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ABSTRACT 

 
Diabetic foot ulcers (DFU) are chronic complications of diabetes that are generally accompanied by bacterial infections. Methicillin-Resistant 
Staphylococcus aureus (MRSA) is one of the most dominant pathogenic bacteria isolated from DFU wounds. The significant number of 
MRSA bacteria and the formation of bacterial biofilms result in prolonged wound treatment and high amputation rates. Several medicinal 
plants in the Muria Mountains have the potential to be alternative antibiofilms supporting gentamicin antibiotic treatment, one of which is the 
parijoto plant (Medinilla speciosa). This study aims to evaluate the effectiveness of the combination of parijoto leaf extract with gentamicin 
in inhibiting the growth of MRSA biofilms isolated from DFU. Parijoto leaves were extracted using the UAE (Ultrasound-Assisted Extraction) 
technique, followed by phytochemical tests and antibiofilm inhibition tests using the microdilution method. The results of phytochemical 
identification showed that there were saponin, flavonoid, tannin, alkaloid, quinone, and phenol compounds. The combination of gentamicin 
and parijoto leaf extract with several variations obtained the highest percentage of biofilm inhibition, namely 95%. The IC50 value in the 
antibiofilm inhibition test of the combination of parijoto leaf extract and gentamicin was 6.90 μg/mL. The chemical bioactive content in 
parijoto leaf extract can synergize as a supporting treatment with gentamicin to accelerate the treatment of diabetic ulcer wound infections. 
Further research needs to be carried out to explore and further study to determine the QS (Quorum Sensing) mechanism against MRSA 
(Methicillin-Resistant Staphylococcus aureus) bacteria by bioactive compounds in parijoto leaf extract and invivo test. 
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INTRODUCTION 

Diabetes mellitus is a significant global health problem, with prevalence increasing annually1. It is 
estimated that by 2035, approximately 592 million people will be affected 1–3.The annual increase in the diabetic 
population causes significant social, economic, and health problems 2. A common complication of diabetes is 
diabetic foot ulcers (DFU), which can affect 15% of individuals with this condition throughout the patient's life 
4,5. Chronic DFUs lead to severe infections, prolonged treatment, and even amputation 6. DFUs are made more 
difficult by bacterial infections 7. Staphulococcus aureus is the most frequently found bacterium isolated from 
diabetic foot ulcer patients, accounting for 46.1% 8,9. Among the isolated S. aureus strains, 42.2% are methicillin-
resistant 8. Methicillin-Resistant Staphylococcus aureus (MRSA) bacteria can cause numerous infections due to 
their ability to inhibit the immune response 10,11. Previous studies have shown that MRSA infections can lead to 
amputations in diabetic patients 5,8 . 

Based on these studies, the high prevalence of MRSA in DFUs indicates increased antibiotic use among 
diabetic patients 8. Previous research has shown that bacteria isolated from DFUs, including MRSA, produce 
biofilms and exhibit resistance to commonly used antibiotics. Biofilms are the primary cause of many chronic 
infections in DFUs and allow multidrug-resistant strains to recur and lead to treatment failure 12–14. Biofilms are 
organized collections of bacteria encased in an extracellular matrix produced by the bacteria themselves, 
facilitating attachment to surfaces produced by pathogenic bacteria, thus developing antibiotic resistance 5,15 . The 
body's natural immune system and antibiotic responses to these bacteria are hampered by the antibiotic-resistant 
MRSA biofilms isolated from DFUs 8,13,16 . Most antibiotics currently used for therapy do not target biofilm 
activity. As a result, the majority of MRSA strains have not yet developed resistance to compounds targeting 
biofilm mechanisms. Therefore, this type of therapy has ample opportunity for further development 17 . Several 
compounds are known to inhibit one of these mechanisms. However, antibiofilm and anti-Quorum Sensing (QS) 
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agents are typically expensive to manufacture and require specialized, difficult-to-obtain ingredients, such as 2-
benzene dicarboxylic acid, which must be synthesized 18,19 . 

