fish and 

its metabolic characteristics, diet of the fish, the temperature of the water, 

and season [27].  

 

 

Single Cell Oil  

 

Due to the beneficial health effects of omega-3, the demand for omega-

3 PUFA has been increased in the past years. Fishes are rich sources of 

omega-3 fatty acids, but high consumption, environmental pollution and 

mishandling by humans leads to the shortage of existing fish stocks [28, 

29]. Single-cell oil from microalgae or yeast is an alternative source of 

omega-3 fatty acids. These are sustainable alternatives capable of fulfilling 

the global demand and vegetarian sources of omega-3 [30]. However, 

these sources have drawbacks as oils from microalgae require high cost 

and investment. So, there is a need for an economical method for the 

production and cultivation the microalgae. 

 

  

METABOLISM OF OMEGA-3 

 

The ALA serves as a parent component in the formation of another 

form of omega-3. The process of desaturation (double bond formation) and 

elongation (insertion of two carbon atoms) is required in the metabolic 

pathway [31]. As the same enzymes (∆6-desaturase) are used for the 

conversion, LA and ALA fight for the synthesis of eicosanoids. The ∆6-

desaturase enzyme is rate-limiting in the pathway [32]. Most plants, algae, 

some fungi have Δ12-desaturases to convert oleic acid into LA and Δ15-
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desaturases for the conversion of LA to ALA [33]. ALA cannot be 

synthesized from oleic acid in the human body due to a deficiency of 

desaturase enzyme [34]. 

 

 

Figure 5. Metabolic pathway of omega-3. 
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In animals, biosynthesis of LC-PUFAs initiates in the endoplasmic 

reticulum of liver cells. The first step is the desaturation step, in which the 

addition of a double bond at the 6th C-C bond was done to get stearidonic 

acid (SDA). Further stearidonic acid elongated to 20: 4n-3 

(Eicosatetraenoic acid). Finally, one more desaturation was carried out by 

Δ5-desaturase producing eicosapentaenoic acid (20:5n-3, EPA) (34, 35). 

Further, EPA elongated to produce docosapentaenoic acid (DPA; C22:5, 

n−3) and tetracosanolpentaenoic acid (C24:5, n−3) in two successive 

elongation cycles. Then, Δ6-desaturation further desaturates this fatty acid 

to get tetracosahexaenoic acid (THA; C24:6, n−3). The last step is the 

translocation of 24:6n-3 from the endoplasmic reticulum to peroxisomes, 

where it is subjected to β-oxidation in which two carbon were removed to 

yield DHA [36, 34]. 

One of the main functions of these EFAs is the biosynthesis of the 

hormone known as eicosanoids. The member of eicosanoids includes 

prostaglandins, prostacyclin, thromboxane, leukotrienes, and hydroxyl 

fatty acids. These mediators help in inflammation, immunity, platelet 

reactivity, and smooth muscle contraction [37].  

 

 

HEALTH BENEFITS 

 

Several clinical trials and epidemiological studies suggested that 

omega-3 is a vital component of the human diet. Its deficiency in the 

human diet can cause several abnormalities in the human body. Therefore, 

omega-3 fatty acids have attracted a lot of researchers. The research 

investigates the effect of omega-3 fatty acids in different areas of health 

such as premature infant health [38, 39], asthma [40, 41], bipolar and 

depressive disorders [42, 43] diabetes [44, 45].  
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Omega-3 and Cardiovascular Health  

 

Cardiovascular diseases (CVD) are used for a class of heart and blood 

vessels [46, 47]. CVD is one of the significant reasons for worldwide death 

and is responsible for 33% of worldwide deaths [48]. The primary risk 

factor of CVD is the consumption of high saturated fat and trans-fat intake 

and smoking, high sodium intake, genetic predisposition.  

The omega-3 fatty acids have been associated with substrate 

competition for the production of cyclooxygenase (COX) enzymes 

between omega-3 and arachidonic (AA), which results in the formation of 

PGs and TX [49]. This substrate competition by omega-3 results in 

vasodilation and decreased platelet aggregation. The omega-3 and 

arachidonic acid compete for the ∆-6 desaturase enzyme and the sn-2 

position, which could lead to inhibition of AA, which further leads to a 

decrease in AA levels in the body [50].  

Research studies performed using animal models for CVD have 

signified the potential protective role of omega-3. It was found that omega-

3 lowers the possibilities of coronary outcomes by regulating cholesterol 

levels, lipogenesis, inflammation, thrombosis, and arterial stiffness [34, 

51, 52, 53, 54 55, 56]. Research studies have observed that omega-3 fatty 

acid in diet results in the reduction of VLDL synthesis. Hence, serum levels 

of triglycerides are reduced, which further improves the degradation of 

fatty acids, facilitating triglyceride clearance from the plasma [53, 57]. It 

also helps prevent arrhythmias, reduced heart rate, and systemic vascular 

resistance [58, 59] in a study of the physiological effect of omega-3 derived 

from seafood on cardiovascular health. It was reported that omega-3 fatty 

acids in the diet help lower triglycerides, blood pressure, and heart rate 

(53). He et al. (2004) reported that one fish/week reduced CVD risk by 

16%. It was also found that increasing the servings/week up to 2-4 reduced 

the risk by 21% [60]. A systematic review and meta-analysis study showed 

a reciprocal relationship between inclusion of fish consumption and 

mortality from CVD. They also reported improved blood pressure and 

blood lipid profile [61]. Therefore, research evidence indicates that the 

inclusion of omega-3 rich fish in the diet reduces CHD risk. 
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EPA and DHA also play a vital role in the reduction of clinical risk of 

