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ABSTRACT

Although a variety of antimicrobials have been added to oral care to remove the plague known as a major cause of caries, it is
impossible to inhibit the growth of plaque, a kind of biofilm, because of their low penetration into biofilm. The purpose of this study is to
investigate the effect of essential oils on growth of plaque biofilm using several biofilm developed as in vitro model. Methods: various
kinds of biofilm simulating a natural oral biofilm on glass rod and hydroxyapatite were designed to compare the anti-biofilm effect of
essential oils with that of antibacterial compounds. The effects of essential oils such as thymol, eugenol and clove oil on biofilm formed by
Streptococcus mutans were compared with that of triclosan used as a positive control. The essential oils exhibited an antibacterial effect
on Streptococcus mutans in dextran biofilm in addition to antibacterial effect in short time. In particular, thymol showed a higher inhibitory
effect on biofilm growth on glass rod than triclosan. In addition, thymol displayed the same antibacterial effect on Streptococcus mutans
in poloxamer biofilm and hydroxyapatite biofilm as that of triclosan. Above findings indicate that the several biofilm models designed in
this study are available for evaluation of novel anti-biofilm agent, suggesting that they could be applicable to develop oral care such as

toothpaste and mouthrinse for inhibition of plaque biofilm.
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INTRODUCTION

The networks of multiple synergistic and antagonistic interactions
generate microbial inter-dependencies and give biofilms a resilience
to minor environmental perturbations, and this contributes to oral
health [1]. Bacteria are aggregated in a hydrated polymeric matrix of
their own synthesis to form biofilm on surfaces. These sessile bacteria
release antigens and stimulate the production of antibodies, but the
antibodies are not effective in killing bacteria in biofilms and may
cause immune complex damage to surrounding tissues, thus leading
to any persistent and chronic bacterial infections [2]. In particular,
oral bacteria in saliva form biofilms on hard tooth surfaces and dental
materials [3]. The plaque that plays a key role in development of
caries and periodontal disease is a kind of biofilm that contains oral
saliva proteins adsorbed to cementum of and dentin of teeth, dextran
and oral bacteria such as Streptococcus and Actinomyces. As time
passes, this plaque is changed into calculus by adsorption of calcium
and phosphorus in saliva, at the same time these bacteria in biofilm
produce organic acids that dissolve enamel and dentin, eventually
leading to development of caries. Therefore, in order to prevent
the formation of biofilm composed of biopolymer such as plaque
produced by bacteria, a number of antibacterial agents have been
developed and applied to mouthwash and toothpaste. Quaternary
Ammonium Compounds (QACs) have been known as one of the
most visible and effective classes of disinfectants, leading to cell
lysis and bacterial death [4]. In recent years, octenidine-containing
mouthrinse showed the effective antibacterial and antiplaque effects
on inhibition of oral cavity [5]. In addition, the mouthwash containing
chitosan is capable of inhibiting all microorganisms’ adherence,
biofilm formation and mature biofilms, providing a possibility that it
has a great potential as a natural and efficient alternative to traditional
mouthwashes [6]. In screening for antibacterial and anti-biofilm
agents from medicinal plant extracts against oral microorganisms,
the major constituent of Piper betle extract, 4-chromanol that has
was identified as an antibacterial and anti-biofilm agent against oral
pathogens for prevention of oral diseases [7]. In the most recent
study, the combination of natural compounds such as carvacrol,
thymol and eugenol with antibiotics enhances bacterial susceptibility
and ameliorates eradication of biofilm formed by S. typhimurium
on polystyrene micro plates [8]. However, it is impossible until now
that antibacterial agents contained in mouthrinse completely remove
the biofilm on tooth surface. Therefore, it is absolutely needed to
develop a safe anti-biofilm agent capable of applying to mouthwash.
The eugenol used in this study is contained in cloves, cinnamon
and other aromatic spices which have been used as a supplement
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or a therapeutic ingredient in various medications and foods [9]. In
particular, eugenol preconditioning may have a beneficial effect in the
recovery of periodontal ligament from oxidative stress [10]. Therefore,
we investigated whether essential oils can inhibit biofilm formation as
well as antibacterial effect In Vitro. It was found that thymol exerts the
inhibitory effect on biofilm formed by oral bacteria. Furthermore, this
study evaluated a more appropriate method for testing antimicrobial
efficacy of several essential oils on biofilms composed of several
biopolymers compared with general antimicrobial agents.

