
Moringa oleifera: A Multifunctional and Multipurpose Tropical Tree 
Treasure for Sustainable Environmental Food Security in the Functional 
Agroecosystem

Abstract

The pretty Indian tree Moringa oleifera is a main example of a multifunctional tree that yields highly nutritious food products and 

thrives swiftly in arid environments. M. oleifera leaves are used as animal feed in the tropics and as a nutrient - and micronutrient-rich 

powder in several nations to help pregnant mothers and children who are lacking in certain nutrients. It is a significant food product 

that has received a lot of attention as the "Natural Nutrition of the Tropics" and has a lot of potential as a means of addressing some of 

the most urgent issues facing the developing world, such as poverty, deforestation, starvation, and contaminated water. The numerous 

economic uses of this tree, together with its easy propagation, have raised growing international interest in it. It originated in India and 

is found in most tropical countries (Africa, Asia, and the Americas). Apart from its various uses, M. oleifera has an impressive range of 

medicinal value. Therefore, the current review summarizes the nutritional, nutraceutical, pharmacological and phytochemical 

components of this miracle tree, M. oleifera, as well as its properties for water purification attributes, crop growth performance, and 

other ecosystem functions.

Keywords: Moringa oleifera, Nutritive potential, Medicinal uses, Phytochemicals, Animal forage, Drought tolerant, Biofuel, Water 

purification

Introduction 

The single-genus family of Magnoliopsida known as 

Moringaceae contains 13 species, of which Moringa oleifera 

(syn. Moringa pterygosperma Gaertn.) is the most well-known 

and commonly cultivated. It is known that there are several 

species of Moringa, such as Moringa arborea, Moringa 

borziana, Moringa concanensis, Moringa drouhardii, Moringa 

hildebrandtii, Moringa longituba, Moringa ovalifolia, Moringa 

peregrina, Moringa pygmaea, Moringa rivae and Moringa 

ruspoliana, globally distributed [1]. The Moringa tree 

(Moringa oleifera), which is easy to reproduce and propagate, 

can thrive in any kind of soil, from acidic to alkaline, and can 

also withstand a six-month dry season. The common global 

names for the Moringa plant are the West Indian ben tree, 

horseradish tree, radish tree, never-die tree and drumstick. 

Further, the same tree species is known by many names in 

different parts of India, and it is called 'Saragvo' in Gujarati, 

'Soanjna' in Hindi, 'Sajna' in Bengali, 'Nugge' in Kannada, 

'Sigru' in Malayalam, 'Shevga' in Marathi, 'Shobhanjana' in 

Sanskrit, 'Munaga' in Telugu and 'Murungai' in Tamil [2]. 

Moringa is one of the most promising species, according to an 

assessment of more than 120 species of native Asian
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vegetables for nutrient levels, antioxidant activity, and local 

knowledge of their medicinal benefits [3]. Although Moringa 

is grown in 82 countries under 210 distinct names, "the 

miracle tree" is the only term that accurately describes all of 

its qualities. Protein, carotene, calcium, iron, and vitamins A, 

B, and C are among the macro-and micronutrients found in 

very high concentrations in these fresh leaves. Moringa pods 

and powdered dry leaves are utilised as dietary supplements 

[4].

These leaves are found to be one of the best tropical 

vegetables in terms of nutritional value. Many countries, 

especially those in India, Pakistan, the Philippines, Latin 

America, Hawaii, and many parts of Africa, use this tree's 

leaves, fruit, blossoms, and immature pods as a highly 

nutritious vegetable [5]. According to reports, the plant 

contains a number of bioactive molecules, such as vitamins, 

minerals, fatty acids, and amino acids [6]. The indigenous 

medical system, especially in South Asia, uses the leaves, 

roots, seeds, bark, fruit, flowers, and immature pods to treat 

different types of illnesses. They have antitumor, antipyretic, 

antiepileptic, anti-inflammatory, antiulcer, antispasmodic, 

diuretic, antihypertensive, cholesterol-lowering,
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antioxidant, antidiabetic, hepatoprotective, antibacterial, 

and antifungal properties [9]. On the other hand, non-

governmental organizations (NGOs) and community-based 

organizations have extensively and vigorously promoted 

Moringa to help individuals who are impacted by HIV/AIDS 

meet their nutritional needs [10].

Moreover, M. oleifera is a low-cost substitute plant for 

underprivileged individuals experiencing malnourishment 

and poverty [11]. Parts of Moringa are used in a number of 

different commercial formulations for a range of ailments, 

including Livospin (Herbals APS Pvt Ltd, Patna, India), Kupid 

Ford (Pharma Products Pvt Ltd, Thayavur, India), Orthoherb 

(Walter Bushnell Ltd, Mumbai, India), and Rumalaya and 

Septilin (The Himalaya Drug Company, Bangalore, India) 

[12]. It is grown for its culinary and cosmetic oil (seeds), 

medicinal properties (whole plant parts), and as a vegetable 

(leaves, green pods, blooms, and roasted seeds) [13]. The only 

factor which influences the M. oleifera cultivation and the 

significance of plant secondary metabolites for therapeutic 

potential and nutritional values is found to be cultivar 

variations [14].

Phytochemical constituents

The numerous phytochemical components of the different 

parts of the Moringa plant are listed in Table 1, along with 

their biological activity. Phytochemical screening of the leaf 

extract revealed the presence of alkaloids, glycosides, 

phenols, saponins, tannins, volatile oils, and hydrolysable 

tannins [46]. The extracted oil from the seeds of the Indian 

cultivar Periyakulam 1 (PKM 1) was found to contain notable 

amounts of β-sitosterol, stigmasterol, campesterol, and α-γ-

δ-tocopherols [47]. Due to glycosylation, it was shown that M. 

oleifera has more flavonoids than M. ovalifolia [23]. Gamma 

radiation was found to have an impact on the levels of 

hydroxycinnamoyl derivatives and flavonoid chemicals in M. 

oleifera leaves [48].

Nutritional potential of M. oleifera

Moringa leaves are rich in vital, disease-preventing 

nutraceuticals, according to nutritional studies. Both people 

and animals use the leaves and pods as dietary supplements 

[49]. When compared to the World Health Organisation 

(WHO) recommended pattern, the protein composition of 

Moringa leaves showed that they contain more than 100% of 

the suggested pattern in all essential and important amino 

acids except lysine, which received a score of 98% [50]. In 

contrast to the absence of trypsin inhibitors and lectins, 

Moringa leaves have a very little amount of tannins and 

saponins (5.0% as diosgenin equivalent) [51]. Iron (up to 582 

mg/kg DM), β-carotene (up to 400 mg/kg DM), and vitamin C 

(up to 9.2 g/kg DM) are all abundant in the leaves, and eating 

them helps mothers who gave birth to premature babies 

produce more breast milk [52]. The cabinet tray method 

(cross-flow drying) can be suggested as an alternative to 

lyophilisation for the preservation of phytoconstituents and 

antioxidant potential in dried M. oleifera leaves. 

To maintain nutritional and antioxidant activity, oven drying 

is advised as the optimal leaf dehydration technique for 

domestic usage rather than open sun light drying. Cabinet 

tray-dried M. oleifera leaves were used to create a ready-to-

use chutney powder (additive) that is well-liked and has an 

overall good quality score. This powder can preserve the most 

nutrients [53]. When maize and Moringa ground leaves were 

combined, the iron level of Nigerian infants aged 6 to 12 

months rose [54]. Moringa seed extract had a remarkably high 

amount of methionine and cysteine (43.6 g kg⁻¹ protein), 

which was comparable to that of cow's milk, chicken eggs, and 

human milk. Compared to other conventional legumes and 

cereals, the seed protein concentration (332.5 g kg⁻¹ dry 

matter) is found to be higher [55]. When compared to 

vegetables like taro, pumpkin, amaranth, mushrooms, and 

cassava leaves, the leaves are incredibly nutrient-dense [56]. 

and can be used as a supplement to help patients who use 

prescription and over-the-counter medications regain 

nutrients they have lost [57]. Histidine and arginine, which 

are particularly crucial for new-borns, are found in the leaves. 

The vitamin A in carrots is four times (6780 mcg), the vitamin 

C in oranges is seven times (220 mg), the calcium in cow's milk 

is four times (440 mg), the potassium in bananas is three 

times (259 mg), and the protein in milk is twice (6.7 g) [58]. 

When Moringa oil was properly blended with sunflower and 

soybean oil, the amount of linoleic acid in the substrate oils 

decreased, the amount of oleic acid increased, and the 

oxidative stability was enhanced. These findings 

demonstrated that properly mixing Moringa oil with 

different oils will satisfy dietary requirements while 

enhancing stability for deep-frying and home cookery [59]. 

Moringa leaves were the highest concentration of β-carotene 

(19210 µg/100 g fresh weight) among the sixteen green leafy 

vegetables [60]., and they also had a high lutein content (24.8 

mg/100 g edible fresh leaves) [61]. Vitamin A insufficiency 

was successfully overcome by β-carotene from Moringa 

leaves [62]. The potential use of Moringa leaves as a plant 

meal to improve vitamin A nutrition and possibly delay the 

onset of some degenerative disorders like cataracts is 

supported by the comparatively high bioaccessibility of β-

carotene and lutein from Moringa leaves consumed with oil 

[63]. More micronutrients were found to be preserved by 

freezing, steaming, and sterilising, and the majority of 

processing techniques increased the amounts of bioavailable 

β-carotene, lutein, and α-tocopherol. Only heating was found 

to be an effective cooking technique for enhancing the 

release of bioactive chemicals from Moringa leaves [64]. [65]. 

