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			ABSTRACT: Proper denture hygiene is one of the major predictors for the duration of rehabilitation treatment and the maintenance of oral mucosal health. Disinfectant solutions are often used as denture cleansers, yet their impact on acrylic resin-based dentures has been insufficiently investigated. This study aims to evaluate the effect of immersing heat cure acrylic denture base material in frankincense extract solution at different times intervals (24h and 72h) on the growth of Candida Albicans, micro-hardness and surface roughness. A total of ninety samples were prepared: 30 rectangular specimens (65×10×2.5 mm) intended for microhardness testing (n=30), and 60 disc-shaped specimens (10×2 mm) designated for antifungal activity and surface roughness measurements (n=30). For each test group, three further immersion periods were established: 10 samples per group (n=10). Sample size calculation was performed using G*Power. Data was first described and assessed for normal distribution, followed by parametric analyses with ANOVA and Tukey's HSD post hoc comparison and non-parametric analysis with the Kruskal–Wallis test followed by Dunn’s test. A significance level of < 0.05 was applied for all tests. In the result, there was an inhibition of Candida Albicans growth after immersion in frankincense extracts and a microhardness increase in the experimental groups compared to the control group regardless of immersion time. Additionally, the denture cleanser solution by frankincense extract also had a role in increasing surface roughness. To conclude, acrylic samples showed improved hardness and increased roughness which correlated with reduced fungal growth in all the specimens.

			

			KEYWORDS: Polymethylmethacrylate; Denture base; Frankincense resin; Denture cleansers; Candida Albicans; Surface properties.

			RESUMEN: Una adecuada higiene de las prótesis dentales constituye uno de los principales factores determinantes para la longevidad del tratamiento rehabilitador y el mantenimiento de la salud de la mucosa oral. Las soluciones desinfectantes se utilizan con frecuencia como agentes limpiadores de prótesis; sin embargo, sus efectos sobre las prótesis confeccionadas con resinas acrílicas no han sido suficientemente investigados. El objetivo de este estudio fue evaluar el efecto de la inmersión de un material acrílico termopolimerizable para bases de prótesis en una solución de extracto de incienso, durante diferentes períodos de tiempo (24 y 72 h), sobre el crecimiento de Candida albicans, la microdureza y la rugosidad superficial. Se prepararon un total de 90 especímenes para evaluar microdureza (n=30) y 60 para evaluación de la actividad antifúngica y la rugosidad superficial (n=30 para cada ensayo). Para cada prueba se establecieron  tres períodos de inmersión, con 10 especímenes por grupo. El cálculo del tamaño de la muestra se realizó utilizando G*Power. Inicialmente, los datos fueron sometidos a estadística descriptiva y se evaluó su distribución normal. Posteriormente, se realizaron análisis paramétricos mediante ANOVA y la prueba post hoc HSD de Tukey. Para todos los análisis se estableció un nivel de significancia de p < 0,05. Los resultados mostraron una inhibición del crecimiento de Candida albicans después de la inmersión en los extractos de incienso, así como un aumento de la microdureza en los grupos experimentales en comparación con el grupo control, independientemente del tiempo de inmersión. Asimismo, la solución limpiadora de prótesis a base de extracto de incienso produjo un incremento de la rugosidad superficial. En conclusión, los especímenes de resina acrílica mostraron un aumento de la dureza y de la rugosidad superficial, acompañado de una reducción del crecimiento fúngico en todos los especímenes evaluados.

			PALABRAS CLAVE: Polimetilmetacrilato; Base de prótesis; Resina de incienso; Limpiadores de prótesis; Candida albicans; Propiedades superficiale.

