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Abstract

Curative and nutritional resources have been discovered in medicine and edible plants. It is an extensive
pharmacognostic study of edible, nutraceutical and medicinal plants in relation to its historical aspect, classification,
composition of the phytochemicals, pharmacological activity and the research methodology that is currently being
carried out. It also discusses the problem of standardization, regulatory problems and safety and makes prospects based
on nutraceutical innovation and drug discovery. Considerable phytoconstituents such as polyphenols, flavonoids,
terpenoids, alkaloids, and vitamins are studied in light of their nutraceutical worth. Bioactive compounds and their
health benefits of some of the plants were discussed which include turmeric (Curcuma longa), garlic (Allium sativum),
green tea (Camellia sinensis), ginger (Zingiber officinale), amla (Phyllanthus emblica) and soy (Glycine max). The
paper has found out that pharmacognosy has been the focus of discovery, authentication and standardization of the
nutraceuticals, linguistic knowledge and modern scientific innovation.
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Graphical Abstract

1. Introduction

Nutraceuticals as a concept have entered the realm of nutrition, medicine, and pharmacology as an efficient
intermediary. Nutraceuticals are a heterogeneous category of products whose source is mainly natural that can be
vegetable in nature but may also contain bioactive substances, which may help to promote health and reduce the risk of
disease [1]. The mechanism of action of nutraceuticals is numerous and it promotes general well-being and prevention
of chronic diseases by enhancing the natural defense mechanisms of the body unlike the synthetic pharmaceuticals
which are specifically developed to treat a certain illness. The increase in chronic diseases in our lifestyle such as
cardiovascular diseases, diabetes, obesity and cancer in the world has aided the quest in the preventive and safer health
interventions [2].

Phytochemicals (polyphenols, flavonoids, terpenoids, alkaloids and glycosides) are ubiquitous and are highly abundant
in plants and have anti-oxidant, anti-inflammatory, and immunomodulatory activity [3]. These natural products assist in
maintaining physiology balance, in addition to decreasing oxidative stress and in managing cellular signaling pathways
that affect the formation of the disease. Edible foods, including turmeric, garlic and ginger, are good examples of foods
with medicinal values [4]. They not only possess the nutrients necessary but they also contain the bioactive compounds
which prevent or reduce the disease by the constant intake. This duality in property is a sign of this anti-catabolic
activity to depict the increased significance of plant-based nutraceuticals in the contemporary preventive medicine [5].

Pharmacognosy is a scientific examination of natural drugs obtained by plants or other sources that is a crucial ground
of nutraceutical examinations. It provides methodology of identifying, authenticating, standardizing, and assessing
bioactive plants of medicinal and edible plants. The pharmacognostic analysis is useful to determine the purity, safety,
and effectiveness of nutraceutical product [6]. In addition, pharmacognosy bridges between the traditional knowledge
system and the current biomedical studies and in the process, ancient knowledge on how plants can be used as a healing
agent is translated into evidence-based and tested nutraceuticals that could be used globally [7].

2. Historical Background

The influences of various plants upon the body were studied by early man and he instructed himself what was safe to
eat and what possessed medicinal power. This body of empirical knowledge gradually got organized into systems of
medicine, some of which continue to thrive to this day. Ayurveda is a concept that cannot be divided as it is one of the
oldest ancient medical traditions in the world [8]. The nutraceutical philosophy is in Ayurvedic philosophy “Let food be
thy medicine, and medicine be thy food”. The plants used in this regime, such as turmeric (Curcuma longa), ginger
(Zingiber officinale), and amala (Phyllanthus emblica) are also eaten and used as a remedy to normalize the body
doshas of Vata, Pitta, and Kaph. It is said that these herbs maintain the entire body alive and do not allow it to be
diseased because of the replenishing and revitalizing qualities of these herbs [9].
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Traditional medicinal plants (TCM) has also given much emphasis on balance and the equilibrium of Yin and Yang,
and food and herbs may serve as a supplement method of ensuring health [10]. Edible plants such as green tea 

(Camellia sinensis), ginseng (Panax ginseng), and soy (Glycine max) are long used to keep and regulate the functions of 

the organs [11]. The Unani system of medicine which has got its origin in Greco-Arabic traditions also gives great 

importance to the role of diet to maintain the balance of four humors of the body: blood, phlegm, yellow bile, and black 

bile [12]. Foods and herbs are classified based on their temperament and are used respectively to restore the humors.
Every one of these classical systems is cognizant of the central role of diet in health and that a food can be both 

preventive and curative [13].

The transition of medicine to food was a natural process since ancient physicians discovered plants that nourished the 

body and at the same time cured some diseases. This ancient wisdom has been scientifically verified in the present age 

and this has resulted in the formal study of nutraceutical [14]. One such intriguing area is the use of food as medicine a 

concept that is still evolving today that the traditional ethnobotanical knowledge is being merged with contemporary 

knowledge of pharmacology [15]. It is the basis of the contemporary nutraceutical market that is planning to construct
 standardized, evidence-based products synthesizing the nutritional as well as medicinal qualities of plant [16].

