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WEHE A M 8 ( Thunnus maccoyii ) & 4 A8 8 &
WEEATYM, B TARNME &S NaEn
VT 2 2 1 25 DI 5 2 1 B L 22 N R R I R S
WP IR ORI B B o (HL B8 A £ £
i A b By e A BRI Y AR S
PSRRI = S T RS R A
H N TR I — D OB IR Y, 1% 58 1 =5 S Uk
ISR V2 B 7R ( Cold Storage Thawing, CST ) %5 fift
HIT AL FHNN AN PR OF S
A KR PR AR A5 (] R, 7 B ] 2 1 AR 287 Y
bR R

T R | HL d S ) A B AR R BR B
R TR B R/ REVRIM AR IR SF I3, © 8
WONE TV VR K™ B i R b Bk i
( Microwave Thawing , MT ) 1] FH #3530 008 4 5 5
B PR S AR LA 92 B RE R e L, AT £
e B O R, AN ST 47 R R I T 3 i R
b A W By BB Y fe B T R X, S T A ) 4R A B
N, PREEE S 4 TR AR DL i £a S A 5T
X4, ZH 1300 W 2450 MHz ) MT &b ¥ REA 250
HAE A ISR (R 5 A TR RR AR | i S S
MY B 5, W% % Uk (Magnetic Field Thawing,
MET) F 0 W oK o35 Z i) Sk R AR E e, f2
KA PR3 4R 224> /IN A e a3 T 4 44 D oK i 1)
TERL, A AT 2 R K = S VR RS ML
Mohsenpour® ZEfF 57 & B, MET H. A T J6 14 fift 4 st
], 75 40 Hz F1 80 Hz #5144 Al LI £F 4 85
SERJRIT IR AR W MFT 76 i g 7 2 2 Oy T L
A1, R Shi G5 IBESEE— ESE, MFT £E 411
il B B S A R R A< JUL PR 2 25 4 i 49 A 7E I 3
o, AR i H 3 f# 8 ( Low-voltage Electrostatic
Field Thawing, LEFT ) WK 58 B AR Al ™ A5 (4 B3 1
B A LTIz S A R R S R il A
R R R B NIRRT | B RS
D PRA  LEFT Ab BHIA BB U8 /N TR 7K 7= i 1 7K
i RS U0 A O DR 40 4, A7 R i 82
FRE R AR 4, S, Y. Qian % HESE KL, 5

CST b3 AH L, LEFT Ab 32 i) fige O B[] Y 48 4
i, HLRg I kDR LR A SOUL S A4 T i 2 RAIR K 43
PR ANGTY) 7, A6 R F AR5 6 PR 5, 7 PR 2 il O
Hh R B R R T

HHIT, T8 VR AR 1 S 1 I Y 32 248 vh 7 il
VR ORI 35 R /K B8 07 | J0 R 45 o SRR R B L
JRAFAE R (AR, B, e R
JKAFVR (CST 1 LEFT X} 4 A8 £ BURE MR 2, &
P LEFT 4B AT DL G 3 R 3 4 A8 40 PR A0 (35
JAG B e B SR KRR . XL XL Li B RRS R R,
R A U RIS E BET AR A0 K RE T, TE 160 W
1280 W TR T LI £ 4 25 [ 1Y) 2 T 57K 2 %
1%, B 4 b 2k R LR A7 4 26 1 450, Y. Y.
Ma 25 UF5E & B, 280 WOl A5 AR 12 min, 1 4EFE
SA 0B TS MR 1, T 4R T WU 2F 2 25 1 1
BRI S0, AR, A5 561 B 3 B i O ) A £ 2
LR it J5T S LT B L RR PR B 2 M AR 5 A5

YT ASBIFGE AU LAV V5 W 65 4 A 10 S F 5 %)
% LA CST JXF IR WF5E MT MFT #1 LEFT iX 3 F#)
P B R O SOG HEEAR R | XU AR AE S UL
RAEAAE Y R AE MR, DU 3RS —Fh sk
POV VR ARt S i i Jr =X, B T G A 0 S
JoT R AL o e AR S

