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ABSTRACT 

Introduction: Methicilin resistant Staphylococcus aureus (MRSA) is a pathogenic bacterium that has evolved resistance to 

antibiotics. MRSA is resistant to the antibiotics methisillin, cephalosporin, and betalaktam. MRSA causes many health problems 

ranging from lung damage to septicemia. The prevalence of MRSA infections in the world reached 14.69%. Lactobacillus 

acidophilus produces an antimicrobial substance bacteriosine. These bacteriosins have bactericidal and bacteriostatic activity. 

Purpose: The study aims to recognize the influence of temperature on the activity of bacteriosins produced by L.acidophilus 

against MRSA. Methode: This research used a quasi-experimental method. L.acidophilus reproduced on liquid MRS media for 48 

hours. Bacteriosine is obtained by centrifying a MRS broth containing bacteria at a speed of 6000 rpm for 40 minutes. The fluid 

was tested for its antibacterial effects on MRSA bacteria using Kirby Bauer's method. Bacteriosine is given at different 

temperatures that is; 40, 60, 80, dan 100 oC. The diameter of the formed barrier zone is measured in millimeters. Data analysis with 

ANOVA method. Finding: Bacteriosine activity produced by Lactobacilus acidophilus against MRSA shows an average inhibition 

zone diameter of 5.25 mm. The optimum broadest spectrum of antibacterial activity at temperature 60 oC. Conclusion: This research 

shows that temperature does not affect the antibacterial activity of bacteriosin produced by L.acidophilus against MRSA. 

Originality/Implication: The results of this study prove that temperature treatment with various variations does not affect the 

ability of the bacteriosine produced by L.acidophilus to inhibit/kill MRSA. 
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ABSTRAK 

Introduction: Methicilin resistant Staphylococcus aureus (MRSA) adalah bakteri patogen yang terbentuk karena resisten terhadap 

antibiotik. MRSA resisten terhadap antibiotik methisillin, cephalosporin, dan betalaktam. MRSA menyebabkan banyak masalah 

kesehatan mulai dari kerusakan paru-paru hingga septikemia. Prevalensi infeksi MRSA di dunia mencapai 14.69%. Bakteri 

Lactobacillus acidophilus menghasilkan zat antimikroba bakteriosin. Bakteriosin tersebut memiliki aktivitas bakterisidal dan 

bakteriostatik. Purpose: mengetahui pengaruh suhu terhadap aktivitas bakteriosin yang dihasilkan oleh Lactobacillus acidophilus 

terhadap MRSA. Methode: Penelitian ini menggunakan metode quasi-eksperimental laboratorium. L.acidophilus ditumbuhkan 

pada media MRS cair selama 48 jam. Bakteriosin diperoleh dengan cara mensentrifuse MRS cair yang berisi bakteri pada 

kecepatan 6000 rpm selama 40 menit. Cairan yang terbentuk diuji efek antibakterinya terhadap bakteri MRSA menggunakan 

metode Kirby Bauer. Bakteriosin diberi pada suhu yang berbeda yaitu; 40 oC, 60 oC, 80 oC, dan 100 oC. Diameter zona hambat yang 

terbentuk selama proses pengujian diukur dengan satuan millimeter. Data dianalisis dengan metode ANOVA. Finding: Aktivitas 

bakteriosin yang dihasilkan Lactobacilus acidophilus terhadap MRSA menunjukkan rata-rata diameter zona inhibisi sebesar 5.25 

mm. Spektrum aktivitas antibakteri terluas pada bakteriosin yang dipanaskan pada suhu 60 oC. Conclusion: Studi ini menunjukkan 

hasil bahwa suhu tidak mempengaruhi aktivitas antibakteri bakteriosin yang dihasilkan L.acidophilus terhadap MRSA. 

Originality/Implication: Hasil penelitian ini membuktikan bahwa perlakuan suhu dengan berbagai variasi tidak mempengaruhi 

kemampuan bakteriosin yang dihasilkan L.acidophilus dalam menghambat/membunuh MRSA. 

Keywords: MRSA, Temperature, Bacteriosin, L.acidophilus 

INTRODUCTION 

Methicillin resistant Staphylococcus aureus (MRSA) is a 

bacterium that is resistant to a variety of antibiotics. The 

spread of the bacteria can be through direct contact with 

patients and health workers working at one of the health 

services (Erlin et al., 2020). MRSA causes inflammation of 

the skin, soft tissue contamination, bacterial infection, 
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septicemia, toxic shock, and leprosy skin syndrome. The 

increasing resistance of MRSA to large amounts of 

antibiotics has caused many losses, including decreased 

health, economic poverty, and human resource poverty 

(Abbott et al., 2015). So, an alternative approach is needed 

to overcome these losses. 

The Word of God in the Surah of Yunus 57 “O humanity! 

Indeed, there has come to you a warning from your Lord, a 

cure for what is in the hearts, a guide, and a mercy for the 

believers.”  

One alternative is to use the bacteriosin compound, which is 

a protein composition produced by lactic acid bacteria 

(BAL) (Hernandez et al., 2021). Bacteriosine can be used as 

a substitute for antibiotics to prevent or treat bacterial 

infections. Bacteriosine also has several advantages, among 

others, is non-toxic and easily biodegradable as it is a 

protein that does not harm the intestinal microflora, is easily 

digested by enzymes in the digestive tract, and is safe for the 

environment (Suganya et al., 2013). 

Bacteriosin is used as an alternative to antibiotic agents in 

the prevention or treatment of bacterial infections 

(Heilbronner et al., 2021). Bacteriosin is effective and 

selective against food pathogens such as Staphylococcus 

aureus, Pseudomonas fluorescens, P. Aeruginosa, 

Salmonella typhi, Shigella flexneri, and Listeria 

monocytogenes. Bacteriosins produced by Lactobacillus 

fermentum and Lactocillus acidophilus have an effect to 

controlling cephalosporin- resistant Escherichia coli 

infections (Roces et al., 2012). 

Bacteriosine acts as a signal peptide to regulate the host's 

immune response. Does not damage comensal bacteria and 

is not cytotoxic to eukaryotic cells (Perez et al., 2014). This 

research was conducted with the aim of identifying the ability 

of bacteriosins produced by L. acidophilus to inhibit the 

growth of MRSA bacteria at varying warming temperatures. 

Besides, it is also to obtain the optimal temperature of 

bacteriosin activity in inhibiting/killing MRSA bacteria. 

LITERATURE REVIEW 

(1) Methicillin resistant Staphylococcus aureus (MRSA) 

Bacterial infection of Staphylococcus aureus MRSA, also 

known as Methicillin-resistant Staphylococcus Aureus, is 

very difficult to treat because the bacteria have immunity to 

some antibiotic treatments. MRSA bacterial infection has 

become a global problem that is widespread in several 

countries. The number of cases itself is still high and 

continues to rise throughout the world (Almira et al., 2022). 

Data from the World Health Organization suggests that 

MRSA is the number two infectious germ that needs to be 

researched and deepened to make new antibiotics. MRSA 

infections can cause a variety of diseases, such as skin 

infections and wounds to lung infections, pneumonia, as 

well as infections in the bloodstream that can lead to sepsis, 

even death (Almira et al., 2022). MRSA is considered the 

leading cause of nosocomial infections worldwide. It was 

that individuals with MRSA bacterial infections in their 

bodies were 64% more likely to die than individuals who 

were infected with bacteria that were not resistant to a 

variety of drugs. Therefore, the treatment of this MRSA 

bacterial infection is very important to society (Almira et 

al.,2022). 

 

(2) L. acidophilus 

Bacteria of the type L. acidophilus were used in this study. 

Isolate regeneration is done in the MRSA media. Updating 

and growth in cell proliferation in bacteria is known as 

regeneration. This is important to do because it will produce 

new, active bacterial breeds that are ready for an optimal 

fermentation process (Freire et al., 2015). 

The bacteria Lactobacillus acidophilus can be used to make 

probiotics. Because of the bacterial ability to convert sugar 

into lactic acid, lactic acid bacteria (BAL) are widely usedin 

the fermentation process to produce lactic Acid (Rahmadi, 

2019). With their ability to transform sources of sugar, 

especially lactose, into lactate acid, Lactobacillus bacteria 

can be distinguished from other acid-producing bacteria 

(Rahmadi, 2019). Strain Lactobacillus has high commercial 

value due to its high tolerance to acid, yield, and 

productivity. In addition, the strain of Lactobacillus can be 

modified to make selective L/D acid lactate (Anggraini, 

2019). 

 

(3) Bacteriocins 

Bacteriocins are toxic proteins produced by a number of 

bacteria and certain members of the archaea with the aim of 

preventing the growth of similar or closely related strains. 

These proteins are made by ribosomes with antimicrobial 

capabilities at certain concentrations (Negash & Tsehai, 

2020). 

Bacteriocins have many benefits that can be exploited. They 

are active and resistant to extreme heat pressures. Besides, 

these antimicrobial proteins have no taste, color, or smell. 

Their protein properties make them easily degraded by 

proteolytic enzymes, so bacteriosin fragments do not last 

long in the human body or in nature. This reduces the risk 

of interaction between target strains and fragmented 

bacteriosins. Bacteriosine has become a popular ingredient 

in the food, pharmaceutical, and agricultural industries 

because of this advantage (Negash & Tsehai, 2020). 

 

METHOD 

A. Study design 
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This research is a laboratory experiment, the 

research was conducted in May - June 2024 and 

was located in the Microbiology laboratory of the 

Faculty of Medicine and Health Sciences, 

Muhammadiyah University of Yogyakarta. This 

research has obtained permission from the Health 

Research Ethics Committee of FKIK UMY no. 

046/EC-EXEM-KEPK FKIK UMY/V/2024. 

 

B. Samples 

The research sample was Lactobacillus 

acidophilus collection from the PAU UGM 

laboratory on Jl. Teknika Utara, Caturtunggal, 

Depok, Sleman Regency, Yogyakarta Special 

Region. The test bacteria used was Methicilin 

resistant Staphylococcus aureus (MRSA) local 

isolate from the Microbiology Laboratory of 

Faculty of Medicine UGM. 

 

C. Tools and Materials 

The tools used in this study include: Petri dish 

(Iwaki pyrex), Ose needle, object glass, test tube, 

erlemeyer tube (Iwaki pyrex), beaker glass (Iwaki 

pyrex), autoclave, microscope, incubator, 

Biological Safety Cabinet, bunsen, refrigerator, 

centrifugation, water bath and caliper. 

The materials used in this study include: 

Lactobacillus acidophilus isolate, De Man Rogosa 

and Sharpe (MRS) agar media, De Man Rogosa 

and Sharpe (MRS) broth media, distilled water, 

crystal violet, iodine, 95% ethanol, safranin, 

phosphate spar, NaOH, HCl, Mueller Hinton Agar 

(MHA), Trypticase Soy Agar (TSA). 

 

 

D. Research Procedure 

1) Rejuvenation of Lactobacillus acidophilus 

bacterial culture 

Lactobacillus acidophilus was subcultured on 

MRS agar media using the Streak Plate 

method. Bacterial colonies were inoculated 

into MRS agar media using a sterile ose by 

scraping into the media. Furthermore, MRS 

agar was incubated at 37oC for 48 hours, 

anaerobically. The growing colonies were 

identified by gram staining.Identifikasi bakteri 

Lactobacillus acidophilus dengan pewarnaan 

gram 

2) Bacteria were examined by Gram staining 

Gram staining was done by adding one drop of 

crystal violet to the preparation that had been 

smeared with 24-hour-old LAB isolate. The 

preparation was left for 1 minute and 

washed with distilled water. A total of 1 drop 

of iodine was added to the preparation, left for 2 

minutes and rinsed with distilled water. The 

preparation was re-washed using 95% ethanol 

and rinsed under running water. LAB isolates 

were added safranin, rinsed under running 

water. The preparations were dried at room 

temperature, then observed under a 

microscope at 1000x magnification. 
3) Isolation of bacteriocin produced by 

Lactobacillus acidophilus 

Lactobacillus acidophilus bacterial isolates 

that grew on 48-hour-old MRS agar were 

inoculated into 10 ml of MRS broth media and 

incubated for 48 hours at 37oC in an anaerobic 

atmosphere. Furthermore, the culture was 

centrifuged at 6000 rpm for 2x30 minutes. The 

liquid was taken as much as 5 mL and then put 

in effendof. The liquid was used as bacteriocin 

and ready for antibacterial testing. 

4) Heating temperature treatment of bacteriocin 5 

ml Bacteriocin was divided into 4 groups, each

 group was treated with heating 

temperature ranging from 40 oC, 60 oC, 80 oC, 

and 100 oC. Each treatment at this heating 

temperature was repeated twice. The heating 

treatment was carried out  by  putting 

bacteriocin into effendof with a volume of 

1.25 mL for each treatment. After that, the 

bacteriocin was heated in a water bath with 

different temperatures for 30 minutes. 

Furthermore, the bacteriocin was tested for 

antibacterial against Methicilin resistant 

Staphylococcus aureus (MRSA) with the 

Kirby Bauer method. 
5) Methicilin resistant Staphylococcus aureus 

(MRSA) test bacteria preparation 

Inoculation of MRSA test bacteria in TSA 

media and incubation at 37°C for 1 x 24 hours 

in an aerobic atmosphere. Preparation of 

bacterial inoculum for MRSA testing was 

carried out by taking several MRSA colonies 

from TSA media using an ose and inserting 

them into 2 ml of BHI media. Turbidity 

correction w a s  performed u s i n g  

0 . 5 % McFarland normalization standard 

equivalent to 1.5 × 108 CFU/mL. 

