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Abstract 

Dental caries remains one of the most prevalent oral diseases worldwide, primarily
associated with the activity of Streptococcus mutans. The search for natural
antimicrobial agents has gained increasing attention due to their potential
effectiveness and reduced adverse effects compared to conventional agents. This
study aimed to evaluate the antibacterial effect of hydroethanolic extracts of
Mentha piperita and Cymbopogon citratus, individually and in combination,
against Streptococcus mutans ATCC 25175. An in vitro experimental, prospective,
and analytical study was conducted using 50 Petri dishes distributed into five
groups: hydroethanolic extract of Mentha piperita, Cymbopogon citratus, their
combination, 0.12% chlorhexidine gluconate (positive control), and a negative
control. All groups were exposed to a standardized bacterial suspension of 1.5 ×
10⁸ CFU/mL. Antibacterial activity was assessed by measuring inhibition zones
using a calibrated Vernier caliper. The combination of extracts at 100%
concentration showed the highest antibacterial effect with a mean inhibition zone
of 18.8 mm, while individual extracts of Cymbopogon citratus and Mentha piperita
both showed inhibition zones of 16.1 mm. Statistical analysis using ANOVA
revealed significant differences among groups (p < 0.05). The findings suggest that
the combined use of Mentha piperita and Cymbopogon citratus hydroethanolic
extracts exhibits enhanced antibacterial activity against Streptococcus mutans,
indicating their potential as alternative agents for the prevention of dental caries.

Keywords: Mentha piperita, Cymbopogon citratus, Streptococcus mutans,
Antibacterial Agents, Plant Extracts, Dental Caries.
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Introduction 

Dental caries remains one of the most prevalent oral 
diseases worldwide and continues to represent a 
major public health burden despite being largely 
preventable. Contemporary evidence describes 
caries as a biofilm-mediated, diet-modulated, 
noncommunicable disease driven by ecological 
dysbiosis, in which prolonged exposure to 
fermentable carbohydrates promotes acid 
production, demineralization of dental tissues, and 
progressive structural damage. Although caries is 
now understood as a polymicrobial process, 
Streptococcus mutans remains one of the most 
relevant cariogenic species because of its ability to 
adhere to tooth surfaces, synthesize extracellular 
polysaccharides, tolerate acidic environments, and 
contribute to the establishment and persistence of 
cariogenic biofilms. [1–4] 

Chemical plaque control remains an important 
adjunct to mechanical oral hygiene, and 
chlorhexidine is still widely used because of its 
broad antimicrobial activity. However, its long-
term use has been associated with undesirable 
effects, particularly tooth staining, taste 
disturbance, and mucosal intolerance, which has 
stimulated interest in safer plant-derived 
alternatives for oral applications. [5,6] In this 
context, medicinal plants and their derivatives have 
shown promising antimicrobial and antibiofilm 
properties against oral pathogens, including S. 
mutans. Systematic and narrative reviews have 
highlighted the growing relevance of herbal 
products as sources of bioactive compounds for oral 
biofilm control.[7–9] Among these, Mentha 
piperita has demonstrated inhibitory activity against 
oral pathogens, including S. mutans, in both 
conventional extract-based assays and 
nanostructured delivery systems.[10–12] Likewise, 
Cymbopogon citratus has shown antibacterial, anti-
adherence, and antibiofilm effects against 
cariogenic microorganisms in mono-species and 
polymicrobial models, with some studies also 
suggesting low cytotoxicity and potential 
compatibility with oral applications.[13–16] 

Despite these promising findings, the currently 
available evidence still presents important 
limitations. First, much of the literature has 
evaluated Mentha piperita and Cymbopogon 
citratus separately rather than in combination. 
Second, the reported effects vary according to the 
type of preparation used, since essential oils, crude 
extracts, hydroethanolic extracts, and 
nanoformulations may differ substantially in 
phytochemical composition, diffusion capacity, and 
antimicrobial performance. Third, many published 
studies have focused on antibiofilm behavior, 
cytotoxicity, or combination with chlorhexidine, 
whereas fewer investigations have specifically 
assessed the antibacterial performance of combined 
hydroethanolic extracts against standardized S. 
mutans strains under comparable in vitro 
conditions.[10–16] Therefore, there remains a 
methodological and translational gap regarding 
whether combining hydroethanolic extracts of 
Mentha piperita and Cymbopogon citratus may 
enhance antibacterial activity against S. mutans 
beyond the effect of each extract alone. 

