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Abstract: Polystyrene (PS) microplastics are widely detected in aquatic environments,
particularly in freshwater ecosystems, and may pose ecological risks to aquatic
organisms. However, information on how PS microplastics affect the giant freshwater
prawn, an economically important freshwater aquaculture species, remains limited,
particularly at the tissue level. This study therefore investigated the effects of PS
microplastics in rearing media on microplastic accumulation, growth performance, and
histomorphometry of the giant freshwater prawn. Following a three-day acclimation
period, prawns were exposed to four concentrations of PS microplastics (0, 1, 10, and 100
mg/L) for 14 days. Growth parameters (length and weight), microplastic abundance in
organs (gills, intestine, and muscle), and histomorphometry of the gills, intestine, and
muscle were evaluated using hematoxylin-eosin staining. Data were analyzed using
analysis of variance or Kruskal-Wallis tests followed by Duncan’s test and regression
analysis. The results showed that microplastic abundance in the rearing media
significantly increased microplastic accumulation in the gills and muscle (p < 0.05), but
not in the intestine (p > 0.05). Exposure to PS microplastics did not significantly affect
growth performance or gill lamella length (p > 0.05). However, significant alterations
were observed on intestinal histological parameters and muscle myofiber structure (p <
0.05). These findings demonstrate that PS microplastics can induce tissue-level
alterations in M. rosenbergii despite the absence of short-term growth effects.
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particles from approximately 0.1 to 5,000 pm in size and
may originate either from plastics manufactured in
small sizes (primary microplastics) or from the
breakdown of debris of larger plastic, through

Introduction

The rapid increase in global plastic production
since 1950s has made plastic materials an integral part of

modern human activities. Their flexibility, durability,
light weight, and low production cost have led to
continuously increasing consumption. Most plastic
waste undergoes degradation processes on land before
eventually fragmenting into smaller particles known as
microplastics (Hale et al., 2020). Microplastics are plastic
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biological, chemical, and physical processes (EFSA,
2016; GESAMP, 2015).

Due to their resistance and persistence to
degradation, they have become ubiquitous pollutants in
terrestrial and aquatic ecosystems (Lusher et al., 2017).
Recent global assessments indicate that the production
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of plastic annually, up to 400 million metric tons, while
approximately 9-14 million metric tons every year,
plastic waste enter aquatic ecosystems. Without effective
mitigation, plastic waste enter aquatic environments is
predicted to increase substantially over the coming
decades, further elevating the risk of microplastic
exposure to freshwater organisms (OECD, 2022; UNEP,
2023). It is estimated in 2030, that microplastics in marine
could double, if current production and disposal trends
continue (Hale et al., 2020). Microplastics in aquatic
environments increases the exposure to aquatic
organisms. Micoplastic particles may enter directly to
the body through ingestion of water, or indirectly when
organisms consume the contaminated prey (Lusher et
al., 2017; Vendel et al., 2017; Yona et al., 2020).

Once inside the organism, microplastics can cause
several biological effects. Physically, they may obstruct
the digestive tract and induce false satiety, which can
interfere with feeding behavior (Gall & Thompson,
2015). In addition, physiological impacts is from the
additives of plastic or adsorbed contaminants such as
bisphenol compounds and phthalates, which can cause
endocrine-disrupting and potentially carcinogenic
properties (Wright et al., 2013). Microplastic surfaces
may also act as substrates for microbial biofilm
formation, including pathogenic microorganisms,
potentially affecting digestion, metabolism,
reproduction, and behavior of aquatic organisms (Hale
et al., 2020).

Among the various kinds of microplastics that
detected in aquatic environments, polystyrene is one of
the most frequently reported polymers in freshwater
systems (Nugnes et al., 2022). Polystyrene is produced
from styrene monomers polymerization, and is widely
used in food packaging, household products, and
various industrial applications (Nurhadi et al., 2017). Its
high resistance to biodegradation contributes
significantly to environmental plastic accumulation
(Woo et al., 2020). Moreover, styrene monomers have
been classified as potentially carcinogenic compounds
that may pose health risks when entering biological
systems (Kik et al., 2020). Environmental weathering
processes, including ultraviolet radiation and physical
degradation, can fragment polystyrene products into
microplastic particles that subsequently disperse in
aquatic environment (Hwang et al., 2020).

Research on the effects of microplastics on aquatic
biota has expanded considerably. In crustaceans, most
studies have focused on commercially important species
such as Lifopenaeus vannamei. Previous studies shows
that microplastic exposure may alter nutritional
composition and gut microbiota in shrimp, potentially
affecting long-term growth performance (Chae et al,,
2019). Another studies also show the accumulation of
microplastics in various shrimp organs, including the
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head, digestive tract, and body tissues, indicating that
digestive organs are the major sites of accumulation of
microplastic (Yoon et al., 2022). Similarly, debris and
microplastics have been detected in the stomach and
intestine of  Macrobrachium  species, suggesting
widespread environmental exposure in freshwater
prawns (Tee-hor et al., 2023). Recent studies explore the
histological and toxicological consequences of
microplastic exposure. In L. vannamei, microplastic have
been detected in the digestive tract and in the other
tissues such as the exoskeleton, muscle, and
hepatopancreas (Vitheepradit & Prommi, 2023).
Furthermore, exposure of microplastics and chemical
pollutants, such as glyphosate can induce oxidative
stress, histological damage, and immune disturbances in
shrimp digestive tissues (Thammatorn et al., 2024). In
Indonesia, reports on microplastic contamination in
cultured shrimp have also emerged; most studies remain
limited to identifying microplastic types and organ
accumulation without evaluating broader biological
impacts (Setyono et al., 2024). Overall, previous studies
have primarily emphasized the occurrence and
accumulation of microplastics, whereas quantitative
evaluations linking tissue accumulation with growth
performance and histomorphometric alterations remain
limited. Consequently, the physiological consequences
of microplastic accumulation in economically important
freshwater crustaceans are still not fully understood.

Biologically, ingested or absorbed microplastics can
induce oxidative stress by the increase production of
reactive oxygen species (ROS), resulting in lipid
peroxidation, inflammation, cellular damage, and
disruption of homeostasis. These processes can impair
intestinal nutrient absorption, alter gill function, and
inhibit muscle fiber development, ultimately affecting
organism growth and overall health (Hamed et al., 2021;
Stapleton & Hai, 2023).

