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ABSTRACT

	Background : Keben is a tree-shaped plant that is easily found on the coasts of Asia and the Pacific Ocean. Keben fruit seeds are traditionally used to treat infections.
Aims: This study aims to determine the antibacterial activity of keben fruit seed extract and fraction (Barringtonia asiatica L. Kurz) against the growth of Staphylococcus aureus and Pseudomonas aeruginosa bacteria.
Methodology: The method used in this study is the disc diffusion method. At the lowest concentration, which is 50 ppm, the inhibition has been formed as an antibacterial.
Results: The largest inhibition zone in the extract was found at a concentration of 1000 ppm for both bacterial.
Conclusion: This study conclude that the active compounds in keben fruit seed extract have antibacterial activity against Staphylococcus aureus and Pseudomonas aeruginosa bacteria.
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1. INTRODUCTION 

Infection is defined as the invasion and multiplication of pathogens in host tissues, which can lead to tissue injury and trigger a protective immune response (Islam et al., 2025). In general, pathogens that cause infection include bacteria, viruses, fungi, and parasites (Ferreira et al., 2025). Staphylococcus aureus and Pseudomonas aeruginosa are important pathogens in various infections, including skin and soft tissue infections, pneumonia, bloodstream infections (bacteremia/sepsis), urinary tract infections, and surgical wound infections (Gloria 2021; Jackson, 2019; Cohen et al., 2017). In the estimated global burden in 2019, infection-related deaths reached 13.7 million cases, with 7.7 million deaths associated with 33 major bacterial pathogens. Among these pathogens, S. aureus is the largest contributor and is the only bacterium associated with more than 1 million deaths (≈1,105,000 deaths), while P. aeruginosa is also among the top five pathogens with a very high mortality burden (≈559,000 deaths) (Ikuta et al., 2022).

However, the effectiveness of antibiotic therapy against both bacteria is declining due to increased antimicrobial resistance. Globally, in 2019, an estimated 4.95 million deaths were associated with bacterial antimicrobial resistance, and 1.27 million were directly related to resistance. One of the deadliest pathogen-drug combinations is MRSA (methicillin-resistant S. aureus), with more than 100,000 deaths in 2019 (Murray et al., 2022). In addition, the CDC (Centers for Disease Control and Prevention) reported (2017 data on inpatients) that MRSA accounted for 323,700 cases and 10,600 deaths, while multidrug-resistant P. aeruginosa accounted for 32,600 cases and 2,700 deaths. In fact, some strains of P. aeruginosa are reported to be resistant to almost all antibiotics, including carbapenem (Sadeghi et al., 2025; Garvey, 2024). Therefore, it is necessary to conduct research to find new antibacterial candidates that are safer, more affordable, and have the potential to reduce the rate of resistance, including those derived from natural sources rich in secondary metabolites.

One plant that can be developed is the keben fruit (Barringtonia asiatica L. Kurz). Keben fruit (Barringtonia asiatica L. Kurz) has a high phytochemical content, including polyphenols and terpenoids, which have been traditionally used to treat health problems. Based on phytochemical screening, the metabolite compounds found in keben fruit seeds are saponins, alkaloids, triterpenoids, and tannins. The Papuan people have empirically used Keben plants to treat eyes affected by various disorders, such as keratitis, cataracts, pterygium, glaucoma, myopia, and hypostropia. Keben fruit is used for eye treatment by squeezing the water from young keben fruit and then dripping it on the eyes. In addition, keben fruit is used for various treatments in many countries; for example, in the Philippines, the leaves are used as a stomach remedy. People in the Polynesian Islands and Nigeria use the liquid obtained by crushing the bark of the keben fruit tree to treat chest and heart diseases. In Papua New Guinea, this plant is used to treat stomach pain (Umaru et al., 2018).

Based on this background, this study aims to assess the potential of keben fruit seed extract (Barringtonia asiatica L. Kurz) as an antibacterial agent. 


2. methods 

2.1 Material and Equipment

The research was conducted at the Pharmaceutical Laboratory of the Department of Pharmacy and the Microbiology Laboratory of the Department of Biology at Cenderawasih University, Jayapura.

