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Abstract 

Background : Periodontitis is an inflammatory disease that affects the supporting tissue 
of teeth that cause damage to the periodontal ligament and alveolar bone, generally caused by 
microorganisms. Chronic periodontitis is often caused by gram-negative anaerobic bacteria, 
especially Porphyromonas gingivalis. Mouthwash active ingredients that frequently used such as 
chlorhexidine (CHX) or cetylpyridinium chloride (CPC) have an antibacterial effect and prevent 
plaque formation. Objective: This research aims to compare the effectiveness of mouthwash 
containing CHX 0.12% and CPC 0.1% with CPC 0.2% on the bacterium Porphyromonas gingivalis 
ATCC 33277. Methods : This research is an experimental laboratory by giving treatment to 
Porphyromonas gingivalis with mouthwash CHX 0.12% and CPC 0.1%, CHX 0.2%, and distilled 
water as the negative control, then calculating the inhibition zone for each treatment and 
continued with One-Way ANOVA test. Result : The result showed the largest average of the 
inhibitory zone diameter was on CHX 0.2% which was 12,7 mm. Meanwhile, mouthwash 
containing CHX 0.12% and CPC 0.1% showed an average diameter of inhibitory zone resulted in 



10,97 mm. Conclusions : In coclusion, CHX 0.2% has greater ability of inhibitory than 
mouthwash containing CHX 0.12% and CPC 0.1% against the growth of Porphyromonas 
gingivalis. 
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Introduction 
Oral health and hygiene are 

important things that need attention, 
because poor oral condition or 
inflammation can cause pain and 
discomfort.1 Periodontal disease is 
one of the inflammatory condition 
that often found in oral cavity. The 
most common periodontal disease 
are gingivitis and periodontitis.2 An 
inflammatory condition known as 
periodontitis affects the tissue that 
supports teeth and usually caused by 
certain bacteria, where there is 
damage to periodontal ligament and 
alveolar bone.3 The spread of 
inflammation from the epithelium to 
the connective tissue causes 
damage to the collagen fibers, 
followed by loss of attachment which 
is a sign of change from gingivitis to 
periodontitis. Periodontitis can be 
broadly classified into chronic and 
aggressive periodontitis.4 Chronic 
periodontitis is the most common 
type of periodontitis. The disease 

progression of chronic periodontitis is 
slow to moderate and related to the 
plaque accumulation and calculus. 
The development of periodontitis 
disease may be caused by 
multifactorial, such as systemic, local 
or environmental factors that disrupt 
the interaction of normal host-
bacteria.3 Although it can affect 
people of all ages, adults are more 
likely to be affected from chronic 
periodontitis. The level of local 
factors is correlated with the level of 
diseases progression. Certain 
bacteria cause chronic periodontitis 
to develop more slowly.4 Chronic 
periodontitis is often caused by 
gram-negative anaerobic bacteria, 
especially Porphyromonas 
gingivalis.5 

Bacteria that often cause 
periodontal disease are 
Porphyromonas gingivalis, 
Aggregibacter 
actinomycetemcomitans, Prevotella 
intermedia, Tannerella forsythia, 
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Fusobacterium spp.6 
Porphyromonas gingivalis is a gram-
negative bacteria that often found in 
the subgingival area, and sometimes 
found in tongue and tonsils. The 
characteristics of Porphyromonas 
gingivalis are gram-negative, 
coccobacilli, non-motile, 
asaccharolytic and pleomorphic. 
Porphyromonas gingivalis grows 
anaerobically with dark pigmentation 
in media containing blood.6,7 
Porphyromonas gingivalis has 
several virulence factors, such as 
gingipains, lipopolysaccharide 
(LPS), fimbriae, lectins 
(erythrocytes), capsules, 
collagenase, and proteases which 
release harmful and toxic 
metabolites and crucial in the early 
stages of periodontitis development.8 

