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1. INTRODUCTION

The local people have widely utilized the Moringaceae
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ABSTRACT: Moringa (Moringa oleifera) is a plant that contains active ingredients as a
result of secondary metabolism that can be utilized as traditional medicine. Moringa oleif-
era (MO) can overcome various diseases, such as diabetes, gout, and cancer. This study
aimed to evaluate the influence of methanol concentration and acid addition on the
anti-cholesterol activity and secondary metabolite profile of Moringa oleifera root extract
(EMr), as well as to determine the content of secondary metabolite compounds in the
EMr of MO roots. The research methods included maceration extraction, phytochemical
screening, yield test, LCMS/MS analysis, Escherichia coli antibacterial test, and anti-cho-
lesterol test on mice. Data were analyzed with SPSS (version 24) using the ANOVA test
followed by the Tukey test. The results showed that the concentration of methanol solvent
with acid addition (MO4) significantly retarded Escherichia coli growth at 6% concentra-
tion with a Minimum Inhibitory Concentration (MIC) of 19 mm (p<0.05), and demon-
strated greater efficacy compared to MO1, MO2, MO3, MO5, and MOG6. Phytochemical
screening indicated the presence of flavonoid, alkaloid, and terpenoid compounds, and the
results of LCMS/MS analysis identified 21 verified compounds. The results also showed
that MO root EM has anti-cholesterol activity at 400 mg doses (p<0.05).

saponins and polyphenols (favonoids), namely quercetin and
catechin, two additional alkaloids in the form of moringine
and moringinine, vanilla, -sitosterol, P-sitostenone,

family as a staple food. Moringa oleifera, in particular, has
been consumed not only for its nutritional value but also for
its medical benefits (Anwar F et al., 2007).

Different parts of the M. oleifera plant contain important
mineral profiles and are good sources of protein, vitamins,
[-carotene, amino acids, and various phenolics. The root
part of M. oleifera provides a combination of zeatin, querce-
tin, P-sitosterol, caffeoylquinic acid, and kaempferol (Bharali
etal., 2005). Some studies have shown that this plant contains
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4-hydroxymellin, and octacosanoic acid (Faizi et al., 1995;
Krinasi et al., 2015). Isothiocyanates and glucosinolates are
also present. Isothiocyanates (ITC) are found in nature in
the form of benzyl isothiocyanate (BITC), phenethyl isothio-
cyanate (PEITC), or phenyl isothiocyanate (PITC) (Bose C
et al., 2007; Krinadi et al., 2015).

It is reported that M. oleifera root is widely used for var-
ious diseases, such as antimicrobial, anti-fungal, and antibac-
terial purposes, and can also reduce cholesterol levels [4-8].
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The prevalence of diseases caused by high cholesterol worldwide
in 2023 is quite high and is frequently encountered in society.
For example, coronary heart disease accounts for 31.5%, stroke
24.4%, peripheral vascular disease 10.1%, and chronic kidney
disease 2.4% (Ahmed et al., 2015; WHO., 2023).

Diseases with a high prevalence worldwide are often
caused by microbes. Infectious diseases of the gastrointes-
tinal tract, such as diarrhea, have a prevalence of 10-20%,
dysentery 1-2%, and typhoid 0.1-0.5%. These diseases can
be caused by bacterial infection. In addition to these, other
diseases caused by bacteria include urinary tract infections at
0.5-1% and hemolytic uremic syndrome (HUS) at 0.01%
(Pandey et al., 2012; WHO., 2023).

Bacterial infection in certain cases can also be asso-
ciated with increased blood cholesterol levels by various
mechanisms, such as HUS caused by O157:H7. Although
this disease has a low prevalence compared to others, sev-
eral studies have shown that people infected with E. coli
O157:H7 have higher total cholesterol levels than those
who are not infected. This demonstrates that E. coli infec-
tion is associated with elevated cholesterol levels. This type
of bacteria produces toxins that can damage cells in the
small intestine. This damage leads to the release of lipopoly-
saccharide (LPS) and increases blood cholesterol levels. In
addition, E. coli bacterial infections can also cause inflam-
mation, which can lead to increased cholesterol production
in the liver (Feng et al., 2018; Liu et al., 2020; Nakajima
etal., 2021; WHO., 2023).