The tools used are blenders, analytical scales, glass jars, stirring rods, spatulas, funnels, measuring cups, beaker cups, porcelain cups, Erlenmeyer, hot plates, stirrers, measuring flasks, ose needles, micropipettes, bunsen burners, mesh 60 sieves, test tubes, test tube racks, tweezers, petri dishes, incubators, vials, cameras, colony counters, autoclaves, vortex mixers, water baths, and laminar air flow. 

The sample is the seeds of the keben fruit made simplisia. The materials used are Staphylococcus aureus, Pseudomonas aeruginosa, aquadest, filter paper, aluminum foil, ethyl acetate, n-hexane, ethanol 96%, dimethyl sulfoxide (DMSO) 10%, and acid sulfate, acetic acid, potassium dichromate, Mayer reagent, dragendroff reagent, magnesium powder, hydrochloric acid, chloroform, sodium chloride, iron(III) chloride, agar nutrient media (NA), Ciprofloxacin 5μg.
 
2.2 Extraction

The extract is made using the maceration method with 96% ethanol solvent. First, the simplicia of keben seeds were weighed up to 500 g, then soaked in a 96% ethanol solvent (1.5 L, 1:3). The maceration process was carried out for 3 days with periodic stirring. The filtrate obtained is then evaporated in a rotary evaporator and continued with evaporation in a water bath at 60 °C until a thick extract is obtained. The yield obtained is then weighed, and the percentage is calculated.

2.3 Ethanol Free Test

Ethanol-free tests are performed to determine whether ethanol remains in the extract. Ethanol-free tests can be performed by observing the color change in the extract, which is a qualitative test. The ethanol qualitative test was performed by adding 2 drops of concentrated sulfuric acid (H2SO4) and 1 mL of potassium dichromate (K2Cr2O7). The presence of ethanol in the extract is indicated by the initial color change from orange to turquoise.

2.4 Phytochemical Screening

Phytochemical screening of the extract was performed, including tests for alkaloids, flavonoids, saponins, tannins, and triterpenoids/steroids.

Alkaloids
The obtained extract was divided into two test tubes. Three drops of Dregendroff's reagent were added to the first tube, and three drops of Mayer's reagent to the second. The formation of an orange precipitate in the first tube and a white precipitate that turned dark in the second indicated the presence of alkaloids.

Flavonoids
One gram of crude drug powder was heated in 100 ml of hot air for 5 minutes, then filtered. The resulting filtrate was also used to filter out saponins and tannins. Magnesium powder and 2 ml of hydrochloric acid: ethanol (1:1) were added to 5 ml of the solution, then shaken with 10 ml of amyl alcohol. A positive reaction was indicated by the formation of an orange, yellow, or red color attracted to the amyl alcohol layer.

Saponins
A 10 mL solution was shaken vertically in a test tube for 10 seconds. The formation of a persistent foam lasting at least 10 minutes, up to 1 cm high, that persisted with the addition of HCl, indicated the presence of saponins.

Tannins
A 5 ml solution was reacted with a 1% FeCl3 solution. A dark blue or greenish-black color indicated the presence of tannins and polyphenols.

Triterpenoids
A 0.5-gram sample was dissolved in 10 ml of chloroform and then filtered. The resulting filtrate was reacted with 2-3 drops of concentrated H2SO4 (or a minimum concentration of 2 N) in a test tube. A brownish or purple color indicated the presence of triterpenoids, while a blue-green color indicated the presence of steroids.


2.5 Antibacterial Activity Testing

Testing of the antibacterial activity of the ethanol extract of keben fruit seeds (Barringtonia asiatica L. Kurz) against Staphylococcus aureus and Pseudomonas aeruginosa was carried out using the disc diffusion method at various concentrations: 50 ppm, 100 ppm, 250 ppm, 500 ppm, 750 ppm, and 1000 ppm. The liquid Nutrient Agar (NA) is poured into a sterile petri dish, ±20 mL, and left to solidify. After agar was compacted, 3 drops of bacterial suspension were added to the surface of Nutrient Agar (NA) using a micropipette, then flattened with an L rod. Sterile disc paper was then dripped with a test solution containing 1-3 drops, then left to sit for a few minutes. After that, it is placed on the surface of the Nutrient Agar (NA) media using sterile tweezers. For the negative control, use an aqueous solution; for the positive control, use Ciprofloxacin. Each petri dish was then incubated upside down at 37⁰C for 1x24 hours. Antibacterial activity is observed based on the measurement of the diameter of the barrier area or the clear area formed around the disc paper. The test was carried out 3 times.