Periodontal disease can be 
prevented by maintaining oral 
hygiene, generally through plaque 
control by mechanical and chemical 
methods. Examples of mechanical 
methods are brushing teeth, using 
dental floss or an interdental brush. 
Examples of chemical methods are 
using toothpaste and mouthwash.9 
The use of mouthwash can control 
supragingival plaque and gingivitis in 
individuals with a lack of motivation 
and skills to clean the oral cavity 
mechanically.10 

Various kinds of mouthwash 
ingredients containing antimicrobials 
such as chlorhexidine and 
cetylpyridinium chloride, have shown 
efficacy in decreasing plaque and 

preserving oral hygiene.11 
Chlorhexidine (CHX) is one of 
mouthwash with bisbiguanide 
ingredients that can kill 
microorganism by damaging their 
membrane cell, which damages the 
cytoplasm. Based on experimental 
studies, CHX is the gold standard for 
evaluating how effectively other 
mouthwashes work. Long-term use 
of CHX needs to be considered 
because it has the potential to cause 
staining on teeth and changes in 
taste.12 Side effects that are often 
complained by the patients are stains 
on the teeth, mouth and buccal 
mucosa. There is also irritation of the 
oral mucosa, burning sensation and 
changes in taste perception.13 Side 
effects of CHX use are usually 
proportional to the duration of 
treatment.14 

Chlorhexidine (CHX) is 
available in concentrations of 0.12% 
and 0.2% which affect plaque 
inhibition, the plaque inhibitory 
properties diminishing at lower 
concentrations.13 CHX 0.2% is 
bactericidal and CHX 0.12% is 
bacteriostatic. The decrease in CHX 
concentration is to reduce side 
effects while maintaining the 
effectiveness of the ingredient.15 
CHX 0.2% is effective for preventing 
plaque and gingivitis.16 

Cetylpyridinium chloride 
(CPC) is one of the mouthwash's 
active ingredients, that is made up of 
quaternary ammonium compounds, 
which are known to inhibit the growth 



of bacteria. CPC can also be used as 
a treatment for halitosis. CPC with a 
concentration of 0.05%-0.1% 
effectively acts as an antimicrobial. A 
further approach for preventing 
periodontal disease is to use CPC as 
an antibacterial ingredient in 
mouthwash since it is consider to be 
safe, effective and has no serious 
adverse effects.8 CPC can cause 
extrinsic staining effects but only 
slightly compared to CHX 
mouthwash, because CPC is 
available in preparation alcohol-free, 
so the side effects that occur are less 
than CHX and more beneficial for all 
individuals.16 

There is a combination of 
CHX and CPC mouthwash with the 
aim of eliminating the side effects of 
CHX and being more effective in 
inhibiting the growth of 
Porphyromonas gingivalis bacteria 
than using CHX mouth wash 
alone. This research aims to 
compare the effectiveness of CHX 
0.12% and CPC 0.1% mouthwash 
with CHX 0.2% against 
Porphyromonas gingivalis. 
 
Methods 

This research used an 
experimental with post-test only 
control group design. This research 
was done at Microbiology Laboratory 
at Padjadjaran University in 
November-December 2023. 
Porphyromonas gingivalis bacteria 
on Mueller Hinton Agar (MHA) media 
were treated with a combination of 

CHX 0.12% and CPC 0.1%, CHX 
0.2%, and distilled water as negative 
control. The results observed were 
the inhibitory zone’s diameter in 
millimeters. Data analysis was 
measured using the normality test, if 
the data is normally distributed, it will 
be tested using One Way ANOVA 
parametric test. 

The sample for this research 
was Porphyromonas gingivalis 
ATCC 33277 acquired from 
Microbiology Laboratory of 
Padjadjaran University. To calculate 
the sample, the Federer formula is 
used, which (t-1) (n-1) ≥ 15, where t 
is the amount of treatments, while n 
is the number of repetitions in each 
treatment, the result show that n ≥ 

8.5  9. The number of repetitions for 
each treatment group is nine 
repetitions. 

