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ABSTRACT

Introduction: Root canal treatment for pulp necrotic aimed to eliminate pulp inflammation and restoring  
tooth function. Inflammation in this area mostly by gram-positive facultative anaerobic bacteria which  
are Streptococcus pyogenes and Streptococcus sanguinis. To eliminate all bacteria in the root canal it  
can be allocated medicaments to keep it sterile until procedure filling the root canal. It is highly possible  
that essential oil from Kaempferia galanga Linn potential to be used as an antibacterial root canal  
medicaments. Methods: Experimental laboratory research with post-test only in the control group. The  
group divided into two arms of S. pyogenes and S. Sanguinis and subsequently divided into 8 groups  
with concentration of 6.25%; 7.25%; 8.25%; 9.25%; 10.25%; 11.25%; 12.25%; 12.5% and 6 groups  
of concentration (4%, 5%, 6%, 7%, 8%, 9%) respectively. Results: The MIC of S. pyogenes were 8,25%  
compared to 6% of S.sanguinis, while the MBC were 9.25% and 7%, respectively. Data analysis showed  
a significant difference in the concentration of essential oil from Kaempferia galanga L. on the number  
of colonies S.pyogenes and S. sanguinis (One way ANOVA, sig = 0.000) and there was a significant  
correlation with each increase in the concentration of essential oil of Kaempferia galanga L. which  
decreased the number of colonies S.pyogenes and S. sanguinis (Pearson, sig= 0.000, Correlation  
coefficient= -0.841; -0.899). Conclusion: Essential oil of Kaempferia galanga Linn. potentially effective for  
root canal medicament against both in vitro study. 
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INTRODUCTION

Dental caries is a progressive form of tooth mineral  
loss, progressive over time, with less remineralization 
process than demineralization (19). Demineralization  
is closely related to the level of acidity and duration  
of the acidity level on the tooth surface (28).  
Ultimate aspects which trigger dental caries are 
the host (teeth and saliva), substrate (food), caries- 
inducing microorganisms and time (29). Treatment 
suggestively performs immediately on the affected  
area, delayed action will lead to pulp necrosis due  
to penetration of bacterial toxins into the pulp  
and root canals (4). Pulp necrosis is an irreversible  
condition characterized by the destruction of both  
hard and soft tissues of the tooth (5).

Up to 90% of bacteria that dominate root canals  
are anaerobic due to conditions which are  
suitable for bacterial growth and gram-positive  
organisms (22,23). Common bacteria found in this 
site are Streptococcus spp. 25%, including 16.5% 
Streptococcus pyogenes and up to 88% Streptococcus 
sanguinis (1,13,21,34,). One treatment option to treat 
pulp necrosis is Root Canal Treatment (RCT) (30). 
This method is targeted to treat inflammation and  
to maintain teeth function. Protocols for RCT include 
preparation for cleaning and shaping, sterilization  
in terms of disinfection and irrigation, and obturation 
of the root canal. Bacteria presence contributed  
to the effectiveness of the root canal treatment. 
The presence of resistant bacteria after RCT and 
bacteria that multiply after root canal obturation  
can lead to root canal treatment failure (31). Therefore,  
medicament materials are needed to increase the  
chance of success in these modalities(27).

Medicaments refer to substances used to reduce 
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an incubator for 24 hours at 37oC. Subsequently the  
BHIB media containing growth bacteria were  
measured for its Optical Density (OD) using a 
spectrophotometer at max = 625 nm wavelength.  
The colony measures were immersed into a  
suspension containing 10^8 CFU/ml and diluted  
by mixing 9 ml of 0.9% NaCl using the formula  
N1 x V1 = N2 x V2 to obtain 10^6 CFU/ml. The  
1 ml from the two bacteria suspensions were taken  
and dropped into the prepared test tube.

b. Negative and Positive Controls
Negative control prepared by mixing 10% DMSO 
(Dimethyl Sulfoxide) solution and 0.5% Tween 80 in 
ratio of 1:1 based on calculations (example 1 ml of 
negative control solution is needed):

Volume DMSO 10%       	 = 0,5 ml
Volume Tween 80 0,5% 	 = 0,5 ml

Positive control was made by mixing 1 ml of Cresotin 
liquid No.2 and 1 ml of S. pyogenes bacterial  
suspension and mixing 1 ml of 2% Chlorhexidine  
and 1 ml of S. sanguinis bacterial suspension.

c. Antibacterial Activity of Aromatic ginger Rhizome 
Essential Oil against Streptococcus pyogenes
Sterile tubes were provided for S. pyogenes and  
S. sanguinis colonies on BHIB media and equalized  
with a spectrophotometer for its turbidity. A  
preliminary study performed to find the concentration 
density, the assay biologically triplicates. An aromatic 
ginger (known as aromatic ginger) rhizome essential  
oil with various concentrations was prepared as  
before.

