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82.19%%1.03%, KAFE A 7.54%+0.43%. ScAFPs #83+5F & £ &%+ T 180~3000 Da Z 18], % w¥ &£ 42 A4,
H AR RR F R BT RAR T, A K EIRIR R K dh B . ScAFPs 3TAak & A B IAF IR 2 R &
B, % SKARIEIRG, SCAFPs A e FEHRRKRGE. ARA, A8 ME. BRBASHKAATRRAKHEE
(P<0.05) 1&F KAk mkyrf a2 fEm, Y ScAFPs o= A28 2% it, ScAFPs Xt & JE 49 4% sk ik 47 5 R 15
FRALFER (4% BEAEL 4% LEBRAY) AR AFA R G & &5 Ta = %I L BACGRRY FI HIEE £
bR B FERCBRIR S0 R B 32t A el

KGR GGk B 8 Bk S K, B JE, R BRAEIR, BIRS

E 5y 5259851 SCHKARIRED: B M EHS:1002-0306(2023)01-0242-11 ek
DOI: 10.13386/j.issn1002-0306.2022040039 AT @

Preparation of Silver Carp Scale Antifreeze Peptides and Its
Improvement Effect on Gel Properties of Frozen-thawed Surimi

LI Xiaozhen'?*, CHEN Xu', YANG Fujia', HUANG Dan**, HUANG Jianlian**,
LIU Yongle’, WANG Shaoyun"*"

(1.College of Biological Science and Engineering, Fuzhou University, Fuzhou 350108, China;
2.Food R & D Center of Fuzhou Ocean Research Institute, Fuzhou 350108, China;
3.Fujian Provincial Key Laboratory of Frozen Processed Aquatic Products, Xiamen 361022, China;
4.Anjing Food Group Co., Ltd., Xiamen 361022, China;
5.School of Food and Biological Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: In this study, silver carp scale antifreeze peptides (SCAFPs) were prepared by enzymatic hydrolysis. Taking the
freeze-thawing survival rate of Streptococcus thermophilus as the main index and the degree of hydrolysis as the auxiliary
index, the optimal enzymolysis preparation process of SCAFPs was obtained through single factor and response surface
optimization. At the same time, the basic properties of ScAFPs and their influence on the gel stability of surimi were
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studied. The results showed that the selected enzyme preparation was trypsin, substrate concentration of 5.0%, enzyme

dosage of 3.8%, enzymolysis temperature of 37 °C, enzymolysis time of 3.5 h. Under these conditions, the frozen survival
rate of SCAFPs against Streptococcus thermophilus was 82.19%+1.03% and the degree of hydrolysis was 7.54%+0.43%.
The relative molecular weight of SCAFPs was mainly in the range of 180~3000 Da, and its isoelectric point was around 4.2.

Moreover, ScAFPs had strong hydrophilicity and good thermal stability, which could effectively reduce the ice crystal

content in the system. The effect of SCAFPs on gel properties of freezing-thawing surimi showed that after five freezing-

thawing cycles, the decrease of gel whiteness, hardness, chewiness and gel strength of surimi treated by ScAFPs was
significantly (P<0.05) lower than that of surimi without cryoprotecter. When the addition of ScAFPs exceeded 2%, the
freeze-thaw protection effect of SCAFPs on surimi was better than that of commercial antifreeze agents (4% sucrose and 4%

sorbitol mixture). This study lays a theoretical foundation for the high-value utilization of silver carp scales and the

application of SCAFPs as a new type of cryoprotectant in frozen surimi and its gel products.
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12.6%"00, FEHAE I Tabfvh, 23774 Kam iy fa il ok
FEWy, 29 5 AR BT 2%~5%17), R AT TN 2R
SiEERTSYY, T g i [ 5 e S 50%~80% LR
FABES), TR A PR Z IR RAF Ik IR . PRk, ASHF
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(ScAFPs), it AP Z | i e A g it o8 = A
il £ T25, RAFE ScAFPs LA o -1 H 7 FH T2kl
10 B ARIRAR S TR, 85T SCAFPs X/ Bl £ BE e I
PERFENR, 8 ScAFPs VE AR LR A7 N, FH T B8 A
101 JBE ] A RIS B 2 BRI A
1 MRlEREE
1.1 MRS

(SRR s S ST SN b o Sl E /N B B

REZY 1.5 kg AR A I H 4w R ROV T ;
FEHEEBREE IS KR SR R
A XBRE FEE(20 U/mg) )N TR A Y3 R A
BRS T AJRAE FARF(2000 U/mg) b ETI#BAFH SR
A PR F; JBEE 1 WE (250 U/mg) g iRMH-A4=4)
BHE A RAE; B ARF(100 Umg) 4 E(
D A=W AR A RS 7 Bl (200 U/mg) K
1 E YR AR A B4 F s Ho im0 == 4y
Krali.

LDZF-50L ~r.2UE 12873 K iay FigEH LR
Jraebi) 3 YC-S30 /KIFEIREZHEIR . SY-550B 4=
IRAER B IR RE IR REETT R R AT R A F]
752 BAMA] WLAEC T i R AR
Waters 1525 = 50 AH 154 32 [E Waters 23 7
ZEN3600 40 K b B Ha A7 4 FE = Malvern 23w
Fluoro Max-4 2¢ 436 11 32 E HORIBA 2y
Fl; DSC214 ZE/RFAFE R TR A Hl 1 2
Fl; ADCI-60-C (.22 b R B AT ARG BR
Z5dl; TAXT PLUS BRI FEE SMS A F] .

1.2 XFHE

1.2.1 S0 PA P SEA A AE B Y
fif A0 8 2575 K UEr, Wit /K55 8 50 °C L XL
TR AR P L 6~8 h, SR 5 HH R R AL B B K R AT
80 HffiE £ M. Atk sy MUK S, ML . H
HE e RIEEIR GB 5009.3-2016 . GB 5009.4-2016.
GB 5009.5-2016. GB 5009.6-2016 #f75E .