The tools used in this 
research was first sterilized with 
autoclave at 121°C for 15 minutes. In 
this research, using Mueller Hinton 
Agar (MHA) as the media, weighed 
38 grams of MHA media, dissolved in 
1L of distilled water until all the media 
was completely dissolved, sterilized 
using an autoclave at 121°C for 15 
minutes. Preparation of 
microorganisms test by inoculating 
and culturing Porphyromonas 
gingivalis ATCC 33277 obtained 
from the Microbiology Laboratory, 
Padjadjaran University, Bandung, 
then incubated for 12-24 hours at 
37°C. 



Preparation of 
Porphyromonas gingivalis 
suspension was done by inoculating 
Porphyromonas gingivalis colonies 
that had been cultured on MHA 
media into bulyon solution, 
homogenized using a vortex mixer. 
The suspension’s turbidity was 
adjusted to the standard solution 
McFarland 0.5 to obtain an inoculum 
with bacterial counts in the range of 
1.5x108 CFU/mL. 

The bacterial suspension was 
then put into the MHA media and 
spread on the surface of MHA using 
a sterile cotton swab, then treated 
with well diffusion. Well diffusion is 
done by making holes using a 
perforator in MHA media that has 
been inoculated with bacteria. Each 
hole was filled with treatment group, 
namely CHX 0.12% and CPC 0.1%, 
CHX 0.2%, and distilled water for the 
negative control. After that, the petri 
dish was incubated in an incubator at 

37°C for 24 hours. The same 
procedure is repeated nine times, 
then observe and calculate the 
inhibitory zone’s diameter that 
formed around the hole using caliper. 

Antibacterial activity can be 
categorized from the diameter of 
inhibition zone, which is weak with 
the diameter <5 mm, moderate 5-10 
mm, strong 10-20 mm, and very 
strong with an inhibition zone 
diameter >20 mm.17 
 
Results 

The results of measuring the 
diameter of the inhibitory zone for 
mouthwash containing CHX 0.12% 
and CPC 0.1%, CHX 0.2%, and 
distilled water against 
Porphyromonas gingivalis can be 
seen in table 1. 
 
 
 

Table 1. Results of Measurement of Inhibitory Zone Diameter 

 
 
 



 
 
 
Figure 1. The results of observation of the inhibitory zone diameter of CHX 0.12% 
and CPC 0.1%, CHX 0.2%, and control negative against P. gingivalis 

 
Based on research, the 

largest diameter of the inhibition 
zone was in the CHX 0.2% 
mouthwash treatment, which was 
12.7 mm. The next diameter of 
inhibition zone is in the mouthwash 
treatment containing CHX 0.12% and 
CPC 0.1%, which was 10.97 mm. 
While in the negative control 
treatment, no inhibition zone was 
developed or the inhibition zone was 
zero. Based on the classification of 
inhibition, the result of measurement 

of the inhibitory zone diameter for 
CHX 0.12% and CPC 0.1% and CHX 
0.2% included in the strong category 
(Table 2). 

 
 
 
 
 
 
 
 
 



 
 

Table 2. Classification of inhibition zones of CHX 0.12% and CPC 0.1% and CHX 
0.2% against P. gingivalis 

 
The normality test was done 

using Shapiro-Wilk because the 
samples were less than 50. The 
normality test results for CHX 0.12% 
and CPC 0.1% showed a 
significance value of 0.138 and for 
CHX 0.2% showed significance 
value of 0.905. The data results show 
a p-value>0.05, it can be conclude 
that the data is normally distributed, 
then it can be continued with analysis 
statistic using One Way ANOVA test. 
After normality test, continued with 
homogeneity test using the Levene 
test to find out whether the data is 
homogeneous or not. The 
homogeneity test results show a 
significance value of 0.002 (p-value 
<0.05) so it can be assumed that the 
data is not homogeneous. 

The results of One Way 
ANOVA test showed a significance 
value of 0.000 where p-value<0.05, 
means there were significant 
differences in the three treatments 
given. The non-homogeneous data 
was continued with Post Hoc test 
using the T-test to determine which 
treatment was the most significant. 
Post Hoc test results showed p-value 
<0.05. It can be concluded that CHX 

0.12% and CPC 0.12%, CHX 0.2%, 
and distilled water were significantly 
difference in inhibiting 
Porphyromonas gingivalis. 
 
