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MR, b REERHEAR AT,

W S R A T Ok il (8
T4 ) B UK Maker 25 % B 752 5 R250 1R
Wy i UK SR I A R AN A AR B AR, R
HET RIS R B B A R A | T e S i g
B9 (SDS) | = ¥ F 3 % 3% H o8 (Twis) U H 3L 2, —
M (TEMED) , ¥ R UKk 202, NI ke (N, N—F
FH 5 U TN s T e 3k B R 0, 38 Sk e BT i, AR T
A TR AR A BRA A
1.2 UE{5EE

MS105DU 4317 KF- , g 5 — 48 F1) 2 A0 (-
) A BR/ A ;FE28KpH i1 ,METTLER TOLEDO
23 ) UV2550 224h—A1 W 6O e, H A SHI-
MADZU /A 7} ;SA402B F R 73 T 248, HA
INSENT 23w ; BHT-312 Y627 B85, H A Olym-
pus 23 A ;Flavour Spec “TAH B 11T 88 38 Bk H 4L,
EE GAS 7 F); YC200 R AHLAURE UEAL, 1 IR
BL R A AL UMCS B2 Fr ks,
Stephan AL AT FR 23 & ;T78-90 PR AL R K ML, 2&
BAPRAE B R A PR W ZB-20 BB H KB 15
39T B T AR LB FI200-SH #4515 5 43 1y
AL, LU RARRBIAT 5 LREMCHE A HL B8 6t AR
73 E]; THERMO ¥ VR & i 250 HL, 26 [ Thermo
2] AF-10 42 B 3 S AR VKB, Rk 2 il vk bl
G (M)A RS A CM1850 ¥ 7R U1 A ML, 1 [
Leics 2y H o
1.3 Fi&

1.3.1 HfEfamEin T T2 Frie ke kk
R ABE RNNE, LE T RN OREEE PR
(A% TEHE A% W ALRERE ) S5 T, 1S Bk i 1y
T80 CIV 25 H .

1.3.2 RIEVEMBEM S 4 R URBYAREEGE B
o BEAE T PEAL P BT 2 min, WONE R BN
2.5%1 NaCl #H %71 2 min, P35 K& H R 78% 2
Jo P LT PE 3 min, RJGHEA HAEN 28 mm Y
SR A T FEAS R S5 IR i A2 1 LA
90,115,121 Chn Ay FEfili | 38 & Fh i B 79 — Bt
Jn#, HAK 20 4 A 90 °C 30 min;B:40 C 30
min-90 C 30 min;C:115 °C 30 min;D:40 C 30
min—115 °C 30 min;E:121 °C 15 min;F:40 °C 30
min—121 °C 15 min), FrA T 4 ChjE

.

1.3.3 BB ok BE 0 I E R R R JE A TAXT.
PLUS B8 ASCI0 5 , 0 5 7 S 4 A b 76 2 R
30 min, YJ AR AEAA(2.5 cmx2.5 emx2.5 ¢cm) il
A TS0 P/SS 5 0 i B | 03 52k 2 A
DN S BE 25 0 1 mm/s s FEARTEAE Ry 50% 5 fish % F1 0
15 g, B4 10 MFAT,

134 ZEBBANYME 2% Sharaf Eddin 55
7 IR AEAE , B B8 B i B ELA% Ok 8 mm, 15
20 mm B AR AR HERA BRI (my) 5 A /DB 2
FARIFE O KB SR 90 °C 20 min, T K
O 2R DR AR T PR FR 5 (ms) , B4 10 >F
1o ZZBEM KM INE LA (1),

HEMK (%) = (mi=my)/mx100 (1)

T omy R 2R A R R g m, MRS
R TR JE T 1 L g
1.3.5 FKMEMME 2% Cao S5 7 kAR
B K2 1 g MPBERER S T RO, 7E4C,
5 000xg 2.0 /1 F B0 15 min, I 50 5 B &
W E 4,10 KOBAT, BRI R
EIK(2),

FrKE (%) = ma/ myx100 (2)

TE oy NSO e 8 B T B T EE g smy N
B0 TR B IO BRI T g
1.3.6  HEMME SR CR-400 21173 b7 fa
JEE ) ot 5 S 1) 1B 0 O S B (L) (A sk
0, (a") T /05 €8 (b)) (8, iR 4 =X (3) 3T 5 | it
{H.

