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ABSTRACT 
	Moringa oleifera Lam., a member of the family Moringaceae, is a fast-growing multipurpose tree species valued globally for its exceptional nutritional and medicinal properties. The present study boons a comprehensive synthesis of current knowledge on the species, with emphasis on its taxonomic placement, morphological characteristics, global distribution, and the role of wild relatives in systematics and diversity. The ethnobotanical importance of M. oleifera is explored, highlighting its widespread use in traditional medicine and dietary supplementation, particularly in addressing micronutrient deficiencies such as iron-deficiency anemia. The review also discusses the constraints in its domestication and the ecological implications of its cultivation in various agroclimatic zones. The species also holds considerable promise for nutritional security and sustainable agriculture. The study underscores the botanical, ecological, and applied relevance of M. oleifera, offering direction for future studies to maximize its potential while ensuring biodiversity conservation and responsible utilization.
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1. INTRODUCTION 

Moringa oleifera Lam., commonly referred to as the drumstick tree, horseradish tree, or "miracle tree," is a rapidly growing, drought-resistant member of the family Moringaceae. It was first isolated in India's sub-Himalayan areas, and it has been acclaimed throughout history for nutritional and medicinal purposes (1). There has been an increased scientific interest in M. oleifera over the past decades for its increased nutritional value with superior vitamin, mineral, and protein content compared to many foods (2). The universal use of M. oleifera stems from its ability to solve malnutrition and other diseases, especially in developing nations where nutritional deficiency is still widespread. Its ability to thrive under unfavourable weather conditions also adds to its utility in climate-resilient agriculture under climate change (3).

The present review intends to give a summary of what is presently known about M. oleifera, and the facts related to its taxonomic position, morphology, geographical distribution, nutritional quality, medicinal uses, and genetic constitution. Literature published between 1970 and 2024 was searched, with special focus on more recent work (2010-2024) for disciplines of biological and biotechnological applications. The data were critically assessed for scientific merit, methodological rigor, and material relevance to the aims of the review before inclusion.

Taxonomic Classification and Morphology
Moringa oleifera (2n = 28) belongs to the family Moringaceae, order Brassicales. It is classified in the taxonomic hierarchy in the division Tracheophyta, class Magnoliopsida, subclass Dillendiidae (4). There are 13 species of the genus Moringa, of which M. oleifera is most widely grown and studied. Morphologically, M. oleifera is a quick-growing tree, 10-12 m high, with a trunk diameter of up to 45 cm. Leaves are tripinnate with white or yellow stripes (5). Inflorescences are axillary with perfumed bisexual flowers made of five pale yellowish petals. Fruits are three-valved, elongated pods (30-120 cm long) with globular seeds of about 1 cm diameter, each having three whitish papery wings (6). Recent genome studies have validated that the Moringa genome comprises 101 significant gene families accumulating 957 genes, with more families for chloroplast and photosynthetic traits. Most genes have orthologous relations to plastid-encoded genes in Arabidopsis thaliana (7).