This research will determine the anti-cholesterol activity
of Moringa root extract (Moringa oleifera), considering the
potential of this plant as discussed previously in the litera-
ture. Compounds with potential as anti-cholesterol agents
include polyphenolic/phenolic group compounds, flavo-
noids, and alkaloids. Based on studies, these compounds
can be optimally extracted with the addition of acid during
the extraction process (Adebayo et al., 2022; Grupra et al.,
2022, Oliveira et al., 2022; Sari et al., 2022; Zhu et al.,
2022).

2. MATERIALS AND METHODS

2.1. Materials

Methanol, glacial acetic acid, Wagner, Mayer, FeCl;,
and Liebermann-Burchard reagents; Nutrient Agar (NA),
Nutrient Broth (NB), paper discs; methanol (technical
grade), DMSO (Dimethyl Sulfoxide), tetracycline, E. coli
bacteria, simvastatin, CMC, 25 male white rats, and cho-
lesterol strips were used. The chemicals were obtained from

Sigma-Aldrich, USA.
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2.2. Preparation of M. oleifera root

Fresh MO roots obtained in Tanete Hamlet, Timoreng
Panua Village, Panca Rijang Sub-district, Sidenreng Rappang
District, South Sulawesi were first cleaned. Then, all parts of
the plant were dried by aerating at room temperature in the
open air until dry. The dried MO roots were cut into small
pieces and then pulverized using a grinder (faika et al., 2019).

2.3. Preparation of Extracts and Phytochemical Screening

The ground powder of MO root was weighed and then
macerated using various concentrations of methanol solvent
with 1% acid addition. The samples were soaked for 3 x 24
h (1:4, b/v), and then evaporated to produce a viscous meth-
anol extract (ME). The samples were diluted and tested for
each ME using Wagner, FeCl;, and Liebermann-Burchard
reagents (Ankad et al., 2015; Faika et al., 2019).

2.4. Antibacterial Bioactivity Assay

The antibacterial bioactivity assay against Escherichia coli
was performed using the Kirby-Bauer disc diffusion method.
E. coli bacteria were cultured and diluted with sterile distilled
water until the cell density reached 25% transmittance at 600
nm (equivalent to ODggo approximately 0.8-1.0). Nutrient
Agar (NA) and Nutrient Broth (NB) were used as solid and
liquid media, respectively. Sterile 6 mm diameter paper discs
were saturated with 20 pL of test extracts dissolved in DMSO
at concentrations of 0.5%, 2%, 4%, and 6%. As controls,
20 pL of pure DMSO was used as a negative control, and
20 pL of tetracycline solution (30 pg/mL) was used as a pos-
itive control. The saturated discs were carefully placed onto
the surface of NA plates previously inoculated with E. coli at
standardized cell density. The plates were incubated at 37°C
for 24 h. After incubation, antibacterial activity was assessed
by measuring the diameter of the clear zone (inhibition zone)
formed around each disc using a digital caliper. The clear
zone indicated the area where bacterial growth was inhibited
or killed (Greenwood et al., 1995; Bharali et al., 2003; Zhu
etal., 2022).

2.5. Anti-cholesterol Bioactivity Assay
The test subjects used in the study were 25 mature mice.
The age of the test animals was 2-3 months old. Adaptation

to laboratory conditions was carried out for 1 week, each with
a density of 5 animals per cage and grouped into 5 groups.
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The treatment was given every day for 21 days (Oliveira et al.,
2022; Andini et al., 2023).

In this study, 25 adult male mice aged 2—-3 months were
used as experimental subjects. The animals were acclimatized
to laboratory conditions for one week, with five mice housed
per cage under standardized environmental settings. The
mice were randomly assigned into five groups: a negative con-
trol group (receiving 0.5% CMC), a positive control group
(receiving simvastatin at a dose of 5 mg/kg body weight), and
three experimental groups administered the test extract at
doses of 200, 300, and 400 mg/kg body weight, respectively.
Treatments were administered once daily for a total duration
of 21 days. Hyperlipidemia was induced by oral adminis-
tration of quail egg yolk for 14 consecutive days to elevate
blood cholesterol and lipid levels. Following the induction
period, the experimental groups received the extract treat-
ment for seven consecutive days according to their respec-
tive dosages, while the negative control group continued to
receive CMC and the positive control group continued with
simvastatin administration. Blood samples were collected via
tail snipping. Samples were immediately analyzed to deter-
mine total cholesterol levels. The data obtained from these
measurements were subsequently used to evaluate the effects
of extract administration on total blood cholesterol levels in
mice.

