Research Article

Sciences of Pharmacy |

| Check for
updates

Ancestral Heritage Toward Health Innovation: A Study of
the Antibacterial Activity of Betel Leaf (Piper betle Linn.)
Extract from the Betel-Chewing Tradition Against Oral
Pathogenic Bacteria

Norhidayah Norhidayah, Safira Maza, Novita Anggraeni, Taufik Qurrahman,
Rizki Rahmadi Pratama & (), Yulistia Budianti Soemarie ®

[The author informations are in the declarations section. This article is published by ETFLIN in Sciences of Pharmacy, Volume 5, Issue 3,
2026, Page 261-272. DOI: 10.58920/sciphar0502667]

Received: 18 April 2026
Revised: 25 May 2026

Accepted: 18 June 2026
Published: 10 July 2026

Editor: Garnadi Jafar

This article is licensed under a
Creative Commons Attribution 4.0
International License. © The
author(s) (2026).

Keywords: Menginang, Piper
betle, Antibacterial Activity, Oral
Pathogenic Bacteria.

Abstract: Traditionally, menginang (a mixture of betel leaf, areca nut, gambir, and
lime) has been used as a natural antibacterial agent. This study aimed to compare the
antibacterial activity of single betel leaf extract and menginang extract against four
oral pathogenic bacteria in vitro. This study compared the antibacterial activity of
traditional menginang extract and single betel leaf extract against multiple oral
pathogenic bacteria to evaluate their potential synergistic antibacterial effects. The
experimental method used a disk diffusion technique at three concentrations (12.5%,
25%, and 50%), and the data were analyzed using one-way ANOVA and Bonferroni
post hoc tests. Chlorhexidine 0.2% was used as the positive control, while distilled
water was used as the negative control. The 50% menginang extract showed the
strongest antibacterial activity against all tested bacteria, with inhibition zones
ranging from 22.76 + 1.38 mm to 28.22 + 0.14 mm, and the differences were
statistically significant (p < 0.05). The inhibition zones produced by the 50%
menginang extract were close to those of 0.2% chlorhexidine. The superiority
antibacterial activity of menginang extract may be associated with synergistic
interactions among alkaloids, phenolics, flavonoids, tannins, saponins, triterpenoids,
and steroids identified during phytochemical screening. The menginang extract has

high potential to be developed as an innovative natural product for oral health.

Introduction

The mouth is home to a variety of microorganisms,
including bacteria, which are naturally present on its
surface (1). Oral pathogens can cause infections in the oral
cavity and contribute to the development of dental caries,
gingivitis, periodontitis. In particular, certain species are
clinically important because they play specific roles in
biofilm formation and periodontal destruction. The
Ministry of Health of the Republic of Indonesia reports
that 25.9% of the Indonesian population has dental health
issues, and 57.6% of Indonesians have dental problems.
This shows that oral and dental diseases remain a major
public health problem in Indonesia (2).

The bacterium Streptococcus mutans is often the
cause of caries, as it is a major acid-producing and acid-
tolerant bacterium involved in enamel demineralization.
Oral and dental health problems are still very common in
Indonesia. Based on the 2023 Indonesian Health Survey

(SKI), as many as 56.9% of the population aged over three
years have dental and oral problems, with 88% of them
suffering from caries or cavities. The anaerobic gram-
negative bacteria Porphyromonas gingivalis plays a role in
the development of periodontitis through its contribution
to subgingival dysbiosis and periodontal tissue damage.
Prevalence of periodontitis in Indonesia reached 74.1% in
the population aged 15 years and above (women: 74.7%,
men: 73.2%). The prevalence of oral health problems
increased from 25.9% (2013) to 57.6% (2018). Only 6.2% of
Indonesians brush their teeth with the correct time and
technique as recommended (morning after breakfast and
night before bed), while 58.5% do not replace their
toothbrushes every three months. Poor oral hygiene
facilitates the buildup of plaque and calculus and
contributes to the severity of gum disease. Among 5-year-
old children, 91.2% and 12-year-old children, 94.1% have
never been taken to a dental health professional for
treatment (3). Aggregatibacter actinomycetemcomitans is a
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gram-negative facultative anaerobic bacterium that
produces several virulence factors and has high genetic
diversity. Fusobacterium nucleatum is also clinically
important because it acts as a bridge organism in oral
biofilms and supports the colonization of other
periodontal pathogens (4).

A. actinomycetemcomitans is capable of traversing
epithelial barriers and perturbing both oral and gut
microbial communities, with potential consequences for
systemic health. Its invasive behavior and toxin production
promote local inflammation and can facilitate
translocation into deeper tissues and the bloodstream.
Systemically, A. actinomycetemcomitans has been
implicated in conditions such as rheumatoid arthritis and
infective endocarditis, and it may contribute to
carcinogenesis through induction of pro-inflammatory
cytokines (for example, IL-1p and TNF), which create a
microenvironment conducive to chronic inflammation and
tissue damage (5).