The objective of this study was to evaluate the 
antibacterial effect of hydroethanolic extracts of 
Mentha piperita and Cymbopogon citratus, 
individually and in combination, against 
Streptococcus mutans ATCC 25175. This research 
is justified by its contribution to the scientific 
understanding of plant-based antibacterial 
strategies directed at cariogenic microorganisms, as 
well as by its potential clinical relevance in the 
search for alternative adjuncts for oral biofilm 
control and dental caries prevention. [5,7,9] 

Methods 

Study Design  

This was a laboratory-based in vitro experimental 
analytical study conducted to evaluate the 
antibacterial effect of hydroethanolic extracts of 
Mentha piperita and Cymbopogon citratus, 
individually and in combination, against 
Streptococcus mutans ATCC 25175. The study 
followed a parallel-group design with post-
intervention assessment of antibacterial activity. 
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Because this was an in vitro experimental study, the 
reporting guidelines recommended for 
observational studies, clinical trials, systematic 
reviews, case reports, diagnostic accuracy studies, 
and qualitative research were not applicable. 

Experimental units, sample size, and group 
allocation 

The experimental units were Petri dishes inoculated 
with a standardized suspension of Streptococcus 
mutans ATCC 25175. Only plates showing 
adequate bacterial growth under standardized 
laboratory conditions were included. Plates 
showing contamination or any visible alteration 
during the experimental process were excluded. 

The sample consisted of 50 Petri dishes, distributed 
into five groups with 10 replicates per group: 
combined hydroethanolic extracts of Mentha 
piperita and Cymbopogon citratus at 50%, 75%, and 
100%; hydroethanolic extract of Cymbopogon 
citratus at 50%, 75%, and 100%; hydroethanolic 
extract of Mentha piperita at 50%, 75%, and 100%; 
0.12% chlorhexidine gluconate as positive control; 
and sterile physiological saline solution as negative 
control. The number of replicates was established 
according to the sample size calculation described 
in the study protocol, resulting in 10 repetitions per 
condition. 

Preparation of plant extracts 

Fresh leaves of Mentha piperita and Cymbopogon 
citratus were washed with water, disinfected with 
70% alcohol, and dried in an oven at 50 °C for 4 
hours. The plant material was then manually ground 
and transferred into amber glass containers at a 
proportion of 250 g of crushed material per 1000 
mL of absolute ethanol. The mixtures were 
macerated for 7 days with daily agitation. 
Subsequently, each extract was filtered sequentially 
through Whatman No. 3, No. 2, and No. 1 filter 
papers.  

The filtrate was concentrated using a rotary 
evaporator to remove the solvent and obtain the 
hydroethanolic extract. The final preparations were 

then adjusted to the concentrations evaluated in the 
study: 50%, 75%, and 100%. 

Bacterial strain and inoculum standardization 

A pure culture of Streptococcus mutans ATCC 
25175 was prepared under microbiological 
supervision and reactivated on 5% sheep blood agar 
under anaerobic conditions at 37 °C using a GasPak 
system. For strain preservation, Mitis Salivarius 
agar was used. Inoculum standardization was 
performed from an 18-hour culture by selecting 
isolated colonies of similar morphology and 
suspending them in sterile distilled water. Turbidity 
was adjusted to 0.5 McFarland, equivalent to 
approximately 1.5 × 10^8 CFU/mL, and verified 
spectrophotometrically at 625 nm. The standardized 
inoculum was used within 15 minutes of 
preparation. 

Antibacterial testing procedure 

Antibacterial activity was evaluated using the agar 
disk diffusion method, a commonly used in vitro 
approach for screening antimicrobial activity. Broth 
dilution methods are useful for determining 
inhibitory concentrations, whereas diffusion-based 
techniques allow direct comparison of inhibition 
zones under standardized conditions. [17] 

Briefly, standardized suspensions of S. mutans 
ATCC 25175 were inoculated onto culture plates 
prepared according to the study protocol. The 
corresponding test substances were then applied to 
each experimental condition: combined 
hydroethanolic extracts of Mentha piperita and 
Cymbopogon citratus at 50%, 75%, and 100%; 
hydroethanolic extract of Cymbopogon citratus at 
50%, 75%, and 100%; hydroethanolic extract of 
Mentha piperita at 50%, 75%, and 100%; 0.12% 
chlorhexidine gluconate as positive control; and 
sterile physiological saline solution as negative 
control.  

