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Abstract: Feed stability is crucial in aquaculture to minimize nutrient loss and
ensure optimal growth of cultured species. This study evaluated the effects of
different binders (carboxymethyl cellulose/CMC, wheat gluten, tapioca flour,
and Gracilaria sp. flour) at 3% and 5% concentrations, processed via hot and
cold mixing methods, on feed stability and survival of mud crab (Scylla spp.).
Conducted over 45 days, the research involved feed formulation, stability
testing in seawater (30 ppt salinity), and a 30-day feeding trial in a recirculating
aquaculture system. Results showed that binder type and processing method
significantly influenced feed integrity, with CMC 5% + hot mixing exhibiting
the highest stability (96.99% retention after 240 minutes), while tapioca 5% +
hot mixing degraded fastest. All formulations met the >70% stability threshold
after 120 minutes, confirming suitability for aquaculture. The feeding trial
revealed 100% survival across all treatments, indicating that binder selection
can prioritize physical stability without compromising crab health. Hot
processing consistently enhanced binder performance, particularly for
polysaccharide-based CMC and Gracilaria sp. flour. These findings suggest
CMC 5% (hot) as the optimal binder for durable mud crab feed, whereas
tapioca requires careful concentration control. The study provides practical
insights for feed development, though further replicated trials under varied
farming conditions are recommended to validate commercial applicability.
This research contributes to sustainable aquaculture by improving feed
efficiency and reducing waste in mud crab production.
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Introduction

Aquaculture feed stability is a critical
factor in ensuring optimal nutrient delivery and
minimizing waste in aquatic farming systems
(Amirkolaie, 2011; Hlava¢ et al., 2014;
Zaabwe et al., 2020). Feed that disintegrates
rapidly in water leads to nutrient leaching, poor
feed conversion ratios, and water pollution,
ultimately affecting aquatic species' growth
and survival (Bhambri & Karn, 2020; Mente et
al.,, 2006). Mud crabs (Scylla spp.), an
economically important species, require feed
with high water stability to accommodate their
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slow feeding habits (Jaya-Ram et al., 2021;
Viswanathan & Raffi, 2015). However,
conventional binders such as carboxymethyl
cellulose (CMC), wheat gluten, and tapioca
flour exhibit varying degrees of effectiveness
(Agustiyana et al., 2024; Ahamad Ali et al.,
2010; Gao et al., 2020). Thus, evaluating
different binder types and processing methods
is essential to develop cost-effective and
durable feed formulations for mud crab
aquaculture.

The selection of appropriate binders
and processing techniques significantly
influences feed stability. Previous studies have

© 2025 The Author(s). This article is open access


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:wastuayu@unram.ac.id

Diamahesa et al., (2025). Jurnal Biologi Tropis, 25 (3): 4303 —4310

DOI: http://doi.org/10.29303/jbt.v25i3.9896

demonstrated that binder concentration and
mixing methods (hot vs. cold) affect feed
integrity in water. For instance,
polysaccharide-based binders like CMC form
stable gels when heated, while protein-based
binders such as wheat gluten provide structural
reinforcement (Aksoy et al., 2022; Lopez &
Richtering, 2021; Mediha et al., 2025; Megone
et al., 2021; Ruscoe et al., 2005). However,
comparative studies on their performance in
mud crab feed remain limited. This study
investigates the effects of different binders
(CMC, wheat gluten, tapioca flour, and
Gracilaria sp. flour) at varying concentrations
(3% and 5%) and processing methods (hot and
cold mixing) on feed stability and crab survival
rates.

Feed formulation and processing
techniques also play a crucial role in ensuring
consistency and durability (Hardy & Brezas,
2022; Lapierre, 2005). In this study, trash fish
meal was processed into a fine powder and
mixed with other ingredients to produce a
homogeneous dough. The feed was then
shaped, dried, and subjected to stability testing
in seawater to evaluate disintegration rates
over time. The study followed established
criteria, where feed with >70% stability after
120 minutes was considered acceptable for
aquaculture use. By comparing different binder
formulations, this research aims to identify the
most effective combination for mud crab feed
production. Beyond feed stability, the study
also assessed the impact of different binder
formulations on mud crab survival in a
controlled recirculating aquaculture system. A
30-day feeding trial was conducted using the
best-performing binders from the stability tests
(CMC and wheat gluten at 3% and 5%
concentrations).

