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INTRODUCTION

As Hippocrates aptly put it nearly 2000 years ago, "Let food be your medicine, and medicine
be your food." Global interest in "nutraceuticals™ has increased due to the realisation that they
are essential for improving health. The name "Nutraceutical” was coined in 1989 by Dr.
Stephen De Felice, the Chairman of the Foundation for Innovation in Medicine, who

combined the terms "Pharmaceutical” and "nutrition”. "Nutraceutical™ is a marketing term
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used to describe a dietary supplement intended for use in the treatment or prevention of
disease; it has no legal meaning. Accordingly, any product that can be considered food or a
part of food that has medicinal or health benefits, including illness prevention and treatment,

1s referred to as a “nutraceutical”.

Fig. no. 1: Nutraceuticals.

These products include, but are not limited to, isolated nutrients, diets, nutritional
supplements, herbal products, genetically modified "designer" foods, and processed foods
including cereals, soups, and drinks. On the market, there are currently more than 470
functional and nutraceutical foods with proven health benefits. "Because of their perceived
safety and possible nutritional and therapeutic advantages, nutraceuticals and functional foods
have attracted a lot of attention.” The enthusiasm that consumers have shown in these goods
is anexcellent opportunity for the nutraceutical and functional food businesses. Big food
multinationals, pharmaceutical companies, nutrition companies, and even littlevitamin
companies are all aware of shifting consumer trends and the increasing health-conscious

market.

Due to this, a wide range of value-added products have been available that are intended to
prevent and treat a wide range of illnesses, from cancer to heart disease, in addition to helping

people maintain their health.
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It has been asserted that nutraceuticals offer physiological advantages or immunity to the
diseases.
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Concept of nutraceutical

Clinical test data from studies and animal testing are necessary in the pharmaceutical
development process to confirm the effects. However, there used to be no way to confirm that
certain meals could actually prevent certain diseases when it came to nutrition. However, in
recent years, food composition has gained social attention as it has been shown through
science to cause disorders associated to lifestyle choices.

Nutrition required for Pharmaceuticals for
E sickness/injury

Nutraceuticals preventive

health

medical approach

Fig. 2: Concept of Nutraceuticals.

Definition

To comprehend nutraceuticals, it is necessary to define a number of terminology.

Nutrient
"A feed constituent in a form and at a level that will help support the life of an animal,”
according to AAFCO (1996) has been defined. Proteins, lipids, carbs, minerals, and vitamins

are the main categories of feed nutrients.

Feed
Feed is described by AAFCO (1996) as "edible materials that are consumed by animals and
provide the animal's diet with energy and/or nutrients.
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Food

"An article that provides taste, aroma, or nutritional value™ is what the Food, Drug and
Cosmetic Act of 1968 defines as food. Food is deemed "generally recognised as safe”
(GRAS) by the Food and Drug Administration (FDA).

Drug
"A substance intended for use in the diagnosis, cure, mitigation, treatment, or prevention of
disease in man or other animals,”" according to AAFCO (1996). Something other than food

that is meant to alter the way an animal's or humans body functions or is structured.

Dietary Supplement

The Dietary Supplement Health and Education Act (DSHEA, 1994) defines a dietary
supplement as "any possible component of the diet as well as concentrates, constituents,
extracts or metabolites of these compounds.” Examples of dietary ingredients include

vitamins, minerals, herbs or other botanicals, and amino acids (protein)."”

Nutraceutical
"Any nontoxic food component that has scientifically proven health benefits, including
disease treatment and prevention,” is the industry standard definition given by the dietary

supplement industry.

Veterinary Nutraceutical

According to the recently established North American Veterinarian Nutraceutical Council,
Inc. (NAVNC), a veterinary nutraceutical is "a substance which is produced in a purified or
extracted form and administered orally to patients to provide agents required for normal body
structure and function and administered with the intent of improving the health and wellbeing

of animals."