CVD disease. EPA and DHA have been shown to have triglyceride-

lowering effects, which helps in increasing the genes encoding proteins 

involved in fatty acid oxidation [62]. In addition, researchers suggested 

dietary supplementation of DHA and EPA helps lower the risk by 

positively improving the lipid profile and platelet aggregation [15]. In 

another study, it was found that DHA in the diet is inversely correlated 

with the risk of CHD [63]. Evidence from research studies shows that DHA 

exhibits antiplatelet aggregatory potential, TAG-lowering effect as well as 

antiarrhythmic effects. In a double-blinded, placebo-controlled trial, 

subjects with abnormal lipid were supplemented with 1.2g DHA/day for 

six weeks. The researchers found a significant drop in TAG (20% approx.) 

and increased HDL levels in the subject [64]. 

 

 

Omega-3 and Cancer  

 

Cancer is the second most contributor to death globally [65]. Cancer is 

an uncontrolled and unnatural growth of the cells. The most common 

cancer types are breast cancer, prostate cancer, lung cancer, cervical 

cancer, and infection-related cancer [65]. 

Numerous clinical and epidemiology studies, as well as experimental 

data, have shown the consequences of ω-3 fatty acids in the diet on various 

types of cancer like breast cancer [66, 67], colorectal cancer [68], 

gastrointestinal cancer [69], prostate cancer [70, 71]. An increase in dietary 

intake of omega-3 leads to increased incorporation of omega-3 in cell 

membranes. Thus, omega-3 helps reduce the proliferation, invasion, and 

metastasis of cancerous cells [72]. 

Based on some in-vitro studies, PG-2 shows carcinogenic actions. In 

contrast, omega -3 serves as an antagonist effect on the formation of COX 

by invading and inhibiting the growth of tumor cell growth by lowering 

the amount of cyclooxygenase COX-2 and PGE2[34, 73]. In addition, 

omega-3 fatty acid helps optimize receptor functioning and signaling 

transduction pathways, leading to the arrest of cancer cell growth [74, 75]. 
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A research study was carried out on women to evaluate the consequences 

of consuming fish rich in omega-3 on breast cancer. They reported that 

fatty fish exhibits a protective effect on breast cancer in Asian patients 

[66].  

 

 

Omega-3 and Neurological Disorders 

 

Omega-3 rich diet is a promising nutritional approach for neurological 

disorders. Omega-3 fatty acids have been positively associated with 

depressive conditions such as bipolar disorder and unipolar depression 

[26]. 

 

 

Depression and Other Mood Disorders 

 

Depression is a complex multifactorial brain disorder in which an 

individual feels lethargic, irritable, has frequent mood swings, and loses in 

pleasure activities [76]. The contributing factors are drug and alcohol 

abuse or altered production of neurotransmitters which further results in 

organic changes in the brain. Besides these factors, stress, social isolation, 

genetic influences also contribute to the risk factors. Pharmaceuticals are 

not too effective against depression and also have side effects. However, 

omega-3 PUFA was found to have a positive impact on depression. 

The effectiveness of omega-3 supplementation in depression depends 

on two factors: proportion and dosage. A recent meta-analysis study 

supplementation of EPA or DHA in diet indicated that omega-3 PUFA 

with EPA 60% or more effectively improves depression [77]. Several 

meta-analyses indicated that the EPA has significantly greater efficacy 

than DHA [78, 79, 80]. Therefore, research studies recommended that the 

range of 2:1 to 3:1 ratio of EPA to DHA is more efficacious [81, 82]. 

Omega-3 fatty acids help to transmit the chemical messengers that activate 

serotonin and dopamine, linked with positive emotion and emotional 

stability [83, 26]. Serotonin also plays a vital role in depression. Serotonin 
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is a chemical that regulates a wide variety of brain functions. Essential fatty 

acids such as omega-3 are necessary for serotonin production [26]. 

Evidence showed that EPA and DHA in the diet might help in increasing 

the release, which promotes emotional stability [84]. In contrast, a research 

study by Carabelli et al. (2015) on omega-3 dietary supplementations 

suggested that incorporating omega-3 can correct this deficiency in the 

diet.  

 

 

Alzheimer’s Disease (AD)  

 

Alzheimer’s disease is the most common brain disease which results 

in memory loss. The existence of amyloid β (Aβ) in the brain is associated 

with the development of Alzheimer’s disease. Its deposition in the brain 

leads to inflammation, diminishes neuronal function, and triggers 

oxidative stress, contributing to the onset of Alzheimer’s disease [85, 86, 

87]. 

Evidence from various epidemiological and clinical studies indicated 

that omega 3 in the diet might impact risk and outcome in Alzheimer’s 

disease. 

 Supplementation improves memory complaints, mild cognitive 

impairment, and Alzheimer’s disease [34, 88]. Researchers also 

recommended that increased intake of the DHA is correlated with a lower 

risk of Alzheimer’s disease [89]. They also suggested a diet rich in DHA 

helps to protect the brain against cell damage and memory loss caused by 

Alzheimer’s disease.The research was conducted on aged mice with a 

genetic mutation (linked to Alzheimer’s disease). Supplementation of a 

DHA-rich diet on mice leads to reduced pathogens linked to Alzheimer’s 

[90]. 