Giant freshwater prawn considered one of the most
economically important freshwater aquaculture
commodities, with increasing demand at both national
and international markets (Khasani et al., 2023; Pillai &
Panda, 2024). The species is broadly cultured due to its
large body size, rapid growth rate, and relatively low
disease prevalence, making it economically attractive for
aquaculture development (Khairunnisa et al., 2023).
Despite its high economic value, the effects of
microplastics on this species have received limited
research attention. Previous research has largely
concentrated on the detection of microplastics in aquatic
ecosystems and their accumulation in the tissues of
aquatic organisms (Gopal et al., 2022; Jitkaew et al.,
2023), with limited evaluation of potential impacts on
growth performance or organ histology. Furthermore,
no previous study has comprehensively evaluated the
relationships among environmental polystyrene
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microplastic concentration, tissue-specific microplastic
accumulation, growth performance, and
histomorphometric responses of multiple organs (gills,
intestine, and muscle) under controlled laboratory
exposure. This represents an important knowledge gap
because tissue-level alterations may occur before
measurable changes in growth become apparent.

Based on this knowledge gap, we hypothesized that
increasing concentrations of PS microplastics in the
rearing medium would increase tissue-specific
microplastic accumulation and induce
histomorphometric alterations in the gills, intestine, and
muscle, which may subsequently affect growth
performance. Therefore, this study seeks to evaluate the
effects of polystyrene microplastic exposure in the
rearing medium on organ-specific microplastic
abundance, growth performance, and gill, intestine, and
muscle histomorphometric characteristics of giant
freshwater prawn.

Method

Experimental Animals, Sampling, and Experimental Design

The study involved 72 healthy giant freshwater
prawns aged four months. Prior to the experiment, all
prawns were acclimatized under laboratory conditions
for three days. Following acclimatization, the
experiment employed a completely randomized design
(CRD) with four treatment groups based on polystyrene
microplastic concentrations in the rearing medium: K (0
mg/L), P1 (1 mg/L), P2 (10 mg/L), and P3 (100 mg/L)
(Ding et al., 2018).

Each treatment consisted of six replicate aquaria,
with three prawns maintained in each aquarium. One
aquarium containing three prawns represented one
experimental unit, resulting in a total of 24 experimental
units (72 prawns). The treatment allocation was
performed randomly using a lottery method to
minimize allocation bias.

Growth performance was evaluated using all
experimental animals. Upon completion of the exposure
period, three prawns were randomly selected from each
treatment group for subsequent analysis using a
stratified random sampling technique for microplastic
abundance and histomorphometric analyses. This
sampling approach ensured representative sampling of
each treatment while minimizing sampling bias.

The overall experimental workflow consisted of the
following sequential stages: (1) acclimatization of
prawns; (2) preparation of rearing media containing
different concentrations of PS microplastics; (3) random
allocation of prawns into treatment groups; (4) exposure
for 14 days; (5) measurement of growth performance; (6)
organ sampling; (7) microplastic extraction and
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quantification; and 8) histological and
histomorphometric analyses.
Microplastic and Rearing Media Preparation

Microplastic  particles were prepared from

polystyrene plastic. The material was ground using a
blender for five minutes (Uy & Johnson, 2022). The
resulting particles were then sieved using a 35-mesh
sieve. Microplastics with particle sizes <250 pm were
used for the experimental treatments.

The experimental units consisted of plastic
containers holding 20 L, each of which was supplied
with 10 L of water. PS microplastics were added
according to the designated treatment concentrations.
Continuous aeration was provided throughout the
experiment to maintain homogeneous suspension of the
microplastic particles in the rearing media.

Acclimatization and Exposure

Prior to treatment, all prawns were acclimatized for
three days under laboratory conditions. Throughout the
acclimation period, the prawns received commercial
pellets twice a day at 08:00 and 16:00 WIB, at a feeding
rate equivalent to 3% of their total biomass. Following
acclimatization, the experimental treatments were
applied continuously for 14 consecutive days. The
feeding protocol was continued throughout the
exposure period. Water quality was assessed on a
weekly basis by monitoring dissolved oxygen (DO),
temperature, and pH to maintain optimal conditions for
prawn rearing.

Growth Measurement

Body length and body weight were measured
immediately before the initiation of microplastic
exposure and again following the 14-day exposure
period. Total body length was measured using a digital
caliper extending from the rostral tip to the posterior
extremity of the tail. Body weight was determined using
an analytical balance.

Organ Sampling

Upon completion of the exposure period, prawns
were fasted for 24 hours before organ sampling. Three
individuals from each treatment group were randomly
selected for organ analyses. The gills, intestine, and
approximately 1 cm of right abdominal muscle were
dissected, weighed, and processed for microplastic
extraction and histological analyses.

Microplastic Extraction
Organ samples designated for microplastic analysis
were placed in flask bottles containing 10% potassium
hydroxide (KOH) solution and left at room temperature
until complete tissue digestion. After digestion, the
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solution was filtered using filter paper and allowed to
dry for three days. The filter paper was subsequently
placed in a flask and rinsed thoroughly with distilled
water. The resulting liquid was transferred to a Petri
dish for microscopic examination. Microplastic
abundance was determined by counting the particles
detected in each organ.

Histological Observation

Organ samples designated for histological analysis
were fixed in Davidson's AFA fixative solution.
Histological preparation included washing with 70%
alcohol, graded dehydration (70% to absolute alcohol),
clearing with toluol, paraffin infiltration and
embedding, sectioning using a microtome, mounting
with Mayer's albumin, and hematoxylin-eosin staining.
The prepared specimens were subsequently examined
using a light microscope.

For gill tissues, the observed parameter was lamella
length. In intestinal tissues, villus height was
determined as the distance between the villus apex and
the villus-crypt junction, whereas crypt depth was
measured from crypt base to the corresponding junction.
The surface area of the intestinal villi was subsequently
calculated using the following formula:

Villus surface area = 2 x 3.14 x (villus diameter + 2) x
villus height

The ratio between villus height and crypt depth
was subsequently calculated. For muscle tissues,
myofiber diameter and myofiber area were measured.

Data Analysis

Data on microplastic abundance in organs, growth
parameters (body length and weight), and histological
characteristics of gills, intestine, and muscle were
analyzed using inferential statistical —methods.
Differences among treatments were tested Statistical
comparisons were performed using ANOVA, whereas
Kruskal-Wallis test was applied when the data did not
satisfy the assumptions of homogeneity of variance and
normality (Field, 2018). Significant differences were
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further examined using DMRT Test or appropriate
pairwise comparisons as post-hoc procedures.
Regression analysis was additionally employed to assess
the relationship between increasing concentrations of PS
microplastics in the rearing medium and the measured
parameters. Statistical analyses were conducted using
IBM SPSS 27.0 for Windows, with results considered
statistically significant at p < 0.05.

