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ABSTRACT

With the ability to reduce hydrophobicity and inhibit the adhesion of S. mutans ATCC 25175 bacteria, Kulim leaf
extract can be used as an alternative to chlorhexidine mouthwash in caries prevention. The objectives of this study
are to determine the effect of Kulim leaf extract on hydrophobicity and adherence of the cariogenic bacteria S. mutans
ATCC 25175. The test groups were divided into negative control (DMSO 2%), the treatment group (Kulim leaf extract
concentrations of 1.25%, 2.5%, 5%), and positive control (0.1% chlorhexidine). All of groups were received three
replicated tests for hydrophobicity and adherence inhibition of S. mutans ATCC 25175 bacteria. The hydrophobicity
test was conducted by providing 3 ml of bacterial suspension of S. mutans ATCC 25175 which had been adjusted
to the McFarland 0.5 standard for each group. Furthermore, each test group was vortexed for one minute and left to
stand for 15 minutes. Each treatment was tested with a wavelength spectrophotometer of 550 nm before and after
the provision of 200 ul of n-hexadecane. The absorbance value on the spectrophotometer was then included in the
hydrophobicity formula to determine the hydrophobicity percentage of S. mutans ATCC 25175 against n-hexadecane.
To test the bacterial adhesion, the 96 wells microplate was inserted with the kulim leaf extract of each concentration,
BHI-B, bacteria according to the McFarland 0.5 standard, and for the positive control and negative control. Afterwards,
they were incubated at 37 °C for 24 hours before they were rinsed with distilled water, and stained with 0.1% crystal
violet. Then, an optical density reading was performed using a microplate reader with a wavelength of 540 nm. The
absorbance value was then included in the formula for percentage of bacterial adhesion inhibition. Post-Hoc LSD test
showed a significant difference in mean difference between the negative control group and the other treatment groups
(p<0.05). In addition, it was revealed that there was no significant mean difference between treatment groups, and
there was no significant difference between positive control and treatment groups of 2.5% and 5% in the hydrophobicity
test. However, there was a significant difference between the positive control and the treatment group of 1.25% in the
hydrophobicity test and the treatment group of 1.25%, 2.5%, and 5% in the adherence test. This study concluded that
Kulim leaf extract concentration affected hydrophobicity and attachment of S. mutans ATCC 25175 with an effective
concentration of 2.5%.
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INTRODUCTION

The main oral health problem in Indonesia
is dental cavities or caries. The Basic Health
Research data (Riskesdas) in 2013 and 2018
indicated that the DMF-T index for ages 35-
44 years increased from 5.4 to 7.02."2 Without
any intervention and prevention, the existing
problem of cavities if allowed will definitely
affect a person’s quality of life, because it
causes pain, discomfort, and can lead to acute
and chronic infections.®

200

Caries is a process of demineralization or
loss of minerals in the hard tissue of the tooth
that involves the interaction of several factors,
namely the resistance of enamel, microorganisms,
carbohydrates, time and saliva* Streptococcus
mutans is one of the normal oral bacteria known
as caries-causing (cariogenic) bacteria which has
the ability to metabolize carbohydrates to acid
(acidogenic), and the ability to thrive in an acidic
environment (aciduric).> The bacteria S. mutans
ATCC 25175 are frequently found in dentinal caries.



The American Type Culture Collection (ATCC) that
serves as a national repository and distribution
center for cultures of microorganisms classifies
these bacteria for laboratory research. These
bacteria are used as the gold standard in research
because they have passed very meticulous
laboratory procedures that set them as the quality
control. The S. mutans ATCC 25175 bacteria have
several genes with the same function as the function
of genes in the oral cavity S. mutans, known as the
spaP gene. This gene plays a crucial role in the
adhesion of bacteria to teeth. In addition, S. mutans
ATCC 25175 also expresses brpA and relA genes,
which is crucial in the process of biofilm formation.
The ability of bacteria to adhere to the host is a
major factor at the start of the bacterial infection
process.® This ability depends on the hydrophobic
interaction between bacteria and the tooth surface.
Hydrophobic interactions are determined by the
hydrophobicity nature of bacteria.”

