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Abstract: One of the efforts to produce functional foods is using ingredients containing health-beneficial bioactive
compounds. Another way to produce functional foods is fermentation generating bioactive compounds or fortification
with the bioactive compound extract. An ingredient historically believed to have benefits on health is moringa (Moringa
oleifera) leaf powder. Moringa leaf powder is a valuable source of functional ingredients, including protein, vitamins,
minerals, and phytonutrients such as carotenoids, tocopherols, polyphenols, flavonoids, alkaloids, and tannins. How-
ever, moringa is a plant that is distributed in various tropical countries in the world. Its quality depends on geographical
differences, cultivars, environmental conditions, seasons, genotypes, and varieties. This article reviews the bioactive
compounds of moringa leaf powder and the characteristics of moringa leaf powder extract. The effect of moringa leaf
powder fortification on food product characteristics is also discussed. Moringa leaf powder possesses many pharma-
cological properties, such as anticancer, anti-inflammatory, hepatoprotective, cardioprotective, and antioxidant ones.
The bioactivity of leaf extract is extracting solvent dependent. Therefore, fortification results in nutritional improvement
and increasing health benefits of food products. However, the adverse effect is found in sensory. Thus properties, thus
the moringa leaf powder fortification level usually is less than 10%. Changes in the functional properties of foods due
to moringa leaf powder fortification have been studied to a limited extent. A low level of fortification might not affect
the properties of food products. Therefore, moringa leaf powder is potentially used as a functional food ingredient.
Some studies reported the toxicological effects of moringa leaf powder and the use of this ingredient, should be below
the harmful doses.
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Moringa oleifera is a miracle tree because of its nu-  in traditional medicine (Magaji et al. 2020). Moringa
merous uses and adaptability; it contains nutrients, is a tropical plant that is rich in bioactive compounds.
as well as secondary metabolites that have health ben- Moringa has pharmacological activities such as anti-
efits (Biswas et al. 2020; Zainab et al. 2020). In many  cancer, antidiabetic (Chigurupati et al. 2021), anti-in-
developing countries, moringa is used as an ingredient ~ flammatory (Cuellar-Nunez et al. 2021), and antioxidant
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(Mahmoud et al. 2022). The pharmacological properties
of moringa are adequately related to the presence of its
bioactive compounds (Ma et al. 2020). Moringa leaves
are effective as an antidiabetic (Chigurupati et al. 2021).
In vitro and in vivo studies confirmed various biological
activities such as antioxidant (Mahmoud et al. 2022),
anti-inflammatory (Cuellar-Nunez et al. 2021), anti-
diabetic (Mahmoud et al. 2022), anticancer (Kumar
et al. 2023), cardioprotective (Aju et al. 2020), hypo-
cholesterolemic (Chen et al. 2020), hepatoprotective
(Asgari-Kafrani et al. 2020; Fotio et al. 2020), antihyper-
tensive (Acuram 2019), and antibacterial (van den Berg
and Kuipers 2022).

M. oleifera leaves were also found to contain substan-
tial amounts of total phenol, protein, calcium, potas-
sium, magnesium, iron, manganese and copper (Owon
et al. 2021). M. oleifera leaves are also a good source
of phytonutrients such as carotenoids, tocopherols and
ascorbic acid (Mahato et al. 2021). These nutrients are
known to scavenge free radicals when combined with
a balanced diet and may have immunosuppressive ef-
fects. In addition to leaves, flowers and fruits, M. oleif-
era and significant amounts of carotenoids (Oyeyinka
and Oyeyinka 2018).

Moringa leaf metabolite profiles are determined
by genotype, cultivation method (Managa et al. 2021),
agroclimatic (Rébufa et al. 2021), geographic, variety,
environmental conditions, and season (Ma et al. 2020).
The moringa leaf metabolite profile is influenced
by cultivation method, harvest time and genotype
(Managa et al. 2021). Moringa trees have high genetic
diversity between genotypes (Ravi et al. 2022). There
are three types of moringa based on the stem's colour,
namely white, green, and red. Cholesterol reduction
of hypercholesterolaemic rats fed red and white mor-
inga leaf powder was different (Asrifah et al. 2017).