Result and Discussion

Microplastic Abundance

This study investigated the effects of exposure of
polystyrene microplastic through the rearing medium
on the growth performance and organ histology in giant
freshwater prawns. The lowest microplastic abundance
in the gills was recorded in the control group (1.67 +1.53
particles/sample), whereas the highest microplastic
abundance was observed in T3 (5.67 = 2.08
particles/sample) (Table 1), with a significant difference
detected among the treatment groups (p < 0.05). In the
digestive tract, microplastic abundance was lowest in
both the control group (0.67 +1.15 particles/sample) and
T1 (0.67 £ 0.58 particles/sample), whereas T3 exhibited
the greatest abundance (7.67 + 10.69 particles/sample).
Despite these differences, microplastic abundance in the
digestive tract did not differ significantly among
treatments (p > 0.05). In muscle tissue, no microplastic
particles were detected in the control group (0.00 + 0.00
particles/g), whereas the highest abundance was
recorded in T3 (2.33 %= 1.53 particles/g). Statistical
analysis revealed a significant difference between the
control and exposed groups (p < 0.05), whereas the
differences among T1, T2, and T3 were not statistically
significant (p > 0.05).

Regression analysis demonstrated a significant
association between PS microplastic levels in the rearing
medium and their abundance in the gill and muscle
tissues (p < 0.05). However, the concentration of PS
microplastics in the rearing medium was not
significantly associated with their abundance in the
digestive tract (p > 0.05).

Table 1. Abundance of PS Microplastics in the Organs of Giant Freshwater Prawn (Macrobrachium rosenbergii) after

14 days of PS microplastic exposure

Treatment Gills (particles/ sample) Digestive Tract (particles/ sample) Muscle (particles/g
Control (0 mg/L) 1.67 £1.532 0.67 +1.152 0.00 +0.002
T1 (1 mg/L) 2.00 +1.00a 0.67 +0.582 0.67 £ 0.584b
T2 (10 mg/L) 3.67 £1.53b 4.00 +5.002 2.00 +1.000
T3 (100 mg/L) 5.67 +£2.08b 7.67 £10.692 2.33 £1.53b

Note: Different superscript letters indicate significant differences (p < 0.05).

Table 1 shows a clear tendency that increasing
microplastic concentrations in the rearing medium

corresponded with increasing numbers of particles
detected in prawn organs. This pattern indicates that
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higher environmental exposure to microplastics
increases the probability of particle uptake and
accumulation in aquatic organisms, consistent with
previous studies (Giiven et al., 2017; Roch et al., 2020;
Wright et al., 2013).

One of the organs where microplastics were
detected was the gill, which serves as the primary
respiratory organ and is directly exposed to medium.
Microplastics accumulation in gills is associated with the
respiratory ventilation process, during which organisms
continuously pump water across the gill surface to
obtain oxygen. Suspended microplastic particles may
therefore be transported through the water flow and
adhere to the gill tissues (Aryani et al., 2023; Pradit et al.,
2023; Putra et al., 2025).

Microplastics were also detected in digestive tract,
where they may enter through several pathways,
including ingestion with food, inadvertent uptake
through contaminated water or ingestion of prey
containing microplastic particles (Roch et al., 2020). In
this study, microplastics likely entered the digestive
tract during feeding activity. However, the results
showed that microplastic abundance in the rearing
medium did not significantly affect the abundance
detected in the digestive tract. This may occur because
microplastics accumulated in the digestive tract can be
excreted through feces or translocated to other tissues
(Gall & Thompson, 2015).

The size of microplastic particles is another
important factor influencing their accumulation. Larger
microplastic particles tend to be retained in the digestive
tract and eventually excreted, whereas particles of
smaller dimensions can cross the intestinal epithelial
barrier and subsequently reach other tissues (Aryani et
al., 2024). After entering the digestive tract, some
microplastics may translocate through the circulatory
system and accumulate in other tissues, including
muscle. The present results indicate that microplastic
abundance gradually decreased from the digestive tract
to muscle tissue, suggesting that only a fraction of
ingested particles can penetrate the epithelial barrier and
reach systemic circulation.

Previous research reported that in brown shrimp
(Crangon crangon), only very small microplastics (0.1 pm)
were capable of being absorbed from the intestine and
transported to other tissues (Korez et al., 2020). Similar
findings were reported in whiteleg shrimp (Penaeus
vannamei), where microplastics were detected not only
in the intestine but also in muscle tissue (Vitheepradit &
Prommi, 2023), with fewer particles detected in muscle
tissue than in the digestive tract (Suwartiningsih et al.,
2023). These findings indicate that microplastic particle
size is a critical factor determining the ability of particles
to translocate between tissues in aquatic organisms.
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Growth Performance

The smallest increase in body length was recorded
for T3 (0.55 £ 0.42 cm), whereas the control group
exhibited the greatest increase (0.75 + 0.69 cm) (Table 2).
Nevertheless, the differences among the treatment
groups were not statistically significant (p > 0.05). A
similar pattern was observed for weight gain, with T3
showing the lowest value (1.91 + 1.33 g) and the control
group showing the highest (3.39 + 1.61 g); however,
these differences were also not significant (p > 0.05).
Furthermore, regression analysis showed that exposure
to different PS microplastic concentrations in the rearing
medium for 14 days had no significant effect on either
body length increment or weight gain in the prawns (p
> 0.05).

Table 2. Growth Performance of Giant Freshwater
Prawn (Macrobrachium rosenbergii) after 14 Days of PS
Microplastic Exposure

Treatment Length Weight gain (g/day)
increment
(cm/day)
Control (0 mg/L) 0.75 £0.69a 3.55 +1.50a
T1 (1 mg/L) 0.68 + 0.452 2.39+£1.48a
T2 (10 mg/L) 0.60 + 0.43a 1.96 +1.41a
T3 (100 mg/L) 0.55 +0.42a 1.91+1.332
Note: Different superscript letters indicate significant
differences (p < 0.05).

The findings indicated that PS microplastic
concentrations in the rearing medium did not
significantly influence body length gain in giant
freshwater prawns. The absence of significant
differences is likely because the concentration of
microplastics applied had not reached a level capable of
disrupting physiological processes associated with
growth, such as cell division in skeletal tissues.
Consequently, the body elongation process of the
prawns was able to proceed normally.

In addition, the present study also demonstrated
that microplastic exposure did not significantly affect
weight gain. This condition may be attributed to the
relatively low concentration of microplastics used,
which did not alter the physical quality of the rearing
medium, such as water turbidity or dissolved oxygen
availability. As a result, the organisms were still able to
maintain metabolic processes, nutrient utilization, and
physiological activities required for growth.