There are several factors behind the trend towards nutraceuticals

* Anincreasing proportion of customers are worried about healthcare expenses.

» People are turning to nutraceuticals to enhance their health and prevent chronic disease
because they are dissatisfied with pharmaceutical agents' ability to promote health.

» Medical professionals understand that the highly processed food we consume, which is

derived from crops treated with chemical pesticides, fertilisers, herbicides, and frequently
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genetically engineered seeds, does not contain enough of the essential nutrients for good
health.
» Folks who place a higher value on prevention than on treatment.

- Economically challenged patients.™!

Classification

They can be categorised based on the goods' chemical makeup, pharmacological
circumstances, and natural sources. The following categories are typically where they fall
into: medicines, functional foods, dietary supplements, and medicinal foods. A dietary
supplement is a supplement that is concentrated and comes in liquid, tablet, capsule, or
powder form. It contains nutrients that are obtained from food products.

The FDA regulates dietary supplements like it does foods, although it regulates them
differently than it does medications or other foods.

The food sources that are utilised to make nutraceuticals are all natural and fall into the

following categories:

« Water and other nutrients including phytochemicals, antioxidants, and intestinal bacterial
flora;

» Carbohydrates and fibre; [1Fat and essential fatty acid.

* Protein.

*  Vitamin.

«  Minerals such marco and trace minerals.*!

Chemical Constituents
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Fig.3: Categorized of nutraceuticals.
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Non- traditional nutraceuticals
Utilising biotechnology, these are synthetic foods. Samples of food contain bioactive

ingredients designed to create items that promote human health.

They are two types
e Fortified nutraceuticals.

* Recombinant nutraceuticals.

Fortified nutraceuticals

Nutraceuticals fortified with vitamins and minerals: These are supplemented with these
nutrients up to 100% of the Dietary Reference Intake. Food with additional nutrients or
agricultural breeding is referred to as fortified nutraceuticals. Orange juice enriched with
calcium, cereals enhanced with vitamins or minerals, flour enhanced with folic acid, and milk

enriched with cholecalciferol are a few instances of fortified nutraceuticals.

Recombinant nutraceuticals

Through the use of genetic engineering and enzyme/fermentation methods, biotechnology is
able to produce probiotics and extract bioactive components. Utilising biotechnology, foods
that provide energy are made, including bread, wine, fermented starches, yoghurt, cheese,

vinegar, and other foods.!

Traditional nutraceuticals

No food modifications are made to traditional nutraceuticals; they are just natural. Natural
food ingredients like lycopene in tomatoes, omega-3 fatty acids in salmon, and saponins in
soy provide health benefits beyond simple sustenance.

A. Probiotic microscopic organism

B. Prebiotics;

C. Chemical enzymes used in nutraceuticals

D. Nutraceuticals enzymes.

A. Probiotic micro-organisms

They establish a mutually beneficial symbiotic connection with the human gastrointestinal
system, driving out pathogens such as viruses, bacteria, and yeasts that could otherwise cause
illness. By modifying the micro flora, inhibiting pathogen adhesion to the intestinal
epithelium, competing with the pathogen for nutrients necessary for survival, generating
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antitoxin, and reversing certain effects of infection on the intestinal epithelium, such as
secretory changes and neutrophil migration, they have an antimicrobial effect. Probiotics can
help treat lactose intolerance by producing [-galactosidase, a specialistenzyme that breaks

down the problematic lactose into its constituent sugars.

The following elements—safety, usability, and technology—should be taken into account
when selecting probiotic benchmarks: they may have positive effects on health.

« G+ organism in a conventional manner.

* Humans should be the source of probiotics.

« Can endure after passing through bile and acid.

« Can attach to human intestinal cells and proliferate within the gut.

