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Introduction

Abstract: Several in vitro studies have demonstrated that the combination of
plant extracts with antibiotics may reduce the minimum inhibitory
concentration (MIC) of antibiotics against resistant microorganisms. Interactions
between plant extracts and antibiotics can be synergistic, additive, or
antagonistic. This study aimed to evaluate the potential interaction between
Cassia alata leaves methanol extract and five selected conventional antibiotics in
inhibiting the growth of Staphylococcus aureus ATCC 29213. Antibacterial activity
was assessed using the well diffusion and paper strip methods. The methanol
extract of C. alata leaves, when tested singly at a concentration of 100 mg/mL,
produced an average inhibition zone of 11.74 mm. Four antibiotics, namely
ciprofloxacin, clindamycin, chloramphenicol, and tetracycline, exhibited
stronger antibacterial activity with inhibition zones ranging from 19.56-27.26
mm, whereas co-trimoxazole showed no inhibitory effect. The combination of C.
alata leaves methanol extract with ciprofloxacin, clindamycin, chloramphenicol,
tetracycline, and cotrimoxazole resulted in inhibition zones of 22.26 + 0.703 mm,
22.54 £ 1.222 mm, 17.91 + 1.094 mm, 17.57 + 0.652 mm, and 9.30 + 1.180 mm,
respectively. The combined treatments have potential antagonistic effects, as the
inhibition zones were smaller than the sum of the individual activities of the
extract and antibiotics. Therefore, the combination was considered less effective
in suppressing growth of S. aureus ATCC 29213
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regions (Esposito et al., 2017).

Skin and soft tissue infections (SSTIs) are
infections caused by bacteria, such as Staphylococcus
aureus, that infect areas where the skin's protective
barrier has been compromised, such as wounds or
post- operative infections (Lacey et al, 2016). The
spread of S. aureus on the skin and soft tissues causes
several diseases, such as bacteremia, endocarditis,
skin infections, and pleuropulmonary infections
(Gnanamani et al., 2018). This makes S. aureus the
most common cause of skin and soft tissue infection
worldwide, with high infection rates in many

How to Cite:

S. aureus bacterial infections are becoming an
increasingly serious problem due to the emergence of
conditions where some S. aureus become resistant to
various antibiotics. This case emerged alongside the
increasing use of antibiotics, which caused S. aureus
to undergo various genetic variations and mutations in
their genome (Alghamdi et al, 2023). S. aureus
resistance has worsened since it was discovered that S.
aureus has become resistant to several antibiotics such
as methicillin, penicillin, and other common antibiotics
(Nandhini et al., 2022). S. aureus resistance is a danger
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in the world of health because it causes therapy failure
and increases the mortality rate by up to 64%
compared to non-resistant bacterial infections (Yuliana
et al., 2025). A study also reported that of 567 patients
with SSTI in three cities in Indonesia, 257 (45.3%) were
infected with S. aureus, and 8 (3.1%) were infected with
Methicillin-Resistant S. aureus. Due to the high level of
danger and spread, it is necessary to implement
effective alternative treatments to prevent S. aureus
infections (Santosaningsih et al., 2018).

One of the plants commonly used as herbal
medicine in Asia is C. alata, also known as
ketepeng cina in Indonesia. C. alatais widely used as
an alternative medicine because it has been proven
have minimal side effects in clinical treatment and has
various biological activities (Fatmawati et al., 2020).
Based on research, showed that ethanol extracts of C.
alata leaves have antibacterial effects inhibiting the
growth of several bacteria that cause skin infections,
such as S. aureus, S. epidermidis, Pseudomonas aeruginosa,
and Propionibacterium acnes with an inhibition zone
diameter more than 15 mm (Fitriani et al., 2023).

The primary goal of antibiotic-plants extract
interaction research has been to identify and isolate
putative resistance modulators from medicinal plants.
However, it is necessary to clarify how plant
extracts and antimicrobial medications can have both
synergistic and antagonistic effects. Synergism
experiments between terpenes and penicillin against
MRSA and Escherichia coli revealed a synergistic impact
due to the interaction between carvone and
penicillin, as opposed to the antagonistic effect of
thymol and penicillin against MRSA strains (Vaou
et al, 2021). Another study reported that a
combination of Daphne genkwa, with oxacillin
revealed synergism against MRSA (Kuok et al.,
2017).

To the best of our knowledge, research on the
combination of C. alata leaves methanol extract
specifically with commercial antibiotics
ciprofloxacin, cotrimoxazole, chloramphenicol,
tetracycline, and clindamycin agains S. aureus
ATCC 29213 is still limited. Therefore, this study aimed
to evaluate the combined antibacterial effect of
methanolic extract of C. alata leaves with five
commercial antibiotics in treating S. aureus ATCC
29213. This is particularly relevant considering the
increasing prevalence of antibiotic-resistant S. aureus
infections, which pose a significant global public health
burden. The finding of this research are anticipated to
support local communities develop treatments using
this plant and contribute to the development of studies
on the management of an infection that attacks the skin
and underlying soft tissue.