MATERIALS AND METHODS
Materials and Growth conditions

Todd Hewitt Broth (THB) and agar were obtained from Gibco
BRL, Life Technologies (USA). Streptococcus mutans 10449 were
obtained from American Type of Culture Collection (Manassas, VA,
USA). Sucrose, essential oils, 2, 3, 5-Triphenyltetrazolium Chloride
(TTC) and other materials were purchased from Sigma Chemical
Co. (St. Louis, MO, USA). The bacteria were maintained on Todd
Hewitt Broth (THB) agar plates at 4°C For biofilm studies, bacteria
from several colonies were inoculated into test tubes containing 3 mL
of THB and cultured overnight with shaking at 37°C and used for
further studies.

Antibacterial test for 1 m of exposure

In order to screen a new anti-plaque agent, the antibacterial
effect of essential oils with penetration was investigated in this
study. Streptococcus mutans was exposed to 4 kinds of essential oils
containing thymol, eugenol, geraniol and clove oil at 100 pg/ mL for
1 m of short time. The bacteria were smeared on agar medium and
incubated at 37°C for 48h. Their antibacterial effect of essential oils
was compared with triclosan used as a positive control by observation
of colony formation.

Formation of dextran biofilm

Streptococcus mutans was incubated in Todd Hewitt Broth
(THB) medium containing 1% sucrose for 48h. After centrifugation
at 6,000 xg for 30 m, natural dextran was collected from pellet. And
then, 26 mL of 2% liquid agar in THB medium was prepared using
autoclave and mixed with above natural dextran, 3mL of 2.5% mucin,
1 mL overnight culture broth of Streptococcus mutans and 1 mL of
0.4% 2, 3, 5-Triphenyltetrazolium Chloride (TTC). Next, they were
transferred into 24-well plate by 0.5 mL/ well and incubated at 37°C
for solidification. Thus, an artificial dextran biofilm was prepared and
was exposed to 100 uL of the indicated doses of essential oils for 1 m
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for their penetration into biofilm. After that, the remaining essential
oils was removed and the 24-well was incubated for 48 h at 37°C
to observe the bacterial growth visualized by AlphaEasegel image
analysis software (Alpha Inno Tech, CA, USA). The anti-biofilm
effect of essential oils was quantified as a percentage compared to the
blank group (density of cell growth in essential oils-treated biofilm /
density of cell growth in f intact biofilm x100).

Formation of poloxamer biofilm

Nonpolar poloxamer biofilm was prepared with 30% Di-
block copolymer (poloxamer F127) composed of polyoxyethylene
and polyoxypropylene. After 1ImL of overnight culture broth of
Streptococcus mutans was mixed with the biofilm containing 1%
sucrose and 0.4% 2, 3, 5-Triphenyltetrazolium Chloride (TTC), it was
transferred into 24-well plate by ImL/well and incubated for 3 h at4°C
for solidification. The biofilm was exposed to 100 pL of the indicated
doses of essential oils for 1 m for their penetration into biofilm. After
that, the remaining essential oils was removed and the 24-well was
incubated for 48 h at 37°C to observe the bacterial growth visualized
by AlphaEase gel image analysis software (Alpha Innotech, CA, US).
The anti-biofilm effect of essential oils was quantified as a percentage
compared to the blank group (density of cell growth in essential oils-
treated biofilm / density of cell growth in f intact biofilm x100).

