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Abstract: Polystyrene (PS) is one of the most abundance microplastics in freshwater that 
can lead to its accumulation in fish. This study aims to determine the effect of PS 
microplastic abundance in the rearing water on muscle tissue, diameter and area of 
myofibers in Mutiara catfish. A total of 120 fishes were exposed to PS microplastics in the 
rearing water for 28 days at concentrations of 0 mg/L, 1 mg/L, 10 mg/L, and 100 mg/L. 
Muscle samples from the right abdominal were collected and prepared using paraffin 
method with hematoxylin-eosin staining. Microplastics in muscle tissue was extracted 
with KOH 10%. Microplastics were observed using stereo microscope. Myofibers 
diameter was measured using Image-Raster. The data were analyzed using the Kruskal 
Wallis test. The results showed a significant difference between treatments (P<0.05) in all 
parameters. The lowest abundance of microplastics in the muscle found in control, while 
the highest was in T3. The smallest myofiber diameter and area was in T2, with the largest 
in control. Exposure of PS microplastics affects the abundance of microplastics in muscle, 
reduce myofiber diameter and area. This research emphasizes the need for further 
investigation into the broader effects of microplastics on aquatic organisms and human 
health.  
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Introduction  
 

Microplastics are found in various sizes, shapes 
and concentrations in aquatic ecosystems (Smith et al., 
2018). The primary sources of microplastics include 
plastic materials such as plastic bags, beverage bottles, 
beauty products, and cleaning agents (Nainggolan et al., 
2022). The wide range of polymer types in microplastics, 
from high-density to low-density plastics, allows them 

to be carried by water currents, leading to their presence 
in both water and sediment. Numerous studies have 
reported the detection of microplastics in freshwater 
ecosystems, particularly in river areas. Research has 
identified microplastics in the Serang River, Yogyakarta, 
with abundances ranging from 1488 particles kg-1 to 
384.58 particles kg-.1 (Ismiyati et al., 2023). Microplastics 
in water pose significant negative impacts on the 
environment and aquatic organisms (Utami et al., 2021). 
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The presence of microplastics in rivers can lead to 
their accumulation in aquaculture waters. When 
aquaculture water is contaminated with microplastics, it 
can degrade the water quality and adversely affect fish 
farming operations (Vieira Dantas Filho et al., 2023). 
Research indicates that the Pelayaran River in Sidoarjo, 
which supplies water for tilapia (Oreochromis niloticus) 
farming, is contaminated with microplastics, leading to 
the pollution of the farmed tilapia (Al-Fatih, 2022). 

Polystyrene is one type of microplastic polymer 
frequently detected in aquatic environments (Victoria, 
2017). It mainly originates from food packaging, craft 
materials and decorative items (Melyna, 2021). Research 
on the Mahakam River found that polystyrene 
accounted for 6.45% of the total plastic waste, with 
microplastics comprising 12.5% of the total abundance 
(Kurniawan et al., 2023). Polystyrene plastics degrade 
into microplastics through processes such as ultraviolet 
radiation exposure and weathering, which break the 
material into microparticles (Hwang et al., 2020). 

Microplastics can be ingested by fish through 
their gills, digestive tract and muscles (Sawalman et al., 
2021). Microplastics present in water can enter fish 
muscles via the bloodstream (Akhbarizadeh et al., 2018). 
When microplastics enter the digestive tract, they can be 
transported through the blood vessels and eventually 
accumulate in muscle tissue (Guanting et al., 2021). 
Previous research has shown that exposure to 
microplastics at a concentration of 100 mg/L in tilapia 
(Oreochromis niloticus) can cause muscle damage 
(Hamed et al., 2021). One of the commonly cultivated 
and consumed fish species is Mutiara catfish (Clarias 
gariepinus Burchell, 1822) (Iswanto et al., 2016). 
Therefore, the purpose of this study was to determine 
the effect of polystyrene microplastic exposure in the 
rearing water on muscle morphology of Mutiara catfish. 
This study holds significant implications for 
environmental health, aquaculture productivity and 
food safety. 
 

 

Method  
 
Research Time and Location 

This research was conducted from January to 
November 2024. Maintenance and treatment took place 
in Dengok Kulon, Bugisan, Prambanan, Klaten, while 
data preparation, collection, and analysis were carried 
out at the Laboratory of Animal Structure and 
Physiology, Universitas Ahmad Dahlan. 
 
 
 
 

Experimental Design 
 The study was an experimental design 

consisting of four treatments: a control group with 0 
mg/L of polystyrene microplastic, T1 with 1 mg/L, T2 
with 10 mg/L, and T3 with 100 mg/L of polystyrene 
microplastic. A completely randomized design (CRD) 
was employed, with the treatments administered over 
28 days using a total of 120 Mutiara catfishes. Research 
parameter included the abundance of microplastics in 
muscle tissue, the diameter of myofibers and the 
myofiber area.  
 
Microplastics Exposure 

 Microplastic preparation was carried out by 
pulverizing polystyrene plastic with a blender, followed 
by filtering through a 35-mesh sieve. The microplastics 
were weighed according to the treatment 
concentrations. Mutira catfish were acclimatized for ten 
days by being given food at 08.00 and 16.00 WIB, 
equivalent to 3% of their body weight (Tang et al., 2024). 
Microplastic exposure was conducted during water 
changes every two days for 28 days, based on the 
designated exposure concentrations. 
 
Muscle Tissue Preparation 

At the end of the treatment, the fish were fasted 
for 24 hours before being weighed and their organs 
harvested on day 29. Muscle tissues were weighed and 
fixed in a 10% formalin solution (Zulfadhli et al., 2016). 
The preparation process included dehydration with 
graded alcohol (70% to absolute), de-alcoholization with 
toluol solution infiltration, embedding in paraffin, 
sectioning with a microtome, fixation using Mayer's 
albumin, and staining with hematoxylin-eosin. The 
prepared tissue slides were examined under a light 
microscope at 40x and 100x magnification, with 
observations made in five fields of view per slide. 
Documentation was carried out using a Beta View 
camera system. Muscle parameters, including myofiber 
diameter and area, were measured using Image Raster. 
 
Microplastic Extraction 

Microplastic abundance analysis was carried out 
starting with muscle organs placed in 30 mL flask bottles 
containing a 10% potassium hydroxide (KOH) solution. 
The samples were left at room temperature for three 
days to allow digestion. After three days, the contents of 
the flask bottles were poured into empty bottles 
equipped with a funnel and filter paper. The filter paper 
was left to dry completely before distilled water was 
added to dissolve any microplastics adhering to the 
filter. The resulting solution was examined under a 
stereo microscope at 4x magnification, and the 
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microplastic abundance was quantified (Nurul 
Suwartiningsih, 2023).   
 
Data Analysis 

The raw data were initially processed using 
Microsoft Excel, followed by statistical analysis with 
IBM SPSS version 20. Differences between treatments 
were considered significant at P < 0.05 for all measured 
parameters and were evaluated using a one-way 
analysis of variance (ANOVA). When significant 
differences were detected, further analysis was 
conducted using Duncan’s Multiple Range Test 
(DMRT). 
 

 

Result and Discussion 
 

Microplastic Abundance 
The results showed that the abundance of 

microplastics in the muscles of Mutiara catfish was 
lowest in the control group (0.00 ± 0.00 particles/g) and 
highest in the T3 (2.63 ± 2.72 particles/g). Statistical 
analysis indicated that T3 was significantly different 
from the control and other treatment groups (P < 0.05). 
Regression analysis demonstrated that exposure to 
polystyrene microplastics in rearing water for 28 days 
significantly affected the abundance of microplastics in 
the muscles of Mutiara catfish (P < 0.05). This suggests a 
positive correlation, where higher concentrations of 
microplastics in the rearing water led to greater 
microplastic accumulation in the fish muscles, as shown 
in Table 1. 
 
Table 1. Polystyrene microplastic abundance in Mutiara 
catfish muscle 

Treatment Microplastic abundance (particles/g) 

Control 0,00 ± 0,00a 

T1 0,85 ± 1,48ab 

T2 0,74 ± 1,28ab 

T3 2,63 ± 2,72b 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The research showed that microplastic exposure 
starting from 1 mg/L in the rearing media, the 
abundance of microplastics in the Mutiara catfish 
muscle was also high. Previous research found that 
exposure to nanoplastic polystyrene (NPPs) at a 
concentration of 1 mg/L for three days in zebrafish 
(Danio rerio) resulted in NPPs accumulation of 49 ± 17 
mg/g of muscle tissue (Chen et al., 2017). The high 
abundance of microplastics in fish organs is influenced 
by the increasing concentration of microplastic particles 

in the water, allowing microplastics to enter the fish 
through food ingestion (Roch et al., 2020). 

The detection of microplastics in the muscles of 
Mutiara catfish in this study indicates bioaccumulation, 
or the accumulation of contaminant particles in the body 
(Miller et al., 2020). When microplastics enter the 
gastrointestinal tract, larger particles may settle or be 
excreted in feces. However, as microplastics break down 
into smaller particles, they can travel through the 
bloodstream and accumulate in muscle tissue. Particles 
around 5 µm in size can infiltrate the gills, intestines, and 
liver, while microplastics approximately 20 µm in size 
can penetrate the gills and intestines (Guanting et al., 
2021). Particles smaller than 100 µm are capable of 
reaching muscle tissue (Barboza et al., 2020). 
 
Diameter and Area of Mutiara Catfish Myofiber 

The results showed that the diameter of myofiber 
in Mutiara catfish muscle was lowest in T2 (83.58 ± 25.01 
µm) and highest in control (122.11 ± 40.06 µm). The area 
of myofiber in Mutiara catfish muscle was lowest in T2 
(5.96 ± 3.77x103 µm2) and highest in control (12.94 ± 8.65 
x103 µm2) (Table 2). Statistical analysis revealed that both 
myofiber diameter and area were significantly different 
between control and the other treatment groups (P < 
0.05). However, there were no significant differences in 
myofiber diameter and area among the P1, P2, and P3 
groups. Regression analysis indicated that polystyrene 
microplastic exposure in the rearing water for 28 days 
significantly affected both the myofiber diameter and 
area in Mutiara catfish (P < 0.05). 
 
Table 2. Diameter and area of Mutiara catfish myofiber 

Treatment Diameter of 
myofiber (µm) 

Area of myofiber 
(x103µm2) 

Control 122,11 ± 40,06b 12,49 ± 8,65b 

T1 87,80 ± 26,81a 6,60 ± 4,87a 

T2 83,58 ± 25,01a 5,96 ± 3,77a 

T3 86,32 ± 18,21a 6,10 ± 2,52a 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The results in Table 2 indicate that Mutiara catfish 
exposed to polystyrene microplastics for 28 days 
experienced a reduction in both myofiber diameter and 
area. The regulation of myofiber diameter is influenced 
by several factors including myogenesis, muscle atrophy 
and apoptosis (L. Zhang et al., 2023). Previous research 
demonstrated that exposure to polystyrene 
microplastics (PS-MPs) at a concentration of 1000 µg/L 
for 7 days in goldfish larvae (Carassius auratus) caused 
damage to mesenchymal muscle cells and led to muscle 
fiber atrophy (Yang et al., 2020). The changes in myofiber 
diameter can be observed in Figure 1. 
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Changes in muscle tissue can occur due to the 
introduction of contaminants in the muscle (Di Giacinto 
et al., 2023). Styrene is a benzene-derived compound that 
has high toxicity (Majid et al., 2018). Previous research 
revealed that exposure to contaminants at 
concentrations of 44 µg/kg and 234 µg/kg in Yellow 
catfish (Pelteobagrus fulvidraco) over eight weeks led to a 
reduction in muscle myofiber diameter (Z. Y. Zhang et 
al., 2021). Another study showed that exposure of 
fonofos contaminants at a concentration of 2 mg/L for 
96 hours caused a decrease in myofiber diameter in 
Zebrafish (Danio rerio) (Arman & Üçüncü, 2021).  

