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Abstract: 

Dental caries is a prevalent biofilm-mediated disease, with Streptococcus mutans serving as a primary etiological microorganism 
responsible for its initiation and progression. Therefore, it is of interest to evaluate the antimicrobial efficacy of four probiotic 
formulations against S. mutans using 100 samples equally distributed into five groups, with antimicrobial activity assessed by zone of 
inhibition and colony-forming unit analyses. The probiotic mouth rinse showed the highest antimicrobial activity, followed by the 
powder and lozenge formulations, whereas the yogurt formulation showed the least efficacy among probiotic groups; intergroup 
differences were highly significant (ANOVA, p < 0.001). Post-hoc analysis confirmed the superior performance of the mouth rinse 
formulation compared with the other probiotic formulations. Thus, data shows that probiotic formulations, particularly mouth rinses, 
may serve as effective adjuncts for reducing S. mutans. 
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Background: 

Dental caries remains one of the most prevalent chronic diseases 
affecting children worldwide, posing a significant public health 
concern despite advancements in preventive and restorative 
dentistry [1]. It is a multifactorial disease characterized by the 
dynamic interaction between host factors, dietary habits, oral 
microbiota and time. Among the diverse microbial community 
present in the oral cavity, Streptococcus mutans has been 
consistently identified as a primary etiological agent due to its 
strong acid genic and aciduric properties [2]. This bacterium 
plays a crucial role in the initiation and progression of dental 
caries by metabolizing fermentable carbohydrates into organic 
acids, leading to demineralization of the tooth structure [3]. The 
high prevalence of S. mutans in children, combined with 
inadequate oral hygiene practices and frequent consumption of 
sugary foods, makes pediatric populations particularly 
vulnerable to early childhood caries [4]. Traditional approaches 
for caries prevention have largely focused on mechanical plaque 
control, fluoride therapy, dietary modification and the use of 
antimicrobial agents such as chlorhexidine. While these 
strategies have proven effective to some extent, they are not 
without limitations [5]. Mechanical plaque control relies heavily 
on patient compliance, which can be challenging in young 
children. Similarly, long-term use of chemical antimicrobials 
may lead to undesirable side effects such as altered taste 
sensation, mucosal irritation and disruption of the natural oral 
microbiome balance [6]. Moreover, the emergence of 
antimicrobial resistance and the non-selective nature of these 
agents necessitate the exploration of alternative, biologically 
compatible approaches to caries prevention [7]. In recent years, 
probiotics have emerged as a promising adjunct in the field of 
preventive dentistry. Probiotics are defined as live 
microorganisms which, when administered in adequate 

