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Abstract: Escherichia coli and Staphylococcus aureus are bacteria causing 

contagious diseases. Both bacteria have shown high levels of antibiotic 

resistance, making them essential targets in searching for new antibacterial 

agents from natural sources such as medicinal plants. Gelam (Melaleuca 

leucadendra) is a promising medicinal plant to be a new antibacterial agent. 

This research aims to analyze the biological activity of the methanol extract of 

Gelam leaves (M. leucadendra) in inhibiting the growth of E. coli and S. aureus 

bacteria. The Gelam leaf extract was prepared by maceration process in 96% 

methanol solution (1:7 ratio). The antibacterial assay was conducted using the 

disc diffusion method on MHA (Muller-Hinton Agar) media. Four levels of 

methanol leaf extract concentration were used: 50, 100, 150, and 200 mg/ml. 

Methanol 96% was used as negative control and amoxicillin as positive control. 

The highest inhibition in both bacteria tested, 1.67 mm on E. coli bacteria and 

6.26 mm on S. aureus bacteria. 

Keywords: Antibacterial, Escherichia coli, gelam, leaves, Staphylococcus 

aureus. 

 

 

Introduction 

 

Infectious diseases are among the 

problems frequently experienced by populations 

in developing countries (Putra et al., 2024). 

These contagious diseases generally occur due to 

interactions between the human body and 

microorganisms such as viruses, parasites, fungi, 

and bacteria (Zhang et al., 2024). Poor 

environmental hygiene conditions, 

socioeconomic status, limited health 

infrastructure, and inadequate sanitation 

problems support a conducive environment for 

the spread and persistence of infections from 

microorganisms, including those caused by 

Escherichia coli and Staphylococcus aureus 

bacteria (Ghodake et al., 2025). 

E. coli bacteria are Gram-negative bacteria 

that normally inhabit the digestive tract of 

humans and animals as normal flora (Anggryani 

et al., 2023); (Kristiawan et al., 2022). However, 

pathogenic strains have developed specific 

virulence factors that enable them to cause 

various serious infectious diseases and can 

migrate to other body systems such as the urinary 

tract and bloodstream (Geraldino et al., 2024). E. 

coli can cause diarrhea, urinary tract infections, 

and sepsis. Meanwhile, Staphylococcus aureus is 

an opportunistic bacterium often found on the 

skin and respiratory tract and can cause mild to 

severe diseases, including skin infections, 

respiratory tract infections, pneumonia, 

endocarditis, and sepsis (Hilmi et al., 2019). Both 

bacteria have shown high levels of antibiotic 

resistance, such as in cases of methicillin-

resistant Staphylococcus aureus (MRSA) and 

extended-spectrum beta-lactamase-producing E. 

coli (ESBL-E. coli) (Suyasa & Mastra, 2020), 

making them essential targets in the search for 

new antibacterial agents from natural sources 

such as medicinal plants (Martínez-Fructuoso et 

al., 2023); (Baranova et al., 2023). 
Local communities worldwide have long 

used medicinal plants to treat various types of 

diseases, including diseases caused by bacterial 

infections (Alanazi et al., 2023). The knowledge 

and experience in utilizing medicinal plants as 
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complementary or alternative therapy in treating 

bacterial infectious diseases (Zouine et al., 2024), 

including those caused by E. coli and S. aureus 

bacteria, underlies various scientific studies that 

not only aim to prove the efficacy of medicinal 

plants used by the local communities but also to 

discover new promising antibiotics (Abdallah et 

al., 2023). 

Medicinal plants have a diversity of 

secondary metabolites—such as alkaloids, 

flavonoids, tannins, and terpenoids—known to 

have antimicrobial activity (Vaou et al., 2021). 

They can be a promising alternative source for 

new antibiotic development.  (Mariani et al., 

2020) proved that methanol extract of Ulin 

leaves, used by the Dayak Uud Danum 

community, effectively inhibits the growth of 

bacteria such as Escherichia coli, 

Staphylococcus aureus, Enterococcus faecalis, 

and Salmonella typhi. This 

ethnopharmacological approach is a promising 

alternative, especially when facing the increasing 

challenge of antimicrobial resistance. 

Developing phytopharmaceuticals from local 

plants with antibacterial potential can also be a 

strategic step in supporting a sustainable 

healthcare system based on local wisdom (Vaou 

et al., 2021). In West Kalimantan, the community 

has used a medicinal plant called Gelam 

(Melaleuca leucadendra). Traditionally, the 

plant is used as a remedy for stomach aches. 