A plethora of animal studies were conducted on DHA dietary 

intervention, and it was recommended that consumption of DHA is 

beneficial in neuropathy such as amyloid-beta, inflammation [91, 92]. 
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Attention Deficit Hyperactivity Disorder (ADHD) 

 

ADHD is a neurodevelopmental disorder in children. Symptoms 

related to these disorders are attention deficit, hyperactivity, and 

impulsivity [93]. Omega-3 supplementation is also correlated with ADHD. 

A study found that the level of omega-3 fatty acids is low in ADHD 

patients compared to healthy patients [101]. In addition, several clinical 

and epidemiological studies have indicated that a lack of DHA and EPA in 

the diet may increase the risk of ADHD [94, 95]. 

It was found that children with ADHD, when administered with 

omega-3, improve the quality of life in terms of increased concentration 

and sleep quality in ADHD children [96]. A study revealed a negative 

correlation between omega-3 fatty acid levels in blood and ADHD 

symptoms. In a meta-analysis study, it was found that most of the RCT 

reported that there is a positive outcome of supplementation of omega-3, 

EPA, DHA in terms of learning ability, cognitive behavior [97]. Therefore, 

a low amount of omega-3 in the diet of patients with ADHD further 

deteriorates omega-3 because of oxidative stress, resulting in the 

development and exacerbation of the ADHD symptoms.  

 

 

Omega-3 and Inflammation  

 

PUFA plays a vital role in regulating inflammation and acts as a 

precursor for lipid mediators. Omega-6 fatty acid promotes inflammation, 

whereas omega-3 acts as an anti-inflammatory [98]. Different studies have 

recognized the role of omega-3 in inflammation. However, several recent 

investigations showed that increasing the omega-3 in the diet lowers the 

risk of inflammatory disease [99, 100]. By competing with enzymes, 

omega-3 prevents the production of AA-derived pro-inflammatory 

mediators and creates anti-inflammatory mediators such as resolvins, 

protectins, and maresins [101, 31, 17]. These actively terminate the 

inflammatory reactions by removing dead cells and increasing 

phagocytosis [102, 103]. 
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The mechanism underlying the anti-inflammatory action of EPA & 

DHA includes the change in fatty acid composition in the cell membrane, 

disruption of lipid rafts, inhibiting the formation of pro-inflammatory 

cytokines, and modifying lipid mediators synthesis [17]. Studies evaluated 

the effectiveness of supplementation of the omega-3 FA in rheumatoid 

arthritis [104, 105], inflammatory bowel diseases (Crohn’s disease and 

ulcerative colitis), and asthma [115,116]. It was indicated that the inclusion 

of omega-3 rich foods reduces the inflammation in the diseases. In 

addition, a research study reported that intake of omega-3 helps in the 

management of asthma. A cross-sectional study of 642 subjects found that 

seafood information and an increase in serum PUFA level decreased the 

risk of having non-specific bronchial hyper-responsiveness (NSBH) [106].  

 

 

NOVEL DELIVERY SYSTEM FOR OMEGA-3 

 

Omega-3 has many positive health effects, but these are highly 

susceptible to oxidative degradation. The oxidative degradation of leads to 

free radicals and hydroperoxides, unstable intermediary compounds [107]. 

The oxidation results in a reduction in the nutritional properties, the 

formation of free radical during oxidation contribute to the development 

of atherosclerosis [108]. Also, the efficacy of in different health problems 

is contradictory.A wide variety of individual variance and lack of 

uniformity in the outcomes have been demonstrated by various studies. 

Due to differences in chemical composition, the type of dosage used (pills, 

tablets, gels, etc.) can affect bioavailability and stability [109]. Different 

delivery methods such as nanoemulsion, encapsulation, and 

microencapsulation are widely used in various food products. They 

improve oxidation rate in both initial stages (raw materials) and the final 

food product [109]. It also helps to cope with processing stresses faced 

during manufacturing and checks the undesirable interaction during the 

formulation of nutraceuticals [110]. 
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Encapsulation  

 

To protect PUFAs against oxidative degradation, encapsulation has 

been one of the widely used methods. Encapsulation is the process of 

entrapping an active component (nutraceutical) within a secondary 

material (encapsulant). The encapsulation of the active components results 

in protection from the outer environment up to it being released by a trigger 

at a desired site and time [111]. In addition, encapsulation masks the 

unpleasant taste and odor of omega-3 fatty acids while delivering them in 

food and supplements [111]. Several techniques such as spray-drying 

emulsions, extrusion, coacervation, biopolymer gelation, and fluidized bed 

coating are used to encapsulate omega-3 [112]. The most common method 

used to encapsulate omega-3 is diffusing the lipid in a polymer solution 

and then eliminating the water phase by spray drying to produce powder 

in the dry form [107, 113]. The spray drying temperature was decreased to 

minimize oxidative degradation, and the air was replaced by nitrogen 

[114].The human trial has reported that omega-3 oils supplemented in the 

microencapsulated complex are bioequivalent to oils supplemented in the 

form of soft gels [115].  

