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Abstract

Moringa oleifera (M. oleifera) is associated to the Moringaceae family, is commercially grown for its nutritive
importance and amazing pharmacological activities in Himalayan range but is commonly planted throughout the
equator. Moringa seeds, roots, stems, leaves, flowers, fruits are marvelously treasury of phytonutrients,
polysaccharides, oil, protein, vitamins, minerals, amino acids. This review artefact firstly portrayed the nutritional and
non-nutritional configuration of M. oleifera which encompasses carbohydrates, proteins, amino acids, carotenoids,
minerals, vitamins, fibers, fatty acids, lipids, polyphenols, alkaloids, glucosinolates, saponins, oxalates, and phytates.
The review also unfolds bioactivities (antimicrobial, wound healing, analgesic, antipyretic and anti-inflammatory,
anticancer, antifertility, hepatoprotective, anti-hypertensive, cardiovascular, and cholesterol-lowering, anti-ulcer, anti-
diabetic, CNS, anti-allergic and anti-asthmatic, anti-obesity) of the M. oleifera along with its application in
nutraceuticals. In addition, the analysis highlights the quantitative chemical analysis methods used for separation,
ablution, and depiction of organic molecules from M. oleifera, processing and commercial application of M. oleifera.
This complete review also provides acumen into food fortification and toxicity profile along with pre-clinical and
clinical studies of M. oleifera for the first time. oleifera is a premium provenance of vitamins, nutrition, and minerals
for implementation in foods. The actinic effects recommend the use of bioactive constituents in the evolution of
ingenious food, feed, biotechnology, cosmetics, agriculture, and drug compounds. To conclude, Moringa oleifera
illustrates the potential of nutritionally domain, biotech-enhanced herbs in building resilient and health-focused food
systems for the future.
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Introduction

Moringa oleifera (M.oleifera) or Drumstick, one
of the most significant fruit crops, characterize to the
Moringaceae family that grows in the Himalayan range
but is widely farmed across the equators(1). Presently,
M.oleifera is widely appreciated and consumed across
the globe because it is capable of providing nutrients
and bioactive compounds(2). The worldwide market for
Moringa products, which is reckoned to be opulenced
over $4.6 billion, is mostly reliant on India. India is the
world's greatest producer of the drumstick, accounting
for 41% of worldwide output, followed by other tropical
regions such as Western Africa (33%), Malaysia and the
Philippines (12%), China (8%), and Venezuela (6%)(3).
Moringa is high in vitamins, minerals, fibers, and
proteins and they pack a nutritional punch(4).
Researchers have found that the seeds, leaves, stem
bark, flowers, and fruits of the M. oleifera plant contain
a wide range of nutrients, such as sugars, proteins,
amino acids, minerals, vitamins, fibres, and
polyphenols; each has its own set of bioactivities.
Researchers extracted alkaloids, flavonoids, glycosides,

saponins, and tannins as the main active ingredients
from M. oleifera (5). Researchers have found that
M.oleifera has a lot of useful health benefits, including
helping with asthma, diabetes, hepatoprotection,
inflammation, infertility, cancer, infections,
antioxidants, the heart, ulcers, the central nervous
system, allergies, wound healing, and pain.(5).

It is possible to separate, wash, and show organic
molecules from M. oleifera using a lot of different
analytical methods, Gas chromatography, gas
chromatography-mass spectrometry, gel electrophoresis,
atomic absorption spectroscopy, flame photometry,
ultra-violet spectrophotometry, soxhlet extraction, flame
ionization, gas chromatography-mass spectrometry,
supercritical CO2, Fourier transform infrared
spectroscopy, high-performance liquid chromatography-
electrospray ionization-quadrupole time-of-flight-mass
spectrometry, and gas chromatography. The part of the
Moringa most used for human consumption is the
leaves and seed. Leaves of Moringa are high in critical
nutrients that help so it is expected to avoid disease.
Leaves can be devoured raw, roasted, or dried powdered
and kept for months without losing nutritious content
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and these leaves are a powerhouse of antioxidants
Quercetin and Chlorogenic acid(6). The fresh leaves are
eatable and can be prepared and comestible like spinach
or used in bisque and salads. Vitamin A, B, and C,
minerals, and sulfur are all abundant in them(7). M.
oleifera leaves provide an alternative for vegetarians
and vegans who don't consume meat. Dried leaves have
a higher micronutrient concentration as compared to the
content of vitamin A of carrots, the calcium of milk,
potassium of bananas, and iron of spinach(8).

Moringa-based products such as capsules and
pills, leaf powder, health tonic, dehydrated drumstick
powder, and other traditional remedies are among the
health items available in the market(9). Besides,
different industries including cosmetics, pharma,
nutraceuticals, herbal industry, and FMCG are using
Moringa as a raw material for diverse product
development(10).The demand has started now for high-
quality healthful foods and innovative food products of
Moringa. Hence, Food fortification is now started with
the leaves of Moringa. A spoonful of the powder is
appended to baby food, soups, and vegetables to boost
nutrients without altering the flavor(11). Moringa leaf is
processed into a variety of forms and is widely
appreciated and consumed all over the world due to its
capability of providing nutrients and the presence of
diverse bioactive compounds.

In this review study, various parts of M. oleifera
have been looked at and evaluated for their nutritional
value, how they are processed, how they can be
enhanced, their phytochemicals, their medical effects,
research studies before and after clinical trials, and
products available for sale. Besides, this review
highlights the fortification and processing of Moringa
and various sophisticated analytical techniques for the
recognition of metabolites present in M. oleifera. So, a
search of the literature was done using PubMed,
Scopus, ACS, Web of Science, ScienceDirect, CNKI
(China Knowledge Resource Integrated Database),
Google Scholar, and SciFinder. With the information we
have now, it might be possible to connect the way it
works with the main chemical of M. oleifera, especially
in functional foods. So, this review could be very
helpful for people who want to know more about how
M. oleifera could be used in useful foods and health.
The graphic abstract provides a summary of M. oleifera,
highlighting its chemical makeup, its health benefits,
how it's processed, its use in health foods, ways to
enhance food with it, research studies, and the products
mentioned in the review.

Phytochemical profile of M. oleifera

Phytochemicals are considered as specialized
product present in the plants, which gathered in dense
flocks but perform a minor or non-existent role in plant
growth and improvement(12). Based on their chemical
composition, plant-based phytochemicals are splitted
into five divisions namely polyphenols, carotenoids,
alkaloids, terpenoids, and sulfur-containing
compounds(13). The Moringa tree contains a high
proportion of these compounds as well and it is
expected that the pharmacological properties of

M.oleifera could be closely associated with the
existence of potential phytochemicals illustrated in
Table 1. Moreover, supplementary Fig. S1 shows the
nutritional profile reported in Moringa oleifera seeds,
leaves, stem, flower, and fruit pods. The below section
covers the chemical variety of M.oleifera as source of
functional food and human benefits.

Carbohydrates

Carbohydrates are generated from plants in their
natural state. Plants need carbs like starch, resistant
starch, sucrose, raffinose, stachyose, pectin, cellulose,
and more (14). Because of their functional qualities as a
stabilizer, sweetener, thickening, emulsifying agent, and
gelling agent, these carbohydrates are extracted and
added to foods. The overall carbohydrate content of the
M. oleifera seed is 9-16%(15) or 14.4g/100g(16),
whereas in the seed hull the level of carbohydrate is
55.240.62%(17). Tope, O.D., et al., reveal that M.
oleifera constitutes 88.28% in stem bark and 88.97% in
fruit pod(18). Raymond., et al stated the carbohydrate
amount in leaves is 32.16+0.03%(19).In accordance
with modern research in M. oleifera flowers, the
quantitative proximate carbohydrate composition is
36.04g/100 g of the sample(20).

Proteins

M. oleifera isa good source of proteins depending
on their location. The outcome of the proximate
analysis manifest that M. oleifera contains 40.34+0.45%
protein in seeds(21) and 5.25+0.011% in seed hull.
Setiaboma et al. found that the protein content (% db) in
the stem of M. oleifera is 8.31+0.08, 8.04+0.09, and
7.56+0.10 using three different drying methods: drying
in the sun, drying in the shade, and drying in a room
(22). Fejér, J., et al., said that the protein level of M.
oleifera leaves is 20.54+0.85% (23).

Amino acids

Amino acids are necessary for the survival of all
living things. They are proteins' monomeric units.
Because the creation of that particular protein would be
complete, the lack of a certain amino acid might result
in medical health issues. The abundant amino acids
found in M. oleifera include arginine, glutamic acid,
aspartic acid, leucine, isoleucine, and methionine. A
recent study by Liang, L., et al. revealed that glutamate
and arginine are the most abundant amino acids in M.
oleifera seeds. (21). Gu, X., Y. Yang, and Z. Wang in
their research disclose that it also exhibits leucine and
phenylalanine in the seed protein(24). Leaves of M.
oleifera contain phenylalanine and threonine in an equal
amount(25). Innocent, .O. and 1. Igwilo stated that the
amount of glutamate is found highest in the stem of M.
oleifera(26) followed by flower according to Amaechi,
N., Q. Onwuka, and L. Ihechere. The fruit of M.
oleifera has 30% of total amino acids(27). The whole
plant contains glutamate, aspartic acid, and leucine in
the towering amount and cysteine and methionine in the
least amount. It's important to know that each amino
acid serves a specific purpose in an animal's body,
besides being needed to make protein, which could
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include enzymes (28). Amino acids are essential not
only for the production of red blood cells but also for
the synthesis of enzymes, immunoglobulins, hormones,
and for the growth and repair of body tissues (29).

Minerals

Two-thirds of people in the world don't get
enough of at least one important ingredient. A
noticeable amount of necessary minerals in M. oleifera
are generally essential for both human and animal diets.
M. oleifera is considered an important part of the
human diet due to its abundance of beneficial nutrients.
Minerals like calcium, potassium, magnesium, sodium,
zinc, and iron are very important for many important
reasons. We looked at how much of these minerals were
in different parts of M. oleifera and found that the seed
(16) has the most phosphorus and the seed hull has the
most sodium. In yet another study, Setiaboma et al. ,
(22)revealed that when the stem bark and leaves of M.
oleifera are dried by three procedures viz. sun drying,
shade drying, and cabinet drying, the composition of
minerals changed. Raymond and his associates also
look into the elemental organization and set up that the
flower extract of M. oleifera possesses magnesium in
the dominant amount(19). Tope, O.D., et al., stated that
the whole plant of M. oleifera possesses calcium in the
highest amount(18).

Vitamins

Vitamins are vital for the progress and
preservation of life, and they are required in man's and
other animals' diets because most of them are not
created by the body. Some behave as anti-oxidants,
others carry out peculiar activities. For example,
ruminants need vitamin A for many things, like seeing,
building bones, keeping their immune systems strong,
and keeping epithelium tissue healthy (28). Other
vitamins, like water-soluble vitamins and fat-soluble
vitamins are essential for the body to work properly.
The plant species associated to the Moringaceae family
are a good source of Ascorbic acid, Tocopherol,
Riboflavin, Nicotinamide, B-Carotene, Retinol, and
Carotenoids. Many researchers communicated that the
amount of Ascorbic acid, B-Carotene, and Carotenoids
in M. oleifera is 84.5mg/100 g, 0.6mg/100g, and
28.9mg/100g respectively(16)while the amount of -
carotene, vitamin-C and vitamin-E in seed hull is
2.749mg/100g, 0.698mg/100g and 46.189mg/100g
respectively(17). Fejér, J., et al. said that the amount of
vitamin-E in M. oleifera seed and leaves is 220.61+1.80
mg/kg and178.10 £ 1.55 mg/kg respectively (30).

Fibers

Dietary fiber, widely termed to as feedstuffs or
mass, refers to the components of plants that your body
cannot digest or absorb, and Raymond; et.al revealed
that the proximate composition of crude fibers in M.
oleifera seed is 8.59 £ 0.11%, leaves is 11.21 + 0.02%
and flower is 14.12 £ 0.01%(19). In research, it is
concluded that the stem bark of M. oleifera
constitutes4.87% fibers and the fruit pod possesses
3.25% fibers(18).

Fatty acids

M. oleifera has been utilized for food production
in contrasting wedge of the world. Several authors
reported the fatty acid profile of M. oleifera and
reported that most abundant were oleic acid
(66.22-65.78%) followed by 2,3-dioleyl-1-
palmitoylglycerol (15.64%) in seeds and Oleic
acid(25.01+0.13%) followed by Palmitic acid
(24.8440.10%) is found in the highest amount in
leaves(23). The proximate composition of fats in M.
oleifera stem bark is 0.75%(18). The fat content in the
M. oleifera flower was found to be 2.9 g/100g dry
weight(31) and of the fruitpod is 0.67%(18).The high
amount of saturated fatty acid was found with
monounsaturated fatty acid (MUFA) content ranging
from 19.00+0.29%-80.25+0.26% and polyunsaturated
fatty acid (PUFA) content ranged is 0.75+0.055% in M.
oleifera seeds while their respective amount in leaves
ranges from Saturated fats (38.97+0.40%),
Monounsaturated fats (27.52+0.20%) to
polyunsaturated fats (33.51+0.33%)(23).

Lipids

Fats, waxes, oils, hormones, and certain
membrane constituents are examples of organic
mixtures known as lipids, which are insoluble in water
and serve as chemical messengers and energy-storing
molecules. According to studies, M. oleifera seeds
contain 31.85+1.54% lipid (23). According to Dhakad,
A K., et al.,, the lipid content of M. oleifera leaves is
12.48 + 0.62%, whereas the lipid content of the stem
and fruit pod is 12.2 g/100 g and 0.10 0.10g/100g,
respectively (23).

