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FEE: R 2k B0 206 [ — (Gl 5 56 3 AR 40 47 F B, BT 51 4% (Hypophthalmichthys molitrix) i JBE#E
BT L AR 8 T B K L PR P AR A BN SR S A2 T T O R PR BRIV T I B A
BHEAT T AL R A T T 00 T 5 A TN S oy s BRI P 2% S M T B AR o S SRR ) E SR BRI L R
TR AR B A B AR e A R A . BUKAI R e A i R YR
i £ JEE VR TR FE SN AL 2R 0 40 CHT 90 CRB AL IE b, BEILIR 5 ) o- SR BRES 16507 e 32 RS A1
TG M E5, TG I 0 . AR@ R PR E H K S5 A0 o- SR 5 B  EE 4 MmN E 25 &
53 33.70%.12.40%.53.90%, HeHh o $EBERITE HAG 1] 454 72 i o5 % £ B0 I MU AR S5 MO E R M B o A AE
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B K AH AR ] VO AR AR ) S5 AL 2 VR T D R 4 Fr
iy T R R AR B R S R B S R e X A
AR X | QRS M AR AL P,
BEEERE (Surimi gel) J¥ i ich #2552 Fr A 2 K 4R WL s
YR AT RENTRE, FREER N
JR £ 4 5 1 eI R 2% v R AN TR AR . BT 5T
(Hypophthalmichthys molitrix) 8 J5E 5 ¥ i i #2
AR R 3 78 Al T Ay i £ JBE I T P A1 250 B g B
TR HEA .

T 0 BRI TY st A2 o AL 22 R F O A8 Ak 1) )
I, B (Surimi) £ B0 H) Al R A R, £8
B8 R I G e B BRI . HAT R R
D e £ JBE B 1 JORE) AT B T I it A v 4 AR A e 4
R £ BE B IO 4% 25 R T 2 BE R 1 UM B 0 KR I
“#, IR. Raman. CD % R:BF 5155 ARG EEF
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1.1.1 BE.ER W EEE (suwari) 18 BE R HY
HlE FrEEsE sk KB ENIECRA, S A
H R ACEEDE 3 7%, FF W /K il il Fa BE . 4 fa BE S R
2 min J5 NN 2.5% £ £5 JF 4k 2245 35 2 min, £ B¢
TEEE I 2.5% B SRk AT B, B Eh IS 1 BE
ERENG A, 47 BT 40 CH0#% 30 min. 60 min.
90 min. 120 min J& Hl#3 &L GABE, FET 90 TNt
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5%

30 min, 7ERLZK T4 HIFI € BEELIE, 5 T 4 "C oK
IR 9

1.1.2 A3kEAMIEE 4% Park and Lanier ' 177
PR A IR .

1.2 A&

121 HU=EAANWUE £ % Gomez-Guillén
27k U Ay BIHL 1.1 Fp B IS % N ) B
Jiz A i BE Fe b 3 25 I ) Bk e 4L 1 BE E 90 °C N
30 min 1Y B BEIRAE L & 2@ AFAT), o
% 5 10mL % 0.05 mol/L NaCl(SA) 0.6 mol/L
NaCl (SB) 0.6 mol/L NaCl+1.5 mol/L JKX % (SC) (J&
FEt2:5) F10.6 mol/L NaCl+8 mol/L JR & (SD) (J&
T 3:40) B EIFH L4 CHrIE 1h,10 000 g B
O 15 min. H Lowry ¥ M2 Wl 5 B35 W 4 B R
P&, BTEITTMLIEET SBEHY SA %
BHEAOREEZ ZRE R SN T ST
SC W5 SB i EE A & 2 ZRE R BiK
PEAE AR B DTRR LA R T SD S SC i
BARTEZERETR.

