Hedonic Acceptability of Snakehead Fish (Channa striata) Meatballs Formulated with κ-Carrageenan
  
	Abstract  
Standardized formulation is important in developing snakehead fish (Channa striata) meatballs because the acceptability of this fish-based product depends strongly on how the finished product is perceived during eating. This study evaluated hedonic responses to snakehead fish meatballs formulated with different levels of κ-carrageenan under standardized preparation and sensory presentation conditions. Four formulations were prepared on a fixed 300 g clean-fish-flesh basis: F0 without κ-carrageenan, F1 with 1%, F2 with 3%, and F3 with 5% κ-carrageenan. Thirty untrained panelists evaluated color, aroma, texture, taste, and overall liking using a 9-point hedonic scale. Because all panelists assessed all formulations, data were analyzed using the Friedman test followed by Wilcoxon signed-rank tests with Bonferroni correction. Significant differences among formulations were found for all attributes (p < .001). Texture showed the strongest differentiation among formulations (Kendall’s W = .772), followed by overall liking (W = .638), taste (W = .569), color (W = .493), and aroma (W = .266). The 5% κ-carrageenan formulation showed the most consistent within-study acceptability profile, particularly for texture, taste, and overall liking. These findings should be interpreted as evidence of hedonic acceptability under the present standardized preparation conditions, not as descriptive sensory profiling or instrumental product-quality optimization.
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Fish meatballs belong to the broader family of surimi-based gel products, and their quality is shaped largely by how effectively myofibrillar proteins form and maintain a stable three-dimensional network during processing, which in turn influences texture, water retention, and overall product integrity (Luo et al., 2021; Zhao et al., 2024). Formulation therefore becomes a central quality variable, because changes in matrix composition can modify gel development and alter the final eating characteristics of the product. In fish-protein systems, hydrocolloid incorporation has been associated with improved gel properties, enhanced water-holding capacity, and more desirable texture-related attributes (He et al., 2023; Wei et al., 2024). Yet structural improvement alone is not sufficient to define product quality, since the acceptability of fish-ball products also depends on how these changes are perceived sensorially (You et al., 2024). Fish meatball development is thus more appropriately understood as a formulation-based quality issue in which structural performance and sensory acceptability need to be evaluated together.
Snakehead fish (Channa striata) is a promising raw material for fish-meatball development because its flesh is relatively rich in protein and has been recognized for its nutritional potential in food applications (Pasaribu et al., 2020). That nutritional value, however, does not by itself guarantee a desirable gel-type product. In processed snakehead protein systems, product quality still depends on how the formulation and processing conditions are managed, since additives and processing adjustments can materially influence whiteness, gel strength, water-holding capacity, and structural uniformity (Muoi et al., 2019). Snakehead is therefore relevant not only as a nutritionally attractive material but also as a technically demanding one for formulation work. This combination makes it a useful model for examining how formulation adjustment can improve product quality while maintaining acceptable sensory characteristics.
Among the hydrocolloids used to modify the texture of comminuted seafood products, carrageenan is particularly relevant because it can alter water distribution, reinforce matrix firmness, and stabilize gel formation within protein-based systems (Lan et al., 2023; Niu et al., 2024). In fish formulations, its incorporation has been linked to higher water-holding capacity, lower cooking loss, and improved gel and textural properties, although those responses vary with concentration and overall composition (Chen et al., 2020; Wei et al., 2024). Its technological contribution, therefore, cannot be evaluated in isolation. In fish meatballs, final structure is shaped not only by the presence of a hydrocolloid but also by how it interacts with fish proteins, starch, and processing conditions within a given formulation system (Mi et al., 2021). Carrageenan is thus better treated as a matrix-specific formulation variable than as a universally effective textural fix.
