
SUMMARY
Background/Aim: Although there are studies about the antimicrobial 

activity of silver, there is no study evaluating it as a denture disinfectant. 
The purpose of this study was to explore the effectiveness of 6 disinfectant 
solutions (50% vinegar, 100% vinegar, 1% silver nitrate, 2% silver 
nitrate, %1 sodium hypochlorite, 0,12% chlorhexidine digluconate) in the 
disinfection of acrylic resin specimens contaminated in vitro by Candida 
albicans, as measured by residual colony-forming unit (CFU). Material and 
Methods: 66 pieces of 10mmx2mm acrylic resin disc samples were prepared 
and incubated in 1x106 cell/ml suspension of C. albicans ATCC 18804 
for 24 h (one of them as a control, n=11/group). The specimens were then 
transferred into tubes containing 10 ml of the tested disinfectants and kept 
for 10 minutes in the disinfectant. After washing with saline, the specimens 
were vortexed to remove the microorganisms adhered to the surfaces. 
Colony counting of the collected microorganisms was performed on 
Sabouroud dextrose medium using 10-1, 10-2 and 10-3 dilutions. The results 
were analysed using Kruskal-Wallis and Mann-Whitney U tests (p<0,05). 
Results: The results showed that 1% sodium hypochlorite, %1 silver nitrate 
and 2% silver nitrate were the most effective against Candida Albicans 
(p<0,05), followed by 100% vinegar, 0,12% chlorhexidine digluconate and 
50% vinegar (p<0,05). Conclusions: Within the boundaries of this study, we 
conclude that 1% silver nitrate is a promising alternative disinfectant to 1% 
sodium hypochlorite and performs better compared to 0,12 % chlorhexidine 
gluconate, 50% and 100% vinegar. 
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Introduction

The increase in the life span and percentage of 
elderly population around the world has increased the use 
of dentures. However, the increase in denture use have 
also resulted in an increase in denture-related oral health 
problems. Prosthetic stomatitis is a common recurrent 
disorder and can be seen in 65% of healthy denture users1. 
Main causes of denture stomatitis and palatal mucosa 
inflammation are denture plaque and poor oral hygiene2. 
Denture-related oral diseases are usually not life-
threatening in the elderly population but can affect their 
ability to eat, speak and socialize. Microbial colonization 
and biofilm formation on the dentures can affect the 

oral microbiota and cause allergic reactions3. Patients 
may have complaints of burning, irritation, bad taste, 
salivation, but the majority of patients are not aware of the 
situation1. Candida-associated denture stomatitis is an oral 
candidiasis with several degrees of severity that especially 
affects the oral mucosa which is protected by a dental 
prosthesis4. C. albicans is a commensal species, therefore 
immune-suppressed denture users are under a higher risk 
of candida originated denture stomatitis5.  

Proper cleaning of dentures is necessary to prevent 
bad smell, inadequate aesthetics and plaque formation. 
Two major approaches recommended to patients for 
cleaning their dentures. Dental prostheses can be cleaned 
mechanically, chemically or as a combination of both. 
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powder to liquid ratio according to the manufacturer’s 
instructions. Polymerization of the specimens was carried 
out in water at 100 ± 10C under air pressure of 20 psi 
for 20 min. All specimens were produced as 10mm x 
2mm discs and the surfaces were polished to ensure 
reproducible and consistent results. The specimens 
were autoclaved for 18 min at 1,2 bar, 1210C (Charisma 
vacuum TD, Mediline, Cavriago, Italy). The specimens 
were rinsed and stored in sterile distilled water at 37°C 
for 24 h before use to remove any residual monomer after 
polymerization. 

In the present study, a total of 11 acrylic discs, one 
of them for control, were used for each disinfectant. 
Six disinfectant groups were prepared as silver nitrate 
in two different ratios, vinegar in two different ratios, 
chlorhexidine gluconate and sodium hypochlorite. 
The specimens were randomly allocated to one of 
the following groups: 1% silver nitrate (İzmir Teknik 
Kimya,Izmir, Turkey), 2% silver nitrate (İzmir Teknik 
Kimya,Izmir, Turkey), 1% sodium hypochlorite (Aromel 
Kimya, Konya, Turkey), 50% vinegar (Taskobirlik, 
Nevsehir, Turkey), 100% vinegar (Taskobirlik, Nevsehir, 
Turkey) and 0,12% chlorhexidine gluconate (Acar 
Kimya, İstanbul, Turkey). Chemical solutions were made 
according to the manufacturer’s recommendation in 
accordance with the percentage of chemicals.