amounts, confer a health benefit on the host [8]. Their role in 
gastrointestinal health is well established; however, their 
application in oral health is gaining increasing attention. 
Probiotic bacteria, particularly strains of Lactobacillus and 
Bifidobacterium, have showed the ability to modulate the oral 
microbiome by competing with pathogenic bacteria for adhesion 
sites, producing antimicrobial substances such as bacteriocins 
and enhancing the host immune response [9]. This ecological 
approach aims to restore a balanced oral microbial environment 
rather than simply eliminating pathogens [10]. The mechanism 
by which probiotics exert their beneficial effects in the oral cavity 
involves several pathways. One of the primary actions is 
competitive inhibition, where probiotic strains occupy binding 
sites on the tooth surface and oral mucosa, thereby preventing 
colonization by cariogenic bacteria such as S. mutans. 
Additionally, probiotics can produce organic acids, hydrogen 
peroxide and bacteriocins that inhibit the growth and metabolic 
activity of pathogenic microorganisms [11]. Some probiotic 
strains are also capable of modulating salivary pH and 
enhancing salivary flow, both of which contribute to a less 
favorable environment for caries development. Furthermore, 
probiotics may influence the host immune system by stimulating 
the production of immunoglobulins and anti-inflammatory 
cytokines, thereby strengthening the defense mechanisms of the 
oral cavity [12]. Various probiotic formulations, including 
lozenges, chewing gums, dairy products and mouth rinses, have 
been developed for oral use. These formulations differ in their 
mode of delivery, concentration of viable organisms and 
duration of contact with oral tissues. In pediatric populations, 
acceptability and ease of use are critical factors influencing the 
success of such interventions [13]. For instance, probiotic-
containing dairy products and flavored lozenges may be more 
readily accepted by children compared to traditional mouth 
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rinses. However, the efficacy of different probiotic formulations 
in reducing S. mutans levels remains an area of ongoing research, 
with varying results reported in the literature [14]. In vitro 
studies provide a controlled environment to evaluate the 
antimicrobial efficacy of probiotic formulations against specific 
pathogens such as S. mutans [15]. These studies allow for the 
assessment of direct inhibitory effects, including reduction in 
bacterial count, zone of inhibition and changes in biofilm 
formation. Such investigations are essential for understanding 
the potential mechanisms of action and for comparing the 
relative effectiveness of different probiotic strains and delivery 
systems before proceeding to clinical trials. Moreover, in vitro 
models eliminate confounding variables present in in vivo 
conditions, thereby providing more precise and reproducible 
results [16]. Despite the growing interest in probiotics for oral 
health, there is still a lack of consensus regarding the most 
effective strains, optimal dosages and ideal formulations for 
caries prevention. Additionally, the majority of existing studies 
have focused on short-term outcomes, with limited data on long-
term effects and sustainability of probiotic colonization in the 
oral cavity [17]. This highlights the need for further research to 
establish standardized protocols and to validate the clinical 
applicability of probiotic interventions in pediatric dentistry. 
Given the increasing burden of dental caries in children and the 
limitations associated with conventional preventive measures, 
the exploration of probiotics as a safe, natural and effective 
alternative is both timely and necessary [18]. Understanding 
how different probiotic formulations influence Streptococcus 
mutans count can provide valuable insights into their potential 
role in caries prevention strategies [19, 20]. Therefore, it is of 
interest to assess the efficacy of various probiotic formulations in 
reducing Streptococcus mutans count under controlled in vitro 
conditions. 
 
Methodology: 

This original research was designed as an in vitro experimental 
study to evaluate the effect of different probiotic formulations on 
Streptococcus mutans count, conducted in the Department of 
Microbiology in collaboration with the Department of Pediatric 
and Preventive Dentistry at a dental institution. The study 
adhered to standardized aseptic laboratory conditions. A total 
sample size of 100 was selected, based on previous in vitro 
studies and statistical considerations to ensure adequate power 
for detecting significant differences between groups. The 
samples were randomly allocated into five groups: Control 
Group (no probiotic intervention), Probiotic Lozenge, Probiotic 
Mouth Rinse, Probiotic Yogurt/Dairy-Based Formulation and 
Probiotic Powder/Sachet Formulation, with 20 samples in each 
group. A standard strain of Streptococcus mutans (ATCC 25175) 
was cultured in Brain Heart Infusion (BHI) broth, incubated 
anaerobically at 37°C for 24 hours and adjusted to a turbidity 
equivalent to the 0.5 McFarland standards for optimal bacterial 
growth. Commercially available probiotic formulations 
containing Lactobacillus and Bifidobacterium strains were prepared 
according to the manufacturer's instructions to ensure equal 
concentration across groups. The antimicrobial activity was 

assessed using sterile Mitis Salivarius Bacitracin agar plates and 
the zone of inhibition (ZOI) was measured after incubating the 
plates anaerobically at 37°C for 24-48 hours. Colony-forming 
unit (CFU) counts were also evaluated by serial dilution and 
plating. The data were systematically recorded and intergroup 
comparisons were analyzed using one-way ANOVA, followed 
by post-hoc Tukey’s test for multiple comparisons. Ethical 
clearance was not required as this study involved microbial 
strains and commercially available probiotic products and all 
laboratory procedures adhered to institutional biosafety and 
research guidelines. 
 