According to  (Sudiansyah et al., 2023), Gelam 

bark extract can inhibit the growth of Salmonella 

enterica serovar Typhimurium bacteria. This 

research aims to analyze the biological activity of 

the methanol extract of Gelam leaves (M. 

leucadendra) in inhibiting the growth of E. coli 

and S. aureus bacteria. 

 
Materials and Method 

 

Time and Location of Research 

We conducted the research in July-August 

2022. Gelam leaves (M. leucadendra) were 

obtained from Bengkayang Regency 

(Karimunting Village). Gelam leaf extract was 

prepared at the Forest Products Chemistry 

Laboratory, Faculty of Forestry, Tanjungpura 

University, while the antibacterial activity assay 

was conducted at the West Kalimantan Regional 

Health Laboratory. 

 

Sample Preparation and Extraction 

Fresh Gelam leaves were separated from 

leaf stalks and twigs using scissors and machetes. 

We cleaned the leaves from the dust and dirt that 

had adhered. After cleaning, Gelam leaves were 

placed in a shaded place with good circulation for 

several days until the leaves were dehydrated to 

facilitate the powder-making process. 

Subsequently, the leaves were cut small to 

facilitate the powder-making process using a 

blender. The leaf powder was then sieved to 

obtain particle sizes that pass through 40 mesh 

and are retained on 60 mesh.  

The Gelam leaf extract was done by 

soaking the powder in 96% methanol solution 

(1:7 ratio) for 3 days at room temperature. During 

the maceration process, the solution was stirred 

periodically every 24 hours to help the solvent 

extract active compounds optimally (Abubakar 

& Haque, 2020). After 72 hours of soaking, the 

solution was filtered using filter paper to separate 

the residue. The filtrate was then evaporated 

using a rotary evaporator at a low temperature 

(40-50°C) to avoid degradation of bioactive 

compounds due to excessive heat (Bitwell et al., 

2023). We continued until a thick Gelam leaf 

extract was obtained and ready for use in the 

bioactivity testing of Gelam leaves. 

 

Bacterial Culture Preparation and 

Antibacterial Activity Testing 

This study used E. coli test bacteria as 

Gram-negative bacteria and S. aureus as Gram-

positive bacteria. Testing was conducted using 

the disc diffusion method on MHA (Muller-

Hinton Agar) media. MHA media was poured 

into sterilized Petri dishes and left until the press 

solidified (Åhman et al., 2022). Subsequently, 

the media surface was inoculated with bacterial 

suspension adjusted to McFarland 1 standard or 

equivalent to 3 × 10⁸ CFU/mL. On the top of the 

inoculated petri dish, sterile disc paper measuring 

6 mm that we gave the Gelam leaf methanol 

extract solution at several concentrations (50, 

100, 150, and 200 mg/ml) was carefully placed. 

We used amoxicillin as a standard antibiotic or a 

positive control, and 96% methanol solvent was 

used as a negative control to ensure the validity 

of the result. The petri dishes were then incubated 

at 38°C for 24 hours. The next day, we observed 

the Petri dishes to evaluate the inhibition growth 

of both test bacteria. The measurement of 
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bacterial growth inhibition was performed using 

calipers in millimeter units. Hereinafter, we 

analyzed measurement results descriptively to 

describe the effectiveness of the methanol extract 

of Gelam leaf in inhibiting bacteria E. coli and S. 

aureus growth. The results obtained were 

presented as tables, figures, and graphs. 

 

 

Results and Discussion 

Antibacterial Activities 

Antibacterial activity assay is a method to 

test the ability of a chemical compound to inhibit 

bacterial growth (Turki Monawer & Mammani, 

2023). In this study, antibacterial activity testing 

was performed using the diffusion method (disc 

diffusion Kirby and Bauer) and disc paper. This 

assay used 96% methanol as negative control and 

amoxicillin antibiotic as positive control. The use 

of methanol as a negative control was because 

methanol is the solvent used in the maceration 

process of Gelam leaves (M. leucadendra). 

Meanwhile, the selection of amoxicillin 

antibiotic as positive control was because the 

community commonly uses this type of antibiotic 

to treat bacterial infections (Hayati et al., 2022). 

Additionally, this antibiotic is inexpensive for the 

community.  

Based on the test results, it was shown that 

no bacterial growth inhibition was found on the 

negative control disc paper, meaning that the 

methanol solvent used in the maceration process 

was not toxic to both types of test bacteria 

(Pardede et al., 2024). Hence, the inhibition 

values represent the activity of secondary 

metabolites in Gelam leaf extract (M. 

leucadendra). As a positive control, 30 µg of 

amoxicillin was used, and this antibiotic 

inhibited the growth of E. coli and S. aureus 

bacteria. The inhibition values for E. coli bacteria 

were 19 mm and 32.5 mm for S. aureus (Fig. 1, 2 

and 3). 

