
 Corresponding author: Dewi Kristiana 

Copyright © 2024 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

The effectivity of edamame extract (Glycine max L. Merrill) as a heat-cured acrylic 
resin denture cleanser using in vitro toxicity studies  

Fadhila Auliya Mahmudah, Dewi Kristiana * and FX Ady Soesetijo 

Department of Prosthodontics, Faculty of Dentistry, University of Jember, Indonesia. 

World Journal of Advanced Research and Reviews, 2024, 23(01), 2516–2521 

Publication history: Received on 13 June 2024; revised on 23 July 2024; accepted on 25 July 2024 

Article DOI: https://doi.org/10.30574/wjarr.2024.23.1.2217 

Abstract 

Denture cleanser that are used over a long period will produce residue that can be absorbed by the acrylic resin. The 
hydrophilic acrylic resin can cause denture-cleaning molecules to enter through microporosity which can be toxic to 
the oral tissue. Plant-based denture cleanser is commonly used one of which is edamame (Glycine Max L. Merrill) 
extract. Denture cleanser made from edamame extract needs to be tested for toxicity to determine the biocompatibility 
of the material in the oral cavity, specifically on fibroblast cells. This study aims to determine the toxicity of edamame 
extract as a denture cleanser for heat-cured acrylic resin, which is soaked for 4 days against BHK-21 fibroblast cells. 
This 4-day submersion equals 15 minutes of submersion per day for 1 year. The toxicity tests were carried out using 
the MTT assay method. The results of these MTT tests can be seen from the absorbance values and calculating the 
percentages of cell viability. The more cells that are still alive, the more intense the purple color produced. The research 
results showed that the acrylic resin group which was soaked in a 50% concentration of edamame extract was not toxic 
to fibroblast cells, because the percentage of cell viability had a value of >70%, which was 83.638%. This research 
concludes that 50% concentration of edamame extract as a denture cleanser for heat-cured acrylic resin is not toxic to 
BHK-21 fibroblast cells compared to 75% and 100% concentrations of edamame extract. 
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1. Introduction

Tooth loss that occurs in a person can cause problems with chewing function, reduce self-confidence, and discomfort 
when eating and talking, so it is best to immediately make a replacement using dentures [14]. Dentures have one part 
that is in direct contact with the oral mucosa, namely the denture base, which must have good biocompatibility 
properties, that is, it does not cause allergic reactions in the underlying tissue and is not toxic to the supporting cells 
[16]. The most frequently used denture base is heat-cured acrylic resin because of its advantages, namely affordable 
price, easy manipulation process, good aesthetics, and easy repair and polishing [11]. Acrylic resin also has the 
weakness of producing residual monomer which can cause irritation and inflammation of the oral mucosa, however, 
residual monomer can be minimized by soaking the acrylic resin in water for 1 hour before use [1]. Another weakness 
of acrylic resin is that it has microporosity which affects the physical, aesthetic and cleanliness of the denture base [15]. 
Acrylic resin denture cleansers can ideally remove and prevent bacterial plaque, remove food debris, and are not toxic 
[5]. However, denture cleansers containing sodium hypochlorite in the long term have the potential to be toxic to oral 
tissue because this material can be absorbed into the hydrophilic acrylic resin through microporosity [12]. Denture 
cleaning agents made from natural ingredients, namely plants, have been widely used, one of which is edamame extract 
which contains isoflavones, flavonoids and saponins. These ingredients are by the requirements for denture cleaning, 
namely anti-inflammatory and antibacterial [6]. Denture cleansers made from edamame extract need to be tested for 
toxicity to determine the biocompatibility of the material in the oral cavity, namely on fibroblast cells. 
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2. Material and methods  

The disc-shaped heat-cured acrylic resin was made with a diameter of 3 mm and a thickness of 2 mm. Edamame extract 
as an acrylic resin cleanser was made using the maceration method with 70% ethanol solvent for 3 days [6]. Acrylic 
resin is soaked in sterile distilled water first for 24 hours to reduce residual toxic monomers [1]. Acrylic resin is soaked 
in edamame extract in concentrations of 50%, 75%, 100%, and 0.5% sodium hypochlorite as a heat-cured acrylic resin 
denture cleanser for 4 days. Acrylic resin is soaked for 4 days because it is equivalent to 1 year of use with 15 minutes 
of soaking every day. During this soaking, the acrylic resin is also rinsed or washed with water and replaced with new 
edamame extract and sodium hypochlorite once every day. After that, a toxicity test was carried out using the MTT assay 
method, the acrylic resin was placed on a 96-well microplate containing 2x10⁴ fibroblast cells/well and 100 µL MEM-
Neaa media [9]. Edamame extract and sodium hypochlorite were also placed in 20 µL 96-well microplates and then 
incubated for 24 hours at 37℃ with 5% CO₂ [3]. After that, 10 µL of PBS was washed, then 10 µL of MTT was given, 
incubated at 37℃ for 4 hours, then 100 µL of DMSO was given. The microplate is placed into the ELISA reader with a 
wavelength of 550 nm to read the absorbance value. Then the percentage of cell viability or the cell's ability to survive 
is calculated. A cell viability percentage that shows >70% can be categorized as indicating that the material is not toxic 
to cells [9]. 