The food industry tends to develop high-fibre prod-
ucts to fulfil the demand for dietary fibre consumption,
one of which is a fortification with moringa leaf pow-
der. This powder is rich in fibre and has the potential
to decrease postprandial glucose and insulin respons-
es, maintain or reduce cholesterol and lipid levels,
improve gastrointestinal function, immunomodulato-
ry and antitumour effects, and prevent type 2 diabetes
and cardiovascular diseases (Ortiz et al. 2020).

Fortifying bread dough with M. oleifera leaf powder
has been reported to increase bread nutrition (Abu
et al. 2013; Ogunsina et al. 2014; Azeez et al. 2022).
Substitution of moringa leaf powder for flour in bread
is probable to produce healthy functional bread to pre-
vent hypercholesterolaemia. For example, the protein

and crude fibre content of wheat flour enriched with
5% moringa leaf powder was confirmed to increase
by about 54 and 56%, respectively (Abu et al. 2013).
Another study on bread enriched with moringa leaf
powder reported an increase in protein and crude fibre
content by around 17 and 88% (Azeez et al. 2022). This
fortification increases micro and macro nutrients (Bo-
larinwa et al. 2019).

This article aims to review the bioactive compounds
of moringa leaf powder, their extraction, moringa leaf
powder characteristics, and its potential as a function-
al food ingredient.

Moringa oleifera. M. oleifera, also known as a mira-
cle tree, is a tree belonging to the family Moringaceae
in the order Brassicales. The family Moringaceae has
13 species which are the most widely cultivated and
studied (Singh et al. 2020). M. oleifera is native to the
sub-Himalayan tract of Northern India, where it was
first described as a medicinal plant. Later, it was distrib-
uted to Africa and Ethiopia. Today, because the tree can
grow in a variety of conditions, it is also found in places
as far away as Latin America and the Pacific Islands,
among other countries (Avilés-Gaxiola et al. 2021).
In Africa, M. oleifera has also been used to combat
child malnutrition (Avilés-Gaxiola et al. 2021).

A moringa is a plant that proliferates, has a long life,
flowers throughout the year, and can endure extreme
heat conditions. This plant is native to tropical and
subtropical regions of South Asia. This plant is com-
monly used for food and medicine in several parts
of the world, mainly Asia and Africa. Most parts of the
moringa tree have been exploited and used for food,
including seeds, fruit, and leaves.

Some of the other benefits of the moringa plant in-
clude the bark of the moringa tree as a medicine for
colon inflammation and its leaves as an anti-anaemic
agent (White 2015). Moringa leaves and stems can
be used as a lowering agent for high blood pressure and
to treat diabetes (Hassan et al. 2021). In several devel-
oping countries, M. oleifera has been used to prevent
protein energy malnutrition, especially among children
at an initial age and pregnant females (Alain et al. 2016;
Mune et al. 2016).

The moringa tree is declared a miracle tree or tree
of life because it has beneficial effects on health, nutri-
tion, water sanitation, and the environment. Moringa
is characterised by diversity, is a valued tree in numerous
places in the tropics and is used in numerous tradition-
al medicines. Moringa is a versatile traditional medicinal
plant due to the content of various bioactive compounds
(Duranti et al. 2021). Moringa is a source of various nu-
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Table 1. Physical characteristics of Moringa oleifera leaves based on colour

