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Moringa oleifera, commonly known as the drumstick tree, horseradish tree, or benzolive 

tree, has emerged as one of the most nutritionally dense and bioactive plant species in 

traditional and modern medicine. Native to the Indian subcontinent, this rapidly growing 

tree has gained international recognition for its exceptional nutritional profile, diverse 

therapeutic applications, and potential to address malnutrition and food insecurity in 

developing nations. This review synthesises current scientific evidence on the 

phytochemical composition, nutritional benefits, medicinal properties, and 

sustainability aspects of Moringa oleifera. The plant demonstrates remarkable 

concentrations of proteins, vitamins, minerals, and bioactive compounds, including 

phenolic acids, glucosinolates, and flavonoids. Emerging research supports traditional 

uses in treating various diseases including inflammation, diabetes, hypertension, and 

oxidative stress-related conditions. Furthermore, the tree's rapid growth, minimal 

resource requirements, and multiple edible and non-edible applications position it as a 

promising crop for sustainable agriculture and food security in regions affected by 

malnutrition. This review critically evaluates the existing literature, identifies gaps in 

current knowledge, and suggests directions for future research. 

 

INTERNATIONAL JOURNAL OF  

PHARMACEUTICAL SCIENCES 

[ISSN: 0975-4725; CODEN(USA): IJPS00] 

Journal Homepage: https://www.ijpsjournal.com 

 

Review Paper 

Moringa oleifera: A Comprehensive Review of Drumstick Tree's 

Nutritional, Medicinal, and Sustainable Potential 

Abha, Radheshyam, Pradeep Kumar* 

Department of Pharmacology, Praduman Singh SPS Pharmacy College, Basti, U.P., 272001, India. 

ARTICLE INFO                              ABSTRACT                      

Published: 19 June 2026 

Keywords:  

Moringa oleifera, drumstick 

tree, phytochemicals, 

nutritional profile, medicinal 

properties, sustainability 

DOI:    

10.5281/zenodo.20758810 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

The escalating global burden of malnutrition, 

coupled with the pressing need for sustainable 

food sources and natural therapeutic agents, has 

prompted renewed scientific interest in traditional 

plant-based remedies [1]. Among these, Moringa 

oleifera has captured the attention of researchers, 

policymakers, and health practitioners worldwide. 

This remarkable tree, indigenous to the foothills of 

the Himalayas in northern India, has been utilized 

for centuries in traditional Ayurvedic and Unani 

medicine systems [2]. Today, it is cultivated across 

tropical and subtropical regions worldwide, from 

Africa to Southeast Asia and the Caribbean [3]. 

The common name "drumstick tree" derives from 

the shape of its elongated seed pods, which 

https://www.ijpsjournal.com/
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resemble the drumsticks used in Indian cuisine [4]. 

The tree is equally known by other vernacular 

names, including horseradish tree (referring to the 

pungent taste of its roots), benzolive tree, and the 

"miracle tree" in popular literature, a designation 

that reflects the tree's extraordinary versatility and 

nutritional density [5]. What distinguishes 

Moringa oleifera from other medicinal plants is 

the growing body of scientific evidence validating 

its therapeutic potential and sustainability profile 

[6]. 

The significance of Moringa oleifera extends 

beyond individual nutrition and health. With 

approximately 821 million people suffering from 

hunger globally and micronutrient deficiencies 

affecting over 2 billion individuals, the World 

Food Programme has recognised Moringa as a 

potentially transformative crop for addressing 

food insecurity [7]. Its rapid growth rate (reaching 

maturity within 6-12 months), remarkable 

nutritional density, adaptability to diverse soil 

conditions, and multiple uses position it uniquely 

to contribute to sustainable development goals [8]. 

This comprehensive review examines the 

scientific literature on Moringa oleifera, 

synthesising evidence on its phytochemical 

composition, nutritional profile, demonstrated 

medicinal properties, and applications in 

sustainable agriculture [9]. 

2. Botanical Description and Distribution 

2.1 Taxonomic Classification and Morphology 

Moringa oleifera belongs to the Moringaceae 

family, which comprises 13 species of shrubs and 

trees, with M. oleifera being the most widely 

distributed and economically important [10]. The 

plant is characterised by a slender trunk, feathery 

compound leaves, and distinctive elongated seed 

pods [11]. Trees can reach heights of 7-11 meters 

under optimal conditions, though cultivated 

varieties may be managed at smaller sizes for ease 

of harvest [12]. The leaves are bipinnate, finely 

divided, and typically 15-45 cm long, providing 

optimal surface area for photosynthesis and 

nutrient accumulation [13]. 

