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Abstract

Context: Salivary pH is a fair indicator of health for extracellular fluids and their alkaline mineral reserves. Similarly, tongue pH
is indicative of the existing flora and conditions of the tongue. Objectives: The purpose of the study was to evaluate effectiveness
and acceptability of aqueous cinnamon extract mouthrinse in maintaining salivary and tongue coating pH as compared to 0.2%
chlorhexidine mouthwash. Setting and Design: A randomized, parallel-group study was conducted among 70 volunteer subjects,
who were randomly assigned to two groups of 35 each (20% aqueous cinnamon extract and 0.2% chlorhexidine mouthwash).
Materials and Methods: Salivary pH was measured by a digital pH meter, while tongue pH was assessed using color changing
pH strips. Participants were asked to rinse with the respective mouthwash (10 ml for 1 minute) and expectorate. Salivary and
tongue pH were recorded 5 and 30 minutes after rinsing. Participants were instructed to use the mouthwash twice a day in
the prescribed manner. The same procedure was repeated on third and seventh day. Responses to a questionnaire related to
taste acceptability were collected on the last day. Data were analyzed statistically using repeated measure analysis of variance
and Student’s t-test. Results: Mean salivary pH values showed significant increase throughout the duration of the study after
rinsing with both cinnamon and chlorhexidine mouthwashes (p<0.05). Tongue coating pH showed an increase toward alkalinity
in both the groups, but this difference was statistically significant only in the cinnamon extract group 30 minutes after rinsing
and on third day. Both agents performed equally well and were equally accepted; there was no statistically significant difference
between the two groups. Conclusion: Traditional herbal products such as cinnamon can able to regulate the salivary and tongue
coating pH as well as standard chlorhexidine mouthwash.

Keywords: Cinnamomum Zeylanicum, Halitosis, Hydrogen lon Concentration, Mouthwashes, Saliva

Key Messages: Aqueous cinnamon extract at 20% concentration is equivalent to 0.2% chlorhexidine mouthwash when
it comes to maintaining salivary and tongue coating pH, as well as taste. Keeping in mind its other proven benefits, this
common spice can be used to fight oral diseases among the disadvantaged and rural populations.
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1. Introduction

Dental diseases are almost always initiated at the
microbial-host tissue interface. Alterations in the microbial
and ecological dynamics can significantly change the
ecosystem towards one that may initiate and promote oral
diseases!!. Thus, the varied properties of the environment
can determine which organisms occupy a site in the oral
cavity, and the metabolic activities of these organisms can
in turn transform the properties of the environment.

Many of the organisms associated with oral
diseases, both gram-positive and gram-negative, thrive
in environments with low pH. For example, a study
by Takahashi et al. on the effect of pH on growth of
microorganisms showed that P. intermedia grows at a pH
of 5.0-7.01%1. Also, when the oral pH remains in the vicinity
of 5.0-5.5, tooth mineral is solubilized, thereby buffering
the plaque and maintaining an environment suitable for
growth of S. mutans®. The normal pH of saliva varies,
but usually, the pH of stimulated saliva is 7.0". Saliva
contributes to maintenance of pH by two mechanisms
- its flow eliminates carbohydrates and removes acids,
while its buffering activity also neutralizes acids®!.

There is also an association between tongue
microorganismsand those presentin saliva. Moreover, past
research has found pH to be one of the major regulating
factors of halitosis, with the dorsum of the tongue being
most commonly implicated in the production of volatile
Sulphur compounds®7.

Chlorhexidine, a potent chemotherapeutic agent,
has been regarded as the gold-standard in mouthwashes
because of broad-spectrum antibacterial activity and
substantivity of 8-12 hours®®'?. But, the incidence
of side-effects such as tooth discolouration, burning
sensation, parotid swelling, taste perturbation, increased
supragingival plaque formation, and undesirable taste
deter patients from using it effectively!'!. A suitable
alternative to chlorhexidine, with equal or superior
effectiveness, would be highly advantageous from the
point of view of dental practitioners.

