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Abstract

The nutritional and medicinal importance of the Moringa oleifera Lam. is long-established; however, the root is
relatively unexplored irrespective of its unique anatomical and phytochemical properties. The present systematic
review summarizes available literature on the comparative phytochemical profile, structural specialization,
pharmacological activity, and agro-industrial prospects of roots of the moringa plant. M. oleifera has an adapted
taproot system with increased storage tissues, which provide drought resistance and the ability to accumulate a
wide range of metabolites. Phytochemical studies have recognized various bioactive compounds, which comprise
alkaloids, i.e., moringin and moringinine, glucosinolates, isothiocyanates, flavonoids, tannins, phenolic acids, and
terpenoids. It has been shown to have important antidiabetic, antioxidant, antimicrobial, anti-inflammatory, anti-
ulcer, anticancer, and insecticidal properties exhibiting low levels of toxicity in pre-clinical models. Root extracts
have also shown potential in the case of the use of water purification and sustainable control of pests. Although
these results are promising, the lack of uniformity in phytochemical profiles and the scarcity of clinical validation
highlight the need to standardize extraction processes, develop more sophisticated metabolomic analysis, and to
carry out extensive toxicological and mechanistic analyses. M. oleifera root is an underutilized but promising
bioresource that has a high potential for pharmaceutical and agricultural innovations.
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INTRODUCTION phytochemical composition, and numerous agricultural, health,
food security, and environmental sustainability initiatives make
oringa oleifera belongs to the family it a significant crop worldwide. Historically, it has been part of
M)f Moringaceae. The genus Moringa  the traditional diets and ethnomedical practices, particularly in
comprises 13 tree and shrub species ~ Ayurveda and other traditional medical systems.?”
native to the continents of Africa and Asia,

among which M. oleifera Lam. is the most  1he moringa leaves contain higher levels of proteins,

extensively cultivated and the scientifically vitamins A, C and E, minerals (calcium, potassium, and

investigated species.l!! The figure 1 illustrates
the phylogenetic relationships among the 13
species of the genus Moringa.
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widely referred to as the “miracle tree” or the
“drumstick tree,” is a quick-growing, drought-
resistant plant, which is predominantly distributed
across the tropical and subtropical regions of the
world. A vastarray of nutritional profiles, a diverse
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iron), and all nine essential amino acids. Therefore, it
is a good source of essential nutritional value. As an
example, on a gram- per-gram basis, moringa leaves have
threefold more potassium than bananas, sevenfold more
vitamin C than oranges, and fourfold more calcium than
milk.’) Moringa also plays a significant role in addressing
malnutrition in the war on malnutrition because of its rich
nutrient composition in developing nations, specifically,
where malnutrition is a significant concern and danger to the
welfare of the community.[”) Based on the clinical trials and
field-based studies, the improvements in hemoglobin levels,
vitamin A, and other indicators of general development
among malnourished infants supplemented with moringa leaf
powder were noted.”!

It also contains numerous anti-oxidant phytochemicals,
including more than 40 flavonoids, phenolic acid, tannin,
saponin, glucosinolates, and disintegrate into bioactive
isothiocyanates, such as moringin.[®) Their pharmacological
effect is due to these compounds that have hepatoprotective,
cardioprotective, anti-inflammatory, antibacterial, and anti-
cancer action.”!% In addition, moringa is a powerful source of
traditional medicine, in the case of the treatment of diabetes,
instead of its extract is capable of modulating important
metabolic pathways.®'"! Moringa has a potent antioxidant
activity and also contributes to the prevention of oxidative
stress, which is the greatest contributor to ageing and chronic
diseases such as neurodegeneration and heart disease.

Beyond its nutritional and medicinal value, M. oleifera is
also extremely important in the sustainability of agriculture,
environmental remediation, and human health. The seeds
contain cationic proteins, which are natural coagulants capable
of removing the pathogens and suspended solids from turbid
water effectively. It is an inexpensive, environmentally-friendly
substitute for synthetic chemicals by which the water systems are
purified, especially in rural areas and disaster-affected areas.['>!?]
Furthermore, seed cake obtained from oil extraction can be used
as a biopesticide and organic manure to the benefit of soil fertility,
which will lead to a decrease in the use of chemical fertilizers.!'"¥
The fast reproduction, large biomass, and capacity to develop in
marginal soils make the plant suitable for reforestation, utilized
in agro forestry systems, and also in carbon sequestration so as
to mitigating the climatic change.!'>)

