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ABSTRACT

Background: White spot lesion is a demineralization process indicated by the increased of enamel microporosity. A tegillarca granosa
shell contains 98.7% calcium and Vitis vinifera contains phytochemical compounds with fluoride, which has a potential to stimulate
remineralization. Purpose: To analyze the Tegillarca granosa shell combination with Vitis vinifera and fluoride in decreasing enamel
microporosity. Methods: The cream was prepared by combining 10% and 20% Tegillarca granosa shell with 10 grams of Vitis
vinifera extract and 100 mg of fluoride. The cream was tested beforehand for viscocity and pH. Furthermore, 16 premolars were
etched and divided into four groups. Group 1 was smeared with placebo (negative control) and Group 2 was smeared with casein
phosphopeptide-amorphous calcium phosphate (positive control). The other groups were smeared with cream 10% (Group 3) and
20% (Group 4) Tegillarca granosa shell combination with Vitis vinifera and fluoride. Teeth were treated three times a day for 30
minutes and soaked in artificial saliva. After 14 days, the enamel microporosity was carried out using a scanning electron microscope.
The data was analyzed with one-way analysis of variance (ANOVA) test followed by post-hoc least significant difference (LSD).
Results: The enamel microporosity showed significant difference between Group 1 and the other groups. There was no significant
difference between Groups 2, 3, and 4 (p<0.05). Although there was no significant difference between Group 3 and 4, the lowest one
was in Group 4 (p>0.05). Conclusion: The cream, prepared by combining Tegillarca granosa shell with Vitis vinifera and fluoride,
is effective in decreasing the enamel microporosity.
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INTRODUCTION between the host and substrate such as carbohydrates

and cariogenic microorganism for a certain time period,

Oral disease is one of the most prevalent public health
problems, which have undergone significant changes in
epidemiology, especially dental caries. Dental caries is
a chronic and preventable oral disease that has profound
effects such as destruction of hard tissue and in some
cases, also results in tooth loss.' In 2020, The World
Health Organization estimated that 2.3 billion people in
the world were diagnosed with caries and claimed that
poor oral health has a profound significant effect on
general health as well as virtue of life. This disease is
most prevalent in Latin American countries and South
Asia. Indonesia also has significantly higher prevalence
in dental caries; it is encountered 88.8% and >70% in
all age groups. Dental caries is caused by the interaction

which forms an acidic product that effects a decrease in
pH. When the pH falls below the threshold value, it can
initiate the demineralization process, which is characterized
by the formation of early stage of dental caries white spot
lesion.>* Demineralization is also a process involving the
formation of enamel microporosity due to mineral loss and
dissolution, for instance calcium, phosphate, and crystal
apatite in particular and hydroxyapatite Ca,,(PO,)s(OH),
and collagen from the enamel prism.*>

Dynamic equilibrium happens within the process of
demineralization and remineralization. Remineralization
is a natural cycle process of forming apatite crystals,
hydroxyapatite, and fluorapatite from mineral ions such as
calcium and phosphate that were lost and dissolved during
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the demineralization process.® The remineralization process
is supported by remineralization materials and containing
agents. One of the important material properties is viscosity;
the viscosity value of a remineralizing material affects
the ability of important ingredients such as calcium ions
obtained from Tegillarca granosa and phosphate shells,
which can in turn diffuse into the enamel microporosity
and increase hydroxyapatite saturation so that the process
of closing the enamel microporosity occurs as a result of
successful remineralization.’

Remineralization agents include calcium, fluoride,
casein phosphopeptide-amorphous calcium phosphate
(CPP-ACP), and others. The first and primary
remineralization agent is calcium, a mineral ion that
can rebuild and improve enamel structure that is lost in
demineralization through diffusion process in enamel
microporosity.® The calcium ions that are released are also
affected by the acidity level from the tooth enamel.’ A
study conducted by Abdelnabi showed that 10% to 20% of
calcium is effective to prompt remineralization process.'°
Along with calcium, there is fluoride, a mineral ion that
is a gold standard for remineralization, which can prevent
demineralization by increasing the acid resistance of the
enamel and triggering ion precipitation from saliva to the
tooth structure, setting off remineralization by forming
fluorapatite, and becoming an antibacterial agent, which
inhibits the production of glucosyltransferase enzyme.'!
One of the sources of fluoride that used in dentistry to
prevent secondary caries is calcium fluoride.'? Finally,
there is a cream, CPP-ACP, which is used in public as
a remineralization agent. It is a cream containing casein
from milk’s protein, which perchance maintains a neutral
condition in the enamel by binding and stabilizing the
calcium and phosphate ions from saliva.'*!* In spite of
the advantage of casein, there are more areas that could
be looked at, which could potentially be a disadvantage
to patients. CPP-ACP, for middle to lower classes of
society, is less affordable and uneconomical, which leads
to a limitation in its use as well."”” In a study conducted
by Matsui, casein in CPP-ACP showed the epitome
of allergy among patients.'® The prevalence of casein
allergy, estimated as ranging from 0.5% to 3%, begins
at the age of 1.!” CPP inhibited casein binds with IgE in
a concentration-dependent manner and will contribute to
the limitations of using CPP-ACP only in non-allergic
patients.'® The insufficiency and disadvantages that were
found in CPP-ACP can be overcome by using natural
sources of calcium that are affordable and not from milk
products and their derivatives, one of which is 7. granosa
shell. It is supported by the prevalence of shellfish allergy,
found to be 0-0.9%.'3