Although κ-carrageenan has been examined in several fish-protein and surimi-based systems, its role in snakehead fish meatballs remains insufficiently defined from a hedonic acceptability perspective. Previous studies have shown that κ-carrageenan can influence saltiness perception and texture-related behavior in low-salt surimi, while its performance also depends on interactions among protein, hydrocolloid, and oil components within a specific matrix (Lan et al., 2023; Niu et al., 2024). Carrageenan-related changes have also been reported in crayfish surimi gels, further indicating that its technological function is strongly matrix-dependent (Wei et al., 2024). However, these studies do not directly explain how untrained panelists respond to prepared snakehead fish meatballs containing graded levels of κ-carrageenan. This distinction is important because a culinary product is not evaluated only as a protein gel, but as a cooked, seasoned, and portioned food whose acceptability depends on perceived color, aroma, texture, taste, and overall liking. Therefore, this study evaluated hedonic responses to snakehead fish meatballs formulated with different levels of κ-carrageenan under standardized preparation and sensory presentation conditions. The study focused on attribute-specific liking and overall acceptability, not on descriptive sensory profiling or instrumental product-quality characterization.
Method  
Sample preparation was conducted in May 2024 at the Practical Kitchen Laboratory of Politeknik Pariwisata Makassar, Makassar, Indonesia. The study was structured as a comparative formulation study within a standardized snakehead fish meatball system. The planned formulation variable was the level of κ-carrageenan, while the fish-flesh basis, supporting ingredients, mixing sequence, shaping target, cooking endpoint, and pre-evaluation handling were kept consistent across formulations. Under this arrangement, differences observed in the finished products were interpreted within the defined formulation system rather than as outcomes of an uncontrolled recipe trial.
Each formulation was prepared as one standardized production batch for the sensory evaluation session. Therefore, the study compared panelist hedonic responses to four prepared formulations under controlled preparation and serving conditions. Independent production-batch replication was not incorporated into the statistical model. For this reason, the inferential results were interpreted as within-study differences in sensory acceptability among the prepared formulations, rather than as evidence of reproducible batch-level formulation performance.
Fresh whole striped snakehead fish (Channa striata [Bloch, 1793]), locally known as ikan gabus, was used as the principal raw material. The fish were purchased from Pelelangan Ikan Rajawali, also known as Pasar Ikan Lelong, Jalan Rajawali, Makassar, Indonesia, and transported in an insulated container with ice to the Practical Kitchen Laboratory. The raw-material lot, freshness criteria, same-day handling, and clean-flesh yield were standardized before formulation, as detailed in Table 1.
The preparation workflow was adapted from published fish-meatball and fish-ball procedures, then standardized through preliminary production before the panel-evaluation samples were prepared. Published procedures generally involve minced fish or surimi preparation, incorporation of starch or filler, addition of seasoning and functional ingredients, batter homogenization, shaping, heat setting in hot or boiling water, and cooling before evaluation (Fadhallah et al., 2024; Fauziyah et al., 2023; Wang et al., 2022). In this study, those operations were adjusted to the snakehead fish matrix and the κ-carrageenan formulation design. Preliminary production on 16 May 2024 was used to establish workable recorded conditions for mixing time, batter endpoint, unit size, chilled setting, cooking temperature, cooking endpoint, and post-cooking holding. The standardized workflow used for sample preparation is presented in Table 1.






