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Comparative investigation of antioxidant content
and activity of different parts of Moringa peregrina
extracted by different solvent systems

DALAL A. ALKHUDHAYRI - MAGDI A. OSMAN - GHEDEIR M. ALSHAMMARI -
ABEER A. ALJEHANI - FATIMA A. ALGHAMDI - NORA A. ALFARIS

Summary

A comparative study evaluated the total polyphenol content (7PC), total flavonoid content (7FC), and antioxidant
activity of Moringa peregrina (MP) seeds, bark, and leaves extracted using different solvents. Antioxidant activity was
assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
and ferric reducing antioxidant power (FRAP) assays. Significant variations were observed among plant parts and
solvent systems. Leaves consistently showed the highest TPC and TFC, followed by bark and seeds. Absolute ethanol
extracts yielded high 7PC and TFC in leaves and bark, while aqueous methanol produced high 7PC in bark. The
strongest DPPH scavenging activity was found in leaves (91.6 %), followed by bark (90.7 %) and seeds (19.3 %).
Ethanol extracts also showed the highest ABTS and FRAP antioxidant activity values, particularly in leaves and bark.
Antioxidant activity was strongly correlated with phenolic and flavonoid contents regardless of the solvent used.
Overall, MP leaves and bark demonstrated superior antioxidant potential, suggesting their possible therapeutic value
in disease prevention and management.

Keywords
Moringa peregrina; polyphenols; ethanol; antioxidant activity

Moringa is a member of the Moringaceae
family, which includes 10 to 13 species, includ-
ing peregrina [1], which is widely grown in tropi-
cal locations across Africa and Asia, including
Saudi Arabia [2]. In addition to their nutritional
value, these plants are used in traditional medi-
cine [3]. Moringa has also been found to contain
extremely low quantities of anti-nutritional com-
pounds such as oxalate, phytate, tannins, and
oligosaccharides [4]. Moreover, it contains many
physiologically active phytochemical compounds,
and due to safety concerns, many of these plant
secondary metabolites are valuable sources of

natural antioxidants that outperform synthetic
ones [5]. These beneficial secondary metabolites
have been shown to scavenge free radicals via
various biological pathways, thereby reducing the
risk and progression of cancer, cardiovascular
disease, and neurological illnesses [6].

In addition, Moringa peregrina (MP) has been
shown to possess several pharmaceutical proper-
ties, including hypolipidaemic, hypoglycaemic,
anti-inflammatory, analgesic, and antioxidant
activities [7], as well as anticancer, antioxidant,
anti-inflammatory, and antiarthritic activities [8].
AL-KHALASI et al. [1] used qualitative analysis
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to identify phytochemicals in MP extracts, and
agar diffusion to evaluate the antifungal activity
of methanol and water extracts of leaves, seeds,
and roots. They found that the extracts tested
showed varying antifungal activity against Can-
dida kruzei, with the leaf extract being the most
effective and exhibiting the lowest inhibitory
concentration (MIC). A study discovered that
MP leaf ethanolic extract possesses anti-obesity,
hyperlipidaemic, and hepatoprotective activi-
ties in rats fed a high-fat diet [9]. According to
ALQETHAMI and ALDHEBIANI [10], MP is widely
grown in Saudi Arabia because it is used as a tra-
ditional medicine, and most MP research has
been limited in scope, focusing on specific parts
of the plant rather than the whole plant. Further-
more, they determined that location and climate
have a major impact on the content of primary
and secondary metabolites in plants; therefore,
MP plants grown in Saudi Arabia should exhibit
biological activities that differ from those grown
in other regions.

It has been reported that the use of various
polar solvents in extraction had a significant im-
pact on the total polyphenol content (7PC),
total antioxidant capacity (ZAC), and antioxidant
activity of the obtained extracts from plants, as
well as the plant’s richness in secondary metabo-
lites and phenolic contents [11]. Furthermore, they
demonstrated that the plant’s aqueous extracts had
the highest concentrations of phenolic compounds
and the most significant antioxidant activity in the
2,2-diphenyl-1-picrylhydrazyl (DPPH) and TAC
assays. The most effective solvents for extracting
polyphenols from a plant matrix include aqueous
solutions, including ethanol, methanol, acetone,
and ethyl acetate. Polar solvents are often em-
ployed in this application [12]. Aqueous methanol
is more effective at extracting phenolic com-
pounds from flaxseed [12]. MP has the potential
to become a substantial source of phytochemicals
in impoverished countries where starvation and
famine are serious problems. Thus, a comparative
investigation of the total phenolics, total flavo-
noids, and antioxidant activity of MP seed, bark,
and leaves extracted with various solvent systems
was conducted.

MATERIALS AND METHODS

Plant sample collection, authentication,
and preparation

The whole MP plant, including leaves, seeds,
and bark, was taken from a local farm in Riyadh,
Saudi Arabia. A voucher specimen (No. 15642)

has been deposited in the Herbarium of the Phar-
macognosy Department (College of Pharmacy,
King Saud University, Riyadh, Saudi Arabia).
The samples were cleaned, washed, and sun-dried.

