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Abstract — Escherichia coli is a bacterium that causes many serious infections such as digestive tract, urinary tract and
bloodstream infections. One of the main challenges in treating this bacterial infection is the formation of biofilm, which
increases bacterial resistance to antibiotics. As an alternative to overcome antibiotic resistance, karamunting has been identified
as having antibacterial potential against Gram-negative bacteria, including E. coli. The active compounds in these leaves have
been shown to inhibit bacterial growth and biofilm formation. This research describes the activity of karamunting leaf extract
against the anti-biofilm E. coli. The thick karamunting leaf extract was then made into three variations of concentration,
namely 125ug/mL, 250ug/mL and 500ugimL. The parameter measured for the eradication test is the thickness of the biofilm
which is read using the Elisa Reader 590nm. In this studly, the evadication percentages for the three concentrations were obtained
-92.15% at a concentration of 125 pg/mlL, -187.24% at a concentration of 250 pg/mL and 52.78% at a concentration of
500 pg/mL. Karamunting leaf extract has activity as an antibiofilm against E. coli bacteria. Karamunting leaf extract with a
concentration of 500 pgimlL is the Minimum Inhibitory Concentration (MIC) which is effective as an antibiofilm on E. coll.

Kata kunci: Karamunting, extract, Eshcerichia coli, antibiofilm

INTRODUCTION

Escherichia coli (E. coli) is one of the most researched bacteria and is the main cause of

various infections, including gastrointestinal, urinary tract, and bloodstream infections (Bria et al.,
2022; Jang et al., 2017; Vila et al., 2016). E. coliis naturally part of the gut microbiome, but some
strains are pathogenic. Infections caused by E. coli have a significant impact on global health,
especially in developing countries, with high incidence and mortality rates (Freeman et al., 2009;
Pratiwi, 2017). Biofilm formation by E. coli increases the bacteria's protection against antibiotics
and the immune system, thereby exacerbating infections and antibiotic resistance (Kobayashi et
al., 2021; Martinson & Walk, 2020; Sharma et al., 2016).

Antibiotic resistance is a major challenge in the treatment of bacterial infections. The
Centers for Disease Control and Prevention (CDC) records two million cases of resistant bacterial
infections each year in the United States, with 23,000 deaths. The WHO report in 2020 shows an
increase in antibiotic resistance, including in E. coli, Klebsiella pneumoniae, and Acinetobacter spp.
Biofilm-related infections, particularly those involving medical devices, are also on the rise. In
addition, irrational use of antibiotics also triggers bacterial resistance (Hutomo et al., 2023;
Purnama et al., 2022; Tjampakasari & others, 2021).

The novelty and originality of this research lies in testing the activity of karamunting
(Rhodomyrtus tomentosa (Aiton) Hassk) leaf extract as an antibiofilm agent against E.coli, a
pathogenic bacterium that has the ability to form biofilms as a protective mechanism against
antibiotics and the immune system. Although the karamunting plant is known to have antibacterial
potential against Gram-positive and Gram-negative bacteria, its use as an anti-biofilm agent has
not been widely explored (Dwicahmi, 2015; Hujjatusnaini et al., 2022; Paramanandana et al.,
2019; Sabrina et al., 2021).
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This resecarch makes an important contribution in overcoming antibiotic resistance which
continues to increase globally, especially in infections involving biofilms. This research was carried
out by utilizing abundant local natural resources in Indonesia. This research not only supports the
development of natural ingredient-based therapies but also becomes a reference strategy for
alternative treatments that are more effective in dealing with resistant bacterial infections.