Cinnamon (Cinnamomum zeylanicum), a member
of the Lauraceae family, is a commonly used spice
which has been used extensively for treatment of several
conditions'”. Few researchers have postulated that
various extracts of cinnamon have equivalent therapeutic
benefits as chlorhexidine mouthwash when it came to
controlling S. mutans counts, as well as in controlling
gingivitis!"*-1°).
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Studies on the effects of aqueous cinnamon extract
on salivary and tongue coating pH are lacking, and
the acceptability of the solution is unknown. It is thus
important to carry out new studies with these products
and identify their influence on salivary and tongue coating
pH. This randomized controlled trial was undertaken to
compare the effectiveness and acceptability of aqueous
cinnamon extract mouthrinse when used for maintaining
salivary and tongue coating pH with 0.2% chlorhexidine
mouthwash used for the same purpose.

2. Subjects and Methods

The objectives of this study were to

(a) Test the effect of 20% aqueous cinnamon extract
mouthrinse on salivary and tongue-coating pH

(b) Compare the effectiveness of 20% aqueous cinnamon
extract mouthrinse when used for maintaining sali-
vary and tongue coating pH, with 0.2% chlorhexidine
mouthwash used for the same purpose

(c) Compare the acceptability of the two solutions

Before the commencement of the trial, ethical clearance
was obtained from the Institutional Review Board. The
trial is registered with the Clinical Trials Registry - India
(CTRI/2018/01/011587). Informed consent was obtained
from all participants prior to recruitment in the study.

This parallel group, randomized, controlled trial was
conducted on persons aged over 18 years, free of systemic
diseases and willing to provide informed consent. Those
who had received any antimicrobial therapy over the past
two weeks, or were using any prosthetic or orthodontic
appliance were considered to be ineligible.

Sample size was scientifically estimated (using the
following values: standard deviation = 1.96, normal
deviate at 80% power = 1.28, pooled standard deviation
= 4, difference of means between the two groups = 2.2)
resulting in a final sample size of 70. Participants were
recruited through flyers and advertisements in a University
campus, but no additional incentive was provided. A
flowchart describing the participants’ recruitment and
follow-up is shown in (Figure 1).

Preparation of Aqueous cinnamon extract mouthrinse:
High quality Cinnamon was purchased from the market,
and ground into fine powder in an electrical mixer!™*!*.
One hundred gram of finely powdered cinnamon was
mixed with one litre of sterile deionized water and kept in
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102 Participants Recruited through Advertisement,
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32 Participants Excluded

« Antimicrobial therapy - 8

o Orthodontic appliance - 11

o Prosthetic appliance - 8

« Unavailable during proposed
study period - 5

70 Participants signed informed consent form and
received preliminary instructions

70 Participants

Salivary and tongue-coating pH measurement

Day 0
Baseline
Assessment

l

Randomization

35 Participants
Group 1 - Aqueous cinnamon

extract mouthrinse

Rinsing

35 Participants
Salivary and tongue-coating pH
measurement

Day 0
5 min after rinsing
Assessment
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35 Participants
Salivary and tongue-coating pH
measurement

Day 0
30 min after rinsing
Assessment

35 Participants
Salivary and tongue-coating pH
measurement
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Chlorhexidine mouthwash

Rinsing
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Salivary and tongue-coating pH
measurement

35 Participants
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measurement
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rinsing (2x a day)
Assessment
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measurement
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Figure 1.
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Day 7 after

35 Participants
Salivary and tongue-coating pH
measurement

rinsing (2x a day)
Assessment

35 Participants
Questionnaire

Flowchart depicting flow of participants.
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a water bath at 60°C for five hours, then filtered through
sterile filter paper. The extract was left to dry at 40°C in hot
air oven for evaporation of water. The extract was preserved
in a refrigerator until use. Mouthrinse was prepared at a
concentration of 20mg/ml by mixing 20g of the prepared
powder in 1 litre of water. Mouthwash was dispensed to
patients in individual plastic bottles.