Polyphenols

This is a big group of phytochemicals called
polyphenols. Chemically, they have either one phenol
ring (phenolic acids) or more than one phenol ring
(flavonoids). Flavonoids, phenolic acids, and tannins
are some of the polyphenols that are found in moringa.
The Folin-Ciocalteau test is usually used to find out
how much total phenolic acid is in Moringa. We use
gallic acid to determine the total phenolic acid and
tannin content (33, 34). A study by Sulaiman
Mohammed et al. found that the seeds' extract has a
total phenolic level of 10.179 mg GAE/g dry matter,
giving them a B grade. This value is based on the seed's
total antioxidant content (35). It's 71.9 mg/100g in the
stem (36). According to Alhakmani et al., the total
amount of phenolics in flower extract is 19.31 mg of
GAE per gram (37). The study found that the total
flavonoid content in M. oleifera seeds is 99.72 mg of
quercetin equivalents per gramme of extract after
extracting for 5 hours using a 1:10 ratio of seeds to
solvent (38). Researchers found that the stem bark of M.
oleifera has 1.55+0.15% of the plant's total flavonoids.
The leaves have 7.86+0.33% TFC (39), the flowers
have 14.27+0.62 mg QAE/g (40), and the fruit pod has
5.2 +£0.003% TFC (41). According to Prabakaran, M. et
al., the water extract had the most flavonoids (69.3 mg/
g), which is the highest amount (42).
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Alkaloids

Plants make alkaloids, which are nitrogen-
containing chemical substances that come from
breaking down amino acids. Research has proven that
Moringa contains a number of these alkaloids, despite
their rarity. Besides these, the amount of alkaloids
varies in different parts of M. oleifera like in
seed(1.51+0.49%), leaves (6.68+£2.35 %), stem bark
(0.53+0.25%)(39), flower extract (0.25 £ 0.00 mg/100g)
(19), fruit pod (3.1 £ 0.004%)(41). The most
commonly extracted indole alkaloid from Moringa
leaves is N,-L-rhamnopyranosyl vincosamide (43). The
leaves also contain some rare pyrrole alkaloid
glycosides called marumosides A and B, according to
the researchers. These are 4"-O-a-L-rhamnopyranoside,
4'-hydroxyphenylethanamide, and pyrrolemarumine
(44).

Glucosinolates

M. oleifera has a lot of glucosinolates, which are
a group of different glycosidic molecules that contain
sulphur and nitrogen. Compounds called glucosinolates
have been found in different parts of Moringa plants,
like the seed, leaves, stem, flower, and fruit pods. The
main glucosinolate (45) found in Moringa is
glucomoringin. The seeds have the most of it (202 mg/g
dry weight), followed by the leaves (33.9-59.4 mg/g)
and the stem (16.3 mg/g) (46). Amaglo, N.K., et al. (47)
described the amount of glucosinolates found in flowers
(18.32 mg/g) and fruit pods (8.52-25.56 mg/g). The
amounts of glucosinolate in Moringa trees from
different parts of the world have been found to vary a
lot (48). The enzyme myrosinase breaks down
glucosinolates in plants, making glucose,
isothiocyanates, nitriles, and thiocarbamates. These
chemicals are also found in moringa (49).

Saponins

All of a legume plant's cells naturally contain
saponins. They create stable, soap-like foams in water
and are part of a complex and chemically diverse group
of compounds.The saponins content in M. oleifera seed
is 27.18+0.95%, stem bark is 14.3+0.33%, leaves is
35.66+0.78%(39).In an analysis of Fahal, M., et al., the
saponin content of M. oleifera fruit pods was discovered
to be 6.5£0.1%(41).

Oxalates and Phytates

Oxalates, which are also called oxalic acid, are
naturally occurring compounds in plants. Phytates, on
the other hand, are antioxidant compounds that can be
found in whole grains, beans, nuts, and seeds. We get
these plant-based oxalates from the food we eat, and our
bodies make them as waste. Leafy greens and beans are
two examples of foods that are high in oxalates and also
high in nutrients that are good for your health. Oxalates
can increase the risk of kidney stones by binding to
calcium as they exit the body. The main problem with
phytates is that they can link to iron, zinc, manganese,
and, to a lesser extent, calcium in food and make it take
longer for the body to absorb them. The amount
of Oxalates and Phytates in M. oleifera seed extract are

0.82+0.02 mg/100g DW and 9.60+£0.70 mg/100g
DW(19) and their respective amount in stem bark is
17.17240.51 and 0.62+0.04 mg/100g respectively.
Moreover in leaves extract the amount of oxalates and
Phytates is 0.40 + 0.01 mg/100g DW and 5.30 +
0.03mg/100 g DW respectively(39).Athira, K., et al,,
observed that in the fruit pod of M. oleifera the amount
of oxalates and phytates is 15.7 mg/100g and 18.7 mg/
100g respectively(50).

Carotenoids

A group of phytomolecules called carotenoids
give fruits and vegetables their red, yellow, and orange
colours. 6.6—-17.4 mg/100g of fresh moringa leaves
contain -carotene, which is a form of vitamin A. This
is a lot more than you'll find in carrots, apples, and
apricots (51). B-carotene levels in dried leaves are much
higher, ranging from 23.31 mg/100g to 39.6 mg/100g
(52). Many different types of carotenoids have been
found in the leaves, flowers, and young pods of Indian
cultivars that are grown in a business way. (13). E-
lutein, primarily present in leaves and meals, accounted
for more than half of all carotenoids. Supplementary
Fig. S2 highlight the essential nutrients profile reported
in M. oleifera seeds, leaves, stem, flowers, and fruit
pods.

Techniques used in analytical chemistry for Moringa
oleifera

Isolation is the first and most important step in
getting back the living molecules. We use gas-liquid
chromatography and high-performance liquid
chromatography (HPLC) to identify the sugars in M.
oleifera (53). We used flame photometry to find out
how much sodium, potassium, and calcium was in the
sample. Atomic absorption spectroscopy was used to
find out how much magnesium, iron, copper,
manganese, zinc, and selenium was in the sample (54).
For phosphorus, a standard colorimetric approach was
used(55). The Folin-Ciocalteu spectrophotometric
method was used to find out how many total phenolics
were in Moringa powder (56). We use a UV
spectrophotometer to determine the total carotenoids in
an object (57). Two-flame ionization detectors and the
Soxhlet method are used in gas-liquid chromatography
to find fatty acids in Moringa (58), (59), (60), GC and
GCMS were both used together to look at the fixed oil
from M. oleifera seed oil. Three different extraction
methods—supercritical CO,, soxhlet, and liquid
methods—were used to find out the yield, efficiency,
physicochemical properties, nutritional and
antinutritional makeup, antimicrobial, and antioxidant
activities of oil from moringa seed kernels (62). There is
a useful way to identify many different kinds of natural
chemicals in Moringa plants using liquid
chromatography with mass spectrometry (LC-MS).
These chemicals include alcohols, nucleosides,
phenolics, organic acids, and amino acids (63). It was
possible to identify 50 beneficial compounds from M.
oleifera using HPLC-ESI-QTOF-MS. These
compounds included organic acids, nucleosides,
glucosinolates, and phenolic compounds (64). Usually,
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HPLC, Bradford and Lowry tests, Kjeldahl digestion,
and polyacrylamide gel electrophoresis are used to find
out how much protein is in Moringa leaves (66). Fig. 1
shows the structures of several metabolites detected by
various analytical techniques.

Pharmacological activities of Moringa oleifera

Due its major nutraceutical qualities and
phytochemical makeup, M. oleifera has become a
popular ingredient for the production of functional
meals. New foods that contain active ingredients from
M. oleifera have unique biological and medicinal
properties. Researchers have looked at how these parts
of M. oleifera can fight free radicals, tumors, germs,
viruses, high blood sugar, and more. Fig. 2 depicted the
diverse therapeutic action of M. oleifera in different
organs of human body. M. oleifera can protect the liver
and make the immune system stronger. The following
sections discuss the main therapeutic application of M.
oleifera in illustrate in Fig. 3.

Antimicrobial activity

Researchers found that M. oleifera was highly
effective at killing microbes and had a good amount of
polyphenols. Many studies have shown that myricetin
and quercetin are the most common polyphenols in M.
oleifera and are what make the plant antibacterial. The
minimum inhibitory concentrations (MICs) showed that
the ethyl acetate root extracts stopped bacterial growth
by 86.1%, and the ethanolic leaf extracts stopped it by
79.3%. Additionally, flavonoids, myricetin, and
quercetin were discovered to make it harder for bacteria
to make nucleic acids. Oladeji et al. found that the
useful compounds in the chloroform, ethyl acetate, and
ethanol leaf extracts of M. oleifera included saponins,
tannins, flavonoids, terpenoids, and phlobatannins. The
ethanolic leaf extract worked better than the chloroform
and ethyl acetate extracts against nystatin, streptomycin,
and gentamicin, which are common antibiotics. (68).
We checked i1 the leaves, stems, as well as seeds of M.
oleifera (both water-based and alcohol-based) could kill
drug-resistant Staphylococcus aureus strains found in
raw milk. Penicillin was used as a positive control (69).
This test was done in addition to the disc-diffusion agar
method. Biosynthesized nanoparticle products made
from M. oleifera leaf extracts show potential broad-
spectrum antibacterial activity, according to Moodley,
J.S., et al.(70).

Wound healing, analgesic, antipyretic and anti-
inflammatory activity

Studies have shown that extracts from M. oleifera
leaves that are standardized in water have the best
qualities for attracting and resettling human skin
fibroblast and human keratinocyte cells, which helps
wounds heal faster (71). Another study looked at an
excision wound and found that hydrogels containing the
hydroalcoholic extract of M. oleifera seeds helped the
wound heal significantly compared to both controls
(p<0.001) and standard treatment (p<<0.001). Putting the
prepared hydrogel on the wound increased its breaking
strength. (72). Using an ethanolic solution of moringa

leaves can help wounds heal faster by raising collagen
production and deposition at the wound site. This raises
the amount of collagen per unit area, which also makes
the tissue stronger (73). M. oleifera extracts from
leaves, both non-polar and polar, have strong pain-
relieving effects, likely working in both the brain and
the body's nerves (74). According to a study, M. oleifera
plays a significant role in the plant mixture (JU-RU-01),
which lowers fever and reduces inflammation (75). We
gave rats 50 mg/kg, 100 mg/kg, or 200 mg/kg of an
ethanolic extract of M. oleifera. This dosage made the
reaction times much faster in Eddy's hot plate method
and the tail immersion method compared to the control
group (76). The rats felt less pain in the middle area
after this. This time, acetic acid made the mice move
around a lot. The methanolic extract of M. oleifera
might have helped them feel less pain than diclofenac
sodium, which is a popular drug (77). We also extracted
the stem bark, leaf, and pod of M. oleifera with ethanol
and water and fed it to albino rats. The carrageenan
made the rats' paws bigger. It is the job of this chemical
to stop the inflammatory reaction.

Anticancer activity

More than one study has found that M. oleifera
can help fight cancer. Moringa oleifera has quinic acid,
octadecanoic acid, hexadecanoic acid, palmitic acid,
tocopherol (Vitamin E), and sitosterol, among other
things, according to a GC-MS test. Its water-based
extract may be able to slow tumour growth without
affecting the body's normal functions and physiology.
(80). MCF7 cell growth is slowed down when more
crude water extract, hexane, and dichloromethane
fractions from M. oleifera seeds are used, with 1C50
values of 280 g/ml, 130 g/ml, and 26 g/ml, respectively.
The results showed that the substances from M. oleifera
leaves, extracted using the Soxhlet method, were very
effective at killing the MCF-7 human breast cancer
cells, with an IC50 value of 81.77 + 6.051 g/mL. This
activity increased with concentration. (82). In another
lab study, M. oleifera stem extract (MSE) at a
concentration of 100400 g/mL helped protect cells
from damage caused by oxidative stress. Additionally,
using a 6% MSE cream on a mouse's skin stopped
damage from UVB exposure. Also, applying 6% MSE
cream to the skin of a mouse prevented UVB-induced
oxidative stress damage (83). Furthermore, M. oleifera
flower extract slows the growth of prostate cancer in
PC-3 cells by blocking the AKT pathway (84). Another
study showed that M. oleifera extract is very good at
killing Ehrlich ascites cancer (EAC) cells in Swiss
white mice (85).

Anti-fertility activity

There was a study not long ago that showed an
ethanol extract from M. oleifera leaves could help
female Wistar rats get pregnant by stopping the process
at 250 and 500 mg/kg (86). If you give cold or hot water
extracts of M. oleifera leaves (MOL) to a test tube, the
uterus will contract more or less strongly (p < 0.05).
The muscle contracted more with the cold MOL
(89.7%) than with the hot MOL (50.6%). MOL cold


http://ijam.co.in

ISSN No: 0976-5921
Published online in http://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

water extracts given before and after mating stopped
conception 100% of the time before mating and 80% of
the time after mating. When MOL was mixed with hot
water, it stopped conception 96.6% of the time and 58%
of the time (87). The methanol part of moringa seeds
greatly decreased testosterone, luteinizing hormones,
sperm movement, and sperm count in rats that were
treated compared to rats that were not treated.(88).

