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	ABSRTACT

	Nutraceuticals are bioactive substances of natural origin. They are products derived from food sources with the capacity to provide extra health benefits in addition to the basic nutritional value found in foods. It encompasses dietary supplements, herbal products, probiotics and prebiotics, and functional foods meant for the prevention and treatment of diseases. Depending on the chemical composition, nutraceutical products may prevent chronic diseases, improve health, delay aging, increase life expectancy, and boost the immune system. They are used as an alternative to synthetic drugs to promote health quality and boost the nutritional values of diets. They are accepted universally by all age groups because of their safety, quality, purity, efficacy, health-promoting potential, and therapeutic potential. However, this review article is aimed at discussing the history, classification, health benefits, and disease prevention potentials of nutraceuticals.
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Introduction 
The last 50 years have seen a significant shift in human lifestyles as a result of urbanization, industrialization, hectic schedules, and shifting cultural norms. Due to these factors, people now eat junk food and fast food, which are both quick and tasty. These practices have adversely impacted food's nutritional value and gradually reduced both the quantity and quality of its nutrients. Immune dysfunction, metabolic diseases, and degenerative diseases have all increased as a result of these dietary changes. People are now more aware of their health than ever before, and they are deeply concerned with how to manage it.1 The health sector has, however, received a lot of attention as a result of recent developments in medicine, phytomedicine, nutritional science, the food industry, and health care. The areas of nutraceuticals, foods, and phytonutrients have seen the most recent advancements.1 
Any nontoxic food ingredient that has been used to promote health, including the prevention and treatment of diseases, is referred to as a nutraceutical. The term nutraceuticals was derived from nutrition and pharmaceuticals by Stephen Defelice, who is the founder and chairman of foundation for innovative medicine.2 A food or component of a food that offers medicinal or health benefits, including the prevention and treatment of diseases, is referred to as a nutraceutical.3 Isolated nutrients, herbal products, dietary supplements, genetically modified foods, and processed food products are all examples of nutraceuticals.
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Vitamins, lipids, proteins, carbohydrates, minerals, and other essential nutrients are typically found in nutraceuticals.4 
 
Nutraceuticals
A nutraceutical is a product that is isolated or purified from natural sources (plants or animals) and sold in medicinal form (or as a food supplement) to provide pharmacological or health benefits, such as disease prevention and treatment.3 The concept of Nutraceuticals went back three thousand years ago when Hippocrates emphasized that, ‘let food be your medicine and medicine be your food.2
Nutraceuticals are food-derived products that are claimed to provide additional health benefits in addition to the basic nutritional value found in foods. Products may prevent chronic diseases, improve health, delay the aging process, increase life expectancy, or support the structure or function of the body, depending on their chemical composition.5
Nutraceuticals creates a new era of research to promote quality of life. It can reduce the risk of disease onset by retaining normal health condition, and improving immunity.4 Treatment approaches of disease in modern medicines seek complementary or alternative beneficial products, and nutraceuticals filled into this gap.5 
 
Classification of Nutraceuticals
Nutraceuticals or functional foods can be classified on the basis of their natural sources (plants, animals, minerals or microbial), pharmacological conditions or chemical constitution of the products (Figure 1).6
 
Dietary supplement
A dietary supplement is a product that contains dietary nutrients derived from food products with the intention of adding further nutritional value to the diet. They could be in powder, liquid, capsule, pills or tablet form.8 A dietary supplement is a product taken orally, and contains dietary ingredient (vitamins, minerals, amino acids and antioxidants) with the intention of supplementing the diet. Dietary supplements can also be extracts or concentrates, which could be found in forms of softgels, gelcaps, or powder.9
 
Nutrients: Substances such as vitamins, minerals, amino acids and fatty acids are basic examples of nutrients (Table 1). They play vital roles in the metabolic function of the body systems. For example, vitamins play an important role in metabolism and enzyme systems. Minerals are important for immunity, reproduction, and growth. Amino acids serve as building blocks for proteins to help the body, break down food and repair body tissue. Fatty acids are responsible for healthy cell membrane, skin and hairs and proper functioning of nervous system, immune system and hormones.10, 11                
 
