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ABSTRACT
Objective: To evaluate the antimicrobial potential of four commercial dentifrices against caries-associated 
microbes and to compare the effectiveness of active ingredients within these dentifrices in preventing the 
onset and progression of dental caries.
Study Design: In vitro Experimental Study

th th
Place and Duration of Study: Army Medical College from 20  January 2023 to 18  August 2023.
Materials and Methods: The study was performed to compare the antimicrobial potential of four commercial 
dentifrices against microbes responsible for causing Dental Caries i.e. Streptococcus mutans (ATCC 25175) and 
Lactobacillus casei (ATCC 393) using agar well diffusion assay.
Incubations of S. mutans were accomplished in aerobic and anaerobic conditions, whereas L.casei was 
incubated in microaerophilic and anaerobic environments. After incubation, the zones of inhibition (ZOI) 
around the tested dilutions were measured and the mean values of ZOI ± SD were calculated. The plate with no 
visible growth was considered as MIC. The independent t-test was applied to compare the effectiveness of 
dentifrice against cariogenic microbes. Inter-group comparisons between dentifrices were conducted through 
one-way analysis of variance (ANOVA) with significant differences further evaluated by Tukey HSD tests. A p-
value of ≤ 0.05 was considered statistically significant.
Results: Each dentifrice exhibited antibacterial activity against S. mutans and L. casei. Chlorhexidine was the 
most effective agent against both S. mutans and L. casei, while herbal dentifrices exhibited the least efficacy. In 
addition, for each formulation, S. mutans showed significantly higher susceptibility.
Conclusion: All four dentifrices showed antimicrobial effectiveness against key cariogenic

pathogens. Chlorhexidine emerged as the most potent in preventing both the initiation and advancement of 

dental caries due to its strong antibacterial efficacy against S. mutans and L. casei.
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Streptococcus sobrinus, Lactobacillus casei and 
Lactobacillus acidophilus, on the tooth surfaces may 
lead to demineralization of teeth, cavitation and 

2ultimately pulp necrosis.
Global prevalence of dental caries and periodontal 
diseases, with caries ranked as first among 328 
diseases by Global Burden of Disease (GBD) affecting 

32.3 billion adults, is 532 million.  Maintenance of 
good oral hygiene and limiting dietary sugars are 
essential for preventing the onset and advancement 
of dental caries. Tooth brushing and flossing are 
considered standard tools for maintaining oral 
hygiene. Furthermore, globally, dentifrices 
containing chemical agents designed to inhibit the 
initiation of caries and promote remineralization are 

4 used. A study conducted in Spain found that 
maintaining good oral hygiene played a superior role 

5in decreasing caries prevalence than modifying diet.  
A variety of dentifrices are available worldwide. 

Introduction
Accumulation of plaque on tooth surfaces and 
crevices is a natural process, representing a complex 
community of microorganisms and their by-
products, embedded within an organized 

1
extracellular matrix.  Among these, the colonization 
of cariogenic bacteria, including Streptococcus 
mutans and to a lesser extent Streptococcus sanguis, 
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Fluoride was the first and the most widely used 
therapeutic agents, and is incorporated into most 

6
dentifrices.  It is usually added in the form of sodium 
fluoride (NaF), stannous fluoride (SnF ), or sodium 2

7
monofluorophosphate (Na PO F).  Fluoride 2 3

interferes with bacterial metabolism and acid 
production, preventing demineralization, and 
promoting remineralization, thereby creating an 
acid-resistant enamel surface, ultimately reducing 

8the likelihood of developing caries.  
However, in conditions like xerostomia and hypo 

9  salivation, fluoride alone may not be adequate.  
Therefore, incorporating antimicrobial agents has 
been suggested to improve plaque control and 
reduce colonization of cariogenic bacteria. Hashmat 
et al. compared the amount of fluoride released and 
antimicrobial activity of commercial and 
experimental dentifrice formulations containing 
fluoride-doped nano bioactive glass (F-nBG) and zinc 
oxide nanoparticles. They observed that the 
combination of F-nBG and ZnO nanoparticles 
provides plaque control by reducing the growth of S. 

