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HBEEN , LA MR B i S AR A P T 23
A S ) AR AL AL

U BRI

11 Bk

S Rr s i O A S o[ - /A I S
HEIN 2019 487 712 H o W8V R B E
(E7C EWIE) J(11.42 £0.29) g, FHI5e KN
(6.46 £0.08) cm,

TOKBRR 5 . AL EH S A A B £ R
B BEIR A N IR A I E I 25 A Ay
RAVE B 7 IR E 5,5 - st AR
BRI B Sigma-aldrich 23 7] ; JRE HRIEIAT) &
H R A ) AR
1.2 (#E5E&E&

F AN 5 B :200-SH EOR w53 73 HLH o
BL, BIEPRASKLRL ™ H2050R i v VR 90 L,
KU WAA FR 2 w5 TA. XT Plus J5i #4548, 3% 5]
SMS /7] ; MesoMR23-060H. T {I% 3% # i 2o 95 i 1%
SRR, B AR FRA A

1.3 A&
1.3.1 Jspbabr

VRS BIAE BT NG UE R R
MR LKA S B A AR B, T A B g B
Jai B A TR T E T - 40 °C/\JZ§EPEVZBEEO

FEARAE T 2019 4R 7 H R RE AR KA
BB IR A o, 5 0% BE W PR B 08 IEI%Q’\
=L BRIEFENTZ) 8 ho FEAMEIA)G, BT -40 T
#Ho
1.3.2 VRRAGERAL 2L

I 40 CIA LI, & T 4 CokA
fifts 6 h EH AL AT 0 C LA, il [n] - 40
CORFATICIRL, 1E 0 1 KR RLAL B . AR 18 h g
PU O, AT S WAL B . BRI UR R J i IR AT 1
Fes  BUR DR AT SR S AR S 1 I o
1.3.3 Ry E

Feredn B T 6 b, SR AT 2T
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o TPA MR 3k : P/0. 5. B ) J7 il 48 3k
HDP/BS, A A 0 b 5 000 5 2 232 43 5]
1.1 110 mm/s; FRAR R BE Ry 50% ; fil & {H 10
g; [EIBRETE R 5 s B R A2 52 Jy 400 pps.,

1 SgrEsaplmE

Fig.1 Schema of abalone muscle

1.3.4 ORI I E

FHACT AR A R K A045 T, P o e J5 ik
AT IR AL B BRI IO RE Al BT 4 °CURAE P iR
6 h BETFEM R MK IFARE BT, AR R
(thawing loss, TL) fit8BE AKX K

T, =100 x (W, - W,)/W, (1)

P Ty AR R, %0 s W, F0 W, 23 53 R i
LS In R B g
1.3.5  BLOHRNE

FRAR T4 T HE 5 R K TP PR . B
FES B2, B TEL0E R, 4 C
1 000g&.L> 15 min, AR i, 45T K 3 9

R, B.O5 % (centrifugal loss, CFL) [
AN

Co =100 x (W, = W,) /W, (2)
A Co B OPURER, % s Wy FLW, 53500 B O
BB L E FE A B i, g0
1.3.6 ZEEHENE
FHATT #8271 FF i R i K 3 I FR i B #F
FEAE T B 348, J5R% T 100 CH 15 min, 7F
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ARG RE R, RS AS 2 5 POR AT 1 fi
IS, O R i, 488 T R T K 43 - FR i
JiihE . 28K (cooking loss, CKL) A
XN
Cy. =100 x (W, -W,) / W, (3)

N o AR, % s Ws F Wo 4350 O 7%
AT MR SE R TR, g0
1.3.7 Ko Ai I E

il R S5 % 1 3L 9% 0 Hr A (low-field nuclear
magnetic resonance, LF-NMR) il 52 #£ 5 H a9 7K 43
G341, B RESBER I [E] T, k] CPMG J3 51 £ 47
i, CPMG 1533 1y Boee i th 26 AU A 717 Ay 4K
EatAT T, S, 438 T, {6, 7225 CH&MT
CPMG X241 :SW =200 kHz;P, =18 us; P, =
35 ws;TD = 360 068 ;RG1 =20 db; Ty, =3 000 ms;
Ty =0.45 ms;NS =8,
1.3.8  HE iR &