The most commercially utilised parts include the 

leaves, immature seed pods, seeds, roots, and 

flowers [14]. Importantly, virtually every part of 

the plant possesses nutritional or medicinal value, 

contributing to its characterisation as a 

multipurpose tree species (Fig. No. 1) [15]. The 

seed pods, consumed as a vegetable in South Asian 

cuisines, are rich in protein and represent a 

significant source of nutrition in regions where 

conventional vegetables may be unavailable [16]. 

Additionally, Moringa flowers are edible and 

possess antimicrobial properties [17]. 

 

Fig. No. 1: Moringa leaves, flowers and Tree with fruit 
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2.2 Geographic Distribution and Cultivation 

While native to the Indian subcontinent, Moringa 

oleifera is now cultivated extensively throughout 

Africa, the Middle East, Southeast Asia, and parts 

of Central and South America [18]. It thrives in 

tropical and subtropical climates but demonstrates 

remarkable adaptability to diverse environmental 

conditions [19]. Studies have documented 

successful cultivation at altitudes up to 1,000-

1,200 meters and in areas receiving as little as 250 

mm annual rainfall [20]. 

The tree's rapid growth cycle and minimal input 

requirements represent significant advantages 

over conventional crops [21]. Under favourable 

conditions, Moringa oleifera can produce multiple 

harvests annually, with leaves amenable to 

continuous harvesting without significantly 

compromising plant vigour [22]. This regenerative 

capacity, combined with nitrogen-fixing 

capabilities and the tree's capacity to improve soil 

quality, positions it favourably within sustainable 

agricultural systems [23]. Research has 

demonstrated that Moringa can fix atmospheric 

nitrogen through symbiotic relationships with 

Rhizobium species, potentially reducing the need 

for external nitrogen fertiliser [24]. 

3. Phytochemical Composition and Nutritional 

Profile 

3.1 Macronutrients and Micronutrients 

The nutritional profile of Moringa oleifera leaves 

represents one of the plant's most remarkable 

characteristics. Comprehensive nutritional 

analyses have documented protein concentrations 

in dried leaves ranging from 25-35% of dry 

weight, surpassing many legumes and rivaling 

conventional protein sources [25]. The protein is 

complete, containing all nine essential amino acids 

in bioavailable forms [26]. Mineral content is 

equally impressive, with calcium concentrations 

reaching 2,000-3,000 mg per 100g of dried leaves, 

while iron content averages 28 mg per 100g [27]. 

Potassium content reaches 1,300-1,600 mg per 

100g of dried leaves [28]. 

Additionally, Moringa leaves contain appreciable 

quantities of magnesium (368 mg per 100g), 

phosphorus (204 mg per 100g), zinc, and copper 

[29]. Dried Moringa leaves contain beta-carotene 

at concentrations exceeding 40 mg per 100g, 

substantially higher than carrots on a weight-

adjusted basis [30]. Vitamin C content in fresh 

leaves ranges from 120-220 mg per 100g [31]. The 

leaves also contain appreciable quantities of B 

vitamins, including folate (160 µg per 100g dried 

leaves), thiamine, and riboflavin [32]. 

3.2 Phytochemical and Bioactive Compounds 

Beyond conventional nutrients, Moringa oleifera 

leaves contain an impressive array of bioactive 

phytochemicals responsible for much of the plant's 

reported medicinal properties. Phenolic 

compounds, including quercetin, kaempferol, and 

various phenolic acids, constitute major 

constituents [33]. The total phenolic content of 

Moringa leaves has been estimated at 1.3-3.2 g 

gallic acid equivalents per 100g dry weight [34]. 

Glucosinolates represent another significant class 

of bioactive compounds, with concentrations 

varying among plant parts [35]. These sulfur-

containing compounds are hydrolysed to form 

isothiocyanates, which demonstrate antimicrobial 

and potential anticarcinogenic properties [36]. 

Seeds contain the highest glucosinolate 

concentrations, followed by leaves and roots [37]. 