Toinhibit the formation of plaque, antibacterial
chemicals can be applied to surfaces that may
serve as plague growth sites.® One of the physical
agents commonly used to prevent plaque formation
is chlorhexidine. However, its use has several
side effects, such as staining of the teeth, oral
dryness and a burning sensation.® This side effect
of chlorhexidine encourages the development of
herbal ingredients as antibacterial agents. One
of the potential plants is kulim (Scorodocarpus
borneensis). This plant is commonly found in the
forests of East Kalimantan.® Based on the research
of Lim, Kulim (S. borneensis) has several benefits,
including as an antiplatelet, anticancer, and
antimicrobial agent.’ The purpose of this study
was to determine the effect of Kulim leaf extract
concentration on hydrophobicity and adherence of
the cariogenic bacteria S. mutans ATCC 25175.
An increase of Kullim leaf extract concentration
will decrease hydrophobicity and adherence of the
cariogenic bacteria S mutans ATCC 25175.

MATERIALS AND METHODS

The extract was made using the maceration
method at Mulawarman University. The collected
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Kulim leaf samples were washed under running
water and drained before being dried in the oven.
The dried leaves were then mashed using a
blender to form a powder. Subsequently, Kulim
leaf powder was put into the Erlenmeyer and
soaked using n-hexane for a certain time with
occasional stirring. Afterwards, the soaking results
were filtered to obtain the filtrate, which was put
into a vacuum rotary evaporator with a certain
temperature and time until 100% viscous extract
was obtained.

The dilution of kulim leaf extract was carried
out at the Unit IV Laboratory of the Faculty of
Pharmacy, Universitas Gadjah Mada. A total of 4 g
of 100% kulim leaf extract was added with 80 ml of
2% DMSO. The extract was then dissolved using
an ultrasonic device until it was homogeneous. The
following step was filtering with filter paper and by
using 0.45 mm millipore, resulting in a kulim leaf
extract with concentration of 5%. Afterwards, 30
ml of 5% concentration of kulim leaf extract was
taken and transferred to a new conical tube and
then added with 30 ml of 2% DMSO, before it was
vortexed to produce a 2.5% concentration of kulim
leaf extract. Following this, 20 ml of kulim leaf
extract with a concentration of 2.5% was taken,
transferred to a new conical tube, and added with
20 ml of 2% DMSO to produce a kulim leaf extract
with concentration of 1.25%.

The preparation of S. mutans ATCC 25175
bacterial suspension was carried out at the
Integrated Research Laboratory of the Faculty of
Dentistry, Universitas Gadjah Mada with number
ethical clearance 00350/KKEP/FKG-UGM/
EC/2020. The S. mutans bacterial suspension was
prepared by taking bacterial colonies using sterile
ose then transferred to a conical tube containing
BHI broth and incubated for 24 hours. The conical
tube was centrifuged for 15 minutes at a speed
of 3000 rpm. Bacterial colonies were taken using
sterile ose and transferred to test tubes containing
sterile distilled water until turbidity was obtained
according to the standard of 0.5 McFarland 1.5 x
108 CFU / ml.

The hydrophobicity test was carried out
at the Integrated Research Laboratory of the
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Faculty of Dentistry, Universitas Gadjah Mada. The
hydrophobicity test was carried out with five sterile
testtubes. Five testtubes were labeled 1, 2, 3, 4, and
5. The first tube to the fifth tube was filled with 3 ml
of bacterial suspension. The second to fourth tubes
were filled with Kulim leaf extract at the concentration
to be used in the study. The concentration was
determined based on the MIC test result, namely
2.5%. The MIC test was conducted at Mulawarman
University by Kuspradini et al." The concentrations
used for this study were 1.25%, 2.5%, and 5%. The
first tube as a negative control was 3 ml DMSO
2%. The second to fourth tubes were filled with 3
ml of extract, each with a concentration of 1.25%,
2.5%, and 5%. The fifth tube as a positive control
was filled with 3 ml of 0.1% chlorhexidine. The
solution in the five tubes was homogenized with
a vortex mixer at 3150 rpm for one minute. The
tube was left to stand for 15 minutes. Furthermore,
2.5 ml of solution per tube was inserted into the
cuvette for absorbance measurement with a 550
nm wavelength spectrophotometer. The results of
observations was used to determine the value of At,
namely the optical absorbance of bacteria before
the addition of n-hexadecane.”

