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Abstract 

Extended-spectrum beta-lactamase (ESBL)–producing Escherichia coli is a major cause of multidrug-
resistant infections, posing significant challenges to antibiotic therapy. The search for natural 

antibacterial alternatives has led to growing interest in fermented single bulb Allium sativum (FSBAS), 

a thermally processed form of garlic with enhanced bioactive properties. This study aimed to evaluate 
the antibacterial activity of ethanol extracts of FSBAS against ESBL-producing E. coli isolates. FSBAS 

was produced by fermentation at 70°C for 35 days. FSBAS was extracted using maceration with 96% 

ethanol. Antibacterial activity was assessed using the disc diffusion method. This experiment consisted 

of four treatment groups i.e. extract concentrations of 25%, 50%, 75%, and 100%; and two control 

groups, namely the negative control (1% DMSO) and the positive control (amoxicillin–clavulanate, 30 
µg/disc). The ethanol extract of FSBAS showed measurable antibacterial activity against ESBL-

producing E. coli. The diameter of the inhibition zone increased proportionally with the extract 
concentration, with the strongest effect observed at 100%. Statistical analysis confirmed treatment 

groups with concentrations of 50%, 75%, and 100% showing no significant differences with positive 

control (p > 0.05). The FSBAS extract shows promising antibacterial potential against multidrug-
resistant E. coli. 
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INTRODUCTION  

Escherichia coli is a normal component of the intestinal flora, yet it is also a Gram-negative 

pathogen in human infections. E. coli commonly causes infections in several anatomical sites, 

including the urinary tract, bloodstream, and respiratory tract (Wang et al., 2023; Endraswari et al., 

2022). A global data reported the incidence of E. coli infection in high-income countries estimated at 

48 per 100,000 person-years with a case-fatality rate (CFR) of 12.4% (Doua et al., 2023). The 

widespread presence of E. coli in the environment, coupled with its ability to adapt rapidly, makes it 

a significant microorganism of medical and public health importance.  

Currently, antimicrobial resistance is a significant global threat to humanity. The rise of 

multidrug-resistant (MDR) bacteria, including  , has been observed in various countries. Extended-

spectrum β-lactamases (ESBLs)-producing and carbapenem-resistant (CR) E. coli can impact 

morbidity and mortality due to the limitations of available therapies (Endraswari et al., 2022; Ludden 

et al., 2021; Wang et al., 2023). Data reported E. coli infection in hospital, 46.80% were ESBLs-

producing and 20.57% were Carbapenem Resistance E. coli (Wu et al., 2021). This phenomenon is 

an urge to explore alternative antimicrobial strategies derived from natural sources as potential 

solutions to combat bacterial resistance. 

One potential herbal source exhibiting antibacterial activity against various bacterial species is 

Allium sativum L. The compound allicin contained within it contributes to the inhibition of Gram-

negative bacterial growth, particularly when the Allium sativum L. is subjected to fermentation 

become black garlic (Mousa et al., 2025). Fermented Allium sativum L are known to have more active 

compounds than non-fermented Allium sativum L. (Bhatwalkar et al., 2021; Sudana et al., 2025).  

Data revealed that fermented Allium sativum L exhibited significantly greater inhibition of bacterial 

growth than non-fermented (Bhatwalkar et al., 2021). Fermented Allium sativum L processed from 

fresh Allium sativum L at different temperatures, relative humidity, and different periods that differed 

in their physical properties and chemical composition. According to data, phenolic acid contents in 

fermented Allium sativum L increased over five-fold compared to non-fermented and are a significant 

source of phenolic acids (coumaric, ferulic, and cafeic), flavonols (myricetin, resveratrol, morin, and 

quercetin), and flavanols (epicatechin, catechin, and epicatechin gallate) (Paulauskienė et al., 2024).  

Fermented single bulb Allium sativum (FSBAS) demonstrated strong quorum quenching 

activity in Chromobacterium violaceum, strong inhibition to Staphylococcus epidermidis, 

Uropathogenic E. coli (UPEC), and Acinetobacter baumanii, also medium inhibition to Proteus 

mirabilis (Anandhita et al., 2025; Dani et al., 2025; Hutahaean et al., 2024; Saputra et al., 2023; 

Sudana et al., 2025).  

