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Abstract 

Objective: This study evaluated the effects of incorporating 1% and 2% cinnamon oil into a soft liner on the growth 

of Candida albicans colonies and the material's hardness. 

Methods: Thirty soft liner specimens were prepared for the disk diffusion and thirty for the hardness test.  In each 

test, the specimens were divided into three subgroups based on the concentration of cinnamon oil: A) 0% (control), 

B) 1%, and C) 2% by weight. Cinnamon oil was added to the monomer of a heat-polymerized soft liner. C. albicans was 

cultured on Mueller-Hinton agar, and the diameters of the inhibition zones around the specimens were measured. 

The Shore A hardness test was conducted using the Shore durometer. Statistical analysis was performed by the 

independent t-test, one-way ANOVA, and Tukey post-hoc test (α=0.05). 

Results: The control group showed no inhibition zone. The specimens in Group C exhibited a significantly larger 

inhibition zone (16.72 ± 0.82 mm) than Group B (12.56 ± 0.82 mm; P < 0.001). The hardness values differed significantly 

among groups (P < 0.001). Group C demonstrated the highest hardness (48.54 ± 0.95), significantly greater than both 

Groups B (47.13 ± 0.72; P < 0.05) and A (45.23 ± 0.73; P < 0.05). 
Conclusions: Adding cinnamon oil improved the antifungal activity and hardness of the soft denture liner. Adding 2% 

cinnamon oil increased the hardness values to the upper limit of clinical acceptability. Therefore, the 1% concentration 

is recommended to balance antimicrobial efficacy and maintain optimal mechanical properties of the soft liner. 
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Introduction 

 Soft tissue liners are polymer-based materials placed 

between dentures and oral tissues to alleviate the 

pressure of masticatory forces on the oral mucosa and 

improve denture fit (1). These materials must exhibit 

biocompatibility with oral tissues, retain their shape and 

color stability, resist abrasion, and form a strong bond 

with the denture base (2). However, soft liners tend to 

degrade over time, which increases surface roughness 

and promotes Candida albicans colonization on the 

denture’s mucosal surface (3). Candida-associated 

denture stomatitis, a common condition among 

complete denture wearers, is characterized by 

inflammation of the palatal mucosa and affects nearly 

72% of denture users (4, 5). Infections caused by C. 

albicans can lead to severe complications, such as 

systemic candidiasis, which may spread to internal 

organs and cause sepsis. Chronic Candida infections can 

also cause significant skin, oral, or vaginal issues (6).  

Maintaining proper denture plaque control is crucial 

for ensuring oral hygiene in denture wearers and usually 

involves mechanical and chemical methods. However, 

soft liners are unsuitable for brushing or other 

mechanical cleaning techniques, as these methods may 

damage the material (2). Researchers have explored 

adding antifungal agents, including plant-based oils and 

herbal remedies, into soft liner materials to address this 

issue. For instance, Khanal et al. (7) demonstrated that 

incorporating henna and turmeric into acrylic denture 

resin significantly reduced C. albicans adherence. 

Similarly, Al-Jmmal (8) reported that adding coconut oil 

to heat-cured acrylic resin enhanced its antifungal 
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properties, although concentrations above 1% reduced 

the material's hardness and strength. Ahmed et al. (9) 

found that Ficus carica and Olea europaea extracts had 

a notable antimicrobial effect against C. albicans when 

added to heat-cured soft liners. However, this addition 

also weakened the bond strength between the liner and 

the denture base. Current research is focused on 

identifying herbal additives that can improve antifungal 

efficacy without compromising the physical properties 

of soft liners. 

There are around 250 recognized species of cinnamon 

trees worldwide (10). The bark of cinnamon spices is 

valued for its culinary and medicinal uses. Cinnamon 

contains critical components, including cinnamaldehyde 

and trans-cinnamaldehyde, which are responsible for 

the distinct aroma and various biological activities 

associated with cinnamon (11). Cinnamon bark also 

contains procyanidins and catechins (12). These 

procyanidins have strong antioxidant properties (13). 

