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ABSTRACT

	Background: The frequent consumption of beverages containing high concentrations of organic pigments, such as tea, coffee, acai, wine, and cola-based soft drinks, can lead to tooth staining. Due to the increased demand for patients seeking white and stain-free teeth, the dental products industry has launched mouthwashes and dentifrices that claim to whiten teeth. 
Aim: The study aimed to evaluate the effect of whitening dentifrice containing BC on the colour of enamel stained with different beverages. 
Methodology: This is an experimental in vitro study, comparative, with parallel groups, controlled, and randomised. Fifteen molars were sectioned to obtain enamel specimens, which were sectioned and divided into 6 groups: distilled water, cola-based soft drink, wine, acai, coffee, and dark beer. The colour of the specimens was evaluated using a spectrophotometer. Subsequently, they were immersed in the beverages for 6 hours/day, for a total of 30 days. Each specimen was inserted into a brushing machine containing a solution with BC and immersed in 5 mL of a solution containing BC-based whitening dentifrice (Close Up White Now Glacier Fresh; Unilever, São Paulo, SP, Brazil), artificial saliva, and distilled water, obtained by diluting equal volumes of each component (1:1:1). All data were analysed by ANOVA and the Student-Newman-Keuls test (α=0.05).
Results: As for Δb*, no statistical difference was observed among the distilled water, cola-based soft drink, wine, and coffee groups (p>0.05). Also, no statistical difference was found between the acai and dark beer groups (p>0.05). Splenic diameter ratio (1676.7 to 824.6) declined significantly. Logistic regression showed splenic collaterals and platelets are significantly but negatively associated with oesophageal varices grades.
Conclusion: The whitening dentifrice containing BC was effective in altering the colour of tooth enamel stained with coffee, the cola-based soft drink, wine, acai, and dark beer.
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1. INTRODUCTION 

The occurrence of extrinsic enamel staining and tooth darkening is a problem constantly reported by patients who seek esthetic improvements in their smile. The frequent consumption of beverages containing high concentrations of organic pigments, such as tea, coffee, acai, wine, and cola-based soft drinks, can lead to tooth staining (Çelik et al., 2021; Zanatta et al., 2016; Soares et al., 2015). Knowledge of the aetiology of tooth staining is of importance to the dental practitioner to explain to the patient the exact nature of the condition. In some instances, the mechanism of staining affects the outcome of the treatment and influences the options the dentist will be able to offer (Alazmah, 2021). 
Due to the increased demand for patients seeking white and stain-free teeth, the dental products industry has launched mouthwashes and dentifrices that claim to whiten teeth (Kwon et al., 2015; Andrade et al., 2021; Meireles et al., 2021; Borges et al., 2023).
However, there are controversies regarding the safety of these types of dentifrices, mainly regarding the risk of irreversible damage to the tooth enamel due to the abrasive action of their components (Carey, 2014). 
There are various studies which state that tooth discolouration is a common problem in various individuals around the world, and there is increased demand for tooth whitening treatment. A study on the female population of Saudi Arabia, results stated that about 43.7 per cent of females had undergone a tooth bleaching procedure, and about 8.7 per cent of females undergo a bleaching procedure per year (Patil et al., 2022).  Although teeth whitening is a procedure desired by patients who are dissatisfied with the colour of their teeth, it usually has a high cost, leading many patients to seek more affordable alternatives (Santos et al., 2024). As an alternative to whitening dentifrices with abrasive action, toothpastes containing blue covarine (BC) have been developed. The primary mechanism of action of these products is based on optical effects promoted by the deposition of a thin layer of BC on the surface of the tooth enamel (Li et al., 2024). This pigment has the ability to attenuate the perception of yellow colour and bring out bluish tones, resulting in an optical illusion of greater luminosity of the teeth. The decrease in yellow colour is an important indicator in tooth whitening and is a relevant parameter to the patient regarding self-perception (Hashemikamangar et al., 2020; Vaz et al., 2019).
Although it has been proven that after brushing with a dentifrice containing BC, there is a whitening effect, there are still gaps in scientific knowledge concerning its efficiency. According to colouring and acidic beverages, such as cola-based soft drinks, coffee, red wine, dark beer, and acai, promote significant changes in the colour of tooth enamel. Thus, it remains to be elucidated whether dentifrices containing BC are efficient in attenuating or masking different types of extrinsic enamel staining (Bortolatto et al., 2016; Neri et al., 2020). 
In this context, the aim of the present study was to evaluate the effect of a whitening dentifrice containing BC on the colour of enamel stained with different beverages: wine, acai, dark beer, and a cola-based soft drink. The null hypotheses tested were that there would be no statistical difference among the groups regarding the values of ΔL*, Δa*, Δb*, and ΔE*.

