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	 Oral infections remain a significant public health concern, and prolonged use of 
chlorhexidine mouthwashes may cause adverse effects such as tooth staining and mucosal 
irritation. Consequently, increasing attention has been directed toward the development of plant-
based oral healthcare products with antimicrobial properties and improved safety profiles. This 
study evaluated the antimicrobial activity of an ethanolic extract of Piper betle L. leaves and 
its application in a herbal mouthwash formulation. The extract was prepared by maceration 
and subjected to qualitative phytochemical screening. Antimicrobial activity was assessed 
using the disc diffusion method against Staphylococcus aureus, Pseudomonas aeruginosa, and 
Candida albicans. The extract exhibited measurable antimicrobial activity, with inhibition 
zones ranging from 24.00 ± 2.00 mm to 26.00 ± 1.00 mm against S. aureus, 16.33 ± 1.53 mm 
to 18.00 ± 1.00 mm against P. aeruginosa, and 26.00 ± 1.73 mm to 27.33 ± 1.53 mm against 
C. albicans. Two mouthwash formulations containing 150 mg and 250 mg extract per 100 mL 
were prepared and evaluated for physicochemical characteristics and short-term stability. Both 
formulations demonstrated acceptable characteristics, with pH values ranging from 5.90 to 6.58, 
good clarity, moderate foaming capacity, and stability over a seven-day storage period. These 
findings suggest that Piper betle extract has potential as a natural antimicrobial ingredient for 
oral healthcare formulations, although further studies including quantitative antimicrobial 
analysis, long-term stability testing, and clinical evaluation are required.

Keywords: Antifungal Activity; Antimicrobial Activity; Herbal Mouthwash;
Oral Pathogens; Piper betle; Phytochemical Screening.

	 Oral health is an essential component 
of overall well-being, influencing important 
functions such as mastication, speech, and facial 
appearance. Despite improvements in preventive 
dental care and public health awareness in recent 
decades, oral diseases remain among the most 
prevalent health problems worldwide, affecting 
billions of individuals and placing a substantial 
burden on healthcare systems.1,2 Many oral 
conditions, including dental caries, periodontal 

diseases, and oral fungal infections, are closely 
associated with the accumulation and persistence 
of pathogenic microorganisms within dental 
biofilms.1-3 Therefore, effective control of microbial 
populations within the oral cavity is essential 
for maintaining oral health and preventing the 
progression of oral diseases.1-3

	 Chlorhexidine-containing mouthwashes 
are widely used in clinical dentistry due to their 
broad antimicrobial spectrum and prolonged 
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substantivity on oral tissues.4-6 However, long-
term use of chlorhexidine has been associated 
with several undesirable effects, including tooth 
discoloration, taste disturbances, mucosal irritation, 
and alterations in the normal oral microbiota.4-6 

These limitations have encouraged increasing 
interest in the exploration of alternative oral care 
agents derived from natural products that may 
provide comparable antimicrobial activity with 
improved safety and patient acceptability.6-7

	 Medicinal plants represent an important 
source of biologically active secondary metabolites, 
including flavonoids, tannins, phenolic compounds, 
and saponins. These phytochemicals have been 
widely reported to possess antimicrobial, anti-
inflammatory, and antioxidant properties that 
are beneficial for oral health applications.8 
Consequently, plant extracts and essential oils 
have attracted increasing attention as potential 
ingredients in herbal oral care products. Previous 
studies have shown that plant-derived compounds 
may inhibit microbial growth through several 
mechanisms, including disruption of cell membrane 
integrity, interference with essential metabolic 
pathways, and inhibition of microbial biofilm 
formation.9-10

	 Among medicinal plants traditionally 
used in oral hygiene practices, Piper betle L. 
(Piperaceae) has received considerable attention 
due to its reported antimicrobial properties. 
According to the Plants of the World Online 
(POWO), Royal Botanic Gardens, Kew, Piper betle 
L. is a well-documented species widely distributed 
in tropical regions of Asia and recognized for 
its ethnomedicinal importance.11 The leaves of 
P. betle contain various bioactive compounds, 
particularly phenolic constituents and flavonoids, 
which contribute to antibacterial and antifungal 
activity.12-15