The oral and sub-acute toxicity of the leaf aqueous extract 

were assessed, and the findings indicated that this plant is 

reasonably safe for use in medicine and nutrition [66]. Table 2 

displays the nutritional makeup of Moringa green pods, fresh 

leaves, and powdered dried leaves.

https://psr.crcjournals.org/ 
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Health-related attributes of Moringa oleifera

Antioxidant activity

Because of Moringa leaves contain different types of 

antioxidant biomolecules, including ascorbic acid, 

flavonoids, phenolics, and carotenoids, they can serve as a 

good source of natural antioxidants and extend the shelf life 

of foods that contain fat and fatty acids [67]. To increase shelf 

life of buffalo and cow ghees (butter oil), the tribal and 

indigenous people of India use these fresh leaves as a natural 

antioxidant. Following the preparation and production of 

liquid ghee, the boiled rice mixture, remaining salt residues, 

and fried Moringa leaves are together served to the local 

school children as a nutritionally complete meal. The optimal 

solvents for extracting antioxidant biochemicals from 

Moringa leaves were determined to be methanol (80%) and 

ethanol (70%) [13]. Other research has also reported the 

biological property of high antioxidant activity [47]. [68]. The 

polyphenolic fraction of the leaves has a high phenolic 

content and strong antioxidant activties that protect against 

carbon tetrachloride-induced toxicity in both in vitro and in 

vivo. Moreover, the HPLC analysis revealed the presence of 

flavonoids (kaempferol, quercetin and rutin) and phenolic 

acids (gallic, chlorogenic, ellagic and ferulic acid) [13]. [17]. 

When added to biscuits, the leaf extract had a high 

antioxidant activity and was more impact in preventing lipid 

oxidation during storage than butylated hydroxyl anisole 

(BHA), a synthetic antioxidant [69]. In addition to inhibiting 

lipid peroxidation and bacterial anti-quorum sensing 

activity, aqueous extracts Moringa leaf, fruit, and seed can 

prevent organisms and cells from oxidative DNA damage 

linked to ageing, cancer and degenerative disorders [70]. The 

mature  and tender  leaves  both  protect  ce l lu lar 

macromolecules from oxidative damage and exhibit strong 

antioxidant activity against free radicals [71].

Antihypertensive and antispasmolytic activity

Repeated oral administration of Moringa leaf aqueous extract 

reduced systolic blood pressure in rats with spontaneous 

h y p e r t e n s i o n  [ 7 2 ] .  Co m p o u n d s  l i k e  m e t h y l  p -

hydroxybenzoate, β-sitosterol and p-hydroxybenzaldehyde 

from ethanolic and aqueous extracts of moringa pods; 4- [(4'-

o-acetyl-α-L-rhamnosyloxy)benzyl].isothiocyanate; 

niaziminin A and B; o-methyl-4- [2',3',4'-tri-o-acetyl-α-L-

rhamnosyloxy)-benzyl]. thiocarbamate; o-methyl-4- 

[ (2 ',3 ',4 '-tri-o-acetyl-α-L-rhamnosyloxy)-benzyl] . 

thiocarbamate; o-ethyl-4- [(2',3',4'-tri-o-acetyl-α-L-

rhamnosyloxy)-benzyl]. nitrile thiocarbamate; and o-ethyl-

4- [α-L-rhamnosyloxy) benzyl]. thiocarbamate from 

ethanolic extract of moringa leaves showed promising 

hypotensive activity [27]. [28]. The ethanolic extract of the 

moringa leaves contained substances such as niazinin A, 

niazinin B, niazimicin, and niaziminin A + B, which had 

bradycardic, spasmolytic, and hypotensive actions [18].

Anti-inflammatory and antiarthritic activity

The ethanolic extract of Moringa seeds demonstrated 

p r o t e c t i o n  a g a i n s t  a i r w a y  i n fl a m m a t i o n  a n d 

bronchoconstriction brought on by acetylcholine [73]. The 

methanol extract of root barks possesses local anaesthetic 

properties and decreased the analgesic writhing episodes 

caused by acetic acid and the anti-inflammatory paw oedema 

caused by carrageenin [74]. The leaves' aqueous extract has 

antinociceptive and anti-inflammatory properties that are 

both centrally opioid-mediated and peripherally non-opioid-

mediated [75]. In rats with arthritis, the ethanolic extract of 

seeds reversed negative physiological changes such as paw 

oedema volume, arthritic index, and weight loss. It also 

reduced the serum levels of rheumatoid factor and specific 

cytokines (TNF-α, IL-1, and IL-6) [76]. The interleukin-2 and 

tumour necrosis factor-α were two inflammatory cytokines 

that were suppressed by the aurantiamide acetate derived 

from moringa roots [12]. Nonetheless, a hydroalcoholic 

extract of the flower prevented leukocyte infiltration into the 

possible target regions for rheumatoid arthritis and hindered 

the production and release of important proinflammatory 

cytokines [77].

Antimicrobial activity

It was reported that the Moringa seeds (sub-fractions seed 

ethyl acetic fraction and seed butanol fraction) and the 

essential oil (crude and sub-fraction of oxygenated fraction) 

had antifungal properties against Trichophyton rubrum, 

Trichophyton mentagrophytes, Epidermophyton floccosum, and 

Microsporum canis [24]. [78]. While the crude extract by itself 

shown strong activity against Bacillus subtilis, Staphylococcus 

aureus, Escherichia coli, and Aspergillus niger, the crude seed 

extract and dialysed samples of Moringa demonstrated very 

strong activity against Fusarium solani and Metarhizium 

anisoplae [79]. The aglycon of Deoxy-Niazimicine (N-benzyl, 

S-ethyl thioformate) that was separated from the root bark 

chloroform extract exhibited antifungal activity against 

Aspergillus flavus  and Candida albicans, as well as 

antibacterial activity against Salmonella typhi, Shigella 

dysenteriae, Shigella boydii, and S. aureus [30]. Numerous 

harmful  bacter ia l  s t ra ins , inc luding  i so lates  of 

Staphylococcus, Streptococcus, and Legionella species that are 

resistant to antibiotics, were found to be susceptible to the 

antibacterial effects of the polypeptide "Flo" derived from the 

seed extract [41]. Antiviral activity against equine herpes 

virus-1 was found in alcoholic preparations of leaf and stem 

bark [80]. Significant growth inhibition of Candida albicans 

from urine and vaginal swabs, Geotrichium candidum from 

stool specimens (18.75%), and Cryptococcus neoformans (5%) 

from sputum specimens isolated from HIV-seropositive 

patients were demonstrated by methanolic seed extract, 

suggesting that natural products can be used to control yeast 

infections common in HIV/AIDS patients [81]. On the other 

hand, an aqueous extract of Moringa leaves proved more 

effective in controlling the pathogen Colletotrichum 

destructivum on cowpea (Vigna unguiculata) seeds [82].

https://psr.crcjournals.org/ 
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Hepatoprotective activity

In order to prevent and control nutrient-borne diseases, 

especially liver diseases, which are brought on by dietary 

changes, rapid urbanisation, air and water pollution, and 

excessive consumption of animal meat and products under 

such climate change resilience, it is necessary to increase the 

consumption and use of green vegetables with enriched 

dietary bioactive molecules on a global scale. In this context, 

Moringa leaves are found to be one of the most readily and 

cheaply available, promising and affordable green vegetables 

throughout the tropical regions. The ethanol-induced lipid 

peroxidation in the liver was considerably decreased by 53% 

and 50% after pre-treatment with the hydroalcoholic extract 

of Moringa leaves [83]. It was also discovered that 

pretreatment with aqueous leaf extract protected the liver 

from acute alcohol-induced damage, and post treatment with 

the extract had a therapeutic effect and stopped the release of 

hepatocyte enzymes into the bloodstream when rats were 

given high doses of ethanol [84]. Moringa fruit [85]. and seed 

extracts [86]. have demonstrated strong hepatoprotective 

effects against hepatotoxicity caused by carbon tetrachloride. 

Iron deficiency-induced hyperlipidaemia and hepatocyte 

ultra-structural alterations can be avoided with the help of 

Moringa leaf aqueous extract [87]. Erythrocytes were shielded 

against oxidative stress caused by hydrogen peroxide and 

tert-butyl hydroperoxide by an alcoholic and aqueous extract 

of leaves and pods [88].

Immunoenhancing property

By releasing nitric oxide on the mouse monocyte cell line, an 

immunoenhancing polysaccharide (α-(1→4) linked Glucan) 

from the aqueous extract of mature Moringa pods 

demonstrated significant macrophage activity. It also 

improved the ratio of albumin/globulin, phagocyte cells, and 

respiratory burst cells in the fish system [89]. By lowering the 

levels of uric acid, triglycerides, and albumin/globulin ratio in 

the broiler's serum, as well as raising the sheep red blood cell 

antibody titer, y-globulin content, basophils ratio, and IgA 

concentration, dietary supplementation with Moringa leaf 

powder was found to improve the immune capacity of broilers 

[90]. 

Antidiabetic activity

Use of ethanolic pretreatment significant hypoglycemic 

action was demonstrated by Moringa leaf extract against 

diabetic albino rats produced by alloxan. [91]. From the 

methanolic fruit extract, N-benzyl thiocarbamates, N-benzyl 

carbamates, benzyl nitriles, and a benzyl ester were 

separated. These compounds had cycloxygenase enzyme and 

lipid peroxidation inhibitory properties and markedly 

increased insulin release from the mouse pancreatic beta 

cells [43]. In rats with sub-, mild-, and severe diabetes, the 

leaves' aqueous extract brought their elevated blood glucose 

levels back to normal [92]. People in Senegal commonly 

mentioned Moringa (65.90%) as a medicinal plant used to 

cure diabetes in a poll that included 41 different plants [93]. 

Rats with glucose intolerance responded favourably to the 

leaf aqueous extract [87]. 

Antitumor activity

The root of Moringa had benzyl glucosinolate, whereas the 

seed, root, leaf, and bark contained glucosesinolates such as 

4-(α-L-rhamnopyranosyloxy)-benzylglucosinolate. [38]. 

