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6.0 OBJECTIVES 

After studying this unit, you should be able to know:  

 the concept, origin, and definition of the term "nutraceuticals;" 



 examples of nutraceuticals and the regulation of nutraceuticals;  

 The historical perspective of nutraceuticals and functional foods 

 Classification of nutraceuticals and functional foods 

 Understand the scope and future prospects of nutraceuticals 

 the ingredients of nutraceuticals and the nutritive value of these ingredients; 

 the differences between food, functional food, and dietary supplements; and 

 Understand the significance of the functional foods 

 Provide various definitions and history of the functional foods  

6.1 INTRODUCTION 

Nutraceutical is a type of food substance that helps to maintain health and prevent illness. 

The term nutraceutical was introduced in 1989 by American medical doctor Stephen L. De 

Felice. Nutraceutical is sometimes used interchangeably with the terms functional food and 

dietary supplement, though there are distinctions. Functional foods are foods normally 

consumed in the diet that have scientifically assessed health benefits. Dietary supplements are 

ingestible preparations purposefully added to the diet to benefit health but are not necessarily 

derived from foods. Nutraceuticals, on the other hand, are products with biological functions 

that are derived only from foods. Similar to dietary supplements, they generally are 

consumed in a form that resembles a medicinal product, and they usually are sold Over-The-

Counter (OTC). These distinctions, however, are complicated by the fact that many 

substances fall within all three categories. For example, betacarotene occurs naturally in 

fruits, vegetables, and grains but is also manufactured and sold as a dietary supplement and as 

a nutraceutical. Nutraceuticals are often sold with remarkable health claims, such as being 

able to slow the aging process. However, these claims are problematic and difficult to 

substantiate. Since foods are not used in the treatment of diseases, the claim that 

nutraceuticals can treat disease is deemed inappropriate for a food substance. 

A functional food is a food claimed to have an additional function by adding new ingredients 

or more of existing ingredients. The term may also apply to traits purposely bred into existing 

edible plants, such as purple or gold potatoes having enriched anthocyanin or carotenoid 

contents, respectively. As per the definition, ‘Functional foods may be specifically designed 

to have physiological benefits and/or reduce the risk of chronic disease beyond basic 

nutritional functions, and may be similar in appearance to conventional food and consumed 

as part of a regular diet’. The term was first used in Japan in the 1980s where there is a 



government approval process for functional foods called Foods for Specified Health Use 

(FOSHU). Fundamentally, the functional foods are foods that have a potentially positive 

effect on health beyond basic nutrition. Proponents of functional foods say they promote 

optimal health and help reduce the risk of disease. A familiar example of a functional food is 

‘Oatmeal’ because it contains soluble fiber that can help lower cholesterol levels. The Food 

and Drug Administration regulates the claims that manufacturers can make about functional 

food nutrient contents that effects on disease, health or body function.  

6.2  NUTRACEUTICAL  

Nutraceuticals and Functional Foods in the recent years have witnessed a tremendous 

increase in the interest among the consumers due to their potential of providing health 

benefits. In 2006, the Indian government passed Food Safety and Standard Act to integrate 

and streamline the many regulations covering food industry including nutraceuticals, 

functional foods and dietary supplements. The nutraceuticals have been defined under Clause 

22 of the Food Safety and Standards Act (FSSA), 2006. Over the last 7 years, the 

nutraceuticals market in India has been growing rapidly. An increase in health consciousness, 

increasing awareness about the various types of nutraceuticals available in the market, and 

willingness of people to spend on health foods are the factors propelling the market. 

 

6.2.1  Define Nutraceuticals and Functional Foods 

Nutraceutical, is a term combining the words ‘nutrition’ and ‘pharmaceutical’, are diet 

supplements that deliver a concentrated form of a presumed bioactive agent from a food, 

presented in a non-food matrix, and used with the purpose of enhancing health in dosages that 

exceed those that could be obtained from normal foods. Nutraceuticals are sold in 

presentations similar to drugs: pills, extracts, tablets, capsules, solutions, gels, liquors, 

powders, granulate, etc. The major nutraceuticals have a number of origins, being either 

endogenous human metabolites, dietary constituents, animal or plant constituents normally 

not present in the diet in therapeutic levels, or synthetic compounds; whereas Functional 

Foods are those that when consumed regularly exert a specific health-beneficial effect beyond 

their nutritional properties (i.e., a healthier status or a lower risk of disease) and this effect 

must be scientifically proven. The boundary between nutraceuticals and functional foods is 

not always clear. For example, when a phytochemical or phytochemical extract is included in 

a food formulation, i.e., 300 mg of extract dissolved in 1 L of juice, we have a new potential 

functional food. The same amount of phytochemical or phytochemical extract included in a 



capsule will constitute a new nutraceutical. The consumption of one litre of this functional 

juice would provide the same dose of bioactive compounds as one capsule of the 

nutraceutical. 

 

6.2.2  Historical Perspective of Nutraceuticals 

Nutraceuticals Hippocrates (460–377 BC), the father of modern medicine, almost 2500 years 

back established the relation of food and its importance for the treatment of various ailments 

in a very classical way optimizing various benefits. Nutraceutical is composed of two words: 

nutrient and pharmaceutical. It is a food supplement that has a vital role in maintaining the 

healthy body and provides necessary supplements required for various metabolic processes to 

regulate body functions and thus prevents the body from diseases. Since long time, even 

before the development of ‘Nutrition’ as a distinct scientific discipline, physicians paid close 

attention to the role of the daily diet in health maintenance. During the 16th, 17th and 18th 

centuries, many crewmen on long voyages across the Seas often died because of scurvy. The 

18th century sea captains (under the direction of the British Admiralty) explored the role of 

various foods and food practices in maintaining the health of seamen. Some foods provided 

the missing vitamins B and C, whereas others reduced the antiscorbutic effects of the 

seamen’s diet. Biomedical research during the past 20 years has revealed that diet plays an 

important role in the prevention and progression of many of the major chronic diseases, such 

as atherosclerosis and cancer.  

The term ‘nutraceutical’ was coined in 1989 by the Foundation for Innovation in Medicine, to 

provide a name for this rapidly growing area of biomedical research. A nutraceutical was 

defined as any substance that may be considered a food or part of a food and provides 

medical or health benefits including the prevention and treatment of disease. Nutraceuticals 

may range from isolated nutrients, dietary supplements and diets to genetically engineered 

‘designer’ foods, herbal products and processed products such as cereals, soups and 

beverages. Doubtlessly, many of these products possess pertinent physiological functions and 

valuable biological activities. The ongoing research will lead to a new generation of foods, 

which will certainly cause the interface between food and drug to become increasingly 

permeable. The present accumulated knowledge about nutraceuticals represents undoubtedly 

a great challenge for nutritionists, physicians, food technologists and food chemists. Public 

health authorities consider prevention and treatment with nutraceuticals as a powerful 

instrument in maintaining health and to act against nutritionally induced acute and chronic 



diseases, thereby promoting optimal health, longevity and quality of life. Since ancient period 

the mankind made medicines from the extracts of natural materials and has been used for 

various purposes. 

 

In 1989 Dr. Stephen coined the term ‘Nutraceuticals’, which is combination of nutrition and 

pharmaceutical. Nutraceuticals have a come long way since a new trend in the care of 

companion animals emerged in the 1990s and the similar trends in the human sector as well. 

With the passage of the dietary supplement health and education act of 1994, the definition of 

nutraceuticals has been expanded to include vitamins, minerals, herbs and other botanicals, 

amino acids, and dietary substance for human use as a supplement diet. The term 

nutraceutical is not well accepted on global, regulatory systems while the dietary supplements 

are considered to be more prominent. 