EABMIES SR ok IRk A B
8 A BRAEE e 4 C TRk T, W2 g MR
fiIlA 15 mL 0. 6 mol/L NaCl,20 mmol/L Tris-HCI
(pH 7.5) S bl 1 5 iorb , (R it 25 5 3 HiCTE
B P, #E 20 min, 4 °C T 12 000g & > 10
min, JEE R SR OOUAR 2 0 o 8 18 YR ) o

N5 ER PR 2 1 o i A3 O, I 2 g AR AR
A 15 mL 0.1 mol/L NaCl, 20 mmol/L Tris-HCI
(pH 7.5) ZEvhif 4 BgORD , (A ity 1 20 b 73 Bice
VWA, 8 20 min, 4 °C 12 000gE5.0> 10 min
F FIHWORTTTE , Mg B A 2 I, AETLRE
A 15 mL 0. 6 mol/L NaCl, 20 mmol/L Tris-HCI
(pH 7.5) ZErhif, 5+ 2451 )5 ## 8 20 min, 4 C
12 000g 5.0 10 min, B F I, teid FEE K 3
W, AT FIE W, SR 4R IRk D o SR Vs v 2
VR o B
1.3.9 bR E

2% CHELH %" 15 P w4 el . e 1
g FEMVEART 20 mL 20 mmol/L Y B R 22 A M
(pH 6.0) Hh, 28 5T £ 0 i i P 44 29 73 0T I
Ho JEHUS mL G, AT mL 1 mg/mL ()R B
W (BPB) , i1 Z4% % 20 min i 78 /MR 2. 15 4
°CF 6 000 r/min B> 15 min, B HL 0.5 mL FiF
W, FRE 10 4%, 7E 595 nm A0 HOG(E . 157
N

Bpy =200 x (A, —A,) /A, (4)
A B R T B KM, pg/mg; A, Sh 2 HIOE
FE A, SRRSO o
1.3.10  FrFAESEE
Z BROEE 5 1 I a0 G A T
1311 HiEE e
%% ELLMAN'™' {8 J5 3 9 W 45 2k 3. B
0.15 g BE SN 25 mL {4 Tris-HCl 22 w3 ( pH
8.0), M THWWh A5, A 50 pL
Ellman 855 ( —HRACH IR H R, DNTB) , & F 25
C WK I H i B R 60 min, 5 000g 2.0 15
min, KRG IRAE 412 nm L0005 WWOGAE . T
RN W
-8,=73.53 xAxD/C (5)
A - S NHIEWEE, wmol/g; A FIoRBR L4 H
FIRE SR IR OGRE s D FRon M B A C 7R FE i 1 o
HE , mg/mL,
1.3.12 b
FIT A LB I E 3 A AT, Bl 34 (E +
FRUEZE 2R, (f ] SPSS 17.0 1 Origin 9. 0 #4718k
o3 B 5 ERZ: ), >k Duncan [Q5k#EFT 3
P22 o BT AL B, B 257K P <0.05,

2 R0

2.1 REFRLITHSEE IR R RN

T E LR S5 K 7 VA T P i B 25 T )
JEAREEFR AR , 2 0 2 8 VAN B I EE 2
Rtz " o I S AR T A S B L
PRI TSR 2 3 MRV A BT D) 7, 43 AT LR 4 8
FEEIILP DA s, 25 RS 1 R o B EE A
WEL BRI I A 7 il 00 7 35 i S 25 RIS (P <
0.05) , APETESS 5 U UR Al FEAG, M85 1 ) bt
RRE A3 2 (P <0.05) . AR
B PR S AE it ik B B FP R BE AT I B 7. 5 IR
FRAMIE IR RIS, BE A 4y 0 R RE T 7.83% |
8.41% 9.39% Fil 11.21% , X W] fg 5% (A5 M A
Sl BRI B T A 3 1 P A T AR R
FSHN TG AR SRR MR O M A T
T HEIaIZE & S A EM 25T W 1 Ik
BN S YRR Rt 7 e 55 R IE R 43 0 R R T
3.03% F1 10. 04% , B 471 J3 AT LA 45t AL A 1) B
JE BN LA B R R A
H, BTD) 7B KT RS B T K A B T LA
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W FH0n . ERERE Y R IR A AN]  dAIE R, B R DR R, 55 8 g
D) BEVRBROCR S g, e T RE R d T SIS AR, HED T A i T oK I UL 2
A A AR R BT R T 2B, ZNT R B D) AR

