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Abstract 

Background: Plaque accumulation on dentures can be prevented through daily denture cleaning. Currently, 
commercially available denture cleansers, such as the chemical-based product (Polident), may increase the surface 
roughness of acrylic resin denture bases, potentially enhancing microorganism adherence. Graptophyllum pictum leaf 
extract (GPLE 50%) concentration is emerging as a strong candidate for an herbal denture cleanser due to its potent 
fungicidal activity. However, to date, no studies have reported the effects of GPLE 50% on surface roughness.  

Objective: This study aims to investigate the effects of Graptophyllum pictum leaf extract at a 50% concentration as a 
denture cleaning agent on the surface roughness of acrylic denture bases, with immersion conducted for 5 minutes daily 
over periods of one, two, three, and four weeks.  

Methods: Nine acrylic resin base samples, each measuring 20mm x 10mm x 10mm, were divided into three groups: two 
control groups (Polident and distilled water) and one treatment group (GPLE 50%), with each group replicated three 
times. All samples were immersed for five minutes daily over a period of one, two, three, and four weeks. Surface 
roughness was measured using Atomic Force Microscopy (AFM) and statistically analyzed.  

Result: There was no significant difference between the surface roughness of acrylic denture bases before and after 
treatment (One-Way ANOVA; p>0.05).  

Conclusion: GPLE 50% did not have a significant effect on the surface roughness of the acrylic resin denture base. 
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1. Introduction

Tooth loss refers to the condition which one or more teeth are detached from their sockets and supporting structures 
[1]. Common factors contributing to tooth loss include dental caries, periodontal disease, trauma, and orthodontic 
extractions [2]. This condition can lead to functional, aesthetic, and social impairments, ultimately affecting an 
individual’s quality of life [3]. The use of dentures is one of the primary solutions to treat tooth loss. Dentures are medical 
devices consisting of a base and artificial teeth designed to replace the hard and soft tissue structures within the oral 
cavity [4]. Acrylic is the most commonly used material for denture bases due to its favorable physical properties, 
aesthetic, ease of fabrication, and flexibility [5]. However, acrylic denture bases have a high porosity, which facilitates 
plaque accumulation [4]. Plaque accumulation in denture wearers has been associated with an increased risk of denture 
stomatitis [6]. Denture stomatitis is characterized by inflammation and erythema with diffuse or localized margins in 
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the areas supporting the denture. The most dominant species involved in the etiopathogenesis of denture stomatitis is 
Candida albicans [5]. Candida-associated denture stomatitis (CADS) is the most prevalent form of oral candidiasis 
among elderly individuals, affecting approximately 65% of denture wearers [7]. Previous research has demonstrated 
that plaque accumulation can be prevented through daily denture cleaning practices [8]. 

Denture cleaning can be performed using mechanical or chemical methods. Chemical cleaning involves immersing 
dentures in chemical cleaning agents [8]. Most commercially available denture cleaners are chemical-based, with 
Polident being one of the most commonly used brands. However, these chemical-based cleaners have a notable 
disadvantage, they can increase surface roughness, which in turn enhances the adhesion of microorganisms (bacteria 
and fungi), plaque, and food debris [9, 10, 11, 12]. Previous studies have suggested that traditional materials, such as 
Graptophyllum pictum leaf extract at 50% (GPLE 50%) concentration, are safer to use and exhibit fungicidal activity, 
belonging the criteria for an ideal denture cleaning agent [9, 11, 13]. Graptophyllum pictum L. Griff possesses multiple 
pharmacological properties, including anti-inflammatory, antibacterial, antifungal, antioxidant, anti-implantation, 
antidiabetic, anti-hemorrhoidal, photoprotective, nephroprotective, and immunomodulatory effects [14, 15].  

This study aims to evaluate the surafe roughness of acrylic denture base immersed with GPLE 50% as a denture cleaning 
agent, with immersion conducted for 5 minutes daily over periods of one, two, three, and four weeks. 