Discussion 

This research used well 
diffusion method to see the 
difference in effectiveness between 
mouthwash containing CHX 0.12% 
and CPC 0.1% with CHX 0.2%. The 
larger the clear zone formed around 
the hole, the higher the inhibition. 
From the results of the inhibition 
zone measurements, the largest 
average of inhibitory zone’s diameter 
is on mouthwash containing CHX 
0.2%. This shows that CHX 0.2% is 
the most effective mouthwash in 
inhibiting Porphyromonas gingivalis 
compared to mouthwash containing 
CHX 0.12% and CPC 0.1%. 

Based on the research by 
Betadion R, et al., chlorhexidine has 
the strongest antibacterial effect 
against Porphyromonas gingivalis, 
so CHX is used as the gold standard 
and often as a positive control for 
antibacterial examination of other 
materials.18 CHX is considered as 
gold standard for antimicrobial 



mouthwash due to its proven on 
long-term of effectiveness. However, 
due to the side effects of CHX such 
as staining/discoloration of teeth and 
oral mucosa, unpleasant taste, and 
alcohol content, certain individuals 
cannot use CHX and its can only be 
used in the short term. 

The mechanism action of 
CHX as an antibacterial is described 
with the damage to bacterial cell 
membrane and leakage of 
cytoplasmic components. The 
positive charge (cations) in CHX 
attach the negative charge of 
bacterial molecules (anions). This 
will cause changes in the cell 
membrane which will disrupt the 
permeability of bacterial cell wall, 
then release the intercellular fluid or 
leakage of components and resulting 
in cell death. The higher the 
concentration of CHX, the greater the 
damage to the bacterial cell 
membrane that occurs. At low and 
high concentrations, CHX is 
bacteriostatic (inhibits bacterial 
growth) and bactericidal (kills 
bacteria).18 

CPC plays role in 
antimicrobial activity on 
supragingival plaque bacteria.19 
Several studies examining the 
combination efficacy of CPC and 
CHX and showed a decrease result 
in plaque levels and numbers of 
bacteria, as well as bleeding on 
probing (BOP) scores. The 
mouthwash combination of CPC and 
CHX may be effective for long-term 

use, due to the lower concentrations 
of CHX. It is hoped that this 
combination of mouthwash can 
maintain its effectiveness by 
minimizing the side effects that will 
occur. 

The mechanism action of 
CPC as an antibacterial by 
increasing interaction with bacterial 
cells and causing damage to the cell 
membrane resulting in leakage of 
cytoplasmic components, metabolic 
disorders and eventually cause 
death cell of bacteria. At low 
concentrations, CPC affects cells by 
disrupting osmoregulation and 
homeostasis. At high concentrations, 
CPC cause membrane damage and 
leakage of cytoplasmic components. 
CPC can also inhibit the synthesis of 
glucans that it can inhibit the 
formation of biofilms.20 

Based on research by Stela 
Lima F, et al., there are limitations to 
the use of CPC, where the 
Porphyromonas gingivalis only 
decreases with the use of CHX. 
Levels of periodontopathogens in 
CPC-treated biofilms were 
statistically similar to untreated 
biofilms. CPC only reduced 50% 
levels of Porphyromonas gingivalis.21 
In addition, the concentration of CHX 
in CHX 0.2% was higher compared 
to the combination of CHX 0.12% 
and CPC 0.1%. These things allow 
the use of CHX 0.2% to be better 
than CHX 0.12% and CPC 0.1% 
against Porphyromonas gingivalis. 



