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 Background: Hands are the most common medium for spreading 
disease. Red betel leaf has antibacterial bioactive compounds such as 
flavonoids, alkaloids, polyphenols, tannins, and essential oils. The most 
common way to clean hands is to use hand sanitizer.  

Objective: To determine the antibacterial potential of red betel leaf 
extract (Piper crocatum Ruiz & Pav.) against the growth of Staphylococcus 
aureus, Streptococcus pyogenes, and Salmonella typhi as an active ingredient in 
hand sanitizers 

Methods: Each bacterium, namely Staphylococcus aureus, Streptococcus 
pyogenes, and Salmonella typhi, were divided into six groups, PEG 5% as a 
negative control, clindamycin for Staphylococcus aureus and Streptococcus 
pyogenes and chloramphenicol for Salmonella typhi as a positive control, 
70% alcohol as a comparison for hand sanitizer, extract 20%, 40%, and 
80% as treatment groups. The obstacle zone is measured using a ruler.  

Results: Zones of inhibition against Staphylococcus aureus, Streptococcus 
pyogenes, and Salmonella typhi were formed at concentrations of 20%, 40%, 
and 80%. Kruskal Wallis's statistical analysis showed significant results 
with p=0.000.  

Conclusion: Red betel leaf extract has statistically significant 
antibacterial activity against Staphylococcus aureus, Streptococcus pyogenes, and 
Salmonella typhi. The extract concentration of 40% is the optimal raw 
material for hand sanitizer. 
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INTRODUCTION  

Hands are the most common medium for 

spreading disease. Because the human hand 

periodically comes into contact with the envi-

ronment, then touches the area around the 

eyes, nose, or mouth as a route for disease to 

enter1. There are various kinds of pathogens 

on human palms. For example, pathogenic 

bacteria in children's palms are found with 

Acinetobacter, Pseudomonas, Enterococcus, Klebsiella, 

Flavobacterium, Escherichia coli, and Enterobacter 2. 

While at the bottom of the human fingernails 

were found bacteria Staphylococcus aureus, Bacil-

lus cereus, Acinetobacter sp., Streptococcus sp., Pseu-

domonas aeruginosa, and Klebsiella sp3. In addi-

tion, bacteria such as Salmonella and Shigella 

can contaminate food, causing infection4. 

Therefore, maintaining hand hygiene is essen-

tial in preventing the transmission of disease-

causing microorganisms5. The most widely 

used method is to use of hand sanitizer6. 

Hand sanitizer can be used if there is no visi-

ble dirt on the surface of the hand. The most 

effective hand sanitizers on the market, con-

tain 60% to 90% alcohol and 0.05% triclosan 

as the active ingredients. 70% alcohol concen-

tration and 0.05% triclosan are the best con-

centrations of hand sanitizer that can inhibit 

the growth of 72.45% S. aureus bacteria for 30 

seconds7. 

At high alcohol concentrations, the ability to 

inhibit bacteria will be better. However, the 

high concentration of alcohol in hand sanitiz-

er can harm the skin. Alcohol can dry the skin 

and make it easier for microorganisms to 

stick. At the same time, triclosan in hand sani-

tizer can trigger dermatitis8. Solutions can be 

sought by using natural ingredients as active 

ingredients in hand sanitizer products9. 

The red betel leaf plant (Piper crocatum Ruiz & 

Pav.) is one of the native Indonesian plants 

that grows vines or attaches to other tree 

trunks10. Chromatography showed that red 

betel leaf contains flavonoids, polyphenolics, 

tannins, alkaloids, and essential oils. The eth-

anol extract in red betel leaf has been found 

to have antibacterial activity. The activity of 

these compounds can disrupt and damage 

bacterial cell membranes11. 

The negative impact of alcohol and triclosan 

increases people's desire to switch to safer 

active ingredients. The alternative solution is 

to make a hand sanitizer from natural ingredi-

ents12. Therefore, red betel leaf (Piper crocatum 

Ruiz & Pav.) can be developed as a natural 

hand sanitizer. 

METHODS  

This research is an experimental laboratory 

study with a post-test only with a controlled 

group design method to test the concentra-

tion of red betel leaf extract (Piper crocatum 

Ruiz & Pav.) on the growth of Staphylococcus 

aureus, Streptococcus pyogenes, and Salmonella typhi 

bacteria which will be used as hand sanitizers. 

Antibacterial activity was determined by the 

disk diffusion method (Kirby Bauer) with 

Mueller Hinton Agar media based on the di-

ameter of the inhibition zone generated 

around the disc. 

Red betel leaf extract group with concentra-

tions of 20%, 40%, and 80% as the experi-

mental group, 5% PEG as the negative con-

trol group, and the positive control group di-
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vided into two; 70% alcohol was used for 

comparison control of hand sanitizer and an-

tibiotic disc group. PEG 5% was used as a 

negative control because it could dissolve the 

extract well and did not have antibacterial ac-

tivity at that percentage. Antibiotic disc 

clindamycin 30 µg/disk is used for Staphylococ-

cus aureus and Streptococcus pyogenes, and antibi-

otic disc chloramphenicol 30 µg/disk for Sal-

monella typhi. 

