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 To determine whether or not a naturally occurring antioxidant, known as 

GSE, can prevent the bleached enamel surface from being discolored 

when exposed to a staining solution (tea). And also to compare the color 

change improvement potential of 10% GSE on home (35% carbamide 

peroxide) and in-office (40% hydrogen peroxide) bleach after staining. 

A total of 64 freshly extracted intact human premolars were collected for 

the experimental groups. The sample were divided into two mains 

groups in office (hydrogen peroxide 40%) and in home (carbamide 

peroxide 35%) each main group contain 32 tooth sample subdivided into 

16 teeth immersed in artificial saliva and 16 teeth treated with grape seed 

extract (GSE) then each subgroup divided into 8 teeth immersed in 

distilled water and 8 teeth immersed in tea as staining solution. Results 

showed that there was a significant difference in color stability between 

the office and home bleaching in each antioxidant and media except in 

artificial saliva there is no significant difference when the storage media 

is tea, this indicated that bleaching is enhanced by the application of 

antioxidants (GSE) even after discoloration with tea. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Tooth bleaching, which has come to be one of the greatest popular cosmetic dentistry operations, is one of 

the best conservative and cost effective dental managements available when it comes to altering the 

appearance of a person's smile. It is also one of the most common dental treatments. There is no agreement 

on the appropriate amount of time for a patient to wait before consuming food that contains colorants 

because doing so may affect the effectiveness of tooth whitening. There is also a no agreement on the 

appropriate amount of time for a patient to wait before consuming food that does not contain colorants [1]. 

If pigments present in food and beverages are consumed while the teeth is being whitened, it is possible for 

the tooth to become discolored either during the whitening process or shortly after the process has been 

completed. As a consequence of this, people used to believe that applying a surface treatment to newly 

bleached teeth was an effective method to prevent the teeth from absorbing stains and to maintain the 
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results of the bleaching for a longer period of time [2]. Bleaching teeth has become an extremely common 

dental procedure as a direct consequence of the growing awareness and care over cosmetic dentistry. Vital 

bleaching is well recognized as an effective method that does not pose any health risks for the treatment of 

tooth discoloration brought on by either intrinsic or extrinsic stains [3]. According to the findings of a 

number of studies, the application of remineralizing chemicals after bleaching methods has the potential for 

repair initial demineralized lesions due to the chemical similarities between themselves and tooth minerals 

[4], [5]. 

 

In recent years, a number of studies have promoted the utilization of naturally occurring nutritional 

substances such as Grape Seed Extract due to the antibacterial, antioxidant, and free radical scavenging 

capabilities that it possesses [6], [7]. 

 

Grape seed extract, also known as GSE, has been recently used in several branches of dentistry. The 

proanthocyanidins included in GSE help to boost collagen production, slow down the breakdown of the 

matrix of collagen, and encourage the transition of unsolvable collagen into solvable collagen [8], [9]. 

 

There is no previous research identifying the effect of GSE on color change of in-office VS home bleached 

teeth after subjected to a staining solution, Therefore, this study aimed to assess the ability of naturally 

occurring antioxidant which is GSE to neutralize the aesthetic outcomes of bleaching when teeth subjected 

to tea as a staining solution, and to compare this aesthetic improvement when using home and in-office 

bleach. 

 

Null hypothesis was that: 10 % GSE does not exerted any effect on color stability of a bleached enamel 

surface subjected to a staining solution. And there is no difference in color change between home and in-

office bleach after GSE application. 

 

2. Materials and methods 

Approval of this study was given from the research committee of the college of dentistry university of 

Baghdad under the number 302521. The location of the study was in a private dental clinic in the Province 

of Baghdad / Iraq in the period extending from (1/11/2021) to (1/1/2022). The study involved a total of 64 

freshly extracted intact human premolars were collected for the experimental groups. The collected teeth 

were inspected by 10X magnifying lens. Any tooth which had the following exclusion standards had been 

rejected [10], [11]: Presence of internal stains, enamel Decalcifications, decay, Fluorosis, enamel defects 

and cracks and Restorations. The sample were divided into two mains groups in office (hydrogen peroxide 

40%) and in home (carbamide peroxide 35%) each main group contain 32 tooth sample subdivided into 16 

teeth immersed in artificial saliva and 16 teeth treated with grape seed extract (GSE) then each subgroup 

divided into 8 teeth immersed in distilled water and 8 teeth immersed in tea as staining solution. 