This study found a decrease in both myofiber 
diameter and myofiber area, thus disrupting the growth 
of muscle myofiber. Myofiber growth that is not optimal 
will have an impact on the elasticity and compactness of 
the meat (Z. Y. Zhang et al., 2021). Moreover, muscle 
injuries may serve as an indicator of exposure to 
environmental contaminants (Ciamarro et al., 2015). 
Among such contaminants, microplastics pose a 
significant toxic risk to all organisms (Stapleton & Hai, 
2023). 

 
 

 
 
 

 
 

 

 
Conclusion  

 

Exposure of PS microplastics in rearing water for 
28 days affects the abundance of microplastics in muscle, 
reduce myofiber diameter and area of Mutiara catfish. 
This research emphasizes the need for further 
investigation into the broader effects of microplastics on 
aquatic organisms and human health.  
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Figure 1. Diameter and area of Mutiara catfish myofiber after 28 days exposure to polysterene 
microplastics. A: control (0 mg/L); B: T1 (1 mg/L); C: T2 (10 mg/L); D: T3(100 mg/L). Blue arrows indicate 
normal myofiber diameter and red arrows indicate decreased myofiber diameter (hematoxylin-eosin 
staining; scale bar 100 μm) 
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Abstract: Polystyrene (PS) is one of the most abundance microplastics in freshwater that 
can lead to its accumulation in fish. This study aims to determine the effect of PS 
microplastic abundance in the rearing water on muscle tissue, diameter and area of 
myofibers in Mutiara catfish. A total of 120 fishes were exposed to PS microplastics in the 
rearing water for 28 days at concentrations of 0 mg/L, 1 mg/L, 10 mg/L, and 100 mg/L. 
Muscle samples from the right abdominal were collected and prepared using paraffin 
method with hematoxylin-eosin staining. Microplastics in muscle tissue was extracted 
with KOH 10%. Microplastics were observed using stereo microscope. Myofibers 
diameter was measured using Image-Raster. The data were analyzed using the Kruskal 
Wallis test. The results showed a significant difference between treatments (P<0.05) in all 
parameters. The lowest abundance of microplastics in the muscle found in control, while 
the highest was in T3. The smallest myofiber diameter and area was in T2, with the largest 
in control. Exposure of PS microplastics affects the abundance of microplastics in muscle, 
reduce myofiber diameter and area. This research emphasizes the need for further 
investigation into the broader effects of microplastics on aquatic organisms and human 
health.  
 
 
Keywords: Microplastics; Myofiber; Polystyrene; Rearing water 

 
 

  

Introduction  
 

Microplastics are found in various sizes, shapes 
and concentrations in aquatic ecosystems (Smith et al., 
2018). The primary sources of microplastics include 
plastic materials such as plastic bags, beverage bottles, 
beauty products, and cleaning agents (Nainggolan et al., 
2022). The wide range of polymer types in microplastics, 
from high-density to low-density plastics, allows them 

to be carried by water currents, leading to their presence 
in both water and sediment. Numerous studies have 
reported the detection of microplastics in freshwater 
ecosystems, particularly in river areas. Research has 
identified microplastics in the Serang River, Yogyakarta, 
with abundances ranging from 1488 particles kg-1 to 
384.58 particles kg-.1 (Ismiyati et al., 2023). Microplastics 
in water pose significant negative impacts on the 
environment and aquatic organisms (Utami et al., 2021). 
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The presence of microplastics in rivers can lead to 
their accumulation in aquaculture waters. When 
aquaculture water is contaminated with microplastics, it 
can degrade the water quality and adversely affect fish 
farming operations (Vieira Dantas Filho et al., 2023). 
Research indicates that the Pelayaran River in Sidoarjo, 
which supplies water for tilapia (Oreochromis niloticus) 
farming, is contaminated with microplastics, leading to 
the pollution of the farmed tilapia (Al-Fatih, 2022). 

Polystyrene is one type of microplastic polymer 
frequently detected in aquatic environments (Victoria, 
2017). It mainly originates from food packaging, craft 
materials and decorative items (Melyna, 2021). Research 
on the Mahakam River found that polystyrene 
accounted for 6.45% of the total plastic waste, with 
microplastics comprising 12.5% of the total abundance 
(Kurniawan et al., 2023). Polystyrene plastics degrade 
into microplastics through processes such as ultraviolet 
radiation exposure and weathering, which break the 
material into microparticles (Hwang et al., 2020). 

Microplastics can be ingested by fish through 
their gills, digestive tract and muscles (Sawalman et al., 
2021). Microplastics present in water can enter fish 
muscles via the bloodstream (Akhbarizadeh et al., 2018). 
When microplastics enter the digestive tract, they can be 
transported through the blood vessels and eventually 
accumulate in muscle tissue (Guanting et al., 2021). 
Previous research has shown that exposure to 
microplastics at a concentration of 100 mg/L in tilapia 
(Oreochromis niloticus) can cause muscle damage 
(Hamed et al., 2021). One of the commonly cultivated 
and consumed fish species is Mutiara catfish (Clarias 
gariepinus Burchell, 1822) (Iswanto et al., 2016). 
Therefore, the purpose of this study was to determine 
the effect of polystyrene microplastic exposure in the 
rearing water on muscle morphology of Mutiara catfish. 
This study holds significant implications for 
environmental health, aquaculture productivity and 
food safety. 
 

 

Method  
 
Research Time and Location 

This research was conducted from January to 
November 2024. Maintenance and treatment took place 
in Dengok Kulon, Bugisan, Prambanan, Klaten, while 
data preparation, collection, and analysis were carried 
out at the Laboratory of Animal Structure and 
Physiology, Universitas Ahmad Dahlan. 
 
 
 
 

Experimental Design 
 The study was an experimental design 

consisting of four treatments: a control group with 0 
mg/L of polystyrene microplastic, T1 with 1 mg/L, T2 
with 10 mg/L, and T3 with 100 mg/L of polystyrene 
microplastic. A completely randomized design (CRD) 
was employed, with the treatments administered over 
28 days using a total of 120 Mutiara catfishes. Research 
parameter included the abundance of microplastics in 
muscle tissue, the diameter of myofibers and the 
myofiber area.  
 
Microplastics Exposure 

 Microplastic preparation was carried out by 
pulverizing polystyrene plastic with a blender, followed 
by filtering through a 35-mesh sieve. The microplastics 
were weighed according to the treatment 
concentrations. Mutira catfish were acclimatized for ten 
days by being given food at 08.00 and 16.00 WIB, 
equivalent to 3% of their body weight (Tang et al., 2024). 
Microplastic exposure was conducted during water 
changes every two days for 28 days, based on the 
designated exposure concentrations. 
 
Muscle Tissue Preparation 

At the end of the treatment, the fish were fasted 
for 24 hours before being weighed and their organs 
harvested on day 29. Muscle tissues were weighed and 
fixed in a 10% formalin solution (Zulfadhli et al., 2016). 
The preparation process included dehydration with 
graded alcohol (70% to absolute), de-alcoholization with 
toluol solution infiltration, embedding in paraffin, 
sectioning with a microtome, fixation using Mayer's 
albumin, and staining with hematoxylin-eosin. The 
prepared tissue slides were examined under a light 
microscope at 40x and 100x magnification, with 
observations made in five fields of view per slide. 
Documentation was carried out using a Beta View 
camera system. Muscle parameters, including myofiber 
diameter and area, were measured using Image Raster. 
 
Microplastic Extraction 

Microplastic abundance analysis was carried out 
starting with muscle organs placed in 30 mL flask bottles 
containing a 10% potassium hydroxide (KOH) solution. 
The samples were left at room temperature for three 
days to allow digestion. After three days, the contents of 
the flask bottles were poured into empty bottles 
equipped with a funnel and filter paper. The filter paper 
was left to dry completely before distilled water was 
added to dissolve any microplastics adhering to the 
filter. The resulting solution was examined under a 
stereo microscope at 4x magnification, and the 
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microplastic abundance was quantified (Nurul 
Suwartiningsih, 2023).   
 
Data Analysis 

The raw data were initially processed using 
Microsoft Excel, followed by statistical analysis with 
IBM SPSS version 20. Differences between treatments 
were considered significant at P < 0.05 for all measured 
parameters and were evaluated using a one-way 
analysis of variance (ANOVA). When significant 
differences were detected, further analysis was 
conducted using Duncan’s Multiple Range Test 
(DMRT). 
 

 

Result and Discussion 
 

Microplastic Abundance 
The results showed that the abundance of 

microplastics in the muscles of Mutiara catfish was 
lowest in the control group (0.00 ± 0.00 particles/g) and 
highest in the T3 (2.63 ± 2.72 particles/g). Statistical 
analysis indicated that T3 was significantly different 
from the control and other treatment groups (P < 0.05). 
Regression analysis demonstrated that exposure to 
polystyrene microplastics in rearing water for 28 days 
significantly affected the abundance of microplastics in 
the muscles of Mutiara catfish (P < 0.05). This suggests a 
positive correlation, where higher concentrations of 
microplastics in the rearing water led to greater 
microplastic accumulation in the fish muscles, as shown 
in Table 1. 
 
Table 1. Polystyrene microplastic abundance in Mutiara 
catfish muscle 

Treatment Microplastic abundance (particles/g) 

Control 0,00 ± 0,00a 

T1 0,85 ± 1,48ab 

T2 0,74 ± 1,28ab 

T3 2,63 ± 2,72b 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The research showed that microplastic exposure 
starting from 1 mg/L in the rearing media, the 
abundance of microplastics in the Mutiara catfish 
muscle was also high. Previous research found that 
exposure to nanoplastic polystyrene (NPPs) at a 
concentration of 1 mg/L for three days in zebrafish 
(Danio rerio) resulted in NPPs accumulation of 49 ± 17 
mg/g of muscle tissue (Chen et al., 2017). The high 
abundance of microplastics in fish organs is influenced 
by the increasing concentration of microplastic particles 

in the water, allowing microplastics to enter the fish 
through food ingestion (Roch et al., 2020). 

The detection of microplastics in the muscles of 
Mutiara catfish in this study indicates bioaccumulation, 
or the accumulation of contaminant particles in the body 
(Miller et al., 2020). When microplastics enter the 
gastrointestinal tract, larger particles may settle or be 
excreted in feces. However, as microplastics break down 
into smaller particles, they can travel through the 
bloodstream and accumulate in muscle tissue. Particles 
around 5 µm in size can infiltrate the gills, intestines, and 
liver, while microplastics approximately 20 µm in size 
can penetrate the gills and intestines (Guanting et al., 
2021). Particles smaller than 100 µm are capable of 
reaching muscle tissue (Barboza et al., 2020). 
 
Diameter and Area of Mutiara Catfish Myofiber 

The results showed that the diameter of myofiber 
in Mutiara catfish muscle was lowest in T2 (83.58 ± 25.01 
µm) and highest in control (122.11 ± 40.06 µm). The area 
of myofiber in Mutiara catfish muscle was lowest in T2 
(5.96 ± 3.77x103 µm2) and highest in control (12.94 ± 8.65 
x103 µm2) (Table 2). Statistical analysis revealed that both 
myofiber diameter and area were significantly different 
between control and the other treatment groups (P < 
0.05). However, there were no significant differences in 
myofiber diameter and area among the P1, P2, and P3 
groups. Regression analysis indicated that polystyrene 
microplastic exposure in the rearing water for 28 days 
significantly affected both the myofiber diameter and 
area in Mutiara catfish (P < 0.05). 
 