2. Materials and methods 

This study was approved by the Human Research Ethics Committee (No. 2,758,761). Fifteen healthy human third molars were selected, cleaned, and stored in distilled water at 4°C. The teeth were fixed with wax (Kota Ind. e Com. Ltda., São Paulo, SP, Brazil) on acrylic plates and placed into a cutting machine (Extec, Enfield, CT, USA), where they were cut with the aid of a diamond disk (Extec Corp, Enfield, CT, USA) to obtain 4 mm x 4 mm enamel fragments. 
The enamel fragments were embedded (PRE30Mi; Arotec, São Paulo, SP, Brazil) in acrylic resin and later sectioned and polished with 320, 400, 600, and 1200 silicon carbide sandpaper grits. Each step of the flattening and polishing process was carried out for 60 seconds.
[bookmark: _heading=h.30j0zll]All specimens were analysed with a 40X magnification stereoscopic magnifying glass (StereoZoom® Leica S8 APO, Leica Microsystems, Wetzlar, Germany) to ensure that they were exclusively enamel, without cracks, and without exposed dentin areas. Subsequently, the specimens were randomly divided using the Excel program (Excel 2019, Microsoft Corporation, One Microsoft Way, Redmond, WA, USA) into 6 groups (n=5), according to the evaluated beverages: distilled water (control), cola-based soft drink, wine, acai, coffee, and dark beer.
Initially, the colour of each specimen was assessed (baseline) with the aid of a spectrophotometer (VITA Easyshade® Advance 4.0, Vident, Brea, CA, USA) and, afterwards, they were individually submerged in 5 mL of the respective beverage at 37°C for 6 hours/day, for up to a total of 30 days. In the immersion intervals, the samples were maintained in artificial saliva at 37°C. The coffee was prepared, according to the manufacturer’s instructions, in the proportion of 8 mg of ground coffee in 50 mL of warm water. As for the acai preparation, 100 g of pulp was used in 200 mL of ice water, according to the manufacturer’s instructions. In order to prevent possible chemical alterations in the beverages, they were replaced every 24 hours (Karadas M, Seven N, 2014).
[bookmark: _heading=h.1fob9te]After 30 days, the specimens were removed from the vials containing the colouring beverage and washed with distilled water for 20 seconds. Subsequently, they were carefully dried with a water- and oil-free air blaster for 10 seconds, after which an intermediate evaluation was conducted using a spectrophotometer. 
Each specimen was inserted in a mechanical brushing machine (Brushing machine - XY movement, Biopdi, São Carlos, SP, Brasil) and immersed in 5 mL of a solution containing BC-based whitening dentifrice (Close Up White Now Glacier Fresh; Unilever, São Paulo, SP, Brazil), artificial saliva, and distilled water, obtained by diluting equal volumes of each component (1:1:1). Next, the specimens were subjected to brushing with a soft-bristled toothbrush for 3,150 cycles (150 strokes/minute, 3 minutes/day, for 7 days, with a 200 g load), using a horizontal brushing technique, simulating the toothbrushing recommendations given to patients: 3 times per day, for 1 min. After each cycle, the specimens were washed in running water and stored in artificial saliva.
After brushing, a final evaluation was carried out with a spectrophotometer that measured colour using values corresponding to the CIE L* a* b* scale. In this system, L* indicates luminosity, and a* and b* the hue, with a* representing saturation on the red-green axis and b* on the blue-yellow axis. 
The comparison of colour before and after the specimens were exposed to the beverages and the brushing procedure was based on the colour difference or ΔE, represented by the equation: 