There are various other 
factors that affect the results of the 
differences in the inhibition zones 
formed. Factors that can affect the 
inhibition zone include the sensitivity 
of the organism, incubation 
temperature, incubation time, 
turbidity of the bacterial suspension, 
and thickness of the agar medium. 
The incubation temperature must be 
done at 37°C and for 24 hours, 
temperatures less than 37°C can 
cause a larger inhibition zone 
diameter. In bacterial suspension 
turbidity, the diameter of inhibition 
zone will be larger if the suspension 
is not more turbid than the turbidity of 
standard McFarland 0.5, and will be 
smaller if the suspension is more 
turbid. Less thickness of agar media 
can cause the diffusion process to be 
faster and vice versa.22 
 
Conclusion 
Based on the results of the research, 
it can be concluded that CHX 0.2% 
mouthwash has greater inhibitory 
zone than CHX 0.12% and CPC 
0.1% mouthwash against 
Porphyromonas gingivalis. There is a 
significant difference between the 
effectiveness of mouthwash 
containing CHX 0.12% and CPC 
0.1% with CHX 0.2% mouthwash in 
inhibiting the growth of 
Porphyromonas gingivalis. 
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ABSTRACT 
 

Background : Periodontitis is an inflammatory disease that affects the supporting tissue of teeth and 
causes damage to the periodontal ligament and alveolar bone, generally caused by microorganisms. Chronic 
periodontitis is often caused by gram-negative anaerobic bacteria, especially Porphyromonas gingivalis. 
Mouthwash active ingredients that frequently used such as chlorhexidine (CHX) or cetylpyridinium chloride 
(CPC) have an antibacterial effect and prevent plaque formation. Objective: This research aims to compare 
the effectiveness of mouthwash containing CHX 0.12% and CPC 0.1% with CPC 0.2% on the bacterium 
Porphyromonas gingivalis ATCC 33277. Methods : This research is an experimental laboratory by giving 
treatment to Porphyromonas gingivalis with mouthwash CHX 0.12% and CPC 0.1%, CHX 0.2%, and distilled 
water as the negative control, then calculating the inhibition zone for each treatment and continued with One-
Way ANOVA test. Result : The result showed the largest average of the inhibitory zone diameter was on CHX 
0.2% which was 12,7 mm. Meanwhile, mouthwash containing CHX 0.12% and CPC 0.1% showed an average 
diameter of inhibitory zone resulted in 10,97 mm. Conclusion : In conclusion, CHX 0.2% has greater ability of 
inhibitory than mouthwash containing CHX 0.12% and CPC 0.1% against the growth of Porphyromonas 
gingivalis. 
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INTRODUCTION 
Oral health and hygiene are important things that need attention, because poor oral condition 

or inflammation can cause pain and discomfort.1 Periodontal disease is one of the inflammatory 
condition that often found in oral cavity. The most common periodontal disease are gingivitis and 
periodontitis.2 An inflammatory condition known as periodontitis affects the tissue that supports teeth 
and usually caused by certain bacteria, where there is damage to periodontal ligament and alveolar 
bone.3 The spread of inflammation from the epithelium to the connective tissue causes damage to 
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the collagen fibers, followed by loss of attachment which is a sign of change from gingivitis to 
periodontitis. Periodontitis can be broadly classified into chronic and aggressive periodontitis.4 
Chronic periodontitis is the most common type of periodontitis. The disease progression of chronic 
periodontitis is slow to moderate and related to the plaque accumulation and calculus. The 
development of periodontitis disease may be caused by multifactorial, such as systemic, local or 
environmental factors that disrupt the interaction of normal host-bacteria.3 Although it can affect 
people of all ages, adults are more likely to be affected from chronic periodontitis. The level of local 
factors is correlated with the level of disease progression. Certain bacteria cause chronic 
periodontitis to develop more slowly.4 Chronic periodontitis is often caused by gram-negative 
anaerobic bacteria, especially Porphyromonas gingivalis.5 

Bacteria that often cause periodontal disease are Porphyromonas gingivalis, Aggregibacter 
actinomycetemcomitans, Prevotella intermedia, Tannerella forsythia, Fusobacterium spp.6 
Porphyromonas gingivalis is a gram-negative bacteria that often found in the subgingival area, and 
sometimes found in tongue and tonsils. The characteristics of Porphyromonas gingivalis are gram-
negative, coccobacilli, non-motile, asaccharolytic and pleomorphic. Porphyromonas gingivalis grows 
anaerobically with dark pigmentation in media containing blood.6,7 Porphyromonas gingivalis has 
several virulence factors, such as gingipains, lipopolysaccharide (LPS), fimbriae, lectins 
(erythrocytes), capsules, collagenase, and proteases which release harmful and toxic metabolites 
and crucial in the early stages of periodontitis development.8 