Herbals: With the aid of herbs (plants), nutraceuticals have a great deal of potential to enhance health and prevent chronic diseases. Before the use of modern clinical drugs, plants were and are still used for the treatment of diseases. These healing plants are known to have therapeutic benefits or act as building blocks for the synthesis of useful drugs.12,49,50,51 Examples of common herbs used as nutraceuticals are presented in Table 2.                                                                                                                                 
Phytochemicals: Phytochemicals are chemical compounds produced by plants, which also acts as nutraceuticals. These are chemicals found in plants and have disease protective or pharmacological properties.6 Examples of phytochemicals (Figure 1) include; alkaloids, flavonoids, tannins, phenolic compounds, steroids, terpenoids, carotenoids, saponins, and so on.
Dietary intake of phytochemicals may promote health benefits, and could also aid in protection against chronic degenerative disorders such as cancer, diabetes, inflammation, coronary heart diseases, ulcer, viral and parasitic infections. For example, carotenoids found in various fruits and vegetables are anticarcinogenic, boost immune cells and protect cornea against ultraviolet light.1 Examples some phytochemicals and their health benefits are presented in Table 3.
 
Antioxidants: They are compounds that helps prevent or defend the body against free radical damage, and are critical for maintaining optimum health and well-being. Damage to cells caused by free radicals is believed to play a vital role in aging process and disease progression. Free radicals are capable of attacking the healthy cells of the body, causing them to lose their structure and function. Antioxidants are capable of stabilizing or deactivating free radicals that are capable of attacking healthy cells. Antioxidants are very important for maintaining optimal cellular and systemic health and well-being.13 Examples of antioxidants (Figure 3) include; ascorbic acid, anthocyanin, tocopherol and β-carotene.
 
Probiotics: These are microbial feed supplements that help the balance of bacteria in the intestines. Lactose intolerance, irritable bowel syndrome, inflammatory bowel disease, acute diarrhea, and gastrointestinal disorders are all treated with some probiotics. They aid in the synthesis of a particular enzyme called galactosidase, which hydrolyzes the problematic lactose into its constituent sugar. Probiotics commonly include the bacteria Lactobacillus and Bifidobacterium.13 
 
Prebiotics: These are substances that stimulate the activity or growth of microorganisms (like bacteria and fungi) in an effort to benefit their host. The most typical instance is in the digestive system, where prebiotics can change the makeup of the bacteria in the gut microbiome. Prebiotics are fiber-based substances that have laxative effects. Prebiotics can improve the bioavailability and uptake of minerals, promote satiety, and aid in weight loss, among other health advantages.13
 
Nutraceutical enzymes: Enzymes play a crucial role in numerous biological processes and are a vital component of the body. Many signs of obesity, digestive issues, hyperglycemia, and hypoglycemia disappear when enzyme supplements are added to diets.14
 
Dietary fiber: Dietary fibers are foods or plant materials that are digested by gut microflora rather than being hydrolyzed by digestive tract enzymes. Dietary fibers are carbohydrate polymers that are neither digested nor absorbed in the small intestine and have a degree of polymerization not lower than three. Non-starchy polysaccharides like cellulose, hemicellulose, gum, pectin, lignin, and resistant dextrin are examples of dietary fiber.2
 
 
Table 1: Nutrients and their benefits3, 9
 
	Nutrients
	Potential Benefits

	Vitamin A
	Antioxidant, needed for vision and treatment of certain skin disorder

	Vitamin E
	Helps in formation of blood cells, muscle, lungs and nerve tissue, boosts immune system.

	Vitamin C
	Beneficial for bones, gums, teeth and skin, wound healing and also prevent common cold.

	Vitamin K
	Vital for blood clotting

	Vitamin B1
	Essential in neurologic functions and helps to convert food into energy

	Vitamin B2
	Helps in energy production and other chemical processes in the body, helps maintain healthy eyes, skin and nerve functions.