All plates were incubated under anaerobic 
conditions at 36–37 °C for 24 hours. After 
incubation, the antibacterial effect was determined 
by measuring the diameter of the inhibition halo in 
millimeters. 
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Measurement instrument 

The primary outcome was the diameter of the 
inhibition halo (mm). Measurements were obtained 
using a calibrated Vernier caliper and recorded in a 
structured data collection form designed for the 
study. Because the outcome was a direct physical 
measurement, formal psychometric validity and 
reliability testing were not applicable. However, the 
instrument was calibrated before data collection, 
and all measurements were performed by a single 
calibrated examiner to ensure consistency. 

Variables 

The independent variables were the hydroethanolic 
extracts of Mentha piperita and Cymbopogon 
citratus, evaluated individually and in combination 
at different concentrations (50%, 75%, and 100%). 
The dependent variable was the antibacterial effect 
against Streptococcus mutans ATCC 25175, 
operationalized as the diameter of the inhibition 
halo measured in millimeters. 

Statistical Analysis 

 Data were entered and analyzed using IBM SPSS 
Statistics version 26.0. Descriptive statistics were 
used to summarize the inhibition halo values for 
each group, including mean and standard deviation. 
Inferential analysis was performed using the 
Kruskal–Wallis test, according to the final 
analytical approach applied in the study tables. 
Statistical significance was established at p < 0.05. 

 Ethical Considerations 

This study was conducted in accordance with the 
institutional principles of scientific integrity and 

with the ethical principles of the Declaration of 
Helsinki [18]. Since this was an in vitro study 
involving bacterial strains and plant extracts only, 
with no human participants, no identifiable human 
data, and no collection of biological samples from 
patients, informed consent was not required. The 
protocol was reviewed and authorized by the 
corresponding institutional academic and research 
authorities in accordance with the regulations in 
force at the time of the study. 

Results 

A statistically significant antibacterial effect was 
observed across all evaluated extracts against 
Streptococcus mutans ATCC 25175 (p < 0.001). 
The combination of Mentha piperita and 
Cymbopogon citratus exhibited a concentration-
dependent increase in inhibition zones, with mean 
diameters rising from 10.0 mm at 50% to 18.8 mm 
at 100% (Table 1).  

Similarly, Cymbopogon citratus alone 
demonstrated increased antibacterial activity with 
concentration, reaching a maximum mean 
inhibition zone of 16.8 mm at 100% (Table 2), 
while Mentha piperita showed a comparable trend, 
with inhibition increasing from 11.0 mm at 50% to 
16.4 mm at 100% (Table 3). No antibacterial 
activity was observed in the negative control, 
whereas the positive control (chlorhexidine 0.12%) 
consistently showed the highest inhibition across all 
groups. These findings indicate a clear dose-
response relationship, with the combined extract 
demonstrating greater antibacterial activity 
compared to individual extracts at equivalent 
concentrations. 

Table 1. Antibacterial effect of hydroethanolic extract combination of Mentha piperita and 
Cymbopogon citratus against Streptococcus mutans ATCC 25175. 

Extracts n Mean (mm) SD p-value* 
Mentha piperita + Cymbopogon citratus (50%) 10 10.0 0.33 

<0.001 
Mentha piperita + Cymbopogon citratus (75%) 10 14.9 0.36 

Mentha piperita + Cymbopogon citratus (100%) 10 18.8 0.43 
Negative control (saline solution) 10 0.00 0.00 

Positive control (chlorhexidine 0.12%) 10 20.2 0.67 
Diameter of inhibition zone expressed in millimeters (mm) 
*Kruskal–Wallis test (p < 0.05)  
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Table 2. Antibacterial effect of hydroethanolic 
extract of Cymbopogon citratus against 
Streptococcus mutans ATCC 25175. 

Extracts n Mean 
(mm) 

SD p-
value* 

Cymbopogon 
citratus (50%) 10 8.0 0.13 

<0.001 

Cymbopogon 
citratus (75%) 

10 14.0 0.38 

Cymbopogon 
citratus (100%) 10 16.8 0.42 

Negative control 
(saline solution) 10 0.00 0.00 

Positive control 
(chlorhexidine 

0.12%) 
10 19.3 0.72 

Diameter of inhibition zone expressed in millimeters (mm) 
*Kruskal–Wallis test (p < 0.05) 

 

 

Table 3. Antibacterial effect of hydroethanolic 
extract of Mentha piperita against Streptococcus 
mutans ATCC 25175. 