Table 1
Recorded Preparation Workflow for Snakehead Fish Meatball Samples
	Process stage
	Recorded / standardized condition
	Purpose or operational endpoint

	Raw-material intake
	Four chilled, non-frozen whole snakehead fish were received at a total weight of 3.20 kg, with individual fish weighing 760–860 g.
	To establish a defined adult market-size raw-material lot for sample preparation.

	Freshness screening
	Fish were accepted only when the body was intact, eyes were clear, gills were red to bright-red, flesh was firm, and no off-odor or visible spoilage was detected.
	To reduce avoidable variation in raw-material quality before processing.

	Same-day transport and handling
	Accepted fish were transported in an insulated container with ice to the Practical Kitchen Laboratory and processed on the same day.
	To maintain raw-material condition between purchase and preparation.

	Dressing and filleting
	Whole fish were dressed, filleted, skinned, deboned, and trimmed. From 3,200 g whole fish, 1,210 g clean flesh was obtained; 1,200 g was used for formulation and 10 g was recorded as trimming loss.
	To obtain clean fish flesh as the common protein base and document usable flesh yield.

	Batch allocation
	Clean fish flesh was divided into 300 g portions for each formulation batch.
	To keep the fish-meat basis identical across formulations.

	Initial mincing
	Cold fish flesh was placed in a tabletop bowl cutter/food processor and minced for approximately 1 min until the coarse fiber structure began to break down.
	To prepare a workable fish paste before salt extraction and ingredient incorporation.

	Early salt mixing
	Salt was added early and mixed for approximately 2 min until the batter began to appear tacky and slightly cohesive.
	To support formation of a cohesive fish-protein batter before starch and hydrocolloid addition.

	First hydration step
	Approximately half of the ice water was added and mixed for about 1 min.
	To support batter hydration while maintaining a cold mixing condition.

	Dry-ingredient incorporation
	Tapioca starch and κ-carrageenan were dry-mixed with sugar, minced garlic, and white pepper powder before being added to the batter; mixing was continued for approximately 2 min.
	To improve dispersion of starch, hydrocolloid, and seasoning components and reduce visible clumping.

	Final hydration and oil addition
	The remaining ice water was added gradually, and vegetable oil was incorporated at the final mixing stage.
	To complete batter hydration and adjust cohesion before shaping.

	Final mixing endpoint
	Total mixing time was approximately 7–9 min per batch. Mixing was stopped when the batter appeared visually homogeneous, cohesive, moderately sticky, and showed no visible water separation or carrageenan granules.
	To apply a practical batter-readiness criterion across formulations without assuming identical behavior at an exact mixing time.

	Shaping
	Batter was shaped using a small scoop or two-spoon technique into units targeting 12 ± 1 g and approximately 2.8–3.2 cm in diameter. The first 10 units were randomly checked for size consistency.
	To reduce variation in cooking behavior, portion size, and sensory serving.

	Chilled setting
	Formed meatballs were arranged on stainless trays, covered with food-grade plastic, and held at 4–6°C for 10 min.
	To stabilize the formed structure before heat setting.

	Cooking
	Meatballs were cooked in water maintained at 90–92°C for approximately 8–10 min, with enough water to keep the units freely submerged.
	To apply a consistent heat-setting condition across formulation batches.

	Cooking endpoint
	Cooking was considered complete when all units floated and one cut test unit showed a fully opaque center with no translucent or raw paste-like portion. Samples were held for an additional 2 min after this endpoint.
	To standardize doneness using both visual flotation and internal opacity criteria.

	Draining and cooling
	Cooked meatballs were drained for 2 min, cooled briefly at room temperature for approximately 10 min, and then held in covered containers for 20 min before evaluation.
	To bring all samples to a comparable condition before sensory presentation.


Source. Adapted and restructured by the authors from fish-meatball and fish-ball preparation procedures reported by Fadhallah et al. (2024), Fauziyah et al. (2023), and Wang et al. (2022), with recorded process conditions established during preliminary production in the present study on 16 May 2024.
Building on the fixed 300 g clean-fish-flesh batch basis described above, the formulation stage was designed to vary the level of κ-carrageenan while maintaining the same base meatball system across treatments. The non-carrageenan components followed published fish-meatball formulation patterns in which fish flesh is commonly combined with starch or filler, water or ice, salt, and seasoning ingredients (Fadhallah et al., 2024; Fauziyah et al., 2023). The κ-carrageenan levels were arranged as a graded formulation range rather than as arbitrary additions. Previous fishball and fish-meatball studies have examined carrageenan across low and higher substitution ranges, while surimi-gel studies indicate that carrageenan performance remains concentration- and matrix-dependent, making product-specific testing necessary before a level can be considered suitable for a given fish-protein system (Asikin et al., 2023; Lan et al., 2023; Niu et al., 2024; Noor Asikin et al., 2020; Sitepu et al., 2020). The complete formulation is shown in Table 2.
Sensory evaluation was conducted with 30 untrained panelists and treated as an acceptability test rather than trained descriptive profiling. This panel type was appropriate because the study was concerned with liking and acceptance of the finished meatball formulations, not with developing a calibrated sensory vocabulary or measuring attribute intensity by trained assessors. Consumer-oriented sensory research distinguishes affective or acceptability testing from analytical sensory profiling, and untrained participants are commonly used when product liking is the primary response of interest (Fiorentini et al., 2020; Ruiz-Capillas et al., 2021). Panelists were included only when they were willing to complete the full evaluation, had no known allergy to fish or any sample ingredient, reported no smell or taste impairment at the time of testing, and had not consumed strongly flavored foods or beverages before the session.
Table 2
Formulation of Snakehead Fish Meatballs per 300 g Clean Fish Flesh
	Component
	F0
	F1
	F2
	F3
	Formulation basis / role

