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Physico -Chemical, Microbiological and Storage Stability Evaluation of Fish Crackers Developed from Surimi Recovered from Snapper Filleting Waste
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ABSTRACT 

	Aims: To develop surimi-based fish crackers from snapper filleted frame meat and to evaluate their physicochemical, nutritional, microbiological, sensory, and storage stability characteristics to assess the feasibility of value addition and sustainable utilization of fish processing waste.
Study design: An experimental laboratory study involving recovery of snapper frame meat, optimization of surimi through water-washing, development of surimi-based fish crackers, and evaluation of physicochemical, nutritional, microbiological, sensory, and storage stability under ambient and refrigerated conditions.
Place and Duration of Study: The experimental work was carried out during the period July 2019 to March 2020 at the Department of Fish Processing Technology, College of Fisheries, Mangaluru, Karnataka Veterinary, Animal and Fisheries Sciences University, India. The laboratory is located in the coastal region of Karnataka at approximately 12.87° N latitude and 74.88° E longitude.
Methodology: Snapper filleted frame meat recovered by mechanical mincing was evaluated for quality and processed into surimi using standardized chilled water-washing cycles. Fish crackers were developed by blending surimi with tapioca flour, millet flour, and soya chunk powder in different ratios, followed by cooking, drying, and frying. The optimal formulation was selected through sensory evaluation. Dried and fried crackers were analyzed for nutritional, biochemical, microbiological, and sensory quality, and storage stability was assessed under ambient and refrigerated conditions.
Results: Snapper filleted frames yielded substantial recoverable meat (n = 10), with mean total length and weight of 660.9 ± 28.4 mm and 2550 ± 506 g, respectively, and an average fillet yield of 1369 ± 264 g. Progressive water-washing significantly increased moisture while reducing lipid content, TVB-N, TMA-N, free fatty acids, TBARS, and microbial load (p < 0.05), improving surimi quality. Among four formulations evaluated by 25 panelists, crackers containing surimi (50%), tapioca flour (25%), millet flour (25%), and soya chunk powder (5%) showed the highest overall acceptability (8.61 ± 0.04; p < 0.01). Dried crackers had higher protein (20.41 ± 0.58%) and lower lipid content (0.95 ± 0.02%) than fried crackers (p < 0.001). Initial microbial counts were low (≤1.84 × 10² cfu/g), with no mould or yeast detected. During 60-day storage, biochemical spoilage indices and microbial counts increased significantly (p < 0.05), with slower deterioration and better sensory retention under refrigerated conditions.
Conclusion: The study confirms the feasibility of converting snapper filleted frame waste into nutritionally acceptable, microbiologically safe, and sensory-appealing surimi-based fish crackers, with improved functional quality through controlled washing and superior storage stability under refrigerated conditions, supporting sustainable fish processing and value addition.
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1. INTRODUCTION 

Marine fisheries are an important source of high-quality animal protein, essential fatty acids, vitamins, and minerals, and contribute significantly to global food and nutritional security (Sikorski et al., 1990; Kinsella, 1987). In India and many other fish-producing countries, increasing consumer preference for convenience foods and boneless fish products has led to rapid expansion of fish processing industries, particularly filleting operations (Connell and Hardy, 1981; Engle et al., 2017). However, fish processing generates substantial quantities of solid waste, accounting for approximately forty to sixty percent of the total raw material, depending on species and processing methods (Zaitsev et al., 1969; Wheaton and Lawson, 1985; Sachindra and Mahendrakar, 2015).Among the various by-products, filleted frames constitute a major portion and contain significant amounts of recoverable muscle tissue that are often underutilized or discarded (Toyoda et al., 1992; Crapo and Himelbloom, 1994). Disposal of such waste not only results in economic loss but also creates serious environmental concerns in coastal regions (Ghaly et al., 2013; Ferraro et al., 2010). Therefore, efficient utilization of filleted frame meat for human consumption is essential for sustainable fish processing and improved resource efficiency (Jaczynski, 2005; Stevens et al., 2018).Surimi technology has been widely recognized as an effective method for converting mechanically recovered fish meat into functional protein suitable for value-added products (Suzuki, 1981; Park and Lin, 2005). The washing process during surimi preparation removes undesirable components such as blood, pigments, lipids, and sarcoplasmic proteins, thereby improving colour, gel-forming ability, and storage stability of the recovered meat (Miyauchi et al., 1975; Lee, 1984; Aguilar et al., 1989). Utilization of filleted frame meat for surimi production has been reported as technically feasible and economically beneficial (Kim et al., 1991; Wendel et al., 2002).
Fish crackers are traditional starch-based snack foods widely consumed in Southeast Asia and are increasingly recognized as convenient protein-enriched products (Yu et al., 1981; Siaw et al., 1985; Huda et al., 2007). However, fish-based snack products are generally low in dietary fiber (Suzuki, 1981). Millets, which are rich in dietary fiber, minerals, and bioactive compounds, offer considerable potential for nutritional enhancement of processed foods (Hulse et al., 1980; FAO, 2016). Incorporation of millet flour into surimi-based fish crackers may improve their nutritional quality while enhancing product acceptability.Despite previous studies on fish cracker development, limited research has focused on the utilization of snapper filleted frame meat combined with millet-based formulations. Hence, the present study was undertaken to develop surimi-based fish crackers from snapper filleted frame waste and to evaluate their physicochemical, microbiological, sensory, and storage stability characteristics, with the aim of promoting sustainable waste utilization and value addition in fish processing.
2. material and methods 