F1E = 100-[(100-L")*+a+b ™| (3)
1.3.7 pHEMNE Z% (&M% 4% EZRIE
£ 5 pH {H A9 2 ) (GB 5009.237-2016) (]
TEITIEMIERIEIE B, HS ¢ ARSI 50 mL Z51H
KB5S E 30 min, i JE B VE W, A pH 3
D A 1Y pH AR, B 20 10 1 FAT
1.3.8  THOWSSHY 43 B 0 58 Bk I e R AT ¥ VR V)
AL VIR R EE A 10 wm, L HE 35750 %5 80 /- 42 €
Qe a5 MU0 7 76 W U8 N ORER , CRASECH 40

(~7.
Mo

1.3.9 #EWE SDS-PAGE 43-#7 2% Huang %"y
Ti RS A B, BRIBCEE BEAE i 2.5 g, LRI N
A 225 mL 1 5% SDS WA ZE 90 °C, f&iddy
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Ji 2 min J5 K S 3KCE T 90 CHRKIEH M 1 h,
A HJE 78 24~27 °C 10 000 r/min 554 F .0
15 min, BC L35, AR SDS 3 008 15 25 0 5 B
(1) b 38 WUF B 2 6 mg/mlL, 2 5K REGR hil
SEARAE 111 R HIR A, WK S min, il
e, B AR SR 10 WL, o i 4 15 R0 43 B o i
W FE 2y 514 4 mg/mL F1 12 mg/mL, J&F 80 V fu
&M T 24T 15 min, J5F 120 V fHJE&MF Fig

7 80 min, 4 JiC & 457 42 3 IR I 45 0k U .
TKGERUE AT g0 (PR 0.25% 1) % S i i
R-250) F i € (B 6« 7 50% T £ B 10% &
%) ,i2 H Quantity One FXFIEAT 45 F1 5347
1.3.10 [RE FiLBIE (GC-IMS) 404 PRl 2
g AR E T 20 mL TS % 3, 7F 60 Co&
PR E 15 min J5dERE . EARS BT 2540 FASAH 6
TEAIEILR 1 2,

x1 SWEH
Table 1 Analysis conditions
AAB-B T BRI H#HME#AFLET
%7 B 18] /min 20 R N T 500
EEAE £ A FS-SE-54:15 m ID:0.53 mm 7% % B 18] /min 15
A5 /C 60 % H R E/C 60
RAEHA N, A4 B E/C 65
IMS & B /C 45 9 A % 3% / (r/min) 500
x2 SHEGEEH
Table 2 Gas chromatographic conditions
A ) 8 E A% A% 2/ (mL/min) #H A% E/(mL/min) Bk
00:00,000 150 2 Tk
02:00,000 150 2 -
20:00,000 150 100 51k
1311 BT RGE (7)) /00 A FIBCIBTEE B A2 e BB e i R S e £ JBE B JE i

i DI J MERFR I 25 ¢ THedfr, $% IR 1:5 A9 T
A 125 g ©An#E 40 CRY 4K, BT 1
min J& B0, B0 A 20 °C 10 000 r/min 15
min, HELO B A 0.22 wm JEAEIE, LU 30
mmol/L G ALEF F1 0.3 mmol/L 1 A1 R ¥ W AE 0 ik i
W, >R FH R RE IR 5 43 BT R Ge b A7 43k, B 4 0
4 ki
1.4 ZitsHm

i 56 £ 55 Rk FH O SPSS 19.0 K 14 #E 17 43 Bt Ab
L, A Origin 8.0 fEEl . GC-IMS %4 1% H
Reporter ffi {4 LAV (Laboratory Analytical View-
er) Dynamic PCA i {4 Gallery Plot #fi {4 LL J&
GCxIMS Library Search #4217 537
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21 EBREGMNKREXBEIERSENZIN