Mammalian phase II detoxification enzymes, including 

glutathione S-transferase, quinone reductase, and 

glucoronosyl transferase, have been shown to be activated by 

glucosesinolates [94]. The differentiation activity of moringa 

leaf aqueous extract against human promyelocytic leukaemia 

cells (HL-60) suggested that it has a cancer-preventive impact 

[13]. The thiocarbamate niaziminin and the 4- [(4'-O-acetyl-

α-L-rhamnosyloxy) benzyl]. isothiocyano group from 

moringa leaves shown significant inhibition against the 

activation of the Epstein-Barr virus (EBV) caused by tumour 

promoter teleocidin B-4 [19]. The ethanolic extract of 

moringa seeds yielded the chemical niazimicin, which was 

demonstrated in a mouse research to be a strong inhibitor of 

the phorbol ester (12-o-tetradecanoyl-phorbol-13-

acetate)–Epstein-Barr virus early antigen activation in 

lymphoblastoid cells. [36]. In addition to improving 

antioxidant system enzymes, which provide protection 

against cellular damage and prevent cancer growth, the 

administration of a hydroalcoholic extract of moringa 

drumsticks was a viable chemopreventive strategy since it 

was a bifunctional inducer [95]. 

Antiulcer activity

The gastric mucosa was reported to be protected from the 

indomethacin action by the aqueous extract of Moringa 

leaves [46]. In experimental rats, dried leaves shown a 

remarkable capacity to repair ulcers in gastrointestinal 

lesions caused by acetylsalicylic acid, serotonin, and 

indomethacin [45]. It was demonstrated that pretreatment 

with the aqueous leaf extract raised the amount of serotonin 

(5 5-hydroxytryptamine; 5-HT) and enterochromaffin cells in 

ulcerated stomach tissue while decreasing the mean ulcer 

index [96].

Cholesterol-lowering effects

When a high-fat meal was combined with the administration 

of Moringa leaf aqueous extract, the increases in serum, liver, 

and kidney cholesterol levels caused by the high-fat diet were 

reduced by 14.4, 6.4, and 11.1%, respectively [97]. The 

methanol-extracted residues and leaf meal methanol extract 

decreased the Nile tilapia's muscle and plasma cholesterol 

levels [98]. It was shown that Moringa fruit powder had a 

hypolipidemic effect, which caused hypercholesterolemic 

rabbits to excrete more faecal cholesterol [99]. The aqueous 

extract of leaves dramatically decreased the cholesterol 

levels and atherosclerotic plaque formation in rabbits fed a 

high-cholesterol diet to roughly 50 and 86 percent, 

respectively [63]. 

https://psr.crcjournals.org/ 
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Antipyretic, wound healing and analgesic activity

Significant antipyretic efficacy was demonstrated by the 

ethanolic and ethyl acetate seed extracts. By raising the rats' 

tensile strength, treatment with aqueous leaf extract [101]. 

and ethyl acetate seed extract [100]. enhanced the wound 

healing activity. Moringa root extract in methanol has the 

capacity to suppress the central nervous system and shown 

notable protection against convulsions caused by strychnine 

and leptazol [102]. Significant analgesic activity is exhibited 

by the alcoholic seed extract [103]., the methanolic root 

extract of Moringa [102]., and 1, 3-dibenzyl urea from the 

chloroform fraction of the alcoholic root extract [12].

Other effects

Moringa seed aqueous extract may help reduce fluoride 

toxicity in rabbits [104]. The brain's coordinated and 

integrated function was enhanced by the ethanolic leaf 

extract, which also restored the monoamine levels in the 

brain's colchicine infusion [105]. Because of its antioxidant, 

antiperoxidative, and myocardial preservation qualities, the 

hydroalcoholic leaf extract has a strong cardioprotective 

effect [106]. [107]. In addition to chelating arsenic from the 

cell, a combination treatment using Moringa seed powder and 

monoisoamyl DMSA (MiADMSA) improved antioxidant 

levels [108]. Urinary stones in rats with ethylene glycol-

induced lithiasis were prevented and their growth was 

inhibited by an alcoholic and aqueous extract of Moringa root 

wood [109]. The mice's bone marrow chromosomes were 

significantly protected against radiation by pretreatment 

with methanolic leaf extract, which may have contributed to 

their increased 30-day survival following deadly whole body 

irradiation [110]. The seed kernels enhanced respiratory 

function and lessened the intensity of asthma symptoms 

[111]. Human platelet aggregation caused by agonists such 

adenosine diphosphate, collagen, and adrenaline was 

inhibited and protected by the leaf aqueous extract [112]. 

Table 3 lists some plant parts and how they are used to treat 

illnesses.

Plant growth enhancer 

When young plants like peanuts, soy beans, black beans, 

maize, onions, sorghum, tomatoes, coffee, and sugarcane are 

sprayed with the ethanolic extract made from Moringa leaves, 

they become firmer and more resilient to pests and diseases. 

This is because the extract contains growth-enhancing 

principles, such as hormones of the cytokinine type. Higher 

yields are the result of the plants producing more and larger 

fruit [20]. It has been demonstrated that applying an ethanol 

extract (80%) of these leaves increases black-gram (Vigna 

mungo L.) nodulation [116]. 

Animal forage and feed

While it had no effect on milk composition, adding Moringa 

forage (leaves with soft twigs) as a protein supplement to low-

quality diets enhanced dry matter intake, improved the diet's 

digestibility, and increased dairy cows' milk production [117]. 

When incubated with pure carbohydrates, the aqueous 

Moringa seed extract decreased the microbial degradation of 

t h e  l e a f  p r o t e i n ,  R i b u l o s e - 1 ,  5 - b i s p h o s p h a t e 

carboxylase/oxygenase (Rubisco), which was nearly 

completely protected during the 12-hour fermentation 

period. Additionally, the degradation of soy proteins was 

postponed for at least 4–6 hours. It has a beneficial effect on 

protein metabolism, which may be helpful under strict 

supervision, according to these in vitro characteristics in 

ruminants [40]. The entirely extracted Moringa leaf diet 

resulted in a 17% reduction in daily methane emissions when 

compared to diets that contained rape seed or soybean meal. 

The feeding value of unextracted, ethanol-and acetone-

extracted Moringa leaves is comparable to that of the popular 

soy bean and rapeseed meals, and they have a great potential 

as protein supplements for ruminants [118]. Since the 

ethanol-extracted Moringa leaves have low amounts of 

saponins and phytates and are free of tannins, lectins, trypsin 

inhibitors, and flatus factors, they would make a better feed 

(protein supplement) [51]. Mice were used to test the safe 

feeding levels of untreated Moringa seed cake (12.5, 25, and 

50%). Changes such as weight loss, increased organ 

congestion and haemorrhage (heart, liver, gall bladder, and 

lung), hepatocyte degradation, interstitial pneumonia, and 

interstitial nephritis foci were noted in mice who were given 

25% and 50%. Therefore, when utilised as a protein 

supplement for monogastric animals, the amount of seed 

cake added should not be greater than 12.5% of the daily total 

intake. [119]. Sugar cane (Saccharum officinarum), Elephant 

grass (Pennisetum purpureum cv Taiwan), or Moringa 

(Moringa oleifera) combinations were used to make fourteen 

distinct silages. Lactic acid concentration increased and 

silage spoiling time decreased with Moringa-containing 

treatments. Consequently, high-quality silages that also have 

significant levels of crude protein can be made with Moringa 

leaves [120]. In order to increase the development rate of 

lambs fed hay-soybean meal diets, defatted Moringa seed 

meal (DMM), at a low level of 4% in the diet, is advised as a 

supplement. DMM has the ability to improve rumen 

fermentation [121]. Moringa seeds contain a crude, pure 

protein that possesses potent anti-methanogenic properties. 

It has the ability to boost cattle productivity while 

simultaneously reducing ruminant methane emissions [42]. 

Fifty grams of Moringa olifera leaves powder (MOLP) 

supplementation to the diets of milking buffaloes improved 

milk yield, milk composition, nutrient digestibility, nutritive 

value and total antioxidant capacity. Blood serum total 

protein, albumin and globulin contents were significantly (P < 

0.05) higher with feeding MOLP-supplemented diets than 

with the control, While there were significant (P < 0.05) 

decreases in urea, glucose and cholesterol, creatinine, AST 

and ALT were gradually increased with increasing MOLP 

level. Feed rations supplemented with MOLP were associated 

with an apparent increase (P < 0.05) of antioxidant enzymes 

(GR, GPx, Cat and SOD) and a decrease in free radicals, and the 

effect was more pronounced with increasing the 
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supplementation level [140]. Up to 33% of tilapia diets might 

contain the methanol-extracted Moringa leaf meal, which 

reduced antinutrients and enhanced the partial fermentation 

of dietary fibre, which increases fish nutrient availability [98]. 

The M. oleifera leaf extract and Lactobacillus acidophilus, 

individually or combined, fed to whiteleg shrimp (Penaeus 

v a n n a m e i )  i m p r o v e d  t h e  g r o w t h  p e r f o r m a n c e , 

hepatopancreatic histology, enzyme activity, intestinal and 

intestinal microbiota, immune response and resistance 

against Vibrio alginolyticus and Vibrio parahaemolyticus. 

Particularly, whiteleg shrimps fed with a diet containing M. 

oleifera leaf extract at 2.5 g/kg of diet and L. acidophilus at 1 × 

107 CFU/g of diet (ME2.5+P) significantly increased final 

weight, weight gain, specific growth rate, villi height, wall 

thickness, and abundance of hepatopancreatic R cells. 

