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Abstract 

Objective: here was investigated the potential of phytoconstituents as cinnamaldehyde and α-terpineol as denture 

cleansers, which was evaluated the antifungal activity, also their effect on the color change of the 

poly(methyl)methacrylate (PMMA). Methodology: Candida albicans biofilms were formed on PMMA specimens and 

exposed a 10 minutes daily treatment with cinnamaldehyde (10 mg/ mL), α-terpineol (10 mg/ mL), NaCl 0.9%, and 

NaClO 1%. Biofilms were collected, then analyzed the cell viability (CFU/ mL), cell metabolism (MTT), and 

roughness. Moreover, the color variation of the specimens during seven and 14 days was checked. Kruskal-Wallis, 

Mann Whitney, and ANOVA one-way were applied (α < 0.05). Results: cinnamaldehyde and α-terpineol decrease the 

number of viable cells compared to NaCl 0.9% by 76% and 83.2%, respectively (p< 0.05). Both substances reduce 

biofilm metabolism by around 70% (p< 0.05). Also, the phytoconstituents showed low biofilm roughness, similar to 

NaClO (p> 0.05), without changing the color of the acrylic resin (p> 0.05). Conclusion: cinnamaldehyde and α-

terpineol, at a concentration of 10 mg/ mL, shows antifungal activity on C. albicans biofilms free from PMMA surface 

changes. From a clinical viewpoint, these substances have a strong potential to be incorporated into denture cleansers 

solutions. 

Keywords: Candida albicans; Biofilms; Stomatitis, Denture; Denture cleansers; Phytotherapy. 

 

Resumo  

Objetivo: foi investigado o potencial dos fitoconstituintes cinamaldeído e α-terpineol como potenciais limpadores de 

prótese dentária, no qual foi avaliado a atividade antifúngica, bem como o efeito dos tratamentos na mudança de cor do 

poli(metil)metacrilato (PMMA). Metodologia: Biofilmes de Candida albicans foram formados sobre espécimes de 

PMMA e expostos a um tratamento diário por 10 minutos com cinamaldeído (10 mg/ mL) e α-terpineol (10 mg/ mL), 

NaCl 0,9%, e NaClO 1%. Os biofilmes foram coletados e realizadas as análises de viabilidade celular (UFC/ mL), 

metabolismo celular (MTT) e rugosidade do biofilme. Adicionalmente, foi checada a variação de cor dos espécimes 
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durante sete e 14 dias. Os testes de Kruskal-Wallis, Mann Whitney, e ANOVA um fator foram utilizados (α < 0,05). 

Resultados: cinamaldeído e α-terpineol diminuíram o número de células viáveis, quando comparado ao NaCl 0,9%, em 

76% e 83,2%, respectivamente (p< 0,05). Ambas substâncias reduziram o metabolismo do biofilme em 

aproximadamente 70% (p< 0,05).  Além disso, os fitoconstituintes testados resultaram um biofilme pouco rugoso, 

similar a NaClO (p> 0,05), sem modificar a cor da resina acrílica dos espécimes (p> 0.05). Conclusão: cinamaldeído e 

α-terpineol, nas concentrações de 10 mg/ mL, apresentaram atividade antifúngica em biofilmes de C. albicans sem 

alterar a cor da resina acrílica. De um ponto de vista clínico, essas substâncias possuem um forte potencial para serem 

incorporadas em soluções para limpeza de próteses dentárias. 

Palavras-chave: Candida albicans; Placa dentária; Estomatite sob prótese; Higienizadores de dentarura; Fitoterapia. 

 

Resumen  

Objetivo: se investigó el potencial de los constituyentes fitoquímicos cinamaldehído y α-terpineol como potenciales 

limpiadores de prótesis dentales, en el que se evaluó la actividad antifúngica, así como el efecto de los tratamientos 

sobre el cambio de color del poli (metil) metacrilato (PMMA). Metodología: Se formaron biopelículas de Candida 

albicans en muestras de PMMA y se expusieron a un tratamiento diario durante 10 minutos con cinamaldehído (10 mg 

