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 ABSTRACT  

 
Periodontitis is a multifactorial inflammatory disease which is generally caused by plaque 
accumulation. Many studies have shown that Porphyromonas gingivalis (Pg) is the main 
etiological agent that contributes to chronic periodontitis. Scaling and root planing (SRP) 
is the gold standard for periodontitis treatment. The use of antibiotics as additional 
agents accompanying the SRP procedure has limitations that can cause resistance to 
subgingival periodontal pathogens. Peperomia pellucida (L.) Kunth i.e betel leaf is a 
natural ingredient that contains anti-inflammatory, antibacterial and antioxidant 
properties. This study aimed to analyze the inhibition of Peperomia pellucida (L.) Kunth  
extract against Pg bacteria. Methods: The type of study used was an experimental 
laboratory with a Post-Test Control Group Design research design which was divided into 
6 treatment groups using the disk diffusion method with concentrations of Peperomia 
pellucida (L.) Kunth extract 25, 50, 75 and 100%, sterile aquades as a negative control 
and Chlorhexidine as a positive control. Data analyses of One Way Anova and Post Hoc 
Tukey were used Results: Peperomia pellucida (L.) Kunth extract concentrations of 25, 
50, 75, and 100% had an  effect on reducing the growth of Porphyromonas gingivalis 
(p≤0,05), the average inhibition response was 14.40 mm at 25% concentration, 16.58 
mm at 50% concentration and 19.30 mm at 75%, 21.88 mm at 100% 
concentration.Conclusion: Peperomia pellucida (L.) Kunth extract has an antibacterial 
effect against Porphyromonas gingivalis which has the potential to be used as a 
periodontitis herb. 
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INTRODUCTION  

 

Oral health is a part of general health that needs to be considered.1 The main problem of dental and 
oral disease is caries and periodontal disease. According to Basic Health Research (RISKESDAS) in 
2018, the prevalence of periodontitis in Indonesia was 74.1%.2 From the results of this research, it 
appears that most of Indonesia's population has dental and oral health problems. Periodontal disease 
is a disease of the oral cavity whose prevalence and intensity is still high.3 Periodontal tissue is a tooth 
supporting network consisting of soft and hard tissues. Periodontal tissue consists of the gingiva, 
cementum, periodontal ligament, and alveolar bone that supports the teeth.4,5 The most common 
types of periodontal disease are periodontitis and gingivitis.6 Gingivitis is an inflammation that affects 
the soft tissue around the teeth, namely the gingival tissue.7 Periodontitis is a periodontal tissue 
disease that attacks tooth supporting tissues due to plaque accumulation.8 

Several pathogenic bacteria cause periodontitis, including Actinobacillus 
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Prevotella intermedia, and 
Treponema denticola.9 One of the pathogenic bacteria which is a normal flora is Porphyromonas 
gingivalis which is known to have a dominant prevalence of 96.2% in chronic periodontitis.10 This 
bacterium can be found in the oral cavity in the area of the tongue, tonsils, subgingival plaque and 
gingival sulcus area.11 P. gingivalis are rod-shaped obligate anaerobic gram-negative bacteria that 
produce black colonies on blood agar. P.gingivalis  is the main etiology that is very influential in the 
severity of periodontal disease, especially chronic periodontitis.12-15  Chronic periodontitis occurs due to 
colonization of bacterial subgingival plaque which can regulate the immune cell response due to the 
presence of virulence factors from these bacteria. Porphyromonas gingivalis has a virulence factor by 
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communication with other organisms that causes tissue damage and can cause inflammation. 
Attachment to the subgingival sulcus is stronger than that of other bacteria in patients with chronic 
periodontitis.7,12,14 

Scaling and root planing are treatments that can be performed to eliminate pathogens of 
periodontal disease. This treatment has become the gold standard for the treatment of periodontal 
disease. Scaling and root planing (SRP) are sometimes not optimal because it is difficult to reach the 
surface of the tooth anatomy under the gums and only certain pathogens can be removed.16,17 