Moreover, the immunological parameters such as total 

haemocyte count, phenoloxidase activity, phagocytic rate, 

superoxide anion production, and immune-related gene 

expression (including those of prophenoloxidase II, alpha-2 

macroglobulin, penaeidin2, antilipopolysaccharide factor, 

crustin, lysozyme, glutathione peroxidase, and superoxide 

dismutase) were also reported to be higher in the 

experimental groups than in the control group [137]. The 

recent in vivo experiments revealed that M. oleifera leaf meal 

supplementation in early weaned Landlly piglets 

significantly improved growth performance with the 

treatment group achieving a 9.24% higher final body weight 

and a 17.73% greater body weight gain compared to the 

control group offered the control diet. Further it was also 

observed that it reduced the lipid peroxidation and oxidative 

stress significantly, and behavioural studies showed a notable 

decrease in stress-related activities, including belly nosing 

[138]. In another study, it is revealed that the Moringa oleifera 

aqueous leaf extract (MOALE) group (90 ml Moringa extract/L 

drinking water) followed by ascorbic acid (15 mg/L drinking 

water) supplemented and offered to broiler chickens 

improved the growth performance and feed conversion 

efficiency (FCR) without affecting the metabolism of 

nutrients. However, the MOALE-supplemented group, 

followed by the ascorbic acid group (6.28%), showed a better 

FCR (10.71%) in comparison with the control. Except for 

creatinine levels, most of the haematobiochemical profiles 

were unaffected by the treatment, and in addition to that, the 

antioxidant activity was also improved in the treatment 

group. Nonetheless, the immunity status of broiler chickens 

against NDV was also improved in both treatment groups and 

maximum benefit/profit were achieved in the MOALE group, 

followed by ascorbic acid-supplemented broiler chickens 

[139].

Water purification properties

The efficiency of powdered Moringa seeds as coagulants for 

water treatment has been demonstrated to be on par with 

that of alum, a common chemical coagulant [122]. Basic 

polypeptides with molecular weights ranging from 6000 to 

16,000 daltons make up the cationic polyelectrolyte found in 

Moringa seed kernels. These peptides draw in primarily 

negatively charged particles (such clay, silk, bacteria, and 

other harmful particles in water) and are high in glutamic 

acid, methionine, and arginine. Moringa is a polyelectrolyte 

that uses inter-particle bridging and adsorption to eliminate 

hardness from water. Through interactions between amino 

acids and cadmium, shelled seed powder extracted cadmium 

from an aqueous solution. This discovery creates new 

opportunities for the safe, low-cost, and ecologically friendly 

removal of harmful/heavy metals from water bodies using 

shelled seeds [123]. Moringa bark seems to be a potential 

biosorbent material for the removal of heavy metal ions from 

wastewater effluents because of its quick kinetics, low cost, 

and strong absorption capacity [124]. The seeds were used to 

remove colours such as azoic (Palatine Fast Black WAN), 

indigoid (Indigo Carmine), and anthraquinonic (Alizarin 

Violet 3R) [125]. Activated carbon was made from Moringa 

wood, which has significant promise for cleaning industrial 

effluents that contain metals [126]. Silver in aqueous 

solutions and cadmium in alcoholic matrices were 

preconcentrated using Moringa seeds as a biosorbent 

material [127]. Moringa biomass has the potential to be 

utilised inexpensively and effectively to clean wastewater in 

the dairy industry [128]. According to reports, the economical 

coagulant made from M. olifera seed cake wastes has 

outstanding turbidity and bacterial reduction capabilities 

and is effective in removing heavy metals like Fe, Cu, Cd, and 

Pb from rivers and wastewater up to a range of 82.17 to 98 

percent [129]. Similar to this, it was discovered that the 

cationic antibacterial proteins from Moringa seeds 

functioned as a natural coagulant to remove Escherichia coli, 

polystyrene particles, and turbidity from drinking water and 

wastewater through attractive electrostatic interactions. 

This could also be a more cost-effective, natural alternative to 

synthetic chemicals for water purification in developing 

regions [130]. 

Biodiesel and lubricant properties

Moringa oil is one of 75 indigenous (Indian) plant-derived 

non-traditional oils that have significant potential for 

producing biodiesel, according to a recent survey [131]. At the 

ideal production conditions under the following chemical 

mixtures, such as 1.0 weight percent catalyst, 30 weight 

percent methanol, 60°C reaction temperature, 400 rpm 

agitation rate, and 60 minutes reaction time, the conversion 

efficiency of Moringa fatty acids to methyl esters was 

discovered to be 82% [132]. The oil can be used as a multi-

grade lubricant because its viscosity index is significantly 

higher than that of the other vegetable oils under study. The 

oil's high concentration of monounsaturated fatty acids 

contributes to its exceptional thermal and oxidative 

durability. It has a fair chance of being used as a base oil for 

lubricants and as a suitable substitute for expensive 

petroleum base oils and food oils [7]. [133]. 
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Larvicidal and other properties

The Moringa seed's water-soluble lectin encouraged Aedes 

aegypti larval development delay and mortality [134]. These 

leaves' ethanolic extract exhibited strong anthelmintic 

properties [135]. Because of its low rate of vapour 

transmission and adequate tensile strength, the gum exudate 

from the Moringa stem has great promise for usage in the 

production of polymeric films as a medication delivery 

system and as a water-impervious coating agent in tablets 

[136]. 

Conclusion 

Because of its many applications and potential as a 

sustainable crop that may improve human and animal 

nutrition, provide income, and act as a green energy source, 

Moringa has become known as a superfood. Each component 

of this tree has advantageous qualities that can help 

humanity satisfy its nutritional demands. Higher levels of 

calcium, iron, and protein found in Moringa leaves make 

them a rich source of dietary nutrients that can greatly meet 

human nutritional needs and are essential in the fight against 

malnutrition in developing nations' children, pregnant 

women, and the elderly. Furthermore, this tree has several 

medical use, and its seeds have the ability to filter and purify 

water. Different portions of this plant contain antioxidant, 

ant ihypertensive , analges ic , ant i- inflammator y, 

antispasmodic, antibacterial, hepatoprotective, antidiabetic, 

anticancer, antiulcer, cholesterol-lowering, and other 

properties. Nonetheless, Moringa's ability to strengthen 

immunity is among its most significant advantages. Iron and 

vitamin A, which are abundant in Moringa, improve immune 

system performance. Additionally, its high antioxidant 

concentration strengthens and protects the immune system

 against illnesses. In order to strengthen their immunity 

against infection, most Indians eat Moringa leaf soup during 

COVID-19. It has been discovered that fresh Moringa leaves 

are a great natural source for efficient vitamin bioconversion 

and bioavailability in animal production. To ascertain the 

ideal dosage, course of treatment, and the function of each 

key component in charge of these actions, comprehensive 

clinical and experimental research is needed. To clarify the 

mode of action of the bioactive substances present, more 

research is also required. Therefore, promoting this plant's 

many applications should be given top priority in order to 

reap the rewards of this "miracle" tree. Additionally, 

agronomic research, breeding, and selection should be done 

to increase this tree's production and produce more valuable 

goods. The Moringa plants can be further widely exploited 

and utilised as a viable bioresource for sustainable 

development, a permanent circular green economy, and zero 

waste generation in agroecosystems under climate change 

resilience after carrying out thorough and pertinent 

laboratory studies and field trials. Further, there is a 

comprehensive and rigorous study on the wider collection, 

conservation, cultivation and assessment of germplasms at 

the local, regional, national and worldwide levels, especially 

the endangered and threatened native sweet varieties of M. 

oleifera, which are urgently needed.
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Figure 1. Multi-functional attributes of Moringa oleifera in the integrated and sustainable Agroecosystem.
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Table 1. Phytochemical constituents of different parts of Moringa oleifera
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Table 2. Nutritional composition of Moringa green pods, fresh leaves and dried leaf 

powder per 100 g of edible portion [31].

Table 3. Moringa plant parts and their uses in the treatment of diseases [113]. [114]. 

[115].

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 


15.https://psr.crcjournals.org/ 

Siddhuraju Perumal and Sasipriya Gopalakrishnan., (2025) Plant Science Review

References

Morton, J .F . The horseradish  tree, Moringa 

pterigosperma (Moringaceae). A boon to arid lands. 

Econ. Bot. 1991, 45, 318-333.

Sabale, V.; Patel, V.; Paranjape, A.; Arya, C.; Sakarkar, 

S.N.; Sabale, P.M. Moringa oleifera (Drumstick): An 

overview. Pharmacogn. Rev. 2008, 2, 7-13.

AVRDC Report (2001). Kalb, T., Kuo, G., Eds.; AVRDC 

publication 02-542: Asian vegetable research and 

development center, Shanhua, Tainan, Taiwan, 2002; 

pp. 92-94.

Burney, R.P.H.; Griffin, C.; Paul, A.A.; Greenberg, D.C. 

The nutritional composition of African wild food 

plants: from compilation to utilization. J. Food Compos. 

Anal. 2004, 17,  277–289.

Anwar, F.; Ashraf, M.; Bhanger, M.I. Interprovenance 

variation in the composition of Moringa oleifera oil 

seeds from Pakistan. J. Am. Oil Chem. Soc. 2005, 82, 

45–51.

Nesamani, S. Medicinal Plants (vol. I). State Institute of 

Languages, Thiruvananthapuram, Kerala, India, 1999; 

p. 425.

 

Saini, R.K.; Sivanesan. I.; Keum, Y.S. Phytochemicals of 

Moringa oleifera: a review of their nutritional, 

therapeutic and industrial significance. Biotech. 2016, 

6(2), 203. doi: 10.1007/s13205-016-0526-3

Rani, N.Z.A.; Husain, K.; Kumolosasi, E. Moringa genus: 

A review of phytochemistry and pharmacology. Front 

Pharmacol. 2018, 16(9), 108. doi: 10.3389/fphar.2018.00 

108

Singh, K.K.; Kumar, K. Ethnotherapeutics of some 

medicinal plants used as antipyretic agent among the 

tribals of India. J. Econ. Taxon. Bot. 1999, 23, 135-141.

Garrity, D.; Okono, A.; Grayson, M.; Parrott, S. Eds.; 

World agroforestry into the future,  World Agroforestry 

Centre, Nairobi, Kenya, 2006.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Brilhante, R.S.N.; Sales, J.A.; Pereira, V.S.; Castelo-

Branco, D.S.C.M.; Cordeiro, R.A.; Sampaio, C.M.S.; 

Paiva, M.A.N.; dos Santos, J.B.F.; Sidrim, J. J. C.; Rocha, 

M.F.G.R. Research advances on the multiple uses of 

Moringa oleifera: A sustainable alternative for  socially 

neglected population. Asian Pac. J. Trop. Med. 2017, 

10(7), 621–630.