1.2.2 ScAFPs fil & T 2404k

1.2.2.1 | i fo S B A VR B A YIRS i Ak
figh P In AT TRZEAR K, B IS (50 °C, 200 W) Zb 3
90 min /5 - #1T 60 min /& & & R A B (121 °C,
0.1 MPa), RS M B FIE/SG VT pH AR
AR AE pH, WS INEE =R A NRR A5, IGHiceE
TR E IR RR 78 R T B fr— 2 B S 2 T e K
KT 10 min, f/a FFRHH RIS A B =115 500 (4 °C,
10000 r/min) 10 min, B_EVEWR, I RISk 1 fit fo i
T o

1.2.2.2 FAPHZESE LG IR BR BRI AR TS N
EFEPR, ZKFEE (DH) I BIFEPR, X7 ScAFPs i T
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JRCEG | Bl A ] A9 5 15 007 A TSI 0, R T B A%
Pl B —Ar i, TR AR IR, T S WA AR A5
R NI EE 3% (wiv), BEIG LY 5% (w/w ), Bl R[]
6 h, [ J5 R YR A R e 45 SR X W) i S A4 P B AE R A
MRS, AT T — R, A REA S
G35NR: B BRSNS XK R T . AR
Wit . JPRAR . et S W AN R A B, 3X 5 AR
i fe il pH 57 435128 : 7.0, 50 °C; 8.0, 37 °C;
8.0, 37 °C; 7.0, 50 °C; 8.0, 50 °C; JIEM e JEE L 1%,
2% 3%-. 4%. 5% (w/v); BRI LLIEH 1%, 3%. 5%.
7% 9% (w/w); BT EIZEH 1.2.3.4.5.6.7ho

1.2.2.3 W ELAIRES A BRI R SRS R e 3k
fitlh I, X ScAFPs Hifffie i £ T 20047 ma by 1 O A6k
Ko MEPE A JRPIMIE (%) | B: B (%) . C: i
AfTE] (h) = AR 2R, DARESAEEER PR A0S SR A b (B, )
JH Design-Expert 8.0.6 4% Box-Behnken design &
AUV N TSy 52, IR FEKOPERANER 1 s .

1 HEKVPHGER

Table 1 Factor level coding table
Hnfith 7K
-1 0 1
A R (%) 3 4 5
B FEE (%) 1 3 5
C Fifist i (h) 1 3 5

1.2.2.4 WEHEEBRINFAE R E O 200 pL K IE
AL e PR BR B IR 2 20 mL M17 AR FR 3L,
1i5% 4 h J5EL 4 mL BUGES.C~(4 °C, 5000 r/min )10 min,
5 EWEW, TN 4 mL Az BEER K PRS0 (4 °C,
5000 r/min) 10 min J5 R B PRVE, 1220 B E IR, B
JEH R ESET 8 mL A= Lk, HZ 60 pL B
FIEETSTS 540 pL B4 FEER /K (55 G REZH) Fnfa
SRR A 55, G s e 0.22 pm 1E
BRI YE, SRIE L 50 L T 4 mL M17 WAARREF 5L
Fr3%3% 7 h, FIHESMEEEE TR 600 nm &b
OGAE Ago FF TSRS BRI A—20 °C VKAR ¥ R
24 h, TEVSVRIVHET 4 h N, /R 2 h 4T IRVRRIE R
(37 °C 7K+, 10 min) . 120k 24 h J5 ¥ W /KGR
(37°C, 10 min), F-KHL 50 pL FEFpIEFE 7 h J5 gk
JH Ao FEPEERTE I RIRAAE R A RN

WS R IR AEIE S (%) = % % 100

o Ag: RURHT M 600 nm b1 OD fH; A, :
YIRS TR 600 nm 43 OD {H .
1.2.2.5 JKfREE(DH) e R B SR, B
JETE 100 mL FEFR I 2.5 mL BEfE R AN 30 mL
ZRIB/KIR G Y5), B -GS S W ) pH 2904
F 8.2, {EIRA W I I A 10 mL H B W, SR e
0.02 mol/L & SFEALENPRUETS OB T TR -G 3 W 2

F 9.2, il % N T HAE A S AL IR TIAY, 2= ]
LIN 25 (47353155 DH.

1.2.3 PG TR Z2 IRIEAPE T RAE AR N
RIS ScAFPs Fefdiil s T 20454k, il #5453
WA ScAFPs, IR T /5 & T°-20 °C vkffirh#5 M-
1.2.3.1 JRIEASTIMAE  ScAFPs k&2
Zx BRI 1 5 IR AR USR5 578 1] Pl i
il % T 159 1Y ScAFPs i HPH B8 101 B9 EL Bl s i
10% =S LR (FE F/KECHD , IR G5 &R
B 10 min, &.[>(4 °C, 10000 r/min) 10 min Ji5, B I
EWEETINH AR, 208 GB 5009.5-2016 W PR &
FIEME Z RN & . ScAFPs H7K 4 S0 IR 455
ME 53 HZ: 08 GB 5009.3-2016 A H 224751 GB
5009.4-2016 FE KA RE o

1.2.3.2 Sy 7554 ¥ ScAFPs Bl 20 mg/mL Y
KR, YEFH TSK-Gel-G2000SWXL BER (A ig4L:, i
FEEA 10 pL, HdA 0.5 mL/min, FJFH Waters™650E
=GR A B4l RS SRR S S G T o
S ARIIEN

1.2.3.3 FRMEGFR/KHENE @i 8-7R - 1-ZEik iR
22 (ANS) SIS E ScAFPs BRI /K 4, EAA
M kS R AR (R EE . R PBS
(0.1 mol/L., pH7.0), 43 AL il 8 mmol/L. ANS ¥ .
100 pg/mL BSA A1 100 ng/mL ScAFPs . LA
A= 1L 3E 3 1 (BSA) S %T BR, il PBS 435116 BSA
55 ScAFPs IF BB EEHEE N 100, 50, 25, 12.5,
6.25 pg/mL FYRE ISR . A5 TR RGBS o AR L
4 mL, filA 20 uL ANS ERIR-& 5105, S7 RN
FHZE A CCRET N i R . ANERSBERAF
VEE R BRI 374 nm | BREEFCIE BEE S nm; &5}
P 485 nm. FREERSIETERE S nms RELE N 2, £
A TN K P LAARE S i B (R AR AR ) FNE s 38 (P
AR FUE B T FRRIRER R