 

Currently over 470 nutraceutical and functional food products are available with documented 

health benefits. The success of traditional therapies is essentially due to the art of balancing 

the effect of one variety of food with other so that all complimented each other. Currently, the 

medical practitioners are considered as magic wand to cure disease. A recent study reports 

that 70% of patients typically consult a medical practitioner before or during the traditional 

therapy, indicates the disapproval of the natural therapy. However, the patients are much 

aware of the side effects, contraindications caused due to the chemical agents in short and 

long term therapy. Thus the interest to prevent medicine from every small disease came into 

trend and consequently led to new research on alternative therapies preferably with the help 

of nutritional approaches. This review gives highlights of some important facts regarding 

therapeutic use of nutraceuticals as the commercial and traditional remedies.  

 

6.2.3  Classification of Nutraceuticals  

The number of claimed nutraceutical substances is in the hundreds, and some of the more 

recognizable substances include isoflavones, tocotrienols, allyl sulphur compounds, fibre, and 

carotenoids. In light of a long and growing list of nutraceutical substances, organization 

systems are needed to allow for easier understanding and application. This is particularly true 

for academic instruction, as well as product formulation by food companies. Depending upon 

one’s interest and/or background, the appropriate organizational scheme for nutraceuticals 

can vary. For example, cardiologists may be most interested in those nutraceutical substances 



that are associated with reducing the risk factors of heart disease. Specifically, their interest 

may lie in substances supposed to positively influence hypertension and 

hypercholesterolemia and to reduce free radical- or platelet-dependent thrombotic activity. 

Nutraceutical factors such as n-3 fatty acids, phytosterols, quercetin, and grape flavonoids 

would be of particular interest to them. Meanwhile, oncologists may be more interested in 

those substances that target anti-carcinogenic activities. These substances may be associated 

with augmentations of microsomal detoxification systems and antioxidant defences, or they 

may slow the progression of existing cancer. Thus, their interest may lie in both chemo 

preventive or potential adjunctive therapy.  

 

On the other hand, the nutraceutical interest of food scientists working on the development of 

a functional food product will not only include physiological properties, but also stability and 

sensory properties, as well as issues of cost efficiency. To demonstrate this point, the anti-

carcinogenic triterpene-limonin is lipid-soluble and intensely bitter, somewhat limiting its 

commercial use as a functional food ingredient (Miller et. al., 1994). However, the glucoside 

derivative of limonin, which shares some of the ant carcinogenic activity of limonin, is water 

soluble and virtually tasteless, thereby enhancing its potential use as an ingredient. Whether it 

is for academic instruction, clinical trial design, functional food development, or dietary 

recommendations, nutraceutical factors can be organized Nutraceuticals in several ways. 

There are several ways of classifying Nutraceuticals. One way is according to the food 

source, other on the basis of mechanism of action and third on the basis of chemical nature of 

the functional components. Classification on the Basis of Food Source One of the broader 

models of organization for nutraceuticals is based upon their potential as a food source to 

humans. Here nutraceuticals may be separated into plant, animal, and microbial (i.e., bacteria 

and yeast) groups (Refer Table 8.1). 

 

Table 6.1 Classifcation of Nutraceuticals Grouped by Food Source 

 

   Plants                                   Animal                                                   Microbial  

β-Glucan                     Conjugated Linoleic Acid (CLA)          Lactobacillus acidophilus  

Ascorbic Acid            EicosaPentaenoic Acid (EPA)     Saccharomyces boulurdii (Yeast)  

y-Tocotrienol           DocosaHexenoic Acid (DHA)         Bifidobacterium bifidum  

Quercetin                          SpingolipidsB.longum 



Cellulose                                 Choline                                                  B.infantis 

Lutein                                      Lecithin                               L. acidophilus (NCFB 1748)  

Gallic Acid                              Calcium                               Streptococcus salvarius (subs.  

                                                                                                           Thermophilus)  

Pectin                                     Ubiquinone                                  (Coenzyme Q 10)  

Lutein                                       Selenium  

Gallic Acid                                    Zinc  

Pectin 

 

Classification on the Basis of Mechanism of Action  

 

Another means of classifying nutraceuticals is by their mechanism of action. This system 

groups nutraceutical factors together, regardless of food source, based upon their proven or 

purported physiological properties (Refer Table 8.2). 

 

Table 6.2 Classification on the Basis of Mechanism of Action 

 



 

Among the classes are included antioxidants, antibacterial, antihypertensive, anti-

hypercholesterolemic, anti-aggregate, anti-inflammatory, anti-carcinogenic, osteoprotective, 

and so on. This model would be helpful to an individual who is genetically predisposed to a 

particular medical condition or to scientists trying to develop powerful functional foods for 

just such a person. This developer might consider the ingredients listed in several categories 

to develop a product that would reduce blood pressure, LDL cholesterol level, and 

inflammation. 

 

 Classification based on Chemical Nature  

Another method of grouping nutraceuticals is based upon their chemical nature. This 

approach allows nutraceuticals to be categorized under molecular/ elemental groups. This 

preliminary model includes several large groups, which then provide a basis for sub 

classification or subgroups, and so on. One way to group nutraceuticals grossly is as shown in 

Table . 

 

Table Classification of Nutraceutical Factors based on Chemical Nature 

 



 

 

Isoprenoids and terpenoids are terms used to refer to the same class of molecules. These 

substances are one of the largest groups of plant secondary metabolites and are basis of many 

plant-derived nutraceuticals. Under this large umbrella are many popular nutraceutical 

families such as carotenoids, tocopherols, tocotrienols, and saponins. Most plants contain so-

called essential oils, which contain a mixture of volatile monterpenes and sesquiterpenes. 

Limonene is found in the essential oils of citrus peels, whereas menthol is the chief 

monoterpene in peppermint essential oil. Two potentially nutraceutical diterpenes in coffee 

beans are kahweol and cafestol (Wattenberg and Lam, 1984 and Miller et. al., 1991). Both of 

these diterpenes contain a furan ring. As discussed by Miller and colleagues (Miller et. al., 

1994), the furan ring component might be very important in yielding some of the potential 

antineoplastic activity of these compounds. Several triterpenes have been reported to have 

nutraceutical properties. These compounds include plant sterols; however, some of these 

structures may have been modified to contain fewer than 30 carbons. One of the most 

recognizable triterpene families is the limonoids. These triterpenes are found in citrus fruit 

and impart most of their bitter flavour. Limonin and nomilin are two triterpenoids that may 

have nutraceutical application, limonin more so than nomilin. 

Phenolic compounds are also considered secondary metabolites. The base for this very 

diverse family of molecules is a phenol structure. From this structure, larger and interesting 

molecules are formed such as anthocyanins, coumarins, phenylpropamides flavonoids, 

tannins, and lignin. Phenolic compounds perform a variety of functions for plants including 

defending against herbivores and pathogens, absorbing light, attracting pollinators, reducing 

the growth of competitive plants, and promoting symbiotic relationships with nitrogen-fixing 

bacteria. The flavonoids are one of the largest classes of phenolic compounds in plants. The 

majority of naturally occurring flavonoids are actually glycosides, meaning a sugar moiety is 



attached. The attachment of hydroxyl groups and sugars will increase the hydrophilic 

properties of the flavonoid molecule, while attachment of methyl esters or modified isopentyl 

units will increase the lipophilic character. 

The glucose derivative ascorbic acid (vitamin C) is perhaps one of the most recognizable 

nutraceutical substances and is a very popular supplement. Ascorbic acid functions as a 

nutraceutical compound, primarily as an antioxidant. Meanwhile, plants produce some 

oligosaccharides that appear to function as Prebiotics substances. Several plant 

polysaccharide families are not readily available energy sources for humans as they are 

resistant to secreted digestive enzymes. These polysaccharides are grouped together along 

with the phenolic polymer compound lignin to form one of the most recognizable 

nutraceutical families - fibres. By and large the role of fibres is structural for plants. For 

example, cellulose and hemicellulose are major structural polysaccharides found within plant 

cell walls. Beyond providing structural characteristics to plant tissue, another interesting role 

of certain fibers is in tissue repair after trauma, somewhat analogous to scar tissue in animals. 

