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ABSTRACT

Introduction: Composite resin is a restoration material that is often
used because it has high aesthetic value. Hybrid composite resins are
currently one of the most popular materials for aesthetic restoration.
This is due to several advantages, including low shrinkage, low abrasion,
and better surface smoothness than small-particle composite resins.
Pangium edule is a spice used in a variety of dishes, including rawon,
brongkos vegetables, and konro soup. Apart from its function as a
flavouring, Pangium edule also makes food browner in color. This
Kluwekstudy aims to analyze the effect of Pangium edule extract on the
discoloration of resin composite microhybrids. Methods: Type of
research is experimental laboratory use of 24 microfiller hybrid resin
composite specimens with a diameter of 6 mm and a thickness of 2 mm
were used. The 24 specimens were divided into three groups based on
their soaking time: 1 day, 3 days and 5 days, to see any color changes.
Each treatment time group consisted of 8 specimens soaked in the
Pangium edule solution. The Vita Easy Shade tool was used to verify
color change measurements. Analyzed data using the one-way Anova
test Results: The one-way Anova test findings revealed a significant
difference (p=0.000) in the color change of composite resin that was
soaked in Pangium edule solution for one, three, and five days.
Conclusion: The change in the color of microhybrid composite resin
soaked in Pangium edule solution for 1 day, 3 days and 5 days can cause
color changes, especially in the hue value.

discoloration, resin composite microhybrid, Pangium edule

INTRODUCTION

Composite resin is a commonly used restoration material due to its superior
aesthetic value. Composite resins have developed over time to improve their
physical and mechanical properties. In a survey conducted by Tyas (2005) on 100
users of filling materials, it was found that the use of composite resin filling materials
was 55%, amalgam 28%, GIC 15%, and polyacid-modified composite resin 2%.
Based on this percentage, it is clear that many patients use composite resin as a
dental filling material.123 Hybrid composite resin is an aesthetic restoration material
that is currently becoming more popular. Hybrid composite resin materials are
currently often used due to their numerous advantages, including better surface
smoothness compared to small particle composite resins, low shrinkage and
abrasion, a high compressive strength that is nearly as durable as amalgam, making
them a popular choice for dental restoration. Class IV restorations, such as anterior
restorations on the incisal tip, are examples of posterior and anterior restorations.
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More than 80% of patients are having concern regarding the possible discoloration
of the hybrid composite resin'filling material they used.4>6

Heyne noted that Pangium edule, also known as Pangium edule, kluwak,
picung, or kepayang, is part of the biodiversity of Indonesia that can be utilized as
a natural dye. Pangium edule is a spice used in a variety of dishes, including rawon,
brongkos vegetables and konro soup. Apart from its function as a flavouring,
Pangium edule also provides a blackish brown color to food. The brown coloring
substance from Pangium edule can be used as an alternative to synthetic coloring
substances such as Chocolate Brown FH and Chocolate Brown HT.7:8 Hilditch,
Williams, and Mangunwardoyo said that Pangium edule contains various substances,
including beta-carotene, cyanic acid, hydrocarpic acid, khaulmogric acid, gloric acid
and tannin. According to Heruwati, tannin is also an antioxidant that acts as an
antibacterial agent. This makes Pangium edule dye very good when applied to food
because it can function as a preservative. Tannin can be extracted from a compound
through extraction. According to Artati and Fadilah's study, tannins are a class of
polar polyphenolic chemicals that dissolve in acetone, glycerol, alcohol, and
hydroalcoholics as well as water. Tannins are insoluble in chloroform, petroleum
ether and benzene.”8 Tannin is a substance that is widely distributed in plants,
including leaves, unripe fruit, stems and bark. The organic substances in tannin have
very complex components, such as phenolic compounds. According to Desmiaty,
phenolic chemicals can precipitate proteins out of a solution but are difficult to
separate and crystallize. Tannins in immature fruit can be used as energy in
metabolic processes in the form of tannin oxide and are a source of acid in the fruit.
They are one of the secondary compounds in plants which are not directly involved
in metabolic processes but influence hormonal activities in the body. In general,
tannins are found in many dicotyledonous plants. In addition, Hagerman asserted
that tannin functions as an antioxidant. The distribution, nature and number of
tannins vary depending on the type and age of the plant. Tannins in cell tissue are
found in vacuoles, so they do not interfere with cell metabolism. When viewed
through a microscope, cells containing tannin are brown.®