2.6. LCMS/MS Analyzer

ME that showed the best antibacterial activity was further
analyzed using Liquid Chromatography-Mass Spectrometry/
Mass Spectrometry (LC-MS/MS) to identify compounds
based on molecular weight using the existing Massbank data-
base and online resources, and was compared with some exist-
ing literature (Andini et al., 2023).

2.7. Ethical Approval

The animal study was conducted after receiving approval
from the Animal Ethics Committee of Hasanuddin University,
Makassar, Indonesia, with approval number: 940/UN4.6.4.5.31/
PP36/2023. The experiments were conducted in accordance
with the guidelines provided by the Faculty of Medicine.

2.8. Data Analytics
Data analysis was performed using SPSS software version

22.0 (IBM Corp., Armonk, NY, USA). The normality of data
distribution was assessed using the Shapiro—Wilk test, and the
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homogeneity of variances was evaluated using Levene’s test.
Since the data were normally distributed and showed homo-
geneity of variance, a one-way analysis of variance (ANOVA)
was conducted to assess significant differences among groups.
Post hoc comparisons were performed using Tukey’s Honestly
Significant Difference (HSD) test. Results were considered
statistically significant at p < 0.05.

3. RESULT AND DISCUSSION

3.1. Extraction Process

MO root samples that had been cleaned, cut into small
pieces, and dried were weighed, yielding 3.55 kg. The sam-
ple was pulverized to obtain 1.15 kg of MO powder. Then
extraction process was then carried out using a 1:25. b/v ratio.

The results in Table 1 and Figure 1 were analyzed using the
ANOVA test and further tested with the Tukey test (p = 0.05),

Table 1

Treatment Tags.

Treatment Extracts

MO1 30% Methanol

MO2 30% methanol + 0.1% glacial acetic acid
MO3 50% Methanol

MO4 50% methanol + 0.1% glacial acetic acid
MO5 70% Methanol

MO6 70% methanol + 0.1% glacial acetic acid

Source: Primary data
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Figure 1. Average yield percentage (n = 3) of Moringa oleifera
root methanolic extract (ME) at different concentrations
(MO1-MO6), comparing samples with acid addition (light
gray) and without acid (dark gray).
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showing significant differences between different characters
(a, b, c), while the same characters (a a/b, b/c, ¢) showed no
significant differences.

It is known that solvent concentration affects the yield (p <
0.05), but the addition of acid does not affect MO root extract
(p > 0.05). Several previous studies reported ME yields from
MO roots ranging from 17.2% to 18.9%. However, in this
study, relatively high yields were obtained under the best con-
ditions of MO1 and MO?2 treatments, namely 24.25% and
24.05%, respectively. Concentration affects the solubility of
the solvent. As the concentration of methanol decreases, the
solubility of the solvent increases; this is due to water having
a high polarity index. Some research supports this by showing
higher yields with decreasing solvent concentration, allowing
more polar active compounds to be extracted (Zhang et al.,
2010; Adebayo et al., 2022; Grupa et al., 2022; Oleivera
et al., 2022; Sari et al., 2022; Zhu et al., 2022).

3.2. Phytochemical Screening

Determination of compounds was conducted by phyto-
chemical screening on each ME sample using several reagents.
FeCl; was used to test the flavonoid group by changing the
color of the sample to green, blue, or black. Wagner’s reagent
was used for identification of alkaloid compounds by turn-
ing the ME sample into a brown or reddish precipitate.
Libermann-Burchard reagent was used to test steroid or ter-
penoid compounds; a change in the color of the sample to
green, yellow, or blue indicated positive steroid compounds,
while red, brown, or purple indicated positive terpenoid com-
pounds (Ankad et al., 2015; Faika et al., 2019).