The non-starch polysaccharides can be divided into homogeneous and heterogeneous 

polysaccharides, as well as into soluble and insoluble substances. Another 

homopolysaccharide is pectin where the repeating subunits are largely methyl-galacturonic 

acid units. It is a jelly-like material that acts as the cellular cement in plants. Chemically 

related to pectin is chitin. Chitin is not a plant polysaccharide but is found within the animal 

kingdom, although not necessarily in humans. It is a  1-4 homo-polymer of N-acetyl-

glucosamine found in shells or exoskeletons of insects and crustacean. Chitin has recently 

surfaced as a dietary supplement for weight loss. 

 

Several fatty acids and their derivatives that have received the interests of researchers for 

their functional potential. These include the omega -3 PUFA found in higher concentrations 

in plants, fish, and other marine Nutraceuticals animals, and Conjugated Linoleic Acid (CLA) 

produced by bacteria in the rumen of grazing animals such as cattle. 

 

Amino Acid - based include intact protein (i.e., soy protein), polypeptides, amino acids, and 

nitrogenous and sulphur amino acid derivatives. Nowadays, a few amino acids are also being 

investigated for their nutraceutical potential like arginine, ornithine, taurine, and aspartic 

acid. 

 



Where the other groupings of nutraceuticals involve molecules or elements, probiotics 

involves intact micro-organisms. This group largely includes bacteria, and its criteria are that 

a microbe must be resistant to: acid conditions of the stomach, bile, and digestive enzymes 

normally found in the human gastrointestinal tract; able to colonize the human intestine; be 

safe for human consumption; and, lastly, have scientifically proven efficacy. Among the 

bacterial species recognized as having functional food potential are Lactobacillus 

acidophilus, L. plantarum, L. casei, Bifidobacterium bifidum, B. infantis, and Streptococcus 

salvarius subspecies thermophilus. Some yeasts were noted as well, including Saccharomyces 

boulardii.  

 

Several minerals have been recognized for their nutraceutical potential and thus become 

components for functional food recipes. Among the most obvious is calcium with relation to 

bone health, colon cancer, hypertension and cardiovascular disease. Potassium has also been 

reported to reduce hypertension and thus improve cardiovascular health. A couple of trace 

minerals have also been found to have nutraceutical properties. These include copper, 

selenium, manganese, and zinc. Their nutraceutical potential is usually discussed in relation 

to antioxidation. Copper, zinc, and manganese are components of Superoxide Dismutase 

(SOD) enzymes, whereas selenium is a component of glutathione peroxidase. Certainly more 

investigation is required in the area of trace elements in light of their metabolic relationships 

to other nutrients and the potential for toxicity. 

Check Your Progress Exercise 1 

Note: a) Use the space below for your answers. 

  b) Compare your answers with those given at the end of the unit. 

 

1. Which of the following best defines nutraceuticals? 

a. Pharmaceuticals derived from natural sources 

b. Foods that provide health benefits beyond basic nutrition 

c. Supplements designed to enhance athletic performance 

d. Organic foods with high nutrient content 

 

2.  Nutraceuticals are known for their: 

a. Curative properties 

b. Ability to treat chronic diseases 



c. Prevention of specific health conditions 

d. Replacement of traditional medications 

 

3.  Which of the following is an example of a nutraceutical? 

a. Vitamin C 

b. Aspirin 

c. Ibuprofen 

d. Antibiotic 

 

4.  Nutraceuticals are commonly derived from: 

a. Synthetic chemicals 

b. Natural plant and animal sources 

c. Genetically modified organisms (GMOs) 

d. Artificial flavors and additives 

6.3  FOOD AND FUNCTIONAL FOOD  

When food is cooked or processed utilizing the principles and knowledge of science and its 

findings that can be called as functional food. Terms like functional food, ‘designer food’ and 

‘techno food’ are also used to denote functional food manufactured by food companies for 

promoting health. Generally, the functional food can give its user some specified or 

predetermined amount of effective nutrients like vitamins, fats, proteins, carbohydrates, fibers 

etc, needed for our growth, development and maintenance of health. Functional food can be 

defined as any food that exerts health properties beyond the traditional nutrients it contains.  

 

There are two categories of functional foods: 

i) Foods that naturally contain biologically active, non-nutrient compounds known as 

phytochemicals that provides health benefits. All plant foods are rich in phytochemicals. 

ii)Food products specifically formulated to have higher amounts of nutrients or 

phytochemicals than would naturally occur in that food. These are also called “designer 

foods.” 

 

6.3.1  Functional Food: Definition and History 



A functional food is a food claimed to have an additional function by adding new ingredients 

or more of existing ingredients. The term may also apply to traits purposely bred into existing 

edible plants, such as purple or gold potatoes having enriched anthocyanin or carotenoid 

contents, respectively. As per the definition, ‘Functional foods may be specifically designed 

to have physiological benefits and/or reduce the risk of chronic disease beyond basic 

nutritional functions, and may be similar in appearance to conventional food and consumed 

as part of a regular 

diet’. The term was first used in Japan in the 1980s where there is a government approval 

process for functional foods called Foods for Specified Health Use (FOSHU). 

Fundamentally, the functional foods are foods that have a potentially positive effect on health 

beyond basic nutrition. Proponents of functional foods say they promote optimal health and 

help reduce the risk of disease. A familiar example of a functional food is ‘Oatmeal’ because 

it contains soluble fiber that can help lower cholesterol levels. The Food and Drug 

Administration regulates the claims that manufacturers can make about functional food 

nutrient contents that effects on disease, health or body function. 

 

 Definitions of Functional Food 

Following are some standard definitions of functional foods: 

1. A modified food that claims to improve health or well-being by providing benefit beyond 

that of the traditional nutrients it contains. Functional foods may include such items as 

cereals, breads, beverages that are fortified with 

vitamins, some herbs and nutraceuticals. 

2. Functional food are foods that have a potentially positive effect on health beyond basic 

nutrition. Proponents of functional foods say they promote optional optimal health and help 

in reducing the risk of disease. The physiological benefits show that it can reduce the risk 

factors of chronic diseases as it contains bioactive components. 

3. Functional foods can be considered to be those whole, fortified, enriched Functional Food 

or enhanced foods that provide health benefits when they are consumed with diet on a regular 

basis. All foods are functional, as they provide taste, aroma or nutritive value. 

4. Functional foods deliver additional or enhanced benefits over and above their basic 

nutritional values. Some functional foods are generated around a particular functional 

ingredient, for example foods containing probiotics, prebiotics a plant Stanols and Sterols. 

Other functional foods or drinks can be foods fortified with a nutrient that would not usually 

be present to any great extent, for example, Folic Acid Fortified Bread or Breakfast Cereals. 



The functional foods should not be seen as an alternative to a varied and balanced diet and a 

healthy lifestyle. Stanols and Sterols occur naturally in small amounts in plants and fruits and 

are considered that it has cholesterol lowering effect and are added to products, such as 

reduced/low fat spreads.  

5. Functional foods are foods that have health promoting properties over and above their 

nutritional values. The functional foods can be viewed as encompassing a very broad range of 

products ranging from foods generated around a particular ingredient, for example Stanols 

(sterol-enriched reduced), Low Fat Spreads and Dairy Products containing Probiotic Bacteria, 

through to staple everyday foods fortified with a nutrient that would not usually be present to 

any great extent. Figure 1.1 illustrates the various features of functional foods. 