Geographical Distribution and Adaptation
Moringa oleifera occurs naturally in the lowlands of eastern Africa, namely southeastern Ethiopia, Kenya, and Somalia, and the Himalayan mountains of India (4) (Figure 1). Through human cultivation, it has spread to a majority of tropical and subtropical regions across the globe, including Asian, African, Caribbean, and Latin American parts. The plant is very tolerant of different environmental factors. It is cultivated in semi-arid, tropical, and subtropical areas with a wide tolerance to diverse soil types and low water demands. M. oleifera can thrive on neutral to slightly acidic soils (pH 6.3-7.0) and can withstand temperatures between 26-40°C (3), which makes it a heat-tolerant crop that can be cultivated in arid places.
Global distribution of Moringa oleifera showing native and introduced ranges. The map highlights the species' origin in the Indian subcontinent and its widespread cultivation and naturalization across Africa, Southeast Asia, Central and South America, and parts of the Middle East. Regions of intensive cultivation and ethnobotanical use are emphasized (19,20).
In India alone, a major producer of Moringa with 1.1-1.3 million tons of fruit production every year from a cropping area of 380 km², different regional cultivars have been produced. They have developed under the conditions of local agroclimatic and farming systems and therefore contribute to the genetic variability of the crop being cultivated. Figure 2 depicts the geographical distribution of Moringa oleifera usage and cultivation across Indian states, with emphasis on regions demonstrating the highest adoption.
Nutritional Composition and Biofortification Potential
Moringa is highly nutritious with a variety of potential uses and there are several reports to treat diseases caused in humans highlighting the nutritional qualities of Moringa (Supplementary Table 1).  It is an eminent source of vitamin A, B, C, E (8), and provitamin A as beta-carotene (9). The fresh leaves of M. oleifera contain seven times affluent in vitamin C of oranges, four times richer in vitamin A and calcium than carrot and milk, three times of potassium than bananas, substantially twice the protein of yogurt, and three-quarters of iron (Fe) than spinaches (Mahmood et al., 2010; Preethi et al., 2017). It is also a good source of other dietary minerals like manganese (Mn), phosphorus (P), calcium (Ca), potassium (K), zinc (Zn), copper (Cu), and Fe (8).  
Leaves are the most nutritious part with vitamins - B, C, K, provitamin A as beta carotene, manganese (Mn), proteins and Ca (2,016.5 mg/ 100 g), Mg (322.5 mg/100 g), K (1.84 mg/100 g), Zn (1.0 mg/100 g), Cu (1.03 mg/100 g), and Fe (19.37 mg/ 100 g). It is also used in biogas, animal forage, green manure, biopesticides, ornamental planting, and domestic biomass production (crushed leaves). In industries, the leaves are used to improve soil fertility and the production of biogas, gum, and pulp. It has also been used as a cleaning agent, which was most beneficial for water purification (10). Dried leaf powder contains 38.2 mg/100 g carbohydrates, 29.71 mg/100 g proteins, 2.3 mg/100 g fat, and 19.2 mg/100 g crude fiber. It is also rich in trace minerals and amino acids. In comparison to fresh leaves, dried leaves have 10 times the amount of vitamin A found in carrots, as much vitamin C as oranges have, 17 times the calcium content of milk, 15 times the potassium content of bananas, 9 times the protein content of yogurt, and 25 times the iron content of spinach (11).
There has been recent research directed towards biofortifying M. oleifera to treat iron deficiency anemia (IDA). Experiments have shown that supplementing with M. oleifera in the diets significantly influences hemoglobin and ferritin among children suffering from anemia. In one study among 95 anemic children aged six months, supplementation with M. oleifera leaf powder significantly decreased the prevalence of anemia, and mean hemoglobin was raised to 10.9 g/dl in the intervention group compared to 9.4 g/dl in the control group (12). Iron is not the only biofortification potential, but other micronutrients are also possible. M. oleifera leaf powder has been used in Ghana for the fortification of numerous foods with increased copper, iron, manganese, zinc, and beta-carotene. The foods were well accepted by children, suggesting a viable means of increasing intake among groups at risk of deficiency. 
Industrial:
The wood of M. oleifera is used in blue dye and fencing (Council of Scientific and Industrial Research, 1962). It provides pulp that is suitable for newsprint, wrapping, printing, and writing papers. Seed cake is used as fertilizer, honey (powdered seeds), sugarcane juice, a refiner, water purification, and oil (seed). It is also used in biogas production (93 %).  Tree trunks as gums, rope, and tanning hides (1). 
Moringa Food Products:
Worldwide, Iron deficiency anemia (IDA) is one of the most significant nutritional deficiencies, especially in low and middle-income countries, which needs major attention. Towards this, the Moringa oleifera was selected as an alternate source and studied.  Moringa oleifera, with lots of nutritional properties, has also been studied by assimilating into homemade fruit beverages and providing to 32 children from low-income families, to estimate the Fe deficiency. The evaluation of red blood cell volume, hemoglobin, ferritin, and serum Fe levels was performed for a two-month duration. The study resulted in a 1.3-fold increase in hemoglobin and ferritin levels and red blood cell volume; serum Fe was 1.1 times higher (Perera et al., 2021). Moringa proved to be a promising food that is easily incorporated into the diet and helps children suffering from this pathology (13). Moringa oleifera increases its nutritional value when incorporated in biscuits, cakes, brownies, meats, juices, and sandwiches (14). The effect of M. oleifera leaf powder (MOLP) supplementation was studied on reducing anemia among children below 2 years. During the study, 95 anemic children were followed for 6 months. At baseline, the mean Hb concentrations of the control and intervention groups were 7.9 g/dl (SD = 1.3) and 8.3 g/dl (SD = 1.6) g/L, respectively (p‐value = 0.0943). After 6 months, anemia prevalence significantly decreased, and the mean Hb was 10.9 g/dl (95% CI: 10.2–11.4) for intervention and 9.4 g/dl (95% 7.8–10.1) for control (p‐value = 0.002) (12). MOLP was used to fortify various dishes (porridge, foam, beans and gari, waakye, appraisal, nkontomire sauce, and groundnut soup) in Ghana, and this increased the levels of Cu, Fe, Mn, Zn, and beta-carotene content of the diets. More so, these fortified diets were preferred by children and could be used as a vehicle for Moringa oleifera utilization for delivering micronutrients. It could be mentioned that food-to-food fortification using M. oleifera leaves has the potential of being a less expensive β-carotene and mineral source in the diets of many children in Ghana and other tropical countries where it is grown and could be easily adapted where children often have marginal vitamin A status. The food products used in daily life have been compared with those raised from M. oleifera, and it has been found that Moringa products are the best and healthiest (Table 1).
Medicinal Properties and Therapeutic Applications
The medicinal potential of M. oleifera has been highly prized for centuries, with a diverse range of traditional applications for numerous different diseases and ailments. Current scientific research has started to confirm many of these traditional uses using bioactive molecule analysis and examination of the associated mechanism. Various parts of the plant contain numerous phytoconstituents like alkaloids, proteins, quinones, saponins, flavonoids, tannins, steroids, glycosides, and fixed oils and fats (15). The most striking is the high antioxidant content, with more than 40 reported natural antioxidant compounds for M. oleifera. The detailed medicinal properties, which are tissue-specific, were elaborated in Figure 3 and Supplementary Table 1.