6) Antibacterial testing of bacteriocins against  

Methicilin resistant Staphylococcus aureus 

(MRSA) by Kirby Bauer method MRSA test 

bacteria with a concentration of 1.5 × 108 

CFU/mL were grown on Mueller Hinton Agar 

media by swabbing with a sterile cotton swab. 

Sterile cotton swabs were dipped into the test 

bacterial suspension evenly on the entire 

surface of the MHA media and then allowed 

to stand for 5-15 minutes so that the 
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suspension could seep into the media. Paper 

discs were dripped with 20 μl of bacteriocin 

supernatant suspension that had been given 

several heating temperature treatments. The 

discs were placed on MHA Media containing 

the test bacteria, then incubated at 37oC for 24 

hours in an aerobic atmosphere. The diameter 

of the inhibition zone formed was measured 

using a caliper with millimeter units. The 

diameter of the inhibition zone was used to 

determine the antimicrobial activity of 

Lactobacillus acidophilus bacteria against 

MRSA bacteria. 

7) Data analysis 

Inhibition zone diameter data from each 

treatment was tested using ANOVA test, to 

determine the effect of heating on bacteriocin 

activity produced by Lactobacillus 

acidophilus against MRSA. 

 

RESULT AND DISCUSSION 

(1) Result 

The examination of bacteriocin activity produced by 

Lactobacillus acidophilus against MRSA was carried 

out by identifying Lactobacillus acidophilus and 

antibacterial tests. Identification by gram staining 

showed that Lactobacillus acidophilus bacteria are 

gram-positive with bacillus-shaped cells (Figure 1). On 

MRS agar media, the colonies are round and white-

light brown in color. 

 

Figure 1. Bacterial cell shape of Lactobacillus 

acidophilus by Gram stain 

 

Figure 2. showed the results of the examination of 

bacteriocin activity produced by Lactobacillus 

acidophilus against Methicilin resistant Staphylococcus 

aureus (MRSA) with various heating temperature 

treatments. The average diameter of the inhibition zone 

was 5.25 millimeters. This study shows that bacteriocin 

produced by Lactobacillus acidophilus bacteria has 

activity against MRSA bacteria.  

 
Figure 2. Diameter of inhibition zone of bacteriocin 

produced by Lactobacillus acidophilus against MRSA 

 

The diameter of the bacteriocin inhibition zone with 60 oC 

temperature treatment showed the highest antibacterial 

activity of 8 mm. At 40 oC, bacteriocin has not shown its 

antibacterial activity. From these data, it is obtained that the 

optimal heating temperature for antibacterial activity of 

bacteriocin against MRSA is 60 oC. ANOVA test analysis 

results obtained P = 0.072. The statistical test results prove 

that temperature does not affect the activity of Lactobacillus 

acidophilus bacteriocin against MRSA. 

 

(2) Discussion 

This study proves that bacteriocins produced by L. 

acidophilus have antibacterial power against Methicillin- 

resistant Staphylococcus aureus (MRSA) bacteria. 

temperature does not affect the activity of bacteriocins 

produced by L. acidophilus against MRSA. The optimal 

temperature of antibacterial activity of bacteriocin produced 

by L. acidophilus was 60°C with an average inhibition zone 

diameter of 8 mm. 

The bacteriocin activity produced by L.acidophilus against 

MRSA is considered moderate. This is in accordance with 

the criteria of Ismail et al. (2017) that antibacterial inhibition 

zone activity can be grouped into four groups, namely weak 

activity (<5 mm), moderate (5-10 mm), strong (>10-20 mm) 

and very strong (>20-30 mm). The larger the clear zone on 

MHA media, the higher the level of antibacterial activity 

against pathogens. The antibacterial activity of bacteriocins 

produced by L. acidophilus isolate bacteria is included in the 

moderate category against Methicillin-resistant 

Staphylococcus aureus (MRSA). This study proves that the 

existence of temperature variations does not have a 

significant effect on the diameter of the inhibition zone 

produced by bacteriocins against the growth of Methicillin-
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resistant Staphylococcus aureus (MRSA). The average 

value of the diameter of the inhibition zone formed by 

bacteriocin in all temperature treatments is 5.25 mm, the size 

of this diameter is included in the group of moderate 

antibacterial activity with a diameter range of 5-10 mm. 

Heating temperature can affect protein stability and activity 

against all types of proteins (Wang et al., 2015). This effect 

is due to changes in protein structure at moderate heating 

temperatures (Ellouze et al., 2021). According to Widayati 

et al (2019), the antibacterial activity of bacteriocins against 

E. coli and S. aureus formed the highest inhibition zone at 

100°C. Bacteriocins remain stable at heating temperatures, 

pH, and the administration of high concentrations of NaCl 

(Zanengeh., et al 2020). 

Research proves that bacteriocins remain stable at high, 

normal, and low temperatures as seen from the size of the 

diameter of the inhibition zone on the growth of pathogenic 

bacteria (Sukmawati et al., 2022). Although bacteriocins are 

resistant to high temperatures, research shows that there is a 

25% decrease in the antibacterial ability of nisin-type 

bacteriocins when heating at 160°C for a duration of 5 

minutes and a 60% decrease when heating at 180°C for a 

duration of 5 minutes (Holcapkova et al., 2018). Besides 

being influenced by pH and temperature, the antibacterial 

activity of bacteriocins is also influenced by the length of 

incubation time. Research proves that the highest activity of 

bacteriocins against pathogenic bacteria is in lactic acid 

bacteria with an incubation time of 27oC for 14 hours at pH 

6 (Marwati et al., 2018). 

The results of this study are similar to research by Zanengeh 

et al. (2020) that the activity of antibacterial bacteriocins is 

stable to different temperature treatments. However, the 

results of this study differ from research conducted by 

Widayati et al. (2019) which showed that the highest 

antibacterial activity of bacteriocins against Escherichia coli 

and Staphylococcus aureus was produced by bacteriocins 

with heating at 100°C. 

Bacteriocins are a number of antibacterial peptides known 

as bacteriostatic and bactericidal against bacterial growth. 

Bacteriocins are synthesized in ribosomes that undergo 

modification after the translational process and then 

converted into an active form (Mokoena, 2017). 

The growth of pathogenic bacteria associated with specific 

proteins contained in lactic acid bacteria genes can be 

inhibited by bacteriocins (Hols et al., 2019). Bacteriocins 

obtained from gram-positive bacteria are able to work by 

damaging the integrity of the bacterial cell membrane. 

There is one type of antibacterial bacteriocin that forms 

pores in the bacterial cell membrane and after that there will 

be an increase in the permeability of the cell which results 

in bacterial death. Other types of bacteriocins also produce 

antibacterial properties by inhibiting enzymes during the 

peptidoglycan biosynthesis process. The accumulation of 

peptidoglycan in the cytoplasm as a result of this enzyme 

inhibition will then result in disruption of the bacterial cell 

membrane (Simons et al., 2020). 

Figure 3. shows the mechanism of how bacteriocins work in 

killing bacteria 

 

 

Figure 3. Bacteriocin mechanism kills pathogen 

 

In a study, Yao Wang (2019) conducted a study against 

Listeria monocytogenes using bacteriocins from 

Lactobacillus plantarum LPL-1 isolated from animals. The 

results suggest that bacteriocins can stop the growth of L. 

monocytogenes by making the cell membranes of the L. 

Monocytogens more acidic and creating pores inside the 

bacterial membrane. In another study, Sam Woong Kim 

(2020) and colleagues assessed the effect of bacteriocins 

produced by Lactobacillus taiwanensis against Salmonella 

gallinarum and Escherichia coli. Resultantly, it was 

observed that the bacteriocin produced by L. taiwanensis 

could inhibit bacterial growth through the lysis of the 

membrane of pathogenic bacteria and thus damage their 

protein structure. Based on the results of the mentioned 

studies, bacteriocins can be used as a tool to inhibit the 

bacteria that cause food spoilage. 

 
Figure 4. shows the inhibitory activity against pathogens 
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Bacteriocins fight various pathogenic microorganisms 

through various mechanisms, protecting the human body 

from infection. (a) Bacteriocins have the ability to kill 

pathogenic bacteria directly by stopping the biosynthesis of 

bacterial cell walls by complexing lipid II and forming pores 

on the cell membrane. In addition, bacteriocins can interfere 

with the sensing of the bacterial population as signaling 

molecules, or enter the cell through transporters and interact 

with very important enzymes, such as ATP-dependent 

proteases. This eliminates the presence of pathogenic 

bacteria in the body and reduces the tendency of bacteria to 

enter the lungs, kidneys, and liver, among others. (b) For 

viruses, bacteriocins can prevent the proliferation or transfer 

of viruses by preventing the production of glycoproteins in 

the late stage of virus replication. (c) For parasites, 

bacteriocins can prevent parasites by depolarizing the 

mitochondrial membrane and the production of reactive 

oxygen species. 

 

CONCLUSION AND RECOMMENDATION 

This study showed that bacteriocin produced by L. 

acidophilus has antibacterial activity against Methicillin- 

resistant Staphylococcus aureus (MRSA) bacteria. The 

treatment of various heating temperatures did not affect the 

antibacterial activity of bacteriocins produced by 

L.acidophilus against MRSA. The optimal temperature to 

obtain antibacterial activity of bacteriocins produced by 

L.acidophilus was 60oC, with an inhibition zone diameter of 

8 mm. The presence of antibacterial activity of bacteriocins 

can be developed further research, to obtain complete 

information about the utilization of bacteriocins as 

antibacterial against pathogenic bacteria, especially those 

that are resistant to various antibiotic substances. 
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ABSTRACT 

Introduction: Methicillin-resistant Staphylococcus aureus (MRSA) is a pathogenic bacterium that is resistant to 

antibiotics. MRSA causes skin and soft tissues, lungs, blood flow, endocarditis, and osteomyelitis. The rate of MRSA 

infection in the world is 14.69% and in Indonesia by 25%-65%. They have resistance to beta-lactam antibiotics, penicillin, 

cephalosporin, and tetracycline. Bacteriosin is produced by lactic acid bacteria. The bacteriosins produced by 

Lactobacillus Plantarum has the ability to inhibit the growth of positive gram bacteria. Purpose: The study aims to 

knwoing how the temperature affects the bacteriologic activity produced by Lactobacillus plantarum affects the MRSA. 

Methode: The study employed quasi-experimental laboratory methods. Lactobacillus plantarum is grown on De Man 

Rogosa and Sharpe (MRS) Liquid media for 48 hours. Bacteria at 6000 RPM can be traced to a bacterium through a 

bacterium. The fluid formed was tested by its antibacterial effect on MRSA bacteria using the Kirby Bauer method. 

Bacteria are treated with different temperatures; 40°C, 60°C, 80°C, and 100 °C. The diameter of the obstructive zone 

formed during the testing process is measured by a millimeter. The data is analyzed by ANOVA methods. Finding: The 

bacteria generated by Lactobacillus plantarum on the MRSA showed an average diameter of the inhibition zone of 5.63 

mm. The spectrum of the largest antibacterial activity indicates that the bacteria is heated at 60 °C temperature. 

Conclusion: The study showed results that the temperature did not affect the bacteria's antibacterial activity that the 

Lactobacillus plantarum produced on the MRSA. Originality/Implication: The results of this study prove that variations 

in temperature treatment do not affect the bacteria generated by the Lactobacillus plantarum in impeding or killing MRSA. 

 

ABSTRAK 

Pendahuluan: Staphylococcus aureus (MRSA) yang resisten terhadap Methicillin-resistant adalah bakteri patogen yang 

resisten terhadap antibiotik. MRSA menyebabkan kulit dan jaringan lunak, paru-paru, aliran darah, endokarditis, dan 

osteomielitis. Tingkat infeksi MRSA di dunia adalah 14,69% dan di Indonesia sebesar 25%-65%. Mereka memiliki 

resistensi terhadap antibiotik beta-laktam, penisilin, sefalosporin, dan tetrasiklin. Bakteriosin diproduksi oleh bakteri asam 

laktat. Bakteriosin yang diproduksi oleh Lactobacillus Plantarum memiliki kemampuan untuk menghambat pertumbuhan 

bakteri gram positif. Tujuan: Penelitian ini bertujuan untuk mengetahui bagaimana suhu mempengaruhi aktivitas 

bakteriologis yang diproduksi oleh Lactobacillus plantarum mempengaruhi MRSA. Metode: Studi ini menggunakan 

metode laboratorium kuasi-eksperimental. Lactobacillus plantarum ditanam di media Cair De Man Rogosa dan Sharpe 

(MRS) selama 48 jam. Bakteri pada 6000 RPM dapat ditelusuri ke bakteri melalui bakteri. Cairan yang terbentuk diuji 

dengan efek antibakterinya pada bakteri MRSA menggunakan metode Kirby Bauer. Bakteri diperlakukan dengan suhu 

yang berbeda; 40°C, 60°C, 80°C, dan 100 °C. Diameter zona obstruktif yang terbentuk selama proses pengujian diukur 

dengan satu milimeter. Data dianalisis dengan metode ANOVA. Hasil: Bakteri yang dihasilkan oleh Lactobacillus 

plantarum pada MRSA menunjukkan diameter rata-rata zona penghambatan 5,63 mm. Spektrum aktivitas antibakteri 

terbesar menunjukkan bahwa bakteri dipanaskan pada suhu 60 °C. Kesimpulan: Studi ini menunjukkan hasil bahwa suhu 

tidak mempengaruhi aktivitas antibakteri bakteri yang diproduksi Lactobacillus plantarum pada MRSA. 