2,11 BEFE AR R EEE 0 BE B9 | AW )

FE RV SRR 2 —, X 2 B T 4 2
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VEFITR % A W 24 T BB AR 32 1 e Ky, B b g
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TR o T DT B S Y S ) B T e B
BB PR B Ar 1B 1 AN () B A AU B T B e
SREE . W AW R R i A2 Ak . NIRRT DL
th, 7E 90 CBUM AT, o B8 BE K 11 B i 5
JE T BT 3 R W P 34 3k B R R, 43 )R
56.72 g-cm,89 g.0.63 em, FHILAT UL, 90 CEBm
AT DU S0 T A 0 £ JBE O S 1 it BT . AN [ IR
JET, ZBUMM A BER RS AL T — Bk i 2
PRl Ry — B i #R AT Dl £ B R JiE 191 e AE 40 CI
AT AR VR B e AR, it FE i K AR AR T IR
B DL by A B P T S R M 5 AR A
7T P4 3 0 JBE 5 JC 5 2 | W R T W B i 52, B O
JRE it B 1) b T £ R B MR R | W I g A R T i
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T I T J3E
Gel strength/g-cm
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o

E F

(o} D
T Ak B 5K
Gel treatment mode
(a)
L ANFNG PR IR 22 5 17k 3 (P<0.05);A. 90 °C 30 min,B. 40 °C 30 min—-90 °C 30 min,C. 115 °C 30 min,D. 40 C
30 min-115 °C 30 min,E. 121 °C 15 min,F. 40 °C 30 min-121 °C 15 min,
B 1 BEAE A KX B B 58 B A I 0 % R I BE B A &2 T

Fig.1 Effects of gel treatment method on strength, breaking force and breaking distance of surimi gel

2,12 fin Ty 2O R Rk B B I R K M RN 2R
PRI RE M Ap K S B At B8 R R R 5 7K 43 1 e
1, A2 g0 JBE R A JBE T 1 — SR Rk
V3 W A0 JBE ER G 1) 0 2% 45 A R0 | W UK A B TR
ZHRE SRR B R 2 AR, 90 C B Rk
PR m, M 90 °C— Bt i 66.43% 34 in %
72.72% ., D A F 20 £ B8 EE A — B I i 45 7K P
AR T — B (EL R 2 58 Ak IR 0 T
FEARMEA B B, AR DR BEEE S AR 90 C B m
PREFAETT B J PN — 4 IO BR 45 ) T 380 g A A
B A SR R PR o SR TR EE Ao e S IR A
JEE 5 JC PR P = A AR 5 4 i R T I 55, 20 R
FrEJa A RS = 4 IR 2 [ S5 0 S8, R
U fa B R K PE T R

ZRAE R 2R A0 BRI AE 25 A R P R 1Y
KA, B A BE R K e S ) AR AR, R 2 15
1,90 C B AR 75 B AR 5 fiK, 4 17.88% , 1%
IKAETI Bk, SRR RS R — 3 T A A, B
TR 78 Z VR BN T R N — Bk, JfF B
90 CHNFA K ZEZ I /NTF 115 CHI 121 CHIR 5%
PR BREE R RK T 4 3R BT 90 C B #A %%
PR 0T LA 008/ o TR ok A JBE 5 I ) 7% B LR X
SR SRR TR S5 — 2,

1 87 77

Breaking force/g

HRAR TC LI A B EIR | fe 2 B AR BE R IR Y =
2 AR 254G 25 B AR O, TR ) BRI R

] wilif
[ R

T IBT
Breaking distance/cm

A B c D E F
BRI A # )5 =X

Gel treatment mode

(b)