			Introduction

			Polymethyl methacrylate (PMMA) is a common organic polymer that has been used in different methods, and due to its biocompatibility, it can be used for the construction of denture bases (1). It provides a practical and universally accepted choice for tooth replacement where there is trauma/ loss/ periodontal disease, systemic or Psychological factors (2). PMMA has a number of benefits, some of which include color similarity to the gums of the real teeth, excellent chemical retention with artificial teeth, simplicity of manipulation and repair, affordable cost, and the fact that it is non-toxic and tasteless (3, 4). The advantages of PMMA are not limited to having a close color match to natural gum tissue, promoting strong chemical attachment with artificial teeth, easy manipulation and repair, low-cost and also being nontoxic and tasteless (5). However, the principal disadvantage is the adherence of specific microorganisms that colonize the PMMA prosthesis, increasing plaque biofilm formation, leading to conditions such as candidiasis and other oral diseases (including caries) (6, 7). The intrinsic hydrophobicity of acrylic resins enhances the adherence and retention of Candida albicans on the denture base surface. This contact fosters a conducive environment for microbial colonization, hence increasing the risk of oral infections in denture users (8). 

			

			Generally, Candida is classified as a gram-positive fungus, characterized by its oval or round cellular morphology, possessing a thin cell wall and a diminutive diameter that varies between 3 and 30 μm. Candida encompasses a variety of species, with Candida albicans being the most prevalent, accounting for over 80% of the isolates found in the oral cavity (9). The upkeep of denture hygiene involves mechanical, chemical, or hybrid methods. Mechanical cleaning by brushing may swiftly and economically reduce denture biofilm, but insufficient brushing may degrade the denture base material and create surface imperfections that promote bacterial colonization and coloration. The chemical process involves submerging the denture in cleansers for a certain period to remove food particles and germs while preserving the denture's mechanical and physical qualities (10, 11). 

			As denture clinical longevity is positively related to proper denture hygiene, numerous chemical cleansing solutions like sodium hypochlorite, chlorhexidine, and effervescent/enzyme cleaners were mentioned in the literature with their effect on microbial colonization, and mechanical and surface properties (12-14). The thoughtful integration of healing plants into modern science has been made achievable through progress in chemistry and pharmacy. These days, many researchers lean towards natural solutions in various situations (15). Frankincense is an aromatic gum resin sourced from the Boswellia tree, which is part of the Burseraceae family (16). Boswellia resin has been used for a long time for many different purposes, including in medicine. Numerous ancient texts mention the resin of Boswellia species, often referred to as "frankincense" and "olibanum." (17). Many Boswellia species produce frankincense, but B. serrata (India), B. sacra (Oman), and B. carterii (Somalia) are the main producers (18). You may find Boswellia resins in a range of colors, including yellowish, blue, and greenish ones. Their chemical composition is 60-70% resin, 3-8% volatile oils (including sesquiterpenes and terpenes), and 27-35% gum (19). 

			Frankincense has been used as mouthwash and powder (or extracts) to minimize gingival bleeding, halitosis, and facilitate the healing of gingival lesions. Frankincense, in powdered form and as a mouthwash, was used in the therapy of plaque-induced gingivitis, leading to significant enhancement of periodontal inflammation (20, 21) Frankincense extracts have shown good antibacterial activity against E. faecalis and were chosen as the root canal irrigant (22) with adjunctive effects in scaling and root planing for chronic periodontitis (23). The antimicrobial and anti-inflammatory characteristics of compounds derived from Boswellia, especially acetyl-11-keto-ß-boswellic acid (AKBA), suggest that their integration into denture cleansers or surface treatments could be an effective approach to diminish Candida albicans adhesion and enhance oral health results for individuals who wear dentures (24, 25). 

			Research by Bezerra et al. (2020) compared the antifungal activity on Candida albicans biofilm between a plant extract (Cinnamaldehyde) and chlorhexidine and hypochlorite. The results reported that Cinnamaldehyde demonstrated antifungal activity on Candida albicans for short exposure times compared with other tested denture cleansers (26).

			Although frankincense resin from Boswellia species has been used to reduce plaque-induced gingivitis and target pathogens, no direct clinical trials confirm frankincense as a standard denture cleanser. This study assessed the effectiveness of frankincense extracts as a denture cleanser in inhibiting the growth of Candida albicans on denture surfaces after 24 hours and 72 hours of immersion. Furthermore, the study aimed to determine the potential impact of this procedure on the surface properties of the heat-cured denture-base resin by formulating the following hypotheses:

			1. H0 (the null hypothesis): assumes the immersion of heat-cured denture base samples in frankincense extract solution has no effect on the growth of Candida albicans after 24 hours and 72 hours, and no effect on the surface properties of the heat-cured denture base samples.