Furthermore, cinnamon has natural solid antimicrobial 

activities against oral pathogens, making it potentially 

beneficial in the prevention of caries and periodontal 

diseases, as well as in the treatment of infected root 

canals and candidiasis treatment (14). 

A previous study found that depositing 20 wt.% 

cinnamon-laden nanofibers onto heat-cured 

poly(methyl methacrylate) (PMMA) surfaces 

significantly reduced the adhesive and proliferative 

ability of C. albicans while maintaining the viability of 

epithelial cells (15). However, no prior research has 

explored the effects of adding cinnamon to complete 

denture liners. Therefore, the present study aimed to 

evaluate the antimicrobial properties and hardness of a 

soft denture liner incorporated with cinnamon oil. The 

null hypothesis was that cinnamon does not affect the 

antimicrobial properties or hardness of the soft liner.  

 

Materials and methods 

Specimen preparation 

Plastic molds were utilized to prepare the soft liner 

samples for two distinct tests: the disk diffusion test (a 

mold with 10 mm in diameter and 3 mm in thickness) 

and the Shore A hardness test (a mold with 30 mm in 

diameter and 3 mm in thickness). The impression of the 

molds was taken using an additional silicone impression-

taking material (Zermack, Italy). The impression was 

then coated with a separating medium (Shanghai New 

Century Dental Material Co., Ltd, China) and filled with 

dental stones in the lower flask half. After setting, the 

impression was coated again with the separating 

medium, and the upper flask half was applied. After one 

hour, the flask was opened, the plastic molds were 

removed, and the mold spaces were created. 

Thirty specimens were prepared for the disk diffusion 

test and another 30 for the Shore A hardness test. Each 

group was divided into three subgroups based on the 

concentration of cinnamon oil added: 0% (control 

group), 1%, and 2% by weight (wt%). For the test groups, 

100% pure cinnamon oil (First Botany, USA) was 

accurately measured using an electronic balance (Kern, 

Germany) and added to the monomer of a heat-

polymerized soft denture liner (Vertex, Netherlands). 

The mixture was then blended with the powder using a 

probe sonicator, vibrating at 120 W and 60 KHz for 3 

minutes, following the manufacturer’s instructions 

(Figure 1).  

Once mixed, the material was transferred to a clean, 

dry glass beaker, sealed, and left to reach its dough stage 

for 30 minutes. The mixture was then delivered into the 

mold cavity and pressed using a polyethylene sheet 

(Amalgamated Dental T.D., England) to ensure even 

distribution. The upper flask half was placed on top, and 

the sealed flask was placed under a hydraulic press at 

100 psi for 5 minutes. 

Next, clamps (HANUA, Engineering Corp., USA) were 

used to submerge the flask into a digitally controlled 

water bath (Memmert, Germany). The water was 

heated to 70°C for 90 minutes, after which the 

temperature was elevated to 100°C for 30 minutes, 

according to the manufacturer’s recommendations. 

Once curing was complete, the flask was removed from 

 
 

Figure 1. Plastic molds inside a silicone-stone model 
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the water bath and allowed to cool at room temperature 

for 30 minutes, followed by 15 minutes under tap water. 

After this, the flasks were opened and left to cool for 

another 20 minutes. Finally, the soft liner specimens 

were removed and polished with fine-grit silicone 

polishing burs (Vertex) and fine-grit sandpaper. Then, 

samples were autoclaved (Tuttnauer, USA) and stored in 

sterile containers until further testing. 
 

Antifungal test 

    C. albicans samples were obtained from six male 

volunteers with denture stomatitis using sterile cotton 

swabs. The identification of Candida species primarily 

relies on the characteristic features of the colonies. C. 

albicans colonies on sabouraud dextrose agar exhibit a 

convex, smooth, and creamy morphology. For the 

antifungal testing, Mueller-Hinton agar (MHA) was 

prepared by dissolving 38 grams of the medium 

(HiMedia Laboratories, India) in 1000 mL of distilled 

water and heating it for ten minutes, following the 

manufacturer's instructions. The medium was sterilized 

by autoclaving at 121°C and 15 psi for 15 minutes. After 

autoclaving, the solution was allowed to cool at room 

temperature. Then, the solution was poured into sterile 

petri dishes on a flat surface to ensure consistent depth. 