 The use of locally administered antimicrobials is a relatively recent addition in the 
management of periodontitis. Currently, additional therapy is given with chlorhexidine mouthwash 
which is often used by the people because it has anti-bacterial and anti-inflammatory effects and is 
also used for periodontal treatment.11,18-23 

Chlorhexidine gluconate (CHX) is an antibacterial agent that has long been used as a topical 
antiseptic and antibacterial agent in medicine.20,24  Prolong time usage will cause an unpleasant taste, 
sensation, give brown color to the teeth, increase the formation of calculus, and ulcers in the 
mucosa.25 

Peperomia pellucida (L.) Kunth, which has long been known as a medicinal plant, may have 
the potential to have the antibacterial ability of P. gingivalis. Betel plant originated from America but is 
commonly found in Southeast Asia.26 Peperomia pellucida is a wild plant that grows around the yard or 
in damp areas. This plant has anti-inflammatory, antibacterial, antioxidant, and analgesic properties. 
Antibacterial and antiseptic properties of betel leaves, namely saponins, flavonoids, tannins, alkaloids, 
and triterpenoids.27 Peperomia pellucida (L.) Kunth has broad-spectrum antimicrobial activity on 
Pseudomonas aeruginosa, Staphylococcus aureus, Candida albicans.28 

     It has been widely  used as an anti-inflammatory and antibacterial agent, but so far, no research 
has been found on the antibacterial ability of this plant against P. gingivalis.28 Based on the description 
above, this study aimed to analyze the inhibition of Peperomia pellucida (L.) Kunth  extract against Pg 
bacteria. 
 

METHODS  

 
This study was a laboratory experiment and the Post-Test Control Group Design. This research was 
conducted at the Microbiology Lab, Faculty of Dentistry, Airlangga University, Surabaya. The objects 
used were betel plant extracts made by the Biochemistry Laboratory Team of the Faculty of Dentistry, 
Jenderal Achmad Yani University.Porphyromonas gingivalis (ATCC 33277) obtained from the 
Microbiology Lab, Faculty of Dentistry, Airlangga University, Surabaya. Determination of the number of 
samples used the Federer formula. 

This study was conducted to determine whether there were differences in the growth of 
Porphyromonas gingivalis given betel leaf extract (Peperomia pellucida (L.) Kunth with concentrations 
of 25, 50, 75 and 100%. This study used 6 treatment groups, namely, group 1: the negative group, 
only treated with Aquades; group 2: positive group, treated with 0.2% Chlorhexidine; group 3: 
treatment group with 25% betel leaf extract; group 4: treatment group with 50% betel leaf extract; 
group 5: treatment group with 75% betel leaf extract; group 6: treatment group with 100% betel leaf 
extract. Based on the calculations obtained from the formula, the number of repetitions needed was 4 
repetitions for each treatment group.  

The materials used in this study were betel leaf extract, P.gingivalis bacteria, BHI agar and 
BHIB, petridish, 70% ethanol, 70% alcohol, 0.9% NaCl, hermin, vitamin K, immersion oil, crystal 
violet, lugol, Aquadest, and 0.2% Chlorhexidine (CHX). This study used betel leaves obtained from the 
Percikan Iman Arjasari plantation, Bandung Regency, West Java. Then a determination test of betel 
leaves was carried out at the National Research and Innovation Agency, Cibinong Bogor. As much as 
250 grams of leaves, stems and flowers were taken and then dried at room temperature (not exposed 
to direct sunlight) for ± 2 days to reduce the water content. 70% ethanol extract of betel leave 
(Peperomia pellucida (L.) Kunth) was prepared by maceration method, as follows:29,30 Prepare 250 
grams of betel leaves, then clean and rinse with water, then mash and put in the oven until dry; After 
drying, blend the betel leaves to a powder, then macerate the betel leaf powder using 70% ethanol 
solvent ; Leave it for 3 days; After 3 days, filter using filtration paper then evaporate using a rotary 
vacuum evaporator; Betel leaf extract is ready to use; The concentrations used in inhibition test were 
25, 50, 75 and 100%; concentration  was made with 2 ml of distilled water, positive control with 0.2% 
chlorhexidine, and negative control with distilled water.31 

