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ABSTRACT

BACKGROUND
Bleaching procedures can lead to loss of minerals and morphological changes of the enamel. In order to minimize the damage on
enamel, there is a need to develop natural ingredients from cassava tubers as additives for bleaching material because it contains
calcium, phosphate and enzymes.

The aim of this study is to evaluate the difference of morphology and elements of the enamel after bleaching with different
concentrations of hydrogen peroxide and hydrogen peroxide with cassava extract as additive material.

MATERIALS AND METHODS

Six third molars were used in this study by first causing teeth discolouration. And then, the teeth were cut in the mesio-distal
direction and buccal surface was divided into 4 Groups, Group I was bleached with hydrogen peroxide 10%, Group II was bleached
with a mixture of hydrogen peroxide and 10% cassava extract, Group III was bleached with hydrogen peroxide 35% and Group IV
was bleached with a mixture of hydrogen peroxide 35% and cassava extract. Changes in enamel morphology were observed by a
Scanning Electron Microscope (SEM) and Atomic Force Microscope (AFM), whereas elements of enamel were analysed with
Energy Dispersive X - Ray (EDX). Statistical analysis was performed by ANOVA Test.

RESULTS

The results showed that in all Groups, there were significant differences in the Ca and P elements, while the chemical elements C
and O had no significant differences. In Group II and Group IV there was reduction of damage to the enamel, and morphology as
seen through the SEM and AFM as compared to Groups I and III.

CONCLUSION
Adding cassava extract as additive material to bleaching material can increase the mineral on enamel and decrease the effects on
enamel morphology.
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BACKGROUND

Teeth discoloration can cause aesthetic problems on teeth,
which could create psychological effects such as lower levels
of self-confidence.! This happens because enamel is
permeable, hence colours from food and drinks tend to fill the
porous structure of enamel and bind with enamel organic
matrix.2 Bleaching is one of the aesthetic treatments that
could whiten teeth through chemical reactions with bleaching
materials such as hydrogen peroxide.3 4+ 5 The concentration
of hydrogen peroxide that can be used for teeth bleaching
ranges from 5% to 35%.4 During the process of bleaching,
peroxide materials will produce free radicals and interact
with teeth to make teeth whiter.5
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Previous studies have reported the effects of enamel
damage from various points of view due to exposure to
bleaching materials, including morphological changes,
increased roughness, decreased enamel hardness, loss of
mineral composition, increased enamel permeability and
increased risk of enamel caries.6-9

Morphological changes can be found on enamel surfaces
using Scanning Electron Microscope such as enamel surface
irregularities, loss of aprismatic enamel layer, depression,
porosity, crater, erosion, and groove on enamel due to
bleaching material.10-13 Saleem (2015) in his research found
enamel surfaces look rough after the application 36%
hydrogen peroxide bleaching material with AFM.
Microporosity and enamel roughness can also increase when
using higher concentration of peroxide, this has been proven
by Berger's research with using H202 35% bleaching material
and can cause the mineral content of Ca and P to reduce
greater as when compared to using H202 10% bleaching
material.14 Decrease of Ca and P elements was also found in
the results of the study by Syafriadi and Noh (2014), which
showed calcium solubility as many as 1.016 ppm was found
in the control Group and as many as 2, 607 ppm was found in
the 10% hydrogen peroxide Group by using atomic
absorption spectrophotometry. 8 Venkatesan et al. (2012)
also found Raman spectroscopy in their study that phosphate
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elements before bleaching showed mean and standard
deviation value as 975.69 + 4.52 and after bleaching with
H202 38% showed mean and standard deviation value as
817.43 + 12.96.14 Gopinath et al. (2013) in his study found a
decreased effect on enamel morphology by adding sweet
potato extract into bleaching material namely H202 of 10%
and 35% concentration, as compared to bleaching materials
without sweet potato extract.(15)

