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ABSTRACT 
 
Nutraceuticals i.e. the product positioned at the interface between food and drugs, are an increasing 
group of products gaining importance; patients/consumers of drug always have a wish to have no or 
less side/ toxic effect and also complementary or alternative benefit of the drug products and that’s 
why nowadays they are using nutraceuticals. In recent years, because of health benefits and an 
alternative to modern medicine, there is a growing interest in nutraceuticals. Nutrients, functional 
foods, medicinal food, herbals and dietary supplements are major constituents of nutraceuticals 
these play an artistic instrumental role in health maintenance, they also show various acts against 
various disease conditions and thus promote and sustain the quality of life. The article aims to 
explore and discuss the ability of nutraceuticals to treat or prevent underlying causes of disease; the 
article outlines nutraceuticals with their therapeutic applications, adverse effects and interaction. 
Various researches on nutraceutical product are under process which will be integrating and 
assessing information further. 
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1. INTRODUCTION 
 
The burden of chronic diseases like cancer, 
cardiovascular diseases, obesity, and diabetes is 
demonising worldwide. In 2001, chronic diseases 
contributed nearly 59% of the 56.5 million total 
reported deaths in the world and 46% of the 
global burden of diseases [1]. Customers are 
intensely concerned about how their health care 
is administered, managed, and priced. As they 
are insatiable with the costly, advanced disease 
treatment approach mainly in current medicine 
[2]. Soil and nutrition contamination, air and 
water pollutions, has caused by industrialization 
as it is hovering over large area of various 
chemicals, heavy metals, electromagnetic 
waves, and other potentially harmful man-made 
items. These problems have led to an increased 
occurrence of diabetes, obesity, different cancers 
and vascular diseases, physiological problems, 
as well as other degenerative diseases. That’s 
why, the cost of medical care have dramatically 
increased through the raised demands for health 
care.  
 
The medicines we ingest, inject, and inhale are 
often complex therapeutic compounds. The 
drugs are typically mixtures of chemicals 
prepared from starting materials or drug sources. 
Depending on the sources from which the drugs 
were produced, the drugs can be categorized as 
natural, synthetic, or semi-synthetic [3]. The 
general stages of synthetic drug discovery are 
same as those of natural drug discovery. In 
natural drug discovery, the lead complexes come 
from natural sources like plants, while in 
synthetic drug discovery, the lead compounds 
are typically produced by combinatorial 
chemistry, a method by which hundreds to 
millions of molecules are formed from miniature 
chemical building blocks. Combinatorial 
chemistry is an efficient way to make many new 
chemicals but generates molecules that are less 
structurally intricate than natural compounds. 
Most of the synthetic drugs show fewer 
therapeutic effects and cause unacceptable side 
effects. Consumers are turning massively to food 
supplements to improve health due to the risk of 
toxicity or adverse effect of a drug that’s by 
pharmaceutical fails [4]. 
 
Today’s scenario shows more consent to receive 
natural drug in comparison to receive synthetic 
drug. As well as synthetic drug discovery has 
lower strike-rates via High Throughput Screening 
(HTS) because the products are not as widely 
varied as those in natural products. Due to the 

disappointment of alternative drug discovery 
methods to deliver many lead based compounds 
in key therapeutic areas such as anti-infective, 
immune suppression and metabolic diseases, 
the natural product research has been renewed. 
Natural products research stays to discover 
diversified lead structures, which can be used as 
templates for the growth of new drugs by the 
pharmaceutical industry. Undoubtedly that 
natural product continues to be central sources 
of new pharmaceutical compounds [3]. 
 
Natural products including animals, plants and 
minerals have been the basis of treatment of 
human diseases. Foods play a vital role in 
normal functioning of the body and are helpful in 
maintaining the health of the person and in 
sinking the risk of several diseases [5]. 
 
Plants are one of the supreme resources of 
human foods and medicines. Promptly increasing 
knowledge on nutrition, medicine, and plant 
biotechnology has intensely altered the concepts 
about food, health and agriculture and has 
brought a revolt on them. The latest 
developments in medical and nutrition sciences, 
health endorsing foods, natural products, has 
received extensive attention from both health 
professionals and the public. It is very imperative 
that the nutrients found in foods, fruits and 
vegetables is accountable for the health benefits 
[6]. For example, scurvy will happen if vitamin C 
is absent in the human diet. Similarly, blindness 
will occur when diets are lacking in vitamin A [7]. 
Epidemiological and clinical studies have 
confirmed the relationship between diet and 
health. It is well known fact that population 
consuming a large proportion of plant based 
foods including vegetables, fruits grains and 
cereals or those with a high consumption of 
seafood, have a lower occurrence of 
cardiovascular diseases and certain types of 
cancer [8]. Therefore, individuals have tried to 
achieve a better quality of life by eating 
vegetables, fruits and other plant based foods, 
taking dietary supplements or nutraceuticals, or 
using nutritional therapy or phyto-therapy to 
replace chemotherapy or radiotherapy. Hence 
due to increase in demands for nutraceuticals, 
phyto-nutrients and their therapeutic services, 
manufacturers, marketers, and related licensed 
professionals have grown-up consequently. 
Positioned at the interface between food and 
drugs, a growing body of products is assuming 
importance as the consumer is focusing for the 
substitute of useful products and i.e. nowadays 
they are using nutraceuticals. Progressively, 
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People are using natural dietary supplements 
and other forms of nutraceuticals as part of 
incredible flow to have physiological profits or to 
afford protection against diseases [2]. 
 

2. CONCEPT OF NUTRACEUTICALS 
 
Around 2000 years ago, Hippocrates properly 
stressed “Let food be your medicine and 
medicine be your food". In 1989 Stephen De-
Felice founder and chairman of the Foundation 
for Innovation in Medicine (FIM) Cranford, NJ [9] 
coined the term "nutraceuticals" meaning 
"nutrition" and "pharmaceutical". Nutraceuticals 
are medicinal foods that play a significant role in 
retaining well being, modulating immunity, and 
improving health thereby preventing as well as 
treating specific diseases. Nutraceuticals 
currently getting recognition as being beneficial 
for various uses as shown in Table 1 like in 
obesity, coronary heart disease, osteoporosis, 
cancer, diabetes and other chronic and 
degenerative diseases such as Parkinson's and 
Alzheimer's diseases. 
 

Various advantages of nutraceuticals are- 
 

� Offers low cost and premature control of 
risk factors for subsequent disease (e.g. 
heart disease). 

� Offer a protective model for disease 
prevention than the existing medical 
model. 

� Offer control of moderately elevated risk 
factors (e.g. blood cholesterol, triglyceride, 

etc.), which existing healthcare system 
fails to control. 

 
Thus, the nutraceuticals can be projected as one 
of the missing blocks in the health benefit of an 
individual. It has now been scientifically proved 
and supported by various research articles that 
nutraceuticals used as food or part of food, will 
provide health welfares including prevention or 
treatment of disease (Fig. 1) [5]. Herbal 
nutraceuticals are influential in keeping health 
and act against nutritionally induced acute and 
chronic diseases by enhancing the optimal health 
and quality of life [13]. Phytochemicals and 
Antioxidants are two explicit types of 
nutraceuticals. Phytochemical help in providing 
defense against diseases like cancer, diabetes, 
heart diseases and hypertension e.g. carotenoids 
found in carrots and antioxidants are helpful                       
in avoiding chronic diseases by preventing 
oxidative damage in the human body [31]. Over 
the last 20 years numbers of Nutraceuticals are 
available for self- medication or for sale [32]. The 
other side of the coin depict that nutraceutical is 
a product isolated or purified from foods that are 
generally sold in medicinal forms not usually 
associated with foods. When a nutraceutical is 
validated to have physiological benefits or 
provide shield against chronic disease, the 
functional foods are defined broadly as foods that 
provide more than simple nutrition; they supply 
additional physiological benefits to the consumer 
[33]. The concept of Nutraceuticals is shown in 
Fig. 1 [13]. 
 

Table 1. Examples of nutraceuticals and their uses 
 

Nutraceuticals  Uses  
Resveratrol [10] Immune supplement [11]. 
Flavonones and citrus fruits [12]. Antioxidants, Anti-cancer, beauty drink [12]. 
Polyols sugar, alcohols [13]. Reduces risk of dental caries [14]. 
Dietary fibres [15]. Anticancer, helpful in maintaining the digestive tract [16]. 
Vitamins and trace elements [17] Nutritional supplement [17] 
Terpenoids [18]. Energy drinks [19]. 
minerals and carbohydrates [7] Protein supplements [7]. 
Natural supplement [20] Neuropathic pain supplement 
polysaccharides and Folic acid [21] Immune supplement [21]. 
Calcium [22] Calcium supplement, bone density [22]. 
Beta –glucan [23]. Immune supplement [24] 
Glutamic acid [25]. Amino acid supplement [25] 
Peptides [26]. Nutritional supplement, apoptosis, anticancer. [26] 
Phytosterol [27] Daily health supplement [27] 
Carbohydrate, amides [7]. Nutrition supplements [7]. 
Terpenoids , malic acid ,caffeine [28] Energy drink [29] 
Probiotics /prebiotics lactobacilli ,bifida acteria 
[30] 

Maintain gastrointestinal health [30] 

Multivitamins [6] Nutritional supplement [6] 
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Fig. 1. Concept for Nutraceuticals 
 

There has been a boom in sale of Nutraceuticals 
because of – 
 

1. Adverse arial properties of 
pharmaceuticals 

2. Increased affinity of patients for self-
medication 

3. Aging population e.g. – arthritis 
 
3. CLASSIFICATION OF NUTRA-

CEUTICALS 
 
Nutraceuticals is a wide-ranging term used to 
describe any product derived from food sources 
that provide more health benefits in addition to 
the basic nutritional value found in foods. The 
description of nutraceuticals and linked products 
often depend on the source. Medical community 
desire that the term nutraceutical should be more 
clearly recognized in order to distinguish 
between the wide diversities of products out 
there. There are numerous different types of 
products that may drop underneath the group of 
nutraceuticals [34]. 
 

