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The word nutraceuticals is a combination of the terms
‘nutrition” and ‘pharmaceutical’. They are the part of food
that provides the health benefits and are used for
prevention and treatment of diseases. The food products
used as nutraceuticals can be summarized as dietary fiber,
prebiotics, probiotics, polyunsaturated fatty acids,
antioxidants and other different types of herbal/natural
foods. The main benefit of nutraceuticals is that they have
negligible side effects. Also, they increase health value of
the diet and may help us to live longer. Researchers have
revealed that the involvement of all these nutraceuticals
with their examples and applications are beneficial in
treatment of various disorders. Due to many such
advantages, now more and more people are shifting
towards nutraceuticals. The presented review paper is an
attempt to categorize all types of nutraceuticals with their
specific applications in the treatment of various disorders
related to human health. Ultimately, it is to ensure better
quality of life and help to formulate and invent further
innovative research in new products under nutraceuticals.
Keywords: Nutrition; Human
Medicine; PUFA; Diet

health; Nutraceuticals;

Introduction

The standard of living in terms of income, spending and
lifestyle has improved with commercial development. However,
it has also thrown up a prime challenge in the form of lifestyle
diseases. The first victim of this lifestyle change has been food
habits. Consumption of junk food has increased, which has led
to a number of diseases related to nutritional deficiencies [1].
Nutraceuticals can play a major role in directing them. Therefore
nowadays more and more people are turning to natural
products rather than other synthesized products.

Stephen de felice coined the word ‘nutraceuticals’ by
combining the terms ‘nutrition’ and ‘pharmaceutical’ in year
1989. According to Stephen de felice, ‘nutraceuticals’ are food or
part of a food that provides health benefits and are used for
prevention or treatment of a disease’. Hippocrates (460-377 BC),

who is known as the father of modern medicine specified that,
‘let food be the medicine and medicine be the food’ to establish
the relationship between appropriate foods for health and their
therapeutic benefits.

Utilization of pharmaceutical antibiotic would build up
tolerances which make it ineffective in the long run. It is a better
way to choose such nutraceuticals in our daily life, which would
be not only capable of normalizing our body functions (even in
disease condition) but also preventive and nutritive, and they
also improve our immune system.

Literature Review

In human health, nutraceuticals play a major role in treating
various diseases like obesity, cardiovascular diseases, cancer,
osteoporosis, arthritis, diabetes, cholesterol etc. They also help
in maintaining our normal physiological functions [2].

Nutraceuticals are also known as nutritional supplements,
medicinal food and dietary supplements (Figure 1).
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Figure 1: Concept of nutraceuticals.

® Negligible side effects.

® May help us live longer.

e May increase the health value of our diet.

® More health benefits.

e |t naturally provide dietary supplements.

e |t is easily available and inexpensive.

e |t also provides food for populations with special needs (e.g.
nutrient dense foods for the elderly) (Table 1).
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Table 1: Classification of nutraceuticals.
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Sr. No Functional ingredients Sources Medicinal use

1 Carotenoids: Alpha and beta| Fruits, vegetables, carrots Neutralize free radicals that

carotenoids may cause damage to cells

2 Lycopene Tomato  products  (ketchup,| Reduce risk of prostate cancer.

sauces)

3 Lutein Green vegetables Risk of muscle degeneration is
reduced.

4 Beta glucan, soluble fibers Psyllium, barley, oats Risk of cardiovascular diseases
is reduced.

5 Dietary fibers, Insoluble fiber Wheat, bran Reduce the risk of breast or
colon cancer.

6 Conjugated linoleic acid Meat products, cheese Decrease risk of cancers and
improve body composition

7 Fatty acids: Long chain| Fish oil and salmon Improve mental and visual

omega-3 fatty acids DHA/EPA functions, reduces the risk of
cardiovascular diseases

8 Tannins Cranberries, chocolate, coca Improve urinary tract, reduces
risk cardiovascular diseases

9 Phenolics: Anthracyanides, | Tea, citrus fruits, rye, flax,| Prevent cancer and renal failure

catechins, flavanones, lignans | vegetables

10 Probiotics/Prebiotics Onion powder, jerusalem,| Improve quality of intestinal

artichokes micro flora, gastrointestinal
health.