Data analysis includes inferential statistical 

analysis and hypothesis testing using SPSS 25 

software. If the sample group is more than 

two and the data is less than 50, then the 

Shapiro-Wilk test's normality distribution is 

used. Because the data distribution was not 

expected, the test was carried out using Krus-

kal Wallis. This research is under the Ethical 

Clearance issued by the Komisi Etik Pene-

litian Kesehatan (KEPK) RSUD Dr. Moewar-

di with letter number 706/VI/HREC/2021. 

RESULTS  

After testing the antibacterial activity of red 

betel leaf extract (Piper crocatum Ruiz & Pav.) 

against the growth of Staphylococcus aureus, 

Streptococcus pyogenes, and Salmonella typhi bacte-

ria in vitro, the following results were ob-

tained: 

Table 1. Results of Measurement of Inhibitory Zone Diameter of Staphylococcus aureus. 

Staphylococcus aureus 

bacteria replication 

PEG 5% 

(mm) 

Alcohol 70% 

(mm) 

Clindamycin 

(mm) 

Red betel leaf extract 

20% (mm) 40% (mm) 80% (mm) 

1 6 9 24 9 9 12 

2 6 15 24 9 12 14 

3 6 10 26 9 10 12 

4 6 9 25 9 9 15 

5 6 10 25 10 10 15 

Mean±SD 6±0 10,6±2,50 24,8±0,83 9,2±0,44 10±0,12 13,6±1,51 

       

     

Figure 1.  Diameter of Inhibitory Zone of Staphylococcus aureus. 

     

Figure 2.  Diameter of Inhibitory Zone of Streptococcus pyogenes. 
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Table 2. Results of Measurement of Inhibitory Zone Diameter of Streptococcus pyogenes. 

Streptococcus pyogenes 

bacteria replication 

PEG 5% 

(mm) 

Alcohol 

70% (mm) 

Clindamycin 

(mm) 

Red betel leaf extract 

20% (mm) 40% (mm) 80% (mm) 

1 6 10 30 9 11 16 

2 6 11 28 10 13 15 

3 6 11 28 10 14 16 

4 6 10 29 10 13 15 

5 6 11 29 10 11 15 

Mean±0 6±0 10,6±0,54 28,5±0,83 9,8±0,44 12,4±1,34 15,4±0,54 

 

Table 3. Results of Measurement of Inhibitory Zone Diameter of Salmonella typhi. 

Salmonella typhi bacteria 

replication 

PEG 5% 

(mm) 

Alcohol 

70% (mm) 

Chloram-

phenicol 

(mm) 

Red betel leaf extract 

20% (mm) 40% (mm) 80% (mm) 

1 6 10 21 8 9 12 

2 6 10 20 8 9 10 

3 6 10 20 9 10 12 

4 6 11 21 9 10 12 

5 6 11 20 9 10 12 

Mean±SD 6±0 10,4±0,54 20,4±0,54 8,6±0,54 9,6±0,54 11,6±0,89 

 

     

Figure 3. Diameter of Inhibitory Zone of Salmonella typhi. 

DISCUSSION  

From the third table above, it can be seen that 

the negative control group did not form the 

diameter of the inhibition zone, which means 

it did not produce an antibacterial effect. The 

antibacterial effect of red betel leaf extract 

(Piper crocatum Ruiz & Pav.) increased with in-

creasing concentration. The effectiveness of 

the three antibacterial concentrations was not 

maximal. The positive control was clindamy-

cin for Staphylococcus aureus, Streptococcus pyogenes, 

and chloramphenicol for Salmonella typhi bac-

teria. 70% alcohol used as a comparison for 

the active ingredients of hand sanitizers 

formed an inhibition zone diameter that was 

not much different from red betel leaf extract 

(Piper crocatum Ruiz & Pav.) with a concentra-

tion of 40% for each bacterium. 

The analysis of data variants of the three bac-

teria, namely Staphylococcus aureus, Streptococcus 

pyogenes, and Salmonella typhi, shows that the 
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data are not normally distributed and are not 

homogeneous. Therefore, the Kruskal Wallis 

non-parametric test was chosen. This test was 

chosen as an alternative to the ANOVA test. 

The Staphylococcus aureus, Streptococcus 

pyogenes, and Salmonella typhi produced the 

same value in this test, p=0.000. The result 

means that the p-value <0.05, and it can be 

concluded that there are significant differ-

ences in the antibacterial effect of each treat-

ment group on each bacterium. 

Furthermore, the Mann-Whitney non-parame-

tric test was carried out by comparing each 

treatment group which is shown in Chart 1, 

Chart 2, and Chart 3 as follows: 

 

 

        Significant 

        Not significant 

Chart 1. Results of Post-Hoc Test of Staphylococcus aureus. 

 

 

        Significant 

        Not significant 

Chart 2. Results of Post-Hoc Test of Streptococcus pyogenes. 
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        Significant 

        Not significant 

Chart 3. Results of Post-Hoc Test of Salmonella typhi. 