			2. H1: assumes that the immersion of heat-cured denture base samples in frankincense extract solution will affect the growth of Candida albicans after 24 hours and 72 hours and affect the surface properties of the tested heat-cured denture base samples.

			Materials and methods

			Sample size calculation 

			The calculation of the sample size was conducted utilizing G*power 3.1.9.4, with a significance level set at 0.05 (α), an effect size of 0.6, a power of 0.8, and three groups for each test. The overall sample size consisted of 90 samples distributed over 3 groups. 

			Solution preparation

			This study included the preparation of a frankincense solution by first grinding water-soluble frankincense (Boswellia carterii) resin (local medical store) using a pestle and mortar, followed by two sets of 30-300 grinding cycles at 28,000 r/min. Each cycle endures for 2 minutes to avert overheating, which would transform the powder into a viscous adhesive.  The material was filtered using a sieve with 38-micrometre holes. Forty grams of the pulverized substance were macerated for 24 hours in 400 mL of distilled water (10% w/v) at ambient temperature (37°C). The extracts were subjected to centrifugation (Lab Centrifuge 16,500 rpm - High-Speed Centrifuge (H-1650) to eliminate insoluble components and thereafter stored in dry, clean bottles at 4 °C until analysis (27, 28).

			Sample preparation 

			According to manufacturer specifications, 90 heat cure acrylic resin denture base material (Ivoclar, Switzerland) samples were prepared. 30 samples (65mm length * 10 mm width * 2.5 mm) for mechanical testing (29) 60 discs (10 mm diameter* 2 mm thickness) for antibacterial and surface roughness testing (30). Remaining monomers were removed and the samples hydrated in saline solution at 37°C for 3 days (31). All samples were UV-sterilized (KW-4AC). Each major group was divided into 3 subgroups (n=10) according to frankincense extract solution immersion (0, 24, and 72 hours). 

			Immersion protocol

			The PMMA samples underwent soaking in disinfection solutions for durations of 24 hours and 72 hours.  Relying on the results of comprehensive review and meta-analysis, a daily immersion period of 10 to 15 minutes was determined to be within the clinically acceptable exposure range, supported by evidence that immersion durations extending to 30 minutes do not markedly affect the mechanical and physical properties of denture base materials. A daily immersion period of 20 minutes is regarded as clinically acceptable in this experiment. Thus, a one-hour immersion equates to three immersions of 20 minutes each. The findings indicate that a 24-hour immersion is equivalent to 10 weeks of soaking dentures in a cleanser, while a 72-hour immersion corresponds to 30 weeks of exposure (32).

			

			Antimicrobial test

			Strains of Candida albicans (ATCC®10231) were utilized in this experiment. Initially, the stock culture of yeasts was inoculated onto Potato Dextrose Agar (PDA) (Himedia, Mumbai, India) using a streaking technique. Following a 24-hour incubation period at 37°C, distinct, convex colonies exhibiting a creamy texture and smooth surface were noted. A single colony was inoculated into 10 mL of broth medium and incubated at 37°C to facilitate the exponential growth of cells. The Candida albicans was diluted using sterile phosphate-buffered saline (PBS) to maintain the yeast culture concentration at 10^7 CFU/ml. (33).

			The acrylic sterilized samples of the control group were infected with Candida albicans and placed on PDA medium. Next, PDA medium was incubated at 37°C for 24 h (34). Experimental acrylic samples were first soaked in 400 ml of frankincense solutions for 24 h and 72 h. Then, a similar procedure was followed as for the control group samples. Direct culture agar plate counts assessed microbe viability after biofilm formation. A manual colony counter (03A-CCT101, Lab Expo, US) counted Candida albicans colonies (35). The following equation was used to detect the growth inhibition percentage as follows:

			[image: ](1)

			Where:

			CFUc=Colony-forming unit of the control group.

			CFUt=Colony-forming unit of the test group.

			Hardness test 

			Surface hardness was assessed in accordance with ISO 1567, 1999 and ANSI/ADA standard no. 12, 2002 with a digital Shore D hardness durometer (HT-6510D, China). The apparatus features a pointed indenter with a diameter of 0.8 mm. The indenter is interfaced with a digital scale. Each specimen underwent five indentations at various locations spaced 10 mm apart, and the average of these five measurements was computed (29). 