Amoxicillin is a broad-spectrum β-lactam 

antibiotic from the penicillin group often used to 

treat various bacterial infections. Its mechanism 

of action is inhibiting bacterial cell wall synthesis 

by binding to transpeptidase enzymes (penicillin-

binding proteins/PBPs) (Sukarya et al., 2021). 

Without an intact cell wall, bacteria cannot 

survive and will undergo lysis. Amoxicillin is 

generally effective against non-resistant S. 

aureus and some E. coli strains. In S. aureus, 

amoxicillin's effectiveness greatly depends on 

the bacteria's ability to produce the β-lactamase 

enzyme, which can destroy the β-lactam ring and 

make the antibiotic ineffective.  

 

 

 
Figure 1. Inhibition values of E. coli and S. aureus bacterial growth  

 

S. aureus strains that produce β-lactamase 

are called resistant (Dawan & Ahn, 2020). For 

such cases, a combination of amoxicillin with 

clavulanic acid, which functions as a β-

lactamase inhibitor, is usually required (Roney 

et al., 2023).  This study used four 
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concentration levels: 50 mg/ml, 100 mg/ml, 

150 mg/ml, and 200 mg/ml. Gelam leaf 

methanol extract with a 200 mg/ml 

concentration showed the highest inhibition in 

both bacteria tested, 1.67 mm on E. coli bacteria 

and 6.26 mm on S. aureus bacteria. This 

inhibition value is much smaller than that 

produced by Ulin (E. zwageri) leaf methanol 

extract at the same concentration of 22.7 mm 

for E. coli bacteria  (Mariani et al., 2020). 

Gelam leaf methanol extract showed 

activity in inhibiting E. coli bacterial growth, 

especially at 200 mg/ml concentration, 

although its inhibitory power was still small. E. 

coli bacteria are Gram-negative bacteria, a type 

of bacteria with a natural resistance mechanism 

against antibacterial agents. E. coli are 

diarrhea-causing bacteria commonly suffered 

by humans and animals, which also cause food 

poisoning. These bacteria have relatively high 

antibiotic resistance. 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Figure 2. Antibacterial activity testing of Gelam leaf methanol extract (M. leucadendra) against E. coli bacteria 

(A: Negative control (96% methanol) and Positive control (Amoxicillin 30 µg); B: extract with four 

concentration levels (50 mg/ml, 100 mg/ml, 150 mg/ml, and 200 mg/ml) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Antibacterial activity testing of Gelam leaf methanol extract (M. leucadendra) against S. aureus bacteria 

(A: Negative control (96% methanol) and Positive control (Amoxicillin 30 µg); B: extract with four 

concentration levels (50 mg/ml, 100 mg/ml, 150 mg/ml, and 200 mg/ml)  

 

This type of bacteria has a more complex 

cell wall than Gram-positive bacterial cell walls. 

This bacterial type has thick peptidoglycan with 

thickness ranging from 2-3 nm or 20% of the dry 

weight of the cell wall. On the outermost part of 

the peptidoglycan layer, there is an outer 

membrane (OM) (Liu et al., 2024). The outer 

membrane layer and peptidoglycan layer are 

connected by lipoproteins known as "Braun 

Lipoproteins." This outermost layer is one of the 

distinguishing characteristics between Gram-

positive and Gram-negative bacteria. This outer 

membrane consists of 2 phospholipid layers 

(double layer) connected to the outer membrane 
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by lipopolysaccharides (Bahadur et al., 2021). 

Therefore, Gram-negative bacteria naturally 

resist antibacterials because the outer membrane 

protects the peptidoglycan layer in these bacteria. 

According to (Naidoo & Zishiri, 2025)  natural 

antibacterials can only enter through the outer 

membrane in small amounts, but this does not 

mean that hydrophobic molecules cannot 

penetrate this outer membrane layer; 

antibacterial compounds will be able to 

penetrate, although it requires quite a long time. 

The second bacterium used in this study 

was S. aureus. S. aureus bacteria are Gram-

positive bacteria that are invasive pathogens and 

cause hemolysis (Wang et al., 2020). Gelam leaf 

extract showed quite good results when tested on 

S. aureus bacteria. The antibacterial activity 

showed by the inhibition values produced at each 

concentration being higher compared to those 

produced from testing on E. coli bacteria. Gelam 

leaf methanol extract inhibited the growth of S. 

aureus bacteria, which was classified as virulent, 

although it had moderate inhibition values (5-10 

mm)  (Nababan et al., 2025). 

