
Title : Antagonistic Antibacterial Effect of Betel and Red Betel Combination against Gram-positive and 

Gram-negative Bacteria 

Journal name: International Journal of Current Microbiology and Applied Sciences 

 



Original Research Article 

Antagonistic Antibacterial Effect of Betel and Red Betel Combination Against 

Gram-positive and Gram-negative Bacteria 

 

Yustina Sri Hartini1*, Yohanes Medika Seta Diaseptana1, Rakhel Nugraheni Putri1, and 

Lia Elisa Susanti1 
1Faculty of Pharmacy, Sanata Dharma University, Sleman, Yogyakarta, INDONESIA 

e-mail: yustinahartini@usd.ac.id 

 

*Corresponding author 

_____________________________________________________________________________________ 

ABSTRACT 

Treatment with a combination of drugs has been used as an approach to overcome bacterial 

resistance. The combination of compounds can have synergistic, addictive, or antagonistic effects. 

The synergistic effect of antibacterial compounds combined is expected to increase antibacterial 

activity so as to prevent the occurrence of resistance. Betel (Piper betle L.) and red betel (Piper 

crocatum Ruiz & Pav.) leaves have antibacterial activity. This study compared the antibacterial 

activity of betel, red betel, to the combinations of betel and red betel. The antibacterial activity was 

measured using paper disk diffusion method, against Gram positive and Gram negative bacteria. 

The combination of betel and red betel showed the lower antibacterial activity than betel or red 

betel alone. The effect of betel and red betel combination showed antagonistic antibacterial activity 

against  Staphylococcus aureus, Staphylococcus epidermidis, or Eschericia coli. The results 

showed that there was no significant difference between betel and red betel antibacterial activity 

against the three bacteria. There is a decrease in activity when betel and betel red are combined, 

compared to their single material. It seemed that there was an antagonistic effect when they are 

combined so that it is recommended to use them separately. 
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INTRODUCTION 

Betel (Piper betle L.) and red betel (Piper crocatum Ruiz & Pav.) are species of Piper genus. These 

plants usually grown in gardens of Indonesian people's houses. In addition to their beautiful 

appearance, the leaves of both plant are traditionally used for the treatment of various diseases, 

especially antibacterial. Bacterial infections were initially thought to be overcome by the discovery 

of penicillin antibiotics isolated from natural ingredients. Antibiotics can even be synthesized so 

that the treatment of bacterial infections does not have to depend on the source of natural 

ingredients. However, the current problem of bacterial resistance to antibiotics shows that single 

compounds have not been able to overcome bacterial infections, therefore new antibacterial or 
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combinations of compounds that can overcome bacterial resistance are required. The combination 

of compounds can have synergistic, addictive, or antagonistic effects.  The combination of natural 

ingredients shows an increase in antibacterial activity against some pathogens but there is also a 

decrease in antibacterial activity compared with the singular material (Khalil et al., 2013; 

Semeniuc et al., 2017).   

Betel and red betel antibacterial activity has been reported (Khan and Kumar, 2011; Divyalashmi 

and Sharmili, 2017; Junairiah et al., 2015; Karsono et al.,2015 ). Moreover, betel showed the 

greatest antibacterial activity among 12 medicinal plants tested against Gram positive and Gram 

negative bacteria that resistant to various drugs (Demetrio et al., 2015). There have been no 

previous studies on antibacterial effect of the combination of betel and red betel. In this study, we 

aimed to compare the antibacterial activity of betel and red betel alone to the combination of betel 

and red betel against Staphylococcus aureus, Staphylococcus epidermidis, (Gram positive 

bacteria) and Eschericia coli (Gram negative bacteria) 

 

MATERIALS AND METHODS  

Sample of betel (Piper betle L.) and red betel (Piper crocatum Ruiz & Pav.)  leaves were collected 

from Sleman Yogyakarta Indonesia at the end of 2016 (Figure 1). The determination of plants was 

performed at Faculty of Biology Universitas Gadjah Mada. Herbarium of both plants was 

deposited in Pharmaceutical Laboratory, Faculty of Pharmacy Sanata Dharma University. After 

drying, the leaves were powdered by using a blender. The material infundation/extraction was 

carried out by heating in a water bath for 15 minutes (90°C) with stirred. The betel and red betel 

combination is made by mixing each of 20 ml of betel and 20 ml red betel extract respectively (1: 

1 ratio 100% w / v). 

The bacteria used in this study were Staphylococcus aureus, Staphylococcus epidermidis  (Gram 

positive bacteria) and Eschericia coli (Gram negative bacteria). They were obtained from Health 

Research Laboratory of Yogyakarta Province Indonesia. The bacteria were grown and maintained 

on Mueller Hinton Agar. The inoculum size of each bacteria was standardized to Mac Farland II 

standard.  

The antibacterial activity were measured using disk diffusion method.  Standardized bacteria was 

poured into Mueller Hinton Agar medium.  The empty disk (6 mm in diameter) was soaked for 30 

minutes in the betel extract, red betel extract, or combination of betel and red betel extract, 



respectively. Then, it was placed on an inoculated petri dish using sterilized tweezers. An empty 

disk soaked in sterile water was used for the negative control. Each treatment was repeated 3 times, 

and then it was incubated for 24 hours at 37OC. 

