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ABSTRACT 
Toothpastes are essential for maintaining oral hygiene by regulating pH and controlling microbial biofilm. 
Variations in formulation may influence their antibacterial efficacy and protective role against dental caries. To 
evaluate and compare the pH and antibacterial activity of commercially available toothpastes against common oral 
pathogens. Seven commercially available toothpastes (IPCA, Parodontax, Colgate White, Cheero, Sensodyne, 
Apollo Charcoal, and Dabur Charcoal) were analyzed. The pH was measured using a calibrated digital pH meter. 
Antibacterial activity was assessed using the agar well diffusion method against Streptococcus mutans, 
Lactobacillus casei, and Actinomyces viscosus. Zones of inhibition (ZOI) were measured in millimeters. All 
toothpastes exhibited near-neutral pH values ranging from 6.8 to 7.4. Parodontax demonstrated the highest 
antibacterial activity against all tested organisms, followed by Dabur Charcoal and Apollo Charcoal. Cheero showed 
minimal antibacterial effect. While all tested toothpastes maintained a safe pH range, significant differences in 
antibacterial efficacy were observed. Toothpastes containing fluoride and herbal components showed enhanced 
antimicrobial properties. 
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1. Introduction 
The oral cavity represents a highly complex and 
dynamic microbial ecosystem that harbors a diverse 
range of microorganisms, including bacteria, fungi, and 
viruses. Under physiological conditions, these 
microorganisms exist in a balanced state, contributing 
to oral homeostasis(Alavi et al. 2025). However, 
disruption of this equilibrium—often due to inadequate 
oral hygiene, dietary habits, or host-related factors—
leads to the formation of dental plaque, a structured 
microbial biofilm that adheres to tooth surfaces. This 
biofilm plays a central role in the pathogenesis of dental 
caries and periodontal diseases, which remain among 
the most prevalent chronic conditions worldwide. 

Dental caries is a multifactorial disease primarily driven 
by acidogenic and aciduric bacteria(Hu et al. 2026). 
Among these, Streptococcus mutans is recognized as a 
key initiator due to its ability to metabolize fermentable 
carbohydrates into organic acids, resulting in a localized 
drop in pH and subsequent enamel 
demineralization(Yadav et al. 2026). In addition to 
initiation, the progression of carious lesions is strongly 
associated with species such as Lactobacillus casei, 
which thrive in low pH environments and contribute to 
continued mineral loss. Furthermore, Actinomyces 
viscosus is implicated in root surface caries and early 
plaque formation, particularly in areas of gingival 
recession. The persistence and activity of these 
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microorganisms underscore the importance of effective 
antimicrobial strategies in daily oral care(Xiong et al. 
2022)(Ji et al. 2025). 
Toothpastes (dentifrices) are among the most widely 
used oral hygiene products and serve as a primary 
preventive measure against dental diseases. Their 
effectiveness is not only based on mechanical plaque 
removal through brushing but also on the chemical 
properties of their constituents(Das et al. 2025). Modern 
toothpaste formulations typically include abrasives, 
humectants, detergents, flavoring agents, and active 
therapeutic ingredients such as fluoride and 
antimicrobial agents(Banic Vidal et al. 2025). Fluoride, 
in particular, plays a pivotal role in caries prevention by 
enhancing remineralization, inhibiting demineralization, 
and interfering with bacterial metabolic 
pathways(Sureendar et al. 2025). In recent years, there 
has also been increasing interest in herbal and natural 
formulations, which incorporate plant-derived 
compounds with reported antimicrobial and anti-
inflammatory properties(Sridharan et al. 2025). An 
important physicochemical parameter influencing the 
efficacy and safety of toothpastes is their pH. The 
critical pH for enamel dissolution is approximately 5.5, 
below which hydroxyapatite crystals begin to break 
down, leading to demineralization(Ji et al. 2025; 
Tsilingaridis et al. 2026). Therefore, maintaining a 
neutral or slightly alkaline pH is essential for preserving 
enamel integrity and supporting remineralization 
processes. In addition, the pH of dentifrices may 
influence the activity of their active ingredients, 
including fluoride and antimicrobial agents, thereby 
affecting their overall performance(Randorn et al. 
2026). 
Despite the wide range of commercially available 
toothpastes, significant variations exist in their 
composition, active ingredients, and claimed 
therapeutic benefits. These differences may result in 
variability in their antibacterial efficacy and pH 
characteristics(Fernandes et al. 2022)(Kengadaran et al. 
2022). While many products are marketed based on 
specific benefits such as whitening, sensitivity relief, or 
herbal content, there is a need for scientific evaluation 
of their actual performance against oral 
pathogens(Kováč et al. 2022). The present in vitro study 
was designed to assess and compare the pH and 
antibacterial activity of selected commercially available 
toothpastes against common oral pathogens, namely 
Streptococcus mutans, Lactobacillus casei, and 