Therapeutic applications proven by science include:
1. Anti-inflammatory activity: Bioactive compounds of M. oleifera highly support the anti-inflammatory process of the body.
2. Cardiovascular health: Chronic use supports healthy cardiovascular function and normal glucose levels in the blood.
3. Immunomodulatory effects: Different compounds modulate immune system activity.
4. Antioxidant protection: The high antioxidant content enables free radical neutralization and reduces oxidative stress.
5. Traditional applications: Flowers, leaves, roots, and bark have been used as folk remedies for tumors, abdominal pain, boils, conjunctivitis, hypertension, and other skin conditions (16).
Subsequent studies in the Caribbean region further described the composition of bioactive compounds. Powdered seeds had a higher protein content compared to powdered leaves (35.13% vs. 20.54%), with considerable differences in the lipid content. The key phenolic compounds were neohesperidin (126.8 mg/kg), chlorogenic acid (99.96 mg/kg), and quercetin (43.44 and 21.44 mg/kg), whereas total phenols in powdered leaves extract (635.6 mg GAE/L) were higher than those found in powdered seeds extract (229.5 mg GAE/L) (Jozef et al., 2019).
Wild Relatives and Conservation
The Moringa genus consists of 13 species which can morphologically be divided into three forms: slender, bottle, and tuberous types. The wild relatives are a valuable genetic source for M. oleifera improvement programs (Table 2).
Bottle type species possess water-stored swollen trunks and are thus referred to as "tank trees." The height varies from 6-15 m and includes species such as M. drouhardtii, M. hildebrandtii, M. stenopetala, and M. ovalifolia. Slender form species grow 10-15 m tall with slender stems, fibrous roots, and glabrous bark. M. concanensis and M. peregrina belong to this group. Tuberous form species are typically shrubs growing 10 cm to 15 m tall with temporary stems and long, fleshy roots. M. arborea, M. rivae, M. borziana, M. pygmaea, M. longituba, and M. ruspoliana belongs to this group. 
Phylogenetic studies show that M. oleifera is closer to M. peregrina compared to M. longituba and M. ovalifolia (17). Surprisingly, M. oleifera is closer genomically to Arabidopsis thaliana than Sclerocarya birrea (7). Wild Moringa species conservation is becoming increasingly important as the loss of habitat puts pressure on their natural populations. Few of them have restricted areas and may be threatened with conservation problems. Nevertheless, adequate assessment of conservation status for the majority of species is lacking, and additional research in this area is required. The wild species within the genus Moringa are classified into three major groups, reflecting variations in their growth forms, habitats, and reproductive traits
Domestication Challenges and Management of Diseases
Although robust, M. oleifera undergoes a variety of biotic stresses that affect both yield quality and quantity (Figure 4). About 12 fungal diseases have been reported, which comprise brown leaf spot (Cercospora moringicola), septoria leaf spot (Septoria lycopersici), alternaria leaf spot (Alternaria solani), powdery mildew (Leveillula taurica), root rot (Diplodia sp.), fusarium wilt (Fusarium oxysporum f. sp. Moringae), fruit rot (Cochliobolus hawaiiensis), damping off (Rhizoctonia solani), dieback (Fusarium semitectum), anthracnose (Colletotrichum chlorophyti), twig canker (Fusarium pallidoroseum), and rust (Puccinia Moringae). Insect pests of M. oleifera crops in India include pod fly (Gitona distigma), bud worm (Noorda Moringae), leaf caterpillar (Noorda blitealis), hairy caterpillars (Eupterote mollifera, Pericallia ricini, Metanastria hyrtaca, and Streblote siva), bark borer (Indarbela tetraonis), and long horn beetles (Batocera rubus). They also possess certain minor pests like scale insects, bud midge, leaf-eating weevils, red mites, and aphids. Fungal endophytes of M. oleifera have also been isolated, and 24 morphospecies have been isolated from the leaf tissues, with the presence of genera such as Fusarium, Xylaria, Pestalotiopsis, Aspergillus, Nigrospora, Stachybotrys, Rhizoctonia, and Macrophomina (18). Management of disease is among the sustainable challenges of M. oleifera production, especially as new fields of production increase. Integrated management of pests and diseases with minimal use of chemicals but high levels of effectiveness for sustainable production must be employed. 
Future Research Directions
While substantial progress has been made in understanding many aspects of M. oleifera, several areas of major research must be pursued:
1. Functional genomics: Gene function characterization, especially for genes participating in biosynthesis of nutritional metabolites and bioactive compounds, is essential. CRISPR tools which are yet to be tried on M. oleifera are replete with hope to enable functional genomics experiments.
2. Biofortification: On the success of promising findings on iron biofortification research, rigorous programs to increase the content of several micronutrients (i.e., iron and zinc) via breeding and biotechnological applications should be launched.
3. Adaptation processes: With growing intensity of climate change, intensive investigation of drought tolerance, heat tolerance, and water-use efficiency processes in M. oleifera would guide climate-resilient cultivation practices.
4. Standardization of medicinal applications: Although extensively used traditionally, scientific establishment and standardization of medicinal uses must be supported through additional research, including clinical trials where indicated.
5. Conservation genomics: Comprehensive genomic characterization of wild Moringa species would guide conservation priorities and could aid in the identification of useful genetic resources to advance the crop.
6. Agroecosystems that are sustainable: Enhance agroforestry and intercropping systems incorporating M. oleifera to boost sustainability and agricultural system resilience.
7. Post-harvest technology: Enhanced processing, preservation, and mixing M. oleifera into foodstuffs would create more utilitarian uses for averting nutritional deficiencies.
Conclusion
Moringa oleifera is a beneficial plant resource of outstanding nutritional and medicinal value. This review has integrated modern understanding of its taxonomic status, morphology, geographic distribution, nutritional content, medicinal use, wild relatives, and domestication issues. The potential of M. oleifera to combat micronutrient deficiencies, particularly iron deficiency anemia, is promoted by mounting scientific evidence. With increasing worldwide worries about food security, nutrition, and climate change, M. oleifera is a hardy, adaptable species with immense potential for sustainable agriculture systems. By investing in this review's research priorities, the research community can help to ensure that the expansive potential of this valuable plant resource is harnessed for both environmental sustainability and for human health.
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Figure 1. Global distribution of Moringa oleifera showing native and introduced ranges. The map highlights the species, and origin in the world.
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Figure 2. Illustrates the regional distribution of Moringa oleifera usage across Indian states, highlighting areas with the highest utilization.
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Figure 3. Graphical representation of the medicinal properties of Moringa oleifera with specific plant tissues that summarizes pharmacologically active compounds and their associated therapeutic activities.
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Figure 4. Major diseases of Moringa oleifera by tissue type. The figure shows infections affecting leaves, stems, roots, and pods, along with key symptoms and causal organisms.
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Supplementary Table 1. Pharmacological effects of all the parts of Moringa oleifera
	Properties
	Tissue/Compound Extracted
	Role
	Reference

