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ABSTRACT
A high number of infections from year to year require infectious diseases to get serious
attention. The antimicrobial compound exploration must be continued to anticipate the development of
infectious diseases. The purpose of this study was to find out in vitro antimicrobial activity of nhexane, ethyl acetate, and ethanol fractions of Piper betle green leaves against S. aureus, and profiles
of secondary metabolite compounds contained in these three extracts. The antimicrobial activity test
was carried out by disk diffusion test of the fraction of n-hexane, ethyl acetate, and ethanol at a
concentration of 6.25, 12.5 and 18.75 µg/disk. Detection of secondary metabolite content was done by
the Thin Layer Chromatography method with stain-view reagents. The highest antimicrobial activity
was found in the ethyl acetate fraction and was significantly different from the activity in the ethanol
and n-hexane fractions. However, the antibacterial activity of all fractions was lower compared to the
positive control of amoxiclav 30µg/disk. The phytochemical screening results of secondary
metabolites of each fraction were shown that the n-hexane fraction contained alkaloids, terpenoids,
flavonoids, polyphenols, and anthraquinone; the ethyl acetate fraction contained terpenoids,
polyphenols, and anthraquinone; while the ethanol fraction contained alkaloids, terpenoids,
polyphenols, and anthraquinone. Based on the test results, it is concluded that all fractions of Piper
betle leaf extract had high antimicrobial activity; meanwhile, the ethyl acetate fraction had the highest
activities among others. Each fraction was proven to have a different composition of secondary
metabolites.
.
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INTRODUCTION
Disease due to microbial infection is a serious threat today (Neill, 2016). A high number of
infections from year to year require infectious diseases to get serious attention. The continued
development of infectious diseases and the increase of cases of microorganism resistance to antibiotic
drugs require serious action. One of the actions that can be taken is by continuously developing the
research on plants that have antimicrobials properties. The plants are widely known as a source of
medicinal raw materials, including antimicrobials. Despite advances in drug development through
molecular modeling, a combination of chemical drugs and compounds from natural materials is still
proven to be very valuable as a source of medicines for humans.
Nature provides abundant ingredients as medicine and these ingredients can be used for
infectious diseases. There must be continuous researches to find new sources of antimicrobials to
anticipate the emergence of resistance. Piper betle is a plant that is ethnobotanically well-known to be
used as an antimicrobial (Avijit and Zerin, 2020; Meinisasti et al., 2020). Some researches on the
activity of Piper betle as an antimicrobial has also been conducted. However, in this study, the
activities of Piper betle as an antimicrobial will be tested with the continuous separated extraction
using three different solvents. The aim is to determine which part of the solvent of the antimicrobial
active ingredient can dissolve in. Hence, the active compound can be later fractionated based on its
most effective solvent.
Piper betle is a plant species commonly planted by Indonesian people in gardens and parks.
This plant has an attractive appearance and its leaves are traditionally used to treat various diseases,
especially as an antibacterial (Hartini et al., 2018). The betel leaf extract is known to have better
activity as an antimicrobial compared to leaf powder. Alkaloids, phenolics, and saponin are the
components with antibacterial activity found in the extract (Guil-Guerrero et al., 2016; Mufrod and
Wahyuono, 2016). Empirically, Piper betle leaf is commonly used as a natural antiseptic while its
ethanolic extract is proven to have antimicrobial activity against air-borne pathogens (Kusuma et al.,