According to the botanical nature of the plant, the root
system of M. oleifera is characterized by a prominent taproot
that develops into a fleshy, tuberous structure as the plant
matures. The water and nutrients present in arid conditions
are known to be available to the plant because of the roots
that are usually very long, thin, and deep-rooted into the
ground. This characteristic is responsible for the plant not
suffering from drought.[') The mature roots are dark brown,
thick in cork on the outside, and white or cream colored
inside, which emit an odor like horseradish, hence one of its
popular names. Such pungency is attributed to the presence of
secondary metabolites, specifically, glucosinolates, including
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glucotropaeolin. These metabolites are broken down to
benzyl isothiocyanate, which is a potent biological agent and
bitter-tasting compound by enzymes.['”

In ancient times, the Ayurvedic, African, and Southeast Asian
medicines have treated many diseases with the roots of the
moringa, including inflammation, joint diseases, including
arthritis, microbial infections, as well as diseases affecting
the circulatory system.!'"¥ It is noted that moringa roots have a
concentrated level of bioactive compounds, which are rare in
the aerial parts at the same concentration as has been reported
by phytochemical profiling studies. Among them are alkaloids
(such as spirochin and moringine), isothiocyanates (such as
moringin) and glucosinolates, flavonoids, tannins, saponins,
and terpenoids.”? In addition to being able to suppress
oxidative stress, pro-inflammatory cytokines, moringin has
also demonstrated robust antibacterial, anti-inflammatory, and
anticancer effects in preclinical models.?"! These substances
mediate the ethnomedical utilization of the moringa root,
specifically in Ayurvedic medicine and African folk medicine, as
atreatment of circulatory problems, joint pain, and infection.?>%!

Moreover, recent advancements in analytical techniques have
provided the ability to extract and characterize more selective
phytochemicals specific to roots. Techniques such as nuclear
magnetic resonance spectroscopy, gas chromatography-mass
spectrometry, and liquid chromatography-mass spectrometry
simplify the structure-activity relationship research to identify
new compounds in the roots of moringa.?¥ As an example,
comparative analyses reveal the presence of tissue-specific
synthesis pathways by revealing the presence of a relatively
high level of particular phenolic acids and sulfur-containing
compounds in roots compared to leaves or seeds. This evidence
shows that it is necessary to carry out the plant part-specific
studies as compared to the generalization of the applicability of
phytochemical information on other components of the plants.

The reasons why moringa roots need to be of interest in a
systematic review include that they are not clearly studied, yet
are useful pharmacologically and nutritionally, and a range
of bioactive chemicals with possible uses in functional foods
and medicine. The leaves, seeds, and pods of M. oleifera have
been the most studied and used commercial parts because of
their high nutrient content and easy yield, although they have
shown specific phytochemical profiles and strong biological
activities, their roots have been comparatively least
studied.!'*?! Since roots of plants are frequently storage sites
of special compounds engaged in defensive mechanisms,
many of which many have therapeutic potential, this
knowledge gap provides a vital research prospect in science

ROOT MORPHOLOGY AND ANATOMY OF
MORINGA ROOTS

Moringa exhibits diversity in terms of root anatomy and
morphologies, which are well aligned with its ecological




strategies and life forms. The four main habitats in the genus
with various root structure abnormalities are bottle trees,
Sarcorhizal tree (species bearing enlarged, fleshy storage
roots), thin trees, and tuberous shrubs. Both stem and root
secondary xylem in bottle-tree species and Medicago arborea
have prominent bands of confluent paratracheal parenchyma
and alternative bands of libriform fibers that result in regular
spatial organization of storage parenchyma and supporting
fibers; this same banding of parenchyma-fiber is regularly
expressed in roots and enables a large volume of storage
living tissue to be available to store water and carbohydrates
and to support basic mechanical integrity.”?”

The xylem of the sarcorhizal tree Moringa ruspolina also
consists of repeated bands of long, slender, parenchymal
fibers, which focus on storage yet vary in their fiber shape
dramatically.?” M. oleifera possesses a tetrarch main root,
and mature roots contain many elements of vessel embedded
in xylem parenchyma, representing a hydraulically efficient,
yet physiologically sustainable conductive system.?’! In
tuberous shrub species, large subterranean storage organs in
the form of tubers, predominantly comprised of parenchyma,
are survival organs in the face of severe droughts.””