Given the increasing demand for
sustainable aquaculture practices, optimizing
feed formulations is essential to enhance
productivity and reduce environmental impact
(Gencer, 2025; Hoerterer et al., 2022) This
study contributes to the growing body of
knowledge on mud crab nutrition by providing
empirical data on binder efficacy and
processing methods. The findings highlight the
superiority of CMC (5%) with hot mixing in
maintaining feed stability, while also
demonstrating that alternative binders like
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wheat gluten and Gracilaria sp. flour are
viable options. Further research with
replication under different farming conditions,
growth performance and feed efficiency are
recommended to validate these preliminary
findings and refine feed formulations for
commercial mud crab aquaculture.

Materials and Methods

Research Time and Location

This study was conducted over 45 days,
from August 16 to September 30, 2024, in Empol
Hamlet, Empol Preparatory Village, Sekotong
District, West Lombok Regency, and at the Fish
Nutrition Laboratory, Faculty of Agriculture,
University of Mataram.

Research Method

This study employed an experimental
and preliminary exploratory design without
replication. ~ The  independent  variables
(treatments) consisted of different binder types
(carboxymethyl cellulose/CMC, wheat gluten,
tapioca flour, and Gracilaria sp. flour) at
concentrations of 3% and 5%, processed using
hot and cold mixing methods (Bonilla et al.,
2020; He et al., 2020). The dependent variable
was feed stability (%) at different immersion
times (30, 60, 120, and 240 minutes).

Follow-Up Feeding Trial

Based on the best feed stability results, wheat
gluten and CMC (3% and 5%) were selected as
binders for crab feed in a subsequent 30-day
apartment culture system trial.

Equipment and Materials

The study utilized aquaculture and feed
production equipment. For crab culture, a
recirculating crab apartment system equipped
with water pumps, aerators, water filters, tubing,
and airstones was employed (Agustiyana et al.,
2024; Sukardi et al., 2024; Usman et al., 2024).
Feed preparation involved sieves, mixing bowls,
steamers, stoves, ovens, meat grinders, choppers,
and feed storage containers. Water quality
parameters were monitored using a DO meter,
pH meter, thermometer, and refractometer, while
digital scales, buckets, and ladles were used for
practical purposes.
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Research  materials comprised feed
ingredients and supplementary materials. Feed
binders included CMC, wheat gluten, and tapioca
flour, while feed ingredients consisted of trash
fish, shrimp head meal, and fish oil (Agustiyana
et al., 2024; Ahamad Ali et al., 2010; Gao et al.,
2020; Johny et al., 2020; Liu, Cao, et al., 2022;
Yusoff et al., 2021). A vitamin-mineral mix was
supplemented, with supporting materials
including seawater, food-grade silica gel, plastic,
and latex for experimental purposes. All
materials and equipment were selected to support
successful mud crab aquaculture research.

Research Procedure

Fishmeal Preparation

Trash fish processing began with sun-
drying for approximately three days. Filleting
was performed manually using knives,
sectioning from below the head to near the tail.
Whole fish were rinsed with freshwater, drained,
and sun-dried on plastic trays. The dried product
was ground and sieved through an 80-mesh
screen to produce uniform fishmeal (Brooks MS,
2013; Diamahesa et al., 2024; Fu et al., 2024;
Kousoulaki et al., 2022; P et al., 2024; Yao et al.,
2024). Other flour ingredients underwent
identical sieving to ensure consistency

Feed Formulation

Feed production commenced with
ingredient preparation. Dry materials (fishmeal,
wheat flour, sago flour, wheat gluten, and
seaweed flour) were sieved through an 80-mesh
screen. Precisely weighed ingredients were
mixed uniformly before adding binders (CMC)
and functional additives (vitamin mix, mineral
mix, lecithin). Fish oil and water were
incorporated  gradually to  achieve a
homogeneous, kneadable dough. The mixture
was molded into cubes using a cookie cutter. The
formulated feed was oven-dried at 50-60°C to
<10% moisture content, then stored in airtight
containers with silica gel to prevent mold growth.
Feed quality was verified through water stability
testing, evaluating disintegration rates after 0, 30,
60, 120, and 240 minutes of seawater immersion
(Aksoy et al., 2022; Cheng & Serensen, 2025;
Zaabwe et al., 2020).
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Feed Stability Test

This study evaluated the stability of
formulated mud crab feed using two binder types
(wheat gluten and CMC) at concentrations of 3%
and 5%. The key distinction between hot and
cold mixing methods lay in water temperature
during binder incorporation. The hot method
utilized boiling water to create a homogeneous
gel binder prior to mixing with feed ingredients,
whereas the cold method employed room-
temperature water for binder dissolution. Feed
pellets were immersed in seawater (30 ppt
salinity, 28-30°C) to assess stability. Samples
were retrieved at 0, 30, 60, 120, and 240-minute
intervals, then drained and weighed to determine
mass loss percentage through disintegration.
Feed stability criteria required >70% weight
retention after 120 minutes (Dominy et al., 2004;
Ferreira et al., 2020). Comparative analysis of
binder performance across concentrations
identified optimal formulations.