 

 

Nanoemulsion  

 

Enrichment of food products with omega-3 FA is in great demand for 

the food industry and technologists. Nanoemulsion helps encapsulate 

PUFA rich oils. Nanoemulsion is defined as systems that consist of small 

droplet size particles with materials in nanometer (approximately 10−9 m) 

[116, 117]. Its droplets’ size varies from 20 nm to 200 nm [118] or smaller 

than 300nm [119]. Nanoemulsion is of three types: Water-in-oil 

nanoemulsion, oil-in-water nanoemulsion, and bi-continuous 

nanoemulsion [10]. The small size particles prevent flocculation and 

produce fine dispersion. Due to high solubilization, it can be used to 

produce hydrophobic drug delivery [120]. These tiny droplets result in 

easy transportation in cell membranes which further increases its 
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bioavailability. Tiny droplets increase their bioavailability and result in 

increased blood plasma and erythrocyte concentrations [121]. 

In a research study, omega-3 is encapsulation was done using oil-in-

water nanoemulsion along with dual-channel microfluidics techniques. It 

was found that encapsulation reduces the risk of coronary heart disease and 

inflammation [122]. Study omega-3 fatty acid enrich Solid Lipid 

Nanoparticles (SLN) was fed to colorectal cancer patients. The SLN 

prepared improved the physicochemical properties and also lowered the 

rate of oxidation of omega-3. It also enhanced the delivery of omega-3 and 

antineoplastic efficacy [123]. 

 

 

Nanoliposomal 

 

Liposomes are flexible, biocompatible, non-toxic lipid-based carriers. 

It helps to protect the active ingredient against enzymatic degradation [10]. 

They help in the encapsulation and delivery of both hydrophilic and 

hydrophobic bioactive components. This technology is widely used in 

many studies and industrial products to encapsulate and efficiently release 

food compounds [124]. The incorporation of Krill oil into liposomes was 

found to affect inflammatory bowel disease (IBW) compared to oral 

delivery [123]. Natural biomimetic lecithin formulations rich in omega-3 

LC-PUFAs extracted from salmon heads and processed to nanoliposomes 

have been studied. The nanoliposomes reduced stiffness and proliferation 

and showed an anti-cancer effect on breast cancer [125]. 

 

 

CONCLUSION 

 

Several clinical and meta-analysis studies indicate that omega-3 acts 

as potent nutraceuticals. Many research studies show that supplementation 

of omega-3 rich oils and fish oils is positively beneficial in diseases like 

CVD, mental illness, atherosclerosis, rheumatoid arthritis, obesity, 

diabetes, and cancer. The different delivery systems such as 
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nanoemulsions, microemulsions increase the functional performance and 

efficacy of the omega-3. Therefore, omega-3 consumption should be 

recommended for all age groups. Further, research on the toxicity of this 

newly developed delivery system needs to explore. 
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ABSTRACT 

 

The increased consumer’s interest in healthy and nutritious food has 

driven the demand for food containing biologically active molecules, 

especially antimicrobials, antioxidants, phenols, and essential oils. Food 

packaging seems to provide a promising delivering system for 

incorporating these nutraceuticals compounds into food. Packaging plays 

four passive functions of containment, protection, convenience, and 
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communication. The packaging material should also be pertinent to better 

shelf life and maintaining nutritional quality and safety until the food 

package is open. Nutraceuticals or bioactive compounds can be used as 

a vehicle to deliver antioxidants, enzymes, flavors, anti-browning agents, 

antibacterial, and other active compounds to extend the shelf life of food 

products even after opening. Dynamic packaging technology is based on 

the concept of the incorporation of specific components into packaging 

systems that release or absorb substances from or into the packed food or 

the surrounding environment of the food product. Hence, it gives rise to 

a new conceptual approach to developing a new packaging material 

containing nutraceuticals compounds called “Bioactive” packaging 

systems. A bioactive packaging system protects the food product through 

the sustained release of functional compounds encapsulated in the food 

package. Nanotechnology is one such method of encapsulating the 

nutraceuticals compound into food packaging material. Reducing the 

particle size of a bioactive compound using micro/ nanotechnologies may 

improve the bioactive compound’s biological availability, delivery 

properties, and solubility. Emulsification, liposomes, electrospinning, 

and coatings are widely used techniques to develop nano or 

microparticulate systems. This chapter will focus on adding different 

nutraceutical compounds into packaging materials, solving the problem 

of direct application of synthetic preservatives to the food product. Thus, 

protecting food from the external environment with minimal use of 

artificial preservatives can be achieved by applying bioactive packaging. 

 

 

INTRODUCTION 

 

Over the past few years, the public interest and consumer demand have 

shifted towards nutraceutical compounds and functional foods, powered 

by progressive scientific research to identify potential applications of 

nutraceutical substances in the food chain system. In 1989 the term 

“nutraceutical” was coined from “nutrition” and “pharmaceutical.” 

According to Dr. Stephen DeFelice, nutraceutical can be defined as “a food 

(or part of a food) that provides medical or health benefits, including the 

prevention and treatment of a disease” [1]. Nutraceuticals are nutritional 

supplements that confer a health benefit to the consumer other than 

nutrition. Some popular nutraceuticals compounds include tocopherol, 

green tea, calcium, probiotic culture, glucosamine, echinacea, omega-3, 

folic acid, and plant essential oils. The majority of the functional 
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compounds may provide multiple health benefits to the consumer [2]. For 

example, the high amount of antioxidant compounds (catechins and (-)-

epigallocatechin-3-gallate) present in green tea leaves could be beneficial 

in preventing several types of cardiovascular disease, respiratory disease, 

and liver disease [3]. Garlic essential oil has the potential to act as 

antimicrobial, cardioprotective, antioxidant, antitumor, and antidiabetic 

due to the presence of diallyl mono-, di- and trisulphide compounds [4]. 