1. Functional foods 
2. Dietary supplements 
3. Medicinal foods 
4. Farmaceuticals 

 
3.1 Functional Food 
 
Functional food though is totally different from 
nutraceuticals and might be outlined as food 
merchandise to be taken as part of the same old 
diet so as to possess helpful effects [35]. When 
food is being cooked or prepared using "scientific 
aptitude" with or without the familiarity of how or 
why it is being used, then the food is called as 
"functional food." Thus, useful food provides the 
body with the specified quantity of vitamins, fats, 

proteins, carbohydrates necessary for healthy 
survival. One useful food which aids within 
the interference and/or treatment of disease(s)/ 
disorder(s) apart from deficiency conditions like 
anemia it is referred to as a “nutraceutical” [36]. 
Functional food merchandise are a unit milk, 
cheese and eggs that area unit all enriched with 
polyunsaturated fatty acid; yoghourt increased 
with live active cultures (probiotics); fruit juices 
and drinks with multiplied inhibitor levels; cereals 
and grains like wheat, oat, barley and fenugreek 
merchandise with increased amounts of dietary 
fiber; changed carboxylic acid vegetable oils; and 
vegetable proteins from soy, canola and hemp, 
legumes and fruit products [21] e.g. Oats, 
bran, plantain and lignin's for cardiopathy 
and carcinoma, prebiotics, oligo fructose for 
management of microorganism, Omega-3 milk in 
interference of cardiopathy, oil with down 
triglycerides for sterol reduction, Stanols 
(Benecol) in reduction of sterol adsorption [13]. 
At a similar time, several opportunities for the 
event of novel dietary merchandise are created 
with all new fields of study back with newterms. 
"Nutraceuticals" and "functional foods" area unit 
two new terms describe health-promoting foods 
or their extracted elements 37]. Useful foods are 
a unit designed foods which give enriched foods 
to client, instead of factory-made dietary 
supplements in liquid or capsule form [32]. 
Health North American country defines useful 
foods as “ordinary food that has elements or 
ingredients additionally to provide a particular 
medical or physiological profit, apart from a 
strictly nutritionary effect” [34]. 
 
In Japan, all functional foods must meet three 
established requirements: foods should be  
 

(1) Should be in their naturally-occurring form, 
(2) Should be an essential part of our daily 

diet, 
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(3) Should regulate a biological process in 
hopes of preventing or controlling disease. 

 
3.2 Dietary Supplements 
 
A dietary supplement is a product that comprises 
nutrients plagiaristic from food products. The 
“dietary ingredients" existing in these products 
are: metabolites, vitamins, Minerals, herbs, and 
amino acids as shown in Tables 2 and 3. The 
term “bioactive foods” was first defined as “foods, 
food ingredients or dietary supplements that 
determine specific health or medical benefits 
counting the prevention and treatment of disease 
outside basic nutritional tasks.” Why new 
bioactive foods are important? Bioactive foods 
are fortified with nutrients to make them more 

usable within daily recommended allowances 
(RDA). These nutrients are rich in vitamins, 
minerals and nutraceuticals or any food or part of 
a food that provides health or disease prevention 
benefits with higher nutrition values [38]. Dietary 
supplements have also been developed to 
manage a variety of diseases [21]. Thus, 
nutraceuticals diverge from dietary supplements 
in the following phases: 
 

1. Nutraceuticals essentially not only 
supplements the diet but it should also aid 
in the prevention and/or treatment of 
disease and/or disorder. 

2. Nutraceuticals are represented for use as 
a conventional food or as the sole item of 
meal or diet. 

 
Table 2. Various nutraceuticals amino acid, their s ources and uses 

 
S. No. Source Amino acid Uses 
1 Protein foods like fish, dairy, eggs 

and meat [39] 
Glutamic acid Anticancer [40] 

2 Plant source: (Legums, Peanuts, 
Almond, Walnuts, Flaxseeds)  
Animal source: (Beef, Eggs, 
Salmon, Shrimp) [41] 

Aspartic acid Immune function, energy production, 
increases resistance to fatigue [41]. 

3 Turkey, Light Meat, Wheat Bread, 
Sweet Chocolate [42] 

Tryptophan Mood and depression, smoking 
cessation [42]. 

4 Animal origin: (Meat, Poultry, Fish, 
Dairy, Cheese)  
Plant origin: (Lentils, Peanuts, Soy, 
Mushrooms, Sesame seeds) [43] 

Valine. Muscle metabolism, tissue repair 
mental vigor, muscle coordination, 
calm emotions [43] 

5 Seafood [44] 
 

Arginine  Anti-inflammatory, migraines, 
phosphorus helps calcium build 
bones and teeth.  
Supports immune system, thyroid 
function. [45] 

6 Eggs [46] Vitamin A, D E, 
iron, zinc, 
arginine  

Strong muscles, lower risk of heart 
disease, healthy eyesight, [47], 
Weight loss and maintenance [48]. 

7 Legume [46] Vitamin A, B, D, 
calcium,  

Breast cancer [49], Allergy [50] 

8 Chocolate [36] Vitamin A, C, E, 
calcium, 
cholesterol, 
arginine  

Reduce heart disease risk, stroke 
[36] 

9 Vegetables (spinach, Seaweed, 
chives, Onion, Soybean, Peppers, 
leeks, Garlic and Mushroom) 

Vitamin B2, K, 
omega-3 fats, 
copper  

Anticancer [51], Obesity [52], Type 2 
diabetes [53] 

10 Fruits [46] Poly phenolic 
flavonoids, 
vitamin C, 
anthocyanins  

Antioxidant [51] 

11 Nuts (Almonds, peanuts, almonds, 
cashew nut) [46] 

Oleic, palmitoleic 
acids, carotenes, 

Anti-inflammatory [54], Rheumatoid 
arthritis, Alzheimer’s disease[55] 
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S. No. Source Amino acid Uses 
omega-3 fats   

12 Grain (Breads and pastas ) [46] Dietary fibres, 
viamin B, 
minerals, folate.  

Stroke risk reduced, type 2 diabetes 
risk reduced, heart disease risk 
reduced & better weight 
maintenance [16]. 

13 Beverages (Black tea, Tea, Cocoa, 
Coffee, Beer and Wine) [56]. 

Caffeine, arginine  Boost blood flow [57] 

14 Dairy products [53] Arginine  Healthy teeth [58], antihypertensive, 
cardiovascular disease [59] 

15 Soy [60] Arginine  Cardiovascular benefits, anticancer, 
hot flashes, bone health, obesity, 
type 2 diabetes [61]. 

16 Lentils [62] Arginine  Weight loss [62]. 
17 Chickpeas [63] Arginine  Heart disease, anti-inflammatory, 

digestion [64]. 
18 Spirulina [46] Arginine  Type 2 diabetes, strokes, chronic 

kidney disease, allergic rhinitis [65] 
19 Pumpkin seeds [63] 

 
Arginine  Anti-inflammatory, immune support 

[63] 

20 Chicken [66] Arginine  Boost sperm production, heart 
attack, boosting immunity [67]. 

21 Pork loin [66] Arginine  Boost immunity, heart health, fat 
burning, digestion, high blood 
pressure [68]. 

22 Turkey breast [69] Arginine  Body building, diabetics, high 
cholesterol, gout, insomnia, weight 
loss [69] 

23 Onion, raw [70] Arginine  Anti-inflammatory, anticancer [70]. 
24 Garlic, raw [71] Arginine  Antibacterial, antiviral, anti-cancer 

[71] 
25 Wheat flour, Whole-grain [72] Arginine  Breast cancer. Heart disease, 

promote health [72] 
 
3.3 Medicinal Food 
 
Medicinal foods aren’t available as an over the 
counter product to consumers. The FDA 
considers medical foods to be “formulated to be 
consumed or administered beneath the direction 
of a physician, and which is supposed for the 
specific dietary management of health for which 
distinctive nutritional requirements, on the basis 
of recognized scientific principles, are 
established by medical analysis. Nutraceuticals 
and supplements do not meet necessities and 
don’t seem to be categorized as Medical                   
Foods. Medical foods can be ingested through 
the mouth or through tube feeding. Medical      
foods are always designed to meet certain 
nutritional requirements for people diagnosed 
with specific illnesses. Medical foods are 
regulated by the FDA and will be prescribed/ 
monitored by medical supervision [34]                   
example of medical food, transgenic cows and 

lactoferrin for immune improvement, Transgenic 
plants for oral vaccination against infectious 
diseases, Health bars with supplementary 
medications. 
 
