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Abstract

Nutraceuticals are items that can be classified as food or a component of food and provide medical or
health benefits. This paper discusses the concept of nutraceuticals, their classification, and their role
in promoting health and wellness. As of 2023, the worldwide nutraceuticals market is expected to be
valued at approximately USD 317.22 billion, indicating a high rate of increase. Growth is projected
to reach USD 626.02 billion by 2029 at a compound annual growth rate (CAGR) of 5.09%.
Nutraceuticals can be found in a variety of items, including herbal and natural remedies, functional
foods, and pharmaceutical supplements. They are recognized for their role in disease treatment and
prevention, anti-aging benefits, and cancer prevention. The paper highlights the various types of
nutraceuticals, their health benefits, and the different dosage forms in which they are available. The
paper also looks at the regulatory framework around nutraceuticals and the challenges the sector
faces. The growing consumer interest in health-enhancing goods, advancements in research and
development, and changing consumer lifestyles seem to be driving the promising future prospects for
nutraceuticals.
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INTRODUCTION

“Nutraceutical’’ term is derived from two words- “nutrition” (a nourishing food constituent) and
“pharmaceutical” (a medical drug moiety) was coined by Stephen DeFelice MD in 1989 [1]. DeFelice
defined nutraceuticals as a food or its part have the tendency to provide various health and medical
benefits and is used for the prevention and /or treatment of numerous diseases [2].

A nutraceutical is defined as "any substance that provides medical or health benefits, including
disease prevention and treatment, and that may be considered a food or part of a food" [3] shown in
Figure 1. Unlike conventional foods, neutraceuticals go beyond mere sustenance. They are bioactive
derivatives found within foods, including amino acids, fatty acids, phytochemicals, antioxidants, and
probiotics. The primary purpose of neutraceuticals is to maintain health, prevent illness, and
potentially enhance overall well-being.
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CLASSIFICATION

In recent decades, nutraceuticals have gained widespread recognition for their role in promoting
health and wellness. The three primary categories of the nutraceutical market are herbal/natural goods,
dietary supplements, and functional foods. It provides a foundational framework for understanding
their diverse applications. Classification of nutraceuticals are shown in Figure 2.

1. Functional Foods: Frequently utilized interchangeably with neutraceuticals, functional food
offer additional health advantages to basic nourishment. They could assist physiological
processes, lengthen life, or assist in preventing disease [4].

2. Dietary Supplements: Dietary supplements contain a range of ingredients like vitamins,
minerals, herbs, and amino acids. They come in different forms such as liquids, powders,
tablets, and capsules. The Dietary Supplement Health and Education Act (DSHEA) governs
their regulation in the United States [5].

3. Bioactive Compounds: The health-promoting properties of neutraceuticals are facilitated by the
presence of bioactive components. Certain physiological systems or processes may be the focus
of these substances.

4. Regulation and Challenges: The regulatory landscape for neutraceuticals varies globally:

o United States: Depending on ingredients and marketing claims, products may be regulated as
drugs, dietary supplements, or food ingredients.

e Canada: Nutraceuticals can be marketed as either foods or drugs. The distinction between
"nutraceutical” and "functional food" is legally blurred.

o Global Market: Quality issues persist due to lack of regulation. International nutraceuticals
may boast organic or exotic ingredients, but safety and efficacy remain concerns.

Common Sources of Nutraceuticals in Food Include

e Fruits: Tomatoes, citrus fruits (oranges, lemons, grapefruits), berries (strawberries, blueberries,
raspberries), apples, bananas, grapes, and pome fruits (apples, pears, and peaches)

o \Vegetables: Leafy greens (spinach, kale, collard greens), cruciferous vegetables (broccoli,

cauliflower, Brussels sprouts), carrots, sweet potatoes, and bell peppers

Grains: Rice, wheat, oats, barley, and quinoas

Legumes: Kidney beans, soybeans, lentils, chickpeas, and black-eyed peas

Nuts: Almonds, walnuts, cashews, and peanuts

Seeds: Flaxseeds, chia seeds, and sunflower seeds

Dairy: Milk, yogurt, kefir, and cheese

Meat: Fish (salmon, tuna, sardines), poultry (chicken, turkey), and red meat (beef, lamb)

Herbs and spices: Ginseng, Echinacea, turmeric, ginger, and garlic

Beverages: Green tea, black tea, coffee, and dark chocolate

Probiotics, fatty acids, amino acids, dietary fibers, phytochemicals, carotenoids, and collagen
hydrolysate are examples of bioactive foods. Along with providing nutritional benefits, these
substances help prevent and treat a number of illnesses.

