Effectiveness of Edible Coating on the Color Resistance of Heat-Cured Acrylic Resin Plates Soaked in Arabica Coffee (Coffea arabica L.)
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Abstract. Discoloration of acrylic resin plates can be caused by stains arising from the absorption of exogenous sources of dyes such as coffee. Coffee contains polyphenol compounds that can interfere with the hydrolysis reaction, resulting in porosity on the surface of the acrylic resin plate. One solution to prevent liquid absorption on the surface of the acrylic resin plate is to apply an edible coating that functions as a barrier to mass transfer of substances. This study aims to determine the effect of the use of edible coating with varying concentrations in maintaining the color of heat-cured acrylic resin plates soaked in 8% Arabica coffee. This study used a true experimental laboratory method with a pre-post test group design containing 24 sample of 20x20x2 mm acrylic plate. Color changes were observed using a UV-PC ISR-2200 spectrophotometer with the results of absorbance values. The results of the descriptive analysis showed that the group with a 2% edible coating concentration was effective. The results of the one-way ANOVA test had a p-value of 0.658 (p < 0.05), means there was no significant difference between the 2%, 4%, 6% edible coating and the uncoated edible coating on the color change of the acrylic resin plate soaked in Arabica coffee.  Descriptive analysis showed the effect of edible coating concentration of 2% more effective to maintain the color fastness of heat-cured acrylic resin plates. Statistical analysis showed no significant difference between any consentrations of edible coating.
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introduction
The use of denture bases made from polymethyl methacrylate (PMMA) resin with microbead-shaped powder, and liquids containing methyl methacrylate monomers, inhibitors, and tri-methacrylate has been around since the mid-1940s. Acrylic resins are classified into three types: self-cured acrylic resin, heat-cured acrylic resin, and light-cured acrylic resin. The type of resin that is the main choice for making denture bases is heat-cured acrylic resin which is activated through thermal polymerization using a microwave oven or water bath.1 The use of heat-cured acrylic resin as a denture base is a popular choice due to its efficient manufacturing process, good aesthetics, color similarity to oral tissue, and affordability. Some disadvantages of heat-cured acrylic resin include low flexibility, which can lead to denture breakage when dropped, and its porosity, which facilitates the absorption of oral fluids into the acrylic resin plate.2 Changes in the color of acrylic resin plates can be caused by two factors, namely intrinsic factors from changes in chemical reactions in the material due to imperfect polymerization procedures, and extrinsic factors, namely the presence of stains that arise due to absorption from exogenous sources of coloring agents such as soft drinks, mouthwash, tea, nicotine and coffee.3
Coffee contains various compounds, including tannins, which are polyphenols. The acidic nature of tannins can interfere with the hydrolysis reaction between phenol compounds and polymethyl methacrylate esters in heat-cured acrylic resin plates, resulting in porosity or cavities on the surface of the acrylic resin plate. This porosity can easily cause the consumed coffee solution to be absorbed by the cavities in the acrylic resin plate and cause color changes.4
One solution to prevent liquid absorption on the surface of acrylic resin plates is to apply an edible coating made from chitosan, which is resistant to acidic pH solutions. Chitosan is a hydrocolloid edible coating product produced by the deacetylation process which produces natural polysaccharides.5  Edible coating is safe for consumption and functions as a barrier to the mass transfer of substances.6 
The best concentration for using chitosan as an edible coating is 2%. Edible coating is a thin material that coats food products and is safe for consumption, with the main procedure being to extend the shelf life of food products.7 Based on the above background, it is necessary to test the effectiveness of edible coating using concentrations of 2%, 4% and 6% with Arabica coffee soaking water for 7 days on the color resistance of heat-cured acrylic resin plates.  
MATERIALS AND METHODS
This study used a true laboratory experiment. In a true experimental design, the research design used in this study was a pretest-posttest group design by comparing the color fastness of heat-cured acrylic resin plates coated with edible coating at concentrations of 2%, 4%, and 6% and heat-cured acrylic resin plates without edible coating before and after being soaked in an 8% Arabica coffee solution for 7 days. 
Researchers required 24 heat-cured acrylic resin plates, divided into four groups, each with six repetitions. Three treatment groups were selected: group 1 with a 2% edible coating, group 2 with a 4% edible coating, and group 3 with a 6% edible coating. The control group consisted of heat-cured acrylic resin plates without edible coating. All four groups were immersed in an 8% Arabica coffee solution for 7 days.The type of data in this study is primary data taken in measurements using a UV-PC ISR-2200 spectrophotometer to obtain absorbance values calculated 

                                                                                      (13)