B. Prebiotic

The term "prebiotics"” has just entered our lexicon, referring to compounds that our bodies do
not digest when they are taken. Rather, they serve the beneficial probiotic bacteria by
providing them with nutrients. By creating a favorable environment for the probiotic bacteria
to flourish in, this lowers the possibility that dangerous microbes will begin to proliferate in
our digestive systems. For instance, processed meals frequently include the prebiotic inulin.
This fibre comes essentially from the roots of plants like dandelions, chicory, and Jerusalem
artichokes.

Fermanted -
N @ 3 Prebiotics

Asparagus

P

Onion

Fig. 4: probiotics and prebiotics.
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C. Chemical enzymes used in nutraceuticals
* Herbals.
* Phytochemicals.

e Nutrients.

Herbals

Chemical materials with the aid of herbals, nutraceuticals possess vast potential to enhance
health and fend off chronic illnesses.

Aloe Vera gel, for instance: Enhances wound healing, dilates capillaries, and has anti-
inflammatory and emollient qualities.

Ephedra: Decreasing bronchial oedema, a bronchodilator and vasoconstrictor.

Garlic: Anti-inflammatory, anti-microbial, anti-fungal, and antithrombotic Liquorice: healing
for peptic ulcers, expectorant, Secretolytic. Carminative, cholagogue, antiemetic, and positive

inotropic properties of ginger.

Phytochemicals

Phytochemicals are basically plant nutrients with specific biological activity to promote
human health and combat numerous dangerous diseases. Some instances are Anti-
carcinogenic, natural killer cells are boosted, and UV light protection is provided by
carotenoids (isoprenoids) present in a variety of fruits, vegetables, and egg yolks. Legumes
(such as soybeans and chickpeas), cereals, and palm oil are rich in non-carotenoids which
have anti — carcinogenic properties and lower cholesterol levels. Onions and garlic contain
sulfurides, which may boost immunity. Apples, apricots, broccoli, Brussels sprouts, cabbage,
carrots, cauliflower, garlic, legumes, onions, red peppers, soybeans, sweet potatoes, and
tomatoes are foods high in phytochemicals.

D. Nutraceuticals enzymes

Our bodies could not function without enzymes, which are essential to life. Incorporating
enzyme supplements into one's diet may help individuals with medical conditions like
hypoglycemia, blood sugar imbalances, obesity, and digestive problems feel better. These

enzymes are found in many different organisms, such as bacteria, plants, and animals.

Example; as an illustration, consider Trichoderma sp. is the source of Xxylanase enzyme.
Gains: Feed grain endosperm cell walls and vegetable proteins can be treated with xylanase,
which breaks down high molecular weight arabinoxylans. Xylanase added to feed provides
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answers for numerous issues related to arabinoxylans. The protease enzyme papain is
frequently utilised in the nutraceuticals sector to aid in the digestion of proteins. The human
body can absorb the amino acids that are eventually released when they break apart the chains

of proteins to form tiny peptides.

Commercial nutraceuticals

It's more difficult, costly, and dangerous than ever to discover a new chemical. Given the
substantial and quickly expanding market for nutraceuticals, several pharmaceutical
companies are now making an effort to produce them. Nutraceuticals are used in many
therapeutic areas, including anti-arthritic, cold and cough, digestion, sleep issues, and the
prevention of certain cancers, osteoporosis, blood pressure, cholesterol management, pain
relief, depression, and diabetes. The discovery that eating foods high in omega-3 fatty acids
can improve one's health is among the most encouraging developments in human nutrition
and disease prevention research over the past thirty years.

* Functional food,

« Dietary supplements,

* Medicinal food,

«  Pharmaceuticals®®

Functional foods
Dietary fibers Carotenoids
DHA/Omega Dietary
3 Fatty acid Nutraceuticals Supplements
Phytochemicals Probiotics
Herbs

Fig. 5: Commercial nutraceuticals.
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5. CURRENT STATUS

In India, there is a lack of understanding on nutrition. The proportion of individuals who
receive adequate nourishment is extremely low. Three kinds of persons result from patterns
of imbalanced nutrition: the over nourished (about 80 million); the undernourished
(approximately380 million); and the nourished with calories but not nutrients (approximately
570 million).Everyone living in poverty has historically been viewed as undernourished,
regardless of the number of calories consumed. In a similar vein, those who take in less than
175 grammes of a diet low in fruits and vegetables has been linked to vitamin deficiencies.
Consequently, the urgent requirement of to prevent diseases, consumers should add extra

nutrients to their food.