MATERIALS AND METHODS

This study used a descriptive method to test the antibiofilm activity of karamunting

(Rhodomyrtus tomentosa (Aiton) Hassk) leaf extract against Escherichia coli bacteria. This research
was conducted at the Microbiology, Biotechnology and Biochemistry Laboratory, Faculty of
Medicine, Sriwijaya University. The resulting karamunting leaf extract was then made in three
concentration variations, namely 125 pg/mL, 250 pug/mL, and 500 pg/mL (Sabrina et al., 2021).
The positive control uses the antibiotic meropenem, while the negative control uses DMSO
solution. The parameter observed in this study was the thickness of the bacterial biofilm which was
measured using an Elisa Reader at a wavelength of 590 nm.

Before the biofilm eradication test is carried out, the E. coli bacteria that can produce
biofilm will be identified first. Bacteria that have been rejuvenated using Nutrient Agar are then
put into a test tube containing Tryptic Soy Broth (TSB) media. The test tube filled with bacteria
and TSB media will be incubated at 37°C for 24 hours. After the incubation process, the tube
media was rinsed and stained using 0.1% gentian violet for 15 minutes. The results of the biofilm
activity test using this test tube showed positive results if purple film lines formed on the bottom
and walls of the test tube.

E. coli bacteria were placed in wells filled with TSB media, then incubated for 2x24 hours.
The thick extract of karamunting leaves was diluted using Dimethyl Sulfoxide (DMSO) to a
concentration of 250 ug/mL, 500 pug/mL and 1000 pg/mL. Each concentration is put into a well
that is already filled with bacteria. In addition, a positive control was prepared containing the
antibiotic meropenem, TSB media and bacteria, as well as a negative control containing TSB

media, bacteria and DMSO solution (Kirmusaoglu, 2019).

RESULT AND DISCUSSION

The extraction results of karamunting leaf extract in this study were 30.70 grams. The

percentage yield of karamunting leaf extract in this study was 15.35%. Based on test results, the
lowest concentration of karamunting leaf extract which was able to inhibit the growth of E. coli
bacteria was 125 pg/mlL.

Figure 1. Variations in concentration of karamunting leaf extract. (A) 125 pg/mL, (B) 250 pg/mL, (C) 500
pg/mL (D) Positive control in the form of the antibiotic meropenem (E) Negative control in the form of
DMSO solution
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From this figure 1, it showed the differences in each test tube ranging from clear, cloudy
and very cloudy.

Figure 2. Results of Biofilm Identification Formed by Escherichia coli
A. Control (-) Empty tube; B. Biofilm formation is indicated by purple color in the tube

Figure 2 shows that a purple color appears in the entire tube from 0.1% gentian violet dye,
which indicates the formation of biofilm in the test tube on the right.
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Figure 3. Biofilm eradication results

Figure 3 shows the results of eradication of E. coli bacterial biofilm after being given
karamunting leaf extract. The purple color appears fading, indicating that karamunting leaves are
effective in destroying the E. coli bacterial biofilm. The thickness of the biofilm formed at the
bottom of the microplate well was read using a 590 nm Elisa Reader and expressed in optical
density units.

The results of descriptive analysis of E. coli bacterial biofilm eradication are presented in the
table below using the formula:

% eradication = Mean OD control — Mean OD treatment x 100 %
Mean OD control

Table 1. Biofilm eradication test results

Group of treatment Percentage of

Mean of Optical Density (nm)

(ng/mL) inhibition (%)
Positive control 0.2536 33.68
Negative control 0.3824 -

Concentration 250 1.0984 -
Concentration 500 0.1806 52.77
Concentration 1000 0.2536 33.68
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Table 1 shows the average value of optical density and percentage of biofilm eradication
for the concentration of karamunting leaf extract on E. coli bacterial biofilms. A concentration of
250 pg/mL has an average optical density value of 1.0984. A concentration of 500 pg/mL has an
average optical density value of 0.1806 and an eradication percentage value of 52.77%. A
concentration of 1000 pg/mL has an average optical density value of 0.2536 and an eradication
percentage value of 33.68%.