2.6 Data Analysis

This study used a completely randomized design, this study consisted of 6 treatment concentrations, each concentration treatment was repeated 3 times. This study design used a Completely Randomized Design (CRD). The analysis will begin with testing for normality and homogeneity, then continued using One Way Analysis Of Variance (ANOVA) analysis with a 95% confidence level (p ≤ 0.05). The ANOVA data obtained showed that the concentrations of the treatments studied were significantly different, so the analysis was continued with the Tukey test to compare the inhibitory strength of each treatment concentration.

3. results and discussion

The thick extract of keben seeds (Barringtonia asiatica L. Kurz) was obtained at 64.33 g and had a yellowish-brown color. The resulting yield was 12.87%. The yield of a sample is essential because it determines the amount of extract obtained during the extraction process. The purpose and function of the yield is to determine the number of compounds drawn by the solvent and the amount of extract in the simplicia at a given weight. The higher the yield value, the more compounds are attracted (Syafriana et al., 2025).

The ethanol-free test is performed to remove ethanol from the extract, yielding a pure extract free of contamination (Setiyanto et al., 2024). In addition, ethanol itself is antibacterial and antifungal, so it will not cause false positives in sample treatment (Šonje et al., 2020; Adriana et al., 2024). From the results of ethanol-free testing on keben fruit seed extract (Barringtonia asiatica L. Kurz), the extract was found to be free of ethanol. The extract is said to be ethanol-free because the experiments did not show a change in the orange color to a bluish-green color.

Phytochemical screening showed that the ethanol extract of keben fruit seeds (Barringtonia asiatica L. Kurz) contains alkaloids, saponins, tannins, and triterpenoids. Previous research reported the results of a phytochemical analysis of keben seeds, which showed the presence of secondary metabolites, namely alkaloids, triterpenoids, saponins, and tannins (Maliangkay et al., 2022). 


The antibacterial activity test was carried out using the disc diffusion method. The advantage of the disc method is that it can be tested more quickly in a disc setup (Nurhayati et al., 2020).

Table 1. Results of testing the antibacterial activity of keben fruit seed extract (Barringtonia asiatica L. Kurz) on Staphylococcus aureus and Pseudomonas aeruginosa bacteria.
	Sample
	Conc.  (ppm)
	Diameter (mm)

	
	
	Staphylococcus aureus
	Pseudomonas aeruginosa

	Barringtonia asiatica L. Kurz extract
	50
	7.74a
	6.39a

	
	100
	9.30ab
	6.65a

	
	250
	9.85b
	7.47a

	
	500
	10.13b
	7.60a

	
	750
	10.87bc
	8.47ab

	
	1000
	12.15c
	10.44b

	
	K (-)
	0.00
	0.00

	
	K (+)
	29.06d
	18.08c


Note : K (-) aquadest, K(+) Ciprofloxacin 5 µg
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Figure 1. Inhibition diameter of keben fruit seed extract

The results of antibacterial testing of keben fruit seed extract (Barringtonia asiatica L. Kurz) on Staphylococcus aureus showed that at a concentration of 50 ppm, it exhibited an antibacterial activity with a medium strength of 7.74 mm. The 1000 ppm concentration showed the greatest inhibition in the extract treatment, with 12.15 mm, classified as very strong. The positive control showed the largest inhibition zone at 29.06 mm. The research shows that the positive control (Ciprofloxacin 5 μg) used has a different effect on inhibiting Staphylococcus aureus bacteria. The presence of negative controls with a value of 0.00 mm in both bacteria confirms that the solvent or medium used does not provide a barrier effect.

The ANOVA results showed significance (p<0.05). The results of the Tukey test showed that the concentration of 50 ppm was not significantly different from 100 ppm, and 100 ppm was not significantly different from 250, 500, or 750 ppm. The concentrations of 250 ppm and 500 ppm are also not significantly different and remain in the same group as 750 ppm. Concentrations of 1000 ppm show greater inhibition and are significantly higher than low and medium concentrations, although they are not significantly different from 750 ppm. Meanwhile, the positive control differed markedly from the entire extract treatment.