2.1. Study sites
The experimental work was carried out during the period July 2019 to March 2020 at the Department of Fish Processing Technology, College of Fisheries, Mangaluru, Karnataka Veterinary, Animal and Fisheries Sciences University, India. The laboratory is located in the coastal region of Karnataka at approximately 12.87° N latitude and 74.88° E longitude. Snapper filleted frame waste was procured from a commercial fish processing unit located at Harekal, near Panambur, Mangaluru, immediately after filleting operations. The raw material was transported to the laboratory under iced conditions and processed on the same day to minimize quality deterioration. All analytical, product development, and storage studies were conducted in the Fish Processing Technology laboratories under controlled hygienic conditions.
2.2. Method of data collection
2.2.1. Raw material preparation and recovered meat separation
Filleted frames of snapper were manually trimmed to remove adhering skin and extraneous matter. Meat was separated from the frames using a mechanical meat mincer. The recovered meat was weighed to determine yield and used for further processing.
2.2.2. Preparation of surimi
Surimi was prepared by subjecting the recovered meat to standardized water washing cycles. The meat was washed with chilled potable water at a meat-to-water ratio of one to three. Multiple washing cycles were evaluated to remove water-soluble proteins, pigments, blood, and excess lipids. Dewatering was carried out after each washing cycle, and the washed meat was refined to obtain surimi. Cryoprotectants were added following standard surimi preparation procedures.
2.2.3. Development of fish crackers
Fish crackers were prepared by blending surimi with tapioca flour, millet flour, and soya chunk powder in different formulations. The dough was mixed uniformly, stuffed into casings, and steam-cooked to achieve starch gelatinization. The cooked rolls were cooled, sliced into uniform thickness, and dried to obtain semi-processed crackers. Dried crackers were fried in edible oil prior to sensory evaluation.
2.2.7. Storage stability studies
Fish crackers were stored under ambient temperature conditions (29 ± 2 degrees Celsius) and refrigerated conditions (6 ± 2 degrees Celsius). Periodic analysis was conducted to evaluate changes in physicochemical, biochemical, microbiological, and sensory attributes during storage.
2.2.4. Physicochemical and biochemical analyses
Proximate composition, including moisture, protein, lipid, and ash content, was determined using standard Association of Official Agricultural Chemists methods (AOAC, 2005). Biochemical quality parameters such as hydrogen ion concentration, total volatile base nitrogen, trimethylamine nitrogen, free fatty acid content, and thiobarbituric acid reactive substances were analyzed using established standard procedures.
2.2.5. Microbiological analysis
Microbiological quality was assessed under aseptic conditions by determining total plate count and mould and yeast count using standard plate count techniques.
2.2.6. Sensory evaluation
Sensory evaluation of dried and fried fish crackers was carried out by a trained panel OF 25 PANNELISTS using a nine-point hedonic scale for appearance, colour, texture, flavour, taste, and overall acceptability.
2.2.8. Statistical analysis
All experiments were conducted in triplicate, and the data obtained were analyzed using analysis of variance to determine significant differences among treatments.


