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Abstract: Moringa oleifera (MO) grows throughout most of the tropics and has several industrial and
medicinal uses. Besides the various uses of the plant parts such as its leaves, seed kernels, roots,
or stem barks, the twigs (MT) of this plant are usually regarded as excessive parts. Although there
have been few studies conducted to determine the value of this plant part, in fact, its potential uses—
especially the pharmaceutical effects—of this biomaterial remains an up-to-date topic for scientists
to discover due to the lack of interest so far. This study aims to identify the optimized fractions of
different solvents for the extraction of antioxidants, for xanthine oxidase inhibition agents, and for
anti-microbial activities. The two most active fractions obtained by column chromatography were the
Hexane-Ethyl Acetate elution at a 9:1 (E1) and 8:2 (E2) ratio, respectively. With regard to antioxidant
activity, E1 and E2 displayed relatively high DPPH radical scavenging capacity (IC50 = 87.7 and
99.0 µg/mL), which was only four times weaker than the control BHT (IC50 = 21.4 µg/mL). The
highest inhibition activity against xanthine oxidase was also observed clearly in E1 and E2, which
showed relatively low IC50 (54.7 and 42.0 µg/mL, respectively). These levels were inconsiderably
higher than that of the positive control (IC50 = 20.8 µg/mL), proving that E1 and E2 exerted relatively
strong antioxidant activity in terms of XOD inhibition. Regarding the antimicrobial test, E2 showed
the highest inhibition activities against E. coli, K. pneumoiae, L. monocytogenes, B. subtilis, and P. mirabilis.
The result indicates that (1) E1 and E2 were the strongest fractions for constraining free radical agents
and several bacteria, and thus, (2) Moringa oleifera twigs are also a potential source for the prevention
of gout-related symptoms.

Keywords: Moringa oleifera; inhibition; fraction; extract; antioxidant; anti-hyperuricemic; antimicrobial

1. Introduction

In the recent era, processing industries of fruit and plant parts are witnessing rapid
development as a result of the rising awareness of experts and communities [1]. By-products
from plant parts are believed to be a beneficial resource due to the presence of numerous
bioactive compounds [2,3]. Recovering bioactive compounds from such by-products via
both conventional and innovative extraction techniques is a current goal for chemists.
Therefore, applications of food by-product process in various sectors such as food, textiles,
cosmetics, and pharmaceuticals are increasing rapidly [4].

Moringa oleifera (M. oleifera) is widely acknowleged for its medicinal qualities [5].
Various parts of M. oleifera are used as medicinal herbs in Asian countries such as Vietnam
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and Indonesia [6,7]. Leaf extracts of M. oleifera have been found to contain antioxidant, anti-
inflammatory, antibacterial, and antidiabetic activities [8,9]. Traditionally, M. oleifera seed
kernel has been considered a cure for diarrhea in the South of India [10]. Additionally, the
stem bark extract of M. oleifera has been substantiated for its anti-inflammatory, analgesic,
and anti-diabetic properties [11]. Moreover, significant therapeutic qualities of M. oleifera
stem bark such as anti-tumor [12] and anthelmintic [13] activity have also been addressed.
Recently, studies of the effects of anti-free radical agents from medicinal plants has become
an interesting topic due to their beneficial effects on human health [14]. Thus, innovations
of antioxidant research play a vital role in highlighting the importance of natural herbal
medicines [15]. From a different view, it has been recognized that biofilm formation is the
reason for many infectious diseases including endocarditis, dental caries, periodontitis,
urinary tract infections, and chronic lung infections [16]. Several bacteria are considered to
be the driving factors of biofilm formation in the human body [17]. Adapting various plant
extracts, experimentations of inhibition against bacteria to prevent biofilm formation have
been conducted by many researchers [18]. M. oleifera itself and its parts are the valuable
subjects of several biological studies [19]. However, M. oleifera twigs, which are frequently
used in addition to leaves as protein sources in subtropical and tropical agriculture [20],
have been underdeveloped economically [21,22]. Moreover, the full potential of M. oleifera
twigs has been unexplored so far, as not many studies on M. oleifera twigs have been
conducted to investigate its bio-function against typical bacteria. Hence, adapting the
biomaterial to create natural anti-biofilm products may be of interest.