Additional notable bioactive compounds include 

polysaccharides, tannins, saponins, and various 

alkaloids [38]. The exact phytochemical profile 

varies based on plant part, growth conditions, 

harvest timing, and processing methods [39]. 

3.3 Antioxidant Activity 

Multiple studies have demonstrated the 

remarkable antioxidant capacity of Moringa 



Pradeep Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 4964-4979 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 4967 | P a g e  

oleifera extracts [40]. Leaf extracts exhibit DPPH 

scavenging activity with IC50 values ranging from 

18-42 µg/mL, depending on extraction 

methodology [41]. When evaluated using ABTS 

assays, Moringa leaf extracts demonstrate IC50 

values comparable to or exceeding those of 

recognised antioxidants such as vitamin C [42]. By 

neutralising reactive oxygen species and 

enhancing endogenous antioxidant enzyme 

systems, including superoxide dismutase, catalase, 

and glutathione peroxidase, Moringa-derived 

compounds provide protective mechanisms 

against oxidative damage [43]. Fresh Moringa leaf 

juice has been shown to enhance antioxidant 

enzyme activity in human subjects within hours of 

consumption [44]. 

4. Medicinal Properties and Therapeutic 

Applications 

4.1 Anti-inflammatory Effects 

Chronic inflammation constitutes a fundamental 

pathophysiological mechanism underlying 

numerous diseases [45]. Multiple in vitro and 

animal studies have documented potent anti-

inflammatory effects of Moringa oleifera extracts. 

Leaf extracts inhibit pro-inflammatory cytokine 

production, including TNF-α, IL-6, and IL-1β, in 
lipopolysaccharide-stimulated macrophage 

models [46]. The inhibition of NF-κB signalling 
appears to be a key mechanism [47]. 

In a randomised controlled trial involving 

individuals with osteoarthritis, supplementation 

with Moringa leaf powder resulted in significant 

reductions in inflammatory markers, including C-

reactive protein, compared to placebo controls 

[48]. Joint pain scores demonstrated meaningful 

improvement, with some patients reporting pain 

reduction exceeding 50% [49]. 

4.2 Antidiabetic and Metabolic Effects 

The prevalence of type 2 diabetes mellitus has 

reached epidemic proportions globally, with over 

400 million individuals currently affected [50]. In 

streptozotocin-induced diabetic rats, 

administration of Moringa leaf extract resulted in 

significant reductions in fasting blood glucose 

levels, with some studies reporting reductions 

exceeding 30% [51]. The plant contains 

compounds that inhibit enzymes involved in 

carbohydrate digestion, including alpha-

glucosidase and alpha-amylase [52]. 

A randomised controlled trial involving 

individuals with type 2 diabetes demonstrated that 

twice-daily supplementation with Moringa leaf 

powder (7 grams daily) for three months resulted 

in reductions in fasting blood glucose from 125 

mg/dL to 98 mg/dL [53]. Haemoglobin A1c 

decreased from 8.1% to 6.8% in the intervention 

group, compared to minimal changes in control 

participants [54]. 

4.3 Cardiovascular and Blood Pressure Effects 

Hypertension and dyslipidemia represent major 

risk factors for cardiovascular disease [55]. 

Animal models of hypertension treated with 

Moringa leaf extract exhibited significant 

reductions in systolic and diastolic blood pressure 

[56]. The antihypertensive mechanisms appear to 

involve enhanced nitric oxide production, 

potassium-mediated vasodilation, and direct 

smooth muscle relaxation [57]. 

In human studies, daily consumption of Moringa 

leaf powder (6 grams daily) for eight weeks 

resulted in mean reductions in systolic blood 

pressure of approximately 6-7 mmHg and diastolic 

pressure of 4-5 mmHg [58]. Moringa 

supplementation reduced total and LDL 

cholesterol concentrations, accompanied by 

improvements in HDL cholesterol [59]. In one 

clinical trial, triglyceride reductions exceeding 

30% were documented with sustained Moringa 

supplementation [60]. 
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4.4 Antimicrobial and Immune-Modulating 

Properties 

Multiple studies have documented activity against 

diverse bacterial pathogens, including 

Staphylococcus aureus, Escherichia coli, and 

Klebsiella pneumoniae [61]. The antimicrobial 

activity has been attributed primarily to 

glucosinolate-derived isothiocyanates and 

phenolic compounds [62]. Beyond direct 

antimicrobial activity, Moringa appears to 

modulate immune function by enhancing 

phagocytic activity and increasing 

immunoglobulin A production [63]. In 

malnourished children supplemented with 

Moringa leaf powder over 12 weeks, significant 

improvements were documented in white blood 

cell counts and lymphocyte populations [64]. 