	Vitamin B3
	Maintain proper brain functions.

	Vitamin B6
	Synthesize amino acids and metabolism of fats, protein and carbohydrate, helps to produce the genetic material of cells, RBCs formation, maintain CNS system.

	Vitamin B7
	Part of an enzyme needed for energy metabolism.

	Vitamin B12 
	Part of an enzyme needed for making new cells, essential for nerve functions.

	Vitamin D
	Needed for proper absorption of calcium.

	Vitamin E
	Helps in the protection of cell walls and also, as an antioxidant.

	Folic acid
	RBCs formation and protection against cardiovascular diseases.

	Calcium 
	Fortify bones and teeth, important in functioning of nerve, muscle and glands

	Iron 
	Helps to produce energy, carry and transfer oxygen to tissues

	Magnesium 
	Maintain a healthy nerve and muscle function, useful in bone formation, may help to prevent premenstrual syndrome.

	Phosphorus 
	Strong bones and teeth, helps in the formation of genetic material, energy production and storage.

	Chromium 
	Helps to convert carbohydrates and fats into energy.

	Cobalt 
	Essential component of vitamin B12, but ingested cobalt is metabolized in vivo to form the B12 coenzymes.

	Copper 
	Vital for production of hemoglobin and collagen, healthy functioning of the heart, energy production, absorption of iron from digestive tract.

	Fatty acids
	Reduces cancer and also improve body composition.

	Mono saturated 
fatty acids
	Reduce risk of coronary heart diseases.

	Omega 3
	Reduce risk of cardiovascular diseases.

	Phenylalanine
	It plays an integral role in the structure and function of proteins and enzymes and the production of other amino acids.

	Tryptophan 
	A neurotransmitter that regulates your appetite, sleep, and mood.

	Histidine 
	A neurotransmitter that is vital to immune response, digestion, sexual function, and sleep-wake cycles. 

	Leucine
	Essential for protein synthesis and muscle repair. It also helps regulate blood sugar levels, stimulates wound healing, and produces growth hormones.

	Methionine
	This amino acid plays an important role in metabolism and detoxification. It’s also necessary for tissue growth and the absorption of zinc and selenium.

	Isoleucine
	It helps in muscle metabolism and is heavily concentrated in muscle tissue. It’s also important for immune function, hemoglobin production, and energy regulation.

	Lysine
	Lysine plays major role in protein synthesis, calcium absorption, and the production of hormones and enzymes. It’s also important for energy production, immune function, and the production of collagen and elastin.

	Valine
	Valine helps stimulate muscle growth and regeneration and is involved in energy production.


 
 
Table 2: Common herbals as nutraceuticals6
 
	Name 
	Constituents 
	Health benefits

	Garlic (Allium sativum)
	Alliin and allicin
	Anti-inflammatory, antibacterial

	Ginger (Zingiber officinale)
	Zingiberene and gingerols
	Stimulants, hyperglycemia, throat ache and chronic bronchitis

	Turmeric (Curcuma longa)
	Curcumin 
	Anti-inflammatory, anticancer, antiarthritic and antiseptic

	Onion (Allium cepa)
	Allicin and alliin
	Hypoglycemic, antibiotic and anti-atherosclerosis

	Ginseng (Panax ginseng)
	Ginsenosides and panaxosides
	Stimulating immune and nervous system and adaptogenic properties.

	Aloes (Aloe barbadensis)
	Aloins and aloesin
	Anti-inflammatory and wound healing properties

	Ginkgo (Ginkgo biloba)
	Ginkgolide and bilobalide
	Memory enhancer and antioxidant


 
 
Fortified nutraceuticals
Nutraceuticals that have been fortified with additional ingredients can serve a specific medical or physiological purpose in addition to their nutritional value. It is food that has been fortified with additional nutrients or ingredients. Examples include orange juice fortified with calcium, milk fortified with vitamin D, and cereal flour fortified with folic acid and fiber. Nutraceuticals that have been fortified during processing are then released or given to consumers with additional nutritional or therapeutic benefits.15
 
