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Abstract. Hartini YS, Nugroho LH. 2020. Short Communication: Antibacterial effect of red betel (Piper crocatum) extract in 
combination with vancomycin against  Staphylococcus aureus. Biodiversitas 21: 3271-3274.  The occurrence of bacterial resistance to a 
single antimicrobial compound has prompted the search for antimicrobials in the form of compound combinations. The current study was 

performed to show the antibacterial effect of red betel (Piper crocatum Ruiz & Pav.) in combination with vancomycin against 
Staphylococcus aureus. The combination of the antibacterial compounds from plant with the antibacterial drug was expected to increase 
antibacterial activity resulted in the reduction of resistance. The interaction effect of extract and antibiotic combination was performed 
using the microdilution checkerboard method. The combination of red betel extract with vancomycin showed significantly (p < 0.05) 
greater inhibition growth of S. aureus compared to red betel or vancomycin alone. The addition of red betel extract to vancomycin 
reduced Minimum Inhibitory Concentration (MIC) vancomycin to be a-4 fold reduction against S. aureus. There was a synergistic effect 
of the red betel extract in combination with vancomycin against S. aureus. It is the potential result for future research on the infectious 
treatment of S. aureus resistant to vancomycin. 
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INTRODUCTION 

The discovery of penicillin antibiotics from the fungus 

Penicillium notatum was no longer a finding that addresses 

the problem of infection, an increase in cases of 
Staphylococcus aureus infections in hospitals in the mid-

1940s proved the need for new drugs to treat S aureus. 

Furthermore, methicillin findings can eliminate most of the 

pandemic S. aureus infection. However, the following 

time, the strains of methicillin-resistant S. aureus (MRSA) 

were found (Chambers and DeLeo 2009). Vancomycin is 

an antibiotic that is then used to treat Methicillin-resistant 

S. aureus (MRSA). However, it was first reported in 1997 

that S. aureus resistant to vancomycin (VRSA) (Leclerecq 

2009). The disc diffusion method showed that 21 of 29 

strains S. aureus were MRSA, of which 11 were VRSA 

(Hasan et al. 2016). The current problem of bacterial 
resistance to antibiotics suggests that a single compound 

has not been able to overcome bacterial infections of S. 

aureus, new antibacterial, or combination of compounds 

that may resolve bacterial resistance. The combination of 

compounds can have synergistic, additive, or antagonistic 

effects. Stronger antibacterial effects can be achieved by 

combining drugs. The increased effects of antibacterial 

activity on several pathogens from the combined natural 

ingredients indicate a synergistic effect due to the 

combination of the ingredients (Cheesmas et al. 2017; 

Semeniuc et al. 2013) Treatment with a combination of 

drugs has been used as an approach to overcome bacterial 
resistance, for example in the treatment of malaria and 

tuberculosis (Nosten and White 2007; Ramon-Garcia et al. 

2011). The analyses on the result of the drug combination 

effect do support and enhance the discovery of drugs that 

display better selectivity and the possibility of overcoming 

drug resistance (Bulusu et al. 2016). In developing 

resistance agents in the area of bacterial resistance, many 

researchers have been developing the natural extract as 

materials especially from plant extract which were 

combined with antibiotics (Demetrio et al. 2015). Betel and 

red betel showed a variation in anatomical characteristics 

(Nugroho et al. 2019). Betel showed the greatest 
antibacterial activity among 12 medicinal plants tested 

against Gram-positive and Gram-negative bacteria resistant 

to various drugs (Aldulaimi 2017). Antibacterial activity of 

red betel (Piper crocatum Ruiz & Pav.) has been reported 

Kusuma et al. (2016). There have been no previous studies 

on the antibacterial effect of  the combination of red betel 

extract with vancomycin. In this study, we aimed to 

determine the antibacterial effect of red betel extract and 

vancomycin combination against S. aureus. 
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MATERIALS AND METHODS 

The research material was red betel (Piper crocatum 

Ruiz & Pav.) leaves taken from Sleman Yogyakarta 

Indonesia, vancomycin (Vancep®), and Staphylococcus 

aureus ATCC 25923 (bacteria concentration was equal to 

Mac Farland II standard), Mueller Hinton. Determination 

of red betel plant was done in the Faculty of Biology 

Universitas Gadjah Mada, Yogyakarta, Indonesia. 

Herbarium of Piper crocatum Ruiz & Pav. is deposited at 

the Pharmacy Laboratory of the Faculty of Pharmacy, 
Sanata Dharma University, Yogyakarta, Indonesia. 

Extraction with maceration followed by two times 

remaceration using methanol solvent. Evaporation was 

done with a rotary evaporator to obtain a thick red betel 

extract. Testing of antibacterial activity was performed by 

agar diffusion method, with test material in the form of 

solvent (A), vancomycin (B), red betel extract 150 mg/mL 

(C), the combination of vancomycin: extract (D, E, F). 