ΔE ab = [(ΔL )2 + (Δa )2+ (Δb )2 ]0.5

[bookmark: _heading=h.3znysh7]All of the specimens’ colour spectra readings were standardised regarding the location of the evaluated specimen, luminosity, temperature, and ambient humidity. The measuring aperture was set and positioned perpendicularly to the enamel surface. When the value of ΔE was greater than 3.7, the colour variation was considered easily clinically visible. Values between 3.7 and 1 were considered a clinically acceptable colour difference. On the other hand, ΔE values less than 1 were considered clinically imperceptible (Reis et al., 1996). 
Statistical analysis was performed using the SigmaStat 3.5 program (Systat Software Inc., San Jose, CA, USA). All data were analysed using the Analysis of Variance (ANOVA) test, and post-hoc comparisons were conducted using the Student-Newman-Keuls test. The adopted level of significance was p<0.05.


3. results 

Enamel colour evaluation after immersion in colouring beverages

The data obtained from the evaluation of the parameters ΔL, Δa, Δb, and ΔE are shown in Table 1.

Analysis of ΔL values (variation in brightness)

[bookmark: _heading=h.2et92p0]All groups presented negative results, indicating that the specimens became darker after exposure to the beverages. No statistical difference was observed among the samples exposed to distilled water, the cola-based soft drink, and dark beer (p>0.05). Those exposed to wine, acai, and coffee had significantly lower ΔL values (p<0.05); therefore, they became darker than specimens from the other groups.
 
Analysis of Δa values (red-green axis variation)
[bookmark: _heading=h.tyjcwt]There was no statistical difference among the Δa values of all groups tested (p>0.05). All groups had positive Δa results, indicating a shift in the colour of the specimens to the red spectrum.

Analysis of Δb values (yellow-blue axis variation)

The specimens exposed to wine presented negative Δb values, denoting a colour shift to the blue spectrum. The wine group had significantly lower Δb values compared to the cola-based soft drink, coffee, and dark beer groups (p<0.05). Nonetheless, there was no statistical difference among the distilled water, cola-based soft drink, acai, coffee, and dark beer groups (p>0.05).

Analysis of ΔE values (total colour variation)

[bookmark: _heading=h.3dy6vkm]The lowest ΔE values were observed in the distilled water group (p<0.05). No statistical difference was found among the ΔE values of the specimens stained with the cola-based soft drink, wine, acai, and coffee (p>0.05). However, there was a significant difference between the wine and dark beer groups (p<0.05). All groups, with the exception of the distilled water group, had a ΔE greater than 3.7; therefore, they presented clinically visible colour variations.

Enamel colour evaluation after treatment with BC

The data obtained from the evaluation of the parameters ΔL*, Δa*, Δb*, and ΔE* are shown in Table 2.

Analysis of ΔL* values (variation in brightness)

There was no statistical difference among groups (p>0.05).
Analysis of Δa* values (red-green axis variation)

No statistical difference was observed among the tested groups regarding the Δa* values (p>0.05). All groups had positive Δa* results, indicating a shift in the colour of the specimens to the red spectrum.

Analysis of Δb* values (yellow-blue axis variation)

There was no statistical difference among the distilled water, cola-based soft drink, wine, and coffee groups (p>0.05), nor was there a statistical difference between the acai and dark beer groups (p>0.05). However, a significant difference was observed between the distilled water and dark beer groups (p<0.05). The latter group presented negative Δb* results, denoting a colour variation in the blue spectrum; the other groups had positive values, indicating variations in the yellow spectrum.
 
Analysis of ΔE* values (total colour variation)

No statistical difference was observed among the groups (p>0.05). The ΔE* values of all groups were greater than 3.7; therefore, there was a clinically visible change in colour after exposure to BC.