P gingivalis is a keystone anaerobic pathogen in
periodontitis that employs multiple strategies to invade
host cells and evade innate and adaptive immune
responses. P. gingivalis secretes proteolytic gingipains and
other enzymes that degrade host proteins, dysregulate
immune signaling, and manipulate complement and
toll-like receptor pathways. Notably, P gingivalis can
induce  protein  citrullination a  posttranslational
modification linked to autoimmunity providing a
mechanistic link between periodontal infection and
systemic diseases such as rheumatoid arthritis;
associations have also been reported between P, gingivalis
and systemic inflammation, atherosclerosis, and oral
mucositis (6).

F. nucleatum is a Gram-negative anaerobe implicated
in both periodontal pathology and a range of systemic
conditions, most prominently colorectal cancer. F
nucleatum expresses adhesins and other virulence factors
that promote robust biofilm formation, modulate host
immune responses, and disrupt epithelial barrier integrity,
thereby facilitating local invasion and systemic
dissemination. Clinical and molecular studies have
frequently detected Fn not only in periodontal pockets but
also at distant sites such as atherosclerotic plaques and
colorectal tumors supporting the hypothesis that
hematogenous spread of oral microbes can contribute to
chronic inflammation and disease processes beyond the
oral cavity (7).

S. mutans exhibits exceptional capacity to form robust
biofilms on dental surfaces, which underpins its cariogenic
potential. This phenotype is largely driven by
glucosyltransferases (gtfB, gtfC, gtfD), which catalyze the
production of extracellular polysaccharides (EPS). The
resultant EPS matrix promotes initial adherence,
interbacterial cohesion, and structural stability of the
biofilm while conferring protection against acid, oxidative
stress, and antimicrobial agents (8).

Menginang is a traditional practice of chewing betel
leaf mixed with lime, gambir, and A. nut. This practice has
been preserved across generations and remains an
important part of local culture. In the menginang tradition,
betel leaves are believed to be beneficial for dental health,
possess strong antifungal properties, and are capable of
inhibiting the growth of certain types of bacteria. Because
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of this, menginang has attracted interest as a potential
natural antibacterial source (9).

Betel or A. nut has become a customary practice in
the daily lives of the people, particularly in Banjarmasin,
South Kalimantan. Menginang is the practice of chewing a
mixture of betel leaves, A. nuts, lime, and gambir. In the
menginang tradition, betel leaves are believed to be
beneficial for dental health, possess strong antifungal
properties, and are capable of inhibiting the growth of
certain types of bacteria (10).

Previous studies have reported the antibacterial
activity of Piper betle, Areca catechu, and gambir extracts
against several pathogenic microorganisms, including oral
bacteria related to caries and periodontal disease.
However, studies evaluating the synergistic antibacterial
activity of the traditional menginang combination against
multiple oral pathogenic bacteria remain limited. In
particular, direct comparative studies between single betel
leaf extract and traditional menginang extract are still
scarce. Therefore, this study was conducted to evaluate
and compare the antibacterial effectiveness of both
extracts against clinically important oral pathogens
associated with dental caries and periodontal disease.

Previous studies have demonstrated that the
combination of P betle, A. catechu, Uncaria gambir, and
lime exhibits synergistic antibacterial effects. Lime
contributes by increasing the alkalinity of the mixture,
which may enhance the release and activity of bioactive
compounds from the plant materials and create
unfavorable conditions for bacterial growth. The stronger
antibacterial activity of the menginang extract may be
attributed to synergistic interactions among bioactive
compounds derived from P betle, U. gambir, and A.
catechu. Phenolic compounds, hydroxychavicol, catechins,
tannins, and alkaloids collectively disrupt bacterial
membrane integrity, interfere with protein synthesis, and
alter membrane permeability, thereby enhancing
antibacterial efficacy against oral pathogenic bacteria.
These combined mechanisms enhance antibacterial
activity against oral pathogenic bacteria, including S.
mutans, P gingivalis, and A. actinomycetemcomitans (13,
14, 16).

The objectives of this study were: 1). to analyze the
effectiveness and optimal concentration of betel leaf (P
betle L.) extract in inhibiting the growth of oral pathogenic
bacteria, including A. actinomycetemcomitans, S. mutans, P
gingivalis, and F. nucleatum in vitro; 2). to assess the
effectiveness and optimal concentration of extracts
derived from the traditional menginang formulation in
inhibiting the growth of oral pathogenic bacteria,
including A. actinomycetemcomitans, S. mutans, P
gingivalis, and F. nucleatum in vitro; and 3). to compare the
effectiveness between betel leaf extract and menginang
plant extracts in producing the most optimal inhibition
zone diameter against the growth of oral pathogenic
bacteria.