After being immersed in a luwak coffee solution for five days (one year), the
nanohybrid composite resin will change color, losing some of its brilliance. This is
due to the presence of gallic acid. Gallic acid is a tannin group compound that has
a chromophore group (color absorber) in the form of a conjugated double bond or
benzene ring, which can cause a substance or molecule to appear colored, as well
as the presence of an OH group as an autosochrome (color binder).10 The adsorption
of polar dyes on the composite surface is the primary reason of the composite resin's
color shift in tea. Coffee has been found by Mark Seferstein to be more chromogenic
than tea. The color change in coffee is caused by the dye adsorption on the
composite surface. Fine coffee particles settle into holes that may be formed due to
the polymerization shrinkage of the resin during the polymerization process. Fewer
polar dyes and coffee-soluble polyphenols, such as tannins, caffeine, and caffeic
acid, may have entered the resin, possibly because they are more compatible with
the polymer matrix.11

After soaking for seven days, coffee and black tea beverages can generate the
greatest color changes on microhybrid and flowable composite resin when compared
to Red Bull, Pepsi Cola, orange juice, and water. This change can be seen in the
translucency of the two composite resins. The degree of color change in composite
resin varies depending on the type of drink consumed.2 Nanohybrid, microhybrid,
and microfill composite resins can change color after being soaked in tea for more
than 12 hours, compared to 6 hours and 1 hour of soaking. These results suggest
that patients should avoid beverages containing dyes for at least 12 hours after
filling with composite resin.13If micro- and nanohybrid composite resins are
immersed in liquid for longer than three days, they will undergo color changes. The
drinks that cause the most color changes are black coffee, black tea, green tea and
water, respectively.!4
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Compared to microhybrid composites, nanohybrid composites have greater
color stability. In composite resins, smaller filler particles can increase resistance to
discoloration; therefore, microhybrid composites are more susceptible to
discoloration than nanohybrid composites. Qat (Arabic tea) can cause greater color
changes in both composites than other coloring solutions (coffee drink, Qishr, red
tea, Dilsi Cola, and distilled water) and produces the largest color changes. Cola
dilation causes abrasion of the composite specimen, which can lead to discoloration.
Soaking time plays a role in color change because increasing soaking time can
increase the ability of the dye to cause color change (an indirect role of pH).!>

Therefore, researchers are interested in examining whether people's habit of
continuously consuming Pangium edule can affect their fillings, especially fillings
with microhybrid composites. This study aims to analyze the effect of Pangium edule
extract on the discoloration of resin composite microhybrids.

METHODS

This experimental study used a total of 24 microfiller hybrid resin composite
(Quadrant Universal LC, Cavex, Netherland) specimens with a diameter of 6 mm
and a thickness of 2 mm based on ISO 4049. The 24 specimens were divided into
three groups based on their soaking time: 1 day, 3 days and 5 days, with the
purpose of detecting any color changes.!0 Each treatment time group consisted of
8 specimens soaked in Pangium edule solution. Pangium edule powder is made by
extracting the Pangium edule with water and then drying it. Before soaking, the
specimen is dried with silica gel for 24 hours so that when examining the color of
the specimen, it is not biased by the color of the water reflection in the specimen.
Color change measurements were checked using the Vita Easy Shade tool which is
based on the Munsell color system, namely color categories divided into three
groups: value/lightness, hue, and chrome.® According to the Munsell system, hue
designates a particular kind of color, such as red, yellow, green, blue, and so forth.
Munsell's color pie chart organizes hues into logical groups based on the primary
colors. Value quantifies a color's brightness or darkness. Pure white is represented
by a number of 10, while gray and deeper hues are covered by values in between,
which range from 0 to 10. Chroma measures a color’s saturation or intensity. The
color is stronger or purer when the chroma value is higher. In a Munsell color
diagram, the chroma is arranged so that circles or ellipses represent the color's
saturation or intensity from the center (value) outward. The study used a parametric
statistical test, especially one-way ANOVA, to ascertain the variation in color changes
among the time variables, specifically 1 day, 3 days, and 5 days.