In general, Gram-positive bacteria have 

lower natural resistance compared to Gram-

negative bacteria. The cell wall part of Gram-

positive bacteria, known as peptidoglycan, is a 

macromolecular layer composed of teichoic acid, 

teichuronic acid, polyphosphate, and 

carbohydrates (Breijyeh et al., 2020). In Gram-

positive bacteria, the peptidoglycan layer that 

functions as a cover and protector of bacterial 

cells has lower density compared to Gram-

negative bacterial types because its outer layer is 

not covered with an outer membrane like in 

Gram-negative bacteria  (Jubeh et al., 2020) 

The less-dense structure of cell walls in 

Gram-positive bacteria compared to Gram-

negative bacteria causes plant secondary 

metabolite compounds that act as natural 

antibacterials to penetrate easily into Gram-

positive bacterial bodies, thus showing higher 

inhibitory power. Our result is linear with the 

statement (Vaou et al., 2021)  which states that 

antibacterial extracts can penetrate in large 

amounts into Gram-positive bacterial cell walls 

due to their hydrophobic cell wall structure. The 

antibacterial extracts penetrate the cell wall and 

interact with the cytoplasm. If the extract is in 

low concentration, it will disturb cell metabolism 

in energy formation by disrupting enzyme 

function, while if the extract is in high 

concentration, it will cause cytoplasmic proteins 

to denature and cause cell death. 

Bacteria from the Staphylococcus group 

are divided into coagulase-positive and 

coagulase-negative groups (Khairullah et al., 

2023). S. aureus belongs to coagulase-positive 

bacteria that are facultatively anaerobic. These 

bacteria cause bacteremia, endocarditis, 

osteomyelitis, pneumonia, and infections of skin 

and soft tissues. S. aureus is the most virulent 

species of Staphylococcus. These bacteria have 

polysaccharide capsules that can inhibit 

phagocytosis. The presence of capsules in the 

form of mucus layers or biofilms makes bacteria 

able to adhere to inorganic surfaces to damage or 

inhibit antibiotic penetration (Jayanthi et al. 

2020). 

Gelam is a plant that grows abundantly in 

peatlands on the islands of Kalimantan and 

Sumatra (Sudiansyah et al., 2023).  Traditionally, 

the local community uses this plant's wood as 

construction material (piles). Gelam, also known 

as galam, has leaves that emit an aroma similar 

to that found in eucalyptus leaves but with a 

lower aromatic level. In traditional therapeutic, 

the local community uses Gelam leaves to treat 

spasm relief or antispasmodic, expel gas or 

bloating (carminative), and treat wounds 

(vulneraries). Leaf parts and inner bark of M. 

argentea, M. cajuputi, M. leucadendra members 

of the Myrtaceae family are traditionally used in 

treating cough, cold, ringworm, vomiting, and 

diarrhea. 

As reported by (Sousa et al., 2024), leaf 

and stem parts of several members of the 

Myrtaceae family contain aromatic components 

that can produce essential oils and be used as 

medicine. Gelam is also reported to have 

potential as an antiseptic, anti-inflammatory, 

antibacterial, and skin care product and has active 

toxicity effects against bacteria.  (Attamimi et al., 

2025)  and (Monzote et al., 2020) reported that 

Gelam leaf essential oil was proven capable of 

inhibiting the growth of Enterococcus faecalis, 

E. coli, Klebsiella pneumonia, Pseudomonas 

aeruginosa, Salmonella enterica, S. aureus, and 

Streptococcus pyogenes bacteria. 

The antibacterial activity of essential oils 

produced from Gelam leaves has been quite 

widely reported, but the antibacterial activity of 

Gelam leaf methanol extract is still limited to 
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date. This research is an initial stage in 

determining the ability of Gelam leaf methanol 

extract (M. leucadendra) as an antibacterial 

agent. Therefore, more comprehensive studies 

and testing are needed to determine Gelam leaf 

extract's bioactivity capability so that it can be 

utilized in the health field in the future. 

 
Conclusion 

 

Based on the research results, Gelam leaf 

methanol extract (M. leucadendra) has been 

proven to have antibacterial activity in inhibiting 

the growth of S. aureus and E. coli bacteria. 

Gelam leaf methanol extract at the 200 mg/ml 

concentration inhibited S. aureus bacterial 

growth with an inhibition diameter of 6.26 mm. 

This inhibition value shows that methanol extract 

has moderate activity inhibiting S. aureuas 

bacterial growth. E. coli bacterial growth, 

classified as Gram-negative bacteria, could only 

be inhibited by 1.67 mm at 200 mg/ml 

concentration. Based on this inhibition value, 

Gelam leaf methanol extract (M. leucadendra) 

has low inhibitory activity against E. coli 

bacteria. 