T. granosa shell is one of the natural calcium sources
that is widely found in Indonesia, a maritime country,
which potentially produces abundant marine commodity.
The abundant 7. granosa was evidenced by the Indonesian
Directorate General of Capture Fisheries in 2012, which
estimated that 7. granosa shell production reached 48.994

tons. Though there is sufficient production of T. granosa
shell, its function has been limited only to its meat for
consumption, which results in an extensive amount of 7.
granosa shell waste, estimated to reach 2-2.4 tons every
week.!” The repercussion of T. granosa wastage allows
negative concussion such as disturbance and impairment
to the coastal and aquatic environment, disrupting and
damaging the quality of Indonesian waters, and creating
an environment that is not conducive.’’ On the other
hand, Tegillarca granosa shell plays a quiescent role in
remineralization, because it is formed by 98.7% calcium
carbonate and other minerals such as 0.05% Mg, 0.9% Na,
0.02% P, which can be enforced in the remineralization
process.?! Differing from CPP-ACP, T. granosa shell
was chosen to overcome casein allergy in some patients.
Furthermore, it has potential as a natural ingredient
containing 95% calcium carbonate that was proved by the
study conducted by Sari et al.,?? Lopata et al.,>* and Zailatul
et al.* and did not have any interaction or effect allergy
on patients. This was supported by the study on shellfish
allergy that is mainly caused by proteins, specifically
tropomyosin, which are present in the gastrointestinal
regions of the shellfish.?22*

T. granosa shell waste, due to its high calcium content,
could be used as the fundamental ingredient in making the
cream that increases remineralization. 7. granosa shell
waste is a profound source of calcium combined with natural
ingredients like grapes (Vitis vinifera) and plays the role of
an antibacterial agent due to its phytochemical compounds,
including polyphenol and flavonoid. Phytochemical
compounds in polyphenol also include proanthocyanidins,
which are used in the dentin remineralization process
and provide protection for collagen matrix.% Grapes were
chosen based on the research conducted by Rachmawati et
al.'* and Busman et al.,2> which proved that grapes can be
antibacterial, especially against cariogenic bacteria such
as Streptococcus mutans. Another fundamental ingredient
is fluoride that can prevent demineralization, enhance
remineralization and act as a bacterial agent. These three
essential ingredients can be potentially put together to
invent a cream to prompt tooth remineralization and treat
white spot lesions.?>?° Candidates for the remineralization
cream should accomplish good quality and be applicable;
hence, they must run several tests to achieve the standards
so that it can be used in society. The remineralization cream
underwent several tests such as a pH test, where a result of
4.5-10.5 was the standard for a favorable and intact product
and a viscosity test, where the result would determine
how substantial and adequate important ingredients of
the material could diffuse into the microporosity of the
enamel, which had an impact of triggering remineralization
with the ideal number between 20 and 500 dPa.s.”’~%
Based on these, further research is needed about the
effectiveness of the cream prepared using 10% and 20%
T. granosa shell combination with V. vinifera and fluoride
to decrease the enamel microporosity as a remineralization
agent.
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MATERIALS AND METHODS

Preparation of components for creating the cream began
with Tegillarca granosa shells. The sludge was cleaned off
them by immersing them in water for 24 hours and brushing
with a steel brush. Then, they were preserved in the sun
until the shell became dry. Next, the shells were crushed
with a mortar and pestle and sieved with 100 mesh to get
a finer and preferable powder. The extract V. vinifera was
prepared using the freeze-dry method. The quantity of V.
vinifera needed for making the cream is 800 grams; the
grapes were then juiced using a blender after the freeze-dry
stage, which was carried out by freezing the grape juice in
around bottom boiling flask at low temperature in a freeze
dryer and then dried.** This was followed by increasing the
temperature from -40°C up to 0°C until 95% grape juice
lost the water and lowering the pressure to less than 4.58
mmHg. Final step of the drying process was continued by
increasing the temperature to 35°C and the pressure. The
results of the freeze-dry processing of grapes were brownish
in color and had a sticky consistency.