Sashidhara, K.V.; Rosaiah, J.N.; Tyagi, E.; Shukla, R.; 

Raghubir, R; Rajendran S.M. Rare dipeptide and urea 

derivatives from roots of Moringa oleifera as potential 

anti- inflammatory and antinociceptive agents. Eur. J. 

Med.Chem. 2009, 44, 432-436.

Siddhuraju, P.; Becker, K. Antioxidant properties of 

various solvent extracts of total  phenolic constituents 

from three different agroclimatic origins of drumstick 

tree  (Moringa oleifera Lam.) leaves. J. Agric. Food Chem. 

2003, 51, 2144-2155.

Makita, C.; Madala, N.E.; Cukrowska, E.; Abdelgadir, H.; 

Chimuka, L.; Steenkamp, P.;  Ndhlala. A.R. Variation in 

pharmacologically potent rutinoside-bearing 

flavonoids  amongst twelve Moringa oleifera Lam. 

Cultivars. S. Afr. J. Bot. 2017, 112, 270-274.

 L a k o , V. J . ;  T r e n e r r y ,  C . ;  Wa h l q v i s t ,  M . ; 

Wattanapenpaiboon, N.; Sotheeswaran, S.;  Premie, R. 

Phytochemical flavonols, carotenoids and the 

antioxidant properties of a wide  selection of Fijian 

fruit, vegetables and other readily available foods. Food 

Chem. 2007,  1727-1741.

Vongsak, B.; Mangmoo, S.; Gritsanapan, W. Antioxidant 

activity and induction of mRNA  expressions of 

antioxidant enzymes in HEK-293 cells of Moringa 

oleifera leaf extract. Planta Med. 2015, 81, 1084–1089.

Verma, A.R.; Vijayakumar, M.; Mathela, C.S.; Rao, C.V. 

In vitro and in vivo antioxidant properties of different 

fractions of Moringa oleifera leaves. Food Chem. Toxicol. 

2009, 47, 2196-2201.

Gilani, A.H.; Aftab, K.; Suria, A.; Siddiqui, S.; Salem, R.; 

Siddiqui, B.S.; Faizi, S.  Pharmacological studies on 

hypotensive and spasmolytic activities of pure 

compounds from Moringa oleifera. Phytother. Res. 1994, 

8, 87 – 91.

Murakami, A.; Kitazono, Y.; Jiwajinda, S.; Koshimizu, 

K.; Ohigashi, H. Niaziminin, a  thiocarbamate from the 

leaves of Moringa oleifera, holds a strict structural 

requirement  for inhibition of tumor-promoter-

induced Epstein-Barr virus activation. Planta Med.  

1998, 64, 319-23.

11.

12.

13.

14.

15.

16.

17.

18.

19.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 
file:///\\\\science\\journal\\03088146
file:///\\\\science\\journal\\03088146
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez


16.https://psr.crcjournals.org/ 

Siddhuraju Perumal and Sasipriya Gopalakrishnan., (2025) Plant Science Review

Booth, F.E.M.; Wickens, G.E. Non-timber uses of 

selected arid zone trees and shrubs in Africa. FAO 

Conservation Guide, Rome, 1988, p. 92-101.

Kirtikar, K.R.; Basu, B.D. Indian Medicinal Plants, 2nd 

Edition, Vol. 1, Dun, D., Singh,  B., Singh, M.P. Eds., M/s 

Bishen Singh and Mahendra Pal Singh, New Cannaught 

Place, Dehradun, 1975, pp. 676–683.

Laandrault, N.; Pouchert, P.; Ravel, P.; Gase, F.; Cros, G.; 

Teissedro, P.L. Antioxidant  capacities and phenolics 

level of French wines from different varieties and 

vintages. J.  Agric. Food Chem. 2001, 49, 3341–3343. 

Dayrit, F.M.; Alcantar, A.D.; Villasenor, I.M. Studies on 

Moringa oleifera seeds: the  antibiotic compound and its 

deactivation in aqueous solution. Philipp. J. Sci. 1990, 

119,  23-32.

Njoku, O.U.; Adikwu, M.U. Investigation on some 

physicochemical antioxidant and toxicological 

properties of Moringa oleifera seed oil. Acta Pharm. 

1997, 47, 287–290.

Guevara, A.P.; Vargas, C.; Sakurai, H.; Fujiwara, Y.; 

Hashimoto, K.; Maoka. T.; Kozuka, M.; Ito, Y.; Tokuda, 

H.; Nishino, H. An antitumor promoter from Moringa 

oleifera Lam.  Mutat. Res. 1999, 440, 181–188.

Fahey, J.W.; Zalcmann, A.T.; Talalay, P. The chemical 

diversity and distribution of glucosinolates and 

isothiocyanates among plants. Phytochemistry. 2001, 

56, 5–51.

Bennett, R.N.; Mellon, F.A.; Foidl, N.; Pratt, J.H.; 

Dupont, M.S.; Perkins, L.; Kroon, P.A.  Profiling 

glucosinolates and phenolics in vegetative and 

reproductive tissues of the multipurpose trees Moringa 

oleifera L. (Horseradish Tree) and Moringa stenopetala L. 

 J. Agric. Food Chem. 2003, 51, 3546-3553.

Makkar, H.P.S.; Becker, K. Moringa oleifera seed meal 

and proteins on rumen fermentation in vitro. Annual 

report. Institute for Animal Production in the Tropics 

and Subtropics, University of Hohenheim, Stuttgart, 

Germany, 1998.

Hoffmann, E.M.; Muetzel, S.; Becker, K. Effects of 

Moringa oleifera seed extract on rumen fermentation in 

vitro. Arch. Anim. Nutr. 2003, 57, 65-81.

Suarez, M.; Entenza, J.M.; Doerries, C.; Meyer, E.; 

Bourquin, L.; Sutherland, J.; Marison,  I.; Moreillon, P.; 

Mermod, N. Expression of a plant-derived peptide 

harboring water- cleaning and antimicrobial activities. 

Biotechnol. Bioeng. 2003, 81, 13-20.

31.

32.

33.

34.

35.

36.

37.

39.

39.

40.

41.

Foidl, N.; Makkar, H.P.S.; Becker, K. (2001). The potential 

of Moringa oleifera for  agricultural and industrial uses. 

In: Fuglie, L.J. Ed., The Miracle Tree. CTA and CWS, 

Dakar, Senegal, 2001, p. 45–77.

Sodvadiya, M.; Patel, H.; Mishra, A.; Nair, S. Emerging 

insights into anticancer  chemopreventive activities of 

nutraceutical Moringa oleifera: Molecular mechanisms, 

 signal transduction and in vivo efficacy. Curr. Pharmacol. 

Rep. 2020, 6, 38-51.

W i s i t p o n g p u n , P. ;  S u p h r o m , N . ;  Po t u p , P. ; 

Nuengchamnong, N.; Calder, P.C.;  Usuwanthim, K. In 

vitro bioassay-guided identification of anticancer 

properties from Moringa oleifera Lam. leaf against the 

MDA-MB-231 cell line. Pharmaceuticals. 2020,  13 (12), 

464. https://doi.org/10.3390/ph13120464.

Makita, C.; Chimuka, L.; Steenkamp, P.; Cukrowska, E.; 

Madala, E. Comparative analyses of flavonoid content in 

Moringa oleifera and Moringa ovalifolia with the aid of

 UHPLC-qTOF-MS fingerprinting. S. Afr. J. Bot. 2016, 105, 

116-122.

Chuang, P.H.; Lee, C.W.; Chou, J.Y.; Murugan, M.; Shieh, 

B.H.; Chen, H.M. Anti-fungal  activity of crude extracts 

and essential oil of Moringa oleifera Lam. Bioresour. 

Technol. 2007, 98, 232–236.

Ogunbinu, A.O.; Flamini, G.; Cioni, P.L.; Adebayo, M.A.; 

Ogunwande, I.A. Constituents of Cajanus cajan (L.) 

Millsp. Moringa oleifera Lam., Heliotropium indicum L. 

and Bidens pilosa L. from Nigeria. Nat. Prod. Commun. 

2009, 4, 573-578.

Anwar, F.; Latif, S.; Ashraf, M.; Gilani, A.H. Moringa 

oleifera: A food plant with multiple medicinal uses. 

Phytother. Res. 2007, 21, 17-25.

Faizi, S.; Siddiqui, B.S.; Saleem, R.; Aftab, K.; Shaheen, 

F.; Gilani, A.H. Hypotensive  constituents from the pods 

of Moringa oleifera. Planta Med. 1998, 64, 225-228.

Faizi, S.; Siddiqui, B.S.; Saleem, R.; Siddiqui, S.; Aftab, K. 

Isolation and structure elucidation of new nitrile and 

mustard oil glycosides from Moringa oleifera and their  

effect on blood pressure. J. Nat. Prod. 1994, 57, 1256– 

1261.

Kurma, S.R.; Mishra, S.H.; Hepatoprotective principles 

from the stem bark of Moringa pterygosperma. Pharm. 

Biol. 1998, 36, 295-300.

Nikkon, F.; Saud, Z.A.; Rahman, M.H.; Haque, E. In vitro 

antimicrobial activity of the compound isolated from 

chloroform extract of Moringa oleifera Lam. Pak. J. Biol. 

Sci. 2003, 6, 1888-1890.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 
https://doi.org/10.3390/ph13120464
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez
file:///C:\\sites\\entrez


17.https://psr.crcjournals.org/ 

Siddhuraju Perumal and Sasipriya Gopalakrishnan., (2025) Plant Science Review

Estrella, M.C.P.; Mantaring, J.B.V.; David, G.Z. A double-

blind randomised controlled trial on the use of 

malunggay (Moringa oleifera) for augmentation of the 

volume of breastmilk among non-nursing mothers of 

preterm infants. Philipp. J. Pediatr. 2000, 49,  3-6.