 

Acknowledgment 

 

The authors would like to express their 

sincere gratitude to all parties who provided 

invaluable assistance throughout this research, 

including technical staff, laboratory personnel, 

and academic colleagues for their support and 

insights. Special thanks are extended to the 

Faculty of Forestry, Tanjungpura University, for 

providing the research funding and institutional 

support that made this study possible. 

 

Reference 

 

Abdallah, E. M., Alhatlani, B. Y., de Paula 

Menezes, R., & Martins, C. H. G. (2023). 

Back to Nature: Medicinal Plants as 

Promising Sources for Antibacterial Drugs 

in the Post-Antibiotic Era. Plants, 12(12), 

1–27. 

https://doi.org/10.3390/plants12173077 

Abubakar, A. R., & Haque, M. (2020). 

Preparation of medicinal plants: Basic 

extraction and fractionation procedures for 

experimental purposes. Journal of 

Pharmacy and Bioallied Sciences, 12(1), 

1–10. 

https://doi.org/10.4103/jpbs.JPBS_175_19 

Åhman, J., Matuschek, E., & Kahlmeter, G. 

(2022). Evaluation of ten brands of pre-

poured Mueller-Hinton agar plates for 

EUCAST disc diffusion testing. Clinical 

Microbiology and Infection, 28(11), 

1499.e1-1499.e5. 

https://doi.org/10.1016/j.cmi.2022.05.030 

Alanazi, H. H., Elasbali, A. M., Alanazi, M. K., 

& El Azab, E. F. (2023). Medicinal Herbs: 

Promising Immunomodulators for the 

Treatment of Infectious Diseases. 

Molecules, 28(28), 1–17. 

https://doi.org/10.3390/molecules2824804

5 

Anggryani, D., Kurniawan, E., Sukmana, D. J., 

& Ustiawaty, J. (2023). Identification of 

Escherichia coli Sub Type Enterotoxigenic 

(ETEC) from Food Samples Using Pcr 

(Polymerase Chain Reaction) Technique. 

Jurnal Biologi Tropis, 23(4), 404–409. 

https://doi.org/10.29303/jbt.v23i4.5540 

Attamimi, M. A. B., Retnowati, W., Maimunah, 

U., Koendhori, E. B., & Kurniati, N. D. 

(2025). In Vitro Antibacterial Activity of 

Eco Enzyme of Eucalyptus (Melaleuca 

leucadendra) against Escherichia coli. 

Majalah Biomorfologi, 35(1), 40–47. 

https://doi.org/10.20473/mbiom.v35i1.20

25.40-47 

Bahadur, R., Chodisetti, P. K., & Reddy, M. 

(2021). Cleavage of Braun’s lipoprotein 

Lpp from the bacterial peptidoglycan by a 

paralog of L,D-transpeptidases, LdtF. 

PNAS, 118(9), 1–7. 

https://doi.org/10.1073/pnas.2101989118 

Baranova, A. A., Alferova, V. A., Korshun, V. 

A., & Tyurin, A. P. (2023). Modern Trends 

in Natural Antibiotic Discovery. Life, 

13(5), 2–29. 

https://doi.org/10.3390/life13051073 

Bitwell, C., Indra, S. Sen, Luke, C., & Kakoma, 

M. K. (2023). A review of modern and 

conventional extraction techniques and 

their applications for extracting 

phytochemicals from plants. Scientific 

African, 19, 1–19. 

https://doi.org/10.1016/j.sciaf.2023.e0158

5 

http://doi.org/10.29303/jbt.v25i3.9508
https://doi.org/10.3390/plants12173077
https://doi.org/10.4103/jpbs.JPBS_175_19
https://doi.org/10.1016/j.cmi.2022.05.030
https://doi.org/10.3390/molecules28248045
https://doi.org/10.3390/molecules28248045
https://doi.org/10.29303/jbt.v23i4.5540
https://doi.org/10.20473/mbiom.v35i1.2025.40-47
https://doi.org/10.20473/mbiom.v35i1.2025.40-47
https://doi.org/10.1073/pnas.2101989118
https://doi.org/10.3390/life13051073
https://doi.org/10.1016/j.sciaf.2023.e01585
https://doi.org/10.1016/j.sciaf.2023.e01585


Mariani & Yusro, (2025). Jurnal Biologi Tropis, 25 (3): 3005 – 3013 

DOI: http://doi.org/10.29303/jbt.v25i3.9508 

 

3011 

Breijyeh, Z., Jubeh, B., & Karaman, R. (2020). 