Given the increasing threat of multidrug-resistant E. coli, exploring the antibacterial potential 

of FSBAS extract represents an important step toward discovering safe, effective, and sustainable 

therapeutic alternatives. Accordingly, this study aims to assess the inhibitory activity of the ethanol 

extract of FSBAS against ESBL-producing E. coli isolates. To date, no research has specifically 

evaluated this extract against ESBL-producing E. coli derived from clinical samples in Indonesia, 

highlighting the novelty and significance of the present investigation. 

 

METHOD 

Research Ethical Approval and Sample Collection 

The research was carried out at the Microscopic Laboratory, Faculty of Medicine, Universitas 

Tanjungpura, from July to December 2024. Ethical approval for this research was granted by the 

Ethics Committee of the Faculty of Medicine, Universitas Tanjungpura, as stated in the Ethical 

Clearance Letter No. 11751/UN22.9/PG/2024, dated August 22, 2024., with considerations regarding 

the use of Stored Biological Materials (BBT) as research subjects. The clinical isolates of E. coli used 

in this study were obtained from the Department of Microbiology, Universitas Tanjungpura.  
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Preparation and Extraction Procedure of FSBAS 

The FSBAS was produced from fresh Allium sativum by controlled heating at 70°C with 80–

90% humidity for 35 days. The ethanol extract was prepared using a maceration method. Finely 

crushed FSBAS was soaked in 96% ethanol with a 1:4 ratio (w/v) for three days at room temperature. 

The filtrate was collected through Whatman No.1 filter paper and concentrated using a rotary 

evaporator at 40°C. The thick extract was stored in sealed dark glass bottles at 4°C until use (Ahmed 

& Wang, 2021). 

 

Confirmation of Tested Bacterial Isolate 

Bacterial identification was made based on colony morphology on Eosin Methylene Blue 

(EMB) agar, and the Gram stain procedure. The species confirmation using the standardized 

biochemical substrate stripe API 20E (bioMérieux). Confirmation of ESBL production was achieved 

using the combination disk of Amoxicillin-Clavulanic acid in conjunction with cefotaxime  and 

ceftazidime (Mardhia et al., 2025). 

 

Preparation of Bacterial Suspension & Antibacterial Activity 

One loop of test bacteria from 24-hour rejuvenation was taken and aseptically suspended in a 

sterile test tube containing 5 ml of 0.9% NaCl solution. The turbidity was then measured by 

comparing the tube containing the bacterial suspension to the 0.5 McFarland standard (CLSI), 2025). 

Antibacterial activity testing was carried out using the disc diffusion method (Kirby-Bauer). The 

suspension of the ESBLs producing E. coli test bacteria was taken by dipping a sterile cotton swab 

into the test bacterial suspension and inoculating using the swab method on Mueller-Hinton Agar 

(Merck, USA) media.  A sterile disk of paper was soaked in the ethanol extract of FSBAS in every 

concentration of 25%, 50%, 75%, and 100%, and placed onto the inoculated MHA surface, along 

with positive controls using an antibiotic disk of amoxicillin-clavulanate (AMC, 30 µg, Oxoid) and 

negative controls (1% DMSO). Each treatment in the experiment was performed in four replicates. 

The media inoculated with test bacteria and the test extract discs were incubated at 37ºC for 18 hours. 

Measurements were made on the inhibition zone formed around the discs to determine the 

antibacterial activity and properties of FSBAS extract using clinical caliper (mm). The level the 

antibacterial activity of the extract is based on the level of the diameter inhibition zone, categorized 

into weak (below 5 mm), intermediate (6-10 mm), and strong (over 11 mm) (Yunus et al., 2021). 

 

Statistical test 

The statistical test used was Kruskal-Wallis and continued with post-Hoc pairwise comparison to 

determine significant differences between data from one treatment group of FSBAS extract and other 

concentrations. The test was performed using SPSS 29.0 version. 