F RPN
Cooking loss/%
Rkt
Water holding capacity/%

A B

C D E F
B FE Ak 25 5
Gel treatment mode
B2 HERAEBEAFAMKERGEERERRLK.,
R oK M B9 0
Fig.2 Effects of gel treatment method on cooking loss

and water retention of gel of unwashed surimi
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Table 3 Effect of gel treatment on whiteness of unwashed surimi

L a b & /%
90 °C 30 min 66.07 + 0.60° 0.08 £ 0.10° 14.76 £ 0.41° 63.00 + 0.39°
40 °C 30 min-90 °C 30 min 68.69 = 1.70° 0.13 £0.02" 14.50 £ 0.42° 65.49 = 1.37°
115 °C 30 min 74.41 £0.11° —-0.75 + 0.03¢ 14.60 = 0.13" 70.53 = 0.08"
40 °C 30 min-115 °C 30 min 76.44 = 0.10° -1.06 + 0.06" 1432 +0.16° 7241 +0.12°
121 C 15 min 68.77 £ 0.70° 0.37 £0.27 14.76 £ 0.41° 65.45 +0.77°
40 °C 30 min—121 °C 15 min 68.80 = 0.05° 0.16 = 0.55° 14.77 £ 0.23* 65.48 £ 0.13°

A R/NG R 22 574 1 35 (P<0.05)

214 R S A IR R T A TR £ B M pHL (L 1Y
M) pH B Jz B £ JBE B i (1) 6 3, pHL 23 5% i)
LB £F 2 25 (1 Y IR ZS AR VE o, ki
S AR BE IS R TR ORI R PE Y R GER pH (23R
SEHL S (pD) B # LR I K/NLF N B L)
T RETE— I BB M4 45k R, 7 S PR
B K = i Az P HOI T, RGE pH {EZITE pl Al
W PR pH {2 18], DAARAS H A T G35 e o0 M 1Y) 35
e, HHE 3 A, R EE S pH {E 3 7E e id pH
6.7~7.5 Z A1 iy H v DX s>t &b 3197 O W] 1Y) 26 [
P2 SRR S U5 I iy XoF 2 R 5 M R R DN
22 BRUBREMAEXRBERRMMEHH
A

Pl 4 R AR BE S AR TR, R V58 ok £ B8 458 i
M TOREE R AR Ak, B B W) S 45 P A B 2% 14 F oK
VB 0k e JBE R i PN A TR 45 4 1 23 T RN 2s
B3 A 2 501 O O S DO R 5 4 2 R T R
Jozs (1R 1 | 2 TR S Il £ 58 R JC e 32 1) 48 s
K 4 ol LUA 5 —BOm R L, B & 1
T R TR 0 B8 R LB B s, e A S
25 [11) &5 A6 A X B R 590 A Y 2 Fh ik B 7 AR
FHA 4 115 Chm#g 2 #7408 F 121 Cxt
N 2 AhAb B SR, HLgh RS B i i 9 45 R
A,
23 BRUBRENKREXGEEERRPEARSA
FREENFIG

WLER B (1 HE A (MHC) 1 Sk L 2T 2 25 1 v ot

be be c be

6.8 -

6.2

A B

¢ D E F

B Ak 7 X
Gel treaatment mode

A RVNG F R IR 22 51 % (P<0.05) 5A. 90 °C 30 min, B.
40 °C 30 min-90 °C 30 min,C. 115 °C 30 min,D. 40 C 30 min-
115 °C 30 min, E. 121 °C 15 min, F. 40 °C 30 min—-121 °C 15 min,

3 BRAEAFXINKEREERER pH EMNZIE

Fig.3 Effect of gel treatment methods on pH value

of unwashed surimi gel
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. Nipw
0 min (d)40 °C 30 min—-115 °C 30 min
-~ "* - Al A
« JAST ’M ;
- X
- N