The next step was the addition of 200 ul
n-hexadecane into each tube. The solution in the
tube was homogenized with a vortex mixer with a
speed of 3150 rpm for one minute, then left for 15
minutes so that there was a separation between
the water phases at the bottom of the solution. The
water phase was taken with a 2.5 ml micropipette
and put into a cuvette to measure the absorbance
using a 550 nm spectrophotometer. The results of
the observations were to determine the Au value,
namely the optical absorbance of bacteria after
the addition of n-hexadecane. All measurements
were repeated three time by taking into account the
average and standard deviation of the observed
data. The absorbance percentage of bacterial
cells against n-hexadecane was calculated by the
following formula:

_ (At-Au)

Ab = x 100%

At: Optical absorbance of total bacterial suspension before
addition of n-hexadecane
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Au: Optical absorbance of total bacterial suspension after
addition of n-hexadecane

Ab: The percentage of hydrophobicity adsorption of bacterial
cells against n-hexadecane’

The bacterial adhesion test was carried
out using microplate flexible U-bottom PVC 96
wells filled with 20 ul of Kulim leaf extract with a
concentration of 5%; 2.5%; and 1.25%. Afterwards,
each well was added with 170 pl of BHI broth
containing 2% sucrose and 10 pl of S. mutans
bacterial suspension. The positive control group
was added with 0.1% chlorhexidine gluconate. The
negative control group was added with DMSO 2%.
The subjects were then incubated at 37 °C for 24
hours. After that, the well was emptied by removing
the media and bacteria that were not attached to
the wall of the well. Subsequently, the microplate
was washed with distilled water to remove bacteria
that did not adhere to the walls of the well before
the microplate was dried and stained with 200
pl of 0.1% crystal violet and allowed to stand for
15 minutes. The remaining staining was cleaned
twice using distilled water. The microplate was
drained again, and the remaining dye adhering to
the cells adhering to the tube walls was cleaned
using 200 pl of 99% ethanol. After that, 150 pl
of the contents of each well was transferred to
the microplate flat bottom PVC 96 wells and
absorbance measurements were carried out using
a wavelength of 540 nm.

According to Dewi et al the percentage of
bacterial adherence inhibition was calculated
using the formula:

DO test sample — DO blank sample
DO test solvent — DO Solvent blank

% inhibition = (1 - ]x 100%
Note:

DO test sample: optical density measurement results of the test
group

DO blank sample: optical density measurement results extract
+ BHI + sterile distilled water

DO test solvent: measurement results of DMSO optical density
+ bacterial suspension

DO solvent blank: optical density measurement results DMSO
+ BHI + sterile distilled water"!

The hydrophobicity data of bacteria were
obtained from the absorbance measurement using



a 550 nm spectrophotometer. Meanwhile, the
bacterial adhesion inhibition data were obtained
from the absorbance measurement results with
a 540 nm microplate reader. Then, each data
was entered into the hydrophobicity formula and
the percentage formula for bacterial adherence
inhibition to be calculated and statistically
analyzed using the SPSS Statistics 26 program
with a statistical analysis confidence level of
95% (a = 0.05). The significance of the effect
of the concentration of kulim leaf extract on the
adhesion of S. mutans bacteria was assessed
using a one-way ANOVA test. To further assess
the significance of the mean difference between
treatment groups, the Post Hoc Least Significant
Difference (LSD) test was used.

RESULTS

The hydrophobicity test was carried out in the
Integrated Research Laboratory of the Faculty
of Dentistry, Universitas Gadjah Mada. The data
obtained were presented in Table 1. Table 1
shows that the highest average hydrophobicity
was found in the negative control group, namely
aquades, while the lowest hydrophobicity average
was found in the positive control group. The
highest hydrophobicity means that there are a lot
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of bacteria attached to hexadecane, while the low
hydrophobicity indicates a decrease in the ability of
bacteria to adhere to hexadecane. The description
of the mean hydrophobicity of each treatment
group is presented in the graph in Figure 1. The
graph shows that the percentage of hydrophobicity
from high to low was found in the negative control
of Kulim leaf extract with concentration of 1.25%,
2.5%, 5%, and in the positive control, respectively.
The percentage of hydrophobicity of S. mutans
ATCC 25175 bacteria decreased along with the
increase in extract concentration.

