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    ABSTRACT

    Background: Heat-cured acrylic resin is the most widely used denture base material, but it is prone to increased surface roughness caused by interaction with the oral environment and acidic substances. Berry fruits such as strawberry (Fragaria × ananassa), blackberry (Rubus fruticosus), and raspberry (Rubus idaeus) contain organic acids, anthocyanins, flavonoids, and vitamin C that may affect the surface structure of acrylic resin. Objective: To determine the effect of immersion in various berry fruit extracts on the surface roughness of heat-cured acrylic resin. Methods: This laboratory experimental study used a pre-test and post-test design with 36 heat-cured acrylic resin specimens (10x10x2 mm) divided into three immersion groups (strawberry, blackberry, and raspberry extract) for 1, 3, 5, and 7 days. Surface roughness was measured with a surface roughness tester before and after immersion and analyzed using the Paired T-Test. Results: Surface roughness increased in all treatment groups as immersion duration increased. The Paired T-Test showed a significant effect in the blackberry and raspberry groups on day 5 (p<0.05), while the strawberry group showed no significant difference across all durations. Conclusion: Immersion in strawberry, blackberry, and raspberry extracts consistently increased the surface roughness of heat-cured acrylic resin, presumably due to organic acids and bioactive compounds contributing to degradation of the polymer matrix
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INTRODUCTION


            Partial or complete tooth
loss may cause impairments in mastication, speech, and aesthetics, aswell as psychological
consequences, thereby requiring prosthetic rehabilitation in the form of
dentures. The most commonly used material for denture bases in dentistry is
heat-cured poly (methyl methacrylate) (PMMA) acrylic resin due to its high
biocompatibility, good chemical stability, favorable aesthetics, and relatively
simple manipulation procedures. 


           Nevertheless, heat-cured
acrylic resin has several limitations, including residual monomer content,
porous structure, hydrophilic properties that promote fluid absorption, and
relatively limited resistance to mechanical abrasion.


           Surface roughness is an
important physical parameter of denture base materials because it is directly
associated with plaque and bacterial accumulation, discoloration, and patient
comfort. The recommended threshold value for surface roughness of dental
materials in the oral cavity is 0.2 μm; values above this threshold may
significantly increase the risk of plaque adhesion and colonization.


           Previous studies have
demonstrated that acidic immersion media, such as carbonated beverages, orange
juice, red wine, yogurt, and vitamin C beverages, may increase the surface
roughness of acrylic resin through water sorption into the poly (methyl
methacrylate) (PMMA) matrix. On the other hand, berry fruits such as
strawberries, blackberries, and raspberries have been reported to exhibit
antibacterial activity against oral pathogens, including Streptococcus mutans,
suggesting their potential use as natural denture cleansers. However, these
fruits are also rich in citric acid, malic acid, and ascorbic acid and
therefore have relatively low pH values, which may contribute to increased
surface roughness of heat-cured acrylic resin.


         To date, no study has
specifically evaluated the effect of berry fruit extracts on the surface
roughness of heat-cured acrylic resin. Therefore, this study was conducted to
determine whether strawberry, blackberry, and raspberry extracts, which may
potentially be used as natural denture cleansing agents, could cause changes in
the surface roughness of heat-cured acrylic resin.


 


THEORITICAL
REVIEW


Heat-cured
acrylic resin is one of the most commonly used materials for removable denture
bases and is generally composed of polymethyl methacrylate (PMMA). This
material offers several advantages, including good aesthetics, ease of
manipulation, and relatively low cost. However, acrylic resin is hygroscopic
and can absorb fluids from the surrounding environment. Fluid absorption may
cause changes in the polymer matrix and affect the physical properties of the
material, including surface roughness.


Surface
roughness refers to microscopic irregularities on the surface of a material and
is commonly measured using the roughness average (Ra) parameter. An increase in
the surface roughness of acrylic resin may promote the retention of plaque and
microorganisms. Immersion media may affect the surface of acrylic resin because
fluid molecules can diffuse into the PMMA matrix. Exposure to acidic media may
cause changes in the polymer structure and the material surface. The longer the
contact between the acrylic resin and the immersion medium, the greater the
possibility of changes in its surface properties.


Strawberry
(Fragaria × ananassa), blackberry (Rubus fruticosus), and raspberry (Rubus
idaeus) contain various bioactive compounds and organic acids, such as citric
acid, malic acid, and ascorbic acid. These components contribute to the acidic
characteristics of berry fruit extracts. 