Traditional medicine using plants has been practiced for thousands of years. Several studies have shown 
that a number of plants possess antibacterial properties and are used to treat various infectious diseases affecting 
humans. In this study, the parijoto plant (Medinilla speciosa) was selected based on its history of medicinal use, 
namely its antidiabetic 20 , antifungal 21 , and antibacterial properties against Staphylococcus aureus, Escherichia 
coli, Pseudomonas aeruginosa, Serratia marcescens, Salmonella typhi, and Shigella dysenteriae 16,22–24 . Parijoto 
leaves have a sour, bitter, and refreshing taste. Parijoto leaves contain cardenolin compounds, from the flavonoid, 
saponin, and tannin groups 25,26 . This plant compound has the potential to be an antibacterial and antibiofilm agent 
when combined with gentamicin in MRSA bacteria from UKD. In addition, several studies have shown that 
various natural compounds can inhibit the QS process and biofilm. The use of monotherapy antibiotics such as 
gentamicin is not effective enough because bacterial resistance to these drugs is increasing 27–30 . However, 
research on antibiotic therapy and natural extracts that target biofilms is still limited. Meanwhile, it is necessary 
to fight biofilms so that they can kill pathogenic bacteria, especially for patients suffering from UKD infections 
caused by chronic diabetes mellitus 5,10,31 . Herbal plants such as parijoto leaves have antibacterial and antibiofilm 
properties because they contain active ingredients such as flavonoids, tannins, and saponins. By combining 
gentamicin and parijoto leaf extract, it is hoped that the two will work together to improve antibacterial 
performance while reducing the growth of MRSA bacterial biofilms from UKD. 
 
MATERIAL AND METHOD 

This form of research utilized an experimental design that was substantiated by a literature review. The 
experimental group's results were validated by a positive control group, and the testing was conducted in triplicate 
to ensure the reliability of the results. This investigation has been assigned the ethical clearance number 346/Z-
7/KEPK/UMKU/IV/2025.  

This study was conducted in July 2025 at the Microbiology Laboratory of Muhammadiyah University of 
Kudus and Gajah Mada University. The study sample used a combination of parijoto leaf extract and gentamicin 
on Methicillin-Resistant Staphylococcus aureus (MRSA) bacteria. Parijoto leaves were collected from a local 
farm in Mount Muria, Kudus, Indonesia. This study used Methicillin-Resistant Staphylococcus aureus (MRSA) 
isolated from the foot ulcers of diabetic patients as the sample. A combination of parijoto leaf extract and 
gentamicin was prepared and tested for antibacterial and antibiofilm activity against Methicillin-Resistant 
Staphylococcus aureus (MRSA) bacteria isolated from the foot ulcers of diabetic patients. 

Fresh parijoto leaves were collected from the tree, washed with clean water, and wiped with a clean cloth. 
They were dried using a freeze dryer at 60°C for 15 hours. Then the results were ground using a grinder and 
filtered twice using 80 mesh filter paper. Storage was carried out in a closed and dry container. Parijoto leaf extract 
was made by the UAE (Ultrasound-Assisted Extraction) method using 70% ethanol solvent with a ratio of 1:10 
(w/v) measured using an analytical balance. The ethanol extract solution was ultrasonicated for 60 minutes. Next, 
it was concentrated by evaporating ethanol through a rotary evaporator at a temperature of 40 °C, 200 mBar at a 
speed of 60 rpm for 120 minutes, then put into an oven to remove residual solvent until the final weight was 
reached. 