/ ml) y α-terpineol (10 mg / ml), NaCl al 0,9% y NaClO al 1%. Se recolectaron biopelículas y se analizó la viabilidad 

celular (UFC / mL), el metabolismo celular (MTT) y la rugosidad del biofilm. Además, se verificó la variación de 

color de las muestras durante siete y 14 días. Se utilizaron las pruebas de Kruskal-Wallis, Mann Whitney y ANOVA 

unidireccional (α <0,05). Resultados: el cinamaldehído y el α-terpineol disminuyeron el número de células viables, en 

comparación con NaCl al 0,9%, en un 76% y 83,2%, respectivamente (p <0,05). Ambas sustancias redujeron el 

metabolismo de la biopelícula en aproximadamente un 70% (p <0,05). Además, los fitoquímicos probados dieron 

como resultado un biofilm ligeramente rugoso, similar al NaClO (p> 0.05), sin cambiar el color de la resina acrílica de 

las muestras (p> 0.05). Conclusión: el cinamaldehído y el α-terpineol, a concentraciones de 10 mg / mL, mostraron 

actividad antifúngica en biofilms de C. albicans sin alterar el color de la resina acrílica. Desde un punto de vista 

clínico, estas sustancias tienen un gran potencial para incorporarse en soluciones para la limpieza de prótesis dentales. 

Palabras clave: Candida albicans; Placa dental; Estomatitis subprotérica; Limpiadores de dentadura; Fitoterapia. 

 

1. Introduction 

Denture stomatitis is a disease characterized as hyperemia and hyperplasia in the palatal mucosa under the removable 

prosthesis (Hannah et al., 2017). This condition is caused by biofilm mainly composed by Candida albicans, an opportunistic 

fungus that can form a robust architecture of pathogenic cells in the prosthesis surface (Gendreau & Loewy, 2011). The 

prosthesis surface is formed by poly(methyl)methacrylate (PMMA). This acrylic resin has structural porosities in which the 

biofilm can penetrate and be a source of infection (Figuerôa et al., 2018). In cases of this biofilm not removed from the surface, 

C. albicans can violate the oral epithelium barrier to cause denture stomatitis (Mayer, Wilson & Hube, 2013). Thus, cleaning 

the dental prosthesis surface is the first step for preventing and treating denture stomatitis (Pellizzaro et al., 2012). 

Biofilm can be removed using brushing or denture cleaners, such as sodium hypochlorite (NaClO) or alkaline 

peroxide, consisting of the dental prosthesis's immersion in these diluted chemical solutions (Pellizzaro et al., 2012; Duyck et 

al., 2016). Although these substances are widely used to remove the biofilm, they cause harmful changes in the PMMA 

surface, increasing the surface roughness and changing the material's color (Pellizzaro et al., 2012; Paranhos et al., 2013; Kurt 

et al., 2018). Thereby, natural products have been studied as potential denture cleaners (Almeida et al., 2016; Arruda et al., 

2018; de Souza et al., 2019). 

Natural agents have chemical compounds known as phytoconstituents, which have target action for treating and 

preventing biofilm-related diseases (Mehta et al., 2015). Some of these compounds are cinnamaldehyde and α-terpineol, which 

are derivated from the cinnamon bark and the Melaleuca alternifolia, respectively (Doyle & Stephens, 2019; de Groot & 

Schmidt, 2016). These phytoconstituents demonstrated an antifungal effect against C. albicans (Ramage et al., 2012; Taguchi 

et al., 2012; Bakhtiari et al., 2019). Studies have shown that these substances in planktonic cultures can disrupt the cell 

membrane of C. albicans leading to fungus death (Taguchi et al., 2012; Ramage et al., 2012). However, our knowledge is still 

unclear about evaluating cinnamaldehyde and α-terpineol as denture cleaners for Candida biofilms formed on PMMA surfaces. 

Besides, the literature lacks evidence regarding the color change of the acrylic resin after using these substances. Therefore, 
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this in vitro study aimed to evaluate the antifungal activity of cinnamaldehyde and α-terpineol as denture cleaners of C. 

albicans biofilm, and their effect on the color change of the poly(methyl)methacrylate.   

 

2. Methodology 

Experimental design 

This in vitro study followed an inductive method (Pereira et al., 2018). Poly(methyl)methacrylate (PMMA) 

standardized discs were randomized into four groups and treated with: 0.9% NaCl (positive control), NaClO 1% (negative 

control), cinnamaldehyde (10 mg/ mL) and α-terpineol (10 mg/ mL) (n = 12, for each group). On the discs were formed 

salivary acquired–pellicle and C. albicans biofilm as well. Subsequently, the discs were immersed in the solutions for 10 

minutes, repeating this process once a day for three consecutive days. After 96 hours of biofilm formation, the counting of 

colony-forming unit (CFU/mL), cell metabolism (MTT), and surface roughness analyses were performed. The color variation 

analysis was conducted at the beginning of the experiment, after seven and fourteen days. All analyzes were performed in 

triplicate.  