Preparation of solvent extracts

MP leaf, bark, and seed extracts for phyto-
chemical analysis and antioxidant activity deter-
mination were prepared by mixing 5.0 g of sample
with 25 ml of each absolute ethanol (100%),
aqueous ethanol (80%, 60%, 40%, and 20%),
absolute methanol (100%), and aqueous metha-
nol (50%). We selected 50% aqueous metha-
nol because it is widely reported as an effective
standard solvent for extracting a broad range of
phenolic compounds. In contrast, multiple ethanol
concentrations (80%, 60%, 40%, and 20%) were
used to assess how different solvent polarities in-
fluence extraction efficiency. The mixtures were
left on the shaker for 24 h. After that, the result-
ing mixture was centrifuged at 3.14 x 103 rad-s-!
for 15 min (Rotouni II, K. Schneider, Zurich,
Switzerland). The supernatants were filtered using
Whatman No. 41 filter paper (Whatman, Maid-
stone, United Kingdom). The supernatants were
adjusted to 25 ml using the appropriate solvents
and stored at —20 °C for subsequent analysis.

Phytochemical analysis
Total polyphenol content

The total polyphenol content (7PC) of MP
extracts was measured using the Folin-Ciocalteu
technique [13]. A test tube was filled with 2.5 ml
of distilled water and 0.1 ml of sample extracts,
followed by 0.1 ml of undiluted commercially
available Folin—Ciocalteu reagent (Sigma-Aldrich,
St. Louis, Missouri, USA). The mixture was then
left to react for 6 min. Then, 0.5 ml 20% Na>CO3
was added. The absorbance at 760 nm was
measured after 30 min at room temperature
(22+2 °C) using a PD-303 UV spectrophoto-
meter (Apel, Saitama, Japan). A blank sample was
prepared with 0.1 ml of each solvent used (water,
Folin—Ciocalteu reagent, and NaxCO3, except
for the extract. The polyphenol amount was de-
termined using the gallic acid calibration curve

(Eq. 1).
y = 0.0078x + 0.1861 (R? = 0.9926) (1)

The results were measured using the formula
(Eq. 2).

%4
TPC =Cx— 2
= ©)

where TPC is expressed as grams of gallic acid
equivalents (GAE) per kilogram of dry extract,
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C is the concentration of gallic acid established
from the calibration curve (in grams per litre),
V7 is the volume of extract (in litres), and m is the
weight of the plant extract (in kilograms).

Total flavonoid content

The total flavonoid content (7FC) of MP
extracts was measured using the aluminium chlo-
ride colourimetric technique, as described by
BaBA and MALIK [14]. In brief, 50 wl of crude
extract or standard solution was mixed with 4 ml of
distilled water and 0.3 ml of 5% NaNO; solution.
Five minutes later, 0.3 ml of 10% AICI3-6H20 so-
lution was added, and the mixture was allowed
to stand for 6 min. Thereafter, 2 ml of 1 mol:l-1
NaOH solution was added, and the mixture was
diluted to 10 ml with distilled water. The mixtures
were mixed and allowed to stand for 15 min before
absorbance was measured at 510 nm using a spec-
trophotometer PD-303 UV (Apel). The TFC was
determined from a catechin calibration curve, and
the results were expressed as grams of catechin
equivalent (CE) per kilogram of dry weight. The
equation for the catechin calibration curve was

(Eq. 3).
y = 0.0067x + 0.012 (R? ~ 0.99) (3)

Antioxidant activity
DPPH assay

The 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical-scavenging activity of MP extracts was
evaluated as described by AKILLIOGLU and KARA-
KAYA [15]. Incubate 50 ml of extracts with a 950 ul
solution of 0.08 mmoll"! DPPH (Sigma-Aldrich)
in methanol for 5 min. The absorbance of the
reaction mixture was measured at 515 nm exactly
5 min later using a spectrophotometer PD-303 UV
(Apel). Ethanol was used to calibrate the spectro-
photometer. The absorbance of the DPPH radical
in the absence of samples served as the control.
All determinations were made in triplicate. The
DPPH antioxidant activity (44ApppH) Was repre-
sented as the percentage of inhibition calculated
using (Eq. 3) and expressed as (Eq. 4):

A
AApppy = 100 — (—S X 100) 4)
Ap
where A; is the absorbance of the sample and A4 is
the absorbance of the blank.

