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ABSTRACT: Objective To study the conformation and action of protein in gelation process of mixed surimi of
Nemipterus virgatus and Silver carp. Methods Nemipterus virgatus and Silver carp surimi were detected by
Raman spectroscopy, electrophoresis and thermal stability measurement. Results The total amount of

hydrophobic amino acids in mixed surimi were higher than 34.3%. From the analysis of thermal stability, it could
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be seen that the absorption peak appeared around 45 °C and 67 °C, and the exothermic peak appeared around

78 °C. With the increase of Nemipterus virgatus surimi content, the content of a-helix was first decreased and then

stabilized, and the content of f-folding and f-angle was gradually increased. When the ratio of Nemipterus

virgatus and Silver carp surimi was 3:1, the breaking force and gel strength of mixed surimi were 524.08 g and

6226.25 g-cm respectively, which were 89.05% and 95.78% higher than that of silver carp and silver carp

respectively. The correlation analysis showed that the gel strength was positively correlated with methionine,

p-folded structure and disulfide bond. Methionine, tyrosine, histidine and arginine in mixed surimi gel were

negatively correlated with non-specific correlation and hydrogen bonding. Conclusion The gel strength in the

mixed surimi system is enhanced.

KEY WORDS: mixed surimi; protein conformation; chemical forces
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Table 1 Amino acid composition and content of mixed surimi gels from Nemipterus virgatus and Silver carp (dry matter, g/100 g)

TR, 1:0 0:1 1:1 3:1 4:1 5:1 6:1 7:1
REHAR 6.53£0.14" 5.87£0.27° 6.37+0.84° 6.59+0.09° 6.63+0.33" 6.49+0.45" 6.50£0.27° 6.49+0.14* 6.20+0.21°
TR 3.0240.06° 2.69+0.11* 2.97+0.31*° 3.03£0.04* 3.05+0.15* 2.99+0.20° 3.00£0.12* 2.99+0.07* 2.85+0.10°
225 R 2.62+0.05° 2.37+0.09° 2.58+0.28" 2.62+0.02° 2.65+0.13" 2.60+0.16° 2.60+0.10° 2.60+0.06" 2.47+0.08"
BHIR 12.16+0.30° 11.19+0.48" 12.04+1.50° 12.33+0.16" 12.31+0.56* 12.09+0.84° 12.07+0.52* 12.05+0.27* 11.52+0.37°
HaEmR 2.35+0.10° 2.33+£0.07° 2.42+0.21° 2.44+0.02° 2.43+0.13* 2.39+0.15* 2.360.11° 2.35+0.03* 2.30+0.07°
R 3.67+0.09° 3.2240.13° 3.60£0.34 3.74+0.06° 3.70+0.18" 3.62+0.23* 3.63+0.16® 3.63+0.08"° 3.51+0.12%
Jhe a2 0.42+0.01% 0.27+0.03° 0.49£0.16™ 0.57+0.00° 0.40+0.02° 0.38+0.04™ 0.43+0.05"° 0.36+0.03> 0.36+0.06"
41 2 R 3.29£0.05® 2.91+0.12° 3.30£0.27° 3.40£0.07* 3.32+0.16* 3.24+0.22% 3.26+0.13* 3.26+0.08" 3.15+0.11®
*EAMR 2.09+0.05° 1.77£0.09° 2.03£0.22° 2.13+£0.04" 2.12+0.10° 2.07£0.13* 2.08+0.10" 2.06+0.02" 1.99+0.08™
*RSLE IR 3.18+0.05° 2.76+0.13" 3.15£0.32° 3.20£0.05° 3.21+0.15" 3.13+0.21% 3.14+0.12° 3.16+0.07° 3.01£0.09™
*SE AR 5.374£0.09° 4.82+0.22" 5.35+0.52° 5.41+£0.08" 5.46+0.27° 5.32+0.36™ 5.34+0.21" 5.34+0.14> 5.10+0.17"
Fik R 2.36+0.01° 2.2040.08° 2.29+0.26" 2.35+0.04° 2.44+0.11° 2.35+0.15° 2.39+0.04° 2.37+0.04° 2.29+0.08"
FERNER 2.50+0.04° 2.19+0.12° 2.85+0.30° 2.51+£0.04" 2.53+0.12° 2.49+0.17° 2.48+0.09" 2.48+0.07° 2.37+0.06"
AR 6.18+0.14" 5.69£0.27° 6.29+0.55° 6.28+0.09° 6.33+£0.31* 6.17+0.41* 6.20£0.26"° 6.16+0.15* 5.89:0.20°
*H R 1.40£0.02° 1.22+0.06" 1.40+0.09° 1.39+0.02° 1.44+0.05' 1.40+0.12" 1.41£0.07° 1.40+0.06° 1.32+0.03®
RE AN 4.14+0.07° 3.68+0.18" 4.08+0.39" 4.15£0.08" 4.29+0.18" 4.15£0.30™ 4.16£0.21% 4.19+0.17° 3.99+0.14"
it 2R 2.13£0.02° 1.99+0.08° 2.19£0.20° 2.14+0.09° 2.13+0.05° 2.14+0.10° 2.11£0.05° 2.08+0.03* 2.07+0.05"
HOAA 22.23+0.90° 19.67+0.38" 22.47+1.56" 22.54+0.44° 22.47+0.69" 22.01+0.47° 22.04+0.86" 22.00+1.43" 21.20+1.03%
HIAA 10.78+0.39* 9.86+0.21° 10.75+0.90° 11.01+0.13* 10.96+0.38" 10.70+0.16° 10.78+0.42* 10.67+0.71* 10.27+0.53
BAA 11.73+0.51% 10.59+0.22° 11.77+1.04% 11.82+0.19% 12.07+0.37* 11.72+0.38" 11.77+0.55" 11.74+0.83% 11.20+0.54"
AAA 18.69+0.75° 17.06+0.44" 18.41+2.34° 18.92+0.25" 18.94+0.58" 18.58+0.40" 18.57+0.79" 18.54+1.29° 17.72+0.89°

