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ABSTRACT

Since most medications for treatment are ineffective against bacterial and viral
infections, they are the most difficult diseases to cure in humans. The appearance of
medication resistance factors that have challenged the efficiency of all antibacterial
agents prompted the research on the antibacterial properties of methanol stem bark
extract of D. zibethinus. This research aims to take a look at the phytochemical and
antibacterial properties of the stem bark extract of D. zibethinus Murr. against various
bacterial strains, including gram-positive strains such as Staphylococcus aureus and
Staphylococcus epidermidis, also gram-negative strains like Escherichia coli,
Salmonella typhi and Klebsiella pneumonia. Making use of qualitative analysis, the
availability of phytoconstituents in methanol stem bark extract of D. zibethinus Murr.
were examined, while the standard agar disc diffusion technique was utilized to
evaluate the antibacterial activity. The results obtained showed the availability of
phenolic compounds, alkaloids, flavonoids, tannins, saponins, terpenoids, steroids
and glycosides in the D. zibethinus Murr. stem bark. Furthermore, it demonstrated that
the stem bark extract showed antibacterial activity against S. aureus, S. epidermidis,
E. coli, and S. Typhi, with inhibition zones ranging from 15.88 to 18.72 mm at the
highest concentration of 200 mg/mL compared to the standard gentamicin antibiotic.
The minimum inhibitory concentrations (MIC) for S. aureus and S. epidermidis was
0.250 mg/mL, while E. coli had MIC of 0.125 mg/mL. The findings of our investigation
revealed that the stem bark extract of D. zibethinus Murr. exhibited the most potent
antibacterial activity against E. coli. Our conclusion is that the D. zibethinus Murr.
stem bark extract could be a viable therapeutic agent as an alternative.

Keywords: Phytochemicals, Antibacterial, Durio zibethinus, Minimum inhibitory
concentration.
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Introduction

Antimicrobial agents are crucial in reducing the
global epidemic of transmissible diseases
(Baker et al., 2022, Salam et al., 2023).
However, excessive usage of antibiotics has
adverse consequences on the environment,
ecosystem, and the overall well-being of people
has adverse consequences on the environment,
ecosystem, and the overall well-being of people.
It might increase the extent of infections
resistant to drugs (Pulingam et al., 2022).

However, the emergence and spread of
multidrug resistant (MDR) strains of pathogenic
bacteria have become a major public health
problem due to the lack of efficient antimicrobial
medications for infections caused by these
bacteria. (Cameron et al., 2022, Walsh et al.,
2023).

As a result of the speedy global growth of
resistant clinical isolates, new antimicrobial
medications must be discovered in intention to
completely eradicate the antibiotic resistance
that the clinical isolates exhibit (Aslam et al.,
2021, Emeraud et al., 2023). Plants are well-
endowed with many secondary metabolites,
which have been shown to have abundant
antimicrobial traits (Chassagne et al.,, 2021,
Hossaini et al., 2021). Many of these plants
are medicinal and have been reported as
important sources of naturally occurring
antimicrobial compounds that might be utilized
as alternative remedies that could be successful
in treating these troubling bacterial infections
(Alaoui Mdarhri et al., 2022, Iseppi et al., 2022).

D. zibethinus Murr is among the medicinal plants
that could be employed to overcome the
problem of antibiotic resistance to bacteria. D.
zibethinus Murr is a fruit bearing tropical plant
type called durian that has been extensively
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grown in Southeast Asian countries, majorly in
Malaysia. Researchers have stated that
antioxidant, anticancer, antidiabetic, anti-
lipoxygenase, anti-heart disease, and anti-
obesity properties can be attributed to durian
(Adeniyi et al., 2024a, Siburian et al., 2019). The
ability of durian fruit to give strength to the
immune system is one of its alleged medical and
therapeutic advantages (Husin et al., 2018). Its
fruit pulp might be a reliable source of fiber,
dietary fat, proteins, and carbohydrates (Adeniyi
et al., 2019). It has also been revealed that
durian seed, pulp, and peel flour are endowed
with nutritional, structural, anti-inflammatory, and
antioxidant properties (Permatasari et al., 2022,
Charoenphun and Klangbud, 2022). Taking into
consideration the tremendous potential of plants
as sources for antibacterial agents, this study
sought to determine the in vitro antibacterial
properties of the stem bark extract of D.
zibethinus Murr. against gram-positive and
gram-negative bacterial strains including S.
aureus, S. epidermidis, E. coli, K. pneumonia
and S. Typhi in an attempt to detect new source
of antibacterial agent.