Besides this, previous studies have shown that compounds with antioxidant proper-
ties and blocking capabilities that constrain the activity of the enzyme xanthine oxidase
are effective in the treatment of gout [23]. Xanthine oxidase contributes significantly in
catalyzing the oxidation process that forms uric acid, which is the cause of hyperuricemia
and gout. When the level of uric acid in the blood increases, precipitation of urate crystals
can occur mainly in the joints of the hands and feet, causing acute attacks of arthritis (acute
gout attacks) [24]. An antioxidant is a type of chemical that can prevent or slow down
the oxidation process by eliminating free radicals, preventing diseases and enhancing life
expectancy [25–27]. Besides this, xanthine oxidase inhibitors are capable of reducing or
removing enzyme activity, preventing the formation of urate salt crystals [28]. Therefore,
xanthine oxidase inhibition is considered one of the main approaches to minimize the
formation of uric acid in the blood [29].

To explore the further potential uses of M. oleifera as well as to take advantage of the
maximum utilization of the plant after leaf collection, M. oleifera twigs were examined in
this study to determine their total phenolic content (TPC), total flavonoid content (TFC),
antioxidant activity (DPPH and ABTS activity), xanthine oxidase inhibition (XOD) activity,
and antimicrobial activities (Escherichia coli, Klebsiella pneumoniae, Listeria monocytogenes,
Bacillus subtilis, and Proteus mirabilis). Besides this, the optimization of the extraction efficacy,
adapting different ratios of solvents (Methanol, Hexane and Ethyl Acetate) to maximize
the value of the antioxidant, XOD, and microbial activities, was also investigated.

2. Materials and Methods
2.1. Materials

M. oleifera twigs (MT) obtained after removing all the leaves for food purposes were
collected from Quang Ninh province, Vietnam (21◦26′38.2′′ N and 107◦41′21.0′′ E) in Au-
gust 2020. The plant was identified by Dr. Nguyen The Cuong, Institute of Ecology and
Biological Resources, and a voucher specimen (MT-M2020) was deposited at the Labora-
tory of Research and Applied Biochemistry Laboratory (CRETECH, Vietnam Academy of
Science and Technology, Hanoi, Vietnam). After sterilizing with 1% NaOCl, the samples
were rinsed thoroughly with tap water. Then, the MT were dehydrated in an oven at 50 ◦C
for 10 days before the dried sample (1.55 kg) was ground into a fine powder, which was
then soaked in MeOH (3 L) to produce 31.2 g of MeOH crude extract. The crude extract
was suspended in water (250 mL), then fractionated in hexane and EtOAc to obtain 8.2,
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6.1, and 12.4 g of water, hexane, and EtOAc extracts, respectively. Normal phase column
chromatography (CC), adopting silica gel (200 g) of 70–230 mesh ASTM and LiChroprep
RP-18 (40–63 mm), was employed to process the extraction of EtOAc. Hexane-EtOAc (H:E)
was used as the solvent system, with a ratio-modification of 10% for each solvent for each
extraction procedure. All final extracts were kept in MeOH for later analysis.

2.2. Reagents

Aluminum chloride, rutin, gallic acid, methanol, ethyl acetate, n-hexane, sodium
hydroxide, sodium carbonate, Folin–Ciocalteu’s phenol, 1,1-dipheynyl2-picrylhydrazyl
(DPPH), 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid; ABTS), dipotassium phos-
phate, monopotassium phosphate, sodium hydroxide, hydrochloric acid, dimethyl sulfox-
ide (DMSO), xanthine, microbial xanthine oxidase, and allopurinol were obtained from
Sigma-Aldrich Pte Ltd., Singapore. All reagents used were analytical grade.

2.3. Total Phenolic Content

The phenolic content of all fractions was quantified based on the Folin–Ciocalteu
method [30]. In brief, a mixture was prepared, including the prepared sample, in MeOH
(200 µL–0.5 mg/L) added to 1.0 mL of Folin–Ciocalteu reagent (10%) and 0.8 mL of sodium
carbonate (7.5%), respectively. The mixture was kept standing still in the shade for 30 min
before measurements with a BioTek Synergy HTX microplate reader (BioTek Instruments,
Inc., Winooski, VT, USA) at a wavelength of 760 nm.A calibration curve was constructed
for the calculation of the total phenolic content and the absorbance was obtained at the
same parameter as the sample measurement. The units for the analysis were presented as
mg of gallic acid equivalent (GAE)/g dry weight (DW).