These days the possible nutritional, safe, and therapeutic benefits of nutraceuticals have
sparked a lot of interest in them. Herbal or botanical raw materials are used to make
nutraceutical foods or dietary ingredient that aid in the treatment and prevention ofdiseases.
Over millions of individuals use these natural products worldwide, and the industry is
growing at a rate of 7-12% annually. Global sales of nutraceuticals are expected to reach
$450 billion by 2015. International sales of health and wellness products are expected to set a
record of over $1 trillion by 2017, driven by functional and fortified products that provide
targeted health benefits, according to a new report by Euro Monitor. Nutraceutical
manufacturers must take up the cause and educate the Indian public about their goods
because the Indian consumer base has very little knowledge of standard nutraceutical
ingredients. Over the past ten years, the expansion of the global nutraceutical market has
reached its peak. For the next five years, there will likely be far greater growth rates in India

for beverages and functional foods than for dietary supplements.[*%

6. ROLE OF NUTRACEUTICALS IN VARIOUS DISEASES

Cardiovascular diseases

Cardiovascular conditions globally, the prevalence of chronic illnesses such as cancer,
diabetes, obesity, and cardiovascular diseases is rising quickly. About 46% of the world's
disease burden and 59% of the 56.5 million recorded deaths worldwide in 2001 were
attributable to chronic illnesses. Heart and blood vessel illnesses collectively referred to as
cardiovascular diseases (CVD) include hypertension (high blood pressure), coronary heart
disease (heart attack), cerebrovascular disease (stroke), heart failure, peripheral vascular

disease, and others. By 2010, CVD will rank as the primary cause of mortality in emerging
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nations, accounting for one-third of all fatalities worldwide in 1999. Most CVDs are
avoidable and under control. It has been found that a high death rate from cardiovascular
disease is linked to a low diet of fruits and vegetables. A diet high in fruits and vegetables
has been linked to protection against CVD21 in numerous research investigations. Aside from
this, physical activity and nutraceuticals in the form of antioxidants, dietary fibres, omega-3
polyunsaturated fatty acids (n-3 PUFAS), vitamins, and minerals are advised in conjunction

with CVD prevention and treatment.

Polyphenols, which are found in grapes and wine, have been shown to modify cellular
metabolism and signalling. This is consistent with a decrease in artery disease. Many foods,
including onions, endives, cruciferous vegetables, black grapes, red wine, grapefruits, apples,
cherries, and berries, are rich in flavonoids Plants have flavanoids that are found as flavones
(which contain the flavonoid apigenin, which is found in chamomile); flavanones
(hesperidins, which are found in citrus fruits; silybin, which is found in milk); The
compounds known as thistle flavonols (tea: quercetin, kaempferol, and rutin grapefruit;
rutinbuckwheat; ginkgo flavonoids - ginkgo) are important in the treatment of cardiovascular
illnesses. By inhibiting the "suicide™ enzyme cyclooxygenase, which breaks down
prostaglandins, flavonoids reduce platelet stickiness and consequently platelet aggregation.
Flavonoids also block the angiotensin-converting enzyme (ACE), which raises blood
pressure. Additionally, flavonoids fortify and shield the small capillaries that provide all cells
with vital nutrients and oxygen. Flavonoids inhibit the enzymes that generates oestrogens,

lowering the possibility of malignancies brought on by oestrogens.