This study aimed to provide empirical data on the
effectiveness of betel leaves used in the betel-chewing
tradition, as compared to betel leaves alone, in inhibiting
the growth of pathogenic bacteria in the oral cavity. The
findings of this study may provide scientific evidence for
the development of natural oral health products and
support the preservation of the traditional menginang
practice.
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Methodology

Time and Place

This study was conducted from July to September 2025 at
the Microbiology Laboratory and the Biology Laboratory,
Faculty of Pharmacy, Muhammad Arsyad Al Banjari Islamic
University of Kalimantan. During this period, the study
focused on experimental procedures, including sample
preparation and laboratory analysis, while data processing
and manuscript preparation were carried out separately
after the experimental phase

Materials

The materials used in this study were betel leaves (P betle
Linn.), A. nut (A. catechu L.), gambir (U. gambir (Hunter)
Roxb.) whose authenticity had been verified, betel lime,
nutrient agar (NA), nutrient broth (NB), test bacteria (A.
actinomycetemcomitans, S. mutans, P gingivalis, and F.
nucleatum), disc paper, chlorhexidine, 70% ethanol,
distilled water, NaCl solution, and Mueller-Hinton agar
(MHA).

Research Method

This study was experimental in nature, employing a
laboratory test model using the disc diffusion method to
determine antibacterial activity. The independent variable
was the concentration of betel leaf and menginang
extracts at three concentration levels (12.5%, 25%, and
50%), while the dependent variable was the growth of
pathogenic bacteria, measured by the diameter of the
inhibition zone. The selected concentrations (12.5%, 25%,
and 50%) were determined based on previous studies
evaluating the antibacterial activity of P betle L. extract
against oral pathogenic bacteria using graded
concentration levels, as well as preliminary screening tests
conducted to observe concentration-dependent
antibacterial effects (11). Control variables included
incubation temperature (37°C), incubation time (24 hours),
and positive-negative controls for result validation.

Phytochemical Screening

Phytochemical screening is the preliminary stage of
phytochemical research aimed at providing an overview of
the classes of compounds contained in the plant under
study. The discovery of new drugs is of great importance
to every local government in the country at this time. One
natural resource with the potential to contain bioactive
compounds that can function as medicines is biological
resources, particularly plants belonging to the Piperaceae
family. Therefore, to increase the utility of Piperaceae
family members domestically, further and continuous
research is needed to identify bioactive compounds that
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can subsequently be produced as medicines in the
pharmaceutical industry (12).

Preparation of Betel Leaf Extract and Menginang

Extract

The ingredients for menginang (betel leaf, A. nut, lime, and
gambir) were thoroughly washed, dried, and ground using
a grinder. A total of 250 grams of betel leaf powder and
62.5 grams of each menginang ingredient were weighed
and extracted using 70% ethanol via the maceration
method, with the soaking process conducted for 2-3 days,
followed by evaporation using a rotary evaporator (13).
Betel leaf extract and Menginang extract were prepared at
three concentration levels: 12.5%, 25%, and 50%.
Concentrations were prepared by gradual dilution (14).
The extraction process used a solvent-to-sample ratio of
10: 1 (v/w). The menginang formulation consisted of betel
leaf, A. nut, gambir, and lime in a ratio of 1: 1: 1: 1. The
extraction yield was calculated using the following
formula:

Bacterial Rejuvenation and Preparation of
Bacterial Suspensions

Bacteria were collected using a sterile inoculation loop and
streaked onto the surface of Nutrient Agar (NA). The
streaked agar was then incubated at 37°C for 24 hours. A
loopful of rejuvenated bacterial culture from Nutrient Agar
(NA) was inoculated into 5 mL of Nutrient Broth (NB) and
incubated at 37°C for 24 hours. The bacterial suspension
turbidity was then adjusted to match the 0.5 McFarland
standard, equivalent to approximately 1.5 x 10 CFU/mL,
to standardize the bacterial inoculum used in the
antibacterial assay (14).

Antibacterial Efficacy via the Disc Diffusion
Method

200 pl of bacterial suspension was added to 20 ml of
Mueller Hinton Agar (MHA) medium, poured into a petri
dish, and allowed to solidify. 10 pl of the sample solution
was applied to a paper disc. The discs containing the
sample were then placed on the surface of the agar
medium. After incubation for 24 hours at 37°C, the clear
areas (inhibition zones) formed around the discs were
observed and their sizes recorded (14). Chlorhexidine 0.2%
was used as the positive control, while distilled water was
used as the negative control.

