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This study evaluated an extract from Ribes nigrum L. (black current) berries as a denture cleanser in 

comparison with commercial cleansers (Corega and Protefix), focusing on the mechanical and wetting 

properties of denture base resin and Candida albicans adhesion. PMMA samples were exposed to nine 

different immersion protocols. For adhesion assessment, samples were incubated with a C. albicans 

suspension for 4 h and subsequently treated with the extract or commercial cleansers. Candida adhesion 

was quantified using the XTT reduction assay. R. nigrum extract reduced C. albicans adhesion by 

approximately 50% while preserving PMMA mechanical properties, including hardness and Young’s 

modulus, regardless of the immersion protocol. All tested solutions decreased the water contact angle 

of PMMA surfaces. These findings suggest that R. nigrum extract may serve as a promising natural 

denture cleanser, capable of reducing C. albicans adhesion while preserving the mechanical integrity of 

PMMA more effectively than conventional cleansers. 
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U ovoj studiji ispitivan je prirodni ekstrakt dobijen iz podova  Ribes nigrum L. (crna ribizla) kao 

potencijalno sredstvo za čišćenje zubnih proteza u poređenju sa komercijalnim preparatima (Corega i 

Protefix), sa fokusom na mehanička svojstva i svojstva kvašenja baze ploče proteza, kao i na adheziju 

gljive Candida albicans. PMMA uzorci bili su izloženi devet različitih režima potapanja. Za procenu 

adhezije, uzorci su inkubirani u suspenziji C. albicans tokom 4 h, nakon čega su tretirani ekstraktom ili 

komercijalnim sredstvima za čišćenje. Adhezija gljive kvantifikovana je primenom XTT testa. Ekstrakt 

R. nigrum smanjio je adheziju C. albicans za približno 50%, uz očuvanje mehaničkih svojstava PMMA, 

uključujući tvrdoću i Jangov modul elastičnosti, nezavisno od primenjenog režima potapanja. Svi 

ispitivani rastvori smanjili su vodeni kontaktni ugao na površini PMMA. Dobijeni rezultati ukazuju da 
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ekstrakt R. nigrum predstavlja perspektivno prirodno sredstvo za održavanje higijene proteza, sposobno 

da smanji adheziju C. albicans uz bolje očuvanje mehaničkog integriteta PMMA u poređenju sa 

konvencionalnim sredstvima za čišćenje. 

Ključne reči: Baze ploče proteza, Sredstva za čišćenje proteza, Ribes nigrum L., Površinska svojstva, 

Candida albicans
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Introduction 

Dentures, typically made from poly (methylmethacrylate) (PMMA), are widely used for the rehabilitation 

of edentulous patients; however, they are highly susceptible to microbial contamination¹. Denture 

wearing is frequently associated with oral candidiasis due to microbial colonization and penetration into 

denture pores. Therefore, adequate denture hygiene requires maintaining physical, chemical, and 

biological cleanliness²·³. 

Mechanical cleaning methods, such as brushing, are often insufficient and may cause surface wear of 

denture materials⁴. Consequently, chemical cleansers are commonly used. These products usually 

contain aggressive compounds, including chlorine- or peroxide-based agents³, which exhibit 

antimicrobial activity⁵ but may simultaneously induce degradation of PMMA. Such degradation can 

adversely affect mechanical properties⁶·⁷ and increase surface roughness, thereby promoting microbial 

adhesion and plaque accumulation⁸⁻¹⁴. Among oral pathogens, Candida albicans is the microorganism 

most frequently associated with denture surfaces and denture stomatitis⁸·¹⁵·¹⁶. 

An ideal denture cleanser should effectively eliminate microorganisms without compromising the surface 

morphology or mechanical properties of the denture material¹. For this reason, increasing attention has 

been directed toward natural antimicrobial compounds, including herbal extracts²·¹⁷⁻²⁰. Among herbal 

extracts, black currants (Ribes nigrum L.) are known for their antioxidative, antimicrobial, 

cytoprotective, and anti-inflammatory properties, mainly attributed to the presence of polyphenolic 

compounds, particularly anthocyanins and flavonols.²¹˒²² Based on these properties, we hypothesized 

that R. nigrum extract could reduce C. albicans adhesion to PMMA without adversely affecting its 

mechanical and wetting surface properties. 

