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ABSTRACT

Background: The presence of Enterococcus faecalis in root canal is considered as one of the factors causing root canal treatment failure since
the bacteria are capable of producing glucosyltransferase enzymes that play a role in forming endodontic biofilms. Hence, the bacteria are
resistant to antibiotics. On the other hand, cocoa pod husk extract which is rich in chemical components especially flavonoids, tannins, and
saponins, is thought to have an ability to inhibit Enterococcus faecalis glucosyltransferase enzyme activity.

Aim: The aim of this research is to analyze the inhibitory ability of cocoa pod husk extract against E. faecalis glucosytransferase enzyme activity.

Materials and methods: A total of 27 research samples were divided into three groups, namely, positive control (chlorhexidine gluconate
2%), negative control (aquades), and cocoa pod husk extract 3.12%. Next the enzymatic activity of each sample group was calculated based
on the size of the fructose area read by high-performance liquid chromatography (HPLC) expressed in percent (%) and then converted to pmol/mL
fructose which was considered as 1 unit of glucosyltransferase enzyme activity. Subsequently, the data were analyzed statistically using

Kruskal-Wallis test.

Results: The results of data analysis using the Kruskal-Wallis test showed significant differences between groups of samples (p <0.05).
Conclusion: Cocoa pod husk extract of 3.12% has inhibitory effect on E. faecalis glucosyltransferase enzyme activity.

Clinical significance: The use of cocoa pod husk extract meets the requirements and is proven useful as an irrigation agent in the treatment of
root canals, because it contains antibacterial properties against E. faecalis.

Keywords: Cocoa pod husk extract, Endodontic biofilm formation, Enterococcus faecalis, Glucosyltransferase enzyme, High-performance liquid

chromatography.
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INTRODUCTION

Root canal treatment failure is influenced by several factors. A
study states that the factors generally causing failure of root canal
treatment are the bacterial persistence, inadequate root canal
obturation, untreated major and accessory canals, overextension
of root filling material, the occurrence of complications during
instrumentation (ledge or broken instruments in the root canal),
etc.! The bacterial persistence in the root canal is convinced as the
main factor of root canal treatment failure.?

Bacteria that are often attributed to root canal treatment
failure are E. faecalis. Enterococcus faecalis are facultative anaerobic
bacteria that have anability to form biofilms. Biofilm is a collection
of microorganisms embedded in an extracellular polymeric
substances (EPS) matrix and attached to a surface.” The formation
of these biofilms causes the bacteria to become more resistant to
phagocytosis process, so the elimination of bacteria will be more
difficult.*

The formation of E. faecalis biofilms, moreover, is influenced
by several factors, one of which is glucosyltransferase enzyme
activity. Glucosyltransferase is an enzyme that plays a role in
hydrolyzing sucrose to fructose and glucose as well as in forming
glucan. Glucan is an adhesin material playing a role in the process
of biofilm formation.”

One method that can be used to eliminate this bacteria is by
inhibiting glucosyltransferase enzyme activity. This inhibition of
E. faecalis glucosyltransferase activity will then decrease glucan
formation, resulting in reduced biofilm formation of E. faecalis.
This condition subsequently triggers a decrease in the virulence
of these bacteria.®
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The strategy recently used to eliminate bacteria in the root
canal system is irrigation materials. The use of irrigation materials
is expected to eliminate bacteria thatexist inroot canals especially
those that cannot be reached with mechanical instrumentation.

Sodium hypochlorite and chlorhexidine gluconate are the
irrigation materials commonly used during root canal treatment
procedures. The use of these two ingredients is proven to have
strong antibacterial activity; however, the use of these materials
also has side effects, such as tooth discoloration, mucosal irritation,
and strong odor.”®

In addition, as another complication, the use of sodium
hypochlorite which penetrates into the apical area can cause
hematoma, ecchymosis, burning sensation, anesthesia paresthesia,
etc? Due to those side effects, an alternative material that has
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Fig. 1: Forestero chocolate fruit

Fig. 3: Enterococcus faecalis supernatant containing glucosyltransferase
enzyme

higher biocompatibility properties is required. Thus, the alternative
material can be used safely (Figs 1 to 3).

Cocoa pod husk is a natural ingredient that can be processed
as an alternative material to replace sodium hypochlorite and
chlorhexidine gluconate. Phytochemical analysis on chocolate
fruit peel extract shows many active compounds, such as alkaloid,
tannin, saponin, terpenoid, and flavonoid that have antibacterial
activity.""?