(£)40 °C 30 min—121 °C 15 min

(e)121 °C 15 min

B4 SRR ALIE 75 33 AR UL S AR R AR VL 45 M B 24 T

Fig.4 Effects of gel treatment on the microstructure

of gel of unwashed surimi

iR
2.4 EERAL IR FE 3T KR 5t £ BE KUK A9 2
2.4 AR EE X A IR £ 58 U5 B 5 2 R ) T
s SAHE FIiE ik AR (GC-IMS) & —Fh
BRI AR 3 AT B AR, T A v A B 3 A3
B URVE 75 100 SO o e 0 3 R BT R
RV E 25 R AR 00 D0 0, 75 12 il XU 23 B 45
Hh A R OR A 1 I AT

Bl 6 27 11 2 19 A [7] 358 1 A ek B Ak BT A 28
P 1B £0 0 58 i B £ P ) GC-IMS — 4k ]
W, AN, BUE T GC-IMS Iff 41 1 3 45 4

ku M A B C D E F

200 —— MHC
116
97.2
66.2
443 —— AC

GO 3

20.1 9\—“&_
B Marker,
B 5 AELERLAEFNTH SDS-PAGE 4 #E
Fig.5 SDS-PAGE analysis chart under different gel

treatment modes

Mo B 7 dnl DL AR 150 s FO 45 85 B 1] BRI, —
Bom# Ty 2 — B #g (4 B 7E 300 s B4R B
Af (R BRFT, 115 °C &% 121 °CHY 4 Fp ik 35 =0 4o T
TR, U B AN ) g ik 8 R[] 3k 3T 1 AN ) Ak 3 2%
1A 41 2 5 e o TSR O 0 JBE P 4 R TR A LY A X
1 J5E R IS 1) AR 7 AR 50, T AR 5 O B S AR
P THEE 6 BB P A5 380 B & VA B 1) Fel
5,k 4 3£ 5 PR,

WAL R 5 BEERAT H eAe  45 B & T
ALY, Horb  BEZE 10 B BHZE 6 Bl S 18 B |
BIE 2 Al MRS 5 AP K ESE RS AL 2k
% 1A,

RIEPE B & A REMEBERY R, XJ&h
TAREVE A EE S A Kt iy, Bk J5t i vl DLl
T 25 10y T A T Sy 281 AN R T B XU )
M 58 K120, 28 R 08 2 T R U5 Uk £ JBE 1 KUK R
PERO Horp SRR A BRI AR B TS
TS, BE AL T PR IS 110 e A 0 AR VAR B 1) XU

RV £ BE PR U A TR R A A 6 i TR
F W) T HA — 7 B R R

MW A AW B BT O R KU R
22 B il T Y G B LR B4 O B BAR B E
AR, 7R B e BE T kSR A 5 R o)
R 2,3- L -5 ARk 2- 2 K -3,5-
HHJENE IR 2- 233, 6- — HIJLNLIE 2-Z 3t nE |
2,6 HFENL G | v E ok R A 8 ] )
T, K2 BA R4 ABR

B BRI G WERi S, SFA
JEL B R U7 IR A TR B TR AKCOR B, K EE A

TE: X IEBIE , ms; Y. fREIIE s, Z ([R50, A,
E6 AEERAEAXTRELEEANETRT
B GC-IMS =4 &
Fig.6 GC-IMS 3D spectrum of unrinsed fish sausages

under different gel treatment methods
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IR FE AR 416 R W PR 1B 6 R RO TR B
7 AEERALEFAXTRELRERNETHLN GC-IMS B 4% E
Fig.7 2D profiles of GC-IMS of unrinsed fish sausages under different gel treatment methods

R B2 15 [
Retention time/s

1.5 20 10O

1.5 2.0 L0

BT )

15

lon migration time/ms

TE AR bR 1.0 421 (0 R 2 5 RIP W (S B 70 ), RIP W P00 4 B — > G AR — A R YEA P, SRRV BT 1 AR

2.0 1.0

L5

4 FREMARETRELGEES MLEDELHH

Table 4 Qualitative analysis of volatile compounds of surimi without rinsing at different heating temperatures

