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VEAARI &t 5 B B R YR RO BR 2
A} 337 BRI W R bR E i, 58 B Sigma—Aldrich
O3 ) AR DU A TR A AR RS W) H
B G Dy o r e g, 24 4R Ak R A
FRAT
12 UR5EF

7890 B SAHEIEAL, FEE Agilent XAFA W] ;
SpectraMax 190 4 % K B #5 1L , 3% [E Molecular
Devices /A A ; T-18 Y AL, 78 [ IKA {X#8 A FRA
A ;Lynx 4000 %Y 555 # 48 Uk 25 0 HL  Evolution 60s
AN G E T, 96 [E Thermo Fisher Scientific 2%y
F) ; TMS-Pro Bi#4{% , £ [H FTC {547 PR ]
1.3 Fi&
13,1 W UREEE Bl 287 BOHLAR AH T 14 B i 5
i [ R (69.25 + 5.78)em, 1K 5T i (19.91+ 3.66)
kgl, 253k (R N NE S o7 BPZE vk % & S 00 &
TR N BTl AR ARG | UL 4 A% £ 50 5 1 I DR W
AT AN 7 AR BV , R PRI 1] 30 min, UL
b AR PO P IT O A B VR VROR FETE 10 CLAF
BRUtE Ry A ] 20 H e e uk W Eg O B K il fe 2
B &K (78 + 1) %, UM & F-18 Ck
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— K, B 0.15% NaCl 3 — 1K 593 vk K B VE 2
,0.15% NaCl ik —K

1.3.2 WUSEF4EaE 48 B0s HERh PRI 2.0 g 2 VR
O EE I 20 mL 25 5 F /K FOF B0 BUisE
A 20 mL 45 2% M (50 mmol/L KCI,20 mmol/L
Tris— 5% 82 ,pH 7.0) ¥ BIF B30, 45 BN ULTE I
A 20 mL &2 i (0.6 mol/L. KC1-20 mmol/L
Tris— 5% 82 ,pH 7.0) ¥ 55 # & 42 M 1 h, 2.0
ISR AR R I8 mL R A,
A 32 mL ZE1B 7K IF 850 BUTTE H 0.6 mol/L. NaCl
Vo VRV Ff U B O B T U, A5 B B WU AT 4 R
%5 W >k H Bradford 249U %€ W& 2, A 0.6 mol/L
NaCl JH% & 4.0 mg/mL, H LAEAT 85 (5 A0 1 o)
JE .

HEA PR TR TR R VKK B PR FF 0~4 CH$2
HBOARSE, AR 28 /K X% wh il 75 78 4 CUKAR
T JE A, Bt BER B R 4 °C
L EE R 10 000xg, B0 B [E] 24 10 min,

1.3.3  Ca**-ATPase i M 19 E® B 1 mL &
WU, N 9 mL e W B B s AR & (0.5 mol/
L KCI,5 mmol/L CaCl,,1 mmol/L. = # fig I
(ATP),25 mmol/L. Tris—Z5 K ,pH 7.0), %k FR
F 30 CHERA SV 10 min J5 , 52 BIATA 5 mL 15%
) =8 LR R Y, TRA T 10 000xg &0 5
min, W& FWER P ROBE S R LUE S R BER —
U A A U AR TCATL 5 TR I P A v i 2
JHTICHLBE R € B0 Hr . M B 2 mL, A 3
mL SEBER (Vs Vaowsos e Vamon, sV aoest =3
1:1:1),30 CA& 4 30 min, T K 640 nm &b 5 W
SR (A), 25 FZHH] 0.6 mol/L KC1 &AL, Ca*-
ATPase 1% 1 FH 5 2 50 85 11 547 1 B) PN 7 2 10
T #Rn [ wmol/(min-mg) ],