Stem colour

Characteristics

white green red
Leaf shape imperfect fins imperfect fins imperfect fins
Size small oval small oval small oval
Stem colour white green red
Leaf blade colour green green red
Leaf base rounded rounded rounded
Leaf tip blunt blunt blunt

trients such as protein, vitamins, minerals, and phyto-
nutrients such as carotenoids, polyphenols, flavonoids,
alkaloids, and tannins. This plant is used in certain areas
experiencing nutritional problems as a nutritional sup-
plement for infants and children (Mahato et al. 2022).
The nutritional and bioactive content of moringa leaves
is influenced by agroclimatic conditions, plant age, and
harvest time (Rébufa et al. 2021). The moringa plant
genotype also affects the bioactive content of moringa
leaves (Managa et al. 2021). The physical characteristics
of moringa leaves are shown in Table 1. Figure 1 shows
the genotype of MO based on the colour of its stem.
Moringa oleifera leaf phytochemicals. Phytochem-
icals are secondary metabolites present in plants, which
accumulate in high concentrations but play a small
role in plant growth and development. Humans have
used phytochemicals as medicine to cure and protect
against various diseases. About 80% of the population
in developing countries use phytochemicals as tradi-
tional medicines for health. Based on their chemical
structure, vegetable phytochemicals are divided into

five classes, namely polyphenols, carotenoids, alka-
loids, terpenoids, and compounds containing sulphur
(Ma et al. 2020). The majority of these phytochemi-
cals are also present in the moringa tree. The diverse
biological activities and disease prevention potential
of moringa are largely believed to be due to the pres-
ence of these phytochemicals (Ma et al. 2020).
Moringa is rich in polyphenols, including flavonoids,
tannins and phenolic acids (Owon et al. 2021). Of the
various parts of the moringa plant, the leaves contain
the highest number of polyphenols. Moringa phenol
content is strongly influenced by geography and envi-
ronmental conditions of growth. Quercetin and kaemp-
ferol glycosides (glucoside, rutinoside and malonyl
glucoside) are the most common flavonoids in various
parts of the moringa tree except the roots and seeds.
Other flavonols are e.g. myricetin, rutin, and epicat-
echin. Geographical variations in the concentration
of flavonoids have also been observed among the differ-
ent varieties. Phenolic acids are present in various parts
of moringa including gallic acid, caffeic acid, chlorogen-

Figure 1. Moringa leaves with different stem colour: (A) red, (B) green, (C) white
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ic acid, coumaric acid and ellagic acid. Moringa leaves
also contain a significant number of tannins which are
complex polyphenols that can bind to proteins. Tan-
nin concentrations vary in different parts of the mor-
inga tree, with the highest concentrations in the leaves
(Ma et al. 2020).

By using UPLC-Q-TOF-MS (ultra-high performance
liquid chromatography with quadrupole time-of-flight
mass spectrometry), phenolicacid derivatives wereiden-
tified, which included glucomoringin, 3-caffeoyl quinic
acid, 3-p-coumaroylquinic acid, 4-caffeoyl quinic acid,
acetyl 4-(a-L-rhamnopyranosyloxy) benzyl glucosino-
late, apigenin C-diglycoside, 4-p-coumaroylquinic acid,
4-feruloylquinicacid, quercetin-3-O-rutinoside, apigen-
in-C-hexose, quercetin-7-hexose, quercetin-3-hexose,
quercetin-3-acetyl-hexose, kaempferol-3-O-rutinoside,
luteolin-7-O-glucoside, kaempferol-3-hexose, cyanidin
hexose isorhamnetin-hexose, kaempferol acetyl hex-

ose (Teclegeorgish et al. 2021), rutin, kaempferol acetyl
glycoside, quercetin-3-glucoside, quercetin-3-acetyl-
glucoside and kaempferol 3-glucoside were identified
by LC-ESI-MS (liquid chromatography electrospray
ionization tandem mass spectrometry) as reported
by Hamed et al. (2019). The results of the identifica-
tion of phytochemical compounds from the ethanol
extract of moringa leaves with GC MS (gas chroma-
tography—mass spectrometry) showed the presence
of 9, 12, 15-octadecatrienoic acid (39.66%), hexadec-
enoic acid (16.71%), palmitic acid, ethyl ester (14.70%),
and phytol (9.81%) as the largest component (Adeyemi
et al. 2021). Their phenolic compounds in M. oleifera
leaves and their health benefits are shown in Table 2.
Moringa oleifera leaf extract. Hassan et al. (2021)
described that phenolic compounds from moringa
leaves could be extracted using a combination of wa-
ter and organic solvents (methanol, ethanol, ethyl