Quantitative studies across habitats show that vessel
elements are generally broader and the conductive area more
advanced in plants in more humid regions. These findings
indicate that the xylem of the root and stem of the Moringa
species are hydraulically adapted to the local water supply
and demonstrate substantial developmental plasticity. The
presence of tyloses and ergastic deposition in vessels and
other cells, and the high growth of storage parenchyma to
the detriment of dense mechanical tissues in M. oleifera,
have both been explained as a trade-off whereby mechanical
strength is partly compromised to ensure maximum storage
of water and secondary metabolites in root and stem
wo0d.”’! The combination of these properties demonstrates
that moringa root systems have evolved toward a balance of
hydraulic conductivity, storage, and sufficient (though not
optimal) mechanical support by being physically specialized,
which promotes the established resistance to drought of the
genus and its medicinal importance.?%%]

PHYTOCHEMICAL PROFILE OF
MORINGA ROOTS

Allmajorphytochemical groups associated with the M. oleifera
are present in its roots, although their concentrations vary
in comparison to the aerial portions. The comparative
phytochemical screening of the leaves, seeds, and roots
indicates that roots contain relatively high concentrations
of phenolics and tannins, with tannin (=38.15 mg/100 g)
and phenolic acid (=4.01 mg/100 g) having the highest level
of concentration among the examined organs. Many types
of alkaloids, phenolic acids, flavonoids, tannins, saponins,
terpenoids, glucosinolates, and isothiocyanates in different
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organs, such as roots, have been reported in M. oleifera.F*3!
Graph 1 Presents the concentrations of major bioactive
compounds in M. oleifera roots. According to Panchal et
al.,*? the presence of rutin, moringine, and moringinine in
M. oleifera root extract has been confirmed.

Some of the polyphenols present in the species are gallic,
caffeic, chlorogenic, and ferulic acids, flavonoid, and
polyphenols such as kaempferol derivatives and quercetin.
These compounds are predominantly found in leaves and
seeds; however, they have also been detected in root and
stem extracts that complement the highly potent antioxidant
and insecticidal activities of root methanolic and ethanolic
extracts.'>*33  In  addition, methyl-4-caffeoylquinate,
quinic acid isomer, glucomoringin, glucotropaeolin, and
benzyl glucosinolate are reported as phytochemicals present
in moringa roots.? Glucosinolates and their hydrolysis
products, isothiocyanates, along with similar thiocarbamates
such asniazimin A and B, are recognized as key bioactive
constituents. These compounds, either individually or
synergistically, contribute to the anti-inflammatory,
antihypertensive, and antidiabetic effects.?%3”) Numerous
different bioactive compounds have been identified in the
plant; more than 100 different bioactive compounds have
been identified. These bioactive compounds are responsible
for antimicrobial, antioxidant, hypolipidemic, and tissue-
protective functions.’! Nevertheless, the phytochemical
composition is highly variable and depends on plant part,
genotype, solvent used in extraction, and such environmental
factors as climate and altitude.['>3% In contrast to leaves, which
are the richest source of polyphenols and flavonoids, and
seeds, which focus their alkaloids, flavonoids and saponins
and tannins, the roots are characterized by a tannin- and
phenolic-dominated  phytochemical matrix, retaining
representative levels of alkaloids, saponins, terpenoids,
and glucosinolate-derived isothiocyanates, contributing to
traditional medicinal use and newly in bioinsecticides and
pharmacological preparation, respectively.’**! In addition
to the moringa seedling roots, which were found to contain
ascorbic acid (1.9 mg/g), total carotenoid (29.7 mg/g), and
non-structural  soluble carbohydrates (258.90 mg/g).[*"
The bioactive compounds present in M. oleifera roots are
illustrated in Figure 2, while the glucosinolates identified in
the plant are depicted in Figure 3.