Another study also shows that cocoa pod husk extract can
inhibit the growth of Pseudomonas aeruginosa and Salmonella
choleraesuis bacteria."® Similarly, a study reveals that cocoa pod
husk extract of 3.12% has minimum biofilm inhibitory concentration
(MBIC) value against E. faecalis bacteria.'* Therefore, it can be said
thatcocoa pod husk has an antibiofilm effect on E. faecalis bacteria.

Unfortunately, many previous research only detected the
number of biofilms formed using a spectrophotometer without
regarding other factors that play a role in the process of biofilm
formation, such as glucosyltransferase enzyme activity. As a result,
further research is needed to be focused on the inhibitory ability
of cocoa pod husk against E faecalis glucosyltransferase enzyme
activity playing an important role in biofilm formation. This
research, consequently, aims to determine the inhibitory ability of
cocoa pod husk extract with a concentration of 3.12% on E. faecalis
glucosyltransferase enzyme activity.
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Fig. 2: Cocoa pod husk extract

MaTERIALS AND METHODS

This research is an experimental laboratory study with a posttest-
only design. The number of samples in this research was 27, which
were divided into three groups, namely, positive control group
using 2% chlorhexidine gluconate (2% chlorhexidine gluconate;
Cercamed, Wola, Poland), negative control using sterile distilled
water (Otsu WI; Otsuka, Lawang, Indonesia), and treatment group
using 3.12% concentration of Forestero cocoa pod husk extract
taken from plantations in Banyuwangi, East Java. This research
involved three stages, namely, preparation of cocoa pod husk
extract, purification of glucosyltransferase enzymes, and testing
of glucosyltransferase enzyme activity (Figs 4 to 6).

In the first stage, cocoa pod husk extract preparation was
performed at the Faculty of Pharmacy, Widya Mandala Catholic
University, Surabaya. The extract was derived from cocoa pod husk
by maceration technique using 70% ethanol (Medis, Indonesia).
First, 1 kg of chocolate fruit was dried for 5 days and then separated
from the seeds. Second, cocoa pod husk was thinly cut and put
into an oven (WTC Binder Oven FD 53; Tuttlingen, Germany) at a
temperature of 50°C for 24 hours to become powder.

Ethanol of 70% was added until the powder was submerged
in 1.5 L of liquid, and then it was tightly closed in a jar for 24 hours,
shaken, and stirred. Evaporation was carried out using a water bath
(Tyfsf DK-2000-lIIL; Huanghua, China) and filtered using filter paper
(Whatman Filter Paper 1; Maidstone, United Kingdom) until athick
chocolate extract was obtained. The extract was then diluted to a
concentration of 3.12%.

In the next stage, purification of glucosyltransferase enzymes
was carried out at the Research Center of Dentistry Faculty,
Universitas Airlangga. First, local E. faecalis were inoculated in a
culture media tube containing 10 mL of Brain Heart Infusion liquid
(Oxoid CM1135 BHI; Thermo Scientific, Hampshire, United Kingdom)
and then incubated at 37°C for 24 hours (Heratherm Incubator;
Thermo Fisher Scientific, Waltham, United States). Second, the
culture media tube was vibrated at 150 rpm and centrifuged at 1,500
rpm for 30 minutes using a centrifuge (Medifuge Small Benchtop
Centrifuge; Thermo Fisher Scientific; Waltham, United States) to
obtain E. faecalis supernatant containing the glucosyltransferase
enzyme (Tables 1 to 3).

Third, 27 test tubes were prepared and divided into three
groups, namely, positive control group (2% chlorhexidine
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Fig. 4: Chromatogram of the chocolate fruit peel extract 3.12%

4.0
3.57
3.0
254

2.0
1.5
1.0
0.5
0+ T T T

Positive  3.12% chocolate Negative
control group  peel extract control
group group

Fig. 6: Glucosyltransferase enzyme activity in each sample group

gluconate), negative control group (sterile distilled water), and
treatment group added with 3.12% cocoa pod husk extract and a
mixture of sucrose (Sigma Aldrich, Singapore), phosphate buffer
(Sigma Aldrich, Singapore), and glucosyltransferase enzymes.
The intervention in each group then was conducted by adding
0.9 mL sucrose 0.25 M in a pH 7 phosphate buffer, 0.1 mL of
glucosyltransferase enzyme, and 0.025 mL of 2% chlorhexidine
gluconate for the positive control group, sterile distilled water for
the negative control group, or 3.12% cocoa pod husk extract for the
treatment group. Subsequently 0.2 M phosphate buffer with the
pH 7 was added to the total mixture volume of 2 mL. All groups
of samples were incubated at 37°C for 2 hours and then filtered.
And the last stage, testing of glucosyltransferase enzyme
activity, was conducted at the Pharmacy Testing Service Unit of
Airlangga University Surabaya. The activity of glucosyltransferase
enzyme was tested by injecting as much as 2 pL of the solution
from each group on an high-performance liquid chromatography
(HPLC) device (Agilent 1100 series; Waldbronn, Germany) and
then observing the retention time. High-performance liquid
chromatography is an analytical technique in chemistry used to
separate, identify, and quantify each component in a mixture. Next
the fructose level analyzed by chromatography was calculated by
reading the fructose area based on the calibration curve formed