Aim 

The aims of this study were to evaluate: (1) the effects of R. nigrum extract on the mechanical and 

wetting properties of PMMA compared with commercial denture cleansers, and (2) its potential to reduce 

C. albicans adhesion to PMMA surfaces. 

Methods 

Samples preparation and immersion procedure 

PMMA samples (n=40) were prepared from heat-polymerized acrylic resin (Triplex Hot, Ivoclar Vivadent, 

Liechtenstein) in the form of rectangular plates (20 × 20 × 3 mm). Polymerization was performed in a 

metal flask using boiling water for 45 min. After polishing, the samples were immersed in distilled water 

for 48 h to eliminate residual monomers and subsequently sterilized under a UV-C lamp for 15 min. 
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Three denture cleansers were evaluated: R. nigrum extract, Corega (Block Drug Company, Jersey City, 

NJ, USA), and Protefix (Queisser Pharma, Flensburg, Germany).  The R. nigrum extract was prepared 

from berries of the Ben Sarek variety, grown and collected at Mislodjin (the experimental field of the 

Faculty of Agriculture, University of Belgrade), using 70% methanol (1:10, w/v) under continuous 

stirring for 24 h.  After complete evaporation of the extraction solvent using a vacuum evaporator, the 

crude extract was obtained and stored at 4°C until use. A 10% (w/v) water solution of the extract was 

used for all experiments. The phytochemical composition of this extract has been previously 

characterized by Miladinović et al. 21, who reported a high content of polyphenolic compounds, 

particularly anthocyanins and flavonols, including delphinidin-3-O-rutinoside, cyanidin-3-O-rutinoside, 

delphinidin-3-O-glucoside, cyanidin-3-O-glucoside, myricetin, quercetin, and kaempferol. Commercial 

cleansers were prepared according to the manufacturers’ instructions by dissolving one tablet in 200 mL 

of distilled water. 

PMMA samples were exposed to nine different immersion conditions (Table 1): air (45 h), distilled water 

(45 h), artificial saliva (45 h), cleanser solutions alone (45 h), or alternating immersion in cleanser and 

water/saliva (5 h cleanser, 10 h water/saliva, 10 h cleanser, and 20 h water/saliva). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Exposure time of the PMMA samples to different conditions: air, water, saliva, cleansers 

(Corega, Protefix, R. nigrum) for 45h, and alternately immersion in water or saliva and one of the 3 

studied cleansers (Corega+water, Protefix+water, R. nigrum+water)  
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 Exposure time 

Air 45h 

Water 45h 

Saliva 45h 

Corega 45h 

Corega+water 
Corega Water Corega Water 

5h 10h 10h 20h 

Corega+saliva 
Corega Saliva Corega Saliva 

5h 10h 10h 20h 

Protefix 45h 

Protefix+water 
Protefix Water Protefix Water 

5h 10h 10h 20h 

Protefix +saliva 
Protefix Saliva Protefix Saliva 

5h 10h 10h 20h 

R. nigrum 45h 

R. nigrum+water 
R. nigrum Water R. nigrum Water 

5h 10h 10h 20h 

R. nigrum+saliva 
R.nigrum Saliva R.nigrum Saliva 

5h 10h 10h 20h 
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Mechanical properties were evaluated by nanoindentation using a Nano Indenter G200 system 

(Keysight/Agilent Technologies, USA) equipped with a Berkovich diamond tip. Measurements were 

performed under a maximum load of 10 mN. Calibration was carried out using fused silica as a reference 

material. Individual indents were positioned 25 μm apart. The loading time was 15 s, followed by a peak 

hold time of 10 s. Three indentations were performed for each specimen, and the mean value was 

subsequently calculated. 

Characterization of wetting properties 

The water contact angle was measured using a Drop Shape Analyzer DSA25B (Kruss GmbH, Germany) 

by the sessile drop method with Young–Laplace fitting. Droplet volume was maintained below 1 μL. 

Three droplets were analyzed per sample, with 30 measurements recorded for each droplet at intervals 

of 0.3 s.  

 

Anticandida activity 

Candida albicans ATCC 90028 was used in this study. The inoculum (10⁶ cells/mL) was prepared in RPMI 

1640 medium. PMMA samples were incubated with 400 μL of the inoculum for 4 h at 37°C to allow 

fungal adhesion. Following incubation, samples were washed to remove non-adherent cells and 

subsequently treated with 400 μL of the tested cleansers or R. nigrum extract (100 mg/mL). The 

concentration of 100 mg/mL was selected to ensure adequate exposure of adhered C. albicans cells to 

the bioactive compounds present in the extract during the treatment period and to evaluate its effect 

on fungal adhesion under conditions relevant to denture cleansing applications. Control samples were 

treated with distilled water. 