2.4. Evaluation of Total Flavonoid Content

Adapting an approach described by Matić et al. [31], the aluminum chloride (AlCl3)
colorimetric method was employed to quantify the flavonoid content of all fractions. In
detail, a mixture of 1 mL of the prepared sample in MeOH and 1 mL aluminum chloride
(2%) was produced and then kept at laboratory temperature, in ambient conditions for
15 min. A BioTek Synergy HTX microplate reader (BioTek Instruments, Inc., USA), used at a
wavelength of 430 nm, was employed for the measurement of total flavonoid. A calibration
curve was constructed for the quantitative analysis and the units were interpreted as mg
rutin equivalent/g DW.

2.5. Antioxidants Activity

Adapting methods from previous studies [32,33], a DPPH radical scavenging assay
and an ABTS radical cation decolorization assay were used to determine the antioxidant
activity of all fractions. The first experiment was conducted by alternately adding 0.25 mL
DPPH (0.5 mM) and 0.5 mL acetate buffer (0.1 M—pH 5.5) to 0.5 mL of the prepared sample
in MeOH. The mixture was subjected to measurements by the spectrometer at 517 nm
after being kept in the shade at room temperature for 30 min. Besides this, for the ABTS
assay, ABTS+ reagent was obtained by mixing 15 mL ABTS (7 mM) with 240 µL potassium
persulfate and then keeping the mixture in the dark for 16 h. The obtained solution was
subsequently diluted with MeOH before an aliquot of the solution (0.15 mL) was added to
0.018 mL of the prepared sample in MeOH. The final mixture was kept away from the light
for 30 min. The measurements were then taken by the spectrophotometer at 734 nm.

2.6. Xanthine Oxidase Inhibition (XOD) Activity

Slight modifications from a previously reported spectrophotometric technique [34]
were conducted for the measurement of inhibitory effects on xanthine oxidase (XO) of
all fractions. In summary, 50 µL of sample was mixed with 30 µL of phosphate buffer
(70 mM—pH 7.5) and 30 µL of enzyme solution (0.1 units/mL in the mentioned phosphate
buffer). The solution was put in ambient conditions, at 25 ◦C for 15 min, and then added
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to 60 µL of substrate solution (150 µM xanthine in the mentioned phosphate buffer) and
restored at 25 ◦C for another 30 min. Prior to analysis, 25 µL of HCl (1 M) was added to
obtain the final mixture, which was measured at 290 nm via a microplate reader.

2.7. Antimicrobial Test

Following Fukuta et al. [35], the disk diffusion agar method, which employed the LB
broth as a medium for the development of the bacteria, was utilized for the measurement
of the antimicrobial activity of all fractions. The final population of E. coli, K. pneumoniae,
L. monocytogenes, B. subtilis, and P. mirabilis was 1.26 × 108, 5.2 × 106, 1.8 × 106, 6.0 × 106,
and 2.2 × 106 CFU/mL, respectively. After filling each plate with LB agar, 0.1 mL of
the aqueous bacteria was distributed evenly on each plate. Then, the incubation was
implemented at 37 ◦C for 24 h by spreading filter paper dishes (6 mm diameter and
impregnated with 20 µL of sample extract) on the surface of LB agar plates. The inhibition
zone was recorded afterwards. Ampicillin and streptomycin (0.3 mg/disc) were used as
standards in this assay.