Although no statistically significant effects were
detected, the data pattern indicated a declining trend in
length increment and weight gain with increasing
concentrations of PS microplastics in the rearing
medium. A similar pattern was reported in a study using
juvenile giant freshwater prawns, where body length
decreased by 15.6% and body weight decreased by

29.6% following exposure to 1 mg/L PS microplastics in
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the rearing medium for 42 days (Zhou et al., 2026).
Exposure to PS microplastics is suspected to alter
feeding behavior and disrupt food absorption in juvenile
giant freshwater prawns, which may consequently
reduce growth performance (Jaikumar et al., 2021).

Histomorphometry
Gills

Gill lamellae were shortest in the control group
(93.27 £ 41.62 pm), while the greatest mean length was
recorded in T2 (108.52 + 64.38 um) (Table 3). Despite this
variation, lamella length did not differ significantly
between treatments (p > 0.05). Regression analysis
likewise revealed no significant effect of PS microplastic
exposure through the rearing medium on gill lamella
length (p > 0.05). The histological appearance of the gill
lamellae following 14 days of PS microplastic exposure
is shown in Figure 1.

Exposure to PS microplastics through the rearing
medium did not significantly alter gill lamella length in
giant freshwater prawns. Nevertheless, the data pattern
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indicated a tendency for lamella length to increase with
increasing microplastic concentration in the medium.
This tendency suggests the presence of the organism’s
physiological response to the introduction of foreign
particles into its aquatic surroundings. When
microplastics accumulate on gill tissues, these particles
may potentially obstruct water flow and interfere with
oxygen absorption occurring at the lamellar surface
(Yudiati et al., 2009). Such disturbances may trigger
structural changes in gill tissues as a response to
environmental stress.

Table 3. Gill Histomorphometry of Giant Freshwater
Prawn (Macrobrachium rosenbergii) after 14 days of PS
Microplastic Exposure

Treatment Lamella length (pm
Control (0 mg/L) 93.27 + 41.62
T1 (1 mg/L) 95.50 + 44.75¢
T2 (10 mg/L) 108.52 £ 64.38:
T3 (100 mg/L) 104.82 + 34.94:
Note: Different superscript letters indicate significant
differences (p < 0.05).

(©

Accumulation of microplastics in gills has also been
reported to cause physical damage to gill filaments,
leading to histopathological changes (Barboza et al.,
2018), such as lamellar hypertrophy (Silveyra et al.,
2023). Under such conditions, aquatic organisms may
perform physiological adjustments to maintain efficient
gas exchange. One possible adaptive response is the
elongation of lamellae, which increases the respiratory

(d)
Figure 1. Gills of giant freshwater prawn (Macrobrachium rosenbergii) after 14 days of PS microplastic exposure: (a) Control (0
mg/L); (b) T1 (1 mg/L); (c) T2 (10 mg/L); and (d) T3 (100 mg/L)

surface area so that oxygen demand for metabolism can
still be fulfilled.

A comparable adaptive response has been
documented in the shore crab (Carcinus maenas)
following exposure to PS microplastics for 24 hours did
not reduce oxygen consumption because the organism
was able to maintain gas exchange through enhanced
lamellar function or changes in water flow within the
branchial chamber (Watts et al., 2016). A comparable
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response was also observed in Mutiara catfish (Clarias
gariepinus) (Suwartiningsih et al., 2023). Therefore, the
tendency toward lamella elongation observed in this
study is likely an adaptive response of giant freshwater
prawns to microplastic exposure in the rearing
environment.

Digestive Tract

Villus height decreased to its lowest value in T3
(72.83 = 15.22 um), whereas the control group exhibited
the greatest height (152.12 + 51.05 pm) (Table 4), with
significant differences detected among treatments (p <
0.05). Crypt depth followed a similar pattern, showing
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the smallest value in T3 (21.32 £ 1.91 pm) and the largest
in the control group (34.32 £ 11.36 um), with significant
variation among treatments (p < 0.05). Likewise, the
villus-to-crypt ratio reached its lowest value in T3 (3.43
* 0.73), while the highest ratio occurred in the control
group (4.87 £ 2.16). The lowest villus surface area was
observed in T3 ((29.99 + 11.83) x 10? pm?), whereas the
highest value was found in the control group ((154.12 £
124.46) x 10? pm?).

Regression analysis revealed that microplastic
abundance in the rearing medium significantly affected
the height of intestinal villi, depth of the crypts, villus-
to-crypt ratio, and villus surface area (p < 0.05).

Table 4. Intestinal Histomorphometry of Giant Freshwater Prawn (Macrobrachium rosenbergii) after 14 days of PS

Microplastic Exposure

Treatment Villus height (um) Crypt depth (um) Villus-crypt ratio Villus area (x10? pm?)
Control (0 mg/L) 152.12 £ 51.05¢ 34.32 £11.36¢ 4.87 +2.16¢ 154.12 +124.46¢
T1 (1 mg/L) 112.94 + 31.000 25.79 + 4.88p 4.54 +1.54bc 95.27 + 53.85t
T2 (10 mg/L) 86.70 £17.19a 22.65 +4.02ab 3.93 +1.01ab 42.71 + 1640
T3 (100 mg/L) 72.83 £15.222 21.32+191a 3.43+0.732 29 .99 +11.83¢

Note: Different superscript letters indicate significant differences (p < 0.05).

©)
Figure 2. Intestinal histology of giant freshwater prawn (Macrobrachium rosenbergii) after 14 days of PS microplastic exposure; (a)
Control (0 mg/L); (b) T1 (1 mg/L); (c) T2 (10 mg/L); and (d) T3 (100 mg/L)

The findings demonstrated that PS microplastic
levels in the rearing water significantly altered intestinal
morphology, as reflected by changes in villus
dimensions, crypt depth, the villus-to-crypt ratio, and
intestinal ~surface area. Increasing microplastic
concentrations in the medium were accompanied by
increasingly evident morphological changes, including

(d)

shortening of the villi, shallower crypts, a decrease in the
villus-crypt ratio, and a reduction in villus surface area.
This pattern indicates that the presence of microplastics
may disrupt the structural integrity of the intestinal
mucosa.

This tissue damage is presumed to occur due to
continuous abrasion and irritation of the intestinal
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epithelium while microplastic particles remain in the
digestive tract, resulting in repeated tissue repair
processes that ultimately trigger —morphological
alterations (Mbugani et al., 2022). Similar effects have
also been reported in zebrafish (Danio rerio), where
microplastic exposure caused damage to the intestinal
villus structure (Lei et al., 2018).