2017). This research, thus, focuses on finding the best solvent that can extract antimicrobial
compounds in the betel leaf.
Therefore, a study was conducted to compare the antibacterial activity of the leaf of green betel
and red betel, with both extracts’ combination. This study calculated the inhibitory activity against
Gram-positive and Gram-negative bacteria using a paper agar disk-diffusion method. The combination
of those betel leaves and red betel indicated antibacterial activity. The effect of this combination
showed an opposing antibacterial activity against S. aureus, Staphylococcus epidermidis, or
Escherichia coli. Meanwhile, there were almost no significant differences in the antibacterial activity
against those three bacteria between the betel leaves and red betel (Hartini et al., 2018).
Several studies have also been conducted to observe the antimicrobial activity of Piper betle. A
study was performed to compare the antimicrobial activity of garlic extract (Allium sativum), garlic
(Allium tuberosum), and betel leaf (Piper betle) on six pathogenic bacteria in the aquaculture of
Oreochromis niloticus fish. The study concluded that the betel leaf-ethanolic extract showed the
strongest antibacterial activity (Ataguba et al., 2018).
Another analysis of the betel leaf-methanolic extract showed that gas chromatography-gas mass
spectrometry had identified the 4-allylpyrocatechol, eugenol, α-pinene, and β-pinene in methanol
extract. According to the study, the compounds extracted from P. betle leaves are proven to be used as
a substitution for chemical fungicide in viticulture (Aoki et al., 2019).
Meanwhile, S. aureus is a bacterium that causes infection. This bacterium is also known to have
resistance to several antibiotics. Some strains of S. aureus even have resistance to antibiotics and are
known as MRSA. In this study, S. aureus was used as a test bacterium considering that it is the most
common bacterium causing infections with high spreadability.
The purpose of this study was to observe in vitro; antimicrobial activity of the n-hexane, ethyl
acetate, and ethanol extract of Piper betle leaves against S. aureus. Meanwhile, the profiles of
secondary metabolite compounds in the fractions of n-hexane, ethyl acetate, and ethanol from Piper
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betle leaves were also reported through a phytochemical screening with Thin Layer Chromatography
(TLC).
MATERIALS AND METHOD
Materials
Piper betle leaf powder was obtained from UPT. Materia Medika Batu and has been identified
by the determination letter number 074/334.A/102.7/2018. Staphylococcus aureus. aureus obtained
from Biomedical Laboratory of the Faculty of Medicine, University of Muhammadiyah Malang.
Nutrient Agar (Sigma Aldrich / Merck) was used as the test medium. The n-hexane, ethanol, and ethyl
acetate solvents pro analysis and Heidolph rotary evaporator were provided by the Integrated
Chemistry Laboratory of Pharmacy Study Program, University of Muhammadiyah Malang.
Methods
Extraction
The extraction method is a modification of the previous method from (Felhi et al., 2017; Jamil
et al., 2012; Janmanchi et al., 2017). The extract was obtained by maceration of Piper betle leaf
powder (5 g) in three types of solvents (25 mL x 2, each solvent) sequentially from n-hexane, ethyl
acetate, and ethanol for 48 hours at room temperature with continuous agitation as depicted in Figure
1. The suspension of Piper betle leaf powder in n-hexane solvent was filtered using a filter paper. The
filtrate of n-hexane extract (ENH) was collected in a container and the wet powder was dried. The dry
powder from n-hexane maceration was then macerated with ethyl acetate solvent, filtered, and ethyl
acetate extract (EEA) was collected as in the first procedure. The dry powder from the ethyl acetate
was then macerated with ethanol, filtered, and then was collected as in the first and second procedures.
The three types of extract were then concentrated separately using a rotary evaporator.