Hepatoprotective activity

Several studies have indicated that moringa can
protect the liver. For instance, giving M. oleifera (500
mg/kg) to mice every day as a supplement for 28 days
kept them from getting liver damage from cadmium
(89). In a different study, it was found that an ethanolic
extract of plant seeds treat the liver by ethanol-induced
hepatotoxicity and act as an antioxidant. This may be
because it contains glucosinolates, isothiocyanates,
thiocarbamates, flavonoids. (90). Additionally, in a lab
setting, the digestion of M. oleifera leaves produces
peptides that could potentially serve as a source of anti-
inflammatory substances (91). However, the M. oleifera
plant extract is very good at stopping heat from
breaking down proteins, with IC50 values of
271.25+€2.74% for acetone extracts and 304.25+2.33%
for ethanol extracts (92). Another study found that M.
oleifera leaf and seed extracts (11.1-100 g/mL) can
reduce inflammation by stopping the production of NO.
(93).

Anti-hypertensive, cardiovascular, and cholesterol-
lowering activity

There is growing evidence that M. oleifera
extracts reduce systolic blood pressure by blocking two
important pathways associated with ACE inhibition and
NO generation. The fresh leaf extract of M. oleifera
produced new compounds called Niazicin-A, Niazimin-
A, and Niaziminin-B that help lower blood pressure.
These glycosides bind to ACE with great affinity, partly
block the enzyme's active sites, and lower blood
pressure (94). According to reports, M. oleifera
methanolic extract has a therapeutic effect at dosages
ranging from 1 to 4 mg without producing cardiac arrest
and has a beneficial cardiac tonic effect. (95). In a
different study, the methanolic extract of M. oleifera
leaves helped resolve problems with serum biochemical
markers, kept antioxidant levels normal, fixed the
heart's normal histological structure, and was used as an
extra treatment to stop Al Phosphide from damaging the
heart (96). Furthermore, the leaves of M. oleifera can
lower blood pressure in people by lowering electrolytes
(97). A study by Jain, P.G., and others found that M.
oleifera reduces blood cholesterol, triacylglyceride, the
atherogenic index compared to people who followed a
high-fat cholesterol diet (98). A different study found
that a polyphenol preparation from M. oleifera leaves
lowers cholesterol levels by a large amount (99). It does
this by lowering HMG CoA reductase activity and
faecal bile acid binding. In a lab experiment, diabetic
rats were given a methanolic extract of M. oleifera (250
mg/kg) by mouth for 42 days. It was found that the
blood levels of liver enzyme indicators and normalised

lipid profile values were much lower than in the normal
control group.(100).

Anti-ulcer activity

There is more and more proof that the flower and
leaf extracts of M. oleifera in petroleum ether, acetone,
and methanolic form can help heal acetic acid wounds
and make the tissue that has been damaged have more
collagen (101). Another lab study that the liquid seed
extract of sample lowers the number of ulcers and
contractions caused by histamine in the ileum of guinea
pigs when given at a dose of 500 mg/kg (102). A recent
study discovered that the extract from M. oleifera leaves
may contain active substances that protect the stomach
and make mucus. These substances could serve as a
model for developing safe and effective ulcer treatment
agents.(101).

Anti-diabetic activity

It ranks third in the world's list of causes of death,
only behind heart disease and cancer. In a recent in vitro
study, diabetic rats' hearts were treated with 300 mg/kg
of M. oleifera methanolic extract. The medicine
lowered both hyperglycemia and the associated reactive
stress (103). Dong, Z., et al. said that different
substances found in M. oleifera, such as anthraquinone,
2-phenylchromenylium, hemlock tannin, sitogluside,
and A-phenolic steroid, have been looked at as possible
diabetes mellitus medicines. (104). The findings
suggested that the leaves of M. oleifera are excellent at
fighting diabetes because they raise antioxidant levels
and stop chemicals that cause inflammation (105). Not
only that, but the ethanol and butanol extract worked
the best and lowered the blood sugar of diabetic rats
(106).

CNS activity

M. oleifera has strong effects on the central
nervous system (CNS), and the plant's water-based
extract may have a dose-dependent effect on the CNS
(107). Furthermore, methanol and n-hexane extracts of
M. oleifera leaves can help treat anxiety conditions
because they calm people down (108). Furthermore,
high amounts of the methanolic and hydroalcoholic
extract of M. oleifera have been shown to have a big
impact on memory and learning, which suggests that
they might be useful in treating Alzheimer's disease
(109). However, the GABA-ergic systems are activated
by M. oleifera oil, which alters sleep structures(110).

Anti-allergic and anti-asthmatic activity

M. oleifera can help allergic people because it
stops the early and late stages of allergic responses. It
also prevents mast cells from releasing histamine and
beta-hexosaminidase, along with different levels of IL-4
and TNF. (111-112) In allergic mice, a liquid solution of
M. oleifera leaves lowers allergy symptoms by stopping
mast cells from activating and balancing the Th1/Th2
balance so that Thl is more dominant. (113). When
mixed with the methanolic extract of M. oleifera leaves,
it can help people with asthma breathe better (114). An
experiment done in a lab showed that the ethanolic seed
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extract of M. oleifera can stop the immune system's
inflammation reactions that make Wistar rats get
asthma. It also lowers the amounts of TNF-alpha, 1L-4,
and IL-6 in the blood and fluid in the bronchi (115).

Anti-obesity activity

A lot of people around the world are overweight
or obese, and being overweight or obese is linked to a
number of other health problems. A recent study found
that M. oleifera extracts reduced the levels of leptin and
resist in mRNA and increased the levels of the
adiponectin gene in obese rats compared to untreated
obese rats.(116) Also, it has a big impact on the mRNA
translation of key enzymes linked to obesity, like fatty
acid synthase and HMG-CoA reductase, as well as
MCA4R and PPAR. This results in a decrease in fat
storage and an increase in fat burning. People could
lower their BMI, TG, and LDL by getting liver tests
back to normal (117). The results of another lab
experiment indicated that when mice were given an
HFD with MOE for nine weeks, their body weight, TG
levels, lipid markers, and the weights of different organs
all went down by a lot (118). Studies on M. oleifera’s
bioaccessibility and absorption come up with
(Supplementary Table S1) reported by various
researchers.

Processing of Moringa oleifera

Healthy food for people of all ages can be found
in M. oleifera and moringa leaf powder can be made
into many different types of products, such as pills,
capsules, and cereals. Reports say that M. oleifera
leaves can be eaten raw, roasted, or dried and crushed,
and they can be kept for months without losing any of
their nutritional value(120). When the nutritional
content of raw, germinated, and fermented moringa seed
When different types of flour were compared, it was
found that fermented and sprouted seed flour had the
most amino acids and raw seed flour had more
antioxidants. In the process of sprouting and
fermentation, biochemical and microbial activity may
have caused this (121). Still, a study looked at what
happened to the nutrients in moringa leaves when they
were boiled, simmered, and blanched to see if they were
retained. It was surprising that heating worked the best
of the three methods; it greatly decreased the amounts
of oxalate, and phytate. To get the most out of the seeds
and leaves, they need to be cleaned because phytate and
other anti-minerals can make some nutrients less
bioavailable. (122),(123). In a different study, the author
looked at what happened to the nutritional value of a
leaf when it was dried at different temperatures (75°C,
85°C, and 95°C) for different amounts of time (5, 7.5,
and 10 minutes). They saw that the levels of saponin,
protein, and vitamin C dropped a lot, but the levels of
vitamin A went up. The suggestion was to dry the food
at 85°C for 7.5 minutes to enhance its nutritional value
(124). Microwave, freeze-drying, shade, and sun-drying
all had almost no caloric loss. Oven drying at 50°C
came in second (125). Dollah et al. said that adding M.
oleifera seed oil to the other vegetable oils (palm oil,
palm kernel oil, pure coconut oil, and palm stearin)

would make them healthier, better for keeping, and
more nutritious (126), (127). Moringa seed is a natural
way to make blood clot, and it is also very good for you
you (128). Pontual et al. studied how the Moringa
flower protein can break down azo-casein, a-casein, and
B-casein using these proteins as substrates.(129)
Distinct method of processing of different parts of M.
oleifera is illustrated in Table 2.

Commercial application of Moringa oleifera

M. oleifera is used in business in several different
ways. For example, moringa seeds are used to make ben
oil, which can be used instead of olive oil in cooking
and for making perfumes and lubricants. Additionally,
moringa seeds are good at coagulating, which means
they can separate organic and mineral bits from a
solution. They can also soak up pollutants and
insecticides (130). According to Suhartini et al., they
used coconut fiber, sand, and dried M. oleifera to make
a two-stage clarifier for treating tapioca starch
wastewater. This procedure improved the water's
physical and chemical properties and kept the pH stable
(131). Surface water treatment with M. oleifera
modified with magnetic nanoparticles like iron oxide,
on the other hand, was found to be helpful because it
cut down on the time it took for the water to settle.
(132) You can also turn moringa seeds into biodiesel
(134) and use them in cosmetics (133). On the other
hand, you can use seedcakes as fertilizer or green soil
(135). People use Moringa flowers to make a tea that
can lower cholesterol (136), and they claim that fried
Moringa flowers taste like mushrooms (137). However,
you can add M. oleifera leaves to the food that hens and
layers consume to enhance its nutritional value.
Because they are a good source of protein, they can
replace more expensive foods like soybean meal and
crushed nut cake (138). Table 3 shows commercial
application of different parts of M. oleifera.

Use of Moringa as functional food

From the last decades, M. oleifera has become
more popular as a useful food ingredient and Moringa
leaves can be used alone or in combination with
spinach, melon, and other vegetables in soups,
according to studies(139).0On the other hand M. oleifera
flower and leaf powder are used in starting diets, and
they have been shown to have a higher nutritional
content(137). Although paneer with varied quantities of
M. oleifera leaf extract has better nutritional content
than ordinary paneer(140).Furthermore, herbal biscuits
containing 5% M. oleifera leaf powder have been
demonstrated to increase protein content by
14%(142).Rabiul Alam Roni.et.al found that cake
augmented with 1.5% M. oleifera leaf powder and 2%
ripened banana flour provided enhanced nutritional
quality and may have contributed to improved food and
nutritional security for vulnerable groups(143).M.
oleifera leaves were utilized to strengthen yogurt by
Hekmat et al and in terms of sensory metrics, the
product fell short of the control, but it did not stop
Lactobacillus rhamnosus GR-1 from growing in
yogurt(144). Emilike et al. investigated the effect of
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several drying procedures (sun-dried, oven-dried,
shadow dried) on Moringa chin-chin. When compared
to the control, they discovered that oven-dried samples
had lower fat and moisture levels. Elemental analysis
found that the oven-dried sample had the highest
calcium content (190.5 mg/100 g), the sun-dried sample
had the maximum zinc level (7.1 mg/100 g), and the
shade dried sample had the greatest iron content (51.3
mg/100 g)(145). Further study revealed that M. oleifera
dried powder has also been used in muffin production,
with up to 12% concentration (per 55gms of flour used)
of dried leaves powder(146). Besides, dried Moringa
leaves were mixed into khakhras in proportions of 0, 2,
4, 6, 8, 10%, and the moisture, fat, ash, protein,
carbohydrate, and antioxidant activity of the khakhras
were all improved by incorporating such processed
leaves(147). Also, different amounts of moringa leaf
(2g, 4g, 6g, 8g, and 10g) were mixed with whole wheat
flour to make cakes. As the Moringa concentration rose,
the amounts of moisture, crude protein, crude fiber, and
total ash increased, while the amounts of total fat and
carbohydrates decreased (148).

Food fortification with Moringa oleifera

Adding important nutrients like vitamins and
minerals to everyday foods to make them healthier is
called food fortification. Usually, fortification can cause
sharp and minor changes in a population's
micronutrients. M. oleifera leaf powder (MOLP) was
supposedly used in the fortification of yam flour amala
in concentrations of 2.5%, 5%, 7.5%, and 10%(149).
Along with cereal, gruel is a food for babies and an
early morning cereal for people. It is made from maize
and sorghum, and adding MOLP or M. oleifera flower
powder (MOFP) to maize or millet gruel made it much
healthier (137). Some people also think that adding M.
oleifera leaf, flower, and seed powder to bread dough
made from wheat flour alone or with other flours could
make the dough healthier (150). You can also add a
small amount of MOLP to baby food, soups, and
veggies to enhance their health without altering their
taste or smell. You can also use it instead of fresh leaves
in spur sauces, or you can mix a few large tablespoons
into other sauces right before adding the meat.(151)
Supplementary Table S2 limned the different marketed
formulation of M. oleifera with their specific use and
dosage form.