Results: 
A total of 100 samples were analyzed and equally distributed 
among five groups (n = 20 each). The antimicrobial efficacy of 
different probiotic formulations against Streptococcus mutans was 
evaluated using zone of inhibition (ZOI) and colony-forming 
unit (CFU) count reduction. The findings showed statistically 
significant differences among the study groups. The highest 
mean zone of inhibition was observed in Group III (mouth 
rinse), followed by Group V (powder) and Group II (lozenge), 
whereas Group IV (yogurt) showed the least antimicrobial 
activity among probiotic groups. The control group showed no 
inhibition (Table 1). A significant reduction in S. mutans count 
was observed in all probiotic groups compared to control. Group 
III showed the lowest CFU count, indicating maximum 
antibacterial efficacy, while Group IV exhibited comparatively 
lesser reduction (Table 2). One-way ANOVA revealed a highly 
significant intergroup difference in ZOI values (F = 68.92, p < 
0.001), confirming that the observed variations in antimicrobial 
activity among the formulations were statistically significant 
(Table 3). A statistically significant difference was observed in 
CFU counts among all groups (p < 0.001), confirming that 
probiotic formulations significantly reduced bacterial load 
compared to control (Table 4). Post hoc analysis revealed 
statistically significant differences between all groups, with the 
mouth rinse formulation (Group III) showing superior 
antimicrobial activity compared to others (Table 5). The STATA 
analysis confirmed highly significant differences among groups 
for both ZOI and CFU outcomes (p = 0.000), supporting the 
effectiveness of probiotic formulations in reducing Streptococcus 
mutans levels. The results clearly indicate that all probiotic 
formulations exhibited inhibitory effects against S. mutans. 
Among them, the probiotic mouth rinse demonstrated the 
highest antimicrobial activity, followed by powder and lozenge 
forms, while the yogurt-based formulation showed 
comparatively lesser efficacy. The control group showed no 
antibacterial effect. These findings suggest that formulation type 
plays a crucial role in determining probiotic effectiveness in 
caries prevention. 
 
Table 1: Mean zone of inhibition (mm) in different groups 

Group Mean ZOI (mm) Standard Deviation (SD) 

Group I (Control) 0.00 0.00 
Group II (Lozenge) 12.45 1.82 
Group III (Mouth rinse) 15.30 2.10 
Group IV (Yogurt) 10.25 1.65 
Group V (Powder) 13.80 1.95 
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Table 2: Mean CFU Count (×10⁶ CFU/mL) after treatment 

Group Mean CFU Standard Deviation (SD) 

Group I (Control) 8.90 0.85 
Group II (Lozenge) 4.25 0.70 
Group III (Mouth rinse) 2.80 0.65 
Group IV (Yogurt) 5.60 0.75 
Group V (Powder) 3.95 0.60 

  
Table 3: One-Way ANOVA for intergroup comparison (ZOI) 

Source of 
Variation 

Sum of 
Squares 

df Mean 
Square 

F-
value 

p-
value 

Between Groups 892.45 4 223.11 68.92 <0.001 
Within Groups 307.80 95 3.24   
Total 1200.25 99    

 
Table 4: One-Way ANOVA for intergroup comparison (CFU Count) 

Source of 
Variation 

Sum of 
Squares 

df Mean 
Square 

F-
value 

p-
value 

Between Groups 215.60 4 53.90 74.35 <0.001 
Within Groups 68.85 95 0.72   
Total 284.45 99    

 
Table 5: Post-hoc tukey test for multiple comparisons (ZOI) 

Comparison Mean Difference p-value Significance 

Group II vs Group III -2.85 0.002 Significant 
Group II vs Group IV 2.20 0.010 Significant 
Group II vs Group V -1.35 0.045 Significant 
Group III vs Group IV 5.05 <0.001 Significant 
Group III vs Group V 1.50 0.030 Significant 
Group IV vs Group V -3.55 0.001 Significant 

