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ABSTRACT

Zinc deficiency remains a significant global public health issue, particularly in developing regions with
limited dietary diversity and minimal access to fortified foods. Traditional medicine systems, such as
Ayurveda, Traditional Chinese Medicine (TCM), Unani, and African ethnomedicine, offer a valuable and
underutilized resource in addressing this challenge. These systems have long utilized medicinal plants
for therapeutic purposes, and recent phytochemical analyses reveal that many of these plants also
contain appreciable levels of zinc, positioning them as both nutritional and medicinal assets. Plants like
Moringa oleifera and Trigonella foenum-graecum (fenugreek), used in Ayurveda and Unani medicine, are
not only potent herbal remedies but also rich in zinc, supporting immune health and managing metabolic
disorders. Similarly, herbs such as Ocimum sanctum (Tulsi), Curcuma longa (Turmeric), Zingiber
officinale (Ginger), and Aloe vera contain moderate zinc levels and contribute to their adaptogenic, anti-
inflammatory, and healing properties. African traditional plants like Vernonia amygdalina and Hibiscus
sabdariffa, as well as Chinese medicinal herbs like Astragalus membranaceus and Panax ginseng, also
offer therapeutic and nutritional benefits linked to their trace mineral content. In Rajasthan, India, tribal
communities such as the Bhils, Garasias, and Meenas have preserved ethnobotanical practices that
emphasize the use of zinc-containing desert plants. Species such as Capparis decidua (Ker),
Commiphora wightii (Guggul), and Tecomella undulata (Rohida) serve as both food and medicine,
addressing ailments while enhancing micronutrient intake. This convergence of traditional knowledge and
modern nutritional science underscores the potential of medicinal plants in addressing zinc deficiency.
Integrating these culturally significant, zinc-rich botanicals into public health strategies can promote
sustainable, accessible, and holistic health interventions, particularly in underserved populations.
Preserving ethnobotanical heritage thus offers a powerful bridge between cultural tradition and nutritional
security.
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Introduction

Traditional herbal medicine plays a crucial role in global healthcare, especially in Asia, Africa,
and Latin America, serving nearly 80% of the population [7]. Rooted in cultural and ecological traditions,
systems like Ayurveda, Traditional Chinese Medicine (TCM), and African healing practices use plant-
based remedies for holistic care. Ayurveda, for instance, balances doshas with herbs like ashwagandha
and turmeric, while TCM focuses on harmonizing Qi. With increasing interest in natural therapies, global
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institutions such as the World Health Organization (WHQO) now support research and the integration of
traditional medicine into modern healthcare systems [35].

Zinc (Zn), a vital trace element, plays a key role in physiological functions including DNA/RNA
synthesis, enzyme activation, and immune regulation. Present in 2—4 grams in the human body, zinc acts
as a cofactor for over 300 enzymes and supports the immune system. It aids wound healing, prevents
inflammation and metabolic disorders, and contributes to antioxidant defense by activating superoxide
dismutase and promoting metallothionein production. Zinc deficiency impairs immune responses and
increases susceptibility to infections like pneumonia and malaria [35]. Since the body cannot store zinc,
consistent dietary intake is essential for maintaining optimal health.

Traditional medicine systems often utilize plants rich in zinc and bioactive compounds, such as
flavonoids and alkaloids, which enhance antioxidant, hormonal, and immune-supporting effects. Herbs
like moringa [25], fenugreek [14], Tulsi [12], and Guduchi contain significant zinc and trace minerals.
Interactions between minerals and phytochemicals improve bioavailability and efficacy—for example,
zinc-flavonoid complexes stabilize antioxidant enzymes, while iron-polyphenol pairs with red blood cell
formation. Even individually, minerals and phytochemicals offer complementary nutritional and
therapeutic benefits, reinforcing the holistic value of traditional herbal remedies.

Antinutrients like phytates and oxalates can limit zinc absorption from plant sources. Traditional
methods such as fermentation, sprouting, and Ayurvedic bhasma techniques help reduce these
compounds and improve mineral bioavailability [7]. With rising interest in natural health, zinc-rich herbs
are now widely used in nutraceuticals and functional foods. Products like Tulsi-zinc capsules, moringa
powders rich in iron, and amla-based immunity drinks offer effective support for those vulnerable to
micronutrient deficiencies, blending traditional wisdom with modern nutritional science [25].

