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Abstract

Eugenol is the major constituent [70% to 90%] in the aromatic oil extract from Syzygium aromaticum (cloves) and
Cinnamomum zeylanicuma, which is widely used as a flavouring for meats, stews, cakes, and teas. This plays a
major role in the microbial activity against oral bacteria, specifically Aggregatibacter actinomycetemcomitans
ATCC 43718 (serotype B), which causes periodontitis in humans. Therefore, this study aims to evaluate eugenol
for its antibiofilm activity against Aggregatibacter actinomycetemcomitans ATCC 43718 (serotype B). An
inhibition growth assay was used with the microdilution method, which often utilized a 96-microplate with an
anaerobic technique. Absorbance was also measured by a microplate reader on A of 595 nm, with the optical density
(OD) value used to determine the inhibition percentage. To evaluate biofilm bacterial growth after the treatment,
SEM analysis was adopted. The results showed that eugenol had an inhibitory effect on A. actinomycetemcomitans
at 0.125% v/v, according to the MBICsg value. Eugenol showed significant antibiofilm activity (P < 0.05) against
A. Actinomycetemcomitans. This proved that the biofilm bacterial growth was effectively inhibited by the chemical
compound. In this case, the extracellular polymeric substance (EPS) matrix degraded after the treatment of the cell
biofilm. Based on these results, eugenol was observed to have a great potential in periodontitis, as an inhibitor
against the biofilm growth of A. actinomycetemcomitans ATCC 43718 (serotype B).
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1. Introduction

A complex microbial community is found to
inhabit the oral cavity, where biofilm oral may cause
periodontitis and caries [1,2]. Furthermore,
periodontitis is a one of the periodontal diseases [3],

insulin resistance, osteoporosis, and pregnancy
complications [5]. For biofilms, the use of antibiotics
is often infective due to the presence of an
extracellular matrix [6-10]. This indicates that
bacterial growth on teeth is prevented by regular

and dental plaque is reported to cause the presence of
a biofilm of anaerobic bacteria [4]. The initial chronic
form of gingivitis is also related to periodontitis, as
several previous reports showed its association with
some systematic diseases. These types of chronic oral
infections are often observed as risk factors for several
health disorders, including rheumatoid arthritis,

brushing and administration of antibiotics, including
chlorhexidine, fluoride, and cetylpyridinium chloride.
However, these drugs have some side effects, such as
digestive  tract irritation and tooth  colour
transformation [11].

Eugenol is a chemical compound with
antibiofilm and antibacterial activities. It is reported to
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have  polymicrobial inhibition  biofilms  of
Streptococcus  mutans,  Actinomyces  viscosus,
Streptococcus  sanguinis, and  Lactobacillus

acidophilus [12]. This was in line with Utami et al.
(2021), where eugenol degraded the extracellular
matrix of polymicrobial biofilms. It also had the
inhibition  biofilm  activity of Pseudomonas
aeruginosa, Staphylococcus aureus, Escherichia coli,
and Candida albicans [13]. With the increasing threat
of periodontitis, the effects of this chemical compound
against A. actinomycetemcomitans ATCC 43718
(serotype B) need to be highly considered. Therefore,
this study aims to determine the effectiveness of
eugenol, as an antibiofilm agent in A
actinomycetemcomitans ATCC 43718 (serotype B).

Material and Methods
Materials

The materials used in this study included
eugenol (Sigma Aldrich, Germany), crystal violet
(Himedia, India), 96 flatbottom polystyrene
microplate (Iwaki, Japan), sucrose (Oxoid, UK), Brain
Heart Infusion (BHI) (Oxoid, UK), coverslip (Thermo
Scientific, US), MHA (Muller Hinton agar; Oxoid,
UK), 95% ethanol MRS (Merck, Germany), and
anaerogen gas pack (Oxoid, UK).

Equipment

The utilized equipment included a microtiter
plate reader (optic lvymen System 2100-C, Spain),
Laminar air  flow, incubator, multichannel
micropipette (Socorex, Swiss), autoclave (Sakura,
Japan), micropipette of 2-10 pL, 20-200 pL, and 100-
1000 pL (Socorex, Swiss), micropipette pipetman
(Gilson, France), spectrophotometry (Geneys 10 UV
Scanning, 335903; Thermo Scientific, USA), and flat
bottom polystyrene 96 well (Iwaki, Japan).

Test Organisms: Bacterial Strains

The A. actinomycetemcomitans ATCC 43718
(serotype B) bacterial strains were used in this study.
These organisms were cultured on Brain Heart
Infusion (BHI) and anaerobically incubated at 37°C
for 18-24 h.