ANTI-DIABETIC PROPERTY OF
MORINGA ROOT

The antidiabetic activity of M. oleifera roots was indicated
by EC,, values of 870.1 + 12.0 pg/mL and 560.7 + 7.4 ng/
mL for the main and lateral roots, respectively.!! During
ethnobotanical investigations, leaves accounted for 41% of
the total reported usage in experiments testing M. oleifera anti-
diabetic activity, followed by seeds (19%) and roots (19%).
In biological and clinical studies of the anti-diabetic effect of
moringa, 82% of the plant parts investigated were leaves, 9%




were seeds, and 9% were roots. The administered dosages  activity. Treatment of M. oleifera root powder and its
used in the studies were in the range of 100-800 mg.** These methanol extract showed significant increases in the level of
results indicate that moringa root exhibits an anti-diabetic insulin when compared to the untreated diabetic group. In the
normal group receiving 15 g/kg of M. oleifera root powder
(16% in diet), the highest insulin concentration was observed
(21.72 £ 3.43 wu/mL). Based on the hematological and liver
functional indicators, the study revealed that M. oleifera
root powder and its methanol extract possess hypoglycemic
properties and alleviate other undesired diabetic symptoms

. oleifera

. concanensis

. peregrina

e pre-determined by alloxan-caused diabetes of the

experimental rats. The outcomes of the experiment indicate
an encouraging opportunity to use this plant to develop a
powerful anti-diabetic drug.?>#! The alcoholic and aqueous

§ ,
M.
M.
M. arborea
W vae root extracts of M. oleifera demonstrated notable antidiabetic
N and antihyperlipidemic effects in diabetic rat models. The
M.
M.
M.

Moringa

drouhardii

hildebrandltii

porziana level of the blood sugar was lower in comparison to the
pygmaea diabetes control with both extracts. They both reduced total
fongituba cholesterol (TC), low-density lipoprotein (LDL), TG, high-
ruspoliana density lipoprotein/LDL, and TC/LDL when compared to the
diabetic control group. Both extracts increased the bilirubin
levels in the diabetic rats when compared to the diabetic
control group. The antidiabetic and antihyperlipidemic effect
may be explained by the presence of active ingredients such
as the alkaloids moringine and moringinine. According to the
following studies, the moringa root possesses antidiabetic
properties.

Figure 1: Phylogenetic tree of Moringa species

1. Moringine 1. a-Tocopherol

Alkaloids Antioxidants
2. Glutathione I

Glucosinolates

Phenolics and e
Flavonoids - 1. Glucomoringin

§ R / i ANTI-OXIDANT PROPERTY OF

2. Methyl 4- 3. Benzyl

caffeoylquinate Wikjer [iemdii | Glucosinolates M o R I N G A R O OT

ompounds in
M.oleifera roots

Experiment result with 2,2-diphenyl-1-picrylhydrazyl
activity (EC, ) - 0.057 + 0.03 pg/mL and 1.23 + 0.02 pg/mL

Figure 2: Major bioactive compounds present in Moringa  of main roots and lateral roots, respectively, in the moringa
oleifera roots plant. The antioxidant activity of plant material was found

Benzyl Glucosinolate Mo Glucotropaeolin

H

Glucomoringin

Figure 3: Major glucosinolates present in Moringa oleifera roots
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to be higher than that of the reference chemical ascorbic
acid. The roots have a better capability of being used to
get antioxidants compared to the leaves. Lateral roots had
higher concentrations of condensed tannins and flavonoids,
yet the leaf extracts had the highest concentrations of total
phenolics.*!! Root powder extracts (phytochemicals) were
analyzed and found to include alkaloids, tannins, flavonoids,
cardiac glycosides, saponins, triterpenes, and steroids.
Median lethal dose (LD, ) was investigated by using oral
extracts of M. oleifera root powder (hexane, ethyl acetate,
and methanol). The LD, was found to be over 5000 mg/kg.
The experiments have shown that M. oleifera root extracts
are virtually non-toxic when administered orally. The groups
treated with M. oleifera root powder and its methanol extract
had much higher levels of oxidative stress indicators such as
glutathione peroxidase (GPx), catalase (CAT), and superoxide
dismutase (SOD) when compared to the untreated diabetic
group. The elevated SOD, CAT, and GPx of this experiment
reveal that M. oleifera root powder and its methanol extract
have the capability of reducing reactive free radicals, which
can reduce oxidative damage. It is possibly due to high
flavonoid concentration, which is an antioxidant.*! Some of
the phenolic compounds that are found in M. oleifera root
include polyphenols, flavonoids, and tannins. The capacity of
the various extracts to scavenge free radicals, reduce hydroxyl
radicals, and decrease the activities of the microsomal lipid
peroxidations confirms the existence of various bioactive
compounds in M. oleifera root. Furthermore, this paper
reports that DNA is resistant to damage by hydroxyl radicals.
The analysis determined an appropriate solvent to extract the
antioxidants and bioactive constituents and differences in
antioxidant activity between different solvent extracts.’? It
is the first report of the antioxidant polyphenols in the plant
root and stem bark and their possible ability to scavenge free
radicals. The concentration of the polyphenols in the leaf
and other parts was significantly different from that of the
extract of the stem and root bark having different types of
procyanidins as compared to that of the leaf. The sections
of the plant all showed very good antioxidant and radical
scavenging characteristics. The best radical scavenging was
realized by the leaves of the plant, and the best antioxidant
potential was realized by the root bark extracts of the plant.[*4