1.2.3.4 ZEd SIE  ScAFPs HYZEH, &5 ) FH 9 KR
BEARNAGHEF TMNE . el 2B 7oK ST 1 mg/mL
ScAFPs ¥, 1 0.1 mol/L £h ¥ I pH 43 5198
% 2.0,3.0,4.0,5.0.6.0,7.05 8.0 J57E 25°C Tl
EH: Zeta oA, FAEE N 1 mL. ¥4 pH S5AEXT R
B Zeta HAIIEZ I ITLR IE], 24 Z IR IS Zeta
FEAZA O B, UEBH AR Y pH RS HE A M .
1.2.3.5 #FEMlE  FREGE & ScAFPs £, fili
FHIE B /K BEH] 15 mg/mL ScAFPs 5, H 0.22 um
VSRR IS 432 4 0 T b, S O
Bt s B K T 43 in# 0. 10, 20, 30 min,
BHIE =G, #BESCIG7 1.2.2.4 e Homg g
BRI

1.2.3.6 IAEME(THA) M E  ScAFPs 14 THA
REZ R WU 522 17 I RVEAR A, 25 B oK e i
15 mg/mL BSA ¥ (W 20 )5 ScAFPs ¥, 13 H
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WA Proteus P HTAR A 1) 25 7% 5 il B B e HC
THA, AR 5 pl a: BB 2 o 72 Hh A9 0% BE 15
B BRSBTS 10 °C AR 5 min Ji5, PA-2 °C/min
B3 E AL S 10 °C FEZE—30 °C, “E48F 5 min, {84
hh A TR At vk, SRS AR P DSC il £k 5t B BE IR
(Thl: —0.5 °C. Th2: 0 °C F1 Th3: 0.3 °C); b: | x& ik
R A i R A R R 1 S SR DA —2 °C/min 3 K [E
R Z-30 °C, A5 5 min, B 4ERLEVK; A 2 °C/min
T/ R R R A AR B TR 510 °C Z A R BLE R,
FMF R VRE FIEVRE 5 min. {fi ] Proteus #WrHT4K
PE R RE S ARG (AHmM) | 45 ST LG I8 (T, #1
S (AHD), THA 5885 T K & & (o) T A
t([ﬂ::
THA = Th-T,

AHf

0 (%) = (l—m)x 100

1 Th: fREBIRE, °C; Ty: &5 IR TRE, °C;
AHT: BESLEE, I/gs AHm: BESVELES, T/g.
1.2.4 gl Frifsadals, KRR, @
fighy | PN 0 R ST Y, B Y e T, A
HLFE HORy e A0 88 o F2 B8 LIN £5023) Bk iy Jy ik
Ve AEE, LL 1:3(w/v) 1Y Eb gl f fa BE v i A 2
7K (4 °C), FHHSTFEAS S HHHFE 10 min, 2R 5850
(4 °C, 6000 r/min)5 min, {8 HH_EIEW, iZE VLSRR E
VIR o WG UEIas PR i i %) £ BE JEHT AT BIPE 3 R
i 0.5% S b (4 °C), BEEE 10 min, &0
(4 °C, 6000 r/min) 15 min 57K 5 BIF5-3 5040 £ B
1.2.5 FBEERET AT RO E IR A BT OB A T
914 B a8 BE S 25 43R 7S5 4y, Sy I FE f EE R I
0%. 2%. 4%. 6%. 8% ScAFPs fll 8% SUSO(w/w),
HH, 0% ScAFPs faBE4H hyas A X R4, 8% SUSO
VEA BHPEST R . F2H AR i T shiiddlan 20 it
5 min LABAREINFI AN A BEIR G I5) . 45 faBERE S
HI L 5 IRURAE IR, B IRPE M AE—20 °C ¥ TR
72 h J&G T 25 °C fi#ik 1 he Hrfef A R mRE & 7. BN E
ATFEARIME , Ll VR BURE i TR R Fe R T F8
FRIISE o
1.2.6 MPBERERRAIEIFE  AERT Rl R e i BERE
f I 2% EAREN (wiw) , FIFTTFREFEE 3 min, 35
FEI5), RIASE BRI, F BRI i ZEIE T Se Ul hsk
FREY 5 mL {EG R, wE e B TR AT AR e s
BT 52 M) fi 2 S 56, SR S5 FH ARG JEOKE 13 S0 25 P g 3
B, A FH P BEIN L (40 °C 30 min, 90 °C 30 min) 7
FABEEEIG o TINFAEE TR S 14 £ BE ST e ST RV E F vk
KT 15 min, JFAE 4 °C ARAFE LI HE—2E 43047 .
3T fa BEEE SRR PR T, B A5 TS 1 B R V)
1 cm S AYIRIFFAA
1.2.7 HEMWE FE=EA RG220 8 A5
B L " bE, FRHEESD 4 YOPAT, 5 5R B

{H, FUETE AR,

W =100- \/(100-5)2 a4 b

Ko W BRSO RS L7 BESH EISEE; o FR
B LT 44E; b7 FEA B0 B R
1.2.8 JFiRFRPE(TPA) BYIIE S8 YE %8P (1907
BREVEAEE . R BRSO e 0 BEBERL TPA, % AE
SHCR: ¥k P/36R, MATHE 5.00 mm/s, Wl H o B
1.00 mm/s, S 10.00 mm/s, filk J1 5.0 g, IE45
bt 40.0%. e | RHMEVE | stk SRR E S
MFEFR -
1.2.9 BERGREIE S LIU 8829 7 fEtE
k. R FH BT AA SO f0 JBE B RS i i, S H0E 7
¥k P/0.5, INETEEE 5.00 mm/s, JIH3#EE 1.00 mm/s,
WS HEE 10.00 mm/s, filik 77 20.0 g, JE4FEEL 50.0%
B HRE R RE £8 1 55— 0 17 1) ) R 25 53 501)
SRR S WAL B, T AT S B IR R, TR
S 125 D) 52 R AR 5, RS S R/ Ny A TR R
1.3 #iEAIE

