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KQ-400KDE /5 A% , B th 7 i 75 4 &% A BR
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oK R AT S A PO R B 1T, 36 [ Delta TRAK
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1.2 tHFALE

P kiR E ST, BT
—20 C AR, EL% 72 h J543 9 6 F A W fi
7 SR AT 8 R R o R PP A e O o Rk 2 3 1)
mE1 R, HESLAKPORERE 0 CHN
it VR S0 0 » I SR A R B 8D, SR 5 2R A7 45 T R L A b
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Table 1 Thawing methods of frozen Nemipterus virgatus
FE i fiff R 05 = BRAE IR fiff Uk I ] / min
Samples Thawing method Steps Thawing time
4 CUKF it U PRGN SR A 4 CRUKFE T EA, AZE PO EZR 0°C The frozen
1 4 °C refrigerator Nemi pterus virgatus was thawed in a refrigerator at 4 “C until the center 750
defrosting temperature reached 0 “C
20 °C #K i Ui RGO 20 °C I RS PR R B 2 PO IREESS 0°C The fro-
2 20 C water soaking zen Nemipterus virgatus was thawed by water soaking thawing at 20 °C until 43
thawing the center temperature reached 0 °C
§ e PR 25 1 A 2R il A 0 °C B E TR K IR L E O IREE TR 0 °C The fro-
0 C WK & K T R ’J‘ﬁliéi% ﬁi. 4 ﬁ]nk/{%rfffﬁ&/{ HER {nnax\l_ 4 he fro
3 zen Nemipterus virgatus was thawed in still water at 0 °C until the center 510

0 °C water bath

temperature reached 0 “C

0 °C 160 W 7 I fff Vi
4 0 °C ultrasonic
thawing (160 W)

0°C 280 W 7 I fil Vi
5 0 °C ultrasonic
thawing (280 W)

0 °C 400 W 8 7 B it R
6 0 °C ultrasonic
thawing (400 W)

BRI BLARA 0°C160 W B E AR B k. HEP LR ER 0 C
The frozen Nemipterus virgatus was thawed by ultrasonic of 160 W at 0 C 41

until the center temperature reached 0 °C

BURES M B LR 0°C 280 W A A MR, AEPLEERE 0C
The frozen Nemipterus virgatus was thawed by ultrasonic of 280 W at 0 °C 27
until the center temperature reached 0 °C

BRI RLARA 0°C 400 W B A B H iR, AEPLEER 0C
The frozen Nemipterus virgatus was thawed by ultrasonic of 400 W at 0 °C 19

until the center temperature reached 0 °C

AR B A
1.3 REMEAERMEERBRKENINE

S RN T 1 SE B TR 5 1Y) 4x 2 fa
0K mo L BRIE R LA R R A T R R 8
Je K A% I T VR A 4, P AR T AR R T K Ay B
AR i 188 me. . BEAAESCPATIE 3 K.
fif R R 4 X (D HEAT 5.

MR R = (my— my)/m, X 100% (D

S 2% R RGN 1 775 A5 R R i op B B
(40+5) g WL IC N my, A B IRZEE L FIFFRiC
PSR 75 CKH 30 min, ZJFBHETFEIRT

FIARVE 0, JH U 2% K £ PR R 3 1T K 20 W, Bk HG o
HLICHN my o BHEEMCFATINE 3 K. AR R

#2202 BT
AR E= (ms—m,)/m; X 100% (2)

14 REEHENNE

S FEMG G S5 10 07 R IR R AR A ok B i R S
ALl i 2 cm X2 ecm X 1 ecm B, 4 A
TA-XT Plus S {0 45 £k £ A B J50 #4405 M 0 1 7
FEHT . SEE N KK BS 2 P50, R4 E 48
50 % , W FF O R 1,00 mm/s, W3R 3 K 1. 00
mm/s, W& BE 85 o 0 7 B A8 5 (19 50 %6, ] i B )
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KNG5S fR 7 2Ot 4 4 A JUL D £ 4 2 11 AR O Tk A U 1Y S i) 27