Periodontal disease can be prevented by maintaining oral hygiene, generally through plaque 
control by mechanical and chemical methods. Examples of mechanical methods are brushing teeth, 
using dental floss or an interdental brush. Examples of chemical methods are using toothpaste and 
mouthwash.9 The use of mouthwash can control supragingival plaque and gingivitis to clean the oral 
cavity mechanically.10 

Various kinds of mouthwash ingredients containing antimicrobials such as chlorhexidine and 
cetylpyridinium chloride, have shown efficacy in decreasing plaque and preserving oral hygiene.11 
Chlorhexidine (CHX) is one of mouthwash with bisbiguanide ingredients that can kill microorganism 
by damaging their membrane cell, which damages the cytoplasm. Based on experimental studies, 
CHX is the gold standard for evaluating how effectively other mouthwashes work. Long-term use of 
CHX needs to be considered because it has the potential to cause staining on teeth and changes in 
taste.12 Side effects that are often complained by the patients are stains on the teeth, mouth and 
buccal mucosa. There is also irritation of the oral mucosa, burning sensation and changes in taste 
perception.13 Side effects of CHX use are usually proportional to the duration of treatment.14 

Chlorhexidine (CHX) is available in concentrations of 0.12% and 0.2% which affect plaque 
inhibition, the plaque inhibitory properties diminishing at lower concentrations.13 CHX 0.2% is 
bactericidal and CHX 0.12% is bacteriostatic. The decrease in CHX concentration is to reduce side 
effects while maintaining the effectiveness of the ingredient.15 CHX 0.2% is effective for preventing 
plaque and gingivitis.16 

Cetylpyridinium chloride (CPC) is one of the mouthwash's active ingredients, that is made up 
of quaternary ammonium compounds, which are known to inhibit the growth of bacteria. CPC can 
also be used as a treatment for halitosis. CPC with a concentration of 0.05%-0.1% effectively acts 
as an antimicrobial. A further approach for preventing periodontal disease is to use CPC as an 
antibacterial ingredient in mouthwash since it is considered to be safe, effective and has no serious 
adverse effects.8 CPC can cause extrinsic staining effects but only slightly compared to CHX 
mouthwash, because CPC is available in preparation alcohol-free, so the side effects that occur are 
less than CHX and more beneficial for all individuals.16 

There is a combination of CHX and CPC mouthwash to eliminate the side effects of CHX and 
be more effective in inhibiting the growth of Porphyromonas gingivalis bacteria than using CHX 
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mouth wash alone. This research aims to compare the effectiveness of CHX 0.12% and CPC 0.1% 
mouthwash with CHX 0.2% against Porphyromonas gingivalis. 

 
 
MATERIALS AND METHODS  

This research used an experimental with post-test only control group design. This research 
was done at Microbiology Laboratory at Padjadjaran University in November-December 2023. 
Porphyromonas gingivalis bacteria on Mueller Hinton Agar (MHA) media were treated with a 
combination of CHX 0.12% and CPC 0.1%, CHX 0.2%, and distilled water as negative control. The 
results observed were the inhibitory zone’s diameter in millimeters. Data analysis was measured 
using the normality test, if the data is normally distributed, it will be tested using One Way ANOVA 
parametric test. 

The sample for this research was Porphyromonas gingivalis ATCC 33277 acquired from 
Microbiology Laboratory of Padjadjaran University. To calculate the sample, the Federer formula is 
used, which (t-1) (n-1) ≥ 15, where t is the amount of treatments, while n is the number of repetitions 

in each treatment, the result show that n ≥ 8.5  9. The number of repetitions for each treatment 
group is nine repetitions. 