Nutraceuticals can be divided into categories such as dietary supplements, probiotics, prebiotics,
phytochemicals, herbal, fortified, recombinant, phytochemical, and functional foods. They are known
for their role in disease treatment and prevention, anti-aging properties, and malignancy prevention
[5-8].

Different Types of Nutraceutical with its Examples and Health Benefits [9]
Different Types of Nutraceutical with its examples and health Benefits are shown in Table 1.

USES
Nutraceuticals, a broad category of bioactive substances with significant health advantages, are
frequently linked to a number of illnesses and medical disorders. The use of nutraceuticals should not
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be confused with traditional medical care, even though they might have certain health benefits. As an
alternative, they are typically seen as adjunctive techniques to improve general health and wellbeing.
Conditions like cancer, diabetes, cardiovascular disease, and inflammatory disorders have all been
treated with nutraceuticals. They are thought to offer protection against chronic diseases and
physiological advantages. Nutraceuticals include substances like ginseng, green tea, glucosamine,
omega-3, lutein, and cod liver oil. These goods are regarded as beneficial resources for preventing
serious illnesses including diabetes, kidney, and digestive issues [10-13].
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Figure 2. Classification of nutraceuticals.

Nutraceuticals also have been found to play a role in preventing and managing various health
conditions, including heart health, bone health, joint health, weight management, and more. Some
examples of nutraceuticals used in treating these conditions include:

1.

2.

3.

Heart Health: Omega-3 fatty acids (found in fish oil) and Coenzyme Q10 (CoQ10) are
associated with cardiovascular health and are often used as supplements to support heart health.
Bone Health: Calcium, vitamin D, and glucosamine are commonly used nutraceuticals for
maintaining bone health and supporting conditions like osteoporosis.

Joint Health: Glucosamine and chondroitin sulfate are nutraceuticals often used to support joint
health, particularly in conditions like osteoarthritis.

Weight Management: Nutraceuticals such as green tea extract, conjugated linoleic acid (CLA),
and certain types of fiber are often included in weight management products.

Digestive Health: Probiotics, found in fermented foods or as supplements, are known for
promoting a healthy balance of gut bacteria and may be used for digestive health. Supplemental
fibers can help maintain regular digestion and general gut health.

Immune System Support: Vitamin C and zinc are often taken to support the immune system,
especially during cold and flu seasons.

Cognitive Health: Omega-3 fatty acids, particularly docosahexaenoic acid (DHA), may be
associated with cognitive health and may have a role in conditions like Alzheimer's disease.
Ginkgo biloba is occasionally used to enhance mental performance.

Diabetes Management: Chromium, magnesium, and certain herbs like bitter melon and
fenugreek are sometimes used to support blood sugar control in individuals with diabetes.
Antioxidant Support: Vitamins A, C, and E, as well as selenium and other antioxidants, are
associated with protecting cells from oxidative stress and may play a role in preventing various
chronic diseases.
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10. Inflammation: Supplements containing curcumin and turmeric are frequently utilized for their
anti-inflammatory qualities.

Table 1. Types of nutraceutical.

Type of|[Examples Active Ingredient  |Health Benefits

Nutraceutical

Vitamins and|Vitamin C, Vitamin D, Calcium, Iron,|Vitamins, Minerals [Support overall health, address

Minerals etc. specific deficiencies

Herbal Ginseng, Echinacea, Garlic, Turmeric,|Various plant|Traditional remedies, various

Supplements etc. compounds health benefits

Omega-3 Fatty|Fish oil supplements, Algal oil Omega-3 fatty acids|Cardiovascular health,

Acids (EPA, DHA) cognitive function

Probiotics Lactobacillus, Bifidobacterium species |Probiotic bacteria Gut health, immune support

Prebiotics Inulin, Fructooligosaccharides (FOS),|Prebiotic fibers Support growth of beneficial

Resistant Starch gut bacteria

Amino Acids Branched-Chain Amino Acids (BCAAs) |Amino acids Muscle health, recovery

Enzymes Amylase, Protease, Lipase Enzymes Aid in digestion and nutrient
absorption

Fiber Supplements |Psyllium Husk, Glucomannan Fiber Digestive  health,  regulate
bowel movements

Antioxidants Vitamin A, Vitamin C, Vitamin E,|Antioxidants Neutralize free radicals,

Polyphenols

cellular protection

Coenzyme
(CoQ10)

Q10

Coenzyme Q10 supplements

CoQ10

Cardiovascular health, energy
production

Fatty Acids and
Lipids

Phospholipids, Lecithin, Medium-Chain
Triglycerides (MCTs)