Determination on the antibacterial effect type of the test 

material combination was performed by microdilution 

checkerboard method to establish a single vancomycin 
MIC (MICA), MIC of a single red betel extract (MICB), 

MIC vancomycin in combination (MICAB), MIC extract of 

red betel in combination (MICBA). Fractional Inhibitory 

Concentration Index (FICI) values were obtained by the 

formula: (MICA/MICAB) + (MICB/MICBA). A combination 

of vancomycin and extract is called synergy effect if the 

value of FICI ≤ 0.5; whereas the term of indifference and 

antagonism are indicated if FICI> 0.5, and FICI> 4 

respectively (Jain et al. 2011; Kosropanah et al. 2012). 

RESULTS AND DISCUSSION 

The results of the antibacterial activity test of red betel 
extract, vancomycin, and extract combination with 

vancomycin are shown in Figure 1. and Table 1. 

Discussion 

The results of the antibacterial activity test of red betel 

extract, vancomycin, and extract combination with 

vancomycin are shown in Figure 1. There is no visible 

growth inhibition zone of S. aureus in the solvent area (A), 

but the inhibition zone could be seen in the area of 

vancomycin (B), red betel extract (C), and combination of 

extract and vancomycin (D, E, F). The statistic test shows 

that there is a significant difference between inhibitory 

zone diameter of A and B, D, E, or F. It means that the test 
material of B, D, E, and F showed antibacterial activity 

against S. aureus. Although the growth inhibition zone 

appears in C, it is not significantly different to A. The 

inhibitory zone diameter D, E, or F is significantly different 

to B and C. It could be suggested that the combination of 

red betel extract and vancomycin showed greater 

antibacterial activity than single extracts or single 

vancomycin. The inhibitory zone diameter D and E were 

significantly different to F. The combination of red betel 

extract and vancomycin with 150 mg/mL:16 μg/mL and 

300 mg/mL:16 μg/mL ratio was significantly different to 

the combination of red betel extract and vancomycin with 

600 mg/mL:16 μg/mL ratio.  

Table 1 shows the results of the antibacterial effect of 

red betel extract and vancomycin combination with the 

microdilution checkerboard method. Treatment with single 

vancomycin (4 μg/mL), and a single red betel extract (12.5 

mg/mL and 50 mg/mL) were not significantly different 

from the solvent. Consecutive addition of 12.5 mg/mL, 50 

mg/mL, and 200 mg/mL red betel extract on vancomycin 

(4 μg/mL) resulted in significantly different antibacterial 
effects, as well as when the ret betel extract were added to 

vancomycin 16 μg/mL. The addition of these three levels 

of red betel extract did not result in a significantly different 

antibacterial effect when the extracts added to vancomycin 

levels of 32 μg/mL. The MIC value of red betel extract was 

at the concentration of 200 mg/mL, MIC of vancomycin 

was at the concentration of 16 μg/mL, whereas MIC of 

extract and antibiotic combination occurred in red betel 

extract and vancomycin at the ratio of 4 μg/mL:12.5 

mg/mL. 

 
 

 
 
Figure 1. Inhibition zones of extract, antibiotic, and combination 

of extract and antibiotic against S. aureus (A. Solvent, B. 
Vancomycin (16 µg/mL), C. Red betel extract (150 mg/mL), D. 
Combination Extract and Vancomycin (150 mg/mL : 16 µg/mL), 
E. Combination Extract and Vancomycin (300 mg/mL : 16 
µg/mL), F. Combination Extract and Vancomycin (600 mg/mL : 
16 µg/mL) 
 

 
Table 1. The FICI of the test material after overnight incubation 
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Staphylococcus aureus bacteria were well-grown on 

test media without visible contamination of other 

microorganisms. Vancomycin activity against S. aureus 

could be demonstrated using the test method used. The 

results of the diffusion test showed that red betel extract 

could inhibit the growth of S. aureus starting at 150 

mg/mL. The combination of red betel extract and 

vancomycin (150 mg/mL:16 μg/mL) showed an increase in 

S. aureus growth inhibition compared to the single 

vancomycin or extract. The increase in antibacterial effects 
suggests that a combination of red betel extract with 

vancomycin produces a synergistic effect. The synergy 

effect occurs when an effect seen by a combination of 

substances is greater than those of individual contributions 

(Williamson 2001). Several studies reported the synergistic 

effect of antibiotics when the antibiotics were combined 

with natural ingredients. The synergistic effect occurred on 

chloramphenicol activity combined with Piper betle, L 

towards the S. aureus (Taukoorah et al. 2016). The addition 

of pineapple extract to vancomycin increased the 

antibacterial effects of the antibiotic (Kosropanah et al. 
2012).  

