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ABSTRACT  
Background: The increasing prevalence of antimicrobial resistance and adverse effects associated with conventional 
chemotherapeutic agents has led to growing interest in probiotics as alternative therapeutic agents in periodontal 
therapy. 
Aim: To evaluate the antimicrobial efficacy of a combination of Lactobacillus reuteri and Streptococcus salivarius 
against Porphyromonas gingivalis . 
Materials and Methods: Antimicrobial activity was assessed using agar well diffusion for ZOI and broth 
microdilution method for MIC and MBC determination. Plates were incubated under anaerobic conditions at 37°C 
for 48–72 hours. Descriptive analysis was performed. 
Results: The combination of probiotics demonstrated the highest antimicrobial activity with the lowest MIC (0.04 
mg/ml) and MBC (0.01 mg/ml). Individual strains showed moderate activity, with higher MIC and MBC values. 
Agar plate analysis revealed a dose-dependent increase in inhibition zones, with maximum inhibition observed in 
the combination group. Log CFU analysis further confirmed enhanced antimicrobial activity in the combination 
group. 
Conclusion: The probiotic combination exhibited superior antimicrobial and bactericidal activity against P. 
gingivalis, suggesting its potential as an adjunct in periodontal therapy. 
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INTRODUCTION  
The oral cavity consists of distinct 
microenvironments such as saliva, gingival crevicular 
fluid, tongue, buccal mucosa, teeth, and gingival 
epithelium, each of which supports a complex and 
dynamic microbial population. Under normal 
conditions, these microorganisms exist in a balanced 

state, contributing to oral health. However, disruption 
of this equilibrium can result in microbial dysbiosis, 
which is closely linked to disease development [1]   . 
Periodontal disease represents a chronic 
inflammatory condition primarily initiated by 
pathogenic microorganisms within dental plaque 
biofilms[2]. It commonly begins as gingivitis, a 
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reversible inflammation limited to the gingival 
tissues. Without appropriate periodontal health, the 
condition may advance to periodontitis, a destructive 
and irreversible disease marked by the breakdown of 
the tooth-supporting structures, including the 
periodontal ligament, alveolar bone, and cementum 
[3]. 
 Among the key pathogens, Porphyromonas 
gingivalis is recognized as a keystone organism 
capable of modulating host immune responses, 
disrupting microbial homeostasis, and promoting a 
dysbiotic environment [4]. Evidence from in vitro 
studies has demonstrated that P. gingivalis can trigger 
apoptosis in a variety of cell types, including 
fibroblasts, endothelial cells, and lymphocytes. This 
induction of programmed cell death is considered a 
major factor in the progressive breakdown of 
periodontal tissues observed clinically. While some 
investigations report that it promotes apoptotic 
pathways in epithelial cells, others suggest that it may 
inhibit apoptosis, indicating a complex and possibly 
concentration dependent interaction [5].The global 
burden of periodontal disease continues to rise, with 
increasing evidence linking it to systemic conditions 
such as cardiovascular diseases, diabetes mellitus, 
and adverse pregnancy outcomes [6]. Conventional 
periodontal therapy primarily involves mechanical 
debridement supported by adjunctive antimicrobial 
agents such as chlorhexidine and systemic antibiotics. 
However, prolonged use of these agents is associated 
with adverse effects including staining, taste 
alteration, disruption of normal microbiota, and the 
emergence of antimicrobial resistance [7]. In recent 
years, probiotics have gained considerable attention 
as a biologically safe and effective alternative for 
modulating oral microbiota. Probiotics are defined as 
live microorganisms that confer health benefits to the 
host when administered in adequate amounts. They 
act through multiple mechanisms, including 
competitive inhibition of pathogens, production of 
antimicrobial substances, modulation of host immune 
responses, and maintenance of microbial homeostasis 
[8].Among the various probiotic strains, 
Lactobacillus reuteri has been extensively studied for 
its ability to produce reuterin, an antimicrobial 
compound with broad-spectrum activity against oral 
pathogens [9]. Lactobacillus reuteri has been shown 
to mitigate local oxidative stress, decrease the load of 
pathogenic microorganisms within the subgingival 

microbiota, and thereby slow the progression of 
periodontitis[10].Furthermore, its favorable 
biocompatibility and established safety profile 
support its potential use as an adjunctive therapeutic 
agent in the clinical management of periodontal 
disease[11].Similarly, Streptococcus salivarius, a 
commensal oral bacterium, produces bacteriocins 
such as salivaricins and has been shown to inhibit 
pathogenic biofilm formation and reduce oral 
inflammation [12]. Streptococcus salivarius, 
originally isolated from the saliva for use within the 
oral cavity. Its antimicrobial efficacy observed in in 
vitro studies, particularly against Streptococcus 
pyogenes and other microorganisms associated with 
halitosis, is largely attributed to its ability to produce 
lantibiotic bacteriocins, which inhibit the growth of 
pathogenic species [13].Individual probiotic strains 
have demonstrated beneficial effects and emerging 
evidence suggests that multi-strain probiotic 
formulations may exhibit enhanced efficacy due to 
synergistic interactions between strains [14]. 
However, there remains limited evidence evaluating 
the combined antimicrobial potential of L. reuteri and 
S. salivarius specifically against Porphyromonas 
gingivalis. Therefore, the present study was designed 
to assess the antimicrobial efficacy of this probiotic 
combination. 
 