Biofilm Formation Inhibition Assay In Vitro
Eugenol was diluted with dimethyl sulfoxide
(DMSO), using different concentration levels, i.e.,
0.125% vl/v, 0.25% v/v, 0.5% v/v and 1% v/v. The
positive control also used a Listerine® mouthwash of
1% viv, with the well plates anaerobically incubated at
37°C for 24 h. Furthermore, a 100 uL. BHI containing
2% sucrose, bacterial suspension, and eugenol, was
added to the well plates and incubated at 37°C for 24
h. These biofilms were stained with a crystal violet of
1% vlv, as a total of 95% ethanol was then added to
the well plates. The well plates were also measured by
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a microplate reader at 595 nm, with three replicates
being produced in this analysis [14].
Scanning Electron Microscope Analysis

Based on the scanning electron microscope
analysis, the bacterial strains were grown on the
coverslip in an anaerobic condition, using various
eugenol concentrations for 24 h at 37°C. In this case,
Listerine® was used for positive control, as the
biofilms growing without test compounds functioned
as control sources. Based on previous study, biofilms
used an anaerobic condition for incubation [12].
Coverslips were also opened and washed with sterile
aquadest, accompanied by the cleansing with 1%
glutaraldehyde. These were coated using carbon tape,
placed into an auto fine coater, and analyzed by SEM
6400 [14].

Statistical Analysis

Data were analyzed using the windows 16.0
version of the Statistical Package for Social Sciences
(SPSS Inc., Chicago, USA), while significance was
determined through a one-way ANOVA method. This
was accompanied by posthoc Bonferroni tests, and
differences were considered significant with P < 0.05

Results

Determination of MBICso of Eugenol for A.
actinomycetemcomitans ATCC 43718 (serotype B)
Biofilm Growth Inhibition

The MICsy was determined to analyze the
activity of eugenol against A. actinomycetemcomitans.
Based on the results, the biofilms were highly
inhibited by the chemical compound, indicating a
significant effect with P < 0.05. The data also showed
that the application of 1% and 0.125% v/v of eugenol
had the highest and lowest antibiofilm effects on A.
actinomycetemcomitans, respectively. This proved
that the increasing concentration of the chemical
compound caused a decrease in the growth of biofilms
(Figure 1).

A. actinomycetemcomitans is an anaerobic
facultative bacteria, which adult population often
causes chronic oral inflammation [15]. From the
results, eugenol showed oral biofilm inhibition at an
MBICsp value of 0.125% v/v. However, a 1% v/v
concentration was highly effective on A.
actinomycetemcomitans.
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1% 05% 0,25% 0,125% control

Figure 1. Eugenol biofilm inhibition against A.
actinomycetemcomitans
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Scanning Electron Microscope Analysis

SEM was used to display the morphological
changes of A. actinomycetemcomitans biofilms. After
the cell treatment with eugenol, the extracellular
polymeric substance (EPS) matrix was degraded and
inhibition was observed for biofilm growths.
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Figure 2. (a) The biofilm formation of A.
Actinomycetemcomitans ATCC 25175 on
coverslips was monitored by SEM, at a: control
(untreated) cell, (b) cells pre-treated with eugenol
at 0.125 % v/v
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Discussion

Oral biofilms cause periodontal disease and
caries, as the infection is consistent with some
systematic  disorders, such as  rheumatoid,
cardiovascular, and neurodegenerative disparities
[9,16,17]. In this study, eugenol was evaluated as an
antibiofilm agent, regarding the biological effects in
inhibiting the growth and formation of A.
actinomycetemcomitans, which causes periodontitis.
The high biofilm formation of this bacterial strain also
leads to great persistence. Based on Figure 1, eugenol
inhibited the growth of A. actinomycetemcomitans at
various concentrations, with 0.125% v/v being the
minimum effective value. This indicated that the
lowest concentration exhibited optimal inhibition
performances, irrespective of its analytical quantity.
Therefore, eugenol was observed as a potent inhibition
agent against A. actinomycetemcomitans at various
concentrations. This was in line with a previous study,
where the chemical compound had an antibacterial
effect against A. actinomycetemcomitans and S.
mutans. Clove oil contains eugenol as a major
component, which active mechanism causes protein
synthesis denaturation and cell membrane disruption
in various microorganisms [18]. The mechanism also
caused the quorum sensing suppression of S. mutans
[19,20].

According to previous reviews, eugenol
showed an inhibition effect against the formation of
monomicrobial and polymicrobial biofilms, such as
Streptococcus mutans,  Streptococcus  sanguinis,
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Actinomyces viscosus, and Lactobacillus acidophilus.
It was also confirmed to have the antimicrobial activity
as well as was higher and greater than thymol. In
addition, the mechanism degraded the EPS matrix
[12,21] and suppress the quorum sensing of S. mutans
[19].

The results showed that eugenol was capable
of degrading the EPS of A. actinomycetemcomitans
biofilms. In this present study, 1% v/v of Listerine was
used as the positive control, due to containing menthol,
thymol, sodium fluoride, Camelia sinensis (Green tea
leave extract), and methyl salicylate. A shown in
Figure 2, the damaging of the cell membrane
disruption of A. actinomycetemcomitans biofilms was
observed. This confirmed that eugenol disrupted the
bacterial process for nutrient transport and lysis.

One limitation of this study was that only one
bacterial strain was evaluated while periodontitis
infections are polymicrobial. In further research,
eugenol should be studied as a toothpaste formulation
to determine if it enhances the elimination of bacteria
in a shorter time.

Conclusion

Eugenol showed an antibiofilm effect against
A. actinomycetemcomitans, subsequently promoting
its development as a new alternative against oral
biofilms.
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