Data Analysis

The determination of bacterial inhibition test results using
the disk diffusion method is based on the presence of an
inhibition zone around the paper disk. After the average
inhibition zone is obtained, the classification of inhibitory
ability is determined according to Table 1. The data were

Table 1. Classification of bacterial growth inhibition responses.

Growth Inhibition Responses
Strong

Moderate

Weak

None

Inhibition Zone Diameter
> 20 mm

16-20 mm

10-15 mm

<10 mm
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statistically analyzed using a normality test, followed by a
One-Way ANOVA and a Bonferroni post hoc test (14). All
antibacterial assays were performed in triplicate to ensure
data reliability and reproducibility. All microbiological
procedures were carried out following laboratory biosafety
guidelines for handling pathogenic bacteria. This study did
not involve human or animal subjects; therefore, ethical
clearance was not required.

Results and Discussion

Plant Determination

Betel leaves, gambir, and A. nuts were obtained from Hulu
Sungai Tengah Regency, South Kalimantan, and identified
at the Laboratory of the Faculty of Mathematics and
Natural Sciences (FMIPA) at Lambung Mangkurat
University in Banjarbaru. Based on certificate number:
163/LB. LABDASAR/VIII/2025, the samples used were
confirmed to be P betle Linn. Meanwhile, regarding
gambir, based on certificate number:  195/LB.
LABDASAR/IX/2025, the samples used were confirmed to
be the plant U. gambir (Hunter) Roxb. Regarding A. nut,
based on certificate number: 216/LB. LABDASAR/IX/2025,
the samples used were confirmed to be the plant A.
catechu L.

Phytochemical Screening

Phytochemical screening confirmed the presence of major
bioactive compounds in betel leaf (P betle L) and
menginang extracts, as presented in Table 2. Betel leaf
extract tested positive for alkaloids (cream with Mayer,
orange with Dragendorff, brown with Wagner), phenolics
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(bluish green with FeCl;), flavonoids (orange-red with
Shinoda/Mg-HClI), tannins (blackish green with FeCls),
saponins (stable foam > 10 minutes), triterpenoids (orange
Liebermann-Burchard), and steroids (blue/green
Liebermann-Burchard). The menginang extract showed
similar results: alkaloids (Mayer's cream, Dragendorff's
orange, Wagner's brown), phenolics (bluish-green with
FeCl;), flavonoids (Shinoda’s orange-red), tannins
(blackish-green with FeCl;), saponins (stable foam), and
triterpenoids (Liebermann-Burchard orange). The diversity
of these secondary metabolites in both extracts indicates
strong antimicrobial, anti-inflammatory, and
pharmacological potential (15).

Phytochemical screening was conducted as a
preliminary step to qualitatively detect the presence of
secondary metabolites in menginang and betel leaf (P
betle L) extracts. Analysis of the betel leaf extracts
indicated the presence of alkaloids, phenolics, flavonoids,
steroids, tannins, saponins, and triterpenoids in both
extracts. Meanwhile, Menginang extract contained
alkaloids, phenolics, saponins, triterpenoids, tannins,
steroids, and flavonoids. The diversity of these bioactive
compounds indicates strong  biological potential,
particularly in antimicrobial activity. The antibacterial
activity observed in this study may be associated with the
bioactive compounds detected during phytochemical
screening, including alkaloids, phenolics, flavonoids,
tannins, saponins, triterpenoids, and steroids. Previous
studies have suggested that specific constituents such as
hydroxychavicol, catechins, condensed tannins, and
arecoline may contribute to these antibacterial effects.

The diversity of natural bioactive compounds in betel

Table 2. Qualitative phytochemical screening results of betel leaf (Piper betle) and menginang samples.

Phytochemical Reagents /

Observation (Positive

Betel Leaf (P.

Compounds Methods Indicators) betle) Menginang
Mayer's Test Creamy precipitate (+) (+)

Alkaloids Dragendorff's Test ~ Orange precipitate (+) (+)
Wagner's Test Brown precipitate (+) (+)

Phenolics FeCl; Test Bluish-green coloration (+) (+)

Flavonoids Shinoda (Mg + HCl) Orange-red coloration (+) (+)

Tannins FeCl; Test Blackish-green coloration (+) (+)

Saponins Froth Test Stable foam (> 10 minutes) (+) (+)

Triterpenoids gjii:?jnn_ Orange coloration (+) (+)

Steroids léijrbci;r?jnn_ Blue or Green coloration (+) (+)

Figure 1. (A) menginang liquid extract, (B) menginang concentrated extract, (C) betel leaf liquid extract, (D) betel leaf
concentrated extract.
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leaves, A. nuts, and gambir as components of the
traditional betel-chewing mixture indicates that the
antibacterial activity against these four species of oral
pathogenic bacteria is supported by the synergy between
phenolics, flavonoids, tannins, alkaloids, and saponins,
which have been shown to exert antibacterial effects by
disrupting bacterial membrane integrity, inducing leakage
of intracellular components, inhibiting bacterial enzymes,
and interfering with protein synthesis in both Gram-
positive and Gram-negative bacteria in several previous
studies, with the main differences lying in the
concentrations and combinations of the raw materials
used (16).