The final pH of the medium was 7.3 ± 0.1 at 25°C, and 

the plates were stored in an incubator (Memmert, 

Germany) at a temperature between 2°C and 8°C, as per 

the Clinical and Laboratory Standards Institute (CLSI) 

guidelines. 

The Kirby-Bauer technique was employed to evaluate 

the antifungal properties of the soft liner specimens. 

Two isolated C. albicans colonies from the incubated 

culture were placed into a test tube containing 4 mL of 

normal saline. This resulted in a suspension with a 

turbidity of approximately 1.5 × 10⁸ CFU/mL. The fungal 

suspension was then evenly spread over the surface of 

the Mueller-Hinton agar by streaking with a sterile 

cotton swab. After ten minutes, the specimens were 

carefully placed onto the agar surface using sterile 

forceps and pressed firmly to ensure proper contact. 

The plates were then incubated upside down at 37°C for 

18-24 hours. After the incubation period, the diameter 

of the inhibition zones around the specimen discs was 

measured using a caliper to assess the antifungal 

efficacy of the soft liner samples. 
 

Shore A hardness 

The Shore A hardness test was performed by applying 

the Shore A durometer instrument (Ezitown, China) to 

the surface of the soft liner (Figure 1). Measurements 

were taken from five points on each sample: one in the 

center and four in the peripheral locations. The 

durometer was allowed a 5-second penetration 

duration for each reading to ensure consistent and 

accurate results.  
 

Statistical analysis 

Statistical analysis was done using SPSS version 26 

(IBM Inc., NY, USA). The independent samples t-test, 

one-way ANOVA, and Tukey post-hoc tests were 

employed to analyze the results from the disk diffusion 

test and the Shore A hardness test. A p-value of less than 

0.05 was considered statistically significant. 
 

Results 
In the disk diffusion test, Group A exhibited no 

inhibition zone. As shown in Table 1, the results from the 

independent-sample t-test demonstrated that the 

inhibition zone diameter in Group C (16.72 ± 0.82 mm) 

was significantly larger than that in Group B (12.56 ± 

0.82 mm; P < 0.001). 

The results of the Shore A hardness test are presented 

in Table 2. According to the ANOVA test, there was a 

statistically significant difference in hardness values 

among the groups (P < 0.001). Pairwise comparisons 

using the Tukey post-hoc test revealed that the hardness 

of Group C (48.54 ± 0.95) was significantly higher than 

that of the other groups (P < 0.05). Additionally, Group 

B (47.13 ± 0.72) demonstrated significantly higher 

hardness compared to Group A (45.23 ± 0.73; P < 0.05). 
 

Discussion  

In this study, incorporating cinnamon oil into heat-

cured soft denture liners at 1% and 2% concentrations 

Table 1. Mean ± standard deviation of inhibition zone (mm) in 
the study groups 

Group Mean 

Group (B) 12.56 ± 0.82 
Group (C) 16.72 ± 0.82 
P-value 0<0.001* 

 

*Values less than 0.05 indicate a significant difference among the 
groups based on the independent sample t-test. 

 

Table 2. Mean ± standard deviation of shore A hardness 
values in the study groups 

Group Mean 

Group (A) 45.23 ± 0.73 a 
Group (B) 47.13 ± 0.72 b 
Group (C) 48.54 ± 0.95 c 
P-value 0<0.001* 

 

*Values less than 0.05 indicate a significant difference among the 
groups based on ANOVA. 
Different lowercase letters represent significant differences between 
the groups according to the Tukey post-hoc test (P < 0.05). 
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caused enhanced antifungal activity against C. albicans 

in the disk diffusion test. The Shore A hardness test 

revealed that adding cinnamon oil increased the 

hardness of the soft liner. Therefore, the null hypothesis 

was rejected. 