The Journal of Contemporary Dental Practice, Volume 21 Issue 3 (March 2020)

707
60

50+

40
304
20+
104
0+ T T T

Positive  3.12% chocolate  Negative
control group  peel extract control
group group

Fig. 5: Fructose concentrations (%) in each sample

Table 1: The results of one-way ANOVA test on thefructose concentration

Significance
0.000

Difference among sample groups

Table 2: The results of Tukey HSD test on the fructose concentrations

Chocolate pod

Positive husk extract ~ Negative
Sample groups control group  3.12% group  control group
Positive control group - 0.000 0.000
Chocolate peel 0.000 - 0.000
extract 3.12% group
Megative control 0.000 0.000 -
group

Table 3: The results of Kruskal-Wallis test on the glucosyltransferase
enzyme activity

Significance
0.000

Difference among sample groups

from several concentrations of the standard fructose solution. The
equation of the calibration curve in this study is as follows:

Y=mx+b

Note:

Y = Sample area

m = 631134.17187

x = Fructose concentration in sample (%)

b = 19546, 51875

A unit of glucosyltransferase enzyme activity is defined as
1 umol fructose/mL derived from the enzyme/hour. An SPSS version
20 was performed in this research.

REesuLTs

Based on the results of the research conducted on 27 samples
divided into three groups (positive control, negative control, and
cocoa pod husk extract 3.12%) using HPLC devices, the fructose
concentration formed in each group was identified. The average
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fructose concentration in each group was 24.99% for the positive
control group, 41.57% for the 3.12% cocoa pod husk extract, and
62% for the negative control group.

The concentration of fructose in each group wasthen converted
to umol/mL referring to 1 unit of glucosyltransferase enzyme
activity. Theresultsshowed 1.39 unitsforthe positive control group,
2.3 units for the 3.12% cocoa pod husk extract, and 3.44 units for
the negative control group.

Next, the results of fructose concentration and
glucosyltransferase enzyme activity from each group were tested
for homogeneity and normality. The results of both tests then
determined the type of data analysis used.

The homogeneity test of fructose concentration showed that
the fructose concentration data had normal homogeneity and
normality. Therefore, one-way analysis of variance (ANOVA) test was
conducted and then continued with the Tukey HSD test.

The results of the one-way ANOVA test on the fructose
concentrations revealed that the significance of the difference among
sample groups was 0.000 (p > 0.05). This indicates a significant
difference in the concentration of fructose among the sample groups.

The Tukey HSD test was then carried out to determine the
differences inthe fructose concentration between the two groups
of samples. The Tukey HSD test on the fructose concentration
showed that each pair of sample groups had a significance value
of less than 0.05 (p < 0.05). The significance value of fructose
concentration in each group was 0.000 for the positive control
group, 0.000 for the 3.12% cocoa pod husk extract, and 0.000 for
the negative control group. This shows that each pair of sample
groupshad asignificantdifference and also thateach pair of sample
groups had a significant difference.

Next the normality and homogeneity testsonglucosyltransferase
enzyme activity revealed thatthe data distribution was normal, but
the data were not homogeneous. Thus, Kruskal-Wallis test was
performed on the data of glucosyltransferase enzyme activity.

Theresults of the Kruskal-Wallis test on the glucosyltransferase
enzyme activity showed that the significance of difference among
the research groups was 0.000. The significance value of fructose
concentration in each group was 0.000 for the positive control
group, 0.000 for the 3.12% cocoa pod husk extract,and 0.000 forthe
negative control group. This indicates that there was a significant
difference in glucosyltransferase enzyme activity among the
research groups.

Discussion

Repeated infections afterroot canal treatment procedures are asign
of root canal treatment failure. The main factor that causes the root
canal treatment failure is the presence of bacteria."?

Enterococcus faecalis are pathogenic bacteria often associated
with root canal treatment failure. Enterococcus faecalis bacteriaare
also known as facultative anaerobic gram-positive bacteria that can
penetrate into the dentinal tubules.”™

Moreover, E. faecalis bacteria have several virulence factors that
can cause infection in the host. The virulence factors possessed by
E. faecalis bacteria are aggregation substance, surface adhesins, sex
pheromones, gelatinase, cytolysin, and so on.