F1 REFRRIH LA N FRAR R0

Tab.1 Effect of freeze-thaw cycles on texture of adductor muscle from H. discus hannai

Jpig: IKiggan YRR EL  Freeze-thaw cycles
Texture indices 1 2 3 4 5
fifi ¥ Hardness/g 179.80 =11.25° 165.73 +2.99" 164.68 +14.60" 162.91 +8.79" 159.65 +12.50"
itk Springiness/mm 0.99 +0.00* 0.99 +0.00* 0.99 +0.02° 0.98 +0.01° 0.96 +0.05"
MM Chewiness/m) 118.78 +3.36° 115.06 +2.94% 112.76 £10.32" 112.74 +1.95" 106.86 +10.11°
394] /) Firmness/g 2767.04 +83.46°  2910.83 54.71" 3256.66 +273.55% 3 385.38 +271.97* 3 457.72 £280.17*

T AT NG P B R e B 22 57 P <0.05,

Notes; Different lowercase letters in the same row indicate significant differences P <0.05.

2.2 REFRRAXTIESE R AR KRR REELHRA R LM (P <0.05) . M1
PRARTERS T LA B (7 AR AEBA KRR 5 VRIS , il Rk S5 B0 i 5k o
HESCR, W MR BUR EBBRESREAT  HEIN T A4. 61 5 177 A, ZEEBURLEE S
it AR R ORISR RORRL A T = 43, 67% , 30 T )
XEFWLARR SR B OB BAR, DL 113 4% (P <0.05),
R i o i 2 I, BRURRE 1 G, iR
K2 REFRXTHGEE R KRR

Tab.2 Effect of freeze-thaw cycles on water holding capacity of adductor muscle from H. discus hannai %

FRRh R RURTES BLOHR AR
Freeze-thaw cycles Thawing loss Centrifugal loss Cooking loss
1 - 16.09 +1.93* 38.51 £2.24%
2 2.28 +0.29¢ 21.05 £2.02° 39.98 +2.28%
3 4.74 £1.04° 24.37 +1.03° 40.72 £1.38%
4 8.43 =1.14" 25.35 +2.12¢ 41.851.17%
5 10.50 +1.54° 28.53 0.67¢ 43.67 +1.14*

T FPUA ANG PR 2R e B 22 57 P <0.05,

Notes: Different lowercase letters in the same column indicate significant differences P <0.05.

2.3 REFMMELERINEKRSWSBMA  IIABH™ ER.
BR S HY R0

IR, BT T R Tl )
ML ek 4 16 43 71 BGE RS 0L 220, AT 2 E
ATLUR IR | I DURE KSR A0, A B F o 1
] 7 3 o T LA i 50 460 DL AEAE 0. 1~ 3 2 i
5000 ms [ b B s 1] A 6 AT 3 406, 43 S 3 5 16 I
FORIRIRA 9K 53, RO S Ak T (1~ 10 2 12 P
ms) ARES L EIK Ty, (10 ~ 100 ms) I HK T T ) ol
(> 100 ms) o &4 AKX LA 9 5% /K BE 3 3 0 ~ L
55 SR il 5 8 AR A A 2 T R Telaation tine/me
K T I2 RS A K 5 LR AR K M A
S, SR LSV T F A P B 0 K ) 2 RESRRNEBRIHE T 558
TR B KSR R S e B K Ay, e 2 i A Fig.2 Relaxation time 7, of adductor
7J<é}¥)§”“‘” o UUKE N KAy 1940 A 5 T R &%) muscle from H. discus hannai
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KGR T BE T DA st R 18] T, Bk, 2%
W33 Fizn . B VRRUCECRI BN, T,, JCH A%
A, Ul Bl R B3 Bl 25 5 K LR JER2 e o T
T, F1 Ty SEEIG I (P <0.05) , 3% F W] DUAE AR

Sy sk B K AL T BT, A SR
ghoKia) B iR FAL, A d K LA R A2 Sl
TR AR, WL B9 K RE D R I

®3 REFRI LA NEHEREE T, B30

Tab.3 Effect of freeze-thaw cycles on relaxation time 7, of adductor muscle from H. discus hannai  ms

VR EL W 1 I 2 I 3
Freeze-thaw cycles Peakl (T, ) Peak2 (T, ) Peak3 (T, )
1 2.39 £0.80 67.48 =0.00" 568.48 +46.57"
2 2.36 +0.41 67.64 +4.69" 505.26 +0.00"
3 2.42+0.17 72.33 £0.00% 604.29 +62.70"
4 2.79 +1.41 72.50 +5.03* 604.29 +62.70"
5 1.89 +0.07 77.53 +0.00° 768.19 +53.25°

T RPN RNG T B R m AT 22 5 P <0.05,

Notes: Different lowercase letters in the same column indicate significant differences P <0.05.

