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Abstract. Gloria RY, Yuliyani R, Asror MMS. 2021. Effectiveness of green betel leaf and lime extract against Staphylococcus aureus and 
Escherichia coli. Biodiversitas 22: 3452-3457. Indonesian society utilizes biodiversity as source of medicinal herbs. Betel leaf and lime 

are included in traditional Indonesian medicinal plants that have antibacterial and antioxidant properties. One of the benefits of herbal 
medicinal plants of betel leaf and lime is that it can be used as a natural hand sanitizer. The purpose of this study was to test the 
effectiveness of naturally made hand sanitizer against Staphylococcus aureus and Escherichia coli by the combination of green betel 
leaf extract and lime extract. The experiment was performed by the Kirby-Bauer disc diffusion method. Results showed that a 
combination of 50% betel leaf extract and 50% lime extract inhibited the growth of S. aureus whereas, 75% betel leaf extract and 100% 
lime extract exhibited strong inhibition than 70% alcohol. 
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INTRODUCTION 

The biodiversity of medicinal plants in Indonesia is 

very diverse and abundant. The commonly used medicinal 

plants in the public are betel and lime. Several studies on 

the benefits of leaves of betel and lime have a lot to do. The 

results of the study showed many benefits positives were 

found in the leaves of the betel and lime. The effective part 

of the betel plant is leaves, while the lime plant is fruit. 

In the betel plant, leaves are mostly used because they 

contain many phenol derivative compounds. The 
maceration and reflux methods showed that betel leaf 

extract contained antibacterial compounds that were 

effective in inhibiting Staphylococcus aureus 

(Bustanussalam et al. 2015). Several studies have reported 

that ethyl acetate leaf extract showed antibacterial activity 

against S. epidermidis (Kursia et al. 2016).  

Apart from betel leaf, lime is also a traditional 

Indonesian medicinal plant that has antibacterial and 

antioxidant properties. Lime is rich in citric acid, its extract 

contains 7-8% of citric acid (Sarwono 2001). Due to the 

presence of flavonoids in lime, it showed antifungal, 

antioxidant, anticancer, antibacterial, and anti-cholesterol 
activities. It is also used as a tooth whitener and mosquito 

larvicide (Prastiwi and Ferry 2017). 

Lauma et al (2015) reported that 100% concentration of 

lime extract can inhibit the growth of S. aureus. Puspita 

and Hairunnisa (2020) observed that the inhibition zone of 

S. aureus by lime extract treatment was 100% significantly 

different from other treatments. The inhibition zone at 

100% concentration was greater than the inhibition zone at 

25%, 50%, and 75% concentrations. 

Based on earlier studies about the benefits of betel and 

lime, both plants have medicinal properties that can be used 

as hand sanitizers. Hand sanitizer helps to remove 

pathogens on the skin surface. Hand sanitizer can generally 

be categorized into two groups: alcohol-based (ABHS) or 

alcohol-free. ABHS can effectively and quickly reduce 
microbes and cover a broad germicidal spectrum without 

the need for water or towels. On the other hand, alcohol-

free sanitizers are made up of natural compounds that have 

antiseptic properties and antimicrobial effects (Jinget al. 

2020).  

Based on the above description and remembering the 

importance of hand sanitizer during a pandemic, it is 

necessary to find an alternative compound to be used in 

alcohol-free hand sanitizer which is easily obtained and 

natural. Natural hand sanitizers can be easily made by the 

people of Indonesia using betel and lime. Several studies 

have proven that both types of medicinal plants have 
antibacterial properties, so their extracts can eliminate 

pathogens on the skin surface. The purpose of this study 

was to test the effectiveness of hand sanitizer spray made 

from a mixture of green betel leaf extract and lime extract 

against Staphylococcus aureus and Escherichia coli 

bacteria.
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MATERIALS AND METHODS 

Study area 

The study was conducted on January 18th-23rd, 2021 at 

the Laboratory of Science and Mathematics IAIN Syekh 

Nurjati Cirebon, by using the Kirby Bauer method. 

