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Abstract
Introduction: Probiotics have been used to provide benefit to general health, but their effect
on oral health especially on dental caries is yet to be explored in detail. Green tea is exclusively
known for antioxidant and antimicrobial properties. Thus, the aim of the present study was to
evaluate the anti-microbial efficacy of probiotic and green tea mouth rinse on salivary Streptococcus mutans count.
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Methods: A triple-blinded, concurrent parallel group randomized trial was conducted which
included 45 subjects, aged 21-25years. The subjects were randomly divided into three groups
namely probiotic group, green tea group and chlorhexidine group. The participants were instructed to rinse their mouth once daily in the morning with the allocated mouth rinse. Unstimulated Saliva samples were collected at baseline, 30minutes post rinse and after 15 days
of intervention. Microbial analysis was done to record Streptococcus mutans count.

Results: There was no statistically significant difference in reduction of microbial count of
Streptococcus mutans between green tea and chlorhexidine mouth rinse after 15 days specifying both are equally effective in reducing S. Mutans count. However, probiotic group showed
least antibacterial effect.
Conclusion: Green tea proved to be more effective in reducing Streptococcus mutans than
probiotic mouth rinse. Also, the antibacterial effect of green tea was similar to that of chlorhexidine mouth rinse. Thus, green tea mouth rinse was found to be a successful alternate to
chlorhexidine mouth rinse.
Keywords: Probiotic; Green tea; Streptococcus mutans; Mitis salivarius bacitracin agar; Mouth
rinse

Introduction
Dental caries is an ongoing disease with multifactorial etiology. Microorganisms like
Streptococcus mutans and Lactobacillus have been shown to play a pivotal role in dental
caries. Thus, reducing microbial count of these cariogenic microorganisms causes a significant
decrease in dental caries. The term probiotic, as an antonym to the term antibiotic, was
originally proposed in 1965 by Lilley and Stillwell [1]. Probiotics are food ingredients with a
sufficient number of viable microorganisms that are beneficial to the health of the host. They
are especially known for improving intestinal microbial health and have been used extensively
in yoghurt, cheese, capsules [2]. As the mouth represents the first part of the gastrointestinal
tract there is every reason to believe that at least some probiotic mechanisms may also
play a role in that part of the system [3]. Several investigations have shown reduction in the
number of Mutans Streptococci in saliva after consumption of various probiotic products [46]. Tea is one of the most commonly consumed beverages in the world. Among various types
of tea available, Green tea is known for its antimicrobial, anti-inflammatory and antioxidant
properties. Certain studies have reported anticariogenic effect of green tea [7,8]. Using
mouthwash is an effective and safe method for maintaining oral hygiene. Ample research
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has been done on antibacterial effect of green tea mouth rinse.
However, data supporting the action of probiotic in the form of
mouth rinse against Streptococcus mutans is still sparse. Hence, the
present study was conducted to evaluate the anti-microbial efficacy
of probiotic and green tea mouth rinse on salivary Streptococcus
mutans count and compare it against chlorhexidine mouth rinse
(control).

Material and Methods

A triple-blinded concurrent parallel arm randomized
controlled trail was conducted in the Department of public health
dentistry, Krishnadevaraya College of Dental Sciences and Hospital,
Bengaluru. Simple random sampling technique was used to select
45 subjects. Sample size calculation was based on the proportion of
reduction in colony counts as observed in pilot study.
The required sample size was estimated using the following
formula:
2

N=

( Zα ) pq
L2

Where,

Zα = Z value for alpha error at 95% CI=1.96.

P = The proportion of reduction in colony counts as observed in
pilot study (in %)=90.
q = 1p (in %)=10.

L = Permissible error in estimation of p=10% of p=10% of 90=9.

Hence sample size of 45 subjects with 15 subjects in each group
were selected among students of the dental college. Subjects aged
between 20-25 years, who fulfilled the following eligibility criteria,
were selected.
A.

Inclusion criteria

a.

Female subjects aged between 20-25 years.

b.
c.

Adults with DMFT >3.

B.

Exclusion criteria

a.
b.
c.
d.

Randomization
Using random allocation rule, 45 participants were randomly
divided into three groups
a.

b.
c.