 

 

The level of consumption of the food that is required to achieve a beneficial effect on health 

is an important consideration in particular, it should be possible to achieve the required level 

of intake of the functional food within normal dietary pattern. A possible disadvantage of 

functional foods from a health point of view is that they may obscure the boundaries between 

food groups, normally defined by the specific selection of nutrients that foods in each group 

provide.  

 



 History 

The term functional foods was introduced in Japan in the mid-1980s and refers to processed 

food containing ingredients that aid specific bodily functions in addition to being nutritious. 

Over two thousand years ago Hippocrates said, ‘Let food be thy medicine’. Although the 

concept of functional foods is not entirely new, it has evolved considerably over the years. In 

the early 1900s food manufacturers in the United States started adding ‘Iodine to Salt’ in an 

effort to prevent Goiter, representing one of the first attempts at creating a functional food 

through fortification. 

Other twentieth-century examples include Vitamin A and D fortification of Milk and Niacin, 

and Folic Acid fortification of Grains. These early fortification examples, however, focused 

on reducing the risk of diseases of deficiency. In the latter part of the twentieth century, 

consumers began to focus on wellness and the reduction of chronic disease. Research now 

focuses frequently on the promotion of health through many lifestyle factors, including the 

consumption of an optimal diet. As of 2002, researchers have identified hundreds of food 

components with functional qualities, and they continue to make new discoveries surrounding 

the complex benefits of phytochemicals in foods.  

 

6.3.2 Benefits of Functional Foods  

A functional food may be a traditional food which we consume as part of our usual diets. It is 

shown to have physiological benefits and reduce that risk of chronic disease is it contains 

bioactive compounds. A functional food is a typical food that have specific nutrients added to 

it, like vitamins or minerals, fiber or probiotics or prebiotics. In general, this includes 

anything for a specific function purpose. 

Functional foods can be considered be those whole, fortified, enriched or enhanced foods that 

provide health benefits beyond the provision of essential nutrients, for example vitamins and 

minerals, when they are consumed at efficacious levels as part of a varied diet on a regular 

basis. Linking the consumption of functional foods or food ingredients with health claims 

should be based on sound scientific evidence, with the ‘gold standard’ being replicated, 

randomized, placebocontrolled, intervention trials in human subjects. However, not all foods 

on the market today that are claimed to be functional foods. This review categorizes a variety 

of functional foods according to the type of evidences supporting their functionality, the 

strength of that evidence and the recommended intakes. Functional foods represent one of the 



most intensively investigated and widely promoted areas in the food and nutrition sciences 

today. 

However, it must be emphasized that these foods and ingredients are not magic bullets or 

panaceas for poor health habits. Diet is only one aspect of a comprehensive approach to good 

health.  

 

6.3.3  Types of Functional Foods  

1. Whole Food: It includes Oats, Soya, Fish, Garlic, Flaxseeds and Nuts, Grapes, Fruits and 

Vegetable.  

2. Fortified Foods: It includes the following;  

 Fortified foods are natural foods fortified with other nutrients. 

 Cereal and Cereals-Based products fortified with Folic Acid.  

 Milk and Milk products are fortified with Vitamin B.  

 Fats and Oils are fortified with Vitamin D and E. 

 

3. Enhanced foods are foods that have more of a functional component through traditional 

breeding, genetic engineering, etc., for example dairy product with probiotics.  

The benefits derived by these foods are as follows:  

 Reduce risk of Colon Cancer. 

 Treatment of Respiratory Allergies. 

 Control of Diarrhea and Dysentery Disorders.  

 Decreases the Cholesterol level thus reducing the risk of heart disease. 

 

6.3.4  Classification of Functional Foods  

The functional foods are classified as follows:  

1. Cereals: Wheat Bran, Oats, Corn  

2. Legumes: Soya Bean and Soya-Based products  

3. Oilseeds: Flaxseed Oil  

4. Vegetables: Carrots, Psyllium, Green Leafy Vegetables, Tomatoes, Onion, Garlic  

5. Fruits: Citrus Fruits  

6. Dairy Products: Yoghurt and Other Dairy Products 

7. Beverages: Green Tea  

8. Fishes: Tuna, Salmon, Mackerel  



9. Herbs and Spices: Turmeric, Gingers, Fenugreek Grouping of Functional Foods  

 

 

The functional foods are grouped as follows : 

Basic Foods  

 Tomatoes having the natural level of the antioxidant Lycopene. 

 Processed food includes Oat Bran Cereal having the natural level of Beta Glucan. Fortified 

Foods 

 Tea, Beverages and Fruit Juices are fortified with Calcium.  

 Milk is fortified with Vitamin D.  

 Grains are fortified with Added Fibers. 

 Fats and Oils are fortified with Vitamin D and E.  

Enhanced Foods 

Enhanced foods have more of a functional component through traditional breeding, genetic, 

engineering, etc.  

 Dairy products with probiotics.  

 Eggs with Omega-3 isolated. Purified preparations of active food ingredients, such as 

herbal products.  

 Curcumin from Turmeric.  

 Isoflavones from Soy.  

 Omega-3 from Fish Oils. 

 

Oats : Oat products are dietary source of the cholesterol lowering, such as the soluble fibers 

of Beta Glucan. It is now significant that tomatoes can reduce and Low Density Lipoprotein 

(LDL) cholesterol thereby reducing the risk of Coronary Hearts Disease (CHD).  

Soy : As we are aware that Soy has the highest protein content. It is now thought to play 

preventive and therapeutic roles in Cardio Vascular Disease (CVD), Cancer, Osteoporosis 

and the alleviation of Menopausal symptoms.  

Flaxseed Amongst the major seed oils, flaxseed oil contains the most (57%) of the Omega3 

Fatty Acid, a-Linoleic Acid. Consumption of flaxseed has also been shown to reduce total 

and LDL cholesterol as well as platelet aggregation.  

Tomatoes Those who consume tomato products 10 or more times per meal had less than one 

half the risk of developing Prostate Cancer. Lycopene is the most abundant Carotenoid in the 



prostate gland and Lycopene is the most efficient quencher of Functional Food singlet 

oxygen in biological systems.  

Garlic As we all know that Garlic is known for its medicinal properties. The health benefits 

of garlic are numerous, including Cancer, Antibiotic, Antihypertensive, and Cholesterol-

Lowering properties. The flavor and pungency of garlic are due to an abundance of oil and 

water soluble, sulfur containing elements, which are responsible for the medicinal effects 

ascribed to this plant. The intact garlic bulb contains an odour less Amino Acid, Alliin which 

is converted enzymatically by Alliance into Allicin when the garlic cloves are crushed. 

Allicin then spontaneously decomposes to form numerous Sulphur containing compounds 

some of which have been investigated for their chemo-preventive activity.  

Citrus Fruits Some studies have shown that citrus fruits are protective against a variety of 

human Cancer. Although Oranges, Lemons, Grape Fruits are sources of important nutrients, 

such as Vitamin C and fibers. Citrus fruits are particularly high in a class of phytochemicals 

known as the Limonoids.  

 

Table illustrates the diet-disease relationship and their possible effects. 

 

 



 

 

Cranberry 

Cranberry juice is recognized as efficacious in the treatment of Urinary Tract Injections 

(UTIs). The Benzoic Acid rich fruit causes acidification of the urine investigation have 

focuses on the ability of Cranberry juice to inhibit the adherence of Escherichia coli to uro-

epithelial cells. This phenomenon has been attributed to two compounds, Fructose and a Non-

Dialyzable Polymeric compound.  

Dairy Products 

There is no doubt that dairy products are functional foods. They are one of the best sources of 

Calcium, an essential nutrient which can prevent Osteoporosis and possibly Colon Cancer. In 

addition to Calcium, other components which recent researches have focused in dairy 

products are known as probiotics. 

