
1 2  1 3 1 1

1.    430070 2.    264025 3. 
  430070 

Hypophthalmichthys molitrix

40 90 -

-

33.70% 12.40% 53.90% -

-

2008 15 3 469 475

: 

TS254 A 1005 8737 2008 03  0469 07

2007 10 10 2007 11 22.
2006BAD05A18 LY20076201

20062002096
1979 . E-mail hellen20080808@yahoo.com.cn

. Tel 027-87288375 E-mail xiongsb@mail.hzau.edu.cn

Journal of Fishery Sciences of China
15 3

2 0 0 8 5

Vol.15 No.3

M a y  2 0 0 8

1

2

Surimi gel

Hypophthalmichthys molitrix

Surimi

3 4 IR Raman CD
5-7 IR

8

8

8

Laser-Raman CD

1

1.1
1.1.1 suwari

3
2 min 2.5% 2 min

2.5%
40 30 min 60 min

90 min 120 min 90 

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

mailto:hellen20080808@yahoo.com.cn
mailto:xiongsb@mail.hzau.edu.cn
http://www.fineprint.com.cn


470 15     

30 min 4 

1.1.2 Park and Lanier 9

1.2
1.2.1 Gómez-Guillén

10 1.1
90 

30 min 2 g 4 
10 mL 0.05 mol/L NaCl SA 0.6 mol/L 

NaCl SB 0.6 mol/L NaCl+1.5 mol/L SC
2 5 0.6 mol/L NaCl+8 mol/L SD
3 40 4 1 h 10 000 g

15 min Lowry 12

SB SA

SC SB
SD SC

1.2.2 S-S Gómez-
Guillén 10 0.5 mL 1 mg/
mL 3.0 mL NTSB pH 
9.5 25~27 25 min

412 nm  
13 900 mol 1 cm 1 mol/106g

13 900 mol 1 cm 1

1.2.3 Benjakul
11 1 g 20 mL 20 mmol/L 

Tris-HCl 1% W/V  SDS 8 mol/L
2% V/V  - pH 8.0
100 2 min 4 h 10 kg

30 min 10 mL 50% W/V
TCA 10% 4 

18 h 10 kg 30 min 10% TCA
0.5 mol/L NaOH

0.5 mol/L NaOH
Lowry 12

1.2.4
REN-ISHAW Renishaw 

inVia Raman Miscoscope Coherent
Innova 70

514.5 nm 10 mW 10 s

40 1 cm 1

300~3 800 cm 1

1.2.5 J-810
JASCO

0.1 cm 190~240 nm
0.119 0 mg/mL pH 7.5  

CD - -

deg
cm2/dmol
1.3

3 SAS V8.1 SAS 
Institute Inc. Cary NC USA 2000

ANOVA LSD
0.05 Excel 2003

2

2.1

1 2 3

1  40 
90 

1 2 30 min 3 60 min

4 90 min 5 120 min

6 30 min 7 60 min

8 90 min 9 120 min

Fig. 1  Variations of ionic bonds hydrogen bonds and 
hydrophobic interactions during the formation of silver 
carp surimi 40 and surimigel 90 

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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2 40 
1 2 30 min 3 60 min

4 90 min 5 120 min

6 30 min 7 60 min

8 90 min 9 120 min

Fig. 2 Variations of disul de bond during the gel formation of 

silver carp surimi 40 

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

3 40 90 

1 2 30 min 3 60 min

4 90 min 5 120 min

6 30 min 7 60 min

8 90 min 9 120 min .

Fig. 3 The change of solubility during the formation of silver 

carp surimi 40 and surimigel 90 

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.

1
40 90 

1 2
40 90 
P 0.05

13

60 min

14

SDS -

- -Glu -Lys 15

- -Glu -Lys
TGase

16 3
100%

2.2
40 

60 min 90 30 min
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4

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

1
Tab.1 Tentative assignment of selected bands in the Raman spectra of surimi suwari or surimi gel from silver carp

/cm 1  Wave number 17   Assignment 17  Structural information

510 
525 
540 

S-S S-S stretch
- -  Gauche-gauche-gauche
- -  Gauche-gauche-Trans
- -  Trans-gauche-Trans

830 850  Tyrosine
H

State of phenol-OH exposed or buried H donor or acceptor

936 C-C  C-C vibration -  -Helix
>1275  III Amide III -  -Helix
1241 4  III Amide III -  Antiparallel -sheet
1246 4  III Amide III  Random coil
1650 5  I Amide I -  -Helix
1665 3  I Amide I  Random coil

4 1 800~3 800 cm 1

1

Amide III 1 230~1 320 cm 1

Amide III
C-N N-H

1 315 cm 1 -
1 315 cm 1 -
1 250 cm 1 1 253 cm 1

18 19

-
Amide I 1 600~1 700 cm 1

C=O C-N C-C-N
N-H 20 1 653 cm 1

-

1 664 cm 1

-
936 cm 1 C-C

-
- -

18 21 3
936 cm 1

-
500~550 cm 1
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4

1 pH7.5 2 40 60 min 3 40 60 min 90 30 min 22 4 40 60 min 90 

30 min 4 

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 3 heated for 60 min at 40 then 30 min at 90 and temperature decreased to 

22 4 heated for 60 min at 40 then 30 min at 90 and temperature decreased to 4 .

2  
 Tab.2 Percentages of secondary structure units of silver carp myosin in different treating process %

*
Treating method

  Structure
- -helix - -sheet Turn 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 pH7.5 2 40 60 min 3 40 60 min 90 30 min 22 4 40 60 min
90 30 min 4 .
*1 native myosin pH7.5 2 heated for 60 min at 40 3 heated for 60 min at 40 then 30 min at 90 and temperature decreased to 
22 4 heated for 60 min at 40 then 30 min at 90 and temperature decreased to 4 .

830 cm 1 850 cm 1

para
I850 /I830

 22 24 I
826 cm 1 852 cm 1

I852/I826

0.98
827 cm 1

855 cm 1 I855 / I827 1.01

825 cm 1 849 cm 1

I849/I825 1.05

2.3
40 60 min

90 30 min 22 
4 

5

2
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5 2
210 nm 222 nm -

40 -
60 min CD

- 94.11%
-

27.00% 67.11%
10.40% 62.60% 90 

-
- -

- 4 
- 4 

- 33.70%  12.40%  
53.90% 3

-

3
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Changes of chemical interactions and protein conformation during forming of 
silver carp surimi gel

LIU Hai-mei1 2 XIONG Shan-bai1 3* XIE Bi-jun1 SHI Xing-jie1

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 signi cantly. However
hydrophobic interactions disul de bonds and non- disul de covalent bonds increased markedly which were the 
main chemical interactions maintaining the stable structure of surimi gel from silver carp. During heating at 40  
and 90 -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 -helix turn and random coil were 
33.70% 12.40% and 53.90% respectively. In conclusion -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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