Evaluation of antimicrobial effectiveness
C. albicans ATCC 18804 strain culture planting 

was done in Sabouroud dextrose medium (RTA, Kocaeli, 
Turkey). After incubation for 24 h at 37°C, 1x106 CFU/
ml suspension was prepared from the growing colonies 
in sterile saline solution. The suspension density was 
standardized to be 0,284 optical densities at 530 nm 
wavelength (Novospec II, Pharmacia Biotech Cambridge, 
England). For each disinfectant agent, one of them as the 
control, eleven tubes containing 10 ml of tryptic soy broth 
were prepared (Pronadisa, Laboratorios Conda, Madrid, 
Spain). Subsequently, 0,1 ml suspension of C. albicans 
ATCC 18804 was added to the tubes as standard and an 
acrylic sample was placed in each tube.

At the end of the 24 h incubation, the acrylic 
specimens (except the control disc at eleventh tube) 
were transferred into tubes containing 10 ml of the tested 
disinfectant and kept 10 min in the disinfectant. Then 
the specimens were washed with sterile distilled water to 
remove any remaining disinfectant.

In the next step, acrylic discs which exposed to the 
disinfectant and the acrylic disc in the control tube were 
taken into tubes containing 10 ml sterile saline and the 
tubes were vortexed to separate the microorganisms 
adhered to the specimens. 10-1, 10-2 and 10-3 dilutions 
were prepared from the vortexed tubes by using 0,85% 
NaCl. Later, 0,1ml was taken from each dilution tube 
and seeded on Sabouroud dextrose medium. After the 

Mechanical cleaning consists of brushing (associated 
with water, soap, toothpaste or abrasive substances) 
and ultrasonic cleaning. The chemical method can be 
classified as hypochlorite, peroxide, enzymes, acids, 
mouthwashes for prostheses according to the composition 
or working mechanism6. The chemical method applied 
for the cleaning of the denture is mainly to keep it in the 
homemade or commercial solution. These solutions are 
easy to use and easily reach undercuts of the prosthetic 
plate. Chemical prosthetic cleaning solutions provide 
effective results especially in geriatric or disabled patients.  

At a study about denture cleaning agaents, Barnabé 
et al.7 stated that 0,05% sodium hypochlorite was effective 
at preventing denture stomatitis associated with Candida. 
Waltimo et al.8confirmed that both sodiumhypochlorit 
and chlorhexidine were effective on candida albicans. In 
the study of Salles et al.9, sixty four maxillary complete 
dentu re wearers were instructed to brush their dentures 
three times a day and to soak them (20 min/day) in the 
solutions: SH1: 0,25% sodium hypochlorite; SH2: 0,5% 
sodium hypochlorite; RC: 10% R. communis oil; and C: 
0,85% saline (control). They stated that the 0,5% sodium 
hypochlorite solution was the most effective and might be 
used to control denture biofilm.  

Silver nitrate is one of the most common silver 
salts used in the medical field because of its antibacterial 
properties. Due to its broad-spectrum antibacterial 
properties, lack of bacterial resistance and low toxicity, 
it is widely used in the medical field as an antimicrobial 
agent10. Despite its advantages and wide use as an 
antimicrobial agent, silver nitrate’s potential in denture 
hygiene is not explored yet.

The purpose of the present study was to investigate 
the efficacy of silver nitrate in removal of biofilm 
in acrylic dentures and compare with cleaning 
agents containing sodium hypochlorite, vinegar and 
chlorhexidine gluconate. 

Material and Methods

In our study, the effectiveness of six different 
disinfectants (1% silver nitrate, 2% silver nitrate, 1% 
NaHCl, 50% vinegar, 100% vinegar and 1,2% Chlorhex) 
were investigated on acrylic discs contaminated with 
Candida albicans ATCC 18804 strain. The study 
was carried out in the laboratories of the Medical 
Microbiology Department of Health Ministry Ankara 
Practice Research Center (Ankara, Turkey).

Preparation of acrylic resin specimens and 
disinfectant solutions

A total of 66 heat-cured polymethylmethacrylate 
(PMMA) (Imicryl, Konya, Turkey) acrylic resin 
specimens were prepared. Resins were mixed with a 
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Table 2. 1/100 dilution counts after disinfection process with 
different disinfectants

 1/100 Dilution

 Min-Max Median   Mean±s.d. p

1% Silvernitrate 0,0 -   0,0   0,0 0,0 ± 0,0³4

0,000

1% NaHCl 0,0 -   0,0   0,0 0,0 ± 0,0³4

50% Vinegar 0,0 - 20,0 10,0 9,0 ± 8,8

100% Vinegar 0,0 - 10,0   0,0 1,0 ± 3,2³

0,12 % CHG 0,0 - 20,0   0,0 2,0 ± 6,3³

2% Silvernitrate 0,0 -   0,0   0,0 0,0 ± 0,0³,4

Kruskal-Wallis (Mann-Whitney u test)
³ Difference with 50% Vinegar p ˂ 0,05/ 4 Difference with 100% 
Vinegar p ˂ 0,05