 

RESULT AND DISCUSSION 

Preparation and Extraction of FSBAS 

The FSBAS preparation was conducted in the Non-Microscopic Laboratory, Faculty of 

Medicine, Tanjungpura University. A total of 4000 g of single bulb garlic obtained from Fatuneno 

Village, East Nusa Tenggara, was processed through thermal fermentation in an oven at 70°C for 35 

days. This process produces FSBAS with a distinctive dark color, dense texture, and a distinctive 

sweet aroma. FSBAS extraction was carried out using a maceration method with 96% ethanol solvent. 

After being crushed, cleaned, and ground, a homogenized FSBAS paste of 1735 g was obtained. The 

maceration process was carried out for three days, followed by concentration of the filtrate, resulting 

in 202 g of thick ethanol extract of FSBAS. 

  

 



 

Jurnal Pendidikan Informatika dan Sains 14(2), 194-202 
https://journal.upgripnk.ac.id/index.php/saintek/article/view/8606  

 

 

 
197 

 

Pathogenic Bacteria Confirmation 

The bacterial isolate used in this study was a clinical isolate of ESBLs-producing E. coli 

obtained from the Microbiology Laboratory, Faculty of Medicine, Tanjungpura University. The 

ESBLs confirmation through double disc synergy test that showed the increasing of inhibition zone 

of cefotaxime that combined with Amoxicillin-Clavulanic acid (Figure 1A). The isolate was 

reconfirmed macroscopically and microscopically before use. On eosin methylene blue (EMB) agar, 

the bacterial colonies exhibited a metallic green sheen with a round morphology and smooth colony 

edges (Figure 1B), characteristic of E. coli. Microscopic observation using Gram staining revealed 

rod-shaped, red-stained cells (Figure 1C), indicating that the isolate was Gram-negative. This finding 

verified that the tested bacteria were indeed E. coli, ensuring the validity of subsequent antibacterial 

tests. 

 

 
Figure 1. A. an increasing of inhibition zone diameter between Amoxicillin-Clavulanic acid (AMC) 

and cefotaxime (CTX) B. E. coli bacterial colony on EMB media showing a metallic green sheen 

with a round morphology and smooth colony edges. C. Gram staining of E. coli bacteria is 

classified as a Gram-negative bacterium with rod-shaped cells and examined at 1000x 

magnification under an oil immersion microscope. 

 

Antibacterial Activity of FSBAS 

The antibacterial activity of the FSBAS ethanol extract against ESBL-producing E. coli was 

evaluated using the disc diffusion method. The diameter of the inhibition zone around the paper disc 

indicated the growth inhibition capacity of the test bacteria. These results provide initial evidence that 

the FSBAS extract possesses antibacterial properties capable of inhibiting the growth of E. coli. These 

results provide initial evidence that the FSBAS extract possesses antibacterial properties capable of 

inhibiting the growth of E. coli. The average measurement results of the inhibition zones of ESBL-

producing E. coli against FSBAS at concentrations of 25%, 50%, 75%, 100%, the negative control 

(1% DMSO), and the positive control (amoxicillin–clavulanate) were 0 mm, 11.74 mm ± SD 0,11, 

14.67 mm ± SD 0,21, 15.4 mm ± SD 0,33, 0 mm, and 21.84 mm ± SD 0,45, respectively. The Shapiro–

Wilk normality test indicated that the data were not normally distributed (p < 0.05), and the Levene's 

test for homogeneity of variance also indicated non-homogeneity (p < 0.05). Therefore, parametric 
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testing was not met. Transformations using the square root and logarithmic methods were applied; 

however, the data remained non-normally distributed (p < 0.05). Based on these results, the non-

parametric Kruskal–Wallis test was applied. The analysis revealed a significant difference between 

the treatment groups (p = 0.001), indicating that the antibacterial effects of the tested concentrations 

differed significantly. Post-hoc analysis confirmed which specific treatment groups exhibited 

significant differences in inhibitory activity. Overall, the findings indicate that the FSBAS ethanol 

extract exerts a measurable antibacterial effect against clinical isolates of ESBLs-producing E. coli. 

The findings demonstrated that the inhibitory effect increased proportionally with the concentration 

of the extract, with the highest activity observed at 100%. Moreover, the study revealed that the 

inhibitory capacities of the 50%, 75%, and 100% extract concentrations were not significantly 

different with positive control (Figure 2). 