Method
This study was conducted from July 2024 to
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April 2025 at Bengkulu University. In this study, C.
alata leaves were collected from the Bengkulu City
area in Bengkulu Province, Indonesia. The antibiotic
samples used were five types of commercial
antibiotics: ciprofloxacin, cotrimoxazole,
chloramphenicol, tetracycline, and clindamycin. The
bacterial strain used was Staphylococcus aureus ATCC
29213.

Sample Preparation and Extraction

Fresh C. alata leaves were chopped into small
pieces after being cleared of twigs, broken leaves, and
stems. The samples were then air-dried indoors for six
days. The dried leaf samples were then weighed at
300 g and macerated with 3 L of methanol for 7 days.
Following maceration, the resulting mixture was
passed  through filter —paper. The solvent
contained in the macerate was then removed using a
rotary evaporator maintained at 45°C with low
pressure to yield a concentrated extract of C. alata
leaves. The re-maceration process continued until the
maceration solvent was clear (Adfa et al., 2021).

Preparation of Media

In the present experiment, nutrient agar (NA)
and nutrient broth (NB) were used as Media.
Preparation of the NA medium involved dissolving
9.8 g of nutrient agar with 350 mL of sterile water in
an Erlenmeyer flask. The medium was then heated
using a hot plate and stirred using magnetic stirrer
until completely dissolved. Following sterilization,
approximately 15 mL of NA medium was dispensed
into petri dishes and left to solidify. The prepared
NA plates were subsequently incubated for 24 h in
an incubator. For the preparation of NB medium, 0.4
g of nutrient broth was accurately weighed and
transferred into an Erlenmeyer flask, after which 50
mL of sterile water was added. The medium was
then heated using hot plate, stirred using a magnetic
stirrer, and sterilized (Bahri et al., 2023).

Preparation of Bacteria Culture

The bacteria Staphylococcus aureus ATCC 29213
were revived by inoculating 1 loop of pure culture on
nutrient agar medium. The inoculated medium was
subsequently incubated at 37°C. S. aureus Colonies
from the nutrient agar medium were suspended one
loop in 15 mL of nutrient broth medium in an
Erlenmeyer flask and shaken until homogeneous
using a magnetic stirrer. The medium was then
incubated for 24 h (Nurwahida et al., 2025).

The optical density of the bacterial suspension
was determined using a UV-Vis spectrophotometer at
wavelength of 625 nm, with the absorbance value
adjusted to be in the range of 0.08-0.10. If the measured
absorbance value exceeded or fell below the set range,
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the suspension was diluted using a sterile nutrient
broth solution wuntil the correct value  was
obtained (Shari et al., 2025).

Antibacterial Activity Combination Test Using Well
Diffusion Method

The prepared NA medium was then inoculated
with a standard suspension of S. aureus (1.5 x 108
CFU/mL). The NA medium inoculated with the
bacteria suspension was then poured into sterile petri
dishes, 15 mL each, using a syringe and left to solidify.
Each solidified medium was then made into 4 holes
with a diameter of 6 mm, which were then given
antibiotic solution (0.25 mg/mL), extract solution (100
mg/mL), negative control (DMSO 100%), and
combination solution using a micropipette, each
amounting to 20 pL. After that, the medium was
incubated at 37°C for 24 h, after which the diameter of
the inhibition zone was measured using a caliper in
four replicates (Nurhasana et al., 2023).

Combination Effect Test Using the Paper Strip Method

Methanol extracts of C. alata and five selected
antibiotics were each dropped 30 pL onto
different Whatman (No.3) paper strips measuring 3
x 0.5 cm. The paper strips were then placed on
NA agar media that had been previously inoculated
with the test bacteria. The paper strips each containing
the extract and the tested antibiotics were positioned to
intersect at a right angle (90°) on a Petri plate. The petri
dish was subsequently incubated at 37°C for 24 h.
Measurement of the inhibition zone was performed
using a caliper, after which the diameter of the
clear zone was deducted with the paper strip
diameter. The test was conducted in duplicate (Hamni
etal., 2022).

Data Analysis

Data analysis of the antibacterial test using
well diffusion and paper strip was performed by
determining the mean inhibition zone diameter of S.
aureus growth and standard deviation using
Microsoft Excel (Arisurya ef al., 2026). The inhibition
effect of extracts and antibiotics was classified into
four type’s according to the diameter of the
inhibition zone formed, namely: > 20 mm (highly
sensitive), 15-19 mm (very sensitive), 9-14 mm
(sensitive), and < 8 mm (not sensitive) (Ponce et
al., 2003).