After the preparation of the sample material was
completed, the cream was then prepared with a concentration
of 10% and 20% T. granosa shell combination V. vinifera
and fluoride. After making cream with a concentration of
10% using aratio of 1: 1: 0.01, i.e., 10 grams of T. granosa
shell, 10 grams of extract Vitis vinifera with a concentration
of 50%, and 100 mg of fluoride 900 ppm, the process
was continued by heating 50 ml of aquabidestilata until it
reached a temperature of 80°C, then 100 mg of Na CMC
was added and allowed to swell until it formed a clear gel
mass, after which 30 ml of aquabidestilata was added at
room temperature and stirred until it became homogeneous.
This stage of making cream with a concentration of 20%
using a ratio of 2: 1: 0.01 i.e. 20 grams of T. granosa shell,
10 grams of extract V. vinifera with a concentration of 50%
and 100 mg of fluoride 900 ppm was continued by heating
50 ml aquabidestilata until it reached a temperature of
80°C , then 100 mg of Na CMC was added and allowed to
swell until it formed a clear gel mass, after which 30 ml of
aquabidestilata was added at room temperature and stirred
until homogeneous.

The cream that had been made was then tested for its
viscosity and pH. The viscosity test of cream 7. granosa
combination with Vitis vinifera and fluoride was conducted
using a Viscotester VT-04E (Rion Viscotester VT-04E,
China). The cream preparation sample was placed in the
beaker; thereupon, rotor number 2 was used and lowered
into the beaker to the specified limitation. The results were
displayed by observing the movement of the needle on a
scale indicating the level of solidity of the cream suspension
in the form of dPa.s units. The pH test of cream, prepared
using 7. granosa combination with V. vinifera and fluoride,
was conducted first by soaking the tooth sample in artificial
saliva; then, the pH of the artificial saliva was checked
periodically using a universal pH strip (Merck, Germany).
If the pH of the artificial saliva is below 7, then 2-3 drops

of 0.1 N NaOH solution are given, and if the pH of artificial
saliva is above 7, then it is given 2-3 drops of 0.1N HCl
solution until the pH reaches the optimum value again and
is read after 14 days using a pH meter.

The cream was then be evaluated with teeth samples. 16
premolars had been extracted and selected with the criteria
of a healthy tooth without any sign of caries, filling, and
restoration. The sample preparation started by cleaning
the teeth using a prophylactic brush, then soaking in saline
water, and storing in the refrigerator. The teeth samples
were divided into four groups (n=4), such as Group 1:
smeared with placebo as a negative control, Group 2:
smeared with CPP-ACP (GC Tooth Mousse Plus™, USA)
as a positive control, Group 3: smeared with cream with
10% T. granosa shell combination V. vinifera and fluoride
and Group 4: smeared with cream with 20% 7. granosa
shell combination V. vinifera and fluoride. Each sample
was etched using hexaetch etching (Hexaetch, Indonesia)
with a concentration of 37% phosphoric acid on the buccal
part of the tooth, was allowed to stand for 30 seconds, and
then, rinsed with water. The application of 37% etching
aims to form microporosity on the teeth. Next, the teeth
samples were immersed in artificial saliva for 60 seconds.
The material was applied to the buccal teeth and then,
allowed to stand for 30 minutes; this was applied thrice a
day and immersed in artificial saliva within 24 hours. The
treatment was done every day for 14 days, after which
the enamel microporosity was measured using scanning
electron microscope (SEM) (Hitachi Type TM-3000,
Japan). The SEM image was formed with magnifications
500x and 1500x.%!

The statistical analysis of the enamel microporosity
was comprised and analyzed using one-way ANOVA and
Post Hoc Tukey HSD multiple comparison tests with SPSS
software (Version 26.0; SPSS Japan Inc., Tokyo, Japan).
The significant difference was accepted at p < 0.05.

RESULTS

The viscosity of the sample materials, as shown in Figure 1,
was found to be in the range 300-400 dPa.s. The viscosity
of CPP-ACP was 350 dPa.s. The viscosity of the cream
with 10% T. granosa shell combination Vitis vinifera and
fluoride was 300 dPa.s, while the viscosity of the cream
with 20% T. granosa shell combination V. vinifera and
fluoride was 400 dPa.s.