Changes in villus structure have important
implications for the physiological function of the
intestine. Villi are the primary structures involved in
nutrient absorption, as their surface increases the contact
area between the intestinal lumen and epithelial tissue.
The larger the villus surface area, the greater the capacity
for nutrient absorption (Muhammadar et al., 2023).
Therefore, the shortening and narrowing of villi caused
by microplastic exposure may reduce the efficiency of
nutrient absorption. This condition may lead to a
decrease in the amount of nutrients that can be absorbed
by the organism, which may ultimately affect growth
performance.

Muscle

The results showed that the lowest myofiber
diameter was observed in T3 (30.60 + 7.67 um), while the
highest value occurred in the control group (51.18 %
14.04 um) (Table 5), with significant differences among
treatments (p < 0.05). Nevertheless, the comparison
between T2 and T3 did not reveal a statistically
significant difference (p > 0.05). Similarly, the lowest
myofiber area was observed in T3 (24.03 + 6.02 x 103
um?), whereas the highest value occurred in the control

©
Figure 3. Muscle histology of giant freshwater prawn (Macrobrachium rosenbergii) after 14 days of PS microplastic exposure; (a)
Control (0 mg/L); (b) T1 (1 mg/L); (c) T2 (10 mg/L); and (d) T3 (100 mg/L)
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group (40.19 +11.03 x 10° um?). A significant differ~--~
among treatments was detected (p < 0.05), althoug B
and T3 did not differ significantly. Regression analysis
indicated that microplastic abundance in the rearing
medium significantly affected myofiber diameter and
area (p <0.05).

Table 5. Muscle histomorphometry of giant freshwater
prawn (Macrobrachium rosenbergii) after 14 days of PS
microplastic exposure

Treatment Myofiber Myofiber area (x10°
diameter (um) pum?)
Control (0 mg/L) 51.18 £ 14.04c¢ 40.19 +11.03¢
T1 (1 mg/L) 41.17 £8.27> 32.33 £ 6.500
T2 (10 mg/L) 33.48 £7.752 26.29 £ 6.09a
T3 (100 mg/L) 30.60 £ 7.672 24.03 £ 6.022
Note: Different superscript letters indicate significant
differences (p < 0.05).

The present findings are in agreement with earlier
research, which demonstrated that a seven-day
exposure to PS microplastics at 1000 pg/L in goldfish
larvae  (Carassius auratus) caused damage to
mesenchymal muscle cells, leading to muscle fiber
atrophy (Yang et al., 2020). Morphological changes in
muscle tissue are thought to occur due to the entry of
environmental contaminants into muscle cells and
tissues, thereby disrupting the structural stability of the
tissue (Di Giacinto et al., 2023; Setyono et al., 2024). One
compound that may contribute to these toxic effects is
styrene, a benzene derivative known to possess high
toxicity (Aldi, 2024; Majid et al., 2018).
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Several other studies have also reported similar
patterns of muscle tissue damage resulting from
exposure to various contaminants. Research on yellow
catfish (Pelteobagrus fulvidraco) showed that contaminant
exposure at exposure levels of 44 and 234 pg/kg
administered over an eight-week period resulted in a
reduction in myofiber diameter in muscle tissue (Zhang
et al., 2021). In addition, exposure to the insecticide
fonofos at 2 mg/L for 96 hours in zebrafish (Danio rerio)
was also reported to cause a decrease in muscle fiber
diameter (Arman & Uciincii, 2021).

The decrease in myofiber diameter and area
observed in this study indicates that muscle fiber growth
was impaired. Suboptimal myofiber growth may reduce
muscle tissue quality, particularly in terms of elasticity
and structural compactness of the flesh (Moenek &
Toelle, 2021; Suwiti et al., 2015; Zhang et al.,, 2021).
Moreover, muscle tissue damage is often used as a
biological indicator of environmental pollutant exposure
(Ciamarro et al., 2015). Microplastics themselves have
been widely reported to exhibit high toxicity potential
toward various aquatic organisms (Aulia et al., 2023;
Stapleton & Hai, 2023).

Mechanistically, PS microplastic accumulation
within muscle tissue may facilitate the release of
potentially harmful substances, including phthalates
and bisphenol A. The presence of these compounds can
promote reactive oxygen species (ROS) generation,
consequently triggering oxidative stress. This oxidative
imbalance may subsequently cause damage to cellular
membranes and structural proteins responsible for
maintaining muscle fiber integrity. Such damage may
ultimately inhibit myogenesis and interfere with
myofiber regeneration (Hamed et al., 2021; Novianti &
Suwartiningsih, 2026).

The results obtained in the present study are in
accordance with previous findings reported by
Suwartiningsih et al. (2025), who found that exposure to
100 mg/L PS microplastics in catfish was associated
with reductions in both myofiber diameter and cross-
sectional area. These changes indicate histological
alterations in muscle tissue as a response to microplastic
exposure. Therefore, the reduction in myofiber size
observed in this study further supports the hypothesis
that PS microplastics can affect the structure and
function of muscle tissue in aquatic organisms through
toxicity mechanisms associated with oxidative stress.

Conclusion

This study demonstrated that 14-day exposure to
PS microplastics (0-100 mg/L) resulted in accumulation
and histomorphological alterations in the giant
freshwater prawn. Microplastic abundance increased
with exposure concentration, reaching 5.67 * 2.08
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particles/sample in gills and 2.33 + 1.53 particles/g in
muscle at 100 mg/L, compared with minimal or no
particles in the control. Growth performance was not
significantly affected; however, a decreasing trend was
observed, with the lowest body length increment
recorded in T3 (0.55 = 0.42 cm) and the lowest weight
gain (1.91 £ 1.33 g) at higher concentrations. Significant
changes were observed in intestinal morphology,
including reduced the depth of intestinal crypts, the
ratio between villi and crypts, and the surface area of the
intestinal villi, as well as decreased myofiber diameter
and area in muscle tissue. These results indicate that PS
microplastics can accumulate in tissues and induce
structural damage in vital organs of the giant freshwater
prawn. This study extends previous research by
providing a comprehensive evaluation of the
relationships among environmental polystyrene
microplastic concentration, tissue-specific microplastic
accumulation, growth performance, and
histomorphometric responses in the gills, intestine, and
muscle of Macrobrachium rosenbergii under standardized
experimental conditions. These results enhance our
understanding of the ecotoxicological impacts of PS
microplastics on freshwater crustaceans and offer
foundational information for microplastic pollution
monitoring and sustainable freshwater shrimp
aquaculture management. Furthermore, the observed
tissue-level alterations suggest that histomorphometric
parameters may serve as sensitive biomarkers for the
early detection of microplastic-induced toxicity before
measurable effects on growth become evident. Future
studies should investigate the impacts of prolonged
microplastic exposure and assess the toxicity associated
with various polymer types, particle sizes, and shapes,
and explore the underlying molecular mechanisms,
including oxidative stress, inflammatory responses, and
gene expression to gain deeper insight into the long-
term consequences of microplastic contamination for
freshwater aquaculture organisms.