 Table 3. Dilution colony counts at control tubes in all 
disinfectant groups

Group 1/10 Dilution 1/100 Dilution 1/1000 Dilution

1% Silvernitrate 2400 cfu/ml 520 cfu/ml 40 cfu/ml

1% NaHCl  7000 cfu/ml 411 cfu/ml 97 cfu/ml

50% vinegar 2360 cfu/ml 200 cfu/ml 50 cfu/ml

100% vinegar 6970 cfu/ml 540 cfu/ml 50 cfu/ml

0,12% CHG 2210 cfu/ml 150 cfu/ml 20 cfu/ml

2% Silvernitrate 8000 cfu/ml 110 cfu/ml 20 cfu/ml

incubation of plates at 37°C for 48 h, colony counts were 
performed and CFU/ml values were calculated.

Statistical methods
Mean, standard deviation, median lowest, highest 

were used in descriptive statistics of the data. The 
distribution of the variables was measured with the 
Kolmogorov Smirnov test. In the analysis of quantitative 
independent data Kruskal-Wallis, Mann-Whitney u test 
was used. SPSS 26.0 program was used in the analysis. 
For all statistical analyses, a p-value <0,05 was considered 
statistically significant.

Results

Significant differences in C. albicans disinfection 
was observed among the groups at the 10-1, 10-2 
dilution counts (Table 1, Table 2). In both 10-1 and 10-2 
dilution counts, 50% vinegar showed significantly 
higher dilution counts than the other disinfectants, 
meaning less disinfection (p<0,05). In both 10-1 and 10-2 
dilutions, bigger counts were found at 100% vinegar 
and chlorhexidine gluconate (CHG) solutions except 
50% vinegar (p<0,05). No significant differences were 
observed between 100% vinegar and chlorhexidine 
gluconate (CHG) in both 10-1 and 10-2 dilution counts 
(p>0,05). There were no statistically significant 
differences among the disinfectants at 1/1000 dilution 
counts (p>0,05). The results are summarized in Figure 
1. In all dilution counts, 1%, 2% Silver nitrate and 1% 
Sodium hypochlorite showed no C. albicans growth. In 
all control tubes, direct seeding positivity did not differ 
significantly (p>0,05) (Table 3).

Table 1. 1/10 dilution counts after disinfection process with 
different disinfectants

1/10 Dilution
Min-Max Median    Mean±s.d. p

1% Silvernitrate 0,0 - 0,0 0,0 0,0 ± 0,0³4

0,000

1% NaHCl 0,0 - 0,0 0,0 0,0 ± 0,0³4

50% Vinegar 30,0 - 320 85,0 100,0 ± 84,1
100% Vinegar 0,0 - 20,0 10,0 8,0 ± 6,3³

0,12 % CHG 0,0 - 210,0 0,0 24,0 ± 66,0³

2% Silvernitrate 0,0 - 0,0 0,0 0,0 ± 0,0³4

Kruskal-Wallis (Mann-Whitney u test)
³ Difference with 50% Vinegar p ˂ 0,05/ 4 Difference with 100% 
Vinegar p ˂ 0,05

Figure 1. C. albicans counts at 1/10 and 1/100 dilution after the 
disinfection process (inset: counts shown without the control group for 

clarity)
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The present study has confirmed chlorhexidine 
antimicrobial efficacy. However, chlorhexidine has 
several drawbacks when used as denture cleaner. It 
has been shown that it can cause a change in taste, 
increase calculus formation, irritatemucosa and cause 
maculation of restorations15. At low concentrations, 
chlorhexidine accumulates on the cell surfaces 
of yeasts, causing cell membrane disorganization 
and leakage of cytoplasmic components, while 
higher concentrations produce coagulation of 
cytoplasmic constituents in those microorganisms16. 
Denture cleansers based on sodium hypochlorite are 
fungicidal, and are known to dissolve mucin and 
other organic substances easily.  Similarly, 1% sodium 
hypochlorite showed significantly antimicrobial 
effectiveness at the present study in accordance with 
previous studies17,18. However, depending on immersion 
concentration and time, sodium hypochlorite may 
negatively affect dentures by bleaching the acrylic resin19.

In the current study, sodium hypochlorite showed 
higher antifungal effect than chlorhexidine, as mentioned 
in the previous studies20,21. Different effect mechanisms of 
solutions may lead to this result and different experimental 
methods, biological indicators, concentrations, or the 
period of analysis may have caused these differences22. The 
antimicrobial activity of sodium hypochlorite is based on its 
higher pH >11.  Considering knowledge of pH processes 
and isolated activities in essential enzymatic sites, such 
as those in the membrane, it is enlightening to associate 
sodium hypochlorite (high pH, over 11), to harmful 
biological effects on bacterial cells in order to explain one 
part of its mechanism of action23.

