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B B-Bi bk OWE | A I BE (Tris) Sy HL UK 41
F[# Bio-Rad A F; B FHRIZE (B4 F 0 b i
(B, FAY TR PR A e A 2= alR 2 4y
Brali, = 2548 AL 2R A R A v
12 E&5MEE

EF 410 B & W BEAL, €& Ashton 28 A ;
WF-12 B9 R HE W AL, 5 2% T B FRAILAR T 7% A7 BR
AW TMS=Pro B4, & [E FTC A8 A FRA 7
Color Quest XE {4224, 3&[E Hunter Lab {X#84H
FR 2 7l ;SpectraMax 190 4= % K Wil A5 A, 52 [
Molecular Devices 7\ F] ;Mini —protein Tetra Cell
T 1 HL UK PowerPac Basic HLUKIYL .GS 800 #E %
FAAL, [ Bio—Rad {X &% A FRA R ;T-18 25t
HL, 18 IKA AR AT BRA F] ; Lynx 4000 %Y /55 2 1%
% B L Evolution 60s 25 7043 5% 5% iF, £
Thermo Fisher Scientific 2% &) ;7890A < AH &, ii%
1, 1 Agilent 23 A
1.3 Fi&
1.3.1 MBI R HIfE M 500 g ¥ VR FEE T 4
C TR, UIREJG F t, fR td A b oA 2% & 4 |
AN 5T o3 B LR AL il (0%,0.4%,0.8%
1.2%,1.6%) I FEFEHITE 10 CCLAT o 8 78 Jic
J W) >R BOT AL (45 °C,30 min; 90 °C,
20 min)EERAL , VKK ANG 4 CY¥ e, Pl
Ao E S LR R i S IR
1.3.2 BUARRPERIE OB IUAE U0 20 mm
JERBEAEAR, 20T P8 30 min 5, TPA J7 0
JE BUAE R PSS OB IRk o MRS A 2 (1) 35 5
JE iR J3E

BENCTRE (geom)=M 250 (g)xMBEIRE
(cm) ()
1.3.3 HERNE RS YTR 20 mm JE 1Y
A A, F 3 R P 60 min, W5E L a" b7 fH
AR HEHEW),

W=100—[(100-L")*+a"*+b"]" (2)
134 FpRPERINE 2% Shi 075k o470
2o MEBIFRI 3.0 g (M)t BEFE it |3 J2 U8 4K £ 2
Ja,F 50 mL &0 H 5000 g B0 15 min, &0
I 4 °C, R PR (M) . MRG0 (3) I3 Rk
P (WHC)

WHC (% )=M,/Mx100% (3)

1.3.5 fAER I e 2% Cao S5 J5 14
W, HEFRFRI 2.0 ¢ fBERE S 3515 10 mL A
) 9 1k 22 AR F o i R 50 R 5 24 5, 4 CHii#F 60
min J& B0, bradford ¥ & 13 & TR R Ok
B2, Ak AR O R K 24 . 0.05 mol/L. NaCl
(SA),0.6 mol/LL. NaCl (SB),0.6 mol/L. NaCl+1.5
mol/L JE & (SC),0.6 mol/l. NaCl+8 mol/L J§ &
(SD),0.6 mol/L. NaCl+8 mol/L JR % +0.05 mol/L. B—
B OBE(SE) . fb2= VB J7 L4 8] b3 W AR ik
JEXEFR B TR SB 5 SA 25, A#LISCH
SB 2% Bi/KIER71LLSD 5 SC 5%, kL
SE 5 SD 57,

1.3.6 #HRMERNRM YT  HEHFRIL 3.0 g B
PIwE g T I e WO b . 22 BOR EE 70 °C, A€ B,
8] 40 min, - B 18] 10 min, f# W% 36 & 250 C, i
W B 6] 4 min, #€ B3k 9 50/30 pm DVB/CAR/
PDMS!",

S AR TRACE TR-35MS (30 mx0.25 mm
(i.d.)x0.25 pm) A 3% A ; 2 1 mL/min, A~ 53
i s HERE LR B 250 °C; FHR R T R 4R IR B 40
CHAHF 1 min, 4 °C/min F+ = 92 C{£FF 2 min, 5
C/min J+ % 200 C, )5 6 C/min J+Z 240 C, ##
¥ 4 min,

