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Abstract
The purpose of this study was to emphasize the necessity of gargling for a pleasant oral environment, to
examine the changes in the oral environment through the saliva before and after the use of optimal
mouthwashes for the most effective and continuous oral care among various mouthwashes, and to
improve the oral environment. This study was conducted on 20 female students at a university located in
Gangwon Province who did not have any special medication history within the last 6 months and did not
smoke. Group 1 (n=5) gargled with 0.2% chlorhexidine gluconate (CHX), group 2 (n=5) with 7.5%
Povidone Iodine (PVI), group 3 (n=5) with sodium bicarbonate-normal saline, and group 4 (n=5), the
control group, with sterile distilled water. After collecting 10 ml saliva from each group, 15 ml of each
solution was used for 1 min, and then 10 ml saliva was collected. The results showed that there was a
significant difference in pH in the CHX and PVI groups (p<0.05), and there was a significant decrease in
the O’Leary index in the CHX, PVI, and sodium bicarbonate-normal saline groups (p<0.05). In
addition, there was a statistically significant difference in Streptococcus mutans (S. mutans) (P<0.05) in
the order of the PVI and CHX groups (p<0.05). In terms of the Snyder test, all the groups showed a
statistically significant difference (p<0.05). Therefore, it was confirmed that mouthwashes improve the
oral environment, and 7.5% PVI was the most effective mouthwash, followed by 0.2% CHX.
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Introduction
Dental caries and periodontal disease are the two major chronic
oral diseases, which are multifactorial disorders that cannot be
reversed to the original oral state before the onset of the
disease once it occurs [1]. It is already well known that these
two major oral diseases are caused by dental plaque [2]. Dental
plaque causes dental caries by demineralizing the minerals in
the tooth structure, and the periodontal-disease-related bacteria
in the dental plaque produce harmful toxins in the periodontal
tissue, which is a direct cause of periodontal disease [3].
Therefore, it is important to have a healthy oral environment
through personal oral care (i.e., dental plaque management)
because the proper recognition and practice of oral health care
is important, and oral diseases can be prevented [4].
Among the various kinds of oral care aids for dental
management, the use of mouthwash is increasing in South
Korea, and many studies have been conducted for the effective
removal of bad breath as well as the prevention of the two
aforementioned major oral diseases [5]. The study conducted
by Jung [3] also showed that the use of gargle solution is
gradually increasing in the order of mouthwashes, interdental
toothbrushes, and dental flosses, indicating that the
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consumption of mouthwash is increasing as the interest in oral
health increases with the improved standard of living of the
people [6]. As another reason, the use of mouthwash seems to
be increasing because it reduces the number of pathogenic
bacteria in the mouth, keeps the mouth soft, and conveniently
removes the foreign matters in the mouth [7]. There are various
kinds of mouthwashes to date [8], and of those, normal saline,
tantum, Chlorhexidine gluconate (CHX), Povidone Iodine
(PVI), and nystatin solution are mainly used in clinical practice
[9]. CHX, the most effective mouthwash, is known to have a
selective effect on Streptococcus mutans (S. mutans), a major
causative organism of dental caries [10]. In addition, as the
said mouthwash has an excellent effect in terms of inhibiting
dental plaque formation as well as an antibacterial effect, it is
commercially available in various forms, such as detergents
with various concentrations, gels, injections, toothpaste, and
gums [11]. It has side effects, however, such as an unpleasant
taste, a change in taste in the case of long-term use, and tooth
discoloration [12]. PVI, on the other hand, causes relatively
low irritation to the oral mucosa and has a strong sterilizing
effect. It is a mixture of polyvinyl pyridine and iodine,
reducing iodine-related irritation, pigmentation, and allergic
reactions and exhibiting the antibacterial action of iodine
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simultaneously [13]. As a topical disinfectant, it is used
prophylactically in the oral mucosa and is widely used as a
sterilizer and mouthwash due to its oral antibiotic effect [14]. It
has a poor taste and flavor, however, and can interfere with the
regeneration of epidermal cells and granulation tissues [15].
CHX and PVI mouthwashes have been studied continuously,
and it has been reported that the oral administration of CHX
and PVI for 1 min can effectively reduce the number of oral
bacteria [16]. The effect of sodium bicarbonate-normal saline,
which has emerged of late, has not yet been proven, but it is
often recommended in clinical practice because it is less costly
and gives less discomfort to the patients [17]. It has a
disadvantage, however, in that it cannot be used alone, like
other mouthwashes, because it has not demonstrated any
definitive effect [18].
Appropriate mouthwashes should not cause an injury
physically or chemically, should not cause decalcification, and
must be non-toxic. Moreover, it should not interfere with the
activity of the saliva, does not have a bad odor or taste, has an
ability to physically or chemically remove the eliminated
matters, should create a humid environment, and has a
lubrication effect [19]. Mouthwash is the simplest, but when
used periodically, it is effective in terms of the functional
aspect and should not cause discomfort or injury in the mouth
[20]. Despite the large number of previous studies on
mouthwashes used for oral care, there is insufficient evidence
to support the clinical efficacy of mouthwashes.
Therefore, this study aimed to emphasize the necessity of
gargling for a pleasant oral environment, to examine the
changes in the oral environment through the saliva before and
after the use of optimal mouthwashes for most effective and
continuous oral care among the various mouthwashes, and to
improve the oral environment.