Saini, R.K.; Shetty, N.P.; Prakash, M.; Giridhar. P. Effect 

of dehydration methods on retention of carotenoids, 

tocopherols, ascorbic acid and antioxidant activity in 

Moringa oleifera leaves and preparation of a RTE 

product. J. Food Sci. Technol. 2014, 51(9),  2176–2182.

Nnam, N.M. Moringa oleifera leaf improves iron status 

of infants 6-12 months in Nigeria. Int. J. Food Saf. Nutr. 

Publ. Health. 2009, 2, 158-164.

Oliveira, J.T.A.; Silveira, S.B.; Vasconcelos, I.M.; 

Cavada, B.S.; Moreira, R.A. Compositional and 

nutritional attributes of seeds from the multiple 

purpose tree Moringa oleifera Lamarck. J. Sci. Food Agric. 

1999, 79, 815-820.

Oduro, I.; Ellis, W.O.; Owusu, D. Nutritional potential of 

two leafy vegetables: Moringa oleifera and Ipomoea 

batatas leaves. Sci. Res. Essays. 2008, 3, 57-60.

 Johnson, B.C. Clinical perspectives on the health 

effects of Moringa oleifera: A promising adjunct for 

balanced nutrition and better health. KOS Health 

P u b l i c a t i o n s ,  A u g u s t .  V o l .  1 - 5 ,  2 0 0 5 , 

http://www.koshealthpub.com/articles/pdf/Clinical 

Perspectives Moringa Aug-05. pdf.

NRC. Lost Crops of Africa. Volume II. Vegetables. 

National Research Council, The National Academies 

Press, Washington D.C, 2006.

Anwar, F.; Hussain, A.I.; Iqbal, S.; Bhanger, M.I. 

Enhancement of the oxidative stability of some 

vegetable oils by blending with Moringa oleifera oil. 

Food Chem. 2007, 103,  1181–1191.

Nambiar, V.S.; Seshadri, S. Beta carotene content of 

some green leafy vegetables of Western India by HPLC. 

J. Food Sci. Technol. 1998, 35, 365-367.

Liu, Y.; Perera, C.O.; Suresh, V. Comparison of three 

chosen vegetables with others from South East Asia for 

their lutein and zeaxanthin content. Food Chem. 2007, 

101, 1533- 1539.

Nambiar, V.S.; Seshadri, S. Bioavailability trials of β-

carotene from fresh and dehydrated drumstick leaves 

(Moringa oleifera) in a rat model. Plant Foods Hum. Nutr. 

2001, 56,  83–95.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Makkar, H.P.S.; Becker, K.; Goel, G. Feed and feed 

additive for herbivores, and method for manufacturing 

the same. European patent application. 2009, EP 2 025 

242 A1.

Francis, J.A.; Jayaprakasam, B.J.; Olson, L.K.; Nair, M.G. 

Insulin secretagogues from  Moringa oleifera with 

cyclooxygenase enzyme and lipid peroxidation 

inhibitory activities. Helv. Chim. Acta. 2004, 87, 317 – 

326.

Cheenpracha, S.; Park, E.J.; Yoshida, W.Y.; Barit, C.; 

Wall, M.; Pezzuto, J.M.; Chang,  L.C. Potential anti-

inflammatory phenolic glycosides from the medicinal 

plant Moringa  oleifera fruits. Bioorg. Med. Chem. 2010, 

18(17), 6598-6602.

Pal, S.K.; Mukherjee, P.K.; Saha, B.P. Studies on the 

antiulcer activity of Moringa oleifera leaf extract on 

gastric ulcer models in rats. Phytother. Res. 1995, 9, 

463–465.

Dahiru, D.; Onubiyi, J.A.; Umaru, H.A. Phytochemical 

screening and antiulcerogenic  effect of Moringa 

oleifera aqueous leaf extract. Afr. J. Tradit. Complement. 

Altern. Med. 2006, 3, 70 – 75.

Lalas, S.; Tsaknis, J. Characterization of Moringa oleifera 

seed oil variety “Periyakulam 1”. J. Food Compos. Anal. 

2002, 15, 65–77.

Ramabulana, T.; Mavunda, R.D.; Steenkamp, P.A.; 

Piater, L.A.; Dubery, I.A.; Madala,  N.E. Perturbation of 

pharmacologically relevant polyphenolic compounds 

in Moringa oleifera against photo-oxidative damages 

imposed by gamma radiation. J. Photochem.  Photobiol. 

B. 2016, 156, 79–86.

Makkar, H.P.S.; Becker, K. Nutrients and antiquality 

factors in different morphological parts of the Moringa 

oleifera tree. J. Agric. Sci. (Cambridge) 1997, 128, 

311–322.

Freiberger, C.E.; Vanderjagt, D.J.; Astuszyn, A.; Glew, 

R.S.; Mounkaila, G.; Millson, M.; Glew, R.H. Nutrient 

content of the edible leaves of seven wild plants from 

Niger. Plant Foods Hum. Nutr. 1998, 53, 57–69.

Makkar, H.P.S.; Becker, K. Nutritional value and 

antinutritional components of whole and ethanol 

extracted Moringa oleifera leaves. Anim. Feed Sci. 

Technol. 1996, 63, 211-  228.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 
http://www.koshealthpub.com/articles/pdf/Clinical%20Perspectives%20Moringa%20Aug-05.%20pdf
http://www.koshealthpub.com/articles/pdf/Clinical%20Perspectives%20Moringa%20Aug-05.%20pdf


18.https://psr.crcjournals.org/ 

Siddhuraju Perumal and Sasipriya Gopalakrishnan., (2025) Plant Science Review

Mahajan, S.G.; Mehta, A.A. Effect of Moringa oleifera 

Lam seed extract on ovalbumin-induced airway 

inflammation in guinea pigs. Inhal. Toxicol. 2008, 20, 

897-909.

Medhi, B.; Khanikor, H.N.; Lahon, L.C.; Mohan, P.; 

Barua, C.C. Analgesic, anti-inflammatory and local 

anaesthetic activity of Moringa pterygosperma in 

laboratory animals. Pharm. Biol. 2003, 41, 248-252.

Sulaiman, M.R.; Zakaria, Z.A.; Bujarimin, A.S.; 

Somchit, M.N.; Israf, D.A.; Moin, S. Evaluation of 

Moringa oleifera aqueous extract for antinociceptive 

and anti-inflammatory activities in animal models. 

Pharm. Biol. 2008, 46, 838-884.

Mahajan, S.G.; Mali, R.G.; Mehta, A.A. Protective effect 

of ethanolic extract of seeds of Moringa oleifera Lam. 

against inflammation associated with development of 

arthritis in rats. J. Immunotoxicol. 2007, 4, 39–47.

Mahajan, S.G.; Mehta, A.A. Anti-arthritic activity of 

hydroalcoholic extract of flowers of Moringa oleifera 

Lam. in wistar rats. J. Herbs Spices Med. Plants. 2009, 15, 

149–163.

Chen, H.M.; Chuang, P.H. Moringa crude extracts and 

their derived fractions with antifungal activities. 

United States Patent, US 7, 2008, 404, 975 B2.

Jabeen, R.; Shahid, M.; Jamil, A.; Ashraf, M. Microscopic 

evaluation of the antimicrobial activity of seed extracts 

of Moringa oleifera. Pak. J. Bot. 2008, 40, 1349-1358.

Virmani, M.; Garg, S.L. In vitro antiviral activity of plant 

extracts against equine herpes virus-1. Indian J. Comp. 

Microbiol. Immunol. Infect. Dis. 2005, 26, 89-91.

Yongabi, K.A.; Mbacham, W.F.; Nubia, K.K.; Singh, R.M. 

Yeast strains isolated from HIV-seropositive patients in 

Cameroon and their sensitivity to extracts of eight 

medicinal plants. Afr. J. Microbiol. Res. 2009, 3, 133-136.

Akinbode, O.A.; Ikotun, T. Efficacy of certain plant 

e x t r a c t s  a g a i n s t  s e e d - b o r n e  i n f e c t i o n  o f 

Collectotrichum destructivum on cowpea (Vigna 

uniguculata). Afr. J. Biotechnol. 2008, 7, 3683-3685.

Diallo, A.; Eklu-Gadegkeku, K.; Mobio, T.; Moukha, S.; 

Agbonon, A.; Aklikokou, K.;  Creppy, E.E.; Gbeassor, M. 

Protective effect of Moringa oleifera Lam. and Lannea 

kerstingii extracts against cadmium and ethanol-

induced lipid peroxidation. J. Pharmacol. Toxicol. 2007, 

4, 160-166.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Pullakhandam, R.; Failla, M.L. Micellarization and 

intestinal cell uptake of β-carotene and lutein from 

drumstick (Moringa oleifera) Leaves. J. Med. Food. 2007, 

10, 252-257.

Saini, R.K.; Nile, S.H.; Park, S.W. Carotenoids from fruits 

and vegetables: Chemistry, analysis, occurrence, 

bioavailability and biological activities. Food Res. Int. 

2015, 76,  735-750.

Sriwichai, W.; Collin, M.; Tranbarger, T.J.; Berger, J.; 

Avallone, S. Improvement of  the content in 

bioaccessible lipophilic micronutrients in raw and 

processed drumstick leaves (Moringa oleifera Lam.). 

LWT-Food Sci. Technol. 2017, 75, 279-285.

Adedapo, A.A.; Mogbojuri, O.M.; Emikpe, B.O. Safety 

evaluations of the aqueous extract of the leaves of 

Moringa oleifera in rats. J. Med. Plant Res. 2009, 3, 586-

591.

Di l lard, C. J . ;  German, J .B . Phytochemicals : 

nutraceuticals and human health: A review.

 J. Sci. Food Agric. 2000, 80, 1744-1756.

Chumark, P. ;  Khunawat, P. ;  Sanvarinda, Y. ; 

Hornchirasilp, S.; Morales, N.P.;  Phivthongngam, L.; 

Ratanachamnong, P.; Srisawat, S.; Upsorn, K.; 

Pongrapeeporn, S.  The in vitro and ex vivo antioxidant 

properties, hypolipidaemic and antiatherosclerotic  

activities of water extract of Moringa oleifera Lam. 