 

Table 1: materials and instruments 

NO. Materials and instruments Source 

1 opalescence chemical bleach material 40% USA 

2 opalescence home bleach material 35% USA 

3 distilled water India 

4 artificial saliva Iraq 
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5 non fluoride pumace powder Switzerland 

6 Grape seed extract powder UK 

7 Non-sterile disposable nitrile-powder free latex examination 

gloves 

Malaysia 

8 Self-cure acrylic China 

9 Baseplate wax Yates Motloid, USA 

10 Ahmed tea England 

12 Transparent plastic containers China 

13 Low speed hand-piece  W&H, Austria 

14 Air motor Kavo, USA. 

15 Prophylactic brushes Denpt, china 

16 Magnifying lenss10X Fukai, China 

17 Periodontal probe China 

 

Table 2: study devices 

no device source 

1 Dental surveyor Tianjinn, China 

2 Digital pen type pH meter SD Fujian, china 

3 Digital weighing scale Zhejiang Province, China 

4 Incubator INB20L 2016 Jrad, Syria 

5 VITA Easyshade® Advance spectrophotometer Zahnfabrik, Switzerland 

 

Bleaching procedures 

In office bleach procedure: according to the manufacturer instructions: a 0.5-1 mm thick layer of gel was 

applied on the labial surface of the tooth using specially constructed silicone index to make the bleaching 

material set for 1mm thick on the labial surface of the tooth using periodontal probe as measuring 

instrument, allowing the gel to remain on the tooth for 20min the gel was suctioned from the tooth and 

washed with water. The bleaching process was repeated two times. 

 

In home bleach procedure: according to the manufacturer instructions: Express one continuous bead of gel 

approximately halfway up the facial side of specially designed tray. The tray inserted on a number of teeth 

and set for 30-60 minutes depending on the concentration of Opalescence whitening we used (opalescence 

PF 35%), after that the teeth was washed with water. 

 

Grape Seed Extract Solution Preparation 

Tablets were the delivery method for the antioxidant compounds. Powder is produced by having the 

substance ground up for one minute in a grinder machine (Grand Household, China). In order to make a 

solution of antioxidant material with a concentration of 10%, the following equation, which is the weight 
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concentration by volume percentage equation, was applied [12]: 

 

 
 

Depending on this equation, 10g of antioxidant powder (solute)-weighted by using digital weighing scale 

(Zhejiang Province, China) was melted in 100 milliliters of solution consisting of distilled water that was 

contained in a volumetric beaker. (HLA Lab, India) at 37°C and shaken well using stainless steel spatula 

until getting pure solution containing 10% of GSE material. 

 

Surface treatments 

After bleaching (home and in office bleaching) the sample were randomly divided into two main groups, 

each group with 16 teeth, the first group Immediately following the bleaching and rinsing steps, 10 

milliliters (mL) of GSE solution was applied to the surface of each bleached enamel for a period of 10 

minutes. The second group were immersed in artifial saliva for 2 hours then washed and let to dry [2]. 

 

Discoloration procedure 

After treatment with GSE and A.S, eight teeth were immersed in DW (pH=7.0) and eight teeth were 

immersed in Ahmad black tea (pH=5.5). Two hundred ml of distilled water were used for dissolving the 

black tea bags (1.8gm), ingredients was boiled then poured in a plastic container. Then the tea bags were 

added. After the water had been cooled down, the samples were placed at the base of plastic container [24]. 

After the discoloration procedure had been finished the samples were placed a side until the discoloring 

materials was completely dried on the samples without washing the discoloring materials with DW. The 

discoloration was done by immersing the samples in black tea for 10 minutes every day in an incubator at 

37℃ for 14 days. The discoloring solution was refreshed every day [2]. 