Actinomyces viscosus(Sridharan et al. 2025; Duraisamy 
et al. 2024). By evaluating these parameters, the study 
aims to provide evidence-based insights into the 
effectiveness of different toothpaste formulations, 
thereby aiding clinicians and consumers in making 
informed choices for optimal oral health maintenance. 
2. Materials and methods 
This in vitro experimental study was conducted to 
evaluate the pH and antibacterial efficacy of seven 
commercially available toothpaste brands. 
2.1. Sample Selection 
The following toothpaste brands were selected 

 
Fig.1. Toothpaste brands (A) IPCA (B) Paradontax 
(C) Colgate white (D) Cheero (E) Sensodyne (F) 
Apollo charcoal (G) Dabur charcoal 
These brands were chosen based on their availability 
and varied formulations, including fluoride-based 
compositions. 
The antibacterial activity was tested against the 
following oral pathogens: 

● Streptococcus mutans 
● Lactobacillus casei 
● Actinomyces viscosus 

These microorganisms were selected due to their 
established role in dental caries and plaque formation. 
2.2. Preparation of Toothpaste Samples and pH 
Measurement 
Each toothpaste sample was diluted in sterile distilled 
water to obtain a uniform consistency suitable for 
testing. Standardized concentrations were maintained to 
ensure comparability.The pH of each toothpaste was 
measured using a calibrated digital pH meter. 
Measurements were taken in triplicate, and the mean 
value was recorded. 
2.3. Antibacterial Testing: Agar Well Diffusion 
Method 
The antibacterial activity of the selected toothpastes 
was evaluated using the agar well diffusion method. 
Sterile agar plates were first prepared and uniformly 
inoculated with the respective bacterial cultures to 
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ensure consistent microbial growth. Using a sterile 
borer, wells of standard diameter were carefully created 
in the agar medium. The prepared toothpaste samples 
were then introduced into these wells under aseptic 
conditions. Following sample application, the plates 
were incubated at 37°C for a period of 24 hours to 
allow for adequate bacterial growth and interaction with 
the test materials. After incubation, the antibacterial 
efficacy of each toothpaste was determined by 
measuring the zones of inhibition surrounding the 
wells, expressed in millimeters, which indicated the 
extent of microbial growth suppression. 
2.4. Data Analysis 
The results were analyzed by comparing the mean zone 
of inhibition for each toothpaste against each 
microorganism. Statistical comparisons were made 
descriptively. 
3. Results 
3.1. pH Analysis 
Observed pH Values (Mean ± SD): 

● IPCA: 7.36 ± 0.05 
● Parodontax: 7.33 ± 0.05 
● Colgate White: 6.8 ± 0.1 
● Cheero: 7.16 ± 0.5 
● Sensodyne: 7.4 ± 0.1 
● Apollo Charcoal: 7.1 ± 0.1 
● Dabur Charcoal: 7.2 ± 0.1 

All tested toothpastes exhibited near-neutral pH values, 
ranging from 6.8 to 7.4. Sensodyne showed the highest 
pH (7.4), while Colgate White had the lowest (6.8). 
Importantly, none of the toothpastes fell below the 
critical pH threshold of 5.5, indicating safety in terms of 
enamel demineralization. 
3.2. Antibacterial Activity 

 
Fig.2. Anti-bacterial activity of toothpaste against 
(a) Streptococcus mutans (b) Lactobacillus casei (c) 
Actinomycetes viscosus 
 