Obesity

A complex illness that affects people of all ages and socioeconomic backgrounds, obesity has
major social and psychological ramifications. Between 1980 and 2008, the prevalence of
obesity has doubled globally. Based on national estimates from 2008, the WHO European
Region has over 50% overweight men and women and about 23% obese men and women.
Effective methods for treating and preventing obesity are crucial given its global rise and the
health effects it causes. It is advised that weight loss initiatives concentrate on attaining a
moderate weight loss of 7-10% of the starting weight. When energy intake surpasses energy
expenditure, an energy imbalance occurs, leading to obesity. Taking care of obesity, either.
Modification of one or both aspects of energy balance is necessary for prevention or

treatment. Therefore, strategies for managing weight (such as a functional food strategy)
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might focus on food intake, energy expenditure, and energy storage, three different parts of
the energy balance systems. Pharmaceutical businesses presently employ all of these
strategies; however, creating functional meals intended to help people control their weight
may be a more appealing strategy when it comes to the 61% of the population that is

currently overweight or obese.

Current status of nutraceuticals in obesity

Due to the significant prevalence of obesity worldwide, diet and exercise are essential for
both preventing and treating the condition. Nutraceuticals with possible anti-obesity benefits
include capsaicin, MomordicaCharantia (MC), conjugated linoleic acid (CLA), and psyllium
fibre. The nutritional supplement's combination of glucomannan, chitosan, fenugreek, G
Sylvester, and vitamin C dramatically lowered body weight and encouraged fat reduction in
obese people. To determine long-term effectiveness and the possibility of negative effects,

more research is required.

Diabetes

Blood glucose levels that are unusually high in people with diabetes mellitus are caused by
either insufficient or poor insulin production. Type 1 diabetes (5%), an autoimmune
condition, and type 2 diabetes (95%), linked to obesity, are the two most prevalent types of
the disease. During pregnancy, gestational diabetes can develop. It is anticipated that there
will be 366 million diabetics worldwide by 2003, up from 171 million in 2000. Insulin
resistance is regulated by docosahexaenoic acid, which is also essential for neurovisual
development. This is particularly critical for pregnant women who have gestational diabetes
mellitus, as it supports the need for vital fatty acids. Nowadays, diabetic neuropathy is treated
in Germany with lipoic acid, a global antioxidant. As a long-term dietary supplement meant
to shield diabetics from difficulties in advance, lipoic acid might work better. Pseudo-
synthetic dietary fibres have found wide use in the pharmaceutical and food industries as
additives in processed foods, weight loss aids, and glucose management for diabetic patients,
and lipid reduction for hyperlipidaemia patients. Good magnesium levels increase insulin
sensitivity and lower the incidence of diabetes; chromium extracts of bitter melon and
cinnamon have the potential to cure and perhaps prevent diabetes; picolinate, calcium, and
vitamin D appear to boost insulin sensitivity and improve glucose control in some diabetics.
Nonetheless, it has been proposed that nutraceuticals containing significant amounts of

combinations may significantly prevent and might even be able to be sold lawfully.™*!
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Cancer

The process is dynamic, prolonged, and involves a number of intricate elements that proceed
gradually before it results in metastasis—the uncontrollable growth and spread of malignant
cells throughout the body. There is strong evidence from epidemiological research that
dietary variables can alter the course of carcinogenesis. Additional evidence from laboratory
studies has shown that some naturally occurring compounds or bioactive food ingredients can
prevent cancer. Furthermore, it has been discovered that numerous food ingredients with as-
yetunknown nutritional benefits also contain anti-mutagenic and anti-carcinogenic qualities.
The acceptability of bioactive food ingredients as chemo preventive agents in the future is

strongly supported by such encouraging findings.

MAIN PHYTOCHEMICALS IN CANCER

Resveratrol

The compound resveratrol In relation to cancer, resveratrol is the most significant stilbene.
Because of its function as a phytoalexin (plant antibiotic), it naturally has anti-proliferative
properties. Several other bioactivities, such as anti-inflammatory, anti-carcinogenesis, and
anticancer properties, are also thought to exist. The activation of sirtuin proteins appears to be
the primary molecular mechanism through which resveratrol may exert these effects,
however the exact pathways are still unknown. Research on resveratrol's potential benefits for
treating and preventing cancer is quite interesting. Resveratrol's plasma pharmacokinetics in
humans are currently fairly well understood, and studies have demonstrated that daily

dosages of the compound are safe and well tolerated.