 

Shade measurement of the teeth sample 

The color study was focused on the color change (ΔE) to assess the stability of the color of each tooth 

sample after each stage of the study by using the Spectrophotometer (VITA Easyshade® Advance, 

Zahnfabrik, Switzerland). 

 

VITA Easyshade® Advance that works according to the CIE Lab system (Commision Internationale de l’ 

Eclairage) used to evaluate the color change (ΔΕ). The spectrophotometer was calibrated before each 

session on the white table of the device in order to prevent any deviation in the quality of light from internal 

room light sources [13]. All measurements was done at 9 pm on white background. The spectrophotometer 

was fixed to the surveyor by a cylinder of the baseplate wax (specially made for this purpose) the wax was 

used to grasp and positions the spectrophotometer in a direct contact and perpendicular on the buccal 

surface of the tooth that placed on the table of the surveyor [13]. Color coordinates (L, a and b) of each 

tooth were measured at three different stages as follows: 

1. at baseline: measurement was performed before bleaching 

2. Immediately after bleaching 

3. after discoloration (two week immersion in tea) 

The color change (ΔE) between the different treatments stages were then 

Calculated according to the following equation [14]. 

ΔE*= [(L*1– L*2)
2 + (a*1– a*2)

2 + (b*1 – b*2)
2 ]1/2 
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Where dL*, da*, and db* shows the variation in L*, a*, and b* values, respectively. 

•ΔE >3.7 – easily visible difference. 

•ΔE between 3.7 and 1 – clinically acceptable difference 

•ΔE <1 – difference clinically not visible [2]. 

 

Statistical Analysis 

Statistical Package for Social Science was utilized for all of the tasks including the description, analysis, 

and presentation of the data. (SPSS version -22, Chicago, Illionis, USA), the following Statistics methods 

were used: A:Descriptive Analysis: Minimum, Maximum, mean and Standard deviation(SD) for 

quantitative variable. 

B. Three way ANOVA test: to determine whether there is statistical difference for each parameter for all 

groups and subgroups at different stages. 

Level of significance as: Not significant P>0.05, Significant P<0.05. 

 

3. Results 

Data showed that there was significant change between home and office bleaching when the storage media 

was tea, also there was significant change between artificial saliva and GSE when the media was tea in 

office bleaching. Color change in DW is lower than that in tea after treatment with GSE and immersing in 

A.S in each bleaching type with significant difference between tea and DW and the difference is higher in 

A.S than that in GSE. 

 

Table (2): Statistical test of ∆E (bleaching-stain) among bleaching type by antioxidant and media. 

Antioxidant Media bleaching Mean 

difference 

Sum of 

Squares 

df Mean 

Square 

F P 

value 

Partial Eta 

Squared 

GSE 

DW Office/home 
0.224 0.200 1 0.200 0.522 0.473 0.009 

21.498 56 0.384    

Tea Office/home 
-0.214 0.183 1 0.183 0.476 0.493 0.008 

21.498 56 0.384    

A.S 

DW Office/home 
-0.029 0.003 1 0.003 0.009 0.926 0.000 

21.498 56 0.384    

Tea Office/home 
1.270 6.452 1 6.452 16.806 0.000* 0.231 

21.498 56 0.384    

*=significant at p<0.05, ^=non-significant at p>0.05. 

 

Table (2): Statistical test of ∆E (bleaching-stain) among antioxidant by bleaching type and media. 

Bleaching Media Antioxidant Mean 

difference 

Sum of 

Squares 

df Mean 

Square 

F P value Partial Eta 

Squared 

Office 

DW GSE\A.S 
0.249 0.248 1 0.248 0.645 0.425 0.011 

21.498 56 0.384    

Tea 
GSE\A.S -1.641 10.775 1 10.775 28.068 0.000* 0.334 

21.498 56 0.384    

Home 
DW 

GSE\A.S -0.004 0.00006 1 0.00006 0.000 0.990 0.000 

21.498 56 0.384    

Tea GSE\A.S -0.158 0.099 1 0.099 0.258 0.613 0.005 
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21.498 56 0.384    

*=significant at p<0.05, ^=non-significant at p>0.05. 

 

Table (3): Statistical test of ∆E (bleaching-stain) among media by antioxidant and bleaching type. 