Materials and Methods
Study subjects
This study was conducted on 20 female students at a university
located in Gangwon Province, who did not have any special
medication history within the last 6 months, and did not smoke.
Among the total of 20 subjects, 5 gargled with CHX, 5 with
PVI, 5 with sodium bicarbonate-normal saline, and 5 with
sterile distilled water (control group). The experiment was
conducted after providing explanations on the study purpose
and method to the subjects, and after obtaining their consent.

Experimental treatment
Group 1 gargled with 15 ml of 0.2% CHX (hexamethine,
Bukwang Pharm Co., Ltd., Seoul, South Korea), and Group 2
with 15 ml of 7.5% PVI (povidone iodine solution 7.5%,
Firson Co., Ltd., Cheonan, South Korea), after the solutions
were diluted 15-fold according to the instructions of the
manufacturer. Group 3 gargled with 15 ml sodium bicarbonatenormal saline after adding 20 g sodium bicarbonate to 1 L
normal saline according to the method suggested in the study
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of Kim et al. [21]. Group 4 gargled with 15 ml distilled water
as the control group. Before the experiment, 10 ml saliva at the
stabilized state was collected, and after gargling with the
mouthwash of each group for 1 min, 10 ml saliva was again
collected.

pH measurement
The pH of the 10 ml saliva at the stabilized state before and
after gargling with the mouthwash of each group was measured
using a pH meter (Horiba Laqua F-71, pH/orp meter, Kyoto,
Japan). After measuring the pH, the glass electrode was
washed with sterile distilled water each time to measure the pH
of the saliva of all the groups.

Halitosis check
The Oral Gas (OG) and Exhaled Gas (EG) were measured with
an oral gas detector (BB Checker® mBA-21, Plustech, Seoul,
South Korea) before and after gargling. For OG measurement,
the subjects were instructed to bite the mouthpiece in their
mouth once the 180 s countdown started, to measure the OG
for 15 s. For EG measurement, on the other hand, the subjects
were instructed to bite the mouthpiece in their mouth once the
30 s countdown started, and to take a long breath for 15 s for
the measurement of the EG. The measurements in all the
groups were conducted in the same manner, and the
concentration of the sulfur compounds was quantified and
averaged. The evaluation criteria are shown in Table 1.

O’Leary index
To measure the location and amount of dental plaque
efficiently, garnet disclosing solution (Dharma Research Inc.,
Miami, USA) is applied to the surface of the teeth to be
examined to measure the presence of dental plaque. All the
teeth in the oral cavity are divided into four areas (mesial
surface, distal surface, buccal/labial surface, and lingual
surface), and the index is calculated as the percentage of dental
plaque present in the gingival margin of each area.