e AA REILRR, U B LR, HOAA N K R EL R Mat, HIAA b K R 5Ll i, BAA N2 302 i, AAA IR TR LR

B FEMRFINSECT, F—f8bnh BN R 3R 3 22 57:(P<0.05).
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Table 2 Changes of the parameters describing the DSC
characteristics of mixed surimi gels from Nemipterus virgatus and
Silver carp

U 1 U4 2 0% 3
N:S Toaat/°C AH (/) Taaal°C AHy/(J/g) Tmaxs/°C AH:/(J/g)

1:0 46.86 0.194 67.38 0.100 71.73 —-0.032
0:1 43.40 0.175 67.82 0.076 73.81 —0.031
1:1  44.26 0.152 67.65 0.151 74.14 —0.006
2:1  45.30 0.176 67.94 0.083 76.41 —0.009
3:1  46.09 0.227 66.98 0.087 78.20 —0.026
4:1  47.03 0.231 68.84 0.074 80.30 —-0.020

5:1 4621 0211 6705  0.114 7775 -0.011
6:1 4638  0.197 6621  0.129 7721  -0.027
7:1 4629 0198 6560  0.104  76.10  -0.023
T N A S 23 A AQSR A 2 g i JBE N 4 5 £ £ 8
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AiPREh AN N-H 25 ¥k sh, B0 Ja H e M DIk il
JE, AT LS P R A G b B TR A R A R Y AR
1k; Amide I11(1220~1350 cm ) F /R C-N {fiZi#R3h . C-C fif
APRIA N-H ShRsh, Res M lLERE 4. i
SRR, RN CH, 25 iR shE h iF 5 2
LT bR, (08 53 5I4E 1003 cm™ F1 1450 em™, %4
FRTE 830 cm ™' 1 850 cm ™' AT L ALIR WU, TUBHE (Jss0/s30)
PR 38R Y P SR I 1 i 2 R T R O IR PR B8 124

M 2 AL A BB I —REEH T, a-1R eSS
& RET 44%, RN THZ 420, A4t
JBE e BB, TRA A BEBEIR Y a-T805E 5 G R R AT
FaE, p-HE R p-YT B 4 F SR R I ke, [, JCH
W i 25 0 JC B AR A . Bl 4 2k 0 JBE B ek B,
Tgso/Igso FUARLSGIG N5 AR, BUEVERITE 0.92~1.26 2 [6].
Bl 2 Al Y42k fa fa5E 5 i a6 BEIR A Lol 3: 100
S EO) I, Tyso/Tgso HUIESR 0 B-HT8 TN B-55 25 KA O B 3
i, SRR At BERE NS TY BUA T 10 = AE 254, a-BREZ
FRE /b, AT AR f AN [ R 09 2 SO AR, R
TEAFRA BRI G, 42k fn 0 B8 T A 6 fo fa 58 T A 2
oy Z BB G, RS T RREY), AR
Fo4E 1) N-H F1 C=0 Z [A]JE A KU iy U, — e Fei ki
T BT EEE A . TR R R IR AR K R
Lt HaBR 25200 ST LA < 1, FOR KL R
M Lesollgso FIELE =1 B, SRR, TEAKAH R B £