122 ZHmEBGESS SEHWNUE 2% Gomez
Guillén 2773 1. 76 0.5 mL WLZh Bk & (¥ (1 mg/
mL) H 0 A 3.0 mL 7B B NTSB 2 M¥% % (pH
9.5) , RS R AEME AL T =il (25~27 °C) JE 25 min,
52 FAE 412 nm AL E B, HPBEREAR
¥4 13900 mol 'ecm . A 85 & L mol/10°g B
FUFRE, HA BRI E R A 13 900 mol 'ecm .
123 GERERRBMENNE 2% Benjakul 5/7
BB g ABEBERERE S, N 20 mL 20 mmol/L
Tris-HC1 22 70 W/ [ (& 1% (W/V) SDS, 8 mol/L &
FH 2% (V/V) B- 35 2.B%, pH 8.0] ¥, R &
Y)F 100 CHi# 2 min J5, F=EEBE 40, 10kg &
L» 30 min. B _EE W 10 mL, 7% 0 50% (W/V) (1)
7% TCA BT EDHN 10%, IREWT 4 CHCE
18 h, 10 kg & > 30 min, YTV ¥ F 10% TCA ¥k
M T 0.5mol/L NaOH H. RE [ & B ANEK
BT 0.5 mol/L NaOH Hill1SHI & H R & &
FAFEEM Lowry ¥ ™ g . WEEFRAE
fETHERTREAR S AEASERA .

124 BFEEAJBLRSKENNE BrEh 2
ek 35 [F REN-ISHAW 28 7 2E P f#] Renishaw
inVia Raman Miscoscope. 1% Jt J¢ ¥ A Coherent
7y A [ Innova 70 B @ B 7 OL 8. BOL K
514.5nm, Ih 2 N 10 mW, E £ i [8 4 10s,

HWECH 40K, S HFE Lem ', §r B AL 8 10 [
300~3 800 cm .
125 AkEAEZ®ENNE KA I-810
A (H A JASCO AR ), I A
0.1 cm [ A7 5% FF i, 78 2 %8 /R X (190~240 nm)
Xt 0.119 0 mg/mL (pH 7.5) WLER&E ABEATHF, 15
i 22 4h CD i 5, FF BT ) - BRTE. B-
P12 MATC I i — 5 i T E 4y e
MR R AN (0] KR, AR dege
cm*/dmol.-
1.3 Fita®Ak
SLH EOE 3 k. K R SAS V8.1 B (SAS
Institute Inc., Cary, NC, USA, 2000) #4745 115047,
F ANOVA #4777 %2 93 #7, LSD #4752 140 4%
(KPR 0.05) . A Excel 2003 1E4 .
2 HEREHH
2.1 &EEEREASEREFEERANTH
FEBR T B A P B e i £ JBE 2R (IR B Ak 2
YEF 7790, 8 15 SV I /KA B VR R A4k I P
1, —hn s A L 2, JE A s a2 1k LA 3.

O ¥4 Lon bonds
0 54 Hydrogen bonds

8r 067K A0 H./E MHydrophobic interactions
Ea 7r
== 6t I
* o
2e st
B o 4f
s
w3
B2 m]
- 1
723 4 05 6 7 8 9

Femmém S Sample no.
1 e S UK B AR RTESREBE (40 C) Ml
BEEEHZ (90 C ) FEp I 2 AR AL
1- 42 B, 2— BEAZ AL 30 min AEEFR LR IE ; 3- BEATIL 60 min HYHEAL
Pt s 4 BEATAE 90 min HBEAZILEIE; 5 BEECHL 120 min [4EHL
LEE; 6 BEACIL 30 min W BEERAT: 7 BEALML 60 min )£ BE §E
J25 8- HEEZA 90 min B BERENT; 9- BEAZIL 120 min ) BERERT
Fig. 1 Variations of ionic bonds. hydrogen bonds and
hydrophobic interactions during the formation of silver
carp surimi (40 C ) and surimigel (90 °C )
1- surimi; 2- suwari set for 30 min; 3— suwari set for 60 min; 4-
suwari set for 90 min; 5- suwari set for 120 min; 6— surimi gel set for
30 min; 7- surimi gel set for 60 min; 8- surimi gel set for 90 min; 9-

surimi gel set for 120 min
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—1)
- = N o
o W o %