Chlorhexidine = mouthwash:  Standard  0.2%
chlorhexidine mouthwash (Rexidin; Indoco Remedies
Limited, India) was purchased from the market and
dispensed into sterilized plastic bottles. During the
course of the study, stimulated saliva was collected from
participants at five points - on first day at baseline, after
5 min, after 30 min, on third day, and on seventh day.
Salivary pH was measured using a digital pH meter (0
- 14; Horiba India Private Limited, India). Each session
of saliva collection was followed up with a recording
of the tongue pH using colour-changing strips (0 - 14;
Macherey-Nagel, Germany). On the day of baseline
assessment, the participants were asked to perform their
normal oral hygiene procedure, but refrain from eating
or drinking up to one hour prior to saliva collection,
and then report to the dental school for saliva collection.
During saliva collection, each participant was seated
comfortably in a dental chair. Stimulated saliva was
collected in the manner recommended by Navazesh and
Kumar!', followed by tongue pH measurement.

The participants were then randomized into two
groups using a lottery method - Group 1: test group
(20% aqueous cinnamon extract mouthrinse) and
Group 2: Control group (0.2% chlorhexidine gluconate
mouthwash), with 35 persons in each group. The
allocation procedure was performed using opaque sealed
envelopes. The intervention groups were pre-coded, and
the mouthrinses packaged in semi-opaque bottles, such
that the study subjects, as well as the investigator, were
blind to the allocation of the group.

After allocation into the respective groups, each
participant was asked to rinse with their allotted
mouthwash (10 mL for 1 minute) and then expectorate.
Salivary and tongue pH was recorded after five minutes
and 30 minutes of rinsing in both the groups.

None of the participants were allowed to eat or drink
during the phases. Each participant was given 300 mL of
the respective solutions and told to rinse twice a day in
the same manner as instructed earlier. This procedure
was started from the next day and continued for seven
days. The patients reported for salivary and tongue pH
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measurement on the third and seventh day, and estimation
was done in the same manner.

On the seventh day, a pre-validated, close-ended
questionnaire relating to the acceptability of the
mouthwashes’ taste was distributed to the participants!”..
The questionnaire was composed of 3 questions with five
options (five-point Likert scale) for each answer.

Salivary pH Measurement: Stimulated saliva was
collected in a sterile test tube. The pH-sensitive electrode
of the digital pH meter was dipped in the sample. The
pH reading was recorded after waiting 10 seconds for the
reading to stabilize. In between readings, the electrode
was cleaned with distilled water and placed in a standard
solution of pH 7.0, as per the manufacturer’s instructions.

Tongue pH Measurement: Tongue coating pH was
measured using pH indicator strips. One strip was placed
on posterior tongue region, with the participant’s mouth
kept open for 1 min. The color change in the strip was
compared with a reference standard, and indicated the
tongue coating pH.

Salivary and tongue coating pH were the primary
outcome measures, while responses to the questionnaire
were the secondary outcome.

Statistical analysis was performed using Statistical
Package for Social Sciences (version 22; IBM, Chicago,
Illnois) to identify the differences between the two agents
used in the study. This included calculation of mean
+ standard deviation and use of paired t-test, as well as
independent samples t-test to calculate the significance
of differences between the groups. Chi-square test, and
Fisher’s exact test where applicable, was used for analysis
of the questionnaire.

3. Results

There were no drop-outs and none of the 70 participants
reported any serious adverse event during the course of
this study. The distribution of groups according to gender
is displayed in (Table 1). All the participants were between
18 - 23 years old.

Table 1. Distribution of participants according to gender

Group Male n (%) Female n (%)
Cinnamon extract 10 (28.6) 25 (71.4)
Chlorhexidine 12 (34.3) 23 (65.7)
Total 22 (31.4) 48 (68.6)
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3.1 Salivary pH

At baseline, the mean salivary pH (+ standard deviation)
was 7.40 (+ 0.55) in the cinnamon extract group, while it
was 7.50 (£ 0.43) in the chlorhexidine group. Immediately
after rinsing with the respective agents, a significant
tendency towards alkalinity was seen in both the groups
(p<0.05). The mean salivary pH in the cinnamon extract
group was 7.58 (£ 0.49) as compared to 7.62 (£ 0.40)
in the chlorhexidine group. There was no statistically
significant difference between the groups. The salivary
pH showed significant increase in both the groups at the
assessment done 30 minutes after baseline rinsing and
on the third day. During final assessment, there was still
no statistically significant difference between the groups,
although the mean salivary pH had further increased in
both groups. In the cinnamon extract group, it was 7.85
(+ 0.37) and in the chlorhexidine group it was 7.82 (+
0.35) (Table 2).