3. results and discussion

3.1 Quality of Snapper Filleted Frame Meat
Snapper filleted frames yielded substantial recoverable muscle suitable for surimi production. The mean total length, standard length, and body weight of whole fish were 660.9 ± 28.4 mm, 532.8 ± 42.1 mm, and 2550 ± 506 g, respectively, with an average fillet yield of 1369 ± 264 g (Table 1). The recovered frame meat showed low total volatile base nitrogen (TVB-N: 9.8 ± 0.6 mg %), trimethylamine nitrogen (TMA-N: 3.4 ± 0.4 mg %), and total plate count (1.92 ± 0.08 × 10² cfu/g).
Table:1. Physical characteristics of whole snapper fish (Pristipomoide filamentosus)
	Sl. no
	Total length (mm)
	Standard length (mm)
	Weight of whole fish (g)
	Weight of fillets (g)

	1
	652
	505
	2482
	1315

	2
	646
	520
	2820
	1543

	3
	545
	451
	1781
	989

	4
	656
	524
	2587
	1372

	5
	705
	574
	2367
	1290

	6
	637
	514
	2466
	1333

	7
	643
	513
	2879
	1544

	8
	699
	567
	2179
	1142

	9
	704
	562
	3546
	1903

	10
	722
	598
	2393
	1259

	Average
	660.9
	532.8
	2550
	1369



Discussion: The substantial recovery of edible muscle confirms the value of filleting by-products as raw material for human consumption (Toyoda et al., 1992; Crapo and Himelbloom, 1994). The acceptable biochemical and microbiological quality indicates that the frames can be processed safely into surimi-based products without additional treatment.
3.2 Effect of Water-Washing on Surimi Quality
Progressive chilled water-washing cycles significantly affected physicochemical and biochemical properties. Moisture content increased (P = .03), whereas lipid content, TVB-N, TMA-N, free fatty acids (FFA), and thiobarbituric acid reactive substances (TBARS) decreased significantly (P = .004, .006, .008, .009, .005, respectively) (Figure 1). Total plate count decreased by approximately one log cycle (P = .02).
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Figure: 1. Changes in Moisture (%) content of frame minced meat during washing cycle

Discussion: Water washing removes sarcoplasmic proteins, pigments, lipids, and pro-oxidative compounds, improving surimi functionality, colour, and oxidative stability (Miyauchi et al., 1975; Lee, 1984; Park and Lin, 2005). The reduction in microbial load also enhances hygienic quality, supporting its suitability for human consumption.
3.3 Optimization of Fish Crackers
Four formulations were evaluated for sensory quality by a trained panel (n = 25). The formulation containing surimi (50%), tapioca flour (25%), millet flour (25%), and soya chunk powder (5%) achieved the highest overall acceptability (8.61 ± 0.04), which was significantly higher than the other formulations (P = .007) (Table 2).
Table: 2. Standardization of ingredients (recipe) for the preparation of fish crackers with four different combinations based on sensory characteristics.
	
Product
	Sensory characteristics

	
	Appearance
	Color
	Taste
	Crispiness
	Puffiness
	Flavour
	Odour
	Overall acceptebility

	A
	8.73±0.14a
	8.80±0.05a
	8.33±0.06a
	8.90±0.05a
	8.70±0.15a
	8.43±0.03a
	8.43±0.03a
	8.61±0.04a

	B
	8.16±0.16b
	8.03±0.03a
	8.96±0.03a
	8.56±0.08b
	8.60±0.15a
	8.53±0.06a
	8.43±0.03a
	8.47±0.02b

	C
	6.66±0.33c
	6.83±0.44b
	5.66±0.33b
	5.33±0.33c
	5.33±0.88b
	5.50±0.76b
	6.33±0.33b
	5.95±0.09c

	D
	5.66±0.33c
	6.0±0.57b
	5.33±0.33b
	4.33±0.33c
	4.66±0.33b
	5.33±0.33b
	5.66±0.33b
	5.28±0.16c