Farmaceuticals or recombinant nutraceuticals
The term "farmaceutical" combines the words "farm" and "pharmaceuticals." A pharmaceutical is a substance with high medical value that is made from altered plants or animals, typically through biotechnology. It includes foods that provide energy, such as bread, alcohol, fermented starches, yogurt, cheese, vinegar, and other biotech-produced goods. Biotechnology, for instance, is used to produce probiotics, extract bioactive components through fermentation or enzyme processes, and create genetically modified products.15 
Health Benefits of Nutraceuticals
There are numerous advantages of nutraceuticals for disease prevention and health promotion (Figure 4). It protects against non-communicable diseases, slows down the aging process, increases lifespan, and enhances the body's metabolic processes.16 Nutraceuticals have numerous bioactivities, which make them a potent therapeutic agent with a lot of health benefits. 
 
Antioxidant activity
Free radical scavenging properties in several nutraceuticals have been reported. Onions, garlic, grapes, rosemary, spinach, turmeric, and parsley all have significant antioxidant properties, according to research.18 Numerous neurodegenerative diseases, including Parkinson's and Alzheimer's, are prevented by dietary supplements with antioxidant potential.19
 
Gastro-intestinal health 
Many people around the world experience different digestive disorders, including diverticulitis, ulcerative colitis, food allergies, and irritable bowel syndrome. However, nutraceuticals have the capacity to lessen oxidative and antigenic insults in a person's gastrointestinal tract. For instance, flavonoids and polyphenols have been linked to cytoprotective and gastroprotective effects as well as antioxidant activity. A neurotransmitter called glutamate, which is found in the gut, contributes significantly to the development of infant gastric mucosa as well as improved neonatal gastrointestinal function and gastric emptying.20 Probiotics and other herbal nutraceuticals have a special place in maintaining a healthy digestive system. It strengthens the body's natural gut defense mechanisms, encourages the growth of beneficial microflora, and slows the growth of dangerous bacteria. Additionally, it lessens lactose intolerance and guards against gastrointestinal issues.21
 
Reproductive health
The ability of both men and women to reproduce is significantly influenced by nutraceuticals. Nutraceutical food supplements improve sperm quality, treat sperm dysfunction, and increase sperm count by 60 % in men. Nutraceuticals increase sperm mobility and also shield sperm from oxidative damage.22 It lowers the chance of preterm labor in the case of female reproduction and affects steroid production at the cellular level. Women suffering from menstrual pain are relieved by nutraceuticals. It also corrects the improper sex hormone metabolism brought on by nutritional deficiencies. Nutraceuticals may have an impact on reproductive function, ovarian pathology, and hormone functions.23
 
Stem cell growth
By stimulating and attracting endogenous stem cells to the site of injury, certain nutraceuticals have significant effects on stem cell growth and proliferation and contribute significantly to tissue regeneration and healing. Our immune system is strengthened by nutraceuticals like green tea, catechins, carnosine, vitamin D, polyunsaturated fatty acids (PUFA), and essential amino acids.22
 
Prolonging life span
Citrus fruits and soybeans both contain nutrients that have an impact on autophagy, necrosis, and epigenetic modifications.24, 25 According to studies, spermidine and its derivatives increase autophagy, which extends human lifespan. In addition to being antimicrobial, antioxidant, anti-rheumatic, and carcinogenic, fruits, vegetables, and herbs also contain caffeine and rosmarinic acid. They could lengthen a healthy life span.21 
 
Renal and excretory health
The excretory system is significantly influenced by nutrients like magnesium citrate, potassium citrate, lutein, lycopene, and xeaxanthin. These roles, for instance, include promoting healthy oxalate excretion in the urine, protecting the kidneys, enhancing urinary bladder health, balancing calcium accumulation, crystallization of calcium and oxalate, and maintaining normal microbial flora in the bladder and urinary tract.22
 
