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    ABSTRACT

    Background: Heat-cured acrylic resin remains the most widely used material for fabricating removable denture bases due to its ease of manipulation, light weight, and good esthetic properties. However, this material is prone to changes in its mechanical properties due to fluid absorption, including from natural substances such as grapes (Vitis vinifera L.), which contain bioactive compounds such as anthocyanins, flavonoids, and organic acids. Purpose: To determine the difference in surface hardness of heat-cured acrylic resin before and after immersion in various grape extracts (green grape, red grape, and black grape). Methods: This study was a laboratory experimental study using a pre-test post-test control group design. Heat-cured acrylic resin specimens shaped as squares measuring 10×10×2 mm, in accordance with ISO 20795-1 standards, were used. A total of 36 samples were divided into 4 groups based on immersion duration (1, 3, 5, and 7 days). Surface hardness was measured using a Vickers Hardness Tester before and after immersion, then analyzed using the Shapiro-Wilk test and paired t-test. Results: There was a decrease in hardness values across all groups, from 20.51 VHN (pre-test) to 17.12 VHN (green grape), 16.92 VHN (red grape), and 17.08 VHN (black grape) after 7 days of immersion. The paired t-test showed a p-value <0.001 in all three treatment groups. Conclusion: There is a difference in the hardness of heat-cured acrylic resin before and after immersion in various grape extracts, influenced by acidity (pH), surface degradation, fluid absorption, bioactive compounds, and immersion duration
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INTRODUCTION


            Heat-cured acrylic resin
remains, to this day, the most widely used material for fabricating removable
denture bases in many countries because it is easy to manipulate, lightweight,
has a color resembling gingival tissue, and provides good esthetic results for
patients. Nevertheless, many studies have shown that this material has a major
weakness in its ability to absorb water and chemical fluids from the oral
cavity as well as from denture cleansers, which can ultimately lead to changes
in its physical and mechanical properties such as hardness, roughness, and
dimensional stability.


           Grapes (Vitis vinifera L.)
are one of the natural ingredients currently receiving research focus in
dentistry, owing to their diverse content of bioactive compounds such as
flavonoids, polyphenols, tannins, and proanthocyanidins, which are known to
have antioxidant, antibacterial, antifungal, and anti-inflammatory activity. In
Indonesia, the common grape varieties are green grape, red grape, and black
grape, which differ in anthocyanin content and acidity level, potentially
producing different effects on the surface hardness of acrylic resin.


Based
on the description above, this study aims to determine the difference in
hardness of heat-cured acrylic resin before and after immersion in various
grape extracts, in order to assess how much the variation of grape type may
affect the physical characteristics of denture base material, particularly its
surface hardness.


 


THEORITICAL
REVIEW


Acrylic
resin is a thermoplastic polymer material consisting of polymethyl methacrylate
(PMMA), formed through addition polymerization of methyl methacrylate (MMA)
monomer. Heat-cured acrylic resin undergoes polymerization through heating, resulting
in a more optimal monomer-to-polymer conversion with less residual monomer
compared to cold-cure resin. Physically, PMMA is hygroscopic and can absorb
fluid from its environment through a diffusion mechanism, which may affect its
dimensional stability, hardness, and surface roughness.


Grapes
(Vitis vinifera) consist of three main parts: the outer skin (exocarp), the
flesh (mesocarp), and the seeds (endocarp). Grape skin contains pigments and
bioactive compounds such as anthocyanins, flavonoids, tannins, and resveratrol,
the levels of which differ among varieties. Black grapes have the highest
anthocyanin and total phenolic content, followed by red grapes, while green
grapes have the lowest anthocyanin content but a relatively higher acidity
level. The surface hardness of heat-cured acrylic resin is generally measured
using the Vickers microhardness test, expressed in Vickers Hardness Number
(VHN).


 


 


 


 


 


 


 


METHODOLOGY 



This study was a laboratory experimental study using a pre-test
post-test control group design, conducted at the IMTKG (Dental Material)
Laboratory, Prof. Dr. Moestopo University (Beragama), and the Physical
Metallurgy Laboratory, Mechanical Engineering Study Program, Tarumanagara
University. The research samples were heat-cured acrylic resin (MR. Cure brand)
shaped as squares measuring 10×10×2 mm, in accordance with ISO 20795-1
standards. A total of 36 specimens were used, divided into 12 working groups (3
grape extract types × 4 immersion durations), each consisting of 3 samples.