1.3.4 SRS R ED B B’ 1.0 mL, in
A 9.0 mL YRR ZEWIHE W [8 mol/L JRE , 1% 1 —
YE SERRER 4R (SDS),3 mmol/L 2 % P4 2. 2 (ED-
TA),pH 8.0], iR & ¥2)EMA 1.0 mL 0.1%1) 5,
5 - ZHi AR (2-ME FE IR R ) (DTNB) I W, 72 %
JGFE 40 CJ M 25 min, F K 412 nm 20900k
FE, H 0.6 mol/L. KCI ¥ W [RIBF iz H . #i 2 & &
LL 107 mol/g K 7x, JEJRIH G R Hh 13 600 LY

(mol+cm)

1.3.5 MPEEEAKESENEY W 1.0mL EA
B BEV, N 1.0 mL Y& &8 10 mmol/L 2, 4— i
R (DNPH) , = i 3 56 2 W 60 min, & f% 10
min §&3% 1 %, BEF A 1.0 mL 20% =& R &
1EJZ R, 10 000xg F &S0 5 min, 325 EH R, U0
FINA 1.0 mL 418 O BE- BRI AW (V:V=1:1) 3k
YUTTE 3 K, KFRFEEA 1) DNPH, 7EULHE Hm A
3.0 mL #k R IR W (6 mol/L 5 g I .2 mol/L
HCl),37 C F {4 15 min, FFULIEH#E, 10 000xg
B0 5 min, R B WK 370 nm A0 I 5E W
FE(E, PEE S 8RR A nmol/mg, BE R TH G R KN
22 000 L/(mol+-cm),
1.3.6  FE KN EN B 1.0 mL & HER,
BIA 200 pL 1 mg/mL W B %, 7% % [ 30 min
J& ,4 000xg 2.0 Smin, FiBE 10 55, WEKK
595 nm Kb f WG REAE , LATR B o5 10 45 A AR o &
AT B 7K A

TR E 25 5 (ug)=(A 5p—A e )x200/4 5
1.3.7 A E b2 2 2 W {E (TBARS) il ™ e
2.0 g FESBFRE A 20 mL 7.5% — % L. 1R , k%
30 min, 10 000xg 20 C# > 10 min, B ¥R
5.0mL, filA 5.0 mL 0.02 mol/L AY&EAL L He 2 1R
(TBA)EW, T 90 CAAIR 30 min, /KR H Z =R
J&i 5 000xg #50, B T K 532 nm Ab I
W6 R, LA 7.5 o/mL =R L MAEZS E, U
1,1,3,3-PU AN BE N bR S, e
P % 2 B N4 (TBARS ) B LA S5 A5 it v 7 1R 1Y)
RN (mg/kg) o
1.3.8 Wi M E 28 Bligh %120 77 ik
4.0 g e 2L, A 12 mL & 47 - H Bz
(V wV am=2:1)IR5 WL 3 min, 8875 $2 0
20 min, 8 000xg &[> 15 min J&7, BUFJZ AR5 HL
g, FEFRBGIHE A 5.0 mL 0.5 mol/L. KOH-
FH I, T 65 C/K T 20 min, PR 58 25 91k 11 2%
JEEHE, A 0.6 mL 50% = S AL B - FF B i, T
65 C/K¥ 5 min, H A HEE 10 min J5iTA 2.0 mL
1E ke, JRFE IS T 2.0 mL 7 1 NaCl 3 , 1 000xg
B0 2 K BRR MK, S DR AR SR FH 06
T FRUH — AT 43 A1 25 g W BR 41 43 I AR X 5 ==, 4
ZFE S E MK 3 K,

M S HP-INNOWAX B 4145 (5 3%
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(30 mx0.25 mm,0.15 pum) ; PG T2 : 47 i 50
CARFF 2 min, J5 L 4 °C/min TF & 250 C, 145 15
min; PEFE TR N 250 °C, 433 b 40:1, BERE & 1
wL, AR HE N 0.65 mL/min,
1.3.9  faBEH o A R pENY ¥ VR £ BE 4 °CR i
WG I 2.5% NaCl Hr+ 3 min, JAFE 2 4712 45
mm eI FTH0 A 50 mm KA f )i, fa
7 B T 45 CEEEAL 60 min, F T 90 CE ik 30
min, Ak J5 57 BIVE T 7KK $ 8 5030 min, K £h BE
IR 30 mm JE 1 B A 44 B LA T A I 2 . TPA
T 0 7 £ JBE T A SR R R A 5 mm BRIE AR
S, ZEREE B 1 mm/s, B AR i 50% , HERCORE (g
mm ) LABE BT 7 () 5 M VR BE (mm) TR FR R
1.4 HELE

K Excel 2013 F1 SPSS 22 47 5048434 .