7K 53 1 2 JSCHR 285 T LA pg R 7 ey e 1T AR

SR FO S e A A e 3 e i TS
AT R LT A 52320, Bl LR 204 A B
TSR A A K T R 7 EL B, B Py, B Py
155 R A, oA P g, 5 Py AN B E
T %, Py M, AT SR B R RS, B A5 i
oK HESE I, A K E R, SR A i
HAG R BIKS B K Z R T —E AL,
THRR , A B R AT B0 5 Jsh K 9
PR, ML RN S BRI b R AR o
(] S YR 2 3 BORAIK 5 ez g, A
17K 7 HEB TR A o

TP,

9P,

os| [[[I1II] il i T

BRI T AR 5 B M A EE I P, /%
3

5 I\

1 2 3 4 5
HREEFR R B Freeze—thaw cycles

3 REFMMFBENGET, K
PR 1] e TE AR B 51 B %2 i)

Fig.3 Effect of freeze-thaw cycles on proportion of

relaxation time 7, peak areas of adductor

muscle from H. discus hannai

2.4 REFMMEORBEREAEERSE
s

EHMEREREEAR S EA K5 K K
TS 7K Z 18] ) Sl 21 Al , AR A 8 i 2
BEMINE T A B 2 el 4 B, DURE
) B 11 VS i P B o 7 O S ) 1 I . = AT
(P<0.05), i 547 ¥ 48. 08 mg/g [& & 42. 55
mg/g, FRERIFRIP) 88.50 % . ILIFH], £ 2
3 TR R, SR I R TR R T R 7RSS 4
YRR A 00 25 R D3 50, AR 4 T L)
R, B IR A G N, S E O A R
B RN (P <0.05) , &I 39. 91 mg/g [
F 34.70 mg/g, NI RRAAT 86.95 % , FIHLE
B R T AR M
2.5 REFRMIRELKENRMT

FE G A A AT DA S ke B F 5 2 15 7K
PR IR A A B, o ] DA s e R 1) e T
J&E % T8 5 PR B T RE LA B,
F AR LR AR T . WA S BR,
VR BB B, F T H K YETESS 1 ~ 3 IRk
JERE ETHETE 4 ~5 WRAT TR, X nl 882 H
TRYEANS KA Z, 55+ N ER I — 5K
PRSI G S A R R ok, A R AT &, &
TR 7K P T 5 i R R O 5 ) 38 - SRk
B ) = REE A e A U B K 3 P shk i
G I B KA AR R AR SRR SR A, (45 o A
) 0 FE TR K el
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KABRME
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B HEARES S
Salt soluble protein mass fraction/ (mg/g)

Protein solubility/(mg/g)
o
>

w

o
[
(=)

—
[S2]
—
[$2]

1 2 3 4 5
R EIA KB Freeze—thaw cycles

REAR P A [ /NG P B A QAR il 9 5 R IR A7 A S 35k
225t P <0.05; JrkE AR B /NG FRACE R M 19 3R 3
HEEEAEREEESR P <0.05,

Different lowercase letters in the histogram represent a significant
difference in protein solubility of the sample P <0.05; different
lowercase letters in the line graph represent a significant difference
in the salt-soluble protein content of the sample P <0.05.

B4 REFBITFLESANEEBBARENIZIE
Fig.4 Effect of freeze-thaw cycles on protein
solubility of adductor muscle

from H. discus hannai

150
oo
=1
mé 140
il
dne 130 a a
g 120 2/”?7 b
= Ty b
re u L
TE 110
2
& 100
90
1 2 3 1 5

HREFR IR Freeze—thaw cycles

PR B A [ /NG B A A il B R T K A7 A S 35
25 P<0.05,

Different lowercase letters in the line graph represent a significant
difference in surface hydrophobicity content of the sample P <
0.05.