Jiis R ELR, L FRE & 70 eV (B SR E
250 °C; B TR IR 250 °C; K 25 R % 280 °C; 1
i H#3 5 scans/sec ; FAHH 0 F m/z:33-450.,

6 0 ) (1 & AL A 0 3E 2 NIST 2.0 A5 i
PEREZ, IE R VC LB 3K T 800 AT LE M, 4 #r
C8-C20 IEM e RIR AW, THAFrLEfL &9 RI
5. 454 MS I RI % 45 5%l i AU — b ik
HEAT S
1.3.7 5 5 B8 1 4 i 0 s OHL AR D 45 B 2 BR
Bligh S50 i | MERRFREL 2.0 g f BE&EHE AR A, T
A 12.0 mL JE 4 O (W e - ook =2
1), 875 #H 20 min J5 , A 5.0 mL 47K, 2.0 5
TR AR WA AR . R AL Tk 2 K BR 0
PR A AR e, HOmBE T A 5 mL 0.5
mol/L. KOH-H AW , 65 C/K 30 min, fRIEE
TR IFR AR =R, A 2.0 mL 14% — %4k
il P W, 65 CCOK TV 5 min J5, M HEHL 10
min, YEFIIIA 2.0 mL 1E & %2, R385 A 2.0 mL 10
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F (30 mx0.25 mm,0.15 pm) ; FH ¥ . 91 50
CHEFF 2 min, Ji7 LA 4 °C/min T+ & 250 °C, {45 15
min; FERE LR S 250 °C, 70 ke 40: 1, BERE & 1
wL, AR N 0.65 mL/min,
1.3.8 SDS-PAGE Bt HL 7k R g Balange %517
W J7 vk, PRI BEBEICAE & 3.0 g, iInA 30.0 mL
5% SDS W, ¥ )G T 85 CIHIE /K 60 min, %
HMEZREEEL, WEERS FREZRR 1:11R
G WK 5 ming HUIKSEF 4% IR %I, 10% 53 5
JE, e 4 i A0 43 s e Y L RS 43 51 D 80 VAT 120
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1.3.9  (EHLM AR LT AR TE RV R TR 1 1 BE
VR ANIRAL A0 4% TR HE 10100 T 39 HS AIF AR 0F 1 44
53,20 MPa JE J3 F R, i R B b AR e 21 A0
AL . 7 %L 400~4 000 em™ 78 [l P9 WA
B PR 4 em™, G 64 TR,
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Fig.1 Effects of ethyl ester fish oil on the breaking force (a), deformation (b) and gel strength (¢) of surimi gels
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2 1 Al %0, B3 £ TR 2 fo 3 A8 i i 8 Bk 5 Debusca 252K R 45— 2, b A7 & B H
055 R B SR PN B BB VE RGP ER R w—3 N TR RN B DR T R AT R Ak T DL AR e A EE
ZHE BN 1.2%0 55 5 KA (P<0.05) o iX i F) B AN BT g

R 1 ZERELE RN E 7T & BRI B 1 B 22

Table 1 Effect of ethyl ester fish oil on the texture properties of surimi gels
LB A & R A= %
0 0.4 0.8 1.2 1.6
N 9.04 £ 0.15° 9.45 £ 0.12" 9.93 £ 0.20" 10.13 £ 0.07* 9.29 £ 0.70™
M /mm 12.06 + 0.08° 12.25 + 0.08° 12.76 £ 0.19" 13.87 £ 0.17° 12.71 £ 0.14"
MR 0.33 +0.03" 0.36 £ 0.02 0.37 £0.02* 0.39 £ 0.02° 0.33 +£0.02°
B s IN 3.07 £ 0.02¢ 3.26 £ 0.09° 3.48 £0.05" 3.65 + 0.09 3.44 +0.07"
ik R 36.25 +0.14° 39.68 + 0.20° 40.68 + 0.16° 43.63 +0.16" 42.72 +0.15"