The results of antibacterial testing of keben fruit seed extract (Barringtonia asiatica L. Kurz) against Pseudomonas aeruginosa showed that at a concentration of 50 ppm, it exhibited an antibacterial substance with medium strength. The extract concentration that showed the greatest inhibition was 1000 ppm. Positive control showed an inhibition value of 18.08 mm. 

Tukey's test showed that concentrations of 50–500 ppm did not differ significantly toward Pseudomonas aeruginosa. The 750 ppm concentration has also not been significantly different from either the low concentration group or the 1000 ppm group. The only real difference is seen at 1000 ppm against a concentration of 50–500 ppm, but not yet at 750 ppm. Meanwhile, the positive control differed markedly from the entire extract treatment. These results suggest that the inhibitory response in Pseudomonas aeruginosa appears statistically slower than in Staphylococcus aureus.

From the test results between concentration pairs conducted, it can be shown that the same concentration of Staphylococcus aureus and Pseudomonas aeruginosa bacteria shows a very pronounced difference. The results showed that Staphylococcus aureus bacteria exhibited greater inhibition at each concentration pair than Pseudomonas aeruginosa. Allyn (2018) reported that the ethanol extract of Terminalia catappa leaves showed greater inhibition of Staphylococcus aureus than of Pseudomonas aeruginosa. 

The inhibition of the extracts against both bacteria increases with increasing concentration, as the concentration can affect the rate of diffusion of the active compounds. The greater the concentration of the extract, the greater the speed of diffusion of the active substance. As a result, the greater the antibacterial activity and the wider the diameter of the barrier zone formed. It is because the content of secondary metabolite compounds as antibacterial in the seeds of keben fruit (Barringtonia asiatica L. Kurz). The content of secondary metabolites contained in keben fruit seeds is alkaloids, saponins, tannins, and triterpenoids, where the content of secondary metabolites is suspected to have antibacterial properties. 

Alkaloids can act as antibacterials by inhibiting peptidoglycan synthesis, disrupting components of the peptidoglycan layer, and preventing its complete formation, leading to cell death (Zhou et al., 2022). In addition, alkaloids inhibit protein synthesis, thereby interfering with bacterial metabolism (Peng et al., 2015). The alkaloid compound group can inhibit the growth of gram-positive and gram-negative bacteria (Compean, 2014; Yan et al., 2021).

The mechanism of action of saponins as antibacterials involves protein modification. Because the surface-active properties of saponins are similar to those of detergents, saponins can be used as antibacterials, lowering the surface tension of the bacterial cell wall and damaging the bacterial membrane permeability (Suryani et al., 2021). Bacterial survival will be disrupted by damage to the cell membrane. Then the saponins will diffuse through the cytoplasmic membrane, disturbing its stability and causing the cytoplasm to leak and exit the cell, resulting in cell death (Dong et al., 2020). Li & Galvan (2023) explain that the antibacterial activity of saponins is directly related to their interaction with cell membranes, and that saponins can alter membrane morphology, impair its integrity, as well as increase permeability. 

Tannins have antibacterial activity related to their ability to inactivate microbial cell adhesion, inactivate enzymes and genetic material, and interfere with protein transport in the inner layer of the cell (Mendra et al., 2024). Tannins also interfere with cell wall polypeptides so that the formation of cell walls becomes less perfect.  This causes bacterial cells to undergo lysis due to osmotic and physical pressure, leading to their death (Ngajow et al., 2013; Saptowo & Supriningrum, 2021). 

Triterpenoids are secondary metabolite compounds whose carbon skeleton is derived from six isoprene units and is derived from the acyclic C30 hydrocarbon, namely squallene (Isopencu et al., 2023). Triterpenoids generally present as compounds containing aldehyde groups, alcohols, or carboxylic acids, and can structurally be in the form of acyclic forms or various cyclic forms (Noushahi et al., 2022). Plants containing triterpenoid compounds have ecological value because these compounds function as antifungals, insecticides, antipredators, antibacterials, and antivirals (Lin et al., 2024; Liu et al., 2022; Dong et al., 2020). Triterpenoids, as antibacterial substances, are thought to act by damaging membranes through their lipophilic properties. These compounds can react with porins (transmembrane proteins) on the outer membrane of the bacterial cell wall, forming strong polymer bonds and damaging them, reducing the permeability of the bacterial cell wall so that bacteria lack nutrients and bacterial growth is stunted, leading to death (Haryati et al., 2015). 