1 MRS IE

1.1 FEMMEIRF

VOURIE B G A A0, W LR R T K A R A
AL, T - 80 C fRAF; B AR . MgO | i A 2 bk % MR
(TBA) RN PR 2 A | 1 ifg 22 si kA LR
FIRM A BRI 5 2~ B B2 ( DTNB) ({7 A PR
BN NaCl, U OHERURHE A BR A W) 5 IR R = -t
Qe iai) & = ORI ) ZE G (Tris ) FH 2R,
et R ER AR A A2, 4 - 2 2R
(DNPH) .Z %P Z. 1R (EDTA) Ml =& W2, Lt
Baf R T AR AR B A1 BR 23 7] NaH, PO, Na, HPO,
F1HCL, [ 24 42 A Ak 27 32500 4 PR A 5] NaOH, f# /=
(R A BRA Al 5 CuSO, + 5H,0 FI LB,
PSE TP R S v [ S 5 A b v B o B
Mrati,
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1.2 FENSEEIEH

NN-DF392B U 545, Fa T oL as (TP ED A
MR E] s MFI-F1 B85350 VRS RS , SE 40 ke (T
B B B A BRA W 5 CBI - 150-PM 24 v 37 5%
& R BB A A B A F s NM2012 BRI 1%
BEFEHR (LF-NMR ) X, 75 M 4135 70 B 4302 I 43 A B
/8] CR-400 YA 8 (42211, H 28 Konica Minolta
LA 7] UV-2550 BRI -1 WG 6B T, &
HALEE (M) A RS 7] TA=XT Plus U HIAY, 9E
[l SMS 7\ A ; K9840 I [ 8l [C e A X, L 7R 1 hE
AW TRRAT FRZA 1 5 LE438 B pH i1, M 45 ) — 6 4
AU (L) ARG AL S, RS ARG 1S -85 1
TR (GC-IMS) A3, M RE AR AR LA L A BR 2>
F] ; NanoBrook 90Plus 7Y Zeta—$7 4% HL A 43 AT 4L, 55
|75 45 5 Vg SCANC B8 2 )5 F = 7000 B¢ 6 43 6 BE
11 ,S-4800 U494 HL ¥ 7B (SEM) , H A Hitachi
/A7) ;LabRAM HR Evolution i SO I R i &
St ii% 1%, #: E HORIBA France SAS 2\ #l; Nikon
Eclipse 80i A2 i, H A JE BEbk U234t ; CM -
1850 TV VR U) AL, A E k= A D
1.3 SKEAE
1.3.1 AFESESREMAELE ALmitir4
AN FRL  fff R A i v SIS W ¥4 R B 4 A £ B
G I BE Y PG R B IR B 0 °C B, R R TR
A
CST Ab 3. 44 V% VR i
F 4 CUKFET R

MT b3 . H¥8 VR i B8 4 4t MO e df | 78
300 W 2450 MHz (3L 4618 T s,

MFT b2 K v 5 i 66 4 4 £0 B 0 AE e AR v
7E 10 mT 4 C TG EAE A,

LEFT Zb B . 454 V5 15 B8 x40 0 HUB e Bepf v
TEHLIR A 0.23 A HE AR RST 2N 260 nm x 300 nm x
150 nm Gt L RN 2.5 kV IRE N 4 CRITHEY
SRR
1.3.2 EEMRE BOBREBEMBHB KRN E

S B AT T D ZE AR AR R SRR B 4
K%, 5% ], Q. Zhou 5 [ 7 1k I 72 At R B R %
HRIVEBE, BLS gL R m,, T G 0 35 i

8 AR L BUIAE B P, 1

SR T ZE LS E 1 7F 85 C &M T KR
TN 20 min, FRFE R H EZE)E, FRE, I N m,,
TR EBUR RIS o TR 1Y R B8 S A0 A i
FHIEARAUZE 5T 50 mL B5.045 7, T 4000 1/min
4 CHAM T B 10 min, BUH J5 I8 4048 T H & 78
e B IK AT  FREE, IE 8 my, TR O 28 K
5 g WURTESE G AT K R m | HIIE 4R T
B2 TEAT: it R T 7K 20, BREE 0 my , THE R 40
KA, RBPRI B R VR P R R 11t
=/

m, —m,

REMEE = x 100%

m,

m, = ms;