	Antioxidant (leaves)
	Beta-carotenes from leaves
	Preventing vitamin A deficiency
	Ghasi et al. (2000)

	
	Methanolic extract of leaves
	Bone marrow protection
	Rao et al. (2001)

	
	Leaf meal
	10% of the dietary protein in Nile tilapia
	Richter et al. (2003)

	
	Phenolic acids and flavonols from leaves
	Improving nutrition security, oxidative stress and reducing anaemia
	Nambiar et al. (2005)
Nambiar (2006)

	
	Methanolic and acetone extract of leaves 
	Stabilization of sunflower oil
	Siddiq et al. (2005)

	
	Quercetin from leaves
	Multiple therapeutic properties
	Lako et al. (2007)

	
	Lutein and Zeaxanthin from leaves
	Improved vision and prevention of eye
diseases
	Liu et al. (2020)

	
	Polyphenolic fraction of leaves
	Free radical scavenging and metal chelation
	Verma et al. (2009)

	
	Dehydrated leaf tablets
	Prevention of chronic degenerative disorders
	Nambiar et al. (2008)

	
	Leaf meal
	Improved milk yield by 12% in goat
	Kholif et al. (2015)

	
	Phytochemical compounds from leaves
	Increase of phenolic content in yogurt
	Shokery et al. (2017)

	
	Polyphenols and flavonoids from leaves
	Nutritional source for ruminants
	Belhi et al. (2018)

