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Introduction

Abstract

The Pacific white shrimp (Litopenaeus vannamei) is a globally important aquaculture
species due to its rapid growth and broad environmental adaptability. In Indonesian
coastal pond systems, frequent salinity fluctuations caused by tidal flooding (“rob”)
engender unstable culture conditions that impair immunity and growth performance.
This study evaluated the impact of mechanical filtration on water quality, growth and
immune-related gene expression in L. vannamei under a low-salinity regime (10 ppt).
A completely randomized design was used with semi-mass circular tanks (3 m
diameter, 1 m depth, 5-ton capacity) operated either with or without mechanical
filters (two replicates per treatment). All shrimp were fed a basal diet supplemented
with 2 g kg™ alginate as an immunostimulant. Over a 20-day period (DOC 30, 40 50),
water parameters (nitrite, nitrate, pH, turbidity) and expression of LGBP, ProPO, IGF-
2, HSP70, and MnSOD genes were assessed. Filtration significantly improved water
clarity and stability (turbidity <187.75+28.69 NTU vs. 643.49+46.80 NTU in non-filtered
systems), and reduced nitrite/nitrate accumulations (0.5 & 10 mg L™ vs. 5.0&50
mg L™"). pH remained stable (7.7-8.0). Shrimp in filtered tanks reached higher final
body weight (7.51£0.25 g) than those in non-filtered tanks (6.04+0.07 g). Gene
expression results showed up-regulation of LGBP, ProPO, IGF-2, and HSP70 in filtered-
treatment shrimp, while MnSOD was elevated in non-filtered shrimp, indicating higher
oxidative stress. These findings demonstrate that the inclusion of a simple mechanical
filtration unit in low-salinity recirculating systems enhances water quality, promotes
growth, and improves immune homeostasis in L. vannamei under environmental
stress.

aquaculture is predominantly concentrated in coastal
regions, particularly along the northern coast of Java,

The Pacific white shrimp (Litopenaeus vannamei) is
one of the most commercially important crustaceans in
global aquaculture due to its rapid growth rate, high
survival, and broad environmental adaptability (Peng et
al., 2023; Al-Subiai et al., 2025). In Indonesia, shrimp
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where brackish water ponds are the main production
system (Patanasatienkul et al., 2023). However, this
region increasingly faces environmental instability
linked to coastal flooding (rob), leading to abrupt salinity
fluctuations. During such events, the intrusion of
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seawater is followed by freshwater dilution, frequently
reducing pond salinity to suboptimal levels and thereby
destabilizing the rearing environment (Ariadi et al.,
2025).

Sustained exposure to low salinity exerts osmotic
stress on shrimp, compromising their homeostatic
mechanisms, energy allocation, and
immunophysiological functions (Yudiati et al., 2024a;
Yudiati et al., 2024b; Yudiati et al., 2025). Consequently,
stressed shrimp exhibit reduced disease resistance and
become more vulnerable to opportunistic and
pathogenic  microorganisms  such as Vibrio
parahaemolyticus, the causative agent of acute
hepatopancreatic necrosis disease (AHPND) (Chang et
al., 2024), and white spot syndrome virus (WSSV)
(Ramos-Carrefio et al., 2014). These environmental and
biological pressures collectively threaten production
sustainability and farmer livelihoods in low-salinity
coastal areas.

Among the emerging solutions to mitigate such
stressors, the implementation of recirculating
aquaculture systems (RAS) equipped with efficient
filtration components has shown great promise (Halim
et al., 2025). Filtration, particularly when integrated
with mechanical and biological processes, plays a central
role in maintaining water quality by removing
suspended solids, reducing organic and nitrogenous
waste, and stabilizing microbial community structure
(Chen et al., 2021; Emmanuel et al., 2025). A well-
balanced microbial consortium within RAS not only
suppresses the proliferation of pathogenic bacteria but
also promotes beneficial biofilm formation and nutrient
recycling, contributing to improved shrimp health and
performance (Emmanuel et al., 2025). In contrast,
unfiltered or open systems tend to accumulate organic
detritus and opportunistic pathogens, leading to
deteriorated water quality, oxidative stress, and
increased disease incidence in cultured shrimp.