10mutans and L. Casei.   Triclosan is another common 
antibacterial agent that is commonly used in 
toothpaste. Triclosan is a non-ionic phenolic 
derivative with the ability to block fatty acid 

11synthesis in bacterial cells, leading to their death.  
Similarly, chlorhexidine, a cationic compound which 
damages the bacterial cell membrane, causing ions' 
leakage and eventual cell death are often used in 

12dentifrices.  It has an antiplaque effect due to its 
ability to block salivary glycoprotein groups, along 
with reducing the bacteria's ability to adhere to the 

1 3
tooth structure.  Despite the improved 
antimicrobial properties of these dentifrices, there is 
an increased demand for the utilization of natural 
compounds to improve oral health and to avoid the 

4
potentially harmful effects of synthetic compounds.  
These herbal dentifrices usually contain varied 
ingredients from neem, camomile, mint, meswak, 

14etc.  
Serdar et al. reported that dentifrice based on 
natural products exhibits varied antimicrobial 
efficacy depending on the nature of the herbal 
extract. In a study comparing herbal dentifrice 
containing calendula and sage clay extract with a 
chemically composed dentifrice against L. bacillus 
and C. albicans, it was observed that both 

formulations exhibited similar antimicrobial effects 
at higher concentrations. However, a reduction in 
the concentration of the herbal extract resulted in 
decreased antimicrobial efficacy of the herbal 

15
dentifrice. While various in vitro studies have 
explored the antiplaque effects of experimental 
dentifrices, limited data is available on the 
comparative analysis of commercial dentifrices. 
Considering the availability of abundant toothpaste 
brands in the market, addressing this gap is crucial 
for identifying the most effective formulation for 
patients with increased susceptibility to dental 
caries. Therefore, this study compared the 
antimicrobial efficacy of commercial dentifrices 
containing fluoride, triclosan, chlorhexidine, and 
plant extracts against caries-associated microbes. 
The results of this study will make it possible to select 
an effective dentifrice formulation for high-risk 
caries patients.

Materials and Methods
This in vitro experimental study was conducted at 

th th
Army Medical College from 20  January 2023 to 18  
August 2023 after obtaining approval from the 
Ethical Review Board (10/11/22). Four commercial 
dentifrices were tested for which three dilutions 
were prepared for each dentifrice, each at a two-fold 
concentration (1:1, 1:2 and 1:4). Antimicrobial 
analysis was performed against two lyophilized 
microbial strains. The microbial strains were 
obtained from the American Type Culture Collection 
(ATCC, Manassas, USA). Freeze-dried vials of 
Streptococcus mutans (S. mutans) (ATCC 25175) and 
Lactobacillus casei (L. casei) (ATCC 393) were revived 
in Brain Heart Infusion (BHI) broth and de Man, 
Rogosa and Sharpe broth (MRS) broth respectively. 
Following the incubation period (24 h for S. mutans 
and 48 h for L. casei) at 37°C, microbes were cultured 
on selective culture media, and their growth was 
confirmed by observing colony morphology and 
performing biochemical tests and gram staining. 
Nutrient agar and Chocolate agar were employed for 
S. mutans and L. casei respectively.
The agar well diffusion assay was performed 
according to the guidelines provided by the 
European Committee on Antimicrobial Susceptibility 
Testing (EUCAST). Briefly, inoculum was prepared by  
transferring three to five well-isolated colonies of 
microbes to test tubes containing 5 ml Normal saline 
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(0.9%) (Sterifluid NS, Frontier Dextrose Ltd, Lahore, 
Pakistan) to obtain a turbidity of 0.5 grade on the 
McFarland Turbidity Scale. Within fifteen minutes of 
inoculum preparation, swabbing was evenly 
performed on the respective agar plates. On each 
agar plate, four wells (diameter: 8mm, depth: 4mm) 
were punched at an equidistance of 20 mm using a 
sterile cork borer as represented in Figure 1.
A total of six agar plates were used for each 
dentifrice. Wells were filled with 0.2 ml of prepared 
dilutions (1:1, 1:2, 1:4) through a micropipette 
(Genex Beta, Guangdong, China). Distilled water was 
taken as a negative control. S. mutans were 
incubated in both aerobic and anaerobic conditions, 
whereas for L. casei, a candle-jar (microaerophila) 
and an anaerobe jar (Gas-Pak sachet-Oxoid 
AnaeroGen, Thermo Fisher Scientific) were used. 
Following incubation (24 h for S. mutans and 48 h for 
L. casei), the resultant ZOI around the tested dilution 
were  measured using a Vernier caliper. Mean ZOI 
was calculated by performing triplicate tests. Broth 
dilution method was adopted to determine the 
minimum inhibitory concentration as illustrated in 

