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Abstract: Catfish (Clarias sp.) is a widely consumed freshwater fish in Indonesia and
serves as an important source of dietary protein. However, fish meatball products
commonly contain high proportions of tapioca flour, which may reduce protein
concentration and affect product quality. This study aimed to evaluate the effect of
Eucheuma cottonii addition on the protein content and sensory characteristics of
catfish meatballs and to determine the optimal formulation. A Completely
Randomized Design (CRD) with five treatments and three independent replications
was applied: P1 (75% catfish, 25% tapioca, 0% E. cottonii), P2 (65% catfish, 25%
tapioca, 10% E. cottonii), P3 (55% catfish, 25% tapioca, 20% E. cottonii), P4 (45%
catfish, 25% tapioca, 30% E. cottonii), and P5 (35% catfish, 25% tapioca, 40% E.
cottonii). Protein content was analyzed using the Kjeldahl method, while sensory
evaluation was conducted using a five-point hedonic scale involving 25 semi-trained
panelists. The results showed that protein content decreased with increasing E.
cottonii substitution, ranging from 20.67% in P1 to 13.02% in P5. Sensory evaluation
indicated that treatment P2 achieved the highest overall acceptance, with scores of
3.9 for color, 3.8 for aroma, 3.9 for texture, and 4.1 for taste. Moderate incorporation
of E. cottonii maintained acceptable protein levels while improving sensory
acceptance. This study evaluated protein content and sensory characteristics only;
mineral composition and iron bioavailability were not assessed

Introduction
Indonesia possesses abundant aquatic resources that play
a crucial role in supporting national food security and
protein intake. Among freshwater commodities, catfish
(Clarias spp.) represents one of the most accessible and
economically viable protein sources due to its rapid
growth rate, low mortality, ease of cultivation, and high
consumer acceptance (1, 2). Nutritionally, catfish contains
high-quality protein, essential amino acids such as lysine
and leucine, vitamin D, and iron, making it a valuable
functional food ingredient (3, 4). The protein content of
catfish ranges from 15–19% per 100 g (4), supporting its
diversification into processed products to increase fish
consumption and added value (5).

One widely consumed processed product is meatball
(bakso), a comminuted meat emulsion system whose
quality is strongly influenced by protein functionality, fat
distribution, and water-binding capacity (4). According to
the Indonesian National Standard (SNI No. 7266–2017) (6),
meatballs must meet specific physicochemical and
organoleptic criteria, including minimum protein levels
and acceptable texture characteristics. However, in

practice, commercially available meatballs often exhibit
excessively firm or rubbery textures due to high tapioca
incorporation, which affects product acceptability (7). This
condition indicates a technological challenge in balancing
texture formation, protein retention, and consumer
preference in fish-based meatball formulations.

Tapioca flour is commonly used as a filler and binder
in meatball production because of its high starch content
(approximately 88%) and strong water-binding capacity (8,
9). It improves emulsion stability and elasticity but may
reduce protein concentration when used excessively (10).
Moreover, tapioca contains negligible protein and gluten
(11), meaning that increasing its proportion may dilute the
nutritional value of fish-based products. Therefore,
identifying alternative hydrocolloid sources that enhance
texture without compromising protein content becomes
necessary. Indonesia is one of the world’s major producers
of red E. cottonii, yet its utilization in small-scale food
processing remains limited (12, 13). E. cottonii is the
primary commercial source of carrageenan, a sulfated
polysaccharide extracted from its cell walls and known for
its gelling, thickening, stabilizing, and water-retention
properties (14, 15). Carrageenan interacts with proteins
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improve viscosity, gel strength, and emulsion stability (4),
and has been widely applied in various food systems,
including dairy products, dessert gels, processed meats,
and beverages.