Bacterial suspension with a concentration of 10^6  
CFU/ml was prepared. One ml bacterial suspension 
poured into all tubes and incubated for 24 hours  
at 37oC. After 24 hours, MIC (Minimum Inhibitory 
Concentration) value was measured by visually 
observing the turbidity of the tube. One loop taken  
for inoculation on BHIA media before incubating  
for 24 hours at 37oC.

On the third day, the MBC (Minimum Bactericidal 
Concentration) value was obtained from colony 
counting. MBC is determined by inhibition of  
bacterial colony proliferation on the BHIA media.

Data Analysis
Firstly, the normality and homogeneity tests were  
used to determine the effect of aromatic ginger  
rhizome different concentrations on the growth of  
S. pyogenes and S.sanguinis colonies. One-Way 
ANOVA test was used to determine the effect of  
different concentrations of the aromatic ginger  
rhizome essential oil on the growth of S. pyogenes and 
S.sanguinis colonies.

pain in the root canal, eliminate bacteria in the  
root canal and prevent secondary infection (31). It is  
known various medicament materials such as  
calcium hydroxide, phenol groups, aldehydes, halides, 
steroids, antibiotics, chlorhexidine digluconate,  
and poly-antimicrobial paste (7,17-18). However, 
the chemical compounds contained in medicament 
ingredients are usually accompanied by the side  
effects of active allergen and are toxic for users (6,31).

Traditional ingredients for medicines are considered 
safer because relative minimal side effects (7). One of 
this traditional ingredients is Kaempferia galanga L. 
which has active ingredients of flavonoids, saponins, 
polyphenols, alkaloids, terpenoids, and essential oils 
that potentially have antibacterial roles (14,24,29).  
One of the main ingredients of kencur rhizome is  
essential oil (10). The essential oil of kencur rhizome  
has the main and the most content up to  
54.07%, namely ethyl p-methoxycinnamate (12).  
Ethyl p-methoxycinnamate is a chemical compound  
that has antibacterial activity (9).

Testing of Kaempferia galanga L. essential oil as a root 
canal medicament against Streptococcus pyogenes 
and Streptococcus sanguinis has never been done,  
so researchers need to prove that has Kaempferia  
galanga L. essential oil effectiveness as a root canal 
medicament against Streptococcus pyogenes and 
Streptococcus sanguinis in vitro study.

MATERIALS AND METHODS

Research Design
This study applied a laboratory experimental  
research design that included only post-test in the 
control group.

Research Sample
The sample in this study used a random sampling 
technique of bacteria:
(1) Streptococcus pyogenes
(2) Streptococcus sanguinis

Research Variables
The independent variable on the bacterium S. pyogenes 
treated with essential oil of aromatic ginger rhizome 
in different concentration n of 6.25%; 7.25%; 8.25%; 
9.25%; 10.25%; 11.25%; 12.25%; 12.5%, and  
S. sanguinis bacteria treated with essential oil of  
aromatic ginger rhizome in a concentration of 4%; 
5%; 6%; 7%; 8%; 9%. The dependent variable refers 
to the number of bacterial colonies of S. pyogenes and  
S. sanguinis.

Research Procedure
a. Test Suspension Preparation
Two bacterial colonies were strake on BHIB  
(Brain Heart Infusion Broth) media and growth in 
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Figure 4 : Streaking results of aromatic ginger  
rhizome essential oil on BHIA media (A) S. pyogenes  
with MBC 9,25%. (B) S. sanguinis with MBC 7%.  
(Personal documentation, 2020).

Figure 3 : Dilution results of the test tube  
concentration of the essential oil of aromatic  
ginger rhizome essential oil (A) S. pyogenes with MIC 
8,25% (B) Streptococcus sanguinis with MIC 6%.  
(Personal documentation, 2020).

The antibacterial test results were repeated three  
times for each treatment. Furthermore, bacterial  
colonies in each BHIA medium were counted  
using a colony counter.

Additionally, Pearson correlation analysis was used  
to determine the relationship between increasing 
aromatic ginger rhizome essential oil concentration  
and decreasing S.pyogenes and S.sanguinis colony 
counts. The effect of giving the aromatic ginger  
rhizome essential oil on the growth of S. pyogenes 
and S. sanguinis colonies was then determined using  
a multivariate linear regression analysis.

RESULTS  

Prior antibacterial activity test with the core 
concentration, a preliminary test was conducted  
to determine the maximum concentration.

Figure 1 : Different turbidity on the preliminary 
test tube dilution using aromatic ginger rhizome 
essential oil on (A) S pyogenes. (B) S. sanguinis.   
(Personal documentation, 2020).