Of the two types of bacteria used, there are two different types: Staphylococcus aureus, a gram-positive bacterium, and Pseudomonas aeruginosa, a gram-negative bacterium. The extract is known to exhibit greater resistance to Staphylococcus aureus than to Pseudomonas aeruginosa. This difference in response is certainly due to the difference in the cell wall structure of the two bacteria. Gram-positive bacteria do not have a lipopolysaccharide layer on their cell wall, whereas in gram-negative bacteria, the cell wall is lined by a lipopolysaccharide layer. Lipopolysaccharides are barriers to the entry of antibacterial compounds. It makes gram-negative bacteria more resistant to antibacterial compounds (Maher & Hassan, 2019; Zhang, et al., 2014). A report by Han et al., (2023) found that the antimicrobial activity of various Asian plant extracts is generally more effective against Gram-positive bacteria than against Gram-negative bacteria, because the outer membrane layer of lipopolysaccharides in Gram-negative bacteria inhibits the penetration of antibacterial compounds. It confirms that the antibacterial effect on Staphylococcus aureus is stronger than on Pseudomonas aeruginosa.

4. Conclusion

The results showed that keben fruit seed extract (Barringtonia asiatica L. Kurz) has antibacterial activity against Staphylococcus aureus and Pseudomonas aeruginosa, with resistance increasing with concentration and reaching a maximum at 1000 ppm. Keben fruit seed extract (Barringtonia asiatica L. Kurz) showed greater activity against Staphylococcus aureus than against Pseudomonas aeruginosa, although its activity was still lower than that of the positive control.