The combination effect was determined by
observing the pattern of the clear zone and was
described as synergistic, additive/indifferent, or
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antagonistic (Hanifa et al., 2022). Referring to
Berenbaum (1977), the combination is categorized as
synergistic if the combination result exceeds the
total sum of the individual inhibition =zones,
antagonistic if the combination result is below the
total sum of the individual inhibition zones, and
additive if the combination result is equal to the
total sum of the individual inhibition zones.

Result and Discussion

Extraction

The extract was prepared by macerating pieces of
C. alata leaves with methanol. The use of methanol
in the maceration process aims to dissolve polar and
nonpolar compounds, making it suitable for extracting
secondary metabolite content in plants (Saputra et
al., 2018). The polar solvent, making it dominant in
extracting compounds such as phenolic compounds,
flavonoids, saponins, and alkaloids, which can act as
antibacterial agents (Setiawan et al., 2025). The
maceration process was also chosen because, without
heating, the bioactive compounds in the extract would
not be damaged, allowing more secondary metabolites
to be extracted (Handarni et al., 2020). Through a 7-day
maceration process with re-  maceration, a
concentrated extract of 98.67 g was produced with a
yield of 32.89%.

Antibacterial Activity of Cassia alata Leaves Methanol
Extract with Selected Antibiotics Using the Well
Diffusion Method

The antibacterial activity test of methanol extract
of C. alata leaves, five selected antibiotics, and a
combination of both was tested using the well
diffusion method with four replications. Based on
the visualization of the clear zone from the well
diffusion test, it was found that the combination of
10% methanol extract of C. alata leaves with the
antibiotics tetracycline, ciprofloxacin, clindamycin,
chloramphenicol, and cotrimoxazole, each at 250
ppm, produced the same pattern, where the
inhibition zone of the combined C. alata leaves
extract and the test antibiotics was smaller than the
sum their individual action of antibiotics and C. alata
leaves extract. The visualization in Figure 2 shows
that the methanol extract of C. alata leaves has the
potential to have an antagonistic or attenuating
effect when combined with the five selected
antibiotics (Burt, 2004).
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C. alata leaves extract and their combination with antibiotics

Figure 1. Inhibition zone diagram of S. aureus growth after treatment with C. alata leaves methanol extract, five selected
antibiotics, and their combination
Note: CA = C. alata leaves extract, Ci = Ciprofloxacin, Ch = Chloramphenicol, Co = Cotrimoxazole, Cd = Clindamycin, Tr
= Tetracycline, and C-=100% DMSO

Figure 1 shows the inhibition zone of S. aureus
against C. alata leaves extract (CA) were 11.71, 11.13,
12.03, 11.20, and 1210 mm. The overall average
was 11.74 mm. This data is almost similar to that of a
study, found that 10% C. alata extract had an

inhibition zone of 11.63 + 0.405 mm (Fitriani ef al.,
2023). Since the inhibition zone was less than 15 mm,
the C. alata extract was considered sensitive to S. aureus
(Ponce et al., 2003).

(@ ©)
Figure 2. The inhibition zone of S. aureus growth after
treatment with C. alata leaves methanol extract, five
selected antibiotics, and their combination, (a)
Ciprofloxacin; (b) Chloramphenicol; (c) Cotrimoxazole;
(d) Clindamycin; (e) Tetracycline

Note: CA = C. alata leaves methanol extract, Ci
Ciprofloxacin, Ch =  Chloramphenicol, Co =
Cotrimoxazole, Cd = Clindamycin, Tr = Tetracycline, and
C-=100% DMSO

Among the five individual antibiotics tested,
four exhibited a greater inhibition zone diameter of S.
aureus than the combination of the methanol extract
from C. alata leaves with these antibiotics. The
inhibition = zone  diameters indicated  that
ciprofloxacin (27.26 mm), clindamycin (25.14 mm),
and chloramphenicol (22.75 mm) exhibited highly
sensitive antibacterial activity. Tetracycline (19.56
mm) showed a sensitive inhibition zone diameter,
whereas cotrimoxazole displayed no antibacterial
effect. This finding aligns with a research who noted
that S. aureus is resistant to cotrimoxazole (Taura et
al., 2013). As of 2012, the resistance level of Gram-
negative bacterial to cotrimoxazole reached 79.8%
(Batra et al., 2017).

Plants of the Cassia genus, such as Cassia alata,
have been identified as containing several groups of

secondary metabolites, including alkaloids,
anthraquinones, flavonoids, triterpenoids, sterols,
phenylpropanoids, and y-naphthopyronones.

However, anthraquinones and flavonoids are the
main groups that are quite abundant in plants of the
Cassia genus (Khurm et al., 2021). Based on previous
studies, compounds such as flavonoids and
anthraquinones are natural antibacterial sources
found in C. alata leaves (Lathifah et al., 2021).
Compounds such as aloe emodin, emodin and
kaempferol exhibit excellent antimicrobial activity
against Staphylococcus aureus, including MRSA (Yon
et al., 2023).