	Clean snakehead flesh
	300 g
	300 g
	300 g
	300 g
	Fixed protein matrix

	Salt
	6 g
	6 g
	6 g
	6 g
	2.00% of fish flesh; seasoning and protein-extraction support

	Sugar
	3 g
	3 g
	3 g
	3 g
	1.00% of fish flesh; taste balance

	Minced garlic
	6 g
	6 g
	6 g
	6 g
	2.00% of fish flesh; seasoning

	White pepper powder
	0.60 g
	0.60 g
	0.60 g
	0.60 g
	0.20% of fish flesh; seasoning

	Tapioca starch
	24 g
	24 g
	24 g
	24 g
	8.00% of fish flesh; starch-based binder/filler

	Ice water
	36 g
	36 g
	36 g
	36 g
	12.00% of fish flesh; hydration and temperature control

	Vegetable oil
	6 g
	6 g
	6 g
	6 g
	2.00% of fish flesh; mouthfeel and matrix lubrication

	κ-Carrageenan
	0 g
	3 g
	9 g
	15 g
	Planned hydrocolloid variable


Source. Adapted and restructured by the authors from published fish-meatball formulation bases reported by Fadhallah et al. (2024) and Fauziyah et al. (2023). The κ-carrageenan range was informed by carrageenan levels examined in fishball and fish-meatball systems (Asikin et al., 2023; Noor Asikin et al., 2020) and by surimi-gel studies showing concentration and matrix dependent carrageenan behavior (Lan et al., 2023; Niu et al., 2024). Final ingredient quantities were standardized by the authors for the present 300 g clean-fish-flesh batch system.
Note. F0 = control without κ-carrageenan; F1 = 1.00% κ-carrageenan; F2 = 3.00% κ-carrageenan; F3 = 5.00% κ-carrageenan. Percentages were calculated relative to the 300 g clean fish flesh used in each batch, not total batter weight. Thus, the κ-carrageenan amounts per batch were 0.00 g, 3.00 g, 9.00 g, and 15.00 g for F0, F1, F2, and F3, respectively. 
The evaluation was carried out in a theory classroom at Politeknik Pariwisata Makassar, which was used as a controlled area during testing. The room was selected because it was more neutral than the production kitchen, could accommodate the panel in one session, and allowed the same instructions to be given before scoring began. Panelists assessed all four formulations, producing repeated responses from the same individuals across samples. Blind three-digit coding, identical serving containers, controlled portioning, counterbalanced serving order, palate cleansing, and independent scoring were applied to reduce avoidable presentation and order effects. The coding, serving order, and presentation protocol are summarized in Table 3.
Panelists evaluated color, aroma, texture, taste, and overall liking using a 9-point hedonic scale, where 1 represented “dislike extremely” and 9 represented “like extremely.” The 9-point hedonic scale was selected because it remains widely used in food acceptability testing and provides a familiar category scale for measuring degrees of liking in consumer-oriented sensory studies (Addo-Preko et al., 2023; Wichchukit & O’Mahony, 2015). Each panelist completed one score sheet covering all sample codes and all attributes. After collection, the forms were checked for missing scores, duplicated entries, and sample-code errors before data entry.
Table 3
Sample Coding, Serving Order, and Sensory Presentation Protocol
	Item
	Standardized procedure
	Purpose in the sensory evaluation

	Panel size and type
	Thirty untrained panelists evaluated all samples.
	To obtain within-study acceptability responses from non-trained assessors.

	Testing location
	The sensory session was conducted in a theory classroom at Politeknik Pariwisata Makassar.
	To provide a neutral testing area separate from the production kitchen.