Instruments and materials 

The instruments used in the present study were hot air 

oven, autoclave, analytical balance, incubator, and hot 

plates with magnetic stirrer bar. Whereas test tubes, Petri 

dishes, ose needles, cotton plug, Erlenmeyer flask, glass 
stirring rod, tweezer sandpaper discs were used to carry out 

the experiment. The main ingredients used for hand 

sanitizer were lime fruit extract, betel leaf extract, distilled 

water, and 70% alcohol as control treatment. The aqueous 

betel leaf extract was made by maceration method and lime 

extract was obtained from the pulp. Three types of media 

were used for bacterial growth, such as Mannitol Salt Agar 

(MSA), Mac Conkey Agar (MCA), and Nutrient Agar 

(NA).  

Purificationofbacteria 

To obtain a pure culture S. aureus and E. coli, three 
steps were performed, such as isolation, inoculation, and 

purification. S. aureus bacteria were isolated from the skin 

surface using sterile cotton buds. Then samples were 

inoculated to MSA media in a zigzag pattern and incubated 

for 1x24 hours in an incubator at 37°C. After 24 hours, 

Staphylococcus aureus bacteria were transferred to new 

MSA media and incubate for 24 hours at 37°C. After 

inoculation on new MSA media, the final process was 

purifying bacteria. The bacteria were purified by 

transferring the inoculum onto oblique (slant) NA medium 

and incubate at 37°C for 1x24 hours. The final step to make 
a pure bacterial culture is to add 5 ml of distilled water to 

each test tube. The same process was performed in making 

a pure culture of E. coli. The difference was in the source 

from where the bacteria was isolated and the medium in 

which it was grown. The E. coli was isolated from toilet 

water using sterile cotton buds, then inoculated on MCA 

media (Mac Conkey Agar). Further processing was similar 

to the procedure carried out in S. aureus culture. 

Preparation of hand sanitizer  

Hand sanitizer was made from a mixture of betel leaf 

extract, lime extract (citrus), and distilled water. The 

extract of betel leaf was obtained by the maceration method 
by mixing 75 grams of betel leaves in 100 ml of water (for 

75% concentration). Further 50% and 25% concentrations 

were made by dilution method. 

The lime extract was obtained by squeezing the lime 

fruit. A 100% concentration was obtained without mixing 

the distilled water into the extract while 75% and 50% 

concentrations were made by diluting the extract with 

distilled water. The hand sanitizer was made by mixing 

betel leaf extract and lime extract and distilled water at 

different concentrations.  

The Kirby Bauer Method  

The effectiveness of hand sanitizer was investigated 

using the Kirby Bauer method (disc-diffusion). Nutrient 

agar media was prepared and poured into a petri dish. Then 

0.1 ml of pure bacterial culture was inoculated into a petri 

dish and evenly spread using a spreader rod. Subsequently, 

the paper discs were soaked in hand sanitizers of different 

concentrations and placed on the top surface of media with 

the help of tweezers and incubate for 1x24 hours at 37°C. 

The treatment used in this study was as follows: (i) 
Treatment 1 (P1): Control (70% Alcohol), (ii) Treatment 2 

(P2): 25% Betel Leaf Extract and 50% Lime Extract, (iii) 

Treatment 3 (P3): 25% Betel Leaf Extract and 75% Lime 

Extract, (iv) Treatment 4 (P4): 25% Betel Leaf Extract and 

100% Lime Extract, (v) Treatment 5 (P5): 50% Betel Leaf 

Extract and 50% Lime Extract, (vi) Treatment 6 (P6): 50% 

Betel Leaf Extract and 75% Lime Extract, (vii) Treatment 7 

(P7): 50% Betel Leaf Extract and 100% Lime Extract, (viii) 

Treatment 8 (P8): 75% Betel Leaf Extract and 50% Lime 

Extract, (ix) Treatment 9 (P9): 75% Betel Leaf Extract and 

75% Lime Extract, (x) Treatment 10 (P10): 75% Betel Leaf 
Extract and 100% Lime Extract. 