Phenolic compounds, such as kaempferol and
its derivatives, in C. alata leaves exhibit antibacterial
activity against pathogenic bacteria. These phenolic
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compounds, produced by the plant’s secondary
metabolism, can directly destroy cell membrane,
resulting in bacterial cell death. In addition to cell
membrane  disruption, kaempferol and its
derivatives can  induce  apoptosis, DNA
fragmentation, DNA gyrase inhibition, and DNA
helix inhibition in bacteria (Lin et al., 2020;
Periferakis et al, 2022). Several anthraquinone
derivatives such as rhein, aloe-emodin, and aloe-
emodin-8-O-B-D glucoside in C. alata also active
against ~Gram-negative  bacteria, such as
Pseudomonas aeruginosa, Helicobacter pylori, Neisseria
gonorrhoeae, as well as Gram-positive bacteria such as
Staphylococcus species. The antibacterial mechanisms
of anthraquinone are diverse and include weakening
of cell walls, changes in metabolic pathways, and
DNA inclusion (Malmir et al., 2017). Research also
reported that emodin is a strong antibacterial
compound again MRSA with MIC 4 ng/mL (Li et al.,
2021).

The combination of C. alata leaves methanol
extract with five selected antibiotics resulted in an
inhibition zone diameter that was less than four
antibiotics  singly  (ciprofloxacin, clindamycin,
chloramphenicol, tetracycline), and the sum their
individual action of antibiotics and C. alata leaves
extract. The combined treatment of C. alata-
ciprofloxacin (CA-Ci), C. alata-clindamycin (CA-Cd),
C. alata-chloramphenicol (CA-Ch), C. alata-
tetracycline (CA-Tr), C. alata-cotrimoxazole (CA-Co)
exhibited average inhibition zone diameters of
22.26+0.703 mm, 22.54 + 1.222 mm, 17.91 + 1.094 mm,
17.57 £ 0.652 mm, and 9.30 + 1.180 mm, respectively. An
overall decline in inhibition zone diameter was
observed when C. alata extract was applied in
combination with five antibiotics, indicating an
antagonistic or weakening effect. These findings
suggest that the combination effect not caused by
single compound alone. but rather each identified
constituent plays a role in contributing to the effect
to varying degrees (Sanhueza et al., 2017). The
antagonistic effect of combined extracts and
antibiotics also involves complex interactions
between the agents. One of the key mechanisms
involves modulation of gene expression related to
antibiotic resistance, biofilm formation, and
virulence factors. For example, cinnamaldehyde acts
synergistically with B-lactam antibiotics by targeting
the staphylococcal accessory regulator SarA, which
in turn decreases the expression of the mecA gene
(Li et al., 2024).

The indication of antagonistic effect of the
combinations also occurred because of the
bacteriostatic and bactericidal properties of the
bioactive compounds in the C. alata methanol extract
and the antibiotics, which weakened each other (Ishak
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et al., 2025). Secondary metabolites from C. alata leaves
may inhibit the binding of antibiotic compounds to
receptors by competing at the active site of bacteria
and altering receptor function, thereby reducing the
effectiveness of antibiotics in inhibiting the growth of
S. aureus (Susanti & Asri, 2024). This is because,
antagonistic behavior is believed to happen in three
ways: first, when there is a mix of bacteriostatic and
bactericidal antimicrobials; second, when the
antimicrobials work at the same site or use the same
mechanism of action; and third, when the
antimicrobials affect each other (Aelenei et al., 2016; El-
Sakhawy, 2023).

The possibility of incompatibility between the
antibacterial effects of compounds in the extract and
antibiotics is one of the causes of the potential
antagonistic effects. This effect means that the
methanol extract of Cassia alata L. leaves is not
recommended for combination with the five
commercial antibiotics chloramphenicol,
ciprofloxacin, tetracycline, clindamycin, and
cotrimoxazole, as it reduce the effectiveness of these
antibiotics in controlling the growth of S. aureus.

The Combined Effect of Cassia alata Leaves Methanol
Extract with Selected Antibiotics Using Paper Strip
Method

As shown in Figure 3, the antibiotics
combination with C. alata leaves methanol extract
show smaller inhibition zone compared to the
combined inhibition zone of single antibiotics and
single extracts. A similar pattern was observed for the
five combinations of extracts with antibiotics tested.

