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Abstract: In this paper, largemouth bass was used as raw material to study the effects of different cooling rates (liquid
nitrogen quick freezing (1.81 °C), freezing liquid quick freezing (0.15 °C), flat plate quick freezing (0.14 °C)) in freezing
storage (0, 1, 2, 4, 12, 24 weeks), the influence of the physical and chemical properties of largemouth bass protein, by
measuring the salt-soluble protein, sulfhydryl group, carbonyl group, Ca**-ATPase activity content, surface hydrophobicity,
endogenous fluorescence spectrum and protein composition changes in the fish meat, and using double factor variance and
correlation analysis study quick-freezing method and storage time to investigate the degeneration of fish protein after
freezing. The results showed that with the passage of frozen storage time, the value of salt-soluble protein showed a
downward trend: The plate group and liquid nitrogen group had the lowest and the highest at the end of the frozen storage,
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respectively; the activity values of sulfhydryl and Ca®*-ATPase both increased first and then decreased. The endogenous

fluorescence intensity of fibrin increased, resulting in a blue shift phenomenon, and the value of myofibrillar protein

carbonyl and surface hydrophobicity increased significantly (P<0.05). The results of SDS-PAGE electrophoresis showed

that myofibrillar protein was degraded during the freezing period, while the liquid nitrogen group had a faster cooling rate

and a slower degree of protein degradation, while the plate group was the opposite. The volume of ice crystals formed by

quick freezing of liquid nitrogen was similar to the distribution of water in the raw material, which was conducive to

storage. Compared with liquid nitrogen quick freezing, the time for the formation of the maximum ice crystal zone in the

quick freezing of liquid nitrogen was longer than that of liquid nitrogen quick freezing and shorter than that of flat quick

freezing, and there was not much difference between the two. The correlation analysis between the two-factor variance and

the indicators showed that the quick freezing method had a significant effect on the active sulthydryl group and the

maximum fluorescence intensity of myofibril protein (P<0.05). The freezing time was the main factor affecting the protein

of the sea bass. The oxidative modification of amino acid side chain groups in myofibrillar protein was the main factor

causing the degradation or aggregation of protein.
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Fig.1 Freezing curve of the middle part of the Lateolabrax
Japonicus by different freezing methods
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Fig.3 Effects of different quick-freezing methods on the
content of sulthydryl group in Lateolabrax japonicus
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Fig.4 Effects of different quick-freezing methods on carbonyl
content of Lateolabrax japonicus
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Fig.5 Effects of different quick-freezing methods on the
activity of Ca*"-ATPase in Lateolabrax japonicus
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Fig.6 Effects of different quick-freezing methods on surface
hydrophobicity of Lateolabrax japonicus
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Table 1 Maximum endogenous fluorescence intensity of
Lateolabrax japonicus during storage in different quick-freezing
methods
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Fig.7 Effects of different quick-freezing methods on
endogenous fluorescence intensity of Lateolabrax japonicus
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Fig.8 SDS-PAGE patterns of myofibrillar proteins of Lateolabrax japonicus during frozen storage
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Table 2 Results of two-factor analysis of variance for the quick-freezing method and storage time of the protein index of frozen

Lateolabrax japonicus
B BT TR ] R A &I ]
LIS
F(df=2) P-value F(df=5) P-value F(df=10) P-value

HEHER 1.466 0.244 16.789 1.502x10° 0.592 0.810

ot 1.802 0.179 64.230 1.110x107" 1.238 0.301

TE PRSI 5.429 0.012 0.812 0.554 1.181 0.354

Ca*"-ATPaselif i 1.145 0.336 1.877 0.139 0.565 0.824

7.2 0.082 0.922 1.422 0.256 0.519 0.858
Fmgi Kb 2.883 0.069 283.259 0.000 4.444 4221x107™*
TR CIREE 21.779 6.327x1077 7068.047 0.000 20.420 5.777x107"

F 3 ANIEL R R A BT VR R 1) 5 i JY LI T A A A AR AR DGR S A
Table 3 Correlation analysis of different quick-freezing treatments on the biochemical characteristics of Lateolabrax japonicus
myofibril Protein during frozen storage

Eitan AR BSIE TEMESIEE Ca¥-ATPaseiif  BRIEE  REBUKYE BAVOLERE Co MHC Ac  TNT MLC-3

RN 1
BE -0.070 1
TSR 0.146 0.751" 1
Ca’-ATPasefifii  0.743"  -0.294"  0.017 1
ek -0.697"  0.066  —0.189 -0.823" 1
F B -0.587"  -0.057 —0.267 —0.686™ 0.804" 1
WARDEHRE  -0.599” —0.077 —0.353" —0.634" 0.824"  0.921" 1
Co -0.166 0.134 0210 -0.158 -0.045  —0.325 -0.258 1
MHC 0.108 —-5457  -0.269" 0.267 -0.325°  -0.438" -0.442"  0.603" 1
Ac —-0.280°  -0.265 —0.105 -0.197 0.131 -0.001 0.023 0.753" 0.765" 1
TNT 0.078 -0.166  0.193 0.350" -0.199  —.298" —-0.290"  0.449" 05517 0.590" 1
MLC-3 -0.273" 0.087 0237 -0.293" 0.226 -014 0.014 0.827" 0.479™ 0.832" 0.480™" 1

s R WA, P<0.05; ** R B3, P<0.01,
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