Formation of dextran biofilm adhered to glass rod

Dextran biofilm adhered to glass rod was prepared using glass
rod with 7 Cm in length and 0.5 Cm in diameter. For the growth
of Streptococcus mutans in dextran biofilm adhered to glass rod
which put in test tube containing 1% sucrose and THB medium, they
were incubated for 48 h. Then, after the glass rods were taken out of
each test tube, they were exposed to the indicated doses of triclosan
and thymol for 1 m and transferred into THB medium containing
Streptococcus mutans and TTC to observe the bacterial growth
visualized by AlphaEase gel image analysis software (Alpha Innotech,
CA, US). The anti-biofilm effect of essential oils was quantified as a
percentage compared to the blank group (density of cell growth in
essential oils-treated biofilm / density of cell growth in f intact biofilm
x100).

Formation of natural biofilm adhered to hydroxyapatite

Natural biofilm adhered to hydroxyapatite was prepared
using hydroxyapatite disk with 0.1 Cm in thickness and 1.2 Cm in
diameter. First of all, hydroxyapatite disk was manufactured using
tablet machine. It was transferred into each well of 24-well plate and
incubated in solution containing Streptococcus mutans, 1% sucrose,
THB medium and artificial saliva at pH 6.8 containing 0.381 g NaCl,
0.213 g CaCl,-2H,0, 1.114 g KCl, 0.738 g KH,PO,, and 2.2 g mucin in
1000 ml distilled water for 48 h to adhere biofilm to hydroxyapatite
disk. Then, after the hydroxyapatite disks were taken out of each well,
they were exposed to essential oils for 1 m and transferred into THB
medium containing Streptococcus mutans and TTC to observe the
bacterial growth visualized by AlphaEase gel image analysis software
(Alpha Innotech, CA, US). The anti-biofilm effect of essential oils was
quantified as a percentage compared to the blank group (density of
cell growth in essential oils-treated biofilm / density of cell growth in
f intact biofilm x100).

Statistics

Data were analyzed using Student’s test for paired data
(comparison with control group) and eugenol. Data are given as
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means of values = S.D. from three independent experiments (* P <
0.05,** P < 0.01, *** P < 0.001).

RESULTS
Antibacterial effect of essential oils for 1 m of exposure

In order to screen a new anti-plaque agent, the antibacterial effect
of essential oils with penetration and cleaning power was investigated
in this study. S. mutans were exposed to 4 kinds of essential oils
containing thymol, eugenol, geraniol and clove oil at 100 pg/ mL
for 1 m of short time. Their antibacterial effect was compared with
triclosan used as a positive control. As shown in figure 1, triclosan at
100 pg/ mL completely inhibited the growth of Streptococcus mutans
compared with blank group. Among essential oils, thymol, eugenol
and clove oil showed 50% of antibacterial effect compared with blank
group.

Antibacterial effect of essential oils on Streptococcus
mutans in dextran biofilm

In a subsequent experiment, the antibacterial effect of 21 essential
oils at 1,000 pug/ mL on S. mutans in dextran biofilm was investigated
in this experiment. In order to prepare an artificial dextran biofilm,
S. mutans were incubated in Todd Hewitt Broth (THB) medium
containing 1% sucrose for 48h. After centrifugation, natural dextran
was collected from pellet. And then, it was mixed with liquid agar,
mucin, THB medium and TTC. Next, they were inoculated into
24-well plate incubated at 37°C for solidification. The biofilm was
exposed to 500 pg/ mL of essential oils for 1 m for their penetration
into biofilm. After that, the remaining essential oils was removed and
the 24-well was incubated for 48 h at 37°C to observe the bacterial
growth. As shown in figure 2, it was observed that eugenol and clove
oil among these essential oils showed the highest antibacterial effect
on S. mutans in dextran biofilm compared with triclosan used as a
positive control. This result indicates that eugenol and clove oil have
the excellent penetrative effect into dextran film.