FIH Origin 2021 FAFAERE, SCEERSSE SRI5 L
SEHEEAREZE R R, SR SPSS 20.0 A F AT BA A
EHESMT(ANOVA), UL P<0.05 fERZER 3. DSC
PEFIH NETZSCH Proteus Analysis 2431175047
AbFR , fd FH Origin 2021 4149 Principal Compon-
ent Analysis. Multivariate Analysis X £ B8 & 5% 1
B AR CREEE . RELRRME . 95k L ORGZh PR ) S8R
PREFEPRIEAT PCA T S5 5R I 0T .
2 RS9
2.1 REEEBEEARRT

P2 2 AN, P S EE U0, IR S AR
o P gl 3= f 3 BT RR S 2 A, o5 i
M) 87.51% ZiAy, FHoA AR & H2h 64.78%+0.15%,
TR AR B R A RS TR B 22 IR A BARURURE

# 2  ABEABEIIEAR R (%, wiw, T3E)

Table 2 The basic components of sliver carp
scales (%, w/w, dry basis)

5k K5y Vil i
o 11.9340.22  22.73+0.39

AR
64.78+0.15

R
0.37+0.00

2.2 ScAFPs H#I& T ZMML

2.2.1 FAPRESZESHT LIS HEEER BRI R
1 DH XFEER, X ScAFPs Bl 45 L2 iy Wik
PRGNS | SR B | BRI L SR [R] X 4 4>
FE AT, e a5 A E 1 iR, Bl la BT
71N, A R R A Wil A ) T O v I P e i, HL g
PEEBR PR R A IRE S A5 55N 81.56%+4.50%; [RlIHL
BEURER AR TS S0 e fFF2sE, MKk
XHEEWIH R | RS B | W st TRl R 7oA, Hah SRy
BIUNE 1b. 1. 1d FirR . BB BIPLER I T BEE TS
W | BRES HL A A B ast E] A AR AL AR, AR
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B B THE T RS, MR g PR B ARIRA 15
Ry EFRFR I JEI, EBUR IR EE 4% (w/v) | TR
Lt 3%, BEfEATE] 3 h YA TS L3288, IR A s g i
BEER PRI 05 =, WA r DR I P 04 o

@ 1007 gz vk L 3% 20
2O
s
% 60-
E 404
& g
=

N N AREN e\ e\
@;:;M%%@%\ S s
®) 100 gz wiah ek B IR A2 o 1o
é g0] =IPH P
% 60 7 % % 6
= w7 <
2 "N
-

SR 1 2 3 4

) FEAIIE (%) 5
Q101 gz sk 10
= g IPH o I
*RIn
" 401 / / / / ) pme
= = ="
El B R RAE
¥l %H Zi %‘ %. %I [,

SEMEE 1 3 5 7 9
FEHIE L (%)
() 1007 7 BRI AR LA 2 r10
S
g 80 I PH L8
Jﬂi 60 % 7 6
4 % %%, L6 —
= I B R BN
i O - 0 O 0
0 1 L
& nmannasn
2 N RN | =0
& oA,

0-
ZEXEL 2 3 45 6 7
FEEf I 1] (h)

BT 2% DR 0 i AR RR TR T35 5 DH B350
Fig.1 Effects of various factors on low temperature survival
rate of S. thermophilus and DH

TE: a: RIS b: JIRYIMRIE; c: BIRLL; d: Bl

222 WISIELAGIKICIIHT AN B 1, L
FERBEER BTVRRR AP I A ML (L, XAV | Tl
JEE LR I T3 0 T O, 2SR 3 TS

E RN I A a2 WA SSEAE S

Table 3 Experimental design and results of response surface

methodology
e A W BREEIK c EE%E# Y %ﬂ%ﬁif*%
(%) (%) [&] (h) FAER (%)
1 4.00 1.00 5.00 40.20
2 5.00 3.00 1.00 68.07
3 5.00 5.00 3.00 83.03
4 4.00 3.00 3.00 76.58
5 3.00 5.00 3.00 86.91
6 5.00 1.00 3.00 61.86
7 4.00 5.00 1.00 61.96
8 4.00 3.00 3.00 67.90
9 5.00 3.00 5.00 79.93
10 3.00 3.00 1.00 67.93
11 4.00 3.00 3.00 71.36
12 4.00 3.00 3.00 72.33
13 4.00 5.00 5.00 64.38
14 4.00 1.00 1.00 30.87
15 3.00 3.00 5.00 58.21
16 4.00 3.00 3.00 74.68
17 3.00 1.00 3.00 46.09

0 ik [ AR Ty 25 53T 4 S (3¢ 4) ], SRk
BE CA) X i 1 {8 18 FRAE BR B A7 75 R 00 5 ) . 35
(P<0.01), BfFJES Lk (B ) X5k nji] iy {1 Mg FAGEE BR PR A TE 2211
FEA R ok 25 (P<0.001), T A s 1] (C) X5 i o {5 &
PEEBR AT RAYSZIA A B35 (P>0.05) . MEHEEER
PRAEIE 5 B A TSR B | Tl Eb Rt e e 1a] A2 A5
P (BT Jy B g S BR PR A7 1% 56=72.57+4.22x
A+14.66xB+1.73xC—4.91xAB+5.39xAC—1.73xBC+
8.04xA%—11.14xB>—12.08xC?, ARIEFE 4 [A])HH Yy
Jr 225 TS IR ] 1, ISR 55 (P<0.001), F33
WA W2 (P>0.05), R* 24 0.9795, Ui iZAR AU 545
i, ] T ScAFPs il T 228wl

K4 BRI T 2% M (0 PEERR BT 5 A WA {6
Table 4 Variance analysis of the regression mode (survival rate
of S. thermophilus as response value)