1

Disulfide content

(=1
W

Wil =/ (mol + 10° - g

R A
iS5 Sample no.
2 BEEEERLRIE AR T TR AL (40 C)
1= #1582 BRI AL 30 min B9 BEAT 16 BE; 3- BEHZIE 60 min [ EERT
PCEEBE s 4- BRATLE 90 min HEERE Lot B, 5 BEAZHL 120 min AYEERL
fefBBE; 6 BEAT (L 30 min BB ERAT; 7 BEAIL 60 min [ BEEE
s 8 AL 90 min BYFEEERAT; O BEATIL 120 min B9 BEAERT
Fig. 2 Variations of disulfide bond during the gel formation of
silver carp surimi (40 C )

1 surimi; 2 suwari set for 30 min; 3 suwari set for 60 min; 4
suwari set for 90 min; 5 suwari set for 120 min; 6 surimi gel set for
30 min; 7- surimi gel set for 60 min; 8- surimi gel set for 90 min; 9-

surimi gel set for 120 min

100
95+
90 -
85+

80

Anandlalll

W HE R/ % Solubility

1 S 6 7 8 o

o Z% 75 Sample no.
3 EREJE (40 C) HSEEEEER (90 'C) BRRIAE P

L
1= #5E; 2- BEIC AL 30 min AYBEREI6 BB 3- BEHZIL 60 min HYEEAT
P68 BE; 4- BEL MK 90 min [ R (0 H8 B8 s 5— BRI 46 120 min 59 5E
it A B 6- BEAT AL 30 min B BEBENT: 7- BERZ L 60 min )4 B
BRI 8- BEAZLL 90 min [ # BERRIT; 9- BEAZ AL 120 min (B EEEEIL .
Fig. 3 The change of solubility during the formation of silver

carp surimi (40 C ) and surimigel (90 C )

1 surimi; 2 suwari set for 30 min; 3 suwari set for 60 min; 4
suwari set for 90 min; 5 suwari set for 120 min; 6 surimi gel set for
30 min; 7 surimi gel set for 60 min; 8 surimi gel set for 90 min; 9

surimi gel set for 120 min.

P Bl 1 AT e JBE B 1 B ) T R B
7E 40 CHEIAbE] 90 °C i 7% A ik R B 35 PR
(P=<0.05) , F B e R Ab 1N 18] SE &, P AR VE A 7 230
MRk, mEtiR i M E R R E R E KT A
BEERIE (BAEARFIH ), B bl WL, &1 4 Fl A
B S R A O JRE AR RS E M B 1) AL AR
Jo TR 1A 2 ] g0, % 4 BB A R (8] A
JKAH B AE AT OB 7E 40 "CERLE] 90 °C =il
HEMEP BEWIN (P < 0.05), 3 B &R AL I
() SE I 728 B 00 T v T SR I A A, il kAT I,
I FRe A8 o g 2K A B AR R G R AN B 3 o 2
5| B B B s T B R e B 2 T BRI A A BE 1Y
F R K], AX P PP AE R ) e 4 R 55 BE AR IS FRE
G0 E AL AR oy 1. (0 R G A 5 R R 1 vk
e e i I 4 s BRE (10 7 28 K 52 300 508 38 0 J= o/ /Y
FaA (CHER AR ), 55K B 1E B A AR g b
HE AT [ 3 K — EH 2 I @ RA . Bk
AL, B KCRH BV R R G AR P 38 A AR Al
DA 3 i i £ JBE % S 1) 48 I 5 PR, B2 2 R T A
() #B i 60 min &, T4 AR R/KEIER &
F T, EET KB A RPOK R, SOHE B 4%
BB AR Ay T RE TR, PR T B R
T g R J5E LM B P B KA T R AR A
BE T O 3 B 1 1Y

¥ SDS. SR FE I B - $i & OB 1R &% 7 Be
W BRI R T AE ek [ U H 2
e - (v -Glu)-Lys $& v 8 | 40 (0 BT A 1h 2 1,
PR U R 5 T A T 15 v A R 1Y SR, BT DA B T ik
e - (v -Glu)-Lys IF — Lo de i 2 /> K 8 B
VAR AR R . YRR A B BT (TGase) f77E
T2 Pheasrh, T DAL UIER B B S8 A O AR
AL, T AL AR R R . Bl 3 AT, A
T BT E (RN 100%) , B EL
i JE B I (1) V5 B8 2R 350 A AN TR R B 1) FRAER, Wi BH E
S Uw L B i A | St i o S ) e 1 P | Sl
LA Bt 2 5 L M JRE U S I 485 45 F) T B 1Y) o
2R 12—

F LA A A AT, KA TAE T s dE
T L A7 B A o o 5% 60 JBE Bk s AR e M) i) T AL =
1ER 5.