Orisinalitas/Implikasi: Hasil penelitian ini membuktikan bahwa variasi dalam perlakuan suhu tidak mempengaruhi 

bakteri yang dihasilkan oleh Lactobacillus plantarum dalam menghambat atau membunuh MRSA. 
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INTRODUCTION 

Methicillin-Resistant Staphylococcus aureus is a 

collection of bacteria produced from S.aureus cultures 

that are resistant or resistant to antibiotics such as must-

have and beta-lactam groups. The MRSA resistance 

process is formed due to the Penicilin Binding Protein 

(PBP2a) produced by Staphylococcus aureus which is 

regulated by the mecA gene which has a low affinity for 

methicillin (indas W. et al., 2023). Staphylococcus 

aureus Is a gram-positive bacterium that has the enzyme 

catalase, is cocci-shaped, and is an opportunistic 

pathogen in humans. MRSA can result in death, 

increased pain rates, and increased nosocomial 

infections. (Yulianto A. et al., 2019) 

 Peptida atau protein yang disintesis dalam 

ribosom oleh bakteri asam laktat disebut bakteriosin. 

Bakteriosin memiliki kemampuan bakterisida yang 

terkait erat dengan bakteri penghasilnya, terutama 

bakteri gram positif. Sebagai antibakteri ada beberapa 

mekanisme utama bakteriosin, yaitu degradasi sel DNA, 

pembentukan pori, dan menghentikan sintesis 

peptidoglikan. (Merliana P. et al., 2020) 

 In the Al-Qur'an, Allah says in the letter Ash-

Syu'ara verse 80 "And when I am sick, He is the only 

one who heals me from illness, there is no healer for me 

other than Him." 

 Various strains of lactic acid bacteria with 

various types of closely related foods can produce 

bacteriosin so that it effectively kills pathogens in food 

such as Staphylococcus aureus, Shigella flexneri, 

Escherichia colli, clostridium botulinum, Pseudomonas 

fluorescens, and other. Bacteriocin has high stability, 

has the potential for synergistic effects, and has no side 

effects. In the food industry it is very important to 

choose the appropriate antibiotic-producing strain. 

(Atieh D. Et al., 2022) 

 Lactobacillus plantarum Is a lactic acid 

bacterium that produces secondary metabolites in the 

form of bacteriosin used in the health world for 

antimicrobials and food products. The bacteriosin 

produced by L.plantarum has the ability to be 

antimicrobial at 24 to 36 hours. The 28th hour is the 

optimum production time of bacteriosin and has the 

highest antibacterial activity (Nadia P. et al., 2019). 

Lactobacillus plantarum Grows at dawn if it is at a 

temperature between 28 and 45 °C, while it will grow 

optimally at 37°C. (Neelja S. Et al., 2021) 

 So far there is still little, and no research has 

even been found on the effect of warming temperature 

on the bacteriosin activity produced by Lactobacillus 

plantarum on MRSA. This research was conducted to 

determine the influence of temperature on the activity of 

bacteriosin produced by Lactobacillus plantarum 

against MRSA and obtain the optimum temperature of 

bacteriosin activity to kill MRSA bacteria.  

 

LITERATURE REVIEW 

 

(1) Methicillin resistant Staphylococcus aureus 

(MRSA) 

MRSA is a bacterium that arises due to 

resistance to antibiotics. The spread of this 

bacterium is often found in health care centers 

through contact between patients and medical 

devices or medical personnel. (Santy 

pristianingrum et al., 2021) 

MRSA is 100% resistant to antibiotics such as 

cefotaxim and ceftriaxone. 80% resistant to 

azithromycin, clindamycin, and erythromycin. 

60% resistant to ofloxacin. Also, 40% were 

resistant to ciprofloxacin. Meanwhile, 

antibiotics that are 100% sensitive to MRSA 

are trimethoprim-sulfamethoxazole, 

chloramphenicol, and gentamycin. (Definov T. 

Et al., 2014)  

MRSA has a correlation to malignancy. Most 

occur in incoming solid tumors such as neck 

and head tumors, lung tumors, and buli tumors. 

(Moehammad I. Et al., 2014)  

(2) Lactobacillus plantarum 

Lactobacillus plantarum is a 

homofermentative lactic acid bacteria that is 

able to convert carbohydrates into lactic acid. 

L.plantarum has a bactericidal effect and can 

inhibit the growth of bacteria from lactic acid 

associated with decreasing the pH of the 

environment to 3-4.5. Where generally patoge 

will grow at a pH of about 6-8. (Ririn P. Et al., 

2011)  

L.plantarum is a gram-positive bacterium. Has 

a size of 0.9-1.2 to 1.0-8.0 in the form of a rod, 

can be single or chain. (Akhmad H. Et al., 

2019) 

The original habitat of L.plantarum is the 

mucous membrane of animals or humans, 

waste, plants, fermented foods such as sour 

milk, sour dough, and many more. (Bambang 

P., et al 2016) 

(3) Bacteriocins 

Bakterioscins is a protein produced by a 

bacterium to inhibit the growth of other 

bacteria. (Sri M. et al., 2022)  

Bacteriosin can be used as a natural 

preservative to prevent the growth of bacteria 

also called biopreservative agents. (Nurraifah 

et al., 2021)  

 

METHOD 

 
(1) Study design 

This research is a laboratory experiment, the 

research was carried out in May - June 2024 and is 

located in the Microbiology laboratory of the Faculty of 

Medicine and Health Sciences, Muhammadiyah 

University of Yogyakarta. This research has received 

permission from the FKIK UMY HEALTH 



Proceedings The 5th UMYGrace 2024  

(Universitas Muhammadiyah Yogyakarta Graduate Conference) 

 

 

 

Volume 4 Issue 2 (2024) 

“Renewable Energy, Environment, and Technology for Sustainable Transformation” 10 

Doi: 10.18196/umygrace.v4i1.666  

 

 

 

 

 

 

RESEARCH ETHICS COMMITTEE no. 051/EC-

EXEM-KEPK FKIK UMY/IV/2022. 

 

(2) Samples 

The research sample is Lactobacillus 

plantarum collection from PAU UGM laboratory on Jl. 

Teknika Utara, Caturtunggal, Depok, Sleman Regency, 

Special Region of Yogyakarta. The test bacteria used is 

Methicillin resistant Staphylococcus aureus (MRSA) 

local isolate from the FK UGM Microbiology 

Laboratory.  

(3) Tools and Materials 

 

The tools used in this study include Petri cup (Iwaki 

pyrex), Ose needle, object glass, test tube, erlemeyer 

tube (Iwaki pyrex), beaker glass (Iwaki pyrex), 

autoclave, microscope, incubator, Biological Safety 

Cabinet, bunsen, refrigerator, centrifugation, water bath 

and caliper. 

 

Ingredients used in this study include Lactobacillus 

plantarum isolate, De Man Rogosa and Sharpe (MRS) 

agar media, De Man Rogosa and Sharpe (MRS) broth, 

aquades, violet crystals, iodine, 95% ethanol, safranin, 

dapar phosphate, NaOH, HCl, Mueller Hinton Agar 

(MHA), Trypticase Soy Agar (TSA) 

 

(4) Research Prosedure 

Rejuvenation of Lactobacillus plantarum 

bacterial culture 

 

Lactobacillus plantarum is carried out by 

subculture on MRS media so that by using the 

Streak Plate method. Colonies of bacteria are 

inoculated into MRS media in order to use 

sterile ose by being scratched into the media. 

Then MRS should be incubated at a 

temperature of 37oC for 48 hours, 

anaerobically. The growing colony is identified 

by gram staining. 

 

Identify Lactobacillus plantarum bacteria 

by gram staining 

 

Bacteria are checked with Gram staining. 

Gram coloring is done by adding one drop of 

violet crystals to the preparation that has been 

smeared with BAL isolate which is 24 hours 

old. The preparation is left for 1 minute and 

washed with aquades. A total of 1 drop of 

iodine is added to the preparation, left for 2 

minutes and rinsed with aquades. The 

preparation is re-washed using 95% ethanol 

and rinsed in running water. BAL isolate added 

safranin, rinsed in running water. The 

preparation is dried at room temperature, then 

observed under a microscope with a 

magnification of 1000x. 

 

Isolation of bacteriosin produced by 

Lactobacillus plantarum 

 

Lactobacillus plantarum bacterial isolate that 

grows on MRS to be 48 hours old, is inoculated 

into 10 ml of MRS broth media then incubated 

for 48 hours at 37oC in an anaerobic 

atmosphere. Next the culture is centrifugated at 

a speed of 6000 rpm for 2x30 minutes. The 

liquid is taken as much as 5 mL and then 

inserted into the effendof. The liquid is used as 

bacteriosin and is ready for antibacterial tests. 

 

Heating temperature treatment of 

bacteriosin 

 

5 ml of Bacteriosin is divided into 4 groups, 

each group is treated with a heating 

temperature ranging from 40 oC, 60 oC, 80 oC, 

and 100 oC. Each treatment at this heating 

temperature is done 2 repetitions. The heating 

treatment is carried out by inserting bacteriosin 

into the effendof with a volume of 1.25 mL of 

each treatment. After that bacteriosin is heated 

in a water bath with different temperatures for 

30 minutes. Furthermore, bacteriosin was 

tested for antibacterial against Methicilin 

resistant Staphylococcus aureus (MRSA) by 

the Kirby Bauer method. 

 

Test bacterial preparation Methicilin 

resistant Staphylococcus aureus (MRSA) 

 

MRSA test bacterial inoculation in TSA media 

and incubation at 37°C for 1 x 24 hours in 

aerobic atmosphere. Preparation of bacterial 

inoculum for MRSA testing was performed by 

taking several MRSA colonies from TSA 

media using ose and inserting them into 2 ml of 

BHI media. Turbidity correction was 

performed using the McFarland 0.5% 

normalization standard equivalent to 1.5 × 108 

CFU/mL. 

 

Bacteriosin antibacterial testing against 

Methicilin resistant Staphylococcus aureus 

(MRSA) by Kirby Bauer method 

 

MRSA test bacteria with a concentration of 1.5 

× 108 CFU/mL are planted on Mueller Hinton 

Agar media by swab using a sterile cotton stick. 

Sterile cotton sticks are dipped in the test 

bacterial suspension evenly on the entire 

surface of the MHA media then allowed to 

stand for 5-15 minutes so that the suspension 

can soak into the media. The paper disc was 

treated with a 20 μl of bacteriosin supernate 

suspension that had been given some heating 

temperature treatment. The disc is placed on 
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top of the MHA Media containing the test 

bacteria, then incubated at 37οC for 24 hours 

in an aerobic atmosphere. The diameter of the 

barrier zone formed is measured using a caliper 

with millimeter units. The diameter of the 

barrier zone is used to determine the 

antimicrobial activity of Lactobacillus 

plantarum bacteria against MRSA bacteria. 

 

(5) Data analysis 

 

The resistance zone diameter data of each 

treatment were tested using the ANOVA test, 

to determine the effect of warming on the 

bacteriosin activity produced by Lactobacillus 

acidophilus on MRSA. 

 

RESULT AND DISCUSSION 

 
(1) Result 

Examination of bacteriosin activity produced by 

Lactobacillus plantarum against MRSA is carried out by 

identification of Lactobacillus plantarum and 

antibacterial test. Identification by gram staining shows 

that Lactobacillus plantarum bacteria are gram positive 

with bacillus-shaped cells (Figure 1). In MRS media so 

that the colony is round and light white brown in color. 

  

 
Firuge 1. Bacterial cell form of Lactobacillus 

plantarum with Gram staining  

 

Table 1. The difference in temperature-based 

inhibition zones 

Mean diameter of bacteriocin inhibition 

zone with various temperature treatments 

temperature 40 

oC 

60 

oC 

80 

oC 

100 

oC 

diameter of 

inhibition 

0 

mm 

8   

mm 

7 

mm 

7.5 

mm  

 

Table 1. Showing the results of examination of 

bacteriosin activity produced by Lactobacillus 

plantarum against MRSA with various heating 

temperature treatments. The average barrier zone 

diameter is 5,625 millimeters. This research shows that 

bacteriosin bacteria produced by Lactobacillus 

plantarum bacteria have activity against MRSA 

bacteria. 

 

The diameter of the bacteriosin inhibition zone with a 

temperature treatment of 60 oC shows the highest 

antibacterial activity of 8 mm. At a temperature of 40 oC 

bacteriosin has not shown its antibacterial activity. From 

the data, information was obtained that the optimum 

heating temperature for antibacterial activity bakteriosin 

terhadap MRSA sebesar 60 oC. Hasil analisis uji 

ANOVA diperoleh P=0.069. Dari hasil uji statistik 

tersebut membuktikan bahwa suhu tidak mempengaruhi 

aktivitas bakteriosin Lactobacillus plantarum terhadap 

MRSA. 