 

Figure 1 (A) Acrylic resin is soaked in sterile distilled water (B) acrylic resin was placed on a 96-well microplate 

3. Results 

 

Figure 2 (A) Cell control group (B) Acrylic resin treatment group soaked in 50% edamame extract (C) Acrylic resin 
treatment group soaked in 0.5% sodium hypochlorite (arrows in images A and B indicate the formation of formazan 

crystals because the cells are capable of survive so that it can convert MTT into formazan). 

This research was conducted to test the effectiveness of edamame extract in concentrations of 50%, 75%, 100%, and 
0.5% sodium hypochlorite as a heat-cured acrylic resin denture cleanser which will cause toxic effects or not after 
soaking for 4 days on BHK fibroblast cells. -21. The results of the toxicity test can be seen from the color changes shown. 
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This color change occurs because water-soluble yellow salt (MTT) becomes purple formazan crystals which are 
insoluble in water so cell viability is maintained. The more formazan crystals produced, the higher the cell viability. 

Absorbance readings were carried out using an ELISA reader with a wavelength of 550 nm. Cell viability was calculated 
for each group using the cell viability percentage formula. If the cell viability percentage shows more than 70%, it can 
be said that the material being tested is not toxic. 

Table 1 Results of calculating the percentage of viability of BHK-21 fibroblast cells  

Group Average Absorbance Value ± 
Standard Deviation 

Cell Viability 
Percentage 

KM (Media Control) .053 ± .003 0% 

KS (Cell Control) .582 ± .031 100% 

R+E50 (Acrylic Resin + Edamame Extract 50%) .496 ± .019 83.638% 

R+E75 (Acrylic Resin + Edamame Extract 75%) .417 ± .025 68.722% 

R+E100 (Acrylic Resin + Edamame Extract 100%) .382 ± .025 62.115% 

R+SH (Acrylic Resin + Sodium Hypochlorite) .356 ± .017 57.583% 

R (Acrylic Resin) .454 ± .018 75.708% 

E50 (Edamame Extract 50%) .432 ± .059 71.68% 

E75 (Edamame Extract 75%) .306 ± .029 47.892% 

E100 (Edamame Extract 100%) .213 ± .014 30.208% 

SH (Sodium Hypochlorite) .12 ± .017 12.775% 

Percentage of BHK-21 Fibroblast Cell Viability 

The percentage of cell viability tends to be higher at lower concentrations of edamame extract. Based on the percentage 
of cell viability, a bar diagram of the effect of edamame extract was obtained which shows that there is a tendency for 
cell viability to increase as the concentration decreases. 

 

Figure 2 Bar Chart of Cell Viability Percentage 

The results of the toxicity test that can be seen on the microplate are that there are different colors in each well, namely 
purple and yellow. The yellow MTT solution changes to purple formazan because there are cells that are still alive and 
actively metabolizing, whereas if there are dead cells the MTT solution will remain yellow. After all, the cells are unable 
to convert MTT into formazan. 



World Journal of Advanced Research and Reviews, 2024, 23(01), 2516–2521 
 

2519 

 

Figure 3 Results of Color Changes in BHK-21 Fibroblast Cells 

4. Discussion 

Heat-cured acrylic resin has residual monomers which can be toxic to the oral cavity. This can be prevented by reducing 
the amount of residual monomer of acrylic resin before use in the oral cavity. Reducing the amount of residual monomer 
of acrylic resin is done by soaking the acrylic resin in water. Soaking acrylic resin in water can help release residual 
monomers that diffuse into the water. The recommended soaking time for acrylic resin is 24 hours [1]. The acrylic resin 
used in this research was also tested for toxicity after being soaked in water for 24 hours and not treated with edamame 
extract and sodium hypochlorite. The results shown in table 1 show that acrylic resin is non-toxic, namely with a cell 
viability percentage of 75.708% so if there are toxic groups then the toxicity does not come from the acrylic resin. 