	
	Phenols from leaves
	Preventing oxidation and increasing shelf life of goat milk
	Al-Juhaimi et al. (2020)


	Antioxidant (Seeds)
	Seed
	Edible oil production
	Coote et al. (1997)

	
	Natural coagulant of seed
	Household water treatment
	Ghebremichael et al. (2001)

	
	Sugar-modified glucosinolates from seeds
	Chemopreventive activity by inducing apoptosis
	Amaglo et al. (2010)
Brunelli et al. (2010)

	
	Seed oil
	Anti-bacterial, anti-inflammatory, antihypertensive, antiepileptic,
antioxidant, antifungal, antipyretic and anticancer medicinal
properties
	Ogbunugafo et al. (2011)
Sultana et al. (2015)

	
	Seed oil
	Human consumption and also for non-food applications such as the production of biodiesel, cosmetics, and lubricants for
machines
	Mofijur et al. (2014)
Leone et al. (2016)
Saa et al. (2019)

	
	Oil extracted seed waste
	Waste water treatment
	Magalhaes et al. (2021)

	Antioxidant (Roots)
	Petroleum
ether extract of the root bark
	Anti-trypanosomal activity
	Atawodi and Shehu (2010)

	
	Root extracts
	Antimicrobial activity
	Raj et al. (2011)

	
	Root extract
	Antimutagenic and antioxidant activity
	Satish et al. (2013)

	
	Roots

	Phytoextraction of Cadmium by Rhizofiltration
	Yadav and Srivastava (2017)

	Antioxidant (Stem)
	Stem bark extracts
	Uses in folkloric medicines
	Kumbhare et al. (2012)

	
	Stem extracts
	Prevent oxidative stress injury induced by H2O2  and UVB-radiation in keratinocytes of mice
	Zhou et al. (2018)

	









Amino acid (Leaves)
	Leaf extract
	Sulfur-containing amino acids are higher than adequate concentration as FAO/WHO/UNO recommended for a 2 to 5-year-old child.
	Makkar et al. (1996)

	
	
Extracted meal
	Good source of protein for animal feed
	Makkar et al. (1997)

	
	Vitamin A and Vitamin C
	To cure vitamin A deficiency and improve nutritional status in local populations of Malawi
	Babu (2000)

	
	Vitamin C, B-complex Vitamins, Calcium, Protein, Potassium, Magnesium, Selenium, Zinc
	Improve micronutrient deficiencies
	Fuglie (2005)
Agyepong (2009)

	
	Vitamins, minerals and polyphenols
	Improve health and nutrition
in malnourished populations
	Coppin et al. (2008)

	
	Leaf extract (crude protein 27.51%)

	Nutritional diet supplement
	Oduro et al. (2008)

	
	Proteins, minerals, calcium, potassium, and iron
	Nutritional supplemental to children, pregnant or  lactating women, and elder peoples
	Juliani et al. (2009) Mensah et al. (2012)


	
	Crude protein (CP)
29.68% higher than Panicum maximum
	Nutritional supplement to West African Dwarf (WAD) sheep
	Fadiyimu et al. (2010)

	
	Moringa leaf powder
	Improve the nutritional characteristics of cookies
	Dachana et al. (2010)

	
	Amino acids, fatty acids, minerals and vitamin
	Nutritional balance for South African ecotype
	Moyo et al. (2011) Rathnayake et al. (2019)

	
	Methanolic
extracts
	Therapy for wounds and certain fungal infections
	Oluduro et al. 2012

	Amino acids (Seeds)
	Lysine, Cystine, Valine, Methionine, Isoleucine, Leucine, Phenylalanine and Threonine
	Good sources of amino acids for man and livestock
	Anhwange et al. (2004)


	Fodder (Leaves)
	Foliage
	Sole feed for goats in the Mekong Delta
	Manh et al. (2005)

	
	Foliage
	Increase digestibility of diet and milk production
	 Reyes-Sanchez et al. (2006)

	
	Foliage
	Excellent source of proteins for monogastric animals.
	