4.5 Hepatoprotective Effects 

Animal studies have investigated Moringa's 

hepatoprotective effects in various models of liver 

injury. In acetaminophen-induced hepatotoxicity 

models, Moringa leaf extract pretreatment 

substantially reduced hepatic enzyme elevation 

and histological evidence of hepatocellular 

damage [65]. These effects appear to operate 

through enhanced antioxidant enzyme activity 

within hepatocytes and reduced inflammatory 

signaling pathways [66]. Moringa may enhance 

the expression and activity of Phase II 

detoxification enzymes [67]. 

4.6 Neuroprotective and Cognitive Effects 

In animal models of Alzheimer's disease, 

administration of Moringa leaf extract improved 

cognitive performance and reduced markers of 

neuroinflammation [68]. The proposed 

mechanisms include enhanced antioxidant enzyme 

activity in the central nervous system and reduced 

neuroinflammation by inhibiting pro-

inflammatory cytokines [69]. Certain bioactive 

compounds in Moringa may enhance 

neuroplasticity through BDNF signaling [70]. 

5. Nutritional Applications and Food Security 

5.1 Addressing Malnutrition in Vulnerable 

Populations 

The nutritional density of Moringa leaves makes 

the plant an exceptionally promising intervention 

for addressing nutritional gaps in developing 

nations [71]. Programs in Africa, South Asia, and 

parts of Latin America have integrated Moringa 

leaf powder into complementary feeding 

programs, with documented improvements in 

growth parameters and micronutrient status [72]. 

A study conducted in Malawi evaluated the 

effectiveness of Moringa leaf supplementation in 

children with moderate acute malnutrition [73]. 

Over a 12-week intervention period, children 

receiving daily Moringa leaf powder 

supplementation (3.5 grams daily) demonstrated 

significantly greater weight gain and 

improvements in mid-upper arm circumference 

compared to control groups [74]. These 

improvements were accompanied by enhanced 

micronutrient status markers, including serum iron 

and zinc levels [75]. 

5.2 Integration into Agricultural Systems 

The integration of Moringa oleifera into existing 

agricultural systems offers multifaceted benefits 

beyond direct nutritional contribution [76]. The 

tree's nitrogen-fixing capabilities reduce the 

requirement for synthetic nitrogen fertilisers [77]. 

Moringa grows sufficiently rapidly to be 

incorporated into agroforestry systems, providing 

periodic income and nutrition while improving soil 

fertility [78]. The multiple uses of different plant 

parts create diverse income opportunities, with 

leaves harvested for supplements, pods as 

marketable vegetables, and seeds yielding oil with 

industrial applications [79]. 
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6. Safety, Bioavailability, and Dosage 

Considerations 

6.1 Safety Profile and Adverse Effects 

The safety profile of Moringa oleifera has been 

assessed in both preclinical and clinical contexts 

[80]. The plant demonstrates excellent safety 

characteristics with minimal documented adverse 

effects at nutritionally relevant doses [81]. Acute 

toxicity studies have not identified concerning 

toxicological signals [82]. However, the roots and 

root extracts should be avoided during pregnancy 

due to potential uterotonic effects [83]. 

Additionally, seeds contain compounds that may 

have goitrogenic properties in high concentrations 

[84]. 

6.2 Bioavailability and Nutrient Absorption 

While Moringa leaves contain impressive absolute 

concentrations of nutrients, bioavailability 

determines the actual nutritional benefit conferred 

[85]. Bioavailability of certain minerals, 

particularly iron, is relatively low due to the 

presence of antinutritional factors including 

oxalates, phytates, and tannins [86]. Processing 

methods such as fermentation or sprouting may 

enhance mineral bioavailability [87]. Combination 

with vitamin C-rich foods enhances iron 

absorption [88]. Heat treatment can alter 

phytochemical profiles through both degradation 

and formation of novel compounds [89]. 

