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ABSTRACT 

Background: Using denture adhesives is the most common method to increase denture retention. However, their Chronic use may 

be accompanied with complications like Candida Stomatitis caused by Candida albicans. Combining the adhesives with Zinc Oxide 

as an antifungal drug has been recently widespread in the products. Objectives: Determining effective concentrations of particles and 
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nanoparticles of Zinc Oxide in combination with denture adhesive for preventing growth of C. albicans through preparing broth 

media mixed with Zinc Oxide, either particle or nanoparticle, and denture adhesive in different concentrations in order to culture C. 

albicans, and recording the lowest concentrations which the growth of C. albicans was prevented. Material and Methods: broth 

media mixed with increasing concentrations of Zinc Oxide (particle and nanoparticle) and denture adhesive were prepared through 

serial dilution for three experiments. Culturing the incubated tubes, which were contaminated with C. albicans, on Sabouraud 

dextrose agar medium determined those concentrations which prevented the growth of C. albicans. Results: the growth of C. 

albicans was prevented at 50 μg/mlZinc Oxide nanoparticles, whereas the growth was prevented at 200 μg/ml Zinc Oxide particle. 

Conclusions: Both types of Zinc Oxide have fungicidal properties in presence of denture adhesive, but the nanoparticle kill more 

effectively the pathogen. Combining denture adhesives with nanoparticles of ZnO is suggested. 

 

Keywords: Candida albicans, denture stomatitis; fungal infections; nanoparticles; Zinc Oxide 

 

 

1. INTRODUCTION 

One of the common problems in patients with denture is lack of retention especially in mandible (Atwood, 1971;  Duqum et al., 

2012;  Dwivedi & Vyas, 2013;  Johnson et al., 2013;  Khan et al., 2016;  Singh & Nanda, 2013). The most common method to increase 

the retention is application of denture adhesive (Felton et al., 2011;  Jose et al., 2018;  Karlsson & Swartz, 1981;  Saraç et al., 

2004). This external object, either completely or partially removable, makes the oral cavity prone to bacterial and fungal infections 

especially Candida albicans (Duqum et al., 2012). Various factors such as denture surface roughness, salivary pellicles, hydrophobic 

denture resin, and electrostatic reactions, which affect the gripping of C. albicans to the acrylic surface, make the denture surface 

more susceptible to aggregation of C. albicans (Hoshing et al., 2011;  Loster et al., 2012;  Pereira-Cenci et al., 2008). This pathogen 

may lead to denture‒related stomatitis (Dos Santos et al., 2009). 

The field of nanotechnology has rapidly been growing world‒wide for the past few years showing tremendous applicability in a 

variety of different sectors for the betterment of human life. Nanoparticles (NPs) such as Zinc Oxide (ZnO) are useful, antibacterial 

and antifungal compositions that are able to prohibit the growth of C. albicans; as well, it also causes to in vivo reduction of C. 

albicans growth rate (Abramov et al., 2009;  Hoshi et al., 2011). 

The purpose of the present paper is to investigate the fungicidal activity of Zinc Oxide in normal size (ZnO [P]) and nano‒scale 

size (ZnO [NP]) mixed with denture adhesive on growth of C. albicans and determining the effectiveness range of various 

concentrations of these particles. Our results can contribute to knowledge on public health to improve quality of life specially for 

elder people. 

 

2. MATERIAL AND METHODS 

To determine minimum inhibitory concentration (MIC) of Zno we use serial dilution at first we measure minimal concentration of 

Zno to prevent C. albicans activity by clinical and trial test. The particle and nanoparticle were provided from Pishgaman 

Nanomavad, Tehran, Iran. The nanoparticle size of ZnO was 10‒30 nm, and particle characteristic was 81.37 g/mol. The standard 

strain of C. albicans, with reference number of PTTC10231, was obtained from the Iranian Center of industrial bacteria and fungi 

collections, Tehran, Iran. 

 

Design of experiments 

To make broth media mixed with Zinc oxide‒denture adhesive compound for determining MIC (Minimum concentration inhibitory) 

of both the particle and nano‒particle, three experiments were designed. Failing to observe fungicidity (MIC) in an experiment 

forced us to go to subsequent experiment. In order to increase the accuracy and confidence, the concentrations of the antecedent 

experiment were repeated in the subsequent experiment. 