The results of the Post-Hoc LSD test (Table
2) showed that there were significant mean
differences between the negative control group
and the other treatment groups and between the
2.5% concentration of Kulim leaf extract treatment
group and the positive control group. This is
indicated by a significance value of less than 0.05.
Hence, the mean value of the negative control
group’s hydrophobicity was the highest compared
to the other groups. The positive control group
compared to the Kulim leaf extract group with
concentrations of 2.5% and 5% had a significance
value greater than 0.05. This shows that there
was no significant mean difference between the
positive control group and the Kulim leaf extract

Extract Control (+)

5%

Extract
2.5%
Test Group

Figure 1. Graph of the mean hyfrophobicity of S. mutans
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Table 1. Percentage of hydrophobicity of S. mutans bacteria

Hydrophobicity (%)
Treatment Mean Standard Deviation
Test 1 Test 2 Test 3
Control (-) 45.45 51.61 54.54 50.35 4.64
Concentration 1.25% 19.51 21.95 23.80 21.75 2.15
2.5% concentration 16.66 19.04 20.93 18.87 2.14
5% concentration 13.79 16.66 19.35 16.60 2.78
Control (+) 14.30 16.60 13.63 14.84 1.55
Table 2. Post-Hoc LSD Result
Control - Extract 1.25% Extract 2.5% Extract 5% Control +
Control - - 0.000* 0.000* 0.000* 0.000*
Extract 1.25% - - 0.246 0.052 0.014*
Extract 2.5% - - - 0.353 0.115
Extract 5% - - - 0.469

Control + - - - - -

*significant p < 0.05

Table 3. Percentage of adherence inhibition of S. mutans ATCC 25175 bacteria

% Adherence Inhibition

Treatment Mean Standard deviation
Test 1 Test 2 Test 3
Positive control 97.88% 96.88% 96.33% 97.03% 0.78581%
Extract 5% 86.69% 72.91% 76.64% 78.7467% 7.12746%
Extract 2.5% 80.14% 79.16% 77.25% 78.85% 1.46973%
Extract 1.25% 77.60% 77.08% 75.40% 76.693% 1.14984%
Negative control 1.86% 1.68% 1.64% 1.7267% 0.11719%
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Figure 2. Graph of mean percentage adherence inhibition of S. mutans ATCC 25175

204



Table 4. Summary of Post-Hoc LSD results

Utami, et al: The concentration effect...

Control + Extract 5% Extract 2.5% Extract 1.25% Control -
Control + 0.000 * 0.000 * 0.000 * 0.000 *
Extract 5% 0.970 0.465 0.000 *
Extract 2.5% 0.444 0.000 *
Extract 1.25% 0.000 *

Control -

*significant p < 0.05

group with a concentration of 2.5%, and 5%. In
addition, there was no significant mean difference
between the three concentrations of Kulim leaf
extract used.

The data for calculating the mean percentage
of bacterial adherence inhibition in the treatment
of kulim leaf extract with a concentration of 5%,
2.5%, 1.25%, negative control and positive control
are shown in Table 3. An overview of the mean
percentage of bacterial adherence can be seen
in the graph in Figure 2. It is conclusive that the
negative control group (DMSO 2%) showed
the lowest percentage of bacterial adherence
inhibition compared to the other treatment
groups. Meanwhile, the highest percentage of
bacterial inhibition was owned by positive controls
(chlorhexidine gluconate 0.1%). The percentage
of bacterial attachment inhibition of the kulim leaf
extract concentration group from a concentration
of 5% to a concentration of 2.5% resulted in an
increase, while a concentration of 2.5% to 1.25%
obtained a decrease. However, the analysis of the
mean difference between the treatment groups
in Table 3 indicated that the 5% extract had
insignificant differences (p > 0.05) compared to the
2.5% and 1.25% extracts. This means that the 5%
concentration of kulim leaf extract had almost the
same effectiveness as the 2.5% and 1.25% extract
in inhibiting the adherence of S. mutans ATCC
25175 bacteria. The concentration of 5%, 2.5%,
and 1.25% extracts had significant differences
(p < 0.05) compared with positive and negative
controls, which means that the Kulim leaf extract
concentrations of 5%, 2.5%, and 1.25% had
different effectiveness in inhibiting the adherence

of S. mutans ATCC 25175 bacteria compared to
positive control and negative control.

