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Studies on antifreezing of silver carp enzymatic-hydrolysates

in frozen surimi

Z 4T
LI Xiang-hong
I 3

YU Jian

x| H

LIU Zhong-zxiang
By &=
WANG Fa-ziang WANG Jian-hui
(1. KT RF=EMSEMTER MM K1

2. RS A K AEREE SN T TSRO WM K7

(1. Department of Food and Biological Engineering .

0 i 3
DENG Hai-ping

T

x| 7k AR
LIU Yong-le

410114
410114)
Changsha University of Science and Technology -

Changsha s Hunan 410114, China; 2. Hunan Provincial Engineering Technology Research Center of

Aquatic Food Resources Processing s

WE:2>NHNNLS R OB ABRE QBE M &, KT
&7 & BB A 7 4 (protamex hydrolysates, PH) = 2 4 & &
B B 3 7 ¥ (alcalase hydrolysates, AH) , ¥ PH #= AH % 3|
MaNE S &Y RRA B EEF SR ENGY
W, Tk B R A R CEAE— L LB AT B, 4
RAW . PH AR AH R AR 54 T8 X L R0 H R #B A
B RAR(P<0.05);PH I AH P AR SR KRS T
B M 42 —20 CHRHA 4 AMFRAT, 2% PH Rmidds
FEME L ELBE R e B IR GR e R R — ARG KA
i R R AR AR A A B EARGEFY R
DR RARATERASTRENLL .M 2% PH &m
A EE LB AN S EFRERBR AN EEIL
WED, ZHAANPHAN TREEFEALTR M
B LEAM, ok b B R R AR A — A T AR G #7 R & R AT R A
FAET AR,

KRR 6k B B AR T s Ak B UK

Abstract: The application of silver carp enzymatic-hydrolysates (Pro-
tamex hydrolysates, PH and Alcalase hydrolysates, AH) in frozen

surimi was studied, with an untreated mince (CTRL) and the effects
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of sucrose - sorbitol on the frozen surimi as the comparison. Amino
acid composition and amino acid nitrogen analysis showed that PH
had higher contents of Asp, Lys and free amino acids (P<C0. 05).
Relative molecular weight distribution results indicated that PH had
more fractions of high molecular weights. Textural analysis of frozen
surimi demonstrated that after 4 weeks frozen, gel strength and
hardness of 2% PH and sucrose-sorbitol added group increased. E-
lasticity of all the samples was slightly lower. And under the frozen
condition, all samples” color was less affected. Scanning electron mi-
croscope (SEM) results displayed that protein aggregation of 2% PH
and sucrose-sorbitol added groups were less, and the microstructures
were less porous and more homogeneous. The surfaces of CTRL and
8% AH added groups showed obvious holes. This study indicates
that PH can help to maintain quality of frozen surimi, and provides
preliminary evidence for development of a possible new generation
cryoprotectans using silver carp hydrolysates.

Keywords: silver carp; hydrolysate; frozen surimi; antifreeze
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17 P e S MR AR o i - A AR TR 4l [ 2 4 [ b 24 0 A
FRAHE .
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R
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it [N 43 53] 36 FH 2 6 2 P I RBE 28 BT O B ok i AT
it At 1 £ T A 30 min Y TG AR PS40

(D BEHE AR T2,

BLRg &y —3¥ R (o TRER T RMKRE 4.5% m/
V) — A¥ B E .pH (50 ‘C.pH 7.0)—> mm# (2% ,m/V) —
18 8 R & B % (50 °C .30 min)—> X # (90 C,10 min)—> &<
(4 000 r/min,10 min)—> _E# & & & T I 5 &% G i i 17
=

(2) TP 2R I A 2

BLRg &> R (3 T RER P RBKE 3.5%) >
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() BEER.O =k . M¥ER)E. L% LA LM
% L R 59 400 I SRS FH 4~ 10 C YR K I TR T )
AR EERES] 10 CLUTF . @ RP 0 0 F R I, 5
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A B PR % T R 4 ] A PR A PR IR R N i
10 °C. @ Pk e B KEE 2 KB 2.5 /L $hKiEdk
3B 3 min, BVEKIR 4~10 C; @ BiK: kA
3000 r/min B0 MK 4 min, © k. AR BrdE susE s 4
TIAKERE— N EE (4% +4%).2% PH.8% PH.2% AH.
8% AH, 43 W HEIR 5, IR BE 4~ 10 °C, ¥ 4 L) £ g
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1.4.2 HEERAMASHNE FEHE0.05 g £ MM T
20 mL 3T, WA 6 mol/L #:#8 10 mL FIEAFBIAT [ &
H,F 110 CHRm#A 12 h, BOLW A1 )5 38, 8 0. 2 mL T
60 CRBZET MA 1.0 mL WEHMEMIFHEA 1.5 mL &
LODEH,12 000 r/min &L 3 min, & T 4 C &M T & OGE
o W5 pL BEARTF 1.5 mL OB LA 50 pL £ 4K
FLBBEED 1 min, 20 pL AL AR IR Hr L, ik
?‘Na%?‘m&f&md%@ PR, A0 e T B, AR L 1Y 0 T