RESULTS

All specimens underwent a first stage of color measurement before soaking, and a
second stage was conducted after soaking for one, three, and five days. Both the
first-stage measurement findings and the second-stage measurement results were
not consistent. Even though this study's results are not all the same, it is still
necessary to assess the color changes (chromo, hue, and lightness) brought on by
the Pangium edule effect. As a result, this study used the color change difference
(delta, A) between before and after immersion. The immersion time group showed
a slight decrease after 1 day of immersion for chrome and hue color values, then
stabilized until 5 days of immersion. Figure 1 illustrates a significant decline in the
lightness value following a 3-day immersion period.
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Figure 1. Graph of color changes in microhybrid composite resin soaked
in Pangium edule solution.

To determine whether or not there is an effect of color change on the
composite resin soaked in Pangium edule solution with the three soaking times, a
statistical test was carried out. The first statistical test was to determine whether
the examination data using the VITA Easy Shade tool was normally distributed or
not. Since there were less than 50 data specimens, the Shapiro-Wilk method was
used to test the research data for normality. The data normalcy test is a hypothesis
test used to determine whether or not the acquired data follows a normal
distribution.The data that will be checked for normal distribution is the difference in
data after and before immersion, because in this study, the specimens were soaked
starting from zero minutes, so immersion of the specimens was not continued after
soaking for 1 day.16

Based on the statistical normality test results, it has been confirmed that the
data distribution is normal (p>0.05) across the groups of lightness difference,
chrome difference, and hue difference. Therefore, a parametric test, specifically a
One-Way ANOVA test, can be carried out as one of the requirements for carrying
out an ANOVA test is having normal data distribution. According to the results of
the One-Way ANOVA test!®, p<0.05 is significant (Table 1), which means there is a
significant difference in the color change of composite resin soaked in Pangium
edule solution for 1, 3 and 5 days.

Table 1. Results of the one way ANOVAtest on groups ofimmersion time inthe Pangium
edule solution.

Variable Immersion Time Immersion Time Sig.
o m
Lightness difference 3days 51ddae:/ys .?20003*
5days 31 dd;/ys .920003*
Lcay 3o o0
Chrome difference 3days 51ddae:/ys .?90160*
>davs 31 ddaavys '990170*
*
oo
Hue difference 3 days 51ddai/ys 822:
> davs 31ddaayys :8221

*Sign p<0,05
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DISCUSSION

Energy in the form of electromagnetic waves is what Ragain described as light
traveling through space. Only a specific range of color waves may be seen by the
human eye. This range of wavelengths is referred to as visible light; wavelengths
outside of it, such as infrared, ultraviolet, or x-ray, cannot be referred to as visible
light. There is no perfect monochromatic radiation in nature; in fact, all colors consist
of a combination of light. Different wavelengths, taken together, are considered a
blended color. White light consists of all wavelengths of the visible spectrum. For
example, if sunlight passes through a glass prism, the light will be refracted by the
prism and divided into a color spectrum. Our perception of color depends on the
wavelength of light reflected or emitted by the body. Although color measurements
are carried out objectively, color perception remains a subjective sensation that
depends on the observer’s sensitivity of the and the external factors in which the
color stimulation appears (Figure 1).17:18 Meanwhile, a sensor that measures the
light spectrum reflected by the specimen's surface is used in this study to measure
the color of the specimen using a color scheme from Vita Easy Shade.