The antifungal effect observed in this study is likely 

attributed to cinnamaldehyde, the primary component 

of cinnamon bark oil. It makes up 60–80% of the oil and 

is well-known for its antifungal properties (16). 

Cinnamaldehyde's primary mechanism of action is 

disrupting fungal cell walls and compromising 

membrane integrity. It inhibits ergosterol formation, an 

essential component of fungal cell membranes, thus 

disrupting membrane permeability and causing leakage 

of cellular contents (17). This disruption further causes 

osmotic imbalance, ultimately resulting in cell death. 

Additionally, eugenol, which constitutes 5-10% of 

cinnamon bark oil, supports its antifungal properties 

(18, 19). Eugenol can penetrate fungal cell membranes, 

causing leakage of internal constituents, such as 

potassium ions, which are vital for cellular equilibrium 

(20). Moreover, eugenol interferes with fungal 

metabolic processes by inhibiting enzyme functions 

(21).  

Although cinnamaldehyde and eugenol are the main 

antimicrobial components, other compounds like benzyl 

benzoate, linalool, and beta-caryophyllene exhibit 

additional antimicrobial effects. Linalool alters 

membrane permeability even at low concentrations, 

while beta-caryophyllene reduces localized 

inflammation caused by fungi (22). Benzyl benzoate 

enhances antifungal activity by compromising the 

integrity of the fungal membrane. Furthermore, 

polyphenolic compounds such as procyanidins and 

catechins in cinnamon bark add an extra layer of 

antifungal defense by inducing oxidative damage in 

fungi, further preventing fungal growth (23).  

The present findings corroborate the results of several 

studies that proved the antimicrobial potential of 

cinnamon oil in denture materials. For instance, 

cinnamon-laden nanofibers on PMMA surfaces reduced 

C. albicans adhesion while maintaining epithelial cell 

viability (15). Additionally, an in vitro study has 

identified cinnamon and citronella oils as effective 

agents against Candida biofilm formation, making them 

suitable for daily denture cleansing (24). A clinical trial 

has also demonstrated that cinnamon essential oil is as 

effective as nystatin in treating Candida infections (25). 

In the present study, the Shore A hardness of the 

Vertex soft liner without additives was 45.23 ± 0.73. 

Białożyt-Bujak et al. (26) reported a higher hardness of 

47.4. However, they measured hardness after 24 hours, 

whereas the present study evaluated it shortly after 

setting. After incorporating 1% and 2% cinnamon oil, the 

hardness increased to 47.13 ± 0.72 and 48.54 ± 0.95, 

respectively. This increase can be attributed to the 

reactive aldehyde groups in cinnamaldehyde, which may 

link with the polymer chains of the soft liner material, 

enhancing the matrix's bridging density (19). Moreover, 

catechins and procyanidins strengthen the polymer 

matrix by filling its gaps (20). Cinnamon oil induces a 

shrinkage in the matrix of soft liner polymer, reducing 

the material's free volume and increasing its stiffness 

(21). The oil also promotes a phase change in the 

polymeric structure, contributing to a more crystalline 

structure (22, 23).  

Clinically acceptable Shore A hardness values for soft 

liners typically range between 13 and 49 units within 24 

hours (27). While all groups in this study fell within this 

acceptable range, the group containing 2% cinnamon oil 

approached the upper limit. Therefore, a 1% 

concentration may be more appropriate for maintaining 

antimicrobial properties without excessively increasing 

hardness. 

Despite these promising results, there are limitations 

to consider. Some patients may experience allergic 

reactions to cinnamon oil, potentially restricting its 

clinical use. Additionally, the hardness values should be 

evaluated over an extended period, as the hardness of 

soft liners tends to increase over time (26). Future 

studies should assess the effects of adding cinnamon oil 

with different concentrations to other soft liner brands. 
 

