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ABSTRACT

Underutilized edible leafy herbs form a critical yet often overlooked component of Indian diets and traditional
medicine, offering a potent source of phytonutrients with diverse health benefits. This review evaluates eight such herbs
Moringa oleifera, Amaranthus viridis, Trigonella foenum-graecum, Solanum nigrum, Murraya koenigii, Mentha spicata,
Basella alba, and Ipomoea aquatica, focusing on their phytochemical profiles, pharmacological potential, and functional
food applications. These species are rich in flavonoids, alkaloids, terpenoids, betalains, and saponins that exhibit
antioxidant, antidiabetic, anti-inflammatory, hepatoprotective, and antimicrobial effects. Nutraceutical innovations,
including nanoencapsulation, high-resolution metabolomic profiling (LC-MS, NMR), and green extraction methods, have
enhanced the bioavailability and stability of these phytoconstituents. Despite strong in vitro and preclinical evidence,
clinical trials and standardization protocols remain limited. This review identifies key research gaps and advocates for
omics-integrated, sustainability-focused strategies to promote these herbs as climate-resilient, low-input crops for dietary
diversification, nutrition security, and functional food development. The findings provide a roadmap to integrate Indian
leafy greens into modern nutritional frameworks while preserving ethnobotanical heritage.

Keywords: Edible Indian leafy herbs, Phytochemicals, Nutraceutical applications, Sustainable nutrition, Bioactive
compounds, Omics-guided food innovation

Highlights
e Evaluates eight underutilized Indian leafy herbs for their phytochemical diversity and therapeutic applications.

e Highlights bioactivities such as antioxidant, antidiabetic, hepatoprotective, and neuroprotective effects.

e Discusses omics-integrated strategies, nanoencapsulation, and green extraction for enhancing nutraceutical
efficacy.

o Identifies research gaps in clinical validation, standardization, and bioavailability.

e  Promotes these herbs as climate-resilient crops for sustainable nutrition and food security.

Introduction

The integration of plant-based foods into mainstream
health care has gained significant global momentum,
driven by increasing awareness of the limitations of
synthetic drugs and the rising prevalence of chronic
lifestyle disorders such as diabetes, obesity, cardiovascular
disease, and cancer [1]. In this context, edible leafy herbs,
often termed functional greens, have emerged as a
promising reservoir of phytochemicals with both
nutraceutical and pharmacological significance. India, a
biodiversity hotspot with centuries of Ayurvedic and
ethnobotanical wisdom, is home to a vast array of edible

leafy plants such as Moringa oleifera, Amaranthus viridis,
Trigonella foenum-graecum, and others. These herbs have
been used for generations across diverse regional cuisines
and cultures, not only for flavor and aroma but also for
preventive and curative healthcare roles [2,3].

The nutritional and therapeutic value of these herbs
lies in their rich profile of bioactive phytochemicals,
including flavonoids, alkaloids, saponins, terpenoids,
betalains, carotenoids, and polyphenols. These compounds
exhibit antioxidant, anti-inflammatory, antidiabetic,
hepatoprotective, and antimicrobial effects that can
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modulate various biochemical pathways linked to chronic
disease progression [4,5]. Several studies have reported
that leafy vegetables like Moringa and Trigonella contain
phenolic acids and glucosinolates [6,7] that scavenge free
radicals and regulate oxidative stress, while Solanum 2.

nigrum and Basella alba have shown liver-protective and

hematopoietic effects, respectively [8,9,10]. Moreover,
these herbs are gaining attention for their nutraceutical
applications,
capsules, and even functional foods such as fortified

being

incorporated

into teas,

bread, juices, and soups [3].

Despite their potential, many of these edible leafy
herbs remain underutilized or scientifically underexplored
in terms of their bioavailability, clinical efficacy, and

powders,

systematically
phytochemical and pharmacological data to identify
promising species for future plant-based nutraceutical
development.

Botanical

review and

background

compile  available

and

ethnobotanical significance

India’s floristic diversity includes a vast array of edible
leafy herbs that form the foundation of both culinary and
ethnomedical traditions. The following section presents

ethnobotanical backgrounds, pharmacological relevance,

mechanisms of action. There is a growing need to

Table 1. Comparative table of Indian edible leafy herbs

and selected recent studies for the eight prioritised herbs.
Phytochemical compositions and therapeutic activities
have been summarized comparatively in Table 1.