5.00 s, REAFE L FATINAE 6 IR
1.5 EQRBREEMNNE

S 2% 2508 SEU I O 1k 0T A AR A& 0, T R R
5~10 mg PIAE, i s £ R AF i 0 A 1 1 o, il A 22
AR RAL (DSC) L& 1Y 58 BT RE & B b, S B
Fid 50 5 TR 55 % B, B AL  IF LS SR EE b B
YRR . W SE £ R R AL T 20 C O 1 min, TR
5 °C/min, 3 B B8 Fl 25 ~90 °C L il s iZ TR
TR A WA Ml 2 SR AT I E 3 IR,
ZERE 3 IR EMH ., F TA Universal Analysis %
PER S BT AS TR i o 7 2R 4 26 fa 9 25 1 5 DSC
i e 5 UG ) AV IR R DA AR R RS AR AL
1.6 R 2HXITHNE

%% Shao FF' LI REB UL KA 1 ¢
WEBRAF RS B TR DIFRE R 2 BT,
P AR R UEAT IR O A O . S ER e T
FEFAHETE F 400~4 000 e ' OB K 532 nm, B}
JEHFIE] 30 s, A BERE 2 em ™, SR R R
6 K.
1.7 BAMMNEHHIE

S % 2SRV T IR IR R AR B B K R R S
AR 5 mmX5 mmX5 mm BHRk, —20 °C
R 20 min, R YR HLUIL 8 pm WA, B T3
B ELCRABARZ-JH4 (HE) Yk, 76t
2R R BOK 40 FE %R .
1.8 HIEAIE

BAFEMELEZME 3 K. BIGLE X
ORIGINO.O B A, i 325 1 43 7 i ] SPSS 19.0 #1 4
1 ANOVA B, B HEKFIRE N « =0.05,

2 HRESMH

21 AEBEARAMNELERERAEZNMEZRR
KEWF

4 Ff i v 5 2% 4 2 R R AR G AR AR Y
AN 2 Bk, B 2 ol 0L, 280t R TR A o X
Qb B 4 2k A0, LA R AR SR ZE B LR R A
FER 225 (P<C0.05) . 4 “C vk A i v BA BAR 1)
il VRILE H (0.97 %) HZEEZ MR (13,36 %), X
55 Xia S 6T TR A o 3 56 rp i 2 SR AR AL, %
2202 R A A T L IR A 2 oK o A 7 K L ek b
TR . BE A R 75 0k ) 2 3G, i R A R
I AEAE D3R GA F) 400 W I, A 51 25 R i 3 1 K
(P<C0.05), 3% 5 T B 4 S M BF o 45 AR, 7]

FIE A H T 7 I8 e AR A R T DA
A M U /L £ 2 208 A7 W AR 4 A B BRI R
P, TE— PR P 7 U T R K YR AR R
M PR R R 2 SR, Y R T R
AT — o A I AL 4 T e RIS T AR 1
Az BRI i VR A R R TE R R I A F 400 WO
F MBI, 78 AR R G AR 5 DL VR R
5%, Bifi 25 1R 7 I T R R T 2% A 0 AR R g i T
RS I RIRE] 400 WO, ZEE WK R B E R
FHAAE F (P <C0.05) , 3 5 ff R B2 2% % 14 28 1k 45
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Table 2 Effect of different thawings on thawing loss rate and
cooking loss rate of frozen Nemipterus virgatus %
fiff 5 7 X fifk R A O S KIS
Thawing Thawing Cooking
method loss rate loss rate

4 °C UKA ik R

o . . 0.97+0.03b 13.3641.59b
4 °C refrigerator defrosting
20 °C K i 5

%} Kk A 2.2140.52a  16.27+0.67ab
20 °C water soaking thawing
0 °C UKk IR £ 7K i

c\m(k@“mﬁ%a’t 2.0140.12a  12.97+0.49b
0 °C water bath
0°C 160 W i 7 ¥ fift 7k

i 1.94+0.21a  15.4340.79b

0 °C ultrasonic thawing (160 W)

0°C 280 W 7 I fift Vi
0 °C ultrasonic thawing (280 W)
0 °C 400 W A8 7 i % 1
0 °C ultrasonic thawing (400 W)

1.79£0.32a 15.65+£1.46b

2.2340.08a 19.5340.37a

W WA RNG T8 %R 26 7 B 3% (P<<0.05)., T [i. Note:
In the same column,values with different small letters mean

significant difference( P<C0.05). The same as below.