BORMEFE = x 100%

m,

m, —m,

fREME R = x 100%

1.3.3 KeHHENE RABES " Wk &
SR AR AL PR 5 B S AR A R (2 emX2 emX2 em)
BTHERZN 60 mm MR ILIRE T, /] LF-NMR
IXH Y Carr-Purcell-Meiboom-Gill ik w5 %1l 52 5th
B (T,) , BARSHC R /T £ 3, S At i ]
H00.02 ps, 5 fF B E Y 2500 ms, [ B[] Y
0.2 ms, FIHEECH 5000 4, A< BMREE” 515
F) 1 Rl iR PR L S AL HE S A EHE SIRT,
BARYHOLE A 1000 000 ¥, 5 f3 8 T, i i
Xof 7 P TR R LU 8] WX o7 A AR T

FIH 2 A W 113 AR T 5 0 i 88 46 4 £ sk
T RREIAR NG 3T . B Sefd KIS A, B A
R E AR AL S TR, PR AR B T, BT
BIEHEI(FOV) 9 100, EEE ATl ( TR) M 2620 ms , fiv 44
Je s A B A B 5 7 AR A B A rh i
B A5 BB AR (MRI) BHZ
1.3.4 BESHNE EFRT AHEEG2ET
HEAT R RS IE S, I 2 5 B 4 40 0 () 21 % 0 A
(a") EWEOFMH (6" ) W (L") R s O
EHSHEOEENEE (/D).
1.3.5 SAN4AEB BENAEBMSSRINLE
BERNE S50 Wk, IEREBY,
B2 g SR 5 8 S AR R 5 LA 20 mL R 4M
22 0 (0. 04 mol/L,pH {4 6.8) , L 10 000 1/min
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(%G 34 S, AE 4 °C .10 000 /min Z5 14 F &0
15 min, BUE VW, A OBUZ i 4R i, K 0 ik 43l
£ 525 nm 545 nm 565 nm F1 572 nm P AR E
JCRE . AAMELLE I AL E A RS R ILLL R
F 7 e AR .

AAMLE G bk = (0.882R, — 1.267R, +
0.809R, - 0.361) x 100%
BLAMLLE G B = (0.369R, + 1. 140R, —
0.941R, + 0.015) x 100%

B ML E G B = (- 2.514R, + 0.778R, +
0.800R, + 1.098) x 100%

K R, Agy/Asys , Ry T Asgs/Asas s Ry T Asys/Asys o
1.3.6 FHARHNE SHELEE L I
FHYEMB M, W EME S AL (2 emx2 emx2 em) &
FRAAERY & L, R P50 Bk b1, 54
FES AT 2 Yt He i | 45 L 51 309% itk i

¥R m/s JBR S1H5.0 g

1.3.7 RIERMILER (Total Volatile Base Nitrogen,
TVB-N) &l ME(EMLL2EZRE &
PR PR R R A A9 I E ) ((GB5009. 228—
2016) > Hr ) BB A2 AR A2 W B A £a P Y
TVB-N &,

1.3.8 pHEMIE K5 ¢ XKML SRMAS
50 mL 228 T /KR4, L 10 000 r/min B %% 5 1 i
30 s, Bl AE 4 °C 2991 r/min 554 FES.C> 10 min, B
W, pH N E pH E

1.3.9 GC-IMS{llE WL 2 g ZRHERY IS EE AR A
Toasgrh 4% A sh TS #ERE, 78 60 °C 500 r/min
M TIEE 15 min, FEEERF A 0.5 mL, FEAEET R
BEHR 65 °C 850 N, , IMS IR 45 C | S M7
H:0~2 min & 2 mL/min;2~10 min, )\ 2 mL/min F}
F| 15 mL/min; 10 ~ 20 min, M\ 15 ml/min F} F]
100 ml/min;20~25 min, A 100 mL/min F+] 150 ml/min,
SAIHTE ] R 25 min,