Acknowledgments
Acknowledgment is given to Lembaga Penelitian dan
Pengabdian kepada Masyarakat Universitas Ahmad Dahlan

(LPPM UAD), for providing financial support that enabled the
completion of this research.

Author Contributions

Conceptualization was led by N.S. Methodology was
developed by N.S, LH.Y,, RS,, and RM. Validation of the
research procedures was conducted by N.S. and L.H.Y., while
formal analysis was carried out by R.S. and R.M. The
investigation was performed by N.S., LH.Y,, RS, RM,, LN,,
and D.E.W. Research resources were provided by N.S. Data
curation was managed by L.H.Y., R.S. and R.M. The original
draft of the manuscript was prepared by L.H.Y., R.S. and R M.
with contributions from A.F.A. and I.N. Manuscript review

324



Jurnal Penelitian Pendidikan IPA (JPPIPA)

and editing were completed by N.S. and D.E.W. Visualization
was prepared by R.S., and R.M. Overall supervision of the
research was carried out by N.S. All authors have read and
approved the final version of the manuscript.

Funding

This research was funded by Lembaga Penelitian dan
Pengabdian kepada Masyarakat Universitas Ahmad Dahlan
(LPPM UAD) under grant number PD-279/SP3/LPPM-
UAD/XII/2025 dated December 2, 2025.

Conflicts of Interest

The authors declare that this article was prepared in the
absence of any conflicts of interest that might influence the
impartiality or credibility of the reported results.

References

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., & Ugtincii, S. 1. (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

Aryani, D., Hasanah, A. N., Haryati, S., & Pratama, R.
(2024). Identifikasi mikroplastik pada ikan
Bandeng (Chanos chanos) dan ikan Tongkol
(Euthynnus affinis) di pasar tradisional Kranggot,
Cilegon-Banten. Berita Biologi, 23(2), 311-319.
https:/ /doi.org/10.55981/beritabiologi.2024.4964

Aryani, D., Hasanah, A. N., Radityani, F. A., Nuryadin,
D. F. E, & Azkia, L. I. (2023). Karakteristik
mikroplastik pada ikan layang (Decapterus ruselli)
dan ikan nila (Oreochisrom niloticus) di Pasar Rau,
Kota Serang. Habitus Aquatica, 4(1), 1-7.
https:/ /doi.org/10.29244 /haj.4.1.1

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., Vieira, L. R., Branco, V., Carvalho, C.,
& Guilhermino, L. (2018). Microplastics increase
mercury  bioconcentration in  gills and
bioaccumulation in the liver, and cause oxidative
stress and damage in Dicentrarchus labrax juveniles.
Scientific Reports, 8(1), 1-9.
https:/ /doi.org/10.1038/s41598-018-34125-z

Chae, Y., Kim, D., Choi, M., Cho, Y., & An, Y. (2019).
Impact of nano-sized plastic on the nutritional

Volume 12, Issue 7, 316-328

value and gut microbiota of whiteleg shrimp
Litopenaeus wvannamei via dietary exposure.
Environment  International, 130(104848), 1-8.
https:/ /doi.org/10.1016/j.envint.2019.05.042

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

Di Giacinto, F., Di Renzo, L. Mascilongo, G,
Notarstefano, V., Gioacchini, G., Giorgini, E.,
Bogdanovié, T., Petricevié, S., Listes, E., Brkljaca,
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

Ding, J., Zhang, S., Razanajatovo, R. M., Zou, H., & Zhu,
W. (2018). Accumulation, tissue distribution, and
biochemical effects of polystyrene microplastics in
the freshwater fish Red Tilapia (Oreochromis
niloticus). Environmental  Pollution, 238, 1-9.
https://doi.org/10.1016/j.envpol.2018.03.001

EFSA. (2016). Presence of microplastics and nanoplastics
in food, with particular focus on seafood. EFSA
Journal, 14(6).
https:/ /doi.org/10.2903 /j.efsa.2016.4501

Field, A. (2018). Discovering Statistics Using IBM SPSS
Statistics (5th ed.).

Gall, S. C., & Thompson, R. C. (2015). The impact of
debris on marine life. Marine Pollution Bulletin,
92(1-2), 170-179.
https:/ /doi.org/10.1016 /j.marpolbul.2014.12.041

GESAMP. (2015). Sources, fate and effects of microplastics in
the marine environment: a global assessment.
Retrieved from
https:/ /www.gesamp.org/ publications/reports-
and-studies-no-90

Gopal, J., Sivanesan, 1., Muthu, M., & Oh, J.-W. (2022).
Overviewing the ground reality of microplastic
effects on seafoods, including fish, shrimps and
crabs: Future research directions. Foods, 11(3976),
1-26. https:/ /doi.org/10.3390/foods11243976

Given, O., Gokdag, K., Jovanovi¢, B., & Kideys, A. E.
(2017). Microplastic litter composition of the
Turkish territorial waters of the Mediterranean
Sea, and its occurrence in the gastrointestinal tract
of fish. Environmental Pollution, 223(January), 286-
294. https:/ /doi.org/10.1016/j.envpol.2017.01.025

Hale, R. C,, Seeley, M. E., La Guardia, M. J., Mai, L., &
Zeng, E. Y. (2020). A global perspective on

325



Jurnal Penelitian Pendidikan IPA (JPPIPA)