Conclusions 
Incorporating 1% and 2% cinnamon oil into a soft 

denture liner enhanced its antimicrobial properties 

against C. albicans. However, increasing the oil 

concentration also raised the material's hardness. Since 

adding the 2% concentration reached the clinically 

acceptable hardness values limit, a 1% concentration 

appears to be the better option for balancing 

antimicrobial efficacy with optimal mechanical 

properties. 
 

Conflict of Interest 

None 
 

Authors’ contributions 

ASA, RSA, and LNA contributed to the study design, 

data gathering, and manuscript preparation. 
 

Ethical approval 



120                                                                                                                                               Antifungal potential of cinnamon oil in a soft liner 

J Dent Mater Tech, Vol 13, No 3, September 2024                                                                

Not applicable. 
 

Funding 
No funding was received to conduct the present study.  
 

References 
1. A Hamdi R, S Al-Rawi S, H Ibrahim A, Kala D. Potential 
Therapeutic and Effective Properties of Soft Tissue Liners. J 
Popul Ther Clin Pharmacol 2023;30(4):447-456. 
2. Pahuja RK, Kaura S, Roy N. Comparative Evaluation of 
Physical Properties of Commercially Available Silicone-Based 
Soft Denture Liners and Acrylic-Based Soft Denture Liners. 
Indian J Dent Res 2020;12(1):56-61. 
3. Abuhajar E, Ali K, Zulfiqar G, Al Ansari K, Raja HZ, Bishti S, et 
al. Management of Chronic Atrophic Candidiasis (Denture 
Stomatitis)—A Narrative Review. Int J Environ Res Public 
Health 2023;20(4):3029. 
4. Qiu J, Roza MP, Colli KG, Dalben YR, Maifrede SB, Valiatti TB, 
et al. Candida-associated denture stomatitis: clinical, 
epidemiological, and microbiological features. Braz J Microbiol 
2023;54(2):841-848. 
5. Sartawi SY, Abu-Hammad S, Nesreen AS, Al-Omoush S. 
Denture Stomatitis Revisited: A Summary of Systematic 
Reviews in the Past Decade and Two Case Reports of Papillary 
Hyperplasia of Unusual Locations. Int J Dent 
2021;2021:7338143. 
6. Talapko J, Juzbašić M, Matijević T, Pustijanac E, Bekić S, 
Kotris I, et al. Candida albicans-The Virulence Factors and 
Clinical Manifestations of Infection. J Fungi (Basel) 
2021;7(2):79. 
7. Khanal LR, Shrestha A, Joshi KR, Palikhey A. An Evaluation of 
Antifungal effectiveness of Henna and Turmeric against 
Candida albicans adhered to Acrylic resin: An invitro analysis 
for Prevention of Denture stomatitis. MJMMS 2023;3(5):41-
45. 
8. Al-Jmmal AY. Effect of adding natural coconut oil on the 
antifungal, flexural strength, and hardness properties of heat 
cure acrylic resin (an in vitro study). Ro J Stomato 
2024;70(2):124-130. 
9. Ahmed AS, Kamil SS, Ahmed RS, Younus NK. Influence of 
Some Plant Extracts on Antifungal Properties, Hardness, and 
Peel Bond Strength of Heat-Cured Denture Soft Liner. Diyala J 
Med 2024;26(2):14-28. 
10. Senevirathne BS, Jayasinghe MA, Pavalakumar D, 
Siriwardhana CG. Ceylon cinnamon: a versatile ingredient for 
futuristic diabetes management. J Future Foods 
2022;2(2):125-142. 
11. Sharifi-Rad J, Dey A, Koirala N, Shaheen S, El Omari N, Salehi 
B, et al. Cinnamomum species: bridging phytochemistry 
knowledge, pharmacological properties and toxicological 
safety for health benefits. Front Pharmacol 2021;12:600139. 
12. Atar-Froyman L, Sharon A, Weiss EI, Houri-Haddad Y, 
Kesler-Shvero D, Domb AJ, et al. Anti-biofilm properties of 
wound dressing incorporating nonrelease polycationic 
antimicrobials. Biomaterials 2015;46:141-148. 
13. OuYang Q, Duan X, Li L, Tao N. Cinnamaldehyde exerts its 
antifungal activity by disrupting the cell wall integrity of 
Geotrichum citri-aurantii. Front Microbiol 2019;10:55. 
14. Yanakiev S. Effects of Cinnamon (Cinnamomum spp.) in 
Dentistry: A Review. Molecules 2020;25(18):4184. 
15. Ribeiro JS, Bordini EAF, Pereira GKR, Polasani RR, Squarize 
CH, Kantorski KZ, et al. Novel cinnamon-laden nanofibers as a 
potential antifungal coating for poly(methyl methacrylate) 