The
acidic properties and chemical components of berry fruit extracts may interact
with the surface of acrylic resin. This interaction may cause changes in the
PMMA matrix and increase surface irregularities. Therefore, differences in the
type of fruit extract and immersion duration are presumed to influence the
surface roughness of heat-cured acrylic resin.


 


METHODOLOGY


This study demonstrated that all heat-cured acrylic resin groups
immersed in berry fruit extracts exhibited increased surface roughness compared
with the values before immersion. This increase may be explained by the
chemical characteristics of the three berry fruits, which are rich in citric
acid, malic acid, and ascorbic acid, thereby creating a low-pH environment that
may accelerate fluid diffusion into the acrylic resin matrix. Although the pH
values of the extracts differed, the relatively similar composition of organic
acids among the three berry fruits may explain the absence of significant differences
among the types of extracts.


These findings are consistent with previous studies demonstrating
that acidic immersion media can increase the surface roughness of heat-cured
acrylic resin. Such media include cinnamon extract, carbonated beverages, acidic
drinks such as orange juice, red wine, cola, and lemon soda, yogurt, and
vitamin C beverages. The underlying mechanism involves water sorption into the
PMMA structure, which may cause plasticization and weaken the bonds between
polymer chains, resulting in a more irregular resin surface. With prolonged
exposure, this process may occur cumulatively, making changes in surface
roughness more apparent.


In contrast to the findings of the present study, research
involving the immersion of acrylic resin in an effervescent tablet containing
Ajwa date seed extract did not demonstrate statistically significant changes in
surface roughness. These differences may be attributed to variations in the
characteristics of the immersion media, dosage forms, and chemical compositions
of the natural materials used.


Overall, the increase in surface roughness observed in all three
berry extract groups indicates that the organic acids and bioactive compounds
present in berry fruits may play a role in the degradation process of the
polymer matrix of heat-cured acrylic resin. This finding should be considered
clinically if berry fruits or their extracts are intended for use as natural
denture cleansing agents, as increased surface roughness may increase the risk
of plaque accumulation and denture stomatitis.


When compared among the different
types of extract, the order of increase in roughness (raspberry > strawberry
> blackberry) was not entirely consistent with the order of the initial pH
values of each extract, as blackberry actually had the lowest pH yet did not
show the greatest increase in roughness. 


This
indicates that pH is not the sole determinant of surface roughness, but is also
influenced by the specific composition of organic acids, sugar content, extract
viscosity, and anthocyanin pigment content in each berry fruit. Variations in
chemical composition among the fruit species are presumed to affect the rate of
fluid diffusion into the PMMA matrix, resulting in a pattern of roughness
increase that is not entirely linear with the degree of acidity. The increase
in extract pH observed after 7 days of immersion also provides an important
insight into the dynamics of the interaction between the acrylic resin and the
immersion medium. This pH increase may occur due to the release of basic ions
from the resin surface or a buffering process by the extract's components over
time. 


Nevertheless,
the pH values at all measurement points remained within the acidic range, so
that cumulative acidic exposure continued to occur throughout the immersion
period, supporting the consistent increase in surface roughness observed in all
treatment groups. This study has several limitations that should be considered
when interpreting the results. The 100% extract concentration used without
dilution does not fully represent typical clinical use conditions, in which
berry fruits are generally consumed or applied in a more diluted form and with
a much shorter contact duration compared with the continuous immersion design
of 1 to 7 days used in this study. In addition, this study was in vitro with a
relatively limited sample size (three specimens per treatment group), so that
actual oral cavity factors—such as the mechanical cleansing effect of saliva,
salivary buffering capacity, and the intermittent pattern of denture use—were not
accounted for. 


Considering
these limitations, further research should be designed using extract
concentration variations that more closely resemble clinical use conditions,
shorter and intermittent exposure durations, and simulations of the oral cavity
environment such as the addition of artificial saliva or thermal cycling.
Further testing in the form of surface morphology analysis using scanning
electron microscopy could also provide deeper insight into the pattern of PMMA
matrix degradation caused by exposure to organic acids in berry fruits. Studies
on the antibacterial effectiveness of berry fruit extracts at concentrations
that do not damage the resin surface are also important to determine the
optimal balance between cleansing benefits and the risk of increased denture
surface roughness.