Materials and Methods
Sample collection and authentication

In August 2023, D. zibethinus Murr stem bark
from Fig. 1 was collected at Igbinedion
University's Crown Estate in Okada, Edo State,
Nigeria. Identification and authentication of the
plant sample was done by the Taxonomist at the
Plant Biology Department, University of llorin,
Nigeria. The plant sample was assigned
Voucher No. UILH/001/1371. At ambient
temperature, the sample was air-dried and then
ground into a powder before being extracted.

branch of a durian plant
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Preparation and Extraction of Plant Material

The plant extract was made using the
techniques outlined by Ibrahim and Kebede
(2020) with little modifications. The fresh plant
sample was washed with distilled water and then
left to air dry for eight weeks at room
temperature (26°C), after which an electric herb
grinder (MODEL-750, LEJIEYIN China) was
used to ground it into a uniform powder.

2.0 kg of each powdered plant material was
soaked in 10.0 L of methanol for 72 hours at
room temperature in order to produce the
extract. This extract was filtered using
Whatmann No. 1 filter paper, and a Rotary
Evaporator (RE-52A, LabScience England) was
used to vacuum-concentrate the filtrates at 30 to
40 °C. After transferring the methanol extract to
labelled vials, the remaining solvents were left to
evaporate for three to four days at room
temperature. Then the dried extract was stored
in sterile bottles and kept in a refrigerator until
further use.

Tested Microorganisms

The Department of Microbiology & Parasitology
at Igbinedion University Teaching Hospital in
Okada, Nigeria, provided the test cultures. The
test cultures used in this study include S. aureus
ATCC 25923, S. epidermidis ATCC 12228, E.
coli ATCC 25922, K. pneumonia ATCC 27729
and S. Typhi ATCC 13311 (Microbiologics Inc.,
St. Cloud, MN, USA).

Phytoconstituent Analysis
Alkaloids

To obtain the alkaloidal base, 0.5 gram of
extract was diluted with ten milliliters of acid
alcohol, heated, and then filtered. To the five
milliliters of filtrate, two milliliters of diluted
ammonia and five milliliters of chloroform were
added and shaken gently. To the mixture, 10 mL
of acetic acid was added in order to extract the
chloroform layer, this was divided into portions 1
and 2 in which Mayer's reagent was added to
portion 1 and to portion 2, Draggendoff's reagent
was added. Alkaloids were considered to be
present when a cream formed with Mayer's
reagent or a reddish-brown precipitate formed
with Draggendoff's reagent (Nortjie et al., 2022).

Saponins

In a test tube, 5 mL of extract was mixed with a
drop of Na,COs; solution. After vigorous shaking,
it was allowed to rest for five minutes. Foam
formation was deemed to be positive for
saponins (Dubale et al., 2023).

Tannins

In a test tube, ten milliliters of water were used
to dissolve 0.5 gram of the extract, which was
then boiled and filtered. Drops of 0.1% FeCl;
were added to the filtrate. The presence of
tannins was deemed to be indicated by blue-
black or brownish green colour (Kancherla et al.,
2019).

Flavonoids

After dissolving 0.5 gram of each plant extract in
diluted NaOH, HCI was added. A yellow solution
that revolves to colorless was regarded as
positive for flavonoids (Adil et al., 2024).

Terpenoids (Salkowski Method)

Two millimeters of chloroform was added to 0.5
grams of each extract, and the mixture was
combined with 2 milliliters Conc. H,SO,, thereby
forming a layer. Reddish-brown coloration
appearing at the interface was considered as
positive for terpenoids (Octiara et al., 2021).

Steroids

Two millimeters of acetic anhydride were added
to each of 0.5 grams of methanol extract, and
the mixture was then combined with 2 milliliters
of H,SO,4. When the colour of sample changed
from violet to blue or green in some samples,
the test was considered to be positive for
steroids (Alemu et al., 2024).

Cardiac Glycosides

A single drop of ferric chloride solution, 2
milliliters of glacial acetic acid and 0.5 grams of
extract that had been diluted to 5 milliliters in
water were mixed together before 1 milliliter of
concentrated sulfuric acid was added to the
resultant solution. The appearance of a brown
ring at the interface follow by development of
greenish ring on top of brown ring and violet ring
below was considered positive for glycosides
(Bakir Cilesizoglu et al., 2022).
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Phenolic Compounds

0.5 milliliters of extract and 1 mL of lead tetra
acetate solution were mixed together. The
formation of a large, white precipitate was
regarded positive for phenolic compounds
(Warsi et al., 2023).

Antibacterial Activity Assay

Two gram-positive and three gram-negative
bacterial strains including S. aureus, S.
epidermis, E. coli, K. pneumonia, and S. Typhi
were used to evaluate the antibacterial activity of
the methanol stem bark extract of D. zibethinus
Murr.

With little modifications, the agar diffusion
method was used to evaluate the antibacterial
activity of the extract as reported by Asmerom et
al. (2020). The bacterial strains were maintained
in a nutrient agar slant at 4 °C after being
cultivated in 50 milliliters of nutrient broth at 37
°C. In a sterile petri dish with a diameter of 100
mm, the Mueller-Hinton agar (MHA) plate had
been coated with an overnight suspension
culture of the five bacterial strains. The uniformly
thick lawn-growing seeded media was allowed
to dry at room temperature for about 30 minutes.