	Sample identity
	F0, F1, F2, and F3 were coded as 381, 542, 617, and 824, respectively.
	To prevent panelists from identifying formulation treatments during evaluation.

	Portion size
	Each panelist received two meatball units per sample.
	To standardize the amount evaluated across formulations.

	Serving container
	Samples were served in identical plain white containers.
	To reduce presentation-related visual bias.

	Serving condition
	Samples were served under portion and temperature conditions kept as consistent as feasible within one session.
	To limit variation unrelated to formulation differences.

	Palate cleanser
	Room-temperature mineral water was provided between samples.
	To reduce carry-over effects during sequential evaluation.

	Serving sequence 1
	381–542–617–824; assigned to 8 panelists.
	To distribute sample position across panelists.

	Serving sequence 2
	542–617–824–381; assigned to 8 panelists.
	To distribute sample position across panelists.

	Serving sequence 3
	617–824–381–542; assigned to 7 panelists.
	To distribute sample position across panelists.

	Serving sequence 4
	824–381–542–617; assigned to 7 panelists.
	To distribute sample position across panelists.

	Response independence
	Panelists completed the score sheet individually and were not allowed to discuss the samples during testing.
	To preserve independent acceptability responses.


Source. Prepared by the authors for the present study, with sensory presentation procedures informed by consumer-oriented sensory testing practices described by Fiorentini et al. (2020), Ruiz-Capillas et al. (2021), Wichchukit and O’Mahony (2015), and Addo-Preko et al. (2023). Sample codes, serving order, portioning, and testing location were standardized for the present study.
Hedonic scores were entered by formulation code and sensory attribute after the completed score sheets had been checked for missing values, duplicated entries, and sample-code inconsistencies. Data were analyzed using IBM SPSS Statistics version 26. Because each panelist evaluated all four formulations, the dataset was treated as repeated-measures sensory data rather than as independent-group data. Descriptive statistics were first used to summarize response patterns for each formulation and attribute. Median values were emphasized to represent ordinal tendency, while mean and standard deviation were reported as supplementary summaries to aid interpretation of the hedonic-score pattern. 
Inferential testing was conducted separately for color, aroma, texture, taste, and overall liking. Because the same panelists evaluated more than two formulations and the 9-point hedonic scores were treated cautiously as ordinal responses, differences among formulations were examined using the Friedman test at α = .05. The Friedman test is appropriate for within-subject designs involving three or more correlated or repeated outcomes, particularly when the data are ordinal or when parametric assumptions are not relied upon (Kim, 2014). When the Friedman test indicated a significant difference for an attribute, pairwise comparisons were performed using the Wilcoxon signed-rank test, with Bonferroni correction applied to control the inflation of type I error across repeated pairwise tests (Crofton et al., 2021). Six pairwise comparisons were possible among F0, F1, F2, and F3; therefore, the operational significance threshold for pairwise tests was set at p < .0083. Results were interpreted as within-study differences in panelist acceptability among formulations, not as population-level market-preference estimates.
Participation in the sensory evaluation was voluntary and based on direct verbal agreement before the test session. Before evaluation, panelists were informed about the product type, the presence of fish and other formulation ingredients, the scoring procedure, and their right to discontinue participation at any time if they felt uncomfortable during the session. Individuals with known allergy to fish or any sample ingredient, or those reporting smell or taste impairment at the time of testing, were not included. No personal identifying information was used in the analysis; responses were recorded by sample code and analyzed only in aggregate. Formal ethics committee approval was not obtained for this low-risk hedonic evaluation; therefore, the findings are reported as within-study sensory acceptability data derived from voluntary panel participation.
Results 
Hedonic Response Patterns
All 30 panelists completed the evaluation, and all score sheets were complete and retained for analysis. Mean hedonic scores followed an ordered increase from the control formulation to the highest κ-carrageenan formulation across all sensory attributes. F3 recorded the highest mean score for color, aroma, texture, taste, and overall liking. Its median score was also the highest for color, aroma, and texture, while taste and overall liking reached upper-level median values that were shared with one or more lower-carrageenan formulations. The clearest descriptive separation among formulations was observed for texture and overall liking, whereas aroma showed the narrowest spread. These results describe the direction of panelist responses only; statistical differences among formulations are reported in the next subsection.
Descriptive hedonic scores for the four snakehead fish meatball formulations are presented in Table 4.