ABTS assay

The  2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) activity estimation was done
as described by GOUVEIA and CASTILHO [16].
Aqueous reagents of 7 mmol-l'l ABTS (Sigma-
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Aldrich) and 2.4 mmol 'l potassium persulfate
were reacted for 12-16 h at 24 °C in the dark to
generate the ABTS radical cation (ABTS®*)
reagent. The reagent was diluted in ethanol
(1:89 v/v) and allowed to equilibrate at 30 °C, re-
sulting in an absorbance of 0.700 = 0.02 at 734 nm,
as measured spectrophotometrically (Model 4050,
Biochrom, Cambridge, United Kingdom). After
mixing 10 wl of the test sample in ethanol with
1 ml of diluted ABTS solution, the absorbance
was measured exactly 30 min later at 30 °C. The
percentage inhibition of the blank absorbance
at 734 nm was calculated. The results of antioxi-
dant activity (A4AaBTs) were expressed as grams of
Trolox equivalent (TE) per kilogram of dry weight,
based on the Trolox calibration curve (Eq. 5).

y = 0.8286x + 0.2101 (R? = 0.996) (5)

FRAP assay

The ferric reducing antioxidant power (FRAP)
assay was performed according to the method
described by BENZIE and STRAIN [17]. In a 10 ml
test tube, 0.5 ml of the methanolic extract (diluted
tenfold) was mixed with 2.0 ml of the freshly pre-
pared FRAP working solution, and the mixture
was made up to 10 ml with distilled water. The
reaction mixture was incubated in the dark for
20 min. The absorbance was measured at 593 nm
using a spectrophotometer PD-303UV (Apel)
against a reagent blank. The results of antioxi-
dant activity (44rrap) were expressed as grams
of Trolox equivalents (TE) per kilogram of dry
weight, based on the Trolox calibration curve

(Eq. 5).

Gas chromatography-mass spectrometry

The gas chromatography-mass spectrometry
(GC-MS) analysis of the ethanolic extracts of MP
parts was performed using an Agilent 7890B GC
system coupled with a mass selective detector
5977B MSD (Agilent Technologies, Santa Clara,
California, USA). The instrument was equipped
with an Innowax FSC capillary column (60 m x
0.25 mm, 0.25 um film thickness; Agilent Techno-
logies), and helium was used as the carrier gas
at a constant flow rate of 0.8 ml'min-l. A 0.1 ul
aliquot of the sample was injected at a split ratio
of 40:1. The GC oven temperature was pro-
grammed as follows: held at 60 °C for 10 min, in-
creased to 220 °C at 4 °C-min-l, held for 10 min,
and then raised to 240 °C at 1 °C'min-l. The
injector and transfer line temperatures were main-
tained at 250 °C and 280 °C, respectively. Mass
spectrometric detection was carried out at 70 eV
over a mass range of m/z 35-450. Individual phy-
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tochemical compounds in MP were identified by
comparing their mass spectra with those in the
Adams library [18] and by matching their reten-
tion times and retention indices (RI) with those
of authentic reference standards and n-alkanes
(Cs—C30) under identical analytical conditions [19].

Statistical analysis

Throughout the investigation, three samples
were prepared, and each sample was measured
three times. The triplicate samples and
measurement data were statistically evaluated
using one-way ANOVA (SAS software version
9.4, SAS Institute, Cary, North Carolina, USA).
Duncan’s multiple-range test (DMRT) was used to
compare means, with significance set at p < 0.05.
The association between TPC, TFC, and antioxi-
dant activity was analysed using Pearson correla-
tion at P <0.01, and P < 0.05.

RESULTS AND DISCUSSION

Extraction of phenolics and flavonoids
Tab. 1 shows the TPC (expressed as GAE) and
TFC (expressed as CE) of MP sections extracted

with various solvent systems. Absolute ethanol
yielded significantly (p < 0.05) the maximum
TPC (403.02 g'kgl) from the leaves, followed
by 50% aqueous ethanol (393.69 g'kg!l) and
aqueous methanol (352.57 g'kgl). Additionally,
both aqueous methanol (205.45 gkg1) and pure
ethanol (200.51 gkg1) yielded significantly high
(p < 0.05) TPC from the bark. In comparison to
other solvents, absolute methanol (23.77 gkg!)
yielded the maximum 7PC from seeds (p < 0.05),
followed by water extract (11.94 g'kgl). Leaf
extracts had significantly higher TPC levels
(p < 0.05) than the other parts across all solvents
compared to the bark and seeds.

According to Tab. 1, both absolute ethanol
(13.17 g'kg'!) and aqueous methanol (13.48 g'kg1)
extracted significant amounts of TFC from the
leaves (p < 0.05). Furthermore, pure ethanol
(5.92 g'kg'l) and aqueous methanol (5.16 g'kg!)
extracted significantly more TFC from the bark
(p £0.05). The seeds’ TFC increased significantly
(p < 0.05) after extraction with absolute etha-
nol (495 gkg!) and 40% aqueous methanol
(4.58 g'kg1). Leaf extracts exhibited significantly
higher TFC levels (p < 0.05) compared to other

Tab. 1. The total polyphenols and total flavonoids contents
of Moringa peregrina leaves, seeds, and bark extracted by different solvents.