MATERIALS AND METHODS 
Study Design 
This in vitro study was approved by the Institutional 
Ethics Committee of SIBAR Institute of Dental 
Sciences, Guntur, Andhra Pradesh, India (Approval 
No. Pr. 573/IEC/SIBAR/2025). The experimental 
procedures were conducted at the Department of 
Microbiology, Arihant Hospital, Belagavi, 
Karnataka, India. 
 
Microorganisms 
The test organism used was Porphyromonas 
gingivalis which is obtained from authenticated 
microbial repositories. The probiotic organisms were 
derived from commercially available formulations, 
namely ProRespi™ K12 (Dr. Reddy’s Laboratories, 
India) containing Streptococcus salivarius K12, and 
Lactobacillus reuteri (Trophomed Healthcare, India). 
 
Culture of Porphyromonas gingivalis 
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Porphyromonas gingivalis was cultured under strict 
anaerobic conditions to mimic its natural subgingival 
environment. The organism was obtained from a 
standard laboratory strain and initially revived on 
enriched blood agar plates supplemented with hemin 
(5 µg/mL) and vitamin K₁ (1 µg/mL), which are 
essential growth factors for this fastidious anaerobe. 
The inoculated plates were incubated in an anaerobic 
chamber or jar system containing a gas mixture (80–
85% N₂, 10% H₂, and 5–10% CO₂) at 37°C for 48–72 
hours. Following incubation, well-isolated colonies 
exhibiting characteristic black pigmentation were 
selected and transferred into anaerobic broth. The 
bacterial suspension was standardized to match 0.5 
McFarland turbidity standard (approximately 1.5 × 
10⁸ CFU/mL) using a spectrophotometer, ensuring 
uniform inoculum density for subsequent 
antimicrobial assays [15]. 
Probiotic Culture Preparation 
Commercially available probiotic tablets containing 
Lactobacillus reuteri and Streptococcus salivarius 
were procured and used as the source of probiotic 
organisms. The tablets were aseptically crushed and 
suspended in sterile saline, followed by inoculation 
into appropriate culture media. Lactobacillus reuteri 
was cultured in de Man, Rogosa, and Sharpe (MRS) 
broth at 37°C for 24–48 hours under 
anaerobic/microaerophilic conditions, while 
Streptococcus salivarius was cultured in brain heart 
infusion (BHI) broth at 37°C for 24 hours under 5% 
CO₂ conditions. Following incubation, the cultures 
were adjusted to a turbidity equivalent to 0.5 
McFarland standards to ensure uniform bacterial 
concentration for antimicrobial assays. For the 
combination group, equal volumes of standardized 
suspensions of L. reuteri and S. salivarius were mixed 
in a 1:1 ratio under sterile conditions to obtain a 
homogeneous probiotic preparation. This combined 

preparation was used immediately for antimicrobial 
testing. [16]. 
Agar Well Diffusion Method  
Blood agar plates were inoculated with P. gingivalis. 
Wells were prepared and loaded with probiotic 
samples (individual and combination). Appropriate 
controls were included to validate the experimental 
outcomes. The negative control consisted of samples 
without any antimicrobial agent to assess the natural 
growth pattern of the test microorganisms. The 
positive control included a standard antimicrobial 
agent to confirm the susceptibility of the organisms 
and to serve as a benchmark for evaluating the 
antimicrobial efficacy of the test formulations.Plates 
were incubated anaerobically at 37°C for 48–72 
hours, and zones of inhibition (ZOI) were measured 
in millimeters. 
 
STATISTICAL ANALYSIS 
The MIC, MBC, and log CFU values are presented 
descriptively, indicating enhanced antimicrobial 
activity and a concentration-dependent reduction in 
bacterial counts in the combination group compared 
to individual strains. 
 
RESULTS 
The antimicrobial activity of probiotic formulations 
against Porphyromonas gingivalis was evaluated 
using agar well diffusion, MIC, MBC, and log CFU 
analysis. 
Agar Diffusion Findings 
Both Lactobacillus reuteri and Streptococcus 
salivarius demonstrated moderate zones of inhibition, 
while the combination group exhibited the largest 
zones, showing a dose-dependent increase (Fig 1). 
The combination group demonstrated significantly 
lower MIC and MBC values, indicating strong 
synergistic and bactericidal activity (Fig 2). 