Figure 1. Extraction schemes of Piper betle leaf with three different solvents
Phytochemical screening
Five microliters of each sample fraction were spilled on a silica gel TLC 60 F254
chromatography plate (Merck, TLC grade) as a stationary phase. Each plate was placed in a glass
chromatography chamber containing eluents (Ethyl acetate: Chloroform (6:4); Ethyl acetate:
Chloroform (3:7); Ethyl acetate: Methanol (8:2); Ethyl acetate: Chloroform (5:5); Ethyl acetate:
Chloroform (4:6) n-hexane: Ethyl acetate (7:3); n-hexane: Ethyl acetate (8:2) for optimization. The
plate in the chamber containing the eluent separated the compounds optimally on the chromatogram
that was taken and sprayed with several reagents such as Dragendorf, Anisaldehyde-sulfuric acid,
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sulfuric acid concentrated, FeCl3, and KOH solution. The Rf value of spots on the chromatograms was
visually viewed and calculated, where the Rf is the distance traveled by analytes / the distance traveled
by the solvent (Harborne, 1984; Stahl, 1969).
Antibacterial activity test
Antibacterial activity test was performed by disk diffusion method (Balouiri et al., 2016; María
et al., 2018; Mostafa et al., 2018). Each fraction (n-hexane, ethyl acetate, and ethanol) of green betel
leaf (Piper betle L.) was tested in vitro with a negative control group (aquadest and DMSO 1%) and a
positive control group (Amoxiclav 30 μg). The test concentrations used were 6.25, 12.5 and 18.75
µg/disk. The antibacterial activity of each fraction of green bêtel leaf (Piper betle L.) against S. aureus
was obtained by measuring the diameter of the inhibition zone around the disk paper.
Data analysis for antibacterial activity test
The antibacterial activity data is statistically analyzed and calculated using SPSS version 23 by
comparing the inhibition zone diameter of the clear zone of each concentration in each test group of
betel leaf (Piper betle L.) against S. aureus.
RESULT AND DISCUSSION
Phytochemical screening
Piper betle is known to have bioactive compounds that can be used to treat various diseases. It
has been reported that Piper betle has anti-inflammatory, antioxidant, antibacterial, anti-fungal,
antimalarial, and anticancer activities (Mgbeahuruike et al., 2017). This study, nonetheless, focused on
observing the antibacterial activity of Piper betle fractionated by the method in Figure 1. The presence
of bioactive compounds such as alkaloids, terpenoids, polyphenol, flavonoids, anthraquinones of all
fractions (Table 1) was confirmed to be the same as the previous study (Syahidah et al., 2017) with
identical stain colors on the chromatogram.
In this study, the Piper betle n-hexane extract (ENH) contained alkaloids, terpenoids,
polyphenol, flavonoids, anthraquinone (Table 1), with the TLC detection method with stain
appearances (Table 2). This would be different from the previous study (Junairiah et al., 2018) that
used liquid-liquid fractionation, where the n-hexane fraction only contained terpenoids from five types
of metabolites detected (alkaloids, terpenoids, tannin, flavonoids, saponins).
The chromatogram of EET, EEA, and ENH extracts of Piper betle leaves was done according to
the Harborne method (Harborne, 1984; María et al., 2018), where it identifies several compounds
suspected of having antibacterial activity including alkaloids, terpenoids, flavonoids, polyphenols, and
anthraquinone.
According to the results of phytochemical screening (Table 1), the three extracts (EET, EEA,
and ENH) contained polyphenols. Syahidah et al. (2017) stated that polyphenols show antimicrobial
activity. Phenolic derivatives such as hydroxichavicol and eugenol are also proven to have inhibitory
activity for microbial growth. The activity is in the form of growth inhibitory activity which correlates
with the amount of compound content in the extract, where the higher the extract concentration is, the
higher the inhibitory activity (Syahidah et al., 2017).
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Table 1. Phytochemical screening results, secondary metabolite content of alkaloids, terpenoids,
flavonoids, polyphenols, and anthraquinones in each of the Piper betle leaf extract
Ethanolic Extract
Colour of
Rf
the
Result
spot/band
0.29
Orange
+