22 AEABEARMELERAEENTIE
Wit TA-XT Plus B S0 AT LAS 2 RE i
fii 32 WEL UGS 32 | P A O R AR AT DA W i
Ve IR AR AR TS [ A8 A R O 2R T A R
PRSI 22 S B, g 3 FTas,0 °C 400 W B
I A R R RE b B RE (508.55 @) FITREL IS BF (157.15 g)
3 T AR B (P <C0.05) , Bifi 3 HE A I T R
B B FITOEL WG R S A T R R R IR
HH e 20 S 3R e 25 R PR D R O ) ML O 2 L R
IR, Xiong" BB 5T 36 B, 78 VR 45 i o o
T rf, RGP Y R B R T AR R A O L R R Y
fiff VR R A PR B T ) A R /D L TR O Al R A
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Table 3

Y L 2 S R R AN B 3 A RO A A B T 2R A

45 IE

FRBHEFT XM RE S & & RN

Effect of different thawing methods on texture characteristics of frozen Nemipterus virgatus

fitg 1575 5X

Thawing method

B /g

Hardness

WL I

Chewiness

i

Elasticity

4 CUKFf# R 4 °C refrigerator defrosting

20 C#fr/K it % 20 °C water soaking thawing

0 CUKIKIR G /KW f# PR 0 °C water bath

0°C 160 W #M 7 I f# 1% 0 °C ultrasonic thawing (160 W)
0°C 280 W #7 J f# 1% 0 °C ultrasonic thawing (280 W)
0 °C 400 W M7 P f# 1% 0 °C ultrasonic thawing (400 W)

265.631+20.99¢
326.29421.07b
294.96+21.62bc
258.8229.40¢
323.53+29.66b
508.55117.38a

59.19£31.55d
106.954+41.12b
83.06446.19¢
90.63128.28bc
98.65+28.85b

157.15429.81a

0.4940.03b
0.66+0.05a
0.62+0.03a
0.67+0.02a
0.65+0.04a
0.65+0.01a

23 AEABEAAMELBEARARENREN
A

A o TR i R J7 Ak BT PR AR VR R R
VAR VIS E R0 A 3 A 32 B AR DI (0 1| 0
1D s T o (45~50 °C) g ILBRE 1 3k 36 19 i K
AEPEIRE o T e (55~60 “C) R LI 2 H FIWLER 2 (1
BRI e KAEVEIRFE o T s (70~75 CHONMBHE A
() 5 KA MR . AH 6w 38 11 o A8 R ks (A
T o P AH B AT DL BB 15T /2 75 A A8 M (B
ANRIIIMAAAL BT R AR PR AR Sy . SR 4 BT
IRSTE T 150 °C 400 WP 35 A R 1Y R A 119
T o P AH A F A 2H 4 5 W 5 (P <<0.05) , A] A
S FR T Dl R R B A R A RS E L R RS
1) £ R B AR 8 AT . T 4 °C KA A B A R
il RS V8 5 ) 4 4 A0 R DK A IR 22 3 /DN & 3 ol e
R AR R R R B S LR R A AR A
AH fHTE 20 C KR L0 “C kK IR A K i 5

0°C 160 W B A I MR AN 0 °C 280 W B 75 I fif 7%

R b A B 22 e IR B ILBR 8 1R B

= 4k
™ He

WA Z M. {70 °C 400 W I
il RFE S AH 5 ZAH LA B 2 e, XX R L
BREATEERHENERRZ.

LR R UK E A AL E ) T e A
Tows P T AR Z IR AW W E 2R, 5RE
B, 4 o b Y LER B 1 R LK 2R R 3l
B LBR AR Sk 0 B A A i R e ML OF BLAE
X B P LT WA . AHLTE 6 ALFE
R 3 2 5 X RINLERE AR VK B AR
P BT 19 BB I AE A AR A 2 K BUR R . X AH
Br T 0°C 280 W M U il R RE o W 3 R T AL A
A, FL AR S 22 R A R 25 L X T RE S O R
AL TP 1 5 R A A R AR I B 1 v, G 1 D)
WinkasE ., MAKEF .0 C 280 W i A5 P it o ik B
B B 50 oy b 24 - 2 1 R E 1
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Table 4

Effect of different thawing methods on maximum transition temperatures and ehthalpy of frozen Nemipterus virgatus

L IS I T Peak [ W T Peak IT WE T Peak T
Thawing method Toa/C  AH/U/0 Toe/C  AH2/U/0 Tows/C  AHs/(J/0
4 °C PRAH i 5
KT 4 49.53+1.07b 1.39+0.05b 63.83+0.18a 0.05+0.01b 70.83+0.18b  0.254+0.02¢