3. Structured Methodology

The scientific information about edible and medicinal plants that may have a nutraceutical possibility and their 

pharmacological activity were collected and evaluated in the organized manner. The following major scientific 

databases, PubMed, Scopus, Web of Science, and Google Scholar identified peer-reviewed documents that were 

relevant and on which the research was performed with the publications being dated 2020-2026. The combination of 

keywords used to design the search strategy are nutraceuticals, phytoconstituents, plant-based nutraceuticals, edible 

medicinal plants, pharmacological activity, polyphenols, flavonoids, terpenoids, alkaloids, anti-oxidant, anti-
inflammatory, anticancer, and pharmacognosy. The articles and reviews included in the studies were peer reviewed and 

reported a phytochemical composition, pharmacological activities or nutraceutical applications based on credible 

experimental or clinical evidence and were written in English. Articles written in non-English, an abstract of a 

conference, editorials and studies with nothing based on synthetic drugs were eliminated. After the screening of the 

titles, abstracts, and complete texts, approximately 55 studies were selected as relevant. The data were acquired on the 

sources of plants, phytoconstituents, pharmacological effects, the mechanisms of action, and their traditional 

applications and were evaluated and organized qualitatively through the nutraceutical typing and pharmacognostic 

principles.

4. Nutraceuticals Classification

There are multiple ways of classifying nutraceuticals. The nutraceuticals may be classified into various categories by 

considering their source, chemical structure or their mechanism of action [17]. The source-based and the functional 

mechanism-based systems are the most popular two classification systems as shown in Table 1.

Table 1. Classification of nutraceuticals on the basis of source and mechanism of action.

y Examples of sources Major bioactive
compounds

Primary mechanisms / health
benefits References

Plant-based
Nutraceuticals Turmeric, Green tea Polyphenols, Flavonoids,

Terpenoids,

Anti-oxidant, anti-
inflammatory,
cardioprotective, anticancer.

[18]

Animal-based
Nutraceuticals Fish oil, Dairy, Egg

Omega-3 fatty acids,
Peptides, Collagen,
Chondroitin

Cardioprotective, joint health,
skin elasticity. [19]

Microbial-based
Nutraceuticals Probiotics Enzymes and Probiotic

cultures
Balances gut microbiota and
modulates immune response. [20]

Anti-oxidant
Nutraceuticals Green tea, Amla Vitamin C, Catechins Neutralize free radicals, reduce

oxidative stress. [21]

Anti-inflammatory
Nutraceuticals Turmeric, Ginger Curcumin, Gingerols

Decreases inflammatory
cytokines, relieves chronic
inflammation.

[22]

Immunomodulatory
Nutraceuticals Mushrooms, Echinacea β-glucans, Alkylamides Boost immune defense,

regulate cytokine activity. [23]

Antidiabetic
Nutraceuticals Fenugreek, Bitter melon Saponins, Polypeptides Enhance insulin sensitivity. [24]

Neuroprotective
Nutraceuticals Turmeric, Green tea Curcumin, EGCG Protect neurons. [25]

Dhiman and Singh

ACPT, Vol. 3, No. 1, January 2026 https://acpt.cultechpub.com/acpt

45



4.1 Classification on the Basis of the Source

4.1.1 Plant-Based Nutraceuticals

Plant-based nutraceuticals are edible and medicinal plants that are being combined as a rapidly growing field of
medicine and nutrition . These are sources of bioactive rich plants that are of use other than just nutrition and they help
in preventing diseases and promoting health [26]. The pharmacological potential of phytoconstituents is based on a
large variety of different phytoconstituents, such as polyphenols, flavonoids, alkaloids, terpenoids, saponins, dietary
fibers, and essential micronutrients [27]. Some typical edible plants, including turmeric (Curcuma longa), garlic (Allium
sativum), ginger (Zingiber officinale), and green tea (Camellia sinensis) have anti-oxidant, anti-inflammatory,
antimicrobial, cardioprotective, and immunomodulatory properties [28,29]. Standardization, authentication and quality
control of plant materials are essential in pharmacognostic viewpoint to make sure that the materials are safe, effective
as well as reproducible [30]. Their nutraceutical use has been increased by the efforts of the technology in the areas of
extraction, phytochemical profiling, and enhancing bioavailability [31]. Although these advantages are prospective,
there are difficulties in the variability of plant sources, absence of harmonization of regulations and insufficient clinical
validation. The sustainable development of the plant-based nutraceuticals is based on the integration of the traditional
knowledge with the new scientific approaches [32].

