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Introduction

Pulp disease often occurs due to the inva-
sion of microorganisms that enter the exposed
pulp through gaps in the dentin that experience
caries or tooth fractures. Infected pulp can
cause inflammation of the pulp or pulpitis (Bid-
juni & Harapan, 2019; Yuwono, 2015). Inflam-
mation of the pulp, known as pulpitis, can per-
sist even after removal of the stimulus or re-
solve and return to its normal state. There are
two types of pulpitis, namely reversible
pulpitis and irreversible pulpitis (Yoga et al,
2018). Irreversible pulpitis is a persistent den-
tal pulp inflammation. In this condition, the
pulp cannot return to its normal state, and the
treatment for this condition is root canal treat-
ment (Gopikrishna, 2021; Garg & Garg, 2010).

Root canal treatment is a type of endodon-
tic treatment that aims to eliminate microor-
ganisms present in the root canals and restore
the condition of the diseased tooth so that the
surrounding biological tissue can accept it (Mu-
barak et al., 2016; Wahjuningrum & Subijanto,
2014). Root canal treatment consists of three
stages known as the endodontic triad, includ-
ing biomechanical root canal preparation
(cleaning and shaping), sterilization, and her-
metic obturation (Novitasari & Nugroho,
2017). The root canal sterilization stage aims to
eliminate microorganisms in the root canals us-
ing irrigants and intracanal medicaments (Fe-
brianifa et al., 2016). Chlorhexidine gluconate
is one of the irrigants used in root canal treat-
ment.

Chlorhexidine gluconate is an irrigating
agent that acts as a broad-spectrum antibacte-
rial agent. Chlorhexidine gluconate can work as
a bacteriostatic and bactericidal, depending on
the solution concentration (Anastasia et al,
2022). The concentration of chlorhexidine glu-
conate used as a root canal irrigation agent is
2% (Tanumihardja, 2010). The community
widely uses natural ingredients with excellent
and safe properties; one is propolis from bees
(Lutpiatina, 2015). Propolis is a substance pro-
duced by bees containing bee saliva, beeswax,
and a mixture of resins collected by bees from
flowers, leaf buds, and exudates of various
plants—secondary metabolites contained in
propolis, namely flavonoids, tannins, alkaloids,
and saponins (Pribadi, 2020; Zulfa et al., 2022).

The ethanol extract of stingless bee propo-
lis effectively inhibits the growth of various
bacteria, including Streptococcus mutans.
These studies show that research on root canal
bacteria has yet to be conducted. Therefore, re-
searchers are interested in examining the anti-
bacterial effectiveness of stingless bee propolis
(Heterotrigona itama) ethanol extract on the
growth of root canal bacteria.

Material and Methods
Research Design

This research was an experimental study
that has been approved by the Health Research
Ethics Commission, Faculty of Medicine, Mula-
warman University, No. 04/KEPK-FK/1/2023,
conducted from January to February 2023. In
this study, there were two groups, including
control and treatment group. Control group
consisted of positive control (2% Chlorhexi-
dine gluconate) and negative control (DMSO)
while the treatment group consisted of four
treatments with propolis extract (3,000; 6,000;
12,000; and 24,000 ppm). However, the post-
test was only conducted to the control group.
The research was repeated four times for each
treatment group.

Materials and tools

The materials and tools used in this study
were 96% ethano], stingless bee propolis (Het-
erotrigona itama), root canal bacterial cultures,
2% chlorhexidine gluconate, DMSO, 70% etha-
nol, paper points, Mueller Hinton Agar (MHA),
Brain Heart Infusion Broth (BHIB), Whatman
No. 42 filter paper, label paper, disc paper, ster-
ile cotton swab, yellow tip, blue tip, Personal
Protective Equipment (PPE), scissors, knife,
glass bottle, Eppendorf tube, micropipette,
spatula, glass jar, plastic wrapping, aluminum
foil, petri dish, tweezers, beakers, Erlenmeyer
flasks, ovens, incubators, autoclaves, rotary
evaporators, vortex mixers, Buchner funnels,
test tubes, calipers, spectrophotometers, ultra-
sonic cleaners, vials, digital scales, analytical
balances and Biological Safety Cabinet Class II (
BSC II).

Preparation of stingless bee propolis extract
The stingless bee propolis extract was ob-
tained using maceration. The stingless bee
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propolis was cut, weighed, and put into a glass
bottle filled with 96% ethanol for three days
and shake it every day for five minutes.