Table 4
Descriptive Results of Hedonic Scores by Formulation
	Sensory attribute
	Statistic
	F0 Control, 0%
	F1, 1%
	F2, 3%
	F3, 5%

	Color
	Median
	6.0
	6.0
	6.5
	7.0

	
	Mean ± SD
	6.20 ± 0.48
	6.37 ± 0.56
	6.50 ± 0.51
	7.13 ± 0.51

	Aroma
	Median
	6.0
	6.0
	6.0
	7.0

	
	Mean ± SD
	6.10 ± 0.40
	6.13 ± 0.51
	6.30 ± 0.53
	6.73 ± 0.64

	Texture
	Median
	6.0
	6.0
	7.0
	8.0

	
	Mean ± SD
	5.87 ± 0.57
	6.33 ± 0.55
	6.83 ± 0.59
	7.57 ± 0.50

	Taste
	Median
	6.0
	7.0
	7.0
	7.0

	
	Mean ± SD
	6.17 ± 0.46
	6.67 ± 0.55
	6.97 ± 0.56
	7.43 ± 0.50

	Overall liking
	Median
	6.0
	6.0
	7.0
	7.0

	
	Mean ± SD
	5.90 ± 0.55
	6.43 ± 0.57
	6.90 ± 0.48
	7.30 ± 0.60


Note. Values are based on responses from 30 panelists using a 9-point hedonic scale, where higher scores indicate greater liking. F0 = control without κ-carrageenan; F1 = 1% κ-carrageenan; F2 = 3% κ-carrageenan; F3 = 5% κ-carrageenan. Percentages refer to κ-carrageenan level relative to the 300 g clean fish flesh used in each batch.

Overall Differences Among Formulations
The Friedman test indicated significant differences among formulations for all sensory attributes (Table 5). The magnitude of differentiation, as reflected by Kendall’s W, was not uniform across attributes. Texture showed the strongest differentiation among formulations, followed by overall liking, taste, color, and aroma. Thus, formulation-related separation was most evident in texture-related acceptance, whereas aroma, although statistically different among formulations, showed the weakest separation.
Table 5
Friedman Test Results with Kendall’s W
	Sensory attribute
	n
	df
	Friedman χ²
	p-value
	Kendall’s W

	Color
	30
	3
	44.379
	< .001
	.493

	Aroma
	30
	3
	23.982
	< .001
	.266

	Texture
	30
	3
	69.488
	< .001
	.772

	Taste
	30
	3
	51.215
	< .001
	.569

	Overall liking
	30
	3
	57.465
	< .001
	.638


Note. Kendall’s W was calculated as χ²/[n(k − 1)], with n = 30 panelists and k = 4 formulations. Higher Kendall’s W values indicate stronger differentiation among formulations for the corresponding sensory attribute.

Pairwise Differences after Bonferroni Correction
Pairwise Wilcoxon signed-rank tests were conducted only to clarify where the formulation differences identified by the Friedman tests occurred. The results are presented in Table 6 using the Bonferroni-adjusted threshold of p < .0083.
The pairwise results showed that F3 differed from F0 in all sensory attributes. For color, significant differences were found only when F3 was compared with the other formulations, indicating that color liking was clearly differentiated only at the highest κ-carrageenan level. Aroma showed the most limited pairwise separation, with significant differences observed for F0–F3 and F1–F3 only; the comparison between F2 and F3 did not remain significant after Bonferroni correction. Texture produced the most consistent pairwise differentiation, with all formulation pairs differing significantly. Taste differed for all pairs except F1–F2, while overall liking differed significantly across all pairwise comparisons. Taken together with the descriptive pattern in Table 4, the pairwise results indicate that F3 showed the most consistent within-study acceptability profile, particularly for texture, taste, and overall liking.
Table 6
Pairwise Wilcoxon Signed-Rank Test Results After Bonferroni Correction
	Pairwise comparison
	Color
	Aroma
	Texture
	Taste
	Overall liking