 

Experiments 

Experiment 1―0.001 g ZnO [P or NP] and 0.001 g fixodent denture adhesive (Merck, Germany) were poured into a culture tube with 

20 ml broth medium. 10 ml of this compound was diluted in 10 ml broth medium to make 50 μg/ml concentrations of ZnO‒denture 

adhesive; at the next stage, 10 ml of 50 μg/ml concentration was diluted in 10 ml broth medium to receive to 25 μg/ml. This 

procedure is named the serial dilution which was operated in all the following experiments. Through the serial dilution, in 

experiment 1, two following groups were considered: 
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Group A: a series of five culture tubes (10 ml) containing 50 μg/ml, 25 μg/ml, 12.5 μg/ml, 6.25 μg/ml, 3.125 μg/ml compounds of 

ZnO [P] ‒denture adhesive in broth medium, a culture tube containing broth medium only (10 ml) as positive group, and a culture 

tube containing the ZnO [P] ‒denture adhesive compound (10 ml, 50 μg/ml) as negative group. 

Group B: a series of five culture tubes (10 ml) containing 50 μg/ml, 25 μg/ml, 12.5 μg/ml, 6.25 μg/ml, 3.125 μg/ml compounds of 

ZnO [NP] ‒denture adhesive in broth medium, a culture tube containing broth medium only (10 ml) as positive group, and a culture 

tube containing the ZnO [NP] ‒denture adhesive compound (10 ml, 50 μg/ml) as negative group (Table 1). 

Experiment 2―0.002 g ZnO[P or NP]and 0.002 g fixodent denture adhesive were dissolved in 20 ml broth medium, and diluted 

serially to make two following groups:(A, B group) 

Experiment 3―0.004 g ZnO[P or NP] and 0.004 g Fixodent denture adhesive were dissolved in 20 ml broth medium, and diluted 

serially to make two following groups: (A,B group) 

The tubes were sealed with cotton, and sterilized in the autoclave (20 min, 120 °C and 60 Pa). The sterilized tubes were then 

cooled in the laboratory temperature for 30 min. 

 

Table 1 Different concentration of ZnO particles and nanoparticles in three experiments 

 
Experiment 2 Group A Experiment 2 Experiment 3 

Group A Group B Group A Group B Group A Group B 

test 1 (10ml) 50 μg/ml 50 μg/ml 100 μg/ml 100 μg/ml 200 μg/ml 200 μg/ml 

test 2 (10ml) 25 μg/ml 25 μg/ml 50 μg/ml 50 μg/ml 100 μg/ml 100 μg/ml 

test 3(10ml) 12.5 μg/ml 12.5 μg/ml 25 μg/ml 25 μg/ml 50 μg/ml 50 μg/ml 

test 4 (10ml) 6.25 μg/ml 6.25 μg/ml 12.5 μg/ml 12.5 μg/ml 25 μg/ml 25 μg/ml 

test 5 (10ml) 3.125 μg/ml 3.125 μg/ml 6.25 μg/ml 6.25 μg/ml 12.5 μg/ml 12.5 μg/ml 

test + (10ml) broth broth broth broth broth broth 

test ‒ (10ml) 50 μg/ml 50 μg/ml 100 μg/ml 100 μg/ml 200 μg/ml 200 μg/ml 

 

 

 

Figure 1 Different concentration of ZnO particles and nanoparticles in three experiments 

 

Anti‒fungal activity 

9.20g Sabouraud Dextrose Agar was dissolved in distilled water and heated.  The medium was then sterilized by autoclaving at 115 

ºC for 30 min. 24 h cultivation of C. albicans on Sabouraud dextrose agar medium (Merck, Germany) ensured that no other fungus 

would contaminate the culture media. A standard 0.5 McFarland suspension of C. albicans was prepared. 0.1 ml of this suspension 

was added to all the tubes, and then the tubes were incubated at 37° C for 24 h. 
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To determine Minimum Inhibitory Concentration (MIC), for both the groups the samples were cultured on Sabouraud dextrose 

agar medium and incubated for 24 hat 37 °C. Then the colonies were compared with the controls. 

 

Ethical Number 

This paper has ethical committee approval number IR.KUMS.REC.1397.061 from Kermanshah University of Medical Sciences. 

 

3. RESULTS 

Cultivating test specimens on Sabouraud dextrose agar and evaluating the growth after 24h showed that none of the groups’ show 

fungicidal effect on C. albicans at the concentrations of 25μg/ml, 12.5μg/ml, 6.25μg/ml and 3.125μg/ml. 