3.4 Farmaceuticals 
 
According to a report written for the United 
States Congress entitled "Agriculture: A gloss of 
Terms, Programs, and Laws", “(Farmaceuticals) 
could be a melding of the words farm and 
pharmaceuticals. It refers to medically valuable 
compounds created from changed agricultural 
crops or animals (usually through biotechnology). 
Proponents believe that victimization crops and 
presumably even animals as pharmaceutical 
factories may well be way more value effective 
than standard strategies. The term 
Farmaceuticals is additional often associated, in 
agricultural circles, with a medical application of 
genetically built crops and animals [86]. 
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Table 3. Various marketed sources of arginine 
 

Manufacture  Dosage form/Brands  Uses  
Element of health care, 
USA 

L-Arginine plusTM  powder High blood pressure [73] 
nitric oxide production 

Integral Life Sciences L-Arginine softgel Reduce menopause symptoms [74] 
Zydus nutriva GRD sugar free ( diet 

protein Powder) 
Postprandial glycemia, 
obesity [75]. 

Prima force Agmatine Powder Enhanced rates of absorption and overall 
bioavailability [76] 

Jarrow formulas Jarrow formulas arginine 
tablets 

Synthesis of proteins [77] 
Production of creatine phosphate [78] 

Betancourt nutrition B-NoxAndrorush powder 
 

Boosting your testosterone output, 
reducing lactic acid accumulation, 
maximizing muscle cell volumization [79] 

Now foods NOW L- Arginine 
capsules/powder 

Supplement in good stead with athletes and 
bodybuilders [80]. 

Olympian Labs DIM Capsules Growth and repair of muscle tissues, 
mobilisation of stored fatty acids. [81] 

Gat pharma Nitraflex powder Increasing blood NO levels [82] 
AI sports nutrition AI sports nutrition 

agmatine capsules 
Dietary supplement, 
increased nitric oxide synthesis , 
promote nutrient delivery , 
improves body composition , 
increased endurance [83] 

Cellucor NO3 chrome capsules Supplement for muscles 
Biogreen labs  L Argnine capsules Reduce blood pressure 

helps against leg cramping 
increase blood flow [84] 

Source Naturals L-Arginine L-Citrulline 
Complex Tablets 

Supports liver detoxification, Supports heart 
function and circulation, Supports muscle 
metabolism and energy 

PacificCoastNutriLabs L-Arginine platinum 
capsules 

Dietary supplements 
muscle mass formula [79] 

Doctor Recommended Cardio Heart Health-L-
arginine powder 
supplement 

Regulate cholesterol levels, 
artery function, 
blood flow [85] 

 

4. DIETARY SUPPLEMENT & HEALTH 
EDUCATION ACT 

 
Dietary Supplement Health and Education Act 
(DSHEA) passed in 1994 to control the human 
nutraceuticals market that doesn't allow federal 
agency to contemplate a replacement product a 
“drug” or “food additive” if it falls underneath the 
definition of a “dietary supplement,” which has 
among different substances any attainable part 
of the diet yet as concentrates, constituents, 
extracts or metabolites of those elements [87]. 
 
According to the North American country Dietary 
Supplement Health and Education Act (DSHEA) 
formally outlined "dietary supplement" as:  
 

1. A dietary supplement may be a product 
(other than tobacco) that's meant to 
supplement the diet that bears or contains 
one or a lot of the dietary ingredients like, a 

vitamin, a mineral, a herb or different 
biological science, an organic compound, a 
dietary substance to be used by man to 
supplement the diet by increasing the 
whole daily intake, or a concentrate, 
metabolite, constituent, extract, or mixtures 
of those ingredients.  

2. It is meant for consumption in pill, capsule, 
tablet, or liquid kind.  

3. It is not depicted to be used as a traditional 
food or because the sole item of a meal or 
diet. 

4. It is tagged as a "dietary supplement" [36] 
5. Includes product like AN approved new 

drug, certified antibiotic, or authorized 
biological that was marketed as a dietary 
supplement or food before approval, 
certification, or license (unless the 
Secretary of Health and Human Services 
waives this provision). 
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Under the DSHEA (1994), the manufacturer of a 
dietary supplement is chargeable for making 
certain that the dietary supplement is safe before 
it's marketed [88]. With the passage of the 
Dietary Supplement Health and Education Act of 
1994, the definition of nutraceuticals has been 
distended to incorporate vitamins, minerals, 
herbs and different botanicals, amino acids, and 
any dietary substance to be used by humans to 
supplement the diet by increasing total dietary 
intake (for example, enzymes or tissues from 
organs or glands). Dietary Supplements 
additionally as well as botanicals, Vitamins, co-
enzymes, creatinine, Ginkobilba, Ginseng, Saint 
John's Wort, Saw palmetto [13] To abide by the 
laws, a nutraceutical should be tagged as a 
“dietary supplement” and shall not be depicted to 
be used as a traditional food or as a sole item of 
a meal or diet [2]. The Indian Health and Dietary 
Supplement Association was created to 
represent pharmaceutical, nutraceuticals, herbal, 
direct merchandising and different service 
homeward-bound trade corporations and plans to 
affiliate with the International Alliance of Dietary 
Supplement Associations within the close to 
future. The association is coming up with a 
scientific conference to bring the trade and 
government along to share info, expertise and 
views on the utilization and regulation of dietary 
supplements [21]. Many European countries 
have adopted the extremely restrictive CODEX 
standards for dietary supplements that eliminate 
the consumer’s ability to get dietary supplements 
in therapeutic or significant preventive dosages. 
Codex Alimentarius (Latin for "Food Code") is 
that the United Nation’s projected set of 
international pointers for nutritional supplements, 
food handling, production, and trade that is step 
by step being sanctioned in countries round the 
world, beginning within the EU [37]. 
 

The DSHEA permits 3 kinds of claims on labels 
of dietary supplements [89]. 
 

1. Nutrient content (such as “high in 
calcium”),  

2. “Structure-function” or nutrition support (for 
example, “vitamin C prevents scurvy” or 
“calcium builds sturdy bones”), and  

3. Illness claims 
 

5. FDA MODULATION ACT 
 
The passage of the Food and Drug 
Administration Modernization Act of 1997 
(FDAMA) created further choices out there to the 
makers of nutraceuticals which results in bringing 

a balance in federal agency rules between 
approving therapeutic products so they will profit 
patients and protective public health with 
important changes were conjointly created within 
the labeling of nutraceuticals [90]. 
 
6. WORLD DEMAND OF NUTRA-

CEUTICALS 
 
World demand for nutraceuticals ingredients 
advanced 5.8% annually to $15.5 billion in 2010, 
serving a $197 billion international nutritionary 
product industry. China and India can emerge as 
the quickest expanding nutraceuticals markets as 
strong economic process permits them to 
upgrade and diversify food, nutrient and drug 
production capabilities. Herbal, non-herbal 
extracts has increasing acceptance by customers 
and medical professionals pushed world demand 
for herbal and non-herbal extracts up to 6.5% 
annually to $1.85 billion in 2010. Nutrients, 
minerals and vitamins demand reached $9.5 
billion in 2010, up to 6.3% annually from 2005. 
International demand for nutraceuticals nutrition 
ingredients rose up to 4.6% annually to $4.2 
billion in 2010. Natural vitamin E formulations 
and beta carotene (vitamin A) also will fare well 
in the international marketplace supported 
effectiveness blessings over artificial ingredients 
for adult and pediatric nutritionals [91]. The 
worldwide foodstuff growth about the 
nutraceuticals is shown in Fig. 2. 
 
The nutraceuticals industry lies beneath 3 main 
segments that embody functional foods, dietary 
supplements, and herbal/natural products. World 
nutraceuticals market is estimated as USD 117 
billion (INR 5148 billion). In 2007, nutraceuticals 
sale is projected to achieve $74.7 billion at an 
AAGR of 9.9%. This assumes a world economic 
recovery in 2003 and an end to price competition 
as shown in Fig. 3 [92]. 
 
According to a recent report, the total 
marketplace for nutraceuticals in India is growing 
at 21% each year. It presently valued at INR 
44bn (€621 m), however might be value quite 
INR 95bn in four years [91]. As a concept, 
“Nutraceuticals” continues to be in its stage of 
infancy in India. But it's been growing much 
quicker than world rates at CAGR of 18 for the 
last three years driven by functional food and 
beverages categories (36). The foremost chop-
chop growing segments of the trade were dietary 
supplements (19.5% per year) and natural/herbal 
products (11.6% per year). 
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Fig. 2. Compound annual growth rate of nutraceutica ls global market 
 

 
 

Fig. 3. Global nutraceuticals consumption 
 
In the world market, Nutraceuticals and 
functional foods has become a multi-billion 
greenback trade and inside Canada, it is 
estimated that the Canadian nutraceuticals trade 
has potential to age to 50 billion US bucks. After 
US, JAPAN nutraceuticals trade is the second 
largest market in the world, that features a 
steady average rate of growth of 9.6% per 
annum [93]. The total Indian nutraceuticals 
market is expected to be approximately $5 billion 
in 2015. 
 

7. MARKETED NUTRACEUTICALS 
 
There are several nutraceuticals products that 
are marketed by different factory-made for the 

health edges of the creature as shown in             
Table 4. 
 