Survival Rate Assessment

Ten Mud crabs (Scylla spp.) were
selected for each treatment based on uniform size
and physical condition. Following initial
weighing,  specimens  underwent  7-day
acclimation in controlled recirculating systems,
with 3-day fasting prior to treatment initiation to
purge digestive tracts. Experimental groups
(CMC/wheat gluten at 3% and 5%
concentrations) were maintained in separate
apartment tanks with aeration and shelter to
minimize stress. Over 30 days, crabs were fed
experimental diets once daily ad satiation. Daily
80-100% water exchange via siphoning
maintained water quality while monitoring
mortality and physical condition. Survival rate
was calculated as the percentage of crabs
surviving to trial completion relative to initial
stock.

Data Analysis

The feed stability and mud crab (Scylla
spp.) survival rate data obtained during the trial
period were analyzed descriptively using
Microsoft Excel and presented graphically to
visualize treatment performance  trends.
Comparative analysis focused on identifying
optimal binder formulations through temporal
stability patterns and survival outcomes.
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Results and Discussion

Cold Water Method

The study revealed significant variations in
feed stability across binder types, concentrations,
and processing methods. All treatments exhibited
progressive stability decline during 30 — 240
minute immersion periods. Under cold
processing: Tapioca 3% demonstrated peak initial
stability (99.45%). Wheat Gluten 5% and CMC
5% showed comparable performance (99.43%
and 98.71% respectively).

(Cold Water Method)

“Water Stability (¥) 240 mnt

a0
HE3N CMCS%  Wheat Gluten WhestGlaten  Tapioka 3%
] Ed

Binder Type

Tapiok 5% - Graciria sp. 3% Grackari sp. 5%

Figure 1. Water Stability of Feed (Cold Method) at
Different Immersion Times

However, after 240 minutes, stability values
decreased to0 90.10-92.98% (Figure 1), indicating:
Concentration-dependent degradation patterns,
time-sensitive binder efficacy, and critical
threshold of >70% stability maintenance.

Hot Water Method

The hot mixing method demonstrated a distinct and
superior performance pattern. CMC 5% with hot
processing maintained consistently high stability
throughout the immersion period, ranging from
99.45% (30 minutes) to 96.99% (240 minutes). In
contrast, Tapioca 5% with hot processing showed the
most significant stability decline, decreasing from
92.04% to 88.87% over the same duration (Figure 2).

(Hot Water Method)

water stability (%)
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Stability {%) 240 mnt

CMCI%  CMCS%  Wneat
Gluten 3%

Wheat
Ghuten 5%
Binder Type

3p. Graciria 5p.

Tapioks 3% Tapioks 5% Graciaria
e %

Figure 2. Water Stability of Feed (Hot Method) at
Different Immersion Times
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The results demonstrate that the
interaction between processing method and
binder type significantly influences feed stability.
Hot mixing proved more effective in maintaining
feed integrity, particularly when combined with
CMC 5% (Figure 2), which showed the highest
stability retention (96.99%) after 240 minutes of
immersion.

Survival Rate

The analysis revealed that the survival
rate of mud crabs (Scylla spp.) remained optimal
across all feed formulations containing different

binder types (Figure 3).
120 -
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2
T
= 60
g
S 40 M SR (%)
I
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Figure 3. Survival Rate of Mud Crabs Fed Different
Binder Formulations (30-Day Trial)

The consistent 100% survival rate
indicates that binder selection for mud crab feed
can be primarily based on physical stability
parameters, as all tested formulations proved
equally effective in supporting crab survival
under the given experimental conditions. This
finding is particularly significant for feed
development, as it allows for binder selection to
focus on optimizing feed stability without
compromising animal health outcomes.