Nevertheless, resveratrol's pharmacokinetic studies have revealed a low bioavailability (only
1%), which can be attributed to significant glucoronidation and sulfation as well as

processing by gut bacterial enzymes.

Quercetin

A plant-derived molecule that can be found in a variety of fruits and vegetables, quercetin is a
representative member of the flavonoid class and can be found in human diets at levels as
high as 16-25 mg/day. There are several theories as to how quercetin's actions are connected
to the triggering of cell apoptosis. Oral administration of quercetin has been shown to prevent

induced carcinogenesis, especially in the colon, and to decrease the growth, invasion, and
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metastatic potential of melanoma, according to in vivo studies investigating its anticancer

properties. Like resveratrol, quercetin's primary drawback is its limited bioavailability.

Polyphenols

Plant secondary metabolites known as polyphenols have one or more hydroxyl groups joined

to a benzene ring inside their structure. The human diet contains around 8000 different types

of polyphenols that are found in food, primarily in wine, tea, coffee, chocolate, vegetables,

and cereals (Lecour & Lamont, 2011). Depending on the amount of phenol rings and the

structure connecting them, they can be divided into several groups. The classes of stilbenes,

curcuminoids, phenolic acids, and flavonoids are the most significant in this context due to

their ability to prevent the start of the carcinogenic process and to slow the spread of

cancer.!*?

7. PLANT SOURCES OF NUTRACEUTICAL PRODUCTS

Table 1: Nutraceuticals products.

COMPONENTS

SOURCES

HEALTH BENEFITS

CAROTENOIDS
* Beta-carotene

* Lycopene

DIETARY FIBER
Insoluble fiber

FATTY ACIDS
Monosaturated fatty acids

ELAVONOIDS

Flavonols

ISOTHIOCYANATES
Sulforaphane

PHENOLS
Caffeic acid, ferulic acid

PLANT STANOLS/STEROLS
Stanol/sterol esters

Sugar, alcohols (xylitol, sorbitol,

mannitol, lactitol)

PREBIOTICS/PROBIOTICS

Lactobacilli, bifidobacteria

Isoflavones(daidzein, genistein)

SOY PROTEIN
Soy protein

SULFIDES/THIOLS

Dithiolthiones

Carrots, various fruits
Tomatoes and processed
tomato products

Wheat bran

Tree nuts

Onions, apples, tea, broccoli

Cauliflower, broccoli,
cabbage, kale, horseradish

Apples, pears, citrus fruits,
some vegetables

Fortified table
stanol ester
supplements

spreads,
dietary

Some chewing gums and
other food applications

Yogurt, other dairy and non
dairy applications

Soybeans
foods

and soy-based

Soybeans and
foods

soy-based

Cruciferous vegetables

Neutralizes free radicals, which may
damage cells; bolsters  cellular
antioxidant defences

May contribute to maintenance of
prostate health

May contribute to maintenance of a
healthy digestive tract

May reduce risk of coronary heart
disease

Neutralize free radicals, which may
damage cells; bolster cellular antioxidant
defences

May enhance detoxification of
undesirable compounds and bolster
cellular antioxidant defences

May bolster cellular  antioxidant
defences; may contribute to
maintenance of vision & heart health

May reduce risk of coronary heart
disease

May reduce risk of dental caries
(cavities)

May improve gastrointestinal health and
systematic immunity

May contribute to maintenance of bone
health, healthy brain and immune
functions; for women, maintenance of
menopausal health

May reduce risk of coronary heart
disease

May contribute to maintenance of
healthy immune function
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7.1. Advantages
1. Health Benefits
Nutraceuticals can offer various health benefits, such as improving immune function,

reducing inflammation, and supporting overall wellness.