Figure 3. The combined effect of methanol extract of C.
alata leaves 10% with selected antibiotic 250 ppm using the
paper strip method on S. aureus bacteria, (a)
Ciprofloxacin; (b) Chloramphenicol; (c) Co-trimoxazole; (d)
Clindamycin; (e) Tetracycline with CA= C. alata leaves
methanol extract
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Note: Ci = Ciprofloxacin, Ch = Chloramphenicol, Co =
Cotrimoxazole, Cd = Clindamycin, Tr = Tetracycline and
C-=100% DMSO

During testing, the diameter of the inhibition
zone at a 90° angle from the paper strip changed to
become smaller, which indicates that the
combination of C. alata leaf methanol extract with
the five antibiotics had a potential antagonistic
effect. The similarity of the potential antagonistic
combination effect produced between the well
method and the paper strip method proves that the
methanol extract of C. alata leaves is not suitable
when combined with several types of commercial
antibiotics such as chloramphenicol, ciprofloxacin,
tetracycline, clindamycin, and cotrimoxazole in the
treatment of S. aureus bacterial infections.

Conclusion

The antibacterial activity of the combination of
C. alata leaves methanol extract with the five
selected antibiotics showed a decrease in the
diameter of the inhibition zone compared to the
extract and antibiotics alone. The single methanol
extract of C. alata showed antibacterial activity that
was classified as sensitive with an average inhibition
zone diameter of 11.74 mm. Meanwhile, four single
antibiotics (except cotrimoxazole) showed a higher
inhibition zone diameter, and the antibacterial
activity was classified as very sensitive to highly
sensitive. The combination effect of the methanol
extract of C. alata leaves with chloramphenicol,
ciprofloxacin, tetracycline, clindamycin, and
cotrimoxazole showed a potential antagonistic
effect, characterized by a decrease in the inhibition
zone. Based on the result, the combination of
methanol extract of C. alata leaves with 5 commercial
antibiotics was considered less effective in
suppressing the growth of S. aureus ATCC 29213. In
the future, further calculations are needed to
determine the quantitative effects of the
combination of C. alata leaves extract and antibiotics
by calculating the FIC and FBC indices.

Acknowledgments

The authors would like to express their sincere gratitude to
the researchers whose work was reviewed in this study for
their valuable contributions to the scientific community.

Author Contributions

Conceptualization, project administration, M.A.; resources,
M.A,, AA., and KW.; methodology, O.RM., PR, SB.TS,
and W.S; data collection and processing, O.RM., WS, A.A,,
and K.W.; analysis and interpretation, O.R.M., A.A,, KW,,
and M.A., writing—original draft preparation, O.RM,;
writing—review and editing, supervision, M.A., and S.Y.S,;
final approval, ORM.,, P.R, SB.T.S, WS, A A, KW, SYS,
and MLA.

Volume 12, Issue 5, 330-337

Funding
This research received no external funding.

Conflicts of Interest
The authors declare no conflict of interest.

References

Adfa, M., Gusatyana, N. M. C., Mudyanto, A,
Avidlyandi, A., Oktiarni, D., & Yudha, S. S. (2021).
Combined Effect of Methanol Extract of Persea
americana Seeds and Cassia alata Leaves Against
Staphylococcus epidermidis. Proceedings of the
International Seminar on Promoting Local Resources
for  Sustainable  Agriculture and  Development
(ISPLRSAD 2020), 13, 36-40.
https:/ /doi.org/10.2991/absr.k.210609.006

Aelenei, P., Miron, A., Trifan, A., Bujor, A, Gille, E., &
Aprotosoaie, A. (2016). Essential Oils and Their
Components as Modulators of Antibiotic Activity
Against Gram-Negative Bacteria. Medicines, 3(19),
1-34. https:/ /doi.org/10.3390/ medicines3030019

Alghamdi, B. A., Al-Johani, I, Al-Shamrani, J]. M,
Alshamrani, H. M., Al-Otaibi, B. G., Almazmomi,
K., & Yusof, N. Y. (2023). Antimicrobial Resistance
in Methicillin-Resistant Staphylococcus aureus.
Saudi Journal of Biological Sciences, 30(103604), 1-12.
https:/ /doi.org/10.1016/].sjbs.2023.103604

Arisurya, I. G. N. K,, Permatananda, P. A. K., Dewi, N.
W. E. S, & Pandit, I. G. S. (2026). Antibacterial
Activity of Tulsi Ethanolic Extract (Ocimum
tenuiflorum L.) Against Staphylococcus aureus.
Jurnal Penelitian Pendidikan IPA, 12(1), 848-852.
https:/ /doi.org/10.29303 /jppipa.v12i1.14238

Bahri, S., Umami, R., Qadafi, M., & Partiwi, S. (2023).
Comparison of the Effectiveness Antibacterial Test
of Natural Ingredients and Antibiotic in
Salmonella typhi Isolated from Hospital Waste and
Household Waste. Jurnal Penelitian Pendidikan IPA,
9(4), 2068-2074.
https:/ /doi.org/10.29303 /jppipa.v9i4.3783

Batra, P., Deo, V., Mathur, P., & Gupta, A. K. (2017).
Cotrimoxazole, a Wonder Drug in the Era of
Multiresistance: Case Report and Review of
Literature. Journal of Laboratory Physicians, 9(03),
210-213. https:/ /doi.org/10.4103/0974-
2727.208261