3.3. Antibacterial Bioactivity Assay

The antibacterial bioactivity assay against E. coli bacteria
was conducted using the Kirby-Bauer diffusion method. This
test uses a 6 mm paper disc, which is saturated with sam-
ples dissolved in DMSO, a negative control (DMSO), and
a positive control in the form of an antibiotic (tetracycline).
Tetracycline is used as the positive control because it is an
antibiotic active against bacteria, inhibiting protein synthesis,
and serves as a benchmark for determining the antibacterial
activity of the extract by comparing the diameter of the inhi-
bition zone formed. The negative control is used to determine
whether the solvent affects the growth of E. coli, ensuring that
any antibacterial activity observed is due to the test substance
and not the solvent.

The previously saturated paper disc was placed on the sur-
face of the agar medium (NA). Observation showed a clear

View Article online

zone formed around the paper disc, which is the bacterial
inhibition zone. This clear zone indicates that the bacteria in
that area did not grow or were killed.

According to Figure 2, the results of the ANOVA analy-
sis and subsequent Tukey test showed that concentrations
sharing at least one character were not significantly different
(a, a: ab, ab: bc, be: ab, be, etc.) (p > 0.05), while concen-
trations with entirely different characters showed significant
differences (a, be: ab, cde: cde, gh, etc.) (p < 0.05). The high-
est inhibitory effect against E. coli bacteria was observed with
MO4 extract (6%), with inhibitory power comparable to the
positive control tetracycline (p > 0.05). Based on the MIC
(Minimum Inhibitory Concentration), the lowest concen-
tration required to inhibit bacterial growth was MO4 (2%)
(Bharali et al., 2003; Bose et al., 2007; Zhu et al., 2022).

Based on several previous studies, it was reported that MO
root ME inhibits the growth of E. coli bacteria with inhibi-
tion zones of 10-15 mm. In this study, excellent results were
obtained, with a 19 mm inhibition zone and a MIC (Minimum
Inhibitory Concentration) of 11 mm. This improvement is
attributed to the addition of acid during the extraction process,
which optimizes the extraction of substances with antibacterial
properties (Adebayo et al., 2022; Grupa et al., 2022; Oleivera
etal.,, 2022; Sari et al., 2022; Zhu et al., 2022). The storage for
the anticholesterol test is based on the results of the best anti-
bacterial test, as compounds with antibacterial properties—
such as polyphenols/phenolics, flavonoids, terpenoids, and
alkaloids—also possess antioxidant properties that can help
reduce cholesterol levels in the blood (Li et al., 2016; Chen
etal., 2015; Wu et al., 2021).

3.4. Anti-cholesterol Bioactivity Assay

ME of MO root that has the best antibacterial activity,
which is continued to be tested in mice.

According to Figure 4, the results of ANOVA analysis and
subsequent Tukey test showed that the average percentage of
cholesterol level reduction with the same character (b) was
not significantly different (p > 0.05), while different charac-
ters (a, b, ¢) were significantly different (p < 0.05) (Oliveira
et al., 2022; Andini et al., 2023). Several studies have shown
that Moringa root is able to lower total cholesterol levels and
improve serum total cholesterol levels (Saleem et al., 2016;
Kimi et al., 2019; Alhabeeb et al., 2023).

3.5. LCMS/MS Result

The extract with the best bioactivity was analyzed by Liquid

Chromatography-Mass ~ Spectrometry/Mass ~ Spectrometry
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Figure 2. Average inhibition zone diameter (mm) (n = 3) of Moringa oleifera root methanolic extract (ME) against Escherichia coli

bacteria.

Table 2

Results of phytochemical screening.

Samples Reagents Colors Results

MO1 FeCl, Green Positive
Wagner Reddish Precipitate Positive
Liebermann-Burchard Purplish Positive

MO2 FeCl, Green Positive
Wagner Reddish Precipitate Positive
Liebermann-Burchard Purplish Positive

MO3 FeCl, Green Positive
Wagner Reddish Precipitate Positive
Liebermann-Burchard Purplish Positive

MO4 FeCl, Green Positive
Wagner Reddish Precipitate Positive
Liebermann-Burchard Purplish Positive

MO5 FeCl, Green Positive
Wagner Reddish Precipitate Positive
Liebermann-Burchard Purplish Positive

MO6 FeCl, Green Positive
Wagner Reddish Precipitate Positive
Liebermann-Burchard Purplish Positive

2019).