			Roughness test

			An electronic roughness tester of the stylus type (JITA 810, China) was utilized to assess surface roughness in accordance with ISO 4287 standards. The apparatus employed a diamond-tipped stylus featuring a tip radius of 5 μm. The stylus moved a total distance of 4.0 mm at a speed of 0.5 μm/s, applying a force of 4 μN for measurement purposes. A cut-off value of 2.5 mm was selected for the assessment of surface roughness. The average value was determined based on five measurements (36).

			Statistical analysis

			The data from the study underwent statistical analysis using SPSS software version 25.0. The descriptive statistics employed consist of the mean, standard deviation, minimum (Min), and maximum (Max). The Shapiro–Wilk test was employed to assess the normality of the data. Parametric tests, specifically ANOVA followed by Tukey's HSD, were employed for data that adhered to a normal distribution, whereas non-parametric tests, including the Kruskal–Wallis test followed by Dunn’s test, were utilized for variables that show deviation from normality. A p-value less than 0.05 was deemed to indicate statistical significance. 

			Results

			Fungal Adhesion Test

			In comparison with the control group, there was a 25% reduction in the growth of Candida albicans after 24 h of immersion in the frankincense extract solution and a 97% reduction when the time was extended to 72 h, as shown in Figure 1 and reported in Table 1.  

			Surface hardness test 

			The descriptive and inferential statistics of the study groups are presented in Table 2.

			Shapiro-Wilk test revealed a significant deviation from normality in all groups (P < 0.05); thus, the non-parametric Kruskal-Wallis test was used to assess a statistically significant difference between the groups. The Kruskal-Wallis test indicated significant differences between the tested groups (Table 2); therefore, post hoc comparisons using Dunn´s test was conducted. Table 3 displays the results of Dunn´s test. 

			According to the results and with the comparison with the control group (G0), the surface hardness (G1) significantly increased after 24 h immersion in frankincense extract solution. However, a significant reduction was reported in the (G2) group when the immersion period extended to 72 h. While a non-significant difference was reported when comparing 24 h of immersion with 72 h of immersion.

			Surface roughness test 

			The descriptive and inferential statistics of the study groups are presented in Table 4.

			Shapiro-Wilk test revealed no deviation from normality in all groups (P>0.05); thus, One-Way analysis of variance (ANOVA) test was used to assess a statistically significant difference between the groups. Table4 shows the results of the one-way ANOVA test, which showed that the groups under analysis differed significantly. The outcomes of the multiple comparison tests, Tukey's HSD and Levene's homogeneity, are shown in Table 5. Since there was no statistically significant difference between the groups according to Levene's test, we ran multiple comparisons using Tukey's HSD test. All groups showed a significant difference according to Tukey's test.  

			According to the results and with the comparison with the control group (G0), the surface roughness (G1) significantly increased after 24 h and 72 h immersion in frankincense extract solution. Moreover, a significant increase in roughness was noticed when comparing (G1) with (G2) groups. 
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			Figure 1. Candida albicans growth; A: Control, B: After 24 h immersion in frankincense extract solution, C: After 72 h immersion in frankincense extract solution.

			

			Table 1. Candida albicans growth after (0, 24, and 72) h of immersion in the frankincense extract solution.

			
				
					
					
					
					
				
				
					
							
							Groups

						
							
							Number of samples (n)

						
							
							Percentage % of growth

							of Candida albicans 

						
							
							Percentage % of growth

							inhibition of Candida albicans 

						
					

					
							
							Control (G0)

						
							
							10

						
							
							100 %

						
							
							0%

						
					

					
							
							24 h immersing (G1)

						
							
							10

						
							
							75%

						
							
							25%

						
					

					
							
							72 h immersing (G2)

						
							
							10

						
							
							3 %

						
							
							97%

						
					

				
			

			Table 2. Descriptive statistical analysis, Shapiro-Wilk test, and Kruskal-Wallis test of hardness test (VHN) for all study groups.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Groups

						
							
							
							Descriptive statistics

						
							
							Shapiro-Wilk test

						
							
							Kruskal-Wallis test

						
					

					
							
							
							n

						
							
							Median

						
							
							IQR

						
							
							Min.