Mean ± Standard error
A: Surimi (50 %) + Tapioca (50 %) (Control)
B: Surimi (50 %) + Tapioca (25 %) + Pearl millet flour (25 %)
C: Surimi (50 %) + Pearl millet flour (50%)
D: Surimi (50 %) + Tapioca (22.5%) + Pearl millet flour (22.5%) + Soya chunk powder(5%)
Discussion: Tapioca starch contributed to crispness and expansion, millet flour improved texture and nutritional value, and soya chunk powder enhanced protein content. These results are consistent with previous studies on starch-based and protein-enriched fish crackers (Siaw et al., 1985; Huda et al., 2007; Yu et al., 1981).
3.4 Physicochemical and Microbiological Characteristics of Crackers
Dried fish crackers (DFC) contained significantly higher protein (20.41 ± 0.58%) and lower lipid content (0.95 ± 0.02%) compared to fried fish crackers (FFC), which had 16.72 ± 0.34% protein and 11.35 ± 0.56% lipid (P = .001) (Table 3). Moisture content was lower in FFC (P = .003). Biochemical indices (TVB-N, TMA-N, FFA, TBARS) remained within acceptable limits for both products. Total plate counts were low (DFC: 1.84 ± 0.03 × 10² cfu/g; FFC: 1.55 ± 0.02 × 10² cfu/g), with no mould or yeast detected.
Table: 3. Physico-chemical and microbiological characteristics of fish crackers (dried and fried)
	
Parameter (%)
	Samples

	
	Dried fish crackers (DFC)
	Fried fish crackers (FFC)

	Proximate composition

	Moisture
	6.04 ± 0.36a
	0.92 ± 0.13a

	Crude protein
	20.41 ± 0.58c
	16.72 ± 0.34b

	Lipid (fat)
	0.95 ± 0.02a
	11.35 ± 0.56a

	Ash
	4.60 ± 0.12a
	3.52 ± 0.12a

	Biochemical characteristics

	pH
	6.80 ± 0.09a
	6.22 ± 0.21a

	Tri-methylamine (mg %)
	8.08 ± 0.54a
	3.13 ± 0.03a

	Total volatile base nitrogen (mg %)
	14.9 ± 0.19a
	10.91 ± 0.59a

	Free fatty acid (% of oleic acid)
	0.21 ± 0.01a
	0.27 ± 0.06a

	Thiobarbuteric acid
(mg of malonaldehyde/kg of fat)
	0.11 ± 0.00a
	0.74 ± 0.03a

	Microbiological characteristics

	Total plate count(cfu/gm )
	1.84 ± 0.03a × 10²
	1.55 ± 0.02a × 10²

	Mould and yeast count (cfu/g)
	nil
	nil



Discussion: Frying increased lipid content due to oil absorption, improving crispness and flavour, whereas dried crackers retained higher protein content. The low microbial counts and acceptable biochemical indices confirm that both DFC and FFC were safe for consumption (Huda et al., 2010; Park and Lin, 2005).
3.5 Storage Stability of Fish Crackers
During 60 days of storage, TVB-N, TMA-N, FFA, TBARS, and microbial counts increased significantly under both ambient and refrigerated conditions (P = .01 to .004), while protein content declined significantly (P = .02) (Figure 2). Deterioration was slower under refrigerated storage (P = .008). Sensory scores declined gradually but remained acceptable longer under refrigeration.
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Figure:2. Changes in Moisture (%) content of frame minced meat during washing cycle

Discussion: Refrigeration significantly slowed biochemical and microbial deterioration, highlighting the importance of storage temperature for extending shelf life. These findings are in agreement with prior studies on surimi-based and dried fish products, indicating that refrigerated storage preserves nutritional quality and sensory acceptability (Connell, 1995; Ghaly et al., 2013; Stevens et al., 2018).
3.6 Implications
The study demonstrates the technical feasibility of converting snapper filleting waste into value-added surimi-based fish crackers. Incorporation of millet flour enhanced nutritional value without compromising sensory acceptability, supporting sustainable fish processing, waste reduction, and value addition (FAO, 2016; Stevens et al., 2018).
4. Conclusion

Snapper filleted frame waste can be effectively converted into high-quality surimi through controlled washing, improving functional and hygienic properties. Surimi-based fish crackers formulated with tapioca, millet flour, and soya chunk powder demonstrated desirable nutritional composition, sensory acceptability, and microbiological safety. The products exhibited enhanced storage stability under refrigerated conditions. Overall, the study confirms the feasibility of transforming filleting by-products into value-added, shelf-stable fish snacks, promoting sustainable fish processing and efficient waste utilization.
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