Resistance of gram-negative bacteria to 

current antibacterial agents and approaches 

to resolve it. Molecules, 25(6), 1–23. 

https://doi.org/10.3390/molecules2506134

0 

Dawan, J., & Ahn, J. (2020). Assessment of 

&#946;-Lactamase Inhibitor Potential of 

Medicinal Plant Extracts against 

Antibiotic-resistant Staphylococcus 

aureus. Korean J. Plant Res, 33(6). 

https://doi.org/10.7732/kjpr.2020.33.6.57

8 

Geraldino, B. R., Lauren Lorenzo, F. H., 

Rumeven Empinado, N. R., Almonguera, 

J. E., Lumayno, A. A., & Ederio, N. T. 

(2024). International Journal of Current 

Science Research and Review Antioxidant 

Properties and Antibacterial Activity of 

Breadfruit (Artocarpus altilis) Bark and 

Leaf Extract against Staphylococcus 

Aureus and Escherichia Coli. International 

Journal of Current Science Research and 

Review, 7(5), 3165–3173. 

https://doi.org/10.47191/ijcsrr/V7-i5-77 

Ghodake, V., Hinge, S., Beedkar, A., Banpurkar, 

A., & Kulkarni, G. (2025). Escherichia coli 

and Staphylococcus aureus Response to 

Sinusoidal Mechanical Vibrations. The 

Microbe, 6, 1. 

https://doi.org/10.1016/j.microb.2024.100

218 

Hayati, A. R., Singkam, A. R., & Jumiarni, D. 

(2022). Uji Antibakteri Ekstrak Etanol 

Daun Theobroma cacao L. terhadap 

Pertumbuhan Escherichia coli dengan 

Metode Difusi Cakram. 

BIOEDUSAINS:Jurnal Pendidikan 

Biologi Dan Sains, 5(1), 31–40. 

https://doi.org/10.31539/bioedusains.v5i1.

3160 

Hilmi, B., Bustami, Y., Trongsatitkul, T., & 

Abdul Hamid, Z. A. (2019). The effect of 

natural antimicrobial agents on 

staphylococcus aureus and escherichia coli 

growth. Journal of Physical Science, 30(2), 

55–63. 

https://doi.org/10.21315/JPS2019.30.S2.5 

Jubeh, B., Breijyeh, Z., & Karaman, R. (2020). 

Resistance of gram-positive bacteria to 

current antibacterial agents and 

overcoming approaches. Molecules, 

25(12), 1–22. 

https://doi.org/10.3390/molecules2512288

8 

Khairullah, A. R., Kurniawan, S. C., Sudjarwo, 

S. A., Effendi, M. H., Afnani, D. A., 

Silaen, O. S. M., Putra, G. D. S., Riwu, K. 

H. P., Widodo, A., & Ramandinianto, S. C. 

(2023). Detection of multidrug-resistant 

Staphylococcus aureus and coagulase-

negative staphylococci in cow milk and 

hands of farmers in East Java, Indonesia. 

Biodiversitas, 24(1), 658–664. 

https://doi.org/10.13057/biodiv/d240174 

Kristiawan, V., Mahatmi, H., Sudipa, P. H., & 

Rahmadani, D. (2022). Bakteri Escherichia 

coli Teridentifikasi pada Rektum Lumba-

Lumba Hidung Botol Indo-Pasifik di 

Umah Lumba Rehabilitation Center, 

Taman Nasional Bali Barat. Indonesia 

Medicus Veterinus, 11(2), 234–245. 

https://doi.org/10.19087/imv.2022.11.2.23

4 

Liu, J., Lai, X., Li, Y., Yu, Z., Wang, X., Zhang, 

C., & Peng, Q. (2024). Reversing the 

Natural Drug Resistance of Gram-

Negative Bacteria to Fusidic Acid via 

Forming Drug–Phospholipid Complex. 

Bioengineering, 11, 1–15. 

https://doi.org/10.3390/bioengineering 

Mariani, Y., Yusro, F., & Wardenaar, E. (2020). 

Aktivitas Ekstrak Metanol Daun Ulin 

(Eusideroxylon zwageri Tisjm & Binn) 

Terhadap Empat Jenis Bakteri Patogen. 

Jurnal Biologi Tropis, 20(1), 94–101. 

https://doi.org/10.29303/jbt.v20i1.1642 

Martínez-Fructuoso, L., Arends, S. J. R., Freire, 

V. F., Evans, J. R., Devries, S., Peyser, B. 

D., Akee, R. K., Thornburg, C. C., Kumar, 

R., Ensel, S., Morgan, G. M., McConachie, 

G. D., Veeder, N., Duncan, L. R., Grkovic, 

T., & O’Keefe, B. R. (2023). Screen for 

New Antimicrobial Natural Products from 

the NCI Program for Natural Product 

Discovery Prefractionated Extract Library. 

