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Background: Calcium hydroxide has been known as the gold standard of pulp capping
process, but still has some weaknesses such as a pH that is too high to be potentially toxic,
resistant to certain bacteria, causing necrosis of the pulp, and causing a tunnel defect. This
weakness causes researchers to look for alternative ingredients that have antibacterical
properties that can be combined with calcium hydroxide. Propolis has antibacterial
properties such as flavonoids, tannins, saponins, and terpenoids which can work as the best
carrier that allows dissociation of ions from calcium hydroxide so the combination of both
that has antibacterial power is expected to have an effective antibacterial potency against the
number of bacterial colonization with mixed dentine carious. Aims: This study aims to
determine the antibacterial potency produced by a combination of calcium hydroxide and
propolis against mixed bacteria of carious dentine. Methods: The research was carried out
using 4 treatment groups with each of 7 samples. Group | is a combination of calcium
hydroxide and propolis with a ratio of 1: 1, group 2 with a ratio of 1: 1.5, group 3 with a
ratio of 1. 2, and a positive control group. Each sample was put into a suspense of mixed
bacteria of carious dentine, grown for 24 hours. Suspense is vortexed for 1 minute so the
solution becomes homogeneous. Put 0.1 ml of suspended mixed bacteria of dentine carious
from BHIB media, grown for 24 hours on MHA media and counted the number of colonies.
Results: The highest number of colonies in the positive control group, then group 1, group 2,
and the least number of colonies in group 3 with the most extract of propolis. Conclusion:
The combination of calcium hydroxide and propolis with a ratio of 1: 2 has the best
antibacterial power in inhibiting colonization of mixed bacteria of carious dentine.
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BACK GROUND commonly used for people, and is
multifactorial. Dental caries is caused by

According to Data of Riset various factors, such as microbes and

Kesehatan Dasar (RISKERDAS) 2013, the ~ Products produced, genetic, -behavioral,
population of Indonesia who had problems and environmental interrelated |n2the onset
with dental and oral health was 25.9%. and development of dental caries”.

While 72.3% had a history of caries, and The process of caries usually starts

from superficial namely enamel caries, but
if it did not treat well, it will become caries

around 53.2% for active children®. Dental
caries is a chronic disease that is most
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which involves deeper tissue namely pulp
dentin complex. This deep caries can cause
bacterial invasion into the pulp space
which can cause necrosis®.

Members of the streptococcal group;
Streptococcus mutans, and Streptococcus
sabrinus are considered as primary
etiologies that induce caries. Another
study identifying microorganisms found in
dentinal caries is Lactobacillus spp®
Untreated and continuing caries dentine
can become more severe and can cause
pulp necrosis and cause the pulp to
become unnecessary. Therefore, the
treatment in the field of conservation is as
much as possible maintaining pulp vitality
by using effective treatment pulp capping”.

Pulp  capping  treatments are
treatments using biocompatible materials
on the pulp that are open both due to
trauma and iatrogenic®. This treatment
aims to form reparative dentin and
eliminate the cariogenic bacteria involved
so that the vitality of the pulp can be
maintained. Products derived from calcium
hydroxide are the agents most often used
to treat deep carious lesions®. Pulp capping
consists of 2 types, namely direct and
indirect pulp capping. When the dental
pulp is exposed, the technique used is
direct pulp capping. The indirect pulp
capping technique is used in conditions
where there is still a thin layer of dentin’.