 

PMMA specimen preparation 

PMMA specimens (10 mm diameter x 2mm thick) were prepared using heat-polymerized acrylic resin (QC 20, 

Dentsply) according to the manufacturer instructions and a previous investigation (Cavalcanti et al., 2016). The resin was 

inserted at the doughy stage and molded into a disc-shaped metallic device. Then, the acrylic resin was polymerized for 1 h at 

100 ºC. The specimens were removed from the metallic device, trimmed, and polished with abrasive paper (600 grit). The 

baseline surface roughness was determined by CCI MP optical perfilometry (CCI MP Taylor Hobson Profilometer) for each 

disc. Before the treatments with the substances, the PMMA surfaces were sterilized with ethylene oxide.  

 

Cinnamaldehyde and α-terpineol solutions preparation 

Based on results of Minimal Inhibitory Concentration (MIC) (data not shown), cinnamaldehyde (Sigma-Aldrich, 

USA), and α-terpineol (Sigma-Aldrich, USA) were used in a concentration of 10 mg/ mL. These substances were diluted in 

NaCl 0.9%, and Tween 80 was used as an emulsifier in both solutions. 

 

Microbial strains and growth conditions  

Candida albicans (ATCC 90028) reference strain was reactivated in Sabouraud Dextrose Agar (Difco, Detroit, USA) 

and incubated for 24 hours at 37 ºC. Subsequently, three to five colonies were collected and suspended in 5 mL of NaCl 0.9 %. 

Then, cells' concentration was determined on the spectrophotometer at 600 nm, in which cell density was absorbed in 0.1, 

equivalent to a concentration of 1.0 x 106 CFU/mL. The inoculum's final adjustment was performed in RPMI 1640 medium 

(Inlab Diagnostic, Brazil). 

 

Preconditioning with artificial saliva and biofilm assay 

PMMA discs were immersed in 500 µL of artificial saliva composed of 1% carboxymethyl (w/v); 0.0084% sodium 

chloride (w/v); 0.12% potassium chloride (w/v); 0.0342% potassium phosphate (w/v); 0.0146% calcium chloride (w/v), and 

0.052% magnesium chloride (w/v) (Martins et al., 2018); following by incubation at 37º C for 60 minutes (Martorano-

Fernandes, Cavalcanti & Almeida, 2020). Afterward, the discs were randomly and individually allocated into 24-well plates 

with 500 µL of C. albicans inoculum to biofilm development for 24 hours under microaerophilia. Subsequently, the culture 

medium was removed, and the discs were immersed in the solutions for 10 minutes, once a day for three consecutive days. 
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After 96 hours of biofilm development, the tests were performed.  

 

Cell viability analysis 

PMMA discs were transferred to microtubes with 1.0 mL of sterile NaCl 0.9 % and submitted an agitation in a vortex 

for 60 seconds to remove the biofilm (Martorano-Fernandes et al., 2020). The number of viable microorganisms was 

determined by serial dilution of aliquots (10-1 to 10-6). The drop technique was used to seed each dilution in Sabouraud 

Dextrose Agar (SDA) plates (Kasvi, Brazil). Then, the plates were incubated at 37º C for 24 hours. The values of counting 

colony-forming units were multiplied by the serial dilution and converted to a logarithmic scale, expressed in CFU/ mL. 

 

Cell metabolism analysis 

The specimens were incubated with 600 µL of RPMI medium containing 10% methyl-tetrazolium salt (MTT) (Leite 

et al., 2020) for 3 hours at 37° C protected from the light.  Then, the medium was removed, 600 µL of isopropanol acid (6N-

HCl) was inserted, and the samples were homogenized. The supernatant was removed, and the absorbance was measured at 

570 nm in a spectrophotometer. 