Steps: Prepare BHI agar enriched with hemin and vitamin K as  preparation of agar media for 
Porphyromonas gingivalis bacterial culture. Mix BHI agar 4.7 grams with 100 mL Aquadest into an 
Enlenmeyer tube then add 50 μl hermin and μl vitamin K. Then cover the media using aluminum foil 
and sterilize using autoclave at 121oC for 15 minutes. After that, put it in a sterilized petri dish with a 
diameter of 10 cm and a thickness of 4 mm, and wait for it to solidify.32 

The bacterial suspension was prepared according to the turbidity standard of 0.5 Mc Farland 
(1,5 x 108 CFU/ml) where 1 loop of Porphyromonas gingivalis bacteria was taken in a sterile loop. It 
was dissolved in 2 ml of BHIB liquid medium in a test tube. Steps: Put the test tube into the desiccator 
and incubate at 37oC for 24 hours. Dilute by adding distilled water and homogenize in a centrifuge. 
Measure the absorbance and match with a standard turbidity of 0.5 McFarland with an absorbance of 
0.05 and a wavelength of 560 nm using a spectrophotometer.33 

Re Identification of P. gingivalis  was carried out by gram staining.34,35  Then it was marked 
with 3 types of labels, namely the code K+ for positive control (Chlorhexidine 0.2%), K- for negative 
control (Aquades), and betel leaf extract with concentrations of 25, 50, 75 , and 100%. 
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The inhibition test procedure on P. gingivalis was carried out using  disk diffusion method.9,36 A 
stock solution of extract was prepared by dissolving 0.1 g of extract with 100 mL of distilled water to 
produce a final concentration of 100 mg/mL. The stock solution was then diluted to concentrations of 
25, 50,75 and 100 mg/mL of extract. 20  μl  of each dilution was impregnated into sterile, blank disks 
6 mm in diameter. 5  μl  of extract was spotted alternately on both sides of the disks and allowed to 
dry before the next 5 μL was spotted to ensure precise impregnation. Aquades-loaded disks were used 
as negative controls and  the positive controls used were Chlorhexidine gluconate 0,2%. All disks were 
fully dried before the application on the bacterial lawn. Antibacterial activity was evaluated by 
measuring the diameter of the inhibition zone (IZ) around the disks. The assay was repeated four  
times. Antibacterial activity was expressed as the mean zone of inhibition diameters (mm) produced 
by the leaf extract.  The statistical difference of the mean zone of inhibition of the extract was carried 
out by one-way analysis of variance (ANOVA) followed by Tukey’s post hoc multiple comparison test at 
a significance level of p<0.05. 

 

RESULTS  
 

To Determine the antibacterial activity of Peperomia pellucida (L.) Kuth extract to P.gingivalis   the 
disk diffusion method was used. The results of the study can be seen in the table below. 

 

 
Figure 1:  Zones of inhibition produced by  Peperomia pellucida (L.) Kunth  extract 25%, 50%, 75% 
and 100%, sterile aquades as a negative control and Chlorhexidine as a positive control against 
P.gingivalis in disk diffusion test. A-D:  Repetition of the test from first to fourth  

 