16
Figure 2.  Five (two-fold) dilutions, i.e. 1:1, 1:2, 1:4, 
1:8 and 1:16 of dentifrice in respective broth (BHI for 
S. mutans and MRS for L. casei) were used in the 
experiment (2 g/2 ml gave a 1:1 dilution). A control 
test tube containing 2 ml of distilled water with no 
dentifrice was used as a reference.
 Microbes were inoculated in test tubes with a 
sterilized wire loop. S. mutans and L. casei were 
incubated at 37°C for 24 h and 48 h, respectively. 
Following incubation, the test tubes were sub-
cultured on selective media in duplicate. The lowest 
concentration (highest dilution) in which no growth 
of bacteria was visibly appreciated, was considered 

17the MIC.  Data was analyzed using SPSS version 21, 
IBM, Corp. Armonk, NY, USA. Shapiro-Wilk test (p = 
0.20) was used to evaluate the normality of data. The 
mean value ± SD was calculated for the ZOI. Levene's 
test of equality was checked, and an independent t-
test was subsequently applied to compare the 
effectiveness of dentifrice against cariogenic 
microbes and assess if different environments 
impact antimicrobial efficacy. Inter-group 
comparisons of dentifrice were conducted through a 
one-way analysis of variance (ANOVA) followed by 
Tukey HSD tests. A p value of ≤ 0.05 was considered 

significant.

Results
Agar well diffusion method
Figure 3a and b show distinct inhibition zones 
observed after incubation for L. casei and S. mutans 
on the agar plate respectively. No inhibitory effect 
was observed on either bacterium in the negative 
control wells. Comparison of mean ZOI for S. mutans 
and L. casei in the dentifrices are shown in Figure 3c 
and d.
Mean values of ZOI for all dentifrices at each dilution 
are enlisted in Table II. The results indicate that the 
ZOI inhibition acquired from each dilution for both 
bacteria across all environments decrease as dilution 
of the dentifrice increases. This points towards a 
dose- dependent relationships. Figures 4 and 5 
depict graphical comparison of S. mutans and L. 
Casei susceptibility in each formulation in different 
environments. A significant difference in 
susceptibility between S. mutans and L. casei is 
observed. S. mutans consistently shows higher 
susceptibility irrespective of incubation condition or 
dentifrice formulations.
Table III shows a comparison of dentifrices in 
inhibiting S. mutans in different environments. 
Chlorhexidine was the most effective while herbal 
dentifrice exhibited the least efficacy. In aerobic 
conditions, pair-wise comparisons using a post hoc 
Tukey's test revealed statistically significant 
differences among all dentifrice formulations except 
triclosan and chlorhexidine.
In anaerobic conditions, the ZOI was statistically 
similar for herbal and fluoride dentifrice, triclosan 
and fluoride, and triclosan and chlorhexidine, 
respectively.
A comparative evaluation of the effectiveness of 
dentifrices in inhibiting L. casei in various 
environments are listed in Table IV. A similar trend 
was observed, with chlorhexidine being the most 
effective while herbal dentifrice exhibited the least 
efficacy. One-way AVOVA (analysis of variance) 
results showed that herbal and fluoride dentifrice 
had statistically significant comparable results in 
each environment, while all other formulations had 
statistically significant differences.
MIC revealed that Clinica (chlorhexidine) was 
bactericidal even at the dilution of 1:16 for S. mutans 
and at the dilution of 1:8 for L. casei. This finding 
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correlated with the smallest mean ZOIs observed for 
microbes using agar well diffusion assay (Tables III 

and IV). Distinct growth was observed on the control 
plates for both bacterial strains.