3.2 Tongue Coating pH

At baseline, the mean tongue pH (+ standard deviation)
was 7.23 (+ 0.43) in the cinnamon extract group, while
it was 7.37 (+ 0.49) in the chlorhexidine group (p>0.05).
Immediately after rinsing with the respective agents, the

tongue coating pH increased in both the groups, although
notsignificantly so. The mean salivary pH in the cinnamon
extract group was 7.31 (+ 0.47) as compared to 7.34
(£ 0.48) in the chlorhexidine. There was also no statistically
significant difference between the groups. However, the
cinnamon extract group displayed a significant change
after 30 minutes of rinsing and on the third day. During
final assessment, there was still no statistically significant
difference between the groups (p = 0.650), although the
mean salivary pH had further increased in both groups.
In the cinnamon extract group, it was 7.37 (£ 0.49) and
in the chlorhexidine group it was 7.43 (+ 0.55) (Table 3).

3.3 Acceptability

Participants of both groups demonstrated similar
acceptance to the respective agents when it came to the
taste of the product, for how long the taste remained in
the mouth, or the taste of food and drinks afterwards
(Table 4).

4. Discussion

This parallel-group, randomized, controlled trial
included 70 participants, with 35 in each group. Aqueous

Table 2. Mean Salivary pH of both the experimental groups

Group n Before After After 30 minutes | Third day Mean | Seventh day Mean
Mean pH + Mean pH + Mean pH + pH + Standard | pH + Standard
Standard deviation | Standard deviation | Standard deviation | deviation deviation

Cinnamon extract 35 |7.40 £0.55 7.58 £ 0.49% 7.71 £ 0.46* 7.83 £0.38% 7.85 £ 0.37%

mouthrinse

Chlorhexidine 35 |7.50+0.43 7.62 + 0.407 7.70 £ 0.391 7.75 £ 0.36' 7.82 £ 0.351

mouthwash

Independent samples t-test | p > 0.05 p>0.05 p>0.05 p>0.05 p>0.05

* p<0.05 Paired t-test, as compared to before rinsing with cinnamon extract mouthrinse

f p<0.05 Paired t-test, as compared to before rinsing with chlorhexidine mouthwash

Table 3. Mean tongue coating pH in both the experimental groups

Group n Before Mean | After Mean After 30 minutes Third day Mean | Seventh day Mean
pH + Standard | pH + Standard | Mean pH + pH + Standard | pH + Standard
deviation deviation Standard deviation | deviation deviation

Cinnamon extract 35 |7.23+043 7.31 £0.47 7.46 £ 0.56* 7.40 £ 0.55* 7.37 £0.49

Chlorhexidine 35 |7.37+049 7.34+0.48 7.37 £0.49 7.37 £0.49 7.43 +0.56

Independent samples p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

t-test

* p <0.05 Paired t-test, as compared to before rinsing with cinnamon extract mouthrinse
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Table 4. Acceptance of the agents used in both the experimental groups

How was the taste of the product? P - value
Group Very good Good Average Bad Very bad

Cinnamon extract mouthrinse | 5 (14.3%) 5(14.3%) 22 (62.9%) 2 (5.7%) 1(2.8%) p>0.05
Chlorhexidine mouthwash 4 (11.4%) 10 (28.6%) 16 (45.7%) 5(14.3%) 0 (0%)

How long did the taste remain in the mouth after rinsing?

Group Very long Long Average Short Very short

Cinnamon extract mouthrinse | 2 (5.7%) 2 (5.7%) 27 (77.1%) 4 (11.4%) p > 0.05
Chlorhexidine mouthwash 1(2.8%) 5(14.3%) 25 (71.4%) 4 (11.4%)

How was the taste of food and drinks after rinsing?