 

 
Figure 2. Bar chart of the antibacterial activity of FSBAS against ESBL-producing E. coli, where 

(a) showed a significant difference compared with the positive control, and (b) showed no 

significant difference compared with the positive control. 

 

The ethanol extract of FSBAS demonstrated antibacterial activity against ESBLs producing E. 

coli, a clinical isolate with known multidrug resistance. The inhibition zones observed confirm that 

the extract contains bioactive compounds capable of suppressing resistant bacterial growth, consistent 

with previous findings on FSBAS antimicrobial potential. The process of fermentation Allium sativum 

L. become FSBAS through heating at 70°C for 35 days initiates the Maillard reaction, producing 

Amadori compounds, aldehydes, hydroxymethylfurfural (HMF), and melanoidins. These compounds 

contribute to the dark coloration, mild aroma, and enhanced biological activity(Liu et al., 2022; 

Tamanna & Mahmood, 2015). The process reduces volatile allicin but increases the stability and 

concentration of secondary metabolites such as phenolics, flavonoids, saponins, alkaloids, terpenoids, 

tannins, and organosulfur compounds (Agustina et al., 2020; Azizah et al., 2020; Choi et al., 2014; 

Fadhilah Azhar et al., n.d.; Zhang et al., 2016). 

The antibacterial effect observed likely results from the synergistic interaction of these 

metabolites (Sabila et al., 2019). Phenolic compounds disrupt bacterial membranes, disrupt nucleic 

acid synthesis, inhibit virulence factors such as enzymes and toxins, and inhibit bacterial biofilm 

formation (Miklasińska-Majdanik et al., 2018; Takó et al., 2020). Flavonoids inhibit bacterial growth 

by inhibiting nucleic acid synthesis, cell membrane function, biofilm formation, and energy 

metabolism (Shamsudin et al., 2022; Yuan et al., 2021). Saponin compounds can damage cell 

membranes, inhibit protein synthesis, and disrupt bacterial cell metabolism (Alina et al., 2023; M. I. 

Khan et al., 2018). Alkaloids inhibit bacterial growth by inhibiting nucleic acid synthesis, respiration, 

bacterial enzyme activity, cell membrane function, and bacterial virulence genes (Yan et al., 2021). 
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The antibacterial effect of tannins is due to their ability to pass through the bacterial cell wall to the 

internal membrane, disrupting cell metabolism, and consequently destroying bacterial cells 

(Kaczmarek, 2020; Mickymaray, 2019). Terpenoids damage porins in the outer membrane of the 

bacterial cell wall, thereby reducing the permeability of the bacterial cell wall and reducing nutrient 

absorption and growth (Guimarães et al., 2019; Masyita et al., 2022). In addition, the elevated level 

of S-allyl cysteine (SAC) that reported to be 4–8 times higher than in fresh garlic (Kimura et al., 

2017), enhances the activity of other phytochemicals by improving cell penetration and oxidative 

stability. Organosulfur compounds such as SAC and diallyl disulfide (DADS) also play key roles by 

interfering with bacterial enzyme systems and compromising cell wall integrity. Previous studies by 

Harun et al. reported similar inhibitory effects of black garlic extracts against Escherichia coli (Harun 

et al., 2021). The present results support these findings, showing that inhibition increased 

proportionally with extract concentration (Khan et al., 2019), with the strongest activity observed at 

100%. Furthermore, this study also showed that the ability of the 50%, 75%, and 100% extracts did 

not differ significantly after statistical analysis, indicating that the 50% concentration already had 

strong activity that was not significantly different from the 75% and 100% concentrations, also 

positive control i.e Amoxicillin-Clavulanic acid in inhibiting ESBLs-producing E. coli. 

The ability of FSBAS extracts to inhibit ESBL-producing E. coli suggests potential as an alternative 

or complementary antibacterial agent, particularly against multidrug-resistant pathogens. The 

extract’s mechanism is likely multifactorial, involving disruption of membrane integrity, inhibition 

of nucleic acid and cell wall synthesis, and interference with bacterial metabolism (Uzun et al., 2019). 