 

RESULTS  

The antibacterial activity test method used in this study worked well. All bacteria (S. aureus, S. 

epidermidis, and E. coli) grew well in nutrient agar media, no visible contamination of other 

microorganisms. Antibacterial activity of ampicillin_sulbactam as positive controls against these 

three bacteria can be demonstrated using this test method (Figure 2). Figure 3 showed the 

inhibitory zone diameter of betel, red betel, and the combination of betel and red betel against S. 

aureus, S. epidermidis, and E. coli. Statistical analysis of inhibitory zone diameter data of 

antibacterial activity against S. aureus, S. epidermidis, and E. coli showed that there was a 

significant difference between material test (betel, red betel and combination of betel and red betel, 

ampicillin-sulbactam ) and solvent (negative control). It means that betel, red betel, combination 

betel and red betel, ampicillin-sulbactam show antibacterial activity against S. aureus, S. 

epidermidis, or E. coli. Although the number of betel inhibition zones is larger than red betel, but 

statistically is not significantly different. Betel has similar antibacterial activity with red betel, 

against S. aureus, S. epidermidis, or E. coli.  

 

DISCUSSION 

Red betel leaf contains flavonoids, alkaloids, polyphenolates, tannins, and essential oils. The 

results of analysis of red betel essential oils showed 39 compounds, including cavikol, eugenol, 

tran-caryopilene, eugenol acetate, and beta-celinen (Safitri and Fahma, 2008; Marliyana et al., 

2013). Betel leaf contains alkaloids, phenol, flavonoid, tanin, saponin, glicosyde, terpenoid, 

steroid, and essential oils. The essential oils contain  5-(2-propenyl)- 1,3-benzodioxole (25.67%), 

eugenol (18.27%), dan  2-methoxy-4-(2-propenyl) acetate-phenol (8.00%) (Syahidah et al., 2017; 

Sugumaran et al., 2011). Essential oils are synthesized by all plant organs, i.e., buds, flowers, 

leaves, stems, twigs, seeds, fruits, roots, wood or bark, and are stored in secretory cells, cavities, 

canals, epidermic cells or glandular trichomes (Bakkali et al., 2008). Many researcher reported the 

antibacterial activity of essential oils. The oxygenated terpenoids, for example alcohols and 

phenolic terpenes are the most active of them, while some hydrocarbons were usually inactive 



(Koroch et al., 2007; Ait-Ouazzou et al., 2011). Terpenes, phenylpropenoids, and N-S- containing 

compounds are the three major of secondary metabolites involved in plant chemical defense 

systems (Wink, 1999).  The compounds responsible for betel and red betel antibacterial activity 

against S. aureus, S. epidermidis, or E. coli are probably the essential oils. The essential oils may 

be the defence compound of betel or red betel against S. aureus, S. epidermidis, or E. coli infection. 

Moreover the results also showed that S. aureus bacteria is more susceptible to betel or red betel 

than S. epidermidis.  

The combination of natural ingredients showed an increase or decrease in antibacterial activity 

against some pathogens (Khalil et al., 2013; Semeniuc et al., 2017).  Betel has similar antibacterial 

activity with red betel. Both of Piper species have significantly different antibacterial activity to 

their combination. The combination produces lower activity against S. aureus, S. epidermidis, and 

E. coli. than a single material. It seemed that an antagonistic effects occurred  when betel and red 

betel are combined. The antagonist is a phenomenon when the combination of the compound 

produces a lower overall effect than the additive effect of the agent alone (Bulusu et al., 2016). 

The phenomenon of a combination antagonist compound is also reported (Semeniuc et al., 2017). 

Six different combinations between the Lamiaceae (Ocimum basilicum and Thymus vulgaris) 

genera and the Apicaeae (Petroselinum crispum and Levisticum officinale) genes against Gram-

positive and Gram-negative bacteria produce a lower antibacterial effect than their component 

alone. 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 amd White, 2007). 

The discovery of drugs that display better selectivity and possibility of overcoming drug resistance 

was supported and enhanced by the data of bioactivity and chemical properties combination study 

(Bulusu et al., 2016). Interactions between compounds may lead to antagonistic, additive, or 

synergistic effects. The minor components may be crucial to these effects (Bassole and Juliani, 

2012). The interaction between compounds in betel and red betel produces antagonistic effects. 

Therefore, the use of betel or red betel as an antibacterial is recommended to be used singly, not 

in combination. The antagonistic effect of a combination of compounds is expected when the 

presence of a compound leads to undesirable side effects, e.g. due to high doses of the compound. 

A compound (the main compound) can sometimes not be administered in low doses because the 

therapeutic effect is attained at that dose. It is necessary to have another compound that manages 

the adverse side effects of the compound, for example by blocking the receptor with such adverse 



effects. In this case an antagonist role is required by other compounds to cooperate with the main 

compound  and, thus, providing optimal treatment benefits. Synergistic antibacterial effect have 

been reported from the combination of the essential oils of five plant with antibiotic (Moussaoui 

and Alaoui, 2016). Moreover, the combination of betel and chloramphenicol showed additive and 

synergistic effect against S. aureus (Taukoorah et al., 2016). The plant and antibiotics combination 

could be useful in the fight against emerging bacterial drug resistance. 

 

CONCLUSION 

The betel and red betel have an equal antibacterial activity against Staphylococcus aureus, 

Staphylococcus epidermidis, or Eschericia coli.  There was an antagonistic antibacterial effect of 

the betel and betel red combination. Therefore, the combination is not recommended for Gram 

positive or Gram negative antibacterial agent. 
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Figure 1: Betle (Piper betle, L.) (a) and red betle (Piper crocatum Ruiz & Pav.) (b) 
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Figure 2: The inhibition zone of antibacterial activity of ampicillin-sulbactam (A), solvent (B), betel 

(C), red betel (D), betel and red betel combination (E) against S. aureus (1), S. epidermidis 

(2), and E. coli (3). 
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Figure 3: The inhibition zone diameter (mm) of betel, red betle, combination of betel and red betel, and 

ampicillin_sulbactam 
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