	F0 vs F1
	.1655 ns
	.7055 ns
	< .001*
	.0011*
	.0011*

	F0 vs F2
	.0290 ns
	.0833 ns
	< .001*
	< .001*
	< .001*

	F0 vs F3
	< .001*
	< .001*
	< .001*
	< .001*
	< .001*

	F1 vs F2
	.2482 ns
	.1655 ns
	< .001*
	.0389 ns
	< .001*

	F1 vs F3
	< .001*
	< .001*
	< .001*
	< .001*
	< .001*

	F2 vs F3
	< .001*
	.0123 ns
	< .001*
	< .001*
	.0076*


Note. Values are Wilcoxon signed-rank test p-values. An asterisk indicates significance after Bonferroni correction at p < .0083; ns = not significant after Bonferroni correction. F0 = control without κ-carrageenan; F1 = 1% κ-carrageenan; F2 = 3% κ-carrageenan; F3 = 5% κ-carrageenan.
Discussion  
The present findings place texture at the center of acceptability in carrageenan-containing snakehead fish meatballs. Although all sensory attributes differed among formulations, the strongest separation emerged in texture and was followed by overall liking, suggesting that panelists responded most clearly to changes in the eating structure of the product. F3, formulated with 5% κ-carrageenan relative to the 300 g fish-flesh batch basis, did not merely record higher descriptive scores; it also showed the most consistent within-study acceptability profile across the paired comparisons, particularly for texture, taste, and overall liking. Aroma, by contrast, showed a narrower separation among formulations, indicating that the effect of formulation adjustment was expressed more strongly through mouthfeel and integrated eating quality than through volatile perception. Within the scope of this applied culinary formulation study, these results suggest that κ-carrageenan level was closely associated with how panelists perceived the finished product as a cohesive, acceptable fish meatball rather than as a less integrated formulation matrix.
The prominence of texture is consistent with the known functional role of hydrocolloids in fish-protein gel systems. κ-Carrageenan has been associated with water immobilization, matrix structuring, and texture-related changes in low-salt surimi, while its behavior remains dependent on the surrounding protein matrix and other formulation components (Lan et al., 2023; Niu et al., 2024). In the present study, however, these mechanisms were not measured instrumentally. The stronger texture liking observed for F3 should therefore be interpreted as a sensory response: panelists gave higher hedonic scores to the formulation that they perceived more favorably during eating. This interpretation allows the results to be connected with relevant hydrocolloid literature without converting hedonic data into unmeasured claims about gel strength, water retention, or instrumental texture.
The parallel pattern between taste liking and overall liking indicates that panelists did not evaluate texture as an isolated attribute. In fish-ball products, acceptance is generally shaped by the combined eating experience of texture, mouthfeel, taste, aroma, and appearance rather than by a single sensory cue (Isra et al., 2024). In the present study, the higher scores observed for F3 may reflect a more favorable integrated eating experience, particularly because texture, taste, and overall liking showed clearer differentiation than aroma. However, these responses should still be interpreted as hedonic judgments. A 9-point hedonic scale measures degree of liking and does not identify the physical or biochemical mechanism behind that liking (Wichchukit & O’Mahony, 2015). Without instrumental measurements of moisture retention, texture profile, or flavor release, the present data cannot establish how κ-carrageenan influenced taste perception or overall liking. The results only show that, under the present preparation and serving conditions, panelists gave the most favorable combined hedonic responses to the 5% κ-carrageenan formulation.
The weaker pairwise separation observed for aroma indicates that κ-carrageenan level did not produce the same degree of hedonic differentiation across all sensory attributes. This pattern is reasonable because κ-carrageenan is primarily used for gel formation, thickening, stabilization, and water structuring rather than as an aroma-active ingredient (Chen et al., 2020). In the present formulation, aroma liking was more likely influenced by the fish matrix, garlic, pepper, cooking process, and individual panelist perception than by κ-carrageenan alone. Color liking showed clearer differentiation than aroma, especially at the highest κ-carrageenan level, but this result should also be interpreted as a perceptual hedonic response. Without instrumental color measurement, the color data cannot be used to claim changes in lightness, chromaticity, or color stability. Sensory color acceptance may reflect how panelists perceived surface appearance, opacity, and product uniformity, whereas objective color claims require controlled colorimetric measurement and clearly reported measurement conditions (Pathare et al., 2013).