 

6.3.5  Advantages and Disadvantages of Functional Foods  

Functional foods are foods that are fortified or enriched with additional nutrients or bioactive 

compounds that provide health benefits beyond their basic nutritional value. While functional 

foods have gained popularity due to their potential to promote health and prevent diseases, 

they also come with advantages and disadvantages. Let's explore them: 

Advantages: 

1. Health Benefits: Functional foods are designed to provide specific health benefits, 

such as improving digestion, boosting immunity, or reducing the risk of chronic 

diseases. They often contain bioactive compounds like antioxidants, probiotics, or 

omega-3 fatty acids, which can support overall well-being. 

2. Convenience: Functional foods offer a convenient way to incorporate beneficial 

nutrients into the diet. They are readily available and can be easily consumed as part 



of a regular diet, making it convenient for individuals to access specific health-

promoting components. 

3. Disease Prevention: Functional foods have the potential to reduce the risk of certain 

diseases. For example, foods fortified with calcium and vitamin D can help prevent 

osteoporosis, while those enriched with fiber can contribute to heart health by 

reducing cholesterol levels. 

4. Targeted Nutrition: Functional foods can provide targeted nutrition to specific 

populations or individuals with specific dietary needs. For instance, foods fortified 

with iron and folic acid are beneficial for pregnant women to prevent anemia and 

support fetal development. 

5. Variety and Innovation: Functional foods contribute to food diversity by offering a 

wide range of options. They encourage innovation in the food industry, leading to the 

development of new products with enhanced nutritional profiles and health benefits. 

Disadvantages: 

1. Potential Overconsumption: While functional foods can be beneficial, there is a risk 

of overconsumption. People may mistakenly believe that consuming larger quantities 

of functional foods will yield greater health benefits, leading to excessive intake of 

certain nutrients or bioactive compounds, which can have adverse effects. 

2. Cost: Functional foods, especially those with specialized ingredients or formulations, 

can be more expensive than regular foods. This cost difference may limit accessibility 

for certain populations or individuals on a tight budget. 

3. Lack of Standardization: The regulation and standardization of functional foods can 

vary across regions and countries. This lack of uniformity can make it challenging for 

consumers to understand and compare the nutritional and health benefits of different 

functional food products. 

4. Potential Interactions and Allergies: Some functional foods may interact with 

medications or have allergenic properties. Individuals with specific medical 

conditions or allergies should exercise caution and consult healthcare professionals 

before consuming functional foods. 

5. False Health Claims: Due to the growing popularity of functional foods, there is a risk 

of misleading or exaggerated health claims. Some products may make unfounded 

assertions about their health benefits, leading to consumer confusion and inaccurate 

expectations. 



Check Your Progress Exercise 2 

Note: a) Use the space below for your answers. 

  b) Compare your answers with those given at the end of the unit. 

1) What is functional food? 

………………………………………………………………………………………………

……….……………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………………………… 

2) What is the role of functional food? 

………………………………………………………………………………………………

……….……………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………………………… 

3) Explain the types of functional foods.  

………………………………………………………………………………………………

……….……………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………………………… 

4) Fill in the blanks: 

1. Functional foods contain ……. compounds or ingredients that have specific 

physiological effects on the body. 

2. Regulatory bodies such as the ……… provide guidelines and regulations for the 

labeling and safety of functional food products. 

3. Examples of functional foods include fortified cereals, probiotic yogurt, and omega-3 

enriched ____________. 

6.4  DIETARY SUPPLEMENTS OR FOOD SUPPLEMENTS  

Dietary supplements are also called food supplements or nutritional supplements. They are 

designed to provide nutrients which are missing in our daily diet. In different countries, 

dietary supplements are classified differently. In some countries, they are categorized under 

foods whilst in some as drugs. They are preparations intended to supply nutrients, such as 



vitamins, Nutraceuticals minerals, fatty acids or amino acids, that are missing or are not 

consumed in sufficient quantity in a person’s diets. Some countries define dietary 

supplements as foods, while in others they are defined as drugs. 

Dietary supplements also include non medicinal herbal supplements and hormones like 

pregnenolone and melatonin. Generally, a dietary supplement contains ingredients like 

vitamins, minerals, amino acids, herb, concentrate, metabolite, extract, or their combinations. 

Dietary supplements are also used to increase the performance of athletes and sports players. 

Food supplements are the best way to get our daily dose of vitamins and minerals especially 

in children. Vegetarian diet often lacks vitamin B12, hence Vitamin B12 supplement is useful 

for the vegetarians. 

After recognizing the success and potential of dietary formulations, pharmaceutical 

companies got into the area of manufacturing dietary supplements with the help of 

sophisticated equipment and techniques. They are using attractive and high-tech expensive 

packaging for their products.  

 

The dietary products attract not only the pharmaceutical market, but also the general market. 

Since the concept of food supplements was based on the dietary component, the regulatory 

norms applicable to the foods are currently used for approving the formulations. Some 

experts are of opinion that it is ideal to call them recipes than formulations. The traditional or 

natural medicines were in use for thousands of years. Various countries have defined their 

norms for such formulations. 

 

6.4.1 Type of Dietary Supplements 

Dietary supplements are products that are intended to supplement the diet and provide 

nutrients that may be missing or insufficient in a person's regular diet. Here are some 

common types of dietary supplements: 

1. Vitamins: These are supplements that contain essential vitamins such as vitamin C, 

vitamin D, vitamin B12, and others. Vitamins are crucial for various bodily functions 

and are necessary for overall health. 

2. Minerals: Mineral supplements provide essential minerals like calcium, iron, zinc, 

magnesium, and others. These minerals play important roles in maintaining healthy 

bones, supporting immune function, and other physiological processes. 



3. Herbal Supplements: Herbal supplements are derived from plants and are used to 

support various aspects of health. Examples include ginkgo biloba, echinacea, 

turmeric, and garlic supplements. Herbal supplements are often used for their 

potential medicinal properties. 

4. Probiotics: Probiotic supplements contain beneficial bacteria that help maintain a 

healthy balance of gut bacteria. They are commonly used to support digestive health 

and boost the immune system. 

5. Omega-3 Fatty Acids: Omega-3 fatty acid supplements, usually derived from fish oil 

or algae, provide essential fatty acids like EPA (eicosapentaenoic acid) and DHA 

(docosahexaenoic acid). These fatty acids are important for brain health, heart health, 

and reducing inflammation. 

6. Protein Supplements: Protein supplements, such as whey protein or plant-based 

protein powders, are commonly used by athletes and individuals looking to increase 

their protein intake for muscle recovery, muscle building, or weight management 

purposes. 

7. Fiber Supplements: Fiber supplements, such as psyllium husk or glucomannan, are 

taken to support digestive health and promote regular bowel movements. They can 

help increase daily fiber intake when dietary sources are insufficient. 

8. Sports Supplements: Sports supplements are specifically designed to enhance athletic 

performance and include products like pre-workout formulas, creatine supplements, 

and branched-chain amino acids (BCAAs). 

9. Meal Replacement Supplements: Meal replacement supplements are formulated to 

provide a complete and balanced meal in a convenient form, typically in the form of 

shakes or bars. They are often used for weight management or as a convenient 

alternative to traditional meals. 

6.5  NUTRACEUTICALS AND FUNCTIONAL FOODS MARKET IN 

INDIA 

The nutraceuticals and functional foods market in India has been experiencing significant 

growth in recent years. Here is an overview of the market: 

1. Market Size and Growth: The nutraceuticals and functional foods market in India has 

witnessed substantial growth, driven by increasing health consciousness, rising 

disposable incomes, and a growing focus on preventive healthcare. The market was 



valued at USD 4.73 billion in 2020 and is projected to reach USD 18.16 billion by 

2025, growing at a CAGR of 30.9% during the forecast period. 