Statistical analysis of the effectiveness of natural hand 

sanitizer  

The statistical method was performed to test the 

effectiveness of the hand sanitizer. This test was performed 

to compare the inhibitory ability of the combination of 

these two extracts compared to alcohol. Alcohol was used 

as a comparison because it was commonly used in hand 

sanitizer spray. 

Two types of statistical tests were performed, namely 

prerequisite test and hypothesis test. The prerequisite test is 
also known as Shapiro-Wilk normality test and the amount 

of data should be less than 30. If the data were normally 

distributed, then the statistical test can be continued with a 

hypothesis test in the form of a One-Sample T-Test with 

the test value used depending on the value of the inhibition 

of each alcohol treatment. 

A group of data was said to be normally distributed if 

the significance value was more than 0.05. Meanwhile, in 

hypothesis testing, there were two types of hypotheses, 

namely H1and H0. In decision-making criterion, if the 

resulting significance value was more than 0.05, (sig.> 

0.05) then the accepted hypothesis was H0. Meanwhile, if 
the resulting significance value was less than 0.05 (sig. 

<0.05), then the accepted hypothesis was H1. 

The following explanation of the two types of 

hypotheses in this study was (i) H0 = The average 

inhibition power in the combination of green betel leaf 

extract and the lime extract was same as the inhibitory 

power produced by 70% alcohol, (ii) H1 = The average 

inhibition power in the combination of green betel leaf 

extract and the lime extract was not same as the inhibitory 

power produced by 70% alcohol. 
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RESULTS AND DISCUSSION 

Inhibition of Staphylococcus aureus by the combination 

of betel extract and lime extract 

The results of this research are presented in Table 1. 

The results revealed that higher concentrations of betel leaf 

extract and lime extract showed higher zone of inhibition. 

The lowest concentration of extracts did not show much 

fluctuation in the inhibition zone. The diameter of 

inhibition zone in the control treatment (P1) was similar to 

P4 treatment. 
The result showed that the effectiveness of alcohol was 

equivalent to the effectiveness of the combination between 

25% betel leaf extract and 100% lime extract. Treatments 

ranging from 5 to 10 were more effective against S. aureus 

than 70% alcohol (Table 1). 

To compare the inhibitory power produced by the 

combination of betel leaf extract and lime extract with 

alcohol, a statistical test was carried out. The statistical test 

was performed using the size of inhibition area produced 

by alcohol and the first treatment (P1) as the basic 

standard. The statistical test performed was the One-
Sample T-Test. This test was carried out on S. aureus and 

E. coli bacteria. 

Before the One-Sample T-Test, normality test was 

carried out first on the data to be tested. The data must be 

normally distributed before testing the One-Sample T-Test. 

Table 2 showed the normality test output on the second to 

ninth inhibitory power data against S. aureus. 

The data tested in the normality test only amounted to 9 

because of the data from the first treatment (P1) was used 

as the basic standard for testing the One-Sample T-Test. 

Thus, the significance value was determined in the 
Shapiro-Wilk Test. The Shapiro-Wilk significance value 

was 0.214. It showed that the data was normally distributed 

because the data was more than 0.05. Because the 

prerequisite testing has been completed, the hypothesis was 

tested using a One-Sample T-Test.  

Based on the results of the hypothesis testing based on a 

test value of 8.7 (Table 3), it is known that the resulting 

significance value was 0.106. This value indicates that the 

inhibitory power shown by treatment 2 to treatment 10 

accepted the hypothesis H0 because the significance value 

was greater than 0.05. 