'natural resources for human health

Figure 3. Inhibition results (n = 3) of Moringa oleifera root
methanolic extract (MO4) against Escherichia coli bacteria.

(LCMS/MS). Based on the compound analysis results from
LCMS/MS, the methanol extract of Moringa oleifera L. root
contained 21 compounds. The active compounds found in
Moringa root extract have medicinal properties such as anti-
bacterial, anti-inflammatory, antioxidant, and anticholesterol
effects (Guevera et al., 1999; Husain et al., 2018; Lin et al.,
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Figure 4. Percentage decrease in total cholesterol levels in mice treated for 21 days with CMC (negative control), Moringa oleifera
root methanolic extract (MO4) at doses of 200 mg, 300 mg, and 400 mg, and Simvastatin (SIMV) as a positive control (n = 3).
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Figure 5. Chromatogram showing the compound content analysis of Moringa oleifera root methanolic extract (MO4).

Based on the results of LCMS/MS analysis (Figure 5),
Moringa root extract contains compounds such as alkaloids
(dibenzylurea, Aurantiamide acetate, and Isotriornicine), flavo-
noids (Apiin, Apigenin, Isoflavones, Kaempferol, Folinic acid,
Rhamnetin, and Quercetin), polyphenol/phenolic compounds
(Benzyl isothiocyanate, Benzyl Glucosinolate, Dicaffeoylquinic
acid, ligustilide, and Eugenol), and terpenoids (Zeaxanthin),

as well as other compounds including fatty acids (Palmitic
Acid, Octadecadienoic acid, Elaidolinoleic acid), vitamin B3
(Niacin), and essential amino acids (Tryptophan) (Guevera
et al., 1999; Husain et al., 2018; Lin et al., 2019).

According to Figure 5, the results of compound analy-
sis from Liquid Chromatography-Mass Spectrometry/Mass
Spectrometry (LC-MS/MS) show that secondary metabolite
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compounds in Moringa root extracts extracted using 50%
methanol solvent with the addition of 0.1% acid include
alkaloid, flavonoid, and terpenoid compounds. This is evident
from the structure of the compounds: alkaloids contain one or
more nitrogen atoms usually incorporated in a cyclic system
with basic properties; flavonoids have basic structures consist-
ing of aromatic groups bound to one or more OH groups;
and terpenoids are built from two or more isoprene units
generally joined head-to-tail. Organic compounds classified
as terpenoids follow the isoprene rule, which describes the
structural regularity and includes two key aspects. Some com-
pounds identified in Moringa root extract based on LC-MS/
MS analysis include Niacin, Folinic acid, 1,3-Dicaffeoylquinic
acid, 3-Butylidene-4,5,6,7-tetrahydro-6,7-dihydroxy-1(3H)-
isobenzofuranone, Benzyl Glucosinolate, Palmitic Acid,
1,3-Dibenzyl urea, Isoflavones, Quercetin 3-O-(6"-acetyl-
glucoside), and Isotriornicine (Harbone et al, 1987;
Arabshabhi et al., 2007; Ahmed et al., 2015).

CONCLUSIONS

According to the research results obtained, it can be
concluded that:

1. Methanol solvent concentration affects the yield of
Moringa oleifera root extract, while acid affects antibacte-
rial activity against E. coli bacteria.

2. Moringa oleifera Lam. root methanol extract exhibits
biological activity as a potential anti-cholesterol agent.

3. Active compounds contained in the verified extract of
Moringa oleifera L. roots include alkaloids, polyphenols,
flavonoids, and terpenoids.