References

Adriana, U. H., Nofita, & Selvi Marcelia. (2024). Activity test of basil leaf ethanol extract combination. Jurnal malahayat, 11(1), 185–196.
Bubonja-Šonje, M., Knezević, S., & Abram, M. (2020). Challenges to antimicrobial susceptibility testing of plant-derived polyphenolic compounds. Arhiv Za Higijenu Rada i Toksikologiju, 71(4), 300–311. 
Cohen, R., Babushkin, F., Cohen, S., Afraimov, M., Shapiro, M., Uda, M., Khabra, E., Adler, A., Ben Ami, R., & Paikin, S. (2017). A prospective survey of Pseudomonas aeruginosa colonization and infection in the intensive care unit. Antimicrobial Resistance and Infection Control, 6(1), 1–9. 
Compean, K., & Ynalvez, R. (2014). Antimicrobial activity of plant secondary metabolites : A review. Research Journal of Medicinal Plant, 8(5), 204–213.
Dong, S., Yang, X., Zhao, L., Zhang, F., Hou, Z., & Xue, P. (2020). Antibacterial activity and mechanism of action saponins from Chenopodium quinoa Willd. husks against foodborne pathogenic bacteria. Industrial Crops and Products, 149(August 2019), 112350.
Ferreira, R., Coelho, L., Santos, J. D., Sobral, D., Isidro, J., Mixão, V., Pinto, M., Nunes, A., Borrego, M. J., Lopo, S., Oleastro, M., Sousa, R., Palminha, P., Veríssimo, C., Gargaté, M. J., Guiomar, R., Cordeiro, R., Macedo, R., Bajanca-Lavado, Paixão, P., Duarte, S., Vieira, L., Borges, V, Gomes, J. P. (2025). Probe-based metagenomic pathogen detection: advancing laboratory capacity for complex diagnosis. Frontiers in Microbiology, 16(October).
G. Zhang, T. Meredith, D. K., & Manuscript, A. (2014). On the Essentiality of. Curr Opin Microbiol, 16(6), 779–785. 
Garvey, M. (2024). Medical Device-Associated Healthcare Infections: Sterilization and the Potential of Novel Biological Approaches to Ensure Patient Safety. International Journal of Molecular Sciences, 25(1).
Gloria Kang GJ, Ewing-Nelson SR, Mackey L, Schlitt JT, Marathe A, Abbas KM, S. S. (2021). Staphylococcus aureus bloodstream infections: pathogenesis and regulatory mechanisms. Physiology & Behavior, 176(1), 139–148.
Han, A., Hwang, J. H., & Lee, S. Y. (2023). Antimicrobial activities of Asian plant extracts against pathogenic and spoilage bacteria. Food Science and Biotechnology, 32(2), 229–238.
Haryati, N. A., Saleh, C., & Erwin. (2015). Toxicity Test and Antibacterial Activity of Red Shoot Plant Red Leaf Extract (Syzygium myrtifolium Walp.) Against Bacteria. Jurnal Kimia Mulawarman, 13(1), 35–40.
Ikuta, K. S., Swetschinski, L. R., Aguilar, G. R., Sharara, F., Mestrovic, T., Gray, A. P., Weaver, N. D., Wool, E. E., Han, C., Hayoon, A. G., Aali, A., Abate, S. M., Abbasi-Kangevari, M., Abbasi-Kangevari, Z., Abd-Elsalam, S., Abebe, G., Abedi, A., Abhari, A. P., Abidi, H., … Naghavi, M. (2022). Global mortality associated with 33 bacterial pathogens in 2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet, 400(10369), 2221–2248.
Islam, M. S., Monir, S. B., Haque, N., Vabna, M. A., Fan, J., Li, Y., Nime, I., Feroz, F., Acharjee, M., & Pan, F. (2025). Immunometabolic crossroads: infections as bidirectional modulators in diabetes and metabolic syndromes. Frontiers in Endocrinology, 16(12), 1–16. 
Isopencu, G. O., Covaliu-Mierlă, C. I., & Deleanu, I. M. (2023). From Plants to Wound Dressing and Transdermal Delivery of Bioactive Compounds. Plants, 12(14), 1–30. 
Jackson, J. D. (2019). and Therapeutics. Principles of Regenerative Medicine, 5349(2), 191–204. 
Li, J., & Monje-galvan, V. (2023). In Vitro and In Silico Studies of Antimicrobial Saponins: A Review. Processes, 11(2856), 1–17.
Lin, M., Liu, X., Chen, J., Huang, J., & Zhou, L. (2024). Insecticidal Triterpenes in Meliaceae III: Plant Species, Molecules, and Activities in Munronia–Xylocarpus. International Journal of Molecular Sciences, 25(14). 
Liu, Y., Yang, L., Wang, H., & Xiong, Y. (2022). Recent Advances in Antiviral Activities of Triterpenoids. Pharmaceuticals, 15(10), 1–21. 
Maher, C., & Hassan, K. A. (2019). The Gram-negative permeability barrier: tipping the balance of the in and the out. Antimicrobial Chemotherapy, 14(3), 1–15.