						
							
							Max.

						
							
							Statistics

						
							
							P- value

						
							
							Chi-square

						
							
							P-value

						
					

					
							
							G0 (0h immersion)

						
							
							10

						
							
							81.000

						
							
							2.000

						
							
							80.00

						
							
							82.00

						
							
							0.805

						
							
							0.017

						
							
							
					

					
							
							G1 (24h immersion)

						
							
							10

						
							
							83.000

						
							
							1.000

						
							
							82.00

						
							
							83.00

						
							
							0.594

						
							
							0.000

						
							
							14.805

						
							
							0.001*

						
					

					
							
							G2 (72h immersion)

						
							
							10

						
							
							82.000

						
							
							1.000

						
							
							81.00

						
							
							83.00

						
							
							0.802

						
							
							0.015

						
							
							
					

				
			

			* Significant difference (P<0.05).

			Table 3. Dunn´s comparison test of the hardness test (VHN) for all study groups.

			
				
					
					
					
					
				
				
					
							
							Groups

						
							
							Dunn’s test

						
					

					
							
							
							
							Median difference

						
							
							Adjusted P-value

						
					

					
							
							G0 (0h immersion)

						
							
							G1 (24h immersion)

						
							
							-13.90

						
							
							0.001*

						
					

					
							
							
							G2 (72h immersion)

						
							
							-9.650

						
							
							0.027*

						
					

					
							
							G1 (24h immersion)

						
							
							G2 (72h immersion)

						
							
							4.25

						
							
							0.753

						
					

				
			

			* Significant difference (P<0.05).

			Table 4. The statistical analysis included descriptive analysis, the Shapiro-Wilk test, and One-Way analysis of variance (ANOVA) test of roughness (μm) for all of the research groups.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Groups

						
							
							
							Descriptive statistics

						
							
							Shapiro-Wilk test

						
							
							One-Way ANOVA

						
					

					
							
							
							n

						
							
							Mean

						
							
							SD

						
							
							Min.

						
							
							Max.

						
							
							Statistics

						
							
							P- value

						
							
							F test

						
							
							P-value

						
					

					
							
							G0 (0h immersion) 

						
							
							10

						
							
							0.305

						
							
							0.003

						
							
							0.301

						
							
							0.310

						
							
							0.903

						
							
							0.239

						
							
							
					

					
							
							G1 (24h immersion)

						
							
							10

						
							
							1.005

						
							
							0.003

						
							
							1.001

						
							
							1.009

						
							
							0.891

						
							
							0.176

						
							
							591489.319

						
							
							0.000*

						
					

					
							
							G2 (72h immersion)

						
							
							10

						
							
							1.754

						
							
							0.002

						
							
							1.752

						
							
							1.759

						
							
							0.858

						
							
							0.072

						
							
							
					

				
			

			* Significant difference (P<0.05).

			

			Table 5. Levene's homogeneity and Tukey's HSD test for the roughness (μm) test across all research groups.

			
				
					
					
					
					
					
				
				
					
							
							Groups

						
							
							
							Tukey's HSD 

						
							
							Levene’s test

						
					

					
							
							
							
							Mean difference

						
							
							P-value

						
							
							P-value

						
					

					
							
							G0 (0h immersion)

						
							
							G1 (24h immersion)

						
							
							-.699400

						
							
							0.000*

						
							
					

					
							
							
							G2 (72h immersion)

						
							
							-1.449300

						
							
							0.000*

						
							
							0.209

						
					

					
							
							G1 (24h immersion)

						
							
							G2 (72h immersion)

						
							
							-.749900

						
							
							0.000*

						
							
					

				
			

			* Significant difference (P < 0.05)

			Discussion

			Denture cleaning has been identified as the crucial step for maintaining adequate denture hygiene. A variety of chemical and mechanical methods are advised for the cleaning and maintenance of denture health. An optimal cleaning method must be effective while preserving the properties of the materials used in denture base fabrication. The physical and mechanical properties of denture base material may be affected by the regular use of denture cleansers. Denture cleaning may be accomplished utilizing several chemical cleansers (14, 37). The antibacterial capabilities of plant extracts and the discovery of novel chemicals have been the subject of a great deal of research, with encouraging results. This study looked at how heat-cured acrylic denture base material and frankincense extracts affected the proliferation of Candida albicans and other characteristics of heat-cured acrylic denture base material.