Fatty acids and lipids

Various health benefits

Fermented Foods

Yogurt, Kefir, Kombucha

Probiotic bacteria

Gut health, probiotic support

Plant Sterols and|Added to margarines and spreads Plant  sterols  and|Lower cholesterol levels
Stanols stanols
Collagen Animal or fish-derived collagen Collagen Joint health, skin elasticity,

Supplements connective tissue support

Functional Foods |Fortified milk with Vitamin D, Cereals|Nutrient-enhanced Nutrient-enhanced foods

with added fiber foods
Adaptogens Ashwagandha, Rhodiola, Holy Basil Adaptogenic Stress adaptation, balance
compounds

Nutraceuticals have a wide range of uses in promoting several facets of health and well-being, as
these instances show. It's important to note that the effectiveness of nutraceuticals can vary, and
individuals should consult with a healthcare professional before incorporating them into their routine,
especially for managing specific health conditions [11-14].

NUTRACEUTICALS MARKET, SIZE SHARE AND GROWTH

The nutraceutical market in India is experiencing significant growth, with an estimated value of
USD 6113.20 million in 2023 and a projected CAGR of 11.39% for the forecast period shown in
Figure 3. It is projected to grow significantly from USD 4 billion by the end of 2020 to USD 18
billion by the end of 2025. Growing health and wellness consciousness, a rise in lifestyle-related
illnesses, and an emphasis on preventative healthcare are the main factors driving the industry.
Products that support the body's optimal functioning, prevent disease, and maintain immunity are
included in the category of nutraceuticals. The market is segmented into categories such as dietary
supplements, functional beverages, and functional foods, and is supported by favourable government
policies and investments in research and development [14-17].

CURRENT TREND IN THE GLOBAL NUTRACEUTICALS MARKET
The current trend in the global nutraceuticals market is one of significant growth. The market size
was anticipated to be USD 317.22 billion in 2023 and is expected to expand at a compound annual
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growth rate (CAGR) of 5.09% to reach USD 626.02 billion by 2029, according to various industry
reports [18, 19]. The main drivers of this development are the growing prevalence of lifestyle-related
diseases, the increasing focus on foods that promote health among consumers, the rise in preventive
healthcare, and the rising purchasing power of consumers in high-growth economies [18]. The market
is additionally fueled by increasing demand for dietary supplements and nutraceuticals, alongside a
growing elderly population and evolving consumer behaviors [18].

India Nutraceuticals Market Overview

India Nutraceuticals Market Revenues, 2017-2027F (INR Thousand Crore)

CAGR 2017-20: XX% CAGR 2021€-27F: XX%

A1 2018 2019 2020 2021E 002F 2023F 2024F 2025F 2026F 2027F
Figure 3. India nutraceuticals market overview.

From 2019 to 2025, the nutraceuticals market is expected to grow at a compound annual growth
rate (CAGR) of 7.2%, with the Asia Pacific region experiencing the most significant growth shown in
Figure 4. Additionally, growing consumer awareness of health and wellness across a number of
nations is driving up demand for nutraceuticals [20]. North America accounted for over 30% of the
worldwide nutraceuticals market in 2022, and the regional market is expected to grow further due to
customer health concerns and nutraceutical trends [21]. Product categories including medications,
dietary supplements, functional foods, and drinks, as well as personal care items, are used to segment
the market [21]. The global nutraceuticals market is experiencing significant growth, propelled by
factors including growing health awareness, an aging population, and increasing demand for products
that promote health.

(I NUTRACEUTICALS MARKET SIZE 2017 T0 2027 (USD BILLION)

730 § 721.65
$ 67229

§ 62618

584 $ 580.35
$538.88
5 45853
§ 462.24

438 § 430.56
$369.91 $ 389.90

$347.33

146

Source: www.precedenceresearch.com

Figure 4. Nutraceuticals market size.
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THE FUTURE OF NEUTRACEUTICALS

The outlook for nutraceuticals is optimistic, with the market projected to see substantial expansion.
In India, the nutraceutical market is anticipated to grow significantly, reaching USD 18 billion by the
end of 2025 [14]. With a projected CAGR of 3.9% during the forecast period, the global market for
nutraceutical goods is likely to grow from its estimated valuation of USD 413.0 billion in 2022 to
USD 650 billion [22]. The nutraceutical industry is expanding due to heightened attention to health
and wellness, increasing rates of chronic diseases, and growing consumer awareness [23]. However, it
is important to note that legal regulations for nutraceuticals are not harmonized globally, presenting a
challenge for the industry [22, 24]. Overall, the future prospects for nutraceuticals appear to be
promising, with substantial market growth expected in the coming years.