Table 2. Diameter and area of Mutiara catfish myofiber 

Treatment Diameter of 
myofiber (µm) 

Area of myofiber 
(x103µm2) 

Control 122,11 ± 40,06b 12,49 ± 8,65b 

T1 87,80 ± 26,81a 6,60 ± 4,87a 

T2 83,58 ± 25,01a 5,96 ± 3,77a 

T3 86,32 ± 18,21a 6,10 ± 2,52a 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The results in Table 2 indicate that Mutiara catfish 
exposed to polystyrene microplastics for 28 days 
experienced a reduction in both myofiber diameter and 
area. The regulation of myofiber diameter is influenced 
by several factors including myogenesis, muscle atrophy 
and apoptosis (L. Zhang et al., 2023). Previous research 
demonstrated that exposure to polystyrene 
microplastics (PS-MPs) at a concentration of 1000 µg/L 
for 7 days in goldfish larvae (Carassius auratus) caused 
damage to mesenchymal muscle cells and led to muscle 
fiber atrophy (Yang et al., 2020). The changes in myofiber 
diameter can be observed in Figure 1. 
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Changes in muscle tissue can occur due to the 
introduction of contaminants in the muscle (Di Giacinto 
et al., 2023). Styrene is a benzene-derived compound that 
has high toxicity (Majid et al., 2018). Previous research 
revealed that exposure to contaminants at 
concentrations of 44 µg/kg and 234 µg/kg in Yellow 
catfish (Pelteobagrus fulvidraco) over eight weeks led to a 
reduction in muscle myofiber diameter (Z. Y. Zhang et 
al., 2021). Another study showed that exposure of 
fonofos contaminants at a concentration of 2 mg/L for 
96 hours caused a decrease in myofiber diameter in 
Zebrafish (Danio rerio) (Arman & Üçüncü, 2021).  

This study found a decrease in both myofiber 
diameter and myofiber area, thus disrupting the growth 
of muscle myofiber. Myofiber growth that is not optimal 
will have an impact on the elasticity and compactness of 
the meat (Z. Y. Zhang et al., 2021). Moreover, muscle 
injuries may serve as an indicator of exposure to 
environmental contaminants (Ciamarro et al., 2015). 
Among such contaminants, microplastics pose a 
significant toxic risk to all organisms (Stapleton & Hai, 
2023). 

 
 

 
 
 

 
 

 

 
Conclusion  

 

Exposure of PS microplastics in rearing water for 
28 days affects the abundance of microplastics in muscle, 
reduce myofiber diameter and area of Mutiara catfish. 
This research emphasizes the need for further 
investigation into the broader effects of microplastics on 
aquatic organisms and human health.  
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Abstract: Polystyrene (PS) is one of the most abundant microplastics in freshwater and 
can accumulate in fish tissues. This study investigated the effect of PS microplastic 
exposure in rearing water on the abundance of microplastics in muscle, and the diameter 
and area of myofibers in Mutiara catfish (Clarias gariepinus). A total of 120 fish were 
exposed to PS microplastics at concentrations of 0, 1, 10, and 100 mg/L for 28 days. 
Muscle samples from the right abdomen were processed using the paraffin method and 
stained with hematoxylin-eosin. Microplastics were extracted using 10% KOH and 
observed under a stereo microscope. Myofiber diameter and area were measured with 
Image Raster software. Data were analyzed using the Kruskal-Wallis test. Results 
showed significant differences among treatments (P<0.05) for all parameters. The control 
group had the lowest microplastic abundance and the largest myofiber size, while the 
highest accumulation occurred at 100 mg/L, and the smallest myofiber diameter and 
area were found at 10 mg/L. Exposure to PS microplastics leads to accumulation in 
muscle tissue and a reduction in myofiber dimensions. These findings highlight the 
potential adverse impacts of microplastics on fish health and underline the importance 
of further studies regarding ecological and human health implications.  
 
 
Keywords: Microplastic exposure; Muscle tissue; Myofiber area; Myofiber diameter; 

Polystyrene toxicity  

 
 

  

Introduction  
 

Microplastics are increasingly recognized as 
emerging pollutants in aquatic ecosystems, appearing in 
various polymers, shapes, and concentrations (Smith et 
al., 2018). These particles originate primarily from 
consumer products such as plastic bags, beverage 
bottles, personal care items, and cleaning agents 

(Nainggolan et al., 2022). Due to their diverse polymer 
composition, ranging from high to low density plastics, 
microplastics are easily transported by water currents 
and accumulate in both water columns and sediments 
(Owowenu et al., 2023). Numerous studies have 
reported the detection of microplastics in freshwater 
ecosystems, particularly in river areas (Dhea et al., 2023; 
Lofty et al., 2023). Research has identified microplastics 
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in the Pekalongan River estuary, with abundances 
ranging from 45.2 to 99.1 particles L⁻¹ in surface water, 
dominated by fragment and film morphologies (Ismanto 
et al., 2023).  Microplastics pose ecological risks by 
negatively impacting aquatic organisms and degrading 
environmental quality (Li et al., 2023; Yuranda et al., 
2024). 

Rivers contaminated with microplastics may 
transfer these particles into aquaculture systems 
(Santikanuri et al., 2025), thereby affecting farmed fish. 
Microplastic contamination in aquaculture 
environments can deteriorate water quality, 
compromise fish health, and ultimately reduce 
aquaculture productivity (Filho et al., 2023). Research 
findings indicate that tilapia (Oreochromis niloticus) 
reared in the Pelayaran River, Sidoarjo, contain 
microplastic residues, attributed to pollution in the 
surrounding aquatic environment (Al-Fatih, 2022). 

Among the various types of microplastics, 
polystyrene is commonly detected in aquatic habitats 
(Jones et al., 2020) originating from food and beverage 
packaging as well as the automotive industry (Nurhadi 
et al., 2017). Research on the Mahakam River found that 
polystyrene accounted for 6.45% of the total plastic 
waste, with microplastics comprising 12.5% of the total 
abundance (Kurniawan et al., 2023). Environmental 
exposure, especially ultraviolet radiation and 
weathering, accelerates the breakdown of polystyrene 
into microplastic fragments (Hwang et al., 2020). 

Microplastics can be ingested by fish through 
their gills, digestive tract and muscles (Sawalman et al., 
2021). Microplastics present in water can enter fish 
muscles via the bloodstream (Akhbarizadeh et al., 2018). 
When microplastics enter the digestive tract, they can be 
transported through the blood vessels and eventually 
accumulate in muscle tissue (Liu et al., 2022). Previous 
research has shown that exposure to microplastics at a 
concentration of 100 mg/L in tilapia (Oreochromis 
niloticus) can cause muscle damage (Hamed et al., 2021). 
One of the commonly cultivated and consumed fish 
species is Mutiara catfish (Clarias gariepinus Burchell, 
1822) (Iswanto et al., 2016). Despite growing concern 
over microplastic contamination, the histopathological 
effects of polystyrene microplastics on muscle 
morphology in Mutiara catfish remain understudied. 
Most research has focused on gastrointestinal tissues, 
with limited attention to muscle damage in economically 
important aquaculture species under controlled 
exposure 

The novelty of this research lies in evaluating the 
sub-lethal and tissue-specific effects of polystyrene 
microplastic exposure on Mutiara catfish muscle 
morphology. This study provides critical insight into 
how microplastics may compromise fish meat quality, a 

concern for both environmental health and food safety. 
Therefore, this research is important to understand 
potential histological damage caused by microplastic 
contamination in aquaculture systems. The findings 
may inform sustainable fish farming practices, guide 
risk assessments of microplastic exposure in aquatic 
food chains, and support the development of 
environmental policies to mitigate plastic pollution 
impacts on food-producing aquatic ecosystems. 
 

 

Method  
 
Research Time and Location 

This research was conducted from January to 
November 2024. Maintenance and treatment took place 
in Dengok Kulon, Bugisan, Prambanan, Klaten, while 
data preparation, collection, and analysis were carried 
out at the Laboratory of Animal Structure and 
Physiology, Universitas Ahmad Dahlan. 
 
 
 
 
Experimental Design 

 This study employed an experimental approach 
using a completely randomized design (CRD) with four 
treatment groups: a control group (0 mg/L polystyrene 
microplastic), T1 (1 mg/L), T2 (10 mg/L), and T3 (100 
mg/L). Each treatment was replicated six times using 
separate rearing tanks, with five Mutiara catfish (Clarias 
gariepinus) allocated per tank, resulting in a total of 120 
fish. The exposure period lasted for 28 days. The 
parameters observed in this study included the 
abundance of microplastics in muscle tissue, the 
diameter of myofibers, and the area of myofibers.  
 
Microplastics Exposure 

 Microplastic preparation was carried out by 
pulverizing polystyrene plastic with a blender, followed 
by filtering through a 35-mesh sieve. The microplastics 
were weighed according to the treatment 
concentrations. Mutira catfish were acclimatized for ten 
days by being given food at 08.00 and 16.00 WIB, 
equivalent to 3% of their body weight (Tang et al., 2024). 
Microplastic exposure was conducted during water 
changes every two days for 28 days, based on the 
designated exposure concentrations. 
 
Muscle Tissue Preparation 

At the end of the treatment, the fish were fasted 
for 24 hours before being weighed and their organs 
harvested on day 29. Muscle tissues were weighed and 
fixed in a 10% formalin solution (Zulfadhli et al., 2016). 
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The preparation process included dehydration with 
graded alcohol (70% to absolute), de-alcoholization with 
toluol solution infiltration, embedding in paraffin, 
sectioning with a microtome, fixation using Mayer's 
albumin, and staining with hematoxylin-eosin. The 
prepared tissue slides were examined under a light 
microscope at 40x and 100x magnification, with 
observations made in five fields of view per slide. 
Documentation was carried out using a Beta View 
camera system. Muscle parameters, including myofiber 
diameter and area, were measured using Image Raster. 
 
Microplastic Extraction 

Microplastic abundance analysis was carried out 
starting with muscle organs placed in 30 mL flask bottles 
containing a 10% potassium hydroxide (KOH) solution. 
The samples were left at room temperature for three 
days to allow digestion. After three days, the contents of 
the flask bottles were poured into empty bottles 
equipped with a funnel and filter paper. The filter paper 
was left to dry completely before distilled water was 
added to dissolve any microplastics adhering to the 
filter. The resulting solution was examined under a 
stereo microscope at 4x magnification, and the 
microplastic abundance was quantified (Nurul 
Suwartiningsih, 2023).   
 
Data Analysis 

The raw data were initially processed using 
Microsoft Excel, followed by statistical analysis with 
IBM SPSS version 20. Differences between treatments 
were considered significant at P < 0.05 for all measured 
parameters and were evaluated using a one-way 
analysis of variance (ANOVA). When significant 
differences were detected, further analysis was 
conducted using Duncan’s Multiple Range Test 
(DMRT). 
 

 

Result and Discussion 
 

Microplastic Abundance 
The results showed that the abundance of 

microplastics in the muscles of Mutiara catfish was 
lowest in the control group (0.00 ± 0.00 particles/g) and 
highest in the T3 (2.63 ± 2.72 particles/g). Statistical 
analysis indicated that T3 was significantly different 
from the control and other treatment groups (P < 0.05). 
Regression analysis demonstrated that exposure to 
polystyrene microplastics in rearing water for 28 days 
significantly affected the abundance of microplastics in 
the muscles of Mutiara catfish (P < 0.05). This suggests a 
positive correlation, where higher concentrations of 

microplastics in the rearing water led to greater 
microplastic accumulation in the fish muscles, as shown 
in Table 1. 
 