Indonesia is a country which rich in cassava plants and is
the fourth largest cassava producer in the world as reported
by FAO (Food and Agriculture Organization of the United
Nations). According to FAO data in 2017, the top of five
cassava producing countries are Nigeria (59 million tons),
Republic of the Congo (31 million tons), Thailand (30
million), Indonesia (19 million tons), and Brazil (18 million
tons).1617 Cassava plants are tuber plants which containing
calcium, phosphate, and enzymes such as catalase,
anthocyanins (flavonoids), polyphenols, phytic acid and
oxalate acid.18 There is currently no research that discusses
that cassava plants can used to reducing the effects of mineral
composition and morphology damage on enamel surfaces
post whitening of teeth. The purpose of this study is to
evaluate the morphology and elements of enamel minerals if
cassava extract is added to 10% and 35% H202 bleaching
material.

MATERIALS AND METHODS

Preparation of Cassava Extract

About 400 grams of raw cassava were washed with water, the
outer skin was peeled and then cut into cubes. The square
piece of tuber was smashed with 50 ml of deionized water in
a blender until homogeneous and then filtered. The resulting
cassava liquid was cooled in a ice bath at 4°C first, and then
centrifuged (VS-6000Cfi, Korea) with 2000 rpm speed for two
minutes. The liquid of cassava extract was kept in plastic
bottle and stored at refrigerator with 4°C temperature until it
is used.11

Preparation of Mixture Cassava Extract with Bleaching
Material

Bleaching material H202 10% with cassava extract was mixed
by using 9 ml cassava extract, 84 ml phosphate buffered
saline (PBS), and 3 ml of 10% H202 solution into a glass
beaker and then stirred with stirring glass rod and vortex
(Ika Vortex 3 Shaker, England) until homogeneous to produce
96 ml of treatment material in Group II. The mixture of H202
35% bleaching with cassava extract followed a similar
preparation method of mixture cassava extract with 10%
H20:2 bleaching material above, but instead utilised 9 ml
cassava extract, 84 ml phosphate buffered alkaline (PBS), and
3 ml H202 35% solution to produce 96 ml of the treatment
material that will be used in Group IV in this study (Modified
Gopinath).15

Preparation of Sample

Six human third molars were taken as samples. The extracted
third molars teeth were obtained from RSGM USU with the
criteria of age 18-35 years, crowns and roots were completely
formed, no caries, and no discoloration of teeth. The collected
teeth were soaked with saline solution for 1 week. All tooth
roots were cut at the cement-enamel junction (CE]) with a
disc bur and water spray like in Figure 1A. Each crown is cut
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into two parts in the mesiodistal direction (Figure 1B), and

then the buccal part of the dental crown which is part of the

treatment will be divided again into 4 pieces in the horizontal

and vertical direction (Figure 1C) to obtain 24 pieces of

buccal surface samples. A total of 24 sample pieces were

taken randomly and divided into 4 Groups, namely as

follows-

1. Group I: Bleaching with H202 10% solution.

2. Group II: Bleaching with a mixture of H202 10% solution

and cassava extract.

Group III: Bleaching with H202 35 % solution.

4. Group IV: Bleaching with a mixture of H202 35 %
solution and cassava extract.

w

A B C

Figure 1. Tooth Cutting Procedure to Obtain Samples
A. Cutting of Tooth Roots Near CE]
B. The Crown is Divided in a Horizontal Direction
(Mesial-Distal)
C. The Buccal Crown is Divided in Horizontal and
Vertical Directions

Preparation and
Discoloration

All samples in the study were immersed in coffee liquid to
create tooth discoloration. As much as 2 grams of coffee
powder (Nescafe classic) were mixed with 100 ml of
deionized water and heated with using a lamp spirit until
boiling while stirring with a stirring rod until the coffee
solution is evenly distributed and then the coffee solution
was cooled. All samples from Groups I, 1I, IIl and IV were
soaked with 3 ml of cold coffee solution each for 5 days in a
closed plastic container, and then samples rinsed with water,
dried with tissue and then prepared for the bleaching
procedure.