	 Recent studies (2024–2025) have further 
confirmed that P. betle exhibits broad-spectrum 
antimicrobial and antibiofilm activity against oral 
pathogens, including its ability to disrupt microbial 
adhesion and quorum-sensing mechanisms.16-19 

These findings highlight its increasing relevance 
as a natural therapeutic agent in oral healthcare 
applications. Several studies have demonstrated 
the effectiveness of P. betle extracts against a 
range of microbial pathogens associated with 
oral infections.12-15,20-23 However, many of these 

investigations have primarily focused on in 
vitro antimicrobial screening of crude extracts, 
with limited emphasis on the development and 
physicochemical evaluation of practical oral 
healthcare formulations. 
	 Despite the reported antimicrobial 
properties of P. betle extracts, limited studies have 
investigated their incorporation into formulated oral 
healthcare products together with the evaluation of 
physicochemical characteristics and formulation 
stability. Therefore, the present study aimed to 
evaluate the antimicrobial activity of an ethanolic 
extract of P. betle leaves against selected oral 
pathogens and to develop a herbal mouthwash 
formulation incorporating the extract. In addition 
to antimicrobial screening, the study also assessed 
key physicochemical properties of the formulated 
mouthwash, including pH, foaming characteristics, 
and short-term stability. By combining antimicrobial 
evaluation with formulation development and 
physicochemical characterization, this study 
provides a preliminary translational framework for 
incorporating Piper betle extract into herbal oral 
healthcare formulations.

Materials and Methods

Plant Material Preparation
	 Fresh leaves of Piper betle were obtained 
from a local supplier in Ipoh, Perak, Malaysia. A 
qualified taxonomist at the Faculty of Pharmacy 
and Health Sciences, Universiti Kuala Lumpur 
Royal College of Medicine Perak (UniKL RCMP), 
identified the plant based on morphological 
examination and established taxonomic references. 
The collected leaves were washed with running 
water to remove surface contaminants and then 
air-dried under laboratory conditions. They were 
then dried in a hot-air oven at 40-50 °C for 24 
hours to ensure adequate moisture reduction. The 
dried leaves were milled into a fine powder using a 
laboratory grinder and stored in airtight containers 
at room temperature until further extraction 
procedures were performed.24

Extraction by Maceration
	 A total of 50 g of powdered P. betle leaves 
was soaked in 500 mL of 95% ethanol using a 
1:10 (w/v) plant material to solvent ratio. The 
mixture was agitated continuously at 200 rpm for 
24 hours under ambient laboratory conditions to 
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extract bioactive constituents. After extraction, 
the solution was filtered through Whatman No. 1 
filter paper to remove plant residues, and the filtrate 
was concentrated under reduced pressure using a 
rotary evaporator at 50 °C. The resulting semi-
solid extract was dried to constant weight before 
determining the percentage yield.25 The dried crude 
extract was stored at 4 °C until further experimental 
use. To ensure reproducibility, the entire extraction 
process was performed in duplicate under identical 
conditions. Qualitative phytochemical screening 
was conducted in triplicate using established 
procedures to identify tannins, flavonoids, 
saponins, and steroids.24 
Tannins
	 A 0.5 mL aliquot of the extract was treated 
with 10% alcoholic ferric chloride solution. The 
development of a blue or greenish-black coloration 
indicated the presence of tannin compounds.26

Flavonoids
	 A few drops of concentrated sulfuric 
acid were carefully added to the extract solution. 
The transient appearance of a yellow coloration 
indicated the presence of flavonoid compounds.26

Saponins
	 The extract was diluted with distilled 
water and vigorously shaken. The formation of 
stable and persistent froth indicated the presence 
of saponin compounds.26

Steroids
	 The extract was first dissolved in 
chloroform, followed by the sequential addition 
of acetic acid and concentrated sulfuric acid. The 
development of a blue-green coloration indicated 
the presence of steroidal compounds.26