JEFE PR OHmE )y FH P BEMAKE
x| 350244 9 389.16 37.08 <0.0001 ook
AJRPIHREE 14231 1 14231 13.56  0.0078 o
BIELL  1718.65 1 1718.65 163.75 <0.0001 ok
C FEfta] - 24.07 1 2407 229 0.1737
AB 96.53 1 9653 920  0.019 *
AC 116.41 1 116.41 11.09 0.0126 *
BC 11.92 1 1192 1.14 03219
A? 272.40 1 27240 2595 0.0014 L
B? 52231 1 52231 49.76  0.0002 ok
C? 614.12 1 614.12 5851 0.0001 ook
L3~ 73.47 7 10.50
AU 29.57 3 986 090 05159  ARH
aliiR 2z 43.90 4 10.98

Jsyiil 357591 16
R*=0.9795, R, ;=0.9530

e e RRM R (P<0.001); “ " fRFK B E (P<0.01); “*"{FED
2#(P<0.05),
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i 7 TP T 6 T A5 ) B B AR 25 R IR Tk
BE 5.0%, FBE L 3.8%, BEf#fa] 3.5 h, 7RI 5T T
TR EPEERRBEATTE 3 87.81% . X0l by i B6 4%
53 RS AR T S E ORI 5.0%, B
Lt 3.8%, MffFEsTa] 3.5 h)FEATEGIE, MIFSIZ A FHiIfS
PR R RV A IS 2 82.19%+1.03%,
LSS TINE 87.81% X [E]JCHH b 25 55, 15 BH I N T}
RACEEIR TS, A, DAURIIHRE 5.0%, gL 3.8%,
BRI 1] 3.5 h M5 ScAFPs S AEMfR T. 2524541,
TEMSAAE T DH SH 7.54%+0.43% .,
2.3 ScAFPs BIEARM RS

2.3.1 FEARSTHT HHER 5 AN, ScAFPs 1 Z Ak
T 93.30%+1.57%, K5y FURL K 53 & 1 535 Ay
3.50%+0.00% F 2.84%+0.01%, 13& B ScAFPs [ £
KB T 90%, Al FHT/EZ2M5T .
# 5 ScAFPs AT (%, wiw, T2)
Table 5 The basic components of SCAFPs (%, w/w, dry basis)
B R £k KAy KRSy
i 93.30+1.57 2.84+0.01

3.50+0.00

232 SrFESrAT A HPLC B0l %2 ScAFPs K
AAFT 4 F R A, HEE R AnE 2 Uron .t BRI
ScAFPs [AHXT 43 F i & EZEHE I FE 180~3000 Da
Za], 5 EEA 78.95%, Hidr 180~1000 Da 0]
42.54%. Ui ScAFPs FZJEH 2~10 M IR 4H
A/ NRER RS L S5 R S B Ry E NSRS T Kbt
VRIS B i 43 An A i—3- 2,

(a) 0.60 \
0.50 | %5&
0.40 1 é%@
5 030 | § ped)}
< { e Qé“ \
0.20 1 R
] g %I e
0.10 1 LA L5
0.00 | EELEEE .
0.00 500 10.00 15.00 20.00 25.00 30.00
LR FARFA] (min)
(b)

42.54% @ >10000 Da
£ 3000~10000 Da
£3 1000~3000 Da
&= 180~1000 Da
mm <180 Da

36.41%
1.77%
6.32%
12.96%

2 ScAFPs [43F 1k 43
Fig.2 The molecular weight distribution of SCAFPs
[E: a: SCAFPs 1Y) HPLC VEBEL; b: 435k 43

2.3.3 FWEB/KME i#Eid ANS iEXT SCAFPs B ZEH
IRPEBEATA3HT, $U-E H Sl ALk AR A BRI R R
i 7 PR A G, T H SR R MRk ST, K] 3 g SRR,

ScAFPs HIG /KB 41.1199, Tii BSA FrihBUBE K
B~ 1513.6502, BiH] ScAFPs % BSA g i i & —
FhEA R AR MER Z AR, YR CHEN 4517 $iiE,
BB TAR GE R EE R SRR, DU E B
RIKFEPAT AR S kg Gatae e, sk,
BEAEV VR i AR P T ok AR K S 2 e BE AL
LT AR 45 A KA, 1 BENUR ST 428 (A NHRK
ACJEBEREIR, AT 52 i 68 B8 19 B8 e M, T R ML TR 7]
SR A R ) SR K SR T L ARt BE AL AT 4
RSN ARGZ RS, MRS B X B8 A7 R
PAEFAO, DL ESS SR UL, ScAFPs BT S5 iR ML
URARZEL A, HHEER SRR A s B VA R R
P50 T L0 BE VA R R TR ok

4.007 . BSA
e ScAFPs .

y=1513.6502x+207528.3572
R*=0.9707

y=41.1199x+195360.4458
- R?=0.9981

0 20 40 60 80 100
HeJE (ug/mL)
13 cAFPs MR B AP
Fig.3 The surface hydrophobicity of SCAFPs

2.3.4 ZEHL N ScAFPs 45 da 5 I e g5 SR an & 4
JIT s o B AR AT DA AR ZR R MR, H IR RT
ScAFPs [ 45 L SUTE 4.2 A2 4, it BE Y pH 3 H A1E
6.0~8.0 Z[]% {5 H] ScAFPs ifi FH T BEIAR R, il LA
G 22 BRI SR AL UTHE T 2 TR s M o

Zetati {7 (mV)

pH

K14  CcAFPs 1] Zeta HL 5347
Fig.4 Zeta potential analysis of SCAFPs

2.3.5 #FEEM:  ScAFPs FYHER M R 45 5
22 6 i, &t b kALER 30 min Ji5, SCAFPs X g
FERR PR R Al DA TR 3R 73.85%+4.22% S R8540
BKASPRZARY 76.57%+1.91% o= R (P>0.05),
Y] ScAFPs HA Rt o

2.3.6 PURTENME 24 AFPs WM T oKk FLE, 35 A%
VKA R AR, B OK A EZE R R T e
PR OK S S0 A Z DS 2206, 1 THA 1=K n]
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# 6 ScAFPs HUIFETEMT
Table 6 Thermal stability analysis of SCAFPs

At ] (min) g PR A A R (%)
0 76.57+1.91°
10 70.13+2.70°
20 70.26+0.87"
30 73.85+4.22°

i BRI 5 R 3R 45 42 N1 T B 2422 5. (P>0.05) .