2% edible coating was prepared by dissolving 2 grams of chitosan in 30 mL of 3% acetic acid in a beaker until dissolved and transferring the mixture to a volumetric flask containing 70 mL of distilled water.The liquid was then homogenized using a magnetic stirrer at 50°C on a hot plate for 60 minutes until completely dissolved.Steps were repeated, producing edible coatings at 4% concentrations (4 grams of chitosan) and 6% concentrations (6 grams of chitosan).
The acrylic plate was measured to ensure its dimensions were 20x20x2 mm. 2% edible coating was applied at a temperature of approximately 80°C to the surface of the acrylic plate using a 5 mm wide brush until it completely covered the entire surface.The plate was left to sit for 5 minutes, then the application was checked again to see if it had reached a thickness of 0.5 mm and covered the entire surface of the acrylic resin plate using a digital caliper.If the application thickness is less than or exceeds 0.5 mm and does not completely cover the surface of the acrylic resin plate, re-apply. Processes repeated for edible coating applications with concentrations of 4% and 6% 
Prepare 4 grams of Arabica coffee powder and brew it with 50 mL of water at 100°C. Ten beakers containing 40 grams of Arabica coffee powder and 500 ml of water are prepared directly in a beaker. The brewed coffee is then allowed to steep for 20 minutes until it reaches room temperature, and the filtrate is collected by filtering it through a sieve.Next, soak the acrylic resin plates in an 8% Arabica coffee solution. The room-temperature Arabica coffee is poured into each container, each containing 50 mL of the Arabica coffee solution.Each group of acrylic resin plates is placed in its own container filled with the Arabica coffee solution.The containers are tightly closed and left at room temperature for 7 days.The Arabica coffee solution is replaced daily with fresh Arabica coffee solution. 
RESULTS
Measurement of color changes in heat cured acrylic resin plates using a UV-PC spectrophotometer with parameters L* which is the level of illumination on the object, a * has a red-green axis saturation and color interpreted by a single number, and b* has a blue-yellow axis and color interpreted by coordinates. From the calculation of L* a* b*, the value can be calculated and the total reflection of light on the heat cured acrylic resin plate can be obtained with the formula dE*ab 
[image: ]TABLE 1. Showing the color change in 7 days when the acrylic plate soaked in Arabica Coffe
K1 : without edible coating                                                       K3 : Edible coating 4%                                                             K2 : Edible coating 2%                             
K4 : Edible coating 6%





TABLE 2. Average dE*ab value (the intensity of the absorbed color) with 6 repetitions
	Treatment
	edible coating 
	Avarege values of dE*ab

	K1
	-
	1.11  0.05

	K2
	2%
	0.64  2.8

	K3
	4%
	1.1  1,15

	K4
	6%
	0.9  0.05













Table 2 shows the results of the descriptive analysis of the average per group. Group 2 with a 2% edible coating concentration had the lowest value, meaning that the 2% edible coating concentration was more effective than other edible coating concentrations on heat-cured acrylic resin plates soaked in 8% w/v Arabica coffee for 7 days with a solution change every 24 hours at 10 a.m.



TABLE 3. Normality test
	Sample
	Shapiro Wilk (p-value)
	Explanation

	Without edible coating
	0,208
	Normally distributed data

	Edible coating 2%
	0,070
	Normally distributed data

	Edible coating 4%
	0,593
	Normally distributed data

	Edible coating 6%
	0,470
	Normally distributed data












The results of the normality test using Shapiro Wilk to determine the normality distribution of each group. A group is said to be normally distributed if it has a p-value > 0.05. The test results show that all groups, namely without edible coating, 2% edible coating, 4% edible coating, and 6% edible coating have a Sig. (p-value) greater than α (0.05), so it can be interpreted that all groups have normally distributed data. 
TABLE 4. Homogeneous data variation
	Sample
	Uji Levene Test (p-value)
	Explanation

	Wihtout edible coating
	0,416
	Homogeneous data variation

	Edible coating 2%
	
	

	Edible coating 4% 
	
	

	Edible coating 6%
	
	








The results of the homogeneity test using the Levene Test to determine the uniformity of variance of the data groups. A group is said to have the same variance if it has a p-value > 0.05. The test results show a Sig. (p-value) value greater than α (0.05), so it can be interpreted that the data variation is homogeneous.
TABLE 5. One-Way ANOVA
	Sample
	Uji One Way Anova (p-value)
	explanation

	Wihtout edible coating
	0,658
	There is no significant difference

	Edible coating 2%
	
	

	Edible coating 4%
	
	

	Edible coating 6%
	
	