A TS A BR AR AL, i R R A 5 P T R, BRI 1Y & i
GLACPERG R, P TIRA R BEIL M K A RE ), (it
EAF TR TRIREEH, S o-BBEA N
B-UTE N A T DT HE B 4 2K i e JBE R (1 5 £ £ BE 2
AR, feit 7RG B EE I & A A R i AE A o
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1.0 01 1:1 21 31 41 51 61 71
Skt ta BE S i e fa BEIR Ot BEIR A L)

522000

1000

1.0 01 1.1 2:1 31 41 51 6:1 71
AR 0t JBE  fiE £0 £ BETR A fa R TR A LU A5

T WERLRIE(A) . B B (B)FIBERSR B (C). ZEAHRISECT,
[F]—F8 A5 Hh - BEAS [R] 3R i 3 22 57 (P<0.05).
B 1 GrgktafaBE 5 A 65 0 BE TR A BEVE T 1 10728 1k (n=10)

Fig.l Changes of force mixed surimi gels from Nemipterus virgatus
and Silver carp (n=10)



5522 1 Tl fy, 45 4ot fa- 1 fa R A fo BEBEIRCSE 1A TR G AR T 1T RO BF 52 8205
= . TR I | B TR A R o R E BT RIS A T
%WWWVWAWMEmAQ%EL VLB, 2 A BEIR A T RERS I T IR 140 T R IE

' BIERIOLE A, LR 3 PG, Y N:S<5:1 I, —Hikd

mwwm/\//\i‘ SR R, B R U O B B4 T, PR
. S WA 2} TEAEAR R TG B E, ELAE— s P I, 4 i 1 BE 5 1
e . f 45 1 5 2 6145 — 5 O PN R . (L 3o — 5

- S T R W ) 1)
. .

400 600 800 1000 1200 1400 1600 1800
Wek/em!
14

e +++++++

2 2 =
=N 23 S
T I

ISSU/IXSO H:{ﬁ

<
'S
T

0:2 H

00 1 1 1 1 1 1 1 1 111
1:0 0:1 1:1 2:1 3:1 41 51 6:1 7:1

Gk th 40 R 5 1 £ 16 BV £t BE L A9

110 e - N - £ At

m

9
8
7
6
5
4
3
2

(= - =

TR Y%
()

S

oSO

—_
o O

L0 01 L1 20 31 &1 51 61 7
G4k f0 0 R (1A £0 6 BEYRA S £ BE LU A9

B2 IRA MBS SO . P2 GHE Tsso/lsso
SR A4 (n=3)
Fig.2 Changes of Raman spectra, Raman spectra Igso/ls30 content
and secondary structure fractions of mixed surimi gels from
Nemipterus virgatus and Silver carp (n=3)
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Table 3 Results of correlation analysis on amino acid and gel strength

WHRMR(Ala) HERBEMet) SRAMKROe)  HAMLR(His) TE AR (Arg) BiK R AR (HOAA)  BEKSRE

Ala 1
Met 0.992" 1
Tle 0.991" 0.982" 1
His 0.948" 0.942" 0.966"
Arg 0.964" 0.955™ 0.972"
HOAA 0.977" 0.964" 0.987"
IS i 0.534" 0.621" 0.541"

0.973" 1
0.966" 0.946" 1
0.560" 0.533" 0.506" 1

i #3k P<0.05, **f{ 3 P<0.01,

*4 BEBRSHFERNPEXMEST

Table 4 Results of correlation analysis on amino acid and chemical forces

Met Tyr His Arg EIBRR P QI G BT Ak B0 7k
Met 1
Tyr 0.877" 1
His 0.942"" 0.863" 1
Arg 0.955™ 0.927" 0.973" 1
AR PR B -0.533" -0.491" -0.481" -0.514" 1

R -0.399 -0.372 -0.366 —-0.358 0.852" 1
X -0.516" —0.540" -0.495" —-0.526" 0.858" 0.836" 1

s 0.358 0.277 0.300 0.311 —0.858" -0.935" -0.824™ 1

a3 P<0.05, 3R P<0.01,
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Table 5 Results of correlation analysis on gel strength, chemical forces and secondary structure

E IR iR A S DGR i (i “mi oMEE pATE BB JGHEE

BE o 7 1
B[RS EIR eSS —0.848" 1

B —0.698" 0.852" 1

Ak —0.646" 0.858" 0.836"

il 0.710™ -0.858" -0.935"  -0.824" 1

o-185E —0.626" 0.833" 0.816" 0.785"  —0.842" 1

piiE 0.640™ -0.828" -0.626™  —0.724"  0.7077  -0.919” 1

P 0.395 -0.603™ —0.829"  —0.660"  0.794"  —0.843"  0.586" 1

JCHLIN A 0.429 -0.519" -0.753"  -0.589"  0.699"  -0.702"  0.415 0.8317 1

T U P<0.05, "L#E P<0.01.
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