The wells on individual plate were punched and
assigned numbers using a sterile borer with a 6
mm diameter. Twenty microliters of 200 mg/mL,
100 mg/mL, 50 mg/mL, and 25 mg/mL solutions
of the plant extracts diluted in 1% dimethyl
sulfoxide (DMSO) were added to the respective
wells and the disc was impregnated. The
activities of the bacterial strains were assessed
using the commercial antibiotic gentamicin as a
positive control. Afterward, the plates were
transferred into an incubator after being left
undisturbed for about 2 hours to give enough
time to diffuse on the inoculated agar at room
temperature. After incubation at 37 °C for 24-
hour period, the zone of inhibition was measured
using a metal caliper and reported in millimeters
(mm). The experiment was conducted in
triplicate for each microorganism. The average
zone of inhibition was calculated for each test
sample and the standard antibiotics.
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Minimum Inhibitory Concentration Assay
(MIC)

The method described by Jensen et al. (2020)
was adopted with little modifications. A fresh
stock solution of D. zibethinus methanol stem
bark extract was prepared in 0.02 M HCI with a
final concentration of 102.4 pg mi*. The
minimum inhibitory concentration (MIC) was
determined in a 96-well plate. Bacterial strain
cultures were diluted overnight in physiological
saline (0.9% NacCl) to reach turbidity of 0.5
McFarland (corresponding to ~108 CFU/mL;
Sensititre® nephelometer and the Sensititre®
McFarland Standard). The bacterial suspensions
were set at 5 x 105 CFU/mL in Mueller-Hinton
broth (MH; Oxoid CM0405) in wells containing
standard twofold plant extract dilutions in a final
volume of 100 pL. The plates were shaken at
300 rpm as well as incubated for 24 hours at
37°C. Every experiment was carried out three
times. The non-appearance of turbidity in the
broth indicates that at the lowest concentration,
the methanol stem bark extract of D. zibethinus
suppressed the bacterial inhibition, which was
used to evaluate the MIC (Nava-Solis et al.,
2022, Tankeshwar, 2022, Mokhtar et al., 2023).

Data Analysis

The experimental mean and standard deviation
were determined. An analysis of variance
(ANOVA) was used to check for significant
differences (p < 0.05) in the antibacterial study.

Results
Phytochemical Analysis

Phytochemical Analysis Table 1 shows results of
the phytoconstituents of the stem bark extract of
D. zibethinus Murr. The secondary metabolites
detected in the stem bark extract from D.
zibethinus Murr, are given as follows: alkaloids,
tannins, saponins, flavonoids, terpenoids,
steroids, glycosides, and phenolic compounds.
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Bar chart for Table 1 showing the presence of all tested phytoconstituents

Phytoconstituents of Methanolic Stem Bark Extract of D. zibethinus Murr.
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Phytoconstituents

Brief interpretation (for Results section) 25923), S. epidermidis (ATCC 12228), K.
pneumonia (ATCC 27729), E. coli (ATCC

The bar chart indicates the presence of all 25922), and S. typhi (ATCC 13311). The stem

tested phytoconstituents in the methanolic stem
bark extract from D. zibethinus Murr. Alkaloids,
saponins, tannins, flavonoids, terpenoids,
steroids, cardiac glycosides, and phenolic
compounds were all detected, suggesting that
the extract contains a wide range of bioactive
compounds that may contribute to its observed
antibacterial activity.

Table 2 illustrates results of in vitro antibacterial
activity of the methanol stem bark extract from
D. zibethinus Murr, against S. aureus (ATCC

bark extract demonstrated antibacterial activity
against S. aureus (ATCC 25923), S. epidermidis
(ATCC 12228), and E. coli (ATCC 25922) at the
highest concentration of 200 mg/mL, with
maximum inhibition zones of 16.92 + 0.01 mm,
15.88 + 0.01 mm, and 18.72 + 0.01 mm,
respectively. However, the D. zibethinus stem
bark extract did not inhibit the growth of K.
pneumonia (ATCC 27729) and S. Typhi (ATCC
13311).

Table 1. Phytoconstituents of methanolic stem bark extract of D. zibethinus Murr.

S/IN Phytoconstituents Inference

1 Alkaloid

(a) Mayer’s test
(b) Dragendorff's +

Saponin

Tannin

Flavonoid

Terpenoid

Steroid

Cardiac Glycoside

Phenolic compounds

-+

ONOOURAWN
+ + + + + + +

*Presence = +, Absence = -
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The chart in Table 2 clearly shows the Antibacterial activity of D. zibethinus Murr. stem bark

Antibacterial Activity of D. zibethinus Murr. Stem Bark Extract

S. aureus

S. epidermidis
K. pneumoniae
E. coli

S. typhi

204

15

10 4

Zone of Inhibition (mm)