Toxicity

Asare et al. did a study where rats were given
1,000 mg/kg as well as 3,000 mg/kg of a liquid leaf
extract of plant sample and then watched for up to 14
days. The results showed how dangerous the extract
was in different work settings. The extract from plant
leaves was still genotoxic at a level of 3000 mg/kg,
which is a lot higher than what is normally used. While
3000 mg/kg was higher than usual, a 1000 mg/kg Ambi
et al. reported that there was a significant increase
(p<0.05) in blood total protein and globulin levels with
dose, and there was a substantial (p<0.05) rise in serum
ALT, AST, BUN, and creatinine levels in rats that were
given a methanolic extract of M. oleifera (MEMO) at

200 and 400 mg/kg b.w., which suggests the liver and
kidneys were not working properly. MEMO raised the
body weight of all the test animals significantly
(p<0.05) and in a way that depended on the dose (153).
Awodele et al. looked into how dangerous a water
extract of leaves was for mice. In an acute trial, mice
were given up to 6400 mg/kg orally and 1500 mg/kg
intraperitoneally. In a sub chronic trial, mice were given
250, 500, and 1500 mg/kg orally for 60 days.
Hematological or biochemical tests, as well as sperm
quality, did not show any major effects (154). In a
different study, Oyagbemi et al. looked at what
happened to 30 rats when they were given 50, 100, 200,
or 400 mg/kg of a methanol extract of M. oleifera every
day for 8 weeks. It was 30:1 in terms of percentage. In
contrast to what happens with an aqueous extract, all
animals that were given M. oleifera gained a lot of
weight that depended on the dose. Serum levels of
alanine aminotransferase, aspartate aminotransferase,
blood urea nitrogen, and creatinine also rose
significantly in rats that were given 200 and 400 mg/kg
of M. oleifera. It is important to note that methanol, not
water, was used to make the extract. At a dose of 400
mg/kg, the 30:1 concentration of the methanol extract
would be the same as 12 g of leaves per kilogram,
which is a very unlikely amount. (153) Adedapo et al.
studied the safety of giving mice 400, 800, 1600, and
2000 mg/kg body weight a liquid leaf extract by mouth.
It was either a single high dose or given every day for
21 days, except for the largest amount. The results
showed that M. oleifera leaves were safe to eat at levels
up to 2000 mg/kg. During the test, the rats' body
weights went down in a way that depended on the
amount. (155)

A study by Asiedu-Gyekye et al. looked into the
possible harmful effects of giving mice a single oral
dose of 5000 mg/kg of a liquid M. oleifera extract and
oral doses of up to 1000 mg/kg of the same extract over
the course of 14 days. There were no obvious side
effects or tissue changes at these amounts. Several liver
tests went up to levels that were statistically significant,
although the changes were small. A 1000 mg/kg dose in
a rat is more than 30 times the average dose of 400 mg
of water extract in a person who weighs 80 kg. The
weights of the testicles and epididymis went up in a
dose-dependent way, as did the width of the
seminiferous tubules and the thickness of the
epididymal epithelial layer. These changes were linked
to an increase in spermatogenesis. (156) Also, three
different tests were used to see if an extract from M.
oleifera seeds in water could cause mutations. These
tests included the Ames assay by Rolim et al. They
discovered that the seed extract at a concentration of 0.2
g/L was not genotoxic, did not pose any health risks to
humans, and could be used to treat human water. More
than 0.4 g/L of water-soluble M. oleifera lectin, taken
from the extract, was shown not to cause mutations.
(157) Ajibade et al. looked for chemical parts in a
methanol solution of M. oleifera seeds and used it in
tests to see how harmful it was to rats in both short-term
and long-term ways. Researchers looked for saponins,
tannins, terpenes, alkaloids, flavonoids, carbs, and heart
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glycosides in plants. But they didn't find any
anthraquinones.

Acute poisoning was seen at a dose of 4000 mg/
kg, and death was seen at a dose of 5000 mg/kg. When
the dose was less than 3000 mg/kg, there were no bad
effects. According to the researchers, methanol extracts
of M. oleifera seeds can be used for food. (158)
Furthermore, Paul and Didia looked into what happened
to the liver and kidneys of 24 guinea pigs when they put
a methanol extract of M. oleifera root on them. The
guinea pigs received daily injections of the root extract
into their abdomens at doses of 3.6, 4.6, and 7.0 mg/kg,
or a control. The therapy went on for three weeks. In
histology sections, all of the treatment groups had liver
damage that was worse than usual. The results showed
that hepatotoxicity was time-dependent rather than
dose-dependent. There was some damage to the tubules
and inflammation in the interstitial space in the 4.6 mg/
kg group, but in the 7.0 mg/kg group, inflammatory
cells and undefined eosinophilic materials were found
in the interstitial space. There was no information about
what the extract was made of or how much was in it,
and the study used a root methanol extract that was
injected into the abdomen instead of being taken by
mouth (159). Table S3 shows a number of clinical
studies that were done on M. oleifera. In table 4
highlight the in vitro studies of M. oleifera.

Conclusion

M. oleifera is extensively planted and devoured
in many nations, as well as exported to other areas of
the world because of its nutritional profile and several
therapeutic biological activities in the human body. It
has been shown in the review that the seeds, leaves,
stem, flower, and fruit pods of M. oleifera also have a
remarkable makeup of functional carbohydrates,
proteins, amino acids, vitamins, minerals, and
polyphenols. The animal in-vitro studies and clinical
trials on humans have proved its beneficial effects as a
strong anticancer, anti-diabetes, antioxidant, anti-
microbial, anti-obesity, wound-healing, analgesic, anti-
inflammatory, anti-hypertensive, hepatoprotective, anti-
fertility, anti-allergic, anti-asthmatic, lactation enhancer,
and CNS agent. This review also underscored the
application of M. oleifera in feed, fuel, cosmetics,
pharma, agriculture, livestock, medicine, and as a
primary ingredient in specialized foods for diabetic,
hypertensive, cancer, breast-feeding mother, and
malnutrition patients based on nutritional and desirable
bioactivities. Various clinical investigations have been
done to guarantee the safety of M. oleifera ingestion;
nevertheless, knowledge of human metabolism and
mechanism of action is limited, and some results are
pending while others reveal positive outcomes.

Comprehensive research has aided the utilization
of M. oleifera as a healthy ingredient in the food sector.
However, significant research into the biological
mechanisms of M. oleifera root, seed, leaves, stem,
bark, flower, and fruit extract bioactivities is required.
More research on the therapeutic potential and toxicity
of certain Moringa extract molecules for culinary and

pharmaceutical applications is required. Furthermore,
there is a lack of information on the many
phytochemicals or active components found in various
portions of M. oleifera and their effects on the human
system. Furthermore, nutrients derived from M. oleifera
must be assessed for use in the food sector. Clinical
trials of Moringa accessible products on people, taking
into account all safety concerns, will increase the
Moringa oleifera’s value in the food, pharmaceutical,
and cosmeceutical industries.

M. oleifera (M. oleifera), Fast moving consumer
goods(FMCG),China Knowledge Resource Integrated
Database (CNKI), Monounsaturated fatty acid (MUFA),
Polyunsaturated fatty acids (PUFA), Gallic acid
equivalent (GAE), Total flavonoids content (TFC),
Quercetin acid equivalent (QAE), dry weight (DW),
High performance thin layer chromatography (HPLC),
Gas Chromatography Mass Spectrometry (GCMS), Gas
chromatography (GC), Fourier Transform Infrared
Spectroscopy (FTIR), Liquid Chromatography Mass
Spectrometry (LCMS), High-performance liquid
chromatography coupled to electrospray ionisation and
quadrupole time-of-flight mass spectrometry (HPLC-
ESI-QTOF-MS), Minimum inhibitory concentration
(MIC), M. oleifera stem extract (MSE), Ak strain
transforming (AKT), Ehrlich ascites carcinoma (EAC),
M. oleifera leaves (MOL), Nitrous oxide (NO),
Angiotensin converting enzyme (ACE), Aluminium
(Al), Very low density lipoprotein (VLDL), Low
density lipoprotein (LDL), B-Hydroxy B-methylglutaryl-
CoA (HMG-CoA), M. oleifera flower powder (MOFP),
Central nervous system (CNS), Gamma-Aminobutyric
acid (GABA), Interleukin-4 (IL-4), Interleukin-6 (IL-6),
Tumour necrosis factor (TNF), T Helper Cell Type 1
(Th1), T helper cell Type 2 (Th2), Messenger
Ribonucleic acid (m-RNA), Melanocortin 4
receptor (MC4R), Peroxisome proliferator-activated
receptors (PPARSs), M. oleifera (MO), Body mass index
(BMI), Total triglycerides (TG), High fat density
(HFD), M. oleifera extract (MOE), Sunflower oil
(SFO), Soyabean oil (SBO), M. oleifera leaf powder
(MOLP), Alanine transaminase (ALT), Aspartate
aminotransferase (AST), Blood urea nitrogen (BUN),
Methanolic extract of M. oleifera (MEMO), Lethal dose
50 (LD50), Prostate cancer cells (PC-3 cells),
Ultraviolet-B (UV-B).

Consent for publication: Not applicable

Funding: None

Acknowledgements: The authors are thankful to the
Department of Pharmacognosy, MIET for providing
necessary facilities.

Conflict of Interest: The author declares that there is
no conflict of interest.

References

1. Ramachandran C, Peter K V, Gopalakrishnan PK.
Drumstick (Moringa oleifera): A Multipurpose
Indian Vegetable. Econ Bot (Internet). 1980 Feb


http://ijam.co.in

10.

I1.

12.

13.

14.

ISSN No: 0976-5921
Published online in http://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

5;34(3):276-83. Available from: http://
www.jstor.org/stable/4254186

Abdull Razis AF, Ibrahim M, Kntayya S. Health
Benefits of Moringa oleifera. Asian Pac J Cancer
Prev. 2014;15:8571-6.

Zirmire J. A study on economic viability of
Moringa in dryland regions of Maharashtra : With
special reference to value addition and export
aspects Moringa olifera Export. J Pharmacogn
Phytochem. 2018;7(2):374—6.

Islam Z, Islam SMR, Hossen F, Mahtab-Ul-Islam
K, Hasan MR, Karim R. M. oleifera is a Prominent
Source of Nutrients with Potential Health Benefits.
Int J food Sci (Internet). 2021 Aug
10;2021:6627265. Available from: https://
pubmed.ncbi.nlm.nih.gov/34423026

Singh A, Rana H, Tshabalala T, Kumar R, Gupta A,
Ndhlala A, et al. Phytochemical, nutraceutical and
pharmacological attributes of a functional crop M.
oleifera Lam: An overview. South African J Bot.
2020 Jul 1;129.

Mahato DK, Kargwal R, Kamle M, Sharma B,
Pandhi S, Mishra S, et al. Ethnopharmacological
properties and Nutraceutical potential of Moringa
oleifera. Phytomedicine Plus (Internet).
2022;2(1):100168. Available from: https://
www.sciencedirect.com/science/article/pii/
S2667031321001500

Foidl N, Makkar HPS, Becker K, Foild N, Km S.
THE POTENTIAL OF M. OLEIFERA FOR
AGRICULTURAL AND INDUSTRIAL USES.
2001;

Singh V, Arulanantham A, Parisipogula V,
Arulanantham S, Biswas A. Moringa olifera:
Nutrient Dense Food Source and World’s Most
Useful Plant to Ensure Nutritional Security, Good
Health and Eradication of Malnutrition. Eur J Nutr
Food Saf. 2018 Jul 17;8:204—14.

Gunalan S, Anitha T, K.R. V, Sadasakthi A.
Moringa for nutritional security (M. oleifera Lam.).
2019.

Palada MC. The moringa industry in the
Philippines: Status, challenges and opportunities.
Acta Hortic. 2017;1158:447-54.

Mishra SP, Singh P, Singh S. Processing of M.
oleifera Leaves for Human Consumption. Bull
Environ Pharmacol Life Sci Orig (Internet).
2012;2(December):28-31. Available from:
www.bepls.com

Verpoorte R, Kim HK, Choi YH. Plants as Source
of Medicines. Med Aromat Plants. 2006;261-73.
Ma ZF, Ahmad J, Zhang H, Khan I, Muhammad S.
Evaluation of phytochemical and medicinal
properties of Moringa (Moringa oleifera) as a
potential functional food. South African J B
(Internet). 2020;129:40—6. Available from: https://
www.sciencedirect.com/science/article/pii/
S0254629918315060

Yahia EM, Carrillo-Lépez A, Bello-Perez LA.
Chapter 9 - Carbohydrates. In: Yahia EMBT-PP and
B of F and V, editor. Woodhead Publishing; 2019. p.
175-205. Available from: https://

10

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

www.sciencedirect.com/science/article/pii/
B9780128132784000099

Anudeep S, Radha C. Carbohydrates of M. oleifera
seeds. Int J Res Anal Rev (Internet). 2018;5(4):103—
8. Available from: http://ijrar.com/upload_issue/
ijjrar_issue 20542518.pdf

Chhikara N, Kaur A, Mann S, Garg MK, Sofi SA,
Panghal A. Bioactive compounds, associated health
benefits and safety considerations of : an updated
review. Nutr Food Sci (Internet). 2021 Jan
1;51(2):255-77. Available from: https://doi.org/
10.1108/NFS-03-2020-0087

Ibraheem AS, Nuhu A, Musa M, Ashade NO.
Evaluation of proximate content and vitamin profile
of M. oleifera seed hull. Int J Livest Prod.
2019;10(8):188-91.

Tope O, Emmanuel O, Adebayo O, Tosin O.
Phytochemical Constituents, Proximate
Composition and Mineral Analysis of Aqueous and
Ethanolic Stem Bark, Seed Extracts and Plant Parts
of Moringa oleifera. J Appl Life Sci Int.
2017;10(4):1-7.

Raymond K, Dan E, Udo U. Comparative
Phytochemical, Antinutrient and Trace Metal
Composition of the Leaf, Flower and Seed of M.
oleifera L. Grown in Southern Nigeria. Chem Sci
Int J. 2018;23(4):1-10.

Granella SJ, Bechlin TR, Christ D, Coelho SRM,
Paz CH de O. An approach to recent applications of
M. oleifera in the agricultural and biofuel
industries. South African J Bot (Internet).
2021;137:110-6. Available from: https://
www.sciencedirect.com/science/article/pii/
S0254629920311169

Liang L, Wang C, Li S, Chu X, Sun K. Nutritional
compositions of Indian M. oleifera seed and
antioxidant activity of its polypeptides. Food Sci
Nutr. 2019;7(5):1754-60.

Setiaboma W, Kristanti D, Herminiati A. The effect
of drying methods on chemical and physical
properties of leaves and stems M. oleifera Lam. AIP
Conf Proc. 2019;2175(November).