For an applied culinary formulation study, the value of these findings lies in showing how a familiar fish-based product can be evaluated more systematically through standardized preparation and hedonic testing. Fish meatballs are not experienced by panelists as isolated gels, but as cooked, seasoned, portioned foods in which bite, mouthfeel, taste, aroma, and visual appearance are judged together during eating. From this perspective, the higher hedonic response to F3 is meaningful because it reflects panelist acceptance of the finished product under controlled culinary preparation conditions. Similar studies on fish-ball and fish-meatball products have shown that formulation changes may influence sensory acceptance across texture, taste, appearance, and overall liking, although such responses should be interpreted within the specific product matrix and evaluation design used (Fadhallah et al., 2024; Isra et al., 2024). Therefore, the contribution of κ-carrageenan in the present study is best understood as part of a standardized culinary formulation system, not as a stand-alone additive effect or as proof of instrumental product-quality improvement.
The findings also underline the role of process control in applied culinary sensory research. The observed hedonic differences were obtained after several procedural factors were standardized, including raw-material handling, fish-flesh batch basis, mixing sequence, unit size, chilled setting, cooking endpoint, cooling, sample coding, serving order, and palate cleansing. Such controls are important because hedonic evaluation of prepared foods can be affected by portion size, doneness, serving condition, visual cues, and order effects. By using blind-coded samples, uniform portions, counterbalanced serving sequences, individual scoring, and repeated evaluation by the same panelists, the present study reduced several avoidable sources of sensory variation. These controls strengthen the internal consistency of the within-study comparison, while still leaving the results bounded to hedonic acceptability rather than trained descriptive profiling or instrumental quality characterization (Fiorentini et al., 2020; Wichchukit & O’Mahony, 2015).
At the same time, the findings should be read within their proper evidentiary boundary. The study supports the conclusion that F3 showed the most consistent within-study hedonic acceptability profile, especially for texture, taste, and overall liking, but it does not establish an optimized formulation, instrumental product-quality superiority, or broader consumer preference. Because the 9-point hedonic scale measures degree of liking, the results should be interpreted as panelist acceptability responses rather than as evidence of descriptive sensory profiling or physical product mechanisms (Wichchukit & O’Mahony, 2015). Independent production-batch replication was not incorporated into the statistical model; therefore, the findings should be read as differences in panelist responses to four prepared formulations under the present standardized preparation and serving conditions. No texture profile analysis, water-holding capacity measurement, cooking-yield analysis, colorimetry, moisture analysis, or flavor-release measurement was conducted. Consequently, any discussion of gel strength, water immobilization, objective color change, or flavor release remains interpretive rather than evidentiary. Another limitation is that the sensory evaluation relied on voluntary verbal participation rather than documented formal ethics committee approval. Future work should combine independent replicated production batches, broader consumer testing, documented ethics review or exemption, and instrumental quality measurements to clarify whether the acceptability pattern observed here is reproducible across preparation conditions and supported by measurable product-quality changes.

Conclusion  
Within the tested formulation range, snakehead fish meatballs containing 5% κ-carrageenan showed the most consistent hedonic acceptability profile, particularly for texture, taste, and overall liking. This finding indicates that κ-carrageenan level was associated with differences in panelist liking when the meatballs were prepared and presented under standardized conditions. The result is relevant for applied culinary formulation because acceptability in fish meatballs depends not only on ingredient selection, but also on how the finished product is perceived during eating as a cooked, seasoned, and cohesive food.
The 5% formulation should not be interpreted as a final optimized formula, an instrumentally superior product, or evidence of broader consumer preference. The study was based on hedonic evaluation by untrained panelists and did not include independent production-batch replication or instrumental measurements of texture, water-holding capacity, cooking yield, moisture, color, or flavor release. Future work should combine replicated production batches, documented ethics review or exemption, broader consumer testing, and instrumental quality measurements to clarify whether the hedonic acceptability pattern observed in this study is reproducible across preparation conditions and supported by measurable product-quality changes.
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