Calcium hydroxide is generally used
as pulp capping material, intracanal
medical material, root canal filling
material, and pulpotomy treatment®,
Calcium hydroxide has long been the gold
standard in pulp capping treatments
because it has an antibacterial effect and
has the ability to stimulate the formation of
reparative dentin’. Calcium hydroxide
works by increasing the occurrence of
mineralization from healthy dentine, the
occurrence of soft dentin remineralization
and dentine sterilization that has infection.
This calcium hydroxide has an alkaline pH
so that it can affect or change the
environment so that bacteria cannot
develop and provide neutral conditions so

that stimulation of hard tissue formation
occurs®,

Calcium hydroxide has disadvantages
such as being resistant to certain bacteria:
Enterococcus faecalis, Candida species,
and Actinomyces radicidentis’. Calcium
hydroxide is applied directly to the pulp
tissue, necrosis can occur in adjacent pulp
tissue, and cause inflammation of the
surrounding tissue®. Calcium hydroxide in
the treatment of pulpotomy of primary
teeth can cause pulp necrosis and apical
periodontitis’™®.  Based on  these
shortcomings, new material from nature
with minimal side effects, and high
antibacterial activity attracted the attention
of researchers to be combined with
calcium hydroxide to see its effectiveness,
one of which is propolis®.

Propolis is a natural resin substance
collected by bees from plant buds or
extrudates. Honey bees use propolis as a
cover hole or gap from their nest, also
protect their nests from insect attacks.
Propolis has also been used for a long time
as a traditional medicine because some
active ingredients, such as flavonoids,
terpenoids, saponins, caffeic acid penethyl
esters (CAPE), etc. it can be as
antibacterial,  anti-inflammatory, and
immunomodulatory™. Propolis has been
shown to rarely cause allergic reactions
and is not toxic™.

Flavonoids contained in propolis can
inhibit microorganisms by denaturing
proteins and nucleic acids that can cause
coagulation and freezing of proteins.
Flavonoids also cause disruption of
bacterial metabolism which results in
insufficient energy requirements so that
cells from bacteria are permanentlsy
damaged and cause bacterial death™.
Because calcium hydroxide and propolis
both have antibacterial effects, in this
study we want to know the antibacterial
power of a combination of calcium
hydroxide and propolis.

It is wise to conduct a study of
minimal inhibitory concentrations and the
concentration of killing a minimum of
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propolis extract against mixed caries
dentine bacteria. The minimum
concentration of  kill  concentration
obtained by propolis extract on mixed
dentin caries bacteria is 8% *. Ozorio
proved that there is reparative dentin
formation in a combination of calcium
hydroxide - propolis in a ratio of 1: 1*°. In
addition, in  Leo's research, the
combination of calcium hydroxide-
propolis  against the number of
Lactobacillus acidophilus bacteria and the
ratio of 1: 2 had the best antibacterial
powerl6. Therefore, in this study we want
to know the antibacterial combination of
calcium hydroxide and propolis against
mixed dentin caries bacteria with a ratio of
1:1,1:15and 1: 2.

MATERIALS AND METHODS

All tools used in this study were first
sterilized in Autoclave (Oxoid, UK) for 30
minutes at a temperature of 121°C.

1000 grams of Apis melifera
honeycomb in the form of solids are cut
into small pieces with approximately half
to 1cm in diameter and then inserted into
the extractor and added with 1000 ml of
96% ethanol in a closed container and
mixed until all propolis is submerged in
ethanol solution. Then shake with a shaker
to make it homogeneous for 3 x 24 hours.
After that maceration is stopped and
filtered. From the results of filtration
obtained a thin, clear liquid from propolis.
After that, clear liquid from propolis was
evaporated with a vacuum evaporator with
a temperature of 500c - 600c. Then the
propolis extract in the form of a brownish
liquid with a concentration of 100% pure
propolis™.

Making 8% concentration of propolis
solution formulation using dilution method
from 100% propolis extract solution using
sterile distilled water.

The combination of calcium hydroxide
with propolis extract was made by mixing
calcium hydroxide powder (analysis of
Merck, Germany) and Apis melifera bee
propolis extract with a ratio of 1: 1 (0.125

gram calcium hydroxide powder with
0.125 ml propolis extract), 1: 1.5 (powder
calcium hydroxide 0.125 gram with
propolis extract 0.1875 ml), 1: 2 (calcium
hydroxide powder 0.125 grams with 0.25
ml propolis extract), and as a control group
of material calcium hydroxide mixed with
distilled distilled water™.