Soaking Samples for Tooth

Bleaching Procedure

Each sample in Group I was immersed with 3 ml of 10% H202
solution for 10 minutes, where the bleaching material was
replaced every 10 minutes with 3 times by removing the old
solution and replacing with 3 ml of a new solution so that the
material used within 30 minutes is 9 ml, and then the sample
is rinsed with distilled water and dried with tissue first. After
the bleaching procedure was completed for 30 minutes, each
sample was immersed in artificial saliva (pH 6.8) for 1 week.
And then carried out again the bleaching procedure in the
same way as above, the sample is soaked for 30 minutes by
replacing material 3 times every 10 minutes. After the
bleaching procedure is completed, the sample is soaked with
artificial saliva (pH 6.8) for 24 hours, and then rinsed with
distilled water and dried with tissue. All samples in Group III
went through a bleaching procedure in the same way as in
Group I, but was carried out with H202 35 % bleaching
material.
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Each sample in Group Il was bleached with a mixture of H202 10% and cassava extract, which treatment then for all samples in
Group II is similar in Groups I and III. Samples in Group IV were also soaked with the bleaching procedure in the same way as in
Group II with a mixture of H202 35% with cassava extract. All methods of treatment with bleaching materials in each Group can be

seen in Figure 2 (Modified Gopinath).15
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Figure 2. Bleaching Procedure in All Groups

Examination and Analysis of Samples

After completing the bleaching procedure for all Groups, only
one sample from each Group was taken and analysed enamel
morphology by using a scanning electron microscope
(EVO/MA10 ZEISS, Germany) with 2000 magnification and
using an atomic force microscope (Dimension Edge Bruker,
USA) with an area of 70 x 70 um2, where the tip of the silicon
probe (Tap300-G, sensor budget, Bulgaria) contacts the

contact). All samples from all Groups were analysed using

II, [l and IV.

surface of the sample with tapping mode (Intermittent

RESULTS

energy dispersive x-ray (EVO/MA10 ZEISS, Germany) to
determine the number of elements Ca, P, C and O (% weight)
on the enamel surface.!3 Quantitative data obtained from EDX
analysis will be tested with one-way variance analysis
(ANOVA) with a significant level (a« = 0.05) to determine
differences in chemical elements (Ca, P, C and O) in Groups I,

The results of the examination showed elements (Ca), phosphate (P), carbon (C), and oxygen (0) from energy dispersive x-ray is
shown in Table 1 Significant differences in the chemical elements Ca and P (p <0, 05) and no differences in elements C and O (p>

0.05) were found in all Groups.
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Grou Ca P C (0]
P (% Weight) (% Weight) (% Weight) (% Weight)
Mean * SD p Mean#SD p Mean+SD p Mean+SD p
I 23,00+6,92 8,93+2,49 6,04+2,19 18,73+9,61
1l 28,61+7,29 . | 12,5%£3,99 . 8,62 6,24 19,21+16,52
11 14,30+ 2,85 0,017 7,42+1,46 0,019 4,83+2,60 0,351 17,00+ 3,98 0,992
I\Y% 19,83 +4,30 9,26+1,95 6,37+2,27 18,58+5,19
Table 1. Mean Values with Standard Deviations and ANOVA Tests for All Groups
Information

1. Group I: Bleaching with H202 10% solution.

2. Group II: Bleaching with a mixture of H202 10% and cassava extract.
3. Group III: Bleaching with H202 35 % solution.

4.  Group IV: Bleaching with a mixture of H202 35 % and cassava extract.

The highest average elements of Ca, P, C and O were found in Group II which was treated with H202 10% bleaching material
with cassava extract. Meanwhile, the lowest was in Group III which was treated with H202 35% bleaching material as shown in
Figure 3. The average elements of Ca, P, C, and O in Group II which was treated with H202 10% bleaching material with cassava
extract was found higher than Group I which was only treated with H202 10% bleaching material. Additionally, elements in Group
I1I which was exposed with a mixture H202 35% bleaching material and cassava extract was higher than Group IV which was only
exposed with H202 35% bleaching material.