Acrylic resin is soaked in edamame extract which acts as a denture cleanser. This soaking causes the edamame extract 
to seep through the microporosity of the acrylic resin. Heat-cured acrylic resin which consists of polymethyl 
methacrylate will form ester groups so that the acrylic resin has hydrophilic properties. The ester of polymethyl 
methacrylate will react with the phenol from edamame which is in contact with the acrylic resin. This causes the 
polymer chain bonds of the acrylic resin to be disrupted and weakens the physical properties of the material so that 
these compounds can enter the surface of the acrylic resin [2]. 

Based on table 1, shows that there are significant differences in the average cell viability values in several groups. The 
average cell viability value is used to find out how many cells are still alive. Cells that are still alive can be seen from the 
change from yellow tetrazolium salt to purple formazan. The tetrazolium salt will be reduced by the dehydrogenase 
enzyme in the mitochondria of actively metabolizing cells to become formazan. The more intense the purple color 
produced, the higher the number of living cells [8]. 

The acrylic resin group that had been soaked in 50% concentration of edamame extract showed a cell viability 
percentage above 70%, namely 83.638% so that 50% concentration of edamame extract was effective for use as a 
denture cleanser because it is not toxic to the oral cavity. Edamame extract in 50% concentration as a denture cleanser 
does not cause toxic effects because it contains isoflavone and flavonoid activity as antioxidants which function to 
capture free radicals that have the potential to cause damage to cells so that fibroblast cells remain alive [3]. Flavonoids 
can also activate Ca²⁺ in mitochondria so that cells can produce ATP and survive [13]. The phytosterols and vitamins in 
edamame also function as antioxidants which can donate electrons to free radicals, thereby preventing oxidative 
processes in cells and reducing cell damage [7]. 

The acrylic resin group that had been soaked in 75% and 100% concentrations of edamame extract as a denture 
cleanser was proven to be toxic because the percentage of cell viability was less than 70% with cell viability of 68.722% 
and 62.115% respectively. Flavonoids in edamame extract at high concentrations will act as prooxidants which can 
trigger the formation of free radicals and reactive oxygen species (ROS) resulting in toxic effects on cells [3]. Flavonoids, 
which are polyphenolic compounds, have acidic hydroxyl groups. Flavonoid concentrations that are too high will cause 
the environment to become increasingly acidic, which can interfere with the ability of antioxidants to neutralize free 
radicals [4]. Another ingredient contained in edamame extract is saponin which has amphipathic molecules (having 
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hydrophilic and hydrophobic parts) that can disrupt the permeability of cell membranes, causing fibroblast cells to lyse 
or rupture and die [17]. 

The acrylic resin group that has been soaked in 0.5% sodium hypochlorite is not effective for use as a denture cleanser 
and is toxic because it has a cell viability percentage of 57.583%, which means it is below the toxicity limit value of 70%. 
Sodium hypochlorite is toxic because it has a high pH of 12-13 and is caustic, causing functional disorders in cells. 
Sodium hypochlorite contains hypochlorous acid which, when in contact with tissue, releases chlorine. Chlorine will 
interfere with cell metabolism by inhibiting the work of enzymes and damaging DNA synthesis so that cells become 
lysed or die [10]. 

5. Conclusion  

A 50% concentration of edamame extract is effective as a heat-cured acrylic resin denture cleanser without causing 
toxic effects on BHK-21 fibroblast cells within 1 year of use. Edamame extract concentrations of 75%, 100%, and 0.5% 
sodium hypochlorite are not effective as heat-cured acrylic resin denture cleansers because they cause toxic effects on 
BHK-21 fibroblast cells within 1 year of use.  

Compliance with ethical standards  

Acknowledgements 

The author would like to thank the Faculty of Dentistry, University of Jember, Indonesia for facilitating the research. 

Disclosure of Conflict of interest  

The authors declare no conflict of interest. 

Statement of ethical approval 

The animal study protocol was approved by the Ethics Committee of Faculty of Dentistry, University of Jember, 
No.2446/UN25.8/KEPK/DL/2024. 

References  

[1] Diansari, V., Fitriyani, S., & Haridhi, F. M. Study of residual monomer release from heat-cured acrylic resin after 
immersion in distilled water. Cakradonya dent J. 2016; 8(1), 1–76. 