4 Discussion
Some studies show that a diet based on the frequent consumption of foods with high levels of pigmenting agents directly influences the colour of tooth enamel, which can lead to extrinsic stains. When evaluating the Δb values of the groups of samples stained with the cola-based soft drink, wine, and coffee, it was noted that they were statistically equal to the control group (distilled water), a fact that would explain the reduction in the yellow colour of the teeth after brushing. Our findings contrast with those reported in the study by Torres et al., who tested the effectiveness of mouthwashes and dentifrices in changing the enamel tonality after coffee staining (Taneja et al., 2016; Proctor et al., 2005; Torres et al., 2013). 
The authors found that the subjective level of responses to improvement and satisfaction with the whiteness were significantly associated with changes in Δb values, but not with alterations in ΔL and Δa values, corroborating the present study, which demonstrated statistical changes only in the yellow-blue spectrum. 
Considering the importance of reducing the Δb value in tooth whitening, it is understood that the deposition of blue-colored agents on the enamel surface would give rise to favourable changes in the optical properties of the tooth, particularly in the colour change to blue, improving the measurement and perception of tooth whitening. 
Tooth whitening products are marketed in many different formats (Gerlach et al., 2001). However, dentifrices comprise the most affordable product format for many patients and consumers. Therefore, the incorporation of BC in dentifrice formulations has been investigated in several studies. Collins et al. and Joiner et al. showed immediate and noticeable results that lasted for up to 8 hours after a single application of their tested product, whereas Torres et al., (2013), Dantas et al. (2015), Oliveira et al. (2016), Horn et al. (2014) and Bortolatto et al (2016) were unable to evidence superior whitening effects to those provided by a conventional toothpaste, a fact that contrasts with the results found herein, seeing that a statistical change in the Δb value was observed.
Finally, when evaluating the colour stability of the tooth enamel after immersion in dark beer and brushing with BC, it was noted that its Δb was significantly influenced by the oral hygiene process, a fact that can be explained by the change in the enamel colour to the blue spectrum in an attempt to balance the yellowish colour after immersion in the colouring beverage. These findings demonstrate the efficiency of BC at changing the colour of the tooth enamel since the colouration of teeth stained with dark beer had statistically equal results to non-stained teeth after brushing.

5. Conclusion

The whitening dentifrice containing BC was efficient in changing the colour of tooth enamel stained with coffee, the cola-based soft drink, wine, acai, and dark beer, acting primarily in the balance of the blue and yellow spectra.
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Table 1. Mean values of colour coordinates (ΔL, Δa, Δb and ΔE) of enamel after immersion in colouring beverages.

	Groups (n=5)
	ΔL
	Δa
	Δb
	ΔE

	Distilled water
	-1.62±4.65A
	2.38±2.06A
	2.46±2.59AB
	3.79±2.70A

	Cola-based soft drink 
	-4.16±6.53A
	4.12±5.24A
	13.10±3.83A
	16.28±3.26BC

	Wine 
	-19.84±5.35B
	4.02±2.98A
	-6.06±9.59B
	23.32±2.53B

	Acai 
	-18.54±5.49B
	5.20±2.89A
	2.36±7.21AB
	20.98±3.81BC

	Coffee 
	-12.68±5.11B
	6.86±1.02A
	8.00±10.17A
	18.86±5.08BC

	Dark beer
	-5.22±3.24A
	4.46±1.82A
	9.18±10.23A
	13.94±6.31C


*Identical superscript letters indicate no statistical significance between values in columns.


Table 2. Mean values of colour coordinates (ΔL *, Δa *, Δb * and ΔE *) of enamel after treatment with dentifrice containing blue covarine.

	Grupos (n=5)
	ΔL*
	Δa*
	Δb*
	ΔE*

	Distilled water
	6.40±5.82A
	2.92±3.20A
	14.96±2.85A
	17.49±3.33A

	Cola-based soft drink 
	3.08±6.19A
	4.66±2.10A
	10.28±2.79AB
	13.13±2.44A

	Wine 
	-3.32±11.69A
	4.66±5.03A
	11.98±8.75AB
	18.94±3.25A

	Acai 
	-6.12±4.72A
	4.50±3.25A
	0.26±8.26BC
	11.28±3.76A

	Coffee 
	3.48±6.41A
	5.88±3.18A
	11.88±5.88AB
	15.07±6.05A

	Dark beer
	-6.40±9.38A
	1.70±2.46A
	-6.02±10.69C
	14.88±5.61A


*Identical superscript letters indicate no statistical significance between values in columns.