Inhibition of Escherichia coli by the combination of 

betel extract and lime extract 

The results exhibited that the lowest concentration (P2) 

of the combination showed clear (inhibition) zone. It was 

also observed that as the concentration of extracts 

increased, so did the area of inhibition (Table 4). In E. coli, 
inhibition zone was found to be equivalent in control and 

treatment P2. While the inhibition zone of control in S. 

aureus was equal to P4 treatment. The results indicate that 

the effectiveness of alcohol was equivalent to the 

effectiveness of P2 combination (25% betel leaf extract and 

50% lime extract). So, all (P2 to P10) treatments were more 

effective against E. coli than 70% alcohol (Table 4).  

Differences in inhibition zones between S. aureus and 

E. coli may be strongly influenced by several factors, such 

as toxicity of the test organism, diffusion capacity of the 

extracts on the media, interactions between the components 
of the medium, and microenvironmental conditions. 

 
Table 1. The diameter of inhibition zone in Staphylococcus 
aureus culture 

 

Treat-

ments 
Description of treatments 

Diameter 

(mm) 

P 1 Alcohol 70% 8.7 
P 2 25% betel leaf extract and 50% lime extract 7.5 
P 3 25% betel leaf extract and 75% lime extract 8 

P 4 25% betel leaf extract and 100% lime extract 8.7 
P 5 50% betel leaf extract and 50% lime extract 9 
P 6 50% betel leaf extract and 75% lime extract 9.15 
P 7 50% betel leaf extract and 100% lime extract 10.5 
P 8 75% betel leaf extract and 50% lime extract 10.8 
P 9 75% betel leaf extract and 75% lime extract 11.0 
P 10 75% betel leaf extract and 100% lime extract 11.0 

Average 9.4 

  

  
 

Table 2. Normality test of inhibition zone against Staphylococcus aureus 
 

 Tests of normality 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic Df Sig. Statistic Df Sig. 

Inhibition zone of S. aureus .212 9 .200* .893 9 .214 

Note: a. Lilliefors Significance Correction, *. This is a lower bound of the true significance 
 
 

 
Table 3. Hypothesis test for inhibitory power against Staphylococcus aureus 
 

 

One-sample test 

Test value = 8.7 

t Df Sig. (2-tailed) Mean difference 
95% Confidence interval of the difference 

Lower Upper 

Inhibition zone of S. aureus 1.823 8 .106 .81667 -.2164 1.8497 
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A pre-requisite test in the form of a normality test and a 

hypothesis test in the form of a One-Sample T-Test was 

carried out on the inhibitory power data against E. coli 

bacteria. The data used for the two types of tests amounted 

to 9 data, namely the power of the second treatment to the 

tenth treatment. Table 5 is the results of the normality test 

of the data which further tested with the One-Sample T-

Test. 

The data tested in the normality test only amounted to 

9. The Shapiro-Wilk significance value was 0.124. This 
shows that the data was normally distributed because the 

data was more than 0.05. Based on the results of hypothesis 

the test value was 7.7 and the significance value was 0.003 

(Table 6). This suggests that two to ten treatments showed 

inhibitory potency, which was not shown by alcohol. In 

other words, it can be said that the most accepted 

hypothesis is H0 because the significance value is less than 

0.05.  

In the Kirby Bauer test, it was found that the average 

value of inhibition by alcohol for S. aureus was 8.7 mm. 

By looking at the average concentration of S. aureus, the 
ideal hand sanitizer concentration was starting from a 

mixture of 25% betel extract, 100% orange extract and the 

volume ratio of each with distilled water was 15: 8: 77. 

Kirby Bauer test using E. coli produced inhibitory zone 7.7 

mm in diameter 25% betel extract, 50% orange extract, and 

distilled water were found effective in inhibition of E. coli. 