Botanical Common . . Nutraceutical Concerns / Research
Name Name Key Phytochemicals Therapeutic Effects Applications Highlights
Quercetin, Kaempferol, Antioxidant, Antidiabetic, . Stable post-processing;
L S - . Capsules, Functional - o
. . Chlorogenic acid, Gallic acid, Antibacterial, e anticancer potential via
Moringa Drumstick : L . . teas, Fortified soups, . . R
- Isothiocyanates, Apigenin, Hepatoprotective, Anti- isothiocyanates; limited
oleifera tree . . : . . . Noodles, Health bars . . .
Ferulic acid, Rutin (Salsabila | inflammatory (Parvin et al., (Mahajan et al., 2023) clinical trials (Mahajan et
& Salam, 2025) 2025; Deepali et al., 2025) ! " al., 2023)
Betanin, Amaranthin, RuFm, Hepatoprotective, Anti- Leaf powders, Teas, High phenolics; needs
Kaempferol, Isorhamnetin, . D e . S
Amaranthus Slender I L inflammatory, Antioxidant, Fortified snacks, extraction standardization
P Caffeic acid, Gallic acid R . e
viridis amaranth (Sarker & Oba, 2020; Jaafar Antidiabetic (Peter & Smoothies (Sarker & and safety validation
& Kadhim, 2025) Gandhi, 2017) Oba, 2020) (Jaafar & Kadhim, 2025)
Antidiabetic, Lactation
Diosgenin, Yamogenin, support, . Synergistic potential with
Trigonella Trigonelline, Choline, Hypocholesterolemic, Anti- Capsules, Nl.m'ent turmeric, cinnamon;
; - bars, Functional - D ;
foenum- Fenugreek | Quercetin, Galactomannans, inflammatory, trigonelline/diosgenin
L . i : beverages, Bread .
graecum Vitexin (Naidu et al., 2022; Neuroprotective (Gupta et al., 2021) well-standardized (Gupta
Sulieman et al., 2023) (Rajalakshmi & P v etal., 2021)
Sethuraman, 2023)
Solanine, Solamargine, A Capsules, Functional Toxicity concerns with
: Antioxidant, L
Kaempferol, Quercetin, : extracts, Processed leaf raw glycoalkaloids;
Solanum Black chl ic acid. Tannins. 2 Hepatoprotective, der (Elizald King advised
nigrum nightshade niorogenic acid, fannins, 1= - A pimicrobial, Anticancer powder (Elizalde- Proper cooxing advise
Sitosterol (Chen et al., 2022; Gastro r(;tective ! Romero et al., 2021, (Chidambaram et al.,
Jamal et al., 2025) P Asante, 2024) 2022)
Mahanimbine, Girinimbine, Antidiabetic, Functional teas, Herbal Qarb.azole.alkaI0|d§
- - . unique; cardioprotective
Murraya Curry leaf Koenimbine, Quercetin, Hypocholesterolemic, blends, Instant curry and GRAS status
koenigii tree Rutin, Ferulic acid, Essential | Antioxidant, Antimicrobial mixes (Jain & Vyas, confirmed (Rajkumar et
oils (Dinesh et al., 2023) (Rajkumar et al., 2024) 2021) y
al., 2024)
L . Antioxidant, Antimicrobial,
Rosmarinic acid, Carvone, S
. Gl Support, Capsules, Herbal teas, Improves cognition; high
Menthol, Limonene, S . . v Y
Mentha - . o Neurocognitive, Anti- Lozenges, Functional variation in oil content by
: Spearmint Luteolin, Apigenin, . . .
spicata Hesperidin (Mocan et al inflammatory (Herrlinger et beverages (Mocan et climate/harvest
P " al., 2018; Ismail et al., al., 2021) (Herrlinger et al., 2018)
2021)
2023)
Kaempferol, Rutin, Antioxidant, Antianemic, Betacyanins have
Malabar Betacyanins (gomphrenins), Anti-inflammatory, Iron-rich powders, colorant potential;
Basella alba spinach Saponins, Mucilage, 12- Antimicrobial, Anticancer Functional soups, mucilage supports Gl
P Carotene, Lutein (Sutor- (Karthika et al., 2022; Bose Colorants healing (Bose et al.,
Swiezy et al., 2024) etal., 2023) 2023)
Qqerce_tm,cilutln, L“.teo"!‘d Antioxidant, Antidiabetic, Functional powders, Explored in detox
Ipomoea Water Ap|geq|n, MIOrOgenic acid, .Hepatoprotectlve,_ Anti- Natural antioxidants beverages and
. - Caffeic acid, Betacyanins, inflammatory, Anticancer, - S - L
aquatica spinach - R - Pigments, Nanoparticle nanoparticle carriers;
Saponins (Kunwar et al., Antimicrobial (Saikia et al., deliver strong in vitro efficac
2021) 2023) y Y Y
20
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2.1 Moringa oleifera Lam. (Moringaceae)

Moringa oleifera, commonly known as drumstick tree
or “Sahjan” in India, is a fast-growing deciduous tree
native to the sub-Himalayan tracts. It is widely cultivated
across India for its edible leaves, flowers, pods, and seeds,
used for immunity enhancement, anemia correction, and
fatigue management [6]. Studies have confirmed its
antioxidant, hepatoprotective, and antidiabetic effects,
with novel extraction technologies (e.g., membrane
distillation) improving bioactive recovery [11]. However,
translational research and randomized clinical trials
remain limited [12].

2.2 Amaranthus viridis L. (Amaranthaceae)

Amaranthus viridis, commonly known as “green
amaranth” or “slender amaranth,” is a widely distributed
leafy herb found across tropical and subtropical regions of
India.  Traditionally —regarded as a diuretic,
hepatoprotective, and anti-inflammatory plant, it has
gained renewed attention for its high antioxidant potential
and rich phytochemical reservoir [13]. LC-MS profiling
has validated its functional food potential, though
bioactive extraction and safety assessments require
standardization [14].

2.3 Trigonella foenum-graecum L. (Fabaceae)

Commonly known as fenugreek or “methi,” this herb
is both a staple food additive and a classical Ayurvedic
medicine across India and the Mediterranean region. Its
galactomannan-rich seeds are used to manage diabetes,
enhance lactation, and reduce serum lipids [15]. Emerging
data also supports its neuroprotective role via
acetylcholinesterase  inhibition ~ [16].  Synergistic
nutraceutical formulations involving fenugreek and
turmeric are under exploration [17].

2.4 Solanum nigrum L. (Solanaceae)

Solanum nigrum L. is a medicinal plant of wide
ethnopharmacological relevance, distributed across Asia,
Africa, and Europe. Black nightshade, or “Makoy,” has
historical use in liver ailments and ulcers. Its berries and
leaves are sources of cytotoxic glycoalkaloids like
solamargine and solanine [18]. These constituents exhibit
anticancer and anti-inflammatory effects. Dietary use
requires proper processing to mitigate toxicity from
glycoalkaloids [8].

2.5 Murraya koenigii (L.) Spreng. (Rutaceae)

Murraya koenigii, commonly known as curry leaf tree,
is a small tropical tree native to the Indian subcontinent.
Its aromatic leaves are not only integral to South Indian
cuisine but are also highly valued in Ayurvedic and Unani
medicine systems for their digestive, antidiabetic,
antioxidant, and antimicrobial properties with increasing
pharmacological validation establishing its potential for
functional food development and nutraceutical
formulations [19]. Carbazole alkaloids such as
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mahanimbine have shown antioxidant and
hypocholesterolemic activities in metabolic models
[20,21]. Its GRAS status approves its application in
fortified food and capsule-based nutraceuticals.

2.6 Mentha spicata L. (Lamiaceae)

Spearmint (Mentha spicata) is a perennial aromatic
herb rich in monoterpenes that is widely cultivated across
temperate and subtropical regions, including India. Its
leaves are extensively used in culinary preparations such
as chutneys, salads, and herbal infusions, and in traditional
medicine as a digestive aid, carminative, and antimicrobial
agent [22]. Rich in rosmarinic acid and carvone, it
possesses antimicrobial, neurocognitive, and anti-
inflammatory properties [23,24].