			In this research (Table1), Candida albicans growth was reduced by 25% after 24 hours of immersion in frankincense extract solution compared to the control group. This may be owing to the bioactive chemicals (aliphatic and aromatic compounds) in the crude extract that cause antifungal action (38). Following 72 hours of immersion, there was a 97% decrease in the proliferation of Candida Albicans. This decrease is attributable to the time-dependent nature of Boswellia's actions (39). These results coincide with results obtained by (Mohamed et al., 2015) (40) that explained the antifungal and anti-inflammation effect of frankincense.  

			The surface hardness data indicated a substantial increase in hardness values when comparing the control group to the experimental groups (Table 2 and Table 3). This is likely attributable to hydrophobic terpenoids such as α-pinene present in frankincense extracts (from Boswellia carterii), which may provide a protective surface layer, therefore reducing water infiltration into the PMMA matrix. The water-repellent characteristics may restrict hydrogen bonding sites for water molecules, so mitigating the plasticizing impact that usually softens resin (41, 42). Compared to other chemical cleansing solutions, natural extracts like frankincense are likely to preserve mechanical properties due to the absence of strong oxidizers or acids found in other chemical denture cleansers (14, 43).

			The surface roughness data indicated a substantial increase in roughness values between the control group and the experimental groups (Table 4 and Table 5). This may result from the deposition of extract residues, plasticization, or minor etching effects caused by the solution extracts. Boswellia carterii contains terpenes, flavonoids, or acids that adhere to the hydrophobic PMMA surface during immersion, resulting in micro-deposits that increase Ra values above the optimal threshold of <0.2 μm for biofilm resistance. Extended immersion enhances these effects (44).

			Extended immersion protocols using frankincense extract may provide appropriate disinfection, but they may also jeopardize the denture base material's long-term surface integrity, making the environment more conducive to bacteria re-colonization and perhaps shortening the material's service life. To shorten the amount the denture should be immersed in disinfectant, surface debris and biofilm should be removed mechanically.

			The use of in vitro testing rather than clinical testing is one of the drawbacks of this research. Additionally, the examination of just one of the several denture base resins that are now available is another potential restriction.

			Conclusions

			The immersion of acrylic resin denture base material in Frankincense extract solution significantly reduced the development of Candida Albicans, a primary contributor to denture stomatitis. However, it also affected the surface characteristics of the acrylic resin.
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ABSTRACT. Proper denture hygiene is one of the major predictors for the duration of rehabilitation
treatment and the maintenance of oral mucosal health. Disinfectant solutions are often used as denture
cleansers, yet their impact on acrylic resin-based dentures has been insufficiently investigated. This
study aims to evaluate the effect of immersing heat cure acrylic denture base material in frankincense
extract solution at different times intervals (24h and 72h) on the growth of Candida Albicans, micro-
hardness and surface roughness. A total of ninety samples were prepared: 30 rectangular specimens
(65x10x2.5 mm) intended for microhardness testing (n=30), and 60 disc-shaped specimens (10x2
mm) designated for antifungal activity and surface roughness measurements (n=30). For each test
group, three further immersion periods were established: 10 samples per group (n=10). Sample size
calculation was performed using G*Power. Data was first described and assessed for normal distribution,
followed by parametric analyses with ANOVA and Tukey's HSD post hoc comparison and non-parametric
analysis with the Kruskal-Wallis test followed by Dunn’s test. A significance level of < 0.05 was
applied for all tests. In the result, there was an inhibition of Candida Albicans growth after immersion
in frankincense extracts and a microhardness increase in the experimental groups compared to the
control group regardless of immersion time. Additionally, the denture cleanser solution by frankincense
extract also had a role in increasing surface roughness. To conclude, acrylic samples showed improved
hardness and increased roughness which correlated with reduced fungal growth in all the specimens.
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