Preparing stock of deep carious mixed
bacteria on MHA media. Then make a
deep carious bacterial suspension suspense
on BHIB media by inserting one colony
into the test tube containing BHIB.
Incubation for 24 hours at 37°C. The
concentration of bacteria is adjusted to the
standard 0.5 Mc Farland (1.5 x 108 CFU /
ml) 7.

The  combination  of  calcium
hydroxide-propolis and sterile calcium
hydroxide were added to the mixed
bacterial culture of dentine caries on BHIB
media for 24 hours. Then take a
combination of calcium hydroxide-
propolis and sterile calcium hydroxide-
aquadest, and put it in the BHIB media.
Vortex is performed for 1 minute. Take 0.1
ml of the BHIB into the MHA solid media
and level it using a spreader. Add in jar
and gas genering kit, then incubate at 37°C
for 24 hours. Manually calculate dentine
carious mixed bacterial colonies grown on
Muller Hinton media and expressed with
colony forming units (CFU). The
calculation is repeated three times by three
different observers®.

RESULT

This study aims to determine the
antibacterial strength of the combination of
calcium hydroxide-propolis against
colonization of dentine carious mixed
bacteria using an experimental unit
consisting of a positive control group (a
combination of sterile calcium hydroxide),
treatment group | (a combination of
calcium hydroxide-propolis with a ratio of
1: 1), treatment group Il (combination of
calcium hydroxide-propolis with a ratio of
1. 15), and treatment group Il
(combination of calcium hydroxide-
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propolis with a ratio of 1: 2), with each
experimental unit group as many as 7
samples. The average research results are
shown in table 1

Table 1. Average and standard
deviation of the number of dentine carious
mixed bacterial colonies in colony forming
units.

Groups N | x S.D.

Control 7 | 7443 |1.718
I 7 14171 |1.496
1 7 | 2857 |2.637
Il 7 1157 |1.718

Table description:

- Positive control = calcium hydroxide

- Group | = combination of calcium hydroxide-
propolis 1: 1

- Group Il = combination of calcium hydroxide-

After the normality and homogeneity
test, the data analysis was continued to
find out whether there were significant
differences between treatment groups
using different tests with One Way
ANOVA. On the results of different tests,
the value of p = 0.000 (p <0.05) indicates
that there are significant differences
between treatment groups.

Next to find out the differences
between treatment groups, the Tukey
Honestly Difference (HSD) Post-Hoc test
was carried out. The test results in each
treatment group can be seen in table 2.

Table 2 Different tests between groups treated with
Honestly Significant Difference.

. Research Control | Combination | Combination | Combination
pI’OpO|IS 115 . . Group of CaOH- of CaOH- of CaOH-
- Group Il = combination of calcium Propolis 1:1 Propolis Propolis 1:2

- L 115
hydI‘OXIde propolls 1.2 Control - p = 0.000* p = 0.000* p = 0.000*
Combination p= p = 0.000* p = 0.000*
ANALIZE OF THE RESEARCH ofCaoH- | 0.000%
RESULT Propolis 1:1
: Combination p= p = 0.000* p = 0.000*
From the data above, to determlqe of CaOH- | 0.000%
whether homogeneous research data is Propolis
. . ) 115
tested for homogeneity using Levene’s | mtera— 50000 | p=00007
Test. From the homogeneity test obtained | ofcaoH- | 0.000*
Propolis 1:2

p = 0.198 (p> 0.05), meaning that the
research data obtained is homogeneous.

After the homogeneity test, to find out
whether the research data is normally
distributed, a normality test is conducted.
The normality test in each group was
carried out using the Shapiro-Wilk test.
The normality test for the combination
group of calcium hydroxide and sterile
distilled water obtained p = 0.958 (p>
0.05), the combination group of calcium
hydroxide and propolis 1. 1 obtained p =
0.591 (p> 0.05), a combination group of
calcium hydroxide and propolis 1. 1.5
obtained p = 0.744 (p> 0.05), and the
combination group of calcium hydroxide
and propolis 1: 2 obtained p = 0.958 (p>
0.05). In the normality test obtained p>
0.05 in all treatment groups, this means
that the research data obtained is normally
distributed.