For instance, in dairy products, carrageenan functions
as a stabilizer to prevent whey separation in chocolate
milk and yogurt; in desserts, it provides the gelling
structure of jellies and puddings; in processed meats, it
improves water retention and texture; and in beverages, it
acts as a suspending agent to maintain homogeneity.
Nutritionally, E. cottonii also contains dietary fiber,
minerals, and bioactive compounds while maintaining very
low lipid levels (< 1%), making it suitable for functional
food development (16, 17). Beyond the food industry,
carrageenan is also widely utilized in the pharmaceutical
sector as a binder and controlled-release agent in tablet
formulations, in the cosmetic industry as a thickener and
stabilizer in creams and lotions, and in biotechnology as a
medium for cell immobilization and tissue engineering
scaffolds. Several previous studies have investigated the
use of E. cottonii in meatball formulations with varying
results. A research reported that tapioca substitution with
E. cottonii influenced the texture and sensory properties of
meatballs, though the effect on protein content was not
the primary focus (18). Similarly, a study demonstrated
that increasing Kappaphycus alvarezii addition in fish
meatballs progressively reduced protein content, yet
sensory acceptability remained within an acceptable range
at moderate substitution levels (19). However, these
studies did not systematically evaluate graded substitution
levels within a controlled design nor identify an optimal
formulation that balances protein retention and sensory
quality simultaneously. Therefore, the combined effects of
E. cottonii substitution on both protein content and
organoleptic quality in catfish meatballs remain
underexplored.

Given the technological limitations of starch-
dominant formulations and the underutilization of
carrageenan-rich E. cottonii in traditional meatball
production, this study proposes partial substitution of
tapioca flour with E. cottonii in catfish meatballs as an
innovative approach to improve physicochemical and
sensory characteristics. The novelty of this research lies in
systematically evaluating graded incorporation levels of E.
cottonii within a controlled experimental design to
determine the optimal formulation that balances protein
retention and consumer acceptability while meeting (SNI
No. 7266–2014) standards. Using a Completely
Randomized Design (CRD) with five formulation
treatments and triplicate analyses, the study examines
protein content and organoleptic attributes (color, aroma,
texture, and taste). By integrating locally abundant
freshwater fish and E. cottonii resources, this research
contributes to value-added diversification of aquatic
products, supports sustainable utilization of marine
biomass, and offers a scalable strategy for improving the
nutritional and functional quality of fish-based meatball
products.

Methodology

Study Design and Rationale
This study employed a laboratory-based experimental
design using a Completely Randomized Design (CRD) to

evaluate the effect of partial substitution of tapioca flour
with E. cottonii on the protein content and sensory
properties of catfish (Clarias sp.) meatballs. Five
formulation treatments were tested with three
independent replications per treatment. The independent
variable was the proportion of E. cottonii in the
formulation, while dependent variables included protein
content and organoleptic attributes (color, aroma, texture,
and taste).

The CRD was selected to minimize systematic bias and
allow unbiased estimation of treatment effects under
homogeneous laboratory conditions. All experimental
units were processed under identical environmental and
processing parameters.

Time and Location of Study
The study was conducted between September and
October 2020. Meatball production was carried out at a E.
cottonii Processing Center in Bantaeng Regency, South
Sulawesi Province, Indonesia. Protein analysis was
performed at the Food Technology Laboratory, Faculty of
Agriculture, Universitas Bosowa, Makassar. Sensory
evaluation was conducted in a controlled sensory testing
room to minimize external interference.

Materials
Fresh catfish (Clarias sp.) were obtained from a local
supplier and processed within 24 h of harvest. Dried E.
cottonii was sourced from local aquaculture producers.
Food-grade tapioca flour, garlic, ground white pepper,
refined salt, chicken eggs, fried shallots, and ice water
were used in standardized quantities across treatments.

Reagents for protein analysis included concentrated
sulfuric acid (H₂SO₄), potassium sulfate (K₂SO₄), copper
sulfate (CuSO₄), sodium hydroxide (NaOH) 40%, boric acid
(H₃BO₃), hydrochloric acid (HCl) 0.1 N, mixed indicator
(BCG-MR), and distilled water. All reagents were analytical
grade.

Meatball Preparation Procedure
Fresh catfish were eviscerated, decapitated, skinned,
deboned, and filleted manually to ensure complete
removal of bones. The flesh was minced using a
mechanical meat grinder until a homogeneous paste was
obtained.

Dried E. cottonii was rehydrated by soaking in potable
water for 10 min, followed by boiling for 15 min until
softened. The hydrated E. cottonii was blended into a fine
slurry to ensure uniform dispersion within the meat matrix.

Ingredient weighing was conducted using a calibrated
digital balance according to the treatment formulation
(Table 1). Seasonings were standardized across
treatments: garlic (50 g), salt (50 g), pepper (5 g), fried
shallots (50 g), ice water (10 g), and one whole egg per
batch.