Table 2. Phenolic compounds in Moringa oleifera leaves and their health benefits

Constituents Postulated function Model used Disease protection Reference
increases antioxidant enzymes and
inhibit the expression of inflammato ) . . Omodanisi
b XPresst i "Y' Wistarrats  diabetes/ nephrotoxic ot
mediators of tumour necrosis factor- etal. 2017
alpha (TNF-«) and interleukin-6 (IL-6)
increases antioxidant enzymes and El-Hadary and
Polyphenol L t liver disord
Olyphenots decreases nitric oxide levels ras fver disorders Ramadan 2019
decreases oxidative stress damage and ) . . Kirisattayakul
o Wistar rats cerebral ischemia
brain infarct volume etal. 2013
represses pancreatic a-amylase, L . . Adisakwattana and
. in vitro diabetes disease
a-glucosidase, and cholesterol esterase Chanathong 2011
Polyphenols:
catechin, epicat- increases antioxidant enzymes, sup-
echin, ferulic acid,  presses ROS (reactive oxygen species) rats kidney protection =~ Mansour et al. 2014

ellagic acid,
and myricetin

formation and scavenges free radicals

Polyphenols:
gallic acid, caffeic
acid, and quercetin

scavenges free radicals, promotes
antioxidant activity and reduces the
expression of liver disease markers

Wistar rats

non-alcoholic fatty liver

disease

Asgari-Kafrani
et al. 2020

Phenolic acid:

reduces the expression of differentia-
tion-68 and sterol regulatory element

guinea pigs

non-alcoholic fatty liver Vergara-Jimenez

chlorogenic acid binding protein-1c disease etal. 2017
prevents the increased level of inter-
leukin 17 (IL-17) via the NFkB (nuclear
factor kappa-light-chain-enhancer) .
. . . . Batmomolin
Flavonoids pathway, supports a decrease of the Wistar rats antihypertensive ot al. 2020

level of soluble vascular endothelial
growth factor receptor 1 (sFlt-1),
and angiogenesis
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Table 2. To be continued

Constituents Postulated function Model used Disease protection Reference
scavenges free radicals o
inhibits the GABAergic system rats Alzheimer's disease ~ Ganguly et al. 2010
o . . . . Ingale and
inhibits the GABAergic system mice epilepsy and anxiety Gandhi 2016
influences noradrenergic-serotonergic
. Aggarwal
agents through the mice depressant
. et al. 2020
neurotransmission pathway
decreases oxidative stress
and improves cholinergic function . Sutalangka
. : rats dementia
Flavonoids by suppressing acetylcholinesterase et al. 2013
(AChE) activity
alter the brain's monoamine level . . Ganguly and
Al '
and electrical activity rats zheimer’s disease Guha 2008
suppress the activity of the crucial
enzymes associated with hypertension,
including angiotensin-1 rats antihvpertensive Adefegha
converting enzyme (ACE), acetylcho- P etal. 2019
linesterase (AChE), arginase,
and phosphodiesterase-5 (PDE5)
Flavono‘lds: stimulates endogenous ant10x1c%ant Wistar rats cerebellar disorders Omotoso
quercetin enzymes and scavenges free radicals etal. 2018
prevents fat accumulation and
increases lipolysis by stimulating the ., .
. . in vitro and . . .
AMPK (5' adenosine monophosphate- mice antiobesity Xie et al. 2018
activated protein kinase)
Quercetin signalling pathway
modulates the expression of gene - Abd Eldaim
glycogen synthase and stimulates rats antidiabetes
. . etal. 2017
insulin release
Flavonoids: reduces the blood glucose level
. N by inhibiting a-amylase Wistar rats antidiabetes Jimoh 2018
isoquercetin . P
and a-glucosidase activities
regulates activities of major enzymes
causing obesity, including HMG-CoA
(3-hydroxy-3-methylglutaryl coen-
zyme A), FAS (fatty acid synthase), . .
Kaempferol and increasing the mRNA expression rats antiobesity Ezzat et al. 2020
of PPARa, MCA4R,
enhancing fatty acid p-oxidation
and reducing fat accumulation
decreases pro-inflammatory cytokines
such as TNF-a, IL-1p, and IL-6,
Flavonoids: and increases anti-inflammatory .
o . . . Karthivashan
kaempferol, (IL-10) and antioxidant enzymes, mice kidney protection etal. 2016