 


RESEARCH RESULTS
AND DISCUSSION


The pH
measurements showed that the strawberry extract had an initial pH of 2.91,
blackberry extract had a pH of 2.79, and raspberry extract had a pH of 2.85.
After 7 days of immersion, the pH values increased but remained within the
acidic range, reaching 4.14 for strawberry, 4.07 for blackberry, and 3.52 for
raspberry extracts.


The mean
surface roughness of the heat-cured acrylic resin before immersion was 0.090
μm in all groups. Following immersion, surface roughness values
consistently increased with longer immersion periods in all three extract
groups, as presented in Table 1.



 
  
   	
   Immersion Duration

   
   	
   Blackberry

   
   	
   Raspberry

   
   	
   Strawberry

   
  

 
 
  	
  Baseline (pre-test)

  
  	
  0,090

  
  	
  0,090

  
  	
  0,090

  
 

 
  	
  Day 1

  
  	
  0,255

  
  	
  0,348

  
  	
  0,184

  
 

 
  	
  Day 3

  
  	
  0,378

  
  	
  0,378

  
  	
  0,197

  
 

 
  	
  Day 5

  
  	
  0,507

  
  	
  0,446

  
  	
  0,237

  
 

 
  	
  Day 7

  
  	
  0,533

  
  	
  0,603

  
  	
  0,581

  
 




Table 1. Mean
Surface Roughness of Heat-Cured Acrylic Resin (μm)


 


 


 


 


 


Descriptively, raspberry extract
produced the greatest increase in surface roughness, followed by strawberry and
blackberry extracts. All surface roughness data were normally distributed based
on the Shapiro-Wilk test (p>0.05); therefore, the analysis was continued
using the parametric Paired T-Test.



 
  
   	
   Kelompok Perlakuan

   
   	
   Rerata Sebelum
   (μm)

   
   	
   Rerata
   Sesudah (μm)

   
   	
   Nilai p

   
  

 
 
  	
  Strawberry Day 1

  
  	
  0,090 ± 0,036

  
  	
  0,184 ± 0,162

  
  	
  0,419

  
 

 
  	
  Strawberry Day 3

  
  	
  0,090 ± 0,036

  
  	
  0,197 ± 0,192

  
  	
  0,399

  
 

 
  	
  Strawberry Day 5

  
  	
  0,090 ± 0,036

  
  	
  0,237 ± 0,229

  
  	
  0,436

  
 

 
  	
  Strawberry Day 7

  
  	
  0,090 ± 0,036

  
  	
  0,581 ± 0,602

  
  	
  0,287

  
 

 
  	
  Blackberry Day1

  
  	
  0,090 ± 0,036

  
  	
  0,255 ± 0,307

  
  	
  0,431

  
 

 
  	
  Blackberry Day 3

  
  	
  0,090 ± 0,036

  
  	
  0,378 ± 0,234

  
  	
  0,179

  
 

 
  	
  Blackberry Day 5

  
  	
  0,090 ± 0,036

  
  	
  0,507 ± 0,091

  
  	
  0,007*

  
 

 
  	
  Blackberry Day 7

  
  	
  0,090 ± 0,036

  
  	
  0,533 ± 0,549

  
  	
  0,292

  
 

 
  	
  Raspberry Day 1

  
  	
  0,090 ± 0,036

  
  	
  0,348 ± 0,502

  
  	
  0,494

  
 

 
  	
  Raspberry Day 3

  
  	
  0,090 ± 0,036

  
  	
  0,378 ± 0,261

  
  	
  0,228

  
 

 
  	
  Raspberry Day 5

  
  	
  0,090 ± 0,036

  
  	
  0,446 ± 0,008

  
  	
  0,004*

  
 

 
  	
  Raspberry Day 7

  
  	
  0,090 ± 0,036

  
  	
  0,623 ± 0,669

  
  	
  0,297

  
 




Table 2. Paired T-Test
Results for the Surface Roughness of Heat-Cured Acrylic Resin


*Statistically
significant at p<0.05.


The Paired
T-Test results demonstrated significant differences in surface roughness before
and after immersion in the blackberry group on day 5 (p=0.007) and the
raspberry group on day 5 (p=0.004). No, statistically significant differences
were found in the strawberry group or at other immersion durations (p>0.05),
although the surface roughness values showed an increasing trend descriptively.