Antimicrobial Activity
Microorganisms
	 Standard reference microorganisms were 
used in this study: Staphylococcus aureus (ATCC 
25923), Pseudomonas aeruginosa (ATCC 27853), 
and Candida albicans (ATCC 10231). These 
strains were obtained from the culture repository 
of the Microbiology Laboratory at Universiti 
Kuala Lumpur Royal College of Medicine Perak 
(UniKL RCMP). These microorganisms were 
selected because they are commonly associated 
with oral infections and are frequently used as 
representative bacterial and fungal pathogens in 
antimicrobial studies related to oral healthcare. All 
assays were performed in triplicate and repeated 

in three independent experimental runs to ensure 
reproducibility of the results.
Disc Diffusion Assay
	 The antimicrobial activity of the extract 
was evaluated using the agar disc diffusion 
technique on Mueller-Hinton agar plates according 
to standard microbiological procedures.25-28 Agar 
plates were prepared to a uniform depth of 4 mm. 
Microbial suspensions were adjusted to a 0.5 
McFarland standard (OD 0.08-0.12 at 625 nm). 
The standardized inoculum was evenly spread 
over the agar surface using a sterile cotton swab 
to obtain uniform lawn growth.25-28 Sterile 10 
mm filter paper discs were impregnated with 20 
µL of each extract solution. The selected extract 
concentrations (150-250 mg/mL) were chosen 
based on preliminary screening experiments 
and previously reported concentration ranges 
commonly used in antimicrobial evaluation of 
plant extracts. The discs were dried under aseptic 
conditions for 15 minutes before being placed on 
the agar surface to ensure solvent evaporation 
and minimize interference. Residual ethanol was 
considered negligible and unlikely to contribute 
to antimicrobial inhibition, as confirmed by the 
absence of inhibition zones in the negative control. 
Tetracycline and fluconazole discs served as 
positive controls for bacterial and fungal strains, 
respectively, while discs impregnated with 95% 
ethanol were used as negative controls. Plates were 
incubated at 37 °C for 24 hours, after which the 
diameters of inhibition zones were measured in 
millimeters. All assays were performed in triplicate.
Statistical Analysis
	 Results are expressed as mean ± standard 
deviation (SD) from three independent experiments 
(n = 3). Statistical analysis was performed using 
one-way analysis of variance (ANOVA) followed 
by Tukey’s post hoc test using IBM SPSS Statistics 
version 26.0. A p-value < 0.05 was considered 
statistically significant.
Development of Ethanolic Piper betle-Based 
Mouthwash Formulations
	 Two mouthwash formulations were 
developed, containing 250 mg (F1) and 150 mg 
(F2) of P. betle ethanolic extract per 100 mL 
of final preparation (Table 1). The extract was 
first dispersed in purified water, followed by the 
sequential addition of PEG-40 (4 g), glycerol (8.5 
mL), saccharin (50 mg), peppermint oil (3 drops), 
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sodium chloride (500 mg), and lemon yellow 
colorant (1-2 drops) with continuous stirring. The 
final volume was adjusted to 100 mL with purified 
water, and the mixture was maintained at 40 °C 
with agitation until a transparent and homogeneous 
solution was obtained.29-30 A commercially 
available mouthwash (Listerine®) was included 
as a reference formulation for comparison.
Physicochemical Characterization and Stability 
Assessment of Mouthwash Formulations
	 The prepared formulations were evaluated 
for organoleptic characteristics, including 
appearance, color, and odor, as well as pH, 
foaming capacity, and short-term stability.31 pH 
was measured using a digital pH meter calibrated 
in advance with standard buffer solutions at pH 
4.0 and 7.0. Foam height was determined after 10 
vigorous manual shakes in a graduated cylinder, 
with the foam height recorded in centimeters after 
1 minute. Stability studies were conducted under 
controlled ambient conditions (25 ± 2°C) for seven 
days according to standard preliminary stability 
assessment protocols.29,32

Results

Extraction Yield 
	 Ethanolic extraction of Piper betle leaves 
produced crude extract yields of 7.60% and 8.24% 
for batches 1 and 2, respectively (Table 2).