1 Plant sterols: Stanol, ester Corn, soy, wheat, wood oil Inhibits cholesterol absorption
and hence lowers blood
cholesterol

12 Minerals: Calcium, selenium,| Food Important constitute of

potassium, zinc copper balanced diet

13 Soya phytoestrogens: | Soya bean and other soy based | Protection against some heart

Isoflavones, Daidzein, | foods diseases and cancers, lowers
Genistein LDL and total cholesterol

Carotenoids are a family of over 600 fat soluble plant
pigments, approximately 20 of which are present in human
tissues and blood. They are potent Reactive Oxygen Species
(ROS) scavengers, which protects the skin from oxidative stress.
Human beings and animals cannot synthesize carotenoids, so
they must obtain them via ingestion of foods or supplements

[3].

B-carotene is a precursor to vitamin A. It protects cells from
damage by inhibiting free radical and singlet oxygen induced
lipid peroxidation. It also has photoprotective properties, which
increase the Minimal Erythema Dose (MED), and protects
against sunburn development and also photo suppression of the

immune system.

2

Foods rich in b-carotene are green leafy vegetables, orange
root vegetables, and yellow or orange fruits.

Lutein and zeaxanthin are the two primary xanthophyll
carotenoids in the retina and are generally thought to promote
eye health; however, significant amounts of both are found in
human skin. In both the skin and eyes, these carotenoids work
as a filler to block damaging blue wavelengths and as
antioxidants to prevent free radical damage.

From studies it was concluded that within 12 weeks, the
Lutein supplements increase the mean MED and also improve
skin tone, luminance and colour significantly [4]. Other studies
have shown that Lutein and zeaxanthin protect keratinocytes
from UV radiation induced photo aging, stop ECM degradation

This article is available from: https://nutraceuticals.imedpub.com/
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by inhibiting MMPs, and decrease lipid peroxidation in the skin
(Figure 2).

Lycopene
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Figure 2: Structure of lutein and lycopene.

This is a compound that is very abundant in tomatoes and
other bright colored foods such as watermelons, papaya, carrot,
pink guava and pink grapefruit. For the best source of lycopene,
consumption of concentrated tomato products such as tomato
paste, canned pizza sauce, barbecue sauce, spaghetti sauce, and
ketchup are highly recommended.

Lycopene has no vitamin A activity, but is considered the best
singlet oxygen quencher in the carotenoids family. Lycopene
provides health benefits by neutralizing harmful waste products
such as Reactive Oxygen Species (ROS) that our bodies usually
produce during conversion of nutrients into energy. Increasing
consumption of lycopene containing food products can reduce
blood pressure in hypertensive patients by decreasing plaque
development (hardening of blood vessels) [5]. Also some studies
have also shown that men who ate 10 or more tomato products
(pizza sauce, tomato sauce) per week or those with high levels
of lycopene in their blood were substantially less likely (about
34%) to develop prostate cancer than those who consumed little
or no tomato products.

Dietary fiber intake provides many health benefits. The major
components of dietary fiber are cellulose, non-cellulosic
polysaccharides such as hemicelluloses and pectic substances,
and a non-carbohydrate component, lignin. These are mainly
structural components of the plant cell wall. Dietary fibers are of
2 type soluble and insoluble dietary fibers, both are beneficial
and we need to include them in our daily diets. Individuals with
high intakes of dietary fiber appear to be at comparatively lower
risk for developing coronary heart disease, stroke, hypertension,
diabetes, obesity, and certain gastrointestinal diseases.
Increasing fiber intake lowers blood pressure and serum
cholesterol levels. Increased intake of soluble fiber improves
glycemia and insulin sensitivity in non-diabetic and diabetic
individuals. Fiber supplementation in obese individuals
significantly enhances weight loss. Increased fiber intake
benefits a number of gastrointestinal disorders including the
following: Gastroesophageal reflux disease, duodenal ulcer,
diverticulitis, constipation, and hemorrhoids. Prebiotic fibers
appear to enhance immune function. Dietary fiber intake
provides similar benefits for children as for adults.