4.1.2 Animal-Based Nutraceuticals

Animal-derived nutraceuticals are also used to supplement edible and medicinal vegetation with highly bioactive
compounds that are highly bioavailable. These are fish oils containing omega-3 fatty acids, connective tissues
containing collagen and gelatin, cartilage containing glucosamine and chondroitin and bioactive (merit) peptides found
in milk and eggs [33]. Honey, propolis, and royal jelly which are bee products have anti-oxidant and
immunomodulatory effects [34]. Nutraceuticals derived out of the sea also help in cardiovascular, anti-inflammatory
and neuroprotective properties, e.g.-Fish oil and omega-3-fatty acids can be used in the prevention of cardiovascular
diseases [35]. Collagen peptides-strengthen the skin and skin joints. Chondroitin and glucosamine-enhance the process
of cartilage and osteoarthritis symptoms [36].

4.1.3 Microbial-Based Nutraceuticals

Microbial-based nutraceuticals are a novel and inherent group of functional ingredients which supplements edible and
medicinal plant nutraceuticals. These are probiotics (Lactobacillus, Bifidobacterium and Saccharomyces species),
prebiotic fermentation products and postbiotics [37]. Prebiotics (inulin, fructooligosaccharides)-Stimulates the
proliferation of beneficial microorganisms of the intestine. Enzymes (amylase, protease) of the microorganisms help in
the digestion and absorption of food [38,39]. They play a role in the regulation of intestinal microbiota, improved
absorption of nutrients, immunologic homeostasis, and gastrointestinal health. Fermentation by microbes also enhances
bioavailability and biotransformation of plant-derived phytoconstituents which increases therapeutic efficacy. Strain
specificity, viability, standardization and safety assessment are key parameters in terms of pharmacognostics [40].
Microbial-based nutraceuticals used in the prevention of diseases as a component of preventive health will hold
synergistic potential when incorporated with plant-based bioactive [41].

4.2 Classification According to Mechanism of Action

4.2.1 Anti-Oxidant Nutraceuticals

Antioxidant nutraceuticals are produced by edible and medicinal plants, which are very important in the inhibition of
oxidative stress related to chronic and degenerative diseases. These nutraceuticals contain bioactive phytochemicals
including polyphenolic, flavonoid, carotenoid, phenolic acid, vitamins C and E as well as selenium. The usual sources
of plants are Curcuma longa, Camellia sinensis, Emblica officinalis, Vitis vinifera and Ocimum sanctum [42,43]. They
play their antioxidant roles in several different ways such as scavenging free radicals, decreasing the reactive oxygen
species, increasing the activity of endogenous antioxidants such as superoxide dismutase, catalase and glutathione
peroxidase, and inhibiting lipid peroxidation and DNA damage [44]. The compounds also regulate the oxidative stress
and inflammatory pathways, which preserve cell integrity and function. Pharmacognostically, the antioxidant properties
of these plants are related to appropriate botanical identification, extraction, phytochemical standardization, and
bioavailability. Frequent use of nutraceuticals containing antioxidants can be used to protect the cells, control the
immune system, and promote health [45,46].

4.2.2 Anti-Inflammatory Nutraceuticals

The use of nutraceutical anti-inflammatory agents in the prevention and treatment of chronic inflammatory diseases is
crucial because of the sources used in the manufacturing of these products which are edible plants and medicinal plants
[47]. These nutraceuticals are bioactive phytoconstituents including polyphenols, flavonoids, terpenoids, alkaloids, and
compounds of sulfur which inhibit enzymes like cyclooxygenase (COX) and lipoxygenase (LOX), and suppress nuclear
factor-κB (NF-κB) and pro-inflammatory cytokines [48-50]. Another group of plant source of anti-inflammatory and
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antioxidant effects are known to be Curcuma longa, Zingiber officinale, Camellia sinensis, Ocimum sanctum, and
Allium sativum [51]. These compounds minimize oxidative stress, as well as immune reactions and tissue injury by
regulating the signaling pathways implicated in inflammation [52]. To achieve safety, efficacy, and consistency of anti-
inflammatory nutraceutical products, pharmacognostically, proper identification, standardization, and quality control of
plant materials should be conducted. There are also immune modulating nutraceuticals such as some vitamins, amino
acids and carbohydrates, which play a role in regulating the immune system and have been reported to lower the
chances of having osteoporosis among others [46,53].

4.2.3 Immunomodulatory Nutraceuticals

Some vitamins, amino acids and some carbohydrates, which are categorized as immunomodulatory nutraceuticals have
a major role of improving immune defense and also maintaining immune homeostasis, and also help in the prevention
of various disorders such as osteoporosis [54]. Bioactive phytoconstituents found in nutraceuticals derived out of edible
and medicinal plants are polysaccharides, flavonoids, alkaloids, terpenoids, and phenolic compounds that mediate the
regulation of the innate and adaptive immune responses [55]. The typical ones are Curcuma longa, Withania somnifera,
Tinospora cordifolia, Ocimum sanctum, and Allium sativum which possess immunostimulatory, anti-inflammatory, and
antioxidant effects. The mechanisms of action of these compounds include activation of immune cells (macrophages, T-
lymphocytes, and natural killer cells), control of cytokine secretion (interleukins and interferons), and control of
signaling pathways nuclear factor-kappa B and mitogen activated kinase (NF-κB and MAPK) [18,54,56]. They also
lower the oxidative stress, boost the production of antibodies and contribute to keeping the immune balance by
mitigating excessive inflammatory responses [57].