The maceration results were filtered using
filter paper on the third day, and the filtrate
was collected. The filtrate was concentrated
with arotary evaporator at 50°Cfor 60 minutes
to get a thick extract. Furthermore, the propolis
extract was diluted with DMSO to obtain 3,000;
6,000; 12,000; and 24,000 ppm of propolis ex-
tract.

Preparation of root canal bacterial samples
The root canal bacteria were taken from pa-
tients diagnosed (from drg. Dedy Sugiharto
Clinic, Kecamatan Loa Janan Ilir, Kutai Kar-
tanegara, East Kalimantan, Indonesia) with ir-
reversible pulpitis in their teeth. The re-
searcher inserted a sterile paper point into the
root canal for 1 minute to collect the bacteria.
Then, it was put into a test tube containing
BHIB media and incubated at 37°Cfor 24 hours.
After incubating the root canal bacteria for 24
hours, their turbidity level was measured using
UV-Visible spectrophotometry until the turbid-
ity level specified by the McFarland standard
was 0.5. Subsequently, the suspension of root
canal bacteria was inoculated onto MHA media.

Antibacterial test

The antibacterial test was carried out by
placing a paper disc on the agar medium and
dripping it with a sample of propolis extract,
2% Chlorhexidine gluconate, and DMSO using a
micropipette. Next, the treated petri dish was
incubated at 37°C in the incubator. After incu-
bation, the inhibition zone was measured using
a caliper.

Data analysis

The data obtained from the research results
would be processed using Excel 2016 and SPSS
for Windows Version 8.1 Pro software. The re-
search data were tested for normality using the
Shapiro-Wilk normality test, followed by a ho-
mogeneity test. The results indicated that the
data distribution was normal and homogene-
ous (p > 0.05), allowing to perform the One-
way ANOVA parametric statistical test.

Result and Discussion

Table 1 presents the results on the antibac-
terial effectiveness of the ethanol extract of
stingless bee propolis (Heterotrigona itama) on
the growth of root canal bacteria, 2% chlorhex-
idine gluconate, and DMSO (n=3).

Table 1. Average value of inhibition zone diameter (mm) of stingless bee propolis ethanol extract

Treatment group Concentration Mean (mm) + SD
3,000 ppm 2.16 £0.29
Stingless bee propolis 6,000 ppm 1.63+0.48
(Heterotrigona itama) 12,000 ppm 1.00+1.18
24,000 ppm 0.00 £ 0.00
Chlorhexidine gluconate 2% 13.35+0.68
DMSO 1.28 £ 0.38
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Figure 1. Average Value of Inhibition Zone Diameter (mm)
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Table 1 shows that the ethanol extract of
stingless bee propolis (Heterotrigona itama)
has the largest diameter of the inhibition zone
indicated at a concentration of 3,000 ppm with
an average value of inhibition zone diameter of
2.16 mm. In contrast, 2% chlorhexidine glu-
conate as a positive control and DMSO as a con-
trol negative have an average value of the diam-
eter of the inhibition zone, about 13.35 and
1.28 mm, respectively.

Table 2. Post hoc tukey analysis test results

Figure 1 shows a decrease in the diameter
of the inhibition zone of the stingless bee prop-
olis (Heterotrigona itama) ethanol extract at
concentrations of 3,000; 6,000; and 12,000
ppm. The One-way ANOVA test results ob-
tained p= 0.00 (p <0.05). So, it shows a signifi-
cant difference in each treatment group. A post
hoc Tukey analysis test could be conducted to
determine the differences between treatment
groups (Table 2).

Treatment group Average difference Sig.
6,000 ppm 0.53 0.80
3,000 ppm 12,000 ppm 1.16 0.16
Control (+) -11.18* 0.00
Control (-) 0.88 0.39
3,000 ppm -0.53 0.80
6,000 ppm 12,000 ppm 0.63 0.69
Control (+) -11.71* 0.00
Control (-) 0.35 0.94
3,000 ppm -1.16 0.16
12,000 ppm 6,000 ppm -0.63 0.69
Control (+) -12.34* 0.00
Control (-) -0.28 0.97
3,000 ppm 11.18* 0.00
Control (+) 6,000 ppm 11.71* 0.00
12,000 ppm 12.34* 0.00
Control (-) 12.06* 0.00
3,000 ppm -0.88 0.39
Control (-) 6,000 ppm -0.35 0.94
12,000 ppm 0.28 0.97
Control (+) -12.06* 0.00