Maliangkay, H. P., Rumondor, R., & Walean, M. (2022). PHYTOCHEMICAL ANALYSIS OF BITUNG Adriana, U. H., Nofita, & Selvi Marcelia. (2024). Activity test of basil leaf ethanol extract combination. Jurnal malahayat, 11(1), 185–196.
Bubonja-Šonje, M., Knezević, S., & Abram, M. (2020). Challenges to antimicrobial susceptibility testing of plant-derived polyphenolic compounds. Arhiv Za Higijenu Rada i Toksikologiju, 71(4), 300–311. 
Cohen, R., Babushkin, F., Cohen, S., Afraimov, M., Shapiro, M., Uda, M., Khabra, E., Adler, A., Ben Ami, R., & Paikin, S. (2017). A prospective survey of Pseudomonas aeruginosa colonization and infection in the intensive care unit. Antimicrobial Resistance and Infection Control, 6(1), 1–9. 
Compean, K., & Ynalvez, R. (2014). Antimicrobial activity of plant secondary metabolites : A review. Research Journal of Medicinal Plant, 8(5), 204–213.
Dong, S., Yang, X., Zhao, L., Zhang, F., Hou, Z., & Xue, P. (2020). Antibacterial activity and mechanism of action saponins from Chenopodium quinoa Willd. husks against foodborne pathogenic bacteria. Industrial Crops and Products, 149(August 2019), 112350.
Ferreira, R., Coelho, L., Santos, J. D., Sobral, D., Isidro, J., Mixão, V., Pinto, M., Nunes, A., Borrego, M. J., Lopo, S., Oleastro, M., Sousa, R., Palminha, P., Veríssimo, C., Gargaté, M. J., Guiomar, R., Cordeiro, R., Macedo, R., Bajanca-Lavado, Paixão, P., Duarte, S., Vieira, L., Borges, V, Gomes, J. P. (2025). Probe-based metagenomic pathogen detection: advancing laboratory capacity for complex diagnosis. Frontiers in Microbiology, 16(October).
G. Zhang, T. Meredith, D. K., & Manuscript, A. (2014). On the Essentiality of. Curr Opin Microbiol, 16(6), 779–785. 
Garvey, M. (2024). Medical Device-Associated Healthcare Infections: Sterilization and the Potential of Novel Biological Approaches to Ensure Patient Safety. International Journal of Molecular Sciences, 25(1).
Gloria Kang GJ, Ewing-Nelson SR, Mackey L, Schlitt JT, Marathe A, Abbas KM, S. S. (2021). Staphylococcus aureus bloodstream infections: pathogenesis and regulatory mechanisms. Physiology & Behavior, 176(1), 139–148.
Han, A., Hwang, J. H., & Lee, S. Y. (2023). Antimicrobial activities of Asian plant extracts against pathogenic and spoilage bacteria. Food Science and Biotechnology, 32(2), 229–238.
Haryati, N. A., Saleh, C., & Erwin. (2015). Toxicity Test and Antibacterial Activity of Red Shoot Plant Red Leaf Extract (Syzygium myrtifolium Walp.) Against Bacteria. Jurnal Kimia Mulawarman, 13(1), 35–40.
Ikuta, K. S., Swetschinski, L. R., Aguilar, G. R., Sharara, F., Mestrovic, T., Gray, A. P., Weaver, N. D., Wool, E. E., Han, C., Hayoon, A. G., Aali, A., Abate, S. M., Abbasi-Kangevari, M., Abbasi-Kangevari, Z., Abd-Elsalam, S., Abebe, G., Abedi, A., Abhari, A. P., Abidi, H., … Naghavi, M. (2022). Global mortality associated with 33 bacterial pathogens in 2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet, 400(10369), 2221–2248.
Islam, M. S., Monir, S. B., Haque, N., Vabna, M. A., Fan, J., Li, Y., Nime, I., Feroz, F., Acharjee, M., & Pan, F. (2025). Immunometabolic crossroads: infections as bidirectional modulators in diabetes and metabolic syndromes. Frontiers in Endocrinology, 16(12), 1–16. 
Isopencu, G. O., Covaliu-Mierlă, C. I., & Deleanu, I. M. (2023). From Plants to Wound Dressing and Transdermal Delivery of Bioactive Compounds. Plants, 12(14), 1–30. 
Jackson, J. D. (2019). and Therapeutics. Principles of Regenerative Medicine, 5349(2), 191–204. 
Li, J., & Monje-galvan, V. (2023). In Vitro and In Silico Studies of Antimicrobial Saponins: A Review. Processes, 11(2856), 1–17.
Lin, M., Liu, X., Chen, J., Huang, J., & Zhou, L. (2024). Insecticidal Triterpenes in Meliaceae III: Plant Species, Molecules, and Activities in Munronia–Xylocarpus. International Journal of Molecular Sciences, 25(14). 
Liu, Y., Yang, L., Wang, H., & Xiong, Y. (2022). Recent Advances in Antiviral Activities of Triterpenoids. Pharmaceuticals, 15(10), 1–21. 
