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2. TP MZ AN WL T 315021)

WE: aABEEAWERGEES & BF & R E A&, T HhEE G i8R AR X % 2
WEEERD M. AT B LA B K (TGase) RN, TR EF R TAEEHH
EE AR, AR LB T kB R T, R AN R T AR
BRAERABRKBEARE(Y) FBEREE (V) EEARMAREN_KRSTEH AR, #HET
TGase G EBH . FH K EFRMNETRME L A 0.36% ,1.00% ,1.00% ,0. 1% , i 4
Jo B AR R R A IR PR S BOE A, PR M A R TR JE 9 B O 60.36% F 55. 20 g,
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System /A7) ) ; Biofuge Stratos & =0 /5 32 7R 55 0>
#H1L(#EE Thermo Scientific /Y] ) , PHS-3C RI%=
MRIETH( EHPRE R R AU A PR A7) s XHF-1 HY
W AT (77 BB 2 A YR R A A BR
")) ;BP221S W43 # K F- (fE[% Sartorius ) ; ES-
2030 ¥ % TH:% ( H 7% Hitachi) ; E-1010 H.25 5
TG ( H 7 Hitachi ) ; S-3400N 94 v, 5~ . i34
4% ( H 7% Hitachi) o

1.2 7Fi&%

HEFOHRRARHAELT  BIEK
TP 5 g, i pH 6. 6 BERRZE MR 59K, 10 000 1/
min 2.0 (4 C), VIENMA 0.7 mol/L NaCl &
I pHfHE 6.5,53K ,4 CT#E 24 h 5.0,
ETE WD Ry RV B R A R S i )
ERVAE VR IR AT ,40 TR IR 35 min, 37
Hi7E 85 C FIEE 30 min, & EENR A kK
A4 CTRAT,

B AN L E A
BRI FH R 4 BT A0 7 GRS 0 5 o 3000 7 I
K P/5 55k RIS B AT 2. 00 mm/s,
ZEHIHEE 1. 00 mm/s, 3% B3 )EF 1.00 mm/s, JE 45
FRES 3 mm, g/ NEN T 5 g BERCIRIE (g) = fill
JE(g) x5,

FEHERE T E.0%,4 000 r/min 2.0 5 min, DA
B0 5 BRI R A A3 TR R K M
(WHC) .

B AR Sn W BT 42 4 W B IS V) L L T
A 2.5% J% R [ MR 0 24 h, BRI 5% MR
HOTE VR, F5 ] 1% HR0R [ M1 2 1 h, B R 22 v
WLV o AN R BE 1Y) & s AR U B K, T
TK CTEFRCT WETR 55 W 06 S5 AR A iR, 5
AT VR TR . HCP-2 I B¢ id TR T, 1B-3
BRSP4, HL B A R
1.3 it

Y IEEH 3 ~ 5 DEH K, B R
SPSS 11.5 F11 SAS 9. 1. 3 #7554+ ¥7 o

2 4

2.1 M=k AT RS

FEFRSE G S fif b, DB e A3 2 WG Bt (Z, )
BRI (Z, ) RPUK (Zy) MBI (Z,) 4 Fhifs
TGRSR S0 PR 5+, SR FH W0 1 5 A 9 5 Jn 5 P
X A T B A A 1 AR SR BRI DR M R i
JERIRM . INZOKP- it WA 1, Bt 31 il
B, Horp 24 TR, T A F R IR BTl
RIFE 2,

R R E ALr E
x1 WEEDHEZRRKE
Tab.1 Analytical factors and levels for response surface methodology
& JKF- level
factor -2 -1 0 1 2
R BB (Z, )/ % TGase 0 0.25 0.50 0.75 1.00
HEEEEREN(Zy ) /% sodium alginate 0 0.25 0.50 0.75 1.00
i (Zy) /% carrageenan 0 0.25 0.50 0.75 1.00
I (Z,)/% kanjoc gel 0 0.25 0.50 0.75 1.00
x2 HBEHARRER
Tab.2 Experimental design scheme and results
B RAERNE SR e B I Rkt % B e
number TGase sodium alginate carrageenan kanjoc gel water holding capability gel strength
1 -1 1 1 1 60.09 48.92
2 -1 1 1 -1 52.72 40.72
3 -1 1 -1 1 57.34 43.40
4 -1 1 -1 -1 50.33 39.13
5 -1 -1 1 1 55.95 46.02
6 -1 -1 1 -1 47.77 40.12
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gk 2
E A A AR TR N REnAi JBE I (N E BEIC L/ g
number TGase sodium alginate carrageenan kanjoc gel water holding capability gel strength