Phytochemical Screening 
	 Preliminary qualitative phytochemical 
screening of the ethanolic P. betle extract revealed 
the presence of several secondary metabolites, 
including saponins, flavonoids, tannins, and 
steroidal compounds (Table 3, Figure 1). The 
characteristic color changes and persistent froth 
observed during the tests confirmed the presence 
of these phytochemical constituents.
Antimicrobial Activity
	 The antimicrobial activity of the ethanolic 
P. betle leaf extract against Staphylococcus 
aureus, Pseudomonas aeruginosa, and Candida 
albicans is presented in Table 4 and Figures 2-4. 
The results are expressed as mean inhibition zone 
diameter ± standard deviation (SD) obtained from 
three independent experiments (n = 3). One-way 
analysis of variance (ANOVA) indicated that 
differences among the tested concentrations were 
not statistically significant for S. aureus and P. 
aeruginosa (p > 0.05), whereas a statistically 
significant increase in inhibition zone diameter 
was observed for C. albicans at the highest 
concentration (p < 0.05). Inhibitory activity was 
observed for all tested microorganisms at extract 
concentrations of 150, 200, and 250 mg/mL. 
The negative control (95% ethanol) produced no 
detectable inhibition zone, confirming that the 
antimicrobial activity observed was attributable 
to the extract rather than the residual solvent.

Table 1. Composition of Herbal Mouthwash Formulations

Ingredient	 Function	 F1 (250 mg)	 F2 (150 mg)

Piper betle extract	 Active ingredient	 250 mg	 150 mg
PEG-40	 Surfactant	 4 g	 4 g
Glycerol	 Co-surfactant	 8.5 mL	 8.5 mL
Saccharin	 Sweetener	 50 mg	 50 mg
Peppermint oil	 Flavoring agent	 3 drops	 3 drops
Sodium chloride	 Tonicity agent	 500 mg	 500 mg
Lemon yellow	 Colouring agent	 1–2 drops	 1–2 drops
Purified water	 Vehicle	 up to 100 mL	 up to 100 mL

Table 2. Extraction Yield of Piper betle L. Leaves

Batch	 Extract Weight (g)	 Percentage Yield (%)

1	 18.72	 7.60
2	 9.57	 8.24

	 For S. aureus, inhibition zones ranged 
from 24.00 ± 2.00 mm to 26.00 ± 1.00 mm, 
showing a modest concentration-related increase; 
however, statistical analysis revealed no significant 
differences among the tested concentrations (p > 
0.05). The positive control, tetracycline, produced 
a substantially larger inhibition zone (35.33 ± 
1.53 mm). For P. aeruginosa, the extract showed 
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Fig. 1. Representative qualitative phytochemical reactions of Piper betle L. ethanolic extract showing (a) 
saponins, (b) flavonoids, (c) steroids, and (d) tannins.

Table 3. Qualitative Phytochemical Screening of Piper betle L. Extract

Phytochemical	 Test Method	 Observation	 Result

Tannins	 Ferric chloride test	 Blue/greenish-black	 + 
Flavonoids	 Ammonia test	 Yellow coloration	 + 
Saponins	 Froth test	 Persistent foam	 + 
Steroids	 Liebermann–Burchard test	 Blue–green color	 + 

Qualitative phytochemical screening results are expressed as presence (+) of constituents based on 
standard test observations

comparatively lower antibacterial activity, with 
inhibition zone diameters ranging from 16.33 
± 1.53 mm to 18.00 ± 1.00 mm. Similar to S. 
aureus, the differences among concentrations 
were not statistically significant (p > 0.05), while 
tetracycline produced markedly greater inhibition 
(27.67 ± 1.15 mm). Notably, strong antifungal 
activity was observed against C. albicans, with 
inhibition zones ranging from 26.00 ± 1.73 mm to 
27.33 ± 1.53 mm. The highest tested concentration 
(250 mg/mL) produced a significantly larger 
inhibition zone compared with the reference 

antifungal agent fluconazole (23.67 ± 2.31 mm) 
(p < 0.05).
	 Overall, the ethanolic P. betle leaf extract 
showed broad-spectrum antimicrobial activity, with 
stronger effects against S. aureus and C. albicans 
than against P. aeruginosa under the present 
experimental conditions. One-way analysis of 
variance (ANOVA) showed that differences among 
concentrations were not statistically significant for 
S. aureus and P. aeruginosa (p > 0.05), while a 
statistically significant increase was observed for 
C. albicans at the highest concentration (p < 0.05).
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Fig. 2. Mean inhibition zone diameters for 
Staphylococcus aureus after exposure to various 

concentrations (150-250 mg/mL) of Piper betle L. 
ethanolic extract and tetracycline as the reference 
control. Data are presented as mean ± SD (n = 3). 
Statistical analysis was performed using one-way 

analysis of variance (ANOVA) followed by Tukey’s 
post-hoc test. Different superscript letters indicate 

statistically significant differences (p < 0.05) among 
the tested groups.