Discussion
Cold Water Method
This study demonstrates that cold

processing methods significantly influence feed
stability, with variations depending on binder
type and concentration. Tapioca at 3% exhibited
the highest initial stability (99.45%), followed by
wheat gluten at 5% (99.43%) and CMC at 5%
(98.71%). These findings align with (Kaveh et
al., 2021), who reported tapioca's effectiveness as
a cold-condition binder due to its stable gel-
forming properties. However, the decline in
stability after 240 minutes (90.10-92.98%)
indicates that binder selection must account for
long-term durability, particularly for aquaculture
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applications requiring >70% stability (Dominy et
al., 2004).

The performance differences among
binders can be attributed to their functional
properties. Wheat gluten, for instance,
demonstrated high stability due to its ability to
form robust protein networks (Aksoy et al.,
2022), while CMC relies on its hydrocolloid
properties to maintain feed integrity (Liu, Fan, et
al., 2022). Yet, the progressive stability loss
across all treatments confirms that environmental
factors (e.g., water temperature and salinity) also
play critical roles. This reinforces (du Pontavice,
2019)'s  conclusion  that  binder-aquatic
environment interactions require optimization
for practical applications.

Hot Water Method

The results demonstrate that binder type
and heating method significantly influence feed
water stability. CMC 5% with hot mixing
exhibited optimal stability, attributed to its
enhanced viscosity at elevated temperatures.
This characteristic enabled superior structural
integrity during water immersion, establishing it
as the preferred choice for aquaculture feed
formulations. Conversely, tapioca 5% (hot)
showed the most pronounced stability decline,
likely due to its gelatinization properties
accelerating feed disintegration under prolonged
heat and water exposure (Russ et al., 2016).
While tapioca is commonly used as a binder,
these findings suggest its application in high
concentrations with hot processing requires
careful evaluation to prevent feed fragility.

Comparative analysis revealed hot mixing
consistently improved feed stability, particularly
for CMC and wheat gluten binders. The optimal
gelatinization achieved through hot processing
appears crucial, especially for polysaccharide-
based binders like CMC and Gracilaria sp.
(maintaining 93.58% stability after 4 hours). All
formulations met the minimum stability
threshold (>70%), confirming hot mixing as a
viable strategy for high-durability feeds (Dominy
et al., 2004; Ferreira et al., 2020). Although this
study lacked replicates, the consistent patterns
provide valuable preliminary data for crab feed
development. The findings emphasize that binder
selection and processing methods must align
with stability targets. CMC 5% (hot) and
Gracilaria sp. 5% (hot) emerge as prime
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candidates, whereas tapioca requires
concentration limitations or modifications to
prevent rapid disintegration. Further studies with
replication under varied aquaculture conditions
are recommended to validate these results.

Survival Rate

The 30-day culture trial investigating
various binder formulations for mud crab (Scylla
spp.) feed yielded consistently positive results,
with all treatment groups maintaining a 100%
survival rate and showing no mortality
throughout the experimental period. Both CMC
and wheat gluten binders, tested at 3% and 5%
concentrations, demonstrated excellent capacity
to support crab viability, indicating that all
formulated feeds adequately met the nutritional
requirements of the mud crabs without adversely
affecting their health or survival (Liu, Cao, et al.,
2022; Liu, Fan, et al., 2022).

These findings confirm that the different
binder types and concentrations tested
maintained sufficient feed palatability while
fulfilling the crabs' dietary needs. Importantly,
the results suggest that binder selection for mud
crab feed formulations can be primarily guided
by stability performance parameters, as the tested
binders showed equivalent effectiveness in
supporting survival outcomes. This provides feed
developers with valuable flexibility in optimizing
feed physical properties through binder choice
without compromising the nutritional quality or
zootechnical performance of the feed. The
consistent survival rates across all experimental
groups underscore the robustness of these binder
options for mud crab aquaculture applications.

Conclusion

This study concludes that carboxymethyl
cellulose (CMC) at 5% concentration with hot
mixing is the most effective binder for mud crab
feed, demonstrating superior water stability
(96.99% retention after 240 minutes) while
maintaining a 100% survival rate in crabs. While
wheat gluten and Gracilaria sp. flour also
performed well, tapioca flour showed limitations
at higher concentrations under heated conditions.
The findings highlight that hot processing
enhances binder performance, and feed
formulations can prioritize physical stability
without compromising nutritional adequacy.
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Further research should validate these results
under commercial-scale conditions and assess
growth performance to optimize sustainable mud
crab aquaculture feed production
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