3.2.1 Against Streptococcus mutans 

 
Fig.3. X axis shows different brands of toothpaste 
and Y axis shows zone of inhibition against S. 
mutans 
Parodontax demonstrated the highest antibacterial 
activity, exhibiting the largest zone of inhibition 
(approximately 10.5 mm) among all the tested 
toothpastes. Dabur Charcoal and Apollo Charcoal also 
showed considerable antibacterial effects, indicating 
moderate efficacy against the tested oral pathogens. In 
contrast, Cheero exhibited minimal activity, reflecting a 
comparatively lower ability to inhibit bacterial growth. 
 
3.2.2 Against Lactobacillus casei 

 
Fig.4. X axis shows different brands of toothpaste 
and Y axis shows zone of inhibition against L. casei 
Parodontax again exhibited the highest antibacterial 
activity, showing a zone of inhibition of approximately 
6.2 mm. Dabur Charcoal demonstrated moderate 
inhibitory effects against the tested organism, indicating 
a fair level of antibacterial efficacy. In contrast, Cheero 
showed a negligible effect, suggesting minimal ability 
to inhibit bacterial growth under the study conditions. 
 
 
 
 
 
 
 
 
3.2.3 Against Actinomyces viscosus 
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Fig.5. X axis shows different brands of toothpaste 
and Y axis shows zone of inhibition against A. 
viscosus 
Parodontax demonstrated the highest antibacterial 
activity, with a zone of inhibition of approximately 8.4 
mm. Dabur Charcoal exhibited moderate activity 
against the tested organism, indicating a reasonable 
level of antibacterial effectiveness. In contrast, Cheero 
showed a very low antibacterial effect, suggesting 
limited ability to inhibit bacterial growth under the 
experimental conditions. 
4. Discussion 
The present in vitro study demonstrated that while all 
tested toothpastes maintained a near-neutral pH (6.8–
7.4), ensuring safety against enamel demineralization, 
their antibacterial efficacy varied considerably against 
Streptococcus mutans(Abram et al. 2022)(Reddy et al. 
2026), Lactobacillus casei, and Actinomyces viscosus. 
The findings indicate that pH alone does not determine 
antimicrobial effectiveness, as toothpastes with similar 
pH values showed different inhibitory 
actions(Takeuchi-Hatanaka et al. 2025). Among the 
tested formulations, Parodontax consistently exhibited 
the highest antibacterial activity, which may be 
attributed to its combination of active ingredients, 
including herbal extracts known for their antimicrobial 
properties(Lee et al. 2025). Fluoride-containing 
toothpastes also demonstrated notable antibacterial 
effects, supporting previous evidence that fluoride 
interferes with bacterial metabolism and acid 
production(Hassan et al. 2021). Charcoal-based 
toothpastes showed moderate efficacy, suggesting that 
their role may be supportive rather than primary in 
antimicrobial action(Adeleye et al. 2021). The 
comparatively low activity observed in some 
toothpastes highlights the importance of formulation 
and concentration of active agents. Although the results 
are consistent with previous studies reporting variability 
in dentifrice efficacy, the in vitro nature of the study 
limits direct clinical extrapolation(Reddy et al. 2026; 

Gunasekaran and Sathishkumar 2026). Overall, the 
findings emphasize that toothpaste selection should 
consider antimicrobial properties and formulation 
composition rather than relying solely on pH or brand 
preference(Sadeghi-Nejad et al. 2018). 
5. Conclusion 
Within the limitations of this in vitro study, all tested 
toothpastes exhibited pH values within a safe range, 
indicating minimal risk for enamel demineralization. 
However, significant differences were observed in their 
antibacterial activity against common oral pathogens. 
Parodontax demonstrated the highest antimicrobial 
efficacy, followed by charcoal-based and fluoride-
containing formulations. These findings suggest that 
toothpaste composition plays a crucial role in 
determining its effectiveness in controlling oral 
microorganisms. Therefore, selecting a toothpaste with 
proven antibacterial properties, along with maintaining 
proper oral hygiene practices, is essential for the 
prevention of dental caries and periodontal diseases. 
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