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Fig.1 Extraction process of crude antifreeze peptide from crucian carp scales
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Xu SESI J7 3% AR MBS, R vg Psk 2R T 7R 2
R T W16 AR I E 845 . B 10% 08 A
BRIATE 20 mL M17 WAKKE SR (5% ,V/IV) w37
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Table 1 {3,3} Simplex lattice experiment design

KIEF A a,/% A, a/% A, ay/%

1 1 3 0 0 0 0
2 0 0 1 3 0 0
3 0 0 0 0 1 3
4 1/3 1 2/3 2 0 0
5 2/3 2 1/3 1 0 0
6 1/3 1 0 0 2/3 2
7 2/3 2 0 0 173 1
8 0 0 1/3 1 2/3 2
9 0 0 2/3 2 173 1
10 1/3 1 1/3 1 173 1
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L, LA SE FR b

1.5.3 IRMEE  WIEERDE 2% Tan SR J7
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Fig.2 The survival rate of Streptococcus thermophilus

after freezing of fish scale crude antifreeze peptide
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Fig.3 Fourier transform infrared spectroscopy
of soybean lecithin and soybean lecithin crude

antifreeze peptide
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Fig.4 Compatibility of single and composite

antifreeze agents
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Table 2 Experimental design and results

K5 2, (ALK ) /% o (B 38 ) 1% %3 (48 5 A )% y (B & F) %
1 3 0 0 57.11 £ 4.14¢
2 0 3 0 56.77 £ 8.69°
3 0 0 3 68.51 £ 5.48™
4 1 2 0 86.48 + 1.25*
5 2 1 0 73.82 +3.32"
6 1 0 2 59.53 +2.68
7 2 0 1 83.63 £2.91*
8 0 1 2 36.05 +5.19°
9 0 2 1 32.84 +7.79°
10 1 1 1 62.26 + 5.88
®3 MEREMRE
Table 3 Regression simulation coefficient
Y d AREIR £ t—Stat P-value T IR (95.0%) LR (95.0%)
2B 59.271 11.543 5.135 0.014 22.537 96.005
Xy 0 0 65535 - 0 0
% -0.192 5.296 -0.036 - -17.047 16.663
X 1.718 5.296 0.324 0.767 -15.137 18.572
1%, 10.583 5.995 1.765 0.176 -8.495 29.662
XX 4.866 5.995 0.812 0.476 -14.212 23.945
ok -13.557 5.996 -2.261 0.109 -32.636 5.521
XXX -0.429 14.650 -0.029 0.978 -47.066 46.208
x4 ORABEUXESH
Table 4 Key parameters for regression simulation L
= )3 %t b it "
r 0.919 %
R 0.844 ﬁ Eos
oy & £
AR E 12.135 =
L) 4 10 ”
0.6
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23.1 WRMRIE L R B R E B D RE T Géii’gs

22—, B T A A M R 2R A 4 R ) L R R Y
KN B 6a s TR ERIE MP B9 MEEE . Hi &
nl A, 5 Fresh HAH L, B 4 0GR E Y B
TRE(P<0.05) 3% Fp AR Ak AT BB & ¥ Rak 72 rh K i
I8 LA AR K 3 B 1 AR M L RT BB R VR R

WK1 1980 AL K +29% 16 BE0E (415 4) K2 :2%$0 VML K+
1945 B 5 (41 7) K3 :2.2%Bt0 VR HLIK+2% 1 3 4% +0.3% 16
SR (IR AR,

B5 WIERXIEER

Fig.5 Verify experimental results
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Fig.6  Solubility (a) and surface hydrophobicity (b) of composite antifreeze to frozen MP
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Preparation of Composite Antifreeze and Its Antifreeze Effect of Channel Catfish
Myofibrillar Protein

Lu Xiaoyan'?, Cong Haihua'?", Shen Yicheng', Zhao Yong®, Chen Jiwei*?,
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Abstract In this study, antifreeze crude peptide was obtained from crucian carp fish scales by trypsin enzyme digestion.
And the formulation was designed by using {3, 3} simplex lattice method with antifreeze crude peptide, trehalose and al-
ginale oligosaccharides as factors. The survival rate of Streptococcus pyogenes (S. pyogenes) after 24 h of freezing was
used as the screening index for antifreeze activity to obtain the theoretical model formulation of the compound antifreeze.
The optimum group of composite antifreeze (K1, K2) and the theoretical model formulation group (K3) were further se-
lected for the frozen channel catfish (Ictalurus punctatus) myofibrillar protein test to verify the antifreeze effect of the
composite antifreeze. The results showed that the survival rate of S. pyogenes in the antifreeze crude peptide group
reached only 57.11%. The infrared spectra of the interaction with soy lecithin showed that the crude antifreeze peptide
might interact with the hydrophilic head of phospholipids and water, which could help to stabilize the membrane struc-
ture. The survival rate of S. pyogenes reached more than 80% in the K1 and K2 groups, and as high as 92% in the
K3 group. The hydrophobicity of the protein surface was significantly reduced (P < 0.05) and the protein solubility was
significantly increased (P <0.05) by the addition of K1, K2 and K3 complex antifreeze. The a—helix and B—fold content
of K1 and K2 were significantly decreased (P <0.05); and the r—values of K2 and K3 were significantly decreased (P <
0.05). In summary, the theoretical model K3 is a good aquatic products composite antifreeze with high antifreeze activi-
ty, which can inhibit protein aggregation and maintain the stability of protein structure. This study provides a new idea
for the efficient development of composite antifreeze, and provides a theoretical basis for the subsequent development of
catfish pre—prepared vegetables frozen products.

Keywords crude antifreeze peptide; the simplex lattice method; antifreeze; composite antifreeze; myofibrillar protein