Fejér J, Kron I, Pellizzeri V, Pluchtova M, EliaSova
A, Campone L, et al. First Report on Evaluation of
Basic Nutritional and Antioxidant Properties of M.
oleifera Lam. from Caribbean Island of Saint Lucia.
Vol. 8, Plants . 2019.

Gu X, Yang Y, Wang Z. Nutritional, phytochemical,
antioxidant, a-glucosidase and a-amylase inhibitory
properties of M. oleifera seeds. South African J Bot
(Internet). 2020;133:151-60. Available from:
https://www.sciencedirect.com/science/article/pii/
S0254629920309996

Khalid Abbas R, Elsharbasy FS, Fadlelmula AA.
Nutritional Values of Moringa oleifera, Total
Protein, Amino Acid, Vitamins, Minerals,
Carbohydrates, Total Fat and Crude Fiber, under the
Semi-Arid Conditions of Sudan. J Microb Biochem
Technol. 2018;10(2).

[.O.Igwilo. The anti-nutritional factors in the stems
of a local cultivar of M. oleifera (lam).
Biochemistry. 2014;8(4):2013-4.


http://ijam.co.in

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

ISSN No: 0976-5921
Published online at https://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

Omer HA. Response of Growing New Zealand
White Rabbits to Rations Supplemented with
Different Levels of M. oleifera Dry Leaves
Response of Growing New Zealand White Rabbits
to Rations Supplemented with Different Levels of
M. oleifera Dry Leaves. Glob Vet. 2014;(March
2019).

Moyo B, Masika PJ, Hugo A, Muchenje V.
Nutritional characterization of Moringa ( M.
oleifera Lam .) leaves. African J Biotechnol.
2011;10(60):12925-33.

Brisibe EA, Umoren UE, Brisibe F, Magalhides PM,
Ferreira JFS, Luthria D, et al. Nutritional
characterisation and antioxidant capacity of
different tissues of Artemisia annua L. Food Chem
(Internet). 2009;115(4):1240—6. Available from:
https://www.sciencedirect.com/science/article/pii/
S0308814609000776

Ahmed KS, Banik R, Hossain MH. Vitamin C ( L-
ascorbic Acid ) Content in Different Parts of M.
oleifera Vitamin C ( L-ascorbic Acid ) Content in
Different Parts of M. oleifera Grown in Bangladesh.
2016;(May).

Sanchez-Machado DI, Nufiez-Gastélum JA, Reyes-
Moreno C, Ramirez-Wong B, Lopez-Cervantes J.
Nutritional Quality of Edible Parts of Moringa
oleifera. Food Anal Methods (Internet).
2010;3(3):175-80. Available from: https://doi.org/
10.1007/s12161-009-9106-z

Dhakad AK, Pandey V V. Biological , nutritional ,
and therapeutic significance of M. oleifera Lam.
Phyther Res. 2019;(January).

Waterhouse AL. Wine Phenolics. 2002;36:21-36.
Mohammad Afzal Hossain, Nadia Khan Disha,
Jahid Hasan Shourove PD. Determination of
Antioxidant Activity and Total Tannin from
Drumstick (M. oleifera Lam.) Leaves Using
Different Solvent Extraction Methods. Turkish J
Agric Sci Technol (Internet). 2020;8. Available
from: https://doi.org/10.24925/
turjaf.v8i12.2749-2755.4038

Mohammed S, Manan FA. Analysis of total
phenolics , tannins and flavonoids from M. oleifera
seed extract. ] Chem Pharm Res. 2015;7(1):132-5.
Shih M-C, Chang C-M, Kang S-M, Tsai M-L.
Effect of Different Parts (Leaf, Stem and Stalk) and
Seasons (Summer and Winter) on the Chemical
Compositions and Antioxidant Activity of Moringa
oleifera. Vol. 12, International Journal of Molecular
Sciences . 2011.

Alhakmani F, Kumar S, Khan SA. Estimation of
total phenolic content, in—vitro antioxidant and
anti-inflammatory activity of flowers of Moringa
oleifera. Asian Pac J Trop Biomed (Internet).
2013;3(8):623-7. Available from: https://
www.sciencedirect.com/science/article/pii/
S2221169113601264

Ghafar F, Nur T, Tengku N, Roshaidah M, Salleh
M, Hadi NN, et al. Total Phenolic Content And
Total Flavonoid Content In M. oleifera Seed
Science Heritage Journal / Galeri Warisan Sains
(GWS). Sci Herit J. 2017;1(1):23-5.

11

39.

40.

41.

42.

43.

44,

45.

46.

47.

0. O. Oluwaniyi. B.C Obi. Phytochemical , Anti-
nutritional and Toxicity Assessment of M. oleifera
seeds, stem bark and leaves using brine shrimp
(Artemia salina) assay. Jordan J Chem Vol.
2018;13(3):171-8.

Abdulkadir AR, Zawawi DD, Yunusa AK. In Vitro
Anti-Oxidant Potential , Total Phenolic Content and
Total Flavonoid Content of Methanolic Flower and
Seed Extract of Miracle Tree ( M. oleifera Lam .) In
Vitro Anti-Oxidant Potential , Total Phenolic
Content and Total Flavonoid Content of Me. Aust J
Basic Appl Sci. 2015;(December).

Fahal E, Rani B, Chanu TI. Qualitative and
Quantitative Phytochemical Analysis of M. oleifera
( Lam ) Qualitative and Quantitative Phytochemical
Analysis of M. oleifera ( Lam ) Pods. Int J Curr
Microbiol Appl Sci. 2018;(May).

Prabakaran M, Kim S-H, Sasireka A,
Chandrasekaran M, Chung I-M. Polyphenol
composition and antimicrobial activity of various
solvent extracts from different plant parts of
Moringa oleifera. Food Biosci (Internet).
2018;26:23-9. Available from: https://
www.sciencedirect.com/science/article/pii/
S2212429218301846

Cheraghi M, Namdari M, Darace H, Negahdari B.
Cardioprotective effect of magnetic hydrogel
nanocomposite loaded N,a-L-rhamnopyranosyl
vincosamide isolated from M. oleifera leaves
against doxorubicin-induced cardiac toxicity in rats:
in vitro and in vivo studies. J Microencapsul
(Internet). 2017 May 19;34(4):335-41. Available
from: https://doi.org/
10.1080/02652048.2017.1311955

Sahakitpichan P, Mahidol C, Disadee W,
Ruchirawat S, Kanchanapoom T. Unusual
glycosides of pyrrole alkaloid and 4'-
hydroxyphenylethanamide from leaves of Moringa
oleifera. Phytochemistry (Internet).
2011;72(8):791-5. Available from: https://
www.sciencedirect.com/science/article/pii/
S0031942211001087

Maldini M, Maksoud SA, Natella F, Montoro P,
Petretto GL, Foddai M, et al. Moringa oleifera:
Study of phenolics and glucosinolates by mass
spectrometry. J Mass Spectrom. 2014;49(9):900—
10.

Bennett RN, Mellon FA, Foidl N, Pratt JH, Dupont
MS, Perkins L, et al. Profiling Glucosinolates and
Phenolics in Vegetative and Reproductive Tissues
of the Multi-Purpose Trees M. oleifera L.
(Horseradish Tree) and Moringa stenopetala L. J
Agric Food Chem (Internet). 2003 Jun
1;51(12):3546-53. Available from: https://doi.org/
10.1021/j0211480

Amaglo NK, Bennett RN, Lo Curto RB, Rosa EAS,
Lo Turco V, Giuffrida A, et al. Profiling selected
phytochemicals and nutrients in different tissues of
the multipurpose tree M. oleifera L., grown in
Ghana. Food Chem (Internet). 2010;122(4):1047—
54. Available from: https://www.sciencedirect.com/
science/article/pii/S0308814610003663


http://ijam.co.in

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

ISSN No: 0976-5921
Published online in http://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

. Doerr B, Wade K, Stephenson K, Reed S, Fahey J.

Cultivar Effect on M. oleifera Glucosinolate
Content and Taste: A Pilot Study. Ecol Food Nutr.
2009 May 7;48:199-211.

Waterman C, Cheng D, Rojas-Silva P, Poulev A,
Dreifus J, Lila M, et al. Stable, water extractable
isothiocyanates from M. oleifera leaves attenuate
inflammation in vitro. Phytochemistry. 2014 Jul
14;80.

Ka AA, Thomachan S, Pathrose B, K SG. M.
oleifera -Proximate and Anti-nutritional
Composition M. oleifera - Proximate and Anti-
nutritional Composition. Indian J Nutr Diet. 2021;
(September).

Kidmose U, Yang R-Y, Thilsted SH, Christensen
LP, Brandt K. Content of carotenoids in commonly
consumed Asian vegetables and stability and
extractability during frying. J Food Compos Anal
(Internet). 2006;19(6):562—71. Available from:
https://www.sciencedirect.com/science/article/pii/
S0889157506000500

Glover-amengor M, Aryeetey R, Afari E, Nyarko A.
Micronutrient composition and acceptability of
Moringa fortified dishes by children in Ada- East
district , Ghana. Food Sci Nutr. 2016;317-23.

Fathy D. Characterization of Polyphenols |,
Polysaccharides by HPLC and Their Antioxidant ,
Antimicrobial and Antiinflammato ... Int J Pharm
Clin Res. 2016;8(6)(0975 1556):565-73.

Anudeep S, Prasanna VK, Adya SM, Radha C.
Characterization of soluble dietary fiber from M.
oleifera seeds and its immunomodulatory effects.
Int J Biol Macromol (Internet). 2016;91:656-62.
Available from: https://www.sciencedirect.com/
science/article/pii/S0141813016305396

Olaofe O, Adeyeye EI, Ojugbo S. Comparative
study of proximate , amino acids and fatty acids of
M. oleifera tree Comparative study of proximate ,
amino acids and fatty acids of M. oleifera tree. Appl
Chem. 2015;(May).

Barakat H, Rohn S. Effect of different cooking
methods on bioactive compounds in vegetarian,
broccoli-based bars. J Funct Foods (Internet).
2014;11:407-16. Available from: https://
www.sciencedirect.com/science/article/pii/
S1756464614003156

Yuan G, Sun B, Yuan J, Wang Q. Effects of
different cooking methods on health-promoting
compounds of broccoli. J Zhejiang Univ Sci B
(Internet). 2009;10(8):580. Available from: https://
doi.org/10.1631/jzus.B0920051

Aldai N, Osoro K, Barron LJR, Najera Al. Gas—
liquid chromatographic method for analysing
complex mixtures of fatty acids including
conjugated linoleic acids (cis9transll and
trans10cis12 isomers) and long-chain (n-3 or n-6)
polyunsaturated fatty acids: Application to the
intramuscular fat of bee. ] Chromatogr A (Internet).
2006;1110(1):133-9. Available from: https://
www.sciencedirect.com/science/article/pii/
S0021967306001695

12

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Saucedo-Pompa S, Torres-Castillo JA, Castro-
Lopez C, Rojas R, Sanchez-Alejo EJ, Ngangyo-
Heya M, et al. Moringa plants: Bioactive
compounds and promising applications in food
products. Food Res Int (Internet). 2018;111:438-50.
Available from: https://www.sciencedirect.com/
science/article/pii/S0963996918304307

Bhutada PR, Jadhav AJ, Pinjari D V, Nemade PR,
Jain RD. Solvent assisted extraction of oil from M.
oleifera Lam. seeds. Ind Crops Prod (Internet).
2016;82:74-80. Available from: https://
www.sciencedirect.com/science/article/pii/
S0926669015305926

Sanchez-Machado DI, Lopez-Cervantes J, Nuiez-
Gastélum JA, Servin de la Mora-Lopez G, Lopez-
Hernandez J, Paseiro-Losada P. Effect of the
refining process on M. oleifera seed oil quality.
Food Chem (Internet). 2015;187:53-7. Available
from: https://www.sciencedirect.com/science/
article/pii/S0308814615005774

Dinesha BL, Nidoni U, Ramachandra CT, Naik N,
Sankalpa KB. Effect of extraction methods on
physicochemical , nutritional , antinutritional ,
antioxidant and antimicrobial activity of Moringa
( M. oleifera Lam .) seed kernel oil. J Appl Nat Sci.
2018;10(1):287-95.

Pramod Singh ; Andola, H. C. ; Rawat, M. S. M. ;
Pant, G. J. N. ; Purohit VK. Fourier transform
infrared (FT-IR) spectroscopy in an-overview. Res J
Med Plant. 2011;Vol.5 No.2:127-35.
Rodriguez-Pérez C, Quirantes-Piné R, Fernandez-
Gutiérrez A, Segura-Carretero A. Optimization of
extraction method to obtain a phenolic compounds-
rich extract from M. oleifera Lam leaves. Ind Crops
Prod (Internet). 2015;66:246-54. Available from:
https://www.sciencedirect.com/science/article/pii/
S0926669015000035

Emmanuel V.PontuallBelany
E.A.CarvalholRanilson S.BezerralLuana
C.B.B.CoelhoThiago H.NapoledoPatricia
M.G.Paiva. M. oleifera crude aqueous leaf extract
induces apoptosis in human hepatocellular
carcinoma cells via the upregulation of NF-kB and
IL-6 / STAT3 pathway By. Food Chem.
2012;135(3):1848-54.