TS FR e 0 AR LE A o a, DLOR BE RS R E M. RO Ch
1 mL/min, 7€ 254 nm &4 F XA ffky . PH Rl AH #4172
HETR L4343 T
1.4.3 SHEMAASTHEME WIS Mk . PH M AH B
KT K. S GB/T 5009. 39-—2003 177 1 I & & B R 25
AT,

14,4 BEMEF=YAHRX 0 F B a4 E R AR HE &

% (size exclusion chromarography,SEC*HPLC) 0 5 Tl i 7=
WAHXT 4> F B A3 A6 . BRE— T 18 VR T8 S 0 A
YIRE G 0.1 mol/L Na, SO, E@@iﬁzz%ﬁéﬁ@?&(o, 1 mol/L,
pH 6. 7) ¥ FE ¥ % BC 4 AL 5 mg/mL (¥ . 8 000 r/min
B0 15 min 5 B ETE R 0. 45 pm ffL 8 8 G 8 4
MMAR R G TSKgel G2000SW. #E I 43 BT il i 7™ ) 1)
Mo TR A . WA 0. 1 mol/L Ay BE IR 3h 2% vh iR
# (0.1 mol/L Nays()”pH 6.7, YE 2 1 mL/min, &
WA 220 nm, AR 25

1.4.5 MBREERCRBERIE 43 DI HUARR 0,1,2,3,4 JH 1Y
25 RERE— I RL B VR 4L L PH WAL L AH B gl )
B R AR . A P/0. 5 R 3k FE 3 TR T IR A7 U i o
FE BRI 3 U, 45 R BCE R E R

B WSC-S i €8, €8 22 1100 58 A 5 60 B2 A3 2% R JH A v AR
KIE, BAFERY 5 R 8 5 kL B 25 WO ME T Tt
B H B E W (whiteness) .
14,8 A%l
4 RERE— LAY
B AR oM LR
geit s
SR DPS 'V 7. 05 H4i 4k 2 7 8 %tk 46 57 A9 5504 adk
FEOIHT
2 iRk 5nbr
Bt B £ 4 T ELEG AR F= 4 M H LA 5
M3 1 AL 20l W R &0 T 5 I K A BUB IR IS
e f0 By T 3L IR I S RN R 10, AE KRR AR v, ] DA Ak
G DR AR LA A TR 3 i A Y O I SR Ak B R R RV B 7 2k
BB RIS 01 % A A, vl H g T J5 S fig ) . LAk
VTR RS YL AR AT AR AR IS U A 0 0 A B0 R A 7 ) PH
HAH B3 i AR KRR T B 7 0 1) B0 6 Ak 3
TAEH,