Table I: List of Dentifrices and Their Characteristics

Table II: Mean ZOI for the Dentifrice Slurries at the Dilution of 1:1, 1:2, 1:4

Table III: Comparison of Dentifrices in Inhibiting S. Mutans in Various Environments
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Figure 1: Diagrammatical Representation of Agar Plate 

for Antimicrobial of Agar Plate for Antimicrobial 

Susceptibility Testing

Figure 2 : Steps to Evaluate Minimum Inhibitory 
Concentration (MIC) Of Commercial Dentifrice Against 
Cariogenic Microbes

Table IV: Comparison of Dentifrices in Inhibiting L. Casei in Various Environments
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Discussion
Globally, caries is considered one of the most 
prevalent oral diseases. The primary culprit for 
dental caries is Streptococcus mutans while 
lactobacilli are considered secondary invaders, 

18mostly involved in the progression of the disease.  
The first line of defence against dental caries is the 
maintenance of good oral hygiene. This largely 

19 
involves tooth brushing and flossing.  With so many 
options of dentifrices available in the market, it is 
imperative to educate the masses about their caries' 
preventive potential. This study focuses on the 
antimicrobial capacity of four commercial 
dentifrices which are easily available in Pakistan.
A dentifrice mostly contains abrasive, binder, 

20detergent, flavour, and any antibacterial agent.  

Fluoride is also present in most conventional 
dentifrices. Herbal dentifrices have also been 
researched to showcase antibacterial potential 

21against cariogenic bacteria.  In this research, Colgate 
Herbal, Colgate Cavity Protection, Bannet and Clinica 
toothpaste were evaluated. As mentioned in Table I, 
the active ingredients in Colgate Herbal include mint, 
clove, Neem, eucalyptus, and Fluoride. Mint leaves 
are known to exert an antibacterial effect through 
their components such as menthol, methyl esters 

22
and terpenoids. Eucalyptus is also known to be 

 

effective against . Fluoride is an active S. mutans
agent in both Colgate Herbal and Colgate Cavity 
Protection. The two toothpastes are well established 
as having antibacterial activity against several 

23
pathogens such as and , 

E. coli, S. aureus, C. albicans.
24 In addition, research has proven the antimicrobial 

 

prowess of triclosan and chlorhexidine, which are 
the main antibacterial agents in Bannet and Clinica 

25 26
dentifrices. Three dilutions for each dentifrice ,  

(1:1, 1:2, and 1:4) are prepared and tested for 
antibacterial activity. This is done to somewhat 
mimic the salivary dilution of dentifrice in the oral 

27
cavity.  As depicted in Figure , a ZOI is formed for  

III
both and for each dilution of each S. mutans L. casei 
dentifrice.
The study indicates that chlorhexidine shows the 
highest antimicrobial activity across all formulations.  
It is widely used in dentifrices and is the gold 
standard of antiplaque agents.  De Rossi in 28

et al. 
their research proved that dentifrice containing 
chlorhexidine showed comparable antibacterial  
activity to those containing triclosan or natural 
components. Racheli published research 29 

et al. 
concerning chlorhexidine's biocidal zombie effect in 
2019. This effect involves the biocidal effect of  
bacterial cells that have been killed by chlorhexidine
by acting as a reservoir for the antibacterial agent.30

Colgate Herbal exerted the least antibacterial effect 
on the tested bacteria. Another study comparing  
Colgate Herbal with other herbal dentifrices has 
documented relatively diminished antibacterial  
activity.  A study conducted in Iran found that 

31

chemical and herbal dentifrices exert the same  
antibacterial effect, however, the efficacy of herbal 
dentifrice is highly sensitive to its concentration.  15

 
Similar results were found from Patil  who et al.
proved that the herbal dentifrices containing neem  

Figure 3: ZOI Following Incubation, (A) L. Casei After 48 
Hours of Incubation, (B) S. mutans after 24 Hours of 
Incubation, (C) Mean ZOI for L. casei, (D) Mean ZOI for S. 
mutans