2.8. Statistical Analysis

Means ± standard deviations (SD) was the form of the data presented in the results.
Duncan’s test (α = 5%) was employed to present the significant differences in the results.
Moreover, significant differences of the solvent system were determined by one-way
analysis of variance (ANOVA) via the statistical software Minitab®19.2020.1 (Philadelphia,
PA, USA)

3. Results
3.1. Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)

The total phenolic and flavonoid contents of all the MT fractions ranged from 14.78
to 58.55 mg GAE/g DW and from 0.42 to 45.38 mg RE/g DW, respectively (Figure 1).
However, the obtained value of TPC and TFC varied erratically along with the modification
of the solvent ratio. The fraction of E1 yielded the highest TPC and TFC at the level of
58.55 mg GAE/g DW and 45.38 mg RE/g DW, respectively. The second highest result
of TPC was 52.63 mg GAE/g DW, yielded from the fraction E2. However, that value of
TFC was obtained from the fraction of E5, at a level of 30.25 mg RE/g DW. The fraction of
H100 showed the lowest content of TPC and TFC, which were only 14.78 GAE/g DW and
0.42 RE/g DW, respectively. In general, the results indicated that the H:E 9:1 was the most
potent ratio for the extraction of TPC and TFC.
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3.2. Antioxidant Activities and In Vitro Inhibition of Xanthine Oxidase (XOD)

Antioxidant activities and inhibition of XOD are shown in Table 1.

Table 1. Antioxidant activities measured by DPPH, ABTS and XOD of EtOAc extract fractions from
M. oleifera twigs in term of IC50 values.

Fraction Code
IC50 (µg/mL) IC50 (µg/mL)

DPPH ABTS XOD

Hexane100% H100 241.7 ± 6.5 b 604.2 ± 16.3 c 1510.6 ± 40.7 b
H:E = 9:1 E1 87.7 ± 2.5 i 219.2 ± 6.3 g 54.7 ± 4.3 h
H:E = 8:2 E2 99.0 ± 3.2 h 247.5 ± 8.1 g 42.0 ± 2.8 h
H:E = 7:3 E3 185.2 ± 6.7 e 463.0 ± 16.7 e 1157.5 ± 41.6 e
H:E = 6:4 E4 116.8 ± 5.9 g 292.0 ± 14.7 f 730.0 ± 36.8 g
H:E = 5:5 E5 124.0 ± 5.7 f 310.1 ± 14.1 f 775.2 ± 35.3 f
H:E = 4:6 E6 205.9 ± 4.4 d 514.8 ± 11.0 d 1287.0 ± 27.5 d
H:E = 3:7 E7 235.4 ± 5.4 c 588.5 ± 13.5 c 1471.4 ± 33.8 c
H:E = 2:8 E8 237.5 ± 7.2 c 593.7 ± 18.0 c 1484.2 ± 45.0 c
H:E = 1:9 E9 321.5 ± 7.0 a 803.7 ± 17.6 a 2009.2 ± 44.1 a

EtOAc100% E100 322.6 ± 8.0 a 806.5 ± 20.1 b 2016.3 ± 50.2 a
MeOH100% M100 203.8 ± 0.3 d 509.6 ± 0.7 d 1274.0 ± 1.8 d

BHT - 21.4 ± 0.3 k 40.0 ± 0.6 h -
Allopurinol - - - 20.8 ± 0.7 k

Values represent means ± SD (standard deviation). Values with similar letters in each column are not significantly
different (p < 0.05; n = 3). -: measurement was not conducted; BHT: butylated hydroxytoluene.

Table 1 summarizes the antioxidant activities of the 12 fractions of MT. As can be seen
in all three assays, the antioxidant activity from fractions of E1 to E100 decreased along with
the reduction of Hexane and the rise of Ethyl Acetate in the solvent ratio system. However,
while the highest values of antioxidant activity of DPPH scavenging and ABTS assay were
obtained from fraction E1 (IC50 = 87.7 µg/mL and 219.2 µg/mL, respectively), the highest
inhibitory effect on xanthine oxidase was identified in fraction E2, of which IC50 showed
the lowest value of 54.7 µg/mL. Fraction H100 and M100 in the three assays displayed
relatively low antioxidant capacities when the IC50 values were much higher than the
control. The IC50 values of H100 and M100 were 241.7 and 203.8 µg/mL in the DPPH assay
and were 604.2 and 509.6 µg/mL in the ABTS assays. In the XOD assays, the IC50 values of
those two fractions resulted in levels of 1510.6 and 1274.0 µg/mL, respectively.