Table 1. Polystyrene microplastic abundance in Mutiara 
catfish muscle 

Treatment Microplastic abundance (particles/g) 

Control 0,00 ± 0,00a 

T1 0,85 ± 1,48ab 

T2 0,74 ± 1,28ab 

T3 2,63 ± 2,72b 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The research showed that microplastic exposure 
starting from 1 mg/L in the rearing media, the 
abundance of microplastics in the Mutiara catfish 
muscle was also high. Previous research found that 
exposure to nanoplastic polystyrene (NPPs) at a 
concentration of 1 mg/L for three days in zebrafish 
(Danio rerio) resulted in NPPs accumulation of 49 ± 17 
mg/g of muscle tissue (Chen et al., 2017). The high 
abundance of microplastics in fish organs is influenced 
by the increasing concentration of microplastic particles 
in the water (Popi et al., 2025; Rofiq & Sari, 2022; Wahid 
& Joesidawati, 2024), and vice verca (Fitriyani et al., 
2025) allowing microplastics to enter the fish through 
food ingestion (Roch et al., 2020; Yona et al., 2022). 

The detection of microplastics in the muscles of 
Mutiara catfish in this study indicates bioaccumulation, 
or the accumulation of contaminant particles in the body 
(Miller et al., 2020; Utomo & Muzaki, 2022). When 
microplastics enter the gastrointestinal tract, larger 
particles may settle or be excreted (Purnama et al., 2021) 
in feces. However, as microplastics break down into 
smaller particles, they can travel through the 
bloodstream (Nurwahyunani et al., 2022) and 
accumulate in muscle tissue (Yona et al., 2021). Particles 
around 5 µm in size can infiltrate the gills, intestines, and 
liver, while microplastics approximately 20 µm in size 
can penetrate the gills and intestines (Guanting et al., 
2021). Particles smaller than 100 µm are capable of 
reaching muscle tissue (Barboza et al., 2020). 
 
Diameter and Area of Mutiara Catfish Myofiber 

The results showed that the diameter of myofiber 
in Mutiara catfish muscle was lowest in T2 (83.58 ± 25.01 
µm) and highest in control (122.11 ± 40.06 µm). The area 
of myofiber in Mutiara catfish muscle was lowest in T2 
(5.96 ± 3.77x103 µm2) and highest in control (12.94 ± 8.65 
x103 µm2) (Table 2). Statistical analysis revealed that both 
myofiber diameter and area were significantly different 
between control and the other treatment groups (P < 
0.05). However, there were no significant differences in 
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myofiber diameter and area among the P1, P2, and P3 
groups. Regression analysis indicated that polystyrene 
microplastic exposure in the rearing water for 28 days 
significantly affected both the myofiber diameter and 
area in Mutiara catfish (P < 0.05). 
 
Table 2. Diameter and area of Mutiara catfish myofiber 

Treatment Diameter of 
myofiber (µm) 

Area of myofiber 
(x103µm2) 

Control 122,11 ± 40,06b 12,49 ± 8,65b 

T1 87,80 ± 26,81a 6,60 ± 4,87a 

T2 83,58 ± 25,01a 5,96 ± 3,77a 

T3 86,32 ± 18,21a 6,10 ± 2,52a 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The results in Table 2 indicate that Mutiara catfish 
exposed to polystyrene microplastics for 28 days 
experienced a reduction in both myofiber diameter and 
area. The regulation of myofiber diameter is influenced 
by several factors including myogenesis, muscle atrophy 
and apoptosis (L. Zhang et al., 2023). Previous research 
demonstrated that exposure to polystyrene 
microplastics (PS-MPs) at a concentration of 1000 µg/L 
for 7 days in goldfish larvae (Carassius auratus) caused 
damage to mesenchymal muscle cells and led to muscle 
fiber atrophy (Yang et al., 2020). The changes in myofiber 
diameter can be observed in Figure 1. 

Changes in muscle tissue can occur due to the 
introduction of contaminants in the muscle (Di Giacinto 
et al., 2023; Setyono et al., 2024). Styrene is a benzene-

derived compound that has high toxicity (Aldi, 2024; 
Majid et al., 2018). Previous research revealed that 
exposure to contaminants at concentrations of 44 µg/kg 
and 234 µg/kg in Yellow catfish (Pelteobagrus fulvidraco) 
over eight weeks led to a reduction in muscle myofiber 
diameter (Z. Y. Zhang et al., 2021). Another study 
showed that exposure of fonofos contaminants at a 
concentration of 2 mg/L for 96 hours caused a decrease 
in myofiber diameter in Zebrafish (Danio rerio) (Arman 
& Üçüncü, 2021).  

This study found a decrease in both myofiber 
diameter and myofiber area, thus disrupting the growth 
of muscle myofiber (Moenek & Toelle, 2021). Myofiber 
growth that is not optimal will have an impact on the 
elasticity and compactness of the meat (Suwiti et al., 
2015; Z. Y. Zhang et al., 2021). Moreover, muscle injuries 
may serve as an indicator of exposure to environmental 
contaminants (Ciamarro et al., 2015). Among such 
contaminants, microplastics pose a significant toxic risk 
to all organisms (Aulia et al., 2023; Stapleton & Hai, 
2023). 

 
Conclusion  

 

This study demonstrated that exposure to 
polystyrene (PS) microplastics in rearing water for 28 
days significantly increased microplastic accumulation 
in muscle tissue and reduced both myofiber diameter 
and area in Mutiara catfish (Clarias gariepinus). These 
histological alterations indicate muscle atrophy, 

  

  

Figure 1. Diameter and area of Mutiara catfish myofiber after 28 days exposure to polysterene microplastics. A: 
control (0 mg/L); B: T1 (1 mg/L); C: T2 (10 mg/L); D: T3(100 mg/L). Blue arrows indicate normal myofiber diameter 

and red arrows indicate decreased myofiber diameter (hematoxylin-eosin staining; scale bar 100 μm) 
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suggesting that microplastic contamination can 
compromise fish health and meat quality. The findings 
emphasize the potential ecological risks of microplastics 
and their implications for food safety, particularly in 
aquaculture systems. This highlights the urgent need for 
improved environmental monitoring and regulatory 
policies to reduce microplastic pollution and safeguard 
both aquatic ecosystems and public health.  
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Abstract: Polystyrene (PS) is one of the most abundant microplastics in freshwater and 
can accumulate in fish tissues. This study investigated the effect of PS microplastic 
exposure in rearing water on the abundance of microplastics in muscle, and the diameter 
and area of myofibers in Mutiara catfish (Clarias gariepinus). A total of 120 fish were 
exposed to PS microplastics at concentrations of 0, 1, 10, and 100 mg/L for 28 days. 
Muscle samples from the right abdomen were processed using the paraffin method and 
stained with hematoxylin-eosin. Microplastics were extracted using 10% KOH and 
observed under a stereo microscope. Myofiber diameter and area were measured with 
Image Raster software. Data were analyzed using the Kruskal-Wallis test. Results 
showed significant differences among treatments (P<0.05) for all parameters. The control 
group had the lowest microplastic abundance and the largest myofiber size, while the 
highest accumulation occurred at 100 mg/L, and the smallest myofiber diameter and 
area were found at 10 mg/L. Exposure to PS microplastics leads to accumulation in 
muscle tissue and a reduction in myofiber dimensions. These findings highlight the 
potential adverse impacts of microplastics on fish health and underline the importance 
of further studies regarding ecological and human health implications.  
 
 
Keywords: Microplastic exposure; Muscle tissue; Myofiber area; Myofiber diameter; 

Polystyrene toxicity  

 
 

  

Introduction  
 

Microplastics are increasingly recognized as 
emerging pollutants in aquatic ecosystems, appearing in 
various polymers, shapes, and concentrations (Smith et 
al., 2018). These particles originate primarily from 
consumer products such as plastic bags, beverage 
bottles, personal care items, and cleaning agents 

(Nainggolan et al., 2022). Due to their diverse polymer 
composition, ranging from high to low density plastics, 
microplastics are easily transported by water currents 
and accumulate in both water columns and sediments 
(Owowenu et al., 2023). Numerous studies have 
reported the detection of microplastics in freshwater 
ecosystems, particularly in river areas (Dhea et al., 2023; 
Lofty et al., 2023). Research has identified microplastics 

https://doi.org/10.29303/jjppipa.v1i1.264
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in the Pekalongan River estuary, with abundances 
ranging from 45.2 to 99.1 particles L⁻¹ in surface water, 
dominated by fragment and film morphologies (Ismanto 
et al., 2023).  Microplastics pose ecological risks by 
negatively impacting aquatic organisms and degrading 
environmental quality (Li et al., 2023; Yuranda et al., 
2024). 

Rivers contaminated with microplastics may 
transfer these particles into aquaculture systems 
(Santikanuri et al., 2025), thereby affecting farmed fish. 
Microplastic contamination in aquaculture 
environments can deteriorate water quality, 
compromise fish health, and ultimately reduce 
aquaculture productivity (Filho et al., 2023). Research 
findings indicate that tilapia (Oreochromis niloticus) 
reared in the Pelayaran River, Sidoarjo, contain 
microplastic residues, attributed to pollution in the 
surrounding aquatic environment (Al-Fatih, 2022). 

Among the various types of microplastics, 
polystyrene is commonly detected in aquatic habitats 
(Jones et al., 2020) originating from food and beverage 
packaging as well as the automotive industry (Nurhadi 
et al., 2017). Research on the Mahakam River found that 
polystyrene accounted for 6.45% of the total plastic 
waste, with microplastics comprising 12.5% of the total 
abundance (Kurniawan et al., 2023). Environmental 
exposure, especially ultraviolet radiation and 
weathering, accelerates the breakdown of polystyrene 
into microplastic fragments (Hwang et al., 2020). 

Microplastics can be ingested by fish through 
their gills, digestive tract and muscles (Sawalman et al., 
2021). Microplastics present in water can enter fish 
muscles via the bloodstream (Akhbarizadeh et al., 2018). 
When microplastics enter the digestive tract, they can be 
transported through the blood vessels and eventually 
accumulate in muscle tissue (Liu et al., 2022). Previous 
research has shown that exposure to microplastics at a 
concentration of 100 mg/L in tilapia (Oreochromis 
niloticus) can cause muscle damage (Hamed et al., 2021). 
One of the commonly cultivated and consumed fish 
species is Mutiara catfish (Clarias gariepinus Burchell, 
1822) (Iswanto et al., 2016). Despite growing concern 
over microplastic contamination, the histopathological 
effects of polystyrene microplastics on muscle 
morphology in Mutiara catfish remain understudied. 
Most research has focused on gastrointestinal tissues, 
with limited attention to muscle damage in economically 
important aquaculture species under controlled 
exposure 

The novelty of this research lies in evaluating the 
sub-lethal and tissue-specific effects of polystyrene 
microplastic exposure on Mutiara catfish muscle 
morphology. This study provides critical insight into 
how microplastics may compromise fish meat quality, a 

concern for both environmental health and food safety. 
Therefore, this research is important to understand 
potential histological damage caused by microplastic 
contamination in aquaculture systems. The findings 
may inform sustainable fish farming practices, guide 
risk assessments of microplastic exposure in aquatic 
food chains, and support the development of 
environmental policies to mitigate plastic pollution 
impacts on food-producing aquatic ecosystems. 
 

 

Method  
 
Research Time and Location 

This research was conducted from January to 
November 2024. Maintenance and treatment took place 
in Dengok Kulon, Bugisan, Prambanan, Klaten, while 
data preparation, collection, and analysis were carried 
out at the Laboratory of Animal Structure and 
Physiology, Universitas Ahmad Dahlan. 
 