ANTI-MICROBIAL PROPERTY OF
MORINGA ROOT

Tshabalala ez al.*! experimented with the minimum inhibitory
concentration of the antibacterial and antifungal action of
Moringa leaf, lateral, and main root extracts. Overall, the
leaf samples exhibited superior antibacterial activity toward
Bacillus subtilis, Escherichia coli, and Staphylococcus aureus
compared to the root extracts. The extract of the main and
lateral roots demonstrated limited efficacy against B. subtilis
and E. coli. The significant antimicrobial activity observed for
the moringa extracts in this study suggests that it has potential
use as a feasible alternative against methicillin-resistant
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S. aureus. According to the findings of Dalukdeniya et al.,[*
bioactive compounds present in M. oleifera (Lam) can be
utilized as antibacterial agents against food-borne microbial
infections in each of the analyzed sections of the plant.
It has been shown that all types of extracts of M. oleifera
(Lam) have antibacterial activity against Gram-positive
(Listeria monocytogenes) and Gram-negative (Salmonella
enteritica, Vibrio parahaemolyticus, E. coli) microbes; these
findings justify the use of the M. oleifera (Lam) plant in
traditional medicine and show that its potent application for
the development of novel therapeutic drugs for food-borne
infections. M. oleifera (Lam.) roots, petroleum ether
extracts of roots inhibit Pseudomonas aeruginosa, S. aureus
and E. coli. P. aeruginosa, S. aureus, and E. coli were all
susceptible to the effects of the chloroform extract of moringa
root, yet Proteus mirabilis was not susceptible to it at any
dose. P. mirabilis and S. aureus were sensitive to the root
ethyl acetate extract. Ethanol extract was found to be effective
against P. aeruginosa, S. aureus, E. coli, and P. mirabilis. This
research indicates the antibacterial action of the M. oleifera
roots.*) The antibacterial activity of different extracts of
M. oleifera root bark has also been investigated in vitro
against P. aeruginosa, Salmonella gallinarum, E. coli, and S.
aureus. These observations prove the antibacterial potential
across multiple plant parts of M. oleifera.

Further in vitro and in vivo research is necessary to fully use
the antibacterial potential of various M. oleifera extracts,
particularly those of ethyl acetate and acetone extracts, in
the treatment of bacterial illnesses in humans and animals.*”
Moringa root powder at the highest concentration (600 mg/L)
and a higher initial E. coli concentration (50 MPN/100 mL)
reduced E. coli colonies in the contaminated water by 87%.
This suggests that moringa root powder can also be used
as a point-of-use water treatment at the household level.
Nevertheless, the mechanisms behind the potential existence
of bioactive compounds present in the moringa roots that
are active against E. coli need to be researched further.
Additional investigations should also assess the effects of
moringa root powder on water quality parameters such as
turbidity, pH and palatability and the cost-effectiveness!*s+”!
cited that the phytochemical screening indicated that all
extracts contained alkaloids, flavonoids, saponins, and
tannins; however, saponins were absent in root extracts, and
tannins were absent in seed extracts. As the outcomes of
the antimicrobial study indicated, the M. oleifera pod, root,
and seed ethanol extracts exhibited antibacterial properties
against Candida albicans, S. aureus, and E. coli. The
observation that the M. oleifera has active phytochemicals
with antimicrobial potential is supported by the fact that the
ethanol extracts of all the plant components used in this study
had varying and significant antimicrobial activity against
test pathogens. The most effective extracts in inhibiting the
growth of P. aeruginosa were the ethyl acetate extracts of
roots and leaves and also the ethanolic and methanol extracts
of leaves. The most common phenolics and flavonoids that
were present in M. oleifera were myricetin, quercetin, and




hydroxybenzoic acids. These bioactive constituents play a
major role in multiple biological processes and are considered
key contributors to the antimicrobial and antioxidant effects
of the plant."