Bleaching Antioxidant Media Mean 

difference 

Sum of 

Squares 

df Mean 

Square 

F P value Partial Eta 

Squared 

Office 

GSE DW/Tea 
-0.775 2.403 1 2.403 6.258 0.015* 0.101 

21.498 56 0.384    

A.S DW/Tea 
-2.665 28.409 1 28.409 74.004 0.00000* 0.569 

21.498 56 0.384    

Home 

GSE DW/Tea 
-1.213 5.881 1 5.881 15.319 0.00025* 0.215 

21.498 56 0.384    

A.S DW/Tea 
-1.366 7.467 1 7.467 19.450 0.00005* 0.258 

21.498 56 0.384    

 

4. Discussion 

In restorative dentistry, discoloration of the anterior teeth is a cosmetic issue that requires efficient 

treatment. In recent years, the relevance of teeth whitening for patients and customers has led in significant 

growth in the number of solutions available. The most frequent procedure for treating tooth discoloration is 

bleaching. The mechanism of tooth whitening using peroxides occurs by penetration of peroxide through 

the porosities of the enamel prism to the dentin. Oxidation and formation of free radicals lead to lighten of 

colored species and achieve rapid aesthetic results [15]. When bleaching agents are applied to dental 

structures, they generate free radicals such as nascent oxygen and hydroxyl radicals. A highly reactive 

molecule that has one unpaired electron referred as a free radical. The residual peroxides in enamel after 

bleaching may result in micro-morphological defects results in recurring of staining and the bleaching 

process is need to be repeated multiple times and this depends on the restaining conditions, therefore, 

literature focused on the application of antioxidant after bleaching to repair demineralized lesion by 

absorbing the free oxygen radicals, and as a result, boosting the oxidation/reduction reaction that occurs on 

the surface of the enamel [16]. 

 

Sound human permanent premolar teeth with comparable dimensions were selected for this study, due to 

the ease of their collection, less variation in morphology, the adequate thickness of enamel on the buccal 

surface, fewer chances of microcracks in young tooth, and avoid age related changes of enamel [17]. The 

color assessment was done on the middle third of the teeth crowns to exclude the thin enamel layer on the 

cervical third and the thick one on the occlusal third. 

 

Artificial saliva was used as a storage media because it is regarded as a chemical reservoir of calcium and 

phosphate which mimic the behavior of human saliva. 

 

Patients and clinicians both choose in-office and at-home power bleaching treatments due to the fact that 

they do not require the removal of any hard tissues and the cosmetic results can be seen after only one 

clinical session, when high concentration of hydrogen peroxide 40% and carbamide peroxide (35%) was 

used in office and home bleach respectively. According to method of activation of the bleaching agent there 

are two types: chemical activated and light activated bleaching. Accordingly, some clinical studies found 

that light can increase bleaching efficiency when the concentration is low (15%-25%). Because the quantity 
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of radicals already produced by the chemical degradation of hydrogen peroxide is sufficient to react with 

pigments in the dental structure, the beneficial effect of light activation is not perceived when 35% 

hydrogen peroxide is used, and any further increase in this quantity will not accelerate bleaching [18]. This 

is why chemically activated in-office bleach was used in this study. 

 

In this particular investigation, the antioxidant substance, also known as GSE, was utilized because of 

beneficial antioxidant, antibacterial, and free radical scavenging capabilities that it possesses. It is utilized in 

the form of a solution due to the ease of preparation. Furthermore, some authors have proposed that the 

presence of additives inside the hydrogel may lower the effectiveness of the materials by reducing their 

diffusivity. The time of application and the concentration of the solution was 10 minutes and 10% 

respectively, that was consistent with the length of time employed in the majority of research, while also 

being reasonable for clinical application. [19], [20]. Results of the current study showed that the application 

of GSE on a bleached enamel specimens decrease significantly the restaining with tea in both home and in-

office bleach, therefore the first null hypothesis was rejected this may be related to the fact that one of the 

most important components of GSE is gallic acid, which was thought to encourage mineral deposition, 

mostly on the top layer, by reacting with Ca2+ from the media around it and also by producing insoluble 