Tabel 5. shows the results of one-way ANOVA testing to test for significant differences between more than two independent groups in different samples. Data can be said to have significant differences if it has a p-value <0.05. The test results show a Sig. (p-value) value greater than α (0.05), which can be interpreted that there is no significant difference between all groups, namely without applying edible coating, 2% edible coating, 4% edible coating, and 6% edible coating.  
DISCUSSION
Color changes were visually observed on heat-cured acrylic resin plates coated with edible coating at concentrations of 2%, 4%, and 6% before and after being soaked in 8% w/v Arabica coffee for 7 days. Color changes are caused by factors from coffee substances that influence porosity and dye absorption on the plate surface. Coffee has a color-changing effect on materials with a polymer structure. The dye in coffee affects the porosity of acrylic resin plates.8 Coffee has hydrophobic properties, where coffee grounds cannot dissolve in water, which causes a small portion of coffee dye to potentially be absorbed on the surface of the acrylic resin plate and cause porosity. Color changes are interrelated with the occurrence of porosity because it facilitates the penetration of substances that result in the deposition of color pigments on the surface of the denture base that can be absorbed.9
Tannins are phenolic compounds with acidic properties and H+ ions, which facilitate the release of acid molecules in solution. H+ ions work by breaking the double bonds between C=O molecules in polymethyl methacrylate. This bond rupture causes the polymer chain to become unstable and damage the acrylic resin structure. The acid molecules in phenolic compounds are highly erosive, creating pores, facilitating dye penetration and the accumulation of color stains.10 Imirzalioglu (2010) recommends soaking for 7 days because after 7 days, the heat-cured acrylic resin plate undergoes a stabilization process through the aging process. The initial increase and then decrease in color change is related to the loss of the accumulated layer. A layer forms on the surface of the coffee solution at a certain thickness; this layer tends to detach from the surface of the acrylic resin plate and then dissolves back into the coffee solution.11
Edible coating with a concentration of 2% has more effective results than other edible coating concentrations. At a concentration of 6%, the chitosan solution is very difficult to homogenize because it has a high chitosan content and is not comparable to the solvent, thus causing the edible coating to be more difficult to adhere. If chitosan has a higher concentration, it will have an effect on increasing the viscosity value of the solution which affects the thickness and durability of the chitosan layer. Food products require a low viscosity edible coating because the lower the viscosity value will affect the diffusion of chitosan to the surface of the food material, so that a high concentration will affect the drying process and the formation of the product surface layer for a long time.1
The α-value of 0.658 was obtained for the group without edible coating and the group with 2%, 4%, and 6% edible coating applied to heat-cured acrylic resin plates. The statistical results showed no significant difference between the group without edible coating and the group with 2%, 4%, and 6% edible coating applied to heat-cured acrylic resin plates soaked in an 8% w/v Arabica coffee solution for 7 days. The spectrophotometer uses long-wavelength ultraviolet light with a wavelength of 10–200 nm and near-wavelength ultraviolet light with a wavelength range of 200–400 nm. Ultraviolet light can be seen by some animals, including birds, reptiles, and insects, but not by humans.13the process of seeing color in humans is due to light hitting an object and the object reflects light to the eye. In human vision.14  The color on the acrylic resin plate only has a slight change and the UV-PC Spectrophotometer sees more details on color changes by using the absorbance value on the acrylic resin plate, so it can be concluded that there is a difference between human vision and the UV-PC Spectrophotometer. 
The use of chitosan as the primary ingredient in edible coatings is one factor that makes it difficult to homogenize. Chitosan functions to extend the shelf life of agricultural products. However, chitosan has the disadvantage of having low water-repellent properties, requiring additional lipids to produce edible coatings. The function of lipids is to slow the rate of transparency, thus affecting water loss due to high evaporation, which can lead to wilting of food products. One type of lipid is beeswax. The combination of chitosan and beeswax increases the hydrophobic properties, preventing an increase in moisture in food products.15
The method of applying edible coatings and the application requirements affect the quality of the coating adhering to acrylic resin plates. Requirements that must be considered when applying edible coatings include the interaction of the edible coating with the texture and surface of the object, the object's shelf life, changes in color, texture, and taste due to the interaction of the edible coating, and the response and sensitivity to the environment.16 This study used the brushing method which has the weakness of the potential for uneven application of edible coating, resulting in areas with brush strokes that indicate unevenness of the edible coating surface.17 
CONCLUSION
Descriptive analysis showed the effect of a 2% edible coating concentration and an 8% w/v Arabica coffee immersion on the colorfastness of heat-cured acrylic resin plates soaked for 7 days. Statistical analysis showed no significant difference between 2%, 4%, and 6% edible coating on the colorfastness of heat-cured acrylic resin plates soaked in 8% w/v Arabica coffee for 7 days. 
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