2. Regulatory Framework: The Food Safety and Standards Authority of India (FSSAI) is 

the regulatory body responsible for regulating and governing nutraceuticals and 

functional foods in India. FSSAI has established guidelines and regulations for the 

manufacturing, labeling, and marketing of these products to ensure safety and quality. 

3. Product Segments: The nutraceuticals and functional foods market in India 

encompasses various product segments, including dietary supplements, functional 

beverages, functional foods, and fortified foods. Dietary supplements, such as 

vitamins and minerals, hold a significant share in the market, followed by functional 

beverages like probiotic drinks and herbal teas. 

4. Key Drivers: a. Increasing Health Consciousness: Growing awareness about the 

importance of preventive healthcare and maintaining a healthy lifestyle has driven the 

demand for nutraceuticals and functional foods. b. Rising Disposable Incomes: As 

disposable incomes have increased, consumers are willing to spend more on products 

that offer health benefits and improve overall well-being. c. Urbanization and 

Changing Lifestyles: Rapid urbanization and changing lifestyles have led to a shift in 

dietary preferences, with consumers seeking convenient and healthier food and 

beverage options. d. Aging Population: The increasing elderly population in India has 

created a demand for products that address age-related health concerns, such as bone 

health, cognitive function, and cardiovascular health. 

5. Market Trends: a. Ayurvedic and Herbal Nutraceuticals: Ayurvedic and herbal 

nutraceuticals are gaining popularity due to their natural and traditional health 

benefits. b. Functional Beverages: Functional beverages, including probiotic drinks, 

fortified juices, and energy drinks, are witnessing high demand among health-

conscious consumers. c. Personalized Nutrition: The concept of personalized 

nutrition, where products are tailored to individual needs and preferences, is gaining 

traction in the market. d. E-commerce and Online Retailing: The growth of e-

commerce platforms and online retailing has facilitated easy access to a wide range of 

nutraceutical and functional food products, driving market growth. 

6. Challenges: a. Lack of Awareness: Despite the growing market, there is still a need 

for increased consumer awareness about the benefits and proper usage of 

nutraceuticals and functional foods. b. Quality Control and Standardization: Ensuring 

consistent quality and standardization across products remains a challenge in the 



industry. c. Price Sensitivity: Price sensitivity among consumers, especially in rural 

areas, can hinder the adoption of premium nutraceutical and functional food products. 

7. Key Players: The Indian nutraceuticals and functional foods market is characterized 

by the presence of both domestic and international players. Some prominent 

companies operating in the market include Dabur India Ltd, Amway India Enterprises 

Pvt. Ltd, Himalaya Drug Company, Nestlé India Ltd, and Patanjali Ayurved Ltd. 

 

 

 

6.6  REGULATIONS OF NUTRACEUTICALS  

Along with the growing healthcare industry in India there is an emerging trend in ‘Fast 

Moving Healthcare Goods (FMHG)’ which is worldwide known as Nutraceuticals. However 

Nutraceuticals as they are marked in India has no regulatory definition. The existing 

provision of the Drugs and Cosmetics Act 1940 does not cover products like nutraceuticals. 

Till 2008, India is not having a legislation to control the manufacture and marketing of 

nutraceuticals or for a proper definition of the item. Nutraceuticals are a new frontier needing 

continuing excellent science and high standards if they are to take their place in the health 

armamentarium.  

 

How to Regulate Marketing of Nutraceuticals in India? 

In India there are many issues to be addressed in the case of nutraceuticals due to the absence 

of an effective regulation for them. The main hurdle appears to be at the level of quality and 



claim parameters. Manufacturers and their marketing agent want all possible benefits with 

tall label claims. It is essential to govern the disorganized sector with rational attitude. 

Ayurvedic and unani medicines are herbo-mineral based and sufficient numbers of ancient 

books are available as a base to accredit therapeutic claims. Modern medicine has prescribed 

parameters related to drug discovery, but they cannot be applied to the nutraceuticals as such. 

The guidelines for nutraceuticals shall, therefore, be similar to regulatory requirements for 

ayurveda, siddha, unani or homeopathy medicines. The nutraceuticals that are purely herbal 

can be regulated through the Prevention Food Adulteration Act. All the GMP parameters 

applicable to ayurvedic manufacturing units have to be made applicable to herbo-mineral 

formulations. The provisions of the Drugs and Magic Remedies Objectionable Advertisement 

Act have to apply to the nutraceuticals. The nutraceutical manufacturers should be directed to 

insert printed material with information to empower the user. 

 

Some Indian nutraceutical manufacturers have done their labeling as per the law of US 

Government. ‘This product should not be consumed during pregnancy’ is one example very 

commonly seen on the labels. Ayurvedic products are not supposed to mention any such 

clause. Therefore, the law for nutraceuticals for the Indian market should also include such 

considerations. 

 

India has the base of ayurveda, and therefore it is easier for Indians to study nutraceuticals 

and explain and conceive their clinical efficacy. Is there a need to mention the dosage on the 

sale pack of nutraceuticals? We are not specifying the dose of nutrients like biscuit or sugar 

sweets. Then why for nutraceuticals? It appears to be a reasonable question. However, we 

had seen that often the nutraceuticals are enriched with substances like vitamins and minerals 

which are to be taken in regulated quantities and manner. 

6.7  THE FUTURE OF NUTRACEUTICALS AND FUNCTIONAL 

FOODS 

Currently more focus in terms of research has been initiated to increase our understanding 

and need of nutraceuticals and functional food. In this direction, government organization, 

food scientist, and private research institutes are working substantially. Basically, the efforts 

are concentrated towards identification of different functional foods and its mechanism which 

help or prevent chronic disease or optimize health and ultimately reduce the cost of 

healthcare, which indeed help in reduction of healthcare costs.  



Emerging area of research namely ‘nutrigenomics’ has attracted the food nutritionists 

worldwide. Nutrigenomics establish a relationship between specific nutrients and specific 

nutrient diets based on an individual’s genotype which have greater impact on future research 

and development in functional foods. It modifies the diet plant according to genetic profile of 

individual. Food biotechnology is another emerging field that will have a great impact on the 

future of nutraceutical and functional foods. With the help of modern techniques of 

biotechnology,composition offood can be altered e.g. golden  rice enriched with β carotene  

and rice fortified with iron (Institute of Food Technologies, 2000). Consumption of 

fortified/enriched grains helps in preventing diseases such as ischemia caused by iron and 

blindness due to vitamin A deficiency. Addition of nutritious or non-nutritious ingredients in 

the food might benefit in inhibiting the diseases related to cancer, diabetes, bone or heart 

(Falk et al., 2002). 

6.8  NUTRIGENOMICS 

Nutrigenomics may be defined as the application of genomic tools to study the integrated 

effects of nutrients on gene regulation. However, it holds great promise in increasing the 

understanding of how nutrients affect molecular events in an organism for development and 

progression of various diseases. 

The working definition of Nutrigenomic is that it provides a genetic and molecular 

understanding for how common dietary chemicals (i.e., nutrients) affect the balance between 

health and disease by altering the expression and/or structure of an individual’s genetic make-

up. 

 

 The new branch of genomic and nutritional research can finely be summarized 

with the following five points: 

a. Common dietary chemicals and nutrients directly or indirectly act on the human genome to 

alter gene expression or structure. 

b. Under certain circumstances and in some individuals, diet can be a serious risk factor for a 

number of diseases. 

c. Some diet-regulated genes are susceptible genes and likely to play a role in the onset, 

incidence, progression, and/or severity of chronic diseases. 

d. The degree to which diet influences the balance between healthy and disease states may 

depend on an individual’s genetic make-up (e.g., efficient genetic polymorphism and nutrient 

metabolism). 



e. Dietary process based on knowledge of nutritional requirements, nutrition states, and 

genotype (i.e., “individualized nutrition”) can be used to prevent, mitigate, or cure chronic 

disease. 