Berenbaum, M. C. (1977). Synergy, Additivism and
Antagonism in Immunosuppression: A Critical
Review. Clinical and Experimental Immunology,
28(1), 1-18. Retrieved from
https:/ /pmc.ncbinlm.nih.gov/articles/ PMC15408
73/

Burt, S. (2004). Essential Oils: Their Antibacterial
Properties and Potential Applications in Foods - A
Review. International Journal of Food Microbiology,
94(3), 223-253.
https:/ /doi.org/10.1016/j.ijfoodmicro.2004.03.022

335



Jurnal Penelitian Pendidikan IPA (JPPIPA)

El-Sakhawy, M. A. M. (2023). Combinational Effect of
Selected Medicinal Plants and Antibiotics Against
Pathogenic Bacteria. Pakistan Journal of Biological
Sciences, 26(3), 108-118.
https:/ /doi.org/10.3923 /pjbs.2023.108.118

Esposito, S., Bassetti, M., Concia, E., Simone, G. D.,
Rosa, F. G. D>, Grossi, P., Novelli, A., Menichetti,
F., Petrosillo, N., Tinelli, M., Tumbarello, M.,
Sanguinetti, M., Viale, P., Venditti, M., & Viscoli, C.
(2017). Diagnosis and Management of Skin and
Soft-Tissue infections (SSTI). A Literature Review
and Consensus Statement: an Update. Journal of
Chemotherapy, 29(4), 197-214.
https:/ /doi.org/10.1080/1120009X.2017.1311398

Fatmawati, S., Yuliana, Y., Purnomo, A. S., & Bakar, M.
F. A. (2020). Chemical Constituents, Usage and
Pharmacological Activity of Cassia alata. Heliyon, 6,
1-11.
https://doi.org/10.1016/].heliyon.2020.e04396

Fitriani, 1. R., Fitriana, F., & Nuryanti, S. (2023).
Aktivitas Antibakteri Ekstrak Etanol Daun
Ketepeng Cina (Cassia alata L.) Terhadap Beberapa
Bakteri Penyebab Infeksi Kulit. Makassar Natural
Product Journal (MNP]), 1(4), 22-28.
https:/ /doi.org/10.33096/ mnpj.v1il.8

Gnanamani, A., Hariharan, P., & Maneesh, P.-S. (2018).
Staphylococcus aureus: Overview of Bacteriology,

Clinical Diseases, Epidemiology, Antibiotic
Resistance and Therapeutic Approach. Journal of
Global Infectious Diseases, 3, 1-26.

http:/ /dx.doi.org/10.5772 /67338
Hamni, L., Avidlyandi, A., Banon, C., Wiradimafan, K.,
Triawan, D. A., Wibowo, R. H., & Adfa, M. (2022).
Kombinasi Ekstrak Metanol Daun Ketepeng Cina
(Cassia alata Linn) dengan Enam Ekstrak
Tumbuhan  Terpilih  dalam  Menghambat
Pertumbuhan Bakteri Staphylococcus aureus.
BIOEDUSAINS: Jurnal Pendidikan Biologi dan Sains,
5(2), 350-362.
https:/ /doi.org/10.31539/bioedusains.v5i2.3996
Handarni, D., Putri, S. H., & Tensiska, T. (2020).
Skrining Kualitatif Fitokimia Senyawa Antibakteri
pada Ekstrak Daun Jambu Biji (Psidiium guajava
L.). Jurnal Keteknikan Pertanian Tropis dan Biosistem,
8(2), 182-188.
https:/ /doi.org/10.21776 /ub.jkptb.2020.008.02.08
Hanifa, A. P., Erliana, D., Avidlyandi, A., Rizka, M.,
Triawan, D. A., Yudha S, S. P., & Adfa, M. (2022).
Efektivitas Ekstrak Metanol Daun Ketepeng Cina
(Cassia alata L.) dalam Menghambat Pertumbuhan
Bakteri  Staphylococcus  epidermidis  Secara
Tunggal dan Kombinasi. Jurnal Biosilampari: Jurnal
Biologi, 5(1), 57-66.
https:/ /doi.org/10.31540/ biosilampari.v5i1.1787
Ishak, A., Mazonakis, N., Spernovasilis, N.,,
Akinosoglou, K., & Tsioutis, C. (2025). Bactericidal
Versus Bacteriostatic =~ Antibacterials: Clinical

Volume 12, Issue 5, 330-337

Significance, Differences and Synergistic Potential
in Clinical Practice. Journal of Antimicrobial
Chemotherapy, 80(1), 1-17.
https:/ /doi.org/10.1093/jac/ dkae380