 
 
 
Experimental Design 

 This study employed an experimental approach 
using a completely randomized design (CRD) with four 
treatment groups: a control group (0 mg/L polystyrene 
microplastic), T1 (1 mg/L), T2 (10 mg/L), and T3 (100 
mg/L). Each treatment was replicated six times using 
separate rearing tanks, with five Mutiara catfish (Clarias 
gariepinus) allocated per tank, resulting in a total of 120 
fish. The exposure period lasted for 28 days. The 
parameters observed in this study included the 
abundance of microplastics in muscle tissue, the 
diameter of myofibers, and the area of myofibers.  
 
Microplastics Exposure 

 Microplastic preparation was carried out by 
pulverizing polystyrene plastic with a blender, followed 
by filtering through a 35-mesh sieve. The microplastics 
were weighed according to the treatment 
concentrations. Mutira catfish were acclimatized for ten 
days by being given food at 08.00 and 16.00 WIB, 
equivalent to 3% of their body weight (Tang et al., 2024). 
Microplastic exposure was conducted during water 
changes every two days for 28 days, based on the 
designated exposure concentrations. 
 
Muscle Tissue Preparation 

At the end of the treatment, the fish were fasted 
for 24 hours before being weighed and their organs 
harvested on day 29. Muscle tissues were weighed and 
fixed in a 10% formalin solution (Zulfadhli et al., 2016). 
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The preparation process included dehydration with 
graded alcohol (70% to absolute), de-alcoholization with 
toluol solution infiltration, embedding in paraffin, 
sectioning with a microtome, fixation using Mayer's 
albumin, and staining with hematoxylin-eosin. The 
prepared tissue slides were examined under a light 
microscope at 40x and 100x magnification, with 
observations made in five fields of view per slide. 
Documentation was carried out using a Beta View 
camera system. Muscle parameters, including myofiber 
diameter and area, were measured using Image Raster. 
 
Microplastic Extraction 

Microplastic abundance analysis was carried out 
starting with muscle organs placed in 30 mL flask bottles 
containing a 10% potassium hydroxide (KOH) solution. 
The samples were left at room temperature for three 
days to allow digestion. After three days, the contents of 
the flask bottles were poured into empty bottles 
equipped with a funnel and filter paper. The filter paper 
was left to dry completely before distilled water was 
added to dissolve any microplastics adhering to the 
filter. The resulting solution was examined under a 
stereo microscope at 4x magnification, and the 
microplastic abundance was quantified (Suwartiningsih 
& Nafi'a, 2023).   
 
Data Analysis 

The raw data were initially processed using 
Microsoft Excel, followed by statistical analysis with 
IBM SPSS version 20. Differences between treatments 
were considered significant at P < 0.05 for all measured 
parameters and were evaluated using a one-way 
analysis of variance (ANOVA). When significant 
differences were detected, further analysis was 
conducted using Duncan’s Multiple Range Test 
(DMRT). 
 

 

Result and Discussion 
 

Microplastic Abundance 
The results showed that the abundance of 

microplastics in the muscles of Mutiara catfish was 
lowest in the control group (0.00 ± 0.00 particles/g) and 
highest in the T3 (2.63 ± 2.72 particles/g). Statistical 
analysis indicated that T3 was significantly different 
from the control and other treatment groups (P < 0.05). 
Regression analysis demonstrated that exposure to 
polystyrene microplastics in rearing water for 28 days 
significantly affected the abundance of microplastics in 
the muscles of Mutiara catfish (P < 0.05). This suggests a 
positive correlation, where higher concentrations of 

microplastics in the rearing water led to greater 
microplastic accumulation in the fish muscles, as shown 
in Table 1. 
 
Table 1. Polystyrene microplastic abundance in Mutiara 
catfish muscle 

Treatment Microplastic abundance (particles/g) 

Control 0,00 ± 0,00a 

T1 0,85 ± 1,48ab 

T2 0,74 ± 1,28ab 

T3 2,63 ± 2,72b 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The research showed that microplastic exposure 
starting from 1 mg/L in the rearing media, the 
abundance of microplastics in the Mutiara catfish 
muscle was also high. Previous research found that 
exposure to nano plastic polystyrene (NPPs) at a 
concentration of 1 mg/L for three days in zebrafish 
(Danio rerio) resulted in NPPs accumulation of 49 ± 17 
mg/g of muscle tissue (Chen et al., 2017). The high 
abundance of microplastics in fish organs is influenced 
by the increasing concentration of microplastic particles 
in the water (Popi et al., 2025; Rofiq & Sari, 2022; Wahid 
& Joesidawati, 2024), and vice versa (Fitriyani et al., 
2025) allowing microplastics to enter the fish through 
food ingestion (Roch et al., 2020; Yona et al., 2022). 

The detection of microplastics in the muscles of 
Mutiara catfish in this study indicates bioaccumulation, 
or the accumulation of contaminant particles in the body 
(Miller et al., 2020; Utomo & Muzaki, 2022). When 
microplastics enter the gastrointestinal tract, larger 
particles may settle or be excreted (Purnama et al., 2021) 
in feces. However, as microplastics break down into 
smaller particles, they can travel through the 
bloodstream (Nurwahyunani et al., 2022) and 
accumulate in muscle tissue (Yona et al., 2021). Particles 
around 5 µm in size can infiltrate the gills, intestines, and 
liver, while microplastics approximately 20 µm in size 
can penetrate the gills and intestines (Guanting et al., 
2021). Particles smaller than 100 µm are capable of 
reaching muscle tissue (Barboza et al., 2020). 
 
Diameter and Area of Mutiara Catfish Myofiber 

The results showed that the diameter of myofiber 
in Mutiara catfish muscle was lowest in T2 (83.58 ± 25.01 
µm) and highest in control (122.11 ± 40.06 µm). The area 
of myofiber in Mutiara catfish muscle was lowest in T2 
(5.96 ± 3.77x103 µm2) and highest in control (12.94 ± 8.65 
x103 µm2) (Table 2). Statistical analysis revealed that both 
myofiber diameter and area were significantly different 
between control and the other treatment groups (P < 
0.05). However, there were no significant differences in 
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myofiber diameter and area among the P1, P2, and P3 
groups. Regression analysis indicated that polystyrene 
microplastic exposure in the rearing water for 28 days 
significantly affected both the myofiber diameter and 
area in Mutiara catfish (P < 0.05). 
 
Table 2. Diameter and area of Mutiara catfish myofiber 

Treatment Diameter of 
myofiber (µm) 

Area of myofiber 
(x103µm2) 

Control 122,11 ± 40,06b 12,49 ± 8,65b 

T1 87,80 ± 26,81a 6,60 ± 4,87a 

T2 83,58 ± 25,01a 5,96 ± 3,77a 

T3 86,32 ± 18,21a 6,10 ± 2,52a 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The results in Table 2 indicate that Mutiara catfish 
exposed to polystyrene microplastics for 28 days 
experienced a reduction in both myofiber diameter and 
area. The regulation of myofiber diameter is influenced 
by several factors including myogenesis, muscle atrophy 
and apoptosis (Zhang et al., 2023). Previous research 
demonstrated that exposure to polystyrene 
microplastics (PS-MPs) at a concentration of 1000 µg/L 
for 7 days in goldfish larvae (Carassius auratus) caused 
damage to mesenchymal muscle cells and led to muscle 
fiber atrophy (Yang et al., 2020). The changes in myofiber 
diameter can be observed in Figure 1. 

Changes in muscle tissue can occur due to the 
introduction of contaminants in the muscle (Di Giacinto 
et al., 2023; Setyono et al., 2024). Styrene is a benzene-

derived compound that has high toxicity (Aldi, 2024; 
Majid et al., 2018). Previous research revealed that 
exposure to contaminants at concentrations of 44 µg/kg 
and 234 µg/kg in Yellow catfish (Pelteobagrus fulvidraco) 
over eight weeks led to a reduction in muscle myofiber 
diameter (Zhang et al., 2021). Another study showed 
that exposure of fonofos contaminants at a concentration 
of 2 mg/L for 96 hours caused a decrease in myofiber 
diameter in Zebrafish (Danio rerio) (Arman & Üçüncü, 
2021).  

This study found a decrease in both myofiber 
diameter and myofiber area, thus disrupting the growth 
of muscle myofiber (Moenek & Toelle, 2021). Myofiber 
growth that is not optimal will have an impact on the 
elasticity and compactness of the meat (Suwiti et al., 
2015; Zhang et al., 2021). Moreover, muscle injuries may 
serve as an indicator of exposure to environmental 
contaminants (Ciamarro et al., 2015). Among such 
contaminants, microplastics pose a significant toxic risk 
to all organisms (Aulia et al., 2023; Stapleton & Hai, 
2023). 

 
Conclusion  

 

This study demonstrated that exposure to 
polystyrene (PS) microplastics in rearing water for 28 
days significantly increased microplastic accumulation 
in muscle tissue and reduced both myofiber diameter 
and area in Mutiara catfish (Clarias gariepinus). These 
histological alterations indicate muscle atrophy, 

  

  

Figure 1. Diameter and area of Mutiara catfish myofiber after 28 days exposure to polysterene microplastics. A: 
control (0 mg/L); B: T1 (1 mg/L); C: T2 (10 mg/L); D: T3(100 mg/L). Blue arrows indicate normal myofiber diameter 

and red arrows indicate decreased myofiber diameter (hematoxylin-eosin staining; scale bar 100 μm) 
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suggesting that microplastic contamination can 
compromise fish health and meat quality. The findings 
emphasize the potential ecological risks of microplastics 
and their implications for food safety, particularly in 
aquaculture systems. This highlights the urgent need for 
improved environmental monitoring and regulatory 
policies to reduce microplastic pollution and safeguard 
both aquatic ecosystems and public health.  
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Abstract: Polystyrene (PS) is one of the most abundant microplastics in freshwater and 
can accumulate in fish tissues. This study investigated the effect of PS microplastic 
exposure in rearing water on the abundance of microplastics in muscle, and the diameter 
and area of myofibers in Mutiara catfish (Clarias gariepinus). A total of 120 fish were 
exposed to PS microplastics at concentrations of 0, 1, 10, and 100 mg/L for 28 days. 
Muscle samples from the right abdomen were processed using the paraffin method and 
stained with hematoxylin-eosin. Microplastics were extracted using 10% KOH and 
observed under a stereo microscope. Myofiber diameter and area were measured with 
Image Raster software. Data were analyzed using the Kruskal-Wallis test. Results 
showed significant differences among treatments (P<0.05) for all parameters. The control 
group had the lowest microplastic abundance and the largest myofiber size, while the 
highest accumulation occurred at 100 mg/L, and the smallest myofiber diameter and 
area were found at 10 mg/L. Exposure to PS microplastics leads to accumulation in 
muscle tissue and a reduction in myofiber dimensions. These findings highlight the 
potential adverse impacts of microplastics on fish health and underline the importance 
of further studies regarding ecological and human health implications.  
 
 
Keywords: Microplastic exposure; Muscle tissue; Myofiber area; Myofiber diameter; 

Polystyrene toxicity  

 
 

  

Introduction  
 

Microplastics are increasingly recognized as 
emerging pollutants in aquatic ecosystems, appearing in 
various polymers, shapes, and concentrations (Smith et 
al., 2018). These particles originate primarily from 
consumer products such as plastic bags, beverage 
bottles, personal care items, and cleaning agents 

(Nainggolan et al., 2022). Due to their diverse polymer 
composition, ranging from high to low density plastics, 
microplastics are easily transported by water currents 
and accumulate in both water columns and sediments 
(Owowenu et al., 2023). Numerous studies have 
reported the detection of microplastics in freshwater 
ecosystems, particularly in river areas (Dhea et al., 2023; 
Lofty et al., 2023). Research has identified microplastics 
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in the Pekalongan River estuary, with abundances 
ranging from 45.2 to 99.1 particles L⁻¹ in surface water, 
dominated by fragment and film morphologies (Ismanto 
et al., 2023).  Microplastics pose ecological risks by 
negatively impacting aquatic organisms and degrading 
environmental quality (Li et al., 2023; Yuranda et al., 
2024). 

