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Abstract–Enamel of the teeth is the hardest tissue in 

the human body which protects them. The composition of 

enamel is 94-96% inorganic, 1% organic, and 4-5% water. 

Discoloration of the enamel which may be caused by 

chemicals, medicine or trauma has a psychological impact 

in person, characterized by lack of self-confidence. The 

bleaching material will produce free radicals and interact 

with the source of the discoloration causing compounds 

and break down the discoloration molecular bonds into 

simple compound forms resulting in elimination of 

discoloration and reaching the saturation point. If 

continue this process (over bleaching), it will damage the 

tooth structure. Bleaching materials give unwanted side 

effects on the enamel tissue, particularly changes in 

enamel morphology such as porosity, crater, depression, 

increased enamel depth, and missing asprimatic layers. 

Lack of attachment between hydroxyapatite crystals after 

exposure to bleaching materials can occur due to the 

enamel experiencing protein characterized by the 

formation of larger crystal gaps, altered crystalline 

shapes, and increased porosity. This article will also 

describe a mixture of sweet potatoes with a solution of 

hydrogen peroxide during the bleaching process in order 

to reduce free radical resulting in reduced risks on the 

morphology of enamel such as morphological surface 

irregularities, reduced groove, and no crater. 
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I. INTRODUCTION 

Dental discoloration, especially in the anterior teeth 

of adults, can cause aesthetic problems of teeth that 

have an impact on psychology, characterized by low 

self-confidence [1]. Tooth discoloration is known as 

tooth discoloration. Tooth discoloration can be caused 

by two factors, including extrinsic food and beverages 

containing chromatogenic and cigarettes; and intrinsic 

caused by trauma, drug use, and aging.  

Everyone wants to get white teeth, because white 

teeth can make beautiful smile and enhance a sense of 

self-confidence [1]. Bleaching is one of the aesthetic 

applications in the field of dentistry that can restore 

discolored discoloration of natural teeth by chemical 

reactions with bleaching materials such as hydrogen 

peroxide and carbamide peroxide [4]. Most of the 

people choose bleaching treatment because the 

treatment is very simple, less expensive and get high 

patient satisfaction [3]. 

Enamel tooth contains 95% inorganic materials of 

hydroxyapatite crystals and less organic matter is 

proteins. The organic layer makes enamel into a semi 

permeable membrane. Molecular hydrogen peroxide is 

having low molecular weight can easily enter into the 

tooth structure and react chemically with tooth 

discoloration and tooth structure [5]. Teeth whitening 

occur because the bleaching material generates free 

radicals in the tooth structure to interact and decompose 

the source of the discoloration compound into simple 

molecules resulting in discoloration elimination. 

Although bleaching successfully produces white color 

tooth, it provides unwanted side effects on tooth tissue, 

especially enamel [4]. 

Bleaching materials can affect enamel tissue in a 

variety of aspects, including permeability, 

demineralization, morphology, and composition, and 

roughness, risk of dental caries, hardness, and flexural 

strength. This paper will discuss more deeply about the 

effect of bleaching materials on enamel morphology. 

 

II. LITERATURE REVIEW 

A. Bleaching 

Materials that produce discoloration colors on tooth 

surfaces are organic compounds having a single or 

double chain bond, i.e. carbonyl and a phenyl ring 

known as chromophore [7]. During bleaching process, 

hydrogen peroxide contacts the chromophore and 

decomposes into H2O and free oxygen. Free oxygen 

reaction is an unstable free radical (-OH, -OOH-, and 

O2-) and will break the bond of the chromophore into 

smaller bonds and produce white to the teeth [6,8]. 

When all chromophores have been broken down 

into less colored molecules (saturation points), then the 

teeth whitening process must be stopped. If the 

bleaching process continues (over bleaching), then 

decomposition of organic matter occurs, which can lead 

to complex oxidation with the result of carbon dioxide 

(CO2) and water (H2O). With the over bleaching, the 

protein matrix on the enamel and dentine is oxidized, 

causing changes in enamel and dentin structure [9]. 

 

B. Enamel 

Almost 96-98% by weight of inorganic mineral is 

found in matured enamel, and the remaining are water 

and organic materials [9].The enamel mineral consists 

of a calcium phosphate salt in the form of crystalline 
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hexagonal hydroxyapatite (HA) with 

Ca10(PO4)6(OH)2. Long enamel crystals in the c-axis 

area and bind to rod crystal or prism. The enamel rod or 

prism enamel is the basic unit of the enamel, which is 

parallel to each other and perpendicular to the dentino 

enamel junction (DEJ) on the tooth surface. The crystal 

around the rod is known as interprismatic or interrod. 

Among the enamel rod and enamel interrod there is a 

sheath rod which has a thin organic matrix that does not 

contain crystalline [9]. 

The organic matrix is present in the sheath rod and 

around the crystalline which makes the enamel into a 

semi permeable membrane, so that small molecules can 

enter freely into the enamel. Peroxide solution can enter 

freely into enamel and dentine, due to the low 

molecular weight of peroxide (30g/mol) so that it can 

whiten the entire surface of the tooth [9].  

 

C. Effect of bleaching against the network on enamel 

morphology 

The bleaching material may lead to changes in 

enamel morphology, such as changes in enamel texture 

and enamel crystals. Changes in the morphology of the 

enamel can be identified with the help of scanning 

electron microscopy (SEM), high resolution 

transmission electron microscopy (HR-TEM), and 

atomic Force Microscopy (AFM). 