denture base materials. Clin Oral Investig 2022;26(4):3697-
3706. 
16. Tavvabi-Kashani N, Hasanpour M, Baradaran Rahimi V, 
Vahdati-Mashhadian N, Askari VR. Pharmacodynamic, 
pharmacokinetic, toxicity, and recent advances in Eugenol's 
potential benefits against natural and chemical noxious 
agents: A mechanistic review. Toxicon 2024;238:107607. 
17. Guo F, Liang Q, Zhang M, Chen W, Chen H, Yun Y, et al. 
Antibacterial Activity and Mechanism of Linalool against 
Shewanella putrefaciens. Molecules 2021;26(1). 
18. Revie NM, Iyer KR, Maxson ME, Zhang J, Yan S, Fernandes 
CM, et al. Targeting fungal membrane homeostasis with 
imidazopyrazoindoles impairs azole resistance and biofilm 
formation. Nat Commun 2022;13(1):3634. 
19. Negrell C, Voirin C, Boutevin B, Ladmiral V, Caillol S. From 
monomer synthesis to polymers with pendant aldehyde 
groups. Eur Polym J 2018;109:544-563. 
20. Chen H, Wang W, Yu S, Wang H, Tian Z, Zhu S. Procyanidins 
and Their Therapeutic Potential against Oral Diseases. 
Molecules 2022;27(9):2932. 
21. Phan C, Do T, Thuong T. Two inclusion complexes of 
cinnamon essential oil and lemongrass essential oil with β‐CD: 
preparation, characterisation and effect on the preservation of 
mango fruits. Int J Food Sci Tech 2024; 59(10):7767-7775. 
22. Liu C, Xiao T, Zhao J, Liu Q, Sun W, Guo C, et al. Polymer 
engineering in phase change thermal storage materials. Renew 
Sust Energ 2023;188:113814. 
23. Li CY. The rise of semicrystalline polymers and why are they 
still interesting. Polymer 2020;211:123150. 
24. Almeida LdFDd, Paula JFd, Almeida RVDd, Williams DW, 
Hebling J, Cavalcanti YW. Efficacy of citronella and cinnamon 
essential oils on Candida albicans biofilms. Acta odontologica 
Scandinavica 2016;74(5):393-398. 
25. de Araújo MRC, Maciel PP, Castellano LRC, Bonan PRF, 
Alves DdN, de Medeiros ACD, de Castro RD. Efficacy of 
essential oil of cinnamon for the treatment of oral candidiasis: 
A randomized trial. Spec Care Dentist 2021;41(3):349-357. 
26. Białożyt-Bujak E, Wyszyńska M, Chladek G, Czelakowska A, 
Gala A, Orczykowska M, et al. Analysis of the Hardness of Soft 
Relining Materials for Removable Dentures. Int J Environ Res 
Public Health 2021;18(18):9491. 
27. Alamen BM, Naji G, Alsmael MA. The effect of virgin 
coconut oil addition on the hardness and wettability of acrylic 
based denture soft lining material. J Res Med Dent Sci 
2020;8:96-106. 

 

 