1.3.10 UIAFEHEB 2% Y. Thiansilakul %"
758 # 50 g ZOE R R SAR A N 5 150 mL Tris-
HCI 2%t (10 mmol/L, pH {4 8.0, % 1 mmol/L
EDTA)IRA, T 8000 r/min 25 FH#E 1 min J5, 7
4 CUKFTPFFE 1.5 h, FREEFE L ZE 4 °C 110 000 1/min

FAFTE0 15 min, BIF WA ILLLE HE R, B
1 mL JLLL 5 FUATRCS 4 mL XU RIS ROR &, e
30 min &, ME 540 nm JE K A0 BTGB, SR AW 45
R T TR LT B R R MRS

1.3.11 RAEMBEHEENZE #H Tris-HCl 22 ik
(10 mmol/L,pH {E4 8. 0,7 1 mmol/L EDTA) $f42
B LLT B R AR BE R 1.0 mg/mL, iR T,
Zeta— R A3 HL L 43 BT AN o FORLARS . I i B 1) DU
ST LA P Tk R, B E AR
WHBEZE 5 mg/mL, U5 mL TE.ODEH 76 4 C
10 000 r/min 24 F B0 10 min, 23 51 B | 7% 8 F0
RELOIINAE WA 1 mL, A 4 mL 346 Ik
VAW, SR P ROEHCE 30 min, T 540 nm P K AL
DE R CEE .+ T AXTHE R,
BOEEA R ERE

BOA KGR ERE

1.3.12 BHE BEM_RBERSER TBA &
Mg 1) BHESTE, 3% W. H Zh F ")
8 DTNB 35300 5 WLLT B 1 A s 2 & i, I RIAE
&k, {1 Tris-HCI 28 #h 3 (10 mmol/L, pH {H A
8.0,7 1 mmol/L EDTA) ¥ 32 B ILLL & i W
FE% 1.0 mg/mL, B 0.5 mL B 5 UL & %
W, MA 4.5 mL Tris—H 2 fR %2 bl (pH {E4 8.0,
SH BRI 1% 8 Tris, 92 mmol/L H & R .
4 mmol/L EDTA 18 mol/L JRZE) , Lk 10 000 r/min
B RS, A 0.5 mL Ellman i3] (10 mmol/L
DTNB) , F 25 C 44 F i 30 min, 7F 412 nm 1
AR E WO BE L g R R R TE O R B 13 600 L/
(mol - cm)

2) B AR IR MRS ok,
DNPH JEI & WLZL 2 o A B i, R AR IE e, il
H Tris-HCl 2% # ¥ (10 mmol/L, pH {4 8.0, 7%
1 mmol/I. EDTA ) 5 $2& B (% L 21 26 1 1% W B &2
1.0 mg/mL, B 1 mL # B S5 AL 8 A W T
50 mL B0, A 1 mL 10 mmol/L Y DNPH %
W, TREAL SN 1 h, Bl IS A 4 mL Ji i 50 50k
20% ) =R LFRIEW, 7E 4 °C 10 000 r/min 514
B0 15 min, 37 FLIEWGUUEA | mL R OBRS T
IK CBETRA A (RBE 1 1) VR 3 K, LUBR

BRI = x 100%




XMR 2 5 32 37 5 By R TR AR B AL BRI R A B R -33-.