© Copyright iMedPub
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A deficiency of dietary fibers leads to increase in constipation
and also increased risk of coronary heart disease. The
recommended dietary fiber intakes for children and adults are
14 g/1000 kcal. More effective communication and consumer
education is required to enhance fiber consumption from foods
or supplements.

Probiotics are live microorganisms that can be found in
fermented foods and cultured milk, and are widely used for the
preparation of infant food. They are well known as “health
friendly bacteria”, which exhibit various health beneficial
properties such as prevention of bowel diseases, improving the
immune system, for lactose intolerance and intestinal microbial
balance, exhibiting antihypercholesterolemic and
antihypertensive effects, alleviation of postmenopausal
disorders, and reducing traveller’s diarrhea. Probiotics include
Yogurt, cheese, ice cream, fermented milk beverages, cereals,
soy, meat, fruits and vegetables.

Probiotics means “let good microbes work for you in different
fields, get their benefits and take a rest”. Normally we have an
abundance of friendly bacteria but antibiotic therapy, stress and
poor dietary choices causes intestinal dsybiosis, which is
bacterial imbalance that results in outgrowth of bad bacteria
and yeast. Also the antibiotics which we take for killing an
infection will also kill healthy bacteria in digestive tract.
Prebiotics and Probiotics can restore the balance of bacteria in
our digestive tract.

Possible mode of actions of probiotics:

e Suppression of viable count of harmful bacteria by:
e Production of antibacterial compound

e Competition for nutrients

e Competition for adhesion sites

e Alteration of microbial metabolism:

¢ Increased enzyme activity

e Decreased enzyme activity

e Stimulation of immunity:

¢ Increased antibody levels

¢ Increased macrophage activity (Figure 3).

Yogurt Cheese
Fermented milk

Figure 3: Sources of probiotics.

In 2007, the global market for probiotic ingredients,
supplements, and foods worth was $14.9 billion and it
augmented up to USS$16 billion in 2008. Furthermore, the
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probiotics market is anticipated to expand from $37.7 in 2016 to
$71.9 billion by 2025, at a CAGR of 7.49%.

Linoleic acid is the most highly consumed PUFA
(Polyunsaturated Fatty Acids) in human diet. Over the course of
the twentieth century, there was a 20-fold increase in utilization
of vegetable oils resulting both from their increased availability
and from recommendations to consume these oils as an aid to
lower blood cholesterol levels [6]. This dietary change markedly
increased the consumption of Linoleic acid to current levels of
approximately 6% of total dietary energy.

Some of the reported physiological effects of conjugated
linoleic acid are:

e Provides anti carcinogenic effect.

e Improves immune function.

e Reduces inflammation.

¢ Reduces atherosclerosis.

e Reduces catabolic effects of immune system.
e Reduce asthma in animal model.

e Enhances growth of young rodents.

e Enhances lean body mass gain.

e Reduces negative effects of weight loss diets.
e Reduces hypertension.

e Reduces symptoms of diabetes in some models (Figure 4).

OH—-C
18 CH

A A
18 1

Figure 4: (a) Structure of Linoleic acid; (b) Structure of alpha
Linoleic acid.

One of the major groups of antioxidant polyphenols are
tannins, which are found in food and beverages, have attracted a
lot of attention in recent years because of its multifunctional
properties that are beneficial to human health. Two wide classes
of tannins exist: hydrolysable tannins such as gallo tannins and
ellagi tannins, and condensed polyflavonoid tannins, these later
being stable and rarely subject to hydrolysis [7].

The hydrolysable tannins which are usually present in small
amounts in plants are simple derivatives of gallic acid, and they
are classified according to the products obtained after hydrolysis
gallo tannins (gallic acid compounds and glucose) and ellagi
tannins (composed of biaryl units and glucose).

