i, INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,

AR
-

RSIS v ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume X1V, Issue IX, September 2025

Moringa oleifera: A Comprehensive Review of Phytochemistry,

Traditional and Modern Applications, and Future Prospects
Dr. Sandip Halder

Assistant Professor and Head, Department of Botany Berhampore Girls' College
DOI: https://doi.org/10.51583/IJLTEMAS.2025.1409000022

Abstract: Moringa oleifera, commonly known as the drumstick tree or miracle tree, has received significant global attention owing
to its rich nutritional profile, wide spectrum of phytochemicals, and diverse pharmacological activities. Traditionally valued in
Ayurveda and African folk medicine, moringa is now recognized in modern pharmacology for its antioxidant, anti-inflammatory,
antimicrobial, antidiabetic, and anticancer properties. This review synthesizes available literature on its phytochemistry,
bioavailability challenges, nutritional benefits, therapeutic applications, socio-cultural barriers, safety aspects, and potential policy-
level integration into public health programs. Case studies highlight its impact on combating malnutrition in developing regions.
By bridging traditional knowledge with modern science, moringa emerges as a sustainable, multipurpose crop with immense
relevance in global health and nutrition security.
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|. Introduction

Moringa oleifera Lam. (family: Moringaceae) is an indigenous plant of the Indian subcontinent, now naturalized across Asia, Africa,
and Latin America. It has been described as a “miracle tree” due to its high nutrient density, diverse therapeutic potential, and
economic value (Fahey, 2005). Traditionally incorporated in Ayurveda, Unani, and Siddha medicine, it has gained worldwide
recognition as a source of functional foods and nutraceuticals (Leone et al., 2015). The objective of this review is to provide a
comprehensive account of its phytochemical constituents, nutritional importance, pharmacological potential, and emerging
applications, while also addressing safety, socio-cultural, and policy aspects.

Botanical Description

Moringa oleifera is a fast-growing, drought-resistant tree reaching 10-12 meters in height. Its leaves are tripinnate, rich in bioactive
compounds; flowers are fragrant and bisexual; fruits are long, slender pods containing winged seeds (Ramachandran et al., 1980).
Almost every part of the plant—Ileaves, seeds, pods, roots, and flowers—has nutritional or medicinal value.

Phytochemical Constituents

Moringa is a reservoir of diverse phytochemicals. Leaves contain flavonoids (quercetin, kaempferol), phenolic acids (chlorogenic
acid), carotenoids (B-carotene, lutein), and glucosinolates that yield isothiocyanates with anti-inflammatory and anticancer
properties (Fahey, 2005; Leone et al., 2016). Seeds are rich in fatty acids, especially oleic acid, while roots and bark harbor alkaloids
such as moringinine. These bioactive compounds underpin its pharmacological spectrum.

Nutritional Value

The leaves are rich in protein (27%), calcium, potassium, magnesium, and iron. Vitamin A content exceeds that of carrots, while
vitamin C levels are higher than oranges (Gopalakrishnan et al., 2016). Seeds provide edible oil with lipid profiles comparable to
olive oil. This exceptional nutrient density makes moringa an affordable solution to micronutrient malnutrition.

Pharmacological Activities

Antioxidant: High flavonoid and phenolic content protects against oxidative stress (Siddhuraju & Becker, 2003).
Anti-inflammatory: Isothiocyanates inhibit NF-kB signaling pathways (Waterman et al., 2014).

Antimicrobial: Extracts show activity against E. coli, S. aureus, and Candida albicans (Caceres et al., 1992).
Antidiabetic: Leaf extracts improve glucose tolerance and insulin secretion (Jaiswal et al., 2009).

Anticancer: Glucosinolates and niazimicin inhibit tumor growth in vitro (Guevara et al., 1999).

Cardioprotective and hepatoprotective activities have also been documented.