Ferreira et al. (2008)


	
	Methanolic extract
	Immunomodulatory and
Chemoprotective in mice
		
	Anamika et al. (2010)

	 
	




	
	Ethanolic extract of seeds
	Inhibited the anaphylactic shock in mouse
	Mahajan and Mehta (2010)

	









Dairy (Leaves)
	Leaf meal
	Elevated mobilization of skeletal muscle protein
	Bruckmaier et al. (1998)

	
	Leaves
	Constitute maximum protein and fiber content of livestock feed
	
Fuglie (2000)



	
	Leaves
	Phytochemicals, amino acids, and minerals increased fermentation efficiency and milk synthesis
	Hashemzadeh-Cigari et al. (2014)
Gopalakrishnan et al. (2016)

	
	Leaf meal
	Reduced oxidative stress leads to improved milk quality and immunity in lactating Jersey cows.
	Kekana et al. (2019)

	





Antinociceptive agents (Leaves)
	Fresh leaf juice and aqueous seed extracts 
	Inhibit the growth of Pseudomonas aeruginosa and Staphylococcus aureus
	Caceres et al.
(1991)

	
	Flavonoids
	Antinociceptive and anti-inflammatory 
	Olszanecki
et al. (2002)

	
	Leaf extract
	Antinociceptive and anti-Inflammatory 
	Sulaiman et al. (2008)

	
	Ethanol leaf extract
	Inhibit the activity of cyclo-oxygenase-2 (Analgesic property)
	Kekuda et al. (2014)

	Antinociceptive agents (Roots)
	Acetate and 1,3-dibenzyl urea
	Antinociceptive activity
	Modi et al. (2010)

	
	Seed extract
	Antioxidant and enzyme inhibitory activities
	Gu et al. (2020)

	Antiulcer activity (Leaves)
	Methanol leaf extract
	Antiulcer activity on gastric lesions in rats
	Pal et al. (1995)

	Antiulcer activity (Seeds)

	Seed and flower extract
	Effective in
healing the gastric ulcers (induced by acetic acid) in rats
	Patel and Lariya (2019)

	Antiulcer activity (Roots)
	Root-bark extract
	Antiulcer, antisecretory, and cytoprotective activity in rats
	Choudhary et al. (2013)

	Teratologic effects (Leaves)
	Leaf extract
	100% abortive at doses
equivalent to 175 mg/kg of starting dry material.
	Nath et al. (1992)

	
	Leaf meal
	No inhibiton inhibition of sperm motility in rabbits
	Ajayi et al. (2009)

	
	Leaf meal
	No adverse effect on testicular morphometry and epididymal sperm quality of rabbits
	Abu et al. (2013)

	
	Leaves
	Abortifacient potential in 
the 1st trimester of rats pregnancy
	Ekhator and Osifo (2015)

	
Wound healing (Leaves)
	Leaf extract
	Biosynthesis of silver nanoparticles as reducing and stabilizing agent and its application in nonlinear optics
	
Sathyavathi et al. (2010)



	
	Kaempferol, quercetin and Vicenin-2
	Enhance wound healing in vitro
	Muhammad et al. (2013)

	Women lactating (Seeds)
	Leaf powder
	Beneficial for malnourished children, 
pregnant and lactating women.
	Fahey (2005)

	
	Leaf powder
	Woman's daily iron and calcium needs satisfied during pregnancy and breast-feeding 
	Mishra et al. (2012)

	
	Leaves
	Improved haemoglobin 
levels of anaemic women
	Sindhu et al. 2013

	
	Methanolic extract of seeds
	Increase in erectile function of rats
	Goswami et al. 2015

	Radioprotection
(Leaves)
	Ethanolic extract of leaves

	Protective and therapeutic agent against oxidative damage induced by high acute dose of ionizing radiation
	Elwan et al. (2018)

	Antipyretic (Leaves)
	Ethanolic leaf extract
	Analgesic activity in mice
	Bhattacharya et al. 2014

	
	Leaf extract
	Antipyretics
for treating young children having an asymptomatic fever
	El-Meidany et al. (2018)

	Antipyretic (Roots)
	Ethanolic extract of roots
	Reduced carbon tetrachloride induced liver damage and elevated temperature developed by
Brewer’s yeast
	Bhaumik et al. (2016)

	Antipyretic (Seeds)
	Ethanolic extract of seeds
	Analgesic and antipyretic agent
	Al-Bahouh et al. (2012)

	









Water coagulant (Leaves)
	Hexane extract of leaves
	Significantly improved the water quality parameters; pH (8.2–7.1), TDS (512–221), hardness (246–138), turbidity (15.6–6.1), fluoride (2.3–1.1), and Escherichia coli count (315–41)
	
Pandey et al. (2020)

	
	Leaf powder
	Wastewater remediation
	Saleem et al. (2020)

	
	Leaves
	Treatment of industrial acidic wastewater that contains TNT, MNT, and DNT
	Elseed (2020)

	
	Leaf powder
	Biosorbent for treating wastewater containing chromium heavy metal
	Madhuranthakam et al. (2021)


	






Water treatment (Seeds)
	Salt Solution-extracted active component from seeds
	Kaolin coagulation
	Okuda et al. (2001)

	
	Seed suspension
	Softening of hardwater
	Muyibi and Evison (1995)