2023
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Most of gallo tannins isolated from plants contain a polyol
residue derived from D-glucose, although a large variety of
polyol types can be found. Two other categories, gallo tannins of
tara (composed of gallic and quinic acid and glucose) and caffe
tannins (quinic acid esterified with caffeic acids plus glucose
compounds) also occur.

Condensed tannin extracts consist of flavonoid oligomers of
various degrees of polymerization. Small proportions of
flavan-3-ols, flavan-3, 4-diols, and other flavonoid analogs are
also present [8]. Carbohydrates, such as broken down residues
of hemicelluloses, and hexoses, pentoses, and disaccharides
together with some imino acids and amino acids constitute the
non-phenolic part of tannin extracts. These later, as well as the
monoflavonoids, are equally present in too low a proportion to
influence the extract properties. On the contrary, oligomers
derived from hydrolyzed hemicelluloses are often present in
sufficient quantities. Equally, carbohydrate chains of various
lengths are also sometime linked to the flavonoid unit in the
tannin. The basic structure of these tannins is based on the
flavonoid unit (Figure 5).

TANNINS
' !
0 OH OH
HO 2
OH
OH
HO OH
OH HO
i.HydmlysableTannins \ | Condensed Tannins |
Figure 5: Hydrolysable and condensed tannins.

Sources

Condensed tannin: Coffee, tea, wine, grapes, cranberries,
strawberries, blueberries, kathaa (Acacia catechu), supari (Areca
catechu), apples, apricots, barley, peaches, dry fruits, mint, basil,
rosemary etc.

Hydrolysable tannins

e Strawberries

e Raspberries

e Aonla ()

e Clove

e Barley

® Rice

e Oat

® Rye

® Pomegranate etc.

Benefits of tannins

® They are antioxidants.
e Have antibacterial activity.

This article is available from: https://nutraceuticals.imedpub.com/
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e They fight inflammation.

* They help to balance blood sugar levels.

® They contain potentially cancer preventing properties.
¢ Treatment of diabetes mellitus.

® Have anti-carcinogenic and anti-mutagenic activity.

e Anti-viral effect.

¢ Anti-helminthic effect.

Plant sterols have attracted increasing attention due to their
excellent cholesterol reducing property. Meta analysis has
reported that a daily intake of 2.5 g plant sterols/ stanol reduced
serum LDL-C concentrations up to 10%. Despite of many studies
the mechanism of action of plant sterols remains unclear [9]. In
the early days, it was suggested that plant sterols/stanols
compete with intestinal cholesterol for incorporation into mixed
micelles as well as into chylomicrons. Next, the focus shifted
toward cellular processes. In particular, a role for sterol
transporters localized in the membranes of enterocytes was
suggested. All these processes ultimately results in lowering of
intestinal cholesterol absorption (Figures 6 and 7, Table 2).

HO

Figure 6: Basic structure of sterols.

Table 2: Minerals.
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Dose {g/day)
0 1 2 3 4 5 6 7 8 9

-0.61

Change in LDL-C {mmoliL)

0.8

Fat-based foods: Margarine, spread, butter, mayonnaise, shortenings, salad
dressings, vegetable oils

Low-fatinon-fat foods: dairy foods, orange and vegetable juices, beef, cereals,
cereal bar, torilla chips, bakery products, chocolate

Figure 7: Dose response curves of the absolute LDL-
cholesterol lowering effect of plant sterols and stanols added to
fat based foods as compared to low fat/non fats foods.

Sr. No Minerals Sources Functions
1 Calcium Yogurt, milk, cheese, tofu,| Essential for growth and
green vegetables structural integrity of bones and
teeth.
2 Magnesium Whole grains, beans, fruits,| Essential for nerve impulse
fish, nuts, green vegetables conduction, muscle contraction
and relaxation and cell function.