Nutrient Moringa Spinach Kale Amaranth
Protein (gym/100gm) 9.4 2.9 4.3 3.8
Vitamin A (Microgram/100 gym) 780 469 241 146
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Vitamin C (mg/100 gym) 220 28 120 43
Calcium (mg/100 gym) 440 99 150 215
Iron (mg/100 gym) 7 2.7 1.5 4

Table 1: Comparative nutrient composition
Bioavailability and Pharmacokinetics

Despite its diverse bioactive compounds, moringa’s clinical efficacy is constrained by poor bioavailability. Polyphenols and
isothiocyanates have limited absorption due to instability and poor solubility (Vergara-Jimenez et al., 2017). Nanoencapsulation,
liposomal delivery, and co-administration with piperine are promising strategies to enhance systemic availability (Stohs & Hartman,
2015). Human pharmacokinetic trials are needed to establish standardized dosage and efficacy.

Moringa Phytochemicals
(Flavonoids, Alkaloids, Digestion & Absorption Blood Circulation
Phenolics, Saponins) | — (Small Intestine) —_— (Distribution)

|
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Figure 1. Schematic diagram of Moringa phytochemical absorption and metabolism pathway
Traditional and Modern Uses

Traditional medicine: Used in Ayurveda for treating inflammation, digestive disorders, skin infections, and anemia (Fahey, 2005).
In African folk medicine, roots and seeds were used as remedies for hypertension and malaria.

Modern applications: Moringa is now widely commercialized in capsules, teas, fortified biscuits, and functional beverages (Leone
et al., 2015). Seed extracts are used in water purification due to natural coagulant proteins (Ndabigengesere & Narasiah, 1998).
Cosmetic industries use leaf and seed oil extracts in skincare formulations.

Socio-Cultural Adoption Barriers

Despite scientific validation, moringa adoption faces cultural and sensory barriers. Its pungent, bitter taste often limits culinary use.
In some regions, moringa is still stigmatized as a “famine food” (Nambiar & Parnami, 2008). Limited market availability and lack
of awareness reduce accessibility in urban populations. Overcoming these barriers requires culinary innovation, community-level
awareness campaigns, and affordable local processing units.

Safety and Toxicological Perspectives

Although Moringa leaves and pods are safe at dietary levels, concerns arise with prolonged use of root and bark extracts, which
contain alkaloids and spirochin, known to cause toxicity (Awodele et al., 2012). Herb—drug interactions are documented with
antidiabetic, antihypertensive, and anticoagulant drugs (Monera & Maponga, 2010). Establishing toxicity thresholds, safe dosage
ranges, and clinical monitoring guidelines is essential for safe therapeutic applications.

Case Studies on Community-Level Applications

Moringa leaf powder supplementation in malnourished children in Senegal and Mali improved hemoglobin levels, vitamin A status,
and weight gain (Gopalakrishnan et al., 2016). In India, incorporation of moringa into school meals reduced anemia prevalence and
improved cognitive outcomes (Nambiar & Parnami, 2008). These real-world interventions underscore moringa’s potential as a
sustainable tool in public health nutrition.
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Figure 2: Bar chart comparing nutritional status before and after Moringa supplementation
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Future Prospects and Policy-Level Integration

Moringa offers significant promise in nutraceuticals, pharmaceuticals, and food security. Policies encouraging moringa cultivation
in arid zones could strengthen local economies and food systems. Integration into national nutrition programs, such as midday meal
schemes and public distribution systems, would maximize impact. Collaborations between researchers, NGOs, and industries can
foster standardized products and ensure global acceptance. Establishing Good Agricultural Practices (GAP) and quality certification
will further enhance consumer trust.

I1. Conclusion

Moringa oleifera bridges the gap between traditional knowledge and modern science. With its unparalleled nutritional density and
broad pharmacological potential, it holds promise as a sustainable resource to address malnutrition and chronic disease burdens.
Addressing bioavailability limitations, socio-cultural adoption challenges, and long-term safety issues, while fostering policy-level
initiatives, will accelerate its global integration as a “miracle tree” for human health.
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