6.3 Recommended Dosages and 

Supplementation 

Optimal dosages for Moringa supplementation 

remain incompletely characterised [90]. For leaf 

powder supplementation in clinical studies, doses 

have ranged from 3.5 to 12 grams daily [91]. 

Nutritional supplementation studies in 

malnourished populations have commonly 

employed doses of 6-7 grams daily of dried leaf 

powder without significant adverse effects [92]. 

 

7. Sustainability and Environmental 

Considerations 

7.1 Sustainable Cultivation Practices 

The promotion of Moringa oleifera must be 

contextualised within principles of sustainable 

agriculture [93]. The tree's minimal input 

requirements—tolerance of marginal soils, low 

water demands, and rapid growth without 

extensive agrochemical inputs—contribute to its 

sustainability profile [94]. Intercropping Moringa 

with other crops, particularly nitrogen-fixing 

legumes, creates polyculture systems that are more 

resilient [95]. Moringa's deep root system allows 

for effective water harvesting and improved soil 

water retention [96]. 

7.2 Environmental and Ecological Impacts 

As Moringa cultivation has expanded globally, 

consideration of potential ecological impacts has 

become increasingly important [97]. The tree's 

rapid growth and invasive potential in certain 

tropical ecosystems warrant careful management 

[98]. However, in arid and semi-arid regions 

facing desertification, Moringa cultivation may 

provide net positive environmental benefits 

through soil stabilisation [99]. The tree's ability to 

establish on degraded soils positions it as a 

valuable tool for land restoration [100]. 

8. Limitations in Current Literature and 

Future Directions 

8.1 Methodological Limitations and Research 

Gaps 

While the body of evidence supporting Moringa 

oleifera's nutritional and medicinal properties has 

grown substantially, important limitations warrant 

acknowledgement [101]. Many studies employ 

methodologies not translatable to human 

application, and substantial heterogeneity exists in 

plant material across studies [102]. Many trials 
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lack adequate blinding, appropriate controls, or 

rigorous outcome assessment methodology [103]. 

Long-term safety data from extended human 

studies remain sparse, and investigation of 

potential drug-nutrient interactions remains 

incomplete [104]. The rapid commercialisation of 

Moringa supplements has proceeded largely 

without standardised quality control or regulatory 

oversight in many jurisdictions [105]. Products 

may vary considerably in phytochemical content, 

bioactivity, and purity [106]. 

8.2 Future Research Priorities 

Continued advancement of Moringa oleifera 

applications requires expanding high-quality 

clinical research employing rigorous 

methodologies [107]. Mechanistic studies 

employing modern molecular approaches could 

elucidate precise pathways through which 

Moringa compounds produce biological effects 

[108]. Development of standardised extraction and 

processing methods would enhance product 

consistency and reproducibility [109]. Optimising 

Moringa cultivation practices across diverse 

agroecological contexts and investigating 

intercropping systems are important priorities 

[110]. 

CONCLUSION 

Moringa oleifera represents a remarkable plant 

with exceptional nutritional density, demonstrated 

bioactive properties, and substantial potential to 

address multiple global health and sustainability 

challenges [111]. The convergence of traditional 

knowledge, supported by accumulating scientific 

evidence, positions the drumstick tree as a 

promising resource for nutritional enhancement, 

particularly in regions affected by food insecurity 

and malnutrition [112]. The plant's rapid growth, 

minimal resource requirements, and multiple uses 

create opportunities for sustainable agricultural 

development and economic empowerment of 

farming communities [113]. From a nutritional 

perspective, the leaves provide complete proteins, 

comprehensive micronutrient profiles, and 

bioactive compounds with demonstrated 

antioxidant and anti-inflammatory properties 

[114]. Evidence supporting Moringa's therapeutic 

applications in the management of chronic 

diseases, including diabetes, hypertension, and 

inflammatory conditions, continues to accumulate 

[115]. The plant's safety profile, when properly 

processed and administered at nutritionally 

relevant doses, appears favourable [116]. 

Realising the full potential of Moringa oleifera 

requires multidisciplinary efforts spanning 

nutrition science, pharmacology, agricultural 

development, and policy implementation [117]. 

As global populations continue to grapple with 

malnutrition, chronic disease burden, and 

environmental degradation, the drumstick tree 

offers evidence-based promise as part of 

comprehensive solutions to these pressing 

challenges [118]. 
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