Here are Several key Factors Contributing to the Growth of the Nutraceutical Market

1. Preventive Healthcare: There is an increasing focus on preventive healthcare, with consumers
turning to nutraceuticals to maintain health and prevent illness [18].

2. Rising Instances of Lifestyle-Related Disorders: The need for nutraceutical products that provide
physiological benefits and assist prevent chronic diseases and lifestyle-related disorders has
increased due to the rising prevalence of these problems [23].

3. Increasing Consumer Awareness and Health Consciousness: Consumers are becoming more
aware of the health benefits of nutraceuticals and are increasingly health-conscious, leading to a
growing demand for these products [18, 25]

4. Rising Healthcare Costs: The escalating cost of healthcare is driving individuals to seek out
alternative and complementary options, including nutraceuticals, to support their health and well-
being [25].

5. Changing Consumer Habits and Lifestyles: The need for nutraceuticals to address health concerns
has increased as a result of factors like sedentary lifestyles, excessive work hours, and incorrect
food habits [18].

6. Aging Population and Increased Research & Development: The aging population and heightened
R&D efforts in the nutraceutical industry are also contributing to the market's growth [18, 23].

With the industry predicted to see substantial increase in the upcoming years, these variables taken
together lead to the nutraceuticals market's potential future scope and growth.

MARKETED DOSAGE FORMS OF NUTRACEUTICALS

The market for nutraceutical dosage forms is robust and ever-growing, with a compound annual
growth rate (CAGR) estimated to be 7.2% from 2016 onwards. According to the search results, the
most common dosage forms for nutraceuticals are tablets, capsules, powders, softgels, and liquids
shown in Figure 5. Capsules are the most popular dosage form for dietary supplements, accounting for
a 34 percent share among all dosage forms, followed by tablets, powders, softgels, and liquids.
Gummies, lozenges, tinctures, strips, and other newer forms are also available. There is a growing
demand for nutraceutical products, and the industry is investing in research, innovation, and
manufacturing technologies to meet consumer demand and improve the therapeutic performance of
supplements and health products.

The market share of nutraceuticals has expanded significantly, with approximately 80% of the
global population preferring to use dietary supplements and nutraceuticals. This growth represents a
commercial opportunity for global product developers, and the industry is facing the responsibility of
delivering safe, effective, high-quality nutraceuticals to consumers. The market for nutraceutical
dosage forms is influenced by factors such as consumer demand, research and innovation, and the
need to demonstrate claimed health effects and outcomes. The industry is also addressing formulation
issues for nutraceuticals and nutritional supplements, particularly for older persons and children, by
exploring enhanced dose forms such as fast-dissolving films and easy-to-swallow gels. In general, the
market for nutraceutical dosage forms is dynamic and changing to satisfy the demands of an
expanding customer base [26-28].

© STM Journals 2024. All Rights Reserved 31



Emerging Trends in Personalized Medicine
Volume 1, Issue 2

Figure 5. Dosage forms of nutraceuticals.

Nutraceuticals come in various dosage forms to make them convenient for consumption. The
choice of dosage form depends on the nature of the nutraceutical compound, its stability, and the
preferred method of administration. Here are some common dosage forms for nutraceuticals:

1.

2.

9.

10.

Capsules and Tablets: Encapsulating or compressing nutraceuticals into capsules or tablets is a
common method. This form is convenient for oral consumption and allows for precise dosing.
Soft gels: Liquid nutraceuticals, such fish oil or certain plant extracts, are commonly found in
soft gel capsule form. They may improve the absorption of lipophilic substances and are easily
swallowed.

Powders: It is possible to develop nutraceuticals into powders that can be added to food or
combined with liquids. Powders are versatile and allow for customization of dosage.

Liquids: Some nutraceuticals are available in liquid form, such as herbal extracts, vitamins, and
minerals. For some who have trouble swallowing medications, liquids may provide quicker
absorption.

Chewable: Chewable tablets or gummies are popular for vitamins and minerals, especially for
children or individuals who prefer a more enjoyable way to take supplements.

Beverages: Nutraceuticals can be incorporated into beverages like functional drinks, smoothies,
or teas. This form offers a practical method of consuming substances that promote health.
Topical Creams and Lotions: Some nutraceuticals, particularly those with skin-related benefits,
can be formulated into creams or lotions for topical application.

Patches: Transdermal patches are designed to deliver nutraceutical compounds through the
skin. This form is less common for nutraceuticals but is used for certain applications.
Dissolvable Strips: Thin, dissolvable strips are another innovative dosage form for
nutraceuticals. You can put these strips on your tongue to absorb them quickly.