Growing interest in the mineral content of medicinal plants highlights the importance of trace
elements like zinc, iron, copper, selenium, and manganese in immunity, metabolism, and enzyme
function [30]. Herbs such as Moringa, Tulsi, Amla, Neem, and Fenugreek are rich in both minerals and
bioactive compounds, offering synergistic health benefits. Zinc paired with flavonoids boosts antioxidant
activity, while traditional techniques like sprouting and fermentation enhance mineral absorption [25].

These plants are increasingly used in nutraceuticals and functional foods, providing natural
solutions to micronutrient deficiencies and chronic inflammation, especially in underserved populations.

Zinc: An Essential Trace Element in Human Physiology

Zinc, though required in trace amounts (8-10 mg /day) plays a disproportionately vital role in
human health. It functions as a cofactor in numerous enzymatic processes, contributing to catalytic,
structural, and regulatory mechanisms that support genetic stability, immune competence, antioxidant
defense, wound healing, and reproductive development [24].

Zinc is essential for the activity of DNA and RNA polymerases—enzymes responsible for gene
expression, replication, and repair—thereby ensuring cellular integrity and genomic fidelity [32]. It also
activates carbonic anhydrase, which maintains acid-base balance by converting carbon dioxide into
bicarbonate, a critical step in respiration and pH regulation [28] Among its most significant roles is its
contribution to superoxide dismutase (SOD), a powerful antioxidant enzyme. In conjunction with copper,
zinc forms the active site of SOD, which neutralizes superoxide radicals and mitigates oxidative stress
and inflammation [23].

Zinc accelerates wound healing by promoting cell proliferation, modulating inflammation, and
supporting tissue regeneration and collagen synthesis. Deficiency impairs recovery and increases
susceptibility to infections [18]. In immunity, zinc is indispensable for the development and function of
neutrophils, macrophages, T-cells, B-cells, and natural killer cells. It stabilizes cell membranes and
protects immune cells from oxidative damage. Inadequate zinc levels weaken immune responses and
heighten vulnerability to infections such as pneumonia and diarrhea [24]. As an antioxidant, zinc prevents
lipid peroxidation, shields protein sulfhydryl groups, and inhibits reactive oxygen species (ROS). It also
promotes metallothionein synthesis, which neutralizes toxic metals and radicals, preserving DNA, RNA,
and protein integrity [23]. During growth phases—pregnancy, infancy, adolescence—zinc supports
development. In males, it aids spermatogenesis and testosterone production; in females, it regulates
ovulation and hormonal balance. Deficiency can impair growth, puberty, and fertility [28].

Zinc deficiency is a major global health concern, particularly in developing regions. Despite its
trace requirement, inadequate intake, poor absorption, chronic illness, and dietary inhibitors like phytates



can lead to deficiency [24]. Globally, an estimated 17-30% of the population is affected, with the highest
prevalence in low-income countries [18]. Limited access to zinc-rich animal foods—such as meat,
shellfish, and dairy—contributes significantly to this issue. Diets dominated by cereals and legumes,
common in many developing regions, contain phytates that bind zinc and inhibit its absorption [28].

Zinc deficiency presents with diverse clinical symptoms. In children, it commonly leads to
stunted growth, as zinc is vital for DNA synthesis, cell division, and tissue development [28]. Weakened
immunity often accompanies growth retardation, increasing vulnerability to respiratory and
gastrointestinal infections such as diarrhea [18]. Dermatological signs include dry, scaly skin, delayed
wound healing, and susceptibility to skin infections. Severe deficiency may result in acrodermatitis
enteropathica, a genetic disorder marked by inflamed lesions, diarrhea, and hair loss [23].Other effects
include reduced appetite, delayed sexual maturation in adolescents, and cognitive issues such as
irritability, depression, and poor concentration [24]. Hair thinning is also common due to zinc’s role in
keratin production [28]. Environmental factors further exacerbate the issue; in regions like sub-Saharan
Africa and South Asia, zinc-deficient soils yield crops with low zinc content, compounding the nutritional
challenge for communities reliant on plant-based diets [32].

Combating Zinc Deficiency through Traditional Diets, Medicinal Plants, and Sustainable
Agricultural Practices

Zinc deficiency remains a pervasive global health issue, particularly in populations consuming
predominantly plant-based diets or traditional food systems. These dietary patterns, while rich in fiber and
phytochemicals, often contain high levels of phytates—chelating agents found in legumes, seeds, and
whole grains—that inhibit zinc absorption and compromise nutritional adequacy [24]. Vulnerable groups
such as children, pregnant women, and the elderly are especially susceptible to the adverse effects of
zinc deficiency, which include impaired immune function, delayed wound healing, and increased
susceptibility to infectious and degenerative diseases [32].