 

(2) Discussion 

This research proves that the bacteriocin produced by 

L.plantarum has antibacterial power againstMRSA 

bacteria. Temperature does not affect the bacteriocin 

activity produced by L.plantarum against MRSA. The 

optimum temperature of bacteriocin antibacterial 

activity produced by L.plantarum is 60 oC with an 

average barrier zone of 8 mm. The bacteriocin activity 

produced by L.plantarum against MRSA is moderate. 

There are 4 categories of antimicrobial resistance zone 

activity groups, namely: very strong activity (>20-

30mm), strong (> 10-20 mm), medium (5-10 mm), and 

weak (<5 mm). The diameter of this resistance zone is 

produced from the measurement of the clear zone 

produced by the paper disc and measured using mm 

units. (Frans U. D. Et al., 2019) 

Inhibition of Staphylococcus aureus and 

Escherichia coli is capable of being carried out by 

bacteriocin produced by Lactobacillus plantarum 

obtained by dialysis and purification stages. At room 

temperature up to 100 °C bacteriocin Lactobacillus 

plantarum will remain stable with a weak category at 

100°C, a moderate category at at 80°C, a strong category 

at a temperature of 65°C. Testing is done on Escherichia 

coli bacteria. The bacteriosin produced by Lactobacillus 

plantarum is very sensitive to the enzyme’s pepsinogen 

and trypsin and with a decrease in protein concentration 

by 78.18% and 67.56% (Nadzifah & Mafrudhotin, 

2022). This is in line with this study that the most 

optimal temperature is in the range of 60-65°C. 
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Generally, the antibacterial mechanism of 

Bacteriosin Lactobacillus is to damage the cell 

membrane of the target bacteria by forming pores to 

affect the permeability of the cell membrane (Allysa S. 

Et al., 2022). Inhibition of the growth of Escherichia 

coli bacteria, Staphylococcus aureus. And Salmonella 

typhi can be done by the bacteriosin bacterium 

Lactobacillus plantarum (Rafika S. Et al., 2016) 

Figure 2. Shows the mechanism of how bacteriosin 

works in killing bacteria. 

 

There is also bacteriosin 13B which comes 

from the isolation of the cow colon. This bacteriosin is 

thought to have a molecular weight of less than 10 kDa 

and has antimicrobial activity against bacteria Bacillus 

cereus, Staphylococcus aureus, and Escherichia coli (Ni 

P. et al., 2017). Glucose is the best source of carbon in 

influencing bacteriosin activity (Kusmiati & Amarila M. 

2002). Inhibition to cell wall synthesis, nucleic acid 

synthesis and major metabolism, and protein synthesis 

are the working mechanisms of bacteriosin (Sri Mastuti, 

2022). 

 

Figure 3. Show inhibitory activity against 

pathogens  

 

To inhibit various pathogenic microorganisms 

that attack the body, bacteriosin has several 

mechanisms. (a) If due to bacteria, bacteria are killed by 

bacteriosin by inhibiting the biosynthesis of bacterial 

cell walls by complexing lipid II and forming pores in 

the cell membrane. On the other hand, a bacterial 

sensing system that is useful as a signaling molecule can 

also be disturbed by bacteriosin through Transporters 

and interact with protease enzymes that need ATP. 

Thus, pathogenic bacteria do not easily enter the lungs, 

kidneys, and liver. (b) resistance to the virus, bacteriosin 

prevents the production of glycoproteins in the virus and 

prevents its proliferation. (c) while for parasites, 

bacteriosin through mitochondrial membrane 

depolarization and the production of reactive oxygen 

species will prevent parasite attack. (Fuqing Huang et al, 

2021) 

 

There are other studies that methanol extract 

has the ability to inhibit the growth of MRSA bacteria 

(Irma S. & Risa N., 2017). In other studies, it is also 

mentioned that guava stem methanol extract has 

resistance strength equivalent to linezolid antibiotic 

resistance (Risa N. & Yunita., 2012). The isolation 

carried out on Holothuria scabra also has the potential to 

be used as an anti-MRSA agent because it has a fairly 

large resistance zone [19]. Garlic and turmeric are 

medicinal plants that can be used to inhibit the growth 

of MRSA bacteria (Dwi H. et al., 2010) 

 

COCLUSION AND RECOMMENDATION 

 

The results of this study show that there is no 

influence between temperature and bacteriosin activity 

produced by Lactobacillus plantarum on MRSA. The 

clear zone produced by bacteriosin at a temperature of 

40°C, 60°C, 80°C, 100°C has an average diameter of 

5,625 mm. Bacteriosin has the largest resistance zone at 

a temperature of 60°C with a diameter of 8 mm. Further 

research needs to be done with more temperature 

variations and may use bacteriosin produced by other 

bacteria
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ABSTRACT 

Introduction: Methicillin-Resistant Staphylococcus aureus (MRSA) is a strain of Staphylococcus aureus that has 

developed resistance to the antibiotic’s methicillin and beta lactams. MRSA has infected approximately 11 million people, 

and causes skin and soft tissue infections, bacteremia, pneumonia, osteomyelitis, endocarditis, meningitis, and sepsis. 

MRSA can be transmitted through hands, contact between patients and other people, nurses or doctors who do not wash 

their hands, and even health workers who have MRSA colonies on their hands and front of the nose without symptoms. 

Purpose: This study aims to determine the effect of pH on the activity of bacteriocins produced by Lactobacillus Acidophilus against 

MRSA. Methods: This research uses quasi-experimental laboratory methods. Lactobacillus acidophilus was grown in 

liquid MRS media for 48 hours. Bacteriocin was obtained by centrifuging liquid MRS containing bacteria at a speed of 

6000 rpm for 40 minutes. The liquid formed was tested for its antibacterial effect against MRSA bacteria using the Kirby 

Bauer method. Bacteriocins were treated with various different pHs, that is; 2, 4, 6, 8, 10. The diameter of the inhibition 

zone formed during the testing process is measured in millimeters. Data were analyzed using the ANOVA method. 

Finding: The bacteriocin activity produced by Lactobacillus acidophilus against MRSA showed an average diameter of 

the inhibition zone of 2.90 mm. The broadest spectrum of antibacterial activity was demonstrated in bacteriocins treated 

with pH 2. Conclusion: This study shows that pH does not affect the antibacterial activity of bacteriocins produced by 

Lactobacillus acidophilus against MRSA. Originality/Implication: The results of this study prove that various pH 

treatments do not affect the ability of bacteriocins produced by L. Acidophilus to inhibit/kill MRSA. 

Keywords: MRSA, pH, Lactobacillus acidophilus 

ABSTRAK 

Pendahuluan: Methicillin-Resistant Staphylococcus aureus (MRSA) adalah jenis Staphylococcus aureus yang telah 

mengembangkan resistensi terhadap antibiotik metisilin dan beta laktam. MRSA telah menginfeksi sekitar 11 juta orang, 

dan menyebabkan infeksi kulit dan jaringan lunak, bakteremia, pneumonia, osteomielitis, endokarditis, meningitis, dan 

sepsis. MRSA dapat ditularkan melalui tangan, kontak antara pasien dengan orang lain, perawat atau dokter yang tidak 

mencuci tangan, dan bahkan petugas kesehatan yang memiliki koloni MRSA di tangan dan bagian depan hidung tanpa 

gejala. Tujuan: Penelitian ini bertujuan untuk mengetahui pengaruh pH terhadap aktivitas bakteriosin yang dihasilkan 

oleh Lactobacillus Acidophilus terhadap MRSA. Metode: Penelitian ini menggunakan metode laboratorium 

eksperimental semu. Lactobacillus acidophilus ditumbuhkan dalam media MRS cair selama 48 jam. Bakteriosin diperoleh 

dengan cara menyentrifugasi MRS cair yang mengandung bakteri dengan kecepatan 6000 rpm selama 40 menit. Cairan 

yang terbentuk diuji efek antibakterinya terhadap bakteri MRSA dengan metode Kirby Bauer. Bakteriosin diperlakukan 

dengan berbagai pH yang berbeda, yaitu; 2, 4, 6, 8, 10. Diameter zona hambat yang terbentuk selama proses pengujian 

diukur dalam satuan milimeter. Data dianalisis dengan menggunakan metode ANOVA. Temuan: Aktivitas bakteriosin 

yang dihasilkan oleh Lactobacillus acidophilus terhadap MRSA menunjukkan diameter rata-rata zona hambat sebesar 

2,90 mm. Spektrum aktivitas antibakteri yang paling luas ditunjukkan pada bakteriosin yang diberi perlakuan pH 2. 

Kesimpulan: Penelitian ini menunjukkan bahwa pH tidak mempengaruhi aktivitas antibakteri bakteriosin yang 

diproduksi oleh Lactobacillus acidophilus terhadap MRSA. Keaslian/Implikasi: Hasil penelitian ini membuktikan 

bahwa perlakuan pH yang berbeda tidak mempengaruhi kemampuan bakteriosin yang dihasilkan L. acidophilus dalam 

menghambat/membunuh MRSA. 

Keywords: MRSA, pH, Lactobacillus acidophilus 
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INTRODUCTION 

Staphylococcus aureus bacteria, which are one of the 

normal florae on the skin and anterior nasal passages, can 

become pathogenic when the patient's immune system is 

decreased, and about 30% of healthy adults have these 

bacteria inside their nose and 20% on the surface of their 

skin (Suyasa & Mastra, 2020). Due to the ability of S. 

aureus bacteria to produce an enzyme encoded by the 

mecA gene, these bacteria are becoming more common 

worldwide and are known as MRSA, or antibiotic-

resistant Staphylococcus aureus (Prasetya et al., 2019). 

MRSA (Methicillin-Resistant Staphylococcus aureus) is a 

strain of S. aureus that is resistant to methicillin and β-

lactam antibiotics (Rahman et al., 2023). The 76kDa gene 

in MRSA bacteria expresses the penicillin-binding protein 

(PBP2a) enzyme that allows it to hydrolyze most β-lactam 

antibiotics. Nearly 11 million people are infected by this 

bacterium with skin and soft tissue infections, bacteremia, 

pneumonia, osteomyelitis, endocarditis, meningitis, and 

sepsis (Bhakyasharee & Khanabirran, 2018).  

Lactobacillus acidophilus is one of the producers of 

lactic acid bacteria (LAB), which consists of rod-

shaped or cocci (round) gram-positive bacteria that do 

not have spores and produces its main product, lactic 

acid, from carbohydrate fermentation. L. acidophilus 

can be used in the fermentation industry to produce 

organic acids and bacteriocins that help prevent the 

growth of microorganisms (Ningrumsari & 

Herlinawati, 2019). Most L.acidophilus strains are 

microaerobic bacteria, which grow better in anaerobic 

environments, or at 5–10% CO2, than in aerobic 

environments. L.acidophilus lacks heat resistance, and 

its ideal pH is 5.5–6.0 (Gao et al., 2022).  

Antimicrobial peptides called bacteriocins can kill or 

stop the growth of other bacteria. In addition, 

bacteriocins have amino acid sequences and 

biochemical properties that are not yet fully known. 

Antimicrobial compounds that are not yet fully known 

are referred to as Bacteriocin-Like Inhibitory 

Substances (BLIS). It is known that bacteriocins have 

bactericidal properties against species that are 

phylogenetically close to the producing species 

(Purwaningsih, 2018).  

Bacteriocins are also known as antimicrobial peptides that 

are synthesized in ribosomes, have a high degree of target 

specificity towards bacterial strains that are close to them, 

and have antimicrobial activity at concentrations as low as 

picomolar to nanomolar (Woraprayote, 2016). 

Bacteriocins meet several criteria, including being a 

protein, being bactericidal, and having a specific binding 

site to the target bacteria. The gene encoding bacteriocin 

is in the plasmid and functions against bacteria that are 

close in phylogeny but does not kill the bacteria that 

produce it (Purwaningsih, 2018). Several variables, 

including pH, temperature, enzymes, and organic 

solvents, generally affect bacteriocin activity (Senbagam 

et al., 2013). In Al-Mu'minun verses 12–14, Allah SWT 

explains how all living things develop, from living cells 

(germs or sperm) that are unicellular (single-celled) 

microscopic to new creatures (humans) that are 

multicellular (many-celled) macro (Subandi & Latifah, 

2014).   

LITERATURE REVIEW 

(1) Methicillin-Resistant Staphylococcus aureus 
(MRSA) 

Infection of Staphylococcus aureus by the bacteria 
Methicillin-resistant Staphylococcus aureus, or MRSA, is 
a bacteria that is resistant to some antibiotics, making 
treatment extremely challenging. MRSA bacterial 
infections are now a major worldwide issue that is present 
in many nations. Globally, there are still a lot of cases, and 
they are continually growing (Salsabil et al., 2022). 

 According to data from the World Health Organization, 
MRSA is the second infectious germ that requires further 
study and development in order to produce new 
medications. Numerous illnesses, including skin 
infections, wounds, lung infections, pneumonia, and 
bloodstream infections that can result in sepsis or even 
death, can be brought on by MRSA infections (Almira et 
al., 2022). Globally, MRSA is thought to be the primary 
source of nosocomial infections. It was that people who 
had MRSA bacterial infections in their bodies had a 64% 
higher mortality rate than people who had germs that did 
not withstand a range of medications. As a result, society 
depends heavily on the MRSA bacterial infection being 
treated (Salsabil et al., 2022). 

(2) L. achidophilus 

Bacteria of the type L. acidophilus were used in this study. 

In the MRSA medium, isolate regeneration takes place. 