The minced fish, E. cottonii slurry, and tapioca flour
were mixed gradually in a mechanical mixer while
maintaining batter temperature below 22°C using ice
water to prevent premature protein denaturation. Mixing
continued until a homogeneous viscoelastic batter was
achieved.

Meatballs were formed manually into spherical shapes
(approximately 3 cm diameter) and cooked in hot water
maintained at 40–70°C for approximately 15 min until
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Figure 1. Catfish meatballs with E. cottonii.

floating, indicating thermal coagulation and doneness.
Cooked samples were drained and cooled to room
temperature prior to analysis.

Treatment Formulations
The formulation ratios were presented in Table 1.

All treatments maintained constant tapioca levels
(25%) to isolate the effect of E. cottonii substitution on
product characteristics.

Protein Analysis
Protein content was determined using the Kjeldahl
method (AOAC, 2001). Approximately 1 g of homogenized
sample was digested with 7 g K₂SO₄ and 0.8 g CuSO₄ in
concentrated H₂SO₄ (12 mL) under controlled heating until
a clear digest was obtained. After cooling, the digest was
diluted with distilled water and made alkaline using 40%
NaOH. Ammonia was distilled into 30 mL boric acid
solution containing BCG-MR indicator and titrated with
standardized 0.1 N HCl until the endpoint was reached
(color change from green to pink). Blank determinations
were conducted under identical conditions. Protein
content was calculated using Equation 1, where N =
Normality of HCl, Protein correction factor = 14.008
Results were expressed as percentage protein (w/w).

Sensory Evaluation
Organoleptic evaluation was conducted using a hedonic
scale test involving 25 semi-trained panelists. Samples
were coded with three-digit random numbers and
presented in randomized order. Panelists evaluated color,

aroma, texture, and taste using a five-point hedonic scale:
1 = strongly dislike; 2 = dislike; 3 = moderately like; 4 =
like; 5 = strongly like. Water was provided for palate
cleansing between samples. Testing was conducted under
standardized lighting and ambient temperature
conditions. Ethical considerations were observed by
informing panelists about the study purpose and ensuring
voluntary participation.

Statistical Analysis
Data were analyzed using analysis of variance (ANOVA)
under a Completely Randomized Design with three
replications. The statistical model applied was Equation 2,
where: 𝑌𝑖j = observed response value, 𝜇 = overall mean, 𝐴𝑖
= treatment effect, 𝐸𝑖j = experimental error.

Significance was determined at α = 0.05 (p < 0.05).
Statistical analysis was performed using SPSS software.
Post-hoc tests (Tukey) were conducted only when ANOVA
results were significant (p < 0.05). When ANOVA was not
significant, no post-hoc test was performed, and results
were interpreted descriptively only.

Results and Discussion

Product Characteristics of Catfish–E. cottonii
Meatballs
The production of catfish meatballs supplemented with E.
cottonii was successfully carried out according to the
experimental formulations. The resulting products were
subsequently analyzed for protein content and evaluated
through organoleptic testing, including color, aroma,
texture, and taste, in order to determine the influence of E.
cottonii addition on the quality characteristics of the
catfish meatballs. The protein analysis aimed to identify
changes in protein composition across treatments, while
the sensory evaluation was conducted to assess the level
of panelist preference toward the developed products.

The appearance of the produced catfish–E. cottonii
meatballs was presented in Figure 1. The samples showed
relatively uniform spherical shapestypical of fish meatball
products, indicating that the incorporation of E. cottonii
did not alter the basic physical form of the meatballs. The
products were produced under different treatment
formulations, which were later evaluated to determine
their physicochemical and sensory properties.

Table 1. Formulation ratios of tapioca flour, catfish meat, and E. cottonii.

Treatment Tapioca Flour (%) Catfish Meat (%) E. cottoni (%)

P1 25 75 0
P2 25 65 10

P3 25 55 20
P4 25 45 30
P5 25 35 40

(Eq. 1)

(Eq. 2)

Protein% = ​ ×
Sample Weight (g)

ml HCl (Sample − Blank)
N  HCl × 14.008 × 100%

Y ​ =ij μ + A ​ +i E ​ij
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Protein Content
Statistical analysis further showed that the addition of E.
cottonii significantly affected the protein content of the
catfish meatballs, with a significance value of p < 0.05. The
results of the post-hoc test indicated that treatment P1
was not significantly different from P2 (p > 0.05), whereas
P1 showed significant differences compared with P3, P4,
and P5 (p < 0.05).