	
	Seed extract
	Wastewater treatment 
(as coagulant)
	Ndabigengesere and Narasiah (1998)

	
	Seed oil
	Removal of water turbidity
	Muyibi et al. (2002) 

	
	Seed powder
	Natural coagulant for water purification through sedimentation of suspended undesired particles
	Kalogo et al. (2000)
Anwar et al. (2007)

	
	Seed waste
	
Treatment of industrial reactive dyestuff effluents in water

	Vilaseca et al. (2014)

	
	Seed
	Remove many pollutants, such as
oil, heavy metals, Escherichia coli, algae, and surfactants from water
	Teixeira et al. (2012)


	Oil (Seeds)
	Seed oil
	Resistant to rancidity and extensively used in the "enfleurage" process
	Ndabigengeser and Narasiah
(1998)

	
	Oil seed meal
	Good source of protein for poultry industry
	Rashid (2007)

	Antifertility (Root)
	Root
	Increased the uterine wet weight of bilaterally ovariectomized rats
	
Shukla et al. (1988)

	












Antiinflammation (leaves)
	Roots
	Treatment of rheumatism and other
inflammatory diseases
	Cáceres (1992)

	
	Root bark
	Rubefacient and vesicant

	Anwar et al. (2007)

	
	Root extract
(Pterygospermin)
	Antibacterial and fungicidal activity
	Rao et al. (1996)
Ruckmani et al. (1998)

	
	Stem bark juice
	Antibacterial effect against  Staphylococcus  aureus
	Mehta et al. (2003)

	
	Root bark and Extract
	Antibacterial  and  antifungal  activity
	Nikkon  et  al 2003

	
	Flavanoids from leaves
	Anti-inflammatory activity
	Coppin et al. (2013)

	
	Ethanolic extract of seeds
	Immunosuppressive activity 
	Mahajan and Mehta (2010)

	
	Flower extract
	Anti-inflammatory activity and good source of natural antioxidants.
	Alhakmani et al. (2013)

	
	Root extract
	Antimicrobial activity against Salmonella enteritica, Vibrio parahaemolyticus, Escherichia coli and Listeria
monocytogenes
	Dalukdeniya et al. (2016)

	
	Ethanolic extract of stem and leaves
	Antiviral activity against
SARS-CoV-2 virus (increase potassium level in patient)
	Ignatov (2020)

	
	MgO nanoparticles from leaf extract
	Antibacterial activity against Staphylococcus aureus and Escherichia coli
	Fatiqin et al. (2021)

	
	Seeds
	Virucidal activity against Influenza A viruses by inhibiting transcription factor EB (TFEB), and weaken the autophagy in infected cells.
	Mehwish et al. (2021)

	Antiobesity (Leaves)
	Ethanolic extract of leaves
	Effective for reducing the rats’ final weights, % weight increase and adiposity index
	
Ezzat et al. (2020)

	Anticholesterol 
(Leaves and fruit)
	Methanolic extract of leaves and fruit
	Lowering cholesterol and triglyceride levels by inhibiting the absorption of cholesterol
	Goswami et al. (2016)

	Cardioprotective
(Leaves)

	N,α-l-rhamnopyranosyl vincosamide
(an indole alkaloid) from leaves
	Cardio-protective and free radical scavenging potential in rats
	Panda et al. (2013)

	Antiaging 
(Leaves)
	Leaf extract
	Enhances skin revitalization and supports anti-aging skin effects
	Ali et al. (2014)

	
	Leaf extract
	Effective for anti-aging in fruit fly
	 Ajagun-Ogunleye 
et al. (2020)

	Antidiabetic
(Whole tree)
	Extracts
	Seed and
leave extracts possessed more anti-diabetic potentials than the
flower, stem bark and root extracts through α- amylase/ α-glucosidase inhibition
	Adejoh (2016)

	
	Leaf and root extract
	Leaf extract had better antidiabetic and antimicrobial activity as compared to root extract
	Tshabalala et al. (2019)

	Hepatoprotective
(Leaves)
	Ethanolic extract of leaves (β-sitosterol, quercetin and kaempferol)
	Antioxidant and hepatoprotective activity against CCl4-induced hepatotoxicity in rats
	Bais et al. (2014)

	
	Leaf extract
	Protection against cadmium-induced hepatotoxicity
	Toppo et al. (2015)

	Leaves and stem
	Gallic acid, quercetin
and caffeic acid
	The fats were transferred from
abdomen to another area or turned into a non-fatty tissue
	Asgari-Kafrani et al. (2020)

	Leaves
	Leaf extract
	Protecting 
against alcohol-induced liver oxidative damage in animals
	Saalu et al. (2011)

	Neuroprotective
(Leaves)
	Leaf extract
	Neuroprotective effects against aluminium-induced temporal cortical degeneration in rats
	Ekong et al. (2017)