TE AN F/ING - BE e 7R AN R 26 ] A9 35 P 22 5 (P<0.05) , T Al

2.2 ZBRE A XY & B AR B F AR

Hi 3% 2 nl O, B Sl A B3 a” b
(ELAN T Ty, 2 1 0 JBE 58 JUC AN W i 20 2, i 2 oy T
ST R AR 0 O D B €, R R DA 0 JBE o o
(Y T AR AR, 2 RS R A BRI, thEk 2
FRI, SR R I 14 1 RE £ 9 A o e ) 4 o

L B N R (P<0.05) , fE IR I T 0.8%
BT R O B R Shi S5k B, fa 58 P g 2R 1
FLALY) 2 T8 BEOGTBORT , 10 e 58 11 & B 3X AT B
JE VRN /Dt 2 TG R A3 R BT 2 G SRR T
kSRS, R B R e T
[ RS D1 N
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Table 2 Effect of ethyl ester fish oil on the chromatic and whiteness values of surimi gels

L g A i e = %

0 0.4 0.8 1.2 1.6
L 78.49 +0.21" 78.11 £ 0.17° 78.9 +0.18° 78.54+0.2" 77.06 £ 0.1°
a* ~2.19 £ 0.03 ~1.78 £ 0.11° ~1.66 = 0.05° ~1.43 £0.08" ~1.13 £ 0.02°
b 6.42 + 0.4° 8.82 +0.16" 9.94 + 0.08" 11.82£0.37 13.23 £ 0.23°
23 77.45 +0.09° 76.33 +0.13" 76.62 +0.19" 75.46 + 0.34° 73.5  0.08¢
2.3 ZErBIf il & R IF KRR 01 [z /s |

FRRPERORBEN SOk BBy, W& T
WA B - KA EAE ) BER AR A K o3 o3 AR,
K2 itz TR A0 0 TS 0 Sk 5 52 i £ J58 5 e
IR K (P<0.05) , 724 fil i 2l 0.8% N 35 7K M i
1o XA SE TR oK PR i, S lE AL (0
I R AR 1 BE AR S A b, A AR 2 A
PFRIK G5, G SR KPR T B A 3 T 0 1 34
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TR, S BEFK P RE R, Pramualkijja 555 5
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Fig.2 Effect of ethyl ester fish oil additions on the

water holding capacity of surimi gel
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TR G R ST S R R R, A B i
N 1.2%IF 1K fe KAH 5 5 7K AR H AR FH BE f 3l s i it
HEOMIEE 1 T (P<0.05) 5 SU5E W) 52 3% T R 3,
F 5% € BB £ JB8 06 e I il 2 o, Bl 2 SR 1 4
R, BK A 7 2 £ 8 VR i 25 A8 Y £ R A
J1. SRR O T R T AL
VB 7530 26 B Y i ash A v A7 F T HE 5 o e
T A0 P 8 0 23 D1 B8 — 8 1 0 A B AR D BR il
SRR N, B R TR A5 A R A A
FLFR BRI 2 (A B, £00 A VS IR AL T 5 K 3R 85
SRR VT TR, 0 P 5 MR Y S i R A ik

5, DAL AR 15 45 K 0 2 1 o i L A E A
EINBA TRV 0 RS | £ 8 A 1 K N i
R 2 KA ELAE T3 B LB KA A
JH 2ok 5 W0 2 5 BICA B8 IR BT 19 AR 45 4 S 1 B,
1717 5 | A2 R S iR B B, A R o 4 T R L A
e 03 4R 16 P L K B S5 ik A I A S A 2 AR
e, AN T A R R SR BT A B, B KA
PEHT . BB AR 3 L i o 2 4 4 10 B 5 1Y)
ARG EZAE T, X5 A SCHBEIE 5 JEE ) 45

FAR—F
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Table 3 Effects of ethyl ester fish oil additions on the chemical bonds of surimi gels

LB B i e E % BT 4t/g L H4t/g L k48 E Ak A fg- L B e

0 0.42 +0.01°¢ 0.82 +0.01* 5.53 +0.36 0.36 + 0.02¢
0.4 0.53 +0.02" 0.76 = 0.03* 8.56 £ 0.10¢ 0.47 =0.03¢
0.8 0.74 + 0.03¢ 0.66 + 0.04" 9.49 + 0.06" 0.67 +0.02*
1.2 0.76 + 0.03* 0.43 £0.03¢ 10.78 + 0.06* 0.71 £ 0.01°
1.6 0.55 £ 0.04" 0.25 + 0.04¢ 11.04 £ 0.26* 0.56 + 0.03"