A multifaceted approach is essential to address this deficiency. Dietary diversification,
supplementation, food fortification, and agronomic biofortification have emerged as key strategies [24].
Traditional food processing techniques—such as soaking, sprouting, fermentation, and thermal
treatment—have been shown to reduce phytate concentrations and enhance zinc bioavailability, thereby
improving the nutritional profile of plant-based foods [28].

Ethnobotanical surveys in the arid zones of Rajasthan have identified zinc-rich desert plants that
are traditionally consumed for their nutritional and therapeutic value [31]. Similarly, Himalayan
communities continue to rely on medicinal flora for mineral supplementation, with species such as
Commiphora wightii exhibiting a notable pharmacological and mineral profile, including zinc [27].
Traditional dishes like Ker-Sangri, prepared from desert botanicals, exemplify the integration of local
culinary practices with micronutrient sufficiency [22].

Ayurvedic medicine offers additional avenues for addressing zinc deficiency through the use of
botanicals such as Moringa oleifera, Withania somnifera, Trigonella foenum-graecum, Ocimum sanctum,
and Curcuma longa. These plants are rich in micronutrients and bioactive compounds that support zinc
metabolism and confer antioxidant, anti-inflammatory, and immunomodulatory benefits [25]. For instance,
Withania somnifera has demonstrated efficacy in modulating zinc homeostasis and enhancing
endogenous antioxidant defenses 21.

Agronomic biofortification represents a scalable and sustainable solution to improve zinc intake,
particularly in resource-limited settings. Enriching staple crops such as rice, wheat, and maize through
soil fertilization and selective breeding has yielded promising outcomes in enhancing dietary zinc
levels[24]. Programs such as HarvestPlus have demonstrated the feasibility and impact of biofortified
crops in addressing hidden hunger and improving population-level nutritional status.

Community education remains integral to public health efforts aimed at combating micronutrient
deficiencies. Outreach initiatives, maternal and child nutrition programs, and school-based feeding
schemes play a critical role in disseminating knowledge about zinc-rich foods, preparation techniques
that enhance bioavailability, and the broader significance of micronutrient adequacy [28]. By fostering
informed dietary choices and culturally resonant interventions, such efforts contribute to sustainable
improvements in nutritional health and bridge the gap between ancestral wisdom and modern nutritional
science.



4 International Journal of Education, Modern Management, Applied Science & Social Science (JEMMASSS) -July- September, 2025

Zinc-Containing Plants in Traditional Medicine: Bridging Nutrition and Healing

Zinc deficiency remains a significant global health concern, particularly in developing regions
where dietary diversity is limited. Inadequate zinc intake contributes to increased susceptibility to
infections, delayed wound healing, and impaired growth and development [35]. Traditional medical
systems—including Ayurveda, Traditional Chinese Medicine (TCM), Unani, and African ethnomedicine—
offer rich repositories of therapeutic knowledge. These systems have long utilized medicinal plants to
treat a wide spectrum of ailments, and recent phytochemical analyses reveal that many of these
botanicals contain appreciable levels of zinc, thereby enhancing their therapeutic efficacy with added
nutritional value.

In India, traditional medicinal plants are central to addressing micronutrient deficiencies,
especially zinc, through culturally embedded dietary and therapeutic practices [21]. Moringa oleifera,
widely used in both Ayurveda and African traditional medicine, is particularly notable for its high zinc
content and its role in boosting immunity and combating malnutrition [25]. Similarly, Trigonella foenum-
graecum (fenugreek), used in Unani and Ayurvedic systems, enhances zinc bioavailability and is
effective in managing diabetes and hormonal imbalances [14].

Other commonly used medicinal plants with moderate zinc levels include Ocimum sanctum
(Tulsi), known for its adaptogenic and anti-inflammatory properties [12],Curcuma longa (Turmeric),
recognized for its antioxidant and wound-healing effects; Zingiber officinale (Ginger), which supports
digestion and reduces inflammation; and Aloe vera, valued for its skin-healing and detoxifying properties.