 

Roughness analysis 

To assess the presence, complexity, and thickness of biofilms, the surface roughness was performed using a 

profilometer analysis (CCI MP, Taylor Hobson, England) (Martorano-Fernandes et al., 2020). Previous to the measures, the 

biofilms were fixed in an aqueous solution of 2.5% glutaraldehyde (Sigma-Aldrich, St. Louis, MO, USA) at 4 °C for 24 h, and 

dehydrated at room temperature through increasing cycles of ethanol (50 to 100%). Subsequently, two aleatory points of the 

specimen were chosen to measure (μm) the Surface Roughness Area (Ra), considering the measurement standards xy 

(1024 × 1024 pixels), xyz (512 × 512 pixels), and z (256 × 256 pixels). The speed of 3× was established, being explored. 

Greater values of surface roughness mean a more complex biofilm.  

 

Color variation 

Previously on solutions' treatment, the color of discs was measured by a portable LED spectrophotometer. During 

fourteen days, the specimens were immersed in the solutions, which were replaced every 48 hours. Thus, color variation was 

assessed in the baseline, seventh, and last treatment days. This analysis was determined according to the CIE-Lab parameter, 

obtaining values for the color components * L (light to dark variation), * a (yellow to red variation), and * b (blue to green 

variation). The specimens’ color (E) was determined according to the formula: ΔE = ([ΔL]2 + [Δa]2 + [Δb]2)½ (Porwal 2017). 

The color change (ΔE) was the mean of ME1 (baseline), ME2 (7th day), and ME3 (14th day).  

 

Statistical analysis 

The data were analyzed for homogeneity and distribution. In parametric data, it was decided to use the Analysis of 

Variance (One-way ANOVA) complemented by Tukey. Kruskal-Wallis and Mann-Whitney tests were used for non-parametric 

data. All data were analyzed using the SPSS software (Statistical Package for Social Sciences, IBM, Chicago, IL, USA), with a 

significance level of 5% (α < 0. 05). 

 

3. Results 

The cell viability test was performed to access the colony-forming units (CFU / mL) of C. albicans after exposure to 

the substances (Figure 1). Using the biofilm model developed on poly(methyl)methacrylate surfaces, it was found that the 
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lowest cell viability was reached by sodium hypochlorite and the highest viability by 0.9% NaCl. Cinnamaldehyde and α-

terpineol were able to decrease the number of viable cells compared to NaCl 0.9% by 76% and 83.2%, respectively (p <0.05) 

(Figure 1). In addition, both substances obtained cell viability similar to sodium hypochlorite (p> 0.05) (Figure 1). 

 

Figure 1: Cell viability of C. albicans assessed by colony-forming units per milliliter (CFU/ mL). Different letters determine 

the statistical difference (Mann Whitney p< 0.05). Cinnamaldehyde and α-terpineol decrease the number of viable cells 

compared to NaCl 0.9% by 76% and 83.2%, respectively (p< 0.05). Data shown are from the box plot: each box contains 50% 

of the group data; the lower and upper limits represent the 25th and 75th percentiles, respectively; bars represent the minimum 

and maximum values, and the horizontal line inside the box represents the mean. 

 

Source: Authors. 

 

Following the results of cell viability, the MTT test findings demonstrated that the highest biofilm metabolism was 

during exposure to 0.9% NaCl. In contrast, the lowest metabolism occurred during treatment with sodium hypochlorite (Figure 

2). It was also found that cinnamaldehyde, α-terpineol, and sodium hypochlorite decreased fungus metabolism by around 70% 

when compared to NaCl 0.9% (p <0.05) (Figure 2). Although α-terpineol induced less biofilm metabolism, it has been 

significantly different from sodium hypochlorite (p <0.05). Moreover, biofilms treated with cinnamaldehyde and sodium 

hypochlorite showed similar metabolism (p <0.05) (Figure 2). 
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Figure 2: Metabolism of C. albicans assessed by methyl-tetrazolium salt (MTT) assay. Different letters determine the 

statistical difference (Mann Whitney p< 0.05). Cinnamaldehyde and α-terpineol reduced fungi metabolism around 70% when 

compared to NaCl 0.9% (p< 0.05). Data shown are from the box plot: each box contains 50% of the group data; the lower and 

upper limits represent the 25th and 75th percentiles, respectively; bars represent the minimum and maximum values, and the 

horizontal line inside the box represents the mean. 

 

Source: Authors. 

 

The surface roughness was evaluated as an indication of the presence of biofilm (Figure 3). For all specimens, at the 

baseline (specimens without biofilm), the Surface Roughness Area (Ra) was 0.358 ± 0.04 µm. After the treatments, the lowest 

roughness occurred in the discs treated with cinnamaldehyde. On the other hand, highest was found in the NaCl 0.9%. 