The concentration listed in table 1 has a different concentration from the concentration
previously used as a reference, namely, there is an additional concentration of 1000 pg/mL. This
is because, during the eradication test, concentrations of 125 pg/mL and 250 pg/mL which were
used as initial references, only had antibacterial activity, but not as antibiofilm. This was proven
when the biofilm eradication test was carried out at concentrations of 125 pug/mL and 250 pg/mL
which had negative eradication percentage values.

Extraction is an important first step in the analysis of medicinal plants to extract active
compounds. This research uses the maceration method, which is simple and efficient, although it
takes longer than other methods such as percolation, infusion, or dekokta. Maceration is carried
out by immersing the sample in a solvent and changing it periodically, so as to extract maximum
active compounds. This method is more practical because it does not require special equipment
and produces an extract with a lower water content than infusion or decoction.

In this research, the solvent used was 96% ethanol, which is capable of extracting polar,
semipolar and nonpolar active compounds. Ethanol was chosen because it is volatile, non-toxic,
and effective in attracting active compounds such as alkaloids, flavonoids, steroids, saponins,
tannins, and quinones. Compared to 70% ethanol, 96% ethanol is more effective in attracting
nonpolar compounds, resulting in a more optimal extract. Dilution was carried out using Dimethyl
Sulfoxide (DMSO) solution.

The results of extracting karamunting leaves showed a yield percentage of 15.35%, higher
than previous research which reached 14.22% with a similar method. The extraction process
involved the use of 500 grams of karamunting leaves soaked in 96% ethanol and dried using an
incubator, showing the effectiveness of the maceration method in this research
Minimum Inhibitory Concentration (MIC) is the lowest concentration of a compound, such as
an antibiotic or plant extract, that is able to inhibit bacterial growth. MIC is used to determine the
minimum effective dose in the treatment of bacterial infections. Based on this research, the MIC
of karamunting leaf extract against E. coli bacteria is 125 pg/mL, which is determined by the clarity
of the media in the test tube. This concentration is interpreted as the minimum point at which the
extract is able to inhibit the growth of Gram-negative bacteria, in line with previous research which
showed the antibacterial activity of caramunting leaves against Carbapenemase Resistance Klebsiella
Pneumoniae (CRKP) at the same concentration.

In this study, the extract concentrations tested included 125 pg/mL, 250 pg/mL, and 500
ug/mL. The highest concentration, namely 500 pug/mL, showed antibiofilm activity with an
eradication percentage of 52.77%. However, lower concentrations, such as 125 pg/mL and 250
ng/mL, did not have a significant effect on biofilm inhibition. This is thought to be because the
active compound content at this concentration is not sufficient to optimally disrupt the biofilm
structure. These findings indicate that the antibacterial and antibiofilm activity of karamunting
leaf extract tends to increase linearly with increasing concentration undil it reaches a certain

threshold.
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The eradication of E. coli biofilm was conducted using the Microtiter Plate Biofilm
Eradication Assay method, which demonstrated significant effectiveness in disrupting biofilms. At
concentrations of 125 pg/mL and 250 pg/ml, karamunting leaf extract acted only as an
antibacterial agent and was not effective as an antibiofilm agent, as shown by negative eradication
percentages of -92.15% and -187.24%, respectively. These results indicate that the secondary
metabolites at these concentrations were insufficient to disrupt biofilm structure. However,
concentrations of 500 pg/mL and 1000 pg/mL showed significant antibiofilm activity, with
eradication percentages of 52.77% and 33.68%, respectively, comparable to the positive control
(meropenem). From this results, the lower concentration (500 pg/mlL) has higher eradication
percentage (52.77%) than 1000 pg/mL. This can occur for several reasons, including the hormetic
response of bacteria. Exposure to antibiotics at sub-inhibitory concentrations (sub-MIC) can
stimulate biofilm formation, modulate virulence, stress adaptation, and even transfer resistance
genes, indicating an adaptive bacterial response at low doses. High concentrations can trigger
bacterial defenses such as increased extracellular polymeric substance (EPS) secretion, adaptive
genetic compensation, or activation of efflux pumps, which strengthen the biofilm structure
(Iavicoli et al., 2021; Song et al., 2016). This suggests the potential of karamunting leaf extract as
a new antibiotic candidate.