F R AHAH]; Z 5 A 5 mLL 6 mol/L (SR FRATE
W AE 37 C M F¥# 25 min, F-TF 4 °C .10 000 1/
min Z5F T B0 5 min, bR 5 RE Y R, A TR
370 nm PEHRAOIE 15 WEE

3) SRMAER S, SHRICEFE WL,
IERIVEE B, PO G EE I 2 WLar R A
CERMAEAR ST, WK AG RN WMEKRK N
325 nm, KGHE KN 420 nm, L& T E R 10 nm, 3%
FHFRXHENAE RN

4)TBA fH, % B EE" Wk, JEMIER
B, BU10 g ZOFH BB SAR Y, A 50 mL T i
SN 5% 1) =R LTREEW, L 10 000 r/min 155
Y g e, W 5 mL R, A SR R
0.02 mol/L TBA IFW ,IREH2], T 80 C AT K
NI 40 min, BH E =L, 550 -7] W65t
JEEETHAE 532 nm PR AN E LR
1.3.13 EEBRAZREN 1) R4, Bila
BT 8 B OO E I R AR 8Ok
£ 1800~ 800 em™" i Bl Py X Heib AT 4948, Ik Bk
WK H 532 nm, BEOGEFE] 4 120 s, F5F H PeakFit
va. 04 B s .

2) SHEEN . SRR Tk AR

1EE, (i 10 mmol/L Y Tris-HCI 28 #glfs L2 2
TR B T e 8 4 0. 1 mg/mLL, 7 220 ~360 nm
TR I E WILLLEE 1 5 /PO, 2% Y. Li
SFEUCO R JERAEIE R, SO et B
7E 0.1 mg/mL WLZLAR U IR A IR 2015 . Tl
WA M. & MK 295 om, £ 4 7€ Bl 320 ~
460 nm, T/EHJE 700 V,
1.3.14 WHWAEHME S% W. H. Zhu F )5
B IEREVEIE S, (TR TDRE o )5 14 i B8 A A
f ) (5 mmx5 mmx3 mm) |, AR50
25% W% TR MR GE 24 h, Bl SRR 25 2 W, T
0.2 mol/L MR 4L v (pH fH Ny 7.2) I Uk
15 min, AP TR 3 UK i 2585 7oK B 1 h IR
UHIARTI AN 50% 70% 90% (1) 2. B T 1 T3
7K 15 min, #HJCK SBEREK 10 min, 5 52 20 B8
3 Y3 SEM TEMCR 300 A5 1% 10 T WL 5 6 45
1 P T 25 7

2% W. X. Wang %5 (0% IR R RGBS,
FHR R O) A WL B ARt U) A 5~ 10 um YA,
FIFHIRA TR — 2L g o420 & AT e 60, SR DG 7
T AUBEAE K 40 A5 15 50 T WL 58 1 8 440 10 (1 134
WL
1.4 HUEALE

RS EE AT 3 W, LREE L L (F
{E+hRifEZE ) FoR i SPSS 19. 0 B4k A7 B[R &
752531 (ANOVA) , FIFH OriginPro 9. 0 #{4FE4 744
FERTAAL A2 &, Hoh P<0. 05 #oR 27 W E, P<
0.01 FREFWRE .

2 ZERET

2.1 HEtESWEFFKENSH

FEoK BB T 2 PPAR V8 VR K ™ i b 5T 25 AR R B 1Y
HESHZ " R AR UK A L 2
AU 17 , 23 {6 — &8 43 7K AN B8 4 4l L W e, 3
TP HOK = 5 R K BE D R SR ) E A
Bl e R 0T 86 A £0 R E K B D RS2 e L 1 TR
HrARRING bR R oR 4 18] 22 55 1 1k (P<0. 05) ,
T, & 1 A, CST 4b 3 4H Y AR R 50 gk R
(38.43%) B Lr 01 % A (37. 57% ) 78 i 2k &
(35.76% ) 4 8.2 & T HAbf# 7R 77X (P<0.05) , &
WL R K By i 25 . X AT B2 Kl CST Ab B2 1Y
R I (B B A, SN 1) it A8 4 o R 2 (R UK A T
S, IR L PR 4 205 R 1 e A 2 T A AR UL PR i
FiKAET ., MT Ab 340 R i #oR 157 fifi 8 1 i AR