Enterococcus faecalis bacteria can also survive when the
environmental conditions are not favorable since they have an
ability to form biofilms. A research states that bacteria with their
biofilms will be 1,000 times more resistant to phagocytic activity,
antibodies, and antibacterial materials than with their free form/
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planktonic form.”® The ability of E. faecalis to form biofilms, thus,
makes these bacteria very difficult to eliminate.'®

Biofilm is a collection of microorganisms embeddedin a matrix
of EPS and attached to a surface.” Biofilm formation process consists
of several stages: (a) initial stage: planktonic form of bacteria
attached onasurface, (b) the second stage: cell aggregation to form
microcolony and increase attachmentcaused by the production of
extracellular polymeric substances (EPS); therefore, the attachment
become irreversible (and the opening of microorganism cell surface
structure), (c) the third stage: three-dimensional formation and
biofilm maturation, providing protection against host defense
mechanisms and antibiotics, and (d) the fourth stage: detachment
(bacteria left the biofilms itself) and dispersion of planktonic
bacteria ready to colonize other surfaces.”

Furthermore, exopolysaccharide often found in bacterial
biofilms is glucan. Glucan is one of exopolysaccharide types
composed of several glucoses (p-glucose monomers) which
will form a polymer. The chemical reaction of glucan synthesis
is triggered by these bacteria, which will be accelerated by
glucosyltransferase enzyme. The enzyme will then hydrolyze
sucrose to fructose and glucose and play arole in glucan formation.”

The role of glucosyltransferase enzyme actually is very large in
the process of biofilm formation. Hence, now many studies aim to
inhibit glucosyltransferase enzyme activity in order to inhibit the
formation of biofilms. The inhibition of biofilm formation will make
bacteria more susceptible to phagocytic activity and antibodies
from host cells and antibacterial ingredients.

Cocoa pod husk, on the contrary, is a natural ingredient that
has been known to be able to inhibit the biofilm formation of
E. faecalis bacteria.' As a result, the aim of this research is to analyze
the inhibitory ability of cocoa pod husk extract against E. faecalis
glucosyltransferase enzyme activity. In this research, the catalytic
activity of the glucosyltransferase enzyme was measured by
counting the number of enzyme products formed (fructose) from
each sample group at a certain time using an HPLC device.

The results of the activity of the glucosyltransferase enzyme
in this research actually were fructose and glucan. Fructose is
produced in a free form, while glucan is a bond between glucose
compounds. Fructose compounds in the free form were analyzed
by HPLC, so that the activity of the glucosyltransferase enzyme
was measured by the amount of fructose concentration formed.
Theamount of fructose detected by HPLC then wouldillustrate the
formation of more glucan as a product of the catalytic reaction of
the glucosyltransferase enzyme.

Subsequently, fructose concentrations obtained were
converted into glucosyltransferase enzyme activity. The activity
of the glucosyltransferase enzyme is defined as 1 pmol fructose/
mL from the enzyme/hour. Data on the results of fructose
concentrations, consequently, will be directly proportional to the
activity of the glucosyltransferase enzyme. The higherthe fructose
concentrations, the higher will be the glucosyltransferase enzyme
activity in a group of samples.

Chlorhexidine gluconate of 2% was used as a positive control
to benchmark the effectiveness of the antibacterial materials
commonly used in standard root canal treatment procedures to
inhibit glucosyltransferase enzyme activity, while negative control
used distilled water. This aims to understand the activity of the
glucosyltransferase enzyme under normal circumstances. Cocoa
pod husk extract with a concentration of 3.12% was used in this
research since the extract was proven to have an MBIC against
E. faecalis.*
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The results showed that the highest average fructose
concentration wasin the negative control group (62%), followed by
the 3.12% cocoa pod husk extract group (41.57%) and the positive
control group (24.99%). This was proportional to the activity
of the glucosyltransferase enzyme in each group. The highest
glucosyltransferase enzyme activity was in the negative control
group (3.44 units), followed by the cocoa pod husk extract 3.12%
group (2.3 units) and the positive control group (1.39 units).

The negative control sample group had the highest average
fructose concentration compared to the other two sample groups.
The high fructose concentration indicates that the very high
catalytic activity of the glucosyltransferase enzyme in hydrolyzing
sucrose to fructose and glucan. It is proven statistically that the
glucosyltransferase enzyme activity in the negative control sample
group was the highest compared to the other sample groups. This
situation is because the negative sample group was not given a
treatment that could affect the activity of the glucosyltransferase
enzyme, so that in the negative control group the activity of
glucosyltransferase enzymes runs normally without intervention.