Khurm, M., Wang, X.,, Zhang, H., Hussain, S. N,
Qaisar, M. N., Hayat, K., Saqib, F., Zhang, X., Zhan,
G, & Guo, Z. (2021). The Genus Cassia L.
Ethnopharmacological and Phytochemical
Overview. Phytotherapy Research, 35(5), 2336-2385.
https:/ /doi.org/10.1002/ ptr.6954

Kuok, C. F., Hoi, S. O., Hoi, C. F., Chan, C. H., Fong, L.
H., Ngok, C. K,, Meng, L. R,, & Fong, P. (2017).
Synergistic Antibacterial Effects of Herbal Extracts
and Antibiotics on  Methicillin-Resistant
Staphylococcus aureus: A Computational and
Experimental Study. Experimental Biology and
Medicine, 242(7), 731-743.
https://doi.org/10.1177/1535370216689828

Lacey, K. A., Geoghegan, J. A., & McLoughlin, R. M.
(2016). The Role of Staphylococcus aureus
Virulence Factors in Skin Infection and Their
Potential as Vaccine Antigens. Pathogens, 5(1).
https:/ /doi.org/10.3390/ pathogens5010022

Lathifah, Q. A., Turista, D. D. R., & Puspitasari, E.
(2021). Daya Antibakteri Ketepeng Cina (Cassia
alata L.) Terhadap Staphylococcus aureus,
Pseudomonas aerugenosa, dan Klebsiella
pneumonia. Jurnal Analis Kesehatan, 10(1), 29.
https:/ /doi.org/10.26630/jak.v10i1.2718

Li, J.,, Lu, T,, Chu, Y., Zhang, Y., Zhang, J., Fu, W., Sun,
J., Liu, Y, Liao, X. P, & Zhou, Y. F. (2024).
Cinnamaldehyde Targets SarA to Enhance -
lactam Antibiotic Activity Against Methicillin-
Resistant Staphylococcus aureus. MLife, 3(2), 291-
306. https:/ /doi.org/10.1002/mlf2.12121

Li, T, Lu, Y., Zhang, H., Wang, L., Beier, R. C,, Jin, Y.,
Wang, W.,, Li, H,, & Hou, X. (2021). Antibacterial
Activity and Membrane-Targeting Mechanism of
Aloe-Emodin Against Staphylococcus epidermidis.
Frontiers in  Microbiology, 12(621866), 1-14.
https:/ /doi.org/10.3389/fmicb.2021.621866

Lin, S., Li, H,, Tao, Y., Liu, J., Yuan, W., Chen, Y., Liu,
Y., & Liu, S. (2020). In Vitro and In Vivo Evaluation
of Membrane-Active Flavone Ampbhiphiles:
Semisynthetic Kaempferol-Derived Antimicrobials
Against Drug-Resistant Gram-Positive Bacteria.
Journal of Medicinal Chemistry, 63(11), 5797-5815.
https:/ /doi.org/10.1021/acs.jmedchem.0c00053

Malmir, M., Serrano, R., & Silva, O. M. D. (2017).
Anthraquinones as Potential Antimicrobial Agents-
A Review. In A. M. Vilas (Ed.), Antimicrobial
Research:  Novel Bioknowledge and Educational
Programs (Issue 1, pp. 55-61). FORMATEX.

Nandhini, P., Kumar, P., Mickymaray, S., Alothaim, A.
S., Somasundaram, J., & Rajan, M. (2022). Recent
Developments in Methicillin-Resistant
Staphylococcus aureus (MRSA) Treatment: A

336



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Review. Antibiotics, 11(606), 1-21.
https:/ /doi.org/10.3390/ antibiotics11050606

Nurhasana, D., Febriansyah, R., Avidlyandi, A., S., S.
Y., Banon, C., Oktiarni, D., & Adfa, M. (2023). In-
Vitro  Antibacterial ~ Activity of  Excoecaria
cochinchinensis Lour’s Methanol Extract and Its
Combination with Commercial Drugs. Jurnal llmu
Kefarmasian Indonesia, 21(2), 179-185.
https:/ /doi.org/10.35814/jifi.v21i2.1383

Nurwahida, W. O., Muslihin, A. M., & Hardia, L.
(2025). Antibacterial Activity Testing of Methanol
Extract of Yellow Rope Barb (Anamirta cocculus).
Jurnal Penelitian Pendidikan IPA, 11(4), 451-458.
https:/ /doi.org/10.29303 /jppipa.v11i4.10760

Periferakis, A., Periferakis, K., Badarau, I. A., Petran, E.
M., Popa, D. C, Caruntu, A. Costache, R. S,
Scheau, C., Caruntu, C., & Costache, D. O. (2022).
Kaempferol: Antimicrobial Properties, Sources,
Clinical, and Traditional Applications. International
Journal of Molecular Sciences, 23(15054), 1-39.
https:/ /doi.org/10.3390/ijms232315054