Supporting findings align with previous studies showing rhodomyrtone's antibiofilm
activity, similar to vancomycin, against Staphylococcus aureus biofilms. Phytochemical screening
confirmed the presence of secondary metabolites such as alkaloids, flavonoids,
triterpenoids/steroids, saponins, and tannins, which contribute to the extract’s antibacterial and
antibiofilm properties. Alkaloids disrupt bacterial cell walls by targeting peptidoglycan, flavonoids
inhibit quorum sensing to prevent biofilm formation, steroids damage bacterial membranes,
saponins disrupt membrane integrity leading to leakage of proteins and enzymes, and tannins cause
cell lysis by targeting cell walls.

This study highlights the effectiveness of karamunting leaf extract, particularly at higher
concentrations, in combating E. coli biofilms and its potential for further development as an
antibacterial and antibiofilm agent.

CONCLUSION

Minimum Inhibitory Concentration (MIC) of karamunting leaf extract with antibacterial

activity against Escherichia coli is 125 pg/mL and karamunting leaf extract exhibits anti-biofilm
activity against Escherichia coli biofilms, with an eradication percentage of 52.77% at a
concentration of 500 pg/mL and 33.68% at a concentration of 1000 pg/mL.

ACKNOWLEDGEMENTS

This research was funded by the Science, Technology, and Arts Scheme Research Grant
from the DIPA Budget Fund of the Public Service Agency of Sriwijaya University for the 2024
Fiscal Year.

REFERENCES
Bria, D. I., Missa, H., & Sombo, 1. T (2022). Isolasi dan karakterisasi bakteri Escherichia coli pada
bahan pangan berbasis daging di Kota Kupang. JUSTER: Jurnal Sains Dan Terapan, 1(2),
82-89.

Sabrina, Tia et al. - 43



ISSN 2460-1365 Bioeksperimen, Volume 11 No. 1 (March 2025)

Dwicahmi, P. (2015). Uji Aktivitas antibakteri ekstrak etanol 70% daun karamunting
(Rhodomyrtus tomentosa (Ait.) Hassk) terhadap pertcumbuhan bakteri Vibrio cholerae secara
in vitro. Jurnal Mabasiswa PSPD FK Universitas Tanjungpura, 3(1).

Freeman, J. T., Anderson, D. J., & Sexton, D. J. (2009). Secasonal peaks in Escherichia coli
infections: possible explanations and implications. Clinical Microbiology and Infection,
15(10), 951-953.

Hujjatusnaini, N., Amin, A. M., Febrianty, R., Maisyarah, A., Agriana, B. M., Septianingrum, D.
D., Maradona, M., Wulandari, N. S., & others. (2022). Perbandingan kemampuan
adaptasi bakrteri Staphylococcus aureus dan bakteri Escherichia coli pada ekstrak daun
karamunting (Melastoma malabathrium). BIOSEL (Biology Science and Education): Jurnal
Penelitian Science Dan Pendidikan, 11(1), 96-104.

Hutomo, S., Anggreni, N. W. R,, Larope, C. G., Trismalinda, N. W. M. P., Sari, N. K. A, &
Sooai, C. M. (2023). Kemampuan ekstrak etanol daun kelor (Moringa oliefera) dalam
menghambat pembentukan biofilm Escherichia coli: The inhibitory activity of kelor
(Moringa oliefera) leaves ethanolic extract on Escherichia coli biofilm formation. Biomedika,
53-60.