8. MARKETED STRUCTURE 
 
The preference for the invention and production 
of nutraceuticals over pharmaceuticals are well 
seen in pharmaceutical and biotech firms. a 
number of the pharmaceutical and biotech firms, 
that commit major resources to the invention of 
nutraceuticals embody Monsanto, American 
Home product, Dupont, Bio Correx, Abbott 
Laboratories, Warner-Lambert, Johnson &amp; 
Johnson, Novartis, Metabolex, Scio-tech, 
Genzyme Transgenic, PPL therapeutics, Unigen, 
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Table 4.  Various marketed nutraceuticals preparation and the ir uses 
 

Marketed nutraceuticals  Uses  Manufacture  
Glowelle® Antioxidants, Anti-cancer, beauty 

drink [12]. 
Nestlé 

Muscle Optimeal® Anticancer, Helpful in maintaining 
the digestive tract [16]. 

Jarrow formulas, USA 

Weight smart tm Nutritional supplement [17] Bayer corporation, Morristown,NL, 
USA 

Rox® Energy drink [19] RoxAmerica, Spartanburg, SA, USA 
Proteinex® Protein supplements [7]. Pfizer Ltd., Mumbai, India 
PNer plus Neuropathic pain 

supplement 
(Michael D. Stubblefield, 2009) 

NeuroHelp, SanAntonio, Texas, USA 

Mushroom optimizer Immune supplement 
(H. DUREJA,2003) 

jarrow formulas, Los Angeles, CA, 
USA 

CalcirolD-3® Calcium supplement, 
Bone density [22] 

Cadilla healthcare limited, 
Ahmedabad, India 

Betafactor® capsules Immune supplement [24] Ameriden® international 
Inc.,USA 

WelLife® Amino acid supplements [25]. Daesang America Inc., 
Hackensack, NJ, USA 

Pediasure® Nutritional supplement, 
Apoptosis, Anticancer [26] 

Abbott nutrition 

Revital Daily health supplement [27] Ranbaxy 
Ferradol Food® Powder Nutrition supplements [7]. Pfizer Limited , India 
5-Hour energy® Energy drink [29] Living essentials, USA 
Beneflora® probiotic Maintain 

gastrointestinal health [30] 
Nupro, USA 

Becadexamine® Nutritional supplement [6] Glaxosmith kiln 
 
and Interneuron [94]. The nutraceuticals trade 
within the United States is about $86 billion. This 
figure is slightly higher in Europe and, in Japan, 
represents just about a quarter of the $6 billion 
total annual food sales. Forty seventh of the 
Japanese population consumes nutraceuticals 
even without specific monetary figures, business 
reports continually suggest that the 
nutraceuticals market is consistently growing. 
The approach to regulation and promoting 
nutraceuticals is notably heterogeneous on the 
world level. This can be for the most part owing 
to the challenges in classifying this product, 
absence of an appropriate regulative class for 
this hybrid product. 
 
GIA (Global industry Analysts) announces the 
discharge of a comprehensive world report on 
Nutraceuticals market. The world nutraceuticals 
market is projected to exceed US$243 billion by 
2015, attributable to shopper desire for leading a 
healthy life and increasing scientific proof 
supporting health foods [95]. 
 
India is the home of a large variety of medicinal 
herbs, spices and tree species that have a well 
giant domestic market. Totally different scientific 

teams likewise as various government agencies 
inflated the recognition of nutraceuticals and 
functional foods among the public sector. India 
encompasses a giant share of the international 
useful food and nutraceuticals market and 
exports product to numerous countries. However, 
India’s major export destination is that the USA 
and Japan [96]. 
 
� An Increase in Public Health 

Consciousness, 
� An Aging Population, 
� Escalating Health Care Costs, 
� Recent Advances in Research and 

Technology, 
� Changes in Government Regulations and 

Accountability, 
� Expansion of the Global Marketplace, 
� A Sympathetic Media, 
� Science-based Evidence is contributing to 

the Popularity of Functional Foods. 
 
Recognition of variation in functional food and 
nutraceuticals composition will provide 
opportunity for the industry to give consumers a 
variety of new products that can be developed for 
specialized markets [2]. 
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9. MARKET TREND 
 
The nutraceuticals industries three main 
segments include functional foods, dietary 
supplements, and herbal/natural product [97]. 
Nutrition Business Journal (NBJ) identified an 
$80 billion nutraceuticals market in 1995 by 
considering natural and organic foods ($6.2 
billion), functional foods ($13.4 billion), certain 
lesser-evil foods with reduced or no unhealthy 
ingredients ($23 billion), dietary supplements 
($8.9 billion), and selected market normal foods 
($28.3 billion). NBJ has begun tracking 
nutraceuticals industry growth. Since 1995, the 
trade, as outlined by NBJ, has grown by a mean 
of seven. 1% p.a. In1997, trade sales totaled 
$91.7 billion (NBJ 1998). The foremost speedily 
growing segments of the industry were dietary 
supplements (19.5% per year) and natural/herbal 
product (11.6% per year) [98,99]. 
 
According to BCC analysis - The global 
nutraceuticals market grew to $46.7 billion in 
2002at an AAGR of nearly 7%. This assumes a 
world economic recovery in 2003 and a finish to 
cost competition (Fig. 4). In 2007 nutraceuticals 
sale is projected to succeed in $74.7 billion at an 
AAGR of 9.9% [100]. 
 
Indian nutraceuticals market in 2008 is calculable 
to be USD 1.0 billion whereas the world market is 
growing at a CAGR of seven; the Indian market 
has been growing a lot of quicker at a CAGR of 
18 looking forward to the last three years, driven 
by useful food and beverages classes. However, 
the latent market in India is two to fourfold of this 
market size and is between USD two to USD      
four billion with nearly 148 million potential 
customers, states the FICC Ernst and Young 

study titled ‘nutraceuticals- vital supplement for 
building a healthy India’ free at the FICCI and 
Health Foods and Dietary Supplements 
Association conference. Of the world 
nutraceuticals market of USD 117 billion, India 
has but I Chronicles share. Globally, this market 
is predicted to succeed in USD 177 billion in 
2013, growing at a CAGR of seven driven by the 
quick growing dietary supplements class [86]. 

 
The functional beverages market in India is 
emerging at 24%. The purposeful food and 
beverages classes consisting of nutrition fortified 
foods, sports and energy drinks, fortified juices 
and probiotic foods are growing quicker, driven 
by wider distribution across FMCG channels 
likewise as aggressive mass selling. The Indian 
nutraceuticals market is dominated primarily by 
pharmaceuticals and FMCG corporations with 
only a few pure play nutraceuticals corporations. 
Pharmaceutical and FMCG player’s active within 
the nutraceuticals house have diversified by 
introducing product extensions and developing 
variants beneath existing whole names. Several 
new sectors have declared aggressive 
investment plans that show in Fig. 5. The Indian 
nutraceuticals market valued at $1,480 million in 
2011 may grow to $2,731 million in 2016, a 
report said nowadays. According to the report by 
business analysis and consulting company Frost 
& amp; Sullivan, functional foods are going to be 
the fastest growing class followed by dietary 
supplements till 2015. The report claim that at 
this time the dietary supplements were the 
biggest class accounting for 64% percent of the 
nutraceuticals market. This market is driven 
primarily by the pharmaceutical sector in the form 
of sustenance and mineral supplements; it added 
[101]. 

 
Table 5. Nutraceuticals with different health claim s 

 
Nutraceuticals Health claim 
Potassium High blood pressure and stroke 
Plant sterol and plant sterol esters Coronary heart disease 
Soy protein Coronary heart disease 
Calcium Osteoporosis 
Fiber-containing grain products, fruits and Vegetables Cancer 
Folic acid Neural tube birth defects 
Dietary soluble fiber, such as that found in whole oats and psyllium 
seed husk 

Coronary heart disease 

Dietary sugar alcohol Dental caries (cavities) 
Dietary fat Cancer 
Dietary saturated fat and cholesterol Coronary heart disease 
Sodium High blood pressure 
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Table 6. Amount of L- Arginine in certain 
foods [106-7] 

 
S. 
No. 

Source  Weight (g)  Amount 
(mg) 

1 Abalone shell-fish 29.59 1247mg 
2 Almonds nuts 5 4986 
3 Apple 150 8 
4 Apples dried 0.147 148 
5 Apricots 114 48 
6 Banana 175 54 
7 Bluefish 85 1020 
8 Buttermilk 245 309 
9 Butter 14.1 4 
10 Cabbage chinese 70 59 
11 Carrot 110 48 
12 Cashew nuts 160 470 
13 Chocolate milk 250 287 
14 Celery 120 24 
15 Cheese wing 90 585 
16 Chicken brest 181 1870 
17 Chicken dark meat 109 1320 
18 Chicken drumstick 110 872 
19 Chicken legs 231 1890 
20 Chicken light meat 116 1470 
21 Chicken livers 32 352 
22 Cauliflower 100 96 
23 Corn 154 200 
24 Corn grits 242 114 
25 Cucumbers 104 36 
26 Dates fruit 83 55 
27 Eggs whole 50 147 
28 Garlic 3 19 
29 Hazelnuts 135 2480 
30 Hickory nuts 15 298 
31 Mango fruit 300 39 
32 Milk, human 246 105 
33 Milk, whole 244 291 
34 Milk, nonfat 120 1570 
35 Oats puffed 28.4 320 
36 Onions, green 100 6 
37 Orange juice 248 117 
38 Plain yogurt 227 237 
39 Peanuts 144 5050 
40 Pistachios 128 2790 
41 Pork leg 454 5530 
42 Potatos 150 140 
43 Soy bean sprouts 70 266 
44 Snail 85 2100 
45 Tomato soup 244 61 
46 Wheat flakes 33 171 