 
Figure 1: Blood agar plates showing antimicrobial activity at different concentrations. 
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Figure2: Comparative visualization showing enhanced antimicrobial activity in the combination group. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 1: MIC and MBC Values of Probiotic Strains Against Porphyromonas gingivalis 

Probiotic Group MIC (mg/ml) MBC (mg/ml) 

Lactobacillus reuteri 0.12 0.50 
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Streptococcus salivarius 0.13 0.60 

Combination 0.04 0.01 

 
Log CFU Analysis 
The log CFU analysis demonstrated a concentration-dependent reduction in bacterial counts across all groups. The 
combination of Lactobacillus reuteri and Streptococcus salivarius exhibited the lowest log CFU values at all tested 
concentrations, with maximum inhibition observed at 50% concentration (0.60). In contrast, Lactobacillus reuteri 
showed moderate antimicrobial activity, while Streptococcus salivarius demonstrated minimal inhibitory effect. 
These findings indicate a synergistic interaction between the two probiotic strains. 

Graph 1: Log CFU values of bacterial growth following treatment at different concentrations. 

 
 
DISCUSSION 
The present in vitro study evaluated the antimicrobial 
efficacy of Lactobacillus reuteri, Streptococcus 
salivarius, and their combination against 
Porphyromonas gingivalis. The findings 
demonstrated that while individual probiotic strains 
exhibited moderate antimicrobial activity, their 
combination showed significantly enhanced 
inhibitory and bactericidal effects.The moderate 
antimicrobial activity of Streptococcus salivarius 
observed in this study can be attributed to its 
production of bacteriocins such as salivaricins and 
hydrogen peroxide, which inhibit the growth of 
pathogenic oral microorganisms [17]. However, its 
relatively higher MBC value suggests that its effect is 

primarily bacteriostatic rather than bactericidal, 
consistent with previous studies [18]. 
Lactobacillus reuteri demonstrated moderate 
antimicrobial activity, which may be explained by the 
production of reuterin, organic acids, and other 
antimicrobial metabolites [19]. These compounds are 
known to inhibit bacterial growth and interfere with 
biofilm formion. However, P. gingivalis, being a 
strict anaerobe with proteolytic metabolism, may 
exhibit resistance to acidic environments, thereby 
limiting the bactericidal effect of L. reuteri alone [20]. 
The combination of L. reuteri and S. salivarius 
demonstrated a marked reduction in MIC and MBC 
values, indicating a strong synergistic interaction. 
This enhanced antimicrobial activity may be due to 
complementary mechanisms of action, including 
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combined bacteriocin production, organic acid 
release, and competitive inhibition of pathogen 
adhesion [21]. Multi-strain probiotic formulations 
have been shown to exert additive or synergistic 
effects, resulting in improved pathogen suppression 
compared to single-strain therapies [22]. 
The observed MBC/MIC ratio (~2) confirms the 
bactericidal nature of the probiotic combination, in 
accordance with CLSI criteria. This finding is 
clinically significant, as bactericidal agents are 
preferred in the management of periodontal infections 
characterized by high bacterial load and tissue 
invasion [23]. Furthermore, the log CFU analysis 
demonstrated a clear concentration-dependent 
reduction in bacterial counts, with maximum 
inhibition observed at higher concentrations. This 
aligns with recent studies highlighting that probiotic 
efficacy is dose-dependent and influenced by 
bacterial viability and metabolic activity [24]. 
 Probiotics are known to interfere with key 
virulence factors of P. gingivalis, including 
gingipains, biofilm formation, and quorum sensing 
pathways. Additionally, the ecological plaque 
hypothesis supports the concept that restoration of 
microbial balance through beneficial bacteria can 
effectively suppress pathogenic species and maintain 
periodontal health. Recent clinical and in vitro studies 
have further supported the role of probiotics as 
adjuncts in periodontal therapy, demonstrating 
reductions in plaque accumulation, gingival 
inflammation, and periodontal pathogens. Notably, 
multi-strain probiotic formulations have consistently 
shown superior clinical outcomes compared to single-
strain interventions [25]. 
Despite these promising findings, the present study 
has certain limitations. Being an in vitro study, it does 
not fully replicate the complex oral environment, 
which includes host immune responses, salivary 
factors, and multispecies biofilms. Therefore, further 
in vivo studies and randomized clinical trials are 
necessary to validate these findings and determine 
optimal dosage, formulation, and delivery methods. 
 
CONCLUSION 
Within the limitations of this in vitro study, the 
combination of Lactobacillus reuteri and 
Streptococcus salivarius demonstrated superior 
antimicrobial and bactericidal activity against 
Porphyromonas gingivalis compared to individual 

strains. The observed synergistic effect highlights the 
potential of multi-strain probiotic formulations as 
adjuncts in periodontal therapy. 
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