Leaves. J. Ethnopharmacol. 2008,

 116, 439–446.

Reddy, V.; Urooj, A.; Kumar, A. Analytical, Nutritional 

and Clinical Methods. Evaluation of antioxidant 

activity of some plant extracts and their application in 

biscuits. Food Chem.  2005, 90, 317–321.

Singh, B.N.; Singh, B.R.; Singh, R.L.; Prakash, D.; 

Dhakarey, R.; Upadhyay, G.; Singh,  H.B. Oxidative DNA 

damage protective activity, antioxidant and anti-

quorum sensing potentials of Moringa oleifera. Food 

Chem. Toxicol. 2009, 47, 1109–1116.

 Sreelatha, S.; Padma, P.R.Antioxidant activity and total 

phenolic content of Moringa oleifera leaves in two 

stages of maturity. Plant Foods Hum. Nutr. 2009, 64, 303-

311.

Kajihara, R.; Nakatsu, S.; Shiono, T.; Shibata, K.; 

Ishihara, M.; Sakamoto, K.; Muto, N.  Antihypertensive 

effect of water extracts from leaves of Moringa oleifera 

Lam. On spontaneously hypertensive rats. J. Jpn. Soc. 

Food Sci. Technol. 2008, 55, 183-185.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Diallo%20A%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Eklu%20Gadegkeku%20K%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Mobio%20T%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Moukha%20S%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Agbonon%20A%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Aklikokou%20K%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Creppy%20EE%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29
http://www.csa.com/htbin/dbrng.cgi?username=gscholar&access=gscholar456&requester=gs&db=all&fed=results&qry=AU%3D%28Gbeassor%20M%29


19.https://psr.crcjournals.org/ 

Siddhuraju Perumal and Sasipriya Gopalakrishnan., (2025) Plant Science Review

Fahey, J.W.; Zhang, Y.; Talalay, P. Broccoli sprouts: an 

exceptionally rich source of inducers of enzymes that 

protect against chemical carcinogens. Proc. Natl. Acad. 

Sci. U.S.A, 1997, 94, 10367-10372.

Bharali, R.; Tabassum, J.; Azad, M.R.H. Chemo 

modulatory effect of Moringa oleifera  Lam on hepatic 

carcinogen metabolising enzymes, antioxidant 

parameters and skin papilloma genesis in mice. Asian 

Pac. J. Cancer Prev. 2003, 4, 131-139.

Debnath, S.; Guha, D. Role of Moringa oleifera on 

enterochromaffin cell count and serotonin content of 

experimental ulcer model. Indian J. Exp. Biol. 2007, 45, 

726-731.

G h a s i ,  S . ;  N w o b o d o ,  E . ;  a n d  O fi l i ,  J . O . 

Hypocholesterolemic effects of crude extract of leaf of 

Moringa oleifera Lam. in high-fat diet fed wistar rats. J. 

Ethnopharmacol. 2000, 69, 21-25.

Afuang, W.; Siddhuraju, P.; Becker, K. Comparative 

nutritional evaluation of raw,  methanol extracted 

residues and methanol extracts of Moringa (Moringa 

oleifera Lam.) leaves on growth performance and feed 

utilization in Nile tilapia (Oreochromis niloticus L.). 

Aquac. Res. 2003, 34, 1147-1159.

Mehta, L.K.; Balaraman, R.; Amin, A.H.; Bafna, P.A.; 

Gulati, O.D. Effect of fruits of Moringa oleifera on the 

lipid profile of normal and hypercholesterolaemic 

rabbits. J. Ethnopharmacol. 2003, 86, 191–195.

Hukkeri, V.I.; Nagathan, C.V.; Karadi, R.V.; Patil, B.S. 

Antipyretic and wound healing activities of Moringa 

oleifera Lam. in rats. Indian J. Pharm. Sci. 2006, 68, 124-

126.

Rathi, B.S.; Bodhankar S.L.; Baheti, A.M. Evaluation of 

aqueous leaves extract of  Moringa oleifera Linn. for 

wound healing in albino rats. Indian J. Exp. Biol. 2006, 

44,  898-901.

Gupta, M.U.; Mazumder, U.K.; Chakrabarti, S. CNS 

activities of methanolic extract of Moringa oleifera root 

in mice. Fitoterapia. 1999, 70, 244-250.

Sutar, N.G.; Bonde, C.G.; Patil, V.V.; Narkhede, S.B.; 

Patil, A.P.; Kakade, R.T. Analgesic activity of seeds of 

Moringa oleifera Lam. Int. J. Green Pharm. 2008, 2, 108- 

110.

Ranjan, R.; Swarup, D.; Patra, R.C.; Chandra, V. 

Tamarindus indica L. and Moringa oleifera M. extract 

administration ameliorates fluoride toxicity in rabbits. 

Indian J. Exp. Biol. 2009, 47, 900-905.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Nadro, M.S.; Arungbemi, R.M.; Dahiru, D. Evaluation of 

Moringa oleifera leaf extract on alcohol-induced 

hepatotoxicity. Trop. J. Pharm. Res. 2006, 5, 539-544.

Patel, R.K.; Patel, M.M.; Patel, M.P.; Kanzaria, N.R.; 

Vaghela, K.R.; Patel, N.J.  Hepatoprotective activity of 

Moringa oleifera Lam. fruit on isolated rat hepatocytes.

 Pharmacogn. Mag. 2008, 4, S118-S123.

Hamza, A.A. Ameliorative effects of Moringa oleifera 

Lam seed extract on liver fibrosis in rats. Food Chem. 

Toxicol.  2010, 48, 345-355.

Ndong, M.; Uehara, M.; Katsumata, S.; Sato, S.; Suzuki, 

K. Preventive effects of Moringa oleifera (Lam.) on 

hyperlipidemia and hepatocyte ultrastructural changes 

in iron deficient rats. Biosci. Biotechnol. Biochem. 2007, 

71, 1826-1833.

Luqman, S.; Kaushik, S.; Srivastava, S.; Kumar R.; 

BawankuleD.U.; Pal, A.; Darokar, M.P.; Khanuja, S.P.S. 

Protective effect of medicinal plant extracts on 

biomarkers of  oxidative stress in erythrocytes. Pharm. 

Biol. 2009, 47, 483-490.

Mondal, S.; Chakraborty, I.; Pramanik, M.; Rout, D.; 

Islam, S.S. Structural studies of an immune enhancing 

polysaccharide isolated from mature pods (Fruits) of 

Moringa  oleifera (Sajina). Med. Chem. Res. 2004, 13, 390-

400.

Du, P.L.; Lin, P.H.; Yan, R.Y.; Fan, Y.K.; Hsu, J.C. Effects of 

dietary supplementation of Moringa oleifera on growth 

performance, blood characteristics and immune 

response in broilers. J. Chin. Soc. Anim. Sci. 2007, 36, 135-

146.

M i t t a l ,  M . ;  P i y u s h ,  M . ;  A g a r w a l ,  A . C . 

Pharmacognostical and phytochemical investigation of 

antidiabetic activity of Moringa oleifera Lam. leaf. 

Indian Pharmacist.  2007, 6, 70-72.

Jaiswal, D.; Rai, P.K.; Kumar, A.; Mehta, S.; Watal, G. 

Effect of Moringa oleifera Lam.  leaves aqueous extract 

therapy on hyperglycemic rats. J. Ethnopharmacol. 2009, 

123, 392-396.

Dieye, A.M.; Sarr, A.; Diop, S.N.; Ndiaye, M.; Sy, G.Y.; 

Diarra, M.; Gaffary, I.R.; Sy,  A.N.; Faye, B. Medicinal 

plants and the treatment of diabetes in Senegal: survey 

with patients. Fundam. Clin. Pharmacol. 2008, 22, 

211–216.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rathi%20BS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bodhankar%20SL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baheti%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baheti%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baheti%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baheti%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baheti%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baheti%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baheti%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235036%232010%23999519998%231578052%23FLA%23&_cdi=5036&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f5619ada2c87c44535e40daf5f19de21
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Du,+P.L.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Lin,+P.H.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Yang,+R.Y.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Fan,+Y.K.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Hsu,+J.C.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Hsu,+J.C.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Hsu,+J.C.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Hsu,+J.C.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Hsu,+J.C.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Hsu,+J.C.?KEYSEARCH
http://libnts.avrdc.org.tw/scripts/minisa.dll/1735/B210/Hsu,+J.C.?KEYSEARCH


20.https://psr.crcjournals.org/ 

Siddhuraju Perumal and Sasipriya Gopalakrishnan., (2025) Plant Science Review

Bose, B. Enhancement of nodulation of Vigna mungo by 

ethanolic extract of Moringa leaves - a new report. Natl. 

Acad. Sci. Lett. 1980, 3, 103-104.

Sanchez, N.R.; Sporndly, E.; Ledin, I. Effect of feeding 

different levels of foliage of Moringa oleifera to creole 

dairy cows on intake, digestibility, milk production and 

composition. Livest. Sci. 2005, 101, 24-31.

Soliva, C.R.; Kreuzer, M.; Foidl, N.; Foidl, G.; 

Machmuller, A.; Hess, H.D. Feeding value of whole and 

extracted Moringa oleifera leaves for ruminants and 

their effects on ruminal fermentation in vitro. Anim. 

Feed Sci. Tech. 2005, 118, 47–62.

Kakengi, A.M.V.; Shem, M.N.; Sarwatt, S.V.; Hasegawa, 

K.; Sasaki, Y.; Hayashi, T.; Fujihara, T. The safe feeding 

level of Moringa oleifera seedcake as an alternative 

protein source to livestock. J. Food Agric. Environ. 2006, 

4, 116-119.

Araica, B.M.; Sporndly, E.; Sanchez, N.R.; Norell, L.; 

Sporndly, R. Silage quality when Moringa oleifera is 

ensiled in mixtures with Elephant grass, sugar cane and 

molasses. Grass Forage Sci. 2009, 64, 364-373.