S. mutans test
S. mutans was cultured at 37°C for 24 h after applying 1 ml
saliva to the Brain Heart Infusion (BHI, Sigma-Aldrich, St.
Louis, MO, USA) agar medium before and after gargling for
each group, and then the amount of S. mutans was quantified.
The Colony-Forming Units (CFU) were measured and
quantified.

Snyder test
To evaluate the caries activity, Snyder (Snyder Test, Difco
Detroit, MI, USA) agar medium was prepared, and after 0.2 ml
saliva before and after gargling was injected to the 7 ml
medium, the mixture was mixed well and cultured at 37°C for
24 h. After 24 h, the color change of the cultured medium was
observed for evaluation. The evaluation criteria are shown in
Table 2.
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Data analysis
The data obtained from each experiment were analysed with
the SPSS (SPSS 19.0, SPSS Inc., Chicago, USA) program. To
compare the oral environments before and after gargling with
the various mouthwashes, the paired t-test was performed.
Additionally, to compare the effects of the various
mouthwashes among the groups, one-way ANOVA was
performed, and Tukey HSD was used for the post hoc test. The
statistical significance level was set to 0.05.

which was not statistically significant (P>0.05) (Table 3). The
comparison of all the groups showed the largest decrease in
PVI, followed by CHX.

Results
Change in pH
Table 3 shows the pH values for the difference between before
and after gargling. In terms of the change that occurred after
gargling with CHX and PVI, the pH value increased, and there
was a statistically significant difference in both groups
(P<0.05). In the sodium bicarbonate-normal saline group,
however, there was a slight increase, but it was not statistically
significant (P>0.05). The pH decreased in the distilled water
group (control group), but it was not statistically significant
(P>0.05). The comparison of all the groups showed a definite
increase in pH in the CHX and PVI groups (P<0.05).

Figure 1. Comparison of the CFU of S. mutans according to various
mouthwashes: (A) CHX; (B) PVI; (C) sodium bicarbonate-normal
saline; and (D) distilled water.

Snyder test
In all the mouthwashes, there was a color change (Figure 2),
indicating inactivity in all the groups (CHX, PVI, sodium
bicarbonate-normal saline, and distilled water groups),
although there was a difference in the degree (P>0.05) (Table
3).

Measurement of OG and EG via Halitosis check
In terms of OG and EG, there was no statistically significant
difference before and after gargling in all the groups (CHX,
PVI, sodium bicarbonate-normal saline, and distilled water
groups) (P>0.05) (Table 3).

Comparison of O’Leary index
In terms of the O’Leary index, there was a statistically
significant difference before and after gargling in the CHX,
PVI, and sodium bicarbonate-normal saline groups, but not in
the distilled water group (P<0.05). The comparison of all the
groups showed a distinct effect in all the groups except for the
distilled water group (P<0.05).

Change in the CFU of S. mutans
Figure 1 shows the difference in CFU of S. mutans. There was
a statistically significant difference before and after gargling
with CHX and PVI (P<0.05). The CFU of S. mutans in the
sodium bicarbonate-normal saline group decreased, but it was
not statistically significant (P>0.05). There was no great
change in the CFU of S. mutans in the distilled water group,

Figure 2. Change in the color in the Snyder test according to the
various mouthwashes: (A) CHX; (B) PVI; (C) sodium bicarbonatenormal saline; and (D) distilled water.

Table 1. Evaluation criteria according to the OG and EG values.
Range

Criteria

0-10 BBV

I do not detect any smell at all (in the case of intraoral measurement).

10-30 BBV

I do not detect any smell.

30-50 BBV

I rarely detect any smell. Normal value of normal person (normal range)
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Over 50 BBV

I detect a faint smell.

Over 60 BBV

I smell something (I detect the smell when I talk at a close range).

Over 80 BBV

I detect a relatively distinct smell (sometimes I feel a distinctive smell).

Over 90 BBV

I detect a strong smell (with the same value as that of people with symptoms at the time of getting up).