Changes in enamel morphological texture found in 

bleaching peroxide using SEM are erosion, porosity, 

enamel irregularity, aprismatic layer loss, groove and 

crater [10,11,12].  

 

 
Figure 1. Results of photomicrograph on bleeding teeth with peroxide 

material [12]. 
 

The enamel of hydroxyapatite crystals is generally 

solid in the rod structure and interrod enamel. When, 

enamel exposed with bleaching material can make the 

crystal bond around the rod structure and interrod more 

loose so that the increase of space and porosity between 

the crystal (Figure 2)
 
[13].  

 

 
Figure 2. SEM results on enamel control hydroxy-apatite crystals (a) 

and bleaching (b) [13]. 

The enamel of crystals can also be checked using 

HR-TEM (high resolution transmission electron 

microscopy). Normal enamel of crystals that reside in c 

axis show a flat and elongated hexagonal crystal and 

there is a center of dark line in the center of crystal with 

unlimited white spots around it (Figure 3a and b) [14]. 

The enamel of crystals after exposure to bleaching 

materials with 35% hydrogen peroxide were showed 

that crystal form to be irregular and some crystals grew 

in the direction of a axis. The crystal gap is slightly 

wider and the crystal growth becomes rather short. The 

dark lines are clearly visible in the middle of the crystal 

and with the white patches decreasing (Figure 3c and 

3d). Meanwhile, enamel of crystals bleached with 10-

22% carbamide peroxide are found to be smaller and 

fragmented, some crystals perforate in the middle and 

crystal dissolution (Figure 3e and 3f) [14]. 

 

 
Figure 3. Results of hr-tem examination on enamel control (a, b), 

enamel bleaching with 35% hydrogen peroxide (c, d), and 

10-22% hydrogen peroxide (e, f) [14]. 

 

Examination using AFM can give an overview of 

topographic results on enamel surface. Enamel surface 

exposed to bleaching materials of 10% carbamide 

peroxide makes enamel surface become more irregular 

like deep peaks and valleys. This happens because 

many layers of microporeus occur on enamel tissue. 

Microporeus may also increase when using higher 

carbamide peroxide gel concentrations (Figure 4) [15]. 

 

 
Figure 4. The enamel surface results using afm.15 (a) smooth 

(control), (b) irregular and groove shaped (10% CP), (c) 
more irregular and more pore (16% CP). 

 

III. DISCUSSION 

The bleaching procedure should not be excessive 

because the decomposition of the hydrogen peroxide 

material will interact with the organic components of 
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the teeth (proteins and lipids) resulting in organic loss 

that can make the enamel surface rough. Generally, the 

enamel crystals are covered by proteins. Once the 

exposure time of the bleaching material can partially 

remove protein so that crystal surface is exposed [18]. 

Inorganic component are also of the dissolved 

enamel which means by penetrating the bleaching 

material to the intra and interprismatic areas of the 

enamel as to add a small gap in the prism sheath and 

between the crystals. Partial crystal growth was also 

found due to the hydroxyapatite deposits on the surface 

of the crystals slightly [17,18].
 

The changes of enamel structure occurs because of 

the hydrogen peroxide material that is in contact with 

the dental chromophore where decomposes into an 

unstable free radical oxygen reaction to make the 

chromophore bond less and the teeth become white. 

However, these free radicals are not good for teeth, so a 

mixture of sweet potato peroxide materials is developed 

to reduce the free radicals that are in contact with teeth.
 

Sweet potato (Ipomoea batatas L) is one of the 

plants containing antioxidant molecules with high 

enzyme content such as catalase (CAT). The catalase 

enzyme from the sweet potato is added to the hydrogen 

peroxide material as to reduce high energy activation 

and increase the rate of free radical release. Activation 

of hydrogen peroxide energy is 75 kJ / mol. When 

catalase is added to hydrogen peroxide it forms a 

catalase-hydrogen peroxide complex and decreases the 

activation of energy to 21 kJ / mol. Large quantities of 

free radicals from hydrogen peroxide can be released 

with shorter periods of time. By reduced bleaching time 

in contact with the teeth resulting in reduced grooves or 

micropores on the enamel surface [17]. 

Generally, enamel surfaces that have been bleached 

make a rough enamel surface, missing asprimatic, 

cracked and formed crater. Whereas, bleaching material 

added with sweet potato can make the enamel 

morphology irregularities diminish and no visible 

cracks (Figure 5) [17].
 

 

 
Figure 5. SEM examination results on the enamel surface [17]. A. 

Missing layers aprismatik, krakter, and irregular (35% 

H2O2). B. Irregular surfaces are reduced, no crates and 
cracks (35% H2O2 + sweet potato) c. Missing layers of 

asprimatic, irregular surfaces, cracks, and depression (10% 

H2O2) d. Reduced irregular surface, no crates and cracks 
(10% H2O2 + sweet potato). 

 

As a conclusion, bleaching materials can cause 

structural changes in enamel, including dissolved 

organic and inorganic components, as well as changes 

in enamel morphology in the form of porosity, crater, 

depression, increased enamel depth, loss of asprimatic 

layers, and uneven surface of enamel such as peaks and 

valleys. Minimizing free radicals by addition of sweet 

potato extracts into the hydrogen peroxide material can 

decrease the effect on enamel morphology. 
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