	
	Methanolic extract of leaf powder
	Potential neuroprotective role on
antioxidant/ROS imbalance and mitochondrial regulation in a hydrogen peroxide-induced
oxidative stress model in human neuroblastoma cells
	González-Burgos
 et al. (2021)

	Hypotension (Leaves)
	Niazinin A1, A5
Niazinin B3, B10
Glycoside12
	Amide bond in carbamates and thiocarbamates had an important role in the hypotensive activity
	Faizi et al. (1994)

	Hypotension (Roots)
	Root extract (hydrocarbons, fatty acid, esters, thioureides, steroids and isothiocyanates)
	Hypotensive activity on urethane-anesthetized normotensive Sprague Dawly rats
	Sana et al. (2015)





[bookmark: _GoBack]Table 2. Comparison of products developed from Moringa to the products usage in daily life
	Products
	Moringa 
	Reference 
	Daily usage
	Concentration 
	Reference 

	
	
	
	
	
	

	 Seed oil 
	35-45%
	Ayerza 2019
	Sunflower 
	36-50%
	Rauf, 2017

	 leaves powder
	50.93%
	lusamya 2019
	neem
	23.40%
	Singh, 2014

	 herbal tea  
	92.58%
	Elrahim,  2017
	Green tea 
	89.13%
	Abdelrahim, 2017

	 biscuit 
	1.82-2.98%

	Hedhili, 2021
	Wheat biscuit 
	0.5%
	Banureka et al, 2009

	cookies
	45%
	Ogunsina et al,  2010
	Wheat cookies
	13 %
	Negu et al, 2020

	 cheese 
	3.60-20.50%
	Morsey et.al 2021
	Cow processed cheese 
	13.52±0.52%
	Mohamed 2020

	bread 
	13.5%
	Bolarinwa et al, 2017
	Wheat bread 
	8.6%
	Bolarinwa et al, 2017

	  Stiff dough (amala) a 
	48%
	Karim et al, 2013
	Peral millet flour 
	5-15%
	 Nour 2016

	Stiff dough (amala) b
	86.10%
	Nour, 2016
	Wheat flour
	25%
	Belderok et al, 2000

	Cereal gruel 
	94%
	Abioye and aka, 2015 
	Oats 
	5-66%
	Klose et al, 2009






Table 3 Types of Moringa oleifera 

A.  Bottle Moringa (6-20 m)
	[bookmark: _Hlk77668678]Moringa sps.
	Other names
	Tree length
	Leaves pattern
	Flower
	Discovery
	Usage

	M. concansensis
	Konkan moringa
	10-15 m
	Bipinnate
	Yellowish red or pink veins
	1938
	Reduces pain. abortifacient

	M. peregrina
	Ben tree, wispy heeded yasar tree, wild drumstick
	10 m
	Blue leaves
Leaves gets longer when older and leaflets gets shorter
	Pink zygomorphic flowers
	1985
	Skin rashes, Paralysis, Disinfectant, Malaria, Hypertension, Stomach disorder, Asthma, Diabetes



	Moringa sps.
	Other names
	Tree length
	Leaves pattern
	Flower
	Discovery
	Usage

	M. drouharditii
	-
	10-15 m
	-
	White
	1930
	Cough and cold

	M. hildebranditi
	Hildebrandtis moringa
	20 m
	Pinnately compound leaf rachised
	White to cream
	1902
	Medicinal

	M. stenopetala
	Cabbage tree
	6-12 m
	-
	White to yellow with slight greenish
	1957
	Flu, Cough, Diabetes, Malaria

	M. ovalifolia
	Phantom tree, Ghost tree, African Moringa
	7 m
	Oval leaves and palmately compound
	White
	1914
	-


B. Slender Moringa (10-15m)


C.  Tuberous Moringa (10 cm – 15 m)
 
	Moringa sps.
	Synonyms/ common name
	Tree length
	Leaves pattern
	Flower
	Discovery

	M. arborea
	-
	15 m
	leafless
	Pale pink to wine red
	1985

	
	
	
	
	
	

	M. rivae
	Swanjehro
	3 m
	bipinnate
	Green or cream
	1929

	M. borziana
	Hyperanthera borziana
	1.5-3 m
	Bipinnate (Dies in 50 % humidity)
	Green or cream
	1908

	M. pygmaea
	-
	15 cm
	Pinnate
	Yellow or dull purplish brown
	1985

	M. longituba
	Moringa tubiform
	10-300 cm
	Absent
	Bright red to reddish
	1902

	M. ruspoliana
	Hyperanthera ruspoliana
	6-8 m
	Larger than any other 
	Pink



	1904
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