Despite growing evidence of the ecological and
microbiological benefits of filtration, empirical studies
directly comparing shrimp performance in filtered
versus non-filtered systems under low-salinity stress

5 Ton tank
D=3M

remain limited. Addressing this gap, the present study
investigated the effects of filtration on water quality,
growth, and health performance of L. vannamei
juveniles reared at 10 ppt salinity, representative of rob-
affected coastal ponds in Java. To ensure baseline
immune readiness, all shrimp were fed diets
supplemented with 2 g kg™ of alginate, a bioactive
polysaccharide derived from brown seaweed known to
enhance nonspecific immunity and feed utilization
efficiency. The findings of this study are expected to
provide practical insights into the application of
filtration technology as a sustainable management
strategy for maintaining shrimp productivity in
environmentally  fluctuating coastal aquaculture
systems.

Materials and Methods
Experimental System

The experimental setup consisted of four circular
fiberglass tanks (3.0 m in diameter, 1 m water depth, 5-
ton working volume each) integrated into a recirculating
aquaculture system (RAS) (Figure 1). Each tank was
equipped with PVC inlet and outlet pipes (1.5-inch
diameter) to maintain continuous water flow.

Water from each culture tank flowed by gravity
into a 0.2-ton mechanical filtration chamber containing
brush media and fishing net mesh to trap suspended
solids and organic matter. The filtered water was
collected in a 0.2-ton reservoir tank equipped with a
submersible pump, which returned the water to the
culture tanks through PVC return lines, maintaining a
closed-loop circulation.

Filtration Design and Operation

The mechanical filtration unit was designed by CV.
Hadid Mukti Karya, Semarang, Indonesia to remove
uneaten feed, feces, and organic particulates. Plastic
brush media (10 cm diameter) were arranged vertically,
while the fishing net mesh was placed horizontally to

Mechanical filtration using
e brush media
+ fishing net mesh

Water Pump

0.2 Ton tank 0.2 Ton tank

Figure 1. Schematic diagram of the shrimp culture system equipped with a mechanical filtration unit.
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improve solid retention. The water flow rate was
maintained at approximately 10-12 L min~, ensuring full
tank circulation every 6-8 h. The pump operated
continuously during the experiment, and filter media
were rinsed every three days to prevent clogging and
sustain filtration efficiency.

Mechanical filters were constructed with a
standard 200-liter drum with 60 cm in diameter and 90
cm in height. Each drum was completed with 10 brushes
(diameter = 15 cm, with 50 cm in height). The solid waste
was rinsed every morning and afternoon through
backwashing with pressured seawater. Drums were
completed with reused net (5 kg in size with mesh size
around 25 x 15 cm). The hydraulic rate was set at 1 ton
per hour. The schematic diagram of the shrimp culture
system equipped with a mechanical filtration unit is
shown in Figure 1. There were no drums and no
hydraulic pumps provided in non-filter treatment.

Preparation of Alginate-Supplemented Diets

The immunostimulant used in this study was
sodium alginate extracted from brown seaweed
(Sargassum sp.) (Yudiati et al.,, 2024b). A single
supplementation level of 2 g alginate per kg feed was
applied to all diets (Yudiati et al., 2019). To prepare the
supplemented feed, the required amount of alginate
powder was dissolved in sterile distilled water (50 mL
kg™ feed) and sprayed evenly and thoroughly onto a
commercial basal diet (STP, Indonesia). The coated
pellets were air-dried at room temperature (28°C) for 12
h and stored at 4°C until use. Control feed (without
alginate) was prepared using the same procedure with
distilled water only.

Water Quality Management

Water quality parameters, including temperature,
pH, dissolved oxygen (DO), salinity, and total ammonia
nitrogen, were monitored daily using a multiparameter
probe (YSI ProDSS, USA). Partial water exchange (10%)
was performed weekly to maintain stable conditions
(Hopkins et al., 1993; Milstein et al., 2005; Prakash et al.,
2021). Water quality was maintained at salinity 10 ppt,
temperature 28-30°C, and DO >5 mg L™ throughout the
experiment.