The positive control group using 2% chlorhexidine gluconate,
on the contrary, had the lowest average fructose concentration
compared to the negative control group and the 3.12% cocoa pod
husk extract group. The low fructose concentration in the positive
control group indicates that an inhibition of the catalytic activity
of the glucosyltransferase enzyme. Based on the results of the
statistical analysis, it was also found that the positive control group
had the lowest glucosyltransferase enzyme activity.

The inhibition of glucosyltransferase enzyme activity in the
positive control group is probably due to the bactericidal effect
of chlorhexidine gluconate. The mechanism of the antibacterial
effect of chlorhexidine gluconate is to damage the cell membrane.
Positively charged chlorhexidine binds negatively charged
phospholipids in the cell wall and causes rupture, which in turn
leads to cytoplasmic lysis and results in cell death.’®

Thegroup of 3.12% cocoa pod huskextract had a lower fructose
concentration than the negative control group but slightly higher
than the positive control group. It means that cocoa pod husk
extract with a concentration of 3.12% has an ability to inhibit the
catalytic activity of the glucosyltransferase enzyme, though not as
much as that in the positive control group. This was even proven
statistically, which showed the activity of glucosyltransferase
enzymes in the group of cocoa pod husk extract was lower than
that in the negative control group but higher than that in the
positive control group.

The inhibitory ability of glucosyltransferase enzyme activity by
cocoa pod husk extract is due to the presence of active ingredients,
such as tannins, flavonoids, and terpenoids. The types of terpenoid
compounds believed to affect the activity of glucosyltransferase
enzymes are ursolic acid and oleanolic acid.” Ursolic acid and
oleanolic acid inhibit the glucosyltransferase enzyme by directly
acting on the enzyme without competing with the presence of
the substrate.

Flavonoids in cocoa pod husk extract can inhibit the activity
of glucosyltransferase enzymes because of the proanthocyanidin
and flavone compounds contained. Proanthocyanidin can inhibit
the activity of E. faecalis glucosyltransferase enzyme since the
compound is able to inhibit organic acid production and biofilm
formation by cariogenic bacteria.?’ Proanthocyanidine effectively
reduced the synthesis of insoluble polysaccharide and affected
bacterial glycolysis. Proanthocyanidine diminished bacterial
attachment by altering the surface characteristic and forced
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bacteria to remain in planktonic form in order to minimize biofilm
formation.?’

Besides, flavonoids will also inhibit the activity of
glucosyltransferase enzymes because the structure of the
compound has hydroxyl group and double-bond groupin C2 and
C3 bonds, which allow nucleophilic bonds in the amino acid chain
of the glucosyltransferase enzyme.?’ The nucleophilic bond in the
glucosyltransferase enzyme is an inhibitor of glucosyltransferase
enzyme which then inhibits the enzyme activity.

Tannin is also an active ingredient that can inhibit the activity
of the E. faecalis glucosyltransferase enzyme. The presence of this
activecompoundwill then cause a change inthe bonding capacity
with metal ions. This change is considered to cause a decrease in
the activity of glucosyltransferase enzyme.?

Based on the results of the Tukey HSD test, the fructose
concentration in each pair of sample groupshad a significance value
of less than 0.05 (p < 0.05). This indicates significant differences
in the fructose concentration in each pair of sample groups.
The negative control group had a significant difference when
compared with the cocoa pod husk extract group and the positive
control group. This means that the addition of 2% chlorhexidine
gluconate and 3.12% cocoa peel extract can inhibit the activity
of the glucosyltransferase enzyme characterized by decreased
fructose concentration compared to when not given treatment.

Similarly, the 3.12% cocoa pod husk extract group also had a
significant difference with ahigheraverage fructose concentration
than that of the positive control group. This indicates that the
inhibitory ability of 3.12% chocolate fruit peel extract was lower
than that in the positive control group. This is likely to occur
because 3.12% is the MBIC of cocoa pod husk extract. The optimum
concentration of cocoa pod husk extract is needed to have the
same or even higher inhibitory ability of glucosyltransferase
enzyme than that of the positive controls. Therefore, the optimum
concentration range of chocolate fruit extracts needed is from less
than 3.12% to 12.5%.

CoNCLUSION

Chocolate fruit extract at the concentration of 3.12% has inhibitory
effect on E. faecalis glucosyltransferase enzyme activity. Further
research about inhibitory ability of cocoa pod husk extract on
glucosyltransferase enzyme activity and inhibitory of biofilm
formation (in vivo studies) is required.
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