Betel Leaf and Menginang Extracts

The betel leaves obtained are dark green in color and have
a distinctive odor, while the menginang is dark brown and
has an aromatic odor characteristic of the menginang
ingredients, as shown in Figure 1.

Menginang extract from 250 grams of crude drug
powder yielded 25.7 grams of concentrated extract with a
yield of 10.28% (> 10%, meets requirements), while betel
leaves from 250 grams of crude drug powder yielded 28
grams of concentrated extract with a yield of 11.2% (>
10%, meets requirements). A low yield reflects suboptimal
extraction efficiency, resulting in a small amount of extract
obtained (17). The 11.2% yield of concentrated extract
from betel leaf crude powder obtained in this study is
relatively lower compared to the results of betel leaf
essential oil extraction reported in other studies, where the
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essential oil yield can reach approximately 20.76 g/kg or
2% dry weight.

This difference can be explained by the fact that
concentrated extracts contain a variety of bioactive

compounds, whereas essential oil extraction focuses
specifically on volatile compounds using different
extraction methods, such as steam distillation.

Additionally, other studies optimizing extraction methods
using technologies such as cold plasma or ultrasonic-
assisted extraction have also demonstrated increased
yields and bioactive compound content from betel leaves
and other herbal plants, underscoring the importance of
appropriate extraction methods to maximize yields (18).

For betel leaf crude extract, specific literature data is
indeed still limited; however, the 10.28% yield obtained
falls within the range commonly found in the extraction of
crude extracts from other herbal plants, which typically
ranges from 8-15%. This indicates that the extraction
process carried out was sufficiently optimal to obtain a
concentrated extract containing active ingredients in
adequate concentrations. Therefore, the results of this
study are consistent with existing literature and provide a
strong scientific basis for the development of products
based on menginang and betel leaf extracts.

Antibacterial Efficacy Using the Disc Diffusion
Method

Bacterial growth inhibition tests were conducted in
triplicate across three concentration series of menginang
and betel leaf extracts (50%, 25%, 12.5%), a positive
control (0.2% chlorhexidine), and a negative control

(Menginang) (Betle Leaf) (Control: +) (Control: -)

S | ] . %7
F'gr 1(\{ “‘rﬁ 3
3 ‘ l. ;l

5 ‘-..‘

- gl .“'a k“ -

(Menginang) (Betle Leaf) (Control: +) (Control: -)

Figure 2. Results of Inhibition Zone Diameter Test at 50% Concentration. Legend: Red = P, gingivalis bacteria, Yellow = A.
actinomycetemcomitans bacteria, Green = F. nucleatum bacteria, Blue = S. mutans bacteria.
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(distilled water) using the disk diffusion method. Inhibitory
activity was indicated by inhibition zones around the
paper disks, which were measured and averaged for each
treatment. The representative inhibition zones at the 50%
concentration are shown in Figure 2. The average
inhibition zone values for each treatment are presented in
Table 3.

A recent study confirmed the potential of betel leaf (P
betle L)) in the disc diffusion method, where the green
nano-extract produced a larger inhibition zone (up to
18.67 mm) against S. mutans compared to the micro-sized
extract, thanks to the more efficient release of active
compounds. Similarly, A. nut (A catechu) extract
demonstrated inhibitory activity against oral bacteria such
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as S. aureus with a clearly significant zone in the agar disc
diffusion test, supporting the synergy in menginang
mixtures for the development of natural oral health
products (19).

The results of the antibacterial testing of Menginang
extract and betel leaf extract (P betle Linn.) in Table 3.
show that Menginang extract exhibits stronger and more
consistent antibacterial activity against the four major oral
pathogenic bacteria compared to betel leaf extract alone.
Gram-positive bacteria are generally more susceptible to
phenolic compounds than Gram-negative bacteria
because their simpler peptidoglycan-rich cell wall lacks the
outer membrane that acts as a permeability barrier in
Gram-negative bacteria. This structural difference may

Table 3. Average inhibition zone values for bacteria.