Regeneration is the updating and expansion of bacterial 

cell proliferation. The reason this is crucial is that it will 

create fresh, vibrant bacterial breeds that are prepared for 

the best possible fermentation process (Freire et al., 2015).  

The bacteria Lactobacillus acidophilus can be used to 

make probiotics. Because of the bacterial ability to 

convert sugar into lactic acid, lactic acid bacteria (BAL) 

are widely used in the fermentation process to produce 

lactic Acid. With their ability to transform sources of 

sugar, especially lactose, into lactate acid, Lactobacillus 

bacteria can be distinguished from other acid-producing 

bacteria. Strain Lactobacillus has high commercial value 

due to its high tolerance to acid, yield, and productivity. 

In addition, the strain of Lactobacillus can be modified to 

make selective L/D acid lactate (Pujasari, 2019).  

(3) Bacteriocins 

Many bacteria and some archaea create harmful proteins 
called bacteriocins that are meant to stop the growth of 
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strains that are similar to or closely related to one another. 
At specific doses, ribosomes with antimicrobial properties 
produce these proteins (Negash & Tsehai, 2020). 

There are numerous advantages to bacteriocins that can be 
utilized. They can withstand high thermal pressures and 
remain active. Furthermore, there is no taste, color, or 
smell to these antimicrobial proteins. Because of their 
protein composition, bacteriosin fragments are quickly 
broken down by proteolytic enzymes and are not found for 
very long in the human body or in the natural world. As a 
result, there is less chance that fragmented bacteriosins and 
target strains will interact. Because of this benefit, 
bacteriosine has gained popularity as an additive in the 
culinary, medicinal, and agricultural sectors (Negash & 
Tsehai, 2020). 

METHODS 

A. Study design 

 This research uses quantitative methods and is a 

form of laboratory experiment. It was conducted in May–

June 2024 at the Microbiology Laboratory of the Faculty 

of Medicine and Health Sciences, Universitas 

Muhammadiyah Yogyakarta (FKIK UMY). This research 

has obtained permission from the Health Research Ethics 

Committee of FKIK UMY, No. 046/EC-EXEM-KEPK 

FKIK UMY/V/2024. 

B. Samples 

The sample for this research is Lactobacillus acidophilus, 

obtained from the PAU UGM Building, Jl. Teknika Utara, 

Yogyakarta Special Region 55281. L. acidophilus 

obtained is a type that is ready to be treated, and then in 

the microbiology laboratory, planting is carried out on 

liquid media and put into an anaerobic container. After 

that, incubation was carried out for 48 hours at 37 °C.  

C. Tools and Materials 

The tools used in this study include: Petri dish (Iwaki 

pyrex), Ose needle, object glass, test tube, erlemeyer tube 

(Iwaki pyrex), beaker glass (Iwaki pyrex), autoclave, 

microscope, incubator, Biological Safety Cabinet, bunsen, 

refrigerator, centrifugation, water bath and caliper. The 

materials used in this study include: Lactobacillus 

acidophilus isolate, De Man Rogosa and Sharpe (MRS) 

agar media, De Man Rogosa and Sharpe (MRS) broth 

media, distilled water, crystal violet, iodine, 95% ethanol, 

safranin, phosphate spar, NaOH, HCl, Mueller Hinton 

Agar (MHA), Trypticase Soy Agar (TSA).  

D. Lactobacillus acidophilus antibacterial preparation 

Each L. acidophilus bacterial isolate isolated from liquid 

MRS was inoculated into 10 ml of MRSB. Then it was 

incubated for 48 hours at 37oC in an anaerobic 

atmosphere. Then it was centrifuged at 6000 rpm for 30 

minutes and 2 repetitions. The first treatment was as much 

as 3 mL of bacteriocin, and the second treatment was 2 

mL of bacteriocin, which was then put in an effluent tube. 

The resulting supernatant is a crude extract of antibacterial 

L. acidophilus. The supernatant is ready to be tested for 

antibacterial power against Methicillin-Resistant 

Staphylococcus aureus (MRSA) test bacteria. 

E. Antibacterial Test of Lactobacillus acidophilus 
against MRSA 

An antimicrobial activity test was conducted on MHA 

media. Colonies of test bacteria (Methicillin-Resistant 

Staphylococcus aureus) were incubated for 24 hours, and 

then some were taken with a sterile ose and suspended into 

a test tube containing 5 mL of a sterile physiological NaCl 

solution. The turbidity of the suspension was compared 

with the 0.5% McFarland turbidity standard, which is 

equivalent to 1.5 × 108 CFU/mL on a McFarland 

densitometer. Then the treatment involved preparing a 

sterile cotton swab dipped in a suspension of test bacteria, 

which was then scraped evenly on the entire surface of the 

MHA medium. Then let it stand for 5–15 minutes so that 

the suspension can seep into the MHA media. Paper discs 

were dripped with 20 μl of L. acidophilus bacterial 

supernatant suspension. The MHA media was incubated 

at 37 °C for 24 hours in an aerobic atmosphere. The 

diameter of the inhibition zone formed was measured in 

millimeters to determine the antimicrobial activity of L. 

acidophilus against the test bacteria.  

F. Research Procedure 

1) Lactobacillus acidophilus Bacterial Culture 
Rejuvenation. 

Lactobacillus acidophilus culture was renewed 
through subculture on MRS agar media using the 
Streak Plate method. Bacterial colonies were 
inoculated into MRS agar media using a sterile loop by 
streaking. The MRS agar medium was then incubated 
at 37°C for 48 hours under anaerobic conditions. The 
colonies that grow are then identified using gram 
staining. 

2) Bacteria were identified using the Gram staining 
method. 

The procedure begins by adding one drop of crystal 
violet to the preparation that has been smeared with a 
24-hour-old Lactobacillus acidophilus isolate. The 
preparation was left for 1 minute, then washed with 
distilled water. Next, one drop of iodine is added, left 
for 2 minutes, then rinsed with distilled water. The 
preparations were washed again with 95% ethanol and 
rinsed with running water. The isolate was then stained 
with safranin and rinsed with running water. The 
preparations were dried at room temperature and 
observed under a microscope with 1000x 
magnification. 
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3) Isolation of Bacteriocins Produced by Lactobacillus 
acidophilus. 

Lactobacillus acidophilus bacterial isolates that had 
grown on MRS agar for 48 hours were inoculated into 
10 ml of MRS broth media and incubated for 48 hours 
at 37°C under anaerobic conditions. After that, the 
culture was centrifuged at 6000 rpm for 30 minutes 
twice. 5 ml of supernatant fluid was taken and put into 
an Eppendorf tube. This liquid is used as a source of 
bacteriocin and is ready to be tested for its antibacterial 
activity. 

4) pH treatment of bacteriocins. 

A total of 5 ml of bacteriocin was divided into 5 groups, 
each group was given a different pH treatment, namely 
2, 4, 6, 8, and 10. Each pH treatment was repeated 
twice. pH treatment was carried out by adding 
bacteriocin to an Eppendorf tube with a volume of 1.25 
ml for each treatment. Then, the bacteriocin is dropped 
with 1N HCl or NaOH according to the desired pH. 
After that, the antibacterial activity of bacteriocins 
against Methicillin-resistant Staphylococcus aureus 
(MRSA) was tested using the Kirby Bauer method. 

5) Methicillin-resistant Staphylococcus aureus (MRSA) 
Test Bacteria Preparation. 

MRSA test bacteria were inoculated into TSA media 
and incubated at 37°C for 24 hours under aerobic 
conditions. To prepare the MRSA inoculum, several 
MRSA colonies were taken from the TSA medium 
using a loop and transferred into 2 ml of BHI medium. 
Inoculum turbidity was adjusted to the 0.5% 
McFarland standard which corresponds to 1.5 × 10^8 
CFU/mL. 

6) Antibacterial Testing of Bacteriocins against 
Methicillin-resistant Staphylococcus aureus (MRSA) 
using the Kirby Bauer Method. 

MRSA test bacteria with a concentration of 1.5 × 10^8 
CFU/mL were grown on Mueller Hinton Agar media 
using sterile cotton swabs. A sterile cotton swab is 
dipped in the test bacterial suspension and then rubbed 
evenly over the entire surface of the MHA media, then 
left for 5-15 minutes so that the suspension can absorb 
into the media. The paper disc was dripped with 20 μl 
of bacteriocin supernatant suspension that had been 
treated with various heating temperatures. The discs 
were then placed on MHA media which had been 
inoculated with the test bacteria and incubated at 37°C 
for 24 hours under aerobic conditions. The diameter of 
the inhibition zone formed is measured with a caliper 
in millimeters. The size of this inhibition zone is used 
to assess the antimicrobial activity of bacteriocins from 
Lactobacillus acidophilus against MRSA bacteria. 

7) Data Analysis. 

Data on the diameter of the inhibition zone from each 
treatment were analyzed using the ANOVA test to 
evaluate the effect of pH treatment on the activity of 
bacteriocins produced by Lactobacillus acidophilus 
against MRSA. 

RESULT 

Based on Figure 1, it shows the measurement of the 

inhibition zone of bacteriocin activity obtained by 

Lactobacillus acidophilus against Methicillin-Resistant 

Staphylococcus aureus (MRSA) with an average 

inhibition zone of 2.90 millimetres. This study proves that 

bacteriocins produced by lactic acid bacteria isolated from 

liquid MRS have activity against gram-positive and gram-

negative bacteria. 

Figure 1. Diagram of the Zone of Inhibition of L. 

acidophilus Bacteriocin Against MRSA 

The results from the observation of Figure 1 show that the 

average zone of bacteriocin inhibition in the treatment of 

pH 4; 6; 8; and 10 is 2.90 millimeters, and the zone of 

bacteriocin inhibition, respectively, at pH 2 is 8 

millimeters, pH 4 is 6.50 millimeters, pH 6 is 0 

millimeters, pH 8 is 0 millimeters, and pH 10 is 0 

millimeters. 

From this study, the widest inhibition zone spectrum was 

obtained at pH 2 with an inhibition zone of 8 millimeters, 

and the narrowest inhibition zone spectrum was at pH 6, 

8, and 10 with an inhibition zone of 0 millimeters. The 

data obtained were then tested using a one-way ANOVA 

test with two repetitions of treatment, and data 

measurement was only done after treatment. 

The statistical test results to see whether there is an effect 

of pH on the bacteriocin activity of Lactobacillus 

acidophilus against Methicillin-Resistant Staphylococcus 

aureus (MRSA) showed the following results: 

1. The results of the Kruskal-Wallis test can be seen in 
Figure 2  

Figure 2. Kruskal-Walli’s test results 
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Based on Figure 2, the results showed that overall, there 

was no difference in the activity of Lactobacillus 

acidophilus bacteria against MRSA, with a P value of 

0.069. Thus, pH has no significant effect on the activity of 

Lactobacillus acidophilus bacteria against MRSA.  

2. The results of the Mann-Whitney test can be seen in 
Figure 3 

Figure 3. Mann-Whitney test results 

Based on Figure 3, the results showed that pH did not affect 
the bacteriocin activity of Lactobacillus acidophilus 
against MRSA. 

DISCUSSION 

Figure 4. Microscopic staining of L. acidophilus 

isolates by Gram technique 

This study proves that bacteriocin from L. acidophilus has 

antibacterial power against Methicillin-Resistant 

Staphylococcus Aureus (MRSA) bacteria, and this study 

proves that pH does not affect the activity of bacteriocin 

produced by L. acidophilus against MRSA. Diameter of  

bacteriocin inhibition zone from L. acidophilus isolate 

bacteria with an average of 2.90 mm against Methicillin-

Resistant Staphylococcus aureus (MRSA) test bacteria. 

Based on Figure 4, the results of staining the isolation of 

L. acidophilus bacteria with the gram technique show that 

L. acidophilus bacteria have microscopic characteristics 

of rod-shaped cells and are gram-positive. 

 

 

Figure 5. Diameter of Zone of Inhibition of 

L.acidophilus bacteriocin against MRSA at pH2 

 

Based on Figure 5, it shows that the diameter of the 

inhibition zone of L. acidophilus bacteriocin against 

MRSA at pH 2 with an inhibition zone formed of 8 mm is 

the optimal inhibition zone formation. 

 

 

 

Figure 6. Diameter of Zone of Inhibition of 

L.acidophilus bacteriocin against MRSA at pH  

 

Based on Figure 6, it shows that the diameter of the 

inhibition zone of L. acidophilus bacteriocin against 

MRSA at pH 4 is 6.50 mm.  

 

Figure 7. Diameter of Zone of Inhibition of L. 

acidophilus Bacteriocin Against MRSA at pH 6   
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Based on Figure 7, it shows that the diameter of the 

inhibition zone of L. acidophilus bacteriocin against 

MRSA at pH 6 with an inhibition zone formed of 0 mm is 

the narrowest inhibition zone.  

Figure 8. Diameter of Zone of Inhibition of L. 

acidophilus bacteriocin against MRSA at pH 8 

Based on Figure 8, it shows that the diameter of the 

inhibition zone of L. acidophilus bacteriocin against 

MRSA at pH 8 with an inhibition zone formed of 0 mm is 

the narrowest inhibition zone.  

 

Figure 9. Diameter of Zone of Inhibition of L. 

acidophilus bacteriocin against MRSA at pH 10 

Based on Figure 9, it shows that the diameter of the 

inhibition zone of L. acidophilus bacteriocin against 

MRSA at pH 10 with an inhibition zone formed of 0 mm 

is the narrowest inhibition zone. 