The pH of each sample material, as shown in Figure 2,
was in the range of 6.8—7.3. The pH of CPP-ACP was 6.8.
The pH of the cream with 10% T. granosa shell combination
V. vinifera and fluoride was 7, while the pH of the cream
with 20% T. granosa shell combination V. vinifera and
fluoride was 7.3.

The morphological patterns of the enamel microporosity
after treatment was shown in Figure 3, and the number of
enamel microporosities were measured for each group.
The red arrows indicate the enamel microporosity.
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Furthermore, Figure 4 shows that there was a significant
difference between Group 1 compared with the other groups
(p=0.000). Although there was no significant difference
between Group 2 and Group 3 (p=0.994), Group 2 and
Group 4 (p=0.635), Group 3 and 4 (p=0.778), and Group
4, the lowest number of enamel microporosities was found
in Group 4 with an average value of 4.

DISCUSSION

A successful remineralization is characterized by lesser
enamel microporosity. Microporosity refers to the presence
of open cavities, and the greater the microporosity, the
lower the strength and resistance of a material. The size of
the microporosity voids and the degree of microporosity
can be reduced or increased using materials containing
calcium and phosphate.*> The remineralization process
can occur if the salivary pH is normal, and there is a
sufficient amount of Ca’>* and PO, ; the hydroxyapatite
dissolution can become neutral in the presence of buffering
and rebuild the apatite crystals that have dissolved and
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filled in the enamel microporosity.*? Fluoroapatite,
which is also formed during remineralization, plays a
role in the increased resistance to acid dissolution that
potentially affects the remineralization.>! The viscosity
of the remineralization agent also plays an important role
in facilitating remineralization by closing the enamel
microporosity initiated by ions and minerals containing
substances that diffuse and penetrate the enamel crystals,
particularly the hypomineralized or demineralized enamel.
The continuous process of ion precipitation, especially
calcium and phosphate, also enables the remineralization
process. The viscosity of the remineralized cream has
a standard value of > 50 dPa.s, as set by the Indonesian
National Standard. Meanwhile, the viscosity of an ideal
cream ranges between 20 and 500 dPa.s. The gaps in the
values obtained by the cream with 10% T. granosa shell
combination Vitis vinifera and fluoride and the cream with
20% T. granosa shell combination V. vinifera and fluoride
showed that different concentrations of the ingredients
affect the viscosity. Different calcium carbonate contents
in groups with 10% Tegillarca granosa shell combination
V. vinifera and fluoride and cream with 20% T. granosa

CPP-ACP

Cream with 10% Tegillarca
granosa shell combination
Vitis vinifera and fluoride

Cream with 10% Tegillarca
granosa shell combination
Vitis vinifera and fluoride

Figure 1. Viscosity of CPP-ACP, cream with 10% Tegillarca granosa shell combination Vitis vinifera and fluoride and cream with
20% Tegillarca granosa shell combination Vitis vinifera and fluoride.
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Figure 2. pH of CPP-ACP, cream with 10% Tegillarca granosa shell combination Vitis vinifera and fluoride and cream with 20%
Tegillarca granosa shell combination Vitis vinifera and fluoride.
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Figure 3. The SEM images of enamel microporosity after treatment for 14 days, in 500x magnification (A) and 1500x magnification
(B). The red arrows show the enamel microporosity. Group 1: smeared with placebo as a negative control; Group 2: smeared
with CPP-ACP as a positive control; Group 3: smeared with the cream with 10% Tegillarca granosa shell combination

Vitis vinifera and fluoride; Group 4: smeared with the cream with 20% Tegillarca granosa shell combination Vitis vinifera
and fluoride.
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Figure 4. The number of enamel microporosities in all groups after treatment for 14 days. *significance p value (< 0.05)