2.7 Basella alba L. (Basellaceae)

Basella alba L., commonly known as Malabar spinach
or “poi saag” in India, is a perennial climber consumed as
a leafy vegetable in tropical Asia and Africa.
Traditionally, its leaves and stems have been employed for
treating anaemia, constipation, inflammation, and ulcers,
and also serves as a cooling agent in Ayurvedic medicine
[25]. Pharmacological studies further confirm its
antioxidant, antimicrobial, and wound healing activities
[26,27], while LC-MS/MS profiling highlights
gomphrenins and phenolic acids as key bioactives
contributing to its nutraceutical value [28].

2.8 Ipomoea aquatica Forssk. (Convolvulaceae)

Ipomoea aquatica, commonly known as water spinach
or “kalmi saag” in India, is a semi-aquatic perennial herb
widely cultivated across Asia. It is highly valued as a
nutritious leafy vegetable and traditional medicine, often
prescribed for detoxification, anti-inflammatory effects,
and anaemia management [29]. Recent investigations
highlight its strong antioxidant and antimicrobial
properties due to flavonoids and polyphenols [30,31], with
growing evidence of its antidiabetic and hepatoprotective
roles in animal models [32]. The therapeutic breadth of
these herbs is directly linked to their rich phytochemical
constitution.

3. Phytochemical composition and

bioactive diversity

Indian edible leafy herbs exhibit a rich spectrum of
secondary metabolites, which collectively support their
nutritional and therapeutic potential. Among the most
abundant classes are flavonoids (e.g., quercetin,
kaempferol, luteolin), phenolic acids (e.g., chlorogenic,
caffeic, ferulic acids), alkaloids (e.g., carbazole and
glycoalkaloids), saponins, betalains, and terpenoids. These
phytochemicals contribute synergistically to antioxidant,
anti-inflammatory, and metabolic regulatory effects.
Notably, Moringa oleifera leaves contain up to 75 mg/100
g dry weight (DW) of quercetin and 50-60 mg/100 g DW
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of chlorogenic acid, while Trigonella foenum-graecum
seeds offer 2-3% diosgenin and ~100 mg/100 g DW of
trigonelline [7,33]. Basella alba is a significant source of
gomphrenins, with betacyanin content ranging from 35-48
mg/100 g fresh weight (FW) depending on the cultivar
and maturity stage [28].

Figure 1 shows the schematic representation of
phytochemical mechanisms of action. The antioxidant
properties of these compounds stem from their ability to
donate hydrogen atoms, chelate metal ions, and modulate
redox signaling pathways. Flavonoids and polyphenols
enhance endogenous antioxidant enzyme activities
specifically superoxide dismutase (SOD), glutathione
peroxidase (GPx), and catalase thereby mitigating

oxidative damage. In addition, alkaloids, such as
mahanimbine in Murraya koenigii and solamargine in
Solanum nigrum, display cytotoxic, hypoglycemic, and
anti-inflammatory actions through redox modulation and
membrane interaction mechanisms.  Phytochemical
variability among species and across regions remains a
key challenge. For instance, the betalain content of
Amaranthus viridis and saponin levels in Trigonella
foenum-graecum can vary significantly due to
environmental, seasonal, and post-harvest conditions.
Standardization using high-resolution LC-MS/MS and
NMR-based metabolomics is increasingly employed to
characterize bioactive fingerprints for quality control and
formulation design [11].

Antioxidant Mechanism
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Figure 1. The schematic representation of phytochemical mechanisms of action

4. Therapeutic activities and

pharmacological evidence

The therapeutic potential of Indian edible leafy herbs
is strongly linked to their diverse phytochemical
repertoire. Extensive in vitro, in vivo, and limited clinical
studies have demonstrated activities ranging from
antioxidant and anti-inflammatory to antidiabetic,
hepatoprotective, antimicrobial, and anticancer effects
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(Table 2). A synthesis of evidence for
pharmacological domains is presented below.
4.1 Antioxidant and cytoprotective activities
Flavonoid- and polyphenol-rich extracts from Moringa
oleifera, Amaranthus viridis, and Solanum nigrum
demonstrate potent antioxidant capacities through free
radical scavenging and metal chelation mechanisms.
Enhanced enzymatic antioxidant defenses by upregulating
SOD, GPx, and catalase have been reported following

major
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administration of aqueous and ethanolic extracts leading
to reductions in lipid peroxidation and DNA oxidative
damage [34,35]. Quercetin, chlorogenic acid, and
betacyanins contribute significantly to these effects,
reducing lipid peroxidation and oxidative DNA damage
[4, 2]. In particular, Basella alba and Amaranthus viridis
extracts show high DPPH and FRAP scavenging
activities, validating their nutritional use for oxidative
stress mitigation [26,36].
4.2 Anti-inflammatory and hepatoprotective effects
Leaf extracts from Murraya koenigii, Trigonella
foenum-graecum, and Ipomoea aquatica exhibit strong
anti-inflammatory effects mediated via inhibition of
cyclooxygenase-2 (COX-2) and lipoxygenase (LOX)
pathways and suppression of pro-inflammatory cytokines
such as tumor necrosis factor-alpha and interleukin-6
[37,21]. The hepatoprotective potential of Solanum
nigrum is well established, as ethanolic extracts restore
hepatic enzyme levels and reduce lipid peroxidation in
CCly-induced hepatotoxicity models [9]. Likewise,
decoctions of I. aquatica protect hepatic tissues from
toxin-induced injury, corroborating its traditional
detoxification uses [29]. Together, these studies
substantiate traditional claims that these greens support
liver and systemic anti-inflammatory health.
4.3 Antidiabetic and metabolic regulation
Hypoglycemic effects are among the best-documented
therapeutic  activities.  Trigonella ~ foenum-graecum
demonstrates  glycemic  regulation via  multiple
mechanisms: its galactomannans slow glucose absorption,
while trigonelline enhances insulin sensitivity. Human
clinical trials have confirmed significant reductions in
HbAlc and fasting glucose following fenugreek