The tools used in this research was first sterilized with autoclave at 121°C for 15 minutes. In 
this research, using Mueller Hinton Agar (MHA) as the media, weighed 38 grams of MHA media, 
dissolved in 1L of distilled water until all the media was completely dissolved, sterilized using an 
autoclave at 121°C for 15 minutes. Preparation of microorganisms test by inoculating and culturing 
Porphyromonas gingivalis ATCC 33277 obtained from the Microbiology Laboratory, Padjadjaran 
University, Bandung, then incubated for 12-24 hours at 37°C. 

Preparation of Porphyromonas gingivalis suspension was done by inoculating 
Porphyromonas gingivalis colonies that had been cultured on MHA media into bulyon solution, 
homogenized using a vortex mixer. The suspension’s turbidity was adjusted to the standard solution 
McFarland 0.5 to obtain an inoculum with bacterial counts in the range of 1.5x108 CFU/mL. 

The bacterial suspension was then put into the MHA media and spread on the surface of 
MHA using a sterile cotton swab, then treated with well diffusion. Well diffusion is done by making 
holes using a perforator in MHA media that has been inoculated with bacteria. Each hole was filled 
with treatment group, namely CHX 0.12% and CPC 0.1%, CHX 0.2%, and distilled water for the 
negative control. After that, the petri dish was incubated in an incubator at 37°C for 24 hours. The 
same procedure is repeated nine times, then observe and calculate the inhibitory zone’s diameter 
that formed around the hole using caliper. 

Antibacterial activity can be categorized from the diameter of inhibition zone, which is weak 
with the diameter <5 mm, moderate 5-10 mm, strong 10-20 mm, and very strong with an inhibition 
zone diameter >20 mm.17 
 
RESULT 

The results of measuring the diameter of the inhibitory zone for mouthwash containing CHX 
0.12% and CPC 0.1%, CHX 0.2%, and distilled water against Porphyromonas gingivalis can be seen 
in table 1. 
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Table 1. Results of Measurement of Inhibitory Zone Diameter 

 
 
Figure 1. The results of observation of the inhibitory zone diameter of CHX 0.12% and CPC 0.1%, 
CHX 0.2%, and control negative against P. gingivalis 
 

 
 

Based on research, the largest diameter of the inhibition zone was in the CHX 0.2% 
mouthwash treatment, which was 12.7 mm. The next diameter of inhibition zone is in the mouthwash 
treatment containing CHX 0.12% and CPC 0.1%, which was 10.97 mm. While in the negative control 
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treatment, no inhibition zone was developed or the inhibition zone was zero. Based on the 
classification of inhibition, the result of measurement of the inhibitory zone diameter for CHX 0.12% 
and CPC 0.1% and CHX 0.2% included in the strong category (Table 2). 

 
Table 2. Classification of inhibition zones of CHX 0.12% and CPC 0.1% and CHX 0.2% against P. 
gingivalis 

 
The normality test was done using Shapiro-Wilk because the samples were less than 50. 

The normality test results for CHX 0.12% and CPC 0.1% showed a significance value of 0.138 and 
for CHX 0.2% showed significance value of 0.905. The data results show a p-value>0.05, it can be 
conclude that the data is normally distributed, then it can be continued with analysis statistic using 
One Way ANOVA test. After normality test, continued with homogeneity test using the Levene test 
to find out whether the data is homogeneous or not. The homogeneity test results show a significance 
value of 0.002 (p-value <0.05) so it can be assumed that the data is not homogeneous. 
The results of One Way ANOVA test showed a significance value of 0.000 where p-value<0.05, 
means there were significant differences in the three treatments given. The non-homogeneous data 
was continued with Post Hoc test using the T-test to determine which treatment was the most 
significant. Post Hoc test results showed p-value <0.05. It can be concluded that CHX 0.12% and 
CPC 0.12%, CHX 0.2%, and distilled water were significantly difference in inhibiting Porphyromonas 
gingivalis. 
 