4.2.4 Cardioprotective Nutraceuticals

The cardioprotective nutraceuticals found in edible and medicinal plants are significant in the cardiovascular
maintenance of lipid metabolism, oxidative stress, and inflammation. Examples include omega-3 fatty acids found in
fish oil, garlic, cocoa, and flavonoids found in green tea. Examples of plants that are rich in bioactive phytoconstituents
include flavonoids, polyphenols, carotenoids, phytosterols and dietary fibers which are found in plants like garlic, green
tea, turmeric, fenugreek and berries [58]. These compounds have cardioprotective effects by various mechanisms, such
as the lowering of serum cholesterol and triglycerides by inhibition of HMG-CoA reductase and enhancement of lipid
metabolism, prevention of platelet aggregation by inhibition of thromboxane production, and antioxidant activity which
lessens oxidative stress and vascular endothelium protection [59]. They also stimulate vasodilation and raising nitric
oxide (NO) and decrease inflammation through NF-κB pathways and inhibit atherosclerotic plaque development. They
also enhance the endothelial performance and maintain blood pressure [60,61]. These plant sources need to be identified,
standardized and assessed in quality to guarantee safety, efficacy and consistency of cardioprotective nutraceutical
preparations.

4.2.5 Antidiabetic Nutraceuticals

Andtidiabetic nutraceuticals possess bioactive phytoconstituents in the form of polyphenols, flavonoids, alkaloids,
terpenoids and dietary fibers [62]. Plants that are commonly studied are Momordica charantia, Trigonella foenum-
graecum, Gygenema sylvestre, Cinnamomum species, and Syzygium cumini [63]. They act by several mechanisms to
reduce glucose absorption, such as improving insulin secretion by the pancreatic β-cells, enhancing insulin sensitivity
by activating signaling pathways, including AMPK and PI3K/Akt, and blocking carbohydrate-digesting enzymes,
including 8-amylase and 8-glucosidase [64,65]. They also stimulate glucose uptake in peripheral tissues by enhancing
GLUT-4 translocation, decrease hepatic gluconeogenesis and aid in the preservation of β-cells against oxidative stress
by acting as antioxidants [65,66]. Also, the compounds regulate inflammatory processes and lipid metabolism, which
contributes to the total glycemic control. The standards of pharmacognostic and quality control are necessary to
guarantee the safety, efficacy and reproducibility of plant-based antidiabetic nutraceuticals in the prevention and
adjunctive management of diabetes [67].

4.2.6 Neuroprotective Nutraceuticals

The antioxidant neuroprotective nutraceuticals of edible and medicinal plants are critical in the maintenance of
cognitive and prevention of neurodegenerative diseases [68]. Bioactive phytochemicals, including polyphenols,
flavonoids, alkaloids, and terpenoids, are found in plants like Curcuma longa, Withania somnifera, Bacopa monnieri
and Camellia sinensis and have anti-oxidant, anti-inflammatory and anti-apoptotic effects [69]. These compounds have
neuroprotective effects in various ways such as reduction of oxidative stress, inhibition of neuroinflammation by
suppression of signaling pathway including NF-κB and pro-inflammatory cytokines and inhibition of neuronal
apoptosis by regulating proteins such as Bcl-2, Bax and caspases [70,71]. They also enhance the rate of mitochondrial
activities, neurotransmitter homeostasis (e.g. acetylcholine and dopamine), and signaling pathways involved in neuronal
survival such as MAPK and PI3K/Akt pathways [72,73]. Also, they assist in the inhibition of protein aggregation as
well as excitotoxicity, which are major characteristics of neurodegenerative disorders. Pharmacognostically,
identification, standardization, and quality control of such plant-based nutraceuticals are very important to ensure
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uniformity, safety and efficacy of such nutraceuticals in enhancing the health of the brain and well-being of the neural
system [74].

4.2.7 Anticancer Nutraceuticals

Anticancer nutraceuticals such as edible and medicinal products have a major role in trying to prevent cancer and
adjunct therapy [75]. They have anticancer effects associated with oxidative stress, DNA damage inhibition, inhibiting
cell proliferation by regulating cell signaling pathways, including PI3K/Akt and MAPK, and causing apoptosis by
regulating proteins such as p53, Bax, and caspases [76-78]. They also trigger cell cycle arrest, prevent angiogenesis
through downregulation of VEGF and possess anti-inflammatory effects through inhibition of NF-κB and COX-2 [77].
Moreover, they regulate the epigenetic activities and suppress the metastasis. Plant sources need to be properly
standardized and controlled in terms of quality to guarantee their bioavailability and therapeutic efficacy. The
compounds are also chemoprotective as observed with lycopene (tomatoes), genistein (soy), and sulforaphane (broccoli)
[79].