ANTI-INFLAMMATORY PROPERTY OF
MORINGA ROOT

Sashidharaetal."Yisolated 1,3-dibenzylureaand aurantiamide
acetate from the roots of M. oleifera. Aurantiamide acetate
was significant in inhibiting tumor necrosis factor-o. and
interleukin (IL)-2 in a dose-dependent manner, and inhibiting
IL-2, but not IL-6, whereas 1,3-dibenzyl urea had a potent
analgesic effect and significant inhibition of IL-2 but not
IL-6. This evaluation implies that these compounds may
contribute to the analgesic, anti-inflammatory, and anti-
arthritic activities. It also exhibited anti-rheumatic, anti-
arthritic, anti-inflammatory, and anti-cancer effects, plus
gentisic acid was found at relatively higher concentrations
in the roots and seeds.’” Edema rat paw and rat 6-day air
pouch inflammatory models have been used to study the anti-
inflammatory properties of a crude methanol extract of the
M. oleifera Lam. root. The highest level of inhibition was
83.8% and 80.0% at 600 mg/kg, respectively. These results
show that the roots of M. oleifera exhibit significant anti-
inflammatory activity.[?

ANTI-ULCER PROPERTY OF MORINGA

In their experiment,®¥ used two experimental rat models
to investigate the antiulcer properties of the ethanolic root-
bark extract of M. oleifera using gastric lesions induced
by ethanol and gastric ulcers induced by pylorus ligation.
There was no toxicity or mortality observed in the rats in
an acute oral toxicity assessment of the MO. In both cases
of antiulcer screening models, a dose-response antiulcer
study was conducted using 150, 350, and 500 mg/kg of the
extract. Based on the subsequent outcome, MO can possibly
be used to cure stomach mucosal lesions and ulcers. It also
increases the pH of the gastric juice and reduces its acidity.
Such findings indicate that MO possesses antisecretory
and antiulcer effects and, therefore, it can be utilized as a
source of antiulcer medications in the future. According to
Ruckmani et al.,* fresh leaf juice and root alkali preparation
of M. oleifera possess powerful anti-ulcer properties. The
anti-ulcer effects of moringa have been demonstrated through
a dose-dependent reduction in the ulcer scores of the rats.
The alkali preparation of the root shows more effectiveness
in anti-ulcer activity than the fresh leaf juice. Interestingly,
M. oleifera is also a strong analgesic and anti-inflammatory.
Aspirin and other substances that contain analgesics and
anti-inflammatories are known to cause gastric ulcers. It is an
impressive scenario to combine analgesic-anti-inflammatory
and anti-ulcer activities.
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ANTICANCER AND CYTOTOXIC
POTENTIAL

Moringa leaf extract, moringa leaf nanoparticle, moringa
root core extract, and moringa root outer extract have
demonstrated anti-cancer activity against liver hepatocyte
HepG2, colon HCT 116 and Caco-2, and breast MCF7 cancer
cell lines by decreasing cell proliferation and exhibiting
apoptosis-mediated cell death, but the root core extract
was capable of sparing the healthy BHK-21 cell line with
minimal cytotoxic activity. Moreover, in liver hepatocyte
HepG2, this paper paves a path toward examining the action
of Moringa extracts on the key signaling pathways that drive
cancer cell growth and contribute to the growing body of
research indicating their potential to be used as anti-cancer
agents.[

Roy et al.P® compared the cytotoxic potential and apoptotic
induction potential of the ethanolic extract of M. oleifera
root bark (EMORB) on two human leukemic cells, U937
and K562. The EMORB selectively kills leukemic cells,
particularly those of histiocytic lymphoma and erythroblastic
cells, by inducing cell death in them through the process
of apoptosis. The cytotoxicity induced by EMORB was
associated with exposure to phosphatidylserine, which
modulated the DNA fragmentation and caspase activation.
Thus, their findings provide a completely novel approach
to the cell death pathways induced by the root bark of
M. oleifera and have tremendous potential in the creation of
cancer treatment in the future.