Group Very positive | Slightly positive | Not affected | Slightly negative | Very negative
Cinnamon extract mouthrinse 5(14.3%) 29 (82.9%) 1(2.8%) p>0.05
Chlorhexidine mouthwash 4 (11.4%) 27 (77.2%) 4 (11.4%)

cinnamon extract was prepared in a standardized
manner and adjusted to a concentration of 20mg/ml. A
concentration of 20% for the test solution was selected
based on previous in vivo studies that found significantly
positive effects on Streptococcus mutans count, dental
plaque and gingivitis!"*'>'#*]. Chlorhexidine mouthwash
of standard concentration of 0.2% was obtained from the
market for the purpose of this study.

Salivary pH and tongue coating pH are sometimes
used as diagnostic markers to indicate the initiation or
presence of oral disease. Although salivary volume and
composition are constantly changing, repeated salivary
samples collected under strictly standardized conditions
seem to be fairly constant in the same individual.* In
this study, stimulated saliva samples were collected in the
manner described in earlier research.!'® For the purpose
of tongue coating pH, test strips that change colour
according to local environment were used. These have
shown good feasibility and reliability in the past/*’..

The results of this study show that the salivary pH
significantly increased towards alkalinity in both the
experimental groups after rinsing with the respective
mouthwashes. Moreover, there was no statistically
significant difference between the groups. These results
are similar to previous research by Al-Joubori et al.*” It
was also noted in the present study that the salivary pH
continued to increase steadily for up to 30 minutes, similar
to the results reported previously®”. But, in the study by
Tolentino et al.”!], the salivary pH showed an increase
after rinsing with any solution, even distilled water, even
though the increase was not of statistical significance.
Based on the current results, it can be said that both
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cinnamon and chlorhexidine were equally effective in
increasing salivary pH over a seven-day period.

In the present study, the cinnamon extract mouthrinse
group showed a discernible increase in the tongue coating
pH after 30 minutes of rinsing and on the third day, when
compared to baseline. Yet, no significant differences were
observed when comparing immediately after rinsing and
seventh day values with the results obtained at baseline.
Additionally, there was no significant difference in the
chlorhexidine group before and at any point after rinsing.
The results of these two agents on tongue coating pH
could not be compared with other studies, as no studies
have reported the same. Based on the results of the present
study, it cannot be concluded whether aqueous cinnamon
extract mouthrinse or chlorhexidine mouthwash have
any major effect on the tongue coating pH.

The majority of participants in the cinnamon extract
(62.8%) and chlorhexidine groups (45.7%) rated the taste
of the mouthwash as average. Most participants from
both groups (cinnamon extract — 77.2%, chlorhexidine -
71.4%) found that the taste remained in the mouth for an
average period of time. Also, almost all participants said
that the taste of food and drinks was unaffected after using
the respective mouthwashes. The lack of adverse events
reported in this study is encouraging, and future research
can test the implications of long-term usage of a cinnamon
mouthwash. Additionally, considering the easy availability
of cinnamon, and the various methods available for its
extraction, future studies should test the effectiveness of
simpler extracts such as infusion and decoction. This will
help us identify the effectiveness of aqueous cinnamon
extract in a low-resource or home-based situations.
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This study is subject to certain limitations that should
be kept in mind when interpreting the results. Firstly, the
short duration of this study prevented testing of the long-
term effectiveness of the product. Also, the small sample
size may limit the generalization of the findings.

5. Conclusion

The present study revealed that 20% aqueous cinnamon
extract is a viable option to increase the salivary pH
of a patient, and is comparable to 0.2% chlorhexidine
mouthwash used for the same purpose. There was no
discernible effect of chlorhexidine on tongue pH, but the
cinnamon mouthwash was able to increase tongue pH 30
minutes after rinsing and on third day, when compared
to baseline. Yet, no significant differences were observed
between the two experimental groups. The acceptability
of the two mouthwashes were similar.

The potent action of cinnamon in this study, and
previously, suggests that this common product can be
used to fight oral diseases among the disadvantaged and
rural populations who often lack access and affordability.
Being an herbal product with a pleasant taste, it is likely to
be accepted with ease.
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