3 Iron Liver, oatmeals, fortified | Essential for production of

cereals, soya beans, apricot hemoglobin and myoglobin.

4 Potassium Potatoes, beans, fresh fruits| Maintain fluid balance, assists

and tomatoes nerve impulse and for normal
heart function.

5 Copper Nuts, liver, lobster, cereals,| Essential for blood cell

dried fruits production, pigmentation, and
bone health.

6 Phosphorous Fish, milk, meat, legumes, nuts | Essential for metabolism and
bone development and involved
in most biochemical reactions in
the body.

© Copyright iMedPub
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7 Chromium Whole grains, cheese and| Essential for normal blood

yeast glucose and lipid metabolism.

8 Manganese Nuts, whole grains, legumes Essential for formation and
integrity of connective tissue
and bone, sex hormone
production and cell function.

9 Sodium Table salt, canned and| Essential for nerve impulse

processed foods conduction, muscle contraction,
maintaining fluid and acid base
balance.
Flavonones
In recent times, awareness towards the role of essential fatty Catochins —— Found in tea leaves
acids in human health and disease prevention has been Anthocyanins
increasing among people. Fish, fish oil and other vegetable oil _ ) Genistein
> ) Flavonoids | lsoflavones Found in soy
are the rich sources of fatty acid [10]. Polyunsaturated Fatty ni“dm,]}_‘ :
Acids (PUFAs) are particularly important due to their ability to PVt

prevent cardiovascular disease, psychiatric disorders, and some Chalcones Found in onion, green tea, red wine

other illnesses such as atherosclerosis, thrombogenesis, high Quercetin Hydmlyzabl: toning—

blood pressure, cancer, and skin diseases etc. PUFAs are T;..mi“.cm_M"“‘ —

commonly categorized into two main groups omega 3 (w3)and Phenolic | Phenolic acids [ Fllagic agid | Lonbio 001S —

omega 6 (w6) depending on the position of the first double bond compounds Vanillin

from the methyl end group of the fatty acid. The main w3 PUFAs

playing important role in human health include a-Linoleic Acid
(ALA), Docosahexaenoic Acid (DHA), Eicosapentaenoic Acid
(EPA), and Docosapentaenoic Acid (DPA) [11].

Dietary sources if omega 3 fatty acids: Marine oils, liver of
cod, shark, whales, tuna, salted mackerel etc (Figure 8).

POLYUNSATURATED FATTY ACIDS

b. Docosahexasnoic acid

a_Eicosapentaencic acid

Figure 8: structure of EPA and DHA.

Health benefits of Omega-3 fatty acids are

e Reduction in cardiovascular conditions such as myocardial
infarction, stroke, congenital heart disease, rhythm disorders,
atrial fibrillation, subclinical atherosclerosis, coronary heart
disease, heart failure, sudden cardiac death, vascular disease,
and peripheral arterial disease (Figure 9).

¢ In control of diabetes mellitus.

e Reduce the risk of cancer.

¢ In Alzheimer’s disease and dementia.

e Visual and neurological/brain development.

e Reduction in depression.

¢ Plays important role in maternal and child health.

e Has anti-inflammatory effects.

e Reduction in BP of patients having hypertension.

6

Caffeic acid
7]_. Found in fruits,
Ferulic acid vegetables and grains
Hydroxycinnamic ———
acids

Chlorogenic acid

Curcumin =~ —> Found in turmene

Courmarins — Found in citrus fruits

Lignans Found in flax and sesame

Figure 9: Different phenolic compounds and their sources.

The demand of phenolic compounds is increasing currently
because they have excellent antioxidant activity along with anti-
microbial activity, anti-browning activity (in phenolic compound
of shell fish), protein cross linking activity, cathartic (lignans) etc.

Soya phytoestrogens are receiving increasing attention due to
the health benefits associated with their consumption. They
have markable effect on glucose and lipid metabolism [12]. It
has been known for 60 years that replacement of animal protein
in the diet with soy protein reduces hyper lipoproteinemia and
atherosclerosis. From studies it was evident that soya
consumption not only improves several aspects of
postmenopausal health but also improve cardiovascular health.