Bacteria Concentration
50% (Menginang)
25% (Menginang)
12.5% (Menginang)
50% (Betel)

P. gingivalis

25% (Betel)

12.5% (Betel)

(+) Chlorhexidine 0.2%
(-) Distilled water

50% (Menginang)

25% (Menginang)
12.5% (Menginang)
50% (Betel)

25% (Betel)

12.5% (Betel)

(+) Chlorhexidine 0.2%
(-) Distilled water

50% (Menginang)

25% (Menginang)
12.5% (Menginang)
50% (Betel)

25% (Betel)

12.5% (Betel)

(+) Chlorhexidine 0.2%
(-) Distilled water

50% (Menginang)

25% (Menginang)
12.5% (Menginang)
50% (Betel)

25% (Betel)

12.5% (Betel)

(+) Chlorhexidine 0.2%
(-) Distilled water

F. nucleatum

A. actinomycetemcomitans

S. mutans

Mean (mm) = SD Inhibition Response

2499 £ 3.21 Strong
2295 £ 3.28 Strong
22.68 + 3.12 Strong
21.07 £ 2.40 Strong
15.63 + 1.92 Weak
10.86 + 1.64 Weak
2798 + 1.15 Strong

0 None
2822 £ 0.14 Strong
27.30 £ 0.22 Strong
2546 + 1.83 Strong
17.19 + 1.52 Moderate
1538 + 1.52 Weak
13.87 + 0.94 Weak
27.78 £ 0.84 Strong

0 None
25.28 + 2.03 Strong
22.54 £ 2.41 Strong
16.07 + 6.47 Moderate
17.75 + 2.08 Moderate
16.13 + 0.90 Moderate
1212 + 1.12 Weak
29.5 £ 0.00 Strong

0 None
22.76 + 1.38 Strong
21.09 £ 1.66 Strong
20.68 £ 1.67 Strong
19.86 + 1.91 Moderate
18.21 + 1.69 Moderate
12.84 + 1.22 Weak
28.75 £ 1.20 Strong

0 None
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explain the stronger inhibition observed against S. mutans
compared with several Gram-negative oral pathogens
tested in the present study. In addition, the multi-target
interactions among phenolics, flavonoids, tannins,
catechins, and alkaloids in the menginang extract may
further enhance membrane disruption, enzyme inhibition,
and bacterial growth suppression (20). The higher
susceptibility of S. mutans may also be associated with the
absence of an outer lipopolysaccharide membrane,
allowing phenolic and flavonoid compounds to diffuse
more easily into the bacterial cell. In contrast, Gram-
negative bacteria such as P gingivalis and A
actinomycetemcomitans possess an additional outer
membrane barrier that can reduce the penetration of
antibacterial compounds.

This difference in susceptibility may also be influenced
by variations in bacterial cell wall composition and
metabolic characteristics. Gram-positive bacteria possess a
thick  peptidoglycan  layer  without an  outer
lipopolysaccharide membrane, allowing antibacterial
compounds such as hydroxychavicol, flavonoids, and
tannins to diffuse more effectively into the bacterial cell. In
contrast, Gram-negative bacteria have an additional outer
membrane that acts as a permeability barrier and may
reduce the penetration of bioactive compounds.
Furthermore, the synergistic interaction among phenolic
compounds, alkaloids, catechins, and tannins in the
menginang extract may enhance membrane disruption,
protein denaturation, and enzyme inhibition, thereby
increasing antibacterial efficacy against oral pathogenic
bacteria. These findings suggest that the antibacterial
activity of the menginang extract is not solely
concentration-dependent but may also result from
synergistic interactions among its phytochemical
constituents. The antibacterial activity observed in this
study may be attributed to the presence of potent
bioactive compounds in P betle, such as hydroxychavicol,
which exhibits significant antibacterial activity against
various oral pathogens, including S. mutans.

Extracts of P species, principally hydroxychavicol as
the major bioactive constituent, exhibited strong
antibiofilm activity against S. mutans by inhibiting biofilm
formation and reducing preformed biofilms, actions that
correlate with disruption of microbial membrane integrity
and inhibition of insoluble glucan synthesis (21). The study
also confirms that P. betle extract exhibits dose- dependent
antibacterial effects and may serve as a promising
candidate for future natural oral antibacterial development
in the management of oral diseases, reinforcing the results
of the Menginang extract tests, which showed large
inhibition zones approaching the efficacy of chlorhexidine
(19).