microplastics. Journal of Geophysical Research:
Oceans, 125(1), 1-40.
https:/ /doi.org/10.1029/2018]C014719
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, ]., & Hong,
J.  (2020). Potential toxicity of polystyrene
microplastic particles. Scientific Reports, 10(1), 1-12.
https:/ /doi.org/10.1038 /s41598-020-64464-9
Jaikumar, 1. M., Periyakali, S. B., Rajendran, U., Joen-
Rong, S., Thanasekaran, J., & Tsorng-Harn, F.
(2021). Effects of microplastics, polystyrene, and
polyethylene on antioxidants, metabolic enzymes,
HSP-70, and myostatin expressions in the giant
river prawn Macrobrachium rosenbergii: Impact on
survival and growth. Archives of Environmental
Contamination and Toxicology, 80(3), 645-658.
https:/ /doi.org/10.1007 /s00244-021-00833-3
Jitkaew, P., Pradit, S., Noppradit, P., Sengloyluan, K.,
Yucharoen, M., Suwanno, S., Tanrattanakul, V.,
Sornplang, K., Nitiratsuwan, T., & Geindre, M.
(2023). Accumulation of microplastics in stomach,
intestine, and tissue of two shrimp species
(Metapenaeus moyebi and Macrobrachium rosenbergii)
at the Khlong U-Taphao, Southern Thailand.
International Journal of Agricultural Technology,
19(1), 83-89. Retrieved from https://1i04.tci-
thaijo.org/index.php/1JAT/article/view /9415
Khairunnisa, R., Fauzi, M., & Prianto, E. (2023).
Ekomorfologi udang galah (Macrobrachium
rosenbergii) di Sungai Rokan dan Sungai Siak
Provinsi Riau. Jurnal Ilmu Perairan (Aquatic Science),
11(2), 113-119. https:/ /doi.org/10.31258 /
Khasani, 1., Junaeri, A., Ekasanti, A., Krettiawan, H., &
Pamungkas, W. (2023). Growth performance,
survival, and feed efficiency of the giant freshwater
prawn (Macrobrachium rosenbergii) under various
starvation patterns. Bioflux, 16(4), 1974-1984.
Retrieved from
https:/ /bioflux.com.ro/docs/2023.1974-1984.pdf
Kik, K., Bukowska, B., & Siciniska, P. (2020). Polystyrene
nanoparticles: Sources, occurrence in the
environment, distribution in tissues, accumulation
and toxicity to various organisms. Environmental
Pollution, 262.
https:/ /doi.org/10.1016/j.envpol.2020.114297
Korez, S., Gutow, L., & Saborowski, R. (2020). Coping
with the “dirt”: brown shrimp and the microplastic
threat. Zoology, 143(September).
https:/ /doi.org/10.1016/j.z001.2020.125848
Lei, L., Wu, S, Lu, S, Liu, M., Song, Y., Fu, Z., Shi, H.,

Volume 12, Issue 7, 316-328

Raley-Susman, K. M., & He, D. (2018). Microplastic
particles cause intestinal damage and other
adverse effects in zebrafish Danio rerio and
nematode Caenorhabditis elegans. Science of the Total
Environment, 619-620, 1-8.
https://doi.org/10.1016/j.scitotenv.2017.11.103

Lusher, A., Hollman, P., & Mendozal, J. (2017).
Microplastics in fisheries and aquaculture: status
of knowledge on their occurrence and implications
for aquatic organisms and food safety. In FAO
Fisheries and Aquaculture Technical Paper 615.
https:/ /doi.org/978-92-5-109882-0

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
Mbugani, J. J., Machiwa, J. F., Shilla, D. A., Kimaro, W.,
Joseph, D. & Khan, F. R. (2022).
Histomorphological damage in the small intestine
of Wami Tilapia (Oreochromis urolepis) (Norman,
1922) exposed to microplastics remain long after
depuration. Microplastics, 1(2),  240-253.
https:/ /doi.org/10.3390/ microplastics1020017
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
Muhammadar A. A, Nurul Hasanah, Suraiya Nazlia,
Dedi Ferdiansyah Putra, & Asmawati M. Sail.
(2023). Pengaruh pemberian kombinasi pakan
maggot (Hermetia illucens) dan ampas tahu
terhadap histologi usus ikan Gabus (Channa
striata). Jurnal Penelitian Progresif, 2(2), 35-44.
https:/ /doi.org/10.61992/jpp.v2i2.73
Nugnes, R., Lavorgna, M., Orlo, E., Russo, C., & Isidori,
M. (2022). Toxic impact of polystyrene microplastic
particles in freshwater organisms. Chemosphere,

299(March), 134373.
https:/ /doi.org/10.1016 /j.chemosphere.2022.1343
73

Nurhadi, T., Budiyantoro, C., & Sosiati, H. (2017).
Identifikasi mechanical properties dari bahan daur
ulang polystyrene. [MPM (Jurnal Material Dan
Proses Manufaktur), 1(1), 36-40.
https:/ /doi.org/10.18196/jmpm.v1il1.2758

OECD. (2022). Global Plastics Outlook: Economic Drivers,
Environmental Impacts and Policy Options. OECD
Publishing, Paris.
https:/ /doi.org/10.1787 /de747aef-en

Pillai, B. R., & Panda, D. (2024). Global Status of Giant
Prawn, Macrobrachium rosenbergii farming with
special reference to india and measures for

326



Jurnal Penelitian Pendidikan IPA (JPPIPA)

enhancing production. Journal of Aquaculture, 33(1),
1-14. https:/ /doi.org/10.61885/joa.v33.2024.290
Pradit, S., Noppradit, P., Jitkaew, P., Sengloyluan, K.,
Yucharoen, M., Suwanno, P., Tanrattanakul, V.,
Sornplang, K. & Nitiratsuwan, T. (2023).
Microplastic accumulation in catfish and its effects
on fish eggs from Songkhla Lagoon, Thailand.
Journal of Marine Science and Engineering, 11(4).
https://doi.org/10.3390/jmse11040723
Putra, A. F. R., Hertika, A. M. S., & Maimunabh, Y. (2025).
Hubungan kelimpahan mikroplastik dengan
kerusakan histopatologis pada insang dan usus
udang Vaname (Litopenaeus wvannamei) yang
dibudidayakan di tambak di probolinggo, jawa
timur, indonesia. Jurnal Riset Akuakultur, 20(1), 63-
77. https:/ /doi.org/10.15578 /jra.20.1.2025.63-77
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 /541598-020-60630-1
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
Setyono, B. D. H., Wahyudi, R., Asri, Y., Diniariwisan,
D., & Sumsanto, M. (2024). Characterization of
microplastic contamination of whiteleg shrimp
(Litopenaeus wvannamei) cultivation in North
Lombok, Indonesia. Journal of Fish Health, 4(4), 262~
272. https:/ /doi.org/10.29303 /jth.v4i4.5975
Silveyra, G. R., Silveyra, P., Brown, M., Poole, S,
Vatnick, I, Medesani, D. A., & Rodriguez, E. M.
(2023). Oxidative stress and histopathological
effects by microplastic beads, in the crayfish
Procambarus clarkii, and fiddler crab Leptuca
pugilator. Chemosphere, 343(September), 140260.
https:/ /doi.org/10.1016/j.chemosphere.2023.1402
60
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
Novianti, I., Suwartiningsih, N. (2026). Potential of basil
seed (Ocimum basilicum) simplicia as a feed
supplement on the histomorphometry and muscle
damage of african catfish (Clarias gariepinus)
exposed to polystyrene microplastics. Bioscientist:
Jurnal Ilmiah Biologi, 14(1), 1-12.
https:/ /doi.org/10.33394/bioscientist.v14i1.19297
Suwartiningsih, N., Aszhara, A. F., Marsela, R, &
Wijayanti, D. E. (2025). The Effect of polystyrene