 
10. SAFETY AND CLAIM IN 

NUTRACEUTICALS 
 
Health claims on nutraceuticals that they serve to 
alert customers as a part of associate overall 
healthy diet, which can scale back the danger of 
certain diseases. The FDA at the start licensed 

seven health claims in 1993 as half of the 1990 
Nutrition Labeling and Education Act (NLEA). 
Since1993, the FDA has licensed six additional 
claims. In an endeavor to accelerate this info to 
customers, the Food and Drug Administration 
Modernization Act of 1997 enclosed a provision 
intended to speed up the method that establishes 
the scientific basis for health claims. In 2005, the 
National Academies Institute of medication 
associated National analysis Council created a 
superior committee to make an improved 
framework for the Federal Food and Drug 
Administration to judge dietary supplements. 
Though the improved framework fails to 
differentiate between "nutraceuticals" and 
"dietary supplements" with the continuing use of 
a broad definition and lacking bigger distinction, 
a cheap and scientifically based framework was 
required to judge the security of "dietary 
supplements" as well as those shopper product 
recognized internationally as "nutraceuticals" 
[37]. FDA regulated dietary supplements as 
foods to make sure that they were safe and 
wholesome whose labeling was truthful and not 
dishonorable. In 2006, the Indian government 
passed Food Safety and commonplace Act to 
integrate and streamline many rules covering 
nutraceuticals, foods, and dietary supplements. 
The act involves the creation of the Food Safety 
and Standards Authority (FSSA) [92]. Although 
food makers could use health claims to market 
their product, results in profit customers by 
providing information on healthful consumption 
patterns that will facilitate to scale back the risk 
of heart disease, cancer, pathology, high blood 
pressure, dental cavities or certain birth defects. 
Health claims are different from structure/function 
claims that additionally could appear on standard 
food or dietary supplement labels. Not like health 
claims, structure/function claims don’t deal with 
disease-risk reduction. Also, the FDA doesn't 
pre-approve or authorize structure/function 
claims. Rather, once the manufacturer uses a 
structure/function claim, the corporate is liable for 
making sure the claim is truthful and not 
dishonorable. Several educational, scientific and 
restrictive organizations are considering ways in 
which to determine the scientific basis to support 
claims (other than health claims) for the practical 
components of nutraceuticals. These are the five 
types of health-related statements allowed on 
food and dietary supplement labels: 
 
� Nutrient-content claims indicate the 

presence of a specific nutrient at a certain 
level. 



� Structure and function claims describe the 
effect of dietary components on the normal 
structure or function of the body.

� Dietary-guidance claims describe the 
health benefits of broad categories of 
foods. 

� Qualified health claims convey a 
developing relationship between 
components in the diet and risk of disease, 
as approved by the FDA and supported by 
the weight of credible scientific evidence 
available. 

� Health claims confirm a relationship 
between components in the diet and risk of 
disease or health condition, as approved 
by FDA and supported by significant 
scientific agreement [102]. 

 

The following are the FDA-approved health 
claims as shown in Table 5 a positive 
relationship between a certain compound and 
reduced risk of specific disease(s). 
 

Health claims are among the various types of 
claims allowed in food labeling. They show a 
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Structure and function claims describe the 
effect of dietary components on the normal 

ction of the body. 
guidance claims describe the 

health benefits of broad categories of 

Qualified health claims convey a 
developing relationship between 
components in the diet and risk of disease, 
as approved by the FDA and supported by 

eight of credible scientific evidence 

Health claims confirm a relationship 
between components in the diet and risk of 
disease or health condition, as approved 
by FDA and supported by significant 

approved health 
claims as shown in Table 5 a positive 
relationship between a certain compound and 

 

Health claims are among the various types of 
claims allowed in food labeling. They show a 

relationship between a nutrient (and other 
substances in a food) and a disease or health
related condition. Although one should remember 
that all essential amino acids cannot be delivered 
completely from natural sources [103].
 
10.1 Arginine 
 
Arginine an ergogenic (i.e., performan
enhancing) supplement, most notably in the 
“nitric oxide” (NO) class of supplements is a 
semi-essential amino acid involved in multiple 
areas of human physiology and metabolism. NO 
produced from it improves outcomes in various 
diseases [104]. L-arginine is readily available 
over the counter and is popular as a nutritional 
supplement to increase muscle mass. More 
recently, L-arginine has been tested as a 
potential therapeutic in numerous acute and 
chronic disease states, including sickle cell chest 
crisis, pulmonary artery hypertension, coronary 
heart disease, pre-eclampsia and myocardial 
infarction, because of its bronchodilator and 
vasodilator actions [105].  

 

 

Fig. 4. Nutraceuticals market in different countries 
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trient (and other 
substances in a food) and a disease or health-
related condition. Although one should remember 
that all essential amino acids cannot be delivered 
completely from natural sources [103]. 

Arginine an ergogenic (i.e., performance- 
enhancing) supplement, most notably in the 
“nitric oxide” (NO) class of supplements is a 

essential amino acid involved in multiple 
areas of human physiology and metabolism. NO 
produced from it improves outcomes in various 

e is readily available 
over the counter and is popular as a nutritional 
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potential therapeutic in numerous acute and 
chronic disease states, including sickle cell chest 
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eclampsia and myocardial 
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Table 7. Potential effects of L-arginine 
 

Disease Potential effects 
Human Immuno- 
deficiency Virus 
(HIV) 

Immune status was also improved as evident by an increase in CD3 and CD8 cells 
and a decrease in the HIV viral load with HMB/Arg/Gln supplementation [108]. 

Angina pectoris Administration of L-arginine has been shown to control ischemic injury by producing 
nitric oxide which dilates the vessels and thus maintains proper blood flow to the 
myocardium [109].  

Congestive heart 
failure 

Nitric oxide inhalation increased pulmonary capillary wedge pressure. L-arginine 
decreased heart rate mean systemic arterial pressure and systemic vascular 
resistance. L-arginine increased right atrial pressure, cardiac output, and stroke 
volume [110]. 

Atherosclerosis 
and coronary 
heart disease 

The effect of arginine is largely due to its metabolism to Nitric Oxide. The 
accumulated data suggest that enhancement of the Nitric Oxide Synthase pathway 
may be a novel therapeutic strategy in the treatment of atherosclerosis [111].  

Hypertension As a substrate for NO synthase, L-arginine may exhibit antihypertensive activities 
by augmenting the production of NO in endothelium and improving its bioavailability 
in vascular smooth muscle cells, which are essential to maintain vascular 
homeostasis [112].  

Intermittent 
claudication 

L-Arginine treatment elevated the plasma L-arginine/ADMA ratio and increased 
urinary nitrate and cyclic GMP excretion rates, indicating normalized endogenous 
NO formation. Restoring NO formation and endothelium-dependent vasodilation by 
L-arginine improves the clinical symptoms of intermittent claudication in patients 
with peripheral arterial occlusive disease [113]. 

Preeclampsia Availability of the substrate for nitric oxide synthesis (L-arginine) prolongs the 
latency to development of pre-eclampsia in a high risk population of women taking 
the amino acid supplement in the presence of antioxidant vitamins in a medicinal 
food. This relatively simple and low cost intervention may have value in reducing 
the risk of pre-eclampsia and associated preterm birth [114].  

Growth hormone 
secretion 
 

In rats, NO stimulates secretion of GH-releasing hormone (GHRH) and thus 
increases secretion of GH. However, it has also been observed that GHRH, in turn, 
increases production of NO in somatotroph cells, which subsequently blunts GH 
secretion. In humans, L-arginine stimulates pituitary GH release, but the 
mechanism is not fully clarified. Most studies suggest that an inhibition of 
somatostatin secretion is responsible for the effect [115].   

Ergogenic 
potential 

There is some evidence that L-arginine infusion increases glucose uptake during 
prolonged exercise and reduces lipolysis. It is possible that these effects are due to 
increases in NO production but more research is required to confirm this. There is 
also some evidence that oral L-arginine supplementation can interact with exercise 
training to increase the beneficial effects of exercise on capillary growth and insulin 
sensitivity. Further studies are required to elucidate the potential ergogenic and 
therapeutic potential of L-arginine [116].  

Burns and critical 
trauma 

Total parenteral nutrition increased arginine-to-ornithine conversion and 
proportionally increased irreversible arginine oxidation. The elevated arginine 
oxidation, with limited net de novo synthesis from its immediate precursors, further 
implies that arginine is a conditionally indispensable amino acid in severely burned 
patients [117].  

Cancer NO was first identified in endothelial cells, it is now recognized to be generated by a 
variety of cell types, including several tumor cell lines and solid human tumors. 
Unfortunately, the precise role of NO in cancer is poorly understood but it may 
influence tumor initiation, promotion, and progression, tumor-cell adhesion, 
apoptosis angiogenesis, differentiation, chemosensitivity, radiosensitivity, and 
tumor-induced immunosuppression [118].   