This study obtained data that red betel leaf 

extract (Piper crocatum Ruiz & Pav.) with 

concentrations of 20%, 40%, and 80% had 

higher effectiveness in suppressing the growth 

of Staphylococcus aureus, Streptococcus pyogenes, and 

Salmonella typhi bacteria when compared to 

controls. Negative Polyethylene glycol (PEG) 

5%. However, the three concentrations were 

not as good as the positive control, namely 

clindamycin for Staphylococcus aureus and Strep-

tococcus pyogenes and chloramphenicol for Sal-

monella typhi bacteria. 70% alcohol, compared 

with the active ingredient of hand sanitizer, 

has an inhibition zone diameter that is almost 

the same as red betel leaf extract with a con-

centration of 40%. So, this study chose con-

centration as the active ingredient of hand 

sanitizer. 

If the concentration of 20% is chosen as the 

concentration of the active ingredient of the 

hand sanitizer, the antibacterial activity pro-

duced is weak and will not be comparable to 

70% alcohol. Meanwhile, if the concentration 

of 80% is chosen as the concentration of the 

active ingredient of the hand sanitizer, the 

antibacterial activity produced will be more 

potent. However, the extract required at a 

concentration of 80% will be more. In addi-

tion, too much extract in the formulation will 

make the results of the hand sanitizer too 

concentrated and affect the resulting prepara-

tion. 

Alcohol with a concentration of 70% and 

triclosan with a concentration of 0.05% is the 

best formulas for making hand sanitizers. This 

formula can suppress the growth of 72.45% 

Staphylococcus aureus bacteria for 30 seconds7. 

Alcohol, commonly used as an antiseptic and 

disinfectant, is alcohol with 70% because it is 

effective at breaking down proteins in micro-

organisms13. That is why 70% alcohol was 

chosen as a hand sanitizer comparison. 

Making hand sanitizer begins with developing 

carbopol in warm water, then stirring. The red 

betel leaf extract was mixed with 1% glycerin, 

and korigen odoris 0.2% sodium metabisulfite 
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until well mixed, then put into carbopol. 

Then, a little alcohol is added to the mixture 

so that the extract does not leave color on the 

skin when used—followed by adding water 

until the desired volume, then adding TEA 

dropwise while stirring slowly until a clear gel 

is formed. 

Ethanol extract of red betel leaf (Piper crocatum 

Ruiz & Pav.) started to form the diameter of 

the inhibition zone or started to have antibac-

terial activity on Staphylococcus aureus bacteria at 

a concentration of 10%14. So in this study, the 

initial concentration series was increased, 

namely the concentration of 20%, to get more 

optimal results. 

At high concentrations, the diameter of the 

inhibition zone formed will be even greater. 

This condition is because the amount of con-

centration affects the growth of bacteria. The 

higher the concentration, the greater the bac-

terial inhibition process. The higher the con-

centration, the more concentrated the solu-

tion and the more antibacterial substances it 

contains15. 

Red betel leaf extract (Piper crocatum Ruiz & 

Pav.) can suppress the growth of Staphylococcus 

aureus, Streptococcus pyogenes, and Salmonella typhi 

bacteria because it contains flavonoids, alka-

loids, polyphenols, tannins, and essential oils. 

The mechanism of flavonoids as antibacterial 

agents includes increasing cell membrane 

permeability, suppressing DNA and RNA 

synthesis, suppressing ATPase enzyme activi-

ty, and disrupting the function of bacterial cell 

walls11. Alkaloids can reduce the integrity of 

the peptidoglycan constituent particles of bac-

terial cells16. Polyphenols, as antibacterial, can 

coagulate and denature bacterial cell pro-

teins17. Polyphenols in low concentrations, 

phenolic protein complexes that have weak 

bonds are formed and degraded rapidly, fol-

lowed by the entry of phenols into cells trig-

gering denaturation and precipitation of pro-

teins. Protein coagulation and membrane lysis 

occur at high phenol concentrations18. Tan-

nins can make complex compounds with en-

zymes or substrates to interfere with and de-

stroy bacterial cell membranes19. The antibac-

terial mechanism of essential oils breaks down 

the process of compiling cell membranes that 

cannot be formed completely18. Essential oils 

act as antibacterial agents, which have been 

proven to inhibit the growth of gram-positive 

and gram-negative bacteria20. 

CONCLUSION 

From the results of this study, it can be seen 

that red betel leaf extract (Piper crocatum Ruiz 

& Pav.) at concentrations of 20%, 40%, and 

80% had antibacterial effects against Staphylo-

coccus aureus, Streptococcus pyogenes, and Salmonella 

typhi bacteria. The most suitable concentration 

for the active ingredient of hand sanitizer is 

red betel leaf extract 40%. It is necessary to 

develop further research on the effect of red 

betel leaf extract on more varied bacteria and 

in test animals. Further development of hand 

sanitizer formulations is also needed to obtain 

an even better formula. 
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