AR 0,1,2.3,4 RMZH
TANZH . PH M4 AH FnA HH# B

1.5

L

2.1

®1
Table 1

BREESMEBHB-NEARIEE(TE)
The composition of the defatted silver carp

power and the hydrolysates (dry base) %

G K4y EH R I Wi K5y

Mg ety 3.1640.12 91.540.68 0.5540.11 3.644-0.34

PH 7.8640.09 94.06+0.37 0.26+0.17 4.12+0.22

AH 7.5140.23 95.22£0.75 0.34£0.68 3.45£0.19

1.4.6 faffg TPA @B IE 535 A 0,1,2,3,4 JA
BOZS 4L L AL RN PH R4l AH Fndl.7E 2.2 BEEMREHESYPRNEEBRAK
IR T R A LAY TPA (texture profile analysis) 5 5 73 # R 2 50 . PH W B R & R IR 4 2 R AU 2 B8 A EL
ﬁéuuﬂ’ﬂﬁ LR AL . FAREE AN P/36R IRIAT I 45 Sk X A Y IEAT T (P=>0. 05) , AT WF5E 1 4 3 JL b & 3
HEAT ZWRGE B2 87 R, BRSO 3 WKL 25 R T 2 HLA BT B P UR MR AR s PH A 9 K & 20 B T 20 IR & &t Wb
1.4.7 %EEEIE‘U”JJE T8 %3 T REAE S P A 5 mm frﬂ@% T AHP<C0. 05) S FE 1 S B Lt 2 R K & B0 TR
x2 BESBEEHRSDHREERARSH
Table 2 The amino acid composition analysis of defatted silver carp power and the hydrolysates (mge+g ")
HE KE&HMR AR 22 H R wAM &= R RN e =R AR T = R
Wifg ik 105.943.6° 40.844.2° 37.341.8* 147.7=£6.2° 38.5+4.8" 59.6+2.4* 8.6+2.9° 34.5+1.1° 45 3438
PH 112.442.1* 34.7+5.7* 32.34+5.9* 153.3+8.3* 37.1£3.6* 53.1£6.1*> 8.0+3.2* 27.8%5.8* 31.242.8"
AH 96.6+4.1" 30.4+2.6° 28.7+6.0* 138.3£7.8* 32.6+£5.0° 47.5+5.5> 7.3+3.1 25.646.74 29,144, 9"
B ih SRR AR 185 4 IR HKNAR I E=NI AR LR~ il R
JERgfaky  39.245.0° 93.3+6.2° 52.6+E3.0° 25.0+E4.2° 85.1+£7.2% 19.6+1.0° 56.0+£7.1* 16.9+2.0°
PH 30.044.5 74, 1+6.8> 17.74£2.9> 18.14+5.0° 91.6+£3.6% 15.1+4.4* 53.0+6.6* 17.242.8°
AH 27.44+4.4> 67.4£6.1> 16.1£3.9> 17.0£5.0* 73.144.9> 13.243.5° 45.6£5.8* 16.4+4.6"

T FSIAREFRRRTE 50 BRT B REE R,
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RAMRBKEAMREA S B mACH A R Ak et 5 % 8k
R ABKE RS, XSRS — R —FMIEFH
LY OEIRY

3 2 BT LRS- PH F1 AH At & 5 R 7 2 4%
TR f Ky, TR 5 A b A AR A B AR G,
Hrh PH A AH h 75 #5208 79 2 W oA H i R 4
B 7P R R 1Y i I s/ (P<C0. 05) T HIT AR R &
B AR M B R R R V8 VR R 5 L A A b O TR A
F R — % 2 R 1Y 1 SRR R (P<<0. 05)
2.3 BIEEMRBREFUTNESERSESE

JBENE f ks JPH M AH PR EBRE AN S RN ELS R
R AR B EERAS A BB, N 0. 58 £
0.06)g/100 g, &Mt G A AR S AT B A KIE L7, H
L PH R ZEMRAS A& A8 (2.31 £+ 0.13) g/100 g, M kb
Wi NG kPt T 298. 300 s AH R MR AR & &= M (1. 26 £
0.21) g/100 g, % Wi g ta 4 $2 = T 129. 3% . W e 7™ ) b 4
B S A B B, R PR Ay T A aok AR v 43 £ B 1 B I OK A%

B A MR, AH PHEAERESASZMT PH
f9 (P<<0. 05) , T fE A2 Al g B0 1k 45 11 8 T P9 VDG, g AR
FTE 23 P9 U0 S SO R 0 B 2 4 ik /N 0 ol () G A
W0 A R O PN U G L R AU L RE B2 W] B A Y
PG i Xof B 1A 0 43 AT K i PR 7 g op B B e Y A
HEBEA SR,
2.4 HEXZFRENTH

HiZE 3 A PH M AH J #8615 T R R 43 F i 19 3
gy Hh, PH &8 T 8w & & (7. 8%0) W K 43 738 43
(>150 000 Da) FARRT 4> 7 Fi ity 2 568 Da {7 43 A XS 7
SrE R 220 3% M AH FORFFEAE M A F RN
2568 Da iy 43, KM AL & T 8 £ M X4y F RN T
1400 Da (9 414) 3% 0] B 155 26 1 ) i 2 i 40 4 35 7 14
SRR ST ARX A R A A B S — LIRS TR
RS A e 45 R R AR TN IO R
43 B/ T ) e A

£33 BREFUPEBMNSTRESSNENESEE

Table 3 Relative proportion of each molecular weight in PH and AH %
it fie AHXT 43 F BT i/ Da
W >150 000 2 568 1400 800 489 380 138
PH 7.840.8 22.3+1.6 31.5+1.8 26.0+2.5 KA H 7.64+1.4 4.240.9
AH 3.2£1.1 AR 45.6+3.7 25.24+2.0 9.7+2.1 12.74+1.2 3.54+2.0