Table 1. Zone of inhibition (mm) against P.gingivalis 

Group Zone of 
Inhibition 

Mean SD Min-Max 

Aquades 0 
0 
0 

0 0 0-0 

Chlorhexidine 25.69 
25.72 
24.36 
25.05 

25.21 0.64 24.36-25.72 

25% Concentration 
of extract  

14.76 
14.84 
13.60 
14.40 

14.40 0.57 13.60-14.84 

50% Concentration 
of extract   

16.89 
16.80 
15.92 
16.72 

16.58 0.45 15.92-16.89 

75% Concentration 
of extract   

19.16 
19.20 
18.86 
19.98 

19.30 0.48 18.86-19.98 

100% Concentration 
of extract   

21.64 
22.26 
21.20 
22.40 

21.88 0.56 21.20-22.40 
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Based on the table above, for betel leaf extract, the highest average is at a concentration of 100%, 
which is 21.88 mm with a minimum value of 21.20 mm and a maximum value of 22.4 mm and the 
lowest average at a concentration of 25% that is equal to 14.40 mm with a minimum value of 13.60 
mm and a maximum value of 14.84 mm. Meanwhile, the positive control for Chlorhexidine had an 
average of 25.21 mm and the negative control for Aquades had an average of 0.00 mm. 

 

     Table 2. Comparison between treatments with Post Hoc Test  

Comparison  p-value Interpretation 

Aquades with chlorhexidine 
Aquades with 25% 
Aquades with 50% 
Aquades with 75% 
Aquades with 100% 

0.000 
0.000 
0.000 
0.000 
0.000 

There is a difference 
There is a difference 
There is a difference 
There is a difference 
There is a difference 

Chlorhexidine with 25% 
Chlorhexidine with 50% 
Chlorhexidine with 75% 
Chlorhexidine with 100% 

0.000 
0.000 
0.000 
0.000 

There is a difference 

There is a difference 
There is a difference 
There is a difference 

25% with 50% 
25% with 75% 
25% with 100% 

0.000 
0.000 
0.000 

There is a difference 
There is a difference 
There is a difference 

50% with 75% 
50% with 100% 

0.000 
0.000 

There is a difference 
There is a difference 

 75% with 100% 0.000 There is a difference 
 

 
The results of zone of inhibition analysis between each extract treatment for each concentration, 
positive and negative controls using one-way ANOVA showed that the probability value (p-value) was 
0.000 (<0.05), which means there was a significant difference between each treatment group, to find 
out more about the comparison between concentrations of betel leaf extract, a post hoc tukey test 
was carried out which can be seen in Table 2. The post hoc test in comparing between concentrations 
of antibacterial power between betel leaf extract, the results showed that there was a significant 
difference between the treatment groups of betel leaf extract at concentrations of 25, 50, 75, and 
100% and control (+) and control (-) (p<0.05) (Table 2.). 

 

DISCUSSION  
 

Peperomia pellucida (L.) Kunth  has demonstrated broad-spectrum antibacterial activity against gram-
positive bacteria; such as Staphylococcus aureus, Bacillus subtilis, and gram-negative bacteria; such 
as Escherichia coli, Pseudomonas aeruginosa, Klebsiellae pneumonae, Salmonellae typhi, Enterobacter 
aerogenes, Edwardsiella tarda, Flavobacterium sp., Aeromonas hydrophila, Vibrio cholera, Vibrio 
alginolyticus, and Vibrio parahaemolyticus.28 

       From the research results (figure.1 and table.1), Peperomia pellucida (L.) Kunth extract with a 
concentration of 25, 50, 75, and 100%, Chlorhexidine, Aquades was able to inhibit the growth of P. 
gingivalis bacteria, which is a gram-negative bacterium. It can be seen that the average inhibition 
response was 14.40 mm at 25% concentration, 16.58 mm at 50% concentration and 19.30 mm at 
75%, 21.88 mm at 100% concentration, 25.21 mm for positive control (CHX) and 0.00 mm for 
negative control (table.1).  The higher the concentration of the extract, the wider the inhibition zone 
formed. This study is in accordance with a study by Zubair et al.,31 the inhibition of bacterial growth of 
all strains by the hexane, chloroform, ethyl acetate, ethanol, and water extracts of leaves of 
Peperomia pellucida (L.) Kunth  was dose-dependent as evident by the higher zone of inhibitions at 
higher concentrations. 

      In addition, the results carried out by Edi et al.,37 showed an average inhibition test using henna 
leaf extract at a concentration of 25%, namely 7.64 mm, 50% concentration, namely 9.24 m, 75% 
concentration, namely 12 .30 mm, and 100% concentration with 16.37 mm. Meanwhile, the positive 
control for Chlorhexidine 0.2% was 18.76 mm and the negative control was 0%. This indicates a 

strong inhibition zone against P. gingivalis. 