> > N N )
o @ 0\-0‘3\«\ 5‘“‘3‘«\
E 2

Concentration / Control

Antibacterial activity of D. zibethinus Murr, stem bark

Dose-dependent activity against S. aureus, S. epidermidis, and E. coli

No inhibitory effect (0 mm) against K. pneumoniae and S. typhi at all extract concentrations
Gentamicin (positive control) shows strong activity across susceptible organisms

DMSO (negative control) shows no activity, confirming extract validity

Table 2. Antibacterial activity of D. zibethinus Murr. stem bark

Diameter of zone of inhibition (mm) / Bacterial Strains

Concentration S. aureus S. epidermis K. pneumonia E. coli S. typhi
(mg/mL) ATCC 25923 ATCC 12228 ATCC 27729 ATCC 25922 ATCC 13311

200 16.92+0.01 15.88 £ 0.01 0 18.72 £ 0.01 0
100 12.69+0.01 13.48 £0.02 0 14.87 £ 0.01 0
50 10.85+0.01 11.02+0.01 0 12.11 +0.01 0
25 9.87+0.01 10.34+0.01 0 11.63+0.01 0
Gentamicin (+) 0 22.00 16.00 14.00 22.00
DMSO (-) 0 0 0 0 0

Values are expressed in mean * SD (n = 3). SD: Standard Deviation. 0 = no growth

Minimum Inhibitory Concentration (MIC)
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Bar chart showing the Minimum Inhibitory Concentration (MIC) of D. zibethinus Murr. stem bark extract

against the three bacterial strains.

Minimum Inhibitory Concentration of D. zibethinus Murr. Stem Bark Extract

0.25

0.20

0.15

0.10 +

0.05

Minimum Inhibitory Concentration (mg/mL)

Q.00 -

Microorganisms

Results/Discussion

The bar chart shows that S. aureus and S.
epidermidis had the same MIC value (0.250
mg/mL), indicating similar susceptibility to the
extract, while E. coli exhibited a lower MIC
(0.125 mg/mL), suggesting higher sensitivity to
the methanolic stem bark extract.

Table 3 summarizes the results of minimum
inhibitory concentration (MIC) of stem bark
extract of D. zibethinus Murr. The result
disclosed that the MIC for S. epidermidis and S.
aureus was 0.250 mg/mL, whereas it was 0.125
mg/mL for E. coli respectively.

Table 3. Minimum inhibitory concentration of D. zibethinus Murr. stem bark

Microorganism

Minimum inhibitory concentration (mg/mL)

S. aureus ATCC 25923

S. epidermis ATCC 12228

E. coli ATCC 25922

0.250
0.250
0.125

Discussion

The results shown in Table 1 were in agreement
with the reports of Mohiuddin (2019) as well as
Adeniyi et al. (2024b). According to reports,
secondary metabolites have been identified as
antimicrobial compounds against a variety of
microbes (Siburian et al., 2019, Hidayah et al.,
2022, Sabir, 2005). This study demonstrated
that the stem bark of D. zibethinus Murr. is a
potential wellspring of antibacterial agents due
to the presence of secondary metabolites like
flavonoids, phenols, and alkaloids. This result
aligns the studies of Adeniyi et al. (2024b) and
Manurung et al. (2022).

According to the results in Table 2, methanol
stem bark extract from D. zibethinus Murr, has
shown antibacterial efficacy against every
bacterium except K. pneumonia ATCC 27729
and S. Typhi ATCC 13311. According to the
findings, the extract has stronger antibacterial
properties against S. aureus ATCC 25923
(16.92 mm) and E. coli ATCC 25922 (18.72
mm), whereas the activity may be considered
moderate against S. epidermidis ATCC 12228
(15.88 mm) in contrast to the commercially
available antibiotic Gentamicin (0 mm, 14.00
mm and 22.00 mm respectively). The results
obtained were in agreement with the report of
Alkandahri et al.,, (2021) who examined the
antibacterial efficacies of D. zibethinus Murr.
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leaves and fruit against E. coli, B. subtilis, P.
aeruginosa and S. aureus bacteria. Although
some researchers have reported the
antibacterial properties of durian fruit skin flesh
extract (Jamal et al., 2019) and the rinds extract
durian (Fitrianingsih et al., 2019, Octiara et al.,
2023). However, little or no report has been
given on the antibacterial properties of D.
zibethinus stem bark extract.

The MIC of the extract was determined for only
bacteria that were inhibited as reported in Table
3. The results disclosed that the MIC for S.
epidermidis and S. aureus were 0.250 mg/mL
respectively, whereas it was 0.125 mg/mL for E.
coli. To the best of our knowledge, little or no
report has been recorded for MIC of D.
zibethinus Murr. stem bark extract.