In African ethnomedicine, species such as Vernonia amygdalina (bitter leaf) and Hibiscus
sabdariffa are acknowledged for their health-promoting properties and zinc content. Ethnobotanical
surveys in Rajasthan’s arid zones have similarly highlighted the nutritional and therapeutic roles of native
plant species in local diets and traditional medicine [31]. These plants are deeply embedded in
indigenous knowledge systems and are routinely used for both sustenance and healing.

In the context of TCM, Astragalus membranaceus and Panax ginseng have been identified as
sources of trace minerals, including zinc, and are employed to enhance vitality, support immune function,
and manage chronic conditions [2]. Tribal communities in Rajasthan—such as the Bhils, Garasias, and
Meenas—have developed rich ethnobotanical traditions that emphasize the dual nutritional and medicinal
value of desert flora. For example, Capparis decidua (Ker), consumed for digestive and dermatological
health, is a key ingredient in the traditional dish Ker-Sangri [22].

Other notable species include Commiphora wightii (Guggul), traditionally used for joint disorders
and metabolic regulation, which contains trace minerals including zinc [27], Withania coagulans (Paneer
phool), used for diabetes and liver health [34]; and Tecomella undulata (Rohida), employed in the
treatment of spleen disorders and skin ailments [19]. Additional regional plants such as Boerhavia diffusa
(Punarnava), Cassia angustifolia (Senna), and Leptadenia pyrotechnica (Kheep) contribute to
detoxification, renal health, and lactation support [30], respectively. These species are not only
medicinally significant but also form part of the local diet, reinforcing the intersection between ancient
knowledge and recent nutritional learning.

Plant Name System of Zinc Content Traditional Use
Medicine (mg/kg)
Moringa oleifera Ayurveda, African | High Immunity, malnutrition
Trigonella foenum-graecum | Unani, Ayurveda High Hormonal regulation, diabetes
Ocimum sanctum (Tulsi) Ayurveda Moderate Anti-inflammatory, adaptogen
Curcuma longa (Turmeric) Ayurveda Moderate Antioxidant, wound healing
Zingiber officinale (Ginger) TCM, Ayurveda Low-Moderate | Digestive aid, anti-inflammatory
Aloe vera Folk medicine Moderate Skin healing, detoxification
Cappatris decidua (Ker) Tribal Rajasthan Moderate Digestive health, skin
conditions
Commiphora wightii Ayurveda Trace Joint disorders, weight
(Guggul) management
Withania coagulans (Paneer | Tribal Rajasthan Moderate Diabetes, liver health
phool)




Tecomella undulata Tribal Rajasthan Moderate Spleen disorders, skin ailments
(Rohida)

Boerhavia diffusa Ayurveda Moderate Detoxification, renal health
(Punarnava)

Cassia angustifolia (Senna) | Ayurveda Moderate Laxative

Leptadenia pyrotechnica Tribal Rajasthan Moderate Lactation, wound healing
(Kheep)

Zinc Uptake in Medicinal Plants: Mechanisms and Environmental Influences

Zinc uptake and accumulation in medicinal plants occur through various mechanisms, which
contribute to enhancing their nutritional composition and therapeutic efficacy. Zinc uptake in plants
primarily occurs through the roots via bioaccumulation from the soil, involving both passive and active
transport mechanisms. Passive uptake is driven by concentration gradients, while active transport is
facilitated by specialized protein families such as ZIP (ZRT/IRT-like Proteins) and HMA (Heavy Metal
ATPases), which regulate zinc movement across cellular membranes [11].

Following root absorption, zinc is translocated through the xylem to various plant tissues, where
it plays a vital role in enzymatic activity, cellular metabolism, and the biosynthesis of secondary
metabolites—bioactive compounds that underpin the medicinal properties of many traditional botanicals.

Several environmental and biological factors modulate zinc uptake efficiency:

) Soil pH: Zinc bioavailability is highest in slightly acidic soils (pH 5.5-6.5). In contrast, alkaline
conditions promote the formation of insoluble zinc compounds, limiting absorption. Thus,
maintaining optimal pH levels is essential for effective zinc uptake [11].

. Mycorrhizal Associations: Arbuscular mycorrhizal fungi (AMF) form symbiotic relationships
with plant roots, extending hyphal networks into the rhizosphere and enhancing nutrient
acquisition. Studies indicate that AMF can increase zinc uptake by up to 24% in crops such as
wheat and maize, particularly under zinc-deficient conditions [15].

. Organic Matter: The presence of compost and decaying plant material improves zinc
availability through mechanisms such as chelation, microbial stimulation, and moisture retention.
Organic compounds bind zinc ions, maintaining their solubility and accessibility to plant roots
[11].

