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Research on Formula Optimization and Water Retention Effect
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for Frozen Sebastes schlegelii Fillets
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Abstract: Objective: This study aimed to develop a green and efficient formula for a composite phosphorus-free water
retention agent to enhance the water-holding capacity of frozen Sebastes schlegelii fillets. Methods: The optimal ratio was

derived from the optimization method of orthogonal experiments based on one-way experiments, using the soaking weight
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gain rate, thawing loss rate, and cooking loss rate as evaluation indices of water retention. This approach allowed for the
determination of the optimal compound phosphorus-free water retaining agent formula. The water retention effect, texture
characteristics, microstructure, and sensory quality of the fish fillets treated with the optimal compound non-phosphorus
water retaining agent formula were analyzed. Results: The results indicated that the optimal combination of the formula
consisted of 2.5% sodium bicarbonate, 2.0% sodium citrate, and 1.5% alginate. Following treatment with this compound
phosphorus-free water retention agent, the soaking weight gain rate of Sebastes schlegelii fillets increased from 5.46% to
19.2%, while the thawing loss rate and cooking loss rate decreased from 9.23% and 30.6% to 1.28% and 14.0%, respectively.
These results were comparable to those of fillets treated with the compound phosphate water retention agent in terms of tex-
ture and structure. Microstructural analysis revealed that this formula helped maintain the integrity of the muscle fibers in
the fillets, reducing the destruction of muscle fibers after thawing, while also effectively improving sensory quality and miti-
gating the negative sensory impacts associated with phosphate treatment. The composite phosphorus-free water retention
agent formula developed in this study demonstrated its feasibility as a replacement for traditional phosphates. This achieve-
ment provides a theoretical basis for the industrial application expansion of phosphorus-free water retention technology in
the processing of Sebastes schlegelii products.

Key words: Sebastes schlegelii; frozen fish fillets; phosphorus-free water retention agent; water retention; texture;
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Fig.1 Effect of sodium bicarbonate concentration on soaking

weight gain rate, thawing loss rate, cooking loss rate
and overall composite score of fish fillets
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Fig.2 Effect of sodium citrate concentration on soaking weight
gain rate, thawing loss rate, cooking loss rate and overall
composite score of fish fillets
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Fig.3 Effect of alginate concentration on soaking weight gain
rate, thawing loss rate, cooking loss rate and overall
composite score of fish fillets
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Fig.4 Effect of phosphate complex concentration on soaking
weight gain rate, thawing loss rate, cooking loss rate and overall
composite score of fish fillets
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Table 3 Results of the orthogonal experiment

A B B R A S
e s [l @E% 2551 WEF BRR BURR 55
EUR L R %) (%) (%) ()
1 11 1 1 134 126 129 269
2 1 2 2 2 142 196 150 224
3 1 3 3 3 155 165 159 238
4 2 1 2 3 192 128 140 29.0
5 2 2 3 1 169 136 143 270
6 2 3 1 2 170 190 154 238
7 3001 3 2 193 227 136 250
8 302 1 3 184 195 150 246
9 3003 2 1 170 1.66 142 255
k, 244 270 25.1
k, 266 247 256
o kg 250 244 253
85 R 225 263 051
FEWF B>A>C
RRAE A,B,C,
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2.3.1 PRAKECRIT L MR I IR Al v UR A A
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Table 4 Comparative results of water retention effects

RUEER AR RERRR 55870

ZH 5
a5 (%) %) (%) )
ZRIEKA(CK) 5.46+0.75° 9.23+0.85"  30.6+2.62° 20.2
HAWIRELH(P)  20.9+1.54*  1.44+0.17°  15.6+1.36° 29.1

HATHER(NP)  19.2+41.15°  1.2840.22°  14.0+1.52° 29.0
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Table 5 Comparative results of textural properties

WERME i (mm) BEME(g) MHMEHE (m))

25 R (g)
TR
(CK)
HA R
The(P)
AT
A (NP)

32.3+1.75" 0.60+0.07* 1.67+0.09" 19.2+2.58" 0.31+0.05°

21.8+1.94° 0.62+0.07° 1.69+0.18* 13.6+2.22° 0.23+0.06"

22.0+£1.49° 0.57+0.08° 1.74£0.16" 12.6+1.94" 0.19+0.04°
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Fig.5 Microstructural images of frozen fish fillets

from different treatment groups
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Fig.6 Sensory evaluation
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on the appearance of fish fillets after steaming
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