2. Material and methods 

This study is a quantitative, laboratory-based experimental research employing a post-test-only control group design. 
GPLE 50% was prepared by diluting GPLE at 100% concentration. The extraction process involved macerating the 
powdered Graptophyllum pictum leaf in 70% ethanol for 24 hours. To achieve a 50% concentration, 5 ml of 100% GPLE 
was mixed with 5 ml of Sabouraud Dextrose Broth (SDB). The research utilized nine heat-cured acrylic resin samples in 
the form of rectangular blocks measuring 20 mm x 10 mm x 10 mm. The polymerization process involved thermal curing 
by immersion in a water bath. The acrylic resin samples used in the study were selected based on specific criteria, 
including being non-porous with parallel and smooth surfaces. 

Samples were divided into five groups based on the treatment received: C (-) as the negative control group using 
aquadest, C (+) as the positive control group using the chemical-based product (Polident), T1 treated with GPLE 50% 
for 1 week, T2 treated with GPLE 50% for 2 weeks, T3 treated with GPLE 50% for 3 weeks, and T4 treated with GPLE 
50% for 4 weeks. The immersion process was conducted by preparing a container filled with a solution of chemical-
based cleaners, distilled water, and 50% GPLE, ensuring the entire surface of the acrylic resin was submerged. The 
acrylic resin samples were immersed for five minutes, followed by rinsing with running water and dry it using tissue. 
All samples were immersed daily for five minutes over periods of one, two, three, and four weeks. 

Surface roughness evaluation assessed two key parameters: arithmetic mean height (Sa) and root mean square height 
(Sq), all measured in nanometers (nm). Surface roughness testing was conducted using an Atomic Force Microscopy 
(AFM) device (Bruker-Nano N8 NEOS, Bruker Corp, Billerica, MA, USA). AFM testing procedure follows the method 
described by [12]. First, the sample must be clean and dry. Placed the sample in the designated holder on the device. At 
this stage, it is crucial to ensure that the cantilever tip (probe) is correctly positioned on the surface of the acrylic resin 
specimen. Next, the device and computer display are activated, and surface roughness measurements are conducted 
using AFM with a 10 × 10 µm scale and three-dimensional imaging. During scanning, the cantilever tip moves back and 
forth across the specimen's surface. Each detected deflection is reflected in a specific direction using a laser, which 
passes through a laser mirror toward the photodiode. The results are displayed on the computer screen. 

All data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 25.0 for Windows (IBM 
Corporation, Illinois, Chicago, USA). The normality test was conducted using the Shapiro-Wilk test, while the 
homogeneity test was performed using Levene's test, with a p > 0.05 indicating homogeneity. If the data did not meet 
the assumption of normality, non-parametric analysis was performed using the Kruskal-Wallis test. However, if the data 
met the assumption with a p > 0.05, a one-way analysis of variance (ANOVA) was used to assess differences between 
test groups. Differences were considered statistically significant if the p < 0.05 in the Kruskal-Wallis or one-way ANOVA 
tests. 
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3. Results and discussion 

The AFM test results are interpreted based on the observed color variations, where bright colors represent areas with 
elevated surface heights, dark colors indicate areas with lower surface heights, and brownish-yellow hues denote 
intermediate surface levels. Surface roughness was evaluated using two critical parameters: the arithmetic mean height 
(Sa) and the root mean square height (Sq). The mean values and standard deviations of the surface roughness 
measurements for the acrylic resin base samples are summarized in Tabel 1. 

 

Figure 1 The representative of AFM test results on acrylic resin base samples with 3D shape and forward topography, 
immersed for five minutes per day using C (-) treated with aquadest, C (+) treated with chemical-based product, T1 is 
treated with GPLE 50% for 1 week, T2 with GPLE 50% for 2 weeks, T3 with GPLE 50% for 3 weeks, and T4 with GPLE 

50% for 4 weeks. 

 

Figure 2 Data are presented as mean ± standard deviation (SD) (n = 3) for the Sa indicator. No statistically significant 
differences were observed among the groups (ns) (p > 0.05; one-way ANOVA).C (-) represents the negative control 
group treated with aquadest, C (+) represents the positive control group treated with chemical-based product, T1 is 

treated with GPLE 50% for 1 week, T2 with GPLE 50% for 2 weeks, T3 with GPLE 50% for 3 weeks, and T4 with GPLE 
50% for 4 weeks. 
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Figure 3 Data are presented as mean ± standard deviation (SD) (n = 3) for the Sq indicator. No statistically significant 
differences were observed among the groups (ns) (p > 0.05; one-way ANOVA).C (-) represents the negative control 
group treated with aquadest, C (+) represents the positive control group treated with chemical-based product, T1 is 

treated with GPLE 50% for 1 week, T2 with GPLE 50% for 2 weeks, T3 with GPLE 50% for 3 weeks, and T4 with GPLE 
50% for 4 weeks. 