Cinnamaldehyde, α-terpineol, and sodium hypochlorite treatments presented significant reductions of roughness compared 

with the positive control (p <0.05) (Figure 3). This result suggests that the treatments significantly reduced the presence of 

biofilm. 

 

Figure 3: Representation of the Surface Roughness Area (Ra) indicating presence, complexity, and thickness of biofilm. 

Different letters determine the statistical difference (ANOVA one way complemented by Tukey p< 0.05). Cinnamaldehyde, α- 

terpineol, and sodium hypochlorite treatments presented significant reductions of roughness compared with the positive control 

(p< 0.05). Bars represent the means and the error bar the standard deviation. 

 

Source: Authors. 
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Regarding the evaluation of ΔE values obtained from acrylic resin specimens, the sodium hypochlorite showed the 

highest color change values during the 14 days of assessment (Figure 4). During the same period, the decreased color change 

was found for specimens exposed to cinnamaldehyde, NaCl 0.9%, and α-terpineol (Figure 3). Although this color variation of 

the acrylic resin occurred in all substances tested, there was no significant difference (p> 0.05) (Figure 4).  

 

Figure 4: Distribution of the color variation (ΔE) obtained from specimens of acrylic resin at the baseline, 7 th, and 14th days of 

evaluation (ANOVA one way complemented by Tukey p< 0.05). There is no statistical difference among the substances. 

 

Source: Authors. 

 

4. Discussion 

Apart from using topical antimicrobials on the palatal mucosa, the denture stomatitis treatment is based on disrupting 

the biofilm on the removable prosthesis surface (Ribeiro et al. 2019). For this purpose, sodium hypochlorite-based solutions 

are commonly used for disinfecting the acrylic resin (Skupien et al. 2013; Badaró et al. 2020). However, this agent's use is 

becoming limited by changes in the material's color (Kurt et al. 2018). Thus, the search for new products has intensified, most 

in natural sources, to biofilm removal. Overall, our findings showed that cinnamaldehyde and α-terpineol effectively remove 

the biofilm on the denture material similarly to sodium hypochlorite. Besides, these substances had not changed the color of 

the denture base material.  

Both substances reduced over 70% of the viability and metabolism of fungi cells. In particular, the viable cells 

decreased 76% and 83.2% for the biofilms treated with cinnamaldehyde and α-terpineol, respectively. These findings could be 

explained due to key features of these phytoconstituents' mechanism of action, which is changing the balance of the cells 

(Chen et al. 2017; Kong et al. 2019). This antifungal effect occurs in a dose-dependent manner. For example, it was suggested 

that cinnamaldehyde at higher concentrations inhibit the synthesis of enzymes of the membrane, which changes the regulation 

of intracellular ATP, leading to an imbalance of K+ and H+. This íon depolarization disrupts the cell membrane, thus reaching 

a death (Shreaz et al. 2013). Another mechanism is related to alterations in the cell morphology through ergosterol damage, 

which also is an injury in cell integrity (Khan, Ahmad, I & Cameotra, 2013). As cinnamaldehyde concentrations decrease, this 

phytoconstituent affects the electrochemical proton gradient necessary for the C. albicans nutrition and influences the cellular 

division. Consequently, the fungal growth is compromised (Shreaz et al. 2013; Shreaz et al. 2016).  

α-terpineol activity is related to hydroxyl groups' presence in its chemical structure, making this compound water-

soluble. As a result, molecules can penetrate easier and spread through the complex biofilm, thus permeating the cell 
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membrane. At relatively low concentrations, α-terpineol could change this permeability until it has damage in the homeostasis 

and, consequently, decreases fungal development. Higher concentrations could lead to a total imbalance in the cells, resulting 

in osmotic shock (Straede et al. 2007).  

Despite the similarity between the cinnamaldehyde and α-terpineol mechanisms, some minor differences could 

explain our results of cell metabolism among the substances. Even though α-terpineol leads to low biofilm metabolism, it has 

been significantly different from sodium hypochlorite, which reaches the lower metabolism. Thus, we could hypnotize that 

even α-terpineol can penetrate the biofilm and leads to an imbalance in the homeostasis, some cells were not totally affected by 

α-terpineol, thus keeping to metabolize. It is possible that higher concentrations could reduce even more cell metabolism.  