[2] Diansari, V., Rahmayani, L., & Asraf, N. The effect of immersion duration of heat-cured acrylic resin in 50% basil 
leaf infusion (Ocimum basilicum Linn.) on dimensional changes. Cakradonya dent J. 2017; 9(1), 9–15. 

[3] Fitriani, F., Subiwahjudi, A., Soetojo, A., & Yuanita, T. Cytotoxicity of cocoa (Theobroma cacao) husk extract against 
bhk-21 fibroblast cell culture. Conservative dentistry journal. 2019; 9(1), 54–65. 

[4] Hohakay, J. J., Pontoh, J., & Yudistira, A. The effect of drying methods on flavonoid levels in sesewanua leaves 
(Clerodendron squamatum Vahl.). Pharmacon. 2019; 8(3), 748–757. 

[5] Ibrahim, I., Luthfia, P., & Aryani, W. J. The effect of denture cleansing solution (H2O2) on the water solubility of 
self-cured acrylic resin. Padjadjaran journal of dentistry. 2018; 30(3), 162–168. 

[6] Kristiana, D., Hidayati, L., & Humam, R. N. The effectiveness of edamame (Glycine max (L.) Merrill) extract as 
acrylic resin denture cleanser on the number of candida albicans. Odonto dental journal. 2022; 9(1), 88–94. 

[7] Maya, I., & Sriwidodo. Potential of sacha inchi seed oil (Plukenetia Volubilis) as an anti-aging agent in cosmetic 
formulas. Farmasetika journal. 2022; 7(5), 407–423. 

[8] Meilena, T., Fabiansyah, J. C., Djulaeha, E., & Hidayati, H. E. Toxicity test on taro leaf extract (Colocasia esculenta 
L. Schoot) as mouthwash to bhk-21 fibroblast cell culture in denture users. Indonesian journal of dental medicine. 
2018; 1(1), 35–39.  

[9] Murdiyanto, D., Widjijono, & Nuryono. The effect of type and duration of immersion of non-dental glass fiber 
reinforced composite on the cytotoxicity of fibroblast cells. B-Dent journal. 2015; 2(1), 36–43. 



World Journal of Advanced Research and Reviews, 2024, 23(01), 2516–2521 
 

2521 

[10] Nisa, R., Erlita, I., & Budiarti, L. Y. Inhibitory activity of ethanol extract of starfruit leaves and sodium hypochlorite 
against Enterococcus faecalis (in vitro). Dentino dentistry journal. 2017; 2(2), 200–204. 

[11] Nugroho, D. A., Yusifar, T. C., & Rochmah, I. N. Nanosisal reinforced acrylic resin reduces the adhesion of 
Streptococcus mutans bacteria and Candida albicans fungus. Insisiva dental journal. 2021; 10(2), 38–44. 

[12] Procópio, A. L. F., da Silva, R. A., Maciel, J. G., Sugio, C. Y. C., Soares, S., Urban, V. M., & Neppelenbroek, K. H. 
Antimicrobial and cytotoxic effects of denture base acrylic resin impregnated with cleaning agents after long-
term immersion. Toxicology in vitro. 2018; 52(8), 8–13.  

[13] Ramadamayati, A., Nahzi, M. Y. I., & Wardhana, A. S. Effect of karamunting leaf extract (Melastoma 
malabathricum) on the proliferation of baby hamster kidney-21 (bhk-21) fibroblast cells. Dentino dentistry 
journal. 2022; 7(1), 44–49. 

[14] Ratnasari, D., Isnaeni, R. S., & Fadilah, R. P. N. Hygiene of removable dentures in the 45-65 year age group. 
Padjadjaran journal of dental researchers and students. 2019; 3(2), 87–91.  

[15] Sari, K. I., Dewi, W., Jasrin, T. A., & Sumarsongko T. Denture hygiene in the elderly: a review of methods and 
materials. JMKG. 2018; 7(1), 1–11. 

[16] Soetono, L. R., Sumarsongko, T., Damayanti, L., & Laksono, B. Effect of immersion in self-cured acrylic substrate 
on fibroblast cell viability. Padjadjaran dentistry journal. 2020; 32(1), 78–83.  

[17] Vitria, R. D. N., Yuanita, T., & Pribadi, N. Viability test of flavonoid extract of mangosteen rind (Garcinia 
mangostana L.) on bhk-21 fibroblast cells. Conservative dentistry journal. 2015; 5(2), 26–31. 