3.3. Antimicrobial Activity

The inhibition activities of different fractions on the development of bacteria, including
E. coli, K. pneumoiae, L. monocytogenes, B. subtilis, and P. mirabilis, are illustrated in Table 2.
In general, extractions from MT can produce a certain suppression on the development
of the studied bacteria. Most of the examined fractions were able to generate a zone of
inhibition against the bacteria, especially E. coli, and K. pneumoiae. Eleven fractions inhibited
the growth of these two bacteria, but not the fraction E6. MT extracts showed the lowest
inhibition activity on B. subtilis and P. mirabilis, since only six fractions (from H100 to E5) and
five fractions (from E2 to E6) were efficient for these two bacteria, respectively. Compared
to the controls (Ampicillin and Streptomycin), although the inhibition activity of the MT
extract was relatively lower, the effect shown on the studied bacteria was considerable.

It was found that among the examined fractions, inhibition activities varied with
five bacteria and were not fixed with any typical fraction. With E. coli, the largest zone
of inhibition was observed with E1 (10.3 mm). Meanwhile, the largest values observed
in K. pneumoiae and L. monocytogenes were detected in fraction E3 (11.3 mm) and E4 (12.5
mm), respectively. The fraction that obtained the highest inhibition activities against B.
subtilis, and P. mirabilis was E2, which achieved a zone of inhibition of 10.7 mm and 9.3 mm,
respectively. However, it was revealed that E2 was the fraction that showed the optimum
result, as its zones of inhibition against E. coli, K. pneumoiae, L. monocytogenes, B. subtilis, and
P. mirabilis were 9.1 mm, 10.2 mm, 11.2 mm, 10.7 mm, and 9.3 mm, respectively.
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Table 2. Antibacterial activity in term of zone of inhibition (mm) of fractions from M. oleifera twigs.

Fraction
Zone of Inhibition (mm)

E. coli K. pneumoniae L. monocytogenes B. subtilis P. mirabilis

Extract
Hexane100% 6.7 ± 0.5 c 8.5 ± 1.3 c 6.6 ± 0.5 c 6.3 ± 0.6 d -

H:E = 9:1 10.3 ± 0.6 c 9.1 ± 1.7 c 8.5 ± 0.5 c 9.7 ± 0.6 c -
H:E = 8:2 9.1 ± 1.0 c 10.2 ± 1.3 bc 11.2 ± 1.9 bc 10.7 ± 0.9 c 9.3 ± 0.9 c
H:E = 7:3 8.3 ± 0.6 c 11.3 ± 0.7 bc 12.2 ± 1.1 bc 8.7 ± 0.2 c 6.5 ± 0.6 c
H:E = 6:4 8.7 ± 1.7 c 6.9 ± 0.8 c 12.5 ± 1.3 bc 8 ± 0.7 d 7.3 ± 0.3 c
H:E = 5:5 8.1 ± 1.7 c 6.9 ± 0.3 c 8.8 ± 1.0 c 7 ± 0.4 d 6.3 ± 0.5 c
H:E = 4:6 - - - - 7.3 ± 0.6 c
H:E = 3:7 7.9 ± 1.5 c 6.9 ± 0.2 c 8.5 ± 0.5 c - -
H:E = 2:8 7.1 ± 1.7 c - 7.5 ± 0.8 c - -
H:E = 1:9 7.4 ± 1.5 c 7.4 ± 1.3 c 7.9 ± 1.4 c - -

EtOAc100% 8.0 ± 2.1 c - 6.6 ± 0.5 c - -
MeOH100% 7.7 ± 2.1 c 8.0 ± 0.9 c 9.1 ± 0.9 c - -

Control
Methanol - - - - -
Ampicillin 33.9 ± 1.3 a 48.7 ± 3.5 a 22.5 ± 1.9 a 17.3 ± 0.7 a 43.3 ± 1.5 a

Streptomycin 20.2 ± 1.4 b 16.8 ± 0.9 b 16.4 ± 1.2 b 12 ± 0.3 b 29.3 ± 1.2 b

Values represent means ± SD (standard deviation). Values with similar letters in each column are not significantly
different (p < 0.05; n = 3).