This finding suggests that moderate substitution of
fish with E. cottonii (up to 10%) did not significantly reduce
protein content, but higher substitution levels significantly
lowered the protein concentration in the product (20).

The analysis of protein content in catfish meatballs
supplemented with was conducted to determine the effect
of different formulation ratios on the protein composition
of the final product. The results of the protein analysis for
each treatment are presented in Figure 2. The treatments
consisted of different proportions of catfish meat, tapioca
flour, and E. cottonii addition, namely P1 (75% catfish: 25%
tapioca: 0% E. cottonii), P2 (65% catfish: 25% tapioca: 10%
E. cottonii), P3 (55% catfish: 25% tapioca: 20% E. cottonii),
P4 (45% catfish: 25% tapioca: 30% E. cottonii), and P5 (35%
catfish: 25% tapioca: 40% E. cottonii).

Based on the results illustrated in Figure 2, the
highest protein content was obtained in treatment P1, with
a value of 20.67%, corresponding to the formulation
containing 75% catfish meat and no E. cottonii addition.
Meanwhile, treatment P2 (65% catfish: 10% E. cottonii)
produced a protein content of 19.95%, followed by P3
(55% catfish: 20% E. cottonii) with 17.07%, P4 (45% catfish:
30% E. cottonii) with 15.82%, and the lowest protein
content was observed in P5 (35% catfish: 40% E. cottonii)
with a value of 13.02%. These results indicate a gradual
decrease in protein content as the proportion of catfish
meat decreased and the proportion of E. cottonii
increased. This clearly demonstrates that increasing E.
cottonii substitution decreased protein content in a dose-
dependent manner, with reductions ranging from 0.72
percentage points (P1 to P2) to 7.65 percentage points (P1
to P5). Notably, only the reductions at higher substitution
levels (P3, P4, and P5) were statistically significant (p <
0.05), while moderate substitution at 10% E. cottonii (P2)
did not significantly reduce protein content compared
with the control (P1).

The highest protein value obtained in treatment P1
(20.67%) meets the reference criteria of the Indonesian
National Standard for meatball products (SNI 7266: 2014),
which stipulates a minimum protein content of 7.0% (w/w)

for fish meatball products, while the lowest protein
content was observed in treatment P5 (13.02%). The
results clearly demonstrated that the protein level in
catfish meatballs was strongly influenced by the
proportion of fish used in the formulation. Increasing the
proportion of catfish meat in the formulation resulted in
higher protein content in the final product, whereas
increasing the proportion of E. cottonii led to a decrease in
protein concentration.

Statistical analysis further showed that the addition of
E. cottonii significantly affected the protein content of the
catfish meatballs, with a significance value of p < 0.05. The
results of the post-hoc test indicated that treatment P1
was not significantly different from P2, whereas treatment
P1 showed significant differences compared with P3, P4,
and P5.

This finding suggests that moderate substitution of
fish with E. cottonii (up to 10%) did not significantly reduce
protein content, but higher substitution levels significantly
lowered the protein concentration in the product.

The observed decrease in protein content as the
concentration of E. cottonii increases in the formulation is
primarily attributed to a "nutrient dilution effect," wherein
the protein-dense catfish meat is progressively substituted
by E. cottonii (21). Because E. cottonii is characteristically
dominated by carbohydrates, particularly dietary fiber and
carrageenan, its incorporation reduces the overall nitrogen
content of the product while simultaneously increasing the
relative percentage of non-protein constituents. Therefore,
the decline in protein percentage is not a reflection of
protein degradation but rather a mathematical
consequence of replacing a high-protein animal substrate
with a plant-based material that is functionally rich in
structural polysaccharides but nutritionally lean in protein.

The results of this study are consistent with previous
research conducted by Sali R (2024), which reported that
the protein content of fish meatballs produced from payus
fish (Elops hawaiensis) decreased with increasing addition
of E. cottonii (Kappaphycus alvarezii) (19). The study
demonstrated that higher E. cottonii concentrations
reduced the protein percentage of the resulting fish
meatballs. This trend can be explained by the relatively
lower protein content of E. cottonii compared with fish
meat.