2. Disease Prevention

Nutraceuticals, such as omega-3 fatty acids, vitamins, and Polyphenols, have shown potential
in preventing chronic diseases. They possess Antioxidant, anti-inflammatory, and
anticarcinogenic properties which can reduce the risk of cardiovascular diseases, cancer, and

diabetes.

3. Nutrient Supplementation

They provide essential nutrients that might be lacking in a Typical diet. For example, vitamin
D and calcium are crucial for bone health, and their Supplementation can prevent
deficiencies.

4. Improved Digestive Health
Probiotics and prebiotics enhance gut flora, improving Digestion and nutrient absorption.

They can also help in managing conditions like irritable Bowel syndrome (IBS).

6. Targeted Nutrients
They provide specific nutrients that may be lacking in one’s diet, helping to address

deficiencies.

7. Enhanced Performance and Recovery
Sports Nutrition: Athletes use nutraceuticals like protein supplements, branched-chainAmino
acids (BCAAS), and creatine to enhance performance, improve recovery, and reduce Injury

risk.

7.2. Disadvantages
1. Lack of Regulation
The nutraceutical industry is less regulated compared to pharmaceuticals, leading to concerns

about product quality, purity, and labelling accuracy.
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2. Limited Scientific Evidence
Some nutraceuticals lack robust scientific evidence supporting their efficacy and safety,

leading to scepticism and potential misuse.

3. Potential Interactions
Nutraceuticals can interact with prescription medications, leading to adverse effects or

reduced efficacy of either the supplement or the drug.

4, Cost

High-quality nutraceuticals can be expensive, and not all consumers can afford them.

5. Overuse or Misuse
There is a risk of overconsumption or misuse, as people might assume “natural” means safe

and consume higher than recommended doses.

6. Regulatory Issues

Lack of Standardization: Nutraceuticals often lack standardized production processes, leading
to variability in product quality and potency.

Limited Regulation: They are not as strictly regulated as pharmaceuticals. This can lead To

issues with contamination, adulteration, and misleading claims about their benefits.

7. Scientific Validation

Insufficient Evidence: While many nutraceuticals show promise, there is often insufficient
scientific evidence to fully support all health claims. Rigorous clinical trials are needed to
establish their safety and efficacy.

Interaction with Medications: Some nutraceuticals can interact with prescription Medications,
potentially causing adverse effects or diminishing the efficacy of the drugs. For

Example, St. John’s Wort can reduce the effectiveness of certain medication.**"]
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8. FUTURE PROSPECTS

'Global Nutraceuticals Market :

Market Size Overview USD 668.41 _
Billion

USD 448.64
Billion

8.30%

Global market CAGR,
2024 - 2029

Fig.6: Future Prospects of Nutraceuticals Market.

1. Industry Cooperation and Certification

« Standards and Certifications: To show adherence to industry best practices, obtain
certifications such as organic, Fair Trade, or sustainability certifications.

» Collaborative Initiatives: Developing and promoting sustainable practices throughout the
nutraceutical supply chain by working with partners in the industry, nongovernmental
organisations, and governmental entities.

» In the nutraceutical sector, sustainable practices seek to reduce environmental effects,
preserve natural resources, and encourage conscientious care of ecosystems. Adopting
these methods promotes a healthier planet for future generations while also satisfying

consumer expectations for sustainable and ethical products.

2. Research and Innovation

* With advancements in product development and formulations, the nutraceutical sector is
still changing today. New avenues for product differentiation and market entry open up as
the benefits of different substances become more thoroughly studied. Maintaining up-to-
date knowledge of scientific advancements and implementing them into their products

helps exporters remain competitive.