The volume ratio of the three ingredients was 15: 8: 77 

consisting of 15 ml betel extract, 8 ml orange extract, and 

77 ml distilled water. The results showed that the 

combination of betel leaf extract and lime extract had the 

same inhibitory power as alcohol against S. aureus bacteria 
and had an average inhibition power that was not the same 

as E. coli bacteria (Figure 1). 

In both S. aureus and E. coli bacteria, the inhibition 

zone was similar in each treatment from the second 

treatment to the tenth treatment. The appearance of a clear 

zone indicates that certain antibacterial substances have 

inhibited the growth of a bacterial colony even though 

there was a difference in the width of the clear zone. There 

were several factors that cause differences in the 

effectiveness of natural hand sanitizers. The combination of 

betel leaves extract and lime extracts were able to inhibit 

the growth of S. aureus and E. coli. A concentration of 

25% betel leaves extract and 100% lime extract was found 

effective on S. aureus. Whereas, 25% betel leaves extract 

and 50% lime extract was effective against E. coli. The 

higher concentration of betel leaves and lime extracts were 

more effective against the growth of S. aureus and E. coli 

bacteria. 

Discussion 

Leaves of Piper betle extract contain different levels of 
phytochemicals. Young leaves contain high levels of 

saponins while the old leaves contain moderate levels of 

saponins. S. aureus is a gram-positive bacterium that 

normally existed on the skin surface of the hand. This 

bacteria could enter the bloodstream, the infection can 

occur in several internal organs. According to (Tong et al. 

2015), S. aureus bacteria can cause pneumonia and 

emphysema, gastroenteritis, meningitis, and infections of 

the urinary tract. The infection caused by S. aureus bacteria 

depends on the strain involved and the site of infection. 

These bacteria bind to the extracellular matrix protein and 
fibronectin in cases of infectiousendo carditis. The walls of 

cells of bacteria are associated with proteins such as 

fibrinogen are intermediary of infectiousendo carditis 

(DeLeo et al. 2010). 

 

 
Table 4. Diameter of inhibition zone in Escherichia coli culture 
 

Treat-

ments 
Description of Treatments 

Diameter 

(mm) 

P 1 Alcohol 70% 7.7 
P 2 25% betel leaf extract and 50% lime extract 7.8 
P 3 25% betel leaf extract and 75% lime extract 8 
P 4 25% betel leaf extract and 100% lime extract 8.5 
P 5 50% betel leaf extract and 50% lime extract 8.8 
P 6 50% betel leaf extract and 75% lime extract 9.2 
P 7 50% betel leaf extract and 100% lime extract 10.6 

P 8 75% betel leaf extract and 50% lime extract 10.8 
P 9 75% betel leaf extract and 75% lime extract 11.0 
P 10 75% betel leaf extract and 100% lime extract 11.1 

Average 9.3 
 

  

 
Table 5. Normality test of inhibition zone against Escherichia coli 

 

 Tests of normality 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic Df Sig. Statistic Df Sig. 

Inhibition zone of E. coli .231 9 .182* .870 9 .124 

Note: a. Lilliefors Significance Correction, *. This is a lower bound of the true significance 

 

 

 

Table 6. Hypothesis test results for inhibitory power against Escherichia coli  
 

 

One-sample test 

Test value = 7.7 

t Df Sig. (2-tailed) Mean difference 
95% Confidence interval of the difference 

Lower Upper 

Inhibition zone of E. coli 4.097 8 .003 1.83333 .8013 2.8653 
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Staphylococcus aureus Escherichia coli 
 
Figure 1. Inhibition zone in Staphylococcus aureus (left) and Escherichia coli (right) bacteria in 9 treatmnents; A = P2 (25% Betel Leaf 
Extract and 50% Lime Extract); B = P3 (25% Betel Leaf Extract and 75% Lime Extract); C = P4 (25% Betel Leaf Extract and 100% 
Lime Extract); D = P5 (50% Betel Leaf Extract and 50% Lime Extract); E = P6 (50% Betel Leaf Extract and 75% Lime Extract); F = P7 
(50% Betel Leaf Extract and 100% Lime Extract); G = P8 (75% Betel Leaf Extract and 50% Lime Extract); H = P9 (75% Betel Leaf 
Extract and 75% Lime Extract); and I = P10 (75% Betel Leaf Extract and 100% Lime Extract) 
 