Adhered C. albicans cells were quantified using the XTT reduction assay. XTT/menadione solution (final 

menadione concentration: 1 μM) was added to each sample, followed by incubation for 2 h at 37°C in 

the dark. Absorbance was measured at 490 nm. Results are reported as the mean of four experimental 

repetitions per group.Statistical analysis 

Data are presented as mean ± standard deviation (SD). Normality was assessed using the Shapiro–Wilk 

test. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test, with 

statistical significance set at p < 0.05. Analyses were conducted using SPSS software version 20.0. 

Results 

Mechanical properties 
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Young’s modulus values of PMMA samples exposed to different immersion conditions are presented in 

Figure 1. Samples immersed in Corega and Protefix showed significantly lower Young’s modulus values 

compared with the control groups (air and water immersion) (p < 0.05), with the exception of the 

Protefix + saliva condition. 

 

Figure 1. Young’s modulus obtained by nanoindentation of PMMA samples exposed to different condition 

of the samples exposed to air (AIR), water (W), saliva (S), Corega (C), Protefix (P), Ribes (R) Nigrum. 

Values represent means ± standard deviation. Bars indicate the mean values and vertical lines standard 

deviations. Different letters in the columns show significant differences among varieties (Tukey’s test, 

p<0.05). 

 

Hardness results are shown in Figure 2. Both commercial cleansers significantly decreased PMMA 

hardness compared with the air and water control groups (p < 0.05), except for the Protefix + saliva 

condition. Samples treated with R. nigrum extract alone or in combination with water exhibited 

significantly higher hardness values than the air and water controls. 
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Figure 2.  Hardness obtained by nanoindentation of PMMA samples exposed to different condition of the 

air (AIR), water (W), saliva (S), Corega (C), Protefix (P), Ribes (R) Nigrum. Values represent means ± 

standard deviation. Bars indicate the mean values and vertical lines standard deviations. Different letters 

in the columns show significant differences among varieties (Tukey’s test, p<0.05). 

 

Wetting properties 

Water contact angle measurements are presented in Figure 3. All immersion protocols resulted in a 

significant decrease in the water contact angle of PMMA surfaces compared with the control conditions. 

The greatest reduction was observed after immersion in R. nigrum extract alone (13.26°) and in 

combination with saliva.  
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Figure 3. Water contact angle of PMMA samples exposed to different condition of the air (AIR), water 

(W), saliva (S), Corega (C), Protefix (P), Ribes (R) Nigrum. Values represent means ± standard 

deviation. Bars indicate the mean values and vertical lines standard deviations. Different letters in the 

columns show significant differences among varieties (Tukey’s test, p<0.05). 

 

Anticandida activity 

The anticandidal activity of the tested cleansers and R. nigrum extract is presented in Figure 4. 

Treatment with R. nigrum extract reduced C. albicans adhesion to PMMA surfaces by more than 50% 

compared with the control group. Commercial denture cleansers (Corega and Protefix) also 

demonstrated anticandidal activity, with effects comparable to those observed for the R. nigrum extract. 
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Figure 4.  C. albicans adhesion (%) after immersion in commercial dental cleanser (Corega and Protefix), 

and R. nigrum extract, compared to control (samples immersed in water), determined by measuring C. 

albicans metabolic activity by XTT reduction assay.  

 

Discussion  

Denture hygiene is essential because microbial retention on denture surfaces promotes biofilm formation 

and may lead to oral mucosal infections²³. Among oral pathogens, C. albicans is the microorganism 

most commonly associated with denture-related infections and denture stomatitis⁸·¹⁵·¹⁶. Therefore, the 

development of denture cleansers capable of reducing microbial adhesion without compromising denture 

material properties remains an important challenge. 

R nigrum berries  are rich in biologically active compounds, including polyphenols, anthocyanins, 

flavonols, proanthocyanidins, and vitamin C²¹·²²·²⁴. Previous studies demonstrated pronounced 

anticandidal activity of black currant extracts against planktonic Candida cells²¹·²⁵·²⁶. The present study 

extends these findings by demonstrating, for the first time, that R. nigrum extract can significantly 

reduce C. albicans adhesion to PMMA surfaces while preserving the mechanical properties of the 

material. 