apigenin quercetin

such as SOD (superoxide dismutase),
CAT (catalase), and GSH-Px
(glutathione sulfhydril peroxidase)
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acetate, and acetone). Their profile of the bioactive
compounds of moringa leaf extract is shown in Table 3.

The health benefits of moringa leaves have been
widely studied and have an extended history as tradi-
tional medicine in many countries (Biswas et al. 2020).
Moringa has a wide range of pharmacological activi-
ties, antimicrobial, hypotensive, hypoglycaemic, im-
munomodulatory and anti-inflammatory. Moringa
leaves have the potential as a source of natural anti-
oxidants such as flavonoids, quercetin, B-sitosterol
and zeatin. Moringa roots and leaves have antispas-
modic activity. Hot water infusion of leaves, seeds,
flowers, roots, and bark exhibits anti-inflammatory
activity. Various parts of the tree, such as leaves, roots,
seeds, pods, fruits, and flowers are used to treat com-
mon illnesses such as skin infections, anaemia, asth-

ma, coughs, diarrhoea, swelling, headaches, hysteria,
cholera, respiratory disorders, scurvy, diabetes, sick-
ness, throat and chest tightness (Padayachee and Bai-
jnath 2020). The moringa tree trunk methanol extract
showed the ability to repair glycerol-induced rat kid-
ney damage (Apedapo et al. 2020). The ethanol extract
of moringa leaves shows the ability to inhibit neuro-
toxins from venom so that it acts as an antivenom and
prevents bleeding (Adeyemi et al. 2021). Moringa leaf
bioactive compounds improve physical and metabolic
functioning related to muscles, they act as antitumor
and cytotoxic (Garcia-Beltrdn et al. 2020), antiasthma,
anticancer, anti-inflammatory, hepatoprotective, and
cardioprotective agents (Hassan et al. 2021). The bioac-
tive compounds of moringa leaves, and their potential
as antioxidants, anticancer, antiasthma, antidiabetic,

Table 3. Bioactive compounds in Moringa oleifera leaf extract

Extract Bioactive compounds Reference
alkaloids, t.erpenoid.s, saponins, plobaFin, and cardiac glycosides, but Akpor et al. 2021
Infusion no flavonoids, steroids, and anthraquinones were detected
phytosterol, steroids, and flavonoids Barodia et al. 2022
Ethanol 14 typgs of phenolic compounds were identified in ethanol extract Chigurupati et al. 2021
of moringa leaves
phenolic compounds decrease atherogenic index, cholesterol,
LDL (1 ity li in), trigl ide, VLDL 1 .
‘( ow den51t¥ ipoprotein), trig ycerlde‘ and (‘very ow Jain and Patel 2010
Methanol density lipoprotein) blood serum levels and increase LDL in hyper-
lipidaemic rats
polyphenol compounds and flavonoids Duranti et al. 2021
gallic tannins, catechol tannins, saponins, alkaloids and anthraqui-
Ether nones were detected in low concentrations, steroids and triterpenoids Kasolo et al. 2010
were detected in high concentrations, coumarins were not detected
i) gallic tannins and saponins were detected in low concentrations
Ethanol ii) steroifls, triterpenoids, flavc.)noids and anthraquinones were Kasolo et al. 2010
detected in moderate concentrations
iii) catechol, coumarin and alkaloid were not detected
i) gallic tannins, catechol tannins, steroids and triterpenoids, fla-
vonoids, saponins and alkaloids were detected in moderate con-
Water centrations Kasolo et al. 2010