Furthermore, according to a study (22), the use of
carrageenan in food products depends on several
properties, including solubility, viscosity, and its interaction
with proteins and other polysaccharides. The effect of
carrageenan on protein systems is influenced by the

Figure 2. Effect of the ratio of catfish meat, E. cottonii, and tapioca flour on the protein content of catfish meatballs.
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number of sulfate groups present in the carrageenan
molecule. Another study reported that increasing the
sulfate group concentration may neutralize the protein
charge, causing the protein to approach its isoelectric
point (23). As the sulfate group concentration increases,
the protein system reaches the isoelectric point more
easily, which may influence protein stability and functional
interactions within the food matrix.

Overall, the results indicate that the formulation ratio
between catfish meat and E. cottonii plays a crucial role in
determining the protein content of the resulting meatball
product. Higher fish proportions increase protein levels,
while increasing E. cottonii substitution reduces protein
content but may contribute to other functional properties
related to hydrocolloid interactions within the product
matrix.

Organoleptic Evaluation

Color
Organoleptic evaluation was conducted to assess
consumer acceptance of catfish meatballs supplemented
with E. cottonii. The sensory evaluation included four
parameters: color, aroma, texture, and taste. Panelists were
asked to express their level of preference for each
attribute based on a hedonic scale. The hedonic scale used
ranged from 1 to 5, where 5 = very like, 4 = like, 3 =
slightly like, 2 = dislike, and 1 = strongly dislike. This
assessment was intended to determine the degree of
panelist acceptance toward the developed catfish meatball
products with E. cottonii addition.

Color is one of the most important sensory attributes
influencing consumer perception and acceptance of food
products. According to a report, the color of meatball
products is influenced by the type and proportion of filler
and binding materials added during processing (24).
Excessive addition of certain ingredients may produce a
brownish color, which can reduce the sensory quality of
the product, particularly in terms of color and overall visual
appeal.

The results of the organoleptic color evaluation for
catfish meatballs with E. cottonii addition are presented in
Figure 3. The treatments consisted of five formulation
ratios: P1 (75% catfish: 25% tapioca: 0% E. cottonii), P2
(65% catfish: 25% tapioca: 10% E. cottonii), P3 (55% catfish:
25% tapioca: 20% E. cottonii), P4 (45% catfish: 25% tapioca:
30% E. cottonii), and P5 (35% catfish: 25% tapioca: 40% E.
cottonii).

Based on the results illustrated in Figure 3, treatment
P1 (75% catfish: 25% tapioca: 0% E. cottonii) obtained a
color preference score of 3.7, while P2 (65% catfish: 10% E.
cottonii) and P3 (55% catfish: 20% E. cottonii) both
obtained the highest color preference scores of 3.9.
Meanwhile, P4 (45% catfish: 30% E. cottonii) and P5 (35%
catfish: 40% E. cottonii) each obtained a color score of 3.8.
Overall, the sensory scores indicate that all treatments
were generally accepted by panelists within the “slightly
like” to “like” category.

The highest level of panelist preference for color was
observed in treatments P2 and P3, with an average score
of 3.9, corresponding to the formulation containing 65%
catfish with 10% E. cottonii and 55% catfish with 20% E.
cottonii, respectively. Conversely, the lowest preference
score was obtained in treatment P1 (75% catfish: 25%
tapioca: 0% E. cottonii), which yielded a score of 3.7,
although it still fell within the acceptable category of
slightly liked.

The color of the resulting catfish meatballs appeared
grayish to slightly whitish, which corresponds to the
natural color of catfish meat. The addition of E. cottonii
provided only a minor visual modification because the
color of E. cottonii tends to be relatively neutral in the
processed form. Consequently, the inclusion of E. cottonii
did not substantially alter the appearance of the meatballs.

Statistical analysis further indicated that the addition
of E. cottonii did not significantly affect the color of the
catfish meatballs, as indicated by the significance value (p
> 0.05; p = 0.395). This result demonstrates that variation
in the proportion of E. cottonii within the tested
formulations did not cause significant differences in the
color acceptance of the product.