Due to the beneficial property of these nutraceuticals compounds, they find 

a scope in food packaging to deliver high-quality and nutritious foods to 

consumers. 

With the growing demand to provide quality food products, the 

packaging industry tries to fabricate packaging material loaded with active 

molecules, which are also highly responsive to any surrounding condition 

changes. The essential fundamental operation of the packaging material is 

to serve as a container for food, prevent any physical damage, and protect 

it from unwanted chemical and biological changes during storage and 

transportation. Among many other packaging functionalities, one function 

is to deliver fresh, wholesome food to the consumer. This leads to the 

setting of a new domain in packaging technology, known as bioactive 

packaging, in which packaging material or coating contains active 

compounds. The active compounds encapsulated in packaging material are 

phytochemicals, vitamins, nanofibers, and prebiotics [5]. Bioactive 

packaging is a novel approach that may benefit the consumer beyond the 

nutrients that a food originally inherits. Active packaging system founds 

the basis of bioactive packaging [6]. A typical active packaging provides 

the traditionally passive role of food protection and interacts with the food 

product or headspace to extend food stability. Besides fulfilling all these 

functions, bioactive packaging contains functional compounds that may 

provide additional health benefits to the consumer. Edible coating and 

films have found application in bioactive packaging as a carrier of 

nutraceuticals compounds.  
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ANTIMICROBIAL PACKAGING 

 

The increased consumer interest in easy-to-consume food products 

makes the food manufacturers focus more on food safety and quality [7]. 

In this regard, food researchers are developing novel techniques to 

preserve food by using natural compounds. Applying these natural 

compounds can solve food spoilage and safety issues with no harmful 

effects on consumer health. For example, antimicrobials are directly added 

to food products to protect food from spoilage in food industries.  

Artificial antimicrobials used in food are chemical compounds that are 

intentionally added to food in the permissible amount to inhibit the growth 

of pathogenic and spoilage bacteria. Common synthetic antimicrobials 

used in food products are nitrites, tartaric acid, potassium metabisulfite, 

citric acid, sodium benzoate, nisin, chlorides, and sulfates. Generally, 

synthetic antimicrobials belong to the family of organic acids and their 

salts. Regulatory agencies approve these compounds and their amounts 

that are added to food, and food manufacturers must use these artificial 

antimicrobials in the permissible limit. However, using some artificial 

antimicrobials also menaces consumer health as they may bind with some 

nutrients and make them unavailable or degrade them. For example, 

sulfites are used as an antimicrobial agent in some beverages, and cordials 

can bind with thiamine (Vitamin B1) and make them unavailable to be 

absorbed by the body [8]. This reflects the need to find an alternative 

method to introduce antimicrobial in food products to enhance their shelf 

life. Furthermore, almost 99% of the food products and beverages have to 

be packed in packaging material; thus, adding antimicrobials on the 

packaging material can be a promising technology to preserve food from 

antimicrobials yet maintain its natural characteristics. The critical 

advantage of this method would be the protection of packaged food 

products from the direct addition of synthetic antimicrobials in the food 

composition. 

Generally, three modes of action have been shown by antimicrobials 

agents used in the packaging system.  
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 Release: Antimicrobial agents migrate from the packaging 

material to the package’s headspace or diffuse into the food and 

inhibit the growth of spoilage microorganisms. 

 Absorption: These antimicrobials remove or bind with the 

essential factors required by the microorganism for their growth. 

 Immobilization. Immobilization type of antimicrobials is more 

effective for liquid food products than solid food because they 

only inhibit the microorganism that comes in their direct contact. 

Hence, whole liquid food is more likely to contact the 

antimicrobial compound immobilized within the matrix of 

packaging material [9]. 

 

Several different forms are developed for antimicrobial packaging 

systems, which include:  

 

1. Sachets/pads containing volatile antimicrobial agents are added to 

the food package.  

2. Direct addition of volatile and non-volatile antimicrobial agents 

into the polymer used for the food product packaging.  

3. Coating of the polymer by the antimicrobial agent. 

4. Edible coating of the food by the polymer containing an 

antimicrobial agent. 

5. Immobilization of antimicrobials compounds to polymers 

enclosing food products by ion or covalent bonding. 

6. Use of polymers that is inherently antimicrobial in nature [10]. 

 

The main objective of the antimicrobial packaging system is to reduce, 

retard or completely inhibit the growth of spoilage microorganisms. This 

is achieved only when antimicrobial compounds directly contact the 

microbial cell and cause cell lysis by disrupting their mechanism. In 

addition, volatile antimicrobial compounds have killed microorganisms in 

the headspace of the food package (indirect contact). 
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This fact implies that the food product must have come in contact with 

antimicrobial agents, either in the vapor phase (indirect contact) or by 

direct contact between the antimicrobial agent and food [9]. 

Some essential oils obtained from food spices are volatile in nature. 

The volatility of essential oils is due to their aromatic compounds of low 

molecular weight. Essential oils contain a good amount of phenolic 

compounds, up to 85%. These phenolic compounds like (eugenol, thymol, 

and carvacrol show antimicrobial activity by disrupting the cell membrane 

or genetic material and damaging the bacterial cell's enzymatic function 

[11]. Essential oils extracted from garlic, cinnamon, lemongrass, and 

thyme have been most commonly used in packaging films for their 

antimicrobial activity. In addition, the essential oils obtained from plants 

have some therapeutic value, like some of these oils are potential 

antioxidants [12].  