P betle contains bioactive constituents such as
acetyleugenol and hydroxychavicol that inhibit bacterial
virulence factors. For example, acetyleugenol has been
shown to bind Sortase A (SrtA), a critical enzyme
mediating bacterial adhesion and pathogenesis, thereby
attenuating virulence. Hydroxychavicol targets cell division
proteins including FtsZ and FtsA, disrupting cytokinesis
and inhibiting bacterial replication and growth.
Hydroxychavicol exhibited antibacterial activity against
multidrug-resistant avian pathogenic Escherichia coli
(APEC) with MIC and MBC values in the range of 0.25-1.0
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mg-mL~", and produced a rapid bactericidal effect (>3-log
reduction in viable counts within 4 h at 4xMIC) (22).

Additionally, the strong antibacterial activity of the
menginang extract may result from synergistic interactions
among its phytochemical constituents. Extracts of P.
species have been shown to modulate the activity of
conventional antibiotics, enhancing their efficacy against
resistant bacterial strains; this suggests that combining P.
extracts with other agents, such as A. catechu, may
potentiate antibacterial effects (23). Phenolic compounds
and hydroxychavicol from P betle may disrupt bacterial
membrane integrity and increase membrane permeability.
Catechins and condensed tannins from U. gambir may
inhibit bacterial enzymes and interfere with protein
synthesis, while alkaloids such as arecoline from A. catechu
may alter bacterial metabolic pathways. The combined
multi-target mechanisms of these bioactive compounds
likely enhance antibacterial efficacy against oral
pathogenic bacteria. Scanning electron microscopy (SEM)
revealed morphological alterations in bacterial cells
exposed to P betle extract, which supports the hypothesis
that disruption of membrane integrity is a primary
antibacterial mechanism (24). These findings support
previous  ethnopharmacological  studies  reporting
synergistic antibacterial effects of traditional herbal
combinations and suggest that menginang extract has
potential as a natural antibacterial agent for oral health
applications (25). These compounds interfere with protein
synthesis by binding to key enzymes of the translation
process and causing changes in gene expression
associated with protein regulation (26).

These findings are consistent with previous
ethnopharmacological studies reporting that the
combination of P betle and A. catechu exhibits synergistic
antibacterial effects against oral pathogens. In previous
ethnopharmacological studies, the antibacterial activity of
P betle-A. catechu combinations was generally evaluated
against a limited number of oral microorganisms and
often produced moderate inhibition zones. The current
findings demonstrated strong inhibitory activity against
four clinically relevant oral pathogens, with inhibition
zones reaching 2822 mm at the 50% menginang
concentration. Furthermore, the observed antibacterial
activity approached that of 0.2% chlorhexidine, suggesting
that the traditional menginang formulation may provide a
stronger synergistic effect than previously reported single-
plant or dual-component preparations. Previous studies
have shown that Gram-positive bacteria such as S. mutans
are generally more susceptible to phenolic and flavonoid
compounds due to their simpler peptidoglycan cell wall
structure, whereas Gram-negative bacteria including P
gingivalis, A. actinomycetemcomitans, and F. nucleatum
possess an additional outer membrane barrier that
requires more complex antibacterial interactions for
effective disruption (3, 13, 14, 16).

The menginang extract, consisting of betel leaves, A.
nuts, and gambir, exhibited stronger inhibition against S.
mutans compared to the betel leaf extract alone, with an
average inhibition zone of 2276 mm at a 50%
concentration, classified as a strong inhibitory response (>
20 mm). This is due to the synergistic effects of phenolic
compounds, flavonoids, and alkaloids from the three
ingredients, which damage the cell membranes of Gram-
positive bacteria through diffusion and disruption of
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permeability, as seen in the disc diffusion test with 24-
hour incubation at 37 °C. This study aligns with previous
findings that combinations of traditional ingredients
increase antibacterial efficacy in a dose-dependent
manner compared to single extracts (27)

These findings provide further evidence that the
extract not only inhibits planktonic bacterial growth but
may potentially contribute to the inhibition of bacterial
biofilm formation, although specific antibiofilm assays
were not conducted in this study. Thus, Menginang extract
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containing P. betle has the potential to be may provide
broader antibacterial potential for future oral healthcare
applications Although the present study demonstrated
promising antibacterial activity, several limitations should
be acknowledged compared to single-leaf betel extract, as
it can target various mechanisms of oral pathogens.
Overall, the findings in Table 3 are consistent with recent
literature affirming the therapeutic potential of P. betle and
mixed formulations in the development of natural
antibacterial agents for oral health.
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Figure 3. Results of in vitro antibacterial activity assays. Note: *Significantly different (p-value < 0.05), ns = Not
significantly different (p-value >0.05).
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As shown in Figure 3, the antibacterial activity of the
extract was concentration-dependent (dose-dependent) in
all treatments. Statistically, there was a significant
difference (p < 0.05) between the Positive Control
(Chlorhexidine 0.2%). The Menginang group showed no
significant difference (p > 0.05) compared to the positive
control (K+) Chlorhexidine for 3 bacteria, namely (A.
actinomycetemcomitans, P. gingivalis, and F. nucleatum).