 
DISCUSSION 

This research used well diffusion method to see the difference in effectiveness between 
mouthwash containing CHX 0.12% and CPC 0.1% with CHX 0.2%. The larger the clear zone formed 
around the hole, the higher the inhibition. From the results of the inhibition zone measurements, the 
largest average of inhibitory zone’s diameter is on mouthwash containing CHX 0.2%. This shows 
that CHX 0.2% is the most effective mouthwash in inhibiting Porphyromonas gingivalis compared to 
mouthwash containing CHX 0.12% and CPC 0.1%. 

Based on the research by Betadion R, et al., chlorhexidine has the strongest antibacterial 
effect against Porphyromonas gingivalis, so CHX is used as the gold standard and often as a positive 
control for antibacterial examination of other materials.18 CHX is considered as gold standard for 
antimicrobial mouthwash due to its proven on long-term of effectiveness. However, due to the side 
effects of CHX such as staining/discoloration of teeth and oral mucosa, unpleasant taste, and alcohol 
content, certain individuals cannot use CHX and its can only be used in the short term. 

The mechanism action of CHX as an antibacterial is described with the damage to bacterial 
cell membrane and leakage of cytoplasmic components. The positive charge (cations) in CHX attach 
the negative charge of bacterial molecules (anions). This will cause changes in the cell membrane 
which will disrupt the permeability of bacterial cell wall, then release the intercellular fluid or leakage 
of components resulting in cell death. The higher the concentration of CHX, the greater the damage 
to the bacterial cell membrane that occurs. At low and high concentrations, CHX is bacteriostatic 
(inhibits bacterial growth) and bactericidal (kills bacteria).18 

CPC plays role in antimicrobial activity on supragingival plaque bacteria.19 Several studies 
examining the combination efficacy of CPC and CHX and showed a decrease result in plaque levels 
and numbers of bacteria, as well as bleeding on probing (BOP) scores. The mouthwash combination 
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of CPC and CHX may be effective for long-term use, due to the lower concentrations of CHX. It is 
hoped that this combination of mouthwash can maintain its effectiveness by minimizing the side 
effects that will occur. 

The mechanism action of CPC as an antibacterial by increasing interaction with bacterial 
cells and causing damage to the cell membrane resulting in leakage of cytoplasmic components, 
metabolic disorders and eventually cause death cell of bacteria. At low concentrations, CPC affects 
cells by disrupting osmoregulation and homeostasis. At high concentrations, CPC cause membrane 
damage and leakage of cytoplasmic components. CPC can also inhibit the synthesis of glucans that 
it can inhibit the formation of biofilms.20 

Based on research by Stela Lima F, et al., there are limitations to the use of CPC, where the 
Porphyromonas gingivalis only decreases with the use of CHX. Levels of periodontopathogens in 
CPC-treated biofilms were statistically similar to untreated biofilms. CPC only reduced 50% levels of 
Porphyromonas gingivalis.21 In addition, the concentration of CHX in CHX 0.2% was higher 
compared to the combination of CHX 0.12% and CPC 0.1%. These things allow the use of CHX 
0.2% to be better than CHX 0.12% and CPC 0.1% against Porphyromonas gingivalis. 

There are various other factors that affect the results of the differences in the inhibition zones 
formed. Factors that can affect the inhibition zone include the sensitivity of the organism, incubation 
temperature, incubation time, turbidity of the bacterial suspension, and thickness of the agar 
medium. The incubation temperature must be done at 37°C and for 24 hours, temperatures less 
than 37°C can cause a larger inhibition zone diameter. In bacterial suspension turbidity, the diameter 
of inhibition zone will be larger if the suspension is not more turbid than the turbidity of standard 
McFarland 0.5, and will be smaller if the suspension is more turbid. Less thickness of agar media 
can cause the diffusion process to be faster and vice versa.22 
 
CONCLUSION 
Based on the results of the research, it can be concluded that CHX 0.2% mouthwash has greater 
inhibitory zone than CHX 0.12% and CPC 0.1% mouthwash against Porphyromonas gingivalis. 
There is a significant difference between the effectiveness of mouthwash containing CHX 0.12% and 
CPC 0.1% with CHX 0.2% mouthwash in inhibiting the growth of Porphyromonas gingivalis. 
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