Conclusion

In our findings, the D. zibethinus Murr. stem bark
extract possesses some essential
phytochemicals, such as, alkaloids, tannins,
saponins, flavonoids, terpenoids, steroids,
glycosides, and phenolic compounds. These
phytochemicals serve as the basis for the
antibacterial properties of the extract against
some bacterial strains. Additionally, the study
also showed that the strongest antibacterial
properties of the stem bark extract were noticed
against S. aureus ATCC 25923, S. epidermis
ATCC 12228, and E. coli ATCC 25922. The two
most susceptible bacterial species were found to
be S. aureus ATCC 25923 and E. coli ATCC
25922,

In recent time, researchers have reported the
antibacterial properties of D. zibethinus Murr.
against some bacterial strains; nevertheless, our
study found that the stem bark extract had the
strongest antibacterial activity. Hence, it is
therefore suggested that stem bark extract of D.
zibethinus Murr. could be a viable therapeutic
agent as a substitute against bacterial diseases
as antimicrobial medications are so costly these
days. However, with the purpose of fully utilizing
the antibacterial potential of stem bark of D.
zibethinus Murr., it is imperative that the active
components be isolated and thoroughly
characterized. Such active compounds may be
employed to develop novel, potent antimicrobial
drugs.

OMANARP INTER JN&A SCI. VOL.3,1.P 8

EISSN 1595-5613

Acknowledgements

The authors express their gratitude to the entire
Department of Microbiology & Parasitology team
of Igbinedion University Teaching Hospital,
Okada, Nigeria and Department of Chemistry for
the assistance rendered throughout the project's
duration. We also appreciate Mr. Bolu Ajayi at
the Plant Biology Department, University of
llorin, Nigeria, who assisted in identifying and
authenticating the plant material.

Conflict of Interest
No conflict of interest is declared.

Authors Contribution

Sunday Adegoke Adeniyi and Gabriel Ademola
Olatunji planned and designed the research
experiments, Olubunmi Stephen Oguntoye
approved the final version of the article,
Omolade Abiodun Akpa wrote the research
article and Ezekiel Olatoye Solanke performed
the research experiments.

References

Adeniyi, S.A., Oke, V.J., & Olatunji, G.A. (2019).
GC-MS analysis of phytochemical
constituents in methanol extract of wood
bark from D. zibethinus  Murr.
International Journal of Medicinal Plants
and Natural Products, 5(3): 1-11.
http://dx.doi.org/10.20431/2454-
7999.0503001

Adeniyi, S.A., Oyeku, J.S., & Owan, T. (2024a).
GC-MS analysis and biological roles of
phytochemical compounds in n-Hexane
extract of D. zibethinus Murr. seeds.
South Asian Research Journal of
Natural Products, 7(1): 9-19. Article
no.SARJNP.110956

Adeniyi, S.A., Agbugui, P.A., Akpoka, O.A., &
Solanke, E.O. (2024b). Evaluation of in
vitro antibacterial
efficacy of methanol stem bark extract
from D. zibethinus Murr. Against gram-
positive and gram-negative bacterial
strains. Malaysian Journal of Science
and Advanced Technology, 4(3): 296-
301.
https://doi.org/10.56532/mjsat.v4i3.319

Adil, M., Filimban, F.Z., Ambrin Quddoos, A.,
Sherr, AA, & Naseer, M. (2024).
Phytochemical screening, HPLC
analysis, antimicrobial and antioxidant
effect of Euphorbia parviflora L.


http://dx.doi.org/10.20431/2454-7999.0503001
http://dx.doi.org/10.20431/2454-7999.0503001
https://doi.org/10.56532/mjsat.v4i3.319

Adeniyi, S.A et al (2026)

(Euphorbiaceae Juss.). Scientific
Reports, 14: 5627.
https://doi.org/10.1038/s41598-024-
55905-w

Alaoui Mdarhri, H., Benmessaoud, R., Yacoubi,

H., Seffar, L., Guennouni Assimi, H.,
Hamam, M., Boussettine, R., Filali-
Ansari, N., Lahlou, F.A., Diawara, I.,
Ennaji, M.M., & Kettani-Halabi, M.
(2022). Alternatives therapeutic
approaches to conventional antibiotics:
Advantages, Limitations and Potential
application in Medicine. Antibiotics
(Basel),

11(12):1826. https://doi.org/10.3390/ant
ibiotics11121826

Alemu, M., Lulekal, E., Asfaw, Z., Warkineh, B.,

Alkandabhri,

Aslam,

Debella, A., Abebe, A., Degu, S., &
Debebe, E. (2024). Antibacterial activity
and phytochemical screening  of
traditional medicinal plants most
preferred for treating infectious diseases
in Habru District, North Wollo Zone,
Amhara Region, Ethiopia. PLoS One,
19(3): 0300060,
https://doi.org/10.1371/journal.pone.030
0060

M.Y., Patala, R., Pratiwi, M.l.,
Agustina, L.S., Farhamzah Kusumawati,
A.H., Hidayah, H., Amal, S., & Frianto,
D. (2021). Pharmacological Studies of
Durio  zibethinus: A Medicinal Plant
Review. Annals of the Romanian
Society for Cell Biology, 25(4): 640 —
646.
http://annalsofrscb.ro/index.php/journal/
article/view/2497

B., Khurshid, M., Arshad, M.IL,
Muzammil, S., Rasool, M., Yasmeen,
N., Shah, T, Chaudhry, T.H.,

Rasool, M.H., Shahid, A., Xueshan, X.,
& Baloch, Z. (2021). Antibiotic
resistance: One health one World
outlook. Frontiers in Cellular and
Infection  Microbiology, 11: 771510.
https://doi.org/10.3389/fcimb.2021.7715
10

Asmerom, D., Kalay, T.H., & Tafere, G.G.