Green grape,
red grape, and black grape extracts were each prepared from 200 grams of fruit
blended without the addition of water. Samples were immersed in distilled water
for 24 hours prior to the initial (pre-test) measurement, then immersed in each
grape extract for 1, 3, 5, and 7 days. Surface hardness was measured using a
Vickers Hardness Tester (Mitsui Digital Micrometer Tester) with a load of 50
grams (0.49 Newton) and a dwelling time of 15 seconds, at 3 points per sample,
which were then averaged. The pH value of each extract was measured using a
calibrated pH meter. Data were analyzed using the Shapiro-Wilk normality test
and the paired t-test, with a significance level of p<0.05.


 


Table 1. Mean hardness values before
immersion





 
  	
  Group

  
  	
  Sample 1

  
  	
  Sample 2

  
  	
  Sample 3

  
  	
  Mean (VHN)

  
 

 
  	
  Pre-test

  
  	
  19.09

  
  	
  22.24

  
  	
  20.21

  
  	
  20.51

  
 

 
  	
  After 24-hour distilled water immersion

  
  	
  17.08

  
  	
  19.10

  
  	
  18.70

  
  	
  18.29

  
 







 


Table 2. Hardness values after 1-day
immersion





 
  	
  No

  
  	
  Green Grape (VHN)

  
  	
  Red Grape (VHN)

  
  	
  Black Grape (VHN)

  
 

 
  	
  1

  
  	
  18.89

  
  	
  18.34

  
  	
  18.85

  
 

 
  	
  2

  
  	
  17.79

  
  	
  17.65

  
  	
  17.56

  
 

 
  	
  3

  
  	
  16.79

  
  	
  17.21

  
  	
  17.01

  
 

 
  	
  Mean

  
  	
  17.82

  
  	
  17.73

  
  	
  17.81

  
 







 


Table 3. Hardness values after 3-day
immersion





 
  	
  No

  
  	
  Green Grape (VHN)

  
  	
  Red Grape (VHN)

  
  	
  Black Grape (VHN)

  
 

 
  	
  1

  
  	
  17.98

  
  	
  18.26

  
  	
  17.67

  
 

 
  	
  2

  
  	
  17.74

  
  	
  17.09

  
  	
  16.99

  
 

 
  	
  3

  
  	
  16.98

  
  	
  16.21

  
  	
  16.67

  
 

 
  	
  Mean

  
  	
  17.57

  
  	
  17.19

  
  	
  17.11

  
 







 


 


 


 


 


 


Table 4. Hardness values after 5-day
immersion





 
  	
  No

  
  	
  Green Grape (VHN)

  
  	
  Red Grape (VHN)

  
  	
  Black Grape (VHN)

  
 

 
  	
  1

  
  	
  18.01

  
  	
  17.74

  
  	
  17.87

  
 

 
  	
  2

  
  	
  17.97

  
  	
  16.97

  
  	
  16.99

  
 

 
  	
  3

  
  	
  16.53

  
  	
  16.76

  
  	
  16.43

  
 

 
  	
  Mean

  
  	
  17.50

  
  	
  17.16

  
  	
  17.10

  
 







 


Table 5. Hardness values after 7-day immersion





 
  	
  No

  
  	
  Green Grape (VHN)

  
  	
  Red Grape (VHN)

  
  	
  Black Grape (VHN)

  
 

 
  	
  1

  
  	
  18.23

  
  	
  18.54

  
  	
  18.89

  
 

 
  	
  2

  
  	
  16.34

  
  	
  16.21

  
  	
  16.33

  
 

 
  	
  3

  
  	
  16.78

  
  	
  16.01

  
  	
  16.03

  
 

 
  	
  Mean

  
  	
  17.12

  
  	
  16.92

  
  	
  17.08

  
 







 


Table 6. Comparison of grape extract pH
values





 
  	
  Grape Type

  
  	
  pH before

  
  	
  pH after

  
 

 
  	
  Green Grape

  
  	
  3.61

  
  	
  2.62

  
 

 
  	
  Red Grape

  
  	
  4.05

  
  	
  2.11

  
 

 
  	
  Black Grape

  
  	
  3.79

  
  	
  1.64

  
 







 


The
Shapiro-Wilk test results showed that all data groups had a p-value >0.05,
indicating a normal distribution. The paired t-test results showed a
significant decrease in the surface hardness of heat-cured acrylic resin
(p<0.001) in all three grape extract groups after 1, 3, 5, and 7 days of
immersion, with final mean values of 17.24±0.87 VHN (green grape), 17.50±0.79
VHN (red grape), and 17.27±0.93 VHN (black grape), compared to a pre-test value
of 20.51±0.00 VHN. The pH values of all extracts also decreased after
immersion, with the largest pH decrease occurring in the black grape extract.