Table 2. Therapeutic activities of the Indian edible leafy herbs

supplementation [38,39]. Moringa oleifera extracts inhibit
a-amylase and  a-glucosidase, thereby  reducing
postprandial hyperglycemia [6]. M. koenigii alkaloid-rich
extracts additionally modulate lipid metabolism, reducing
LDL and triglyceride levels [21], while A. viridis
improves hepatic antioxidant defense in hyperglycemic
models [13].
4.4 Antimicrobial activity

Antimicrobial studies highlight broad-spectrum effects
across the eight herbs. Moringa oleifera aqueous and
methanolic ~ extracts  inhibit  Escherichia  coli,
Staphylococcus aureus, and Pseudomonas aeruginosa [6].
Essential oils of Mentha spicata display membrane-
disruptive effects on pathogenic bacteria [40]. Murraya
koenigii and Basella alba extracts exhibit notable
bactericidal and antifungal actions attributed to carbazole
alkaloids and saponins [26]. Similarly, Solanum nigrum
demonstrates broad-spectrum antimicrobial effects against
both  Gram-positive and Gram-negative bacteria,
reinforcing ethnomedicinal applications in infection
control [41, 42].
4.5 Emerging anticancer potential

Preclinical studies reveal anticancer potential for
several herbs. Glycoalkaloids such as solamargine in
Solanum nigrum induce apoptosis and cell cycle arrest in
breast and cervical cancer cell lines [18,43]. Moringa
oleifera seed isothiocyanates are under investigation for
chemopreventive properties [11]. Basella alba methanolic
extracts inhibit proliferation of colorectal cancer cells
through apoptotic mechanisms [44], while Ipomoea
aquatica phytochemicals such as luteolin and chlorogenic
acid demonstrate cytotoxic activity against colon and
breast cancer models [45].

Herb Major Bioactives

Therapeutic Activities

Moringa oleifera

Quercetin, Chlorogenic acid,
Isothiocyanates

Antioxidant, Antidiabetic, Antibacterial,
Hepatoprotective

Amaranthus viridis

Betalains, Rutin, Isorhamnetin, Phenolic
acids

Hepatoprotective, Antioxidant, Anti-inflammatory,
Antidiabetic

Trigonella foenum-graecum

Trigonelline, Diosgenin, Galactomannans

Antidiabetic, Lactogenic, Hypocholesterolemic,
Neuroprotective

Solanum nigrum

Solamargine, Solanine, Chlorogenic acid

Antioxidant, Hepatoprotective, Antimicrobial,
Anticancer, Gastroprotective

Murraya koenigii

Mahanimbine, Koenimbine, Carbazole
alkaloids

Antidiabetic, Hypocholesterolemic, Antioxidant,
Antimicrobial

Mentha spicata

Rosmarinic acid, Carvone, Menthol

Antioxidant, Antimicrobial, Gastroprotective,
Neurocognitive
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4.6 Neurocognitive and other emerging effects

Recent studies highlight the neurocognitive benefits of
Mentha spicata, with supplementation of its standardized
extract shown to significantly enhance working memory
and attention span in human clinical trials [24]. Trigonella
foenum-graecum shows neuroprotective effects via
acetylcholinesterase inhibition, indicating relevance for
Alzheimer’s disease prevention [16]. Other emerging
effects include wound healing (via mucilage fractions of
Basella alba), hypolipidemic effects of Murraya koenigii,
and gastrointestinal relief from Mentha spicata, all of
which merit further investigation through clinical trials.

5. Nutraceutical applications and

functional food integration

The incorporation of traditional leafy herbs into
modern food systems has led to a new generation of
nutraceutical and functional food products that merge
traditional wisdom with contemporary dietary science.
Owing to their dense phytochemical and micronutrient
composition, species such as Moringa oleifera,
Trigonella foenum-graecum, and Basella alba have
transitioned from household remedies to commercially
validated nutraceutical ingredients. Across India, these
herbs are being incorporated into capsules, teas, fortified

flours, and meal

replacements aimed at managing

oxidative stress, diabetes, anemia, and hyperlipidemia [3].
For instance, Moringa oleifera leaf powder is a common
additive in immunity-boosting health mixes and fortified
noodles, while T. foenum-graecum extracts are
standardized for trigonelline and diosgenin in glucose-
control supplements. Similarly, Basella alba and
Amaranthus viridis are utilized in iron-enriched
beverages and soups targeted at combating nutritional
anemia [46].

The increasing availability of encapsulated, freeze-
dried, and microencapsulated herbal extracts has further
enhanced stability and bioaccessibility of key
phytoconstituents such as quercetin, diosgenin, and
betacyanins. Green encapsulation methods such as freeze-
drying, nanoencapsulation, and biopolymer conjugation
represent eco-friendly approaches to enhance stability and
delivery of bioactives, aligning with sustainable functional
food development. Additionally, Mentha spicata and
Murraya koenigii essential oils are now widely
incorporated into herbal teas and functional beverages for
digestive and metabolic health [47]. The growing
nutraceutical market reflects the integration of these herbs
into  health-oriented  food innovations, bridging
ethnomedicinal relevance with clinical nutrition. Table 3
summarizes their current applications, bioactive classes,
and commercial product examples.

Table 3. Nutraceutical and functional food applications of Indian leafy herbs

Herb Primary Bioactives Nutraceutical Format Health Application Key References
/ Product
Moringa Quercetin, chlorogenic | Leaf powders, fortified Antioxidant, antidiabetic, Mahajan et al., 2023;
oleifera acid, isothiocyanates soups, capsules immunity booster Sarkar & Oba, 2023
Amaranthus Betalains, phenolics, Herbal teas, leaf Hepatoprotective, Sarker & Oba, 2020
viridis flavonoids powders, soups antioxidant, antidiabetic
Trigonella Trigonelline, diosgenin, Capsules, functional Hypoglycemic, Rajalakshmi &
foenum- galactomannans beverages, fortified hypolipidemic, lactogenic Sethuraman, 2023;
graecum flour Naidu et al., 2022
Solanum Solamargine, Extracts, capsules, Hepatoprotective, Elizalde-Romero et
nigrum flavonoids, phenolic herbal decoctions anticancer, antimicrobial al., 2021; Jamal et al.,
acids 2025
Murraya Carbazole alkaloids, Functional teas, herbal Antidiabetic, Rajkumar et al., 2024;
koenigii flavonoids, essential tablets, curry leaf hypocholesterolemic, Jain & Vyas, 2021
oils mixes antioxidant