There are four categories of antimicrobial inhibition zone 

activity: weak (less than 5 mm), moderate (between 5 and 

10 mm), strong (between 10 and 20 mm), and very strong 

(between 20 and 30 mm). The clear zone created around 

the disc paper indicates blocking antimicrobial activity. 

The area that inhibits bacterial growth has a length 

measured in millimeters (Datta et al., 2019). This study 

proves that the existence of temperature variations does 

not have a significant effect on the diameter of the 

inhibition zone produced by bacteriocins against the 

growth of Methicillin-Resistant Staphylococcus aureus 

(MRSA). The average value of the diameter of the 

inhibition zone formed by bacteriocin in all temperature 

treatments is 2.90 mm; the size of this diameter is included 

in the group of weak antibacterial activity with a diameter 

range of less than 5 mm. 

Inhibition of protein synthesis by bioactive compounds 

inhibits bacterial growth or bacterial death. Gram-positive 

and gram-negative bacteria are not equally resistant to 

antibacterials. Cell wall structure, such as the amount of 

peptidoglycan (including the presence of receptors, pores, 

and lipids), cross-linking properties, and autolic enzyme 

activity, are responsible for the differences in sensitivity 

of gram-negative and gram-positive bacteria. These 

components determine penetration, binding, and 

antimicrobial activity (Wirjatmadja et al., 2022). The 

mechanisms of antibacterial inhibition of bacterial growth 

include cell wall damage, which causes lysis or inhibition 

of cell wall synthesis; permeability of the cytoplasmic 

membrane, which allows food materials through the cell 

wall; denaturation of cell proteins; and destruction of 

metabolic systems within the cell by stopping the action 

of intracellular enzymes (Hamzah, 2019). 

Bacteriocins, hydrogen peroxide, and lactic acid are 

produced by L. acidophilus. It opposes gram-negative 

bacteria, Staphylococcus aureus, and Salmonella sp., 

food-stripping bacteria. Acidophilucin, acidocin, 

acidophilicin, and acidophilin are the names of L. 

acidophilus bacteriocins as antimicrobials that can be 

used in biopreservatives and fermented milk products that 

can stop pathogenic bacteria (Paryati et al., 2022). L. 

acidophilus bacteria can block fungi, gram-positive 

bacteria, and gram-negative bacteria due to its broad 

spectrum (Zhao et al., 2015).   

Bacteriocins impair the permeability of the target 

cytoplasmic membrane by forming a pore in the cell 

membrane. This can lead to metabolite leakage and 

eliminate the proton motive force, or proton motive force 

(PMF). PMF is the cytoplasmic membrane 

electrochemical gradient that regulates adenosine 

triphosphate (ATP) synthesis. A decrease in PMF will 

lead to cell death due to the cessation of energy 

generation. The cytoplasmic membrane of bacterial cells 

serves as the main target of bacteriocins. The main 

receptor of bacteriocin and part of the pore formation 

process are the negatively charged cytoplasmic membrane 

lipids. Bacteria will bind to the destination cell membrane 

through electrostatic interactions (Basarang, 2013). 

CONCLUSION AND RECOMENDATION 

This study shows that different pH experiments do not 

affect the antibacterial activity of bacteriocins produced 

by L. acidophilus against MRSA. Bacteriocins produced 

by L. acidophilus have antibacterial activity against 

Methicillin-Resistant Staphylococcus aureus (MRSA) 

bacteria. The average inhibition zone of L. acidophilus 

bacteriocin in pH 2; 4; 6; 8; and 10 treatments was 2.90 

mm. 

The treatment of various pH did not affect the bacterial 

activity of bacteriocins produced by L.acidophilus against 

MRSA. The optimal temperature to obtain antibacterial 
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activity of bacteriocins produced by L.acidophilus was pH 

2, with an inhibition zone diameter of 8 milimeters. 

The presence of antibacterial activity of bacteriocins can 

be developed of further research, to obtaincomplete 

information about the utilization of bacteriocins as 

antibacterial against pathogenic bacteri, especially those 

that are resistant to various antibiotic substances. 
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ABSTRACT 

Introduction - In-hospital cardiac arrest (IHCA) is an emergency condition that can threaten a person's life if not treated immediately.  

Sufficient nurses’ knowledge and attitude may lead to successful IHCA prevention and handling. Purpose - This study aims to 

determine the level of knowledge and attitude of nurses at PKU Muhammadiyah Hospital Yogyakarta in handling IHCA.  

Methodology - Research method uses a quantitative descriptive research design. One hundred nurses from the adult care ward of a 

hospital in Yogyakarta, Indonesia were recruited using the purposive sampling technique. This research was conducted from 

December 2023 to March 2024. The research instrument used was a nurse level of knowledge questionnaire and a nurse attitude 

questionnaire.  Findings - Most of the nurses has good knowledge (73 respondents (73%)) and attitude (94 respondents (94%)) as 

first responders during cardiac arrest events. There are still errors in answering the BLS algorithm points and airway and breathing 

management. Conclusion - Level of knowledge and attitude of nurses is in the good category. This research can be used as material 

for evaluating nurses when treating cardiac arrest patients in hospitals.   

Keywords: Attitude, Cardiac Arrest, First Responder, In-Hospital Cardiac Arrest, Knowledge Level.   
 

ABSTRAK 

Pendahuluan - In-hospital cardiac arrest (IHCA) adalah kondisi darurat yang dapat mengancam nyawa seseorang jika tidak 

dirawat segera. Pengetahuan dan sikap perawat yang memadai dapat menyebabkan pencegahan dan pengolahan IHCA yang sukses.  

Tujuan - penelitian ini bertujuan untuk menentukan tingkat pengetahuan dan sikap perawat di PKU Muhammadiyah Hospital 

Yogyakarta dalam menangani IHCA.  Metode - Metode penelitian menggunakan desain penelitian deskriptif kuantitatif. Seratus 

perawat dari departemen perawatan dewasa di rumah sakit di Yogyakarta, Indonesia. Pengamilan sample menggunakan teknik 

Purposive Sampling. Penelitian ini dilakukan dari Desember 2023 hingga Maret 2024. Instrumen penelitian yang digunakan adalah 

kuesioner tingkat pengetahuan perawat dan kuesional sikap perawat.  Hasil - Tingkat pengetahuan dan sikap perawat berada dalam 

kategori yang baik. Penelitian ini dapat digunakan sebagai bahan untuk mengevaluasi perawat saat mengobati pasien berhenti 

jantung di rumah sakit.  Kesimpulan - Tingkat pengetahuan dan sikap perawat berada dalam kategori yang baik. Penelitian ini 

dapat digunakan sebagai bahan untuk mengevaluasi perawat saat mengobati pasien berhenti jantung di rumah sakit.  Keywords: 

Henti Jantung, Penolong pertama, In-Hospital Cardiac Arest, Tingkat pengetahuan, sikap.   

 

INTRODUCTION 

Cardiac arrest is a condition where cardiac output is 

insufficient to supply oxygen to the brain and important vital 

organs in the body. This cardiac arrest condition can be 

recovered with appropriate action, but failure to take 

appropriate action can cause death or permanent damage 

(Ismiroja et al., 2018).  The World Health Organization 

(WHO) says that heart disease accounts for 18.6 million of 

the 29.5 million deaths; this is the number one largest 

contributor to death in the world. (WHO, 2016). The 

incidence of cardiac arrest in Indonesia reaches 300–350 

thousand cases every year, if it can be estimated at around 10 

per 10,000 adults under the age of 35 years (PERKI, 2017). 

Riskesdas data in 2018 stated that the prevalence of cardiac 

arrest based on expert diagnosis in Indonesia reached 1.5%, 

with the largest prevalence in North Kalimantan Province, 

which contributed 2.2%, Gorontalo 2%, and the Special 

Region of Yogyakarta reaching 2%. 

 

In-Hospital Cardiac Arrest (IHCA), or cardiac arrest in the 

hospital, is an emergency condition in a hospital that can 

threaten a person's life if treatment is not carried out as soon 

as possible (Subhan et al., 2019). The prevalence rate of 

IHCA in America is estimated to reach 200 thousand people 

each year, with a survival rate after the event of < 20% 

(Darwati et al., 2019). 

 

Before the code blue team arrives, nurses, as first responders 

or people who discover a cardiac arrest incident in a hospital 

treatment room, need to master the knowledge and ability to 

carry out basic life support (Dhani Irawan et al., 2021). 

Nurses are one of the main helpers in dealing with cases of 

cardiac arrest and respiratory arrest. Nurses are required to 

carry out treatment as soon as possible after identifying the 

patient (Dame et al., 2018). 

 

Treatment for cardiac arrest should not last more than 5 

minutes, so treatment for cardiac arrest needs to be done 

immediately (American Heart Association, 2020). The chain 
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of survival management from IHCA can prevent the worst 

events in cardiac arrest patients. The steps consist of early 

identification and response, code blue activation, high-quality 

heart massage, cardiac shock (defibrillation), and care after 

cardiac arrest (American Health Association, 2020). 

 

Hospitals need a good system and organization to carry out 

cardiac arrest cases in hospitals. Apart from knowledge, the 

attitude of the nurses needs to be studied so that when an 

emergency occurs in the ward, not only the code blue team 

plays a role, but the nurses also need to be able to do the things 

that need to be done in handling patients in cases. There is 

still little literature that discusses the level of knowledge and 

attitudes of nurses in in-hospital cardiac arrest settings, so 

researchers want to know the level of knowledge and attitudes 

of nurses as first responders in in-hospital cardiac arrest 

events". 

LITERATURE REVIEW 

 

PKU Yogyakarta Hospital has an integrated system for 

handling cardiac arrests using the code blue system. In its 

implementation, when an arrest incident was discovered in 

the ward, one of the nurses activated the system with 

telephone code 888, and the blue team must arrive no later 

than 5 minutes. The success rate in performing 

cardiopulmonary resuscitation (CPR) is unknown, and the 

hospital has not carried out an evaluation regarding the level 

of knowledge and attitude of each nurse because hospital 

nurses need to have BTCLS or ATCLS certification. 

 

In research conducted by Dhani Irawan et al. (2021), which 

was carried out on the Code Blue team, it showed that 64,1% 

f nurses had good knowledge in carrying out BLS and 87.2% 

had good attitudes in their attitude. Another study, which was 

researched by Ika Safitri et al. (2022), The results showed that 

the majority of respondents were in the elderly category (≥60 

years) as much as 55.2%, male as much as 69%, and 72.4% 

showed an early ECG rhythm of asystole. The most frequent 

cause of cardiac arrest is non-cardiac disease (79.3%), and the 

majority occurs in the ICU-ICCU (55.2%). All respondents 

received CPR and epinephrine (100%). Defibrillation was 

given to 24.1%, amiodarone was given to 10.3%, and 

endotracheal intubation was given to 37.9% of respondents. 

24.1% of respondents achieved ROSC, but five of them 

experienced repeated cardiac arrests and were declared dead. 

 

METHOD 

This research design uses a quantitative descriptive research 

design with a purposive sampling technique. This research 

was conducted at the PKU Muhammadiyah Yogyakarta 

Hospital from December 2023 to March 2024. The 

respondents for this research were 100 adult ward nurses. 

This study used a nurse knowledge level questionnaire and a 

nurse attitude questionnaire from (Dhani Irawan et al., 2021). 

Data analysis using computer program. 

RESULT 

After collecting data from 100 respondents, the following 

result were obtained: 

Table 1. Frequency distribution and percentage of 

respondent characteristics based on gender, education, 

length of work, age and BLS training (n = 100) 

 

Based on Table 1, it can be seen that the gender characteristics 

according to the demographic data of the research 

respondents are mostly women, namely 75 respondents 

(75%). Based on the characteristics of the most recent 

education, the majority of respondents had a D3 nursing 

education, with 62 respondents (62%). Regarding work 

experience, the majority of respondents have worked >21 

years, namely 53 respondents (53%). Characteristics of 

respondents based on age: most of them were >31 years old, 

namely 54 years (54%). Characteristics of the BLS training 

that has been undertaken. The majority have attended BTCLS 

training, with 86 respondents (86%). 

 

Table 2. Level of nurse knowledge (n=100) 

 

Level of 

Knowledge 

Frequency Percentage 

(%) 

Good 73 73% 

Enough 26 26% 

Not enough 1 1% 

Total 100 100% 

Characteristics  Frequency Percentage(%) 

Gender   

Male 25 25% 

Female  75 75% 

Last Education   

D3 62 62% 

D4 3 3% 

S1 32 32% 

S2 3 3% 

Lenght of 

Work 

  

<10 year 34 34% 

11-20 year 13 13% 

>21 year 53 53% 

Age    

<30 year 24 24% 

31-40 year 22 22% 

>41 year 54 54% 

BLS Training   

BTCLS 86 86% 

ATCLS 3 3% 

Haven’t 

attended training 

11 11% 
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Based on table 2, the results show that the knowledge of 

nurses as first responders when a cardiac arrest occurs is in 

the good category, namely 73 respondents (73%) of the total 

sample. A total of 26 respondents (26%) had sufficient 

knowledge, and there was 1 respondent (1%) who fell into the 

insufficient criteria. 