Saponin, flavonoid, tannin, steroid, alkaloid, quinone, and phenolic tests were used to identify the 
chemical compounds in parijoto leaf extract. Saponin compound identification was carried out by taking 1 mL of 
parijoto leaf extract and adding 10 mL of hot water and then cooling it. Then the tube was shaken vigorously for 
10 seconds. If a stable foam formed after adding one drop of 2N HCl solution, then the sample was positive and 
contained saponins 32 . Flavonoid examination, namely adding 100 mL of parijoto leaf extract to the tube, then 
heating for 5 minutes and filtering with filter paper, then pipetting 1 mL and adding 0.1 grams of Mg powder and 
5 drops of concentrated HCl. The solution will turn orange-yellow to red if the sample is positive. Tannin 
identification examination, namely adding a few drops of iron (III) chloride solution to the tube, if the solution 
turns blue or blackish green then it is positive for tannin in the extract 33 . To test for steroids and terpenoids in 
parijoto leaf extract, three milliliters of chloroform, two milliliters of concentrated H2SO4, and two milliliters of 
anhydrous acetic acid are added to the test tube. In a blue or green solution, the sample is positive for steroids in 
a brownish red solution, the sample is positive for terpenoids 34 . By adding 5 mL of 25% ammonia and 20 mL of 
chloroform, the alkaloids in parijoto leaf extract are identified in a beaker. Afterward, one milliliter was added to 
one test tube, and two drops of Mayer's solution and two drops of Dragendroff's solution were added to another 
test tube. For the sample with Mayer's reagent, a white precipitate formed, and for the Dragendroff's reagent, a 
brownish-orange precipitate formed, indicating a positive result 35 . Quinone identification in parijoto leaf extract 
was carried out by taking the extract and homogenizing it with 5% H2O2 and 0.5 mol potassium hydroxide, then 
heating it for 10 minutes. After filtering, benzene and acetic acid were added to the mixture. After the benzene 
layer was removed, ammonia was added. A positive sample containing quinone was indicated by a colorless 
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solution adhering to the benzene layer 36 . The phenolic test involved adding parijoto leaf extract to the test tube, 
followed by FeCl3, which turned the color blue or green 34 .  

The test technique used was microdilution to inhibit the growth of MRSA biofilms. Preparation of MRSA 
bacterial suspension in Brain Heart Infusion Broth (BHIB) media based on MacFarland V standard (15x108 
CFU/mL). Then, the concentration of parijoto leaf extract was made into concentrations of 100, 80, 60 and 40% 
with DMSO solution diluent and combined with 100 uL of gentamicin. A micropipette was used to insert the 
sample into a 96-well polystyrene flat-bottom microplate with a total volume of 100 uL. One test well and one 
blank well were used for testing. The test well consisted of a mixture of extract with gentamicin and 10% v/v 
bacterial suspension, and the blank well consisted of distilled water without additional bacterial suspension. The 
96-well polystyrene flat-bottom microplate was covered with parafilm and then incubated for 24 hours at 37 °C. 
After leaving the incubator, the test solution was discarded and washed three times with running water. After 
drying, 125 µL of 1% crystal violet was pipetted into a 96-well polystyrene flat-bottom microplate and incubated 
at room temperature for 15 °C. The readings were read using a Benchmark Biorad Microplate reader (USA) at the 
UGM parasitology laboratory (37). The IC50 inhibitory power is the concentration of parijoto leaf extract that is 
still able to stop biofilm formation by 50%. The % inhibition formula is calculated as follows:  

 

 

Next, the IC50 value was calculated using the probit method. This method was used to evaluate the best 
concentration for the 50% inhibitory concentration of the sample (Inhibitory concentration). The effect of 
concentration on the sample was evaluated using the probit method 37 . 

RESULTS 
Parijoto leaves were picked from a garden located on Mount Muria, Kudus Regency, amounting to 6 kg. 