Mentha spicata

Carvone, rosmarinic

Herbal teas, lozenges,

Digestive, antimicrobial, Ismail et al., 2023;

acid, polyphenols functional beverages antioxidant Mocan et al., 2021
Basella alba Betacyanins, saponins, Iron-enriched Antianemic, antioxidant, Adegoke & Ojo,
iron, folate beverages, soups, anti-inflammatory 2017; Lakshmi et al.,
natural colorants 2019
Ipomoea Quercetin, luteolin, Leaf extracts, Antidiabetic, Kunwar et al., 2021
aquatica chlorogenic acid supplements, fortified hepatoprotective,
drinks detoxifying
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6. Role in food

sustainable nutrition

Indian edible leafy herbs not only contribute to cultural
and culinary diversity but also hold immense relevance in
addressing the challenges of food security, nutritional
deficiencies, and sustainability. Many of these herbs,
particularly Basella alba, Ipomoea aquatica, and
Amaranthus viridis, are underutilised despite their
micronutrient density, bioactive phytochemicals, and low-
input cultivation requirements. Promoting their wider use
in daily diets and functional foods can serve as a cost-
effective strategy to mitigate malnutrition and hidden
hunger.

security and

6.1 Nutrient security and hidden hunger

Hidden hunger, characterized by deficiencies in
essential micronutrients such as iron, calcium, and vitamin
A, remains prevalent in several Indian populations [48].
Herbs such as Basella alba (rich in iron and folate),
Moringa oleifera (rich in vitamins A and C), and Ipomoea
aquatica (noted for polyphenols and minerals) have been
shown to significantly improve hematological and
antioxidant status when incorporated into diets [10,31].
Their nutritional density underscores their role as
functional greens  for  population-level  dietary
interventions.
6.2 Agronomic resilience and sustainability

Several leafy herbs demonstrate high resilience to
drought, pests, and poor soils. For instance, Amaranthus
viridis and Basella alba require minimal agronomic
inputs, while Ipomoea aquatica thrives in semi-aquatic
systems, providing food security in flood-prone regions
[36,29]. Cultivation of these species in marginal lands and
home gardens enhances local food availability and reduces
reliance on market-purchased vegetables.
6.3 Contribution to dietary diversity

Traditional ethnobotanical surveys indicate region-
specific use of wild leafy vegetables for gastrointestinal,
respiratory, and hematinic disorders [2]. Integrating these
herbs into mainstream diets diversifies nutritional intake,
reduces dependence on calorie-dense staples, and supports
cultural dietary heritage. Such approaches align with
sustainable diet frameworks promoted by global health
agencies.
6.4 Empowering rural livelihoods

Promotion of cultivation and commercialization of
these herbs can create value chains for rural farmers,
particularly women’s cooperatives engaged in leaf powder
processing, herbal teas, and fortified snack production [3].
Their market integration not only contributes to nutrition
but also provides livelihood opportunities, thereby
supporting socio-economic sustainability.
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7. Challenges and research gaps

Despite strong ethnobotanical foundations and
growing pharmacological validation, the integration of
Indian edible leafy herbs into mainstream nutraceutical
and functional food sectors remains constrained by several
gaps.

e Limited clinical validation: Most evidence for
antioxidants, antidiabetic, and hepatoprotective
properties is derived from in vitro or animal studies
[2,4]. Human clinical trials remain scarce, small in
scale, and poorly standardized [39,18]. Larger,
biomarker-based trials are urgently needed to establish
dosage, efficacy, and safety.

e Poor bioavailability =~ of  phytochemicals:
Flavonoids, saponins, and alkaloids often show rapid
metabolism or low solubility, resulting in poor
systemic  exposure [2,4]. Without advanced
formulations, therapeutic promise observed in
laboratory studies may not translate to real-world
efficacy.

Standardization challenges: Phytochemical profiles
vary widely with species, ecotype, soil, climate, and
processing methods [11]. Betalain content in
Amaranthus viridis [39, 49] or betacyanin levels in
Basella alba [28] differ significantly between regions.
Lack of validated quality markers and protocols
hinders reproducibility and regulatory approval.

Toxicological concerns: While safe in culinary
doses, certain bioactives (e.g., glycoalkaloids in
Solanum nigrum) can cause toxicity when consumed
raw or in high concentrations [8]. Chronic intake of
high fenugreek saponins has been linked to
gastrointestinal discomfort [50]. Rigorous
toxicological assessments across acute and chronic
models are needed.

Erosion of traditional knowledge: Indigenous
practices regarding preparation, dosage, and
synergistic herb  combinations remain  under-
documented [3]. The loss of this heritage narrows
opportunities for integrative, culturally grounded
product development.

8. Future Directions

Harnessing the full potential of Indian leafy herbs
demands a roadmap that combines modern science with
sustainable and culturally sensitive strategies.

e Integration of omics platforms: Metabolomics,
proteomics, and nutrigenomics can uncover novel
bioactives and link them to disease-modifying
pathways [2]. High-resolution LC-MS and NMR
profiling should be expanded to build phytochemical
databases [7,23], while nutrigenomic studies can
tailor herb-based interventions to personalized
nutrition.
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e Translational clinical research: Future work should
prioritize well-designed multicentric trials to confirm
efficacy. Particular attention is needed for herbs like
Moringa oleifera, Trigonella foenum-graecum, and
Basella alba, focusing on metabolic, hepatic, and
hematological outcomes [6,39,10].

e Green delivery systems: Novel, eco-friendly
formulations such as nanoencapsulation, biopolymer
conjugates, and metabolomics-guided profiling offer
sustainable routes to improve the bioavailability and
reproducibility of labile phytochemicals [51,11].
These strategies also strengthen the bioprospecting
value of these greens.

e Sustainable cultivation and climate-smart crops:
Underutilized herbs like Basella alba and Ipomoea
aquatica thrive in low-input systems and stress-
prone environments [29,36]. Promoting them in
kitchen gardens, marginal lands, and urban farming
can enhance local food sovereignty while
diversifying diets.

e Policy and commercialization  pathways:
Establishing guidelines for safety, standardization,
and labeling of herb-based nutraceuticals will
accelerate adoption. Public-private partnerships,
women-led cooperatives, and start-ups can drive
value addition through teas, fortified snacks, herbal
powders, and natural pigments [3, 46].