 

Table 3. Level of nurse Attitude (n=100) 

Level of 

Attitude 

Frequency Percentage (%) 

Good   94 94% 

Enough  2 2% 

Not 

enough  

4 4% 

Total  100 100% 

 

Based on table 3, the research results show that as many as 

94% of respondents have an attitude in the good category, 

with 94 respondents accounting for 94% of the total sample. 

There were 2 respondents (2%) in the sufficient category and 

4 respondents (4%) in the insufficirnt category. 

 

DISCUSSION 

1. Level of knowledge of nurses as first responders in 

in-hospital cardiac arrest (IHCA) events 

Based on the research results, it was found that the level of 

knowledge of research respondents regarding in-hospital 

cardiac arrest (IHCA) was in the good category. The results 

of this research are in line with research Dhani Irawan et al. 

(2021). The research concluded that the majority of 

respondents had good knowledge of implementing BLS 

(64.2%). In another study conducted by Zamziri et al. (2022), 

out of 36 research respondents, the results showed that 21 

respondents (58.3%) had a good level of knowledge. 

Research (Karunia Estri et al., 2023) found that 19 people 

(47.5%) had a good level of knowledge about basic life 

support. 

Increasing a person's knowledge does not have to be obtained 

through formal education but can also be obtained through 

non-formal education such as seminars or training. The level 

of knowledge of nurses is categorized as good because the 

majority of nurses have undergone BTCLS and ATCLS 

training. One of the factors that influences knowledge is the 

source of information. It can be said that wider access to 

information can help someone learn new things, so that it will 

increase the level of knowledge of nurses if they are given 

information regularly. The level of knowledge of nurses will 

increase as training or seminars are provided regarding basic 

life support material on a regular basis. So that nurses' 

knowledge can increase and maintain good knowledge about 

handling in-hospital cardiac arrest (IHCA). 

 

The majority of respondents in this study have work 

experience of >21 years (53%). Researchers assume that 

work experience is another factor that influences a good level 

of knowledge in this study. The longer someone works, the 

more knowledge they gain. The work environment is one of 

the factors that helps a person gain knowledge and experience, 

either directly or indirectly (Ahmad et al., 2022). A person's 

experience will certainly provide knowledge and skills for a 

nurse in dealing with new problems (Juliana, 2019). 

 

2. Level of attitude of nurses as first responders in in-

hospital cardiac arrest (IHCA) events 

 

Based on the research results, it shows that the majority of 

respondents have a good attitude level as first responders in 

in-hospital cardiac arrest incidents. This is proven by research 

data that the majority of respondents have a good attitude 

when dealing with cardiac arrest clients by answering the 

options agree and strongly agree. The results of this research 

are in line with research conducted by Dhani Irawan et al. 

(2021) Research respondents had a positive attitude toward 

implementing BHD (87.2%). Research conducted 

(Pangandaheng, 2020) showed that 18 respondents (78.3%) 

had a good attitude toward carrying out BHD in hospitals. 

The results of this study illustrate that there are more female 

nurses in the ward compared to male nurses. This research is 

in line with research (Zenitha Victoria et al., 2022), where the 

number of female respondents was greater than the number 

of the number of male respondents. This difference in the 

number of nurses is caused by men's lack of interest in 

pursuing nursing science, but the proportion of men and 

women in the work of a nurse is the same. 

The research results show that the average length of work for 

nurses is >21 years (53%), so it can be assumed that length of 

service can be a factor related to a person's attitude. 

Increasing the length of service will go hand in hand with the 

growth of a positive attitude within a person. According to 

Agus Cahyono et al. (2019) the more experience a person has, 

the better attitudes they can apply. Nurses who have worked 

in hospitals for a long time have experience dealing with 

victims of cardiac arrest in hospitals. With this experience, the 

nurses will be more alert when they encounter victims. 

Apart from the length of service of a nurse, the level of 

education of a health worker has a significant influence on a 

nurse's attitude. The formal education of nurses at PKU 

Muhammadiyah Hospital in Yogyakarta is that the majority 

have a Diploma 3 or D3 level education. This research is in 

line with research conducted by Zahara, Jufrizal, and 

Fikriyanti (2022), which stated that the highest level of 

education was diploma, with as many as 58 respondents and 

a percentage of 63.0%. People who undergo formal education 

are used to thinking logically in dealing with various 

problems because, in the formal education process, they are 

taught how to identify, analyze, and find solutions related to 

a problem. Education has an influence on intelligence, which 

is in line with a person's thinking power. The higher the level 

of education of a nurse, the better her knowledge of treating 

cardiac arrest victims. 
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Training, length of work, and education are factors that 

influence a nurse's knowledge. Apart from what was stated, 

there are other factors that influence knowledge. In the 

journal written by Chik et al. (2023), self-confidence, 

teamwork, availability of tools, and workforce are things that 

influence the level of knowledge of a nurse in handling arrests. 

heart in the hospital. 

 

CONCLUSION AND RECOMMENDATION 

Conclusion 

Based on research conducted at PKU Hospital 

Muhammadiyah Yogyakarta the following results were 

obtained nurses' level of knowledge and level of attitude 

related to in-hospital cardiac arrest is in the category of good.  

 

Recommendation 

For PKU Muhammadiyah Yogyakarta Hospital, it is expected 

to hold training and evaluation of nurses with sufficient 

knowledge and attitudes and less related to the treatment of 

in-hospital cardiac arrest, as well as nursing nurses in the 

hospital who have not undergone BTCLS or ATCLS training 

aimed at improving nurse knowledge. 

For Further Researcher, In the data collection method, it 

would be better if the researcher met the nurse directly. 

Researchers can also study related first responders that have 

not been studied in this research. 
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ABSTRACT 

Introduction: Methicillin-resistant Staphylococcus aureus (MRSA) is a bacterium that is resistant to beta-lactam antibiotics. MRSA is 

transmitted through skin/object contact and is often found in health care and the community.  MRSA infection has a high mortality and 

morbidity rate because it causes sepsis, septic shock, respiratory failure, and amputation.  Lactobacillus plantarum produces bacteriocin. 

The growth of both gram-positive and gram-negative bacteria can be inhibited by this bacteriocin.  Purpose: To determine the effect of 

pH on the activity of bacteriocins produced by Lactobacillus plantarum against MRSA.   Method: This research used quasi-experimental 

methods.  L.plantarum was grown in liquid MRS media for 48 hours.  Bacteriocin was obtained by centrifuging an MRS broth containing 

bacteria at a speed of 6000 rpm for 40 minutes. Using the Kirby Bauer method, the liquid formed was tested for its antibacterial effect 

against MRSA bacteria.  Bacteriocins were treated with different pH, namely, 2, 4, 6, 8, and 10. The diameter of the inhibition zone 

formed during the testing process is measured in millimeters.  Data were analyzed using the ANOVA method.  Finding: The bacteriocin 

activity produced by Lactobacillus plantarum against MRSA shows an average diameter of the inhibition zone of 3 mm.  The optimum 

broadest spectrum of antibacterial activity was shown in bacteriocins treated with pH 2. Conclusion: This study shows the results that 

pH does not affect the antibacterial activity of bacteriocins produced by L.plantarum against MRSA.  Originality/Implication: The 

results of this study prove that various pH treatments do not affect the ability of the bacteriocin produced by L.plantarum to inhibit/kill 

MRSA. 

Keywords: MRSA, pH, Bacteriosin, Lactobacillus plantarum 

 

ABSTRACT 

Introduction: Methicilin resistant Staphylococcus aureus (MRSA) adalah bakteri yang memiliki resistensi  terhadap antibiotik 

golongan beta laktam. MRSA menular melalui kontak kulit dan permukaan benda, banyak ditemukan di lokasi pelayanan kesehatan dan 

komunitas. Infeksi MRSA mempunyai angka mortalitas dan morbiditas yang tinggi karena mengakibatkan komplikasi sepsis, syok 

septic, kegagalan pernapasan, dan amputasi. Bakteri L. plantarum menghasilkan bakteriosin. Pertumbuhan bakteri gram positif dan 

gram negative dapat dihambat oleh bakteriosin. Purpose: mengetahui pengaruh pH terhadap aktivitas bakteriosin yang dihasilkan oleh 

Lactobacillus plantarum terhadap MRSA.  Method: Penelitian ini menggunakan metode quasi-eksperimental laboratorium. L. 

plantarum ditumbuhkan pada media MRS cair selama 48 jam. Bakteriosin diperoleh dengan cara mensentrifuse MRS cair yang berisi 

bakteri pada kecepatan 6000 rpm selama 40 menit. Cairan yang terbentuk diuji efek antibakterinya terhadap bakteri MRSA 

menggunakan metode Kirby Bauer. Bakteriosin diberi perlakuan dengan pH yang berbeda yaitu; 2, 4, 6, 8, dan 10. Diameter zona 

hambat yang terbentuk selama proses pengujian diukur dengan satuan millimeter. Data dianalisis dengan metode ANOVA. Finding: 

Aktivitas bakteriosin yang dihasilkan Lactobacilus plantarum terhadap MRSA menunjukkan rata-rata diameter zona inhibisi sebesar 3 

mm. Spektrum aktivitas antibakteri terluas menunjukkan pada bakteriosin dengan perlakuan pH 2. Conclusion: Studi ini menunjukkan 

hasil bahwa pH tidak mempengaruhi aktivitas antibakteri bakteriosin yang dihasilkan L. plantarum terhadap MRSA. 

Originality/Implication: Hasil penelitian ini membuktikan bahwa perlakuan pH dengan berbagai variasi  tidak mempengaruhi 

kemampuan bakteriosin yang dihasilkan L. plantarum dalam menghambat/membunuh MRSA.  

Keywords: MRSA, pH, Bacteriosin, Lactobacillus plantarum

 

 

 

INTRODUCTION 

Methicillin-resistant Staphylococcus aureus (MRSA) is a type 

of S. aureus bacteria that is resistant to various antibiotics, also 

called multidrug-resistant microorganisms (MDRM) (Otto, 

2013). MRSA infections that are often found in hospitals or 
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health facilities are known as HA-MRSA (Hibbitts and 

O'Leary, 2018). Meanwhile, CA-MRSA comes from the 

community or general public, while LA-MRSA is found in 

livestock environments (Peacock and Paterson, 2015; Siddiqui 

and Koirala, 2021). 

 

According to recent research published in the Lancet report, 

MRSA caused more than 100,000 deaths in 2019 (Murray et al., 

2022). Symptoms of HA-MRSA and CA-MRSA infections 

include cellulitis and abscesses, or both, where these skin 

infections can spread to deeper tissues (Green et al., 2012). The 

antibiotics usually used as the first choice for treating MRSA 

infections are vancomycin or daptomycin, with alternative 

options such as telavancin, ceftaroline, and linezolid (Choo and 

Chambers, 2016). However, there have been reports of 

vancomycin-resistant MRSA strains, known as vancomycin-

resistant Staphylococcus aureus (VRSA and VISA), with 

increased minimum inhibitory concentration (MIC) indicating 

reduced sensitivity. This limits future therapeutic options, so 

alternative treatments are needed (Kali, 2015). 

 

As creatures created by God who are gifted with reason, 

humans must be able to develop new ideas. One example is 

characterizing bacteriocins as an alternative to treat antibiotic-

resistant MRSA. This is in line with the word of Allah in QS. 

Al-Baqarah verse 26: "Indeed, Allah is not reluctant to make an 

example of a mosquito or something lower than that..." 

 

Proteins called bacteriocins are synthesized by lactic acid 

bacteria (LAB) and can inhibit microbes. Characteristics of 

bacteriocins include sensitivity to proteolytic enzymes, 

resistance to high temperatures, and stability at acidic or neutral 

pH (Widodo et al., 2018). The bacteriocins’ mechanism of 

action includes binding to lipid I and lipid II, which are crucial 

precursors in the bacterial cell wall synthesis process, to inhibit 

cell wall synthesis. (Gupta and Pandey, 2019). Bacteriocins 

have greater efficacy than antibiotics (Morisset, 2002) and also 

have a synergistic effect and are more economical compared to 

expensive antibiotic production (Mathur, 2017). 

 

The purpose of this study was to investigate the effectiveness 

of L. plantarum-produced bacteriocin in restraining the growth 

of MRSA bacteria under different pH conditions. Additionally, 

the goal was to identify the most suitable pH for the bacteriocin 

to effectively inhibit or eradicate MRSA bacteria. 

 

LITERATURE REVIEW 

(1) Methicillin resistant Staphylococcus aureus (MRSA) 

Methicillin-resistant Staphylococcus aureus is a bacteria that is 

resistant to antibiotics. Currently, these resistant bacterial 

strains have been recognized as a major problem in many 

countries, both developing and developed (Amalia et al., 2017). 

The bacteria develop resistance due to the presence of the mecA 

gene, which encodes Penicillin Binding Protein 2a (PBP2a). 

This protein has a reduced affinity for beta-lactam antibiotics, 

resulting in methicillin resistance. (Susanti et al., 2020). These 

bacteria can cause various conditions such as bacteremia, 

osteomyelitis, endocarditis, skin infections, pneumonia, and 

soft tissue infections (Jayanthi et al., 2020). 

 

(2) L. plantarum  

Lactobacillus plantarum is a non-motile, rod-shaped gram-

positive bacterium (Zheng et al., 2020). This bacterium has 

negative catalase properties, can live in aerobic or facultative 

anaerobic conditions, quickly digests protein, and is acid 

tolerant. L. plantarum usually forms short stems under optimal 

growing conditions but tends to elongate under less favorable 

conditions. These bacteria can produce bacteriocins, namely 

polypeptides or bactericidal protein compounds (James et al., 

1992). 