Solvents | Seeds Bark Leaves

TPC [gkg]

Water 11.94 +0.97br 98.30 + 1.51 €4 239.97 +2.889P
Ethanol (100%) 10.23 = 0.49br 200.51 +1.81bq 403.02+1.81ap
Aqueous ethanol (80%) 6.41 £0.18¢r 117.98 = 1.39dq 309.21 + 2.68¢p
Aqueous ethanol (60%) 6.62 + 0.64cr 179.56 + 0.84 dq 338.46 £ 2.21dp
Aqueous ethanol (50%) 7.39 = 1.49¢r 188.11 £0.24¢ca 393.69 + 1.78bp
Aqueous ethanol (40%) 7.47 £0.18¢r 88.52 = 0.49fd 135.97 +1.06hp
Aqueous ethanol (20%) 7.15+0.37¢cr 164.67 +=0.37¢4 348.14 £2.13¢°p
Methanol (100%) 23.77 = 1.15ar 97.65 +2.2399 288.14 +1.99fp
Aqueous methanol (50%) 8.41 £0.73¢ 205.45 = 0.42aq 352.57 = 0.49¢P
TFC [g'kg]

Water 1.49 + 0.54 br 2.61£0.134dq 7.41 £0.31dp
Ethanol (100%) 4,95+ 0.58ar 5.92 +0.3529 13.17 £ 0.06 2P
Aqueous ethanol (80%) 1.27 £0.74¢r 3.07 £0.23cq 9.24 +0.16¢°p
Aqueous ethanol (60%) 1.34 £ 0.42¢" 3.24+0.11¢q 10.17 £ 0.04 P
Aqueous ethanol (50%) 0.96 +0.12f 3.07 = 0.27¢a 12.85+0.182ap
Aqueous ethanol (40%) 4.58 = 0.44aq 4.95 +0.23bq 10.23 = 0.379p
Aqueous ethanol (20%) 1.11 £0.01¢" 2.46 +0.04dq 3.11 £0.06¢P
Methanol (100%) 1.88+0.28¢q 1.87 = 0.06¢4 9.81 £0.25¢p
Aqueous methanol (50%) 2.63 +0.36br 5.16 £0.11aq 13.48 =0.31ap

Values are means = standard deviation of triplicates. Mean values in a column with different superscript letters (a—f) are signifi-
cantly different at the level p < 0.05. The superscript letters (p, g, and r) indicate the significant difference between plant parts

in the rows at level p < 0.05.

TPC - total polyphenol content (expressed as grams of gallic acid equivalents per kilogram dry weight), TFC - total flavonoid
content (expressed as grams of catechin equivalents per kilogram dry weight).
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parts, regardless of the solvent used. TPC and TFC
contents differed significantly (p < 0.05) across MP
parts extracted using different solvents.

The study found that aqueous methanol,
ethanol, and absolute ethanol had significantly
(p < 0.05) higher TPC and TFC in the leaves and
bark extracts, while absolute methanol had a sig-
nificantly (p < 0.05) higher TPC in the seeds
extract. This could be owing to increased ex-
traction rates of phenolics and flavonoids in
more polar solvents, such as aqueous methanol/
ethanol, as compared to pure methanol/ethanol.
This is because distinct antioxidant molecules
have different chemical properties and polarities,
and they may or may not dissolve in a given sol-
vent. According to MEHMOOD et al. [20], solvent
composition and polarity significantly affect the
extraction of phenols and antioxidants. They also
discovered that, due to interactions (hydrogen
bonds) between the polar sites of antioxidant
compounds and solvents, validation extractions of
these substances were performed more frequently
in polar solvents, which were more effective than
non-polar solvents. As a result, the application of
aqueous ethanol/methanol yielded MP fractions
with high TPC, TFC, and antioxidant activity.

TPC, TFC, and antioxidant activity data
showed that pure ethanol was the most effective
solvent for extracting MP part components, par-
ticularly from leaves, followed by aqueous metha-
nol and ethanol. This could be due to the high
solubility of phenolic compounds in ethanol and
methanol [21]. However, RAJHI et al. [22] found
that the flavonoid content of Capparis spinosa
leaves is highest in organic solvents and lowest
in aqueous extracts. According to DHINGRA et al.
[23], the liquid-liquid extraction method can either
dilute or enhance phenolic compounds in the
crude extract, and solvent polarity significantly
affects extract yields. In addition, ALMOUSA et al.
[24] found that the methanol extract had higher
TPC and more potent antioxidant and antibacte-
rial properties than extracts obtained with other
solvents.

Although the total phenolics (TPC) in MP
parts described in the current study were in the
order leaves > bark > seeds, AL-OWAISI et al. [25]
reported that MP leaves are rich in phenolic com-
pounds, which can help prevent the progression of
various illnesses. In addition, they discovered that
methanol, the most polar extract, had the highest
total phenol and flavonoid content compared with
ethyl acetate/chloroform extracts.