9. Conclusion

Indian edible leafy herbs represent a vital intersection
of traditional dietary wisdom and contemporary scientific
validation. Their multifaceted bioactivities, encompassing
antioxidant, anti-inflammatory, metabolic, and
hepatoprotective effects, affirm their dual role as both
food and medicine. By consolidating phytochemical,
pharmacological, and nutraceutical insights, this review
underscores the potential of these greens to address
nutrition-linked disorders through dietary and functional
food interventions. However, translating these promising
findings into scalable solutions requires more than
laboratory validation. Rigorous clinical trials, standardized
extraction protocols, and advanced metabolomic profiling
are essential to ensure reproducibility, safety, and efficacy.
Strengthening interdisciplinary collaboration between
ethnobotany, food technology, and pharmacognosy will be
crucial in realizing this goal. Sustainable cultivation and
scientific validation of these underexploited herbs can
simultaneously advance nutritional security and plant-
based health innovation through interdisciplinary
collaboration.

Nutrition and Food in Health and Disease

Acknowledgements and Compliance

Statements
Acknowledgements

The authors thank Mr Sayantan Mondal, M.Tech
scholar of the Dept. of Food Technology & Biochemical
Engineering, Jadavpur University, Kolkata-700032 for
his contribution to graphical abstract creation. The authors
express their sincere gratitude to their respective
institutions for academic and infrastructural support
during the preparation of this review. The constructive
comments from peer colleagues are also acknowledged for
helping improve the scientific clarity of the manuscript.
Funding

No specific funding was received for this work. The
study was carried out as part of institutional academic and
research activities.
Conflict of Interest

The authors declare that they have no known
competing financial interests or personal relationships that
could have appeared to influence the work reported in this
paper.
Ethical Approval

This article does not contain any studies with human
participants or animals performed by any of the authors.
Author Contributions

Debalina Kundu conceptualized the review, conducted
the literature search, and wrote the manuscript. All co-
authors (Nandita Das, Amartya Gupta, Abu Saleh Musha
Islam and Rituparna Mukherjee) contributed to the
curation of literature sources, critical review of the
manuscript, and provided scientific inputs. All authors
have read and approved the final version of the
manuscript. The authors thank the anonymous reviewers
in advance for their constructive insights.
Consent for Publication

All authors agreed to publish the manuscript in
Nutrition and Food in Health and Disease
Data Availability

No new data was generated or analyzed in this study.
Data sharing is not applicable to this article.

References

1.  Kim YS, Hahn EJ, Murthy HN, Paek KY (2004)
Adventitious root growth and ginsenoside accumulation in
Panax ginseng cultures as affected by methyl jasmonate.
Biotechnol Lett. 26(21):1619-22. https://10.1007/s10529-
004-3183-2. PMID: 15604808.

2. Patra S, Shand H, Manna A, Bose D, Some S, Mondal R
(2024) Ethnopharmacological and nutritional insights into
wild leafy vegetables: implications for food security,
nutraceutical potential, and environmental
remediation. Discov Plants 1, 56
https://doi.org/10.1007/s44372-024-00053-8

3. Sarkar U, Oba S (2023) Bioactive phytochemicals and
antioxidant activity in selected Amaranthus leafy

Vol 13, No 1, Jan-Mar 2026


https://doi.org/10.1007/s44372-024-00053-8
http://nfsr.sbmu.ac.ir/article-1-678-fa.html

[ Downloaded from nfsr.sbmu.ac.ir on 2026-08-03 ]

Debalina Kundu, et al: Therapeutic and Nutraceutical Potential of Indian Leafy Herbs

10.

11.

12.

13.

14.

15.

16.

17.

vegetables. Sci Rep 13:134.

https://doi.org/10.1038/s41598-022-27145-6

Ahmed D, Sharma S, Sharma A (2021) Phytochemical
investigation and pharmacological potential of Moringa
oleifera: a mini-review. J Ethnopharmacol 276:113835.
https://doi.org/10.1016/j.jep.2021.113835

Rawson A, Tiwari BK, Tuohy MG, O’Donnell CP,
Brunton N (2011) Effect of ultrasound and blanching
pretreatments on polyacetylene and polyphenolic content
of hot water extracts from fennel. Food Bioprocess
Technol 4:80-88. https://doi.org/10.1007/s11947-009-
0309-1

Deepali D, Gulia V, Dhull SS, Beniwal D, Rani J, Abdi G
(2025) Unveiling Moringa  oleifera: potent source of
antioxidant and antibacterial properties. Discov Appl Sci 7,
381. https://doi.org/10.1007/s42452-025-06836-2

Hassan MA, Xu T, Tian Y, Zhong Y, Ali FAZ, Yang X,
Lu B (2021) Health benefits and phenolic compounds of
Moringa oleifera leaves: A comprehensive review.
Phytomedicine. 93:153771.
https://10.1016/j.phymed.2021.153771

Chidambaram R, Chidambaram S, Natarajan N (2022)
Toxicological assessment of glycoalkaloids from Solanum
species. Phytother Res 36:255-263.
https://doi.org/10.1002/ptr.7331

Elizalde-Romero CA, Gomez-Angulo C, Tzintzun-
Camacho O et al (2021) Hepatoprotective activity of
Solanum nigrum against CCl-induced liver injury. BMC
Complement Med Ther 21:120.
https://doi.org/10.1186/s12906-021-03286-3

Karthika R, Rajan S, Divya P (2022) Phytotherapeutic
value of Basella alba: a review on nutritional and
medicinal aspects. J Ethnopharmacol 283:114667.
https://doi.org/10.1016/j.jep.2021.114667

Mahajan V, Mali R, Choudhary R (2023) The anticancer
potential of chemical constituents of Moringa oleifera: a
systematic review. BMC Complement Med Ther 23:22.
https://doi.org/10.1186/s12906-023-04198-z

Popoola JO, Aworunse OS, Oyesola LO, Akinnola OO,
Obembe OO (2020) A review of phytochemical and
pharmacological studies of Moringa oleifera. J Herbmed
Pharmacol 9(3):174-190.
https://doi.org/10.34172/jhp.2020.24