Group A: probiotic mouth rinse

Group B: green tea mouth rinse

Group C: chlorhexidine 0.2% mouth rinse

Cards with group names were kept in sealed envelopes, and
all the participants were asked to pick up the sealed envelopes.
The group allocation was disclosed by principal investigator after
opening the envelopes.

Intervention

Preparation of probiotic mouth rinse: Probiotic mouth
rinse was prepared using commercially available probiotic
sachet (Darolac ®). 1gm probiotic powder contains 1.25 billion
freeze dried bacterial combination comprised of Lactobacillus
acidophilus, Lactobacillus rhamnosus, Bifidobacterium longum, and
Saccharomyces boulardii. The sachet contents were dissolved in
10ml of distilled water which was used as a mouth rinse.
Preparation of green tea mouth rinse: Fresh green tea,
available in the form of green tea dip bags with packing date less
than one month was procured from local market. Green tea dip
bag containing 2grams of green tea was dipped in 100ml of warm
distilled water for five minutes.

Preparation of chlorhexidine mouth rinse: 0.2%
commercially available chlorhexidine was diluted with 10ml of
distilled water (1:1 ratio) (Figure 1).

Adults with no recent antibiotic therapy (within 2 weeks).
Known history of allergy to any mouth rinse or drug.
Any systemic illness.

Using any other commercially available mouth rinse.
History of fluoride treatment in the past 2 weeks.

The study population consisted of undergraduate dental
students of Krishnadevaraya College of Dental Sciences, Bangalore.
To avoid the confounding effect of diet, the subjects residing in
hostel having almost same dietary pattern were chosen. The study
participants were also instructed to use non-fluoridated toothpaste
to ensure anticariogenic effect of fluoride was eliminated. The
ethical clearance was obtained from the Institutional Review Board
of Krishnadevaraya College of Dental Sciences.
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Figure 1: Flow diagram of study protocol according
to consort.
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The freshly prepared mouth rinses were dispensed in plastic
screw capped containers for the participants (10ml for each
participant). Each subject was instructed to swish with 10ml
mouth rinse for 1 minute before spitting it. Study participants were
refrained from eating or drinking two hours before using mouth
rinse. The primary examiner (author 1) selected the students,
obtained informed consent from them, did primary screening for
inclusion and exclusion criteria, followed by oral prophylaxis of the
study participants. The oral prophylaxis was done in all subjects to
make all groups comparable at the baseline, before the intervention.
Following oral prophylaxis, the study participants were recalled to
the department next day morning. The second examiner (author 2)
administered the mouth rinse without the knowledge of the type
of mouth rinse being administered, collected unstimulated saliva
samples before rinsing, 30 minutes after rinsing on the 1st day and
after 2 weeks. The microbial analysis was done and mean values
of S. Mutans counts were noted down. The microbiologist was also
blinded, thus ensuring triple blinded design of the study.

Microbial analysis

After collecting saliva samples, 100μl of each saliva sample
was transferred to 10ml of sterile Brain Heart Infusion Agar (BHA)
broth followed by spreading of saliva samples on a sterile Mitis
Salivarius Bacitracin Agar media plate. Inoculated culture media
were incubated for 48 hours at 37 °C in a candle extinction jar. S.
Mutans colonies on the agar plate were identified as small convex
deep blue colonies. The colonies on plates were counted using
Digital colony counter and the colony-forming units/ml (CFU/ml)
of saliva were calculated.

Statistical analysis

The statistical analysis was performed using SPSS Version
22.0, to compare the groups at baseline, after 30 minutes of using
mouth rinses and after 2 weeks of using the mouth rinses. Shapiro
Wilk test was done to assess the normality of the data. Results
were expressed as mean ± standard deviation (SD). ANOVA was
applied to compare intra and inter group mean differences. Post
hoc analysis using Tukey’s multiple comparison test was applied to
assess the significance of changes among the groups. A ‘p’ value of
<0.05 was considered as significant.