Commercial denture cleansers, including Corega and Protefix, are mainly based on alkaline peroxide 

systems. Corega additionally contains tetraacetylethylenediamine (TAED), a peroxide activator, whereas 
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Protefix contains sodium lauryl sulfate¹¹·²⁹. These compounds generate reactive oxygen species that 

contribute to antimicrobial activity but may simultaneously induce oxidative degradation of PMMA³⁰·³¹. 

Such degradation may adversely affect the mechanical integrity of acrylic denture materials. In 

agreement with previous studies⁶·¹¹·¹²·²⁷·³⁴, our results demonstrated reduced hardness and Young’s 

modulus values after exposure to commercial cleansers. In contrast, R. nigrum extract preserved PMMA 

mechanical properties regardless of the immersion protocol, suggesting that its antifungal activity may 

primarily result from surface interactions rather than oxidative degradation mechanisms. 

Prior to immersion experiments, PMMA samples were stored in distilled water for 48 h to eliminate 

residual monomers, which are known to act as plasticizers and negatively affect mechanical 

properties³². Water absorption by PMMA may also influence material behavior through plasticization 

effects³³·³⁴. In the present study, air-exposed samples showed lower hardness and Young’s modulus 

values than water-immersed samples, which is consistent with previously reported findings³. 

Furthermore, immersion in saliva resulted in increased mechanical property values compared with air 

and water immersion. 

All tested solutions reduced the water contact angle of PMMA surfaces, indicating increased surface 

wettability. The most pronounced decrease was observed after immersion in R. nigrum extract alone 

and in combination with saliva. Changes in surface wettability may influence microbial adhesion and 

biofilm formation, since hydrophobic interactions play an important role in Candida attachment to acrylic 

surfaces³⁸·³⁹. 

Previous studies²¹ reported strong anticandidal activity of black currant extracts, with MIC and MBC 

values of 3.125 and 12.5 mg/mL, respectively, for the 70% methanolic extract of the Ben Sarek variety. 

In the present study, R. nigrum extract reduced C. albicans adhesion to PMMA surfaces by more than 

50%. Comparable anticandidal effects were observed for Corega and Protefix, although variations in 

experimental methodologies among studies complicate direct comparisons¹⁴·³⁵·⁴⁰⁻⁴³. Importantly, 

unlike commercial cleansers, R. nigrum extract achieved this effect without compromising PMMA 

mechanical integrity, suggesting potential advantages for long-term denture maintenance⁴⁴. 

Several limitations of this study should be acknowledged. Long-term effects of R. nigrum extract on 

PMMA color stability, water sorption, and solubility were not evaluated⁴⁵.  

In addition, a limitation of the present study is that the antifungal activity was evaluated using only a 

single reference strain, C. albicans ATCC 90028. Although this strain is widely used in antifungal 

research, clinical isolates may exhibit different adhesion and susceptibility profiles. Furthermore, the 
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present investigation focused on the initial adhesion stage after 4 h of incubation and did not evaluate 

the effects of the tested solutions on formed and mature biofilms (24 h and 72 h, respectively), which 

are known to exhibit increased resistance to antimicrobial agents. Moreover, denture stomatitis is a 

complex polymicrobial condition in which Candida species interact with bacterial communities and host 

factors. Therefore, the present findings should be interpreted as preliminary evidence of anti-adhesion 

activity against early fungal colonization. Future studies should therefore investigate the effects of the 

extract on mature mono- and multispecies biofilms using a broader range of clinical isolates, to better 

reflect clinical conditions. 

 

 

Conclusion 

 The herbal extract obtained from R. nigrum fruits preserved the mechanical properties of PMMA, 

including hardness and Young’s modulus, unlike the tested commercial denture cleansers (Corega and 

Protefix). In addition, the extract significantly reduced C. albicans adhesion to PMMA surfaces after 4 h 

of incubation. These findings indicate that R. nigrum extract may have potential as a natural agent for 

denture hygiene. However, the results are based solely on in vitro experiments involving a single 

reference strain and early adhesion stage. Therefore, further studies are required to evaluate the effects 

of extract on mature and polymicrobial biofilms, cytotoxicity, long-term material stability and color 

stability before any clinical application can be considered.Grant 
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