Peter J, Gandhi P (2017) Evaluation of Amaranthus viridis
for antioxidant and hepatoprotective activity. Int J Pharm
Sci Rev Res 42:152-157

Nkobole N, Prinsloo G (2021) 1H-NMR and LC-MS-
based metabolomics analysis of wild and cultivated
Amaranthus species. Molecules 26(4):795.
https://doi.org/10.3390/molecules26040795

Rajalakshmi M, Sethuraman MG (2023) Fenugreek seed
extract-based formulation for diabetes management: A
preclinical study. J Food Biochem 47:14226.
https://doi.org/10.1111/jfbc.14226

Bodiga VL, Vemuri PK, Bodiga S (2021) Neuroprotective
effects of fenugreek extract via acetylcholinesterase
inhibition. Biomed Res Int 2021:5523430.
https://doi.org/10.1155/2021/5523430

Gupta N, Sharma SK, Sreerama L et al (2021) Synergistic
effects of turmeric and fenugreek on oxidative stress
markers in metabolic syndrome: a preclinical study. Int J

Vol 13, No 1, Jan-Mar 2026

27

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Food Sci Nutr 72(7):905-913.
https://doi.org/10.1080/09637486.2021.1882051

Chen Y, Long H, Deng J et al (2022) Solanum nigrum L.
induces apoptosis and cell cycle arrest in liver cancer cells
through mitochondrial and PI3K/Akt pathways. J
Ethnopharmacol 284:114778.
https://doi.org/10.1016/j.jep.2021.114778

Handral HK, Pandith A, Shruthi SD (2012) A review on
Murraya koenigii: multipotential medicinal plant. Asian J
Pharm CIn. Res 5(4):5-14.

Dinesh R, Singh AK, Verma SK (2023) Carbazole
alkaloids from Murraya koenigii: a review of chemistry
and biological activities. J Pharm Biol Sci 18(2):112-120.
https://doi.org/10.9790/3008-180203112120

Rajkumar T, Singhal K, Lamba N, Sharma M (2024)
Therapeutic implications of Murraya koenigii in metabolic
disorders: a review. J Food Drug Anal 32:143-152.
https://doi.org/10.1016/j.jfda.2023.12.006

Sharma R, Kaushik R, Thakur M (2022) Phytochemical
and pharmacological properties of Mentha spicata: a
review. J Ethnopharmacol 289:115042.
https://doi.org/10.1016/j.jep.2022.115042

Mocan A, Diuzheva A, Carradori S et al (2021) Chemical
profile and antioxidant properties of Mentha species:
relevance to neurodegenerative disorders. Oxid Med Cell
Longev 2021:6697625.
https://doi.org/10.1155/2021/6697625

Herrlinger KA, Nieman KM, Sanoshy KD et al (2018)
Spearmint extract improves working memory in men and
women with age-associated memory impairment. J Altern
Complement Med 24:37-47.
https://doi.org/10.1089/acm.2017.0203

Deshmukh SA, Gaikwad DK (2014) A review of the
taxonomy, ethnobotany, phytochemistry and
pharmacology of Basella alba (Basellaceae). J Appl Pharm
Res 4(1):153-65.

Adegoke GO, Ojo MO (2017) Antioxidant and
antimicrobial activities of Basella alba leaf extract. Afr J
Tradit Complement Altern Med 14(1):123-130.
https://doi.org/10.21010/ajtcam.v14i1.16

Bose S, Halder S, Mondal M et al (2023) Wound healing
and antimicrobial activity of Basella alba mucilage. Int J
Biol Macromol 236:123456.
https://doi.org/10.1016/j.ijbiomac.2023.123456

Sutor-Swiezy K, Wojdyto A, Tkacz K et al (2024) Betalain
content and antioxidant activity in Basella alba and
Amaranthus  species. Food Chem  437:135225.
https://doi.org/10.1016/j.foodchem.2024.135225

Manvar M, Desai T (2013) Phytochemical and
pharmacological profile of Ipomoea aquatica. Indian J
Med Sci 67(3-4):49.

Kunwar S, Devi K, Kshetri P et al (2021) Polyphenolic
compounds and antioxidant activities of Ipomoea aquatica.
Indian J Nat Prod Resour 12(4):512-519

Saikia J, Deka DC, Baruah J (2023) Evaluation of
flavonoid content and antimicrobial activity of Ipomoea
aquatica leaves. J Appl Res Med Aromat Plants
31:100410. https://doi.org/10.1016/j.jarmap.2023.100410

Alkiyumi SS, Abdullah MA, Al-Rashdi AS et al (2012)
Ipomoea aquatica extract shows protective action against

Nutrition and Food in Health and Disease


https://doi.org/10.1038/s41598-022-27145-6
https://doi.org/10.1016/j.jep.2021.113835
https://doi.org/10.1007/s11947-009-0309-1
https://doi.org/10.1007/s11947-009-0309-1
https://doi.org/10.1007/s42452-025-06836-2
https://doi.org/10.1002/ptr.7331
https://doi.org/10.1186/s12906-021-03286-3
https://doi.org/10.1016/j.jep.2021.114667
https://doi.org/10.1186/s12906-023-04198-z
https://doi.org/10.34172/jhp.2020.24
https://doi.org/10.3390/molecules26040795
https://doi.org/10.1111/jfbc.14226
https://doi.org/10.1155/2021/5523430
https://doi.org/10.1080/09637486.2021.1882051
https://doi.org/10.1016/j.jep.2021.114778
https://doi.org/10.9790/3008-180203112120
https://doi.org/10.1016/j.jfda.2023.12.006
https://doi.org/10.1016/j.jep.2022.115042
https://doi.org/10.1155/2021/6697625
https://doi.org/10.1089/acm.2017.0203
https://doi.org/10.21010/ajtcam.v14i1.16
https://doi.org/10.1016/j.ijbiomac.2023.123456
https://doi.org/10.1016/j.foodchem.2024.135225
https://doi.org/10.1016/j.jarmap.2023.100410
http://nfsr.sbmu.ac.ir/article-1-678-fa.html

[ Downloaded from nfsr.sbmu.ac.ir on 2026-08-03 ]