Gastritis and ulcer L-Arginine accelerated the ulcer healing and increased gastric blood flow at the 
ulcer margin, and angiogenesis, whereas treatment with NG-nitro-L-Arginine had 
an opposite effect. L-Arginine added to NG-nitro-L-Arginine restored the ulcer 
healing, hyperemia, and angiogenesis [119].    
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Disease Potential effects 
Gastro-
esophageal 
Reflux Disease 
(GERD) 
 

The results confirmed an essential role for acid and pepsin in the pathogenesis of 
acid reflux esophagitis in the rat model and further suggested that various amino 
acids affect the severity of esophagitis in different ways, due to yet unidentified 
mechanisms; L-alanine and L-glutamine exert a deleterious effect on the 
esophagitis, while L-arginine and glycine are highly protective, independent of 
endogenous prostaglandins and nitric oxide [120]. 

Erectile 
dysfunction 

Improved sexual performance had an initially low urinary NOx , and this level had 
doubled at the end of the study [121].  

Infertility NO is involved in the physiology, biology & pathophysiology of the reproductive 
system may have great clinical implications in developing therapeutic strategies to 
prevent NO-related reproductive disorders [122].  

Interstitial cystitis Interstitial cystitis symptom relief is associated with a significant increase in urinary 
nitric oxide synthase activity as well as in cyclic guanosine monophosphate level 
[123].  

Perioperative 
nutrition 

Arginine supplementation increases serum insulin-like growth factor (IGF-I) levels. 
Arginine supplementation further increased collagen deposition into subcutaneous 
catheters as reflected by increased levels of hydroxyproline [124]. 

Pre-term labour 
and delivery 

 L-Arginine significantly reduced the number of contractions, together with an 
increase of both serum growth hormone and nitrates levels [125].  

 
11. CONCLUSION 
 
Now a day’s variety of sickness like obesity, 
diabetes, metabolic syndromes that are life style 
sickness as they happens due to amendment 
within the life style they may be simply 
counteracted by changes within the diet i.e. by 
nutraceuticals so nutraceuticals are presently 
receiving recognition as being helpful in variety of 
sickness Nutraceuticals provides energy and 
nutrient supplements to body, that are needed        
for maintaining optimum health. At present, 
nutraceuticals are capturing pharmaceutical 
industry because these are helpful to human 
health with further advantage of nutrition with 
least or no side effect. Due to its wide scope, 
nutraceuticals became product of interest for 
numerous industries like food industry, biotech 
industry, agriculture industry as well as 
pharmaceutical industry. The future of 
nutraceuticals in Republic of India is bright 
because they need wealthy sources of raw 
materials, ease of availability economically 
available and don't have any or least aspect 
effects however still lots of labor has to be done 
on the nutraceuticals. 
 
ETHICAL APPROVAL  
 
It is not applicable. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

REFERENCES 
 
1. Rajasekaran A, Sivagnanam G, Xavier R. 

Nutraceuticals as therapeutic agents: A 
review. Res J Pharm Tech. 2008;1(4):328-
40.  

2. Prabu SL, Prakash S, Kumar CD, Kumar 
S, Ragavendran T. Nutraceuticals: A 
review. Elix Pharm. 2012;46:8372-7. 

3. Lahlou M. The success of natural products 
in drug discovery. Pharmacol & Pharm. 
2014;4:17-31 

4. Rajat S, Sharma M, Singh R, Kumar S. 
Nutraceuticals: A review. Int Res J Pharm. 
2012;3:95-9. 

5. Singh A, Dubey R, Paliwal RT, Gaurav KS, 
Singhai AK. Nutraceuticals- An emerging 
era in the treatment and prevention of 
diseases. Int J Pharm Pharm Sci. 2012;4: 
39-43. 

6. Gupta SK, Yadav SK, Patil SM. 
Nutraceuticals– A bright scope and 
opportunity of Indian healthcare market. Int 
J Res Dev Pharm L Sci. 2013;2:478-81. 

7. Sohaimy SA EI. Functional foods and 
nutraceuticals-modern approach to food 
science. World Appl Sci J. 2012;20:691-
708. 

8. Chaturvedi N, Sharma P, Shukla K, Singh 
R, Yadav S. Cereals nutraceuticals, health 
ennoblement and diseases obviation: A 
comprehensive review. J Appli Pharm Sci. 
2011;1:6-12. 

9. Felice De SL. FIM rationale and proposed 
guidelines for the nutraceuticals research 
and education act-NREA; 2002. 



 
 
 
 

Sharma et al.; BJPR, 11(3): 1-20, 2016; Article no.BJPR.24415 
 
 

 
16 

 

Available:http://www.fimdefelice.org/archiv
es/arc.researchact.html  
(Accesed 18 November 2015)  

10. Kelsey NA, Wilkins HM. Nutraceuticals 
antioxidants as novel neuroprotective 
agents. Molecules. 2010;15:7792-814. 

11. Yuan J, Linlin Lu. Dietary intake of 
resveratrol enhances the adaptive 
immunity of aged rats. Rejuvenation Res. 
2012;15(5):507–15. 

12. Okwu DE. Citrus fruits: A rich source of 
phytochemicals and their roles in human 
health. Int J Chem Sci. 2008;6:451-71. 

13. Khan RA, Elhassan GO, Qureshi KA. 
Nutraceuticals: In the treatment & 
prevention of diseases – An overview. The 
Pharm Innov J. 2014;3:47-50. 

14. Nadimi H, Wesamaa H. Are sugar-free 
confections really beneficial for dental 
health? Br Dent J. 2011;1-5. 

15. Martino F, Puddu PE. Dietary fibers and 
nutraceuticals for primary cardiovascular 
prevention in children and adolescents: A 
critical review. Food Nutri Sci. 2013;4:39-
47. 

16. Anderson JW, Baird P. Health benefits of 
dietary fiber. Nutri Rev. 2009;67:188–205. 

17. Singh P, Rani B, Maheshwari R. Healthy 
living with nutraceuticals. Int Res J Pharm. 
2011;2:12-4. 

18. Eisenreich W, Rohdich F, Bacher A. 
Deoxyxylulose phosphate pathway to 
terpenoids. Trends Plant Sci. 
2001;6(2):78-84. 

19. Martí-Andrés P, Gilabert LE. Simultaneous 
determination of pyridoxine and riboflavin 
in energy drinks by high-performance 
liquid chromatography with fluorescence 
detection. J Chem Educ. 2005;92:903–6.  

20. Shahidi F. Nutraceuticals, functional foods 
and dietary supplements in health and 
disease. J Food Drug Anal. 2012;20:226-
30. 

21. Dureja H, Kaushik D, Kumar V. 
Developments in nutraceuticals. Ind J 
Pharmacol. 2003;35:363-72. 

22. Nieves JW. Skeletal effects of nutrients 
and nutraceuticals, beyond calcium and 
vitamin D. Osteoporosis Int. 2013;24:771-
86 

23. Nicolosi R, Bell SJ. Plasma lipid changes 
after supplementation with glucan fiber 
from yeast. Am J Clin Nutr. 1999;70:8–12. 

24. Stier H, Ebbeskotte H, Gruenwald J, Stier.  
Immune-modulatory effects of dietary 

Yeast Beta-1, 3/1, 6-D-glucan. Nutr J. 
2006;13:1-9. 

25. Toru T, Toda E. Essential and non-
essential amino acids in relation to 
glutamate. Open Nutra J. 2011;4:205-12. 

26. Mejia EGD, Dia VP. The role of 
nutraceuticals proteins and peptides in 
apoptosis, angiogenesis, and metastasis of 
cancer cells. Cancer Metastasis Rev. 
2010;29(3):511–28.  

27. Ostlund RE Jr. Phytosterols in human 
nutrition. Annu Rev Nutr. 2002;22:533-49.  

28. Gil-Chávez GJ, José A Villa. Technologies 
for extraction and production of bioactive 
compounds to be used as nutraceuticals 
and food ingredients: An overview. Com 
Rev Food Sci Food Saf. 2013;12(1):5-23. 

29. Rosenbloom C. Energy drinks, caffeine, 
and athletes. Nutri Today. 2014;49:49-54. 

30. Penner R, Fedorak RN, Madsen KL. 
Probiotics and nutraceuticals: Non-
medicinal treatments of gastrointestinal 
diseases. Curr Opi Pharmacol. 2005;5(6): 
596–603. 

31. Oliveri CS. Nutraceuticals, phytochemicals, 
and antioxidants-what are they all about. 
OSU Extension Fact Sheet. 2003;5051-98. 

32. Chaturvedi S, Sharma PK, Garg VK, 
Bansal M. Role of nutraceuticals in health 
promotion. Int J Pharm Tech Res. 
2011;3(1):442-8. 

33. Peter Jones J. Clinical nutrition: Functional 
foods-more than just nutrition. Can Med 
Assoc J. 2002;166(2):1555-63. 

34. Bhowmik D, Gopinath H, Kumar BP, 
Duraivel S, Kumar KPS. Nutraceuticals – A 
bright scope and opportunity of indian 
healthcare market. The Pharm Innov. 
2013;1(11):29-41. 

35. Whitman M. Understanding the perceived 
need for complementary and alternative 
nutraceuticals: Lifestyle issues. Clin J Col 
Nurs. 2001;5(5):190-204. 

36. Kalra EK. Nutraceuticals - Definition and 
introduction. AAPS PharmSci. 2003;5(3): 
27–8. 

37. Hasler Clare M. Functional foods: Their 
role in disease prevention and health 
promotion. Food Tech. 1998;52:63-70. 

38. Sharma R, Singh RB. Bioactive foods and 
nutraceuticals supplementation criteria in 
cardiovascular protection. Open Nutr J. 
2010;3:141-53. 