The findings of this study are consistent with the
previous report, which showed that the color of meatballs
produced without E. cottonii addition was not significantly
different from meatballs supplemented with E. cottonii.
However, these results differ from the previous report,
who found that the addition of E. cottonii significantly
affected the color characteristics of meatball products (12).
The lack of significant differences in color preference
between the control and supplemented samples suggests
that the concentration of E. cottonii used was below the
threshold of visual detection for the panelists. This
consistency is likely due to the inherent color compatibility
between the E. cottonii powder and the pale matrix of the
catfish meat, which remained the dominant visual
characteristic. While some studies report significant color
variations (12), those results may stem from higher

Figure 3. Effect of the ratio of catfish meat, E. cottonii, and tapioca flour on the color preference of catfish meatballs.
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substitution levels, differences in E. cottonii pigment
intensity, or distinct processing methods. Consequently,
the low inclusion level in this study maintained the
product's original sensory appeal, as the addition did not
create a color contrast sufficient to alter consumer
perception

According to Setyaningsih et al. (2010), color is the
first sensory attribute perceived by consumers and plays a
critical role in shaping the initial impression and
acceptance of a food product (22). Therefore, although
statistical differences were not observed in this study,
maintaining an appealing and consistent color remains an
important factor in determining the overall acceptance of
processed fish products.

Aroma
Aroma is an important sensory attribute that influences
consumer acceptance of processed fish products. The
dominant aroma in fish meatballs originates from the fish
meat itself, as fish typically possesses a distinctive odor
that may remain present even after processing. In
addition, tapioca flour used as a filler ingredient is
generally odorless and therefore does not significantly
contribute to the aroma of the final product (25).

The results of the organoleptic aroma evaluation of
catfish meatballs supplemented with E. cottonii are
presented in Figure 4. The treatments consisted of five
formulation ratios: P1 (75% catfish: 25% tapioca: 0% E.
cottonii), P2 (65% catfish: 25% tapioca: 10% E. cottonii), P3
(55% catfish: 25% tapioca: 20% E. cottonii), P4 (45% catfish:
25% tapioca: 30% E. cottonii), and P5 (35% catfish: 25%
tapioca: 40% E. cottonii).

Based on the sensory evaluation results shown in
Figure 4, treatment P1 (75% catfish: 25% tapioca: 0% E.
cottonii) obtained an aroma score of 3.6. Treatments P2,
P3, and P4 each obtained aroma scores of 3.8,
corresponding to formulations containing increasing levels
of E. cottonii (10%, 20%, and 30%, respectively).
Meanwhile, the highest aroma preference score was
observed in P5 (35% catfish: 25% tapioca: 40% E. cottonii),
which obtained a score of 3.9. These results indicate that
all treatments were generally accepted by panelists within
the slightly like category.

The highest level of panelist preference for aroma was
observed in P5, with a score of 3.9, corresponding to the
formulation containing 40% E. cottonii addition.
Conversely, the lowest preference score was observed in
P1, which obtained a score of 3.6, although it still fell

within the acceptable category. These findings indicate
that the addition of E. cottonii may influence the aroma
characteristics of catfish meatballs.

The aroma produced in the catfish meatballs is
primarily influenced by the proportion of catfish meat and
E. cottonii used in the formulation. Increasing the
proportion of catfish meat tends to intensify the typical
fish aroma of the product. Conversely, increasing the
proportion of E. cottonii results in a more pronounced E.
cottonii aroma, which may partially mask the fishy odor of
catfish meat.

Statistical analysis of the aroma attribute showed that
the addition of E. cottonii significantly affected the aroma
of the catfish meatballs, with a significance value of p <
0.05. The results of the post-hoc test indicated that
treatment P1 differed significantly from P2 and P3 (p <
0.05), whereas P1 was not significantly different from P4 (p
> 0.05; p = 0.097). These results suggest that the addition
of E. cottonii can modify the aroma profile of catfish
meatballs, particularly at moderate levels of substitution.
The findings of this study are consistent with the previous
report, which indicated that the addition of E. cottonii did
not significantly influence the aroma of meatball products
(18). The observed increase in aroma acceptance at higher
E. cottonii concentrations may be attributed to the
masking effect of the hydrocolloid on the intense,
characteristic odor of catfish (26). By partially diluting the
volatile compounds associated with raw fish, the E. cottonii
creates a more neutral aroma profile, which was more
favorably perceived by the panelists in this study.