35
30
25
=
=
g 20
® HmCa
E 15 BP
=
10 BC
mo
5
0
H202 10% H20210% & H202 35% H20235% &
Cassava Extract Cassava Extract
Group

Figure 3. Graph of Mean Values of Elements Ca, P, C, and O in % Weight at All Groups

The results of SEM examinations on enamel surfaces with a magnification of 2000 times showed that Group I after exposure
10% H20:2 bleaching material shows surface irregularities with many depression and erosion (Figure 4A); and also showed a rough
surface with many sharp and thin peaks on AFM examination (Figure 4B). However, surface irregularities look reduced with less
depression and erosion in SEM, and also the surface looks smoother in AFM after exposure mixture of H202 10% bleaching material
with addition of cassava extract in Group II (Figures 5A and 5B).

Large and wide of crater formation, extensive erosion, and large and deep depression were found in SEM, and the surface looks
more severely damaged with sharp and wide peaks in AFM after exposure to H202 35% bleaching material in Group III (Figures 6A
and 6B). The irregularity of the enamel surface looks reduced with smaller and shallow crater, mild depression, and slight pores in
SEM and surfaces looks reduced of rough in AFM after application of H202 35% bleaching material with cassava extract in Group IV
(Figure 7A and 7B).
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Figure 5. The Result of SEM (A) and AFM (B) in Group II Which Were Treated with Mixture of H202 10% Bleaching Material
with Cassava Extract
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Figure 7. The Result of SEM (A) and AFM (B) in Group IV Which Were Treated with Mixture of H202 35% Bleaching Material
with Cassava Extract
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DISCUSSION

Hydrogen peroxide is a bleaching material that has the ability
to penetrate enamel and dentin because of low molecular
weight.10 Based on the bleaching theory, during the bleaching
procedure, it will produce free radicals in the form of
unpaired electrons, which will penetrate into the enamel
pores and act as oxidizing materials to whiten teeth, referred
to as the discoloration elimination process.+19.2021 However,
if the bleaching procedure is carried out excessively, it can
make a loss of the chemical element composition in the
enamel and make damage structure the tooth.*

The acid produced from the bleaching material can vary,
depending on the concentration of the bleaching material
used. The acid is contact on the enamel surface hence it can
cause erosion which is characterized dissolution of organic
and inorganic material in the enamel.22 The greater of the
concentration of peroxide, the more acid will be produced
from the bleaching material and hence result in large mineral
loss. In this study was found in Group I (H202 10%) had
higher Ca and P than Group III (H202 35%). Berger's research
(2014) also reported that with the application of H202 35%
bleaching material, a large loss of Ca content (30.4 + 2.8) and
P (15.1 + 1.7) content is observed as compared to bleaching
by H202 10%, with Ca value (32.8 +3.9) and P (16.8 + 2.3).23

Unstable free radicals in the form of unpaired electrons
come from bleaching materials such as peroxide (0-2).
Peroxide will react and bind to Ca2 + from hydroxyapatite
enamel to create a new bond, namely CaO. This CaO
deposition makes teeth look whiter, but this bond is so weak
that calcium from hydroxyapatite is easily lost. Calcium
release will be also greater, if a higher hydrogen peroxide
concentration is used. Hydrogen peroxide can also be a form
of diperoxo (H404) which has the ability to change the
hydroxyapatite structure by replacing POs+ with a diperoxo
ligand in order to form new complex bonds and can cause the
enamel structure to become brittle.24 This is seen in this
study, the use of H202 35% bleaching material had lower Ca
and P rather than H20210%.