Volume 12, Issue 7, 316-328

microplastic exposure in the rearing water on
muscle morphology of Mutiara catfish (Clarias
gariepinus  Burchell, 1822). Jurnal Penelitian
Pendidikan IPA, 11(7), 295-302.
https:/ /doi.org/10.29303/jppipa.v11i7.11537
Suwartiningsih, N., Putri, A. L. A., Wijayanti, D. Ek., &
Prabakusuma, A. S. (2023). Deteksi mikroplastik
pada udang Vannamei (Littopenaeus vannamei) dari
Pasar Beringharjo Kota Yogyakarta. Proceeding

Biology Education Conference, 20(1), 146-151.
Retrieved from
https:/ /jurnal.uns.ac.id/ prosbi/ article/ viewFile/
82713 /43622

Suwartiningsih, N., Sunggoro, G., Dhiaulhaq, R. M.,
Sari, L. N. I, Maharani, K. S., Putra, I. L. 1., &
Setiawan, H. (2023). Morfologi insang ikan lele
Mutiara (Clarias gariepinus Burchell, 1822) yang
diberi paparan mikroplastik polietilen (PE) pada
pakan. Bioscientist : Jurnal llmiah Biologi, 11(1), 571.
https:/ /doi.org/10.33394 / bioscientist.v11i1.7702

Suwiti, N. K., Suastika, I. P., Swacita, I. B. N., & Besung,
L N. K (2015).  Histologycal  and
histomorphometry study of Bali cattle and Wagyu
beef. Jurnal Veteriner, 16(3), 432-438. Retrieved
from
https:/ /www.cabidigitallibrary.org/doi/pdf/10.
5555/20153378869

Tee-hor, K. Nitiratsuwan, T., & Pradit, S. (2023).
Identification of anthropogenic debris in the
stomach and intestines of giant freshwater prawns
from the Trang River in southern Thailand. Peer],
11, 1-18. https:/ /doi.org/10.7717 / peerj. 16082

Thammatorn, W., Cholewin, P., Kruangkum, T., & Palic,
D. (2024). Aged polyethylene microplastics and
glyphosate-based herbicide co-exposure toxicity in
Pacific white shrimp (Litopenaeus vannamei).
Frontiers in  Marine  Science, June, 1-13.
https:/ /doi.org/10.3389/fmars.2024.1384487

UNEP. (2023). Turning off the Tap: How the world can

end plastic pollution and create a circular

economy. In United Nations Environment

Programme.  United  Nations  Environment

Programme. https:/ /doi.org/10.1038/nrc1722

C. A, & Johnson, D. W. (2022). Effects of

microplastics on the feeding rates of larvae of a

coastal fish: direct consumption, trophic transfer,

and effects on growth and survival. Marine Biology,

169(2), 1-14. https:/ /doi.org/10.1007/500227-021-

04010-x

Vendel, A. L., Bessa, F., Alves, V. E. N., Amorim, A. L.
A., Patricio, ], & Palma, A. R. T. (2017).
Widespread microplastic ingestion by fish
assemblages in tropical estuaries subjected to
anthropogenic pressures. Marine Pollution Bulletin,
117(1-2), 448-455.

327



Jurnal Penelitian Pendidikan IPA (JPPIPA)

https:/ /doi.org/10.1016/j.marpolbul.2017.01.081

Vitheepradit, A., & Prommi, T. (2023). Microplastics in
surface water and tissue of white leg shrimp,
Litopenaeus vannamei, in a cultured pond in Nakhon
Pathom Province, Central Thailand. AIMS
Environmental Science, 10(4), 478-503.
https:/ /doi.org/10.3934/ environsci.2023027

Watts, A. J. R., Urbina, M. A., Goodhead, R., Moger, .,
Lewis, C., & Galloway, T. S. (2016). Effect of
microplastic on the gills of the shore crab Carcinus
maenas. Environmental Science and Technology,
50(10), 5364-5369.
https:/ /doi.org/10.1021/acs.est.6b01187

Woo, S., Song, I, & Cha, H. J. (2020). Fast and facile
biodegradation of polystyrene by the gut microbial
flora of Plesiophthalmus davidis larvae. Applied and
Environmental ~ Microbiology,  86(18),  1-12.
https://doi.org/10.1128 / AEM.01361-20

Wright, S. L., Thompson, R. C., & Galloway, T. S. (2013).
The physical impacts of microplastics on marine
organisms: a review. Environmental Pollution, 178,
483-492.
https:/ /doi.org/10.1016/j.envpol.2013.02.031

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., Maharani, M. D., Cordova, M. R,, Elvania, Y.,
& Dharmawan, 1. W. E. (2020). Analisis
mikroplastik di insang dan saluran pencernaan
ikan karang di tiga pulau kecil dan terluar Papua,
Indonesia: Kajian Awal. Jurnal Ilmu Dan Teknologi
Kelautan Tropis, 12(2), 497-507.
https:/ /doi.org/10.29244 /jitkt.v12i2.25971

Yoon, H., Park, B., Rim, J., & Park, H. (2022). Detection
of microplastics by various types of whiteleg
shrimp (Litopenaeus vannamei) in the Korean Sea.
Separations, 9(332), 1-12.
https:/ /doi.org/10.3390/ separations9110332

Yudiati, E., Sedjati, S., Enggar, 1., & Hasibuan, 1. (2009).
Dampak pemaparan logam berat kadmium pada
salinitas yang berbeda terhadap mortalitas dan
kerusakan jaringan insang juvenile udang Vaname
(Litopeneus  vannamei). ILMU  KELAUTAN:
Indonesian Journal of Marine Sciences, 14(4), 29-35.
https:/ /doi.org/10.14710/ik.ijms.14.4.29-35

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.

Volume 12, Issue 7, 316-328

https:/ /doi.org/10.1016/j.anifeedsci.2020.114764
Zhou, Q., Wang, Y., Wei, ], Jiao, T., Xu, S., Hong, K., Su,
Q., & Liufu, B. (2026). Chronic exposure to
polystyrene microplastics at environmentally
relevant concentration induced growth retardation
in Macrobrachium rosenbergii via multi-pathway
toxicity : Oxidative stress, microbial dysbiosis, and
biodistribution. Environmental Pollution, 396,
127836.
https:/ /doi.org/10.1016/j.envpol.2026.127836

328



