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Abstract

Esox lucius is known for its delicious taste, high nutritional value, and meaty texture with few bones,
earning it the nickname “soft gold of fish”in Xinjiang as a distinctive cold-water fish. It is highly favored
by consumers. However, the market for processed Esox lucius products is currently limited and lacks
variety. Moreover, during fish meat processing, a significant amount of by-products such as swim bladders,
heads, and bones are discarded, leading to resource wastage and environmental pollution. Esox lucius swim
bladders are rich in protein, but their utilization rate is currently low, and the field of processing Esox lucius
swim bladders into ready-to-eat products remains underdeveloped. This study focuses on Esox lucius swim
bladder, aiming to develop related products such as swim bladder instant porridge, swim bladder sausage,
and swim bladder balls, laying the groundwork for subsequent production.

(1) Nutritional analysis: An analysis of the nutritional components of swim bladders from Esox lucius,
grass carp, and crucian carp revealed that Esox lucius swim bladder contains 90.82% protein and 83.25
2/100g of total amino acids, significantly higher than the other two. Esox lucius swim bladder also boasts
six types of monounsaturated fatty acids (MUFA), ten types of polyunsaturated fatty acids (PUFA), and a
higher content of elements such as Ca, Fe, Na, and Mg compared to the other two fish.

(2) Development and research of swim bladder instant porridge: Through pre-cooking and soaking
experiments, the soaking parameters for beans were determined: soaking at 50°C for 4 h, with pre-cooking
times of 10 min for red kidney beans, 4 min for mung beans, 6 min for red beans, 4 min for peanuts, and 10
min for chickpeas. Xanthan gum and konjac fine powder mixed in a 1:1 ratio were selected as thickening
stabilizers, ensuring good stability and preventing layering. Through single-factor tests and orthogonal
optimization, the optimal formulation was found to be a material-to-liquid ratio of 1:5, 8% xylitol, and
0.25% thickening stabilizer, achieving a sensory score of 96. The product's quality is optimal, with
physicochemical and nutritional indices meeting national standards, and hygiene indices complying with
commercial sterility requirements.

(3) Development and research of swim bladder sausages: Using sensory scores as the response value,
single-factor experiments followed by response surface optimization determined the optimal formulation:
44.40% swim bladder, 8.30% corn starch, 6.20% soy protein isolated, and 0.30% carrageenan. This resulted
in tightly structured sausage with excellent chewiness and a sensory score of 92.37. Gel strength and

cooking loss indices indicated that two-stage heating was ideal: heating at 45°C for 20 min, followed by

II



90°C for 20 min. This method detected 11 volatile flavor substances via electronic nose, yielding a rich
aroma.

(4) Development and research of swim bladder balls: Using gel strength as the response value, single-
factor experiments and response surface optimization determined the optimal formulation for swim bladder
balls: 21.80% swim bladder, 6.10% egg white powder, 0.45% sodium alginate, and 41.70% water. The gel
strength was 3785.25+50.35 g'mm, resulting in elastic balls with a firm, hole-free interior. Using gel
strength, yield, TBARS, and color as indicators, the optimal frying conditions were found to be 170°C for
240 s. GC-MS analysis detected 64 volatile substances in the fish maw balls.

Key words: Esox lucius; swim bladder; swim bladder instant porridge; swim bladder sausage; swim

bladder balls.
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