On the other hand, increase the phytoconstituent concentration introduces a particular concern: cytotoxicity. Although 

cinnamaldehyde and α-terpineol have dose-dependent anti-C. albicans effect, these substances also have dose-dependent 

cytotoxicity (Murakami et al. 2018; Ramage et al.  2012). A previous investigation showed that cinnamaldehyde has LC50 of 

0.2-0.5 mM for RAW264.7 cells (Murakami et al. 2018), whereas α-terpineol has cytotoxicity above MIC50 0.25% for OKF6-

TERT2 epithelial cells (Ramage et al. 2012). Notwithstanding, we proposed applying these substances clinically as denture 

cleansers without contact with the oral mucosa. A possible side effect on the mucosa could be avoided by brushing and 

washing the dentures to remove any substance' residue on the PMMA. However, to our knowledge, still unclear evaluation of 

cinnamaldehyde and α-terpineol residuals on the acrylic resin. Thus, future studies should evaluate this before the safe use of 

these substances.  

Another relevant question regarding denture cleansers is related to the remaining biofilm on the prosthesis after the 

treatment. This biofilm could contribute to C. albicans' recolonization (Faot et al. 2014) and consequently keep the disease. 

Surface roughness results showed a residual biofilm on the PMMA exposed to cinnamaldehyde, α-terpineol, and sodium 

hypochlorite. Thus, even though reducing viable cells and metabolism occurs, the solutions did not wholly remove the biofilm. 

This finding following previous investigations that evaluated denture cleansers (Faot et al. 2014; Freitas-Fernandes et al. 

2014). This could be explained due to the presence of an extracellular matrix of biofilm, which protects them from chemical 

agents (Gulati and Nobile, 2016). However, of importance, denture cleansers are complementary methods for biofilm 

disrupting (Axe et al. 2016). An association with mechanical methods, as brushing the prosthesis, would remove the residual 

biofilms and prevent the recolonization. 

Overall our results corroborate with other studies that demonstrated an antifungal effect of cinnamaldehyde and α-

terpineol (Taguchi et al. 2012; Ramage et al. 2012; Taguchi et al. 2013; Pradebon Brondani et al. 2018; Bakhtiari et al. 2019). 

Although these findings were promising, somewhat a limitation of this study is related to an evaluation of C. albicans 

virulence after the treatment with the substances. It is noted that the C. albicans virulence is a target point to an ideal denture 

cleanser. As more virulent, the higher will be the capacity to provoke the disease (Calderone & Fonzi, 2001; Gulati and Nobile, 

2016). Thus, gene expression analysis of virulence factors as adhesins (Als family) and aspartate-proteinases (Sap) should be 

investigated in the biofilm exposed to cinnamaldehyde and α-terpineol. Moreover, the morphological transformation from 

blastospores into the hyphal stage could also determine this biofilm's virulence.  

In addition to had an antifungal effect, a denture cleanser also needs not change the color of the PMMA. Interestingly 

cinnamaldehyde and α-terpineol did not modify the color of the acrylic resin after seven and fourteen days. Aesthetics is one of 

the most characteristics willing by subjects wearing dentures (Zou and Zhan, 2015). Therefore, changes in the acrylic resin 

color during the use of denture cleansers could avoid these users from using the prosthesis. In contrast with the literature, our 

findings showed that sodium hypochlorite also did not change the color of the PMMA. These results could be explained due to 

the brief time of evaluation (fourteen days). A previous investigation showed changes in the color of PMMA discs exposed to 

NaOCl after 180 days of assessment (Porwal et al. 2017). Therefore, future studies also should consider investigating the 
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cinnamaldehyde and α-terpineol PMMA color change for long periods. 

 

5. Conclusion 

Altogether, our results have shown an antifungal effect of cinnamaldehyde and α-terpineol without affecting the 

acrylic resin color. Although these results are promising, future studies should consider evaluating cinnamaldehyde and α-

terpineol in a complex biofilm containing oral bacteria, such as Streptococcus sp. From a clinical viewpoint, natural medicine 

is an excellent strategy in treating denture stomatitis because it has a low cost and the wide availability of these compounds in 

many plants and fruits. Therefore, cinnamaldehyde and α-terpineol are potential substances to use as denture cleansers. 
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