2 HRESMH
21 ARFREEFHBAANEERE BE . XEAR
KESENTWL

TS L Rmsi K S EEEARA
A BRI 22—, B ROV AR ST AR A,
A T] T 0 YR B Ve U TR T A ) ) 9% P 2 R |
BRAE . RMEUKEE S R IER 1 iR, 7E90d
) 5 300 ), 3 2L ¥4 B ) 9% P R o R B
FRRE BRI MR E K SRR LT, RE
AT, HE TR R BSORT LA S ¥4 v B AE VR R
] 5 MR B L O 5 R R, YR VR MO BRI PR B R R

F1hy = T D5 PR R A R v LR T 4 B 1 R AR 2
A Ak, 0 P 2R ALY L R A G A AT R
AR U0 R T2 R LAY A A A A R A
PR, AN Ca® Mg245 , [RIE  EEUE T 2 nT U
MEBRf R AR KIEEEAS, %S
PR URLET 46 26 (06 P B L S A 2 5%, S
PESL S AL,

B 5 VIR ) SE 4G, ¥4 R i JBE R E
3 ey o 17 N WY TE i Fr B T (A
AT T3 2 VA VR 0 B8 e Bk o AR A T B
AL LRE B TR b ST 4l R BE AR L T
LTS3 A LT et M OGRS R A B R
1 JBE PR L B N 2 5 | R LRLAT 4 2R R
G A UR S EE AN S S8UE
FIPE AR L A S DB 2 % L ¥ A 3 AL 2k
W DA K g 0T S Ak = B 4 5 B0 1 I S R
SEEAL IR E

M1 1 RIHT, ¥ U f0 58 7 7 B ) 2 T i K
AR RN ETHER . 15 d IFER 3 R R
JBE 22T B K M S LD 3 25 e ST AL R fa g
TEGRE 15 d J5 Rk RS EJF, M S2 40/
S3 Y1 KRBT 5%, W oE RIS VR T T LA
Vol % ¥ s A0 JBE LD 2T 44 B 11 7 VR G R P i LA
AR 3R] B p TR A AR B AT DL D £ R
Ty SEA BRI 107 18 &5 &, ST LA D K s
E A B R WSS 4658 B S5 MR

F1 BRXBRFERFBHANEERTE BE RO KERIENEMN
Table 1 Effect of rinsing times on the contents of active sulfhydryl, carbonyl group and surface hydrophobicity

of surimi during frozen storage

Eik o8 % 38 AT 18] /d S2 S3

E IS F /L 107g! 0 6.94 + 0.54 6.63 £0.53" 6.94 +0.43"
7 6.74 = 0.34" 5.71 £0.78* 6.03 + 0.68*

15 5.18 £0.39 4.93 +£0.42" 5.58 £0.32"