Antioxidant activity
The antioxidant activity of the different MP
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parts was assessed in the current study using
three antioxidant assays, including DPPH, ABTS,
and FRAP, as illustrated in Tab. 2. The aqueous
methanol extract exhibited a significantly greater
(p < 0.05) percentage of DPPH scavenging in
the seeds (19.3 %) compared to pure ethanol
(15.6 %). The percentage of AApppu in the
seeds had a significant positive correlation with
TPC (R = 0.934; p < 0.01) and TFC (R = 0.758;
p < 0.05). Aqueous methanol extracts produced
much more AApppH in the bark than other sol-
vents (90.7 %), followed by 50% aqueous ethanol
(89.5 %). The bark’s AApppH was significantly
(p < 0.01) and strongly related to the 7TPC
(R = 0.985) and TFC (R = 0.949). The AApppH
levels in the leaves were highest when extracted
with 50% aqueous ethanol (91.6 %), followed by
aqueous methanol (90.9 %). These levels were
significantly and positively linked with the leaves’
TPC (R = 0.989; p < 0.01) and TFC (R = 0.786;
p <0.05). The correlation coefficients are present-
ed in Tab. 3.

AAaBTs levels in seeds were significantly high-
er (p < 0.05) when extracted with aqueous metha-
nol (1.42 g-kg'1), followed by 50% aqueous ethanol
(1.30 g'kg!). The seeds’ A4 apTs had a significant
(p £0.05) correlation with their TPC (R = 0.722)
and TFC (R = 0.776). The bark’s AAaBts levels
were highest when extracted with 50% aqueous
methanol (18.23 g-kg1), followed by 50% aqueous
ethanol (10.27 g-kg1), with a significant (p < 0.05)
correlation with the TPC (R = 0.798) and TFC
(R = 0.839). Moreover, the leaves’s AAABTS
values were highest when extracted with absolute
ethanol (44.95 gkg1), followed by 60% aqueous
ethanol (33.54 g'kg'!) and 50% aqueous methanol
(32.25 gkgl). There was a significant (p < 0.05)
correlation with the TPC (R = 0.868) and TFC
(R =0.728).

The 100% methanol extract of the seeds
(1.36 gkgl) had the highest AArrap value
among the solvents, followed by 50% aqueous
methanol (0.76 g-kg!) and 50% aqueous ethanol
(0.71 g'kg1). The seeds’ AArrap showed a signifi-
cant association with its 7PC (R = 0.949; p <0.01)
and TFC (R = 0.846; p < 0.05). In contrast, the
bark’s AArrap was greater in absolute ethanol
(5.01 g'kg!) followed by 60% aqueous ethanol
(421 g'kgl), with a significant association with
TPC (R = 0.965; p < 0.01) and TFC (R = 0.883;
p < 0.05). The 100% ethanol extract had the
highest AArrap (13.61 g-kgl) in leaves, with a sig-
nificant association with the TPC (R = 0.977;
p <0.01) and TFC (R = 0.754; p < 0.05).

Phenolic compounds have been shown to
exhibit biological activities, including antibacte-
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Tab. 2.

Tab. 3. Pearson correlation R between total phenolics, total flavonoids, and antioxidant activities.

Antioxidant activities of Moringa peregrina leaves, seeds, and bark extracted by different solvents.
Solvents Seeds Bark Leaves
AApppH [%]
Water 9.4+0.7¢r 79.6 = 0.50q 82.4 +0.5bp
Ethanol (100%) 15.6 = 0.1ba 79.4 £0.2bp 78.8 +0.3¢cP
Aqueous ethanol (80%) 6.6 050 76.2+0.5¢°pP 69.1 +0.6dd
Aqueous ethanol (60%) 10.1 £0.9¢r 79.0 £ 0.3bp 73.0+0.3¢ca
Aqueous ethanol (50%) 59+0.84d 89.5+0.329 91.6 +0.42p
Aqueous ethanol (40%) 11.2+1.0¢r 71.8+1.3dp 67.4+0.5¢e9
Aqueous ethanol (20%) 56+0.50d 69.8 +0.649P 68.0 = 0.8¢d
Methanol (100%) 11.2+09¢r 78.9+0.3bq 83.8+£0.2bp
Aqueous methanol (50%) 19.3+0.5ar 90.7 £0.32ap 90.9=+2.1ap
AApgTs [g'kg ']
Water 0.07 = 0.01¢r 4.14 £0.05¢€4 10.85+0.15¢p
Ethanol (100%) 0.05+0.01¢r 9.08 +0.12¢q 44,95 +0.412ap
Aqueous ethanol (80%) 0.02 = 0.009r 4.69 +0.08¢4 28.51 =1.11¢cp
Aqueous ethanol (60%) 0.04 +=0.00¢r 7.09 +0.214dq 33.54 +0.21bp
Aqueous ethanol (50%) 1.30+0.17ar 10.27 £ 0.29ba 30.74 + 0.52bp
Aqueous ethanol (40%) 0.02+0.01dr 5.04 +£0.09¢€4 19.93 + 0.68 9P
Aqueous ethanol (20%) 0.05+0.01¢r 1.33+0.01fa 0.09 +0.01¢eP
Methanol (100%) 0.63 = 0.54 br 2.48 £0.02¢€4 10.75 = 0.09 dp
Aqueous methanol (50%) 1.42+0.14ar 18.23 £0.122a9 32.25 +0.42bp
AArrap [g'kg ]
Water 0.07 £0.01¢r 1.32+0.02¢9 7.62+=0.31¢pP
Ethanol (100%) 0.07 £0.01¢r 5.01 £0.022aq 13.61 £0.253ap
Aqueous ethanol (80%) 0.04 £0.014dr 2.58 = 0.07da 9.11 +£0.51¢p
Aqueous ethanol (60%) 0.04 = 0.004r 4.21 £0.12bq 9.95 + 0.03¢P
Aqueous ethanol (50%) 0.71 +0.09 br 3.48 +0.14¢cq 9.36 £0.37¢P
Aqueous ethanol (40%) 0.06 = 0.00¢r 3.74+0.01¢ca 11.34 £ 0.23bp
Aqueous ethanol (20%) 0.03 £ 0.00 4 0.93 +£0.06 0.74 +0.01f
Methanol (100%) 1.36 = 0.54ar 2.16 £ 0.07d9 6.92 +0.48¢p
Aqueous methanol (50%) 0.76 + 0.08 br 3.56 +0.13¢q 8.69 +0.13dp