Significance of Nutraceuticals on Disease Prevention
The use of nutritional supplements is essential in the fight against disease and illness. It aids in preventing non-communicable diseases, slowing down the aging process, extending life expectancy, and enhancing the body's metabolic processes.26
 
Cancer
Cancer can be prevented by using nutraceuticals that are high in bioactive dietary components.27 The anti-mutagenic and anti-carcinogenic properties of herbal nutraceuticals was reported by Dutta et al.26 Lycopene and carotenoids both have antioxidant properties that are useful in the treatment of cancer. Antioxidants reduce oxidative stress by quenching oxygen. Nutraceuticals inhibit DNA transcription in tumors and regulate DNA-damaging factors in cells.28 Fruits and vegetables contain chemopreventive elements that may have anti-carcinogenic properties.
 
Table 3: Some phytochemicals and their health benefits3
 
	Phytochemicals 
	Sources 
	Health benefits

	Flavonols 
	Onions, apples
	Antioxidant

	Anthocyanins 
	Blueberries, blackberries
	Antioxidants, anti-inflammation and antidiabetic

	Phenolic acids
	Berries, legumes, whole wheat bran
	Reduce oxidation of LDL cholesterol, reduce cancer, strong antioxidant

	Curcumin 
	Turmeric root
	Anti-inflammatory, antioxidant and anti-clotting agent

	Saponins 
	Soy beans, vegetables
	Anticancer (effective against colon cancer), lowers cholesterol

	Isoflavonones 
	Soy beans, maize, legumes, lentil seed
	Lowers cholesterol, antioxidants, prostate, breast, bowel and other cancers

	β-carotene
	Oat, vegetables, fruits, carrots
	Antioxidant, protect cornea against UV light

	Lutein and Zeoxanthine
	Corn, avocado, egg yolk, spinach, citrus, rice bran
	Improves vision, cataracts, anticancer (colon)

	Lycopene 
	Tomatoes, watermelon, grape fruit, guava, pawpaw
	Antioxidant, anticancer (prostate, bladder, cervical, leukemia), lowers cholesterol level


 
Table 4: List of marketed nutraceutical products 6
 
	Products
	Category
	Contents

	Calcirol D-3
	Calcium supplement
	Calcium and vitamins

	GRD
	Nutritional supplement
	Proteins, vitamins, minerals and carbohydrates

	Proteinex 
	Protein supplement
	Predigested proteins, vitamins, minerals and carbohydrates

	Omega woman
	Immune supplement
	Antioxidants, vitamins and phytochemicals

	Coral calcium
Brahmi
 
 
Phenorex
BrainShiner
	Calcium supplement
Brain supplement
 
 
Fat burner
Memory booster
	Calcium and trace minerals
Protein, minerals, vitamins, fibre, carbohydrate and nicotinic acid
Bitter orange
 
Ginkgo biloba and ginseng


 
 
For instance, the antioxidant beta-carotene in yellow and orange fruits has anticancer properties. They aid in preventing the action of tumor-promoting enzymes. Garlic contains sulfur compounds that strengthen the immune system, lower atherosclerosis, and stop platelet aggregation.29 Recent research has demonstrated that herbal nutraceuticals can affect the metastatic spread of cancer.30
 
Diabetes
Herbal nutraceuticals have proven to offer effective therapeutic benefits on type 2 diabetes. Isoflavones and omega 3 fatty acids lowers mortality and incidence of diabetes, promote insulin sensitivity, reduce glucose tolerance and reduce the sugar level in blood to normal. Antioxidants such as lipoic acid, catechins, fenugreek and cinnamon are used to treat diabetic neuropathy, nephropathy and retinopathy.31 Nutrients such as magnesium, calcium, chromium and vitamin D promotes insulin sensitivity and also improves glycemic control.31 Furthermore, caffeic acid reduces elevated plasma glucose in insulin resistant patients, green tea and epicatechin 3 gallate reduces fasting and postprandial glucose and improves insulin resistance. Bitter melon and pomegranates are good for diabetes because, it regulates the metabolism and aid the transportation of glucose from the blood into the cells.31
 