3.4. Correlation of TPC, TFC, Antiradical, and Antimicrobial Activity

Phenolics and flavonoids of plant extracts can be related to the antioxidant activi-
ties. There was a significant correlation between TPC and TFC, for both E1 and E2, with
Pearson’s correlation coefficients of r = −0.748 and r = −0.728, respectively (Table 3).

Table 3. Correlation of TPC, TFC, antiradical, and antimicrobial activity.

TPC TFC DPPH E. c K. p L. m B. s P. m

TPC 1
TFC 0.5759 1

DPPH −0.748 −0.728 1
E. coli (−) 0.9555 0.7306 −0.69 1

K. pneumoniae (−) 0.1421 −0.201 0.4075 0.1603 1
L. monocytogenes (+) −0.211 −0.919 0.5115 −0.414 0.2703 1

B. subtilis (+) 0.7486 0.2074 −0.368 0.6566 0.6710 0.0743 1
P. mirabilis (−) −0.475 −0.761 0.2942 −0.701 0.0392 0.6588 −0.0371 1

E. c: Escherichia coli; K. p: Klebsiella pneumoniae; L. m: Listeria monocytogenes; B. s: Bacillus subtilis, and P. m: Proteus
mirabilis; (−): Gram-negative bacteria; (+): Gram-positive bacteria.

The results in Table 3 show that there was a significant negative correlation between
antioxidant activity (IC50) and TPC and TFC. This indicates the existance of large amounts
of TPC and/or TFC in the samples. The TPC and TFC contents in the samples were pro-
portional to their antioxidant activity (low IC50 value). This was positively correlated with
antibacterial ability in E. coli and B. subtilis; and negatively correlated with L. monocytogenes;
B. subtilis, and P. mirabilis.

4. Discussion

It is well known that plants contain effective substances and compounds for the treat-
ments and cures of various diseases [36–39]. Additionally, investigations of antioxidants
in medicinal plants are areas of interest for the development of food and medical indus-
tries [40–42]. Conventionally, leaves, fruits, and flowers are edible parts of plants and thus
are widely consumed in many nations; these parts are a potential source of therapeutic
compounds for dealing with diseases [43–45]. Moringa oleifera (MO) is one potential subject
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that contributes to the diversity of therapeutic plants [46]. MO is not only utilized as
a food supplement to counteract malnourishment, particularly for infants and nursing
mothers in developing countries, but its aerial parts are also considered herbal medication
for combating illnesses [47,48].

However, it is a fact that MT is underestimated and usually becomes municipal waste
after its leaves are separated and utilized for food and medicinal purposes. This study,
however, was not conducted to discover novel constituents in MO, but to investigate its
anti-oxidative activities in MT and to prove its utility for pharmaceutical purposes. The
presence of phenolic substances, e.g., flavonoids, plays a vital role in exerting anti-oxidative
activity [49]. The highest values of TPC and TFC found in MT were 58.55 mg GAE/g
DW and 45.38 mg RE/g DW, respectively (E1; Figure 1). This finding showed higher
levels of TPC and lower levels of TFC in comparison to a study conducted by Abdulkadir
et al. (2015), where the level of phenolic and flavonoid compounds in MO leaves were
32.83 mg GAE/g DW and 98.67 mg QAE/g, respectively [50]. Moreover, employing an
ultrasonic-assisted extraction method, Xue Lin et al. (2020) noted that the flavonoid content
determined in MO leaves was 43.96 mg RE/g DW [51], which is in agreement with the TFC
of this study. The comparative evaluations indicate that although MT has been used less
widely than MO leaves, the former showed a certain value which can be a factor for XO
inhibitory activity.

In this study, the antioxidant assay, Hexane, and EtOAc at a 9:1 (E1) in an EtOAc
extract of MT had more anti-radical scavenging activity against DPPH and ABTS and
β-carotene oxidation than other fractions. However, compared to the positive control BHT,
E1 exhibited lower antioxidant capacities. This antioxidant property is mainly contributed
by phenolic contents that can easily release hydrogen donors to naturalize free radicals.
Meanwhile, in xanthine oxidase inhibition, flavonoids could be the key. Many studies have
reported that compounds containing antioxidant properties and inhibition capabilities for
XO activity will work in gout treatment [52–56]. In this study, E1 and E2 were found to
inhibited XO and antioxidant activity the most. To this extent, this result also highlights the
antioxidant properties of the MT extract, which has potential for further development and
research in the medicinal sector. In previous studies, the antioxidant activity of MT was
also noted; however, MT extracts were used as a medium for the research. Mona (2013)
indicated the effects of MT extracts on increasing the levels of phenol and acid ascorbic,
which investigated an important antioxidant substance in Eruca vesicaria subsp. sativa [57].
Moreover, for beneficial use in feeding dairy cows, MT was proven to have a certain impact
in increasing the total antioxidant capacity (TAOC) of the plasma samples of cows, which
may help in disease prevention [21].