(2020). Antibacterial and antifungal
activities of the leaf exudate of Aloe
megalacantha Baker. International
Journal of Microbiology, 2020(8840857):
6 pages.
https://doi: 10.1155/2020/8840857

OMANARP INTER JN&A SCI. VOL. 3,1.P 9

Baker,

EISSN 1595-5613

R.E., Mahmud, A.S,
Rajeev, M., Rasambainarivo,
B.L., Takahashi, S., Tatem,
AJ., Wagner, C.E., Wang, L-F., Amy
Wesolowski, A., & Metcalf, C.J.E.
(2022). Infectious disease in an era of
global change. Nature Review
Microbiology, 20: 193-205. https://doi:
10.1038/s41579-021-00639-z

Miller, LF.,
F., Rice,

Bakir Cilesizoglu, N., Yalgin, E., Cavusoglu, K.,

& Sipahi Kuloglu, S. (2022). Qualitative
and quantitative phytochemical
screening of Nerium oleander L.
extracts associated with toxicity profile.
Scientific  Reports, 12(1): 21421.
https://doi.org/10.1038/s41598-022-
26087-0

Cameron, A., Esiovwa, R., Connolly, J., Hurstho

use,A., & Henriquez, F.
Antimicrobial resistance

as a global health threat: The need to
learn lessons from the COVID-19
pandemic. Global Policy, 13: 179-192.
doi: 10.1111/1758-5899.13049

(2022).

Charoenphun, N., & Klangbud, W.K. (2022).

Antioxidant and anti-inflammatory
activities of Durian (D. zibethinus Murr.)
seed, pulp and peel flour. Peer J, 10:
e12933.
https://doi.org/10.7717/peerj.12933

Chassagne, F., Samarakoon, T., Porras, G.,

Lyles, J.T., Dettweiler, M., Marquez, L.,
Salam, A.M., Shabih, S., Farrokhi, D.R.,
& Quave, C.L. (2021). A systematic
review of plants with antibacterial
activities: A taxonomic and phylogenetic
perspective. Frontiers in Pharmacology,
11: 586548. doi:
10.3389/fphar.2020.586548

Dubale, S., Kebebe, D., Zeynudin, A., Abdissa,

Emeraud, C., Mahamat, A.,

Rodriguez, C.,

N., & Suleman, S.
Phytochemical screening and
antimicrobial activity evaluation of
selected medicinal ants in Ethiopia.
Journal of Experimental Pharmacology,
15: 51-62. doi: 10.2147/JEP.S379805
Jousset, A.B.,
Bernabeu, S., Goncalves, T., Pommier,
C., Girlich, D., Birer, A.,

Pawlotsky, J.M., Naas, T.,
Bonnin, R.A., & Dortet, L. (2023).
Emergence and rapid dissemination of
highly resistant NDM-14-
producing Klebsiella neumoniae ST147,
Eurosurveillance., 28(42): 2300095. doi:
10.2807/1560-

(2023).


https://doi.org/10.1038/s41598-024-55905-w
https://doi.org/10.1038/s41598-024-55905-w
https://doi.org/10.3390/antibiotics11121826
https://doi.org/10.3390/antibiotics11121826
https://doi.org/10.1371/journal.pone.0300060
https://doi.org/10.1371/journal.pone.0300060
https://doi.org/10.3389/fcimb.2021.771510
https://doi.org/10.3389/fcimb.2021.771510
https://doi.org/10.1155/2020/8840857
https://pubmed.ncbi.nlm.nih.gov/?term=Rajeev+M&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Rasambainarivo+F&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Rice+BL&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Takahashi+S&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Tatem+AJ&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Wagner+CE&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+LF&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Wesolowski+A&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Wesolowski+A&cauthor_id=34646006
https://pubmed.ncbi.nlm.nih.gov/?term=Metcalf+CJE&cauthor_id=34646006
https://doi.org/10.1111/1758-5899.13049
https://doi.org/10.7717/peerj.12933

Adeniyi, S.A et al (2026)

Fitrianingsih, F., Soyata, A., & Wigati, S.
(2019). The Antibacterial Activities of
Durian Rinds Extract (D. zibethinus)
against Propionibacterium acne. IOP
Conference Series: Earth and
Environmental Science, 391:012013.
DOI 10.1088/1755-1315/391/1/012013