shell combination V. vinifera and fluoride affect the
concentration of the solution and the viscosity value.
Variations in the concentration of calcium in groups 3 and 4
affect the solution concentration and the resulting viscosity
values. The concentration of the solution increases if there
are many particles of dissolved substance; this is caused
by friction between the particles due to smaller distance
between them, which creates a cohesive force or attraction
between the particles that will be higher and directly
proportional to the resulting viscosity value.*>** Based on
the results of the study, the cream with 10% T. granosa
shell combination Vitis vinifera and fluoride and the cream
with 20% T. granosa shell combination Vitis vinifera and
fluoride met the applicable cream standards, while the
group with 10% T. granosa shell combination V. vinifera
and fluoride had a viscosity of 300 dPa.s lower than CPP-
ACP. The cream with 20% T. granosa shell combination
V. vinifera and fluoride with a viscosity of 400 dPa.s was
an ideal remineralization material that met the criteria.
Referring to the SNI standards for remineralization
creams, the normal pH ranges between 5.5-10.5. The
optimal pH oral cavity to support the remineralization
process is greater than 5.5.2” While a low pH (acid) leads to
demineralization, a pH > 5.5 can trigger remineralization.*’
The acids can cause the local pH to fall below a critical
value, resulting in demineralization of the tooth tissue.>®
The pH of the cream supports the remineralization
process by conditioning the oral cavity to neutralize the
pH, since demineralization occurs when the oral cavity
is acidic. Thus, to support the remineralization, the pH of
the remineralization cream should be neutral in the range
5.5-10.5.>* The pH in each cream group was still greater
than 5.5-10.5, indicating that the creams were safe to use
and support the remineralization process. Based on the
results of the study, the cream with 10% T. granosa shell
combination V. vinifera and fluoride and the cream with
20% T. granosa shell combination V. vinifera and fluoride
met the SNI standards for remineralization. Nonetheless, the
cream with 20% T. granosa shell combination V. vinifera

and fluoride has the highest pH value of 7.3, which also has
a greater impact on enhancing remineralization.

Changes in enamel microporosity related to the success
of remineralization can be measured using SEM at 1500
times magnification. The results of this study showed
that negative control had the highest average number
of microporosities, because no remineralization agent
was added and the artificial saliva immersion caused the
demineralization process to occur continuously; however,
the concentration of calcium in the artificial saliva could
not significantly increase remineralization. As a result,
the enamel microporosities were not closed. Group 2 that
was smeared with CPP-ACP as a positive control had a
lower number of microporosities than the negative control
group; however, the average enamel porosity was higher
than Group 3, which was smeared with the cream with 10%
T. granosa shell combination V. vinifera and fluoride and
Group 4, which was smeared with the cream with 20% T.
granosa shell combination V. vinifera and fluoride. CPP-
ACP is reviewed as a gold-standard cream and is a source
of calcium and phosphate ions, which support the formation
of hydroxyapatite. However, the solubility of CPP-ACP in
an unfavorable acidic pH and penetration on the enamel
surface with low erosion resulted in lower hydroxyapatite
crystals from the calcium and phosphate bonds produced
by CPP-ACP, which are less adhesive to the enamel surface
that underwent the demineralization process. In addition,
it also became less stable and was easily released when it
came in contact with water during the rinsing, causing the
remineralization process to be disrupted.

Group 4, which was smeared with cream with 20%
T. granosa shell combination V. vinifera and fluoride
showed a lower number of microporosities than Group
3, which was smeared with cream with 10% T. granosa
shell combination V. vinifera and fluoride. This was
because Group 3 had 10 grams of the active ingredient in
T. granosa shells, while Group 4 consisted of 20 grams
of the active ingredient in 7. granosa shells. Although
there was no significant difference between Group 3
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and Group 4, Group 4 showed a lower average number
of enamel microporosities compared to Group 3. The
different calcium concentrations of 7. granosa shells
resulted in different viscosity values, which affected the
ease of application to tooth enamel. The calcium content in
the T. granosa shell can diffuse and penetrate the enamel
microporosity, because enamel microporosity can only be
filled with mineral ions that have the same ionic radius.**’
The fluoride content in grapes, i.e. sodium fluoride of
900 ppm, also affected the remineralization through the
fluoroapatite formation mechanism. The fluoride increases
the acidity resistance, which affects the precipitation of
calcium and phosphate ions into the tooth structure.'!
The mixture was administered three times a day and left
for 30 minutes. After 14 days, the calcium and fluoride
could diffuse between the enamel and were absorbed
into hypomineralized enamel, increasing hydroxyapatite
saturation, which then closed the enamel microporosity.
This study on the enamel microporosity reducing cream
has been proven from in vitro research, and whatever the
results may be, it still cannot be concluded that it is the
superior method for getting the best results. Therefore, it
is presumed that doing an in vivo research can be used
to conclude the effectiveness of this cream in reducing
enamel microporosity.

With regards to the results and discussions of this
study, it can be concluded that the cream containing 20%
T. granosa shell and a combination of grape and fluoride is
the most effective agent in remineralizing the demineralized
enamel and white spot lesion. It is suggested to study further
regarding the bond or adhesion between materials, side
effects, and long-term effects of this research.
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