Fig. 3. Mean inhibition zone diameters for 
Pseudomonas aeruginosa after exposure to varying 
concentrations (150-250 mg/mL) of Piper betle L. 
ethanolic extract and tetracycline as the reference 

control. Results are presented as mean ± SD (n = 3). 
Statistical analysis was performed using one-way 

ANOVA followed by Tukey’s post-hoc test. Different 
superscript letters indicate statistically significant 

differences (p < 0.05).

Table 4. Antimicrobial activity of ethanolic Piper betle L. leaf extract against selected oral 
pathogens determined by the disc diffusion assay.

Sample	 Concentration	 Staphylococcus 	 Pseudomonas 	 Candida 
		  aureus (mm)	 aeruginosa (mm)	 albicans (mm)

Extract	 150 mg/mL	 24.00 ± 2.00	 16.33 ± 1.53	 26.00 ± 1.73
Extract	 200 mg/mL	 24.33 ± 1.53	 17.67 ± 0.58	 26.00 ± 1.00
Extract	 250 mg/mL	 26.00 ± 1.00	 18.00 ± 1.00	 27.33 ± 1.53
Positive 	 —	 35.33 ± 1.53 	 27.67 ± 1.15 	 23.67 ± 2.31 
control

Inhibition zones are expressed as mean diameter (mm) ± standard deviation (SD) from three independent 
experiments (n = 3). Statistical analysis was performed using one-way ANOVA, with p < 0.05 considered 
statistically significant.

Evaluation of Herbal Mouthwash
	 Both formulations (F1 and F2) appeared 
transparent and homogeneous, with a characteristic 
peppermint odor (Table 5). The pH values ranged 
from 5.90 to 6.58. Foam height measurements 

indicated moderate foaming capacity. No phase 
separation or visible microbial growth was 
observed after seven days of storage at room 
temperature, indicating acceptable short-term 
stability of the formulations.



1997 Mohideen et al., Biomed. & Pharmacol. J,  Vol. 19(2), 1991-2001 (2026)

Fig. 4. Mean inhibition zone diameters for Candida 
albicans after exposure to various concentrations 

(150-250 mg/mL) of Piper betle L. ethanolic 
extract and fluconazole as the reference antifungal 
control. Data are presented as mean ± SD (n = 3). 
Statistical analysis was performed using one-way 

ANOVA followed by Tukey’s post-hoc test. Different 
superscript letters indicate statistically significant 

differences (p < 0.05).

Table 5. Physicochemical Evaluation of Herbal Mouthwash

Parameter	 F1 (250 mg)	 F2 (150 mg)	 Listerine®

Appearance	 Clear, golden yellow	 Clear, light yellow	 Clear, pastel yellow
Odor	 Peppermint	 Peppermint	 Minty
pH	 5.90	 6.58	 5.66
Foam Height (cm)	 2.9	 2.3	 0.8
Stability (7 days)	 Stable	 Stable	 Stable

Stable = No phase separation or microbial growth observed.

Discussion

	 The present study demonstrated that the 
ethanolic extract of Piper betle exhibited measurable 
antibacterial activity against Staphylococcus aureus 
and Pseudomonas aeruginosa, as well as notable 
antifungal activity against Candida albicans, and 
could be successfully incorporated into a stable 
herbal mouthwash formulation.