5. Aspects of Edible and Medicinal Plant Pharmacognostics

The scientific validation of edible and medicinal plants as nutraceuticals consists of a thorough inspection of their
morphology, anatomy, chemistry, and quality control parameters in order to be sure of authenticity and efficacy [80].
Plant materials can be identified using morphological and microscopic characteristics as the first line. Morphological
examination is the external examination of plant parts, including their size, shape, color, odor, and texture of the parts,
like leaves, roots, stems, flowers, or seeds [81]. Microscopic analysis is more detailed and examines such features of
cells and tissues that are unique to a particular species. Trichomes, vascular bundles, stomata, and secretory structures
are used as diagnostic features [82]. In order to illustrate this fact, the rhizome of Curcuma longa is characterized by its
orange-yellow color and oleoresin cells, whereas the rhizomes of Zingiber officinale are characterized by
parenchymatous tissue stuffed with starch grains and oil globules [82,83].

In addition to anatomy, phytochemical constituents are the basis of the nutraceutical value of a plant. The sources of the
biological activities that make plants therapeutically relevant are due to secondary metabolites, which include alkaloids,
flavonoids, tannins, terpenoids, and glycosides [84].As an example, alkaloids have various physiological effects, such
as analgesic effects, as well as cardiovascular effects [85]. Flavonoids have been known to have anti-oxidant and anti-
inflammatory effects [86]. Tannins contain astringent, antimicrobial, and anti-oxidant action. Terpenes and essential oils
are known to have anti-inflammatory, anticancer, and antimicrobial properties, whereas the glycosides can control heart
and metabolic activities [87,88].

Another important element of pharmacognosy in the development of nutraceuticals is quality control and
standardization. Phytochemical composition may vary due to harvesting, soil nature, climate, and processing techniques,
and consequently, efficacy [89]. The use of specific marker compounds and methodologies of analysis, such as
chromatography, spectroscopy, and DNA barcoding, to ensure the uniformity of the products, is called standardization.
Further, the pharmacognostic quality regulation identifies the level of purity through the analyzing nature of
contaminants, including heavy metals, pesticides, the presence of microbial load, and adulterants [90,91]. The reason
behind these astringent tests is to make sure that nutraceuticals are safe, authentic and effective and that scientific
integrity is upheld and so does consumer confidence [16] as speculated in Figure 1.

Figure 1. Illustration of aspects of edible and medicinal plant pharmacognostic.
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6. Major Phytoconstituents with Nutraceutical Potential

Phytochemical compounds of the edible and medicinal plants are largely involved in their biological effect and health
effects. It is these bioactive substances that render plant-based foods and herb products have a nutraceutical potential
[92]. These significant groups of phytoconstituents are polyphenols, flavonoids, terpenoids, alkaloid, glycoside, and
essential micro-nutrients such as vitamins and minerals [93]. Each of these groups has a special role in health support
and prevention of diseases and is likely to act in a coordinated manner to enhance the treatment.

Phenolic acids, tannins, lignans, and stilbenes counter free radicals and reactive forms of oxygen and hence prevent
oxidative damage to biomolecules, including proteins, lipids, and DNA [94]. The anti-oxidant defense is capable of
preventing chronic diseases such as cardiovascular diseases, diabetes, and neurodegenerative disorders. Further, the
polyphenols are known to regulate the activity of proteins (enzymes), inhibit inflammation, and regulate cellular signal
transduction of apoptosis and cancer progression. Foods that are rich in polyphenols, e.g., green tea, grapes, berries, and
olive oil, are commonly correlated with morbidity reduction and longer lifespan [95-97].

Another significant group of nutraceutical compounds is the flavonoid, subclass of polyphenols. Fruits, vegetables, tea,
and wine contain these pigments in abundance, and they are the ones that give these substances their bright colors.
Flavonoid structures are phenolic ring and hydroxyl group-containing compounds, which then aid their anti-oxidant
properties. They have great diversity in their biological activities, such as free radical scavenging, metal ion chelation,
anti-inflammatory, and vascular activity [98,99]. Epidemiological research associates a low level of cardiovascular
diseases, hypertension, and some forms of cancer with a flavonoid-rich diet. Flavanoids aslo exert neuroprotective
action by improving cerebral blood flow and safeguard neurons against oxidative stress [100,101].