Rivers contaminated with microplastics may 
transfer these particles into aquaculture systems 
(Santikanuri et al., 2025), thereby affecting farmed fish. 
Microplastic contamination in aquaculture 
environments can deteriorate water quality, 
compromise fish health, and ultimately reduce 
aquaculture productivity (Filho et al., 2023). Research 
findings indicate that tilapia (Oreochromis niloticus) 
reared in the Pelayaran River, Sidoarjo, contain 
microplastic residues, attributed to pollution in the 
surrounding aquatic environment (Al-Fatih, 2022). 

Among the various types of microplastics, 
polystyrene is commonly detected in aquatic habitats 
(Jones et al., 2020) originating from food and beverage 
packaging as well as the automotive industry (Nurhadi 
et al., 2017). Research on the Mahakam River found that 
polystyrene accounted for 6.45% of the total plastic 
waste, with microplastics comprising 12.5% of the total 
abundance (Kurniawan et al., 2023). Environmental 
exposure, especially ultraviolet radiation and 
weathering, accelerates the breakdown of polystyrene 
into microplastic fragments (Hwang et al., 2020). 

Microplastics can be ingested by fish through 
their gills, digestive tract and muscles (Sawalman et al., 
2021). Microplastics present in water can enter fish 
muscles via the bloodstream (Akhbarizadeh et al., 2018). 
When microplastics enter the digestive tract, they can be 
transported through the blood vessels and eventually 
accumulate in muscle tissue (Liu et al., 2022). Previous 
research has shown that exposure to microplastics at a 
concentration of 100 mg/L in tilapia (Oreochromis 
niloticus) can cause muscle damage (Hamed et al., 2021). 
One of the commonly cultivated and consumed fish 
species is Mutiara catfish (Clarias gariepinus Burchell, 
1822) (Iswanto et al., 2016). Despite growing concern 
over microplastic contamination, the histopathological 
effects of polystyrene microplastics on muscle 
morphology in Mutiara catfish remain understudied. 
Most research has focused on gastrointestinal tissues, 
with limited attention to muscle damage in economically 
important aquaculture species under controlled 
exposure 

The novelty of this research lies in evaluating the 
sub-lethal and tissue-specific effects of polystyrene 
microplastic exposure on Mutiara catfish muscle 
morphology. This study provides critical insight into 
how microplastics may compromise fish meat quality, a 

concern for both environmental health and food safety. 
Therefore, this research is important to understand 
potential histological damage caused by microplastic 
contamination in aquaculture systems. The findings 
may inform sustainable fish farming practices, guide 
risk assessments of microplastic exposure in aquatic 
food chains, and support the development of 
environmental policies to mitigate plastic pollution 
impacts on food-producing aquatic ecosystems. 
 

 

Method  
 
Research Time and Location 

This research was conducted from January to 
November 2024. Maintenance and treatment took place 
in Dengok Kulon, Bugisan, Prambanan, Klaten, while 
data preparation, collection, and analysis were carried 
out at the Laboratory of Animal Structure and 
Physiology, Universitas Ahmad Dahlan. 
 
Experimental Design 

 This study employed an experimental approach 
using a completely randomized design (CRD) with four 
treatment groups: a control group (0 mg/L polystyrene 
microplastic), T1 (1 mg/L), T2 (10 mg/L), and T3 (100 
mg/L). Each treatment was replicated six times using 
separate rearing tanks, with five Mutiara catfish (Clarias 
gariepinus) allocated per tank, resulting in a total of 120 
fish. The exposure period lasted for 28 days. The 
parameters observed in this study included the 
abundance of microplastics in muscle tissue, the 
diameter of myofibers, and the area of myofibers.  
 
Microplastics Exposure 

 Microplastic preparation was carried out by 
pulverizing polystyrene plastic with a blender, followed 
by filtering through a 35-mesh sieve. The microplastics 
were weighed according to the treatment 
concentrations. Mutira catfish were acclimatized for ten 
days by being given food at 08.00 and 16.00 WIB, 
equivalent to 3% of their body weight (Tang et al., 2024). 
Microplastic exposure was conducted during water 
changes every two days for 28 days, based on the 
designated exposure concentrations. 
 
Muscle Tissue Preparation 

At the end of the treatment, the fish were fasted 
for 24 hours before being weighed and their organs 
harvested on day 29. Muscle tissues were weighed and 
fixed in a 10% formalin solution (Zulfadhli et al., 2016). 
The preparation process included dehydration with 
graded alcohol (70% to absolute), de-alcoholization with 
toluol solution infiltration, embedding in paraffin, 
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sectioning with a microtome, fixation using Mayer's 
albumin, and staining with hematoxylin-eosin. The 
prepared tissue slides were examined under a light 
microscope at 40x and 100x magnification, with 
observations made in five fields of view per slide. 
Documentation was carried out using a Beta View 
camera system. Muscle parameters, including myofiber 
diameter and area, were measured using Image Raster. 
 
Microplastic Extraction 

Microplastic abundance analysis was carried out 
starting with muscle organs placed in 30 mL flask bottles 
containing a 10% potassium hydroxide (KOH) solution. 
The samples were left at room temperature for three 
days to allow digestion. After three days, the contents of 
the flask bottles were poured into empty bottles 
equipped with a funnel and filter paper. The filter paper 
was left to dry completely before distilled water was 
added to dissolve any microplastics adhering to the 
filter. The resulting solution was examined under a 
stereo microscope at 4x magnification, and the 
microplastic abundance was quantified (Suwartiningsih 
& Nafi'a, 2023).   
 
Data Analysis 

The raw data were initially processed using 
Microsoft Excel, followed by statistical analysis with 
IBM SPSS version 20. Differences between treatments 
were considered significant at P < 0.05 for all measured 
parameters and were evaluated using a one-way 
analysis of variance (ANOVA). When significant 
differences were detected, further analysis was 
conducted using Duncan’s Multiple Range Test 
(DMRT). 
 

 

Result and Discussion 
 

Microplastic Abundance 
The results showed that the abundance of 

microplastics in the muscles of Mutiara catfish was 
lowest in the control group (0.00 ± 0.00 particles/g) and 
highest in the T3 (2.63 ± 2.72 particles/g). Statistical 
analysis indicated that T3 was significantly different 
from the control and other treatment groups (P < 0.05). 
Regression analysis demonstrated that exposure to 
polystyrene microplastics in rearing water for 28 days 
significantly affected the abundance of microplastics in 
the muscles of Mutiara catfish (P < 0.05). This suggests a 
positive correlation, where higher concentrations of 
microplastics in the rearing water led to greater 
microplastic accumulation in the fish muscles, as shown 
in Table 1. 

 
Table 1. Polystyrene microplastic abundance in Mutiara 
catfish muscle 

Treatment Microplastic abundance (particles/g) 

Control 0,00 ± 0,00a 

T1 0,85 ± 1,48ab 

T2 0,74 ± 1,28ab 

T3 2,63 ± 2,72b 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The research showed that microplastic exposure 
starting from 1 mg/L in the rearing media, the 
abundance of microplastics in the Mutiara catfish 
muscle was also high. Previous research found that 
exposure to nano plastic polystyrene (NPPs) at a 
concentration of 1 mg/L for three days in zebrafish 
(Danio rerio) resulted in NPPs accumulation of 49 ± 17 
mg/g of muscle tissue (Chen et al., 2017). The high 
abundance of microplastics in fish organs is influenced 
by the increasing concentration of microplastic particles 
in the water (Popi et al., 2025; Rofiq & Sari, 2022; Wahid 
& Joesidawati, 2024), and vice versa (Fitriyani et al., 
2025) allowing microplastics to enter the fish through 
food ingestion (Roch et al., 2020; Yona et al., 2022). 

The detection of microplastics in the muscles of 
Mutiara catfish in this study indicates bioaccumulation, 
or the accumulation of contaminant particles in the body 
(Miller et al., 2020; Utomo & Muzaki, 2022). When 
microplastics enter the gastrointestinal tract, larger 
particles may settle or be excreted (Purnama et al., 2021) 
in feces. However, as microplastics break down into 
smaller particles, they can travel through the 
bloodstream (Nurwahyunani et al., 2022) and 
accumulate in muscle tissue (Yona et al., 2021). Particles 
around 5 µm in size can infiltrate the gills, intestines, and 
liver, while microplastics approximately 20 µm in size 
can penetrate the gills and intestines (Guanting et al., 
2021). Particles smaller than 100 µm are capable of 
reaching muscle tissue (Barboza et al., 2020). 
 
Diameter and Area of Mutiara Catfish Myofiber 

The results showed that the diameter of myofiber 
in Mutiara catfish muscle was lowest in T2 (83.58 ± 25.01 
µm) and highest in control (122.11 ± 40.06 µm). The area 
of myofiber in Mutiara catfish muscle was lowest in T2 
(5.96 ± 3.77x103 µm2) and highest in control (12.94 ± 8.65 
x103 µm2) (Table 2). Statistical analysis revealed that both 
myofiber diameter and area were significantly different 
between control and the other treatment groups (P < 
0.05). However, there were no significant differences in 
myofiber diameter and area among the P1, P2, and P3 
groups. Regression analysis indicated that polystyrene 
microplastic exposure in the rearing water for 28 days 
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significantly affected both the myofiber diameter and 
area in Mutiara catfish (P < 0.05). These findings are 
consistent with existing theories which suggest that 
exposure to toxic substances such as polystyrene 
microplastics can impair myogenesis and induce muscle 
atrophy, leading to a significant reduction in myofiber 
diameter and area. 
 
Table 2. Diameter and area of Mutiara catfish myofiber 

Treatment Diameter of 
myofiber (µm) 

Area of myofiber 
(x103µm2) 

Control 122,11 ± 40,06b 12,49 ± 8,65b 

T1 87,80 ± 26,81a 6,60 ± 4,87a 

T2 83,58 ± 25,01a 5,96 ± 3,77a 

T3 86,32 ± 18,21a 6,10 ± 2,52a 

Description: superscript different letters indicate there is a 
significant difference (P < 0.05) and vice versa 
 

The results in Table 2 indicate that Mutiara catfish 
exposed to polystyrene microplastics for 28 days 
experienced a reduction in both myofiber diameter and 
area. The regulation of myofiber diameter is influenced 
by several factors including myogenesis, muscle atrophy 
and apoptosis (Zhang et al., 2023). Previous research 
demonstrated that exposure to polystyrene 
microplastics (PS-MPs) at a concentration of 1000 µg/L 
for 7 days in goldfish larvae (Carassius auratus) caused 
damage to mesenchymal muscle cells and led to muscle 
fiber atrophy (Yang et al., 2020). The changes in myofiber 
diameter can be observed in Figure 1. 

Changes in muscle tissue can occur due to the 
introduction of contaminants in the muscle (Di Giacinto 
et al., 2023; Setyono et al., 2024). Styrene is a benzene-
derived compound that has high toxicity (Aldi, 2024; 
Majid et al., 2018). Previous research revealed that 
exposure to contaminants at concentrations of 44 µg/kg 
and 234 µg/kg in Yellow catfish (Pelteobagrus fulvidraco) 
over eight weeks led to a reduction in muscle myofiber 
diameter (Zhang et al., 2021). Another study showed 
that exposure of fonofos contaminants at a concentration 
of 2 mg/L for 96 hours caused a decrease in myofiber 
diameter in Zebrafish (Danio rerio) (Arman & Üçüncü, 
2021).  