30 4.20 + 0.26° 4.82 £0.73 4.52 +0.40°

60 3.28 £ 0.30° 3.27£0.43° 4.07 = 0.50°

90 2.98 = 0.40° 3.24 £0.23° 3.99 £ 0.30°

# I 4 % /mmol - mg™! 0 4.54 +1.35* 339+ 1.16° 4.22 +1.08"
7 7.78 +0.89" 6.75 + 1.63* 5.94 +0.55*

15 13.45 + 1.16° 10.93 + 1.81™ 8.94 + 0.55°

30 16.38 = 0.80¢ 16.76 = 1.64¢ 11.33 +3.08°

60 30.37 = 1.79° 27.53 £2.01° 22.42 £ 1.95¢

90 45.56 +2.79' 33.04 £ 1.01° 29.15 £ 2.55°
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(&%= 1)
15 4% 1% 5B 1) /d S2 S3
Fom Bk A g 0 3.74 +1.03 335+ 1.54 2.80 +2.01°
7 7.47 £1.23 6.69 + 1.74® 5.61 £2.11*
15 11.59 +1.28" 8.94 £ 0.55" 11.08 £ 0.84"
30 18.24 + 1.63¢ 11.33 +3.08" 13.90 = 1.00°
60 25.24 £ 3.40° 22.42 £ 1.95° 18.17 +2.69°
90 28.04 + 1.40° 29.15 £291¢ 21.80 +3.61°

T TR A 2R 6] — 31 2 i) 22 5 35 (P<0.05) .

2.2 REBEFFEMEE Ca*-ATPase &L

Ca®*—ATPase 1 1 7] LA B2 500 R 983k 2
WU 2F 4 45 F s PR A8 Ak, ] ¥4 R £ JBE 114 B
JERIEARDG, o (R Ve UK B8 o b A P ) o 2L
febrz —1, |1 AT B A R S [R] 38
AURZ 4E 8 H Ca**—ATPase WGP T %, & TF
Gt . URIRD UG B B, 12 VR fLBE Ca®—ATPase i Pl
& VRO T R R, X T e i TS
T AT K AL 3, 7K aek A v KoK [ 8 P9 53 1
R R BT, YU T 4R R T
2D A B REIE MR > T BT, AISBUL
Ji £ AE 2 TR R T R B A U E] 5 ST
YA S2 2R UR A BE Ca®—ATPase Ifi ¥ I, T 60
d B SEACG L E M, 1T S3 4V VR fa BEAE 57 60 K
BRA R — 0 ME M, XRWIIEE T2 LI

S
W

o
)

Ca*~ATPase i 1t
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o
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Fig.1 Effect of rinsing times on Ca*-ATPase activity

of surimi during frozen storage
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Fig.2 Effect of rinsing times on salt—soluble proteins

of surimi frozen storage
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Fig.3 Effect of rinsing times on TBARS value

of surimi during frozen storage
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HEM 33X W] BB Z BT VA R 10 JBE AE R BRI R A A
DHA F1 EPA fH R SE T iR %A Ak, B EPA F
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A, R 4a ] A, RAE S3 AVA VR BE V) IR
DHA AT 53, 9K 11 7E it ) 72 rp A A %
mTHEMA, A 60d i DHA AX & & E K
THEWHR HMEE, mIE 4b a7, S3 H¥ vk
BEH) EPA AHXT & 5 — B PR H 05 1 7K 7 | K 1 Bl
VR TR) A B 0,3 4 VA R f1 BE B EPA AN A
2D i AT A AN T AR T A A
T B AL A (HAE A A A R R AT
AT B BE A R B HR KT IR, ¥ VR f0 BE FE
VR R vt 7 G 3 Bl D R 1 LR i Ok, LR
FERIE DTV U fa e i FE
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Fig.4 Effects of rinsing times on the relative contents of DHA (a) and EPA (b) in surimi during frozen storage
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Abstract In this paper, the protein, fats and texture changes of frozen surimi were studied by Siberian sturgeon meat
at different rinsing times. It is found that the myofibrillary protein of frozen surimi was oxidized and its interior spatial
structure changed during freezing storage, which resulted in the exposure of inner hydrophobic groups and the activity
decreased. Rinsing could effectively restrain the freezing denaturation of the myofibrillary protein. The fats of sturgeon
surimi were also oxidized during frozen storage, and the rinsing process could delay the oxidation of fatty acids. Com-
bined with the results ofthiobarbituric acid reactive substances (TBARS) and GC analysis, it was found thatdocosahex-
aenoic acid (DHA) and eicosapentaenoic acid (EPA) begin to oxidize rapidly in the middle period of frozen storage. The
texture analysis further proved that the rinsing process could inhibit the deterioration of protein structure of frozen surimi
during frozen storage.

Keywords surimi; rinse; protein oxidation; lipid oxidation