Texture
Texture is an important parameter influencing the
acceptability of food products. The evaluation of texture is
typically conducted by assessing the smoothness and
elasticity of the product, which represent a combination of
the physical properties of food perceived through the
senses of touch, sight, and mastication (27). In meatball
products, texture plays a critical role in determining
consumer acceptance because desirable meatballs are
generally characterized by a firm yet elastic structure.

The results of the organoleptic texture evaluation for
catfish meatballs supplemented with E. cottonii are
presented in Figure 5. The treatments consisted of five
formulation ratios: P1 (75% catfish: 25% tapioca: 0% E.
cottonii), P2 (65% catfish: 25% tapioca: 10% E. cottonii), P3
(55% catfish: 25% tapioca: 20% E. cottonii), P4 (45% catfish:
25% tapioca: 30% E. cottonii), and P5 (35% catfish: 25%

Figure 4. Effect of the ratio of catfish meat, E. cottonii, and tapioca flour on the aroma preference of catfish meatballs.
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tapioca: 40% E. cottonii).
Based on the sensory evaluation results shown in

Figure 5, treatment P1 obtained a texture preference
score of 3.6, while P2 obtained a score of 3.9, P3 obtained
3.7, P4 obtained 3.8, and P5 obtained 3.9. These results
indicate that all treatments were generally accepted by
panelists, falling within the “slightly like” to “like” category.

The highest level of panelist preference for texture
was observed in treatments P2 and P5, each receiving a
score of 3.9, corresponding to formulations containing
10% E. cottonii and 40% E. cottonii, respectively.
Meanwhile, the lowest texture preference score was
observed in P1, which obtained a score of 3.6, although
this value still fell within the acceptable range of panelist
preference.

The texture produced in the catfish–E. cottonii
meatballs tended to be elastic and soft, which can be
attributed to the presence of E. cottonii in the formulation.
The addition of E. cottonii contributes to improved
elasticity because E. cottonii contains carrageenan, a
hydrocolloid compound capable of forming gels and
enhancing the structural integrity of food matrices. As the
proportion of E. cottonii increased, the resulting meatballs
tended to exhibit a softer and more elastic texture due to
the gel-forming properties of carrageenan.

The sensory evaluation of the meatball texture
revealed that the incorporation of E. cottonii did not
significantly alter the panelists' preference scores across
the different formulations. From a rheological perspective,
this stability is likely due to the functional properties of the
carrageenan present in E. cottonii, which acts as a stabilizer
and binder within the meat matrix (28). The addition of
seaweed porridge contributes structural polysaccharides
that help maintain the integrity of the protein gel network
formed by the catfish myofibrillar proteins during the

cooking process (29). As the E. cottonii acts as a
supplemental hydrocolloid, it effectively compensates for
any potential loss in structural density caused by the
reduction of fish meat, allowing the meatballs to maintain
a consistent bite and firmness that the panelists perceived
as uniform regardless of the substitution level (30).

The findings of this study are consistent with the
previous report (18), which demonstrated that the addition
of E. cottonii significantly influences the texture
characteristics of meatball products. Texture is also closely
associated with the overall quality of food products
because it reflects the structural integrity of food when
chewed or consumed (27).

Taste
Taste is an important sensory attribute that determines
whether a food product will be accepted by consumers.
Although color is the first parameter perceived by
consumers, taste ultimately determines product
acceptance. If a food product has an unattractive taste, it
will not be accepted by consumers. Taste perception
primarily involves the human gustatory system, which
detects flavor compounds present in food.

The results of the sensory evaluation for taste in
catfish meatballs supplemented with E. cottonii are
presented in Figure 6. The treatments consisted of five
formulation ratios: P1 (75% catfish: 25% tapioca: 0% E.
cottonii), P2 (65% catfish: 25% tapioca: 10% E. cottonii), P3
(55% catfish: 25% tapioca: 20% E. cottonii), P4 (45% catfish:
25% tapioca: 30% E. cottonii), and P5 (35% catfish: 25%
tapioca: 40% E. cottonii).