Hidayah, N., Nurdin, G.M., & Ameliani, N.A.
(2022). Antibacterial activity of Acacia
leaf extract (Acacia auriculiformis) on
the growth of Bacillus sp.,
Staphylococcus aureus and Escherichia
coli bacteria. Bionature. 23(2): 126.
http://ojs.unm.ac.id/bionature

Hossaini, F., Das, N.C., Hossaini, F., Acharjee,
M., & Munshi, S.K. (2021). Antimicrobial
traits of different medicinal plants locally
available in Bangladesh. Biomedical and
Biotechnology Research Journal, 5: 1-6.
DOI: 10.4103/bbrj.bbrj_198_20

Husin, N.A., Rahman, S., Karunakaran, R., &
Bhore, S.J. (2018). A review on the
nutritional, medicinal,
molecular and genome attributes of
Durian (Durio zibethinus L.), the King of
fruits in Malaysia. Bioinfomatics, 14(6):
265-270.

DOI: 10.6026/97320630014265

Ibrahim, N., & Kebede, A. (2020). In
vitro antibacterial activities of methanol
and aqueous leave extracts of
selected medicinal plants against
human pathogenic bacteria. Saudi
Journal of Biological Sciences, 27(9):
2261-2268.
https://doi.org/10.1016/j.sjbs.2020.06.04
7

Iseppi, R., & Sabia, C. (2022). Editorial: Natural
substances: A new weapon against
antibiotic-resistant
bacteria in the clinical and veterinary
field. Frontiers in Microbiology, 13:
987615. DOI
10.3389/fmicb.2022.987615

Jamal, K.P., Muhaimin, M., & Fitrianingsih, F.
(2019). Antibacterial activities of ethanol
extracts of durian fruit skin (D.
zibethinus Murr.) on Salmonella bacteria
in ATCC 14028 and Bacillus cereus
ATCC 11778 cause of diarrhea.
Indonesian Journal of Pharma Science,
1(1): 1-6. DOI:
https://doi.org/10.22437/ijps.v1i1.7287

OMANARP INTER JN&A SCI. VOL. 3,1. P 10

EISSN 1595-5613

Jensen, C.H., Vestergaard, M., Dalsgaard, A.,
Frees, D., & Leisner, J.J. (2020). Nisin
damages the septal membrane and
triggers DNA condensation in methicillin
Resistant  Staphylococcus  aureus.
Frontiers in Microbiology, 11: 1007.
https://doi.org/10.3389/fmicb.2020.0100
7

Kancherla, N., Dhakshinamoothi, A., Chitra, K.,
& Komaram, R.B. (2019). Preliminary
analysis of
phytoconstituents and evaluation of
anthelminthic property of Cayratia
auriculata (In Vitro). Maedica (Bucur),
14(4): 350-356.
doi: 10.26574/maedica.2019.14.4.350

Manurung, H., Susanto, D.W.l.,, Kusumawati,

E.K.O., Aryani, R., Nugruho, R.A,
Ratna Kusuma, R.,
Rahmawati. Z., & Sari, R.D. (2022).
Phytochemical, GC-MS analysis and
antioxidant activities of leaf methanolic
extract of Lai (Durio kutejensis), the
endemic plant of Kalimantan, Indonesia
Biodiversitas. 23(11): 5566-5573.
https://doi.org/10.13057/BIODIV/D23110
4

Mohiuddin, A.K. (2019). Impact of various
environmental factors on secondary
metabolism of medicinal
plants. Journal of Pharmacology &
Clinical Research, 7(1): 555704.
DOI: 10.19080/JPCR.2019.07.555704

Mokhtar, L.M., Salim, I.A., Alotaibi, S.N., Awaji,
E.A., Alotaibi, M.M., & Doman, A.O.
(2023). Phytochemical screening and
antimicrobial activity of methanolic
extract of Cymbopogon
schoenanthus (L)

(azkhar) collected from Afif City, Saudi

Arabia. Life (Basel). 13(7): 1451.
https://doi.org/10.3390/life13071451

Nava-Solis, U., Rodriguez-Canales,
M., Hernandez-Hernandez, A.B.,
Velasco-Melgoza, D.A., Moreno-
Guzman, B.P., Rodriguez-Monroy, M.A.,
& Canales-Martinez, M.M.
(2022). Antimicrobial activity of the
methanolic leaf extract of Prosopis
laevigata. Scientific Reports, 12(20807):
10 pgs. https://doi.org/10.1038/s41598-
022-25271-6