ACS Infectious Diseases, 9(6), 1245–

1256. 

https://doi.org/10.1021/acsinfecdis.3c000

67 

Monzote, L., Scherbakov, A. M., Scull, R., 

Satyal, P., Cos, P., Shchekotikhin, A. E., 

Gille, L., & Setzer, W. N. (2020). Essential 

oil from melaleuca leucadendra: 

http://doi.org/10.29303/jbt.v25i3.9508
https://doi.org/10.3390/molecules25061340
https://doi.org/10.3390/molecules25061340
https://doi.org/10.7732/kjpr.2020.33.6.578
https://doi.org/10.7732/kjpr.2020.33.6.578
https://doi.org/10.47191/ijcsrr/V7-i5-77
https://doi.org/10.1016/j.microb.2024.100218
https://doi.org/10.1016/j.microb.2024.100218
https://doi.org/10.31539/bioedusains.v5i1.3160
https://doi.org/10.31539/bioedusains.v5i1.3160
https://doi.org/10.21315/JPS2019.30.S2.5
https://doi.org/10.3390/molecules25122888
https://doi.org/10.3390/molecules25122888
https://doi.org/10.13057/biodiv/d240174
https://doi.org/10.19087/imv.2022.11.2.234
https://doi.org/10.19087/imv.2022.11.2.234
https://doi.org/10.3390/bioengineering
https://doi.org/10.29303/jbt.v20i1.1642
https://doi.org/10.1021/acsinfecdis.3c00067
https://doi.org/10.1021/acsinfecdis.3c00067


Mariani & Yusro, (2025). Jurnal Biologi Tropis, 25 (3): 3005 – 3013 

DOI: http://doi.org/10.29303/jbt.v25i3.9508 

 

3012 

Antimicrobial, antikinetoplastid, 

antiproliferative and cytotoxic assessment. 

Molecules, 25(23), 1–13. 

https://doi.org/10.3390/molecules2523551

4 

Nababan, F., Panjaitan, I. M. S., & Ricky, D. R. 

(2025). Antibacterial Effectiveness Test of 

Roselle Flower (Hibiscus sabdariffa L.) 

Ethanol Extract Against Escherichia coli, 

Staphylococcus aureus, and 

Propionibacterium acnes Bacteria. Jurnal 

Biologi Tropis, 25(1), 1074–1083. 

https://doi.org/10.29303/jbt.v25i1.8765 

Naidoo, N., & Zishiri, O. T. (2025). Presence, 

Pathogenicity, Antibiotic Resistance, and 

Virulence Factors of Escherichia coli: A 

Review. Bacteria, 4(16), 1–23. 

https://doi.org/10.3390/bacteria4010016 

Pardede, D. T., Juliansyah, R., & Fauziah, R. 

(2024). Uji Aktivitas Antibakteri Ekstrak 

Metanol Daun Maja ( Aegle marmelos L.) 

Terhadap Bakteri Streptococcus Mutans 

dan Escherichia Coli. Jurnal Pharmacia 

Mandala Waluya, 3(6), 344–351. 

https://doi.org/10.54883/jpmw.v3i6.148 

Putra, M. F. R., Bahar, E., Gustia, R., Linosefa, 

& Julizar, R. (2024). Pola Bakteri dan 

Sensitivitas Antibiotik Pada Hasil Kultur 

Pasien di Ruangan Intensive Care Unit 

RSUP Dr. M. Djamil Padang Tahun 2020. 

Sentri: Jurnal Riset Ilmiah, 3(10), 4737–

4748. 

https://ejournal.nusantaraglobal.or.id/inde

x.php/sentri/article/view/3469/3405  

Roney, M., Singh, G., Dubey, A., Soni, H., 

Tandon, S., Narasimhaji, C. V., Tufail, A., 

Akm, M. H., & Aluwi, M. F. F. M. (2023). 

Polypharmacological assessment of 

Amoxicillin and its analogues against the 

bacterial DNA gyrase B using molecular 

docking, DFT and molecular dynamics 

simulation. Aspects of Molecular 

Medicine, 2, 1–0. 

https://doi.org/10.1016/j.amolm.2023.100

024 

Sousa, L. R. D., Santos, M. L. da C., Sampaio, L. 

S., Faustino, C. G., Guigueno, M. L. L., 

Freitas, K. M., Lopes, M. T. P., Mota, G. 