Additionally, the main compound in FSBAS, organosulfur compounds (SACs), can help modulate 

the entry of other compounds and enhance their mechanism of action (Magryś et al., 2021). In 

summary, the enhanced antibacterial activity of FSBAS extract is attributed to the elevated and 

synergistic action of its secondary metabolites and organosulfur compounds formed during thermal 

processing. These findings reinforce the potential of FSBAS as a natural source of antibacterial agents 

capable of combating resistant clinical isolates. 

 

CONCLUSION 

The ethanol extract of FSBAS showed potent antibacterial effects against ESBL-producing E. 

coli, with inhibition increasing with increasing concentration. Antibacterial activity at concentrations 

of 50%, 75%, and 100%, as well as the positive control, was not statistically significantly different. 

Overall, the FSBAS extract shows strong potential as a natural option to help combat multidrug-

resistant E. coli. Further studies involving purification of active compounds and in vivo antibacterial 

testing are recommended to validate the clinical applicability of FSBAS. 

 

REFERENCES 

Agustina, E., Andiarna, F., & Hidayati, I. (2020). Uji aktivitas antioksidan ekstrak bawang hitam 

(black garlic) dengan variasi lama pemanasan. Al-Kauniyah: Jurnal Biologi, 13(1), 39–50. 

https://doi.org/10.15408/kauniyah.v13i1.12114 

Ahmed, T., & Wang, C. K. (2021). Black garlic and its bioactive compounds on human health 

diseases: A review. Molecules, 26(16), 5028. https://doi.org/10.3390/molecules26165028 

Alina, P., Kiełb, E. P., & František, Z. (2023). Antimicrobial activity of saponin-containing plants: 

Review. Journal of Dairy, Veterinary & Animal Research, 12(2), 121–127. 

https://doi.org/10.15406/jdvar.2023.12.00336 

Anandhita, S. A., Liana, D. F., Mardhia, M., & Mahyarudin, M. (2025). Perbandingan aktivitas 

quorum quenching bawang putih siung tunggal dan bawang hitam siung tunggal terhadap 

Chromobacterium violaceum. Majalah Kesehatan, 12(3), 191–198. 

https://doi.org/10.21776/majalahkesehatan.2025.012.03.2 

https://doi.org/10.15408/kauniyah.v13i1.12114
https://doi.org/10.3390/molecules26165028
https://doi.org/10.15406/jdvar.2023.12.00336
https://doi.org/10.21776/majalahkesehatan.2025.012.03.2


 

Jurnal Pendidikan Informatika dan Sains 14(2), 194-202 
https://journal.upgripnk.ac.id/index.php/saintek/article/view/8606   

 

 
200 

 

Azhar, S. F., & Yuliawati, K. M. (2021). Pengaruh waktu aging dan metode ekstraksi terhadap 

aktivitas antioksidan black garlic yang dibandingkan dengan bawang putih (Allium sativum 

L.). Journal Riset Farmasi, 1(1). https://doi.org/10.29313/jrf.v1i1.43 

Azizah, Z., Yani, P., & Yetti, R. D. (2020). Antioxidant activity ethanol extract of garlic (Allium 

sativum L.) and black garlic. International Journal of Research and Review, 7(9), 94. 

Bhatwalkar, S. B., Mondal, R., Krishna, S. B. N., Adam, J. K., Govender, P., & Anupam, R. (2021). 

Antibacterial properties of organosulfur compounds of garlic (Allium sativum). Frontiers 

in Microbiology, 12, 613077. https://doi.org/10.3389/fmicb.2021.613077 

Choi, I. S., Cha, H. S., & Lee, Y. S. (2014). Physicochemical and antioxidant properties of black 

garlic. Molecules, 19(10), 16811–16823. https://doi.org/10.3390/molecules191016811 

Clinical and Laboratory Standards Institute. (2025). Performance standards for antimicrobial 

susceptibility testing (35th ed., Informational Supplement M100). CLSI. 