In dentistry, color plays an important role and is typically assessed in reflected
light with a color measurement device or through visual observation. We employed
the Munsell color system, which serves as a basis for color measurement in dentistry.
This system used hue, value, and chroma within a three-dimensional framework.
Colors like yellow, red, and blue are examples of hues. The wavelengths of the light
being examined are also related to hue. In this dimensional system, a color's value
corresponds to its lightness or darkness. A low-value tooth seems non-vital and
gray. When it comes to matching tooth colors, value is the most crucial color
component. Color intensity, or the degree of hue saturation of a color, is measured
by chroma.18

Water functions as a plasticizer in a polymer matrix, stimulating the resin
volume and decreasing the polymer matrix's glass transition temperature (Tg) by
gradually weakening the resin-dentin connection in the oral cavity, according to De
Munck, Toledano, Lassila, and Thonemann. Furthermore, water absorption at the
resin-dentin interfacial bond has a negative effect on the hydrolytic degradation of
collagen fibers in the hybrid layer. However, many studies report that water
absorption can also reduce resin gaps by means of hygroscopic expansion over
time.19

The color changes that occur in composite resin are related to its water
absorption properties of the composite resin. Composite resin has the ability to
absorb water, so other solutions in the oral cavity can cause discoloration. Water
will seep into the composite resin material, subsequently degrading the siloxane
bonds through a hydrolysis reaction and weakening the filler bonds in the resin
matrix interphase. This will make it easier for water to enter the composite resin,
which can cause color changes.2%:21

Color differences in composite resins are caused by intrinsic and extrinsic
factors. The intrinsic factors that influence the color change of composite resin
include the resin matrix and its interphase with the filler material. Meanwhile, the
extrinsic factor that influences color change is the absorption of dyes such as tea,
soft drinks and mouthwash. Of these various factors, the resin matrix is the most
important in the occurrence of color changes.?”

According to Da Silva, composite resin with a UDMA matrix exhibits superior
color stability compared to composite resin with bis-GMA.22 The low viscosity of bis-
GMA causes many particles to decompose in the water. The more bis-GMA particles
that decompose, the more liquid enters the matrix.22

In this research, changes in the color of the microhybrid composite resin due
to immersion in the Pangium edule Reinw extract solution can occur because
Pangium edule contains dyes and acids (Figure 1 and Table 1). Warnasih claims
that Pangium edule imparts a dark brown hue to food. Pangium edule's brown dye
can be used in place of artificial dyes like chocolate brown. Tannin is a dye
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(brownish color) contained in Pangium edule , which can increase microcracks on
the surface of the composite resin and cause color changes due to the absorption
of tannin. The acid content can also cause color changes in composite resin. This
can happen because the acid content can lead to roughness and microleakage,
which in turn absorbs the dye from the food onto the surface of the composite resin,
resulting in color changes. In this research, the pH of the solution was 4.70, and the
microhybrid composite resin underwent a change in lightness, chrome and hue in
after soaking for 5 days.”

In this research, there was a change in the color of the microhybrid composite
resin that was soaked in Pangium edule extract solution for 1 day, 3 days, and 5
days. Because Pangium edule contains tannin (Figure 2), the color darkens and
becomes brownish.

0Ol OH
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Figure 2. HydrolysableTannin.?

According to Widyastuti's research, the tensions between the particles become
tighter, and smaller color changes result from a higher filler content and a smaller
filler size. These results are in accordance with the assumption that the soaking time
of 1, 3, and 5 days affects the color change of the composite resin. This color change
is attributed to the tannin content in Pangium edule , which leads to the absorption
of microhybrid composite resin and the subsequent color change. The weaknesses
of micro hybrids are that they are sensitive to humidity, polymerization shrinkage,
and are unstable in water or liquids, causing their physical strength to decrease over
time. Exposure to water can soften the resin matrix, hydrolysis occurs, and
microcracks followed by material degradation. Tannin is a coloring substance found
in Pangium edule , which can increase micro-cracks on the surface of the composite
resin and cause color changes due to the absorption of tannin.”,23

Changes in the color of the microhybrid composite resin due to immersion in
the Pangium edule Reinw extract solution can occur because Pangium edule
contains dyes and acids. Based on the findings of Widyastuti's research, the more
filler there is and the smaller the filler particles are, the stronger the forces between
the particles, resulting in fewer color changes.2? Tannin is a coloring substance
contained in Pangium edule , which can increase micro-cracks on the surface of the
composite resin and cause color changes due to the absorption of tannin. The
content of cyanide, khaulmogratic, hydrocarpic and gorlic acids in Pangium edule
seeds can also be the cause of color changes in the composite resin. This can happen
because the acid content can cause roughness and microleakage, so that the dye in
the food is absorbed by the surface of the composite resin and causes color
changes.1%:2! Immersion Causes these tannins to seep into the composite resin
material,leading to the degradation of the siloxane bonds in the composite occurs.
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At the resin matrix interface, the hydrolysis reaction occurs and affects the filler
material’s binding . In other words, the color changes in composite resin (Figure 3).