25 E&HBFEREK SDS-PAGE o#f

a6 LR 2 1 T R (MHC) & 9 (9 76 1 .

i, 7 f6 JE 58 I T i 7 v 8 ol R, v =g

JULE 2 £ FELER 2 (107, 10 0 U6 TG T L e 2 —

MUK E1 T 6 TE I, o (y—75 B0BE) BA Rk B

ZER AL AN 2 Bl i UKAR & ) SDS A1 DTT B s e %

WEIR, PA I v L3 o 8 e v Yk O 5% 2 T 7R 8 3 Xof
WIEPE TG B AL VE - sZ e iR 3 o, 5
TSI 2T B0 A7 3 B % B LA HE S A3 0 1
JBE A J v LBk AR 1 A A Bt B B AR Ak R
W TR Y A0 3 AN 23 5% W) N TG i 36 1
B3 1 Ak 2E AR FH 5 ) £ JBE U RS R T
2.6 EXMERKIWEE

A A S AR R DU HE, O DL AU — 1k ik
TERARRT A 20 e i, WS R 70 oyl 0 JBE 1) 5
A AU B 4 S HL IR [ (1 0L 3R 4 [\] 2 T
U Ay S A ) £ BEBE IR T A A Y 57,65,63,
66 Fll 70 Fh 5 & MRS, B RESS TS EE
TR PR,

R A SRR DT B (R, 53 45 45 K P RUBR W) Jo i
ROAV {, #4115 45 F 0 WUk 9 5 i 4743 2 9%

B3 BEEA-FEREAKKN SDS-PAGE Eif
Fig.3 SDS-PAGE pattern of surimi

protein—lipids composite gels
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5 ANHB FE 2 TR 75 A7 i 8 0 1) O B XU ) I
S 10,13,12,13 Fil 14 Ff, Hirp T/ 0F S BE
CVBF W B 2- 2 JEWRIR A (Z) —4— B I T

S A B SR RUBR W ;X £ BE KUK AT 5 ) (1) T
SR LA A A 8,2,2,2 F1 3 Fl, Hoh 2— -l
XA KT E 2 BT AR TSN 2 g B Ao 3 2H R0 s

R4 BEERRIERMERR S HE &8N EE

Table 4 Relative content and sensory threshold of volatile flavor components in surimi gel

P A XA E % Bt B/ e,
0 0.4 0.8 1.2 1.6 pg kg

%3 0.03 0.09 0.09 0.03 0.03 15
- AT @ 0.25 0.04 0.03 0.2 A= BERA
3 2.09 0.47 0.38 0.38 0.33 4.5 G2, RAE, T A&
S B 0.83 0.16 0.13 0.13 0.11 3 B2 R A
(Z)—4— & i B 0.88 0.36 0.30 0.33 0.29 10 REH LT REE
IEF A 1.12 0.20 0.19 0.15 0.13 0.5 s & # A A
Ei S 0.98 0.35 0.36 0.34 0.29 3 Az ERA
£33 432 0.37 0.29 0.20 0.17 1 A&, HEA
E- 3 0.83 0.1 A A A
ORERRS 0.38 14
o 0.71 0.81 0.54 0.42
KB 0.03 0.05 0.03
7 B 0.05 9.5 1 Rek
1- A B3 0.07 3
-3 ¥ -3-8F 1.71 0.22 0.15 0.14 1 B N2 A, s AR
2-T A -1-TE 0.19 270 000
F B 0.18 110 ek, & vk
EIY 0.14 0.03 750
-5 —3-BF 0.07 0.05 0.07 0.07 400  RAKES
3- A 0.25 28 Bt ok
PR 0.37 0.11 0.12 0.08 0.08 389  AKRA, WA
2+ — & 0.49 0.14 0.17 0.10 7 KRE, HEH
2-F A 0.03 0.02 50
£33 0.16 3000
SEF R R 3.74 10 000
LB 0.05 22000 Ak
RIEEN 0.27 0.10 10 000
3-W k1,4 =W 0.32 0.26 0.20 0.22 0.19
THRE 0.36 29 I A A
AR = 91K 0.57 68.6
ES 0.26 0.10 0.14 0.16 0.12 21
T B T8y 0.10 0.10 0.10 4.5
B LB 0.23 0.20 1.5 RA KRR A
TER T B 0.52 0.47 0.47 0.31 1
XL T B 16.36 16.68 17.29 18.19
h B By 10.20 10.61 11.96 12.85
A B T B 6.89 7.22 8.59 9.03
2-Z vk vk 0.21 0.14 0.08 0.12 0.10 2.3 2, EFAA
VAL R AN 1.48 0.64 0.24 0.29 0.25
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CERRLE A TS, WS N TR L f T A I R 2R
Jo ARG 5 L AR AR N R RN, X AT REN R 2
i 750 1 91 A B B A B 22 R 2SI R T KUK ) T
SR IR L, SR PR -3 M -3 -8
MO E R B E LT, EEE SR R TR
T Tt T 2 R /D B R R 2R 28 AR IR K T Y
JIR R 2 R A, 1 BH WA TN 2 TR 7R 3l ) £ AR 5
JE o R R I T R MR TSN 1.2%
B R R R BH 2 7E AT A2 3 L