Result

The mean age of the study participants in Group A, Group B and
Group C was 22.47±1.25, 21.53±1.11 and 22.66±1.31 respectively.
A statistically significant reduction in mean Streptococcus mutans
count was found in all three experimental groups, 30 min post rinse
and after 2 weeks of intervention (Table 1). Also, at the baseline,
all the three groups were similar with no statistically significant
difference among them indicating baseline comparability among
the three groups. A statistically significant reduction of S. Mutans
count was seen in all the three groups 30 minutes post rinsing as
well as 2 weeks after intervention. (Table 2) (Figure 2). Table 3
shows that when pairwise comparisons were done, a statistically
significant reduction in S. Mutans count was more profound in
chlorhexidine group as compared to probiotic group, 2 weeks
Mod Res Dent
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after intervention. Also, in comparison to probiotic group, greater
reduction in S. Mutans count was seen in green tea group, which
was statistically significant. There was no statistically significant
difference between green tea and chlorhexidine group indicating
that both are equally effective against S. Mutans. However, probiotic
mouth rinse showed least antibacterial effect (Figures 3-5).

Figure 2: Intergroup Comparison of the three
Mouthrinses.

Figure 3: Baseline salivary S. mutans colonies on
MSB agar plate.

Figure 4: 30 minutes post rinse salivary S. mutans
colonies on MSB agar plate.

Figure 5: 2 weeks post rinse salivary S. mutans
colonies on MSB agar plate.
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Table 1: Intragroup comparison of the three mouthrinses.
Mean S. mutans Count (CFU/ml
×103) Mean±SD

95% CI

Baseline

570.2±62.15

494.6-593.6

30min Post Rinse

439±45.31

406.6-471.4

576.6±71.4

525.5-627.7

Group

Probiotic

Green tea

After 2 Weeks

361.6±35.03

30min Post Rinse

409.8±70.12

Baseline

575.4±75.44

After 2 Weeks

135.5±33.32

Baseline

After 2 Weeks

Chlorhexidine

One-way ANOVA

30min Post Rinse

F Value

P Value

4.627

0.0028*

8.269

<0.0001*

10.19

<0.0001*

336.5-386.7

359.6-460

169±30.11

157.5-182.5

282.5±74.53

229.2-335.8

523.4-631.4
111.7-159.3

Table 2: Intergroup comparison of the three Mouthrinses at the baseline, 30 minutes post rinse and 2 weeks after
intervention.

Baseline
30min post rinse

After 2 weeks

One way ANOVA.

Groups

Mean S. mutans Count (CFU/ml×103)
Mean±SD

95% CI

Probiotic

570.2±62.15

494.6-593.6

Chlorhexidine

575.4±75.44

523.4-631.4

Green tea

409.8±70.12

Probiotic

361.6±35.03

Green tea
Probiotic

Chlorhexidine
Green tea

Chlorhexidine

576.6±71.4
439±45.31

406.6-471.4
359.6-460

282.5±74.53

229.2-335.8

169±30.11

147.5-190.5

135.5±33.32

Discussion
The present study demonstrated a significant reduction of
Streptococcus mutans following daily mouth rinse with green tea
and probiotic mouth rinse. There was no loss due to follow up and
no adverse effects were reported by the participants. Mouth rinses
are widely used to improve oral hygiene and thus, have been of
great interest to dental researchers. Most of the mouth rinses are
available ‘over the counter’ and the most popular among them is
chlorhexidine mouth rinse which is considered to be the gold
standard.
A large number of microorganisms are inhibited by
Chlorhexidine gluconate mouthwash as it exhibits both anti-plaque
and antibacterial properties. Its superior anti-plaque activity is
attributed to its substantivity and pin-cushion effect. However,
the long-term use of chlorhexidine produces brown staining, oral
Mod Res Dent