Table 2. Evaluation criteria 24 h after the Snyder test.

Yellow green

Moderate

2

Color of the medium after 24 h

Criteria

Score

Green

Mild

3

Yellow

High

1

Blue

Inactive

4

Table 3. Mean ∆Ε±SD and P-value of the oral environment change by mouthwash.
Category

CHX

Experiment
Method

Mean ∆Ε t-test
± SD
(Pvalue)

PH

PVI

Before 7.46
0.26

± 0.031*

After

±

7.68
0.25

Halitosi
s

Before 47.60
12.16

± 0.181

OG

After

±

Halitosi
s

Before 38.80
14.75

± 0.166

EG

After

±

O’Lear
y index

Before 51.35
15.80

± 0.001***

After

±

S.
mutans

26.00
14.80

28.74
13.05

Before 2700
± 0.046*
1969.77
After

Snyder

39.6
10.09

851.67
147.76

0.22
0.15b

± 0.003**

After

±

Mean
t-test
∆Ε ± (PSD
value)

± 7.30 ± 0.010*
0.22

-8
11.07a

± 34.20
±
20.52

0.24
0.08b

0.18
0.08ab

-6.2
20.71a

28.00
± 9.19
-12.8
16.92a

-4.4
5.90a

31.60
± 9.53
-22.6
4.98b

± 58.30
±
31.02

0.022*

-24
14.67b

± 10.00
11.58

3559 ± 0.027*
212.13

± 1.80 ± 0.004**
0.84

± 52.80
19.23

23.19
12.09

± 0.206

±

± 0.866

± 0.371

1 ± 10.89a 39.25
27.44

22.00
12.08
5.5
10.47a

±
± 0.001***

4.00 ±
0.00

± 1.80
0.84

-29.6
7.84b

±

4.00
0.00

± 0.003**

±

± 28.50
22.99
31.00
29.81
± 50.88
25.25

47.74
22.0

-764.67 ± 2210.50
1328.65
386.08ab

635.33 ±
489.04
2.2
0.84a

± 7.51 ± 0.33

0.287

Pvalue

0.12
0.19a

± 0.014*

-17.25
15.84a

± 0.44

7.38 ± 0.14

±

± 0.075
-3549 ± 1400
213.55c
180.28

1.00 ±
1.41
1.6
0.55a

± 11.25
8.66

15.50
8.06

34.30
±
17.60
-1848.33
± 711.69b

± 7.27
0.22

12.25
7.37

0.171
± 36.00
± 11.85

ANOV
A

Differenc Mean ∆Ε ± t-test (P- Difference
e (M ± SD
value)
M ± SD
SD)

7.45
0.14
0.54

bicarbonate-normal Distilled water

Differenc Mean ∆Ε t-test
e M ± SD ± SD
(Pvalue)

7.45 ±
0.22

±

Before 2.20
0.45
3.80
0.45

Differenc
e M ± SD

Sodium
saline

2100
919.24
1.6
0.55a

± 0.118

±

± 0.534

2.5 ± 7.14a

0.114

±

± 0.645

-3.13
12.31a

± 0.012*

-110.5
409.41a

± 0.002**

1.25
0.50a

± 0.188

±

± 0.768

±

± 2.25 ± 0.50

0.015*

3.50 ± 0.58

*The significant difference for the before-after score comparison of the groups by paired t-test (p<0.05; **p<0.01; ***p<0.001). *The significant difference among the four
groups in one-way ANOVA. Different letters (a, b, and c) by the presented statistically significant result of the post hoc Tukey HSD (*p<0.05; **p<0.01; ***p<0.001).