Statistical analysis using Bonferroni's test (o = 0.05)
showed that only the 25% Betle (p = 0.0005) and 12.5%
Betle (p < 0.0001) groups had significantly different
antibacterial efficacy against P gingivalis compared to the
positive control (K+). Conversely, the 50% Betle (p =
0.0574) and all concentrations of the Menginang group (p
> 0.05) showed no significant differences, indicating
comparable activity to the positive control.

Bonferroni's test (o = 0.05) revealed that all Betle
concentrations  (50%, 25%, and 12.5%) differed
significantly from the positive control (K+, p < 0.0001) in
inhibitingF.  nucleatum. Conversely, all Menginang
concentrations showed no significant differences (p >
0.05), indicating antibacterial activity against F. nucleatum
that is comparable to K+.

Bonferroni's test (¢ = 0.05) showed that all Betle
concentrations 50% (p = 0.0039), 25% (p = 0.0011), and
125% (p < 0.0001)—differed significantly from the
positive control (K+) in inhibiting A
actinomycetemcomitans. In the Menginang group, only the
12.5% concentration showed a significant difference (p =
0.0011), while the 50% and 25% concentrations showed no
significant differences (p > 0.05).

Bonferroni's test (¢ = 0.05) revealed that all
concentrations of both Betle (p < 0.0001) and Menginang
(p < 0.01) groups differed significantly from the positive
control (K+) in inhibiting S. mutans. This indicates that
every evaluated treatment group exhibited a significant
difference in antibacterial efficacy compared to K+.

One-Way ANOVA analysis demonstrated statistically
significant differences among treatment groups. Post hoc
Bonferroni analysis showed that the 50% menginang
extract had significantly greater antibacterial activity
compared to the lower concentrations and single betel
leaf extract groups (p < 0.05).

The effectiveness of plant extracts from the betel-

chewing tradition, which is comparable to that of
chlorhexidine, can be explained by their similar
mechanisms of action. As a cationic biguanide,

chlorhexidine strongly binds to negatively charged
molecules on the bacterial surface (such as membrane
phospholipids and proteins), causing disruption of cell
membrane permeability, leakage of protoplasmic contents,
inhibition of amino acid and nucleic acid transport
enzymes, and ultimately bactericidal cell death at high
concentrations (> 0.12%) or bacteriostatic growth
inhibition at low doses (28). Chlorhexidine (CHX) is widely
recognized as a highly effective antimicrobial agent in
dentistry, often referred to as the "gold standard" for
chemical plaque control due to its unique property of
substantivity the ability to bind to oral surfaces and
provide prolonged antimicrobial activity. CHX binds to
hydroxyapatite in teeth, dental plaque, and oral tissues,
forming a reservoir that releases the antimicrobial agent
over time. CHX can also form insoluble compounds with
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phosphate ions in dental plaque and saliva, further
contributing to its prolonged effect (29).

Chlorhexidine exhibits high substantivity by binding
to the oral mucosa, dental plaque, and tooth surfaces,
followed by gradual release that provides prolonged
antibacterial activity against oral pathogens such as S.
mutans and P gingivali (30). This study has several
limitations. The antibacterial activity was evaluated only
using the disc diffusion method; therefore, the minimum
inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) values were not determined. Further
studies using MIC and MBC assays are necessary to better
evaluate the antibacterial potency and bactericidal
properties of the extracts.

Conclusion

This study demonstrated that betel leaf extract (P betle
Linn.) and menginang mixture were able to inhibit the
growth of major oral pathogenic bacteria under in vitro
conditions. The 50% menginang extract produced the
largest inhibition zones among all tested concentrations
and extracts approaching that of the positive control 0.2%
chlorhexidine. Antibacterial activity is concentration-
dependent and may be associated with the presence of
multiple bioactive compounds detected in the extracts,
including alkaloids, phenolics, flavonoids, tannins,
saponins, triterpenoids, and steroids. Thus, betel leaf and
menginang extracts demonstrated promising in vitro
antibacterial activity against oral pathogenic bacteria
against oral pathogenic bacteria in vitro. However, further
studies involving toxicity evaluation, formulation
optimization, and clinical investigations are necessary
before potential therapeutic applications can be
considered. Considering its promising antibacterial
efficacy, particularly against S. mutans, P gingivalis, A.
actinomycetemcomitans, and F. nucleatum, the menginang
extract may be considered for future development as a
natural mouthwash or therapeutic oral gel formulation
intended to support oral health management.
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