Figure 2 : Preliminary test streaking results on 
BHIA media (A) S. pyogenes. (B) S.sanguinis. 
(Personal documentation, 2020).

After 24 hours of incubation on S. pyogenes bacteria, 
the preliminary test tube dilution demonstrated  
that concentration of 12.5 percent apparently clear,  
while for S. sanguinis demonstrated clear turbidity 
concentration of 16 percent. BHIA culture media for 
S. pyogenes bacteria obtained a concentration of 
12.5 percent, which resulted in no bacterial growth, 
and a concentration of 6.25 percent, which resulted 
in continued bacterial growth. In S. sanguinis, the  
16 percent concentration was no longer detected,  
but the 6.4 percent concentration was still breeding 
bacteria. Thus, the concentration was compressed  
to determine the MIC and MBC.

At 37oC, the tube dilution test with core concentration 
was incubated for 24 hours. The MBC value is 
determined by scratching the tube dilution results  

onto a plate containing BHIA media and streaking 
results indicate that there is no bacterial proliferation  
in S. pyogenes at a concentration of 9.25 percent  
and no bacterial proliferation in S. sanguinis at a 
concentration of 7 percent.

Based on the results of different tests, the effect of  
giving various concentrations of the aromatic  
ginger rhizome essential oil on the decrease in the  
growth of the number of S. pyogenes and S. sanguinis  
colonies resulted in a significant 0.000. The value 
of sig < 0.05 means that there is a significant  
difference in the average concentration of each 
concentration of the aromatic ginger rhizome  
essential oil on the number of colonies of S. pyogenes 
and S. sanguinis.

From the results of the Pearson correlation test, the  
value of sig = 0.000 was obtained which stated that  
there was a significant correlation between the  
increase in the concentration of the aromatic ginger  
rhizome essential oil and the proliferation of  
S. pyogenes and S. sanguinis colonies.
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decrease by 7.786 and that of S. sanguinis by 10.781 
at each application of 1 percent concentration of the 
aromatic ginger rhizome essential oil.  	

The magnitude of the effect of the concentration of 
aromatic ginger rhizome essential oil on bacterial 
proliferation was obtained, the variable concentration 
of aromatic ginger rhizome essential oil in predicting 
the growth of bacterial colonies of S. pyogenes was  
0.7 percent and S. sanguinis was 80.8 percent, while 
other factors were affected by other variables that  
were not included in this study.

DISCUSSION

The isolates of S. sanguinis and S. pyogenes which 
were implemented in this study were obtained from 
the Microbiology Research Center Laboratory of the 
Faculty of Dentistry, Airlangga University which has 
an accredited statement letter through gram staining 
and biochemical tests. Gram stain test with bacterial 
staining technique to distinguish gram positive and  
gram negative bacteria (25). Gram-positive bacteria 
showed purple results (8). In both these bacteria,  
purple results were obtained which indicated that 
these bacteria were Gram Positive bacteria (35). 
The microbiological analysis method used is TPC  
(Total Plate Count), the basic principle behind this 
approach is to embed live microbial cells in agar  
media, so that they will grow and combine into  
colonies that can be seen and counted visually (33).

Making essential oil of kencur rhizome (Kaempferia 
galanga L.) using steam distillation method. Distillation 

The r count obtained from the S. pyogenes test was 
-0.841 and from the S. sanguinis test was -0.899. 
The negative result indicates that the higher the  
concentration of the aromatic ginger rhizome 
essential oil, the lower the number of S. pyogenes  
and S. sanguinis colonies. In the range of relationship 
strength, the calculated r value obtained from the  
S. pyogenes bacteria test was in the strong range,  
and from the S. sanguinis bacterial test was in the  
very strong range.

Table I. Simple Linear Regression Test Results Data (A) 
S. pyogenes (B) S. sanguinis

From the results of the regression test on the  
S. pyogenes bacteria test, the following equation was 
obtained:

Y = 87,892 – 7,786 the concentration of essential oil  
of the aromatic ginger rhizome

The results of the regression test on the S. sanguinis 
bacteria test obtained the following equation:

Y = 86,187 – 10,781 the concentration of essential  
oil of the aromatic ginger rhizome

This equation can be interpreted as follows:
a.	 The constant of the S. pyogenes test equation 
was 87.892 and the S. sanguinis test was 86.187.  
This explains the average number of colonies of  
S. pyogenes and S. sanguinis if no essential oil is given.
b.	 The regression coefficient states that the average 
number of colonies of S. pyogenes bacteria will  