Next, the fresh leaves were sorted and separated from the branches, washed thoroughly and wiped with a clean 
cloth. Next, the parijoto leaves were put into a drying device (food dehydrator) at a temperature of 60 ° C for 15 
hours, then put into the FGD-Z1000 Grinder (China) and made into a fine powder of 610 g, then the parijoto leaf 
extract was made using the UAE (Ultrasound-Assisted Extraction) method, namely by inserting the ultrasonicator 
into an ethanol solution added with parijoto leaf simplicia powder, the ultrasonicator process for 60 minutes. The 
UAE extraction results were filtered, then evaporated with a rotary evaporator to become a thick extract, then in 
a Waterbath, and a thick extract of 600 g was produced. Pure thick extract obtained from the UAE technique, then 
a test was carried out to identify the chemical compounds contained in the 70% ethanol extract of parijoto leaves, 
the results of which are shown in Table 1 below. 

 
Figure 1. Parijoto leaves (Medinilla speciosa). 

 
Table 1. Results of phytochemical tests on 70% ethanol extract of parijoto leaves (Medinilla speciosa). 

Compound 
Group 

Interpr
etion 

Description 

Saponin 
Flavonoid 
Tanin 
Steroid 
Alkaloid 
Quinon 
Fenol 

+ 
+ 
+ 
-  
+ 
+ 
+ 

There is foam in more than a minute 
The color of the sample changes to brownish red. 
There is a change in color from blackish green 
No color change 
There is a reddish orange color change 
There is a change in the color of the sample to red 
The sample color changes to black 
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*Interpretation: Positive (+): Contains chemical compounds; Negative (-): Does not contain chemical 
compounds 

 
Based on the results of phytochemical identification tests, 70% ethanol extract of parijoto leaves contains 

chemical compounds including saponins, flavonoids, tannins, alkaloids, quinones, and phenols. This is in line 
with the results of a previous study by Anas et al. (2019), which stated that parijoto leaves contain cardenolin, a 
compound of the flavonoid, saponin, and tannin groups, giving the leaves a sour, bitter, and fresh taste 25,38 . Other 
studies using quantitative testing also found that 95% ethanol extract of parijoto leaves contained phenolics of 
56.62 mg QE/g and flavonoids of 56.62 mg QE/g 39 . 

Methicillin-Resistant Staphylococcus aureus  (MRSA) bacteria samples were isolated from diabetic foot 
ulcer patients at the Blora district diabetes wound care clinic, then inserted into the transport media and bacterial 
identification was carried out on Blood Agar Plate (BAP) media, catalase and oxidase tests and tests using the 
Vitek 2 tool, then purification was carried out, planted on Brain Heart Infusion (BHI) media and gram staining 
was carried out as in Figure 2. 

 
Figure 2. Schematic of isolation of Methicillin-Resistant Staphylococcus aureus (MRSA) bacteria from diabetic 
foot ulcer wounds. A. Diabetic foot ulcer wounds; B. Gram staining; C. Pure colonies of Methicillin-Resistant 
Staphylococcus aureus (MRSA) bacteria on Brain Infusion Heart (BHI) media. 

 
The biofilm growth inhibition activity of a combination of gentamicin and several variations of parijoto 

leaf extract was tested, namely, 100, 80, 60, 40%, and without any extract mixture. The technique used was 
microdilution with 1% crystal violet staining, then read on a microplate reader with a wavelength of 595 nm. The 
absorbance results were calculated using the formula for % biofilm inhibition and the results obtained are in Figure 
3. 

 
Figure 3. Percentage of inhibition of Methicillin-Resistant Staphylococcus aureus (MRSA) biofilm growth by a 
combination of gentamicin and parijoto leaf extract (Medinilla speciosa). 

 
Based on the data in Figure 3. shows that there is significant inhibition of MRSA biofilm. The highest level 

of biofilm inhibition is in the combination variation of gentamicin and parijoto leaf extract 100% as much as 95%. 
Furthermore, the percentage of biofilm inhibition is 90% by the combination variation of gentamicin and parijoto 
leaf extract 80%, decreasing to 89% in the variation of gentamicin and parujoto leaf extract 60%, and in the 
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combination variation of gentamicin and parijoto leaf extract 40% by 88%, and the percentage of biofilm 
inhibition is obtained by 70% in the treatment of gentamicin without parijoto leaf extract. By increasing the dose 
of parijoto leaf extract, the biofilm inhibition function increases. After obtaining the percentage of biofilm 
inhibition, a probit analysis was carried out to determine the IC50 value and the result was 6.90 μg/mL. 