L3 A 33 103 B 25 (B AR ER T, 3@ i DSC X ScA-
FPs 1Y THA MR ER IRE T VR AR K S 2 i
PHAT5HT. HIE S AIAN, SERHER 1 BSA dAAHLE,
ScAFPs ZH 7EAH [FR B 15 E T KRR 12 b i B 5]

HE—E hT R A . iF—2PE i NETZSCH Prot-
eus Analysis AT IR R BEAT R0 T, 453156 7
B . HERATLUR I, AR BIRE T, 84K

BSA #H5 ScAFPs ZH1) THA H3HIG, (B2 &7 ScA-
FPs AR ok im & e w2 L. H S PR B R A

0.3 °C i}, SCAFPs £Hi THA i 1.1 °C, 37T BSA

@ (1)2 lexo

—0.5C
0.0

g
= —1.0 1
E 151
$ —2.01
2 s
301 0.3°C
351, i i i
-8 -6 -4 -2 0
TR (°C)

—~
(=5
~
—_

S

DSC (mW/mg)

R (°C)
K5 ScAFPs fEA[R R B IEZ T 19 DSC #AR A
Fig.5 DSC curves of ScAFPs at different retention temperatures
s a: AR IMTE A H; b JUAZ K.

T ScAFPs TR DR B IR BE T B9 ek
Table 7 Thermodynamic characteristics of SCAFPs at different
retention temperatures

FESh 4 Th(°C) AHm (J/)g) AHf(J/g) ¢(%) T,(°C) THA (°C)

-0.5 -302.2 —23.57 9220 0.7 0.2

BSA 0.0 —302.2 —2349 2227 03 0.3
0.3 -302.2 —344.2 - 0.0 0.3

—0.5 —315.8 —48.51  84.62 0.7 0.2

ScAFPs 0.0 —315.8 -273.0 13.50 —03 0.3
0.3 —315.8 —364.2 - -0.8 1.1

ZH1 0.3 °C. DL 45 3REH, B4R ScAFPs AN
TRE RS N THA BHIK, {H2 68 B R IMA R T
VKEh S, T AP TARSCR .

2.4 ScAFPs XI/ARrhE BRE R F I RI R

2.4.1 HE HEENEERRABE AN EZAR
i, SR £ BE R IR B B A FE AR Z — o AR
I ScAFPs Xk il BEBEIE I 52 I AN 3R 8 T
No HIFE 8 AT, 25 P X R 4H A4 10 JBE BE ST 4 1A 3
(BB T HAT S AL FRA £ BE, 53X )20 T ScAFPs 5
T PTERT H B 0 RS 25 T e R Y B2, H
H1 2%, 4% ScAFPs ZbFHZH £ B8 i HEIE 1 (E S =8
F1 X B8 2H AH bk TG & 35 1 25 5 (P>0.05) , 6%. 8%
ScAFPs A BHZH fa 58 (95 IE 1 EEE -5 il PL R 514k
R ZH AH Eb G 2 3 PE 25 5 (P>0.05), X UL 2%~8%
ScAFPs % 15 X £ BEEE IS W) iy F R (B ) 52 i) 76 1]
PEZIa N . TERRIERR R, £ BE R (P Eim T
AR AL 1 IRERMEERALEE, 25 X RERZH 09 B
{EAEAR T 2%. 4% ScAFPs ZbFRZH 1 )58 ; 2554 5 IR
BEIR S, 25 T BEZH 0% A B H BE M SR LR 18 T %
7.52%, AE AR B R, B BT TR LE Y a BE R E
ESWIIEE R % 4.95%, 1Mj 2% . 4% ScAFPs 4bFH2A 111
BEAL T [% 2.84% 5 2.80%, 6% 5 8% ScAFPs 4k 3
R A0 BER R SR EAR EE 0 B 325k (P>0.05) .
LI FS5SEIERA T ScAFPs 1] LI AR (088 (1 14 3,
It B SR PUAEFIAR L, SCAFPs X ta BERI A P EE(H.
S EE /N, AR R B AR, A ScAFPs X £ JBE il
P S SN TN FH RS 50 T o

2.42 TPA Jy T iPAL ScAFPs X 14k il 101 JBE B8 e 4%
IR VE R, DU E T B EE R 1 S AA R, 1R TR
BE | NHPEME . SRR B P DO R AR T T (R 9) .
FHER AT, BRI ScAFPs BRIV LA AL B A4 11 B8
BERCHIURRE | PHEM: RGBT EReas X IRZHAA T
f% ( P<0.05) , ITTINANDANA %% 1 5 KORZEN-
IOWSKA 2500 s 548 H s I gl Be s 51 mT PLS:
SR R B e R IS o5 i e JHL T b AR A5 B SR AR, S U
BH ScAFPs 55 @M iR 7l —AF HAT £ i 58 ot Hh 22
REESPERIER .. 20d 1 REERLET, 25 X RE4E
%) F JBE R IS MELI A S5 R Bt 28 1, s 28 R, X AT
T BE AT EE AR A A AR R oK S TR A S R
B R | AT S 30, A F oS A X RE A,
ScAFPs 5 R Vi 770 b i 4H 44 Fs e o 88 A 7E
IRAAL I 25 N RIS . &t 5 IRk,
25 P B 2H a8 T ) A5 ) R IS TR BE | RELOER | RGZRh
PR e 22, SRIMREAHLL, 350 TR T 36.86%.
40.13% 5 6.45%, #AINT 2%~8% ScAFPs S5ENILHT
VRFRIAD PR LE £ BE B0 R e A B K RV 5 4% H W0 AR (E
FHLE, SFBRRET 27.62%. 32.52%. 31.16%. 28.55%.
32.06% #1122.69%.31.07%.29.79%.26.02%.26.94%,
LA FE5 R UEHH, ScAFPs 5 L BT FIXT 0 B EE i
B SRHME MR REEAA I HIE
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8 URAMEIS T ScAFPs X £ BE BRI 11 AUHE IR
Table 8 Effects of SCAFPs on whiteness of surimi gel during freeze-thaw cycles
) S)E3