Dani, K. R., Liana, D. F., & Mahyarudin, M. (2025). Potensi antibakteri bawang putih dan bawang 

hitam siung tunggal (Allium sativum L.) terhadap Proteus mirabilis. Majalah Kedokteran 

Andalas, 48(4), 426–435. https://doi.org/10.25077/mka.v48.i4.p426-435.2025 

Doua, J., Geurtsen, J., Rodriguez-Baño, J., Cornely, O. A., Go, O., Gomila-Grange, A., Kirby, A., 

Hermans, P., Gori, A., Zuccaro, V., Gravenstein, S., Bonten, M., Poolman, J., & Sarnecki, 

M. (2023). Epidemiology, clinical features, and antimicrobial resistance of invasive 

Escherichia coli disease in tertiary care hospitals. Open Forum Infectious Diseases, 10(2). 

https://doi.org/10.1093/ofid/ofad026 

Endraswari, P. D., Setiawan, F., Paramita, A. L., & Mertaniasih, N. M. (2022). Epidemiology of 

Escherichia coli as a critical pathogen of bloodstream infection patients in tertiary referral 

hospital. Indonesian Journal of Tropical and Infectious Disease, 10(3), 205–213. 

https://doi.org/10.20473/ijtid.v10i3.39494 

Guimarães, A. C., Meireles, L. M., Lemos, M. F., Guimarães, M. C. C., Endringer, D. C., Fronza, 

M., & Scherer, R. (2019). Antibacterial activity of terpenes and terpenoids present in 

essential oils. Molecules, 24(13). https://doi.org/10.3390/molecules24132471 

Harun, M. A., Buraena, S., Wello, E. A., Idrus, H. H., & Arsal, A. S. F. (2021). Antibacterial potency 

of black garlic extract from Allium sativum on Escherichia coli. Green Medical Journal, 

3(3), 125–132. https://doi.org/10.33096/gmj.v3i3.92 

Hutahaean, O. J., Liana, D. F., Mardhia, M., & Mahyarudin, M. (2024). Potential of single-bulb garlic 

and single-bulb black garlic extracts to eradicate uropathogenic Escherichia coli. EJournal 

Kedokteran Indonesia, 12(2), 180. https://doi.org/10.23886/ejki.12.707.180 

Kaczmarek, B. (2020). Tannic acid with antiviral and antibacterial activity as a promising component 

of biomaterials: A minireview. Materials, 13(14), 3224. 

https://doi.org/10.3390/ma13143224 

Khan, M. I., Ahhmed, A., Shin, J. H., Baek, J. S., Kim, M. Y., & Kim, J. D. (2018). Green tea seed 

isolated saponins exert antibacterial effects against Gram-positive and Gram-negative 

bacteria: An in vitro and in vivo study. Evidence-Based Complementary and Alternative 

Medicine, 2018. https://doi.org/10.1155/2018/3486106 

Khan, Z. A., Siddiqui, M. F., & Park, S. (2019). Current and emerging methods of antibiotic 

susceptibility testing. Diagnostics, 9(2). https://doi.org/10.3390/diagnostics9020049 

Kimura, S., Tung, Y. C., Pan, M. H., Su, N. W., Lai, Y. J., & Cheng, K. C. (2017). Black garlic: A 

critical review of its production, bioactivity, and application. Journal of Food and Drug 

Analysis, 25(1), 62–70. https://doi.org/10.1016/j.jfda.2016.11.003 

Liu, S., Sun, H., Ma, G., Zhang, T., Wang, L., Pei, H., Li, X., & Gao, L. (2022). Insights into flavor 

and influencing factors of Maillard reaction products: A recent update. Frontiers in 

Nutrition, 9, 973677. https://doi.org/10.3389/fnut.2022.973677 

Ludden, C., Coll, F., Gouliouris, T., Restif, O., Blane, B., Blackwell, G. A., Kumar, N., Naydenova, 

P., Crawley, C., Brown, N. M., Parkhill, J., & Peacock, S. J. (2021). Defining nosocomial 

https://doi.org/10.29313/jrf.v1i1.43
https://doi.org/10.3389/fmicb.2021.613077
https://doi.org/10.3390/molecules191016811
https://doi.org/10.25077/mka.v48.i4.p426-435.2025
https://doi.org/10.1093/ofid/ofad026
https://doi.org/10.20473/ijtid.v10i3.39494
https://doi.org/10.3390/molecules24132471
https://doi.org/10.33096/gmj.v3i3.92
https://doi.org/10.23886/ejki.12.707.180
https://doi.org/10.3390/ma13143224
https://doi.org/10.1155/2018/3486106
https://doi.org/10.3390/diagnostics9020049
https://doi.org/10.1016/j.jfda.2016.11.003
https://doi.org/10.3389/fnut.2022.973677