Antibacterial effect of essential oils on Streptococcus
mutans in poloxamer biofilm

In this study, in order to investigate whether essential oils
inhibit the growth Streptococcus mutans in biofilm, Di-block
copolymer (poloxamer F127) composed of polyoxyethylene and

Figure 1: Antibacterial effects of essential oils for 1 m of exposure.
Streptococcus mutans were exposed to 4 kinds of essential oils containing
thymol, eugenol, geraniol and clove oil at 100 pg/ mL for 1 m. Blank group (A),
and the antibacterial effects of essential oils such as geraniol (B), eugenol
(C), clove oil (D) and thymol (E) were compared with triclosan (F) used as a
positive control.
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polyoxypropylene was used to prepare nonpolar poloxamer biofilm.
After ImL of overnight culture fluid of S. mutans was mixed with the
biofilm containing 1% sucrose and TTC, they were inoculated into
24-well plate incubated for 3 h at 4°C for solidification. The biofilm
was exposed to the indicated doses of essential oils for 1 m for its
penetration into biofilm. After that, the remaining essential oils was
removed and the 24-well was incubated for 48 h at 37°C to observe
the bacterial growth. As shown in figure 3, triclosan used as a positive
control showed the antibacterial effect at 20, 000 ug/ mL on S. mutans
in nonpolar poloxamer biofilm. However, cetylpyridium chloride
(CPC) showed the antibacterial effect at 50, 000 pg/mL on S. mutans
in nonpolar poloxamer biofilm. Thymol displayed the antibacterial
effect at 20, 000 pg/ mL similar to that of triclosan on S. mutans in
nonpolar poloxamer biofilm. This result indicates that the essential
oils could easily penetrate into nonpolar poloxamer biofilm and exert
the same antibacterial effect as triclosan.

Antibacterial effect of essential oils on Streptococcus
mutans in dextran biofilm adhered to glass rod

In next experiment, the antibacterial effect of essential oils on S.
mutans in dextran biofilm adhered to glass rod was investigated. For
the growth of S. mutans in dextran biofilm adhered to glass rod which
put in test tube containing 1% sucrose and THB medium, they were
incubated for 48 h. After the glass rods were taken out of each test
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Figure 2: Antibacterial effect of essential oils on Streptococcus mutans
in dextran biofilm. The antibacterial effects of 21 kinds of essential oils at
500 pg/ mL on Streptococcus mutans in dextran biofilm were evaluated in
this experiment. The biofilm was exposed to 1,000 pug/ mL of essential oils
for 1 m for their penetration into biofilm. 21 kinds of essential oils are as
follows: 1. Alpha- Pinene, 2. Basil, 3. Citronella, 4. 1, 8-Cineole, 5. .Clove,
6. p-Cymene, 7. Eucalyptus, 8. Eugenol, 9. Geraniol, 10. Geranium, 11.
Geranyl acetate, 12. Helichrysum, 13. Isobornyl acetate, 14. Linalool, 15.
Neryl acetate, 16. Nonanal, 17. Patchouli, 18. Thume, 19. Dodecanal, 20.
Camphor, 21. Borneol, 22. Thymol, 23. Triclosan, 24. Blank. Lower panel
represents respective relative protein percentage compared to the blank
group (density of cell growth in essential oils-treated biofilm / density of cell
growth in f intact biofilm x100). Data are given as means of values + S.D.
from three independent experiments compared with control (* P < 0.05, ** P
<0.01, *** P <0.001).
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Figure 3: Antibacterial effect of essential oils on Streptococcus mutans in
poloxamer biofilm. The effects of essential oils on the growth Streptococcus
mutans in poloxamer biofilm were evaluated using Di-block copolymer
(poloxamer F127) composed of polyoxyethylene and  polyoxypropylene.
The biofilm was exposed to the indicated doses of essential oils for 1 m for
its penetration into biofilm. Lower panel represents respective relative protein
percentage compared to the blank group (density of cell growth in essential
oils-treated biofilm / density of cell growth in f intact biofilm x100). Data
are given as means of values + S.D. from three independent experiments
compared with control (* P < 0.05, ** P < 0.01, *** P < 0.001).

tube, they were exposed to the indicated doses of triclosan and thymol
for 1 m and transferred into THB medium containing S. mutans and
TTC to observe the bacterial growth visually. As shown in figure 4,
triclosan used as a positive control showed the antibacterial effect at
10,000 ug/ mL on S. mutans in dextran biofilm on glass rod. However,
thymol at 1,000 pg/ mL showed the antibacterial effect on S. mutans
in dextran biofilm on glass rod. This result indicates that thymol
could exert a higher antibacterial effect than triclosan on S. mutans in
dextran biofilm on glass rod.