Nortjie, E., Basitere, M., Moyo, D., &
Nyamukamba, P. (2022). Extraction
methods, quantitative and


https://doi.org/10.6026/97320630014265
https://doi.org/10.1016/j.sjbs.2020.06.047
https://doi.org/10.1016/j.sjbs.2020.06.047
https://doi.org/10.22437/ijps.v1i1.7287
https://doi.org/10.3389/fmicb.2020.01007
https://doi.org/10.3389/fmicb.2020.01007
https://doi.org/10.26574/maedica.2019.14.4.350
https://doi.org/10.13057/BIODIV/D231104
https://doi.org/10.13057/BIODIV/D231104
http://dx.doi.org/10.19080/JPCR.2019.07.555704
https://doi.org/10.3390/life13071451
https://www.nature.com/articles/s41598-022-25271-6#auth-Uriel-Nava_Solis-Aff1
https://www.nature.com/articles/s41598-022-25271-6#auth-Mario-Rodriguez_Canales-Aff2
https://www.nature.com/articles/s41598-022-25271-6#auth-Ana_Bertha-Hernandez_Hernandez-Aff1
https://www.nature.com/articles/s41598-022-25271-6#auth-Brenda_Paola-Moreno_Guzman-Aff1
https://www.nature.com/articles/s41598-022-25271-6#auth-Brenda_Paola-Moreno_Guzman-Aff1
https://www.nature.com/articles/s41598-022-25271-6#auth-Marco_Aurelio-Rodriguez_Monroy-Aff2
https://doi.org/10.1038/s41598-022-25271-6
https://doi.org/10.1038/s41598-022-25271-6

Adeniyi, S.A et al (2026) OMANARP INTER JN&A SCI. VOL. 3,1. P 11 EISSN 1595-5613

qualitative phytochemical screening of
medicinal plants for antimicrobial
textiles: A Review. Plants (Basel),
11(15): 2011.
https://doi.org/10.3390/plants11152011
Octiara, E., Meliala, C.P., & Sikumbang, L.
(2023). Antibacterial activity of Durian
peel ethanol extract (D.
zibethinus Murr.) against Streptococcus
mutans and Enterococcus faecalis.
Biomedical and Pharmacology Journal,

16(2): 877-883.
DOI: https://dx.doi.org/10.13005/bpj/267
0

Oncho, D.A., Ejigu, M.C., & Urgessa, O.E.
(2021). Phytochemical constituent and
antimicrobial  properties of guava
extracts of east Hararghe of Oromia,
Ethiopia. Clinical Phytoscience, 7: 37.
https://doi.org/10.1186/s40816-021-
00268-2

Permatasari ND, Witoyo JE, Masruri M, Yuwono
SS, & Widjanarko SB (2022). Nutritional
and structural properties of Durian seed
(D. zibethinus Murr.) flour originated
from West Kalimantan, Indonesia. IOP
Conference Series: Earth and
Environmental Science, 1012: 012038.
DOI 10.1088/1755-1315/1012/1/012038

Pulingam, T., Parumasivam, T., Gazzali, A.M.,
Sulaiman, AM,, Chee, J.Y.,
Lakshmanan, M., Chin, C.F., &

Sudesh, K. (2022). Antimicrobial
resistance: Prevalence, economic
burden, mechanisms of resistance and
strategies to overcome. European
Journal of Pharmaceutical Sciences,

Sabir,

170: 106103. doi:
10.1016/j.ejps.2021.106103

A. (2005). Antibacterial activity of
flavonoids from Trigona sp. Propolis
against Streptococcus mutans

(In-vitro). Dental Journal (Majalah
Dentistry), 38(3): 135.
https://doi.org/10.20473/j.djmkg.v38.i3.p
135-141

Salam, M.A., Al-Amin, M.Y., Salam, M.T.,

Pawar, J.S., Akhter, N., Rabaan, A.A., &
Algumber, M.A.A.

(2023). Antimicrobial resistance: A
growing serious threat for global public
health. Healthcare (Basel), 11(13):
1946.

DOI: 10.3390/healthcare11131946

Siburian, R., Aruan, D.G.R., Barus, T., Haro, G.,

& Simanjuntak, P. (2019).
Phytochemical screening and
antidiabetic activity of n-hexane, ethyl
acetate and water extract from Durian
leaves (D. zibethinus L.). Oriental
Journal of Chemistry, 35(1):487-
490.http://dx.doi.org/10.13005/0jc/350
166

Tankeshwar, A. (2022). Minimum inhibitory

concentration (MIC) and minimum
bactericidal concentration
(MBC). Microbeonline, 2—6.

Walsh, T.R., Gales, A.C., Laxminarayan, R., &

Dodd, P.C. (2023). Antimicrobial
resistance: Addressing a
global threat to humanity. PL0S
Medicine, 20(7): e1004264. DOI:
10.26538/tjnpr/v7i3.23


https://doi.org/10.3390/plants11152011
https://www.sciencedirect.com/journal/european-journal-of-pharmaceutical-sciences/issues
https://dx.doi.org/10.13005/bpj/2670
https://dx.doi.org/10.13005/bpj/2670
https://doi.org/10.20473/j.djmkg.v38.i3.p135-141
https://doi.org/10.20473/j.djmkg.v38.i3.p135-141
https://doi.org/10.3390/healthcare11131946
https://dx.doi.org/10.13005/ojc/350166
https://dx.doi.org/10.13005/ojc/350166