Terpenoids are the source of the aroma and taste of a lot of spices and herbs, and they play a major role in their
pharmacology. Terpenoids have been known to have anti-inflammatory effects, anticancer effects, antimicrobial effects,
and hepatoprotective effects [102]. As an illustration, the diterpenoid curcumin, present in turmeric, has the anti-
inflammatory property of potency, whereas the ginsenosides in Panax ginseng are adaptogens, which enable the body to
resist stress and exhaustion [103,104]. Alkaloids are nitrogen containing substances and are characterized by their
strong biological activities, and in most cases, they affect the central nervous system and metabolism [105]. On the one
hand, some alkaloids are lethal at large doses, but on the other hand, there are various ones that could be used in
treatment in moderate doses. An example of this type of use would be the case of caffeine, which is a weak stimulant
that improves wakefulness and mental abilities, or berberine of the Berberis species, which has exhibited hypoglycemic
and lipid-lowering effects. Alkaloids have a broad range of biological activity, including antimicrobial and cardiotonic
properties, and this is due to their structural diversity [106-108].

The glycosides are drugs where a sugar molecule is connected to a non-sugary compound, which usually gives the drug
a better solubility and bioavailability. Such pharmacological variability in cardiac glycosides includes digitoxin and
saponins that are present in soy and quinoa [109]. Saponin, especially, has been of interest to nutraceutical agents with
its effects of lowering cholesterol, increasing immunity, and anticancer properties. The glycosides are amphiphilic, and,
as such, the interaction with cell membranes affects their permeability and signaling [109,110]. Finally, vitamins and
minerals have irreplaceable roles in sustaining cellular metabolism and the well-being of the body as shown in Figure 2.
Vitamins C and E are natural anti-oxidants that supplement the activity of polyphenols and flavonoids. Various
enzymatic reactions use minerals such as selenium, zinc, magnesium, and iron as cofactors. The combination of these
micronutrients synergizes with phytochemicals to improve the nutraceuticals of edible plants, which creates a concerted
defense network that promotes human health [111].

Figure 2. Classification of nutraceuticals according to their major phytochemical activity.
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7. The Selected Nutraceuticals: Edible and Medicinal Plants

A diverse array of edible and medicinal plants are currently being well known in their nutraceutical potential, with
special reference to turmeric, garlic, green tea, ginger, amla and soy, each of which has its own set of bioactive
compounds and health properties. Curcumin, which is the main active ingredient of Turmeric (Curcuma longa), is
recognized as a powerful anti-inflammatory, anti-oxidant, and anti-cancer compound used in the traditional Indian
medicine. Curcumin also regulates actions of several molecular targets, such as transcription factors and inflammatory
mediators, and neurologically inhibits (NF-κB), which in turn decreases production of pro-inflammatory cytokines;
Curcumin assists in digestion, liver functionality, and immunity, and emergent information suggests its use in arthritis
and metabolic syndrome as well as neurodegenerative diseases [112-114]. Garlic (Allium sativum) has been appreciated
due to its cardioprotective and antimicrobial properties, which are largely attributed to sulfur-based compounds like
allicin, allialyl sulfide, and ajoene, which reduce cholesterol and blood pressure, platelet aggregation, improve
endothelial activity, and microorganismal infection besides reducing oxidative stress [115,116]. Green tea (Camellia
sinensis) contains catechins and more so epigallocatechin gallate (EGCG), which is a strong anti-oxidant linked with
lower tendency towards cardiovascular diseases, obesity and some cancers by controlling cell proliferation, apoptosis,
and angiogenesis [64,117]. Ginger (Zingiber officinale) contains anti-oxidant, anti-inflammatory and antimicrobial
effects of gingerols, shogaols and other like compounds. Amla (Phyllanthus emblica) which is among the richest
sources of vitamin C in nature, has excellent anti-oxidant, immunomodulatory, hepatoprotective, hypolipidemic,
antidiabetic as well as anti-aging properties [118,119]. Soy (Glycine max) is a good source of quality protein and
isoflavones like genistein and daidzein which are phytoestrogens and help to maintain hormonal balance especially
among post-menopausal women [120] as shown in Table 2.

Table 2. Selected edible and medicinal plants with nutraceutical potential.

Plant
(Scientific
Name)

Common Name Major Bioactive
Compound

Pharmacological Activity /
Health Benefit

Traditional Use /
System Reference

Curcuma longa Turmeric Curcumin Anti-inflammatory, anti-
oxidant, anticancer

Ayurveda – anti-
arthritic and wound
healer

[112-114]

Allium sativum Garlic Allicin Cardioprotective,
antihyperlipidemic

Unani and folk
medicine – heart tonic [115,116]

Camellia
sinensis Green Tea Catechins (EGCG) Anti-oxidant, anti-cancer,

neuroprotective

Traditional Chinese
Medicine – detoxifying
beverage

[64,117]

Zingiber
officinale Ginger Gingerols,

Shogaols
Digestive aid, anti-nausea,
anti-inflammatory

Ayurveda – digestive
stimulant [118]