DISSCUSSION                                                                                                                        



This study demonstrated that all
heat-cured acrylic resin groups immersed in berry fruit extracts exhibited
increased surface roughness compared with the values before immersion. This
increase may be explained by the chemical characteristics of the three berry
fruits, which are rich in citric acid, malic acid, and ascorbic acid, thereby
creating a low-pH environment that may accelerate fluid diffusion into the
acrylic resin matrix. Although the pH values of the extracts differed, the
relatively similar composition of organic acids among the three berry fruits
may explain the absence of significant differences among the types of extracts.  These findings are
consistent with previous studies demonstrating that acidic immersion media can
increase the surface roughness of heat-cured acrylic resin. Such media include
cinnamon extract, carbonated beverages, acidic drinks such as orange juice, red
wine, cola, and lemon soda, yogurt, and vitamin C beverages. 


The underlying mechanism involves water sorption into the
PMMA structure, which may cause plasticization and weaken the bonds between
polymer chains, resulting in a more irregular resin surface. With prolonged
exposure, this process may occur cumulatively, making changes in surface
roughness more apparent. In contrast to the findings of the present study, research
involving the immersion of acrylic resin in an effervescent tablet containing
Ajwa date seed extract did not demonstrate statistically significant changes in
surface roughness. These differences may be attributed to variations in the
characteristics of the immersion media, dosage forms, and chemical compositions
of the natural materials used. 


Overall, the increase in surface roughness observed in all
three berry extract groups indicates that the organic acids and bioactive
compounds present in berry fruits may play a role in the degradation process of
the polymer matrix of heat-cured acrylic resin. This finding should be
considered clinically if berry fruits or their extracts are intended for use as
natural denture cleansing agents, as increased surface roughness may increase
the risk of plaque accumulation and denture stomatitis.  When comparing the
different types of extracts, the order of increase in surface roughness
(raspberry > strawberry > blackberry) was not entirely consistent with
the order of the initial pH values of the extracts. Blackberry had the lowest
pH but did not produce the greatest increase in surface roughness. 


This finding indicates that pH is not the sole determinant
of surface roughness; rather, the extent of surface alteration may also be
influenced by the specific composition of organic acids, sugar content, extract
viscosity, and anthocyanin pigments in each berry fruit. Variations in the
chemical composition among different berry species may affect the rate of
liquid diffusion into the PMMA matrix, resulting in a pattern of surface
roughness increase that is not entirely linear with the degree of acidity.


The increase in extract pH observed after 7 days of
immersion also provides important information regarding the dynamic interaction
between the acrylic resin and the immersion medium. The increase in pH may have
occurred due to the release of basic ions from the resin surface or buffering
processes involving the components of the extracts over time. Nevertheless, the
pH values at all measurement points remained within the acidic range.
Therefore, cumulative acid exposure continued throughout the immersion period
and may have contributed to the consistent increase in surface roughness across
all treatment groups.


This study has several limitations that should be
considered when interpreting the findings. The extract concentration used was
100% without dilution, which does not fully represent typical clinical
conditions, in which berry fruits are generally consumed or used in more
diluted forms and with substantially shorter contact times than the continuous
immersion period of 1 to 7 days employed in this study. In addition, this study
was conducted in vitro with a relatively limited sample size (three specimens
per treatment group), and therefore did not account for actual oral
environmental factors, such as the mechanical cleansing effects of saliva,
salivary buffering capacity, or the intermittent pattern of denture use.


Considering these limitations, future studies should
investigate a range of extract concentrations that more closely resemble
clinical conditions, shorter and intermittent exposure durations, and simulated
oral environments, such as the use of artificial saliva or thermocycling.
Further evaluation of surface morphology using scanning electron microscopy may
also provide a more comprehensive understanding of the degradation patterns of
the PMMA matrix resulting from exposure to organic acids in berry fruits.
Investigating the antibacterial efficacy of berry fruit extracts at
concentrations that do not adversely affect the resin surface is also important
to determine the optimal balance between cleansing benefits and the risk of
increased denture surface roughness.


 


CONCLUSIONS AND
RECOMMENDATIONS


Immersion of heat-cured acrylic resin in strawberry,
blackberry, and raspberry extracts consistently increased surface roughness
after 1, 3, 5, and 7 days of immersion, with statistically significant
increases observed in the blackberry and raspberry groups on day 5 (p<0.05).
Raspberry extract produced the greatest increase in surface roughness, followed
by strawberry and blackberry extracts. The increase in surface roughness may be
attributed to the low pH and organic acid content of berry fruits, which may
induce water sorption and degradation of the PMMA structure. Further research
is needed to investigate other types and concentrations of berry fruit
extracts, as well as the clinical implications of their use as natural denture
cleansing agents.
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