Ethyl Acetate Extract
Colour of
Rf
the
Result
spot/band
-

N-Hexane Extract
Colour of
Rf
the
Result
spot/band
0.14
Orange
+

Compound

Spot
visualization by

Alkaloid

Dragendorff

Flavonoid

Conc.Sulfuric
Acid

-

-

-

-

-

-

0.08

Intensive
yellow

+

Terpenoid

AnisaldehydeSulfuric Acid

0.28

Purplish
red

+

Rf 1 =
0.4

Purple

+

0.56

Purple

+

0.45

Purplish
red

+

+

-

-

-

-

-

Purplish
red
purplish
red
Black

+

-

-

+

0.25

Black

+

brownish

+

0.41

Red Purple

+

Polyphenol

FeCl₃

0.4

Black

+

Rf 2 =
0.6
Rf 3 =
0.7
0.4

Anthraquin
one

KOH 10% in
methanol

0.27

Yellow

+

0.41

Based on the phytochemical screening results, the ENH, EEA, and FET also contained
terpenoids. Terpenoids are known to have the activity of destroying membrane integrity thereby
increasing the permeability of bacterial cell membranes. Terpenoid derivatives in the fraction may also
interfere with various cellular activities, which include production of energy, transport of membrane,
and other metabolic regulation functions. Terpenoids also interfere with cell membranes that help
numerous vital processes including energy conversion processes, nutrient processing, synthesis of
structural macromolecules, and growth-regulating secretions (Oussalah et al., 2006; Swamy et al.,
2016).
The alkaloid content in Piper betle (Mgbeahuruike et al., 2017) has the activity to reduce
bacteria’s ability to attach to the host, inhibit biofilm formation and inhibit bacterial cell cytokinesis.
Alkaloids and their derivatives are also known to have a synergistic effect with antibiotics
streptomycin, vancomycin, clindamycin, and erythromycin that have been shown to increase the
inhibitory activity of multi-resistant resistant bacteria (MDR) (Barbieri et al., 2017). Research
conducted by Dusane et al. (2014) showed that the alkaloid in Piper nigrum which is one genus with
Piper betle has an activity to reduce bacterial colonization activity and motility and inhibit the
formation of biofilms (Dusane et al., 2014).
The hydrophobic nature of some phenolic compounds may be the main factor that is responsible
for antimicrobial activity (Pyla et al., 2010). The mechanism of polyphenol microbial toxicity can be
associated with hydrolytic enzymes (proteases) inhibition or other interactions that inhibit microbial
adhesion, cell membrane transport proteins, and non-specific interactions with carbohydrates in cell
walls (Baba and Malik, 2015; Marín et al., 2015).
Anthraquinone which is isolated from several plants is known to have high activity as an
antimicrobial (Duval et al., 2016). Quinones have several protein targets including bacterial cell
adhesin proteins, polypeptides, and cell walls. Anthraquinone also activates several important enzymes
in bacterial metabolism (Bilal et al., 2017; Pandey et al., 2014) especially membrane-bound enzymes
(Upadhyay et al., 2014).
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Table 2. Chromatogram spot and color profile from three different extracts of EET (Ethanol
Extract), EEA (Ethyl Acetate Extract), ENH (n-hexane Extract) after being sprayed by
spot visualization reagent
Compound

Spot
visualization
by

Ethanolic Extract (EET)
Colour of the
spot/band

Result

Ethyl Acetate Extract (EEA)
Colour of the
spot/band

Result

n-hexane Extract (ENH)
Colour of the
spot/band

Result

Alkaloid

Dragendorff

+

-

+

Flavonoid

Conc.Sulfuric
Acid

-

-

+

Terpenoid

AnisaldehydeSulfuric Acid

+

+

+
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Polyphenol

FeCl₃

+

+

Anthraquinone

KOH 10% in
methanol

+

+

+

+

Antibacterial activity
With various previous research references, this study’s purpose is to demonstrate the
antibacterial activity of the n-hexane extract (ENH), ethyl acetate extract (EEA), and ethanol extract
(FET) obtained by the stratified extraction method to S. aureus. S. aureus is a common pathogen that
infects humans. This bacterium can cause several infections such as endocarditis, bacteremia, skin
infections, soft tissue, lungs, and other infections (Tong et al., 2015). S. aureus itself is a type of
bacteria that has high speed and uniqueness in eliciting resistance activity. Moreover, the issue of
Methicillin-resistant S. aureus (MRSA) has become a troublesome case for hospitals in the world
(Kaur and Chate, 2015). Therefore, it is necessary to carry out continuous development of antibiotic
drugs including exploration of natural ingredients as the main source of antibiotics.
This study was conducted to determine the antibacterial potential of the Piper betle leaf extract with
three types of solvent namely n-hexane, ethyl acetate, and ethanol solvents. This extraction method is
used to observe which solvent is the most effective to see which compound has the strongest
antimicrobial activity. The extracted compound with the strongest ability is used to isolate the active
compounds from plants so they can also be developed to isolate the antibacterial active ingredient.
This research is the first step and is limited only to the observation of the activity and class of
secondary metabolite compounds contained in Piper betle leaf powder.
The results of the antimicrobial test using the diffusion method of ethanol extract, ethyl acetate
extract, and n-hexane extract (Table 3) showed that all EET, EEA, and ENH extracts had inhibitory
activity against S. aureus. It shows that in the ethanol extract (Kavitha and Jeevaratnam, 2016), ethyl
acetate, and n-hexane contained antibacterial compounds from the Piper betle leaf (Mgbeahuruike et
al., 2017). Also, the antimicrobial activity of Piper betle leaf extract was regarded more potent in
Gram-positive bacteria (Valle et al., 2016).
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Table 3. The results of the measurement of the zone of inhibition of the growth of S. aureus
bacteria with the test solution of EET (Ethanol Extract), EEA (Ethyl Acetate Extract),
ENH (n-hexane Extract) with positive control amoxiclav
Treatment