AUTHORS’ DECLARATION

The authors hereby declare that the work presented in this
article is original and that any liability for claims relating to
the content of this article will be borne by them.
ACKNOWLEDGEMENTS

We are grateful to Universitas Negeri Makassar (UNM) for
supporting this study.
AUTHOR CONTRIBUTIONS

Research concept and design, Collection and/or assembly
of data, Data analysis and interpretation, Writing the article,

View Article online

Critical revision of the article, Final approval of the article:
EA; Research concept and design, Collection and/or assembly
of data, Data analysis and interpretation, Writing the article,
Critical revision of the article, Final approval of the article:
S.H.S; Research concept and design, Data analysis and inter-
pretation, Writing the article, Critical revision of the article,
Final approval of the article: N.H.; Research concept and
design, Data analysis and interpretation, Critical revision of
the article, Final approval of the article: H.H.H.

CONFLICT OF INTEREST

The authors declare no conflict of interest with respect to
research, authorship and/or publication of this article.

ORCID

Sitti Faika Ahsan 0000-0002-1114-6684
Surahmat HAMID surahmat  0009-0000-5541-7530
Netti Herawati 0009-0000-8707-1925
Halimah Husain Halimah 0000-0003-1462-9777
REFERENCES

Achmed, S., Gul, S., Zia-ul-Haq, M. and Riaz, M., 2015.
Hypolipidemic effects of nimesulide and celecoxib in experimen-
tally induced hypercholesterolemia in rabbits. Turk. J. Med. Sci.,
45, 277-283.

Adebayo, O.A., Afolabi, A.O., Afolabi, S.A. and Aderibigbe, O.A.,
2023. Optimization of methanolic extraction of Moringa oleif-
era root using response surface methodology. Journal of Food
Science and Technology, 60(2), 1093-1102.

Adebayo, O.A., Afolabi, S.A., Afolabi, A.O. and Aderibigbe, O.A.,
2022. Extraction, characterization, and antioxidant activity of
methanolic extract of Moringa oleifera root. Natural Product
Research, 36(13), 1491-1498.

Andini, P., Safitri, N. and Puspitasari, A., 2023. Identification of
Anticholesterol Bioactive Compounds from Dutch Teak (Guazuma
ulmifolia L.) Leaf Extract Using Liquid Chromatography-Mass
Spectrometry/ Mass Spectrometry (LC-MS/MS). Indonesian
Journal of Pharmacy, 17(1).

Andini, P., Safitri, N. and Puspitasari, A., 2023. Effectiveness
Test of Dutch Teak (Guazuma ulmifolia L.) Leaf Extract as
Anticholesterol in Male Mice. Indonesian Journal of Pharmacy,
17(1), 33-41.

Anwar, F., Latif, S., Ashraf, M. and Gilani, A.H., 2007. Moringa
oleifera: a food plant with multiple medicinal uses. Phytotherapy
Research, 21, 17-25. https://doi.org/10.1002/ptr.2023

Arabshahi-D, S., Vishalakshi Devi, D. and Urooj, A., 2007.
Evaluation of the antioxidant activity of some plant extracts
and their heat, pH, and storage stability. Food Chemistry, 100,
1100-1105.

Natural Resources for Human Health 2025, 5,732-739 | 738


https://doi.org/10.53365/nrfhh/206026
https://orcid.org/0000-0002-1114-6684
https://orcid.org/0009-0000-5541-7530
https://orcid.org/0009-0000-8707-1925
https://orcid.org/0000-0003-1462-9777
https://doi.org/10.1002/ptr.2023�

Sitti Faika Ahsan et al.

Alhabeeb, M.K. and Fawzy, G.H., 2023. Comparing the effect of
Moringa Aqueous Extract and Selenium Nanoparticles Against
Complications of Type 2 Diabetes Mellitus. Pakistan Journal of
Biological Sciences. https://doi.org/10.3923/pjbs.2023.249.265

Bharali, M.R., Jong, A.N. and Kawabata, J., 2003. Antidiabetic
Potential of Nepalese Herbal and Food Plants. Functional Foods
for Chronic Diseases, 3(1).

Bose, C.K., 2007. Possible role of Moringa oleifera L. Root in epi-
thelial ovarian cancer. Medical General Medicine, 9(1), 26.