	 Oral infections remain a major global 
health concern and are closely associated with 
the persistence of pathogenic microorganisms 
within dental biofilms. Although chlorhexidine is 
widely recognized as a gold-standard antimicrobial 
mouthwash, prolonged use has been associated 
with several undesirable effects, including tooth 
staining, dysgeusia, mucosal irritation, and 
disruption of the natural oral microbiota.33-34 
Recent clinical evaluations have further highlighted 
concerns regarding microbiome imbalance and 
reduced patient compliance following long-term 
chlorhexidine exposure.35-36 These limitations have 
stimulated growing interest in the development 
of plant-based oral formulations that can provide 
antimicrobial activity with improved safety and 
tolerability.
	 In the present study, P. betle was selected 
due to its well-documented traditional use and 
reported antimicrobial potential. This is further 
supported by its recognition in global botanical 
databases such as POWO, which confirms its 
taxonomic identity and ethnomedicinal relevance.11 
Previous investigations have confirmed the 
antibacterial and antifungal properties of P. betle 
leaf extracts; however, many studies have primarily 
focused on in vitro antimicrobial screening without 
progressing toward formulation development.20-23 
	 The antimicrobial activity observed in 
the present study is consistent with earlier reports 
demonstrating the inhibitory effects of P. betle 
extracts against various microbial pathogens 
associated with oral infections.12-15,20-23 Recent 
studies (2024–2025) have further strengthened 
this evidence by demonstrating that P. betle 
exhibits significant antibiofilm activity and the 
ability to disrupt microbial adhesion and quorum-
sensing pathways, which are critical in oral 
biofilm-associated infections.18-19 By integrating 
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antimicrobial screening with formulation design 
and physicochemical characterization, the present 
work adopts a more translational approach aimed at 
bridging laboratory findings with potential product 
development. This approach provides additional 
insight into the potential application of P. betle in 
herbal oral healthcare products.
	 The extraction yield obtained using 
95% ethanol ranged from 7.60% to 8.24%, 
which is consistent with previously reported 
yields for ethanol-based extraction of medicinal 
plants.37-38 Ethanol was selected as the extraction 
solvent due to its ability to efficiently dissolve 
phenolic compounds while remaining acceptable 
for pharmaceutical and oral formulations.30 
Compared with methanol, ethanol is considered 
safer for human use and is commonly employed 
in herbal product preparation. Previous studies 
have also demonstrated that ethanolic extraction 
of P. betle effectively concentrates phenolic 
compounds, flavonoids, and tannins that contribute 
to antimicrobial activity.23

	 Phytochemical screening confirmed the 
presence of saponins, flavonoids, tannins, and 
steroids in the extract, which is consistent with 
earlier phytochemical analyses of P. betle.39-42 
These compounds are known to exert antimicrobial 
effects through multiple mechanisms. Flavonoids 
and phenolic compounds may suppress microbial 
growth through several mechanisms, including 
damage to cell membrane integrity, increased 
membrane permeability, and disruption of essential 
intracellular processes such as nucleic acid 
synthesis.39-42 Tannins can precipitate proteins and 
interfere with microbial cell wall integrity, while 
saponins interact with membrane sterols and 
increase membrane permeability. 41-42

	 Recent investigations (2024–2025) 
have further identified key phenolic constituents 
of P. betle, such as hydroxychavicol, eugenol, 
and chavibetol, as major contributors to its 
antimicrobial and antibiofilm activities.18-19 In 
addition, recent studies have shown that plant-
derived phenolics may interfere with quorum-
sensing pathways and inhibit microbial biofilm 
formation, which is particularly relevant for oral 
pathogen control.43 These mechanisms collectively 
support the observed antimicrobial activity and 
suggest a synergistic interaction among multiple 
phytochemical constituents present in the extract.19