Description: * there is a significant
difference with p <0.05

From the data above, it was found that
there were significant differences between the
combination group of calcium hydroxide and
aquadest sterile with a combination of calcium
hydroxide and propolis 1: 1 with p = 0.000 (p
<0.05) which means the combination group of
calcium hydroxide and propolis 1: 1 had
antibacterial power which is better than the
combination of sterile calcium hydroxide and
aquadest.

There was a significant difference
between the combination group of calcium
hydroxide and distilled aquadest with a
combination of calcium hydroxide and
propolis 1: 1.5 with p = 0.000 (p <0.05) which
means that the combination group of calcium
hydroxide and propolis 1: 1.5 had better
antibacterial  power compared to the
combination of sterile calcium hydroxide and
aquadest.
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There was a significant difference
between the combination group of calcium
hydroxide and distilled aquadest with a
combination of calcium hydroxide and
propolis 1: 1: 2 with p = 0.000 (p <0.05),
which means that the combination group
of calcium hydroxide and propolis 1: 2 had
better antibacterial strength with a
combination of sterile calcium hydroxide
and aquadest.

The combination of calcium
hydroxide and propolis with a ratio of 1: 1
showed a significant difference with the
combination group of calcium hydroxide
and propolis 1: 1.5 with p = 0.000 (p
<0.05), which means the combination
group of calcium hydroxide and propolis
1: 1.5 has better antibacterial power
compared to the combination of calcium
hydroxide and propolis 1: 1.

The combination of calcium
hydroxide and propolis with a ratio of 1: 1
shows a significant difference with groups
1: 2 with p = 0.000 (p <0.05) which means
that the combination group of calcium
hydroxide and propolis 1: 2 has better
antibacterial strength compared to the
combination of calcium hydroxide and
propolis 1: 1.

The combination of calcium
hydroxide and propolis with a ratio of 1:
1.5 showed a significant difference with
groups 1: 2 with p = 0.000 (p <0.05) which
means that the combination group of
calcium hydroxide and propolis 1: 2 has
better antibacterial strength compared to
combination of calcium hydroxide and
propolis 1: 1.5.

All treatment groups had a p value
of <0.05, which meant that there were
significant differences between treatment
groups. This shows that the combination of
calcium hydroxide propolis with a ratio of
1: 1, 1: 15, and 1: 2 has antibacterial
properties against mixed bacterial dentine
caries.

DISCUSSION
This study was conducted to
determine the antibacterial power of a

combination of calcium hydroxide and
propolis to the amount of mixed bacterial
colonization of dentine caries. Propolis has
been used for a long time because it has
active components such as flavonoids,
terpenoids, tannins, and saponin. Propolis
is a good carrier for calcium hydroxide
which allows dissociation and shows a
greater inhibitory power'.  Calcium
hydroxide combined with propolis will
form calcium salt compounds with active
compounds  antibacterial  compounds
derived from propolis. Asmoro's research
also proved that the research group
coupled with propolis extract showed
greater inhibition in inhibiting bacterial
growth compared to the experimental
group without propolis®®. According to
Mori et al., The combination of calcium
hydroxide and  propolis is also
biocompatible with the best ratio of 1: 220.

In this study 4 research groups
were used, namely the positive control
group (combination of calcium hydroxide
and sterile aquadest), treatment group |
(combination of calcium hydroxide and
propolis with a ratio of 1: 1), treatment
group Il (combination of calcium
hydroxide and propolis in a ratio of 1: 1),
5), and treatment group |11 (combination of
calcium hydroxide and propolis in a ratio
of 1: 2).