Shrimp Preparation and Acclimation

Post-larvae of Litopenaeus vannamei (PL10) were
obtained from a certified hatchery (BADC, lJepara,
Indonesia) and reared under controlled laboratory
conditions until 40 days post-larvae (PL40). Upon arrival,
the shrimp were maintained at a salinity of 25 ppt
(similar to the hatchery condition) and gradually
acclimated to 10 ppt over five days by reducing the
salinity stepwise from DOC (day of culture) 0 to DOC 5
as follows: 25 ppt (DOC 0), 20 ppt (DOC 1), 16 ppt (DOC
2), 13 ppt (DOC 3), 11 ppt (DOC 4), and finally 10 ppt

(DOC 5). During salinity reduction, the filtration system
was not applied yet, and all shrimps were fed a
commercial basal diet.

Shrimps were stocked at a density of 150
individuals m™2 (=1,060 shrimp per 5-ton tank). After a
three-day acclimation period, feeding in all tanks was
performed four times daily (07:00, 10:00, 13:00, and
16:00) at 3-5% of total biomass, adjusted according to
feeding response (Yudiati et al., 2019). At DOC 50,
shrimp reached an average body weight of 2.0£0.3 g,
with a survival rate (SR) of 100%, indicating good health
and uniform growth before treatment initiation.

Experimental Design

The semi-mass culture experiment was a
Completely randomized Design (CRD), conducted with
two treatments and two replications each. Filter
treatment tanks were equipped with mechanical
filtration (filtered, F), and other treatment without
filtration (non-filtered, NF).

All  tanks were operated under identical
environmental conditions with continuous aeration and
water recirculation. Water quality parameters were
recorded daily, and mechanical filters were cleaned
every three days to ensure consistent operation.

Growth samplings were collected from the lift
sampling net (30 cm x 30 cm x 10 cm) and applied at 05
am local time. This was done early in the morning to
minimize stress handling. Sampling was administered
every 5 days for 20 days, from DOC 30, 40, and 50
throughout the experiment. The number of shrimp
samples for growth was 50 shrimps (+5% of the
population/tank) (FAO, 1989).

The Biomass (g) and Feed Intake (g) were recorded,
and the Specific Growth Rate (SGR), Feed Conversion
Ratio (FCR), and Survival Rate (SR) were calculated, using
these formulas (Novriadi et al., 2024):

SGR (%) =100[In W2-In W1]/T.
Where, W1: initial weight (g); W2: final weight

SR (%)= (final number of shrimp/initial number of
shrimp) x 100

FCR= feed given (g)/alive weight gain (g)

SR (%)= (final number of shrimp/initial number of
shrimp) x 100

Water Quality Parameters

Water quality was monitored regularly throughout
the experimental period to assess the environmental
stability of each treatment system (filtered and non-
filtered). The parameters measured included nitrite
(NOy7), nitrate (NOs~), pH, and turbidity.
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Water samples were collected daily from each tank
at a consistent depth (approximately 20 cm below the
surface) in the morning before feeding. Nitrite and
nitrate concentrations were determined using
spectrophotometric methods following the standard
procedures of APHA (2017). Specifically, nitrite was
analyzed using the diazotization method, while nitrate
was measured after cadmium reduction. pH was
recorded using a calibrated portable pH meter (YSI
Professional Plus, USA), and turbidity was measured
with a nephelometric turbidity meter (Hach 2100P, USA)
and expressed in nephelometric turbidity units (NTU).

All instruments were calibrated before use to
ensure measurement accuracy. Data were expressed as
meantstandard deviation (SD) and recorded for each
sampling day to evaluate temporal variations between
filtered and non-filtered systems under low-salinity
conditions.

Immune Gene Expression Analysis

The number of shrimp sampled for gene
expression was 10 shrimps/tank, collected from the lift
sampling net after growth measurements, and were
randomly caught.

Hemolymph samples were collected from the
ventral sinus at DOC 30, 40, and 50 using sterile syringes
preloaded with sodium citrate (30 mM, pH 7.0) as an
anticoagulant. Total RNA was extracted from hemocytes
using TRIzol reagent (Invitrogen, USA), and cDNA was
synthesized using the RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, USA) (Azhar and
Yudiati, 2023).

Quantitative real-time PCR (gRT-PCR) was
performed to quantify the expression of immune-
related genes, including LGBP, proPO, IGF-2, MnSOD,
and HSP70, normalized to B-actin as the housekeeping
gene (Table 1). Relative gene expression was calculated
using the 2 AACt method (Livak and Schmittgen, 2001).