Chen, L., Xu, H. and Zhang, J., 2015. Effects of green tea polyphe-
nols on serum lipid levels and blood pressure in patients with
type 2 diabetes: a meta-analysis of randomized controlled trials.
Nutrients, 7(4), 2404-2417. https://doi.org/10.3390/nu7042404

Faika Ahsan, S. and Rifai, A., 2019. Extraction and Screening of
B-Sitosterol Compounds from Chloroform Extracts Barks of
Kelor Plant (Moringa oleifera Limn) as a Candidate of Cancer
Treatment Compounds. Materials Science Forum, 967, 22-27.
https://doi.org/10.4028/www.scientific.net/msf.967.22

Faizi, S., Siddiqui, B., Saleem, R., Siddiqui, S., Afbat, K. and Gilani,
A., 1995. Fully acetylated and hypotensive thiocarbamite glyco-
sides from Moringa oleifera. Phytochemistry, 38, 957-963.

Feng, S., Xie, W., Zhang, J. and Zhang, X., 2018. Effect of
Escherichia coli O157:H7 infection on serum lipid profile in
mice. Journal of Clinical Microbiology, 56(12), 3214-3220.

Guevera, P, Amelia, C.V., Hiromu, Y., Yasuhiro, F., Keiji, H.,
Takashi, M., Mutzuo, K., Yoshohiro, I., Harukumi, T. and
Hoyoku, N., 1999. An Antitumor Promoter from Moringa oleifera
Lam. Mutation Research, 440, 181-188.

Gupta, A. and Singh, S., 2022. Extraction and characterization of
bioactive compounds from Moringa oleifera root. Journal of
Pharmaceutical Sciences and Research, 14(1), 13-19.

Greenwood, 1995. Antibiotics Susceptibility (Sensitivity) Test,
Antimicrobial and Chemoterapy. San Francisco, USA: Addison
Wesley Longman Inc.

Ankad, G.M., Pai, S.R., Upadhya, V., Hurkadalb, P.J. and Hegde, H.V.,
2015. Pharmacognostic evaluation of Achyranthes coynei: Leaf.
Egyptian Journal of Basic and Applied Sciences, 2, 25-31.

Harborne, J.B., 1987. Phytochemical methods: a guide to the mod-
ern way of analyzing plants Bandung: Bandung Institute of
Technology.

Husain, M., Mujeeb, S.A., Khan, A.K., Najmi, and Siddique, N.A.,
2018. A Review on Nutritional and Medicinal Properties of
Moringa oleifera. International Journal of Food Science and
Nutrition, 2(2), 29-36.

Krisnadi, A.D., 2015. Moringa Super Nutrition. Kunduran: Media
Care for the Environment.

Kim, Y.J. & Kim, H.S., 2019. Screening Moringa species focused
on the development of locally available sustainable nutritional
supplements. Nutrition Research and Practice, 13(6), 529-534.
https://doi.org/10.4162/nrp.2019.13.6.529

Li, S., Xia, N., Zhou, W. et al., 2016. Effects of flavonoids on lipid
metabolism. Nutrients, 8(12), 787. https://doi.org/10.3390/
nu8120787

View Article online

Liu, Y., Wu, C., Zhang, Y. and Wang, C., 2020. Escherichia coli
O157:H7 infection increases serum lipid levels in mice via
TLR4/NF-«B signaling pathway. Journal of Animal Science and
Biotechnology, 11(1), 12.

Lin, Y., Zhang, H., Chen, Y. and Yang, L., 2019. Chemical composi-
tion and biological activities of Moringa oleifera leaves: a review.
Journal of Functional Foods, 61, 103473.

Maydell, C., 1999. Plant Products as antimicrobial agents. Clinical
Microbiology Reviews, 12, 564-582.

Mbikay, M. 2012. Therapeutic Potential of Moringa oleifera Leaves
in Chronic Hyper-Glycemicemia and Dyslipidemia: A Review.
Frontiers in Pharmacology, 3, 1-37.

Nakajima, T., Nomoto, T. & Watanabe, H. 2021. E. coli O157:H7
infection increases serum lipid levels in rabbits via TLR4/NF-xB
signaling pathway. Journal of Veterinary Medical Science, 83(7),
1221-1226.