 

Jurnal Pendidikan Informatika dan Sains 14(2), 194-202 
https://journal.upgripnk.ac.id/index.php/saintek/article/view/8606  

 

 

 
201 

 

transmission of Escherichia coli and antimicrobial resistance genes: A genomic 

surveillance study. The Lancet Microbe, 2(9), e472–e480. https://doi.org/10.1016/s2666-

5247(21)00117-8 

Magryś, A., Olender, A., & Tchórzewska, D. (2021). Antibacterial properties of Allium sativum L. 

against multidrug-resistant bacteria and its synergy with antibiotics. Archives of 

Microbiology, 203(5), 2257–2268. https://doi.org/10.1007/s00203-021-02248-z 

Mardhia, M., Liana, D. F., Mahyarudin, M., & Ih, H. (2025). Antibiotic resistance and virulence 

factor profiles in multidrug-resistant Klebsiella pneumoniae clinical isolates from 

Pontianak, Indonesia. Osong Public Health and Research Perspectives, 16(2), 160–168. 

https://doi.org/10.24171/j.phrp.2024.0242 

Masyita, A., Mustika Sari, R., Dwi Astuti, A., Yasir, B., Rahma Rumata, N., Emran, T. B., Nainu, F., 

& Simal-Gandara, J. (2022). Terpenes and terpenoids as main bioactive compounds of 

essential oils: Their roles in human health and potential application as natural food 

preservatives. Food Chemistry: X, 13. https://doi.org/10.1016/j.fochx.2022.100217 

Mickymaray, S. (2019). Efficacy and mechanism of medicinal plants and bioactive compounds 

against clinically important pathogens. Antibiotics, 8(4). 

https://doi.org/10.3390/antibiotics8040257 

Miklasińska-Majdanik, M., Kępa, M., Wojtyczka, R. D., Idzik, D., & Wąsik, T. J. (2018). Phenolic 

compounds diminish antibiotic resistance of Staphylococcus aureus clinical strains. 

International Journal of Environmental Research and Public Health, 15(10). 

https://doi.org/10.3390/ijerph15102321 

Mousa, N., Aiesh, B. M., Jomaa, R., Zouneh, Y., Namrouti, A., Abutaha, A., Al-Jabi, S. W., Sabateen, 

A., & Zyoud, S. H. (2025). Antibiotic resistance profiles and risk factors of multidrug-

resistant Escherichia coli in a large tertiary care hospital. Scientific Reports, 15(1), 1–10. 

https://doi.org/10.1038/s41598-025-12384-x 

Paulauskienė, A., Kulbokas, Š., Zvicevičius, E., & Tarasevičienė, Ž. (2024). Changes in garlic quality 

during fermentation under different conditions. Foods, 13(11), 1665. 

https://doi.org/10.3390/foods13111665 

Sabila, P. A., Ngadiani, N., & Fitri Budiarti, F. (2019). Uji banding ekstrak bawang hitam dan bawang 

putih (Allium sativum) sebagai antifungi terhadap pertumbuhan Candida albicans. Journal 

of Pharmacy and Science, 4(2). 

Saputra, A. N., Mahyarudin, M., & Asseggaf, S. N. Y. R. S. (2023). Uji aktivitas antibakteri ekstrak 

bawang putih dan bawang hitam siung tunggal (Allium sativum) terhadap Acinetobacter 

baumannii. Jurnal Pendidikan Informatika dan Sains, 12(1), 256–265. 

https://doi.org/10.31571/saintek.v12i1.5989 

Shamsudin, N. F., Ahmed, Q. U., Mahmood, S., Shah, S. A. A., Khatib, A., Mukhtar, S., Alsharif, M. 

A., Parveen, H., & Zakaria, Z. A. (2022). Antibacterial effects of flavonoids: A structure–

activity relationship study. Molecules, 27(4), 1149. 

https://doi.org/10.3390/molecules27041149 

Sudana, I. G. N. P. N., Sabariah, Musyarrafah, & Mulianingsih, W. (2025). Antibacterial potential of 

fermented and non-fermented Allium sativum var. Solo against Staphylococcus 

epidermidis. Jurnal Kesehatan Prima, 19(2), 87–95. 

https://doi.org/10.32807/jkp.v19i2.1756 

Takó, M., Kerekes, E. B., Zambrano, C., Kotogán, A., Papp, T., Krisch, J., & Vágvölgyi, C. (2020). 