The results showed a combination
of calcium hydroside and propolis with a
ratio of 1: 2 showed the least number of
bacterial colonies with an average of 11.57
colonies compared to other treatment
groups, namely a combination of calcium
hydroxide - propolis with a ratio of 1.5,
28.57 colonies. The combination of
calcium hydroxide - propolis with a ratio
of 1. 1 is 41.71 colonies. Finally, a
combination of sterile calcium hydroxide -
aquadest is 74.43 colonies. This is in
accordance with the study of Mori et al.,
That with a ratio of 1: 2 calcium hydroxide
dissociates best into calcium and hydroxyl
ions and shows a greater inhibitory
power?®. The results of the study are also
in accordance with Leo's research that the
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ratio of 1: 2 is the most effective
comparison in  inhibiting  bacterial
colonization because the combination of
calcium hydroxide-propolis calcium salt
compounds are formed with active
compounds derived from the most propolis
extract™.

These results occur because the
greater the comparison, the more the
amount of propolis extract used is also.
The more propolis extracts, the more the
percentage of antibacterial compounds in
the combination, indicated by the
phytochemical test that the ratio of 1: 2
shows the highest percentage of
antibacterial compounds compared to
other treatment groups so that the ability to
kill bacteria is getting better. Active
ingredients such as flavonoids, tannins,
hydroxyl ions, saponins, and terpenoids
function as antibacterials contained in
propolis extract.

This is in accordance with the
phytochemical test at the BPKI Laboratory
on propolis extract showing the active
content of flavonoids 4.81%, tannin
0.31%, hydroxyl ion 1.88%, saponin
3.56%, and terpenoid 4.05%. The
combination of calcium  hydroxide-
propolis with a ratio of 1. 1 shows the
active content of 0.019% flavonoids,
tannin  0.012%, 0.084% hydroxyl ion,
0.011% saponin, and 0.021% terpenoid.
The combination of calcium hydroxide-
propolis with a ratio of 1: 1.5 shows the
active content of flavonoids 0.211%,
tannin  0.021%, hydroxyl ions 0.102%,
saponins 0.146%, and terpenoid 0.136%.
The combination of calcium hydroxide-
propolis with a ratio of 1. 2 shows the
active content of flavonoids 0.220%,
tannin  0.034%, hydroxyl ions 0.114%,
saponins 0.181%, and terpenoid 0.165%.

The control group that used a
combination of calcium hydroxide and
sterile aquadest had the highest number of
bacterial colonization compared with other
treatment groups, namely a combination of
calcium hydroxide and propolis with a
ratio of 1: 1, 1: 1.5, and 1: 2 with an

average of 74.43 colonies. This shows that
the combination of calcium hydroxide and
sterile aquadest does not have an effective
antibacterial effect against colonization of
mixed bacterial dentinal caries. This is also
in accordance with Asmoro's research
which states that calcium hydroxide
combined with propolis extract has a
higher antibacterial power compared to
calcium hydroxide without propolisl19.
This also happens because there is no
addition of propolis extract which means
this group has the least antibacterial
compounds compared to the other three
experimental groups, so that the number of
bacteria colonies that are inhibited was
reduced.

In this study, it was found that the
combination group of calcium hydroxide
and propolis with a ratio of 1. 2 had
greater antibacterial power than the control
group, the group treated with a
combination of calcium hydroxide and
propolis with a ratio of 1: 1 and a
combination of calcium hydroxide and
propolis with a ratio of 1: 1.5 while the
combination group of calcium hydroxide
and propolis with a ratio of 1: 1.5 still has
greater antibacterial power compared to
the group treated with a combination of
calcium hydroxide and propolis with a
ratio of 1: 1. This shows that calcium
hydroxide combined with propolis has a
higher antibacterial power compared to
calcium hydroxide without propolis.
Therefore, a combination of calcium
hydroxide and propolis can be developed
further to be used as an alternative to pulp

capping.

CONCLUSSION

The combination of calcium
hydroxide and propolis with a ratio of 1: 2
has the best antibacterial power against
colonization of mixed bacterial dentine
caries.
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