 

(3) Bacteriosins 

Bacteriocins are a group of antimicrobial peptides that function 

as agents inhibiting bacterial growth. Bacteriocins are 

synthesized by ribosomes and undergo post-translational 

modification to become the active form (Mokoena, 2017). 

Various types of bacteriocins have been identified, each 

operating through distinct mechanisms, including creating 

pores to induce cytoplasmic membrane permeability, hindering 

cell wall biosynthesis, and interfering with metabolic pathways. 

(Hols et al., 2019).  

 

The use of bacteriocins as antimicrobial agents has been proven 

safe because they can be broken down by protease enzymes and 

do not cause resistance (Chen et al., 2022). Bacteriocins can 

work by preventing colonization or killing pathogenic bacteria 

that enter the digestive tract (Anjana & Tiwari, 2022). 

Bacteriocin-producing probiotic strains can prevent pathogenic 

bacteria from adhering to the intestinal wall by colonizing the 

intestines. They achieve this through competition, clearing out 

their own niche, and segregating themselves spatially. 

(Heilbronner et al., 2021). 

 

(4) Bacterial Sensitivity Test 

The method for testing antibacterial activity can be carried out 

through diffusion, which is generally known as the Kirby and 

Bauer test. The principle of this method involves the diffusion 

of antibacterial compounds onto paper discs which are then 

placed on agar media that has been inoculated with bacteria and 

incubated for 18-24 hours at 35°C. The clear zone that forms 

around the disc indicates an inhibitory area for bacterial growth 

(Balaouri et al., 2016). 

 

METHOD 

A. Study Design 

This study is a laboratory experiment carried out 

between May and June 2024 at the Microbiology 

Laboratory of the Faculty of Medicine and Health 

Sciences, Muhammadiyah University of Yogyakarta. 

The research received approval from the Health 
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Research Ethics Committee of FKIK UMY under the 

number 046/EC-EXEM-KEPK FKIK UMY/V/2024. 

B. Samples 

The research sample comprised Lactobacillus 

plantarum obtained from the PAU UGM laboratory 

located on Jl. Teknika Utara, Caturtunggal, Depok, 

Sleman Regency, Yogyakarta Special Region. The test 

bacteria employed were local isolates of Methicillin-

resistant Staphylococcus aureus (MRSA) sourced 

from the Microbiology Laboratory of the Faculty of 

Medicine UGM. 

C. Tools and Materials 

The tools used in this research include petri dishes 

(Iwaki Pyrex), tube needles, glass slides, test tubes, 

Erlenmeyer tubes (Iwaki Pyrex), beakers (Iwaki 

Pyrex), microscopes, incubators, biosafety cabinets, 

Bunsen cupboards. cooler, centrifuge, litmus paper, 

and caliper. 

The materials used in this research include: 

Lactobacillus plantarum isolate, De Man Rogosa and 

Sharpe (MRS) agar medium, De Man Rogosa and 

Sharpe (MRS) broth medium, distilled water, crystal 

violet, iodine, 95% ethanol, safranin, buffer 

phosphate, NaOH, HCl, Mueller Hinton Agar (MHA), 

and Trypticase Soy Agar (TSA). 

D. Research Procedure 

1) Lactobacillus plantarum Bacterial Culture 

Rejuvenation 

Lactobacillus plantarum culture was renewed 

through subculture on MRS agar media using the 

Streak Plate method. Bacterial colonies were 

inoculated into MRS agar media using a sterile 

loop by streaking. The MRS agar medium was 

then incubated at 37°C for 48 hours under 

anaerobic conditions. The colonies that grow are 

then identified using gram staining. 

2) Identification of Lactobacillus plantarum bacteria 

using Gram staining 

The method for identifying bacteria began with 

the application of a single drop of crystal violet to 

the smear containing a 24-hour-old Lactobacillus 

plantarum isolate. After one minute, the 

preparation was rinsed with distilled water. 

Subsequently, a drop of iodine was applied, left in 

place for 2 minutes, and then washed with 

distilled water. The preparations were washed 

with 95% ethanol and then rinsed with running 

water. Following this, the isolate was stained with 

safranin and rinsed with running water. Finally, 

the preparations were air-dried at room 

temperature and examined under a microscope at 

1000x magnification. 

3) Isolation of Bacteriocins Produced by 

Lactobacillus plantarum 

Lactobacillus plantarum bacterial isolates that 

had grown on MRS agar for 48 hours were 

inoculated into 10 ml of MRS broth media and 

incubated for 48 hours at 37°C under anaerobic 

conditions. After that, the culture was centrifuged 

at 6000 rpm for 30 minutes twice. 5 ml of 

supernatant fluid was taken and put into an 

Eppendorf tube. This liquid is used as a source of 

bacteriocin and is ready to be tested for its 

antibacterial activity. 

4) pH treatment of bacteriocins 

A total of 5 ml of bacteriocin was divided into 5 

groups, each group was given a different pH 

treatment, namely 2, 4, 6, 8, and 10. Each pH 

treatment was repeated twice. pH treatment was 

carried out by adding bacteriocin to an Eppendorf 

tube with a volume of 1.25 ml for each treatment. 

Then, the bacteriocin is dropped with 1N HCl or 

NaOH according to the desired pH. After that, the 

antibacterial activity of bacteriocins against 

Methicillin-resistant Staphylococcus aureus 

(MRSA) was tested using the Kirby Bauer 

method. 

5) Methicillin-resistant Staphylococcus aureus 

(MRSA) Test Bacteria Preparation 

MRSA test bacteria were inoculated into TSA 

media and incubated at 37°C for 24 hours under 

aerobic conditions. To prepare the MRSA 

inoculum, several MRSA colonies were taken 

from the TSA medium using a loop and 

transferred into 2 ml of BHI medium. Inoculum 

turbidity was adjusted to the 0.5% McFarland 

standard which corresponds to 1.5 × 10^8 

CFU/mL. 

6) Antibacterial Testing of Bacteriocins against 

Methicillin-resistant Staphylococcus aureus 

(MRSA) using the Kirby Bauer Method 

MRSA test bacteria with a concentration of 1.5 × 

10^8 CFU/mL were grown on Mueller Hinton 

Agar media using sterile cotton swabs. The test 

bacterial suspension is applied to the MHA media 

using a sterile cotton swab, and then allowed to 

absorb into the media for 5-15 minutes. A 20 μl 

bacteriocin supernatant suspension, treated with 

various pH, is added to a paper disc. The disc is 

then placed on MHA media inoculated with the 

test bacteria and incubated at 37°C for 24 hours 

under aerobic conditions. The diameter of the 

inhibition zone formed is then measured using a 

caliper in millimeters. The size of the inhibition 

zone is used to evaluate the antimicrobial activity 

of bacteriocins from Lactobacillus plantarum 

against MRSA bacteria. 

7) Data Analysis 
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Data on the diameter of the inhibition zone from 

each treatment were analyzed using the ANOVA 

test to evaluate the effect of pH treatment on the 

activity of bacteriocins produced by Lactobacillus 

plantarum against MRSA. 

 

RESULT AND DISCUSSION 

(1) Results  

Examination of the activity of bacteriocins produced by 

Lactobacillus plantarum against MRSA was carried out 

through identification of Lactobacillus plantarum and 

antibacterial tests. Identification using Gram staining shows 

that Lactobacillus plantarum is a gram-positive bacterium with 

a rod cell shape (Figure 1). On MRS agar media, the bacterial 

colonies appear round with a light white-brown color. 

 

 
Figure 1. Bacterial cell shape of Lactobacillus plantarum by 

Gram stain 

Diagram 1 shows the results of examining the activity of 

bacteriocins produced by Lactobacillus plantarum against 

Methicillin-resistant Staphylococcus aureus (MRSA) with 

various heating temperature treatments. The average diameter 

of the inhibition zone is 3 millimeters. This research shows that 

the bacteriocin produced by the bacteria Lactobacillus 

plantarum has activity against MRSA bacteria. 

 

 
Diagram 1. Diameter of inhibition zone of bacteriocin 

produced by Lactobacillus plantarum against MRSA 

The diameter of the bacteriocin inhibition zone with pH 2 

treatment showed the highest antibacterial activity, namely 8.5 

mm. at pH 6, 8, and 10 bacteriocins did not show antibacterial 

activity. From these data, information was obtained that pH 2 is 

optimal for the antibacterial activity of bacteriocins against 

MRSA. The results of the ANOVA test analysis obtained P= 

0.072. The results of these statistical tests prove that 

temperature does not affect the activity of Lactobacillus 

plantarum bacteriocin against MRSA. 

 

(2) Discussion 

This research proves that pH does not affect the activity of 

bacteriocins produced by L.plantarum against MRSA and this 

research also proves that bacteriocins from L.plantarum have 

antibacterial power against Methicillin-resistant 

Staphylococcus aureus (MRSA) bacteria. The optimal pH for 

the antibacterial activity of bacteriocins produced by L. 

plantarum is pH 2 with an average inhibition zone diameter of 

8.5 mm. The antibacterial inhibition zone's activity can be 

categorized into four groups: low activity (<5 mm), moderate 

(5-10 mm), high (>10-20 mm), and very high (>20-30 mm) 

(Ismail et al., 2017). The greater the clear zone on the MHA 

media, the greater the antibacterial activity against pathogens. 

From the results of this treatment, it was found that the 

antibacterial activity of the bacteriocin produced by the L. 

plantarum isolate was in the moderate group against 

Methicillin-resistant Staphylococcus aureus (MRSA). 

Meanwhile, the average value of the diameter of the inhibition 

zone formed by bacteriocins in all pH treatments is 3 mm, the 

size of this diameter falls into the group of weak antibacterial 

activity with a diameter range of <5 mm. 

 

Lactic acid bacteria from various genera such as Lactobacillus 

casei, Lactobacillus delbrueckii, Lactobacillus acidophilus, 

and Lactobacillus plantarum have the capability to produce 

bacteriocins (Scallan et al., 2011). Antibacterial activity 

generally increases under acidic pH conditions because low pH 

increases the interaction of bacteriocins with receptors on the 

membrane. Bacteriocin molecules attach more effectively to 

cell walls in acidic conditions, thereby increasing their 

bactericidal potential (Parada et al., 2007). 

 

Bacteriocin activity can differ at different pH levels due to 

intramolecular electrostatic interactions resulting from the 

separation of amino and carboxyl groups at extreme pH, leading 

to protein denaturation (Yi et al., 2016; Jiang et al., 2017). 

Bacteriocins produced from L. plantarum isolates showed 

much higher antimicrobial effectiveness at pH 2 and 4 than at 

pH 6, 8, and 10. This may be related to the high tolerance of 

lactic acid bacteria (LAB) to low pH conditions (Chartier et al., 

2014) . These findings are in line with research by Malini M 

and Savitha J (2012), who noted that pure bacteriocins from 

LAB showed optimal antibacterial activity against 

Staphylococcus aureus at low pH, especially at pH 2 and 4. In 
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contrast, bacteriocin extract diluted at pH 10 showed very low 

antimicrobial activity against LAB (Kurniawan, 2012). 

 

Apart from being influenced by pH and temperature, the 

antibacterial activity of bacteriocins is also influenced by the 

duration of incubation time. Research shows that the 

antibacterial activity of bacteriocins reaches the highest level in 

lactic acid bacteria with incubation for 14 hours at a temperature 

of 27°C and pH 6 (Marwati et al., 2018). 

 

 
Figure 2. Mechanism of bacteriocins in killing bacteria 

(Dobson et al., 2011) 

 

Figure 2 illustrates the mechanism of bacteriocins in killing 

bacteria, where bacteriocins act as colonizing peptides, killing 

peptides, or signaling. As an antimicrobial peptide compound, 

bacteriocins help producer bacteria compete with other 

bacterial strains, thereby supporting the survival of producer 

bacteria in the digestive environment. An example of this 

competition is seen in E. coli strains that produce colicin, which 

can survive better than bacteria that do not produce colicin 

(Gillor et al., 2009). Bacteriocins also function as peptides that 

kill or inhibit the growth of pathogenic bacteria that can harm 

the host body. Bacteriocin producers from gram-negative 

bacteria have greater potential in this function compared to 

producers from gram-positive bacteria, because pathogenic 

bacteria are generally gram-negative bacteria (Kirkup, 2006). 

In addition, bacteriocins can act as signaling agents in 

multicellular level functional mechanisms, such as immune 

responses. At high concentrations, bacteriocins function as 

pathogen inhibitors, while at low concentrations, bacteriocins 

act more as signal sending agents (Fajardo and Martinez, 2008). 

 

CONCLUSION AND RECOMMENDATION 

The bacteriocin produced by L. plantarum has antibacterial 

activity against Methicillin-resistant Staphylococcus aureus 

(MRSA) bacteria. This study shows the results that pH does not 

affect the antibacterial activity of bacteriocins produced by L. 

plantarum against MRSA. The optimal pH to obtain L. 

plantarum bacteriocin activity is pH 2, with an inhibition zone 

diameter of 8.5 mm. 

 

Researchers propose further research regarding the antibacterial 

activity of bacteriocins, especially against various bacteria that 

are resistant to various antibiotics. 
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