B S REFRBRX LS DR E G KR 20
Fig.5 Effect of freeze-thaw cycles on surface
hydrophobicity of adductor muscle

from H. discus hannai

2.6 REFMIMHKESENFIT

PR T Bl TR R TR ) e T R 22
H TR B AR R AR BRI
205 E B AR IEASC ., K 6 ’LIFE
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H L ONER 3 A A T, DT v Bk B vk 8 T 4
FHHEM(P <0.05) , 25 5 TR Rl 25 5 Bk 1Y)
e A 2. 14 nmol/mg 7% >4 4. 89 nmol/mg,
BT 2y 54.40 % AN

PRI AL

Carbonytl concentration/ (nmol/mg)

S = N W ok Oy =
i

VREMEFR IR B Freeze—thaw cycles

PR P AR R /NG PR Al I & AT 1 V22
S P<0.05,
Different lowercase letters in the line graph represent a significant
difference in carnonyl content of the sample P <0.05.
B 6 KEFRRXTEOUE 6 TUEIRE KRB
Fig.6 Effect of freeze-thaw cycles on carnonyl

concentraion of adductor muscle from H. discus hannai

2.7 REFBMYEERESENFIN

SR B TR M RS S
T AR B GG A, 1% M B 2 AL TR I
A P AR OIS A Y, B Sk
EHAMMEERRES . BE T PR, IR
B B e JBE I VR RO B0 RY 16 R R AR (P <
0.05) . Al 2 I SLHA EAZLA K, AR 3 T
U5 AR, S WERRLS , SAE IR L th i W) 9 4. 41
wmol/g [ % 3. 24 wmol/g, L2 1 IR % Rl PR T
26.53 %,

3 Phe

3.1 REFRRLXT SR 6 AT B R0 f20E

IKFERR LG, TE N IR S RUE AR T,
[ 2 K A M AR AR . R RFE — E PR b BB
A A R A -5 e A T (RO 1) S 52 1% i
WA NIE IR — R I KRDA— JERA
FUOUF oK i, Xk 240 i s ROBTL MRS 475 , 5 S50 R
L) X G g = R E | VDG R C A e R )
58 R WUSE 2R 1 3 AR S EUILA
R L S A5 IR, o 2 3 L Y 5 K B 0
JEBE T T K o
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2 4
7
T 5
i
®53 Ofa a
%q::’v i\“l‘ b b
mﬁ} 1 ——i -
®aS T8
dfeg °
BoE 2
é’o
S 1
S
0
1 2 3 4 5

VRRMEIA IR B Freeze—thaw cycles

PR P o [ /NS TR AR il AT P SR & i A 1
%R P<0.05,
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Fig.7 Effect of freeze-thaw cycles on sulfhydryl

concentraion of adductor muscle from H. discus hannai
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Effect of freeze-thaw cycles on texture of Haliotis discus hanai muscle

YIN Leili"*?, ZHOU Fen'??, TANG Jiale', WANG Xichang'*”

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai

Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghat 201306, China; 3. Laboratory of Quality

and Safety Risk Assessment for Aquatic Products on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China)

Abstract; In order to explore the effect of temperature fluctuations on the texture of shellfish muscle, the
commercial quick-frozen abalone was selected as the research object, and the texture, water-holding, field
nuclear magnetic resonance and protein oxidation of 5 times of freeze-thaw cycles were determined. The
results showed that the stiffness, elasticity, and chewiness of the muscles decreased significantly with the
increase of freeze-thaw cycles, which decreased to 11.21% , 3.03% , and 10. 04% of the original values
respectively after 5 cycles. On the contrary, the shear force increased significantly. The water retention
studies found that the thawing loss, and cooking loss of muscles increased significantly from 2.28% , 16.09%
and 38.51% to 10.50% , 28.53% and 43.67% , respectively. LF-NMR showed that the bound water was
hardly affected during the freeze-thaw cycles and the relaxation times T, and T,; of the immobilized water and
free water shifted significantly to the right, and the corresponding peak area ratio P,, significantly increased
and P, significantly decreased. Changes in protein structure and function have an adverse effect on muscle
texture. It was found that hydrophobicity increased first and then decreased, and carbonyl content decreased
significantly while active sulfhydryl content increased significantly during the freeze-thaw cycles. The study
has shown that the freeze-thaw cycle can damage the muscle texture of abalone, causing poor texture and
lowering the value of the commodity, eventually affecting consumer acceptability.

Key words: Haliotis discus hanai; freeze-thaw cycle; texture; water distribution; protein oxidation

http: //www. shhydxxb. com