Debalina Kundu, et al: Therapeutic and Nutraceutical Potential of Indian Leafy Herbs

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

thioacetamide-induced Molecules
17(5):6146-6155.

https://doi.org/10.3390/molecules17056146

Sulieman M, Abdalbasit AM, Yasir E (2023) Diosgenin
content and pharmacological potential of Trigonella
foenum-graecum.  Front  Pharmacol  14:1123567.
https://doi.org/10.3389/fphar.2023.1123567

Nagendra Prasad K, Shivamurthy GR, Aradhya SM (2008)
Ipomoea aquatica, an underutilized green leafy vegetable: a
review. Int J Bot 4(1):123-129.
https://doi.org/10.3923/ijb.2008.123.129

Banik RM, Sudha ML (2020) Nutritional and functional
roles of green leafy vegetables: a review. Int J Food Sci
Nutr 5:110-119. https://doi.org/10.31254/fo0d.2020.5301

Sarker U, Hossain MM, Oba S (2020) Nutritional and
antioxidant profiles of red and green morphs of Basella
alba. Food Chem 326:126904.
https://doi.org/10.1016/j.foodchem.2020.126904

Subba A, Kataria M, Bhardwaj S et al (2024) Green leafy
vegetables in metabolic syndrome: a review. Clin Nutr
ESPEN 56:137-143.
https://doi.org/10.1016/j.clnesp.2024.01.004

Naidu DS, Bidla S, Karri S, Subramanyam M (2022)
Trigonelline  ameliorates  insulin  resistance  and
hyperglycemia in high-fat diet-induced diabetic rats.
Biomed Pharmacother 146:112613.
https://doi.org/10.1016/j.biopha.2022.112613

Rajalakshmi P, Sethuraman S (2023) Clinical efficacy of
fenugreek supplementation in patients with type 2 diabetes.
J Clin Nutr Diet 9:125. https://doi.org/10.35248/2472-
1921.23.9.125

Ismail M, Fakhar Z, Naz M, Aftab F (2023) Evaluation of
antibacterial activity of Mentha spicata essential oil. J

hepatotoxicity.

Appl Pharm Sci 13:132-138.
https://doi.org/10.7324/JAPS.2023.13816
Ralte L, Hazarika A, Zohmingthanga (2021)

Phytochemical screening and antimicrobial activity of
Solanum nigrum. Int J Sci Res 10:1179-1182.

https://doi.org/10.21275/SR211222231154

Asante JO (2024) Assessment of the antioxidant and
nutritive profile of the leaves and berries of Solanum

Nutrition and Food in Health and Disease

28

43.

44,

45,

46.

47.

48.

49.

50.

51.

nigrum and Solanum torvum. Heliyon 10(4):e26197.
https://doi.org/10.1016/j.heliyon.2024.e26197

Zhao Z, Zhang M, Wang H et al (2024) Main chemical
constituents and mechanism of anti-tumor effects of
Solanum nigrum L.: a review. Cancer Med 13(8):16589—
16603. https://doi.org/10.1002/cam4.7314

Sheik MR, Azeem AK, Rafi M (2023) Anticancer efficacy
of Basella alba in colorectal cancer cells via mitochondrial
apoptosis pathway. J Appl Biol Biotechnol 11:47-53.
https://doi.org/10.7324/JABB.2023.119057

Choudhury H (2015) Anticancer activity of Ipomoea
aquatica against colon cancer cells. Int J Pharm Pharm
Sci 7:214-217

Lakshmi KM, Jayanthi MK, Srilakshmi J, Kumar P (2021)
A review on natural plants for phytochemical constituents
and pharmacological activities. J Drug Deliv Ther 11(4
Suppl):113-117. https://doi.org/10.22270/jddt.v11i4-
S.4593

Patra S, Shand H, Manna A, Majumder M, Sarkar B, Paul
PK (2024) Ethnopharmacological and nutritional insights
into wild leafy vegetables: implications for food security,
nutraceutical potential, and environmental remediation.
Food Sci Nutr 1:56. https://doi.org/10.1007/s44372-024-
00053-8

Sahu M, Sachdev HPS, Arlappa N (2018) Micronutrient
status of Indian population. Indian J Med Res
148(5):511-518.
https://doi.org/10.4103/ijmr.1JMR_1796_18

Jaafar NS, Kadhim EJ (2025) A comprehensive
pharmacognostic, phytochemical description, and clinical
implementation of Amaranthus viridis. Iragi J Pharm Sci
34(3):18-28. https://doi.org/10.31351/vol34iss3pp18-28

Sureshkumar K, Srinivasan K, Velraj M (2018)
Toxicological evaluation of a saponin-rich standardized
extract of fenugreek seeds (FenuSMART®). Toxicol Rep
5:1130-1137. https://doi.org/10.1016/j.toxrep.2018.11.005

Parvin N, Aslam M, Joo SW, Mandal TK (2025) Nano-
phytomedicine: harnessing plant-derived phytochemicals
in nanocarriers for targeted human health applications.
Molecules 30(15):3177.
https://doi.org/10.3390/molecules30153177

Vol 13, No 1, Jan-Mar 2026


https://doi.org/10.3390/molecules17056146
https://doi.org/10.3389/fphar.2023.1123567
https://doi.org/10.3923/ijb.2008.123.129
https://doi.org/10.31254/food.2020.5301
https://doi.org/10.1016/j.foodchem.2020.126904
https://doi.org/10.1016/j.clnesp.2024.01.004
https://doi.org/10.1016/j.biopha.2022.112613
https://doi.org/10.35248/2472-1921.23.9.125
https://doi.org/10.35248/2472-1921.23.9.125
https://doi.org/10.7324/JAPS.2023.13816
https://doi.org/10.21275/SR211222231154
https://doi.org/10.1016/j.heliyon.2024.e26197
https://doi.org/10.1002/cam4.7314
https://doi.org/10.7324/JABB.2023.119057
https://doi.org/10.1007/s44372-024-00053-8
https://doi.org/10.1007/s44372-024-00053-8
https://doi.org/10.4103/ijmr.IJMR_1796_18
https://doi.org/10.1016/j.toxrep.2018.11.005
http://nfsr.sbmu.ac.ir/article-1-678-fa.html
http://www.tcpdf.org