Functional Foods: Nutraceuticals can be incorporated into foods, such as fortified cereals,
energy bars, or yogurts, to provide health benefits while consuming a regular meal or snack.

Following the advice and dosages that medical professionals or product labels provide is crucial.
The appropriate dosage form may vary based on individual preferences, age groups, and specific
health needs.

Innovative Approaches to Overcome Formulation Challenges in Nutraceuticals
Innovative approaches to overcome formulation challenges in nutraceuticals include the use of
novel nanoformulation approaches, isolation or preparation of concentrates of nutraceuticals, and the
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development of novel delivery systems shown in Figure 6 [12]. These approaches help to improve the
solubility, stability, and bioavailability of nutraceuticals, making them more effective in treating
diseases. Nanofabrication is another promising tool in food biotechnology that can be used to augment
the efficiency of biomolecules in nutraceuticals [29]. Additionally, the use of engineered nano-scale
formulation strategies such as liposomes, nanoemulsions, nanocrystals, lipid, and polymeric
nanoparticles can also help to improve the efficacy of nutraceuticals. These innovative approaches are
essential to overcome the formulation challenges associated with nutraceuticals and to ensure their
safety and efficacy in treating diseases [30, 31].

Figure 6. The most common formulation challenges in nutraceuticals include.

GUIDELINES FOR NUTRACEUTICALS

The FDA sets regulations for nutraceuticals, which are frequently classified as dietary supplements.
Before dietary supplements are marketed, producers and distributors are required under the Dietary
Supplement Health and Education Act of 1994 (DSHEA) to verify that the products meet all legal
requirements for safety and labeling. Nutraceuticals, classified as dietary supplements, must comply
with current good manufacturing practices and guidelines for dietary supplement labeling.
Additionally, they are mandated to register their facility with the FDA [32-34].

The FDA distinguishes between dietary supplements and drugs based on health claims, with dietary
supplements intended to provide nutrients and not to treat, diagnose, prevent, or cure diseases. [33,
34].

The regulatory framework for nutraceuticals in the United States is established through the
DSHEA, which classifies dietary supplements as food. The FDA possesses the power to initiate action
against any dietary supplement product that is adulterated or misbranded after it has been introduced
to the market. The regulations for nutraceuticals are continuously evolving, and there is a lack of
international agreement on standards that ensure quality and integrity in a global context [35].

As with pharmaceuticals, the main objectives of nutraceutical regulation have generally been safety
and labeling, with less attention paid to product [36].

PROCESS FOR FDA APPROVAL OF A NEW NUTRACEUTICAL
o Regulatory Framework: Nutraceuticals fall under the Dietary Supplement Health and Education
Act of 1994 (DSHEA) and are typically categorized as dietary supplements. The FDA is not
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permitted by the DSHEA to verify the safety and efficacy of dietary supplements or to approve
their labeling prior to the supplements' sale to the general public.

¢ Notification of New Dietary Ingredient: At least 75 days must pass before a manufacturer or
distributor introduces a new dietary supplement into interstate commerce if the supplement
contains a new dietary ingredient not found in the food supply. This letter should include the
information that the company used to establish that there is a justified expectation of safety for the
dietary supplement.

e Regulation Compliance: Before releasing dietary supplements onto the market, producers and
distributors must assess the safety and labeling of their goods to make sure they adhere to all FDA
and DSHEA regulations as well as the Federal Food, Drug, and Cosmetic Act's requirements.
Additionally, in order to guarantee the identification, purity, quality, strength, and composition of
dietary supplements, they must adhere to current good manufacturing practices.

o Post-Market Enforcement: The FDA is empowered to enforce actions against any dietary
supplement product found to be adulterated or misbranded once it becomes available in the
market. This includes conducting inspections, monitoring the marketplace, examining dietary
supplements and dietary ingredients offered for import, and reviewing adverse event reports to
identify products that may be unsafe.

Dietary supplements do not receive approval from the Food and Drug Administration before they
are marketed. The responsibility for ensuring the safety and compliance of dietary supplements with
FDA regulations lies with the manufacturers and distributors, and the FDA's role primarily begins
after the product enters the market place [32, 34, 35, 37].

CONCLUSION

Nutraceuticals play a vital role in promoting health and wellness, offering potential benefits in
disease prevention and management. The industry's expansion is fueled by consumer demand for
products that promote health and the rising incidence of chronic diseases. Despite regulatory and
formulation challenges, the future scope of nutraceuticals is expansive, with ongoing innovation and
market expansion expected to drive further advancements and consumer adoption.
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