Maher, C., & Hassan, K. A. (2019). The Gram-negative permeability barrier: tipping the balance of the in and the out. Antimicrobial Chemotherapy, 14(3), 1–15.
Maliangkay, H. P., Rumondor, R., & Walean, M. (2022). PHYTOCHEMICAL ANALYSIS OF BITUNG TREE SEEDS (Baringtonia asiatica L.). Indonesian Biodiversity Journal, 2(3). 
Mendra, N. N. Y., Givanda, J. D. A., & Putra, M. A. S. (2024). Evaluation of Anti-Acne Gel of Piper crocatum Leaves Ethanolic Extract against Propionibacterium acnes. Jurnal Ilmu Kefarmasian Indonesia, 22(1), 95. 
Murray, C. J., Ikuta, K. S., Sharara, F., Swetschinski, L., Robles Aguilar, G., Gray, A., Han, C., Bisignano, C., Rao, P., Wool, E., Johnson, S. C., Browne, A. J., Chipeta, M. G., Fell, F., Hackett, S., Haines-Woodhouse, G., Kashef Hamadani, B. H., Kumaran, E. A. P., McManigal, B., … Naghavi, M. (2022). Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. The Lancet, 399(10325), 629–655. 
Ngajow, M., Abidjulu, J., & Kamu, V. S. (2013). Ngajow, M., Abidjulu, J., & Kamu, V. S. (2013). Antibacterial effect of matoa stem bark extract (Pometia pinnata) on Staphylococcus aureus bacteria in vitro. Jurnal Mipa, 2(2), 128–132. Jurnal MIPA, 2(2), 128.
Noushahi, H. A., Khan, A. H., Noushahi, U. F., Hussain, M., Javed, T., Zafar, M., Batool, M., Ahmed, U., Liu, K., Harrison, M. T., Saud, S., Fahad, S., & Shu, S. (2022). Biosynthetic pathways of triterpenoids and strategies to improve their Biosynthetic Efficiency. Plant Growth Regulation, 97(3), 439–454. 
Nurhayati, L. S., Yahdiyani, N., & Hidayatulloh, A. (2020). Perbandingan Pengujian Aktivitas Antibakteri Starter Yogurt dengan Metode Difusi Sumuran dan Metode Difusi Cakram. Jurnal Teknologi Hasil Peternakan, 1(2), 41. 
Peng, L., Kang, S., Yin, Z., Jia, R., Song, X., Li, L., Li, Z., Zou, Y., Liang, X., Li, L., He, C., Ye, G., Yin, L., Shi, F., Lv, C., & Jing, B. (2015). Antibacterial activity and mechanism of berberine against Streptococcus agalactiae. International Journal of Clinical and Experimental Pathology, 8(5), 5217–5223.
Sadeghi, F., Rajabi, E., Ghanbari, Z., Fattahniya, S., Samiee, R., Akhavan, M., Salehi, M., & Shafaati, M. (2025). Antimicrobial Resistance in Immunocompromised Outpatients: A Narrative Review of Current Evidence and Challenges. Pharmacoepidemiology, 4(4), 1–19.
Saptowo, A., & Supriningrum, R. (2021). Antibacterial Activity Test of Sekilang Skin Extract                             (Embeliaborneensis scheff) Against Propionibacterium acnes and Staphylococcus epidermidis Bacteria. 93–97.
Setiyanto, R., Suhesti, I., & Utami, A. D. (2024). Aktivitas antibakteri dan antijamur dari ekstrak dan fraksi daun pandan wangi (Pandanus amaryllifolius Roxb). Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy), 20(1), 156–168. 
Suryani, N., Munawar, F., & Hajaroh, S. (2021). Phytochemical Screening of Active Secondary Metabolites and Antibacterial Activity Kaffir Lime Leaf (Citrus hystrix) and Tumeric Leaf (Curcuma longa Linn.) Against E. coli. ALKIMIA : Jurnal Ilmu Kimia Dan Terapan ARTICLES View, 5(2), 150–158.
Syafriana, V., Azzahra, H. A., Vasya, Z. I., Subaryanti, S., & Muti, A. F. (2025). effect of solvent type on the phytochemical content and the specific and non-specific parameters of jombang (Taraxacum officinale) Leaf Extracts. Berita Biologi, 24(1), 149–161. 
Umaru, I. J., Badruddin, F. A., Assima, Z. B., Umaru, H. A., & Thagriki, D. (2018). Antibacterial and Cytotoxicity Studies of Barringtonia Asiatica. Anatomy Physiology & Biochemistry International Journal, 5(3). 
Yan, Y., Li, X., Zhang, C., Lv, L., Gao, B., & Li, M. (2021). Research progress on antibacterial activities and mechanisms of natural alkaloids: A review. Antibiotics, 10(3). 
Zhou, J., Cai, Y., Liu, Y., An, H., Deng, K., Ashraf, M. A., Zou, L., & Wang, J. (2022). Breaking down the cell wall: Still an attractive antibacterial strategy. Frontiers in Microbiology, 13(September), 1–21.

























image1.png
30

10
lillll_l

S SO DD
R R

Diameter (mm)
n
S

Concentration

m Staphylococcus aureus M Pseudomonas aeruginosa