By optimizing these factors, cultivators can enhance zinc bioaccumulation in medicinal plants,
thereby reinforcing their role in traditional remedies and elevating their value as natural dietary sources of
zinc. This integrative approach—bridging ancestral knowledge with contemporary agronomic science—
offers a culturally attuned and nutritionally effective strategy for mitigating the problem of zinc deficiency.

Zinc Bioavailability in Plant-Based Diets and Traditional Preparations

The bioavailability of zinc—defined as the proportion of dietary zinc absorbed and utilized by the
body—is generally lower in plant-based foods compared to animal-derived sources. This disparity stems
from the presence of anti-nutritional factors and structural components within plant tissues that interfere
with zinc absorption [17]. Understanding these factors is essential for evaluating the nutritional efficacy of
zinc-rich herbal and dietary interventions, particularly within populations adhering predominantly to plant-
based dietary patterns.

Phytic acid (myo-inositol hexakisphosphate), abundant in seeds, legumes, cereals, and leafy
greens, is the most potent inhibitor of zinc absorption. It chelates zinc ions in the gastrointestinal tract,
forming insoluble complexes that hinder intestinal uptake. The phytate-to-zinc molar ratio serves as a
predictive marker of zinc bioavailability: ratios exceeding 15 indicate poor absorption, 5-15 suggest
moderate absorption, and ratios below 5 are associated with favorable bioavailability [17]. Traditional
food processing techniques such as fermentation, soaking, germination, and thermal treatment have
proven effective in reducing phytate concentrations and enhancing zinc absorption.

Dietary fiber, particularly insoluble forms, can sequester zinc and impede its uptake.
Polyphenols, widely present in medicinal herbs and plant foods such as tea, turmeric, and berries, exert a
dualistic influence. Chelating polyphenols like tannins typically reduce zinc absorption, whereas others
may facilitate uptake by modulating gut microbiota or interacting beneficially with zinc ions. The net effect
is context-dependent, influenced by molecular structure and concentration [20].
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Certain plant-derived proteins, including metallothioneins and peptide-bound zinc complexes,
may stabilize zinc and facilitate its transport across the intestinal epithelium. Additionally, endogenous
and microbial phytases can hydrolyze phytate-zinc complexes, liberating zinc for absorption. While
promising, the role of zinc-binding proteins in plant foods remains underexplored and warrants further
investigation [33].

Culturally embedded food preparation methods have evolved to mitigate zinc absorption
inhibitors and improve mineral bioavailability. Fermentation is particularly effective, as microbial activity
generates phytase enzymes that degrade phytic acid. Fermented foods such as fenugreek seeds, millet,
and maize porridges exhibit reduced phytate levels and improved zinc solubility. Organic acids produced
during fermentation, such as lactic acid, further enhance zinc uptake by lowering intestinal pH and
promoting solubilization [4].

Soaking and sprouting activate endogenous phytases in seeds and grains, initiating enzymatic
degradation of phytate and enhancing nutrient profiles. These practices, common in Ayurvedic and
African dietary traditions, contribute to improved digestibility and mineral accessibility. Cooking with lipid-
rich substances such as ghee or vegetable oils, although zinc itself is water-soluble, supports the
absorption of fat-soluble phytonutrients that may synergistically enhance zinc’s physiological efficacy.
Fats also help maintain gut mucosal integrity, facilitating efficient mineral transport.

Additional methods, including roasting and drying, reduce phytate content and deactivate
enzyme inhibitors. Combining zinc-rich plant foods with vitamin C sources—such as Phyllanthus emblica
(amla) or lemon—is another traditional strategy that enhances non-heme zinc absorption by promoting
solubilization and intestinal uptake [17].

Therapeutic Roles of Zinc-Rich Herbal Remedies

Zinc-enriched herbal therapeutics represent a synergistic convergence of traditional
ethnomedical knowledge and contemporary biomedical science, demonstrating multifaceted efficacy in
enhancing immunological function, promoting tissue repair, supporting reproductive physiology, and
modulating metabolic processes.

Zinc plays a pivotal role in immune cell activation, epithelial repair, and endocrine function. lts
presence in herbs such as Curcuma longa (turmeric), Ocimum sanctum (tulsi), Trigonella foenum-
graecum (fenugreek), and Azadirachta indica (neem) enhances their therapeutic efficacy by amplifying
antibacterial, anti-inflammatory, and antioxidant properties [33].