Salem, H.B.; Makkar, H.P.S. Defatted Moringa oleifera 

seed meal as a feed additive for sheep. Anim. Feed Sci. 

Tech. 2009, 150, 27–33.

Postnote. Access to water in developing countries. 

Parliamentary office of Science and Technology, 

Vol.178, 2002, http:// www.parliament.uk/post/ 

pn178pdf.

Sharma, P.; Kumari, P.; Srivastava, M.M.; Srivastav, S. 

Removal of cadmium from aqueous system by shelled 

Moringa oleifera Lam. seed powder. Bioresour. Technol. 

2006, 97, 299-305.

 Reddy, D.H.K.; Seshaiah, K.; Reddy, A.V.R.; Rao, M.M.; 
 2+Wang,M.C.; Biosorption of Pb  from aqueous solutions 

by Moringa oleifera bark: Equilibrium and kinetic 

studies. J. Hazard. Mater. 2010, 174, 831-838.

Heredia, J.B.; Martin, J.S.; Regalado, A.D. Removal of 

dyes by Moringa oleifera seed extract. Study through 

response surface methodology. J. Chem. Technol. 

Biotechnol. 2009, 84, 1653-1659.

Kalavathy, M.H.; Miranda, L.R. Moringa oleifera-A solid 

phase extractant for the removal of copper, nickel and 

zinc from aqueous solutions. Chem. Eng. J. 2010, 158, 

188–199.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Ganguly, R.; Guha, D. Alteration of brain monoamines 

and EEG wave pattern in rat model of Alzheimer's 

disease and protection by Moringa oleifera. Indian J. 

Med. Res.  2008, 128, 744-751.

Nandave, M.; Ojha, S.K.; Joshi, S.; Kumari, S.; Arya, D.S. 

Moringa oleifera leaf extract prevents isoproterenol-

induced myocardial damage in rats: Evidence for an 

antioxidant, antiperoxidative, and cardioprotective 

intervention. J. Med. Food. 2009, 12, 47-55.

Lalas, S.; Athanasiadis, V.; Karageorgou, I.; Batra, G.; 

Nanos, G.D.; Makris, D.P.  Nutritional characterization 

of leaves and herbal tea of Moringa oleifera cultivated in

 Greece. J. Herbs Spices Med. Plants. 2017, 23(4), 320-333.

Mishra, D.; Gupta, R.; Pant, S.C.; Kushwah, P.; Satish, 

H.T.; Flora, S.J.S. Co-administration of monoisoamyl 

dimercaptosuccinic acid and Moringa oleifera seed 

powder protects arsenic-induced oxidative stress and 

metal distribution in mice. Toxicol. Mech. Methods. 2009, 

19, 169–182.

Karadi, R.V.; Gadge, N.B.; Alagawadi, K.R.; Savadi, R.V. 

Effect of Moringa oleifera Lam. root-wood on ethylene 

glycol induced urolithiasis in rats. J. Ethnopharmacol.  

2006, 105, 306–311.

Rao, A.V.; Devi, P.U.; Kamath, R. In vivo radioprotective 

effect of Moringa oleifera leaves. Indian J. Exp. Biol. 2001, 

39, 858-863.

Agrawal, B.; Mehta, A. Antiasthmatic activity of 

Moringa oleifera Lam: A clinical study. Indian J. 

Pharmacol. 2008, 40, 28-31.

Delouee, S.A.; Aalami, M.; Urooj, A.; Krishnakantha, T.P. 

Moringa oleifera leaves as an inhibitor of human platelet 

aggregation. Pharm. Biol. 2009, 47, 734-739.

Fuglie, L.J.; A medical pharmacopoeia. In The miracle 

tree: the multiple attributes of Moringa (ed. L.J. Fuglie) 

CTA publication, Wageningen, The Netherlands, 2001, 

p. 103-115.

Elabd, E.M.Y.; Morsy, S.M.; Elmalt, H.A. Investigating of 

Moringa oleifera role on gut microbiota composition and 

inflammation associated with obesity following high fat 

diet feeding. Maced. J. Med. Sci. 2018, 6(8), 1359–1364.

Jaja-Chimedza, A.; Zhang, L.; Wolff, K.; Graf, B.L.; Kuhn, 

P.; Moskal, K. et al. A dietary isothiocyanate-enriched 

moringa (Moringa oleifera) seed extract improves 

glucose tolerance in a high-fat diet mouse model and 

modulates the gut microbiome. J. Funct. Foods. 2018, 47, 

376–85.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 
http://www3.interscience.wiley.com/journal/118485876/home
http://www3.interscience.wiley.com/journal/118485876/home
http://www.parliament.uk/post/
http://www.parliament.uk/post/
file:///C:\\science\\journal\\03043894
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235253%232010%23998259998%231574186%23FLA%23&_cdi=5253&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8f0d1f72826b61d2a1474b8aa005b733
file:///C:\\journal\\2517\\home
file:///C:\\journal\\2517\\home
file:///C:\\journal\\2517\\home


21.https://psr.crcjournals.org/ 

Siddhuraju Perumal and Sasipriya Gopalakrishnan., (2025) Plant Science Review

Rastogi, T.; Bhutda, V.; Moon, K.; Aswar, P.B.; 

Khadabadi. S.S. Comparative studies on anthelmintic 

activity of Moringa oleifera and Vitex Negundo. Asian J. 

Res. Chem. 2009, 2, 181-182.

Panda, D.S.; Choudhury, N.S.K.; Yedukondalu, M.; Si, 

S.; Gupta, R. Evaluation of film-forming potential of a 

natural gum. Asian J. Pharmacol. 2008, 2, 50-52. 

Abidin, Z.; Huang, H-T.; Hu, Y-F.; Chang, J-J.; Huang, C-

Y.; Nan, F-H. Effect of dietary supplementation with 

Moringa oleifera leaf extract and Lactobacillus 

acidophilus on growth performance, intestinal 

microbiota, immune response, and disease resistance 

in whiteleg shrimp (Penaeus vannamei). Fish Shellfish 

Immunol,  2022,127, 876-890.

Celina, V.A.; Das, A.; Elangbam, S.; Singh, M.; 

Gaur,G.K.; Singh,G.; Tarafdar, A.; Chauhan, A.; Dutta, 

N.; Pandey, H.O. Effect of dietary supplementation of 

Moringa oleifera on intake, growth, oxidative stress, 

and behavioral response in early weaned Landlly 

piglets. Trop. Anim. Health Prod. 2025, 57, 194. 

https://doi.org/10.1007/s11250 025-04447-y

Kumar, R.; Kumar, K.; Kumar, A.; Kumar, S.; Singh, P.K.; 

Sinha, R.R.K.; Moni, C. Nutritional and physiological 

responses of  broi ler  chicken to the dietar y 

supplementation of Moringa oleifera aqueous leaf 

extract and ascorbic acid in tropics. Trop Anim. Health 

Prod. 2021, 53:428. https://doi.org/10.1007/s11250-

021-02864-3.

El-Badawi1, A-E.Y.; Hassan, A. A.; Khalel M.S.; Yacout, 

M.H.M.; Naggar, S.E. Effect of Moringa oleifera leaves 

powder in diets of lactating buffaloes. Bull. Natl. Res. 

Cent. 2023, 47; 4. https://doi.org/10.1186/s42269-022-0 

0977-9.

135.

136.

137.

138.

139.

140.

Alves, V.N.; Mosquetta, R.; Coelho, N.M.M.; Bianchin, 

J.N.; Roux, K.C.D.P.; Martendal, E.; Carasek, E. 

Determination of cadmium in alcohol fuel using 

Moringa oleifera seeds as a biosorbent in an on-line 

system coupled to FAAS. Talanta. 2010, 80,  1133–1138.

Vieira, A.M.S.; Vieira, M.F.; Silva, G.F.; Araújo, A.A.; 

Fagundes-Klen, M.R.; Veit,  M.T.; Bergamasco, R. Use of 

Moringa oleifera seed as a natural adsorbent for  

wastewater treatment. Water Air Soil Pollut. 2010, 206, 

273–281.

Eman, N.A.; Tan, C.S.; Makky, E.A. Impact of Moringa 

oleifera Cake Residue Application on Waste Water 

Treatment: A Case Study. J. Water Resour. Protect. 2014, 

6, 677-687.

Xiong, B.; Piechowicz, B.; Wang, Z.; Marinaro, R.; 

Clement, E.; Carlin, T.; Uliana, A.; Kumar, M.; Velegol, 

S.B. Moringa oleifera f-sand Filters for Sustainable 

Water Purification. Environ. Sci. Technol. Lett. 2018, 5(1), 

38-42.

Azam, M.M.; Waris, A.; Nahar, N.M. Properties and 

potential of fatty acid methyl esters of some non-

traditional seed oils for use as biodiesel in India. 

Biomass Bioenergy. 2005,  29, 293–302.

Kafuku, G.; Mbarawa, M. Alkaline catalyzed biodiesel 

production from Moringa oleifera oil with optimized 

production parameters. Appl. Energy. 2010, 87, 2561-

2565.

Sharma, B.K.; Rashid, U.; Anwar, F.; Erhan, S.Z. 

Lubricant properties of Moringa oil using thermal and 

tribological techniques. J. Therm. Anal. Calorim. 2009, 

96, 999-1008.

Coelho, J.S.; Santos, N.D.L.; Napoleao, T.H.; Gomes, 

F.S.; Ferreira, R.S.; Zingali, R.B.; Coelho, L.C.B.B.; Leite, 

S.P.; Navarro, D.M.A.F.; Paiva, P.M.G. Effect of Moringa

 oleifera lectin on development and mortality of Aedes 

aegypti larvae. Chemosphere. 2009, 77, 934-938.

127.

128.

129.

130.

131.

132.

133.

134.

https://psr.crcjournals.org/ 
https://psr.crcjournals.org/ 
file:///C:\\science\\journal\\00456535
file:///C:\\science\\journal\\00456535

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