This study found a decrease in both myofiber 
diameter and myofiber area, thus disrupting the growth 
of muscle myofiber (Moenek & Toelle, 2021). Myofiber 
growth that is not optimal will have an impact on the 
elasticity and compactness of the meat (Suwiti et al., 
2015; Zhang et al., 2021). Moreover, muscle injuries may 
serve as an indicator of exposure to environmental 
contaminants (Ciamarro et al., 2015). Among such 
contaminants, microplastics pose a significant toxic risk 
to all organisms (Aulia et al., 2023; Stapleton & Hai, 
2023). 

 
Conclusion  

 

This study demonstrated that exposure to 
polystyrene (PS) microplastics in rearing water for 28 
days significantly increased microplastic accumulation 

  

  

Figure 1. Diameter and area of Mutiara catfish myofiber after 28 days exposure to polysterene microplastics. A: 
control (0 mg/L); B: T1 (1 mg/L); C: T2 (10 mg/L); D: T3(100 mg/L). Blue arrows indicate normal myofiber diameter 

and red arrows indicate decreased myofiber diameter (hematoxylin-eosin staining; scale bar 100 μm) 
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in muscle tissue and reduced both myofiber diameter 
and area in Mutiara catfish (Clarias gariepinus). The 
highest accumulation was observed at a concentration of 
100 mg/L, reaching 2.63 particles/g, indicating that 
higher concentrations of microplastics in water lead to 
greater accumulation in muscle. This trend reflects 
patterns observed in other aquatic species, where 
microplastic presence in the environment directly 
influenced the level of contamination in fish organs. 

Histological analysis also showed that fish in the 
treatment groups experienced significant reductions in 
myofiber diameter and area compared to the control. 
The control group exhibited average myofiber diameters 
of 122.11 µm and areas of 12.49 x10³ µm², while exposed 
groups showed reduced diameters as low as 83.58 µm 
and areas down to 5.96 x10³ µm². Similar muscle 
degradation patterns have been documented in other 
fish exposed to plastic contaminants and toxic 
substances, such as atrophied muscle fibers, 
disorganized tissue structures, and inhibited muscle 
growth, all of which impact meat quality. 

These results confirm that even short-term 
exposure to PS microplastics at environmentally 
relevant concentrations can lead to bioaccumulation and 
muscle deterioration. The findings emphasize the 
potential ecological risks of microplastics and their 
implications for food safety, particularly in aquaculture 
systems. This highlights the urgent need for improved 
environmental monitoring and regulatory policies to 
reduce microplastic pollution and safeguard both 
aquatic ecosystems and public health.  
 
 
Acknowledgments  
Acknowledgments are extended to Lembaga Penelitian dan 
Pengabdian kepada Masyarakat Universitas Ahmad Dahlan 
(LPPM UAD) for providing funding for the implementation of 
this research.  
 
 
Author Contributions 
Conceptualization, N.S. and A.F.A.; methodology, N.S. and 
A.F.A.; validation, N.S.; formal analysis, A.F.A.; investigation, 
A.F.A. and D.E.W.; resources, N.S.; data curation, A.F.A.; 
writing—original draft preparation, A.F.A.; writing—review 
and editing, N.S., A.F.A., and D.E.W.; visualization, A.F.A.; 
supervision, N.S. All authors have read and approved the final 
version of the manuscript..  

Commented [Ac3]: Describe in detail the findings in the 

research and correlate them with relevant research results. 

Commented [NS4R3]: Thank you for the insightful 

suggestion. We have revised the conclusion to include more 

detailed descriptions of our findings, including specific data 

on microplastic accumulation and myofiber alterations. We 

also added correlations with previous studies that reported 

similar patterns of muscle damage in fish exposed to plastic 

and toxic contaminants.  



 

Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2024, Volume 10 Issue 1, 1-8 
 

6 

 
Funding 
This research was funded by Lembaga Penelitian dan 
Pengabdian kepada Masyarakat Universitas Ahmad Dahlan 
(LPPM UAD), grant number PD-045/SP3/LPPM-
UAD/XI/2024 dated November 28, 2024. 
 

 

Conflicts of Interest 
We hereby affirm that the preparation of this article was 
conducted without any conflict of interest that could 
compromise the objectivity or integrity of the findings. 

 

 
References  
 
Akhbarizadeh, R., Moore, F., & Keshavarzi, B. (2018). 

Investigating a probable relationship between 
microplastics and potentially toxic elements in fish 
muscles from northeast of Persian Gulf. 
Environmental Pollution, 232, 154–163. 
https://doi.org/10.1016/j.envpol.2017.09.028 

Al-Fatih, A. N. F. (2022). Identifikasi mikroplastik pada 
sistem pencernaan ikan Nila (Oreochromis niloticus) 
di kali pelayaran Kabupaten Sidoarjo. 
Environmental Pollution Journal, 1(3), 237–244. 
https://doi.org/10.58954/epj.v1i3.63 

Aldi, D. (2024). Dampak pencemaran benzena terhadap 
lingkungan serta mekanismenya dalam memicu 
kanker: Sebuah tinjauan literatur. Jurnal 
Pengelolaan Lingkungan Berkelanjutan (Journal of 
Environmental Sustainability Management), 8(1), 87–
98. https://doi.org/10.36813/jplb.8.1.87-98 

Arman, S., & Üçüncü, S. I. (2021). Impact of acute fonofos 
exposure on skeletal muscle of Zebrafish: 
Histopathological and biometric analyses. Annales 
de Limnologie, 57(25). 
https://doi.org/10.1051/limn/2021023 

Aulia, A., Azizah, R., Sulistyorini, L., & Rizaldi, M. A. 
(2023). Literature Review: Dampak mikroplastik 
terhadap lingkungan pesisir, biota laut dan potensi 
risiko kesehatan. Jurnal Kesehatan Lingkungan 
Indonesia, 22(3), 328–341. 
https://doi.org/10.14710/jkli.22.3.328-341 

Barboza, L. G. A., Lopes, C., Oliveira, P., Bessa, F., Otero, 
V., Henriques, B., Raimundo, J., Caetano, M., Vale, 
C., & Guilhermino, L. (2020). Microplastics in wild 
fish from North East Atlantic Ocean and its 
potential for causing neurotoxic effects, lipid 
oxidative damage, and human health risks 
associated with ingestion exposure. Science of the 
Total Environment, 717, 134625. 
https://doi.org/10.1016/j.scitotenv.2019.134625 

Chen, Q., Yin, D., Jia, Y., Schiwy, S., Legradi, J., Yang, S., 
& Hollert, H. (2017). Enhanced uptake of BPA in 
the presence of nanoplastics can lead to neurotoxic 

effects in adult Zebrafish. Science of the Total 
Environment, 609, 1312–1321. 
https://doi.org/10.1016/j.scitotenv.2017.07.144 

Ciamarro, C. M., Pereira, B. F., Alves, R. M. da S., Valim, 
J. R. T., Pitol, D. L., & Caetano, F. H. (2015). 
Changes in muscle and collagen fibers of fish after 
exposure to urban pollutants and biodegradable 
detergents. Microscopy Research, 03(03), 33–40. 
https://doi.org/10.4236/mr.2015.33005 

Dhea, L. A., Kurniawan, A., Ulfa, S. M., & Karimah, K. 
(2023). Correlation of microplastic size distribution 
and water quality parameters in the upstream 
Brantas river. Jurnal Penelitian Pendidikan IPA, 9(2), 
520–526. 
https://doi.org/10.29303/jppipa.v9i2.2777 

Di Giacinto, F., Di Renzo, L., Mascilongo, G., 
Notarstefano, V., Gioacchini, G., Giorgini, E., 
Bogdanović, T., Petričević, S., Listeš, E., Brkljača, 
M., Conti, F., Profico, C., Zambuchini, B., Di 
Francesco, G., Giansante, C., Diletti, G., Ferri, N., & 
Berti, M. (2023). Detection of microplastics, 
polymers and additives in edible muscle of 
Swordfish (Xiphias gladius) and Bluefin tuna 
(Thunnus thynnus) caught in the Mediterranean 
Sea. Journal of Sea Research, 192(January). 
https://doi.org/10.1016/j.seares.2023.102359 

Filho, J. V. D., Pedroti, V. P., Santos, B. L. T., Pinheiro, M. 
M. de L., de Mira, Á. B., da Silva, F. C., e Silva, E. 
C. S., Cavali, J., Guedes, Elica Amara Cecilia 
Schons, S., & Vargas, D. (2023). First evidence of 
microplastics in freshwater from fish farms in 
Rondônia state, Brazil. Heliyon, 9(4), 1–11. 
https://doi.org/10.1016/j.heliyon.2023.e15066 

Fitriyani, F., Eryati, R., & Ritonga, I. R. (2025). Analisis 
kelimpahan mikroplastik di dalam saluran 
pencernaan ikan Bawis (Siganus canaliculatus) hasil 
tangkapan nelayan lokal di perairan kota Bontang. 
Jurnal Ilmu Lingkungan, 23(3), 784–791. 
https://doi.org/10.14710/jil.23.3.784-791 

Guanting, L., Ito, T., Kijima, Y., Yoshitake, K., Asakawa, 
S., Watabe, S., & Kinoshita, S. (2021). Zebrafish 
Danio rerio trunk muscle structure and growth 
from a spatial transcriptomics perspective. BioRxiv, 
6. https://doi.org/10.1016/j.ygeno.2022.110477 

Hamed, M., Soliman, H. A. M., Badrey, A. E. A., & 
Osman, A. G. M. (2021). Microplastics induced 
histopathological lesions in some tissues of Tilapia 
(Oreochromis niloticus) early juveniles. Tissue and 
Cell, 71(February), 101512. 
https://doi.org/10.1016/j.tice.2021.101512 

Hwang, J., Choi, D., Han, S., Jung, S. Y., Choi, J., & Hong, 
J. (2020). Potential toxicity of polystyrene 
microplastic particles. Scientific Reports, 10(1), 1–12. 
https://doi.org/10.1038/s41598-020-64464-9 



 

Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2024, Volume 10 Issue 1, 1-8 
 

7 

Ismanto, A., Hadibarata, T., Kristanti, R. A., Sugianto, D. 
N., Widada, S., Atmodjo, W., Satriadi, A., Anindita, 
M. A., Al-Mohaimeed, A. M., & Abbasi, A. M. 
(2023). A novel report on the occurrence of 
microplastics in Pekalongan River Estuary, Java 
Island, Indonesia. Marine Pollution Bulletin, 
196(October), 115563. 
https://doi.org/10.1016/j.marpolbul.2023.115563 

Iswanto, B., Suprapto, R., Marnis, H., & Imron, I. (2016). 
Performa reproduksi ikan lele Mutiara (Clarias 
gariepinus). media akuakultur, 11(1), 1–9. 
https://doi.org/10.15578/ma.11.1.2016.1-9 

Jones, J. I., Vdovchenko, A., Cooling, D., Murphy, J. F., 
Arnold, A., Pretty, J. L., Spencer, K. L., Markus, A. 
A., Vethaak, A. D., & Resmini, M. (2020). 
Systematic analysis of the relative abundance of 
polymers occurring as microplastics in freshwaters 
and estuaries. International Journal of Environmental 
Research and Public Health, 17(24), 1–12. 
https://doi.org/10.3390/ijerph17249304 

Kurniawan, M. A., Nugroho, S., Adnan, F., & Zulya, F. 
(2023). Analisis keterkaitan kelimpahan 
mikroplastik dengan keberadaan sampah plastik 
di Sungai Mahakam, Kecamatan Muara Kaman. 
Jurnal Teknologi Lingkungan UNMUL, 7(1), 20. 
https://doi.org/10.30872/jtlunmul.v7i1.10822 