Statistical Analysis
All data were expressed as meantstandard

deviation  (SD). Significant  differences among
treatments in SGR, Feed Intake, Biomass, and FCR were

analyzed by one-way ANOVA, followed by the Least
Significant Difference (LSD) test at P<0.05. Other data
(Turbidity level, pH stability, concentration of nitrite,
nitrate, and gene expression) were analyzed using two-
way ANOVA (treatment x day) with repeated-measures
structure. If there were significant differences, then
followed by Tukey’s HSD post hoc test. Statistical
analyses were performed using RStudio Software
(version 2026.01.0, Build 392, 'Apple Blossom' release).

Results
Water Turbidity and pH Stability

Turbidity levels and pH stability in the culture tanks
showed progressive changes throughout the 20-day
observation period (Figure 2). However, the magnitude
of turbidity differed significantly (P<0.05) between the
filtered and non-filtered systems. In the non-filtered
tanks, turbidity increased rapidly after DOC 40, reaching
a maximum value of approximately 643.49+46.80 NTU
on DOC 50. In contrast, the filtered tanks maintained
substantially lower turbidity levels, remaining below
187.75+28.69 NTU throughout the experimental period.
Statistical analysis indicated that from day 11 onward,
turbidity values in the non-filtered system were
significantly higher (P<0.05) than those in the filtered
system (Figure 2a).

Figure 2b illustrates the variation in pH levels
during the 20-day culture period in both systems.
Throughout the experiment, pH remained within the
optimal range for Litopenaeus vannamei culture (7.6—
8.0). At the beginning of the experiment, both systems
exhibited similar pH values (~8.0) with no significant
difference (P>0.05). Over time, the pH in the filtered
tanks remained relatively stable, fluctuating between
7.74 and 7.93, whereas the non-filtered tanks tended to
show slightly lower pH values, occasionally decreasing
to 7.63-7.89.

Growth Performance of Litopenaeus vannamei
Figure 3 illustrates the growth performance of

Litopenaeus vannamei reared under filtered and non-
filtered systems over a 20-day experimental period. The

Table 1. Primer sequences utilized for gRT-PCR amplification of L. vannamei immune-related genes

Gene Primer Sequence (5’-3’) Accession no Reference

o0 E RO s vl 200
WL S
MnSOD ; ’:ﬁ&i%%ﬂ%ﬁ?g?fégﬁgg DQO05531 (Gémez-Anduro et al., 2006)
IGF-2 ; g;g;%zﬁiﬁfrzgé?gggﬁﬁg XMO02739466 (Sharawy et al., 2022)
H5P70 i TCCGAAGGACTGAGCTCTTG albout et a, 2009
b-actin ; g;z%éccfélgﬁﬁgfgiﬁéiﬁggﬁz AF300705.2 (Sun et al., 2007)
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initial mean body weight of shrimp was approximately
2.0 g, with no significant difference (P>0.05) between
treatments on DOC 30.

Throughout the experimental period, shrimp in
both treatments exhibited progressive weight gain;
however, the filtered system consistently showed
higher mean body weight compared to the non-filtered
group. On DOC 40, a significant difference (P<0.05) was
observed, with shrimp in the filtered tanks reaching
approximately 3.96+0.058 g, while those in the non-
filtered tanks averaged around 3.46+0.094 g. By DOC 50,
the difference became more pronounced shrimp in the
filtered system achieved a final mean weight of

800
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500

400

Turbidity (NTU)

300

200

100

approximately 7.51+0.25 g, significantly higher (P<0.05)
than the 6.04+0.07 g observed in the non-filtered
treatment.

The SGR, biomass, feed intake, and FCR of L.
vannamei reared under filter treatment significantly
reached better results (P<0.05) than non-filter
treatment over a 20-day experimental period (Table 2).

Nitrite and Nitrate Concentration
Nitrite (NO,™) and nitrate (NOs™) concentrations

observed in both filtered and non-filtered systems are
presented in Figure 4. These parameters serve as key
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indicators of nitrogen transformation and water quality
dynamics during the 20-day culture period.