Ethanol Extract
(EET)

µg/disk

Ethyl Acetate Extract
(EEA)

N-Hexane Extract
(ENH)

Bacteria Inhibition zone (mm)

6.25

10.03 ± 1.08

a

15.83 ± 2.36b

8.88 ± 0.99a

12.5

10.62 ± 1.70a

16.10 ± 0.66b

8.95 ± 0.67a

a

b

9.40 ± 0.36a

18.75

11.30 ± 1.41

Amoxyclav 30 µg/disk

25.58 ± 1.75c

25.40 ± 0.61c

24.65 ± 3.20c

0.00

0.00

0.00

Blank

16.65 ± 1.65

(different letters of “a,b,c” that are labeled in the diameter of inhibition zone indicate significant differences
between treatments)

EET

EEA

EN
H

Figure 2. Disk diffusion test results: EET (Ethanol Extract), EEA (Ethyl Acetate Extract), ENH (n-hexane
Extract) with positive control of amoxiclav 30 µg /disk (75 %=18,75 µg/disk; 50%= 12,5 µg/disk;
25%=6,26 µg/disk)

The antibacterial activity in each extract was not significantly different at concentrations of
6.25; 12.5 and 18.75 µg/disk (Table 3). The highest bacterial inhibition was found in EEA which was
significantly different from EET and ENH (Table 3). According to Waghmode et al. study, the extract
of Piper betle leaves in ethyl acetate had the highest antimicrobial activity compared to ethanol and nhexane (Waghmode et al., 2017), while other studies used several extracts, proving that the ethyl
acetate extract obtained from plants had higher antimicrobial activity than extracts of butanol, nhexane and other solvents (Su et al., 2015; Wang et al., 2016). On the other hand, also in other studies,
the ethyl acetate extract from plant extracts showed the same antimicrobial activity as the n-hexane
extract (Ajileye et al., 2015). This shows that extraction method and plant species/species determine
their antimicrobial activity. Disk diffusion test results (Figure 2) also showed that all extracts with test
concentrations had lower antimicrobial activity compared to positive controls in the form of antibiotic
amoxiclav as the positive control.
The different extraction methods appear to cause different antimicrobial efficacy. Based on
research (Singh et al., 2019), ethanol extract of Piper betle extracted with methanol and aquadest
solvents showed the best antimicrobial activity in ethanol extract but this will be different from this
study where ethyl acetate extract was known to have the best activity compared to ethanol and nhexane extracts. It seems that the extraction using ethyl acetate solvent in some plants resulted in
higher antibacterial activity than the other tested extracts (Hidayati et al., 2019; Ibrahim et al., 2018).
Another research stated that the extracts of ethanol, petroleum ether, and chloroform, which were
tested against Gram-positive and Gram-negative bacteria with disk diffusion method, showed broadspectrum of antibacterial activity by inhibiting the growth of gram-positive and gram-negative bacteria
Pharmaciana Vol. 11, No. 2, July 2021, Page. 261–272

Pharmaciana

ISSN: 2088 4559; e-ISSN: 2477 0256

269

including S. aureus. Petroleum ether extract from Piper betle was the least effective against most of
the organisms tested. Moderate antibacterial activity was present in chloroform extracts while ethanol
extract showed optimal activity for almost all selected strains (Bangash et al., 2012).
CONCLUSION
The n-hexane, ethyl acetate, and ethanol extracts of Piper betle leaf showed inhibitory activity
on the growth of Staphylococcus aureus. The highest activity was found in the ethyl acetate extract.
Based on the detection of alkaloids, flavonoids, terpenoids, polyphenols, and anthraquinone, the
bioactive compounds in Piper betle with TLC method resulted in ENH containing 5 of 5 detected
bioactive compounds. EEA contained 3 out of 5 bioactive compounds tested and EET contained 4 out
of 5 compounds tested.
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