5 w4 AR CAS 5 2T X BB IEE RG A/ T A/ ms
1 2,3-=Ck-5-Fkw (2,3-Diethyl-5-  C18138040 CoH 4N, 11743 596.3 1.3
methylpyrazine )
2 E® 4k (Nonanal) C124196 CoH 5O 1 106.1 498.3 1.5
3  EB =Rk (Nonanal) C124196 CoH 50 1104.7 496.2 1.9
4 2-THh-3,5-=F A% (2-Ethyl-3,5-  C13925070 CsHpN, 1095.2 482.6 1.2
dimethylpyrazine )
5 2-CTH-3,6-=F A (2-Ethyl-3,6- (13360651 CsH N, 1 069.6 445.8 1.2
dimethylpyrazine )
6  A-2-F M E[(E)-2-Octenal] (2548870 CgH,,0 1 054.5 424.0 1.3
7 (E,E)-2,4- B =} B[ (E,E)-2 ,4-heptadien- C4313035 C;H,,0 1 014.0 365.8 1.2
al]
8  EFE ¥4k (Octanal) C124130 CsHi0 1 005.8 354.0 1.4
9  EFBZRK(Octanal) C124130 CgH,cO 1 006.5 355.0 1.8
10 iE % & (1-Heptanol ) C111706 C;H,;0 990.1 3354 14
11 2 Z & (Ethyl hexanoate) C123660 CsH 60, 986.5 332.4 1.8
12 3-%# (1-Octen-3-ol) (C3391864 CsHi0 981.8 328.5 1.2
13 1-F%-3-8 (1-Octen-3-ol) (C3391864 CsH,cO 978.9 326.0 1.6
14 3—vkv ¥ 8% (3—Furanmethanol ) (C4412913 CsHe0, 972.9 321.1 1.1
15 X ¥ 8 (Benzaldehyde) C100527 C;H:O 955.8 306.9 1.2
16 (E)-2-/& ¥ 8% 4k (E)-2-Heptenal] C18829555 CH,O 953.4 304.9 1.3
17 (E)-2-/& % 8 = R AK[(E)-2-Heptenal] C18829555 CH,,0 953.4 304.9 1.7
18  (E,E)-2,4-& =¥ 8 [(E,E)-2,4-Heptadi- (C4313035 C-:H0 1 010.6 360.9 1.6

enal]
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(8% 4)

F5 N & AR CAS % SFR REI/E ARG/ A /ms
19 BB 3# 4 (Heptanal ) C111717 C,H,,0 900.3 260.9 1.3
20 B =4k (Heptanal) C111717 C,H,,0 900.3 260.9 1.7
21 2R T & (Cyclohexanone) C108941 CeH,0 896.7 257.8 1.2
22 2-/% B (2-Heptanone) C110430 C,H,,0 890.8 253.5 1.6
23 1-T A # 4k (1-Hexanol ) C111273 CeH 1,0 869.9 243.0 1.3
24 1-T B =R 4k (1-Hexanol) C111273 CeH 0 867.9 242.0 1.6
25 2-C MBS IR (E)-2-hexenal] C6728263 CeH 0O 845.0 230.5 1.2
26 2- S Hi = RAK[(E)-2-hexenal] C6728263 CgH 00 845.7 230.8 1.5
27  iE T E(Hexanal) C66251 CeH 0 789.8 202.8 1.6
28  2-T A (2-Hexanone) C591786 CeH 0 776.6 197.1 1.5
29 T B (Butanoic acid) C107926 C,Hz0, 821.5 218.7 1.2
30  JE X A% (1-Pentanol) C71410 CsH,,0 759.0 190.3 1.3
31 ¥ (Toluene) C108883 C,Hy 768.6 194.0 1.0
32 J%B% (Pentanal) C110623 CsH,0 702.9 168.8 1.4
33 2-/% B (2-Pentanone) C107879 CsH,,0 693.4 165.1 1.4
34 iET B (1-Butanol) C71363 CH,,0 677.6 160.8 1.4
35 5 B (3-Methylbutanal ) C€590863 CsH,,0 643.9 153.2 1.4
36 L8R LB (Ethyl acetate) C141786 C,Hs0, 608.6 145.2 1.3
37 T & (Butanal) C123728 C4H;O 590.2 141.1 1.3
38 ¥ Z & (2-Butanone) C78933 C,H0 569.5 136.4 1.2
39 A& (Acetone) C67641 C;HO 508.2 122.5 1.1
40  Z % (Ethanol) C64175 C,HsO 490.5 118.6 1.1
41 5+ A & (2-Propanol) C67630 C;H;O0 543.4 130.5 1.2
42 2-% ¥4 (2-Carene) C554610 CioHys 1002.2 348.9 1.2
43 2- %k vk v (2-Pentylfuran) C3777693 CoH,,0 994.5 339.0 1.3
44 2-Z ¥k vtk (2-Ethylpyrazine) (13925003 CeHgN, 931.7 286.9 1.1
45  2,6-=" Jkwt (2,6-Dimethylpyrazine) C108509 CeHgN, 915.4 2734 1.1