Li, X., Bao, L., Wei, Y., Zhao, W., Wang, F., Liu, X., Su, 
H., & Zhang, R. (2023). Occurrence, 
bioaccumulation, and risk assessment of 
microplastics in the aquatic environment: A 
review. Water (Switzerland), 15(9), 1–15. 
https://doi.org/10.3390/w15091768 

Liu, G., Ito, T., Kijima, Y., Yoshitake, K., Asakawa, S., 
Watabe, S., & Kinoshita, S. (2022). Zebrafish Danio 
rerio myotomal muscle structure and growth from 
a spatial transcriptomics perspective. Genomics, 
114(5), 110477. 
https://doi.org/10.1016/j.ygeno.2022.110477 

Lofty, J., Ouro, P., & Wilson, C. A. M. E. (2023). 
Microplastics in the riverine environment: Meta-
analysis and quality criteria for developing robust 
field sampling procedures. Science of the Total 
Environment, 863(November 2022), 160893. 
https://doi.org/10.1016/j.scitotenv.2022.160893 

Majid, D., Prabowo, A. R., Al-Kholif, M., & Sugito, S. 
(2018). Sintesis ferrat sebagai pendegradasi 
senyawa turunan benzena. JPSE (Journal of Physical 
Science and Engineering), 3(1), 70–75. 
https://doi.org/10.17977/um024v3i22018p070 

Miller, M. E., Hamann, M., & Kroon, F. J. (2020). 
Bioaccumulation and biomagnification of 
microplastics in marine organisms: A review and 
meta-analysis of current data. PLoS ONE, 15, 1–25. 
https://doi.org/10.1371/journal.pone.0240792 

Moenek, D. Y. J. A., & Toelle, N. N. (2021). GAMBARAN 
histologi daging ayam kampung (Gallus 
domesticus) yang diberikan ekstrak daun belimbing 
wuluh (Averrhoa bilimbi). Jurnal Kajian Veteriner, 
9(3), 164–170. 
https://doi.org/10.35508/jkv.v9i3.5596 

Nainggolan, D. H., Indarjo, A., & Suryono, C. A. (2022). 
Mikroplastik yang ditemukan di Perairan 
Karangjahe, Rembang, Jawa Tengah. Journal of 
Marine Research, 11(3), 374–382. 
https://doi.org/10.14710/jmr.v11i3.35021 

Nurhadi, T., Budiyantoro, C., & Sosiati, H. (2017). 
Identifikasi mechanical properties dari bahan daur 
ulang polystyrene. JMPM (Jurnal Material Dan 
Proses Manufaktur), 1(1), 36–40. 
https://doi.org/10.18196/jmpm.v1i1.2758 

Nurwahyunani, A., Rakhmawati, R., & Cucianingsih, C. 
(2022). Kelimpahan mikroplastik pada organ 
pencernaan ikan Mujair (Oreochromis mossambicus) 
di Waduk Malahayu Kabupaten Brebes. Titian 
Ilmu: Jurnal Ilmiah Multi Sciences, 14(1), 18–22. 
https://doi.org/10.30599/jti.v14i1.1185 

Owowenu, E. K., Nnadozie, C. F., Akamagwuna, F., 
Noundou, X. S., Uku, J. E., & Odume, O. N. (2023). 
A critical review of environmental factors 
influencing the transport dynamics of 
microplastics in riverine systems: implications for 
ecological studies. Aquatic Ecology, 57(2), 557–570. 
https://doi.org/10.1007/s10452-023-10029-7 

Popi, S., Purwanto, E., Fajri, N. El, & Budijono, B. (2025). 
Kandungan mikroplastik pada lambung dan usus 
ikan Guppy (Poecilia reticulata) di Waduk PLTA 
Koto Panjang, Kabupaten Kampar, Riau, 
Indonesia. Ilmu Perairan (Aquatic Science), 13(1), 89–
95. https://doi.org/10.31258/jipas.13.1.89-95 

Purnama, D., Johan, Y., Wilopo, M. D., Renta, P. P., 
Sinaga, J. M., Yosefa, J. M., & M, H. M. (2021). 
Analisis mikroplastik pada saluran pencernaan 
ikan Tongkol (Euthynnus affinis) hasil tangkapan 
nelayan di Pelabuhan Perikanan Pulau Baai Kota 
Bengkulu. Jurnal Enggano, 6(1), 110–124. 
https://doi.org/10.31186/jenggano.6.1.110-124 

Roch, S., Friedrich, C., & Brinker, A. (2020). Uptake 
routes of microplastics in fishes: Practical and 
theoretical approaches to test existing theories. 
Scientific Reports, 10(1), 1–12. 
https://doi.org/10.1038/s41598-020-60630-1 

Rofiq, A. A., & Sari, I. K. (2022). Analisis mikroplastik 
pada saluran pencernaan dan insang ikan di 
Brantas, Jawa Timur. Environmental Pollution 
Journal, 2(1), 263–272. 
https://doi.org/10.58954/epj.v2i1.38 

Santikanuri, A. M., Haribowo, R., & Wahyuni, S. (2025). 
Correlation analysis of water quality and 



 

Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2024, Volume 10 Issue 1, 1-8 
 

8 

microplastic identification in the North Coast Area 
of Situbondo. Jurnal Penelitian Pendidikan IPA, 
11(5), 388–397. 
https://doi.org/10.29303/jppipa.v11i5.10989 

Sawalman, R., Zamani, N. P., Werorilangi, S., & Ismet, 
M. S. (2021). Akumulasi Mikroplastik pada spesies 
ikan ekonomis penting di Perairan Pulau 
Barranglompo, Makassar. Jurnal Ilmu Dan Teknologi 
Kelautan Tropis, 13(2), 241–259. 
https://doi.org/10.29244/jitkt.v13i2.34587 

Setyono, B. D. H., Saomadia, B. T., & Affandi, R. I. (2024). 
The Effect of exposure to polystyrene microplastics 
in feed on the growth of Tilapia (Oreochromis 
niloticus). Jurnal Penelitian Pendidikan IPA, 10(12), 
10124–10132. 
https://doi.org/10.29303/jppipa.v10i12.7924 

Smith, M., Love, D. C., Rochman, C. M., & Neff, R. A. 
(2018). Microplastics in seafood and the 
implications for human health. Current 
Environmental Health Reports, 5(3), 375–386. 
https://doi.org/10.1007/s40572-018-0206-z 

Stapleton, M. J., & Hai, F. I. (2023). Microplastics as an 
emerging contaminant of concern to our 
environment: A brief overview of the sources and 
implications. Bioengineered, 14(1), 2244754. 
https://doi.org/10.1080/21655979.2023.2244754 

Suwartiningsih, N., Nafi'a, N. M. (2023). Identifikasi 
mikroplastik pada saluran pencernaan tiga jenis 
ikan dari Pasar Prambanan dan Swalayan B Di 
Kabupaten Bantul. Seminar Nasional VII Prodi 
Pendidikan Biologi Fakultas Keguruan Dan Ilmu 
Pendidikan Universitas Muhammadiyah Malang, 655–
666. 

Suwiti, N. K., Suastika, I. P., Swacita, I. B. N., & Besung, 
I. N. K. (2015). Histologycal and 
histomorphometry study of Bali cattle and Wagyu 
beef). Jurnal Veteriner, 16(3), 432–438. 
https://ojs.unud.ac.id/index.php/jvet/article/vi
ew/16259 

Tang, M., Shao, T., Ma, L., Dai, H., Yong, Y., Feng, X., & 
Zhang, Y. (2024). Textural dynamic crisping 
mechanism of Crisp grass carp: Oxidative stress, 
apoptosis, collagen filling, and cross-linking. Food 

Frontiers, 5(2), 789–801. 
https://doi.org/10.1002/fft2.354 

Utomo, E. A. T., & Muzaki, F. K. (2022). Bioakumulasi 
mikroplastik pada daging ikan Nila (Oreochromis 
niloticus) di Keramba Jaring Apung Ranu Grati, 
Pasuruan, Jawa Timur. Jurnal Sains Dan Seni ITS, 
11(5), 26–33. 
http://dx.doi.org/10.12962/j23373520.v11i5.1068
95 

Wahid, A., & Joesidawati, M. I. (2024). Pencemaran 
mikroplastik pada tiga titik tempat pelelangan 

ikan di Jawa Timur. Jurnal Ruaya, 12(1), 85–96. 
http://dx.doi.org/10.29406/jr.v12i1 

Yang, H., Xiong, H., Mi, K., Xue, W., Wei, W., & Zhang, 
Y. (2020). Toxicity comparison of nano-sized and 
micron-sized microplastics to Goldfish Carassius 
auratus Larvae. Journal of Hazardous Materials, 
388(January), 122058. 
https://doi.org/10.1016/j.jhazmat.2020.122058 

Yona, D., Harlyan, L. I., Fuad, M. A. Z., Prananto, Y. P., 
Ningrum, D., & Evitantri, M. R. (2021). 
Microplastic composition of Sardinella lemuru 
organs landed in Sendangbiru Port, Malang. 
Journal of Fisheries and Marine Research, 5(3), 675–
684. 
https://doi.org/10.21776/ub.jfmr.2021.005.03.20 

Yona, D., Mahendra, B. A., Fuad, M. A. Z., Sartimbul, A., 
& Sari, S. H. J. (2022). Kelimpahan mikroplastik 
pada insang dan saluran pencernaan ikan Lontok 
Ophiocara porocephala Valenciennes, 1837 
(Chordata: Actinopterygii) di ekosistem mangrove 
Dubibir, Situbondo. Jurnal Kelautan Tropis, 25(1), 
39–47. https://doi.org/10.14710/jkt.v25i1.12341 

Yuranda, F., Zulkarnaini, Z., Silvia, S., & Ad’hani, C. D. 
(2024). Analysis of microplastics on digestive and 
respiration system of Horse-Eye Jack Fish (Caranx 
latus) in Coastal Bungus Bay, West Sumatra. Jurnal 
Penelitian Pendidikan IPA, 10(5), 2687–2695. 
https://doi.org/10.29303/jppipa.v10i5.7099 

Zhang, L., Wu, H. X., Li, W. J., Qiao, F., Zhang, W. B., Du, 
Z. Y., & Zhang, M. L. (2023). Partial replacement of 
soybean meal by Yellow mealworm (Tenebrio 
molitor) meal influences the flesh quality of Nile 
tilapia (Oreochromis niloticus). Animal Nutrition, 12, 
108–115. 
https://doi.org/10.1016/j.aninu.2022.09.007 

Zhang, Z. Y., Jiang, Z. Y., Lv, H. B., Jin, J. Y., Chen, L. Q., 
Zhang, M. L., Du, Z. Y., & Qiao, F. (2021). Dietary 
aflatoxin impairs flesh quality through reducing 
nutritional value and changing myofiber 
characteristics in Yellow catfish (Pelteobagrus 
fulvidraco). Animal Feed Science and Technology, 
274(May), 114764. 
https://doi.org/10.1016/j.anifeedsci.2020.114764 

Zulfadhli, Z., Wijayanti, N., & Retnoaji, B. (2016). 
Perkembangan ovarium ikan Wader Pari (Rasbora 
lateristriata bleeker, 1854): Pendekatan histologi. 
Jurnal Perikanan Tropis, 3(1), 32–39. 
https://doi.org/10.35308/jpt.v3i1.34 

 



Pemberitahuan Penerimaan Artikel untuk Dipublikasikan 

 (27 Juli 2025) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Pemberitahuan Masuk Tahap Produksi (29 Juli 2025) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Penerbitan Artikel (31 Juli 2025) 

 

 

 

 

 

  