The addition of 150, 300, or 600 mg/mL red betel 

extract to vancomycin 16 μg/mL showed a synergistic 

effect. The addition of various concentrations of extracts to 

vancomycin did not always result in an increase of 

synergistic effects. In comparison with the 150 mg/mL 

extract, the addition of 300 mg/mL extract to vancomycin 

16 μg/mL did not bring any significant difference in the 

activity. While the addition of 600 mg/mL extract to 

vancomycin showed a significant decrease in the activity 

against S. aureus. This result suggested that the addition of 
red betel 150 mg/mL extract to 16 μg/mL vancomycin 

produced an optimal antibacterial effect.  

The result of antibacterial activity using the 

microdilution checkerboard method confirmed the type of 

synergistic effect from the red betel extract in combination 

with vancomycin, with FICI value of 0.325 (Table 1). The 

value of MIC vancomycin in combination with red betel 

extract decreased 4-fold. This reduction is greater than the 

combination of vancomycin with the Carum copticum. 

Vancomycin in combination with C. copticum essential oils 

reduced MIC from 0.5 to 0.12 μg/m (Talei et al. 2017).  

The microdilution checkerboard method test results also 
confirmed that the increase of extract concentration in the 

combination of extract and vancomycin did not always 

result in an increase of synergy effects. The addition of red 

betel extract 12.5, 50, or 200 mg/mL to 4 μg/mL or 16 

μg/mL vancomycin showed an increase in synergistic 

effect characterized by a decrease in absorbance of the test 

material. However, the addition red betel extracts did not 

result in an increase in the synergistic effect of 32 μg/mL 

vancomycin, the consistent absorbance value of test 

material indicated the constant inhibition of S. aureus 

growth. 
The antibacterial activity of 200 mg/mL red betel 

extract and 4 μg/mL or 16 μg/mL vancomycin combination 

did not have any significant difference, however, both 

combinations showed the highest inhibitory activity of S. 

aureus growth. Since the results of the diffusion test 

showed that the antibacterial activity of the combination of 

red betel extract 300 mg/mL did not differ significantly 

with the 150 mg/mL, therefore the recommended 

concentration of red betel extract is 200 mg/mL.  Since the 

addition of 12.5, 50, or 200 mg/mL red betel extract on 

vancomycin 32 μg/mL did not significantly different, 

therefore the best-recommended combination for obtaining 

the highest antibacterial activity against S. aureus was 200 

mg/mL red betel extract with 4 μg/mL vancomycin. 

Vancomycin is one of the glycopeptide class 
antibiotics. Glycopeptide class antibiotics involved in cell-

wall biosynthesis which binds the substrate of 

transpeptidase enzyme. Therefore, the enzymes are 

potential targets for combating the resistance (Healy et al. 

2000). The essential oils of red betel leaves has activity to 

inhibit S. mutans by inhibiting the activity of 

glucosyltransferase (Erviana et al. 2011). Combinations of 

compounds have been used in various treatments such as 

hypertension therapy, atherosclerosis, type-2 diabetes 

mellitus, cancer, and tuberculosis (Williamson 2010). The 

combined effect of the compound can be utilized to 
produce intended harmful effects to anti fungi, or 

unintended harmful effects, such as for synergistic toxicity 

(Bulusu et al. 2016). The compounds combination may 

lead to new ways to treat S. aureus (Moussaoui and Alaoui 

2015). There has been a report on the additive effect in the 

combination of Quercus infectoria galls and vancomycin. 

A possible mechanism of antimicrobial action triggered by 

the combination treatments was postulated to be associated 

with the same target sites of the bacterial cell wall (Basri 

and Khairon 2012).  Several compounds isolated from red 

betel have been reported, namely essential oil (Erviana et 
al. 2011),  neolignans (Hartini et al. 2014), β-sitosterol and 

d 2- (5 ', 6'-dimethoxy-3', 4'- methylenedioxyphenyl) -6- (3 

", 4", 5 "-trimethoxyphenyl) -3.7-dioxabicyclo [3,3,0] 

octane (Emrizal et al. 2014), however, there were no 

reports of antimicrobial activity combined with red betel 

compounds.
 

Evaluation of vancomycin combination with antibiotics 

both in vitro and in animal models of infection often yields 

inconsistent results, however, there are no data available 

from randomized clinical trials to support their use, while 

some regimens are known to have potential toxicities 

(Deresinski 2009). The multi-component nature of 
medicinal herbs makes them particularly suitable for 

treating complex diseases and offers great potential for 

exhibiting synergistic actions. Different agents may 

regulate either the same or different target in various 

pathways and therefore cooperate in an agonistic or 

synergistic way (Yang et al. 2014). Therefore, the results of 

this research have the potential to be further developed to 

discover a combination of compounds that can overcome 

the problem of S. aureus resistance to vancomycin. 

The addition of red betel extract to vancomycin 

produces a synergistic effect, which decreases the MIC 
value to 1/4 of single MIC vancomycin against S. aureus. 

Moreover, the FICI value of red betel extract and 

vancomycin combination was 0.3125. The best-

recommended combination for obtaining the highest 
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antibacterial activity against S. aureus is the combination 

of 200 mg/mL red betel extract and 4 μg/mL vancomycin. 
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