ii) anthraquinone was detected in high concentration, coumarin was
not detected

Ethanol and water

i) contains phenolic compounds, flavonoids, saponins, condensed
tannins, and cyanogenic glycosides

ii) phenol from moringa leaves can be extracted using a combina-
tion of water and organic solvents (methanol, ethanol, ethyl acetate,
and acetone)

the same phenolic and flavonoid compounds but different concen-
trations

Garcia-Beltran et al. 2020

Kerdsomboon et al. 2021
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anti-inflammatory, hepatoprotective, and cardiopro-
tective agents are shown in Table 4.

Moringa oleifera leaf powder as a food ingredi-
ent. M. oleifera has great potential to use in biscuits,
cakes, brownies, meats, juices and sandwiches. These
uses are interesting, as the product's nutritional value
and health function increase. Still, the concentration
should not be high because of the harmful effect on the
organoleptic properties (Milla et al. 2021). Cattan
et al. (2022) described that moringa leaf powder has
a protein content of 27.4%, oil of 5.6%, and dietary fi-
bre of 23.7% so moringa leaf powder has the potential
to be used as a food ingredient. Moringa leaf protein
extract has good emulsification and solubility ability.
Giuberti et al. (2021) reviewed various studies show-
ing that moringa leaves have the potential to be add-
ed to numerous products and cause improvements
in protein, lipid/fat, minerals, fibre, and antioxidant
activity. The effect of adding moringa leaf powder
on the anticholesterol activity of the bread has been
reported (Aly et al. 2022). Food products that are said
to have been fortified are biscuits that can prevent
anaemia in pregnant women with an indicator of an in-
crease in haemoglobin due to iron and zinc intake with
biscuits containing moringa leaf powder (Paramo-Cal-
derén et al. 2019; Manggul et al. 2021), tortillas, so it
has a higher antioxidant activity (Paramo-Calderén
etal. 2019). Adding moringa flour to tortillas increases
the total phenolic content, oleic acid, palmitic acid,

https://doi.org/10.17221/221/2022-CJES

protein, lipids significantly, and snacks with better nu-
tritional quality are produced (Zungu et al. 2020).

The study by Bolarinwa et al. (2019) showed that
bread fortification with moringa leaf powder in-
creased protein (8.55-13.46%), ash (0.63-1.76%), fat
(7.31-15.75%) and fibre (0.08—0.62%) with a decrease
in water and carbohydrate content of 22.90-20.01%
and mineral content (P, K, Ca, Fe) increased through
46.73-57.68% compared to the bread without Morin-
ga leaf powder fortification. Sensory analysis revealed
that adding 5% moringa leaf powder did not show
any differences from the unfortified bread. Moringa
is a fortificant for amala, ogi, bread, biscuits, yoghurt,
cheese, and soups (Oyeyinka and Oyeyinka 2018).
The fortification of bread with moringa dried leaves
increased protein, ash, fat, and fibre but moisture con-
tent decreased (Aly et al. 2022). Bread fortification
with moringa leaf powder showed the same physical
properties of volume and skin colour as the control
at a 5% fortification level. Colour is an important sen-
sory attribute. The moringa leaf protein concentrate
is a potential ingredient for bakery products and is one
of the ways to remove the adverse effect of chloro-
phyll on fortified foods. Lower sensory properties due
to moringa leaf powder fortification are related to dif-
ferent breadcrumbs and crust colour and lower volume
than unfortified bread (Oyeyinka and Oyeyinka 2018).
The fortified bread revealed improvement in the blood
lipid profile and, as well as liver and kidney functions.