Ponce, A. G,, Fritz, R, Valle, C. D., & Roura, S. L. (2003).
Antimicrobial Activity of Essential Oils on the
Native Microflora of Organic Swiss Chard.
Lebensm.-Wiss. u.-Techno, 36(7), 679-684.
https:/ /doi.org/10.1016/S0023-6438(03)00088-4

Sanhueza, L., Melo, R, Montero, R, Maisey, K,
Mendoza, L., & Wilkens, M. (2017). Synergistic

Interactions  between  Phenolic ~Compounds
Identified in Grape Pomace Extract with
Antibiotics of Different Classes Against

Staphylococcus aureus and Escherichia coli. PLoS
ONE, 12(2), 1-15.
https:/ /doi.org/10.1371/journal.pone.0172273

Santosaningsih, D., Santoso, S., Setijowati, N., Rasyid,
H. A., Budayanti, N. S, Suata, K., Widhyatmoko,
D. B., Purwono, P. B., Kuntaman, K., Damayanti,
D., Prakoeswa, C. R. S., Laurens, M., Nierop, J. W.
I. V., Nanninga, G. L., Oudenes, N., Regt, M. D,,
Snijders, S. V., Verbrugh, H. A., & Severin, J. A.
(2018). Prevalence and Characterisation of
Staphylococcus aureus Causing Community-
Acquired Skin and Soft Tissue Infections on Java
and Bali, Indonesia. Tropical Medicine and
International Health, 23(1), 34-44.
https:/ /doi.org/10.1111/tmi.13000

Saputra, T. R, Ngatin, A., & Sarungu, Y. T. (2018).
Penggunaan Metode Ekstraksi Maserasi dan Partisi
pada Tumbuhan Cocor Bebek (Kalanchoe pinnata)
dengan Kepolaran Berbeda. Fullerene Journal of
Chemistry, 3(1), 1-4.
https:/ /doi.org/10.37033 /fjc.v3il.26

Setiawan, V., Triono, N., Agustina, A. K., & Moira, L. A.
(2025). The Antibacterial Activities of Piper betle
and Allium cepa Extracts Against Staphylococcus
aureus. Jurnal Penelitian Pendidikan IPA, 11(9), 97-
102. https:/ / doi.org/10.29303 /jppipa.v11i9.10850

Volume 12, Issue 5, 330-337

Shari, W., Erliana, D., Azizah, K., Banon, C,,
Avidlyandi, A., Wiradimafan, K., S, S. Y., & Adfa,
M. (2025). Effectiveness of Cinnamomum
porrectum Roxb. Kosterm Pyroligneous Acid and
Its Compounds in Staphylococcus aureus Growth
Inhibition. Yuzuncu Yil University Journal of
Agricultural Sciences, 35(3), 392-402.
https:/ /doi.org/10.29133/ yyutbd.1601765

Susanti, S., & Asri, M. T. (2024). Aktivitas Antibakteri
Kombinasi Ekstrak Kulit Alpukat dan Daun
Kemangi Terhadap Pertumbuhan Staphylococcus
epidermidis. Lenterabio, 13(2), 236-243.
https:/ /doi.org/10.26740/lenterabio.v13n2.p236-
243

Taura, D. W.,, Hassan, A., Yayo, A. M., & Takalmawa,
H. (2013). Bacterial Isolates of the Respiratory Tract
Infection and Their Current Sensitivity Pattern
Among Patients Attending Aminu Kano Teaching
Hospital Kano-Nigeria. International Research
Journal ~ of  Microbiology,  4(9),  226-231.
http:/dx.doi.org/10.14303/irjm.2013.048

Vaou, N., Stavropoulou, E., Voidarou, C., Tsigalou, C.,
& Bezirtzoglou, E. (2021). Towards Advances in
Medicinal Plant Antimicrobial Activity: A Review
Study on Challenges and Future Perspectives.
Microorganisms, 9(10), 1-28.
https:/ /doi.org/10.3390/ microorganisms9102041

Yon, J. A. L, Lee, S. K, Keng, J]. W., Chow, S. C.,, Liew,
K. B., Teo, S. S., Mossadeq, W. M. S., Marriott, P. J.,
Akowuah, G. A, Ming, L. C., Goh, B. H., & Chew,
Y. L. (2023). Cassia alata (Linnaeus) Roxburgh for
Skin: Natural Remedies for Atopic Dermatitis in
Asia and Their Pharmacological Activities.
Cosmetics, 10(5), 1-15.
https:/ /doi.org/10.3390/ cosmetics10010005

Yuliana, B., Ania, H.,, & Habiburrahim, H. (2025).
Effectiveness of Secang Wood Isolate in
Combination with Amoxicillin Against MRSA.
Jurnal Penelitian Pendidikan IPA, 11(10), 766-772.
https:/ /doi.org/10.29303 /jppipa.v11i10.12206

337