4 °C refrigerator defrosting

20 °C 7K fif U

o . . 47.56+0.09bc  0.99+0.04c 64.55+0.52a  0.0540.01b  70.894+0.05b 0.2540.02bc
20 ‘C water soaking thawing
0 “CUKAKIR A 7K IB it o

o KoACR & A 47.59+0.29bc  0.7140.09d  65.0840.85a 0.06-0.00ab 70.630.17b 0.30=0.04ab
0 °C water bath
0°C 160 W # = It i

o &F‘ K%(ﬁ: 48.57+11.99bc  0.6440.08d 59.9340.36b  0.0440.00b 71.12+0.16b  0.2840.02bc
0 °C ultrasonic thawing (160 W)
0 °C 280 W i 7 I i

N ﬁfﬂ(ﬁﬁ%/ 47.03£0.34c 0.87+0.10c 61.08£0.89b 0.0740.0lab 72.6440.42a 0.34+0.02a
0 °C ultrasonic thawing (280 W)
0 °C 400 W 8 75 I it 1

o &Fﬂ }xﬁ?(ﬁ: 52.8240.52a 1.5740.04a 65.584+1.76a  0.0840.00a 70.95+0.47b 0.24+0.01c
0 °C ultrasonic thawing (400 W)
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fEGRA 0 °C 400 W 75 I A R Ak AT DL B 4 b 4
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20 °C ¥ 7K fife o 1) 2 1 S5 A8 T R AN HIC, X 5 2H 2O
SRR B K 2, BEE R TR E . T
FUNA & = A T B3, vk o8 A R E 3
SR T I VLIRS AN . 8 7S I E R 3 g
A K R S I AR i DA T AR L B RS

2000
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Raman spectroscopy of frozen Nemipterus virgatus myofibrillar protein by different thawing methods

AL R T B DR, Y R A Y R B
1 NGB 1 e = U 1 P U I (A9 S (<A
B s AT DATE B 0 B 1] P PR A B AT TR B 5 DA T A A1 )
R SR I A SRR Y BRI A
25 AEMEFARNNELEHAMULERHI N
Pl 2 2 I O 2 i ok B O 2% 381 94 AN [ it R =X
WG A LR HOR LS A &, T LLE
AN i 1 5 QA B0 4 4 A LD 2T 2 0 25 Hh B 3
FT 2L 5 USR] 1) 2 B A 25 A AN TR) R B2 1 3 K
Zeat 0 °C 280 W M I i R A 0 °C UKOK TR A 7K i
fifk VR S TR RE i LS HE 3 S5 8 L LD 2F e 45 0 o 3
e /b W7 24, AT B 2 IR X B 1 0 9 A AR L B
PR i R AR BRI T X LR 2R 2 i e IR . ekt &
i 4 °C VKR R Ja LR =2 8] B[] BR AR K, 20 °C # K
fift VR 1 JUL DB 2 A O o T 284, T B R T KA A R B
[i) e i L R A v T B, T L 4 £ K e [ 2 R
P2 SORTE K, S5 40 32 B — 5 IR 3 1 5 B —
FEREEAME, 0°C 160 WA JE 7M1 0 °C 400 W
R R R S P UL R ZF 4k HE ) 2 AL R B
A T L ) B X 5 L0 G B 4 SR A AL L T
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Table 5 Effect of different thawings on secondary structure content of frozen Nemipterus virgatus %
ik 77 3K a- 1R iE B & B-% f v WIE il
Thawing method a-Helix B-Sheet B-Turn Random coil
4 °C VKF R
OC ﬁkﬁ‘ﬁ‘fﬁiﬁ i . 35.39+2.28bc 22.7341.67a 12.54+0.71ab 29.34+2.36b
4 °C refrigerator defrosting
20 C K i R
. \% KA . . 31.784+1.19¢ 23.1341.56a 15.50+2.05a 29.60+1.51b
20 ‘C water soaking thawing
0 °C ¥KIK IR A 7K ¥ it Ok
. KA £k R 34.534-1.95bc 23.1941.07a 10.65+1.90b 30.624-1.80ab
0 °C water bath
0 °C 160 W 7 I fift R
o i@rﬂ&ﬁ?(ﬁ: 33.6241.87hc 21.8842.48a 9.97+1.46b 34.5341.91a
0 °C ultrasonic thawing (160 W)
0°C 280 W i 3 I i
o &F‘/ﬁﬁ?(ﬁ: 39.1742.02a 24.2241.44a 8.8141.64b 27.8042.35b
0 °C ultrasonic thawing (280 W)
0 °C 400 W i j Ik i R
o @F‘ }xfﬁﬂ’(ff 38.52+2.90ab 22.8841.30a 11.53+1.34b 27.0742.37b
0 °C ultrasonic thawing (400 W)