Vasomotor Symptoms (VMS) such as hot flashes and night
sweats can negatively affect women’s quality of life, particularly
in women who have also undergone treatment for breast cancer

This article is available from: https://nutraceuticals.imedpub.com/
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[13]. Soy foods containing phytoestrogens (or Isoflavones)
exhibit both weak estrogenic and antiestrogenic effects 1 and
therefore have been used as a treatment for VMS.

These phytoestrogens and their metabolites also have many
hormonal and non hormonal activities (Figures 10 and 11).

OH

HO O

Figure 10: structure of daidzein.

OH
OH O

HO O

Figure 11: structure of genistein.

India is one country where the market of nutraceutical is
growing enormously. Nutraceuticals and dietary supplements
are sold in India under the name of Fast Moving Healthcare
Goods (FMHG) [14-16]. India has passed food safety and
standards act in year 2006 a modern integrated food law to
serve as a single reference point in relation to regulations of
food products including nutraceuticals, dietary supplements and
functional foods. The Indian nutraceuticals market is expected to
grow S 10 Bn till 2022. After ignoring nutrition, balanced diet
and adequate life style from the past century, various
abnormalities have been aroused and caused huge mortality and
morbidity all around the world [17]. Hence, nutraceuticals are
designed to play a crucial role in the upcoming future as
therapeutic agent because these are appropriate for present
lifestyle (Figure 12).

Nutraceutical Market: Share (%), by Country, Europe,
2018

Russia  m ltaly

b NN
Figure 12: global neutraceutical market.

m Germany

France

Spain = United Kingdom

Source: Merdor Intelligence
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Discussion

People often presume that these nutraceuticals and
supplements are totally safe as they are natural and vended over
the counter.

Nutraceuticals are marketed without prescription at drug
stores, health food stores, supermarkets, online stores,
internet, etc., as there is no mandatory medical supervision and
approval from the Food and Drug Administration (FDA) required
[18].

The use of processed and pre packaged food, lack of
standardization and awareness of dose safety, excessive pricing,
marketing and distribution is questionable and controversial.

There is a crucial need to impose stringent guidelines
and regulations over the active ingredients of
nutraceuticals, identity, purity and bioavailability for the
rationale use of nutraceuticals for the safety of people
consuming nutraceuticals [19].

The Food Safety and Standard Authority of India (FSSAI) have
defined regulatory guidelines for approval of nutraceuticals in
India market.

This act consists of 21 chapters and in that the 4t article that
means 22 of the Act says about nutraceuticals, dietary
supplements and various functional foods, and these
products can be produced/manufactured, marketed that means
sold or distributed that means import can be done by any of the
company (Tables 3 and 4).



Table 3: Regulation of nutraceuticals.
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Regulation of nutraceuticals

USA

India

Regulation for licensing and regis tration

By United States Food, and Drug

Administration (USFDA)

By Food Safety and Standards Authority of
India (FSSAI)

Definition

USFDA defines nutraceuticals as "dietary
supplements" under DSHEA

FSSAI defines nutraceuticals as "foods for
special dietary uses".

Act/Regulatory authorities for registration
of nutraceuticals

Dietary safety and health education act

Food safety and standards authority of
India

Regulations w.e.f.

1994

2011

Regulatory requirements for registration

Product licensing, evidence requirements
for safety and efficacy, labeling, health
claims, GMP, adverse reaction reporting

Product evaluation, licenses, health and
label claims

and clinical trials

Form for registration Form # 3537

From#A, B, and C

Table 4: List of schedules by fssai for nutraceuticals.

Schedule 18t

Contains list of vitamins and minerals

Schedule 2Md

Contains list of essential amino acids and other nutrients

Schedule 4t Contains list of plant or botanical ingredients

Schedule 6" List of ingredients as nutraceuticals

Schedule 7t List of strains as probiotics

Schedule 7t List of Prebiotic compounds
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