. )
5 T
50, m%&ﬁﬁe$ 145

EABRE | |,

e X

% | §*35@_

Kol Vs 30%* K

- . es

£, / : B o5t

= /’ B 20

/, — 12082 {20
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Fig. 1

on water-holding capacity of Thunnus maccoyii

Effects of different physical field-assisted thawing
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PERNG T SA AR ™ B, I B A A R G S A
Yo T A5 K Z R AR BAE T, e & 580K
SIREFY TR AR, MEZ N, MFT F1 LEFT &b
HZ R AT R K BE 7, 3% AT RE S IR R
IR i 37 %o UL 27 4 2 1 450 LA R
Al 2 T 8 S AR L SRR BE S
2.2 BESBEKSSHSN

LF-NMR $ A A] PARAEIK F= i 2 21 P 7K i
FoRpte  Horh 7, 0T R BOK S AR IRAS B 1Y T,
Xof IR ATR R K 337 B, B K 43 9 43 14 250 5
SE, AR Rs sh 2 BIBR S L AS ) 4 B
B AR O 0o 0 08 A Eru 7K A3 RS A3 AT R T L 51 2 T
/No HE 2a) 1 b) A%, 5 LEFT Ab3ZHAH L, CST |
MT FI MFT Zb 30 i T, B3RS 3 AN RRAF 1634 H 3
W A R BLG  3X AT g2 R oA il R ol 2 v ok i 7Y
A K B M IS R 5 407 , A A 25 45 7K 1) ) Pl K
A, [RI , 2544 86 11 19 B 1T 51 & 45 6 K B, AT
A P K A3 1 A A RS MFT(2.26%)
FILEFT(2. 44% ) A3 P 255 7K (5 BB &5, A 55
K A3k 97. 37% F1 97.33% ,iX FEJE R T
R 1 ik s T RE A 200820 UK GE L TR 4 2
FRILARAG 107 , T 1oy b 28 5 UL PR AL 2L ) 45K RE T
U, MFT Fl LEFT 78 {535 ¥ 6 4 4 07K 5373 A5 Fii
AR S R T8 2 B I S AR

MRI H AR BE4% 7T WAL £ & o &5 1 119 43 1)
BTGB 75 MRT R 55 5 B 57K 40 F I e
LIEARSE , BAG vh JE F041 60 XS A £ 5 e, 3¢
B D AU T B IR 2¢) AT T, MET Al
LEFT 4bBRA rp 218 XI5 5 08 B2 B 2, Ho2r A 34
5], FRWAIX 2 P s Oy I8 Rl A R AR LN A 2
FrKAES AL Z R MT b B i 41 60 X B 45 5 o
FER S, v A R Y57, 2 WL 1 2L R K g
F1H82% X RE S MT fif ok ik A2 rh PR 8 0ot #0530
ARV RN e e 2B
2.3 HESRERESH

052 R T 2 35 W S AT R 1) SRR B
S. Palanisamy 45V ST R, M3 T 54T o |
b*AIL™ a'/b " HEREMERG L AL 15 6 446 £ Y Y (0
PEan T, AN (A4 B 47 T B ik RO B 4 4 £ R0

2500
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11500 g
f000 %
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e AR
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a)T, %
C lamx l Rowsk B %ak
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Fig. 2 Effects of different physical field-assisted thawing

on water distribution of Thunnus maccoyii



XEZ R BRAN EE SR BN &AL E AR R 35

PIsZI an &l 3 s, H Il 3a) AT, CST (40.06) il
MT (42.06) Ab3LA Y L™ 35 8 35 & T A AL #RA (P<
0.05) , X A5 MR R A KT RS 5 i R i
S RAT S A AT AR SR R R 4 b £ P R Y £ R
T PR AT B R 1 0 P [ A v | R B80R i 2 T K 2 B
AR KN T OER RS, S EBCLT Y MFT Ab 4
[ b (2. 68) Ak, 22 B % 37 B AT 804 i i o LAk )
R a /b BT R ARG VLT AR 1 1] e R AL
FEEREAE ™ . LEFT AP0 /0" (1.93) i
BT HADANFRL (P<0.05) , AT BE et B s X
FEHIAVE T &2 i 7 A LA, X i B AR 0 1 2R
FUTCRIAR ™ A — 2 1 AR VR, JE T R G JULAT 2R 1
fkasErE, g 3b) AT, 28 4 Rl oy A HUR
fis S AR F R S TE PO RO T R B i (e 22 57