Oliveira, J.M., de Oliveira, M.A., da Silva, A.M., de Oliveira, 1.B.,
de Oliveira, R.S. & de Oliveira, D.M. 2022. Optimization of the
extraction of bioactive compounds from Moringa oleifera roots
by supercritical fluid extraction. Food Science and Technology,
60(2), 1083-1092.

Pandey, G., Bhandari, M.R. & Kawabata, J. 2012. Indonesian
Medicinal Plants and Their Antidiabetic Potencies. Functional
Foods for Chronic Diseases, 4(1).

Saleem, H., Al-Dujaily, A.N.G. & Al-Murshidi, M.H.H. 2016.
Effect of Methanolic Leaf Extract of Moringa oleifera on
Biochemical Markers in obesity-induced rats. Research Journal
of Pharmaceutical, Biological and Chemical Sciences, 7(3),
2222-2232.

Sari, A.P. & Salimi, N. 2022. Extraction and characterization of bio-
active compounds from Moringa oleifera root. Journal of Applied
Pharmaceutical Sciences, 12(1), 36-42.

World Health Organization (WHO). 2023. Cholesterol. https://www.
who.int/home/search?indexCatalogue=genericsearchindex1&-
searchQuery=cholesterol&wordsMode=Al1Words

World Health Organization (WHO). 2023. Escherichia coli
Bacterium. https://www.who.int/home/search?indexCatalogue=-
genericsearchindex 1 &searchQuery=E.%20c0li)%20i5s%20a%20
bacterium%_20that%20is&wordsMode=AllWords

Wu, P, Liu, Y. & Wang, J. 2021. Effects of guggulsterone on glyce-
mic control and insulin resistance in type 2 diabetes: a system-
atic review and meta-analysis of randomized controlled trials.
Diabetes Research and Clinical Practice, 168, 108930. https://doi.
org/10.1016/j.diabres.2021.06.013

Zhang, L., Wan, B., Long, J. & Li, R. 2010. Solubility of ben-
zoic acid in acetone, 2-propanol, acetic acid and cyclohex-
ane: experimental measurement and thermodynamic modeling.
Fluid Phase Equilibria, 297, 113-120. https://doi.org/10.1016/j.
fluid.2010.06.021

Zhu, Y., Wang, X., Zhang, Y., Li, X. & Zhang, X. 2022. Optimization
of the extraction of bioactive compounds from Moringa oleif-
era roots by microwave-assisted extraction. Food Science and
Technology, 60(2), 1073-1082.

Natural Resources for Human Health 2025, 5,732-739 | 739


https://doi.org/10.53365/nrfhh/206026
https://www.who.int/home/search?indexCatalogue=genericsearchindex1&searchQuery=cholesterol&wordsMode=AllWords�
https://www.who.int/home/search?indexCatalogue=genericsearchindex1&searchQuery=cholesterol&wordsMode=AllWords�
https://www.who.int/home/search?indexCatalogue=genericsearchindex1&searchQuery=cholesterol&wordsMode=AllWords�
https://www.who.int/home/search?indexCatalogue=genericsearchindex1&searchQuery=E.%20coli)%20is%20a%20bacterium%20that%20is&wordsMode=AllWords�
https://www.who.int/home/search?indexCatalogue=genericsearchindex1&searchQuery=E.%20coli)%20is%20a%20bacterium%20that%20is&wordsMode=AllWords�
https://www.who.int/home/search?indexCatalogue=genericsearchindex1&searchQuery=E.%20coli)%20is%20a%20bacterium%20that%20is&wordsMode=AllWords�
https://doi.org/10.1016/j.diabres.2021.06.013�
https://doi.org/10.1016/j.diabres.2021.06.013�
https://doi.org/10.1016/j.fluid.2010.06.021�
https://doi.org/10.1016/j.fluid.2010.06.021�
https://doi.org/10.3923/pjbs.2023.249.265�
https://doi.org/10.3390/nu7042404�
https://doi.org/10.4028/www.scientific.net/msf.967.22�
https://doi.org/10.4162/nrp.2019.13.6.529�
https://doi.org/10.3390/nu8120787�
https://doi.org/10.3390/nu8120787�

	_Hlk197388147