 


RESEARCH RESULTS
AND DISCUSSION


The decrease in surface
hardness of heat-cured acrylic resin observed in this study is consistent with
the findings of Febriana (2019), who reported a decrease in the hardness of
nanohybrid composite resin after immersion in low-pH pempek vinegar solution
for 1, 3, 5, and 7 days. This similarity in mechanism confirms that the acidity
(pH) of the immersion solution and the duration of immersion play an important
role in affecting the mechanical properties of resin-based materials.


This finding is also
consistent with the study by Nuuruha et al. (2019), who reported that the
anthocyanin content in black grape extract can interact with the chemical
structure of the acrylic resin polymer. Similar results were reported by Tosun
et al. (2025), who found that low-pH solutions can decrease hardness while
increasing the surface roughness of acrylic resin. In contrast, studies by Aref
(2020) and Srivastava and Yeluri (2021) reported that the proanthocyanidin
content in grapes actually provided a protective effect on the hardness of
dental materials or tooth structure. This difference is presumably due to
differences in the type of substrate, the form of the preparation, and the
method of application of the test material.


Based on the
theory of Philips et al. (2013) and Craig et al. (2025), the decrease in
hardness of heat-cured acrylic resin can be explained through the hydrolysis
mechanism of ester groups in the PMMA chain caused by exposure to hydrogen ions
from low-pH solutions, accompanied by the diffusion of fluid into the polymer
matrix (plasticizing effect). Both mechanisms reduce the compactness of the
polymer structure, making the material more susceptible to deformation and
resulting in a decrease in surface hardness. The longer the immersion time and
the lower the pH of the solution, the greater the decrease in hardness, as seen
in the black grape group, which had the largest pH decrease. Elter and Diker
(2024) showed that the anthocyanin content of a solution can interact with
resin-based materials, including PMMA, thereby triggering changes in the
surface characteristics of the material after immersion. This finding is
consistent with the results of this study, in which the grape extracts used as
the immersion medium are also known to have a fairly high anthocyanin content,
so that anthocyanins are presumed to be one of the causes of the change in
surface hardness of heat-cured acrylic resin. These results are also in line
with the study by Harahap et al. (2024), which reported that immersion of
heat-cured acrylic resin in mint leaf extract containing flavonoids and phenolic
compounds caused a decrease in surface hardness, as well as the study by
Al-Jmmal et al. (2024), which reported that the aging process, caused by
increased water absorption into the polymer matrix, also decreased the surface
hardness of heat-cured acrylic resin. Both studies reinforce the notion that
bioactive compounds from natural materials and fluid absorption play an
important role in the mechanism of hardness decrease observed in this study.                                                  Similar
findings were also reported by Hidayati (2025), who showed an increase in the
surface roughness of heat-cured acrylic resin after immersion in a
flavonoid-containing extract for 11 days; by Khasraw and Abdulkareem (2025),
who reported a decrease in hardness after immersion in various liquid media due
to the diffusion of fluid into the polymer matrix; and by Satapathy et al.
(2025), who found a progressively greater decrease in hardness with increasing
immersion duration in disinfectant solutions. These three studies are
consistent with the results of this study, which show that both the content of
bioactive compounds and the length of immersion time contribute to the decrease
in surface hardness of heat-cured acrylic resin.                                                                    In
line with the studies by Rais et al. (2025) and Supriya et al. (2025), which
stated that acidic phenolic compounds, flavonoids, and tannins can disrupt the
bonding of the acrylic resin polymer matrix by increasing fluid diffusion, this
study is further supported by the theory of Lopes et al. (2025) and Sakaguchi
(2025) regarding the hygroscopic nature of PMMA, which allows fluid to diffuse
into the polymer matrix and produce a plasticizing effect. Differences in the
composition of bioactive compounds among grape varieties, with black grape
having the highest anthocyanin and total phenolic content, are presumed to be
the cause of the variation in the magnitude of surface hardness decrease
observed in this study.


 


 


CONCLUSIONS AND
RECOMMENDATIONS


There is a significant difference in the hardness of
heat-cured acrylic resin before and after immersion in green grape, red grape,
and black grape extracts across all immersion durations (1, 3, 5, and 7 days).
The decrease in surface hardness is influenced by acidity (pH), surface
degradation, fluid absorption, the content of bioactive compounds such as
anthocyanins and flavonoids, and the duration of immersion.
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