A :0°C 160 W A B s B:0°C 280 W A B ¥is C:0 °C 400 W A UM VR s D: 0 C oK A KB MR TR; E:4 °C KA R 5

F.20 ‘CH#K AR

A: 0°C 160 W ultrasonic thawing; B:0 C 280 W ultrasonic thawing; C:0 °C 400 W ultrasonic thawing; D:0 C wa-

ter bath; E:4 °C refrigerator defrosting; F:20 ‘C water soaking thawing.
2 AEMEARNMNFESLEHLAMMEHRIRZIG(10X)

Fig.2 Effect of different thawing methods on muscular tissue of frozen Nemipterus virgatus (40X )

R K 1 R TR R ) o R P 38 A 2 AR
BE A=A T BOR B BIR L J5 3R] BE S o e B0 7 I
ARG T USUET 2] 7 0 L S O W RO
A fE] BRSO G, AT LR RE B2 O B Y 45 SR
(B 1 W0 1 27 2 3 24 1) 24 5 DA B 3 3ot B IR &
SEEAY A T 5 B A M R AL

3 i

N[5 fif VR 7 15 23 X 4 R AR Al RN R AR
AP SN IR Ak B o - = DIE Y Sl N = DI 34

%

LA R A 2 oML 5 A 77 A A [ R JBE A4 52 W) AR SC 25
W, 4 °C vRAR fiff VR A G £ 0 BT B0/IN B9 ik R 40
KRG Z BB R UL L 0 IR L (H 2 Al fk
o (1) B 8 70 25 A 3 9 HH TR OV 45 1 45 AL 4R
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Effect of different thawing methods on thermal stability and tissue
structure of myofibrin of Nemipterus virgatus

LIU Hongying' MA Yingying' LI Xiuxia’® LI Jianrong® GUO Xiaohua® YU Jianyang®

1.College of Food Science and Technology s Bohai University,Jinzhou 121013,China ;
2.Shandong Meijia Group Co. Ltd.,Rizhao 276800,China ;
3.Rongcheng Taixiang Food Co. Litd.,Weihai 264309,China

Abstract In order to study the effects of different thawing methods on the quality of Nemipterus
virgatus ,0 ‘C water bath,4 “C refrigerator defrosting,20 ‘C water soaking thawing and 0 ‘C ultrasonic
thawing (160 W,280 W,400 W) were individually used to thaw Nemiprerus virgatus that was stored at
—20 °C. Thawing loss rate, cooking loss rate and textural properties were determined. Meanwhile, dif-
ferential scanning calorimetry (DSC) was used to study protein thermal stability. Raman spectra was
used to analyse to protein secondary structure. Microstructure of muscle tissue was observed by optical
microscope. The results indicated that the thawing loss rate of Nemipterus virgatus thawed in 4 C re-
frigerator was the lowest,followed by 0 °C ultrasonic (280 W) thawing. After thawing in 0 “C ultrasonic
(280 W) ,the microstructure of Nemipterus virgatus was greatly maintained, the protein showed good
thermal stability, and the secondary structure of myofibrillar protein changed little. Although protein
thermal stability and textured property of Nemipterus virgatus after the 0 “C ultrasonic (400 W) tha-
wing were the best, myofibrils were severely broken and the gap of the muscle fiber bundle in micro-
structure became bigger due to excessively high power ultrasonic waves. Among 4 kinds of thawing
methods comprehensively,0 °C ultrasonic (280 W) thawing could maintaine the quality of Nemipterus
virgatus and exert the least damage to Nemiprerus virgatus muscle. It is a recommended method for
rapid thawing Nemipterus virgatus.

Keywords Nemipterus virgatus; thawing methods; myofibrillar protein; thermal stability; histo-

logical structure; texture characteristics; thawing loss
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