Table I  : (A). Simple Linear Regression Test Results Data  S. pyogenes

Variable

Unstandardized Coefficients Standardized Coefficiens

t Sig.
B Std.Error Beta

Constanta 87,892 10,571 8,314 0,000

Concentration of  
Kaempferia Essential 
Oil 

-7,786 1,068 -0,841 -7,287 0,000

Table I : (B). Simple Linear Regression Test Results Data  S. sanguinis

Variable
Unstandardized Coefficients Standardized Coefficiens

t Sig.
B Std.Error Beta

Constanta 86,187 8,841

Concentration of  
Kaempferia Essential 
Oil 

-10,781 1,316 -0,899 -8,195 0,000
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is a method of purification of solid compounds  
starting from the evaporation of liquid compounds 
through a heating process, then the vapor formed will  
be accommodated in a separate container to obtain  
ure liquid compounds(20). The solvent for kencur 
rhizome essential oil used in this study was DMSO  
10% and Tween 80 0.5%(15).

Dimethyl Sulfoxide (DMSO) has the capacity to  
penetrate cell membranes. The use of DMSO 
concentration as a solvent is prohibited from  
exceeding 10% because it can trigger cell membranes  
to lysis (2). Tween 80 is a trademark of an ester 
compound that acts as an emulsifier that can increase 
the solubility of essential oils. Based on preliminary  
tests that have been carried out by previous  
researchers, that 10% DMSO + Tween 80 0.5%  
solution does not have antibacterial activity, so the 
solution can be used as a negative control(15).

The Minimum Inhibitory Concentration (MIC) of 
kencur rhizome essential oil against S. pyogenes 
was 8.25% and S. sanguinis was 6%. Previous 
research on S. pyogenes also revealed a reduction 
in bacterial reproduction by red ginger essential oil 
which is still of the same order Zingiberales with  
Kaempferia galanga L., that is, an antibacterial 
effectiveness of 5% was obtained due to the presence 
of chemical compounds in red ginger, namely 1-3% 
essential oil, oleoresin, terpenoids, gingerols and 
shogaols (3), while previous studies on S. sanguinis 
showed reduced bacterial proliferation by cinnamon 
essential oil (Cinnamon cassia), which was obtained 
antibacterial effectiveness at a concentration of 5% 
due to the presence of cinnamaldehyde and eugenol 
compounds (11). 

The significance value of the ANOVA test results  
of 0.000 (p <0.05) showed that there were differences 
in treatment at each concentration of kencur  
rhizome essential oil to decrease the number of 
colonies of S. pyogenes and S. sanguinis. The increase 
in the concentration of kencur rhizome essential oil 
is directly proportional to the increase in chemical 
compounds which include saponins, flavonoids, 
phenols, alkaloids, tannins, ethyl p-methoxycinnamate, 
and monoterpenoids. Thus, causing differences in 
the effectiveness of kencur rhizome essential oil 
(12,14,19,24,26).

The higher the concentration of kencur rhizome  
essential oil that was applied, the breeding of S. 
pyogenes and S. sanguinis colonies would decrease. 
The decrease in the proliferation of bacterial colonies 
of S. pyogenes and S. sanguinis was due to the  
presence of saponin activity that damaged the 
permeability of the bacterial membrane (14).  

Flavonoids can inhibit bacterial DNA synthesis  
resulting in disrupted bacterial metabolism (26).  
Tannins combine with proteins to form H+ ions  
and cause the pH to turn acidic, rendering the  
bacterial enzymes inactive. Alkaloids work 
by preventing the formation of bacterial cell  
walls (16). Ethyl p-methoxycinnamate is a phenol 
derivative compound. Phenol and protein will 
create hydrogen bonds that can destroy the protein  
structure of bacteria. The hydrogen bonds will affect 
the permeability of the cell wall and the bacterial 
cytoplasmic membrane which consists of proteins. 
Disruption of the permeability of the bacterial  
cell wall and cytoplasmic membrane will trigger 
an imbalance of macromolecules and ions in  
bacterial cells, resulting in cell lysis. Monoterpenoids 
as antibacterial are the result of reactions with  
proteins outside the bacterial cell wall membrane, 
thereby creating polymeric bonds that can damage 
proteins. Damage to proteins will result in disruption 
of the penetration of compounds into the bacterial  
cell wall, can trigger bacterial cells to lose nutrients  
and slow bacterial reproduction and even die (19).

The effect of giving kencur rhizome essential oil 
to decrease the number of colonies of S. pyogenes 
by 70.7% and S. sanguinis by 80.8%. While other 
factors that can affect the growth of the number of  
bacterial colonies include physical and chemical 
aspects. Physical aspects include pH and osmotic 
pressure. Meanwhile, the chemical aspects include 
light, sulfur, phosphorus, carbon and nutrients in the 
growth medium (32).

CONCLUSION

Kaempferia galanga L. essential oil potentially effective 
for root canal medicament against both bacteria  
species in this in vitro study.
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