Figure 4a illustrates the changes in nitrite (NO;7)
levels in both filtered and non-filtered systems over a
20-day experiment. At the start (DOC 30), nitrite levels
were minimal and showed no significant difference
(P>0.05) between treatments. As the culture
progressed, nitrite concentrations gradually increased in
both systems; however, a clear difference emerged
from DOC 35 onward. By DOC 40, the non-filtered group
reached about 0.5 mg L™ of nitrite, while the filtered
group remained at 0 mg L. The largest difference
appeared on DOC 50, when nitrite in the non-filtered
system sharply rose to approximately 5.0 mg L7,
whereas the filtered tanks kept relatively low levels
around 0.5 mg L™,

Figure 4b illustrates the temporal changes in
nitrate (NOs~) concentrations in both filtered and non-
filtered treatments over a 20-day culture period. At the
start of the experiment (DOC 30), nitrate levels were
negligible and not significantly different (P>0.05)
between treatments. By DOC 35, nitrate concentration
in the non-filtered tanks increased to approximately 5
mg L™, which was significantly higher (P<0.05) than in
the filtered tanks (<1 mg L™"). From DOC 40 to DOC 45,
nitrate levels increased gradually in both treatments;

Weight (gram)

30 35

however, the accumulation rate was much higher in the
non-filtered tanks. On DOC 45, the nitrate concentration
in the non-filtered system reached around 25 mg L™,
compared to about 10 mg L™ in the filtered tanks
(P<0.05). At the end of the culture period (DOC 50), the
difference became more pronounced, with nitrate
concentration in the non-filtered tanks peaking at
approximately 50 mg L', whereas the filtered tanks
maintained relatively stable levels around 10 mg L™
Statistical analysis confirmed significant differences
between treatments (P<0.05), as indicated by distinct
superscript letters.

Gene Expression

The expression profiles of immune- and growth-
related genes in L. vannamei are presented in Figure 5.
At DOC 30, there were no significant differences
(P>0.05) among treatments for all genes analysed.
However, significant variations were observed over the
experimental period depending on the gene and
treatment condition.

Lypopolysaccharide and B-1,3-glucan-binding
protein (LGBP) expression significantly increased
(P<0.05) on DOC 40 and 50, with the Filter group
showing higher levels than the non-Filter group. The

4®
40

40 45 50

Day of Culture
M Filter M Non-Filter

Figure 3. The growth performance of Litopenaeus vannamei reared under filtered and non-filtered systems over a 20-day

experimental period.

Table 2. The SGR, biomass, feed intake, and FCR of Litopenaeus vannamei reared under filtered and non-filtered systems over a 20-

day experimental period

Treatment SGR (%) Biomass (g) Feed Intake (g) FCR
Filter 4.41+0.112 796412692 751842132 1.29+0.022
Non-Filter 3.69+0.04b 6412+73b 7241+299b 1.69+0.04
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highest LGBP expression was recorded on DOC 50 in the
Filter treatment (Figure 5a).

Similarly, the insulin-like growth factor (IGF-2)
gene showed an increasing trend throughout the
experiment in both treatments (Figure 5b). While no
significant difference (P>0.05) was observed at DOC 30,
IGF-2 expression was significantly higher (P<0.05) in the
Filter group on DOC 40 and 50, suggesting enhanced
growth-related activity under filtered conditions.

The prophenoloxidase (ProPO) gene also exhibited
a progressive increase over time (Figure 5c). Expression
levels in the Filter treatment were significantly higher
(P<0.05) than in the non-Filter group on DOC 40 and 50,

indicating greater immune activation in shrimp reared
under the filtered environment.

Heat shock protein 70 (HSP70) expression
increased from DOC 30 to DOC 40 in both treatments
(Figure 5d). Although no significant difference (P>0.05)
was found between groups at DOC 30 and 40, HSP70
levels were significantly higher (P<0.05) in the Filter
treatment DOC 50. This elevated expression indicates
enhanced cellular stress protection and suggests that
the filtered environment improved shrimp resilience
under low-salinity conditions.

Manganese superoxide dismutase (MnSOD)
expression showed temporal variation during the
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Figure 4. The variation in (A) nitrite (NO2") and (B) nitrate (NOs~) concentrations in both filtered and non-filtered systems during

the 20-day experimental period.
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experimental period (Figure 5e). At DOC 40, MnSOD
levels in the Filter group were significantly lower
(P<0.05) than in the non-Filter group, while at DOC 50,
expression increased sharply (P<0.05) in the non-Filter
treatment. The higher MnSOD expression in the non-
Filter group at DOC 50 indicates greater oxidative stress,
whereas the lower expression in the Filter treatment
suggests reduced oxidative burden due to improved
water quality.