39. Kulkarni C, Kulkarni S, Hamsa BR. L-
glutamic acid and glutamine: exciting 
molecules of clinical interest. Ind J Pharm. 
2005;37:148-54. 



 
 
 
 

Sharma et al.; BJPR, 11(3): 1-20, 2016; Article no.BJPR.24415 
 
 

 
17 

 

40. Ismail EH, Abdel-Mageed AI, Mohamed H, 
Khalil MMH. In vitro anticancer and 
biological activity studies for new 
synthesized transition metal ternary 
complexes. Int J Sci Res. 2015;4:107-12. 

41. Topo E, Soricelli A, D'Aniello A, Ronsini 
S, D'Aniello G. The role and molecular 
mechanism of D-aspartic acid in the 
release and synthesis of LH and 
testosterone in humans and rats. Reprod 
Biol Endocrinol. 2009;27:120.  

42. Richard DM, Dawes MA, Mathias CW, 
Acheson A, Hill-Kapturczak N, Dougherty 
DM. L-tryptophan: Basic metabolic 
functions, behavioral research and 
therapeutic indications. Int J Tryptophan 
Res. 2009;23:45-60. 

43. Tang L, Zhang YX, Hutchinson CR. Amino 
acid catabolism and antibiotic synthesis: 
Valine is a source of precursors for 
macrolide biosynthesis in Streptomyces 
ambofaciens and Streptomyces fradiae. J 
Bacteriol. 1994;176:6107–19. 

44. Sidney M, Morris J. Arginine: Beyond 
protein. Am J Clin Nutr. 2006;83(5):08S–
12S. 

45. Wall R, Ross RP. Fatty acids from fish: 
The anti-inflammatory potential of long-
chain omega-3 fatty acid. Nutr. 2010;68: 
280-9.  

46. Guoyao W, Bazer FW. Arginine meta-
bolism and nutrition in growth, health and 
disease. NIH Public Access. Amino Acids. 
2009;37:153–68.  

47. Handelman GJ, Nightingale ZD, 
Lichtenstein AH, Schaefer EJ, Blumberg 
JB. Lutein and zeaxanthin concentrations 
in plasma after dietary supplementation 
with egg yolk. Amer J Clini Nutr. 1999;70: 
247-51. 

48. Jillon S, Wal V, Marth JM. Short-term 
effect of eggs on satiety in overweight and 
obese subjects. J Am Coll Nutr. 
2005;24:510–5. 

49. Maryam S, Takemi F, Eunyoung Cho. 
Dietary protein sources in early adulthood 
and breast cancer incidence: Prospective 
cohort study. Br Med J. 2014;348:37. 

50. Ireneo MS, Ibanez MD. In vitro and in vivo 
cross-reactivity studies of legume allergy in 
a Mediterranean population. Carnes J Int 
Arch Allergy Immunol. 2008;147:222–30. 

51. Nanasombat S, Teckchuen N. 
Antimicrobial, antioxidant and anticancer 
activities of Thai local vegetables. J Med 
Plants Res. 2008;3:443-9. 

52. He K, Hu FB. Changes in intake of fruits 
and vegetables in relation to risk of obesity 
and weight gain among middle-aged 
women. Int J of Obesity. 2014;28:1569–74.  

53. Stancic A, Korac A. L-arginine in nutrition: 
Multiple beneficial effects in the 
etiopathology of diabetes. J Nutr Thera-
peutics. 2012;1(2):114-31. 

54. Salvadó OS, Agustench PC, et al. The 
effect of nuts on inflammation. Asia Pac J 
Clin Nutr. 2008;17(Suppl 1):333-6. 

55. Thimmappa S Anekonda. Resveratrol— A 
boon for treating Alzheimer's disease? 
Brain Res Rev. 2006;52(2):316–26. 

56. Valentová K, Vidlár A. Bio-safety and 
antioxidant effects of a beverage 
containing silymarin and arginine. A pilot. 
Food Chem Toxicol. 2013;56:178–83. 

57. Jonathan QM Hodgson, Kevin D Croft. Tea 
flavonoids and cardio vascular health. 
Mole Aspects Med. 2010;31:495–502. 

58. Theobald HE. Dietary calcium and health. 
Brit Nutr Foun Nutr Bull. 2005;30:237–77. 

59. German JB, Gibson RA. A reappraisal of 
the impact of dairy foods and milk. Eur J 
Nutr. 2009;48:191–203. 

60. Hou ZP, Yin YL, Huang RL. Rice protein 
concentrate partially replaces dried whey 
in the diet for early-weaned piglets and 
improves their growth performance. J Sci 
Food Agric. 2008;88(7):1187–93. 

61. Azadbakht L, Atabak S. Soy protein intake, 
cardio renal indices, and C - reactive 
protein in type 2 diabetes with nephro-
pathy. Diab Care. 2008;31(4):648-54. 

62. Venter CS, Vorster HH, Ochse R. Eat dry 
beans, split peas, lentils and soya 
regularly: A food-based dietary guideline. 
S Afr J Clin Nutr. 2013;26:S36-45. 

63. Daur I, Khan IJ. Nutritional quality of 
roasted and pressure-cooked chickpea 
compared to raw (Cicer arietinum L.) 
Seeds. Sarhad J Agric. 2008;24(1):117-22. 

64. Jukanti AK, Gaur PM. Nutritional quality 
and health benefits of chickpea (Cicer 
arietinum L.): A review. British J Nutr. 
2012;108:11-26. 

65. Cingi C, Meltem D, et al. The effects of 
spirulina on allergic rhinitis. Eur Arch 
Otorhinolaryngology. 2008;265:219–23. 

66. Schweigert BS, Guthneck BT. The amino 
acid composition of pork and lamb cuts. 
American Meat Institute Foundation, 
University of Chicago, Chicago; 1949. 



 
 
 
 

Sharma et al.; BJPR, 11(3): 1-20, 2016; Article no.BJPR.24415 
 
 

 
18 

 

67. Rennard BO, Ertl RF. Chicken soup 
inhibits neutrophil chemotaxis in vitro. 
Chest. 2000;118:1150-7.  

68. Simonin H, Duranton F, Lamballerie MD.  
New insights into the high-pressure 
processing of meat and meat products, 
comprehensive review. Food Sci Food Saf. 
2012;11:285–306. 

69. Idd MT, Kerr BJ. Dietary arginine and 
lysine ratios in large white toms. 2. Lack of 
interaction between arginine: Lysine ratios 
and electrolyte balance. Poul Sci. 
1998;77(6):864–9. 

70. Sakai Y, Murakami K, Yamamoto Y.  
Antihypertensive effects of onion on no 
synthase inhibitor-induced hypertensive 
rats and spontaneously hypertensive rats. 
Biosci Biotech Biochem. 2003;67(6):1305-
11.  

71. Ryu K, Ide N, Matsuura H, Itakura Y. N-
alpha (1-deoxy-d-fructos-1-yl)-L-arginine, 
an antioxidant compound identified in aged 
garlic extract. J Nutr. 2001;131(3s):972-6.  

72. Mishra A, Rastogi K, Joshi SR. Whole 
grains and health: Perspective for asian 
indians. J Assoc Physicians India.  2009; 
57:155-62. 

73. Sandoo A, Jet JCS, Zanten VV. The 
endothelium and its role in regulating 
vascular tone. Open Cardiovasc Med J. 
2010;4:302–12. 

74. Stanislavov R, Rohdewald P. Pacr (pine 
bark extract, L- arginine, L- citrulline, rose 
hip extract) improves emotional, physical 
health and sexual function in premeno-
pausal women. J Women’s Health Care. 
2014;3(6):1-6. 

75. Zou CH, Shao JH. Role of adipocytokines 
in obesity-associated insulin resistance. J 
Nutr Biochem. 2008;19:277–86. 

76. Schwedhelm E, Maas R. Pharmacokinetic 
and pharmacodynamics properties of oral 
L-citrulline and L-arginine: Impact on nitric 
oxide metabolism. Br J Clin Pharmacol. 
2008;65(1):51–9.  

77. Choudhury AK, Golovine SY. Golovine, 
Dedkova LM, Hecht SM. Synthesis of 
proteins containing modified arginine 
residues. Biochemistry. 2007;46(13):4066–
76.  

78. Eiman, Vita JA. The effect of L-arginine 
and creatinine on vascular function and 
homocysteine metabolism. Vasc Med. 
2009;14(3):239-48. 

79. Cruzat VF, Krause M. Amino acid 
supplementation and impact on immune 

function in the context of exercise. J Int 
Soc Sports Nutr. 2014;11(61):1-13. 

80. Helms ER, Aragon AA. Evidence-based 
recommendations for natural bodybuilding 
contest preparation: Nutrition and 
supplementation. J Int Soc Sports Nutr. 
2014;12(11):1-20.  

81. Horowitz JF. Fatty acid mobilization from 
adipose tissue during exercise. Trends 
Endocrinol Metab. 2003;14(8):386-92. 

82. Schwedhelm E, Maas R. Pharmacokinetic 
and pharmacodynamics properties of oral 
L-citrulline and L-arginine: Impact on nitric 
oxide metabolism. Br J Clin Pharmacol. 
2007;65:51–9. 