7 -1 -1 -1 1 51.88 41.68
8 -1 -1 -1 -1 45.06 36.39
9 1 1 1 1 55.55 58.61
10 1 1 1 -1 47.80 55.06
11 1 1 -1 1 53.19 54.99
12 1 1 -1 -1 46.78 51.67
13 1 -1 1 1 51.32 56. 02
14 1 -1 1 -1 43.86 50. 06
15 1 -1 -1 1 48.25 53.40
16 1 -1 -1 -1 40.87 49. 64
17 -2 0 0 0 61.72 34.83
18 2 0 0 0 48.13 49.74
19 0 -2 0 0 49.15 48.50
20 0 2 0 0 53.24 54.22
21 0 0 -2 0 41.62 55.30
22 0 0 2 0 51.76 57.57
23 0 0 0 -2 38.55 43.96
24 0 0 0 2 58.52 44.15
25 0 0 0 0 47.28 52.17
26 0 0 0 0 48.41 51.24
27 0 0 0 0 48.87 54.85
28 0 0 0 0 49.52 52.63
29 0 0 0 0 50. 16 52.36
30 0 0 0 0 47.81 53.49
31 0 0 0 0 46. 81 54.51
Xt RE4H control -2 -2 -2 -2 44.35 13.36

MR 2 255, 88 SE /R 6 BRI B T BERE 0. 01, TEHH 4 Bl fin 0 xoh 5 1A 5 5 £ 18 8 1 A

PRI 0 B 5 A 95 i 0] FH i ) B AR R 3
ilbs|

Y=48. 41 - 2. 53Z, +1. 96Z, + 1. 74Z, +
4.10Z, + 1. 66Z: - 0. 05Z, Z, — 0. 16Z, Z, —
0.022,Z, + 0. 737 — 0. 27Z,Z, — 0. 08Z,Z, -
0.39Z: +0.20Z,Z, +0.07Z:;

y=>53.03 +5.12Z, +1.27Z, + 1. 24Z, +
1.69Z, — 2. 80Z; + 0. 20Z, Z, — 0. 32Z, Z, —
0.44Z,Z, - 0. 5373 + 0. 19Z,Z, - 0. 10Z,Z, +
0.747Z: +0.442,7, —2. 36Z;

X BRI RRSEAT T 22 o0 b, AR AR 3 Rk
4o R3INWSHZ, .2, 2, Z, 1) Prob > F fH/N T

TRKPER MR L R, R4 hS8Z .2, 1
Prob > F {H/NF 0. 01, Z, . Z, if) Prob > F {H 7F
0.01 ~0.05, W] TGase | Ji = KXt 56 145 B ER 1A
A BRI BE S MRS B R B L R B
X RIS R BE e W 2 o TR 3 ORISR 4 rh, #E A
JANTY Prob > F {H KT 0. 05, 6B W52 51 2%
PITFERAS 35, AR 0 45 R TR/ B
RIBEPEAIE 3 BT TS BB R A S R AL R
94, 68% .93.71% , 3 KT 90. 00% , 155 %I AH
KIEAREF; CV {H 351K 3. 40% 4. 51% , KR Ty
FERBR AT S W BB Fir LA, 7T DA 124
3B e 7 L PR 7K P R M i B 1) A2 A
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Fx3I FRAKEWEEATEST
Tab.3 ANOVA of RSA for the WHC