Phyllanthus
emblica

Amla / Indian
Gooseberry

Ascorbic acid,
Polyphenols

Immunomodulatory, anti-
oxidant, hepatoprotective

Ayurveda – rejuvenator
(Rasayana) [119]

Glycine max Soybean
Isoflavones
(Genistein,
Daidzein)

Phytoestrogenic,
cardioprotective, anticancer

Traditional Asian diets
– hormone balance [120]

Withania
somnifera Ashwagandha Withanolides Adaptogenic, anti-stress,

neuroprotective
Ayurveda – Rasayana
tonic [121]

Tinospora
cordifolia Guduchi Alkaloids,

Diterpenoids
Immunomodulatory,
antipyretic

Ayurveda – immune
enhancer [121]

Ocimum
sanctum

Holy Basil
(Tulsi)

Eugenol,
Rosmarinic acid

Anti-oxidant, antidiabetic,
anti-stress

Ayurveda – sacred
adaptogen [122]

8. Pharmacological Activities and Health Activities

Edible and medicinal plant based nutraceuticals are a potent convergence of nutrition and therapy, which presents a
wide range of biological actions that improve health and diminish the risk of disease. They have applications in the
domain of anti-oxidant, anti-inflammatory, cardioprotective, antidiabetic, neuroprotective, and anticancer, which makes
them useful substances of preventive care [2]. The most basic of these properties is anti-oxidant activity, which is best
characterized. Environmental stressors and normal metabolic processes produce reactive oxygen species (ROS), which
may cause cellular damage and may increase aging and the progression of chronic diseases [123]. Plant phytochemicals
like polyphenols, flavonoids, carotenoids, vitamins, are effective scavengers of these free radicals, inhibitors of lipid
peroxidation of cellular membranes and structural and functional integrity of biomolecules [124].

Many degenerative disorders such as arthritis, diabetes, cardiovascular diseases and cancer are based on chronic
inflammation. Bioactive compounds such as curcumin, quercetin and resveratrol inhibit important inflammatory
mediators such as cyclooxygenase (COX), lipoxygenase (LOX) and tumor necrosis factor-alpha (TNF-α), thus delaying
the onset of the disease and enhancing the overall body health [125]. Cardioprotective effects of nutraceuticals are
attained by decrease of oxidative stresses, enhancement of endothelial activities, modulation of lipid metabolism and
platelet aggregation. Garlic, green tea, and soy have proved to lower lipids and reduce thrombosis, whereas polyphenols
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stimulate the production of nitric oxide, which leads to the vasodilation and proper circulation. Numerous vegetable
extracts also regulate glycemia by enhancing the sensitivity of insulin and inhibiting the activity of carbohydrate-
digestive enzymes (as α-amylase and α-glucosidase) [126,127].

Flavonoids, terpenoids and alkaloids prevent diabetic complications. Moreover, there is an increasing body of evidence
that suggests neuroprotective effects of nutraceuticals, in which compounds such as curcumin, Epigallocatechin-3-
Gallate (EGCG), and resveratrol have a protective effect on neurons, lessen oxidative damage, regulate
neurotransmission, and prevent the formation of amyloid plaques [128]. Lastly, their anticancer effects include the
control of cell cycle, induction of apoptosis, prevention of angiogenesis, and the control of signaling pathways like
MAPK, PI3K/Akt, and NF-κB. High-phytochemical diets are thus closely linked with lower rates of cancer occurrence
making nutraceuticals a promising natural chemopreventive agent [129,130].

9. Current Methodologies in Nutraceutical Studies

The scope of nutraceutical research has been greatly widened by the progress in science and technology. The modern
methods are not only to isolate the bioactive compounds of plants but also to increase their bioavailability, stability, and
clinical efficacy by using new delivery systems and sustainable production mechanisms [131]. The ultimate potential of
nanotechnology for nutraceutical formulation is one of the most promising things to take place in this area. Most of the
plant-derived compounds, like curcumin and resveratrol, have low solubility, low absorption, and are easily
metabolized [132]. Nanocarriers, e.g., liposomes, polymeric nanoparticles, and nanoemulsions, offer the solution to the
above-mentioned problem as these bioactives can be encapsulated by them, avoid degradation, and delivered to specific
tissues. This results in improved pharmacokinetics, improved bioavailability and augmented therapeutic effects [133].

The other current direction that is emerging is the use of green extraction processes in the derivation of
phytoconstituents in a green manner. Normal solvent extraction products are normally toxic and they use much power
inevitably putting safety and biodiversity balance at risk. A list of green technologies that decrease solvent use, preserve
thermolabile molecules and increase yield during solvent extraction of molecules includes supercritical fluid extraction,
microwave-assisted, and ultrasound-assisted [134,135]. These natural processes are in line with the world trend towards
sustainable production of nutraceuticals.