Obesity
A medical condition known as obesity is characterized by the buildup of excess body fat. Excellent anti-obesity properties can be found in nutraceuticals like psyllium, capsaicin, and conjugated linoleic acid. Chitosan, caffeine, fenugreek, vitamin C, green tea, curcumin, and bottle gourd are herbal nutraceuticals that aid in body weight reduction.32, 33 Leptin and other cytokines that they secrete help lower LDL and total cholesterol and control food intake.34, 35
Cardiovascular diseases (CVDs)
In addition to quercetin found in apples, berries, cherries, and onions, dietary supplements such as flavonoids, flavones, and flavanones, as well as other antioxidant vitamins and minerals, may help lower CVD-related mortality. They work by blocking the cyclooxygenase pathway and stopping the angiotensin-converting enzyme (ACE), which raises blood pressure, from doing its job. By using lipid-lowering nutraceutical supplements and maintaining a healthy nutritional lifestyle, CVDs may be controlled.36, 37
 
Oral diseases
Odontonutraceuticals are a recent development in the nutraceutical industry. In dentistry, it serves as a phytotherapeutic agent.38, 39 It is important for the treatment of oral disorders. Green tea, grape, and cocoa seed extracts, which are high in polyphenols, flavonoids, and proanthocyanidins, are examples of odontonutraceuticals.40 Aloe vera gel helps patients with oral lichen planus disease by healing mucosal wounds and reducing pain. Additionally, probiotics are a type of nutraceutical that aids in the prevention of halitosis, malodor, dental caries, and gingivitis.41
 
Osteoarthritis
All joint tissues are impacted by osteoarthritis. The cartilage is degraded by a combination of biochemical and mechanical factors.42 Joint pain makes it harder to exercise, which leads to an energy imbalance and weight gain. The complications are treated with nutraceuticals like chondroitin sulfate, glucosamine, banana, ginger, green tea, curcumin, avocado, and soybean.43 Antioxidant nutritional supplements are very effective in treating joint damage, pain, and inflammation.44 Olive oil application also lessens swelling, stiffness, and pain.45
 
Parkinson’s disease
Parkinson’s disease is known as brain damage which occurs due to neurodegeneration. It is the second most common age related disorder in the world.46 Herbal nutraceutical of Indian origin (Brahmi) is a natural brain tonic that helps in mental peace and relaxation, migraine, headache, insomnia, depression, anxiety, brain cell rejuvenation, blood circulation in the brain, memory function improvement and hormone secretion.47 Researches have shown the potent use of dietary supplement (inosine) in slowing the progression of Parkinson’s disease.48
 
[image: OEBPS/images/image0001.jpg] 
Figure 1: Extensive classification of nutraceuticals7
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Figure 2: Examples of plant phytochemicals
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Figure 3: Examples of plant antioxidants
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Figure 4: Role of nutraceuticals in health promotion and disease prevention17
 
Commercial Nutraceuticals
Nutraceuticals are used to treat a wide range of medical conditions, including arthritis, colds and coughs, sleeping disorders, digestion, the prevention of certain cancers, osteoporosis, blood pressure, cholesterol control, pain relievers, depression, and diabetes. However, various companies have branded nutraceuticals as therapeutic agents for boosting the immune system and preventing disease. Table 4 contains a list of some commercially available nutraceuticals.
 
Conclusion 
Nature has been, and is still a source of medicinal agents for thousands of years. Currently, research is being done on medicinal plants worldwide. Plants have been used for the healing of diseases before the use of recent clinical drugs. Such medicinal plants are also recognized to have nutraceutical potential. Nutraceuticals are products derived from food sources, with the capability of providing extra health benefits, in addition to the basic nutritional value found in foods. Depending on the chemical composition, products may prevent chronic diseases, improve health, delay aging process, increase life expectancy, or support the structure or function of the body. They are universally accepted by all age groups due to their safety, quality, purity, efficacy, health promoting and disease curing efficacies.
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