3. New Developments in Nutraceuticals

* DNA Based: By bringing new techniques and technology to address evolving consumer
and health needs, innovations in the nutraceuticals sector are reshaping the sector. clean
Individualised Dietary Plans Personalised health advice is provided by DNA-based

nutrigenomics, which tailors diet and health based on a person's unique illness profile.
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Micro biome-Based Formulations: Nutraceuticals intended to promote gut health and the

equilibrium of the micro biome.

Delivery System with Advanced Features

Nanotechnology: Utilising nanoparticles to enhance targeted delivery of bioactive
chemicals and increase the bioavailability of nutrients.

Microencapsulation: regulates release, boosts stability, and shields delicate Components

Made of Plants and Sustainable.

Health and well-being prevention

Antibiotics: Vitamins, minerals, herbs, and other components are included in nutritional
supplements designed to prevent illness.

Stress Management Solutions: Goods that deal with health issues brought on by stress,
such as happiness boosters and sleep aids. In response to shifting customer tastes and
healthy lifestyles, personalisation, sustainability, and technology advancements are
reflected in these and other advances in the nutraceuticals industry. Thanks to
advancements in science and technology, a growing awareness of nutrition, and a focus

on overall health and wellness, the sector is still changing today.

Environmentally friendly packaging

Materials that are Recyclable and Biodegradable: To cut down on waste and lessen the
environmental effect of your packaging, use materials that are recyclable, biodegradable,
or compostable.

Use minimum packaging: To cut down on extra resources and encourage eco-friendly

behaviours, use minimal packaging.

Agronomic Techniques

OrganicFarming: Organic farming refers to agricultural practices that prioritise preserving
biodiversity and healthy soil while discouraging the use of synthetic chemicals.
Regenerative agriculture: cutting-edge methods that improve soil health, boost carbon

sequestration, and strengthen ecosystem capacity.

Biodiversity Conservation and Preservation
Sustainable Agriculture Initiatives: Promoting biodiversity conservation by avoiding

harmful practices, preserving habitats, and saving endangered plant species.

www.wipr.net | Vol 13, Issue 19,2024. |  1SO 9001:2015 Certified Journal | 177



Senthilraja et al. World Journal of Pharmaceutical Research

Native Plant Promotion: Encourage the use of native and non-invasive plant species in

formulations to boost biodiversity and reduce environmental impact.

Energy Conservation and Carbon Footprint Reductions

Energy Conservation: Using energy-efficient manufacturing, transportation, and
production methods to limit greenhouse gas emissions.

Carbon Neutrality Goals: Setting targets for reducing carbon footprints through offset

schemes, renewable energy adoption, or carbon-neutral practices.

10. Waste Reduction & Recycling

9.

Efficient Manufacturing Processes: Implementing processes to reduce waste generation
and maximise resource utilisation during manufacturing.

Recycling Programs: Integrating recycling activities into production facilities and
encouraging customer involvement in recycling operations. The rising prevalence of
certain lifestyle diseases, including obesity, diabetes, and hypertension, the market for
botanical dietary supplements is expected to expand significantly over the next five years.
Emergence of a new age in the health and wellness business is indicated by the rapidly
growing nutraceutical market. Changes in the health care industry are reflected in the
transition from pharmaceuticals to nutraceuticals. Food, pharmaceutical, and agricultural
sectors are affected by the nutraceutical industry's phenomenal expansion. In 2025, the
nutraceutical market is expected to be valued USD 578.23 billion, growing at a compound
annual growth rate of 8.8%, according to a recent study analysis by Grand View

[18,19]

study.

CONCLUSION

Nutraceuticals, which provide health advantages beyond basic nutrition, have emerged as a

promising adjunct in the prevention and therapy of many diseases. A increasing body of

research supports their potential to control physiological activities and lower the risk of

chronic diseases like cancer, diabetes, and cardiovascular disease. Notwithstanding the

apparent advantages of nutraceuticals, additional thorough clinical investigations are still

required to verify their effectiveness and safety. Furthermore, there are regional variations in

the regulatory framework pertaining to nutraceuticals, which may have an effect on their

dependability and quality.
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