Most researches are focused on the sustained release of antimicrobial 

compounds from packaging material into the food product. Sachets and 

absorbent pads have expanded their application to be used as antimicrobial 

packaging. They are incorporated with an antimicrobial agent and allow 

sustained release of these antimicrobials to kill foodborne pathogens.  

The main principle behind applying carrier/emitting sachets is the 

subsequent release of active compounds that are adsorbed on the (sachet 

material) permeable to the active compound. The sachet material used for 

the manufacture of sachets must withstand handling and transportation to 

avoid failure and leakage of the active compound [8]. 

 

 

ANTIOXIDANT PACKAGING 

 

Oxidation of food and microbial growth are the leading causes 

affecting food products’ safety and quality. Lipid oxidation is the main 

criterion of spoilage of a great variety of fat-rich food, such as nuts, fatty 

fish, red meats, whole milk powders, oils, and salad dressing.  
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It leads to the formation of toxic aldehydes and epoxy compounds that 

affect both sensory attributes and nutritional quality of food. Existing 

approaches to control lipid oxidation in foods is the direct addition of an 

artificial ‘antioxidant’s compounds (BHT, BHA) or packaging under 

modified atmospheres in which oxygen in the food package headspace is 

limited. However, these synthetic antioxidants (polyphenol, 

organophosphate, and thioester compounds) cause potential adverse health 

effects on human health in the long run. A recent approach to these 

methods is the fabrication of packaging material with antioxidant 

compounds whose main advantage is that it can provide control release of 

antioxidants with antioxidant compounds whose main advantage is to 

control antioxidants' release during storage. 

Two methods describe the working of antioxidant packages:  

 

 Release of antioxidant compounds into the headspace of a food 

package or diffusion in the food product.  

 The scavenging of prooxidant compounds such as oxygen species, 

free radical species that initiate chain reaction or metal ions from 

the headspace of a food package or the food itself.  

 

Selection of suitable antioxidant and packaging material to incorporate 

that antioxidant is crucial. The packaging material and antioxidant 

compound should be compatible with sustaining the antioxidant’s release 

to inhibit or retard oxidation. The homogenous distribution of antioxidants 

throughout the packaging material and the partition of coefficient in 

different phases should favor its release into the food particle or package 

that contains food. The solubility of antioxidants in the food product 

determines its effectiveness after releasing from packaging film. Thus, the 

type of antioxidant compounds should be selected while taking into 

consideration its solubility in food. 
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Table 3. Natural antioxidant incorporated into packaging films 

 

S.No. Packaging 

material 

Antioxidant 

compound 

Antioxidant activity References 

1 Cassava 

starch films 

Polyphenols-rich 

rosemary extracts 

4.4 - 13.6 mg of gallic 

acid equivalents per 

gram. 

Piñeros-

Hernandez, 

D., et al. 

(2017) 

2 Polypropylene Green tea extract 13.7 mg of gallic acid 

equivalent per gram 

C. López de 

Dicastillo  

et al. (2013) 

4. Chitosan film Mango leaf 

extract 

3.47 mg of gallic acid 

equivalent per gram 

Rambabu, K 

et al. (2018) 

5 Chitosan film Olive pomace 

flour 

1.18-2.73 µmol Trolox 

equivalents/g dried 

film) 

De Moraes 

Crizel, T et 

al. (2018) 

6 PVA Apple pomace 7.9 mg mg of gallic 

acid equivalent per 

gram 

K.K. 

Gaikwad et 

al. 2016 

 

Two types of mechanisms are employed for developing antioxidant 

packaging systems:  

 

 Independent devices: An independent device includes sachets, 

pads, or labels containing the antioxidant agent separately from the 

food product. It is added within the carrier material and placed 

individually beside food.  

 Antioxidant packaging materials: In this packaging system, the 

polymer contains antioxidant agents that help inhibit oxidation. 

The antioxidant agent is incorporated in the packaging material, 

which scavenges the undesirable compounds from the headspace 

of the food package or by releasing antioxidant compounds to the 

food [27]. 

 

Recently the trend has shifted towards utilizing natural products due 

to the presence of biologically active compounds. Ascorbic acid (vitamin 

C), carotenoids, and tocopherols (vitamin E) are natural antioxidants 

obtained from fruits and vegetables. These compounds have immense 
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potential to be used as an alternative to synthetic antioxidants for the 

polymer used for food packages. Phytochemicals and phenol derivatives 

obtained from plant sources also have a significant role in human 

physiology. However, the complex chemical nature of phenols and their 

method to get accurate structure limit the detailed study of their effect on 

the food product. Nevertheless, natural antioxidants such as tocopherol, 

Eugenol, thymol, green tea extract, and cinnamaldehyde have been 

successfully encapsulated into packaging films with the further possibility 

of enhanced activity in the food product [28]. 

 

 

PROBIOTICS 

 

Nowadays, probiotics are gaining more attention because of their 

several health benefits to human health. Probiotics perform several 

functions like producing antimicrobial substances, modulation of the 

immune response, strengthening the intestinal barrier, and inhibiting 

pathogenic microorganisms either by producing antimicrobial peptides or 

competing for binding sites, nutrients, and growth factors (FAO, 2001). 

Probiotics were originally defined as a “mono- or mixed culture of live 

microorganisms which, when applied to man or animal, affects the host 

beneficially by improving the properties of indigenous microflora” (FAO, 

2002) [34]. The most common bacteria used commercially for probiotic 

production are Streptococcus thermophilus, Saccharomyces boulardii, 

Lactobacillus, and Bifidobacterium. Dairy products such as yogurt, cheese, 

curd, and dairy desserts are popular food products added with probiotics 

culture. However, yogurt and curd are the most popular matrices for 

incorporating probiotic microorganisms [35].  