INSECTICIDAL EFFECT OF
MORINGA ROOT

The ethanolic extracts of M. oleifera roots and stems
exhibited strong insecticidal activity as they induced dose-
dependent death in Tribolium castaneum (red flour beetle).
The efficacy of the M. oleifera root and stem extracts as
sustainable bioinsecticides is justified by their high level
of activity. Their multi-target mechanisms and better safety
profile underscore their potential to replace synthetic
pesticides as components of integrated pest control systems.
This study illustrates the untapped potential of M. oleifera
as a sustainable plant to use in integrated pest control. The
ethanolic extracts of M. oleifera roots and stems exhibited
strong insecticidal activity as they induced dose-dependent
death in 7. castaneum (red flour beetle). The efficacy
of the M. oleifera root and stem extracts as sustainable
bioinsecticides is justified by their high level of activity.
Their multi-target mechanisms and better safety profile
underscore their potential to replace synthetic pesticides
as components of integrated pest control systems. This
paper illustrates the untapped potential of M. oleifera
as a sustainable plant to use in integrated pest control.
Furthermore, this research provides a novel understanding
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Graph 1: Bioactive compounds in Moringa oleifera root
according to Satish et al.l*®

of how to extract phytochemicals with antioxidant and
insecticidal properties in the most effective way by
systematically assessing the various solvents and plant
parts.B*4

Plant-derived extracts had been investigated in consideration
of an environmentally friendly alternative to chemical
pesticides in termite control. The research found that
methanolic M. oleifera root extract possesses some
insecticidal activity since it was effective in the killing of
termites. In this study, the highest rate of termite mortality
was 56.67% at 14% concentration after 96 h of exposure
to the methanol extract of M. oleifera root.P”! According to
Alabi and Adewole,”® all the concentrations of the Moringa
root oil extract adversely affected the emergence of teneral
adults, which means that disruptive to the development
stages of C. maculatus (cowpea beetle). Moringa root oil
extract affects all concentrations of the extraction and leads
to increased mortality, reduced emergence of adults, and
seed damage in the contact test and fumigant test. Farmers
need to consider moringa root extracts to avoid C. maculatus
infection and to store cowpea seeds to be used in the next
planting season. M. oleifera root oil extract can be employed
in sustainable pest management to control insect pests that
infest stored products.

A comparison of 10% (w/v) moringa root extract and 75%
of the recommended concentrations of flupyradifurone
or afidopyropen revealed a synergistic effect and a much
greater mortality of Bemisia tabaci nymphs and adults
with the combined doses. Further, the tomato, eggplant,
and chilli crops treated with the moringa root extract were
identified to have elevated lysyl oxidase pathway volatile
organic compounds and elevated peroxidase, polyphenol
oxidase, and phenylalanine ammonia-lyase enzyme
activities after the B. tabaci feeding.’” Beyond the pest
management applications, the root and the seeds can be
ground and dried for use as a flavoring agent. In addition,
the root bark juice is also anti-tubercular and applied
to the tooth cavities as a toothache remedy and earache
remedy. 5"
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Figure 4: Therapeutic properties of Moringa root

CONCLUSION

The root of the M. oleifera is structurally specialized and
phytochemically enriched as the organ with a high potential in
medicinal and agricultural applications. It is drought-tolerant
and has metabolite accumulation due to its deep taproot
system and storage tissues. Diverse bioactive compounds
such as alkaloids, glucosinolates, isothiocyanates, flavonoids,
tannins, and phenolic acids found in the root contribute to the
anti-diabetic, antioxidant, antimicrobial, anti-inflammatory,
antipyretic, anticancer, and insecticidal effects of the root
are illustrated in Figure 4. Experimental studies indicate
its possible use in phytomedicine, functional foods, water
treatment, and pest management in a sustainable manner,
and it is an underexploited but valuable plant resource.
Nevertheless, it is necessary to have additional scientific
confirmation of its harness to achieve its full potential. The
structure-activity relationships need to be explained by
standardized methods of extraction, high-tech metabolomic
profiling, and systematic mechanistic investigations.
Complete toxicology studies and clinical trials are necessary
to guarantee safety and efficacy, especially because of strong
root-specific substances. Future interdisciplinary research
and field-based validation will be critical for translating
laboratory findings into practical, scalable applications in
health and agriculture.
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