C. F., dos Santos, V. M. R., Seibert, J. B., 

Amparo, T. R., Vieira, P. M. de A., Santos, 

O. D. H. dos, & de Souza, G. H. B. (2024). 

Nanoemulsified Essential Oil of Melaleuca 

leucadendron Leaves for Topical 

Application: In Vitro Photoprotective, 

Antioxidant and Anti-Melanoma 

Activities. Pharmaceuticals, 17(6), 1. 

https://doi.org/10.3390/ph17060721 

Sudiansyah, M. I., Yusro, F., & Mariani, Y. 

(2023). Aktivitas Antibakteri Ekstrak Kulit 

Batang Gelam (Melaleuca leucadendra 

Linn.) terhadap Salmonella enterica 

serovar Typhimurium. VIII(3). 

https://doi.org/10.32672/jse.v8i3.6104 

Sukarya, I. B. J., Pratiwi, I. D. P. K., & 

Puspawati, N. N. (2021). Ketahanan Isolat 

Bakteri Asam Laktat Indigenus 

KOmbucha dan Dadih Terhadap 

Antiobiotik. Itepa: Jurnal Ilmu Dan 

Teknologi Pangan, 10(4), 2021–2734. 

https://doi.org/10.24843/itepa.2021.v10.i0

4.p18 

Suyasa, I. B. O., & Mastra, N. (2020). Gambaran 

Methicillin Resistant Staphylococcus 

aureus (MRSA) Pada Petugas Kesehatan 

RSUD Wangaya Kota Denpasar. 

Meditory, 8(1), 2338–1159. 

https://doi.org/10.33992/m.v8i1.1074 

Turki Monawer, A., & Mammani, I. M. A. 

(2023). Antibacterial activity of ethanolic 

extracts of Plantago major leaves against 

Pseudomonas aeruginosa from burn 

infections. Journal of Infection in 

Developing Countries, 17(2), 276–280. 

https://doi.org/10.3855/JIDC.17576 

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(9), 1–28. 

https://doi.org/10.3390/microorganisms91

02041 

Wang, L. J., Yang, X., Qian, S. Y., Liu, Y. C., 

Yao, K. H., Dong, F., & Song, W. Q. 

(2020). Identification of hemolytic activity 

and hemolytic genes of Methicillin-

resistant Staphylococcus aureus isolated 

from Chinese children. Chinese Medical 

Journal, 133(1), 88–90. 

https://doi.org/10.1097/CM9.0000000000

000571 

Zhang, Y., Zhang, H., Xu, T., Zeng, L., Liu, F., 

Huang, X., & Liu, Q. (2024). Interactions 

Among Microorganisms Open up a New 

http://doi.org/10.29303/jbt.v25i3.9508
https://doi.org/10.3390/molecules25235514
https://doi.org/10.3390/molecules25235514
https://doi.org/10.29303/jbt.v25i1.8765
https://doi.org/10.3390/bacteria4010016
https://doi.org/10.54883/jpmw.v3i6.148
https://ejournal.nusantaraglobal.or.id/index.php/sentri/article/view/3469/3405
https://ejournal.nusantaraglobal.or.id/index.php/sentri/article/view/3469/3405
https://doi.org/10.1016/j.amolm.2023.100024
https://doi.org/10.1016/j.amolm.2023.100024
https://doi.org/10.3390/ph17060721
https://doi.org/10.32672/jse.v8i3.6104
https://doi.org/10.24843/itepa.2021.v10.i04.p18
https://doi.org/10.24843/itepa.2021.v10.i04.p18
https://doi.org/10.33992/m.v8i1.1074
https://doi.org/10.3855/JIDC.17576
https://doi.org/10.3390/microorganisms9102041
https://doi.org/10.3390/microorganisms9102041
https://doi.org/10.1097/CM9.0000000000000571
https://doi.org/10.1097/CM9.0000000000000571


Mariani & Yusro, (2025). Jurnal Biologi Tropis, 25 (3): 3005 – 3013 

DOI: http://doi.org/10.29303/jbt.v25i3.9508 

 

3013 

World for Anti-Infectious Therapy. FEBS 

Journal, 291(8), 1615–1631. 

https://doi.org/10.1111/febs.16705 

Zouine, N., Ghachtouli, N. El, Abed, S. El, & 

Koraichi, S. I. (2024). A comprehensive 

Review on Medicinal Plant Extracts as 

Antibacterial Agents: Factors, Mechanism 

Insights and Future Prospects. Scientific 

African, 26, 1–25. 

https://doi.org/10.1016/j.sciaf.2024.e0239

5 

 

http://doi.org/10.29303/jbt.v25i3.9508
https://doi.org/10.1111/febs.16705
https://doi.org/10.1016/j.sciaf.2024.e02395
https://doi.org/10.1016/j.sciaf.2024.e02395