Due to their antimicrobial activity and other health benefits, probiotics 

have the potential scope to be used in polymer matrices used in food 

packaging. In this way, probiotics have been encapsulated into packaging 

film or edible coating to develop bioactive food packaging materials as an 

alternative method for inhibiting the growth of pathogenic 

microorganisms.  
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Besides protecting food from pathogenic attacks, probiotics have the 

potential to improve human gut health. Cell survival in the final product is 

a major issue while processing food that contains probiotic bacteria [35]. 

A viable cell count of 108–9 per day is necessary to benefit the consumer. 

Aiming to improve existing technologies to deliver or develop probiotics, 

researchers investigate a new possible application by incorporating them 

into food packaging matrices or edible film/coatings [36]. 

Microencapsulation is a new technology used to encapsulate probiotics 

into the packaging film. It may be defined as the method to pack functional 

compounds into small capsules at a micro-level. These capsules are made 

up of an encapsulant material like protein, lipid, or carbohydrate. The 

microencapsulation technique is intended to protect the viable culture of 

probiotics from detrimental food conditions (e.g., low pH, high temp, 

oxygen availability, and light). As a result, it can decrease the contact 

between probiotic culture and the external environment and prevent its 

degradation, thus maintaining its final product activity [35]. 

 

 

FLAVOURS 

 

Packaging films and edible coatings can encapsulate the active 

ingredients, thus helping in improving the food product’s taste and 

nutritional value. Generally, edible films and coatings are used to enhance 

flavor, but fewer studies are reported to integrate nutraceuticals 

compounds into edible film or coating.  

The US Department of ‘Agriculture’s (USDA’s) Agricultural 

Research Service (Albany, California), in association with Origami Foods 

(Pleasanton, California), has developed vegetable and fruit edible films as 

an alternative to the seaweed sheets (nori), which has been originally used 

for sushi and other Asian foods. These edible wraps contain spices, 

seasoning colorants, flavors, and vitamins which enhance nutritional 

quality and give variety to the consumer. Tomato, apple, pear, mango 

broccoli, and various other fruits and vegetables are used to formulate soft 

and pliable sheets using infrared drying technology [44].  
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NUTRIENT 

 

Micronutrient malnutrition among children and adults is of major 

concern in the entire world. It is of significant importance because it affects 

a large number of people and remains a risk for many other diseases. Some 

vitamins and minerals like vitamin E, vitamin C, calcium, and zinc can be 

incorporated into edible films and coatings. Thus, they enhance the 

nutritional quality of food products that may not be inherently present in 

food or degrade during processing [45]. Magnesium, calcium, and vitamin 

E are the most studied nutrients used in incorporating packaging material 

as they play essential roles in the human body to prevent certain diseases. 

Gluconal Cal (GC Glucona America Inc., Janesville, WI) is a mixture of 

calcium lactate, gluconate, and α-tocopheryl acetate is encapsulated in 

edible coatings made up of protein and carbohydrate. These edible coatings 

have shown increased nutritional value, good bioavailability of nutrients, 

and better barrier properties [46]. These edible films may be used for 

wrapping or coating to enhance the nutritional content of food products. 

(Mei et al. 2002) enhanced the calcium and vitamin E content of xanthan 

gum coating used to wrap food products. Edible coating of xanthan gum 

contains 5% Gluconal Cal, and 0.2% α‐tocopherol acetate (vitamin E) by 

weight. After incorporation, calcium and vitamin E content increases from 

2.6% to 6.6%, and from 0 to about 67% of the Dietary Reference Intakes 

(DRI) values, respectively [46, 47]. 

(Massilia et al. 2015) developed alginate-based film to enrich tropical 

fruits with calcium and vitamin D. Incorporation of vitamin-D and calcium 

into the alginate films contributes by 32-50% and 83.2% respectively of 

the daily requirement of calcium and vitamin-D prescribed for school-

going children [48]. 
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ENCAPSULATION OF NUTRACEUTICAL  

COMPOUND IN FOOD PACKAGING 

 

Encapsulation of bioactive compounds into the packaging material can 

protect and deliver active compounds to the consumer. It is defined as a 

process for entrapping active compounds obtained from the plant (e.g., 

vitamins, phenols, antioxidants, and omega-3, omega -6 fatty acids, or 

viable microorganisms such as probiotics) within a polymer matrix (e.g., 

carbohydrate, protein, lipid). The main advantages of the encapsulation 

techniques include the protection of active compounds by encapsulating 

them in the polymer matrix, which helps them withstand external 

environmental conditions, thus making them more stable in packaging 

material. It also helps in masking unwanted odour and taste [50]. In 

addition, the encapsulation technique increases the nutraceutical 

compound’s bioavailability besides its sustained release in the food 

product. Nutraceutical compounds can be incorporated into the melted 

polymer matrix by employing different encapsulation techniques and 

extruded in a thin film [28].  

Different delivery systems or carriers are developed to incorporate 

active compounds or nutraceuticals into the bioactive packaging systems. 