Many chemicals in foods are nutrients, i.e., these are metabolized to energy or involved in 

key metabolic reactions (e.g., vitamins). But some naturally occurring chemicals in foods are 

ligands for transcription factors and directly alter gene expression. Other dietary chemicals 

alter signal transduction pathways and chromatin structure to indirectly affect gene 

expression. 

 

6.8.1  Effect of Nutrigenomics 
 

At the cellular level nutrient may: 

a. Act as a ligand for transcription factor receptor. 

b. Be metabolized by primary, secondary pathways, thereby altering concentration of 

substrate or intermediates. 

c. Positively or negatively affects signal pathway. 

Dietary chemical may interact with one or more variants to increase or decrease disease risk. 

 

 

 

2. Micronutrients, Macronutrients: Effects on Gene: 

Human diets almost require 40 micronutrients. The specific micronutrients are associated 

with CVD (B Vitamin, carotinoids, Vitamin E), cancer (folate, carotinoids), neural tube 

defect (folate) and bone mass. 



The deficiency of vitamin B12/B6/folic acid/niacin/, vitamin C and E or iron and zinc appear 

to mimic radiation in damaging DNA by causing single and double strand breaks, oxidative 

lesion or both. A good number of other degenerative diseases of aging are also being 

associated with low fruits and vegetables intake. 

The specific mechanisms are being determined for the role of certain minerals (calcium, 

magnesium, manganese, copper, and selenium) and vitamins in heart disease from work in 

humans in cell culture system. 

Unbalanced intake of any of the three major macronutrients, carbohydrates, fats, proteins 

causes the initiation, progression, and severity of chronic disease. 

The single macronutrient or micronutrient is unable to prevent chronic diseases. Dietary 

imbalances and dietary supplements from micronutrients deficiencies to overconsumption of 

macronutrients of dietary supplements are the modifiers of metabolism and potentiates of 

chronic diseases. 

Specific subgroups are already targeted with “subgroup nutrition” (e.g., cholesterol-lowering 

margarines) without stressing the genetic background of variation of nutritional response. 

A big challenge is in front of us in validating the combined action of these minor-impact 

polymorphisms and their practical effect on the relation between nutrition and health on the 

basis of scientific pointof view. 

 

 

 

 

 

6.8.2  Impact of Nutrigenomics on a Genetic Level: 



Nutrigenomics aims to uncover the molecular mechanisms underlying these interactions and 

provides insights into personalized nutrition and disease prevention. Here are the key points 

highlighting the impact of nutrigenomics on a genetic level: 

1. Genetic Variations: 

 Nutrigenomics investigates single nucleotide polymorphisms (SNPs) and other 

genetic variations that influence nutrient metabolism and utilization. 

 These genetic variations can affect enzymes, transporters, and receptors 

involved in nutrient absorption, metabolism, and signaling pathways. 

 Genetic differences can lead to variations in nutrient requirements, nutrient 

utilization efficiency, and susceptibility to nutrient-related diseases. 

2. Nutrient-Gene Interactions: 

 Nutrients can interact with specific genes and affect their expression, leading 

to changes in protein production and metabolic processes. 

 Nutrient-gene interactions can influence various cellular functions, including 

inflammation, oxidative stress, and DNA repair. 

 The impact of nutrients on gene expression can vary depending on an 

individual's genetic makeup, resulting in personalized responses to dietary 

components. 

3. Gene Expression Profiling: 

 Nutrigenomics utilizes techniques such as microarrays or RNA sequencing to 

analyze gene expression patterns in response to different diets or nutrients. 

 Gene expression profiling helps identify specific genes and pathways affected 

by dietary interventions, providing insights into the biological effects of 

nutrients. 

4. Nutrient-Induced Epigenetic Modifications: 

 Nutrients can modulate epigenetic modifications, which are reversible changes 

to DNA or associated proteins that affect gene expression without altering the 

underlying DNA sequence. 

 Epigenetic modifications include DNA methylation, histone modifications, 

and non-coding RNA molecules. 

 Nutrient-induced epigenetic changes can influence gene expression patterns 

and contribute to the development or prevention of various diseases. 

5. Personalized Nutrition: 



 Nutrigenomics enables personalized nutrition recommendations based on an 

individual's genetic profile. 

 Genetic testing can identify specific genetic variations that influence nutrient 

metabolism, response to certain dietary components, and disease risk. 

 Personalized nutrition plans can optimize nutrient intake, considering an 

individual's genetic predispositions and nutritional requirements. 

6. Disease Prevention and Management: 

 Nutrigenomics provides insights into the role of nutrition in preventing and 

managing chronic diseases. 

 Genetic variations related to nutrient metabolism and utilization can influence 

disease risk and treatment response. 

 Understanding these genetic factors helps design targeted dietary interventions 

and identify individuals who may benefit from specific nutritional 

interventions. 

7. Nutrigenomics and Obesity: 

 Genetic variations can influence an individual's response to dietary factors 

related to obesity. 

 Nutrigenomics studies have identified genes involved in appetite regulation, 

fat metabolism, and energy balance. 

 Personalized dietary strategies based on genetic information can aid in weight 

management and obesity prevention. 

8. Nutrigenomics and Cardiovascular Health: 

 Genetic factors influence an individual's susceptibility to cardiovascular 

diseases and response to dietary interventions. 

 Nutrigenomics research has identified genes involved in lipid metabolism, 

blood pressure regulation, and inflammation. 

 Understanding these genetic factors helps tailor dietary recommendations for 

cardiovascular disease prevention and management. 

9. Nutrigenomics and Cancer: 

 Genetic variations play a crucial role in cancer development and progression. 

 Nutrigenomics research focuses on identifying genetic factors that influence 

cancer risk and response to dietary interventions. 

 Personalized dietary strategies based on an individual's genetic profile can 

help reduce cancer risk and optimize treatment outcomes. 



10. Future Implications: 

 Advances in nutrigenomics hold promise for precision nutrition, 

where dietary recommendations are tailored to an individual's genetic and epigenetic makeup. 

- Nutrigenomics can contribute to the development of functional foods and nutraceuticals 

targeted at specific genetic subgroups. - Integration of nutrigenomics into healthcare practice 

may lead to more effective disease prevention and personalized treatment strategies. 

 

6.9 SUMMARY 

Functional food, nutraceuticals, dietary supplements, and nutrigenomics are interconnected 

concepts in the field of nutrition and health. Functional foods are whole foods or food 

products fortified with additional nutrients or bioactive compounds that provide specific 

health benefits beyond basic nutrition. Nutraceuticals refer to isolated or concentrated 

bioactive compounds found in foods, herbs, or dietary supplements that have medicinal or 

health-promoting effects. Dietary supplements are products taken orally to supplement the 

diet and provide essential nutrients. Nutrigenomics studies how nutrients and bioactive 

compounds interact with genes, aiming to understand individual variations in response to diet 

and develop personalized nutritional recommendations. These concepts collectively 

contribute to the evolving field of personalized nutrition for optimal health and well-being. 

6.10 KEY WORDS 

Functional Food: Food product that provides additional health benefits beyond basic 

nutrition. 

Nutraceuticals: Bioactive compounds or substances extracted from food sources that provide 

health benefits beyond basic nutrition. 

Dietary Supplements: Products containing dietary ingredients intended to supplement the 

diet and provide necessary nutrients. 

Nutrigenomics: Study of the interaction between nutrition, genetics, and gene expression. 