Moreover, clinical validation is a critical aspect of determining the effectiveness and safety of nutraceuticals. Although
in vitro and animal research can offer early information on the biological processes, clinical trials are needed to convert
the information into human use [136]. Increased use of randomized controlled trials on the health benefits of plant-
based nutraceuticals and their impact on cardiovascular health, metabolic disorders, and cognitive functioning has been
observed within recent years [137]. This kind of evidence-based validation does not only increase consumer confidence;
it also makes it easier to get regulatory approval and be accepted in the market. Together, these new methods of
research represent the paradigm shift from the traditional practices of empirical research to the scientifically rigorous
and technologically sophisticated development of nutraceuticals, and thus, the modern quality and efficacy standards of
plant-derived products are met [138].

10. Challenges and Limitation

Although there has been increasing commercial interest in nutraceuticals, there are various challenges that constrain
their standardization, regulations, safety and clinical acceptance. The problem of lack of standardization of plant-based
nutraceuticals is a significant one. Phytochemical content of plants changes depending on genetic content, geographical
area, soil type, farming, harvesting, and processing after harvesting [139,140]. Additional changes in extraction, storage,
and manipulation also influence concentration and stability of bioactive compounds and create inconsistency between
batches and the possibility of contamination. To solve this issue, there is a necessity of rigorous pharmacognostic
analysis and using chemical markers as an authentication and quality control means. The other important issue is that of
regulatory ambiguity since nutraceuticals tend to be in the middle between food and pharmaceuticals [141]. They do not
have to go through rigorous clinical trials like the drugs and thus products with unproven health claims find their way
into the market. This destroys consumer confidence and brings out the issue of more harmonized regulatory structures.
Toxicity and safety problems are still present. Nutraceuticals have the potential of producing adverse effects despite
being considered as natural and safe because of contamination, over intake or interaction with conventional drug [75]. It
is therefore important to ensure Good Manufacturing Practices (GMP) and to run toxicological tests. Lastly, there is a
lack of innovation and medical acceptance due to limited clinical evidence and intellectual property limitations. These
issues need to be dealt with by effective research, regulation, and shared models that will allow the responsible
development of nutraceuticals [139].

11. Future Perspectives

The future of nutraceuticals obtained in edible and medicinal plants is bright due to the global trend towards
preventative or holistic health. Increased recognition of the relationship between nutrition and health coupled with
rising demand of natural substitutes to synthetic drugs would ensure further growth of the industry. To achieve this
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potential, though, will involve the incorporation of pharmacognosy, sophisticated analytical sciences, biotechnology,
and intensive clinical research. Plant identification, standardization, and phytochemical profiling will continue to play a
key role in the development of nutraceuticals by means of pharmacognosy. The use of advanced methods like DNA
barcoding, metabolomic fingerprinting and chemometric analysis will enable the improvement of authentication, quality
control and the identification of new bioactive compounds. The use of biotechnology and nanotechnology will also
enhance bioavailability and selective delivery of plant compounds, e.g. nano-encapsulated polyph phenols and
liposomal preparations, and will increase efficacy and minimize adverse effects. Mainstream medical acceptance
requires well-designed and large-scale clinical trials based on evidence. Also, artificial intelligence, bioinformatics, and
network pharmacology will serve to expedite the development of formulations and explain multi-target effects. The
harmonized regulatory frameworks, quality assurance and ethical trade practices will be the pillar of sustained growth.
They can be instrumental in preventive healthcare and functional nutrition in the context of scientific rigor, transparency,
and collaboration of nutraceuticals.

12. Conclusion

Since time immemorial, edible and medicinal plants have been the sources of food and medicine. Phytochemical
investigation, morphological recognition and proper pharmacognostic expertise are all useful in the development of safe,
effective, and evidence-based nutraceuticals. Anti-oxidant, anti-inflammatory, cardioprotective, antidiabetic,
neuroprotective and anticancer activities are the key roles played by major phytoconstituents that include polyphenols,
flavonoids, terpenoids, alkaloids and glycosides. The traditional knowledge with subsequent scientific validation used
widely such as turmeric, garlic, green tea, ginger, amla, and soy are examples of how traditional knowledge can result
in effective natural remedies.

Although the future of nutraceuticals is still promising, there are still issues of phytochemical variability, non-
standardization, inadequate clinical data, and regulation changes. To be safe, effective, and acceptable internationally,
quality control should be reinforced, global standards should be used and human clinical trials should be conducted on a
large scale. Nutraceutical development will remain centred on pharmacognosy which is backed up by the new advanced
technologies, including nanotechnology, metabolomics, and bioinformatics. With the increasing demand of natural
health solutions, edible and medicinal plants will continue to play a crucial role in sustainable, holistic and scientifically
based nutraceuticals. To summarize, applying the traditional knowledge to the contemporary pharmacognostic studies
helps to emphasize the unity of food and medicine and provide a sustainable solution to prevention-oriented healthcare
and long-term health condition.
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