Baptista ATA, Silva MO, Gomes RG, Bergamasco
R, Vieira MF, Vieira AMS. Protein fractionation of
seeds of M. oleifera lam and its application in
superficial water treatment. Sep Purif Technol
(Internet). 2017;180:114-24. Available from:
https://www.sciencedirect.com/science/article/pii/
S1383586617305774

Cushnie TPT, Lamb AJ. Antimicrobial activity of
flavonoids. Int J Antimicrob Agents (Internet).
2005;26(5):343-56. Available from: https://
www.sciencedirect.com/science/article/pii/
S0924857905002554

Solomon oladeji O et al. Phytochemical screening
and antimicrobial investigation of M. oleifera leaf
extracts. African J Sci Technol Innov Dev.
2020;Volume 12,(2042-1346).


http://ijam.co.in

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

ISSN No: 0976-5921
Published online at https://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

Tirado-Torres et al. ANTIMICROBIAL ACTIVITY
OF M. OLEIFERA AGAINST MULTIDRUG-
RESISTANT STAPHYLOCOCCUS AUREUS
ISOLATED FROM RAW MILK. 2019;17(1):587—
99.

Moodley JS, Babu S, Krishna N, Pillay K. Green
synthesis of silver nanoparticles from M. oleifera
leaf extracts and its antimicrobial potential. Adv
Naturasl Sci Nanosci Nanotechnolopgy. 2018;

Chin C-Y, Jalil J, Ng PY, Ng S-F. Development and
formulation of M. oleifera standardised leaf extract
film dressing for wound healing application. J
Ethnopharmacol (Internet). 2018;212:188-99.
Available from: https://www.sciencedirect.com/
science/article/pii/S0378874117320718

Ali A, Garg P, Goyal R, Khan A, Negi P, Li X, et al.
An efficient wound healing hydrogel based on a
hydroalcoholic extract of M. oleifera seeds. South
African J Bot (Internet). 2021; Available from:
https://www.sciencedirect.com/science/article/pii/
S0254629921001745

Susanto A, Padjadjaran U. Journal of International
Dental and Medical Research ISSN 1309-100X
http://www.jidmr.com Effectiveness of Ethanolic
Extract of Moringa Leaves Agus Susanto and et al.
J Int Dent Med Res. 2018;12-7.

Martinez-Gonzalez CL, Martinez L, Martinez-Ortiz
EJ, Gonzélez-Trujano ME, Déciga-Campos M,
Ventura-Martinez R, et al. Moringa oleifera, a
species with potential analgesic and anti-
inflammatory activities. Biomed Pharmacother
(Internet). 2017;87:482—8. Available from: https://
www.sciencedirect.com/science/article/pii/
S0753332216320984

Chandra R, Kumarappan CT, Kumar J, Mandal SC.
Antipyretic Activity of JURU-01 - a Polyherbal
Formulation. Glob J Pharmacol. 2010;4(1):45-7.
Haseeb A, Sarkhil MZ, Fayazuddin M, Ahmad F.
Central analgesic activity of ethanolic extract of M.
oleifera seeds. Natl J Physiol Pharm Pharmacol.
2019;9(8):767-70.

Tonny TS, Sarker A, Sathy SH, Hussain 1.
Evaluation of Analgesic Activity of M. oleifera Lam
. Stem Bark Extract by Acid Induced Writhing
Response Method. J Res Pharm Sci. 2017;3(8):1-4.
K.S C. Anti-inflammatory activity of M. oleifera
stem bark extracts against carrageenen induced rat
paw edema. Journal of Chemical and
Pharmaceutical Research, 2010. 2(3): p. 179-181.J
Chem Pharm Res (Internet). 2010;Vol.2
No0.3(0975-7384):179-81. Available from: http://
jocpr.com/vol2-iss3-2010/JOCPR..

Sharma R, Singh VIJ. Anti-Inflammatory Activity of
M. oleifera Leaf and Pod Extracts Against
Carrageenen Induced Paw Edema In Albino Mice.
Pharmacologyonline. 2011;144(1):140-4.

Barhoi D, Upadhaya P, Barbhuiya SN, Giri A, Giri
S. Aqueous Extract of M. oleifera Exhibit Potential
Anticancer Activity and can be Used as a Possible
Cancer Therapeutic Agent : A Study Involving In
Vitro and In Vivo Approach Aqueous Extract of M.
oleifera Exhibit Potential Anticancer Activity an. J

13

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Am Coll Nutr (Internet). 2020;0(0):1-16. Available
from: https://doi.org/
10.1080/07315724.2020.1735572

Ismail Abiola A. ANTIPROLIFERATIVE EFFECT
ON BREAST CANCER (MCF7) OF M. oleifera
SEED EXTRACTS. 2017;14:282-7.

Ali EN, Chatterton CC, Ali EN, Chatterton CC.
Anticancer Activity of M. oleifera Leaves Extract.
2018;020125.

ZhouY, Yang W, Li Z, Luo D, Li W, Zhang Y, et al.
M. oleifera stem extract protect skin keratinocytes
against oxidative stress injury by enhancement of
antioxidant defense systems and activation of
PPARa. Biomed Pharmacother (Internet).
2018;107:44-53. Available from: https://
www.sciencedirect.com/science/article/pii/
S0753332218331895

Jiechang Ju et al. Anticancer potential of M. oleifera
flower extract in human prostate cancer PC-3 cells
via induction of apoptosis and downregulation of
AKT pathway. Pharmacogn Mag (Internet). 2018;
Available from: https://www.phcog.com/text.asp?
2018/14/58/477/245854

Icrisat PI. Research Trends in Medicinal Plant
Sciences The Potent Cytotoxic and Antitumor
Properties of Methanol Extract of Moringa. 2020.
Agrawal S.S et al. Antifertility Activity of Ethanol
Leaf Extract of M. oleifera Lam in Female Wistar
Rats. Indian J Pharm Sci. 2018;

Attah AF, Moody JO, Sonibare MA, Salahdeen HH,
Akindele OO, Nnamani PO, et al. Aqueous extract
of M. oleifera leaf used in Nigerian ethnomedicine
alters conception and some pregnancy outcomes in
Wistar rat. South African J Bot (Internet).
2020;129:255-62. Available from: https://
www.sciencedirect.com/science/article/pii/
S0254629919305526

Olawale Olaleye Obembe. Sex hormones and
oxidative stress biomarkers of male Wistar rats
treated with M. oleifera seed fractions. JBRA Assist
Reprod. 2019;23(4):408—413.

Toppo R, Roy BK, Gora RH, Baxla SL, Kumar P.
Hepatoprotective activity of M. oleifera against
cadmium toxicity in rats. Vet world. 2015;8.

K EK, Harsha KN, Shaik S, N NR, N GB.
Evaluation Of In Vitro Antioxidant Activity and In
Vivo Hepatoprotective Activity Of M. oleifera
Seeds Extract Against Ethanol Induced Liver
Damage In Wistar Rats. Iosr J Pharm.
2013;3(1):10-5.

Avilés-Gaxiola S, Leon-Félix J, Jiménez-Nevarez
YB, Angulo-Escalante MA, Ramos-Payan R,
Colado-Velazquez J, et al. Antioxidant and anti-
inflammatory properties of novel peptides from M.
oleifera Lam. leaves. South African J Bot (Internet).
2021;141:466-73. Available from: https://
www.sciencedirect.com/science/article/pii/
S0254629921002143

Padmalochana K. Anti-inflammatory activity and
phytochemical analysis of M. oleifera ethanol and
acetone leaves extract. J Drug Deliv Ther. 2018;8(6-
$):269-73.


http://ijam.co.in

ISSN No: 0976-5921
Published online in http://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

. Xu Y-B, Chen G-L, Guo M-Q. Antioxidant and
Anti-Inflammatory Activities of the Crude Extracts
of M. oleifera from Kenya and Their Correlations
with Flavonoids. Vol. 8, Antioxidants . 2019.
Acuram LK, Chichioco Hernandez CL.  Anti-
hypertensive effect of M. oleifera Lam . Cogent
Biol (Internet). 2019;5(1):1596526. Available from:
https://doi.org/10.1080/23312025.2019.1596526
Rajendar B, Bhavana K, Divya C, Swarna M,
Anvesh K. Evalution of Cardiac Tonic Activity of
Methanolic Leaf Extract of Moringa Oleifera. Int J
Pharma Sci Res. 2017;8(06):152—6.
Mabrouki L, Rjeibi I, Taleb J, Zourgui L. Cardiac
Ameliorative Effect of M. oleifera Leaf Extract in
High-Fat Diet-Induced Obesity in Rat Model. de
Sousa DP, editor. Biomed Res Int (Internet).
2020;2020:6583603. Available from: https://doi.org/
10.1155/2020/6583603
Adinoyi SS. Role of M. oleifera on electrolytes
levels and cardiovascular function in human. Thera-
peutic Adv Cardiol (Internet). 2017;1(1):76-82.
Available from: https://www.researchgate.net/
profile/Omolaso_Blessing/publication/
326356547 Role_of Moringa oleifera on_Electrol
ytes Levels and Cardiovascular Function in_ Hu
man/links/5b4796e6a6fdccadaec406af/Role-of-
Moringa-oleifera-on-Electrolytes-Levels-and-
Cardiovascu
Jain PG, Patil SD, Haswani NG, Girase M V.,
Surana SJ. Hypolipidemic activity of M. oleifera
Lam., Moringaceae, on high fat diet induced
hyperlipidemia in albino rats. Rev Bras Farmacogn.
2010;20(6):969-73.
Reddy PV, Urooj A, Sairam S, Ahmed F, Prasad
NN. Hypocholesterolemic effect of M. oleifera
polyphenols in rats fed high fat-cholesterol diet.
Malays J Nutr. 2017;23(3):473-8.
100.0modanisi EI, Aboua YG, Chegou NN, Oguntibeju
OO. Hepatoprotective, Antihyperlipidemic, and
Anti-inflammatory Activity of M. oleifera in
Diabetic-induced Damage in Male Wistar Rats.
Pharmacognosy Res (Internet). 2017;9(2):182-7.
Available from: https://pubmed.ncbi.nlm.nih.gov/
28539743
101.Ijioma SN, Nwaogazi EN, Nwankwo AA,
Oshilonya H, Ekeleme CM, Oshilonya LU.
Histological exhibition of the gastroprotective effect
of M. oleifera leaf extract. Comp Clin Path
(Internet). 2018;27(2):327-32. Available from:
https://doi.org/10.1007/s00580-017-2594-0
102.Lawrencia A, Joe ;, Eka W, Kufre E, Eka JW.
Proximate Analysis and Anti-Ulcer Activity of
Methanolic Extract of Moringa Oleifera. Int J Res
Educ Manag Sci (Internet). 2021;4(1):188-201.
Available from: http://
www.africanscholarpublications.com/wp-content/
uploads/202T17/706/
AJAAT Vol20 Nol March 2021-16.pdf
103.Aju BY, Rajalakshmi R, Mini S. Protective role of
M. oleifera leaf extract on cardiac antioxidant status
and lipid peroxidation in streptozotocin induced
diabetic rats. Heliyon (Internet).

94.

95.

96.

97.

98.

99.

14

2019;5(12):¢02935. Available from: https://
www.sciencedirect.com/science/article/pii/
S2405844019365946

104.Zainab B, Ayaz Z, Alwahibi MS, Khan S, Rizwana
H, Soliman DW, et al. In-silico elucidation of M.
oleifera phytochemicals against diabetes mellitus.
Saudi J Biol Sci (Internet). 2020;27(9):2299-307.
Available from: https://www.sciencedirect.com/
science/article/pii/S1319562X20301157

105.Bamagous G, Al Ghamdi S, Aziz Ibrahim I,
Mahfoz A, Afify M, Alsugoor M, et al. Antidiabetic
and antioxidant activity of ethyl acetate extract
fraction of M. oleifera leaves in streptozotocin-
induced diabetes rats via inhibition of inflammatory
mediators YR - 2018/6/1. Asian Pac J Trop Biomed.
2018;(6 UL-https://www.apjtb.org/article.asp?
issn=2221-1691;year=2018;volume=8;issue=6;spag
e=320;epage=327;aulast=Bamagous;t=5):320
OP-327 VO -8.

106.Irfan HM, Asmawi MZ, Abdul N, Khan K. Anti-
diabetic activity-guided screening of aqueous-
ethanol M. oleifera extracts and fractions :
Identification of marker compounds. Trop J Pharm
Res. 2017;16(March):543-52.

107.Mohammed Al-Abri et al. Motor and Behavioral
Effects of M. oleifera Leaf Extract. Nat Prod
Commun. 2018;13(1):89-92.

108.Salehi B, Ahmad I, Hussain A, Sharifi-rad J.
Anxiolytic-like effects of M. oleifera in Swiss mice.
Cell Mol Biol. 2013;(10).

109.Rani MS, Chintalapati M, Mohan GK. A
Comparative Study of Methanolic and Hydro-
Alcoholic Extracts of M. oleifera Pods on Memory
Enhancing Activity. J Sci Res. 2020;64(3):27-33.

110.Liu W-L, Wu B-F, Shang J-H, Zhao Y-L, Huang A-
X. M. oleifera Lam Seed Oil Augments
Pentobarbital-Induced Sleeping Behaviors in Mice
via GABAergic Systems. J Agric Food Chem
(Internet). 2020 Mar 11;68(10):3149-62. Available
from: https://doi.org/10.1021/acs.jafc.0c00037

111.Abd Rani NZ, Kumolosasi E, Jasamai M, Jamal JA,
Lam KW, Husain K. In vitro anti-allergic activity of
M. oleifera Lam. extracts and their isolated
compounds. BMC Complement Altern Med
(Internet). 2019;19(1):361. Available from: https://
doi.org/10.1186/s12906-019-2776-1

112. Thakur S, Verma A. Antihistaminic Effect of M.
oleifera Seed Extract. Int J Pharm Res Allied Sci.
2013;2(1):56-9.

113.Hagiwara A, Hidaka M, Takeda S, Yoshida H. Anti-
Allergic Action of Aqueous Extract of M. oleifera
Lam . Leaves in Mice Anti-Allergic Action of
Aqueous Extract of M. oleifera Lam . Leaves in
Mice. European J Med Plants. 2016;16(January): 1—
10.