 
 

Escherichia coli is a gram-negative bacteria under 

conditions of the normal ordinary was found in the 
intestines. The bacteria do not harm the small intestine and 

rarely cause health problems (Gomes et al. 2016). E. coli 

are divided into five groups according to the level of 

pathogenic gastrointestinal. The five groups are: (i) 

Enteropathogenic E. coli (EPEC); (ii) Enterotoxigenic E. 

coli (ETEC); (iii) Enteroinvasive E. coli (EIEC); (iv) 

Enteroaggregative E. coli (EAEC); and (v) 

Enterohemorrhagic E. coli (EHEC) (Meng et al. 2012). 

The higher the concentration of green betel increase 

inhibitory power on the growth of S. aureus and E. coli. 

One example is a study conducted by Fahdi (2018) who 

reported that high concentrations such as green betel leaf 
extract inhibit the growth of S. aureus and E. coli. Betel 

leaf extract has an effect on the growth of S. aureus and E. 

coli, which is indicated by the presence of clear zones 

formed on the media. Extracts of green betel not only 

effective against the growth of bacteria S. aureus and E. 

coli. Other studies have discussed its effectiveness against 

other bacteria, including Acnevulgaris (Carolia and 

Noventi 2016). Betel leaf is an active therapeutic herbal 

leaf that acts in microbial infections, especially in the oral 

cavity (Pradhan et al. 2013). Extract of green betel showed 

inhibitory effect on the growth of colony diameter 
(Maimunah and Pandala 2019). Piper betle possed 

promising antibacterial potential with inhibitory activity 

against at least one out of the six bacteria namely, E. coli 

(ATCC 25922), S. aureus (ATCC 25923), Pseudomonas 

aeruginosa (ATCC 27853), Propionibacterium acnes 

(ATCC 6919), Staphylococcus epidermidis (ATCC 12228), 

and Streptococcus pyrogenes (ATCC 19615). It has been 

stated that the bacteriostatic effect is shown by their high 

flavonoid contents (Taukoorah et al. 2016; Elfrida et al. 

2020). Lime (Citrus aurantifolia) also has an essential oil 

to inhibit the growth of E. coli, Pseudomonas aeruginosa, 

S. aureus, and Aspergillus niger. The essential oil was 
isolated from the peels (Edogbanya et al. 2019) and also 

found in its leaves (Al-Aamri et al. 2018; Lemes et al. 

2018). The peels are also effective against E. coli (Shakya 

et al. 2019). The peel extract which can inhibit the growth 

of S. aureus in the sensitive category is 80% (Ekawati et al. 

2019). The essential oil content in citrus shows a reducing 

effect on the growth rate of S. aureus and E. coli. The 

content of essential oils causes lysis of the cell walls, 
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intracellular leakage and can cause bacterial death (Li et al. 

2019; Thielmanand et al. 2019).  

There are several factors that cause differences in the 

effectiveness of natural hand sanitizers. Among them are 

the nutritional factors of betel leaf extract and lime extract 

which have not been tested directly. Lime is known to have 

flavonoids that are found in several parts and can be used 

as antioxidants and antibacterials (Lin et al. 2019). While 

in Piper betle, ethanolic extracts showed most effective 

result as an antibacterial component (Sarma et al. 2018) 
Based on the results of the study, it can be concluded 

that combination of green betle leaves extract and citrus 

lime extract is able to inhibit the growth of S. aureus and E. 

coli bacteria. The combination of betel leaves and lime 

extract is one of the alternatives of making hand sanitizer 

experience that is easier and cheaper. 
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