For instance, turmeric’s curcuminoids and tulsi’'s adaptogenic compounds exhibit synergistic
interactions with zinc, mitigating oxidative stress and inflammatory cascades. In reproductive health,
fenugreek and Withania somnifera (ashwagandha) improve sperm quality and hormonal balance,
supported by zinc’s role in testosterone biosynthesis [34]. Zinc also facilitates insulin signaling and
glucose metabolism, making fenugreek, neem, and Syzygium cumini effective in managing type 2
diabetes [10].

Herbs such as Cassia angustifolia and Boerhavia diffusa demonstrate zinc-mediated benefits in
digestive health and detoxification, while Leptadenia pyrotechnica and Tecomella undulata have shown
promise in zinc supplementation within arid and ethnobotanical contexts [9]. Emphasizing zinc-rich
botanicals in daily nutrition offers a sustainable strategy to combat micronutrient deficiencies, particularly
in populations reliant on plant-based diets and traditional medicine systems.

Integrative and Modern Perspectives on Zinc-Rich Herbal Remedies

The therapeutic relevance of zinc-rich botanicals is increasingly validated by contemporary
research, confirming bioavailable zinc and synergistic phytochemicals in species such as Moringa
oleifera, Trigonella foenum-graecum, and Withania coagulans [34]. This convergence of ethnomedicine
and analytical science supports their integration into evidence-based healthcare frameworks.

Innovations in formulation such as nanoencapsulation and chelation—enhance zinc absorption
in functional foods and nutraceuticals. Nutrigenomic approaches further enable personalized zinc
interventions tailored to genetic and metabolic profiles, optimizing therapeutic outcomes. For example,
Bauhinia variegata and Aloe vera have demonstrated zinc-linked benefits in metabolic and
gastrointestinal health, with phytochemical profiles supporting absorption and efficacy [29].

Despite promising preclinical data, rigorous clinical trials are essential to establish safety,
efficacy, and standardized dosing protocols. A multidisciplinary approach—combining ethnobotanical



knowledge, phytopharmacology, and biomedical innovation—offers sustainable strategies to address
global zinc deficiency and promote holistic health [13].

Integrating Zinc-Rich Herbal Remedies into Sustainable Health Strategies

Zinc-rich medicinal herbs offer a culturally grounded and scientifically validated approach to
addressing micronutrient deficiencies, particularly in undernourished populations. Plants like Moringa
oleifera and Trigonella foenum-graecum contain bioavailable zinc and synergistic phytochemicals that
support immunity, metabolism, and reproductive health. Their integration into public health initiatives and
modern formulations such as functional foods and encapsulated supplements enhances therapeutic
efficacy and accessibility. Emerging fields like nutrigenomics enable personalized zinc interventions
tailored to genetic and metabolic profiles, aligning traditional wisdom with biotechnology. However,
clinical validation remains essential to ensure safety, efficacy, and standardized dosing. Preserving
ethnobotanical knowledge and combining it with formulation science and regulatory frameworks can
unlock the full potential of these remedies. This integrative strategy not only improves nutritional
outcomes but also promotes sustainable healthcare solutions in regions with limited access to
conventional medicine, bridging ancestral practices with modern innovation for holistic well-being.

Future Directions for Zinc-Rich Herbal Remedies

Zinc-rich herbal remedies offer a promising strategy for mitigating micronutrient deficiencies, yet
their integration into public health systems requires addressing key challenges. Standardization of zinc
content is critical, given variability due to environmental and agronomic factors. Enhancing bioavailability
through advanced formulation technologies such as nano-encapsulation and liposomal delivery can improve
therapeutic efficacy. Conservation of ecologically sensitive medicinal species demands sustainable
harvesting and community-based cultivation. Bridging traditional ethnomedical knowledge with
pharmacological validation through interdisciplinary research will support evidence-based applications.
Harmonizing cultural practices with scientific innovation ensures safe, effective, and accessible zinc
interventions, contributing to holistic and sustainable healthcare in underserved populations.

Conclusion

Zinc-rich herbal remedies integrate mineral nutrition with phytotherapy, offering a culturally
relevant and scientifically supported strategy to address micronutrient deficiencies. Their therapeutic
potential spans immunity, metabolism, and reproductive health. Advancing interdisciplinary research,
standardization, and sustainable cultivation is essential to validate efficacy and ensure global
accessibility in public health interventions.
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