Table 4. Moringa oleifera leaf bioactive compounds and their potential

Bioactive compounds

Application

Reference

Moringa leaf phenolic
compounds

potential as an antioxidant and antidiabetic agent

Chigurupati et al. 2021

Phenolic compounds

antiasthma, anticancer, anti-inflammatory,
hepatoprotective and cardioprotective effects

Hassan et al. 2021

Moringa leaf phenolic
compounds

moringa leaf bioactive compounds improve physical
and metabolic performance related to muscle, antitumor
and cytotoxic effects

Garcia-Beltran et al. 2020

Moringa leaf ethanol
extract

the ability to inhibit neurotoxin from venom
so that it acts as an antivenom, besides also playing a role

Adeyemi et al. 2021

in preventing bleeding

protects mice from hepatotoxicity because it acts as an anti-

Fotio et al. 2020

oxidant and anti-inflammatory agent to treat liver disease

potential as an immunostimulant, cytotoxic, antitumor,
antibacterial and antioxidant effects

Moringa leaf water extract

potential to repair damaged brain tissue

antioxidant and anti-inflammatory potential

Garcia-Beltran et al. 2020

Garcia-Beltran et al. 2020

Fotio et al. 2020

to treat liver disease
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The use of moringa leaf powder in bakery products and
its effect on product quality are shown in Table 5.
Oyeyinka and Oyeyinka (2018) studied the sweet po-
tato flour-based amala fortification with moringa leaf
powder at numerous concentrations of 2.5, 5, 7.5, and
10%. The addition of 10% moringa leaf powder was
found to increase the protein content by about 48%.
Similarly, fortified amala's calcium, magnesium, potas-
sium, sodium, and iron content increased after fortifica-
tion. However, the sensory perception of amala colour
enriched with 10% moringa leaf powder decreased.
Moringa leaves are high in fibre and low in fat.
It is very important to use in the formulation of low-
calorie food products. The combination of moringa leaf
powder will increase the nutritional value and the con-
tribution of macro and micronutrients, including pro-
tein, fibre, vitamins, and minerals (Milla et al. 2021).
In addition, besides having nutritional purposes, forti-
fication with moringa leaf powder also provides other
benefits such as increased digestibility, dough stability,
antioxidant capacity, and preservation (Oyeyinka and
Oyeyinka 2018). Therefore, it can be said that morin-

Table 5. Moringa leaf powder effects on bakery products

ga leaf powder can be used as a functional ingredient
in bakery products.

The safety profile of Moringa oleifera leaf extract
and powder. Toxicity studies on M. oleifera are scarce
(Asare et al. 2012). The international regulation of hu-
man health-related products requires that the toxicity
of nutraceutical products should be tested to ensure
their safety. The key to ensuring safety is toxicity testing
onboth invitroandinvivomodels (Robinsonetal.2008).
Asare et al. (2012) evaluated the possible acute toxic-
ity of an aqueous extract of moringa leaf powder. That
study showed that levels > 20 mg-mL™" of M. oleifera
aqueous extract were cytotoxic. The LD50 (LD — lethal
dose) of M. oleifera water extract was previously de-
termined to be > 3 000 mg-kg™' b.wt. (body weight).
The study of Monera et al. (2008) indicated that the
lower concentration (6 mg-mL™") of aqueous leaf ex-
tract was cytotoxic to HepG2 (human hepatocellular
carcinoma cells). Another study by Pavathy and Um-
amaheshwari (2007) showed much lower cytotoxic-
ity at a concentration of 0.6 mg-mL™" of aqueous leaf
extract. The differences in toxicity levels might be af-