DISCUSSION

Caries can be defined as the localized deterioration
of the hard tissues of the teeth by bacterial
fermentation of carbohydrate-containing foods.
Caries can occur preceded by the formation of
a biofilm. The formation of biofilm/dental plaque
includes three stages, namely the formation
of a thin layer on the surface of the tooth or
pellicle, adhesion or attachment of bacteria, and
maturation of the biofilm. Bacterial adhesionis the
most important stage and can be compromised
using the right approach. Streptococcus mutans
is a cariogenic bacterium that has hydrophobicity
properties.’? Hydrophobicity is a factor that
influences the attachment of S. mutans bacteria to
the tooth surface.™

The results of the hydrophobicity test
showed that the hydrophobicity character of S.
mutans ATCC 25175 decreased along with the
increase in the concentration of Kulim leaf extract.
Adherence of bacteria to the teeth was influenced
by the nature of hydrophobicity, * while the
hydrophobicity nature of bacteria was determined
by the surface of the bacterial cell.” The decreased
hydrophobicity of bacteria after being exposed to
the Kulim leaf extract indicated that the content
contained in the Kulim leaf extract could affect the
surface of bacterial cells.

The results of the research on the adhesive
test S. mutans ATCC 25175 showed that the three
extract concentrations had the effect of inhibiting
bacterial attachment, respectively with 78.75%,
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78.85% and 76.69%. Although not as effective as
the positive control (chlorhexidine) which reached
bacteria attachment bridging of 97.03%, kulim leaf
extract had the ability in inhibiting the adherence
of bacteria.

Kulim leaf extract could reduce hydrophobicity
and inhibit the adherence of S. mutans bacteria
due to the content of active substances in it. The
process of making the extract was carried out by
the maceration method using n-hexane (C6H14)
solution. The maceration method is able to isolate
several active substances, such as saponins,
flavonoids, and tannins.’ Extracts made using
n-hexane contain several active substances, such
as saponins, alkaloids, flavonoids and tannins.'®

Flavonoids are synthesized by plants and
have an antimicrobial response. The activity
of flavonoids in inhibiting bacterial infection is
related to their ability to form bonds with proteins
in the bacterial cell wall. This binding will induce
disruption of the bacterial cell membrane."
Disruption due to the bond between flavonoids
and extracellular proteins can affect the bacterial
cell wall.”® This is related to a decrease in the
hydrophobicity of bacteria, which will interfere with
the attachment of bacteria to the tooth surface.’
In addition, flavonoids are also known to have
anti-glucosyltransferase activity, which works by
binding to the amine group on glucosyliransferase
using the C atomic double bond on the flavonoids.
This will damage the glucosyltransferase enzyme
so that it inhibits bacterial adhesion.'%2°

Tannins can affect the attachment of bacteria
by inactivating the adhesin molecules used by
bacteria to adhere to the tooth surface.?' Adhesin
is a protein on the surface of bacterial cells.’* One
of the proteins that functions as adhesin is antigen
I /1l (PAc).22 Tannins can modify the main protein
on the surface of S. mutans bacteria, which is
called the I / Il antigen. |/ Il antigen is a medium for
attaching bacteria to the tooth surface. Interference
with | / Il antigen on the surface of S. mutans can
reduce hydrophobicity and interfere with adhesion
S. mutans on the tooth surface.™

The effect of Kulim leaf extract with a
concentration of 1.25%, 2.5%, and 5% on the
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decrease in hydrophobicity of S. mutans ATCC
25175 can be seen from the results of the Post-
Hoc Least Significance Different (LSD) test, which
showed a significant difference between the Kulim
leaf extract treatment groups and the negative
control. In addition, the effect of Kulim leaf extract
with concentrations of 1.25%, 2.5%, and 5% can
be seen from the mean hydrophobicity value
which was lower than the mean of the negative
control group. The ability of the extract to affect
the hydrophobicity of bacteria can be seen from
the results of the average hydrophobicity value of
the extract group with a concentration of 1.25%,
2.5%, and 5%, which were then compared with the
mean hydrophobicity value of the positive control
group. Kulim leaf extract with concentrations
of 1.25%, 2.5%, and 5% had a higher average
hydrophobicity value than the positive control.
This result indicates that the Kulim leaf extract
concentrations of 1.25%, 2.5%, and 5% were not
more influential in reducing the hydrophobicity of
S. mutans ATCC 25175 bacteria compared to the
positive control. Based on the results of the Post-
Hoc LSD test, there was a significant difference
between the 1.25% concentration of the Kulim leaf
extract treatment group and the positive control.
This result pinpointed that the ability of Kulim leaf
extract concentration of 1.25% was significantly
different from the positive control. However,
the mean percentage of the hydrophobicity
value of the Kulim leaf extract treatment group
with a concentration of 2.5% and 5% was not
significantly different from the positive control as
indicated by the results of the Post-Hoc LSD test.
Thus, it is clear that the effect of Kulim leaf extract
concentration of 2.5% and 5% does not lead to
any significant difference between the mean and
positive control.