The use of vinegar as a disinfecting agent for 
cleaning dentures was reported by Pires et al.24 
and confirmed its efficacy in reducing adherent 
microorganisms, which was confirmed by the 100%  
and 50% vinegar results of the present study. Vinegar 
has an antimicrobial effect which is a very desirable 
characteristic considering the positive relation between 
fungus, such as Candida species, and denture stomatitis. 
In vitro experiments have shown that small acetic acid 
fungicide concentrations cause programmed cell death in 
C. albicans. Furthermore, vinegar is cost-effective, easy 
to get. 

Although its antimicrobial significance has been 
known since ancient times, silver has gained clinical 
significance for nearly 30 years. Precious metals such as 
silver gold platinum show minimal side effects in contact 
with animal and human skin. These are used in skin 
conditions and other medical departments because of their 
silver antimicrobial activity and not harmful to human25.

Silver nitrate is used in dentistry due to their 
escharotic, dehydration and sclerosing properties. It is also 
used during treatment of profound cariouss lesions and 
indirect pulp capping because the solution could permeate 

Discussion

The results of the present study revealed that 
50% vinegar was the the least effective disinfectant. 
Chlorhexidine gluconate and 100% vinegar had high 
number of dilution counts. No significant differences 
were observed between 100% vinegar and chlorhexidine 
gluconate (CHG). In all dilution counts, 1%, 2% Silver 
nitrate and 1% Sodium hypochlorite showed no C. 
albicans growth.

Even other species of the genus Candida are known 
to be involved, C. albicans is the major microbiological 
factor in oral candidosis. Denture stomatitis (DS) 
is an infectious process characterized by frequent 
episodes of recurrence, which essentially affects the 
palatal mucosa of complete denture wearers. The most 
important microorganism associated with DS is the 
polymorphic fungus Candida albicans11. Oral antifungal 
agents are effective in the treatment of DS, but have 
toxic side effects and may lead to the development 
of resistant strains. Fungi are found in the saliva 
microflora. The removable prosthesis can become hosts 
for microorganisms. The colonization of dentures can 
be serious for elderly denture users especially and can 
cause oral disorders. In essence oral disorders can affect 
interpersonal relationships and daily activities, affecting 
the ‘goodness’ or ‘quality of life’12. Therefore, effective 
denture disinfection becomes an important matter for 
denture users.

Denture disinfection has been recommended as an 
essential procedure for preventing cross-contamination 
and the maintenance of a healthy oral mucosa. There 
are generally two methods to ensure denture hygiene. 
Removeable prosthesis can be cleaned mechanically, 
chemically or via a variety of both. Mechanical 
approaches include brushing (water, soap, dentifrice or 
abrasives), and ultrasonic treatment. Mechanical removal 
cannot eliminate biofilm from the prosthesis surface. The 
chemical method includes solutions include hypochlorite, 
acid, mouthwashes ect. The ease of application of 
the chemical method is its most important advantage 
compared to the mechanical method. Disinfection with 
chemical solutions is especially mandatory for geriatric or 
handicapped denture wearers with compromised manual 
dexterity13. 

Various disinfectants have been suggested for this 
purpose including sodium hypochlorite solutions and 
chlorhexidine, which have been reported to efficiently 
reduce adhesion of Candida species and microbial 
growth on dental prostheses14. Chemical disinfectants 
are recommended methods to kill micro-organisms from 
denture surface. Of the available chemical disinfectants, 
sodium hypochlorite and chlorhexidine are indicated 
agents for denture disinfection by their capacity to 
reduce Candida species adhesive ability and to reduce the 
microbial growth on dental prostheses14. 
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into the dentine and fill the demineralized dentine with 
silver particles26. 

Silver effect against many different types of 
microorganisms including bacteria, viruses and 
protozoa. Silver ions bind to bacterial DNA and prevent 
proliferation. There is no study that shows that any 
organism can easily form resistance to them27. At the 
present study 1% and 2% silver nitrate act as an effective 
disinfectant against the C. albicans. This characteristic 
of silver has suggested the use of an oral disinfectant 
solution at the present study. 

Conclusions

The results, taking into account the limitations of 
this study, showed that: compared to the other tested 
disinfectant solutions, 50% vinegar, 100%, and 0,12% 
chlorhexidine gluconate was less effective than 1% silver 
nitrate, 1% sodium hypochlorite and 2% silver nitrate 
disinfectant solutions. Based on the data presented, further 
research is necessary to be concluded if silver nitrate 
could be used as an alternative.
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