Discussion
Ideal mouthwashes should be effective and should rapidly act
on more oral bacteria, maintain their activity even at low
concentrations, have no side effects, and be usable without
discomfort in the mouth [22]. Studies on mouthwashes have
been actively conducted to promote a healthy oral environment
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[23], and the present study aimed to observe the changes in the
oral cavity after the use of various mouthwashes by collecting
saliva, and to identify the most appropriate mouthwash.
The saliva plays an important role in confirming healthy oral
conditions. The saliva’s general functions include lubrication
and cleansing, protection of the oral mucosa, antibacterial
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action, remineralization of the teeth, and digestion [24]. It
inhibits the development of oral diseases and is necessary to
maintain the normal function of the oral tissue [25]. The World
Health Organization (WHO) also mentioned the prevention of
oral diseases as one of the major challenges that should be
overcomes in the future [26]. It is an urgent task to be
addressed by managing the dental plaque and changing the
saliva composition through oral hygiene management to
maintain a healthy oral environment [27]. Therefore, this study
was conducted to investigate the changes in the oral
environment by applying mouthwashes, which are used more
frequently.
As a result, the pH of saliva was elevated after CHX and PVI
gargling, and a significant increase was also shown in the
comparison of the groups. Although there was no statistically
significant difference after gargling with sodium bicarbonatenormal saline, it was confirmed that sodium bicarbonatenormal saline has the effect of decreasing the pH because the
pH of saliva was increased after its use. This result was
consistent with that of the study of Song and Hur [28], who
suggested that gargling is an effective method for the oral
cavity as it increases the pH of saliva in pre-operative patients.
There was no statistically significant difference between the
OG halitosis and EG halitosis before and after gargling,
although there was a decrease with some mouthwashes.
Compared to a study that reported that the use of mouthwash is
very effective in decreasing halitosis [29], no difference was
shown in the present study because the halitosis range of the
subjects was normal before gargling. In terms of the O’Leary
index, there was a statistically significant decrease in the CHX,
PVI, and sodium bicarbonate-normal saline groups before and
after the use of all the mouthwashes. The result of the present
study was consistent with that of Park’s study [30], which
reported that the O’Leary index decreased from 49.37 to
32.84% in the comparison of the oral hygiene status before and
after dental hygiene management. Also, in the comparison of
all the groups, it was found that all the groups except for the
distilled water group (control group) showed a remarkable
effect. As a result, the use of mouthwash is considered to cause
a change in the oral environment as it removes dental plaque.
With regard to the causative organism for dental caries, S.
mutans, PVI and CHX showed the effect of decreasing the
number of bacteria, and especially in the group with PVI
gargling, the decrease was more remarkable. It was consistent
with the study result that PVI and CHX were found to decrease
the CFU of S. mutans [31]. This result supports that of another
study, that antimicrobial mouthwashes are effective in reducing
the CFU of S. mutans [32]. Like the result of Goodman’s study
[33], which reported that sodium bicarbonate-normal saline did
not show any effect of inhibiting the growth of microorganisms
after gargling, there was also no significant change. As sodium
bicarbonate-normal saline’s effect of reducing the CFU of S.
mutans within the oral cavity has not yet been proven, further
studies are needed. The results of the Snyder test for caries
activity showed that the saliva was inactive to dental caries in
all the mouthwashes, which means that physical cleaning with
any formulation improves the caries activity in the mouth to
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some extent. This phenomenon seems to be caused by the
mouthwash that cleanses the eliminated matters in the oral
cavity and alkalizes the oral cavity.
The pH in the oral cavity increased after gargling with CHX
and PVI among the various mouthwashes, and the O’Leary
index decreased after gargling with CHX, PVI, and sodium
bicarbonate-normal saline. The CFU of S. mutans decreased
with gargling in the order of PVI and CHX. In the Snyder test,
all the mouthwashes improved the caries activity compared to
before gargling. Based on the present study, PVI caused the
most effective change in the oral environment among the
various mouthwashes, followed by CHX. It was also confirmed
that sodium bicarbonate-normal saline has a potential to
maintain a healthy oral cavity and to be used prophylactically.

Conclusion
In conclusion, mouthwashes should be continuously used. In
particular, the use of 7.5% PVI is recommended to improve the
oral environment, such as by reducing the oral bacteria count,
followed by 0.2% CHX. Therefore, a healthy oral environment
can be achieved by using an effective and safe mouthwash.
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