27 E5BEHKTDHA K EPASETI

A SC T B 2 TR R £, 3224 DHA
A EPA, DHA XCFR“H6 847", W& ST & &
FOCHEE EPA XFR“IM AT E R, v LA R AR
ZAE N IS R 1 R . TR fOBE Th TR N £ R
RUAR I, AT LR 3 5 £ 58 BRR G 5 85 1 ] B 3 i £
BE T S B SR E T Re il , BA EENHR
WA, W3R 5 Bom 76 A58 vh IS in £ TR 78 At 3 o] LA
b 2 0 £ 8 T T S R R AN RURT R R A

®5 CZEREIGMAMEN &R DHA X EPA %01
Table 5 Effect of ethyl ester fish oil additions on DHA and EPA of surimi gel

L BEg A B R %

0 0.4 0.8 1.2 1.6
EPA % & #2/% 2.93 4.58 4.61 5.42 5.76
DHA & /% 9.31 15.70 15.81 18.72 20.09
2.8 E&BERRE S IINE S e —
B 4 R TR EE (0~8 ¢/500 g) 2 i) fir L8 = T ] - mE
S0 £ 00 P L NS BRLT AR HE . P (558~ 12 = o
569 em™) TR BRI IO ORI T 5§ og S
YRR B R LSRR AR A 2 T
JESRAFAE L PKy(1 116~1 054 em™ ) J& F1iF B mi it EMTT T -

AR S A s . PR (35T 1 560 em™ )83
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Effect of Ethyl Ester Fish Oil on Physicochemical Properties and Flavor of Surimi Products
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Abstract Ethyl ester fish oil mainly enhanced the gel strength by enhancing the hydrophobic interaction between pro-
teins and conduced to the formation of disulfide bonds, and did not enhanced the endogenous TG enzyme. In order to
determine the effects of ethyl ester fish oil with different additive amount on the gel quality of surimi were studied and
gel strength, texture profile analysis (TPA) parameters, whiteness, water—holding capacity and volatile flavor component
were used as the indicators of gel quality. The mechanism of action was preliminarily studied by using the intermolecular
forces of protein and SDS-PAGE. When the addition amount of ethyl ester fish oil was 1.2%, the sample had the maxi-
mum gel strength and the highest texture characteristics, while the whiteness decreased. As the addition of ethyl ester
fish oil increasing, the loss of unsaturated fatty acids were increasing during the heat treatment process. Ethyl ester fish
oil could increase the fishy flavor of surimi gels, but it is still acceptable. The FTIR results show that the ethyl ester
fish oil has no effect on the structure of surimi gel protein. Therefore, adding 1.2% ethyl ester fish oil could effectively
improve the gel quality of surimi. The results can provide a theoretical basis for the production of high—quality surimi
products.

Keywords surimi seafood; ethyl ester fish oil; chemical force; volatile flavor component