Previous studies have demonstrated that immersing dentures in chemical-based denture cleaning solutions effectively 
eliminates microorganisms but has adverse effects on increasing the surface roughness of the denture base [16]. 
Changes in the surface roughness of acrylic resin bases after immersing in alkaline peroxide are attributed to the 
chemical reaction that occurs when sodium perborate comes into contact with water. This reaction produces an alkaline 
peroxide solution that decomposes into nascent oxygen (oxidizing agent), leading to an increase in the surface 
roughness of the acrylic resin base [17]. The use of natural products as denture cleansers presents a better alternative 
in terms of cost, feasibility, non-toxicity, chemical-free composition, stability, acceptability, aesthetics, and minimal side 
effects. Phytochemicals found in herbs provide a range of synergistic effects, including anti-inflammatory, antiviral, 
antibacterial, antifungal, antioxidant, anticariogenic, wound healing, immunomodulatory, and anticarcinogenic 
properties [18]. One potential herbal candidate for use as a denture cleanser is Graptophyllum pictum L. Griff. 

The results of the study indicate that the surface roughness values of acrylic resin immersed in chemical-based cleaners, 
serving as the positive control group, and aquades, as the negative control group, exhibit significant differences in the 
Sa and Sq parameters. The positive control group C(+) demonstrated higher values compared to the negative control 
group C(-), indicating greater surface roughness. Comparisons of surface roughness values between the positive control 
group C(+) and the group immersed in 50% GPLE for one week (T1) revealed minimal differences, with T1 showing 
slightly lower surface roughness than C(+). Notably, the surface roughness values of acrylic resin immersed in 50% 
GPLE for two weeks (T2), three weeks (T3), and four weeks (T4) demonstrated a progressive decrease. Lower surface 
roughness values of resin acrylic denture bases correspond to a reduced potential for plaque accumulation on the 
denture base. 

All surface roughness data of the acrylic resin base obtained were analyzed using a parametric test, One-Way ANOVA, 
as the data were normally distributed and homogeneous. The One-Way ANOVA test was conducted by comparing all 
surface roughness data across groups. Based on the results of the One-Way ANOVA test, a significance value of 0.098 
was obtained for the Sa indicator, and 0.077 for the Sq indicator (p>0.05), indicating no significant differences between 
the groups. Therefore, it can be assumed that there is no significant difference in the surface roughness of acrylic resin 
bases between the control group and the treatment group. The surface roughness parameters Sa and Sq indicate that 
chemical-based cleaners exhibits slightly higher roughness levels compared to GPLE 50% and distilled water. The 
increase in roughness observed with chemical-based cleaners is attributed to the presence of peroxide base in its 
formulation. Alkaline peroxide decomposes into H2O (hydrogen peroxide), 2H2O2 (alkali), and 2O (nascent oxygen). The 
free radicals generated from hydrogen peroxide can damage polyamide bonds, while the high oxidation levels 
contribute to an increase in surface roughness. In contrast, GPLE 50% demonstrates slightly lower surface roughness 
compared to chemical-based product, but marginally higher than distilled water. The increase in surface roughness 
observed with GPLE 50% is attributed to its flavonoid content. Phytochemical analysis revealed that the dominant 
component in G. pictum leaves is flavonoids, with a concentration of 4340.30 mg/100 QE wb, classified as phenolic 
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compounds. The high phenolic content can enhance the acrylic polarity acidity, potentially breaking acrylic polymer 
chains and causing damage to the resin. Additionally, the high acid levels may hydrolyze esters within the polymer, 
further increasing surface roughness. However, no significant differences in surface roughness were observed among 
all tested groups. Thus, GPLE 50% does not have a significant effect on changes in the surface roughness of acrylic resin. 

4. Conclusion  

Graptophyllum pictum L. Griff demonstrates potential as a candidate for herbal biomaterial-based denture cleansers. 
GPLE 50% does not significantly affect the surface roughness of acrylic resin denture bases. Further research is needed 
to evaluate the effect of GPLE 50% on the color stability of acrylic resin denture bases and to conduct in vivo analysis. 
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