For nanoparticles, anti-fungal effect started at 50 μg/ml (MIC for ZnO [NP]) but the anti‒fungal activity of ZnO [P] started at 200 

μg/ml (MIC for group A) (Figure 1, Table 1). Repeating the concentrations of first experiment in subsequents ones does not show 

any contradictions for all the groups (Table 2). 

 

Table 2 A summary of interaction between different concentrations of ZnO[P]‒ and ZnO[NP]‒denture adhesive on Candida albicans.  

 ZnO[P]-denture adhesive ZnO[NP]-denture adhesive 

3.125 µg/ml + + 

6.25 µg/ml + + 

12.5 µg/ml + + 

25 µg/ml + + 

50 µg/ml + - 

100 µg/ml + - 

200 µg/ml - - 

(+) = fungal growth, (‒) = fungal failure 

 

4. DISCUSSION 

Recent advances in nanotechnology, especially the capability to create a variety of sizes and shapes of metal oxide NPs, may lead to 

the development of new antifungal agents. Titanium dioxide (TiO2) and Zinc Oxide (ZnO) nanoparticles included in toothpaste, 

beauty products, and sunscreens are the most common products. The use of NPs suggests a new promising approach for fungal 

infection therapy, because no pathogenic resistance limits fungicidity of the drugs manufactured in this modality (Lipovsky et al., 

2011). The use of metal oxides as antimicrobial agents has the advantage of improved safety and stability, as compared to organic 

antimicrobial agents (Anagnostakos et al., 2008). Nonetheless, the capability of NPs in damaging DNA of the host should not be 

forgotten (Golbamaki et al., 2015;  Wan et al., 2012). However, ZnO[NP] has a broad spectrum of antibacterial and antifungal 

activities (He et al., 2011;  Xie et al., 2011). 

Our results showed that C. albicans is more sensitive to ZnO [NP]; a substantial difference between the MICs (200 μg/ml forZnO 

[P] vs 50 μg/ml for ZnO [NP]) was recorded. The fungicidal activity of the nanoparticle may be attributed to production and 

accumulation of active Oxygen particles inside the cytoplasm and cell membranes (Raghupathi et al., 2011). Sawai et al. (Sawai et al., 

1998) proposed that hydrogen peroxide generation is responsible for the antimicrobial effect, whereas Stoimenov et al. (Stoimenov 

et al., 2002) suggested that the binding of ZnO[NP] to the bacteria’s surface due to electrostatic forces kills the pathogens. ZnO[NP] 

inhibited C. albicans growth, in a concentration‒dependent manner; for ZnO[NP] with size between 6.8‒11.6 nm almost complete 

killing (99.5%) of C. albicans was occurred at 1mg/mL, whereas the ratio of 97.5% killing was for 0.1 mg/mL (Lipovsky et al., 2011). 

Karimian et al. (Karimiyan et al., 2015) recorded 400 µg/mL as MIC of ZnO[NP] (size = 20 nm), whereas Sing and Nanda  recorded 

6.25 µg/mL as MIC of ZnO[NP] (~65 nm) and 12.5 µg/mL for ZnO[P] (Singh & Nanda, 2013). Comparison with Sing and Nanda led us 

to a discrepancy; because in general, smaller particles provided a more efficient Surface for antibacterial activity, and a reverse 

relationship exists between NP’s size and the activity. Metal oxide NPs has unique properties such as high surface to volume ratio 

that introduce them as appropriate antimicrobial agents. This means that a higher level of ZnO [NP] would be in contact with the 

fungus compared with ZnO [P] (Baker et al., 2005;  Carlson et al., 2008;  Durán et al., 2016;  Rai et al., 2009). 

 

5. CONCLUSION 

ZnO shows its fungicidal activity in presence of denture adhesive; nonetheless, investigation on the obstructive effect of denture 

adhesive needs more attention. ZnO [NP] is more influential fungicide than ZnO [P]. However, investigating this fungicidity in 
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unequal concentrations of ZnO [NP] and denture adhesive, as well, testing the compound in vivo and surveying the diluting 

influence of saliva on different concentrations of ZnO [NP] ‒denture adhesive is recommended. Combining denture adhesives with 

nanoparticles of ZnO is suggested 
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