K it I iy F i oo () R
sources of variation degree of freedom sum of square mean square F value significance
Z, 1 153. 52 153.52 53.14 0. 000 1 e
Z, 1 92.12 92.12 31.89 0. 000 1 e
Z, 1 72.25 72.25 25.01 0.000 1 .
Z, 1 402. 78 402. 78 139. 42 0.000 1 ook
Zf 1 79.21 79.21 27.42 0.000 1 sk
Z,Z, 1 0. 04 0. 04 0. 01 0.907 8
Z,Z, 1 0.38 0.38 0.13 0.720 1
Z,Z, 1 0.01 0.01 0. 00 0.956 1
z 1 15.31 15.31 5.30 0.035 1 *
Z,Z, 1 1.17 1.17 0. 40 0.534 1
2,7, 1 0.11 0.11 0.04 0.850 8
z 1 4.45 4.45 1.54 0.232 5
Z,Z, 1 0. 62 0. 62 0.21 0.650 4
7 1 0.13 0.13 0.04 0.836 2
iRl 14 822.85 58.77 20. 34 0.000 1 sk
EZie1il 10 37.52 3.75 2.59 0.128 5
R 6 8.70 1.45
A 30 869.07

F4 BRECREMEIEGZESH
Tab.4 ANOVA of RSA for the gel strength

RAH 1 F I ¥y)5 F i b r(ay A
sources of variation degree of freedom sum of square mean square F value significance
Z, 1 629. 25 629. 25 127. 65 0. 000 1 EE
Z, 1 39.03 39.03 7.92 0.012 5 *
Z, 1 36.97 36.97 7.50 0.014 6 *
Z, 1 68. 70 68. 70 13. 94 0.001 8 ok
z 1 223. 94 223.94 45.43 0. 000 1 ok
Z,Z, 1 0. 66 0. 66 0.13 0.718 4
Z,Z, 1 1. 64 1.64 0.33 0.571 8
Z,Z, 1 3.13 3.13 0.63 0.437 4
Vs 1 8.02 8.02 1.63 0.220 4
ZyZ, 1 0. 56 0. 56 0.11 0.740 1
Z,Z, 1 0.16 0.16 0.03 0. 860 5
z 1 15. 60 15. 60 3.16 0.094 3
Z,Z, 1 3.03 3.03 0. 62 0.444 2
z 1 158.75 158.75 32.20 0.000 1 ok
i kil 14 1174.69 83.91 17.02 0.000 1 ok
i8] 10 68. 60 6.86 4.01 0.051 4
R 6 10.27 1.71
Py 30 1 253.56

{E:(a) Prob>F {HAI/NEIIMR R XA HLEE R LFEKT-; (b) * Prob>F {H/NT 0.05 RUMRISA F R A WFHILM, #+ Prob >
FAH/NT 0.01 SRIRFEM i BE 3%

Notes: (a) the value of Prob > F indicted the significant level of the model and various factors; (b) * [ Prob > F] <0.05 ;the model or various
factors have a significant influence on the gel strength; s [ Prob > F] <0.01 ;the model or various factors have a highly significant influence on

the gel strength.
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R DRACPE AN B8 I 3 B2 249 A A0 A 2 el 25 R i, f
LS i R S IS QA G S RS OV
i 2k (P L) A IR 55000 5 e, i3 4% DR 1 Ae

Xt Yy {HI R

ing

65 165 252
1 #eF
\£4&L\\—/ — _— //// 18485 E
=E —— i, ¥5°
o © A 460.
%550 /\ /7 1850
@3 ]
30,0 1300
2 2 2 32 2 2 2
Z, Z, Zs Zy

B1 BEFR %
Fig.1 Effect of single factor

TGase X i {4 Bk v 2 1 BE DR /K P 1 B
P F300 RER ¥, =48.41 —2.53Z, +1. 667 ;4
S{E M 0. 76 B, Y {H /N (47.45% ) , TGase 7Rl
0. 69% ; 43k B i /MBE -2 B, Y HiR K
(58.12% ) ,TGase ¥ #E K 0, TGase St ¢ g ot
JE RN TR y, =53. 03 +5.12Z, —2.80Z; ;Y4
i E R 0. 91 1), y, HK(55.37 g) , IH} TGase ¥
R 0.73%