Based on the sensory evaluation results shown in
Figure 6, treatment P1 obtained a taste score of 3.7, P2
obtained the highest score of 4.1, P3 obtained 3.7, P4
obtained 3.9, and P5 obtained 3.8. These results indicate

Figure 5. Effect of the ratio of catfish meat, E. cottonii, and tapioca flour on the texture preference of catfish meatballs.

Figure 6. Effect of the ratio of catfish meat, E. cottonii, and tapioca flour on the taste preference of catfish meatballs.
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that all treatments were generally accepted by the
panelists, with sensory scores ranging from “slightly like”
to “like. ”

The highest level of panelist preference was observed
in treatment P2 (65% catfish: 25% tapioca: 10% E. cottonii),
which obtained a score of 4.1. This score indicates that
panelists liked the product. Conversely, the lowest
preference scores were observed in P1 (75% catfish: 25%
tapioca: 0% E. cottonii) and P3 (55% catfish: 25% tapioca:
20% E. cottonii), each obtaining a score of 3.7, which still
falls within the “slightly like” category.

Based on panelist observations, the taste of catfish
meatballs with E. cottonii addition produced a flavor that
represented a combination of the natural taste of catfish
and the subtle flavor contributed by E. cottonii. Increasing
the proportion of catfish meat intensified the typical taste
of catfish meatballs, whereas increasing the proportion of
E. cottonii slightly reduced the intensity of the fish flavor.

Statistical analysis of taste evaluation showed that the
addition of E. cottonii significantly affected the taste of the
catfish meatballs (p < 0.05). The post-hoc Tukey test
revealed that treatment P1 differed significantly from P2 (p
< 0.05), whereas P1 did not differ significantly from P3, P4,
and P5 (p > 0.05). These results indicate that moderate
levels of E. cottonii addition may enhance the taste
characteristics of the product.

The slight reduction in fish flavor intensity observed at
higher E. cottonii substitution levels may be attributed to
the dilution effect of E. cottonii on the dominant fishy taste
compounds derived from catfish meat. From a consumer
acceptability perspective, this reduction in flavor intensity
is not necessarily a disadvantage. Consumers who are
sensitive to or less tolerant of strong fishy odors and
flavors may find the milder flavor profile of E. cottonii-
supplemented meatballs more appealing. Therefore, the
moderate addition of E. cottonii at 10% (P2), which
achieved the highest taste score of 4.1, may broaden the
market appeal of catfish meatballs to a wider consumer
segment, including children and individuals who typically
avoid strongly flavored fish products.

The presence of additional ingredients in a product
formulation can influence the resulting taste because
flavor compounds are produced from interactions among
ingredients during processing (31). Various types of flour
and their proportions may affect the final product
characteristics. In addition, the use of seasoning
ingredients and processing methods also contribute to the
sensory quality of meatball products (32). For example,
garlic contains volatile sulfur compounds such as allyl
disulfide, which contribute to the characteristic aroma and
flavor of food products.

Based on the overall panelist evaluation, the most
preferred product formulation was treatment P2 (65%
catfish: 25% tapioca: 10% E. cottonii), with a taste score of
4.1. This formulation produced the most balanced flavor
between catfish meat and E. cottonii, resulting in higher
consumer preference compared with the other
formulations.

Conclusion
The incorporation of E. cottonii in catfish meatballs
significantly influenced protein content and several
sensory attributes of the product. Protein content
decreased with increasing E. cottonii substitution, with the

highest value observed in P1 (20.67%) and the lowest in P5
(13.02%). The decrease in protein content ranged from
0.72 percentage points (P1 to P2) to 7.65 percentage
points (P1 to P5). Statistical analysis confirmed that protein
reduction was significant at higher substitution levels (P3,
P4, and P5; p < 0.05), whereas moderate substitution at
10% E. cottonii (P2) did not significantly reduce protein
content compared with the control (P1; p > 0.05),
indicating that low-level E. cottonii incorporation can
maintain acceptable protein quality. Organoleptic
evaluation indicated that all treatments were generally
accepted by panelists, while the most preferred
formulation was P2 (65% catfish, 25% tapioca, and 10% E.
cottonii), which achieved high scores for color (3.9), aroma
(3.8), texture (3.9), and taste (4.1). Therefore, the addition
of 10% E. cottonii can be recommended as the optimal
formulation for producing nutritionally acceptable and
sensory-preferred catfish meatballs.
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