25 AT IR

8% SUSO

2% ScAFPs

4% ScAFPs

6% ScAFPs

8% ScAFPs

71.42+1.73%
69.51+1.10"%®
68.49+0.43"B%

66.87+0.59
68.04::0.505¢>
66.05+2.255¢4

68.86+0.83%
68.27+0.79%
68.57+1.15%%
66.36+0.36%°
66.04:0.59™
65.45+0.75%

70.45+0.80
70.60+0.222
69.47+1.76""
69.50+1.734®
68.35:£0.424P<
68.45+1.22"°

70.36+0.52
69.52:+1.75M8®
68.72+0.18"P°
68.19+0.897B

69.44:£0.96*°

68.39:+1.22%

68.49+0.745
68.36+0.62°
68.72+0.25"5*
68.85+1.32182
68.82+0.84"5*
67.79+2.035

68.32+0.74%
67.12+1.27%
67.63+0.43%
67.08+0.87°*
67.36+1.07
67.84+0.56"

0
1
2
3
4
5
s AR R S B3 AH TR R R R BSOS TR] A L ) 1 St 25 1 22 55 R )/ NS S B R AN [R] R Rl P R IR Ak B2 ] 4 J 254 22 5 (P<0.05); 39, 8]

6],
# 9 URAMEIA T ScAFPs X i1 JBE BRI AR B R I
Table 9 Effects of SCAFPs on gel texture properties of surimi during freeze-thaw cycles
URRIEL
E{Eta) FERAAFR
0 1 2 3 4 5

25 FXF IR 532.44+16.04* 498.68+35.924° 478.48+19.44 452.57+18.42%  399.51+21.93*%  336.19+19.41%°
8% SUSO 495.36+20.78% 436.10+4.415 416.70+6.365®  409.75+19.30%™  392.68+7.94*¢ 336.55+4.874
R () 2% ScAFPs 466.39112.57?2‘ 45621:&]9.433‘3" 436.84+34.28% 444.85116‘75"““’ 411.00£22.71%¢ 337.58+21.614
4% ScAFPs  461.08£17.71¢ 407.59+14.86° 410.68+12.00° 391.1849.575° 376.88+32.18" 311.13+7.30%
6% SCAFPs  459.28+12.69%  424.25+32.86°°  427.25+18.32°°  380.36+24.38 370.27+14.57% 316.15+9.04%
8% SCAFPs  444.45+25.94% 405.13+4.18%® 407.71+16.63 360.01+9.77° 368.29:£30.99% 317.56+13.66
25 FXF IR 471.35+17.11%° 511.67+46.52* 404.50£12.85% 373.76£17.05% 351.52+11.35% 282.17+13.52%¢
8% SUSO 409.95+22.05% 375.73x18.42% 363.95+11.58" 349.77+14.22" 355.484+22.374 299.53+26.534
I () 2% ScAFPs  362.49+17.23%  343.87+15.17% 335.63+13.91% 350‘03i10.00‘3‘ab 323.00+16.41% 280.23i14.67§d
4% ScAFPs  335.74+15.62™ 308.69+15.19™ 308.18+8.70°% 277.35+12.36% 287.35+17.47° 231.41+7.18%
6% ScAFPs  330.58+20.03™  307.90+19.15™ 318.53+14.98" 277.10+14.20% 277.27+14.87¢ 232.10+9.82¢
8% ScAFPs  317.08+18.47°  285.35+15.65™ 294.69+10.60% 253.44+10.08 266.12425.64 234.56+11.76%

25 IV R 0.95+0.01% 0.92+0.03% 0.9620.00" 0.96+0.014 0.95+0.015 0.96+0.014%

8% SUSO 0.96x0.014% 0.96£0.014% 0.960.00" 0.97+0.00" 0.95+0.025 0.960.0248¢

B 2% ScAFPs 0.96+0.0148 0.960.014 0.96+0.03 0.95+0.015 0.9540.0045 0.95+0.025

4% ScAFPs 0.96+0.014 0.96+0.014 0.960.014° 0.96+0.014 0.95+0.014 0.97+0.014

6% ScAFPs 0.96+0.014%® 0.96+0.014% 0.960.00* 0.96+0.014% 0.95+0.0148¢ 0.9620.00"*

8% ScAFPs 0.96+0.014 0.96+0.00"* 0.96=0.00** 0.96+0.014% 0.96+0.014 0.96+0.01%

25 IR 0.93+0.06"° 1.17+0.12% 0.85+0.025 0.86+0.034"¢ 0.90+0.015 0.87+0.03%"

8% SUSO 0.86+0.03 0.9140.038 0.87+0.024% 0.88+0.054% 0.96+0.08 0.93+0.094®

AR (mm) 2% ScAFPs 0.81+0.04" 0.78+0.03 0.78+0.01¢ 0.83+0.03% 0.83+0.02<° 0.88+0.07%
4% ScAFPs 0.760.03"* 0.79+0.04< 0.75+0.03"* 0.74%0.03 0.8120.06% 0.77+0.03<"*

6% ScAFPs 0.75+0.04" 0.76+0.03* 0.75+0.02™ 0.76+0.06* 0.7940.03<> 0.76£0.02°*

8% ScAFPs 0.75+0.03"® 0.73+0.04<" 0.72+0.01%° 0.74+0.04<" 0.74+0.03" 0.760.02¢

2.4.3 BEWCIREE O BEEERCIRBE AT AR UL N E R
AL LA I SR AR TR, MV U EE I L 1
JETR, ScAFPs WS NITEE X VR Rl £ B8 (A BE S BT 77 | BT
LA B ) KBRS s N E] 6 s . AEIhaT
LLE Y, 525 X B ZHAH Eb, ScAFPs s @b Bz 57
RS I XT 0 BEBE T L e T T« DR R4 B i DA R e e
SR EE A G B B R (P>0.05), 45432 9 BRI TR
WIHAAEL ST, T SCAFPs 5 RV BTN A As £ 58
PRE IR IO M, 14 232 A T A B i) 0 JRE T IS 1A i v o i
5 URAAL BRI IE I, 25 L A0 JBERE Sl 2EL P TR e 1l Wy
1. BERSR R S IR A, W IR 2
A, X LR A VR A0 BE AR R ARV R, S
BEEERSTEREAS 22, &ad 5 YOERRIAL TR, 25 1 X RE
ZH £ BE HOBEIC R EE M 2535.43 FFEZE 1525.07 g'mm,