Bioactive Compounds: Natural compounds found in foods that have physiological effects on 

the human body. They can exert positive health effects by interacting with specific biological 

targets, such as enzymes or receptors. 

Nutrients: Essential substances found in food that are required for proper growth, 

development, and maintenance of the body. They include macronutrients (carbohydrates, 

proteins, and fats) and micronutrients (vitamins and minerals). 



Phytochemicals: Biologically active compounds present in plants that provide health 

benefits. Phytochemicals, such as polyphenols and flavonoids, are known for their 

antioxidant and anti-inflammatory properties. 

Probiotics: Live microorganisms that confer health benefits when consumed in adequate 

amounts. Probiotics, commonly found in fermented foods, help maintain a healthy balance of 

gut bacteria and support digestive health. 

 

Antioxidants: Antioxidants are substances that help protect the body against oxidative stress 

caused by free radicals. They can be found in certain nutraceuticals and are believed to have a 

range of health benefits, including reducing the risk of chronic diseases such as heart disease 

and cancer. 

Nutrient-Disease Interactions: Nutrient-disease interactions refer to the effects of specific 

nutrients or bioactive compounds on the prevention or management of various diseases. 

Nutraceuticals often play a role in these interactions by providing targeted health benefits or 

addressing specific nutritional deficiencies associated with certain diseases. 

Zoonoses: Zoonoses refer to diseases or infections that can be transmitted between animals 

and humans. These diseases can be caused by bacteria, viruses, parasites, or fungi and can 

pose significant public health risks. 

Nutrigenomics: Nutrigenomics is the study of how nutrients and bioactive compounds 

interact with an individual's genes, and how these interactions influence health, disease risk, 

and response to dietary interventions. 

Gene expression: Gene expression refers to the process by which information encoded in 

genes is used to produce functional products, such as proteins. Nutrigenomics investigates 

how nutrients can affect gene expression patterns, potentially influencing cellular processes 

and health outcomes. 

Single nucleotide polymorphisms (SNPs): Single nucleotide polymorphisms are variations 

in a single DNA building block (nucleotide) within a person's genetic code. Nutrigenomics 

explores how specific SNPs can impact an individual's response to dietary components, 

including nutrient metabolism and susceptibility to certain diseases. 

6.11 TERMINAL QUESTIONS 

1. What is dietary fiber and why is it important for human health? 

2.  Can dietary fiber be beneficial for individuals with gastrointestinal disorders, such as 

irritable bowel syndrome (IBS)? 



3.  What is nutrigenomics, and how does it relate to human health and nutrition? 

4.  How does nutrigenomics study the interaction between genes and dietary factors? 

6.12 ANSWERS TO CHECK YOUR PROGRESS EXERCISES  

Check Your Progress Exercise 1 

1. b  

2. c  

3. a   

4.  b 

 

Check Your Progress Exercise 2 

1. Functional food refers to a food product that is designed to provide additional health 

benefits beyond its basic nutritional value. These foods are typically enriched with 

bioactive compounds or ingredients that can positively impact physiological functions 

and promote well-being. Functional foods are often fortified or formulated with specific 

nutrients, vitamins, minerals, antioxidants, probiotics, prebiotics, or other biologically 

active substances. 

2. The role of functional food is to enhance and promote health by targeting specific 

physiological functions or addressing particular health concerns. These foods go beyond 

basic nutrition by offering additional health benefits that can contribute to disease 

prevention, management, and overall well-being. Functional foods can support various 

aspects of health, such as cardiovascular health, digestive health, immune function, 

cognitive function, or weight management. 

3. There are different types of functional foods based on their specific health benefits and 

ingredients. Some common types include: 

 Fortified foods: These are foods that have additional nutrients or bioactive 

compounds added during processing. Examples include vitamin-fortified cereals, 

calcium-fortified orange juice, or omega-3-fortified milk. 

 Probiotics: These are foods that contain live beneficial bacteria that can promote a 

healthy gut microbiota. Yogurt, kefir, and certain fermented foods are examples of 

probiotic-rich foods. 

 Prebiotics: Prebiotics are non-digestible fibers that serve as food for beneficial gut 

bacteria. They help in maintaining a healthy gut microbiota. Foods like onions, garlic, 

bananas, and whole grains are good sources of prebiotics. 



 Functional beverages: These are beverages that contain added nutrients or bioactive 

compounds, such as antioxidants or phytochemicals. Green tea, herbal teas, and sports 

drinks with added electrolytes are examples of functional beverages. 

 Omega-3 enriched foods: Omega-3 fatty acids are essential for brain health and 

cardiovascular health. Foods like fatty fish, flaxseeds, and chia seeds are sources of 

omega-3 fatty acids. 

4.  1. Bioactive 

 2. FDA 

 3. Eggs 

6.13 ANSWERS TO TERMINAL QUESTIONS 

1. Dietary fiber refers to the indigestible portion of plant-based foods that passes through 

the digestive system relatively intact. It includes components such as cellulose, 

hemicellulose, pectin, and lignin. While the human body cannot fully digest fiber, it 

plays a crucial role in maintaining a healthy digestive system and offers several 

benefits. Fiber adds bulk to the diet, promoting regular bowel movements and 

preventing constipation. It also helps control blood sugar levels by slowing down the 

absorption of sugars, which is beneficial for individuals with diabetes. Additionally, 

dietary fiber aids in weight management as it promotes a feeling of fullness, reducing 

overall calorie intake. It can also help lower cholesterol levels, reducing the risk of 

heart disease. Overall, consuming an adequate amount of dietary fiber is important for 

promoting digestive health, maintaining stable blood sugar levels, managing weight, 

and reducing the risk of certain chronic diseases. 

2. Yes, dietary fiber can be beneficial for individuals with gastrointestinal disorders, 

including irritable bowel syndrome (IBS). While the impact of fiber on IBS symptoms 

can vary from person to person, it is often recommended as part of the dietary 

management for IBS. Soluble fiber, found in foods like oats, barley, fruits, and 

vegetables, can help regulate bowel movements and reduce diarrhea in some 

individuals with IBS. On the other hand, insoluble fiber, found in whole grains and 

vegetables, can add bulk to the stool and alleviate constipation. It is important to note 

that the type and amount of fiber that is well-tolerated can vary among individuals 

with IBS. Therefore, it is advisable to work with a healthcare professional or 

registered dietitian to determine the most suitable fiber intake for individual needs and 

symptoms. 



3. Nutrigenomics is a field of study that explores the relationship between genes, 

nutrition, and overall health. It examines how different nutrients and dietary factors 

can influence gene expression, as well as how individual genetic variations can affect 

the body's response to nutrients. Nutrigenomics aims to understand how the 

interaction between genes and diet can impact an individual's susceptibility to certain 

diseases, their nutritional requirements, and their response to dietary interventions. By 

studying these interactions, nutrigenomics seeks to provide personalized nutrition 

recommendations and develop targeted dietary strategies to optimize health and 

prevent chronic diseases. 

4. Nutrigenomics investigates the complex interplay between genes and dietary factors 

by analyzing how specific nutrients or dietary components can influence gene 

expression and activity. It examines how certain genes may affect the metabolism, 

absorption, and utilization of nutrients, as well as how dietary factors can impact gene 

function and regulation. Nutrigenomics utilizes techniques such as gene expression 

profiling, genome-wide association studies, and epigenetic analyses to identify 

genetic variations and molecular mechanisms that underlie individual responses to 

diet. By understanding these interactions, researchers can gain insights into the 

genetic factors that influence nutritional requirements, dietary responsiveness, and 

disease risk. Ultimately, this knowledge can be used to develop personalized dietary 

recommendations and interventions tailored to an individual's unique genetic makeup, 

aiming to promote optimal health and prevent or manage chronic conditions. 
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