Discussion

Turbidity represents one of the most important
physical indicators of water quality in aquaculture
systems, as it directly influences light penetration,
photosynthetic activity, and the physiological responses
of cultured organisms (Chen et al., 2021; Sarosh et al.,
2024). In the present study, turbidity levels increased
progressively during the 20-day culture period, with
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significantly higher (P<0.05) values observed in the non-
filtered system compared to the filtered treatment.
These results clearly demonstrate that mechanical
filtration using brush media and mesh screens was
effective in reducing suspended solids and maintaining
water clarity in the recirculating culture system.

The increase in turbidity observed in the non-
filtered system can be attributed to the accumulation of
uneaten feed, fecal matter, and microbial flocs that
remained suspended in the water column. According to
Avnimelech (2009), suspended solids and organic
particulates are inevitable in intensive shrimp culture
due to continuous feeding and microbial activity.
However, when not properly managed, these
particulates can elevate biochemical oxygen demand
(BOD), reduce dissolved oxygen levels, and create
anaerobic microzones within the water column. Such
conditions not only impair shrimp respiration but also
promote the proliferation of opportunistic pathogens
such as Vibrio spp. (Chang et al., 2024). The sharp rise in
turbidity after DOC 40 in the non-filtered tanks
corresponds well with the typical timeline of organic
waste accumulation and microbial bloom formation in
static or semi-static aquaculture systems (Chen et al.,
2021).

In contrast, the filtered system exhibited much
lower turbidity levels, indicating that the physical
filtration unit was highly efficient in trapping and
removing suspended solids before they could re-enter
the culture tank. The use of brush filters and nylon mesh
in this study provided a simple yet effective means of
mechanical filtration by increasing the surface area for
particle entrapment and facilitating sedimentation.
Similar findings were reported by Furtado et al. (2011)
and van Rijn et al. (2006), who noted that mechanical
filtration not only enhances water clarity but also
stabilizes other key water quality parameters, such as
ammonia and nitrite, by reducing the organic loading
rate. The consistent removal of suspended particles in
the filtered treatment likely reduced the microbial
decomposition rate, leading to a more stable water
environment and less production of nitrogenous waste
(Sarosh et al., 2024).

The lower turbidity in the filtered system was also
associated with better shrimp performance, as
evidenced by the significantly higher mean body weight
recorded in the filtered tanks (7.51+0.25 g) compared to
the non-filtered tanks (6.04+0.07 g) at DOC 50. High
turbidity has been reported to interfere with shrimp
feeding efficiency by limiting visibility and clogging gill
structures, thereby reducing feed conversion ratio
(FCR), specific growth rate, weight gain, producing less
shrimp biomass, and feed intake along the experiment
(Pasparakis et al., 2023). Moreover, turbid water can
increase physiological stress and energy expenditure
due to the need for continuous osmoregulatory and
respiratory adjustments (Ramos-Carrefio et al., 2014).
The clear correlation between low turbidity and
improved growth performance in this study underscores

the critical role of mechanical filtration in maintaining
optimal rearing conditions.

The relationship between turbidity and nitrogen
dynamics was also evident in this study. Nitrite and
nitrate concentrations were markedly higher in the non-
filtered treatment, with nitrite reaching up to 5.0 mg L™
and nitrate peaking at approximately 50 mg L™ by DOC
50. These elevated nitrogenous compounds likely
resulted from the accelerated decomposition of organic
matter under high turbidity conditions. In the filtered
tanks, by contrast, nitrite and nitrate levels remained
relatively low (0.5 and 10 mg L™, respectively),
suggesting that the removal of suspended solids
curtailed the substrate availability for nitrifying and
denitrifying bacteria. According to Ebeling et al. (2006),
the efficiency of the nitrification process in aquaculture
systems is strongly dependent on the level of suspended
organic matter; excessive turbidity often leads to
oxygen depletion and localized anoxia, which inhibit the
activity of beneficial nitrifiers such as Nitrosomonas and
Nitrobacter. Therefore, the mechanical filtration system
likely contributed indirectly to nitrogen stability by
maintaining suitable conditions for aerobic microbial
processes (Chang et al., 2024).