22 BFEERKEREEREARMSZNTL

BRI R (AR &R ), It 40 CHEKAL
60 min, 2R J5 90 ‘C Z&X & 30 min B — B in# 77 2L )
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[ K R

5%

AR P 7 €81 J5E PR I Ik B e - DR R AR T 5% D b
ZBUMFATT 3 %t BEB S, AR I Fd R v BE R

5 BE RS Surimi gel

iR ¥ Intencity

A7 BE Surimi

O T 206 1% B WK 4 (1 800~3 800 cm ' YE [H]
P Pl S ), i AT AR R AR 1.

-+
©
°

<
<
<

T T T
400 600 800

T
1000

T T T 1
1200 1400 1600 1800

P H/cm | Wavenumber
Bl 4 SR EE . B Ab A BE A BE I b Bk

Fig. 4 Raman spectropy of surimi. suwari and surimi gel from silver carp

1
Tab.1

iR ORI AEE. f B 8k i aRE

Tentative assignment of selected bands in the Raman spectra of surimi. suwari, or surimi gel from silver carp

% /em " Wave number™'” AR Assignment!”

ZE#)f5 B Structural information

510

525 S-S f#i & S-S stretch
540

830,850 Ji% & % Tyrosine

936 C-C J¥k3)j C-C vibration
>1275 B 11T Amide I11
1241+4 B 11T Amide I11
1246+4 Bl 11T Amide I11
1650+ 5 BiiZ 1 Amide 1
1665+3 BiiZ 1 Amide 1

L - H5K - #3C Gauche-gauche-gauche
K - #5K - &3 Gauche-gauche-Trans

Je 3 - #i3K - &3 Trans-gauche-Trans

B R 2 (BREEBAERL, H (A2 1)
State of phenol-OH (exposed or buried, H donor or acceptor)
a- JE5E a-Helix

a- JE5E a-Helix

J°FAT B- #T& Antiparallel B-sheet

JE A 5 Random coil

a- JE5E a-Helix

JC 4 5 Random coil

Amide IIT X (1230~1 320 cm™") [ H B B4 3
R MI% R . Amide TTT X (54 R 5 F
Wk ) C-N (4 R 20 A1 N-H [ N #R3h. A B
7E 1315 em A IR o- BRI Y L i Ak A £
JBE AR JBE RIS AN AE 1315 em™' [T I a- B2 Y
ALY, I8 20 HIZE 1250 cm ™ A1 1253 cm™" AL HIIR
TERN: b A v O IR B B (T
o- BB B S5 R AN AR 1 T TS 544

Amide T X ¥ 3% # (1 600~1 700cm™") ¥ 3k
H T C=0 ¥ 45 4% 3)j, it € #5 C-N & 3}, C-C-N #&
ZAN-H A E 32, 4B 1653cem ™ H
IR o~ R B IE B 47, I v e 1 0 JBE D 21 B8 vk e

1664 e HYILTE R i, 33F— 0 U BH A BE B (110
o R E 45 R N HE 540 A8 R T A 1A

936 cm ' Bt HP R B R BT C-C B R
5l B o- BRHE S5 R — ANVRPIE RS A, 9 2k B
G5 ULH o- RFELEMIRL AL T B- HT 2 BT I Bh 45
o U2 3R], T R B T £ JBE VR B AE
936 em " FRHT HR B RS AT I BRI 59 T FUBE R (1 1)
TR . R W SR YU 59 R AR M, IS
HEAN o- BRBELE AR T TGl .