Plant part AADpPPH AAaBTS AAFRAP
Total polyphenol content

Seeds 0.934 ** 0.722* 0.949 **
Bark 0.985 ** 0.798* 0.965 **
Leaves 0.989 ** 0.868* 0.977 **
Total flavonoid content

Seeds 0.758 * 0.776 * 0.846*
Bark 0.949 ** 0.839* 0.883*
Leaves 0.786 * 0.728 * 0.754 *

*_p <0.05, ** —p <0.01

Values are means = standard deviation of triplicates. Mean values in a column with different superscript letters (a—f) significantly
differ at a level of p < 0.05. The superscript letters (p, g, and r) indicate the significant difference between plant parts in the rows
at a level of p < 0.05.
AApppH — antioxidant activity determined by DPPH assay, AAasTs — antioxidant activity determined by ABTS assay (expressed
as grams of Trolox equivalents), AArrap — antioxidant activity determined as ferric reducing antioxidant power assay (expressed
as grams of Trolox equivalents).

AApppH — antioxidant activity determined by DPPH assay, AAagTs — antioxidant activity determined by ABTS assay, AArrap — anti-

oxidant activity determined as ferric reducing antioxidant power.
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rial, anti-inflammatory, antioxidant, antidiabetic,
and anticancer effects [25]. According to
ToHMA et al. [26], the reduced properties of phe-
nolic compounds, which enable them to function
as metal chelators and absorb and neutralise free
radicals, are primarily responsible for their anti-
oxidant action. Among plant secondary metabo-
lites, flavonoids and tannins are considered the
most promising polyphenolic compounds [27].
Using DPPH, ABTS, and FRAP tests, the antioxi-
dant activity of MP parts extracts was investigated.
Among the plant secondary metabolites identified
in crude extracts of MP parts are flavonoids and
polyphenols.

The difference in antioxidant activity amongst
MP parts may be explained by the fact that leaves
and bark had significantly higher TPC and TFC
contents than seeds. Additionally, there was
a strong correlation (R > 0.7) between the anti-
oxidant activity of MP parts TPC and TFC. Com-
pared to other solvents, the antioxidant activity of
aqueous organic solvent extracts was significantly
higher. This is mainly because polar solvents are
frequently used to extract polyphenols from plant
matrices; the best solvents for this purpose include
aqueous mixtures comprising ethanol and acetone
[28]. GONEA et al. [21] reported that high-molecu-
lar-weight phenolic complexes can form during the
extraction of phenolic compounds in methanol.
Furthermore, the methanol extract showed the
highest polyphenol content and antioxidant activ-
ity among the vegetable waste extracts, compared
with ethanol and aqueous extracts.

The current study supports the findings of
a previous study [29], which showed that metha-
nol and ethanol are efficient in extracting bio-
active compounds. The results showed that
aqueous organic solvents performed better in
terms of extraction efficiency than pure sol-
vents or water, with aqueous solvents exhibit-
ing the best extraction performance (p < 0.05).
However, it is challenging to find a single solvent
that can extract all phenolic compounds. Anti-
oxidant activity and TPC in wild vegetables were
found to be significantly associated. CARBONELL-
CAPELLA et al. [30] discovered a high association
between TPC and antioxidant activity in stevia-
containing beverages that underwent in vitro
digestion. This finding is consistent with previous
research demonstrating a strong link between
polyphenolic compounds and antioxidant activity.
Similarly, CHEN et al. [31] found a strong rela-
tionship between antioxidant activity and 7PC
in fruits during germination. MUFLIHAH et al.
[32] reported that Pearson’s correlation analy-
sis revealed that observed TPC and TFC were
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significant contributors to antioxidant activity,
suggesting that these molecules play a crucial role
in determining antioxidant capacity.