The stability of pH observed in both treatments
(7.6—8.0) further supports this interpretation. Despite
minor fluctuations, the filtered system maintained a
more consistent pH profile, while the non-filtered tanks
exhibited slightly lower values, possibly due to increased
carbon dioxide accumulation and organic acid
production from microbial respiration. Stable pH
conditions are essential for shrimp metabolism and
molting, as well as for maintaining the ionic balance in
low-salinity environments (Nazarudin et al., 2025). Thus,
the filtration unit not only improved physical water
quality but also indirectly contributed to chemical
equilibrium and system resilience.

The influence of turbidity control extended to the
physiological and molecular levels of L. vannamei.
Shrimp reared in the filtered system exhibited higher
expression of immune-related genes such as LGBP,
ProPO, and HSP70, as well as growth-related IGF-2.
These genes are key indicators of shrimp health and
environmental adaptation (Yudiati et al., 2024b). LGBP
and ProPO are involved in pathogen recognition and the
prophenoloxidase cascade, crucial for the innate
immune defense (Azhar and Yudiati, 2023). Their higher
expression in the filtered treatment suggests that
moderate environmental stimulation under cleaner
water conditions may have enhanced immune readiness
without imposing chronic stress.

The particularly elevated HSP70 in the filtered
treatment likely reflects an adaptive cytoprotective
response associated with enhanced cellular resilience
under environmental challenge (Zhang et al., 2024),
rather than indicating the absence of stress. HSP70 is
rapidly induced under environmental stress conditions,
including salinity fluctuation and organic loading.
Importantly, this interpretation is supported by the
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contrasting expression pattern of MnSOD, which was
significantly higher in the non-filtered treatment at a
DOC of 50, indicating a greater oxidative stress burden
in that system. Thus, the combined gene expression
profile (higher LGBP and ProPO with moderated
oxidative stress markers) suggests improved immune
readiness and environmental stability in the filtered
system, rather than chronic stress activation. In the
present study, HSP70 expression increased in both
treatments over time, reflecting the physiological
adjustment of shrimp to low-salinity rearing conditions.

In contrast, MnSOD expression, a marker of
oxidative stress, was significantly elevated in the non-
filtered treatment by DOC 50. MnSOD plays a vital role
in mitigating oxidative damage caused by reactive
oxygen species (ROS). Its upregulation in the non-
filtered system reflects increased oxidative stress due to
deteriorating water quality and the buildup of
suspended organic matter. This inverse relationship
between MnSOD and water clarity aligns with
observations by Cheng et al. (2025), who reported that
shrimp exposed to high organic turbidity exhibited
increased oxidative stress markers and decreased
antioxidant efficiency.

Taken together, the results highlight that
controlling turbidity through simple mechanical
filtration can substantially improve the culture
environment and biological performance of L
vannamei. Clear water enhances light penetration and
promotes beneficial microbial activity while minimizing
harmful anaerobic processes. Additionally, maintaining
low turbidity reduces the load of suspended pathogens
and particulate-associated toxins, such as hydrogen
sulfide and ammonia, which are commonly released
from decomposing organic debris. These improvements
translate into measurable benefits in shrimp growth,
immune response, and stress tolerance.

From a practical perspective, the filtration
approach used in this study demonstrates a cost-
effective and easily maintainable solution for small- to
medium-scale shrimp farms operating under
recirculating or semi-recirculating conditions. The brush
and mesh combination can be readily installed in
existing tank systems and cleaned periodically without
complex equipment. Compared to chemical flocculants
or high-energy filtration systems, this design offers
sustainable water management by relying on physical
particle removal rather than chemical treatment.

Conclusion

In conclusion, turbidity control is not merely an
aesthetic or physical parameter but a fundamental
determinant of water quality, system stability, and
shrimp welfare. The findings of this study provide strong
evidence that integrating a simple mechanical filtration
system into low-salinity recirculating tanks can maintain
turbidity below 200 NTU, stabilize nitrogen compounds,
and support superior growth and immune performance

in L. vannamei. This approach aligns with current trends
in environmentally responsible aquaculture,
emphasizing the reduction of water exchange and
nutrient discharge while maximizing productivity
through improved internal water recycling and
biosecurity. Further research should explore the long-
term sustainability of such systems, including microbial
community dynamics and the potential integration with
biofiltration or biofloc-based treatments to achieve
holistic water quality management.
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