Antibacterial effect of essential oils on Streptococcus
mutans in natural biofilm adhered to hydroxyapatite

In order to confirm the antibacterial effect of essential oils on S.
mutans in natural biofilm, hydroxyapatite disks composed of teeth
ingredients were manufactured using tablet machine. They were
transferred into each well of 24-well plate, and incubated in solution
containing Streptococcus mutans, 1% sucrose, THB medium and
artificial saliva for 48 h to adhere biofilm to hydroxyapatite disk. After
the hydroxyapatite disks were taken out of each well, they were exposed
to essential oils for 1 m and transferred into THB medium containing
S. mutans and TTC to observe the bacterial growth visually. As shown
in figure 5, triclosan used as a positive control showed the antibacterial
effect at 1,000 ug/mL on S. mutans in biofilm on hydroxyapatite disk.
Eugenol and clove oil displayed the antibacterial effect at 10,000 pg/
mL on S. mutans in biofilm on hydroxyapatite disk. However, thymol
at 1,000 ug/ mL showed the same antibacterial effect on S. mutans
in biofilm on hydroxyapatite disk as triclosan. This result indicates
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that thymol could exert a similar antibacterial effect to triclosan on
Streptococcus mutans in natural biofilm.

DISCUSSION

Dental plaque is a kind of a biofilm that contains oral
microorganisms and dextran and prevents host from invading
pathogenic bacteria. However, once oral homeostasis breaks down
under certain stress, caries or periodontal disease can occur. In dental
caries, acid-producing bacteria such as S. streptococci and Lactobacilli
are predominant and prefer an acidic pH to a neutral pH for growth,
leading to demineralization of enamel and dentin. The best strategy
to control caries is to reduce biofilm development. Although a variety
of antibacterial have been developed to control bacterial growth until
now, it is still impossible to eradicate biofilm such as plaque because
of their poor penetration ability into plaque, leading to let bacteria
in plaque survivable. Therefore, it is necessary to screen anti-biofilm
agents to solve those problems.

This study is to investigate the effect of essential oils on bacteria
growth in plaque using several biofilm models. First of all, various
kinds of biofilm simulating a natural oral biofilm were designed
using glass rod and hydroxyapatite. The effects of essential oils with
hydrophobic property such as thymol, eugenol and clove oil on
biofilm growth proceeded by Streptococcus mutans were compared
with that of triclosan. In order to screen a new anti-plaque agent,
the antibacterial effect of essential oils with penetration and cleaning
power was investigated in this study. S. mutans were exposed to 4
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Figure 4: Antibacterial effect of essential oils on Streptococcus mutans in
dextran biofilm adhered to glass rod. The antibacterial effects of essential
oils on bacteria in dextran biofilm adhered to glass rod were evaluated in this
experiment. The biofilm was exposed to the indicated doses of triclosan used
as a positive control and thymol for 1 m and transferred into THB medium
containing Streptococcus mutans and TTC to observe the bacterial growth.
Lower panel represents respective relative protein percentage compared
to the blank group (density of cell growth in essential oils-treated biofilm /
density of cell growth in f intact biofilm x100). Data are given as means of
values + S.D. from three independent experiments compared with control (*
P <0.05, ** P <0.01, *** P <0.001).
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Figure 5: Antibacterial effect of essential oils on Streptococcus mutans
in natural biofilm adhered to hydroxyapatite. The antibacterial effects of
essential oils on Streptococcus mutans in natural biofilm on hydroxyapatite
disk were evaluated in this experiment. The biofilm was exposed to essential
oils for 1 m and transferred into THB medium containing Streptococcus
mutans and TTC to observe the bacterial growth and compared with that
of triclosan used as a positive control. Lower panel represents respective
relative protein percentage compared to the blank group (density of cell
growth in essential oils-treated biofilm / density of cell growth in f intact biofilm
x100). Data are given as means of values + S.D. from three independent
experiments compared with control (* P < 0.05, ** P < 0.01, *** P < 0.001).