This system includes nanoparticles, microcapsules, emulsions, 

cyclodextrins, and liposomes. However, the techniques should be 

incongruent with the packaging material and do not degrade the quality of 

packaging material in terms of its mechanical properties and barrier 

properties. Thus, selecting an appropriate delivery system for 

encapsulating nutraceutical compounds is of major concern to preserve the 

primary function of nutraceuticals and all functionalities of a package [50]. 

Liposomes are lipids compounds used extensively in cosmetics and 

pharmaceuticals products, but their utilisation in the food industry is 

limited. Liposomes are microscopic molecules with spherical-shaped 

vesicles composed of a wall of amphipathic lipid bilayers arranged in one 

or more concentric spheres with an aqueous phase inside and outside the 

lipid bilayers (Figure 1). The capability of liposome molecules to carry 
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both hydrophilic or lipophilic compounds has allowed these microstructure 

compounds to be used as a potential delivery system for carrying biological 

active compounds [50]. Phospholipids, the main compound forming 

liposomes, can be made from lecithins produced from various foods: milk, 

egg, soy, sunflower, and canola) [51]. A chitosan-based coating with 

liposomes molecules containing laurel essential oil and nanosilver 

particles was formulated by (Z. Wu et al. 2018). The liposomes helped 

sustain the release of functional compounds and had shown good 

antioxidant and antimicrobial activity to preserve pork [52]. Nano-

encapsulated cinnamaldehyde liposomes show significant antimicrobial 

activity against foodborne pathogens. Thus, it could be a potential 

alternative for antimicrobial packaging films. The major disadvantage of 

liposomes is that they can lead to the production of chromatic films due to 

lecithin, leading to instability in packaging material and high cost [50].  

 

 

Figure 1. Liposomes loaded with nutraceuticals compounds. 

Nanotechnology was first applied in the food sector to manufacture 

nanosized packaging materials with improved functionalities. 

Nanotechnology could develop foods with modifying colour, flavour, or 

nutritional properties with significantly different from their inherited 

characteristics. With advancements in scientific research, extrusion of food 
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packaging material having nanostructured active molecules helps increase 

the shelf life of food products. Packaging films formed using 

nanotechnology have the ability to control air and moisture exchange with 

the external environment. Besides formulation of the biodegradable outer 

covering of food, edible nano-coatings (~5 nm thin coatings) can also be 

developed using nanotechnology [53]. These edible nano-coatings 

encapsulated with active compounds are applied to various meat, 

confectionery products, cheese, fruits, and vegetables, where they act as 

moisture and gas barrier. In addition, to prolong shelf life, they provide 

flavour, colour, enzymes, antioxidants, anti-browning compounds to the 

manufactured food products. The encapsulation of active nanosized 

particles into the polymer is used to fabricate packaging material which 

may help to increase barrier functionalities towards the external 

environment [54]. 

 

 

Figure 2. Electrospinning process producing core shell nano fibers containing  

active compounds. 

Electrospinning is a novel technique for the development of bioactive 

packaging material containing nutraceutical compounds. It is a cost-

effective, versatile technique used to develop a variety of continuous micro 
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or nanoscale fibre from various biopolymers. The Figure 2 shows 

electrospinning process producing core shell fibers containing active 

compounds. 

Advantages of using electrospun fibers over traditional polymers are 

its large area to volume ratio, submicron to the nanoscale diameter of 

molecules, high sensitivity to changes in external atmosphere, and 

capability to carry heat-sensitive active compounds [49]. This non-

mechanical technique involves charging the polymer droplet using a strong 

electric field, which helps in the ejection of a liquid jet through the 

spinneret to form packaging fiber. Emulsion electrospinning is a novel 

technique to fabricate core-shell fibers to the encapsulation of different 

active compounds (flavonoids, essential oils) into the packaging material. 

This technology leads to the development of nanofibers with core-shell 

morphology [55]. This core-shell structure helps to contain bioactive 

compounds and minimizes their volatilization, oxidation, and release ratio. 

Despite the advantages of this technique, minimal works have been done 

in the food industry. However, it shows an immense potential to be used 

in the developingtbioactive packaging materials, demonstrating the high 

effectiveness of the active compounds and their control release into the 

package. 

 

 

CONCLUSION 

 

There is a growing interest of food scientists to encapsulate 

nutraceuticals compounds into the food packaging material. Packaging 

material is a suitable carrier to deliver these active compounds to the 

consumer. In addition, while performing the essential function of 

packaging, a bioactive packaging system may also impart several health 

benefits to the consumer. Plant origin essential oils, probiotics, and 

nutrients are incorporated into polymeric matrices to enhance food quality, 

safety, and nutritional content. Microencapsulation, nanoencapsulation, 

and electrospinning are novel techniques used to incorporate active 

compounds in polymeric films. Despite all these technologies, researchers 
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still need to investigate new methods to optimize bioactive packaging 

systems at the retail level and for different food products. 

 

 

FUTURE TRENDS 

 

The bioactive packaging system is at a nascent stage. More research 

needs to be carried out to optimize these systems at the commercial level 

and for different food products. In addition, compatibility between the 

packaging material and nutraceuticals compounds must be considered 

while fabricating bioactive packaging for the specific food product. 

Homogenous dispersion of active compounds into packaging material, 

their solubility in food products, and their sustained release to perform that 

particular functions are some areas that require more attention. Thus, more 

investigation needs to be done to fabricate a packaging material having all 

the basic functionality (barrier against the physical, chemical, and 

biological stimulus, carrying and protecting food protect during 

transportation and storage) along with active compound or nutraceutical 

compound that confer a health benefit to the consumer. 
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