The Shapiro-Wilk significance value (Sig.) was greater than 0.05 at all concentrations of the Combination 
of Gentamicin and leaf extract, with concentrations of 40, 60, 80, and 100%, and 0 (Gentamicin only/without 
extract), as determined by the results of the Shapiro-Wilk normality test. The range of the Sig. was 0.482 to 0.888.  
This implies that the data distribution is normally distributed.  So, parametric tests were implemented to continue 
the analysis.  The significance value (Sig.) in all calculation methods based on the mean (0.154), median (0.559), 
median with adjusted df (0.585), and trimmed mean (0.171) were all greater than 0.05, as demonstrated by the 
homogeneity of variance test using Levene's Test.  This suggests that the variance between absorbance groups 
was not significantly different, and therefore, the One-way ANOVA parametric test was continued.  The F value 
is 4.025, with a significance level (Sig.) of 0.034, as indicated by the ANOVA analysis results.  Because the Sig. 
value is less than 0.05, it is possible to infer that the average absorbance of the various leaf extract concentration 
groups differs in a statistically significant manner.  This implies that variations in absorbance are influenced by 
the concentration of leaf extract.  The LSD post-hoc test demonstrated a significant difference between 
Gentamicin alone (0% parijoto leaf extract) and a combination concentration of gentamicin and extract of 40%, 
60%, 80%, and 100%.  Furthermore, there is a direct correlation between the concentration of extract and 
absorbance, whereby an increase in absorbance is directly proportional to an increase in the concentration of the 
parijoto leaf extract and gentamicin combination.  Consequently, the effect can be enhanced by a higher 
concentration of the leaf extract combination, which is demonstrated by the absorbance measurement. 

 
DISCUSSION 

Diabetic foot ulcers (DFUs) are one of the most dangerous complications of diabetes mellitus, often leading 
to recurrent infections, poorly healing wounds, and, in the worst cases, amputation 29,40 . One of the most dominant 
bacterial species in DFU infections is MRSA, which has the ability to form biofilms and increase resistance to 
antibiotics 41 . Biofilms are a structural mode of bacterial growth, increasing bacterial survival, protecting 
organisms from antibiotics, and making infections difficult to treat 42 . Previous research has shown that 77.41% 
of S. aureus bacteria isolated from diabetic foot ulcers are resistant to methicillin 29 . The increasing prevalence 
of MRSA further complicates antibiotic treatment, necessitating the exploration of alternative treatments as a 
complement 42. Treatment of MRSA infections in diabetic foot ulcers in hospitals using more than one type of 
antibiotic can result in higher treatment costs, and prolonged treatment can lead to a high risk of kidney 
complications 43,44 . Therefore, using a combination of treatments from natural plant ingredients with synergistic 
effects could be a potential treatment approach for MRSA bacterial infections in diabetic ulcers. The Muria 
Mountains are home to the numerous beneficial plants of the parijoto (Medinilla speciosa) plant. Tests have been 
conducted on the compound content of parijoto leaf extract, which contains phytochemicals, including saponins, 
flavonoids, tannins, alkaloids, quinones, and phenols. This finding aligns with previous research by Qudsiya et al. 
(2022), which found flavonoid levels of 56.62 mg QE/g and phenolics of 159.61 mg GAE/g in a 95% ethanol 
extract of parijoto leaves 39 . Other studies have also shown that parijoto leaves have antibacterial 38,45 , 
antidiarrheal 25 , and antibiofilm 26. 