There was no statistically significant difference
between the ability of 5% and 2.5% concentration of
kulim leaf extract in inhibiting bacterial adherence.
However, previous researches revealed that the
ability of 5% concentration of kulim leaf extract in
inhibiting bacterial adherence is lower than that
of 2.5% concentration of extract. This can occur
because of the plateau phase which is shown by



the absence of an increase in the ability of the
extract to inhibit bacterial adhesion.? According
to Braga et al., sub-MIC concentrations or lower
concentrations may also have the ability to interfere
with bacterial cell function in terms of adhesion,
hydrophobicity and motility.?* This study proved
that the smallest concentration of 1.25% still had
an inhibitory power equivalent to a concentration
of 2 levels above it (2.5% and 5%). The results
of the LSD Post-Hoc test found that the ability of
the kulim leaf extract in inhibiting the adherence
of S. mutans ATCC 25175 bacteria between
concentrations did not have any significant
difference. This may be due to the selection of an
adjacent test concentration range.

This study used 0.1% chlorhexidine as a
positive control and Dimethyl sulfoxide (DMSO)
2% as negative control. Chlorhexidine 0.1%
was chosen as the positive control because
chlorhexidine is the gold standard anti-plaque
mouthwash that can work on both gram-positive and
gram-negative bacteria. Besides, chlorhexidine at
low concentrations is known to affect the integrity
of the bacterial cell wall and inhibit the attachment
of bacteria to a surface to prevent the formation
of biofilms.?> DMSO 2% solution was used as a
negative control because it was used as a solvent
for the extract, which was then diluted to obtain
concentrations of 1.25%, 2.5%, and 5%. DMSO
was used as a solvent because DMSO can dissolve
both polar and non-polar compounds. In addition,
DMSO 2% has no effect on bacteria, and thus the
results of the reduction in hydrophobicity are not
influenced by solvents but because of the activity
of compounds contained in Kulim leaf extract.?

Streptococcus mutans ATCC 25175, which
has been exposed to the active substance
contained in Kulim leaf extract is proven to
have decreased hydrophobicity and inhibition
of adherence. This indicates that the Kulim leaf
extract concentrations of 1.25%, 2.5%, and 5%
are capable of affecting the hydrophobicity and
adhesion of bacteria. The results of the Post-Hoc
Least Significance Different (LSD) test showed
that the difference in the effect of the three
concentrations on the decrease in hydrophobicity

Utami, et al: The concentration effect...

and the inhibition of the adherence of S. mutans
ATCC 25175 was not significant. However, the
Kulim leaf concentration of 1.25% had a significant
difference in mean with positive control. This
demonstrates that the effective concentration
that can be used to reduce hydrophobicity and
inhibit S. mutans attachment is a concentration
of 2.5%. The decrease in hydrophobicity causes
the bacteria to be unable to adhere to the tooth
surface.' Bacteria that are not attached to the
surface of the teeth will remain in the oral cavity
because these bacteria are natural bacteria in the
oral cavity or are called microflora. This causes
re-infection in the human oral cavity unavoidable.
However, these bacteria do not have the same
activity as when they are in the environment that
forms plaque. Therefore, prevention of bacterial
adhesion through decreased hydrophobicity
and inhibition of adhesion needs to be done as
a way to inhibit bacterial growth before forming
plaque and to reduce the risk of caries.?" Further
researches on Kullim leaf as an antibacterial agent
are still needed to get an effective concentration to
reduce hydrophobicity and bacteria adherence. It
is necessary to coculture it with other microbes in
oral cavity.

CONCLUSION

The results showed that the concentration of
Kulim leaf extract had a considerable effect on
hydrophobicity and adherence of S. mutans ATCC
25175 bacteria with an effective concentration in
reducing hydrophobicity and adherence inhibition
of S. mutans ATCC 25175 by 2.5%.
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