114.Suresh S, Chhipa AS, Gupta M, Lalotra S, Sisodia
SS, Baksi R, et al. Phytochemical analysis and
pharmacological evaluation of methanolic leaf
extract of M. oleifera Lam. in ovalbumin induced
allergic asthma. South African J Bot (Internet).
2020;130:484-93. Available from: https://


http://ijam.co.in

ISSN No: 0976-5921
Published online at https://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

www.sciencedirect.com/science/article/pii/
S0254629919313572

115.0a A, Omolaso B, Sa S. Effects of M. oleifera
Leaves on Hematological Indices in Humans. Ann
Hematol Oncol. 2016;3(8).

116.Metwally FM, Rashad HM, Ahmed HH, Mahmoud
AA, Abdol Raouf ER, Abdalla AM. Molecular
mechanisms of the anti-obesity potential effect of
M. oleifera in the experimental model. Asian Pac J
Trop Biomed (Internet). 2017;7(3):214-21.
Available from: https://www.sciencedirect.com/
science/article/pii/S2221169116305238

117.Ezzat SM, El Bishbishy MH, Aborehab NM,
Salama MM, Hasheesh A, Motaal AA, et al.
Upregulation of MC4R and PPAR-a expression
mediates the anti-obesity activity of M. oleifera
Lam. in high-fat diet-induced obesity in rats. J
Ethnopharmacol (Internet). 2020;251:112541.
Available from: https://www.sciencedirect.com/
science/article/pii/S0378874119323633

118.Manjula, B., R. Hunasagi and GKS. Manjula, B.,
R. Hunasagi, and G.K. Shivalinge, Anti-Obesity
Activity of Ethanolic Extract of M. oleifera Seeds
In Experimental Animals. Res J Pharmacol
Pharmacodyn. 2011;3(6):318-28.

119.M. A. Ali,Y. A. Yusof,N. L. Chin MNI. Processing
of Moringa leaves as natural source of nutrients by
optimization of drying and grinding mechanism. J
food Process Eng. 2017;40(6).

120.Ugwu D. Qualitative phytochemical analysis of the
leaf of M. oleifera lam . from three climatic zones
of Nigeria. J Chem Pharm Res. 2016;8(0975—
7384):93-101.

121.0luwole S.Ijarotimi, Oluwole A. Adeoti OA.
Comparative study on nutrient composition,
phytochemical, and functional characteristics of
raw, germinated, and fermented M. oleifera seed
flour. Food Sci Nutr Sci Nutr. 2013;452-63.

122.Mada SB. Effect of Boiling , Simmering and
Blanching on the Antinutritional Content of M.
oleifera Leaves. Int J Food Nutr Saf. 2015;(January
2012).

123.Yang R, Chang L, Hsu J, Weng BBC, Palada C,
Chadha ML, et al. Nutritional and Functional
Properties of Moringa Leaves — From Germplasm ,
to Plant , to Food , to Health. 2006;1-9.

124 Anuradha Yadav. EFFECT OF DRYING AND
BLANCHING (STEAM AND LYE) ON THE
PHYTOCHEMICALS COMPOSITION OF
SITALCHINI (Moringa oleifera) LEAVES AND
ITS SENSORY ATTRIBUTES. 2013.

125.Babu AK, Kumaresan G, Raj VAA, Velraj R.
Review of leaf drying: Mechanism and influencing
parameters, drying methods, nutrient preservation,
and mathematical models. Renew Sustain Energy
Rev (Internet). 2018;90:536-56. Available from:
https://www.sciencedirect.com/science/article/pii/
S1364032118302107

126.Dollah S, Abdulkarim M, Ahmad H, Khoramnia A,
Mohd H. Physico-chemical properties of M.
oleifera seed oil enzymatically interesterified with
palm stearin and palm kernel oil and its potential

15

application in food. J Sci Food Agric. 2015;
(December 2014).

127.Anwar F, Hussain Al, Igbal S, Bhanger MI.
Enhancement of the oxidative stability of some
vegetable oils by blending with M. oleifera oil.
Food Chem (Internet). 2007;103(4):1181-91.
Available from: https://www.sciencedirect.com/
science/article/pii/S0308814606008089

128.Sutherland JP, Folkard GK, Mtawali MA, Grant
WD. M. oleifera as a natural coagulant. Afford
WATER SUPPLY Sanit. 1994;297-9.

129.Pontual E V, Carvalho BEA, Bezerra RS, Coelho
LCBB, Napoleao TH, Paiva PMG. Caseinolytic and
milk-clotting activities from M. oleifera flowers.
Food Chem (Internet). 2012;135(3):1848-54.
Available from: https://www.sciencedirect.com/
science/article/pii/S0308814612010606

130.0liveira AM de, Mateus GAP, Santos TRT dos,
Filho BA de A, Gomes RG, Bergamasco R.
Functionalized magnetite nanoparticles with M.
oleifera with potent antibacterial action in
wastewater. Environ Technol (Internet). 2021 Dec
6;42(27):4296-305. Available from: https://doi.org/
10.1080/09593330.2020.1754923

131.Suhartini S, Hidayat N, Rosaliana E. Influence of
powdered M. oleifera seeds and natural filter media
on the characteristics of tapioca starch wastewater.
Int J Recycl Org Waste Agric (Internet).
2013;2(1):12. Available from: https://doi.org/
10.1186/2251-7715-2-12

132.Santos TRT, Silva MF, Nishi L, Vieira AMS, Klein
MRF, Andrade MB, et al. Development of a
magnetic coagulant based on M. oleifera seed
extract for water treatment. Environ Sci Pollut Res
(Internet). 2016;23(8):7692—700. Available from:
https://doi.org/10.1007/s11356-015-6029-7

133.Kleiman R, Ashley DA, Brown JH. Comparison of
two seed oils used in cosmetics, moringa and
marula. Ind Crops Prod (Internet). 2008;28(3):361—
4. Available from: https://www.sciencedirect.com/
science/article/pii/S0926669008000708

134.Rashid U, Anwar F, Moser BR, Knothe G. M.
oleifera oil: A possible source of biodiesel.
Bioresour Technol (Internet). 2008;99(17):8175-9.
Available from: https://www.sciencedirect.com/
science/article/pii/S0960852408003039

135.NAHLA A. HEMDAN, THANAA SH. M.
MAHMOUD AMAAHAM-S. Using M. oleifera
seed cake and compost as organic soil amendments
for sustainable agriculture in Valencia orange
orchard. Futur Food J Food, Agric Soc.
2021;9(November).

136.Zhang C, Guo J, Zhang Z, Tian S, Liu Z, Shen C.
Biochemical components and fungal community
dynamics during the flowering process of Moringa-
Fu brick tea, a novel microbially fermented blended
tea. LWT (Internet). 2021;140:110822. Available
from: https://www.sciencedirect.com/science/
article/pii/S0023643820318119

137.Arise AK, Arise RO, Sanusi MO, Esan OT,
Oyeyinka SA. Effect of M. oleifera flower
fortification on the nutritional quality and sensory


http://ijam.co.in

ISSN No: 0976-5921
Published online in http://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

properties of weaning food. Croat J Food Sci
Technol. 2014;6:65-71.

138.Lu W, Wang J, Zhang HJ, Wu SG, Qi GH.
Evaluation of M. oleifera leaf in laying hens: effects
on laying performance, egg quality, plasma
biochemistry and organ histopathological indices.
Ital J Anim Sci (Internet). 2016 Oct 1;15(4):658-65.
Available from: https://doi.org/
10.1080/1828051X.2016.1249967

139.BABAYEJU A. Comparison of Organoleptic
Properties of Egusi and Efo Riro Soup Blends
Produced with Moringa and Spinach Leaves . Food
Sci Qual Manag. 2014;28(2012):15-9.

140.Sachan P, Khan BL, Yadav MPS SS. Effect of
drumstick leaves extraction the nutritional quality
of Moringa paneer prepared from a different blend
of cow milk and leaves extract. Indian journals.
2010;10(1):98-101.

141.Abou-zaid AA. Quality Evaluation of Nutritious
Chocolate and Halawa Tahinia Produced with
Moringa ( M. oleifera ) Leaves Powder. Middle
East J Appl Sci. 2014;4(4):1007-15.

142.142. Md. Ariful Alam. Development of Fiber
Enriched Herbal Biscuits : A Preliminary Study on
Development of fiber enriched herbal biscuits : A
preliminary study on sensory evaluation and
chemical composition. Int J Nutr Food Sci.
2014;3(April 2020):246-50.

143.Roni RA, Sani NH, Munira S, Wazed A. Nutritional
Composition and Sensory Evaluation of Cake
Fortified with M. oleifera Leaf Powder and Ripe
Banana Flour. Appl Sci. 2021;

144 Hekmat S, Morgan K, Soltani M, Gough R.
Sensory evaluation of locally-grown fruit purees
and inulin fibre on probiotic yogurt in Mwanza,
Tanzania and the Microbial Analysis of Probiotic
Yogurt Fortified with Moringa oleifera. J Health
Popul Nutr (Internet). 2015 Mar;33(1):60-7.
Available from: https://pubmed.ncbi.nlm.nih.gov/
25995722

145.Emelike NJT, Ebere CO. Effect of Drying
Techniques of Moringa Leaf on the Quality of
Chin-Chin Enriched with Moringa Leaf Powder
Effect of Drying Techniques of Moringa Leaf on the
Quality of Chin-Chin Enriched with Moringa Leaf
Powder. IOSR J Environ Sci Toxicol Food Technol.
2016;(April).

146.Sheetal Srinivasamurthy. Development of muffin
by incorporation of dried M. oleifera (Drumstick)
leaf powder with enhanced micronutrient content.
Int J Food Sci Nutr. 2017;2(4):173-8.

147.Taranjit Kaur Maghu. Effect of drumstick leaves
incorporation on Khakhra. 2017. 129-142 p.

148.C.E. Chinma. Effect of Germinated Tigernut and
Moringa Flour Blends on the Quality of Wheat-
Based Bread. J food Process Preserv.
2012;38(2):721-7.

149.Toyosi Timilehin George. CHARACTERISATION
AND ENCAPSULATION OF M. oleifera
EXTRACTS. 2021.

150.0bichili, O.I. and Ifediba D. SENSORY
ACCEPTABILITY STUDIES OF WHOLE

WHEAT BREAD. South Asian J Biol Res.
2019;9513:58-67.

151.Sahu N, Lakra A. Processing of moringa leaves
( Nutrients Source ) for human consumption. J
Pharmacogn Phytochem. 2020;9(5):536-8.

152.Asare GA, Gyan B, Bugyei K, Adjei S, Mahama R,
Addo P, et al. Toxicity potentials of the
nutraceutical M. oleifera at supra-supplementation
levels. J Ethnopharmacol (Internet).
2012;139(1):265-72. Available from: https://
www.sciencedirect.com/science/article/pii/
S0378874111008002

153.0yagbemi AA, Omobowale TO, Azeez 10, Abiola
JO, Adedokun RAM, Nottidge HO. Toxicological
evaluations of methanolic extract of M. oleifera
leaves in liver and kidney of male Wistar rats. J
Basic Clin Physiol Pharmacol (Internet).
2013;24(4):307—-12. Available from: https://doi.org/
10.1515/jbcpp-2012-0061

154.Awodele O, Oreagba IA, Odoma S, Teixeira da
Silva JA, Osunkalu VO. Toxicological evaluation of
the aqueous leaf extract of M. oleifera Lam.
(Moringaceae). J Ethnopharmacol (Internet).
2012;139(2):330-6. Available from: https://
www.sciencedirect.com/science/article/pii/
S0378874111007355

155.Adedapo AA, Mogbojuri OM, Emikpe BO. Safety
evaluations of the aqueous extract of the leaves of
M. oleifera in rats. J Med Plants Res.
2009;3(8):586-91.

156.Cajuday LA, Pocsidio GL. Effects of M. oleifera
Lam . ( Moringaceae ) on the reproduction of male
mice ( Mus musculus ). J Med Plants Res.
2010;4(12):1115-21.

157 Luciola A.D.M.M. Rolim MFSM. Genotoxicity
Evaluation of M. oleifera Seed Extract and Lectin. J
Food Sci. 2011;76(2):T53-8.

158.Ajibade TO, Arowolo R, Olayemi FO.
Phytochemical screening and toxicity studies on the
methanol extract of the seeds of moringa oleifera. J
Complement Integr Med (Internet). 2013;10(1):11—
6. Available from: https://doi.org/10.1515/
jcim-2012-0015

159.Didia B. The Effect of Methanolic Extract of M.
oleifera Lam Roots on the Histology of Kidney and
Liver of Guinea Pigs. Asian J Med Sci. 2012;
(1785).

160.Virendra Kumar Patel NKL. Evaluation of anti-
ulcer activity of extract of M. oleifera Lam. using
Acetic acid induced ulcer model. J Drug Deliv Ther.
2019;9(3).

161.Manjula, B., R. Hunasagi and GKS. Manjula, B.,
R. Hunasagi, and G.K. Shivalinge, Anti-Obesity
Activity of Ethanolic Extract of M. oleifera Seeds
In Experimental Animals. Res J Pharmacol
Pharmacodyn. 2013;3(6):318-28.