500~550 cm ' K& A B E B 200 5 B R 4
FESRAR . AE R AR B R AR 1R 59, Bk
P A0 I AR B, B 5k Bes £ L X 33k PR 116 VR o 068 5 5
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K5 WA BB A RN 78 2B o R v A BE R P IS T SR
REAMER T mis. e 5 ike 4 3
gﬁo

830 cm ' 1 850 cm " BT A F K LR 0004 g WL
BRE 100 B T T e 5 T it i, XL S e ) 2 TR
B 5% R IE I para BUREE MRS, HAZ HABERIA
BRI AL . T, /Ly, ELAR PT ) W BS B R AE
TA RS T BRA P20 i 2 iR
A g BE 7E 826 cm L8522 cm ! Y UT MY R BR A G TR
2 1 R, S LU PR PR 58 B BT LR s Lysy/ e FUAE
h 0.98, Ui B B R IR SR AL T8 B R 1 1 B
2 Wk B Ak R B R TR 10 U H IR AE 827 em
855 cm ' YT, s/ Iy, ELAE A 1.01, Ui B AL JR

25

- =
o wm o

°/ (deg + cm e dmol ™)
g

(=]

N

B s TR Tk RS B B T HE QUi or TR s FA BE R 1Y
T 2 2 Ak R A XU HH B AE 825 em ' 849 em ! T,
B Tyo/lgys LEAE A 1.05, U BH A BE & o BR Z R R A
FERES TR LA, hikal L, £ niud 2
Hh fi B BT IR K PR TR R AN B 8, 18 T
TR M. Bhah BS54 F R e 45 17—
23 BERERIEGHIKREAANZNTH
BENLER R AT T 40 C1RIE 60 min, 2R )5
F 90 “C IR 30 min, fEEREFFRRER 22C)
F4°C, AR ZAE o E s TRk E S =
e B AR, WIERE G R A E i S s
B A AR H S LB (1 R S5
BIHHS&E (F£2).

1 1 _J

e
4
N
>
0

S 3 22 A

-3
|
w
—

[6] X 10

|
(=3

\3&1%; 210 220 23ff¢i0

r P K/nm Wavelength

-15 L
4 IEALFE T AR AR AR h SRR & 5 0 E T Eohik
1 REBHERE B (pH7.5) : 2: 40 CHI# 60 min; 3: 40 CHNER 60 min, FT 90 "CHNHL 30 min, IR ZE 22 1C; 4: 40 CHIF 60 min, FT 90 C
N 30 min, FFHHEE 4 C
Fig.4 CD spectra of myosin from silver carp during different heating process
1: native myosin(pH 7.5); 2: heated for 60 min at 40 “C: 3: heated for 60 min at 40 ‘C, then 30 min at 90 ‘C, and temperature decreased to

22 °C; 4: heated for 60 min at 40 C, then 30 min at 90 'C, and temperature decreased to 4 C .

R2 TRELBAANENKEE _REHNETHASTEE

Tab.2 Percentages of secondary structure units of silver carp myosin in different treating process %
Lha gyt * #EW] Structure
Treating method o- 12 JE a-helix B- #7 % B-sheet ¥ Turn T #%E #H Random coil
1 100.00 0.00 0.00 0.00
2 27.00 0.00 10.40 62.60
3 42.20 24.00 0.00 33.80
4 33.70 0.00 12.40 53.90

*1: FRARWIRE A (PHT.5) 5 2: 40 "CHNFL 60 min; 3: 40 *CHNBL 60 min, F-F 90 THHL 30 min, FHFIRE 22 °C: 4: 40 THIF 60 min, BT
90 °C/in#4 30 min, FFHFIRZ=E 4 C .

*1: native myosin (pH7.5) ; 2: heated for 60 min at 40 “C; 3: heated for 60 min at 40 “C, then 30 min at 90 ‘C, and temperature decreased to
22 °C; 4: heated for 60 min at 40 °C, then 30 min at 90 “C, and temperature decreased to 4 C .
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5%

H B S AT ER 2 AT, RARRER LBk E A&
210 nm F1 222 nm P A7 A6 A 518, R BAAFAE a-
BENE. 1E 40 CEEIALE RS, PIEKE A1 a- 18 )E
CERIARTE. 2417R 60 min I, MLBREE (11 CD &
AT AL, P RS IR O, 1R BN D
G B E R SRR A B = o SR BE (94.11%) 45 74tk
BAR R DL IS A S0 A, o- IBES B4
LA 27.00%, (15 T 67.11%, [7) I 4% . To 3045 il
RN, 5N E] 10.40%-62.60%. £ 90 C
ER AR Y, o BIESEE— DR, I
- T2 A5, SR T BB IR I PR, o- IR E A &
BN, p-TELSWEERD, SEEKEE4C
N, B- 8 k. MAFHRAE 4 ClE, NIkE
HLLo- #8)E (33.70%) , 4 (12.40%) , JoHLE il
(53.90%) 3 T g &k FLITAPAE, AE I ioh &,
MG p- #r2&4i .