In this study, the average value test results for the most effective percentage of MRSA biofilm inhibition 
were variations of the combination of gentamicin and 100% parijoto leaf extract. And the IC50 value was 6.90 
μg/mL. Parijoto leaves are rich in phytochemicals, one of which is flavonoids which have a bacterial antibiofilm 
effect by disrupting the process of MRSA bacterial biofilm formation and its membrane strength. Flavonoid 
aglycone compounds are lipophilic to organic solutions, so they are able to interfere with the process of bacterial 
cell and biofilm formation through their QS (Quorum Sensing) effect mechanism. As a result, there is a disruption 
in the intracellular response and increased membrane permeability 46–48 .Flavonoid compounds change the 
permeability and fluidity of bacterial membranes, which causes cytoplasmic leakage and cell lysis 49 . So this can 
increase the effectiveness and improve the efficacy of gentamicin antibiotic drugs by increasing intracellular drug 
absorption 50 .  

The findings of this study are consistent with the findings of (Kabotso, et al. 2024) research, which 
demonstrated that the combination of conventional antibiotics and rosemary essential oil can be used as a 
treatment for multidrug-resistant bacterial biofilms 51. One of the phytochemical constituents in parijoto leaf 
extract, specifically phenolics, may contribute to the quorum sensing (QS) inhibition process in MRSA bacteria 
39,52.  The QS phase is a critical stage in cellular communication involved in initiation, maturation, and biofilm 
development 53,54.  Due to the presence of phenolic compounds in parijoto leaf extract that inhibit the quorum 
sensing (QS) stage, the formation of extracellular structures is disrupted, leading to a reduction in virulence factor 
production 52. Consequently, bacterial cells become more susceptible to antibiotics, particularly gentamicin.  

This combined effect can be reached through several mechanisms of activity, specifically membrane 
disruption, quorum sensing inhibition, and interference with biofilm formation.Suppression of efflux pump 
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activity,  Consequently, combination therapy involving antibiotics and phytochemicals provides improved 
antibacterial effectiveness with lower concentrations, enhanced penetration into biofilms, suppression of 
resistance mechanisms, delayed development of antimicrobial resistance, and broad-spectrum synergistic 
capabilities 55–57. In line with prior research, the combined application of antibiotics and natural compounds can 
augment their efficacy. Previous research indicated that the combination of thymol and carvacrol exhibited a 
pronounced effect against Staphylococcus aureus (MSSA). The inclusion of thymol, carvacrol, and 
chloramphenicol yielded even more pronounced results 58. 

 
CONCLUSIONS AND SUGGESTIONS 
The combination of gentamicin and parijoto leaf extract with several variations obtained the highest percentage 
of biofilm inhibition of 95% in the combination variation of gentamicin and parijoto leaf extract 100% and the 
lowest in the variation of gentamicin without a combination of parijoto leaf extract, namely 70%. The combination 
dose of gentamicin and parijoto leaf extract obtained an IC50 result of 6.90 μg/mL. The variations in leaf extract 
concentration exhibited a statistically significant difference, as indicated by the results of the One Way Annova 
test.  The post-hoc LSD test demonstrated a substantial difference between Gentamicin alone and the combination 
of Parijoto leaf extract.  In addition, a direct correlation was observed between the concentration of extract and 
absorbance. Specifically, an increase in absorbance was directly proportional to the concentration of the sinergy of 
the Parijoto leaf extract and gentamicin. Parijto leaf extract has various phytochemical contents, namely saponins, 
flavonoids, tannins, alkaloids, quinones, and phenols, so it can synergize as a supporting treatment with 
gentamicin to accelerate the treatment of diabetic ulcer wound infections. The molecular mechanism of QS 
(Quorum sensing) against MRSA (Methicillin-resistant Staphylococcus aureus) bacteria by bioactive compounds 
in parijoto leaf extract requires further exploration and study. This can be achieved by testing bioactive compounds 
quantitatively or using a metabolomic approach. Additionally, further testing is necessary in vivo with an 
experimental animal model infected with MRSA (Methicillin-resistant Staphylococcus aureus). 
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