%’% B \—‘ c g\'

Figure 3. Composite Specimen: A. Beforeimmersion; B. Soaking 1 day; C. Soaking 3 days;
D. Soaking 5 days.

In this investigation, the composite resin composition included a bis-GMA
matrix, which, according to Da Silva, has a low viscosity and allows numerous
particles to break down in water. Since bis-GMA matrix composite resin is also used
in this study, it is consistent with Da Silva's research. As bis-GMA particles break
down, liquid will seep into the matrix at a higher rate. After five days of immersion,
the composite resin exhibits a marginal decline in hue and chrome color values
whereas there is a noticeable drop in lightness values throughout the same period.
In this research, the composite resin will be yellower and darker in color after
soaking, as shown in Figure 3. The addition of triethylene glycol dimethacrylate can
improve the polymerization process of the composite resin because it contains
double bonds of carbon atoms, which can help form polymers when exposed to
radiation.2*2> Therefore, the absorption and solubility processes are anticipated to
produce better polymerization results.

Apart from that, the pH of the Pangium edule solution, which shows an acidic
pH (pH = 4.70), affects the structure of the composite resin in this research. This
study aligns with the research conducted by Tanthanuch and Erdemir, who found
that soaking composite resin in various low-pH liquids led to a higher reduction in
the resin's surface hardness. Acids or low-pH solutions can release H+ ions, which
can then permeate into the composite resin.?8 The pH of this acid also influences
the solubility of the composite structure. The composite resin system's pH may
fluctuate as a result of tannin hydrolysis. These modifications may have an impact
on the resin's rate of polymerization or hardening, as well as the mechanical qualities
and color stability of the final composite. The pigments or color of the resin may be
affected by the newly created components, changing the color of the composite
resin substance.

Changes in the color of microhybrid composite resin soaked in Pangium edule
solution for 1, 3, and 5 days can cause color changes, especially color changes in
hue. These findings support the studies conducted by Supiyana, Diansari, Reddy,
Raeisosadat, Widyastuti, Karadas, Garoushi, and Esmaeili who found external
variables might cause composite resin to alter color. This can happen because the
presence of flavonoid (tannin) content in Pangium edule (Pangium edule reinw)
influences the solubility of the chemical bonds of the microhybrid composite resin,
leading to an increase in microcracks on the surface of the composite resin. These
microcracks, filled with color pigments from tannin, can cause changes in color.
According to these facts, the more often we consume foods containing Pangium
edule, the greater the discoloration of the tooth fillings.13

There are several limitations to this research. Although the color change of
the composite resin can be known, the influence of surface roughness on the color
change of the composite resin has not been evaluated. On the other hand, the
specimens were not brushed after soaking, which may have affected the composite
resin’s staining susceptibility. In future research, the influence of surface roughness
and brushing on the color stability of restoration materials needs to be investigated
further. Pangium edule is frequently used as a spice in recipes, such as Indonesia's
Padang rendang. When cooked, Pangium edule is added to food in comparatively
small amounts to give it a particular flavor and scent. Due to the moderate amount
utilized, this ingestion is usually safe. But it's crucial to understand that Pangium
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edule contains harmful ingredients, including cyanide and hydrocyanic acid.
Consequently, Pangium edule consumption in large amounts or over an extended
period of time may be harmful to one's health.

CONCLUSION

The color alterations in microhybrid composite resin restorations are significantly
influenced by Pangium edule extract. The color of the composite restoration material
may change as a result of exposure to Pangium edule extract. The Implication of
this research for dentists is that when using composite resin materials in dental
treatment, itis crucial to consider this color shift in order to maintain the aesthetics
of the final results.
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