      The antibacterial ability of Peperomia pellucida (L.) Kunth  can be caused by the compounds 
contained in this plant. The structure and pharmacological active principles of Peperomia pellucida (L.) 
Kunth  leaves have been elucidated based on chromatographic and spectroscopic methods using 
Nuclear Magnetic Resonance (NMR) and Mass Spectroscopy (MS) techniques. The phytochemicals in 
this plant are alkaloids, including secolignans, tetrahydrofuranlignans, as well as 
dihydronaphthalenone, peperomins A, B, C, and E, sesamin, and isoswertisin. Peperomia pellucida (L.) 
Kunth  also contains several essential oils, especially dillapiole, β-caryophyllene and carotol which have 
high larvicidal activity. Other compounds are flavonoids such as acacetin, apigenin, isovitexin, 
pellucidatin, and anthraquinone.28,31  

        The mechanism of action of flavonoids against cell damage is by destroying the proteins that 
make up the cytoplasm by affecting the permeability of the cell membrane and cytoplasm of bacteria, 
thus triggering ion imbalances in the cell. Tannins have the ability to inhibit transcriptase  so that cells 
cannot synthesize proteins and then bacteria lyse and die.38  Saponins in rambai leaf extract are able 
to disrupt the integrity of the cell membrane, causing a decrease in the tension in the cell wall 
structure which leads to cytoplasmic leakage and cell death. Alkaloids have a mechanism of action as 
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an antibacterial by disrupting the components that make up peptidoglycan in bacterial cells resulting in 

cell wall lysis in the bacterial cell wall layer.38,39  

      The content of triterpenoids of P.pellucida can cause damage to lipid membranes resulting in 
liposome leakage. Steroids have permeable characteristics to lipophilic compounds so that they are 
able to interact with phospholipid membranes which have an impact on decreasing cell integrity and 
changes in cell membrane structure which in turn causes P. gingivalis bacterial cells to lyse and die. 
The presence of several ingredients found in betel leaf (Peperomia pellucida (L.) Kunth) can inhibit the 

growth of gram-positive and negative bacteria.40 

       The Post Hoc test from table 2 showed that there was a significant difference between each 
treatment. This is in line with the research conducted by Sarwo, et al.,40 which showed that the results 
of the inhibition of henna leaf extract 25, 50, 75, and 100% on the growth of P.gingivalis in vitro was 
a significant difference. There are several factors that can cause the formation of inhibition zone, 
namely the content of active compounds in the extract used, the concentration of the extract and the 
type of bacteria.42 

        Chlorhexidine gluconate 0.2% showed the ability to inhibit and kill bacterial growth,  because it 
has the ability to damage the bacterial cell wall and then entering the cytoplasm and attacking the cell 
nucleus.43,44 Lipopolysaccharide of Gram negative bacteria will bind to the cationic molecules of 
chlorhexidine thereby limiting and reducing its effectiveness.45 

The present study showed the antibacterial efficacy of the Peperomia pellucida (L.) Kunth  
extract. Though, it requires further assessment whether the disk diffusion test method could be 
improved or whether susceptibility testing using an MIC-based method. Peperomia pellucida (L.) Kunth 
has a potential future direction in developing promising therapeutic agents for periodontitis chronic 
adjunctive therapy. Various periodontal pathogen bacteria types need to be investigated to confirm 
whether Peperomia pellucida (L.) Kunth is a potential material to deal with periodontitis treatment.  

       Peperomia pellucida (L.) Kunth in this study was extracted using the conventional maceration 
method which needs to be developed with other solvents  or modern extraction techniques to obtain 
sufficient quality and quantity of bioactive molecules. 

 

CONCLUSION  
 

Peperomia pellucida (L.) Kunth extract has an antibacterial effect against Porphyromonas gingivalis 
which has the potential to be used as a periodontitis herb. 
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