2.5 BEERBEEMNTH

5T T R R DAY 0 B W TR P — T LA A L B S A
T SR 0 A5 Ak A A R AR R R R SRR E . R R 1 T
HRINT 8% PH Al 8% AH (i £ )58 4 5o 2 30 T
TR R B AE Al L 5 4 JE] 00 R SR R R AT A R
Mes s im 7 RERE—ILBL8E . 2% PH M 2% AH B fmEE, 5t
J TR R O JR B R B v, U WA R AR TF 5 I R AR A U]
BrN T 7= 0 5 7 M B R R R B TR 2R L PR BOR
M 2.2.2.3 4R BTG5S AT Gt TR A AR R R R L T —
FE i W UE B R RN G F K T EL B K e A R e D ok
KPR SR E 3110, T A 7 0 T R e A A 5 0 R
TE B VK AR 45 B o B0 B DK R T BEL Ok Ak R B oK ok A
TOX LR A AR IR — o R AR LR A 4
TEATR TRV VR o A v D ot 8 78 RS B R B R R 5 1 AL L B
i 7= 40 T i s T LA S 2o SR L5 K R B AR R AR S A LR AT 4
FE T AR L R 9 ORI g R AT LR B AR b A R AR
FAE oW 8 Y it ek 7= ) 14 P AL 40 B R i RGO I 0 R L
HHEGVRIN 2 Y0 TR 7 0 1 T 200 £ B I, TT RO B R MR Y
B A3 i 1) T A 7= 0 10 R I 3 22 ) SR 1R R K 5 £ LR
ZF 2 6 AR I AR T LA T R R TR AR I O ) 4%
e A
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Figure 1  The gel strength changes of frozen surimi
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o4 m ER-AEELL A 2% PH 41 IR G %, 0 R 1Y 5 T AR A — R R R, (EAE [

12000 5 A8 PHAL O AL S SRAMAL gy g o SRR R TS, B
. 10000 BN S 2% PH A0 A [ BRERE— 1L Y Bt 3 7 ol Bt o 771) —
%jg 8 000 BE AT — 2 FE I AE 27 {1 1 V% 6 0T 420 JBE O A S ) 5 )
T2 6 000 5 TR O R B R TPA YR B8 45 R AW 45 . Wang Shao-
yun S0 SR 7 A ) 700~2 500 Da B3  4140
A b A B B A T K 9 T 45 8 ST S 7 9 69 B . Mueller
S 00 A M R B PR 2 L T D 7 1
Frozen time/week PUERAE J1 2048 1 L 45 A AN 5T SR TR 49 7 FLAL % 43

FREAAIER.PH % AH 58 EL AR M KR &R,
HATHREHRTEET 22. 4% 04 T &M 2 568 Da B9
A3 B LGS AN — 52 Ho il (9 PH 3 f8 B8 vh 7 B T 4 0 L5 2F

B2 Ak & JERE A TA

Figure 2 The hardness changes of frozen surimi
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Figure 3 The elastic changes of frozen surimi
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Figure 4 The whiteness changes of frozen surimi (e) 2% AH 4 (f) 8% AH 41
2.8 BERWMMEHMHEL B5 k & R A H
FE T 13 00 25 AR W 2K TR R85 &2 L AR IR B (N S BUZR R 4 B S Figure 5 The microstructure of frozen surimi
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B2 s HA IR MRS A o 2 S WG Rk (9 3. 98 5. A4 TR
AW WA PH PERE TREZS FRERNTI.

(2) 7E—20 CH# 4 FMTE LT, 2% PH B 20 e
W — L1 B P R 0 2L 07 £ 6 O e B A A — 2 R v, HoAh
R 0 6 K S 5 R O SR Y R 30 5 B R B R SR AR Ak
6 ZELA S A S S AT AR, — B R b SN T £ R A T Y
ARAK, 5 Vi S5 A T 4% 00 BB R I (80 32 R /N L 1 B AR AL
R R B AE SR BoR . 6 AIRE R B T B A TR
RIG M 206 PH ES N 2H FFREME— 111 B4 95 45 i 26 19 £ 8 A
AR N I S FLBR A/ A AL 896 AH S 4L BE 3R
T H B AL

(3) TEAV G WM B, 2% PH 58— 1 24 E
PRI —FE BB AL — 8 P B2 b 4 % IR O VR S0 £ 88 6l 5T A R
TS M0 AR T 5 32 W S £ A 7 0 T LA A — R O A A £ 8
U L o o BE AR 7 v B £t A 7 A 0 L R R TR A
R

) AWroE HHBEAT T 4 8 W R 0K 5 L 7E 4 S BT 5T
A HE— 25 SE AT I I A 325 G 22 U VR T 708 3R 0 L 45 B £
TRt ik 7™ 40 A6 V2 O 40 B v 1 A T RUR BB
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