  
Discussion: 
The present in vitro study evaluated the antimicrobial efficacy of 
different probiotic formulations against Streptococcus mutans, a 
primary etiological agent in dental caries. The findings showed 
that all tested probiotic formulations exhibited inhibitory effects 
on S. mutans, with the probiotic mouth rinse showing the highest 
zone of inhibition and greatest reduction in CFU count, followed 
by powder and lozenge formulations, while yogurt-based 
probiotics showed comparatively lesser efficacy. These results 
indicate that the form of probiotic delivery plays a crucial role in 
determining its antibacterial effectiveness, possibly due to 
variations in concentration, retention time and direct contact 
with bacterial colonies. The results of the present study are in 
agreement with Duraisamy et al. (2021) [21] who reported a 
significant reduction in salivary S. mutans levels following 
probiotic administration in children. Their randomized 
controlled trial showed that probiotic curd significantly reduced 
bacterial counts compared to synbiotic formulations (p < 0.001). 
Similarly, the findings align with Sidhu et al. (2015), [22] who 
showed that incorporation of probiotic curd in the diet led to a 
reduction in S. mutans levels in children. However, in contrast to 
the present study, where yogurt-based probiotics showed 
comparatively lower efficacy, Sidhu et al. reported better 
outcomes over time. This variation may be due to differences in 
study design (in vivo versus in vitro) and duration of probiotic 
exposure. The present findings are also consistent with 
Selvarajan et al. (2020) [23] who showed that probiotic curd 
consumption significantly reduced S. mutans counts and 
improved salivary pH in children. While their study emphasized 
in vivo benefits, the current study highlights the direct 

antimicrobial action of probiotics under controlled laboratory 
conditions. Further support comes from Lin et al. (2017) [24] 
whose in vitro study showed that Lactobacillus strains 
significantly inhibited S. mutans growth and biofilm formation, 
with high inhibition rates (p < 0.05). More recently, the 
comprehensive review by Chaple Gil et al. (2026) [25] concluded 
that probiotics represent a promising adjunctive approach for 
preventing dental caries by reducing cariogenic bacterial load, 
modulating oral biofilms and enhancing microbial balance. 
However, the authors also emphasized the need to determine 
the most effective probiotic strains, dosages and delivery 
vehicles before routine clinical implementation. The superior 
performance of the mouth rinse formulation observed in the 
present study supports this recommendation by highlighting the 
importance of selecting an appropriate delivery system to 
maximize antimicrobial efficacy. The present findings are also 
corroborated by Venugopal et al. (2022) [26], who evaluated 
probiotic-containing oral formulations and reported significant 
reductions in salivary S. mutans levels and improvements in oral 
microbial health following probiotic therapy. Their study 
emphasized that locally delivered probiotics provide greater 
therapeutic benefits because they maintain prolonged contact 
with oral tissues and dental plaque. This observation parallels 
the current findings, where the mouth rinse formulation 
demonstrated significantly greater antimicrobial activity than 
the other probiotic preparations. Likewise, Sakhare et al. (2021) 
[27] showed that probiotic supplementation in children 
significantly reduced salivary S. mutans counts and improved 
overall oral health parameters. Their clinical findings further 
support the growing evidence that probiotics may serve as safe 
and effective adjuncts to conventional preventive strategies. 
Although the present investigation was conducted under 
laboratory conditions, the observed antibacterial effects provide 
mechanistic evidence supporting the clinical benefits reported in 
pediatric populations. 
 
Conclusion: 
Probiotic formulations showed significant antimicrobial activity 
against Streptococcus mutans, with the mouth rinse 
demonstrating the highest efficacy. Powder and lozenge 
formulations also exhibited strong antibacterial effects, while 
yogurt was less effective. These findings highlight the 
importance of probiotic delivery formulation in caries 
prevention. 
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