kinds of essential oils containing thymol, eugenol, geraniol and clove
oil in short time. Among essential oils, thymol, eugenol and clove oil
showed a lower antibacterial effect than triclosan used as a positive
control. The previous study reported that essential oils exert an
antibiotic effect and the usefulness of mixture design in the estimation
of antibacterial interaction [8,12]. In the next study, an artificial
dextran biofilm was designed using S. mutans, sucrose, agar and mucin
to investigate the antibacterial effect of essential oils on S. mutans in
dextran biofilm. It was observed that eugenol and clove oil among
these essential oils showed the highest antibacterial effect on S. mutans
in dextran biofilm compared with triclosan used as a positive control.
This result indicates that eugenol and clove oil have the excellent
penetrative effect into dextran film consistent with the previous
report that they display anti-biofilm activity [13,14]. Subsequently,
the second nonpolar poloxamer biofilm was designed using Di-block
copolymer composed of polyoxyethylene and polyoxypropylene with
S. mutans and sucrose to investigate whether essential oils inhibit the
growth S. mutans in the biofilm. Triclosan used as a positive control
showed the antibacterial effect at high concentration in nonpolar
poloxamer biofilm as reported by the previous study that the sutures
coated with triclosan and chlorohexidine have a promising potential
in preventing the colonization of periodontal pathogens around it,
thereby inhibiting biofilm formation [15]. However, cetylpyridium
chloride (CPC) showed the antibacterial effect at a higher dose than
triclosan in nonpolar poloxamer biofilm. This result suggests that it
is difficult for cationic antibacterial agents to penetrate into biofilm.
Thymol displayed the antibacterial effect at dose similar to that of
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triclosan in nonpolar poloxamer biofilm. The previous study reported
that thymol displays antifungal activity as a nonpolar antimicrobial
agent [16]. This result suggests that thymol could penetrate into
nonpolar poloxamer biofilm and exert the same antibacterial effect.
The third biofilm was designed using S. mutans in dextran biofilm
adhered to glass rod to investigate whether essential oils exert the
antibacterial effect of essential oils on bacteria in it. Thymol exerted
higher antibacterial effect than triclosan in dextran biofilm on glass
rod. This result means that the anti-biofilm activity of essential oils
could be displayed depending on the nature of biofilm. The last
biofilm was designed using S. mutans in natural biofilm adhered to
hydroxyapatite used for study of periodontal disease In vitro [17].
Triclosan used as a positive control showed the higher antibacterial
effect in biofilm on hydroxyapatite disk than eugenol and clove oil.
However, thymol showed a similar antibacterial effect in biofilm to
hydroxyapatite disk to triclosan. The previous study reported that
thymol is efficient in reducing the biofilm biomass [18]. This result
suggests that thymol among essential oils could exert a similar
antibacterial effect to triclosan on S. mutans in natural biofilm.

In conclusions, although essential oils exert a lower antibacterial
effect than general antibacterial agents, essential oils with nonpolar
property could display a higher anti-biofilm activity than them. In
particular, our finding from the assays using several kinds of biofilm
model suggests that thymol could be available in inhibition of plaque
for prevention of caries and periodontal disease as a potential agent
against biofilm. In particular, among essential oils thymol has the
same inhibitory effect as triclosan used in commercial toothpaste
that exerts a substantive effect on plaque. Therefore, above findings
indicate that the several biofilm models designed in this study are
available for evaluation of novel anti-biofilm agent, suggesting that
they could be applicable to development of oral care such as tooth
paste and mouthrinse for the inhibition of plaque biofilm.
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