525.5-627.7

336.5-386.7
111.7-159.3

F Value

P Value

11.05

0.3121

15.34

0.0289*

18.63

<0.0001*

mucosal ulceration, unilateral/bilateral parotid swelling [9,10].
Also, many mouth rinses contain alcohol as one of their ingredients
which may produce burning sensation. Thus, the side-effects
associated with various commercially available mouth rinses
have encouraged the search for alternative agents [11]. The good
old concept of bacteriotherapy which relies upon restoration of
the microbial ecological balance, rather than elimination of the
disease associated species may be explored in preventive dentistry
[12]. These include the use of probiotics to promote growth of
health associated bacteria to compete against pathogenic bacteria.
Probiotic bacteria (Lactobacilli and Bifidobacteria) protect the
oral cavity by competing with the oral pathogens for nutrients,
growth factors and site of adhesion. Once adhered to the oral cavity,
probiotic bacteria aggregate followed by inhibiting the adhesion of
the harmful microorganisms by producing bacteriocins or other
antimicrobial compounds such as acids or peroxides [13].
Copyright © : Manisha Koul
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Green tea has been considered a healthy beverage since ancient
times [14]. Tea specially, the green tea contains a significant number
of polyphenols, catechins, tannin. Previous studies have reported
polyphenols and catechins like epicatechin, gallocatechin (GC),
epigallocatechin (EGC) and epigallocatechin gallate (EGCG) exert
an antimicrobial effect [14,15]. It has been proposed that microbial
cytoplasmic membrane damage results from the generation of
hydrogen peroxide by EGCG [15]. In the present study, it was

found that all the three mouth rinses demonstrated reduction in
Streptococcus mutans count but chlorhexidine group showed a
greater reduction of S. Mutans count followed by green tea and
probiotic mouth rinse (Table 1&2). Also, there was no statistically
significant difference in reduction of microbial count of S. mutans
between green tea and chlorhexidine mouth rinse group at the end
of 15 days indicating both are equally effective against Streptococcus
mutans (Table 3).

Table 3: Intergroup comparison of mouth rinses 30min post rinse and 2 weeks post mouth rinse.
Mean difference in reduction of Mutans Streptococci Count
(CFU/ml × 103)

P Value

30min post rinse
Probiotic vs Chlorhexidine

-156.5

<0.001***

Probiotic vs Green Tea

-63.9

0.091

Green Tea vs Chlorhexidine

-127.3

After 2 weeks

<0.001***

Probiotic vs Chlorhexidine

-226.1

<0.001***

Probiotic vs Green Tea

-192.6

<0.001***

Green Tea vs Chlorhexidine

Tukey’s multiple comparison test.
However, probiotics were found to have least antibacterial
effect. Precise valid comparisons of antibacterial effect of probiotics
with other studies could not be done due to variation in form of
probiotic administered, strain of probiotic used or the time period
of intervention. The studies done by Yadav et al. [16] and Tehrani
el al. [17] found a statistically significant reduction of Streptococcus
mutans level decreased significantly in probiotic group after
intervention [16,17].
In contrast, a study conducted by Montalto et al. [18] found that
the oral administration of probiotics, both in capsules and in liquid
form, significantly increases salivary counts of lactobacilli and
S. mutans populations were not significantly affected [18]. Green
tea showed potent antimicrobial effect similar to chlorhexidine
mouth rinse. This finding is similar to study conducted by Awadalla
[14] and Singh [19] in which there was a statistically significant
difference between salivary Streptococcus mutans count before
and after intake of green tea mouth rinse [15,19]. Green tea has
certain advantages over probiotics and commercially available
chlorhexidine, like it is easily available, cost effective, causes no taste
alteration, no staining of teeth, no allergy, no reported side effects.
Green tea mouth rinse thus appear to have potential antibacterial
effect against Streptococcus mutans and its regular use may prove
beneficial in preventing dental caries.

Limitations

The present study was conducted on a small sample. The study
was conducted for a period of 2 weeks. Although the confounding
effect of diet and oral hygiene practices were taken care of at the
beginning of the study, further extensive longitudinal study on
a larger sample size is recommended to elucidate the long-term
Mod Res Dent

-33.5

0.732

antibacterial effect of probiotic and green tea mouth rinse against
S. mutans more strongly.

Conclusion

The present study shows that green tea mouth rinse was
equally effective as conventional chlorhexidine mouthwash in
reduction of S. mutans count over 15 days usage. Probiotic mouth
rinse exerted minimal antimicrobial effect as compared to green
tea and chlorhexidine group. Green tea is a cost-effective, easily
available and safe long-term adjunct to oral self-care of patients as
it has prophylactic benefits with minimum side effects. Green tea
mouth rinse thus appear to have promising antibacterial effect and
can be incorporated safely into daily oral hygiene regimen. Further
studies are needed to evaluate a dose-response relationship more
precisely.
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