The agar diffusion assay is one method for evaluating the inhibition capability of
antibiotics against bacterial growth [58]. Specifically, the inhibition zone of antimicrobial
agents is created to reduce the spread and development of a microorganism [59]. Antibacte-
rial activity in MT has been investigated thus far using all fractions from EtOAc extracts. At
the same concentration of 20 µg/disk, while inhibition zones of B. subtilis in those fractions
ranged from 6.3 to 10.7 mm, the other pathogenic bacteria, E. coli, was observed to have
inhibition zones of 6.7 to 10.3 mm. E4 was not sensitive at the same concentration. Serious
nosocomial infections are considered to be the result of the mentioned micro-organism.
Among all the fractions, E2 displayed the highest inhibition zone on the two bacteria, B.
subtilis and P. mirabilis; meanwhile, K. pneumonia and L. monocytogenes were the bacteria
with the lowest population constrained by E3. Both E2 and E3 are capable of blocking
all the studied bacteria. The reason for this may be the possible formation of an outer
membrane of gram-negative bacteria, which could be a barrier for coping with compound
penetration, with the possibility of a periplasmic space containing enzymes to break down
outer molecules.

A significant number of newly-invented medicines have been extracted from natu-
ral sources [60]. In this study, the method of sequential fractions with different solvent
ratios (hexane and ethyl acetate) showed an abundant presence of flavonoids and phenols.
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Flavonoids, phenols, and other antioxidants that exist in low concentrations should be
examined using analytical instruments with a higher sensitivity of detection, such as gas
chromatography–mass spectrometry (GC–MS). Extracts with phenolic substance-mediated
antioxidant activity were presented in conjunction with the development of lowering power.
Therefore, the ethyl acetate extract may contain much higher amounts of electron donors
for reducing, and they can react with free radicals to convert into more stable products,
completing the radical chain reaction. The discoveries of this study suggest the potential
use of MT for medicinal purposes, as it has been revealed to possess antioxidants. It
is now necessary to perform the next step of searching for novel bioactive compounds
in MT. However, complicated extraction processes and modern analytical instruments
are required to further research and determine the chemical structures of these potential
compounds, such as nuclear magnetic resonance (NMR), infrared spectroscopy (IR), liq-
uid chromatography–mass spectrometry (LC–MS), and GC–MS. About 25,000 secondary
metabolites from plants are estimated to have a chance of existing, but only about 2–3% of
them have been isolated and identified [60]. Moreover, the integrated use of hexane to the
extract system can further ensure the yield of various compounds with different polarities,
since no single solvent can be guaranteed to extract all the antioxidant agents present in
plant samples [61]. Nevertheless, the use of hexane for plant material extraction, especially
in food production, should be taken into consideration due to its potential toxicity in human
health. Even so, hexane is still permitted for use in food processing—especially in soybean
products, which are “generally recognized as safe” by the FDA [62]. The discoveries of this
study suggest the potential use of MT for medicinal purposes as it has been revealed to
possess antioxidants.

5. Conclusions

This study documented the antioxidant, antimicrobial, and xanthine oxidase inhibitory
activities, in vitro, of fractions from Moringa oleifera twigs. In vivo tests are recommended
to affirm the bioavailability of the two fractions of Hexane and EtOAc at 9:1 (E1) and 8:2
(E2) for the development of supplements for gout prevention and/or treatment. This will
also ascertain the value of this plant, leading to its sustainable cultivation. The contribution
of the EtOAc extract to the biological activities of Moringa oleifera twigs should also be
further investigated.
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