Food products  Fortification level (%) Result Reference
wheat flour bread fortified with moringa leaf powder
. . L Olson and
2.5,5,7.5 showed an increase in nutritional values
. . Fahey 2011
(protein, fibre, and minerals)
10. 20. 30. 50 bread with 10% and cake with 20% of moringa leaf Timilsena
Cookies S powder had higher protein, iron and calcium etal. 2017
5,10 the best formula was fortification with moringa leaf Martin et al. 2013
powder level of 10%
0, 10, 20, 30, 50 the best formula was fortification with moringa leaf Nwakalor 2014
powder level of 10%
Brownies (cake) 0,5, 10 improved physwochem‘lc.al characteristics and increased ash ~ Castro-Lopez
content, and lowered lipid content compared to the control etal. 2017
Fortification of bread increased the nutrition of protein,
Bread 5,10, 15, 20 ash and r.n.merals but the c?rbohy(jlrate co.ntenF decreased. Shah et al. 2015
Acceptability decreased by increasing fortification. The best
acceptability was 5% and 10% fortification level.
fortification with 1% and 2% resulted in higher carotene,
. vitamin C and calcium compared to the control; Manaois and
Rice crackers 1,2,5 . .
the sensory score was comparable with the power Hashmi 2013
even at the end of the storage test
nutritional composition of protein, ash, fibre, minerals,
Bread 12,345 and carotene was enhanced; acceptability decreased Abu et al. 2013

when the fortification level increased; fortification affected
bread's physical and sensory attributes
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fected by the method of extraction and purification,
toxicity assays, types of cells used, and different char-
acteristics of the leaves due to the geographical loca-
tions and soil constituents (Asare et al. 2012). The most
important finding of the study of Asare et al. (2012) was
that M. oleifera leaves were genotoxic at a high dose
(3 000 mg-kg™* b.wt.), and the intake is safe at levels
of <1000 mg-kg™! b.wt.

Sagrera et al. (2021) presented a case of a rarely de-
scribed adverse action of moringa that was cutaneous
toxicity in a patient who consumed moringa powder.
A biopsy showed necrotic keratinocytes with inflam-
matory infiltrate. The harmful effect of moringa pow-
der might be caused by its components, interaction
with drugs, or contaminants. The exact mechanism
of this cutaneous toxicity was still unknown because
most studies reveal anti-inflammatory properties.

The acute toxicity assay study of de Barros
et al. (2022) used mice and oral administration
in a single dose in 2 000 and 5 000 mgkg™ of infu-
sion or powder, and for 28 days, the assay with oral ad-
ministration of infusion or powder at the doses of 250,
500 and 1 000 mg-kg™*. That study showed that altera-
tions in behaviour were observed in the first 2 h after
5000 mg-kg™! dose administration in both treatments.
No toxicity was observed in the infusion treatment
during 28-day administration. However, 500 and
1 000 mg-kg™! powder dose promoted kidney and liver
damage. At a dose of 2 000 mg-kg™", no genotoxicity
and mutagenicity were observed (de Barros et al. 2022).
Previously, the study of Awodele et al. (2012) showed
that the aqueous moringa leaf extract had the estima-
tion of LD50 to be 1 585 mg-kg™'. The extract did not
exhibit a significant difference from the control in bio-
chemical and haematological parameters, and sperm
quality as well.

So far, there have been no studies that reported
the mutagenicity and carcinogenicity of moringa leaf
powder since this ingredient is claimed scientifically
as anticancer in many studies (Chigurupati et al. 2021;
Hassan et al. 2021; Kumar et al. 2023). The beneficial
effect of moringa leaf powder and its use as an ingredi-
ent for functional foods should consider the toxicologi-
cal effects, and the uses should be below the reported
harmful doses.

CONCLUSION

Moringa leaf powder is a valuable source of func-
tional ingredients for the food industry and contains
a large amount of protein, vitamins, minerals, and
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phytonutrients that are efficacious for health. The nu-
tritional and bioactive content of moringa leaves
is influenced by agro-climate, plant age, harvest time
and genotype. Moringa leaf powder contributes sig-
nificantly to the intake of some essential nutrients and
health-promoting human phytochemicals. It possesses
many pharmacological properties such as anticancer,
anti-inflammatory, hepatoprotective, cardioprotective
and antioxidant ones. The use of moringa leaf powder
as a functional food ingredient is widely popular and
enhances the improvements in nutritional quality as-
pects, its health-promoting phytochemicals in humans
could be used as a useful additive in food products.
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