	 To further elucidate the chemical basis of 
the observed antimicrobial activity, future studies 
should incorporate quantitative phytochemical 
analyses, including determination of total phenolic 
content (TPC) and total flavonoid content (TFC). 
In addition, advanced analytical techniques such 
as high-performance liquid chromatography 
(HPLC) or gas chromatography-mass spectrometry 
(GC-MS) are recommended to identify and 
characterize specific bioactive compounds 
(e.g., eugenol, chavibetol) responsible for the 
antimicrobial effects. Recent studies (2024–2025) 
have emphasized the importance of correlating 
specific phenolic constituents with antimicrobial 
and antibiofilm activities to better understand 
structure-activity relationships in plant-derived 
therapeutics.18-19 Such approaches would provide a 
more comprehensive understanding of the extract 
composition and strengthen the correlation between 
phytochemical constituents and biological activity.
	 The ethanolic extract demonstrated 
antibacterial activity against Staphylococcus aureus, 
although the inhibition zones did not significantly 
increase with increasing extract concentration. 
This plateau effect may be attributed to diffusion 
limitations associated with the disc diffusion 
method, particularly when evaluating crude 
plant extracts containing complex phytochemical 
mixtures.44 In contrast, the comparatively lower 
susceptibility of Pseudomonas aeruginosa may be 
explained by its intrinsic resistance mechanisms. 
This Gram-negative bacterium possesses a 
restrictive outer membrane and active efflux pump 
systems that reduce antimicrobial penetration, 
making it less susceptible to many plant-derived 
antimicrobial agents.44-46

	 Notably, strong antifungal activity was 
observed against Candida albicans, with the 
highest extract concentration producing inhibition 
zones larger than those generated by the reference 
antifungal agent under the present experimental 
conditions. However, such comparisons should 
be interpreted cautiously because diffusion-
based assays may be influenced by compound 
diffusion rates and concentration gradients within 
the agar medium. The increasing incidence of 
oral candidiasis and the emergence of antifungal 
resistance among Candida species highlight the 
importance of identifying alternative antifungal 
agents from natural sources.47-50 Recent findings 
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have further demonstrated that phenolic compounds 
from P. betle can disrupt fungal membrane integrity 
through interaction with ergosterol and inhibit 
hyphal development and biofilm formation, thereby 
enhancing antifungal efficacy.18 
	 Despite the promising antimicrobial 
findings, the disc diffusion method used in this 
study provides only preliminary screening data 
and does not directly reflect intrinsic antimicrobial 
potency. Recent literature (2024–2025) strongly 
recommends the inclusion of quantitative 
antimicrobial assays, such as minimum inhibitory 
concentration (MIC), minimum bactericidal 
concentration (MBC), and minimum fungicidal 
concentration (MFC), as well as antibiofilm assays, 
to improve the clinical relevance of plant-based 
antimicrobial studies.18-19 Additionally, evaluation 
of antibiofilm activity would provide further insight 
into the potential effectiveness of the extract in 
oral healthcare applications. In addition, inclusion 
of chlorhexidine as a positive control in future 
studies would enable direct clinical comparison 
with standard oral antimicrobial formulations 
and strengthen the translational relevance of the 
findings.
	 The s tabi l i ty  assessment  of  the 
formulated mouthwash was limited to a seven-day 
observation period under ambient conditions. More 
comprehensive stability evaluations, including 
accelerated and long-term stability studies, are 
necessary to ensure formulation stability, shelf-
life determination, and product quality. Further 
investigations involving cytotoxicity testing and 
in vivo validation are also required to confirm 
safety and therapeutic applicability. Overall, these 
findings indicate that P. betle extract has promising 
potential as a natural antimicrobial ingredient in 
herbal mouthwash formulations and may contribute 
to the development of plant-based oral healthcare 
products.

Conclusion

	 This study demonstrated that the 
ethanolic extract of Piper betle L. leaves contains 
bioactive phytochemicals, including flavonoids, 
tannins, saponins, and steroidal compounds, 
which contribute to its antimicrobial activity 
against selected oral pathogens. The extract 

exhibited measurable antibacterial activity 
against Staphylococcus aureus and Pseudomonas 
aeruginosa and notable antifungal activity 
against Candida albicans. Furthermore, the 
extract was successfully incorporated into herbal 
mouthwash formulations that showed acceptable 
physicochemical properties, including appropriate 
pH, clarity, foaming capacity, and short-term 
stability. These findings suggest that P. betle extract 
may have potential as a natural antimicrobial 
ingredient for oral healthcare formulations; 
however, further studies involving quantitative 
antimicrobial assays (MIC/MBC/MFC), toxicity 
evaluation, long-term stability testing, and clinical 
validation are required before practical therapeutic 
application can be confirmed.
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