Tavicoli, I., Fontana, L., Agathokleous, E., Santocono, C., Russo, F., Vetrani, L., Fedele, M., &
Calabrese, E. J. (2021). Hormetic dose responses induced by antibiotics in bacteria: A
phantom menace to be thoroughly evaluated to address the environmental risk and tackle
the antibiotic resistance phenomenon. Science of the Total Environment, 798, 149255.

Jang, J., Hur, H.-G., Sadowsky, M. ]., Byappanahalli, M. N., Yan, T., & Ishii, S. (2017).
Environmental Escherichia coli: ecology and public health implications—a review. Journal
of Applied Microbiology, 123(3), 570-581.

Kirmusaoglu, S. (2019). The methods for detection of biofilm and screening antibiofilm activity
of agents. In S. Kirmusaoglu (Ed.), Antimicrobials, Antibiotic Resistance, Antibiofilm
Strategies and Activity Methods. IntechOpen. https://doi.org/10.5772/intechopen.84411

Kobayashi, T, Tkeda, M., Okada, Y., Higurashi, Y., Okugawa, S., & Moriya, K. (2021). Clinical
and microbiological characteristics of recurrent Escherichia coli bacteremia. Microbiology
Spectrum, 9(3), €01399--21.

Martinson, J. N. V, & Walk, S. T. (2020). Escherichia coli residency in the gut of healthy human
adults. EcoSal Plus, 9(1), 10-1128.

Paramanandana, A., Retnowati, D., Miatmoko, A., Isadiartuti, D., Rijal, M. A. S., Setiawan, D.,
Hendradi, E., Purwanti, T, Rosita, N., Hariyadi, D. M., & others. (2019). Pendidikan
kognitif dan afektif DAGUSIBU untuk pencegahan resistensi antibiotik di SMA Surabaya.
ABDIMAS TALENTA: Jurnal Pengabdian Kepada Masyarakat, 4(1), 97-102.

Pratiwi, R. H. (2017). Mekanisme pertahanan bakteri patogen terhadap antibiotik. Jurnal Pro-
Life, 4(3), 418-429.

Purnama, S., Indrawati, A., Wibawan, I. W. T., & Rizkiantino, R. (2022). Korelasi virulen gele
dan pembentukan biofilm pada isolat Enterococcus faecalis yang diisolasi dari ayam
pedaging. Acta Veterinaria Indonesiana, 10(2), 157-163.

Sabrina, T., Kamaluddin, M. T., & others. (2021). The effectiveness of karamunting leaf’s fraction
(Rhodomyrtus tomentosa (aiton) hassk) as antimicrobials in carbapenemase resistant
Klebsiella pneumonia. Sriwijaya Journal of Medicine, 4(1), 1-8.

44 - Karamunting Leaf Extract (Rhodomyrtus tomentosa (Aiton) Hassk.) as antibiofilm on Escherichia coli



Bioeksperimen, Volume 11 No. 1 (March 2025) ISSN 2460-1365

Sharma, G., Sharma, S., Sharma, P., Chandola, D., Dang, S., Gupta, S., & Gabrani, R. (2010).
Escherichia coli biofilm: development and therapeutic strategies. Journal of Applied
Microbiology, 121(2), 309-319.

Song, T., Duperthuy, M., & Wai, S. N. (2016). Sub-optimal treatment of bacterial biofilms.
Antibiotics, 5(2), 23.

Tjampakasari, C. R., & others. (2021). Patogenesis dan virulensi Burkholderia pseudomallei
penyebab melioidosis dan Burkholderia cepacia sebagai patogen oportunis. Jurnal
Biomedika Dan Kesehatan, 4(1), 27-36.

Vila, J., Sdez-Lépez, E., Johnson, J. R., Rémling, U., Dobrindt, U., Cantén, R., Giske, C. G.,
Naas, T., Carattoli, A., Mart\\inez-Medina, M., & others. (2016). Escherichia coli: an old
friend with new tidings. FEMS Microbiology Reviews, 40(4), 437-463.

Sabrina, Tia et al. - 45