Figure 4: Comparison of Microbial Susceptibility at 37°C 
Under Aerobic Conditions at Various Dentifrice 
Dilutions: (A) 1:1 Dilution, (B) 1:2 Dilution, And (C) 1:4 
Dilution

Figure 5: Comparison of Microbial Susceptibility at 37°C 
Under Aerobic Conditions at Various Dentifrice 
Dilutions: (A) 1:1 Dilution, (B) 1:2 Dilution, And (C) 1:4 
Dilution.
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have the same antibacterial potential as fluoride-
containing dentifrice.32

It is evident from the results that the antimicrobial 
activity varies in a dose-dependent manner. 

27
Sarembe et. al.,   explored the effect of dentifrice's 
concentration on oral hygiene, concluding that 
increased concentration leads to higher 

 antimicrobial activity. Another study found that the 
ZOI for any dentifrice diminishes as its dilution is 

33increased.  It is further noted from Figures 4 and 5 
that S. mutans was much more susceptible to all 
dentifrice formulations as compared to L. casei. This 
finding was consistent irrespective of dentifrice's 
dilution or bacteria's incubation conditions. Several 
studies have indicated the increased sensitivity of S. 

34
mutans against antibacterial agents.  Although 
there is data that L. casei is more sensitive to Neem-
containing dentifrice than S. mutans, the results of 
this study indicated that Colgate Herbal containing 
Neem also exerted a much more pronounced 

35antibacterial effect against S. mutans than L. Casei.  
Another research conducted in India suggests that 
the Neem-containing dentifrices are just as effective 

32
against S. mutans as Fluoride-containing ones.
It is evident from the intergroup comparison 
between active ingredients of dentifrices that both 
chlorhexidine and triclosan were more effective 
antimicrobial agents against S. mutans as compared 
to herbal ingredients or fluoride. This is in line with 
previous research that has shown comparable 
antimicrobial potential of the two active 

29
ingredients.  Therefore, both can be used in patients 
where the goal is to prevent the onset of dental 
caries. Although triclosan is an effective antibacterial 
agent, its use in soaps specifically has been banned 

36 
by FDA since 2016.  This decision came after raising 
public concerns over the toxicity of triclosan and its 
extended effect on the human body. It is now 
classified as 'not generally recognized as safe and 
effective (GRASE)'. Despite this, its use in 
toothpastes is not banned as many products 
containing triclosan slip past the regulation 

37process.  Therefore, further research exploring 
health effects of triclosan in toothpaste will add 
valuable information.
For L. casei, chlorhexidine showed greater 
antimicrobial activity than all other active 
components. These results suggest that dentifrices 

containing chlorhexidine (Clinica) as the active 
ingredient is most effective against both onset and 
progression of dental caries. This finding is in line 
with previous research that has proven 
chlorhexidine to be either just as effective or more 

38effective than triclosan.  However, research has 
shown that antiplaque efficacy of chlorhexidine is 
reduced when used with Sodium Lauryl Sulphate 

13,39
(SLS) containing toothpaste.  This is due to the 
anionic nature of SLS surfactant that inhibits the 
antiplaque effect of the cationic chlorhexidine. 
Although most commercial toothpastes contain SLS, 
it is recommended to use a non-ionic surfactant to 

40maintain the antibacterial activity of chlorhexidine.  
As  the study was done to compare commercial 
dentifrices, it would be interesting to note the effects 
of antimicrobial agents in novel materials compared 
with commercial products. The authors suggest that 
the new formulations may be experimented with 
lower concentrations of the antimicrobial agents to 
eliminate any toxic effects associated with these 
agents.   

Conclusion
Thus, in conclusion, the four dentifrices used in this 
study all showed antimicrobial activity against S. 
mutans and L. casei in both aerobic and anaerobic 
conditions across all formulations. However, the 
antimicrobial effect of the dentifrices was found to 
be dose dependent.  Moreover, Chlorhexidine 
containing dentifrice was found to be best suited to 
prevent the onset and progression of dental caries.
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