¥ al:lL' VA a | * [ a7

Al B

NGRES 54

CST
MFT
b) i #8 A £ P ]
RIS NGV 3 R R o A
CRES R AL

Fig. 3 Effects of different physical field-assisted

thawing on color of Thunnus maccoyii

LEFT

2.4 KESRENAZEHENEEIRS

WLLT AR AR b He i 210 TR B30 £ 1) DG A € 28 2 1
Z—, FEUSA AN ASNAERD Eaanii
LI LR R S LA A X 3 FiOIRAS A7
1, AL B 2 5 R SR AE OV TE VR &
M EA, Fik— A R E A R
[Fi) 0y B 7l B e o 0T 6 4 A £ UL 21 2R 11 4Rk R
SR A 4 R, H R 4 R R R R
75 X R A WLLT B 1 o B AR G B T 22 7 (P>
0.05), CST Ab32H HA S AR A B A ML B o L
(59.22% ) Filsw i 1Y = BRALLL AR M 1 (31.93%)
XA RE H A K I A O B AR HE T R 1 5 R T T
KSR A XK, MELZ T, LEFT 2P HA i
A B LLT 36 19 o FE (19, 87% ) e s 1 Fid UL
ZIER 1A A L (69.90% ), 3 1T BE Je R ok 4 i 11 figt
R IF] 2398020 WL R 2 21 55 2 AR ik, 32 T A 280410 11
[IRaRASTHE=R 1"
2.5 HESEERAFESHR

ARFFE W, AR R AR T TR R
VEF BB AR s 2 4 5 3508 1 o R B Jo 464k,
T T A PR (TS 8 A | LR 5 I R AR 5 Ut
A, VK LA A1 2 B MR 405 , S5 BRI A
il St B K BB T, HE T B AN ™ S T, AN 3 3
S O A 0 B A R TR R S I W2 1. Hh

=13 VA% ATl ey TAR: 9= kY. PR 4]

ab b b
w00, ok ] I |
| 1 |
a
80 - % T g
o 1
3 I
T ol

0 J .
CST MT

il |
B4 FREDEGHY AT EE 2 ENLLEE
AL R i 8 %

‘_ =

. L

MFT LEFT

Fig. 4  Effects of different physical field-assisted thawing

on redox substances of Thunnus

maccoyii myoglobin



- 36 -

Ba50 202648 A 5415 41

AT A AR HRAE 2 ) O RE R 24 53 1 3 (P<0.05)
o MFT AbFRAEA B R REE (556. 73 ¢) ,iX A g
SN MET R X550, % 40 i i SR 2 1 45 /0N, B
TEAF b 2 15 UL PO B9 B0 M Y2 LEFT AR B2
(556.73 g) ,iX AT RE 2 K]y 1 6 4 4 £ 7E (IR R i vl
VR, PR 2 S PR A2 B A, S BUOILA
SR 401 40 R BE AR K5 T MIT Ak B A4 ) B R A A1
(273.73 g) , X AT B K MT AR 5] {2k T
LRI EF A5 00 R 1 o 48 A 78 P 5 BROUL IR 2 1 45
PR AHAATRC, PRI RE BRI . MIFT A $HL 261 %) PEL IR 7
W5y (228. 98 m) ) , iX 7] GBS Rl S 1 37 W] L) 40
WUSET 2 2 APk 4R R7 LR ZH 2L 45 5 D e K
AEJT . 25 Ab 3 2 (0] A i 0 [l 52 1 34 G ik 3
225 (P>0.05), % b, MFT Fl LEFT Ab B £H ¥ BE {4
R b SO 7 0 b, 33 mT R U PR LA R A R R
AR B AR A BRI L S R B s
2.6 HESWRENEESN