x5 BRAMULEUOER
Table 5 Volatile compounds classification table
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Fig.8 Comparison of fingerprints of volatile organic compounds in fish sausage under different gel treatment methods
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Effects of Temperature and Heating Method on Gel and Flavor Characteristics
of Unwashed Surimi

WANG Mengyu', MA Xingsheng?,

LI Xuepeng',

ZHANG Zhiming', WANG Wei!,
LIU Yingli®

YI Shumin',
LI Jianrong',
(‘College of Food Science and Technology, Bohai University, National and Local Joint Engineering Research Center for
Processing and Safety Control Technology for Fresh Agricultural and Aquatic Products, National R&D Branch Center of
Surimi and Surimi Products Processing, Key Technologies for Deep Processing of Marine Food: Provincial and Ministerial
Collaborative Innovation Center, Jinzhou 121013, Liaoning
State Key Laboratory of Marine Food Processing & Safety Control, Qingdao Bright Moon Seaweed Group Co., Ltd.,
Qingdao 266404, Shandong
College of Food and Health, Beijing Technology and Business University, Beijing Advanced Innovation Center for Food
Nutrition and Human Hedalth, Beijing Engineering and Technology Research Center of Food Additives, Beijing 100048)
Abstract The effects of different gel temperatures (90, 115, 121 °C) and methods (one—stage heating, two-stage heat-

ing) on the gel properties, microstructure, protein expression distribution, and flavor of unwashed silver carp surimi were
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analyzed. The results showed that the gel strength was the highest under the two-stage heating condition at 90 °C, reach
ing 56.72 g-cm. Moreover, the gel strength formed by two-stage heating was higher than that of one-stage heating
(39.76, 8.96, 8.05g-cm). Among all the samples, the whiteness of surimi gel was the highest (72.41%) at 90 C two-—
stage heating treatment. Two—stage heating at 90 “C could significantly increase the water holding capacity of surimi (P <
0.05). When the temperature was 90, 115 °C and 121 °C, compared with one—stage heating treatment, the water holding
capacity increased by 6.29%, 0.22% and 0.6%, respectively. The microstructure and sodium dodecyl sulfate —polyacry-
lamide gel electrophoresis (SDS-PAGE) showed that two—stage heating could promote the formation of protein gel network
of unwashed surimi, making its structure more compact and more evenly distributed. The GC-IMS analysis showed that
45 kinds of volatile flavor substances were detected in the unwashed surimi. The flavor of the fish sausages prepared by
the two treatments at 90 C was similar. The flavor of the four groups of fish sausages prepared by heating at 115 °C and
121 °C was similar, and the flavor substances were more than those of the 90 C group. Conclusion: Two-stage heating at
90 C could improve the gel properties of surimi, and two-stage heating at 115 C could make the fish sausage have the
best flavor.

Keywords gel temperature; unwashed surimi; surimi gel; flavor