Vi T TR M X B G P /K A 1 B R 00
Y, =48. 41 + 1. 96Z, +0. 73Z2; 4 (i —1. 34
BF, Y, {8 5 /) (47. 10% ) , 1 35 B2 51 S I &2
0.17% ; MK B RATIM 2, Y, (Hfee (55.24% )
WGV S FR AN AN I 5 1. 00% T 958 1R A T 45
JE5 BE A BN J7 BE O y, = 53. 03 + 1.28Z, -
0.53Z; ; 4f (N 1. 20 B, y, fEHK(53.80 g),
IS T BE R BV JI 4 0.80%

AL SR BB AR A P TG G 5 ) B R 3K
NITFE AR Y, =48. 41 +1. 74Z, —0. 39Z; ,y, =
53.03 +1.24Z, +0. 7AZ,  YH{E R 2 B, RHE
FHEEN 1.00% , G HS 356 I f 7K P I i 5 B2 3438
F R K,

B 2 e XoF 5 7K 1 B TR 50 T R R
Y, =48.41 +4.10Z, +0. 0722 . 4F5{E K 2 i, %t
AR 7K M B i (56, 87% ), JBE 2 e S i Ry
1. 00% 5 JBE = RORT k185 25 11 6 1 32 AR 0007
Ky, =53.03 +1.69Z, —2. 3622 , T4 {EH 0. 36 fi,
BECHR I 5 K (53. 33 ), I JBE = RS WA 4y
0.58% ,

2.3 EERAKMEFNERE B S
IS RE T K Yy E, BRI IR KV B KAE
R T7.61% , U IR K H i S 0 Dk T 5 TR B
1.00% FHifg 1. 00% FIEE 3B 1. 00% 5 5 % 3
FEm KA N 62,10 g, B hn i) b Ho £ 43 5
TGase 0. 73% 1 3R 4 0. 80% FHilE 1. 00%
FEE ¥ 8 0. 58% , TGase ¥ fill & M\ O 3% i 5]
0.73% 7K 58. 10% [%5 45. 40% |, ¥ 5 ok
B 31.59 g 1% 55.37 g, i F TGase X {5 7K 1%
TGRS B2 A A FH A s, S0 i e BB v [ (L
0.36% ; 3 R AN M 0. 80% HE 5] 1. 00% , 17K
PEM 49. 84% 15| 53. 32% , HENCHEEM 53.79 g
R 53.45 g, B AT IR 1. 00% 354 28 TR
T 1% RS, PR e G i B 35 Oy e A 5 R 2
JRES i & N 0. 58% 34 F| 1. 00% , & K ¥
47.94% ¥ 5| 54. 93% | IS BE M 53. 53 g R %]
46.97 g, BEEWHEAE 0. 58% 5| 1. 00% 2 [f] , XH§
K 0 R IR iR R 0 A O AR s, BBCHE o Ja)
0.71% 8 R H,

TGase |5 IR A . R P L E 2 I G 38 1 7S
jniﬁ}%lﬁgo 36% ,1.00% ,1.00% ,0. 71% , It

T AT SRR VA B U RE A AL B DROK PR FHBE L
gﬁg,ﬁ}ﬂuﬁ 60.36% *1.05% F1(55.20 £0.13)
g, SRR TUNAE 60. 23% F1 55. 97 g AEH ik,
GRS B U ATRE SV € o2 i3 I/ C A N 2
VS ER BRI R PR AT SR . ARG T B, AL
ZH PR 7K I R iR E o i BE T 36. 41% +
0.03% F1(351.80 £0.13) g.
2.4 BRMBEARABER

TET R E BREh i B H P, W0 0. 36% TGase |
1.00% T FERREN 1. 00% RHr B FI0. 71% FE2ERE,
il s B A4, Rl sk Ve 2s (4, A7 LB
FHE (E2) NE2RT LUE 25 4] (a) TR LY

(b) PEALA

(O E=E:

blank group optimal group
2 BEREHEAHRERRRNWBREEE
Fig.2 Scanning electron microscope of salt-soluble

protein gel from C. robutus meat
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BEME = AR 25 LA T, 358 I P LR T AR A0 R/
AN PE A A (o) il B A 3 7 2 11 6 e 3% T 45
FPLHE , =4 ARG M BRI 5], RE & P Eh 7
BRI A R R B PR K o