Note: * gave a significant different (p < 0.05)

The results of post hoc Tukey showed that
there were significant and no significant differ-
ences between one treatment group and an-
other. The results indicated that the ethanol ex-
tract of stingless bee propolis (Heterotrigona
itama) could inhibit the growth of root canal
bacteria at concentrations of 3,000; 6,000; and
12,000 ppm. The clear zone around the paper
disc indicates that the inhibition of bacterial
growth is due to the presence of an antibacte-
rial compound in the extract (Ariyani et al,
2018; Silviana & Asri, 2022). Several factors,
such as the concentration of the extract, the
content of antibacterial compounds, the ex-
tract's diffusivity, and the type of inhibited

bacteria, can influence antibacterial activity
(Goetie et al., 2022).

The diameter of the inhibition zone formed
from the ethanol extract of stingless bee prop-
olis (Heterotrigona itama) gradually decreased
at concentrations of 3,000; 6,000; and 12,000
ppm, demonstrating that the substance has the
antibacterial potency in a low concentration
(Saroinsong et al., 2014). This result is in line
with the research that found that the diameter
of the inhibition zone does not always increase
in proportion to the increase in the concentra-
tion of antibacterial compounds. This process
could occur due to differences in the diffusivity
of antibacterial compounds in the agar
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medium. In addition, different types and con-
centrations of antibacterial compounds can
also provide different diameters of inhibition
zones for a certain length of time (Septiani et
al,, 2017). The dilution factor can also affect the
lack of diffusivity of antibacterial compounds in
agar media. As the concentration of the extract
increases, its solubility decreases, leading to a
more concentrated extract. [t makes it difficult
for the extract to diffuse optimally into the agar
media. It can happen because a higher concen-
tration of the extract can cause saturation,
causing the active ingredient compounds con-
tained in the extract not to dissolve entirely
into the agar medium (Zeniusa et al,, 2019; No-
mor et al, 2019).

Propolis has a varied chemical composition.
Environmental factors, plant diversity and
availability in a geographic area, and the loca-
tion of propolis can influence the quality and
quantity of propolis collected by honey bee
species (§uran et al.,, 2021; Selvan & Prabhu,
2010). Taking propolis at different locations
will undoubtedly affect the production of prop-
olis and the compounds contained therein
(Arung et al,, 2022). Honey bee species collect
resin (45-55%) from surrounding plants,
which is the main chemical composition of
propolis. In addition, other compositions of
propolis consist of beeswax and fatty acids (25-
53%), 10% essential oil, 5% protein, and 5%
organic and mineral compounds (Starr, 2021;
Wardaniati & Gusmawarni, 2021; Lim et al,
2023). Propolis contains secondary metabo-
lites in flavonoids, tannins, alkaloids, and sapo-
nins (Zulfa et al.,, 2022).

The type of bacteria used can also influence
the difference in the diameter of the inhibition
zone. In this study, the type of bacteria used
was polymicrobial, originating from the root
canal. Polymicrobial is a bacterial colonization
consisting of 4-7 species, especially facultative
anaerobic bacteria with an almost equal num-
ber of gram-negative and gram-positive bacte-
ria (Indriana et al, 2017). The most common
microorganisms found in root canals are anaer-
obic bacteria, facultative anaerobic bacteria,
obligate aerobic bacteria, and obligate anaero-
bic bacteria (Garg & Garg, 2010; Mulyawati,
2011).

The root canal irrigation material used as a
positive control in this study was 2% chlorhex-
idine gluconate. Chlorhexidine gluconate 2% is
a broad-spectrum antimicrobial agent that can
fight gram-positive and negative bacteria and
yeast (Thakur et al., 2020). Chlorhexidine glu-
conate 2% in this study had an average diame-
ter of the inhibition zone that was more signifi-
cant than that of the other propolis extracts,
which was 13.35 mm. Chlorhexidine gluconate
in low concentrations can act as bacteriostatic
by causing bacterial cell death so that bacterial
cell leakage will occur, while chlorhexidine glu-
conate in high concentrations can act as bacte-
ricidal by coagulating the intercellular content
of bacterial cells (Ristianti & Marsono, 2015).

Conclusion

Based on the research results, the ethanol
extract of stingless bee propolis (Heterotrigona
itama) effectively inhibits the growth of root
canal bacteria. The concentration of 3,000 ppm
showed the largest inhibition zone diameter.
However, the inhibitory power of propolis ex-
tract falls into the weak category.
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