GC-MS profile

In the studies presented above, ethanol extracts
yielded higher TPC and TFC levels than those ob-
tained with methanol or water. As a result, the eth-
anol extracts of the MP parts were analysed using
GC-MS. The parts of MP contained 14, 8, and 9
phytochemical substances, as listed in Tab. 4-6, re-
spectively, together with their chemical composi-
tions. Fig. 1-3 depict the total ion chromatograms
of the extracts.

As shown, the phytochemicals in the seed
extract (Tab. 4) accounted for 94.5 % of the over-
all peak area, whereas those in the leaf and bark
extracts accounted for 99.9 % and 99.0 %, re-
spectively. D-Allose, with a peak area percentage
of 44.6 %, was the most abundant component in
the seed extract, followed by benzeneacetonitrile,
4-hydroxy- (17.8 %) and 5-(hydroxyl-methyl)-2-
furancarboxaldehyde (8.8 %).

The major phytochemical compounds of
the MP bark extract (Tab. 5) were triterpenoid
sterols, 25-vinyl-27-norcholesta-5,24(Z)-dien-3f-
ol (34.2 %), and 9,19-cyclolanost-23-ene-3,25-diol,
3-acetate, (3B,23E)- (33.4 %), followed by isopro-
pyl isothiocyanate (15.1 %) and nonanoic acid
(6.2 %) .

The predominant phytochemical components
in the leaf extract (Tab. 6) were isopropyl isothio-
cyanate (50.9 %), p-allose (23.3 %), (Z)-valerenyl
acetate (12.6 %), and 4-hydroxy-2,5-dimethyl-
furan-3(H)-one (4.5 %).

Concisely, the data showed that the seed was
primarily composed of sugar derivatives (57.2 %),
aryl aldehydes (12.2 %), and other organic com-
pounds.

Because location and climate significantly in-
fluence the composition of plants’ primary and
secondary metabolites, we predicted that MP
plants grown in Saudi Arabia would exhibit bio-
logical activities distinct from those grown in other
regions [10]. The mass spectrum was compared
to the database library, and a substantial percent-
age of the matches were positive, as was the com-
plex structure. This research will aid in identify-
ing substances that can be used in body products,
medications, and pharmaceuticals and that have
therapeutic value. For example, isopropyl isothio-
cyanate, found in reasonable percentages in leaf
(50.9 %), bark (15.1 %), and seed (5.6 %) extracts,
along with other isothiocyanate compounds, has
been reported to inhibit bacterial growth and the
lytic development of stx-harbouring prophages
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Tab. 4. List of chemical compounds detected in the ethanol extract
from seeds of Moringa peregrina by the GC-MS analysis.

Compound Chemical MW_ RT Area
formula [g-mol-1] [min] [%]
Pyrrolidinecarboxamide CsH10N20 114.15 4.34 0.7
Isopropyl isothiocyanate C4H7NS 101.17 4.68 5.6
2-Furancarboxaldehyde (furfural) CsH402 96.08 4.77 1.8
5-Methyl furfural CeHeO2 110.11 6.80 1.0
3-Acetyldihydro-2(3H)-furanone CsHgO3 128.13 7.38 0.6
Isosorbide dinitrate CsHgN20g 236.14 8.77 0.1
Levoglucosenone CeHeO3 126.11 9.22 1.3
a-L-Galactopyranose CeH1206 180.16 9.41 0.9
2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one CeHgO4 14412 9.83 0.5
1,4:3,6-Dianhydro-a-b-glucopyranose CsHgO4 14412 10.88 2.4
5-(Hydroxymethyl)-2-furancarboxaldehyde CeHeO3 126.11 11.14 8.8
D-Allose CeH1206 180.16 15.07 44.6
Benzeneacetonitrile, 4-hydroxy- CsH7NO 133.15 14.66 17.8
1,6-Anhydro-B-p-glucofuranose CeH100s 162.14 16.34 7.9
MW — molecular weigh, RT — retention time.
100
14.66
80 4 4 Benzeneacetonitrile
& 601 11.14
s 2-Furancarboxal
< 404
20

0

16 20 24 28

Time [min]

Fig. 1. Total ionic chromatogram of the extract from seeds of Moringa peregrina.

[33]. Isothiocyanates, such as phenethyl isothio-
cyanate and benzyl isothiocyanate, have been
shown in animal studies to prevent or lessen the
risk of cancer caused by carcinogens. However,
D-allose, an uncommon aldohexose, was detected
at high levels in seed (44.6 %) and leaf (23.3 %)
extracts. It was thought to have an inhibiting effect
on human ovarian cancer cells [34].