3 Wie

TGase #{ I\ & 205 £ i 8 1 5T I 428 2 FIORG
AR — AR LA, EWH FRAAREA
JRZ A ACHRAVE T, an2f IR 8 IR XS PR S fa TR 1Y
S| 4 o Y N RN e R Y
H$2E R A5 TGase 7S hi& 52 IE A OC, 127 —
R VAN TN B R R B KA, T BA 4 2R B 1 o
HEEIE I 25 Fo B i AL S A H B — e i A
P, 2o B B B2 56 BT S ] B R 2 TR ) 45 1 B
3 5 Ah g o T fik R HE R B AE CHR
VA 61 255 £ JBE (R IF S 4 R i TTANG
22 T £ JBE YR IR TR ¥R BE (0.0 ~ 0.6 U/
g) 1Y TGase, TSIl 4 0.3 U/ g HFEE I A0 105 BT 52
BTV IR R S 56 st ot 88 4 A B KA, =2 ) W
TGase ¥ & 34 i | F, TGase 4 i3 & J 1 fiff
A EEEE AR A RE T MG . FE VAR SRR R A,
U TGase J BRI IR K PERFAR , 33k 15 52 S AR 4
HIFFE 45 3 — 3 (B A WF5E 3R B, B8 0 TGase Xif
B AR K P 1 T S Y S e g e A UK
PO L PR Rt — R

Vi S FR B2 SR K AR, BB AHE — € 2514 T 847
TRAC T BOR | T JA B R K o+ I
S N o %) VB TR A R R R I AR K L R
PR A RS I & 20— KT
e SRR O R AT W G ER B % $2 Y B
Je , S S5 B TR A A R R AR R, JC AR
F S 18 o 5 JE 1) P SR R i R ASE i, o B G iR
BREE BYRE TR TS S T2
W OFhEaFEERNRE, ST 5K TF4EE,
OB AR K M, R B i T RE IR S Ehim A
TR AR BEAE R T R R PR A o T 1A
AHEAER T AR AR R 5 T8 B 5 1) = 4k ™)
Kk, DATIT 388 0 5 Fg 5 38 5 (LI R i 3k i vl B | ke 2%
IK AR BIK G . 1 8 T 8 A, (H B8 i 2k
FARBGGRY, A TR G R R TP 2 [ 1) P 25 245
FA) , Foe 2 A LR S 5t B AT o

Xt TR AR /N Z= A i A, i T R
JBE I e — A B AR . AR SEEG A5 R R WS 0
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Influence of several additives on the gel properties of
salt soluble protein from Cynoglossus robutus

YANG Wen-ge'*, JIN Miao', YAN Wei-hua', XU Da-lun', XU Pei-fang’
(1. Faculty of Life Science and Biotechnology ,Key Laboratory of Applied Marine Biotechnology ,
Minisiry of Education ,Ningbo University ,Ningbo 315211, China;

2 Ningbo Yuzhimei Seafood Plant,Ningbo 315021 ,China)

Abstract: The gel-forming properties of salt soluble protein are one of the most important functional
properties in processed surimi products, which could affect the texture, emulsion, water holding capability
(WHC) , gel strength and sensory characteristics of fish products. However , the gel-forming properties of salt
soluble protein are affected by a lot of factors including additives. To study the influence of several additives
(TGase, sodium alginate, carrageenan, kanjoc gel ) on the gel properties of salt-soluble protein from
Cynoglossus robutu ,the multiple regression models were set up between the WHC, strength of salt-soluble
protein gel and content of additives according to the quadratic composite rotational experimental design and
response surface method, then the optimal quantities of four additives were determined. When the additive
composition was TGase 0.36% ,sodium alginate 1. 00% ,carrageenan 1.00% and kanjoc gel 0. 71% ,the net
structure of gel was dense evenly,and the WHC and strength of salt-soluble protein gel were 60.36% and
55.20 g, respectively. Compared with the control group,the WHC and gel strength of salt soluble protein
from Cynoglossus robutus increased by 36. 41% and 351. 80% . Appropriate additives combination could
significantly improve the WHC and gel strength of salt soluble protein from Cynoglossus robutus.

Key words: Cynoglossus robutus; additives; salt soluble protein; gel strength; water holding capability
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