Extracts n Mean 
(mm) SD p-

value* 
Mentha piperita 

(50%) 10 11.0 0.13  

Mentha piperita 
(75%) 10 13.9 0.37  

Mentha piperita 
(100%) 10 16.4 0.40 <0.001 

Negative control 
(saline solution) 

10 0.00 0.00  

Positive control 
(chlorhexidine 

0.12%) 
10 18.6 0.71  

Diameter of inhibition zone expressed in millimeters (mm) 
*Kruskal–Wallis test (p < 0.05) 

 

Discussion 

The present study demonstrated that hydroethanolic 
extracts of Mentha piperita and Cymbopogon 
citratus, particularly when used in combination, 
exhibit a concentration-dependent antibacterial 
effect against Streptococcus mutans ATCC 25175. 
The highest inhibitory activity observed at 100% 
concentration suggests a potentiation effect 

between both extracts. This finding is consistent 
with the current understanding that plant-derived 
compounds can enhance antimicrobial activity 
when combined, particularly against biofilm-
forming microorganisms such as S. mutans, which 
plays a central role in dental caries development [3]. 

Previous evidence supports the antibacterial and 
antibiofilm activity of plant extracts against oral 
pathogens. Milho et al. [8] reported that several 
medicinal plants, including Cymbopogon citratus, 
exhibit strong inhibitory effects against oral 
biofilms, particularly those associated with S. 
mutans. Similarly, Oliveira et al. [14] demonstrated 
that C. citratus significantly reduces polymicrobial 
biofilm formation with low cytotoxicity, 
reinforcing its potential use in oral health 
applications. These findings are consistent with the 
results of the present study, where increasing 
concentrations of C. citratus led to greater 
antibacterial activity. 

Regarding Mentha piperita, its antibacterial 
properties have also been widely documented. 
Ashrafi et al. [11] reported that peppermint-derived 
compounds significantly inhibit biofilm formation 
and bacterial adhesion in S. mutans, especially 
when incorporated into delivery systems such as 
nanogels. Likewise, Mostafa et al. [12] found that 
essential oils from Mentha species exhibit strong 
antimicrobial activity, with inhibition patterns 
comparable to conventional agents. These findings 
align with the present results, where Mentha 
piperita showed increased antibacterial activity as 
concentration increased. 

The enhanced antibacterial effect observed in the 
combination of both extracts may be explained by 
the interaction of their phytochemical components. 
Compounds such as menthol, menthone, and 
flavonoids from Mentha piperita, together with 
citral and other terpenoids from Cymbopogon 
citratus, have been shown to disrupt bacterial cell 
membranes, alter permeability, and interfere with 
enzymatic activity [13,21]. Furthermore, previous 
studies have demonstrated that essential oil 
components may act synergistically, enhancing 
antimicrobial efficacy when combined [20,22]. 
This synergistic behavior likely explains the higher 
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inhibition observed in the combined extracts 
compared to individual treatments. 

From a clinical perspective, these findings suggest 
that plant-derived antimicrobial agents may 
represent a promising alternative or adjunct to 
conventional treatments such as chlorhexidine, 
which, although effective, is associated with 
adverse effects during prolonged use [5]. The use of 
natural extracts could contribute to safer and more 
sustainable strategies for controlling cariogenic 
bacteria and preventing dental caries. 

Despite these promising findings, several 
limitations should be considered. This study was 
conducted under in vitro conditions, which do not 
fully replicate the complexity of the oral 
environment, including saliva, host response, and 
multispecies biofilms. Additionally, cytotoxicity 
and long-term safety of the extracts were not 
evaluated. Future research should focus on 
assessing these extracts in multispecies biofilm 
models, evaluating their biocompatibility, and 
conducting in vivo or clinical studies to confirm 
their effectiveness under real oral conditions. 

Conclusions 

The hydroethanolic extracts of Mentha piperita and 
Cymbopogon citratus demonstrated a 
concentration-dependent antibacterial effect against 
Streptococcus mutans ATCC 25175. The combined 
extracts showed greater inhibitory activity 
compared to the individual extracts, with the 
highest effect observed at 100% concentration. 
Both plant extracts exhibited measurable 
antibacterial activity, although lower than the 
positive control. 
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