Despite its relatively low quantity in MP
seeds and leaves, the unsaturated cyclic chemi-
cal molecule 2,3-dihydro-3,5-dihydroxy-6-methyl-
4H-pyran-4-one, a result of the sugar-amino
Maillard reaction, has high antioxidant activity
[35]. As previously stated, the seeds contained sig-
nificant levels of aryl aldehydes (12.2 %), primarily
2-furan-carboxaldehyde (furfural, 1.8 %), S-methyl
furfural (1.0 %), and 5-(hydroxylmethyl)-2-furan-
carboxaldehyde (8.8 %). Furfural has been shown
to be carcinogenic in laboratory animals and mu-
tagenic in single-cell organisms; however, there is

no evidence on human subjects [36]. Therefore,
excessive ingestion of the plant’s seeds may be
harmful. The seed also contained 1.3 % levoglu-
cosenone. Several studies have evaluated the cy-
totoxic effects of 4-substituted levoglucosenone
derivatives, such as dihydrolevoglucosenone de-
rivatives, levoglucosenone-derived isoxazolidines,
and 4-sulphurated levoglucosenone compounds,
against different tumour cell lines [37].

Moringa’s bark and leaves contain a large
number of diterpenoid and triterpenoid hydro-
carbons and alcohols with known biological activ-
ity. Interestingly, the bark of MP contains a nu-
cleoside, cytidine (4.3 %). In addition to its role
as a pyrimidine component of RNA, cytidine has
been shown to regulate neuronal-glial glutamate
cycling, which has sparked interest as a possible
glutamatergic antidepressant [38]. Moringa species
are valued for their high nutritional content and
diverse bioactive compounds, supporting their po-
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Tab. 5. List of chemical compounds detected in the ethanol extract
from bark of Moringa peregrina by the GC-MS analysis.

Compound Chemical MW RT Area
P formula [g-mol] [min] [%]
Isopropyl isothiocyanate C4H7NS 101.17 4.71 15.1
Cytidine CoH13N305 243.20 14.22 4.3
Nonanoic acid CoH1g02 158.23 14.90 6.2
9-Octadecenoic acid C18H3402 282.47 16.42 0.1
1-Hexyl-2-nitrocyclohexane C12H23NO2 213.32 20.15 0.1
1,5,9-Trimethyl-12-(1-methylethyl)-4,8,13-cyclotetradecatriene CooH3402 306.50 23.10 5.5
9,19-Cyclolanost-23-ene-3,25-diol, 3-acetate, (3f3,23E)- C32H5203 484.00 2419 334
25-Vinyl-27-norcholesta-5,24(Z)-dien-3p-ol Ca2gHa40 396.00 25.40 34.2
MW — molecular weigh, RT — retention time.
100 25.40
25-Vinyl-27-norcholesta\‘
80
2 60
1]
(]
Z 40+
14.90
201 Nonanoic acid
0 A i L P ot Pone, |
4 8 12 16 20 24
Time [min]

Fig. 2. Total ionic chromatogram of the extract from bark of Moringa peregrina.

Tab. 6. List of chemical compounds detected in the ethanol extract
from leaves of Moringa peregrina by the GC-MS analysis.

Compound Chemical MW H_T Area
formula [g'mol-1] [min] [%]
Isopropyl isothiocyanate C4H7NS 101.17 4.69 50.9
Piperazine adipate C10H20N204 232.28 6.21 1.4
2-Methyl-2-hexenoic acid C7H1202 128.17 8.19 1.9
4-Hydroxy-2,5-dimethylfuran-3(H)-one CeHgO3 128.13 8.82 4.5
Deoxy-b-arabitol CsH1204 136.15 9.47 0.6
2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one CeHgO4 14412 9.85 3.0
D-Allose CeH1206 180.16 14.89 23.3
Neophytadiene C2oH3s 278.50 18.19 1.4
(2)-Valerenyl acetate C17H2602 262.40 25.84 12.6
MW — molecular weigh, RT — retention time.
100
80
°\E 601 (Z)-\zlgigfenyl
3 acetate
< 407 14.89 e
20 A 8.19 D-Allose Neth%ga%iene
2-Hexenoic acid
0= T T T T T T T T T T T
4 8 12 16 20 24
Time [min]

Fig. 3. Total ionic chromatogram of the extract from leaves of Moringa peregrina.
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tential food and medicinal applications; however,
safety, quality, and dosage considerations remain
essential when plant materials are used for health-
related purposes [3-5].

CONCLUSIONS

The current study discovered that TPC, TFC
contents and antioxidant activity varied across MP
parts. Aqueous methanol (50%) solvent extracts
of MP parts contained high phenolic and flavo-
noid contents, as well as significantly high anti-
oxidant activity. Furthermore, a combination of
organic solvents and water may aid in the extrac-
tion of all soluble components from both phases.
The bark and leaves contained high content of
TPC and TFC, as well as significant antioxidant
activity. The antioxidant activity of all compo-
nents was strongly associated with TPC and TFC.
The current study will undoubtedly help assess the
potency of MP bark and leaves as natural antioxi-
dant sources for nutraceutical and functional food
applications. Based on this study’s findings, it can
be concluded that MP parts, particularly leaves
and bark powder, contain chemical compounds
with pharmacological and nutritional relevance.
However, it is recommended that additional
research be conducted to isolate and purify the
bioactive constituents in MP parts using various
extraction solvents, to characterise their molecu-
lar structures, formulas, and weights, and to assess
their safety (toxicity) for human and other animal
use.
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