162.Faizi S, Sumbul S, Versiani MA, Saleem R, Sana A,
Siddiqui H. GC/GCMS analysis of the petroleum
ether and dichloromethane extracts of M oringa
oleifera roots. Asian Pac J Trop Biomed (Internet).
2014;4(8):650—4. Available from: https://


http://ijam.co.in

ISSN No: 0976-5921
Published online at https://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

www.sciencedirect.com/science/article/pii/
S2221169115300812

163.Punia J, Singh R. Studies on Phytoconstituents and
Biological Potential of Stem of Moringa oleifera.
Orient J Chem. 2018;34(3):1589-96.

164.Kasolo JN, Bimenya GS, Ojok L, Ochieng J,
Ogwal-Okeng JW. Phytochemicals and uses of M.
oleifera leaves in Ugandan rural communities. J
Med Plants Res. 2010;4(9):753-7.

165.Shanker K, Gupta MM, Srivastava SK, Bawankule
DU, Pal A, Khanuja SPS. Determination of
bioactive nitrile glycoside(s) in drumstick (Moringa
oleifera) by reverse phase HPLC. Food Chem
(Internet). 2007;105(1):376-82. Available from:
https://www.sciencedirect.com/science/article/pii/
S0308814606010053

166.Panda S, Kar A, Sharma P, Sharma A.
Cardioprotective potential of N,a-I-
rhamnopyranosyl vincosamide, an indole alkaloid,
isolated from the leaves of M. oleifera in
isoproterenol induced cardiotoxic rats: In vivo and
in vitro studies. Bioorg Med Chem Lett (Internet).
2013;23(4):959-62. Available from: https://
www.sciencedirect.com/science/article/pii/
S0960894X1201654X

167.Akinyeye AJ, Solanke EO, Adebiyi IO.
Phytochemical and antimicrobial evaluation of leaf
and seed of Moringa olifera extracts. Int J Res Med
Heal Sci. 2014;4(6):1-10.

168.Guevara AP, Vargas C, Sakurai H, Fujiwara Y,
Hashimoto K, Maoka T, et al. An antitumor
promoter from M. oleifera Lam. Mutat Res Toxicol
Environ Mutagen (Internet). 1999;440(2):181-8.
Available from: https://www.sciencedirect.com/
science/article/pii/S138357189900025X

169.Dodiya B, Amin B, Kamlaben S, Patel P.
Antibacterial activity and phytochemical screening
of different parts of M. oleifera against selected
gram positive and gram negative bacteria. J] Pharm
Chem Biol Sci. 2015;3(3):421-5.

170.M. Fahal E, Babitha Rani AM, Aklakur MD, Chanu
TI, Saharan N. Qualitative and Quantitative
Phytochemical Analysis of M. oleifera (Lam) Pods.
Int J Curr Microbiol Appl Sci. 2018;7(05):657—65.

171.Faizi S. Hypotensive Constituents from the Pods of
Moringa oleifera. Thieme open. 1998;

172.Zheng Y, Zhu F, Lin D, Wu J, Zhou Y, Mark B.
Optimization of formulation and processing of M.
oleifera and spirulina complex tablets. Saudi J Biol
Sci (Internet). 2017;24(1):122—-6. Available from:
https://www.sciencedirect.com/science/article/pii/
S1319562X16300985

173.Gyamfi ET, Kwarteng IK, Ansah MO, Anim AK,
Ackah M, Kpattah L, et al. Effects of processing on
Moringa oleifera. Proc Int Acad Ecol Environ Sci
(Internet). 2011;1:179-85. Available from:
www.laees.org

174.Aviara NA, Power PP, Abbas T. Moisture-
dependent physical properties of M. oleifera seed
relevant in bulk handling and mechanical
processing. Ind Crops Prod (Internet). 2013;42:96—
104. Available from: https://

17

www.sciencedirect.com/science/article/pii/
S0926669012002609

175.Sallau AB, Mada SB, Ibrahim S, Ibrahim U. Effect
of boiling, simmering and blanching on the
antinutritional content of M. oleifera leaves. Int J
Food Nutr Saf. 2012;2(1):1-6.

176.Gernah D, Sengev A. Effects of Processing on
Some Chemical Properties of the Leaves of the
Drumstick Tree (Moringa oleifera). Niger Food J.
2011;29(1).

177.Arantes CC, Ribeiro TAP, Paterniani JES.
Processing of M. oleifera seeds using different
equipments to obtain coagulant solution. Rev Bras
Eng Agric e Ambient (Internet). 2012 Feb
23;16:661+. Available from: https://link.gale.com/
apps/doc/A610675278/ AONE?
u=anon~2c37a33&sid=googleScholar&xid=674848
99

178.Rodriguez-Pérez C, Mendiola JA, Quirantes-Piné
R, Ibafiez E, Segura-Carretero A. Green
downstream processing using supercritical carbon
dioxide, CO2-expanded ethanol and pressurized hot
water extractions for recovering bioactive
compounds from M. oleifera leaves. J Supercrit
Fluids (Internet). 2016;116:90-100. Available from:
https://www.sciencedirect.com/science/article/pii/
S0896844616301188

179.Ambrose DCP, Naik R, Daunty AL. Studies on
Fresh Processing of M. oleifera Leaves. Intl J Food
Ferment Technol. 2017;7(December):309-16.

180.Dollah S, Abdulkarim SM, Ahmad SH, Khoramnia
A, Ghazali HM. Physicochemical properties and
potential food applications of M. oleifera seed oil
blended with other vegetable oils. J Oleo Sci.
2014;63(8):811-22.

181.Lalas S, Tsaknis J. Characterization of M. oleifera
Seed Oil Variety “Periyakulam 1.” J Food Compos
Anal (Internet). 2002;15(1):65—77. Available from:
https://www.sciencedirect.com/science/article/pii/
S0889157501910427

182.Lirling M, Beekman W. Anti-cyanobacterial
activity of M. oleifera seeds. J Appl Phycol
(Internet). 2010;22(4):503-10. Available from:
https://doi.org/10.1007/s10811-009-9485-y

183.Ravikumar K PSAK. Heavy Metal Removal from
Water using M. oleifera Seed Coagulant and Double
Filtration. Vol. 4, INTERNATIONAL
CONFERENCE ON INNOVATIONS IN CIVIL
ENGINEERING ICICE-2013. 2013. 229-232 p.

184.Ali A. In vivo skin irritation potential of a cream
containing M. oleifera leaf extract. African J Pharm
Pharmacol. 2013;7(6):289-93.

185.Fernandes DM, Sousa RMF, de Oliveira A, Morais
SAL, Richter EM, Mufioz RAA. Moringa oleifera:
A potential source for production of biodiesel and
antioxidant additives. Fuel (Internet). 2015;146:75—
80. Available from: https://www.sciencedirect.com/
science/article/pii/S0016236114012903

186.Sharma D. M. oleifera Lam.: The Honey Bee
Heaven Plant in Jammu and Kashmir. Bee World
(Internet). 2019 Oct 2;96(4):120-2. Available from:
https://doi.org/10.1080/0005772X.2019.1638688


http://ijam.co.in

ISSN No: 0976-5921
Published online in http://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026

187.Bijina B, Chellappan S, Krishna JG, Basheer SM,
Elyas KK, Bahkali AH, et al. Protease inhibitor
from M. oleifera with potential for use as
therapeutic drug and as seafood preservative. Saudi
J Biol Sci (Internet). 2011;18(3):273—81. Available
from: https://www.sciencedirect.com/science/
article/pii/S1319562X11000258

188.Su B, Chen X. Current Status and Potential of M.
oleifera Leaf as an Alternative Protein Source for
Animal Feeds. Front Vet Sci (Internet). 2020;7.
Available from: https://www.frontiersin.org/article/
10.3389/fvets.2020.00053

189.Cohen-Zinder M, Leibovich H, Vaknin Y, Sagi G,
Shabtay A, Ben-Meir Y, et al. Effect of feeding
lactating cows with ensiled mixture of Moringa
oleifera, wheat hay and molasses, on digestibility
and efficiency of milk production. Anim Feed Sci
Technol (Internet). 2016;211:75-83. Available
from: https://www.sciencedirect.com/science/
article/pii/S0377840115300584

190.G. C. Stevens, K. P. Baiyeri OA. Ethno-medicinal
and culinary uses of M. oleifera Lam . in Nigeria. J
Med Plants Res. 2013;7(13):799-804.

191.0gusku Quintanilha GE, Alves Baptista AT, Gomes
RG, Salcedo Vieira AM. Yogurt production added
ultrafiltered seed extract of M. oleifera Lam.
Biocatal Agric Biotechnol (Internet).
2021;37:102159. Available from: https://
www.sciencedirect.com/science/article/pii/
S1878818121002553

192 Barbosa MS, Freire CCC, Branddo LMS, Pereira
EB, Mendes AA, Pereira MM, et al. Biolubricant
production under zero-waste M. oleifera Lam
biorefinery approach for boosting circular economy.
Ind Crops Prod (Internet). 2021;167:113542.
Available from: https://www.sciencedirect.com/
science/article/pii/S092666902100306X

193.Islam A, Mandal C, Habib A. Antibacterial
potential of synthesized silver nanoparticles from
leaf extract of Moringa oleifera. 2021;(December
2020).

194 Feitosa PRB, Santos TRJ, Gualberto NC, Narain N,
de Aquino Santana LCL. Solid-state fermentation
with Aspergillus niger for the bio-enrichment of
bioactive compounds in M. oleifera (moringa)
leaves. Biocatal Agric Biotechnol (Internet).
2020;27:101709. Available from: https://
www.sciencedirect.com/science/article/pii/
S1878818120304345

195.Ndong M, Uehara M, Katsumata S, Suzuki K.
Effects of Oral Administration of M. oleifera Lam
on Glucose Tolerance in Goto-Kakizaki and Wistar
Rats. J Clin Biochem Nutr. 2007;40(May):229-33.

196.Rathi BS, Bodhankar SL, Baheti AM. Evaluation of
aqueous leaves extract of M. oleifera Linn for
wound healing in albino rats. NIScPR Online
Period Repos. 2006;(Nov-2006):898-901.

197.Debnath S, Biswas D, Ray K, Guha D. M. oleifera
induced potentiation of serotonin release by 5-HT3

18

receptors in experimental ulcer model.
Phytomedicine (Internet). 2011;18(2):91-5.
Available from: https://www.sciencedirect.com/
science/article/pii/S0944711310001856

198 Rao A V, Devi PU, Kamath R. In vivo
radioprotective effect of M. oleifera leaves. NIScPR
Online Period Repos (Internet). 2001;(0975—
1009):858—-63. Available from: http://hdl.handle.net/
123456789/24000.

199.Chumark P, Khunawat P, Sanvarinda Y,
Phornchirasilp S, Morales NP, Phivthong-ngam L,
et al. The in vitro and ex vivo antioxidant
properties, hypolipidaemic and antiatherosclerotic
activities of water extract of M. oleifera Lam.
leaves. J Ethnopharmacol (Internet).
2008;116(3):439-46. Available from: https://
www.sciencedirect.com/science/article/pii/
S0378874107006721

200.Jaiswal D, Rai PK, Mehta S, Chatterji S, Shukla S,
Rai DK, et al. Role of M. oleifera in regulation of
diabetes-induced oxidative stress. Asian Pac J Trop
Med (Internet). 2013;6(6):426-32. Available from:
https://www.sciencedirect.com/science/article/pii/
S1995764513600681

201.Fakurazi S, Sharifudin SA, Arulselvan P. M.
oleifera Hydroethanolic Extracts Effectively
Alleviate Acetaminophen-Induced Hepatotoxicity
in Experimental Rats through Their Antioxidant
Nature. Vol. 17, Molecules . 2012.

202.Sadek KM. Chemotherapeutic efficacy of an
ethanolic M. oleifera leaf extract against chromium-
induced testicular toxicity in rats. Andrologia. 2014;
(Vi):1047-54.

203.Sasikala V, Rooban BN, Priya SGS, Sahasranamam
V, Abraham A. M. oleifera Prevents Selenite-
Induced. 2010;26(5):441-8.

204.Nandave M, Ojha SK, Joshi S, Kumari S, Arya DS.
Damage in Rats : Evidence for an Antioxidant ,
Antiperoxidative , and Cardioprotective
Intervention. J] Med Food. 2009;12(1):47-55.

205.0uédraogo M, Lamien-Sanou A, Ramdé N,
Ouédraogo AS, Ouédraogo M, Zongo SP, et al.
Protective effect of M. oleifera leaves against
gentamicin-induced nephrotoxicity in rabbits. Exp
Toxicol Pathol (Internet). 2013;65(3):335-9.
Available from: https://www.sciencedirect.com/
science/article/pii/S0940299311001655

206.Gupta Anamika GMK. Immunomodulatory effect
of M. oleifera Lam. extract on cyclophosphamide
induced toxicity in mice. NIScPR Online Period
Repos (Internet). 2010; Available from: http://
hdl.handle.net/123456789/10472.

207.Manaheji H, Jafari S, Zaringhalam J, Rezazadeh S,
Taghizadfarid R. Analgesic effects of methanolic
extracts of the leaf or root of M. oleifera on
complete Freund’s adjuvant-induced arthritis in rats.
Zhong Xi Yi Jie He Xue Bao (Internet).
2011;9(2):216-22. Available from: http://
europepmec.org/abstract/ MED/21288459.


http://ijam.co.in

ISSN No: 0976-5921
Published online at https://ijam.co.in

International Journal of Ayurvedic Medicine, Supplement of Ayurveda Aahaara March 2026
ook ko

19


http://ijam.co.in