compounds with Ca. It correlates to a variety of polymers of flavan-3-ol, such as catechin and epicatechin, 

and the GSE biologically active ingredients are polyphenols, primarily proanthocyanidins (PA), which are 

condensed tannin. It has been found that PA strengthens collagen-based tissues, which in turn leads to an 

increase in the number of collagen cross-links. GSE is a significant source of PA [17]. Although it is 

common knowledge that mature enamel is considered a collagen-free substrate, a number of studies have 

shown that type I collagen and type X collagen are present in enamel and are among the applicant 

molecules found in enamel matrix. Even though it is widely known that mature enamel is collagen-free. 

[21], [22]. Collagen is known as a proline-rich protein because it has an unusually high affinity for PA-

based components (GSE is a potent source of PA), which results in the formation of a complex between 

proline and PA. The collagen cross-links are increased by the GSE through four distinct mechanisms: ionic, 

covalent, hydrogen bonding, and hydrophobic interactions. In light of these data, one can hypothesize that 

the remineralization of enamel defects caused by GSE requires the participation of exogenous collagen 

cross-links [7]. The key factors responsible for the attachment of collagen peptides to the surfaces of 

hydroxyapatite are the presence of terminal carboxyl groups and amine groups. In addition, the positively 

charged NH3+ groups and the –OH of peptides especially combine intensely with the surface, and since 

their presence supports the formation of hydroxyapatite [23]. 

 

The present study showed high color stability in the office bleaching in antioxidants and media except in the 

artificial saliva when the media was tea, this may be because of a high bleaching efficacy of in-office 

bleaching, the finding is consistent with [2] who concluded that Freshly bleached teeth exposed to GSE and 

Vantej significantly lowered the stain absorption. Regarding the evaluation comparison of bleaching in the 

office Vs at home, the current study showed that color stability was higher in the office bleaching than those 

in home bleaching in each antioxidant and media. The disparity in findings may be attributed to differences 

in bleaching agent concentrations, total treatment time.  So the second hypothesis was also rejected, as there 

was a significant difference in color change between home and in-office bleach after GSE application. 

 

In the office bleach the color stability of DW and tea in GSE is higher than that home bleach, this may 

reveal that some interaction between the antioxidant of GSE with ions of office bleaching enhances color 

stability by GSE in contrast to home bleaching. The selection of the discoloring agents was due to their 

popularity of the daily local public consumption and their discoloring tendency. It is likely that tea has 

played a decisive role in the development of discolorations. However, this may be due to formation of 
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pigmented compounds directly through chemical reactions with the plaque-preventive agent or the pH of 

the liquids and the high content of tannins found particularly in tea. Tannins are strong denaturants [24]. 

 

 Actually, the connection of tannins or other polyphenols to the hydroxyapatite component of the enamel is 

exacerbated by salivary proteins. Enamel permeability permits ion exchanges between tooth and saliva, 

allowing bleaching chemicals and staining compounds to enter the dental structure [25], [26]. 

 

In the current study, the specimens that were immersed in artificial saliva after the bleaching procedures 

showed color change greater than specimens treated with antioxidants, however, the difference is not 

significant. This may be related to that artificial saliva may have calcium and phosphate saturation and 

buffering capacity [27]. 

 

Some limitations of the study may be listed as follows: assessing only one type of antioxidant agent, and at 

one concentration level. The solution form of the antioxidant material was used which is difficult to be 

controlled than the hydrogel form, which may be clinically more acceptable and controllable. 

Thermocycling was not carried out that might yield more accurate results. Further analysis, especially, 

clinical assessment with follow-up is required. 

 

5. Conclusion 

Within the limitations of the current study, it can be concluded that: 

1. The degree of bleaching obtained with the home-bleaching technique was lower than that obtained with 

the in-office technique. 

2. The use of grape seed extract neutralizes the deleterious effects of bleaching and increases color stability 

significantly in office than at home. Where the grape extract is characterized by its containment of phenol 

compounds, including Proanthocyanidins. 

3. There was no effect of artificial saliva on the color stability bleaching, in office and at home although it is 

considered similar to the natural environment in the oral cavity. 
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