FAER T 39.85%, 1i 2% 4%. 6% . 8% ScAFPs SRl
BRI £ BEA T R % 4.05%. 5.01%, 4.11%.,
15.64% F1 14.90%, B 11T UL, SCAFPs FE R MY HTIEFI
Ko 5 £ JBE 1 B e P B O AP RSO A, ALER I 2%
ScAFPs #t 1] LIAR LT (4 L4 6 BE A R ml 25 A T PR FF
BLUT- I BE e PE, 15 8% ScAFPs &b HHIZH o1 J5E %) £ J5E Bt
FEE IR AR RS T T T R, 3T B Rt i
MY ScAFPs <= BH % HIL 7 £F 4 25 1 28 BK , ScAFPs
I EA B /Ny TS A R, 1L A IR 2
10 R ZR T A R R BE (AT 8 A IR, 10K TPl
16 BE TR AT S P 45 254423
2.5 PCA ERSHH

Xof A ) Ak B2 6 B8 1 BE I AR PR R AR B4 T PCA
BT, A5 ENRRIE PRI (] 45 A EHAH £ 8 1) £ B8
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Fig.6 Effects of SCAFPs on gel strength of surimi during
freeze-thaw cycles

{JT: a: b&%ﬁ'jj, b: %%Eﬁ%, C: é‘%ﬂﬁfgﬁgc

VRRR A AT SRR IR PR 4E AR HL T 2] — i
T E (& 7a) o ANEIHRTLAE H, 45— RS (PC) A
LR BE 50.0% M 807 22, 55 — £ il 43 (PC2) fift F&
28.7% MY R TT 25, FRWPEHE T 78.7% 19 50T 22 HH AT
PR, PCL BR T SR 0UAHAEA, 5
HAFRPR I R IEASCAE . PC2 S BHEE | ot
P BRI S IE AR SC G R, SNEEE R R TE R
MK FR

& 7b Won TAE4iAsal i PC1 il PC2 A
A 7T PRI B AS [R) Ah B 2H A TR AS 531, K5 7b v
FRRE S A7 B W 55 T 1] 7a b, HEWTAL TSR 1. 2.
3 RN 4 (FR AR AN S B b AR SR AR SEBY . DA E] v
AT LLUE HY, 25 PO BREZE R T e (0 BE A 5 (0-0) 43 AT
TEEE 1 ZBR, —URIEAREL YRR i (0-1) Bz am nH g 5
AGEGE, BRI 2 O 2 fa AR S 28 1 IR RS Xt
EEIE AR S ARG B RE A A, YRR S R ZE A
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Fig.7 PCA analysis of gel characteristics of surimi by SCAFPs
during freeze-thaw cycles

e a: 3 4075 5 be B 4e7 R 000 7543115 0-0. 0-1. 0-2, 0-
3. 0-4, 0-5 N7zs (X R BEZead 0~5 IR IR R AR s -0, s-
1. s-2. -3, s-4, s-5 FREDIPUA S HRLH £ B 2808 0~5 IR
B A BE s 2-0, 2-1, 2-2, 2-3, 2-4, 2-5 & 2% ScAFPs £ i
0~5 YRERRLIARR 5L, LLESSfE; 14 8 [A].

55 4 RN, BEAE URACE I, B S 5 A TR AR
BEES AR, LI R A BT 25 X AR 2 £ BE R e
FEMAR IS, T ScAFPs 5 b PRl AbHE2H £ BEFE
fh BT A THEEE SR LIS 1, 2 kR, 58
FEE R A PR AR ) AR R 25 /N Fas X R . LA
ZES, ULRHURAMIG IR AR, 25 P ) B2 f0 BEREAR BT
PR BRI, WA ScAFPs 5 RN FIA R
o BEREI R B R . RAh, BDIEPLAEFS 2%
ScAFPs WAL B A2, UK F, 2% ScAFPs
MIBTRRC I S R TR FIAR L
2.6 RAS

P Tl 3 T 14 4% 4b BR2H £ BEALE S AT R IS4
., WE 8 s, MEIHRATLIE Y, B =245
525, 2 1226 0-0. 0-1 A—25;2-0, 2-1, 2-2, 2-
3.2-4.4-0, 4-1,4-2. 4-4, 6-0, 6-1. 6-2. 8-0. 8-1.
s-0. s-1., s-2 N 2 25;0-2, 2-5. 4-3, 4-5, 6-3. 6-
4. 6-5. 82, 8-3, 84, 85, s-3. s-4., s-5F K
3255 0-3 R IR DA 4 255 0-4. 0-5 FRONEE 5 28,
IZEE R AR 25 PO B S I TR AR Sl 4 25 501
o MNES 3 BRI LUE Y, 25 I BRI AN &l 55 —
WRZRR(0-2) i a BEBE R S5 S I 2% ScAFPs 48
5 YRIERL. 4%, 6%. 8% ScAFPs K VP i a
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BERE fh 28 2~5 YRERRNS I EBE RS ARe T AR AL, B BH AT
ScAFPs B V0% 7 044 40 B8 ] LUAG R P R
milfa BEEE R . A, PAEE 2 ZE4rerm] LIS,
SCAFPs MM 2% 4% Xof 145 Rl £61 JBE 14 58 I ke
EEINEL 6% 8% M EDIPLEAFI MRS, BiHHTE
o BEAIRARI N A, AN EAINE 53 S 1Y ScAFPs,

ORI T TANT T RONNT T QAT DO OO NI
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