In this study, the enamel surface in Group III which was
treated with H202 35% bleaching material had a more severe
damage on enamel morphology (Figures 6A and 6B) as seen
in SEM and AFM compared to Group I which as treated with
H202 10% (Figures 4A and 4B). The increased in enamel
surface irregularities after exposure to H202 35% was also
found in the Miranda study (2005). Saleem (2018) also found
that enamel surfaces looked more rough and irregular in AFM
after exposure to Hz0z 35% bleaching material. This is
because the solution of Hz02 35% bleaching is a higher
concentration of bleaching material compared to H202 10%
so that it can cause enamel more demineralization.410

Cassava tubers are plants that have many enzymes such
as catalase, superoxidase dismutase, phytic acid,
anthocyanins, flavonoids, glutathione and rich in vitamins
such as vitamin C, vitamin E, and vitamin A. Not only enzymes
and vitamins are present in cassava, but also minerals, one of
which is calcium (Ca) and phosphate (P).18 Cassava plants
added to bleaching materials can reduce enamel damage, this
is because cassava has Ca and P which can enter the enamel
with enamel due to the enamel’s permeability and hence
restore lost minerals, as well as the ability to fight free

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 8/ Issue 10/ Mar. 11, 2019

Original Research Article

radicals from bleaching materials. The ingredients that can
fight free radicals from cassava are enzyme catalase and
superoxidation dismutase against free radicals by producing
water and oxygen, phytic acid which reduces developing free
radicals, anthocyanins can relocate unpaired -electrons,
vitamins E and C and flavonoids can interfere and stop the
radical chain by catching free radical ions such as
superoxidation (02), hydroxyl (OH), peroxyl (ROO), and
alkoxyl (RO) ions. In this study, it was found that the mixture
of cassava extract with H202 10% bleaching material in Group
II had Ca and P higher than Group I, and also in Group IV
(mixture of cassava extract with H202 35% bleaching
material) had Ca and P higher than that which has been
exposed H202 35% bleaching material alone in Group III. This
is because cassava added to the bleaching materials was not
only works to fight free radicals, but also contains minerals
such as calcium (Ca) and phosphate (P) to re-establish
enamel mineralization.18.25

Morphological features in Group II (Mixture of H202 10%
with Cassava extract) showed a better enamel surface with
mild depressive features rather than Group I (H202 10%)
which showed many depression and surface irregularity in
SEM. Whereas, in Group IV (Mixture of H202 35% with
cassava extract) was found smaller crater on the enamel
surface compared to in Group III (H202 35%) with a large
crater. When viewed through the AFM, it was also found that
the mixture of cassava extract with bleaching material in both
Group II and Group IV had better three-dimensional enamel
morphology as compared to Group I and Group III which
were treated with bleaching material alone. Gopinath’s
(2013) research shows similar results where morphological
results were much better when sweet potato extract mixed
with H202 10% or H202 35% compared to the use of H202
10% or H202 35% bleaching materials alone due to presence
of antioxidants in sweet potato.l> Catalase enzymes are
present in sweet potato and cassava, which when added to
hydrogen peroxide can reduce the energy activation of
whitening teeth, hence the time of release for free radical
from hydrogen peroxide is short and can reduce formation of
grooves or porosity on the enamel surface.15

The content of carbon (C) and oxygen (0) in all Groups
was not significant (p> 0.05). This is due to hydrogen
peroxide being an unstable bleaching material and can slowly
decompose and release oxygen; the reaction of free radicals
produced from hydrogen peroxide can be vary vary like as
hydroxyl (HO-), dihydroxyl (HO2") and superoxide anion (0z2’).
Additionally, the final oxidation reaction of hydrogen
peroxide produces carbon dioxide (CO:) and water (H20)
which are volatile.424

CONCLUSION

The addition of cassava extract to H202 10% or H202 35%
bleaching material, can minimize enamel damage and it can
be seen that all mineral elements are increased as compared
to those without the addition of cassava extract. Therefore,
cassava extract can be used as an additive in bleaching
materials because it can reduce free radicals from bleaching
material and also reduces the presence of calcium and
phosphate minerals from the extract.
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