Plant phenolics and phenolic-enriched extracts as antimicrobial agents against food-

contaminating microorganisms. Antioxidants, 9(2), 165. 

https://doi.org/10.3390/antiox9020165 

https://doi.org/10.1016/s2666-5247(21)00117-8
https://doi.org/10.1016/s2666-5247(21)00117-8
https://doi.org/10.1007/s00203-021-02248-z
https://doi.org/10.24171/j.phrp.2024.0242
https://doi.org/10.1016/j.fochx.2022.100217
https://doi.org/10.3390/antibiotics8040257
https://doi.org/10.3390/ijerph15102321
https://doi.org/10.1038/s41598-025-12384-x
https://doi.org/10.3390/foods13111665
https://doi.org/10.31571/saintek.v12i1.5989
https://doi.org/10.3390/molecules27041149
https://doi.org/10.32807/jkp.v19i2.1756
https://doi.org/10.3390/antiox9020165


 

Jurnal Pendidikan Informatika dan Sains 14(2), 194-202 
https://journal.upgripnk.ac.id/index.php/saintek/article/view/8606   

 

 
202 

 

Tamanna, N., & Mahmood, N. (2015). Food processing and Maillard reaction products: Effect on 

human health and nutrition. International Journal of Food Science, 2015, 526762. 

https://doi.org/10.1155/2015/526762 

Uzun, L., Dal, T., Kalcioglu, M. T., Yurek, M., Cibali Acikgoz, Z., & Durmaz, R. (2019). 

Antimicrobial activity of garlic derivatives on common causative microorganisms of the 

external ear canal and chronic middle ear infections. Turkish Archives of 

Otorhinolaryngology, 57(4), 161. https://doi.org/10.5152/tao.2019.4413 

Wang, S., Zhao, S., Zhou, Y., Jin, S., Ye, T., & Pan, X. (2023). Antibiotic resistance spectrum of E. 

coli from different samples and age groups: A 10-year retrospective study. BMJ Open, 

13(4), e067490. https://doi.org/10.1136/bmjopen-2022-067490 

Wu, D., Ding, Y., Yao, K., Gao, W., & Wang, Y. (2021). Antimicrobial resistance analysis of clinical 

Escherichia coli isolates in neonatal ward. Frontiers in Pediatrics, 9. 

https://doi.org/10.3389/fped.2021.670470 

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), 318. 

https://doi.org/10.3390/antibiotics10030318 

Yuan, G., Guan, Y., Yi, H., Lai, S., Sun, Y., & Cao, S. (2021). Antibacterial activity and mechanism 

of plant flavonoids to Gram-positive bacteria predicted from their lipophilicities. Scientific 

Reports, 11(1). https://doi.org/10.1038/s41598-021-90035-7 

Yunus, F. T., Suwondo, A., & Martini. (2021). Phytochemical compound of garlic (Allium sativum) 

as an antibacterial to Staphylococcus aureus growth. IOP Conference Series: Materials 

Science and Engineering, 1053(1), 012041. https://doi.org/10.1088/1757-

899x/1053/1/012041 

Zhang, X., Li, N., Lu, X., Liu, P., & Qiao, X. (2016). Effects of temperature on the quality of black 

garlic. Journal of the Science of Food and Agriculture, 96(7), 2366–2372. 

https://doi.org/10.1002/jsfa.7351 

 

 

 

https://doi.org/10.1155/2015/526762
https://doi.org/10.5152/tao.2019.4413
https://doi.org/10.1136/bmjopen-2022-067490
https://doi.org/10.3389/fped.2021.670470
https://doi.org/10.3390/antibiotics10030318
https://doi.org/10.1038/s41598-021-90035-7
https://doi.org/10.1088/1757-899x/1053/1/012041
https://doi.org/10.1088/1757-899x/1053/1/012041
https://doi.org/10.1002/jsfa.7351

	INTRODUCTION