3 it

3.1 AR i f BREER: W 48 45 ¥ R STk

7E %5 f0 BE RIS T L FE R, B 1 B A AU R
TSGR £ BE RS TR A DT R N, T 7K
AHE AR R AE AR LA S 0, B AR
BEERICAR 2 M ) E B AL ZEAE ] 0. (B2 ANTR Bk
iz A B[] T fi% £ JBE o i v i /KRR B A A R
VA B E R, U R 5kt BRI R A7 AT
72 S W VIR, T 9 At 2 0 18 I R sk > 5 B8 8 s ot
55 ) Bl 555 AP K I 7 A 6 e K 1) B £ JBE 1Y)
JiE 5 F5E B R W R 2R 1R RN 5 T8 ) E i A B
(1) 22 /b 0 0 B8 B (1Y B A AR B 4 A %, A ot
£ JBE Bk s o S AN [R) 2 L 52 TGase X WLER B (5%
(MHC) HJAS IR Je 4 2R [ Bl 0 £0 58 85 (1 1 PR 1
WUE R AT, 24 MHC FIASBEAE KT
£ HE L0 AR AR A R B i B Rk s i P N, R
2 ) 5 B A B R s B P R . (R, 80 TGase
X MHC A BAFESE, BRR R E A X AR A
1) R e A ) 2 . 3 2 o JBE A e P ) A 2k A
3.2 BEREEAZREHNHET

Bouraoui % ! A FI O 1 8 6 il AT UK F
PSR AT R I, - BRBE TR 5 b
AR AT B- P18 451, AT AN M B
AT HO B 206 S/, Fe kS TR A
VR IR YA R IR BE B R A RCPAT B- &
GER TR KR A7 a- SR BERE AR UG it . K

SV T 0 A T K fL T BCRE ) AR, T £ R
WK, BTG BURE ) 72 - BTG RE I I
A RE S WUBREE R a- BRE 4 A8 B HAh — 051
MRS, LR RIE AL 2Pt
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Changes of chemical interactions and protein conformation during forming of
silver carp surimi gel

LIU Hai-mei"?, XIONG Shan-bai""*", XIE Bi-jun', SHI Xing-jie'

(1. College of Food Science and Technology: Huazhong Agricultural University. Wuhan,430070. China; 2. College of Application
Technology. Ludong University, Yantai 264025. China; 3. Aquatic Products Engineering and Technology Research Center of Hubei
Province. Wuhan 4300700, China)

Abstract: During the formation of surimi gel, chemical interactions among proteins and protein conformation
changed, which played very important roles in maintaining stable surimi gel network. By studying the changes
of chemical interactions and protein conformations during the formation of surimi gel from silver carp, we
obtained main chemical interactions and protein conformation to maintain surmi gel network. Those interactions
and protein conformation were assayed through chemical methods, laser-Ramman spectroscopy, circular
dichrosim (CD) . During surimi gel formation, ion bonds and hydrogen bonds decreased significantly. However,
hydrophobic interactions, disulfide bonds and non- disulfide covalent bonds increased markedly, which were the
main chemical interactions maintaining the stable structure of surimi gel from silver carp. During heating at 40 °C
and 90 ‘C, a-helix of myosin changed into turn and random coil structures partly, and the content of random coil
structure was the highest. The percentages of secondary structures such as a-helix, turn and random coil were
33.70%, 12.40% and 53.90%, respectively. In conclusion, a-helix and random coil structures were the main
protein conformations maintaining the structure of surimi gel from silver carp. [Journal of Fishery Sciences of
China, 2008, 15 (3) : 469-475]
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