83. Liu T`H, Hung W. Effect of short-term 
arginine supplementation on vasodilation 
and performance in intermittent exercise in 
judo athletes. J Int Soc Sports Nutr. 
2010;1(2):7-12. 

84. Noyan G. L-Arginine and hypertension. J 
Nutr. 2004;134(10):2807-11. 

85. Hu FB. Plant-based foods and prevention 
of cardiovascular disease: An overview. 
Am J Clin Nutr. 2003;78(3 Suppl):544-51.  

86. Radhika PR, Rawat B, Singh M, Sivakum 
T. Nutraceuticals: An Area of Tremendous 
Scope. Int J Res Ayu Pharm. 2011;2:410-
5. 

87. Ross S. Functional foods: The food and 
drug administration perspective. 2000; 
71(Suppl 6):1735-8. 

88. Cencic A, Chingwaru W. The role of 
functional foods, nutraceuticals, and food 
supplements in intestinal health. Nutrients. 
2010;2(6):611-25. 

89. Bergman DA, Jeffrey RG, Hamilton CR. 
Medical guidelines for the clinical use of 
dietary supplements and nutraceuticals. 
Endocr Pract. 2003;9(5):417-70. 

90. Hutt PB. A guide to the FDA modernization 
act of 1997. Food Tech. 1998;52:54-60. 

91. FICCI study on Implementation of Food 
Safety and Standard Act 2006: An Industry 
Perspective. 
Available:http://www.Indiaenvironmentport
al.org.in/Files/food_safety_study.pdf 
(Accessed on 28 Dec 2015) 

92. Nutrition Bussiness Journal estemates 
(NBJ data).  
Available:http://newhope360.com/site-
files/newhope360.com/files/uploads/2013/0
4/TOC_Global_final.pdf  
(Accessed on 20 Dec 2015) 

93. Keservani RK. Nutraceutical and functional 
food as future food: A review. Der 
Pharmacia Lett. 2010;2(1):106-16. 



 
 
 
 

Sharma et al.; BJPR, 11(3): 1-20, 2016; Article no.BJPR.24415 
 
 

 
19 

 

94. Palthur MP, Palthur SS, Chitta SK. 
Nutraceuticals: A conceptual definition. Int 
J Phar Pharm Sci. 2010;2(3):19-27.  

95. Jose S. Nutraceuticals: A global strategic 
business report. 2010;c2012. 
Available:http://www.researchandmarkets.
com/reports/338402/nutraceuticals_global
_strategic_business_report  
(Accessed 28 Dec 2015) 

96. Patwardhan B, Warude D, Pushpangadan 
P, Bhatt N. Ayurveda and traditional 
chinese medicine: a comparative overview. 
J Evid Based Complement Alternat Med. 
2005;2(4):465–473. 

97. Rishi RK. Nutraceuticals: Borderline 
between food and drug. Pharm Rev; 2006. 
Available:http://www.kppub.com/articles/he
rbal-safety-pharma-review-
004/nutraceuticals-borderline-between-
food-and-drugs.html  

98. The Hindu Newspaper. Aug 05; 2002. 
Available:http://www.hindunewspaper.com 
(Accessed 28 Dec 2015) 

99. Nutr Business J. September. 1996;1:2. 
100. Pandey M, Verma SRK, Saraf AS. 

Nutraceuticals: New era of medicine and 
health. Asian J Pharm Clin Res. 2010;3: 
11-5. 

101. Shashank B. Capacity building in the 
Indian food industry: Opportunities and 
challenges. Proc. Ind.  Symp. 2006;23-5. 

102. Bagchi D. Nutraceuticals and functional 
foods regulations in the United States and   
around the world. Toxicol. 2006;221(1):1-
3. 

103. Singh P, Singh L, Sharma V. Microbeads: 
An approach to deliver amino acids and            
proteins. J Pharm Bio Res. 2013;3:388-96. 

104. Morris CR, Poljakovic M, Lavrisha L, 
Machado L, Kuypers FA, Morris SM. 
Decreased arginine bioavailability and 
increased serum arginase activity in 
asthma. Am. J. Respir. Crit. Care Med. 
2004;170:148-53. 

105. Appleton J. Arginine: Clinical potential of a 
semi-essential amino acid. Alt Med Rev. 
2002;7(6):512-22. 

106. Available:http://www.traditionaloven.com/tu
torials/l-lysine_rich_foods.html  
(Accessed on 25 Feb, 2016) 

107. Available:http://healthoracle.org/downloads
/A/Amounts%20of%20L-
lysine%20and%20L-
arginine%20amino%20acids%20in%20foo
ds.pdf  
(Accessed on 25 Feb, 2016) 

108. Clark RH, Feleke G, Din M, Yasmin T, 
Singh G, Khan FA, Rathmacher JA. 
Nutritional treatment for acquired 
immunodeficiency virus-associated 
wasting using beta-hydroxy beta-
methylbutyrate, glutamine, and arginine: A 
randomized, double-blind, placebo-
controlled study. JPEN J Parenter Enteral 
Nutr. 2000;24(3):133-9 

109. Tripathi P, Chandra M, Misra MK. Oral 
administration of L-arginine in patients with 
angina or following myocardial infarction 
may be protective by increasing plasma 
superoxide dismutase and total thiols with 
reduction in serum cholesterol and 
xanthine oxidase. Oxid Med Cell 
Longev. 2009;2(4):231-7.  

110. Bocchi EA, Vilella de Moraes AV, Esteves-
Filho A, Bacal F, Auler JO, Carmona MJ, 
Bellotti G, Ramires AF. L-arginine reduces 
heart rate and improves hemodynamics in 
severe congestive heart failure. Clin 
Cardiol. 2000;23(3):205-10. 

111. Cooke JP, Philip S. Tsao, arginine: A new 
therapy for atherosclerosis? Circulation. 
1997;95:311-2. 

112. Thomas GD, Zhang W, Victor RG. Nitric 
oxide deficiency as a cause of clinical 
hypertension: Promising new drug targets 
for refractory hypertension. JAMA. 2001; 
285:2055–7. 

113. Böger RH, Bode-Böger SM, Thiele W, 
Creutzig A, Alexander K, Frölich JC. 
Restoring vascular nitric oxide formation by 
L-arginine improves the symptoms of 
intermittent claudication in patients with 
peripheral arterial occlusive disease. J Am 
Coll Cardiol. 1998;32(5):1336-44. 

114. Vadillo-O F, Otilia P, Salvador E, Marco A, 
Avila-Vergara, Isabel I, Ahued R. Effect of 
supplementation during pregnancy with L-
arginine and antioxidant vitamins in 
medical food on pre-eclampsia in high risk 
population: Randomised controlled trial. 
BMJ. 2011;342:(2901):1-8. 

115. Fisker S, Nielsen S, Ebdrup L, Bech JN, 
Christiansen JS, Pedersen EB, Jørgensen 
JO. The role of nitric oxide in L-arginine-
stimulated growth hormone release. J 
Endocrinol Invest. 1999;22(5 Suppl):89-93. 

116. Glenn K McConell. Effects of L-arginine 
supplementation on exercise metabolism. 
Curr Opin Clin Nutr Metab Care. 
2007;10:46–51. 

117. Yu YM, Ryan CM, Castillo L, Lu XM, 
Beaumier L, Tompkins RG, Young VR. 
Arginine and ornithine kinetics in severely 



 
 
 
 

Sharma et al.; BJPR, 11(3): 1-20, 2016; Article no.BJPR.24415 
 
 

 
20 

 

burned patients: increased rate of arginine 
disposal. Am J Physiol Endocrinol 
Metab. 2001;280(3):E509-17. 

118. Lind S. Arginine and Cancer D. J. 
Nutr. 2004;134(10):2837S-2841S. 

119. Brzozowski T, Konturek SJ, Sliwowski Z, et 
al. Role of L-Arginine, a substrate for nitric 
oxidesynthase, in gastroprotection and 
ulcer healing. J Gastroenterol. 1997;32: 
442-52. 

120. Nagahama K, Nishio H, Yamato M, Koji. 
Orally administered L-arginine and glycine 
are highly effective against acid reflux 
esophagitis in rats. Takeuchi Med Sci 
Monit. 2012;18(1):BR9–BR15. 

121. Chen, Wollman, Chernichovsky, Iaina, 
Sofer, Matzkin. Effect of oral administration 
of high-dose nitric oxide donor l-arginine in 
men with organic erectile dysfunction: 

Results of a double-blind, randomized, 
placebo-controlled study. BJU. 1999;83(3): 
269–273. 

122. Garg V, Garg SP. Role of nitric oxide in 
male infertility. J Indian Acad Forensic 
Med. 2011;33(1):65-8. 

123. Shannon D Smith, Marcia A Wheeler, 
Harris E Foster Jr, Robert M Weiss. 
Improvement in interstitial cystitis symptom 
scores during treatment with oral L-
arginine. J Urol. 1997;158:703-8. 

124. Kirk SJ, Hurson M, Regan MC, et al. 
Arginine stimulates wound healing and 
immune function in elderly human beings. 
Surgery. 1993;114:155-160. 

125. Facchinetti F, Neri I, Genazzani AR. L-
arginine infusion reduces preterm uterine 
contractions. J Perinat Med. 1996;24:283-
5. 

 
© 2016 Sharma et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
  Peer-review history: 

The peer review history for this paper can be accessed here: 
http://sciencedomain.org/review-history/14058 