TVB-N S& P K 7 i 8 i B 1Y B S48 bR 2 —
il S W e sk A A A Bl RT PN TR R AR T
FEAE A e S AR A BB L R
o B R AR AED YU K fa R TVB-N &5 &
0.300 0 mg/g B, & W] H i fif J3 7™ o [ AIR, AN U
H o NEIY PR Bh A 7R 6] 15 68 446/ TVB-N & it
0 pH ERYSZI N 5 7R, B 5 AT, 2 il vRAL
AL TVB-N & it ¥ 7 £ i & 4 B ZAn i IR (E 2
N, CST AbFEZLIY) TVB-N &t (0. 185 9 mg/g) ,
IXA] BB PR Ry 5 668 4 A £0 AE 122 0 O el i v A e [ 2
A, SEGEYE SR, AHILZ T MFT
FILEFT Ab P20 /9 TVB-N & & &K AT (P>
0.05),%8514 0. 157 5 mg/g 1 0. 157 2 mg/g, %M
HRCJRL T 18 U S [v) 6 A 20000 ) 8 11 B 174 I T e R At

A1 RREDEG B RE T2 S

Rk L AR

Table 1  Effects of different physical field-assisted
thawing on textural properties of Thunnus maccoyii

gl /g Wi/ mm PG/ m] =R
CST  423.70+2.68° 0.72+0.04° 185.06+10. 80" 0.240.03"

SR, 3 T 2 TVB-N A= 2 . b 4h MFT Al
LEFT b2 1) pH {EAHT , $ CST b FEL 53 IR AIG
T 4.94% 1 3. 68% , iX T BE & H Ay s 37 FVIG s e v
Sy P4 3T fg R b ] S0 T N R R T T
PR A A SRS T A B R AR, A pH
EREE5Y M2 R, MT AbFRA 6 30 A8 i 19 pH
{HL, 31X A BB PR R i i S 5 P D 2 1 Rl 1 2 )
VEFIAR il 28 19 0 A8 52 2B B AR, il T = 3 e R
fift, e & PR A, pH (TR T
2.7 HEESBREFELERNKLED ST

PR M R AL 0 2 VT 8 o TR T e
1) R b 2 — |, BB R JEE b 52 1) T4 9% 2 14 D
i Z B 35 KM KR 388U h 5 5 0%
V1R 58 J3E T 2 R4 e DRG0 1 ARG I 23
0B R 3 % LR X i B ek v, AN [ ) B 3 Bl B
VRN K 098 S A £0 4 22 e UL A i s m G &) 6 T
No HE 6 BT LRI ] 70 Fhg ke XRAE A
Yy, FEALEE 5 BESE 17 FIEEDS 11 FhERE (13 Fb
B2 7 P2 1 Fhvkimg e A, o mUR(E AR
TS0 1 5 DA Ay i B 4 A £ ) B R PR XL
WAL, 2 EOR R TR 17 A Ak 0 AR 1 T R A,
FEISTE S -2 - T R H i 4 T A %o i B
AR PR A AR IR B E vTEk, EC R
Xt i 08 A e B A XU AT BT BT IR, 1P HL A 48 v ARG
WA RE s AR Ik, BRRAL & Wid &

0.35 10

3.3025* ab V i

S EPEFE

[%0.10 / % 1,
0.0(5) é % |

A5
B S REDIEGE GRS ESE 2 &

MT  273.73£11.23 0.77+0.02°
MFT 556.73+35.02* 0.75+0. 06"
LEFT 504.53£36. 12" 0.71£0.03"

146.41+8. 67" 0.26+0.01°
228.98+38.42* 0.24+0.03"
202.95+56. 87" 0.26+0.01°

PR RNG AR R LR 22 5 B (P<0.05)

TVB-N 42 4= pH 18 % m

Fig. 5 Effects of different physical field-assisted

thawing on TVB-N content and pH value

of Thunnus maccoyii



XEZ R BRAN EE SR BN &AL E AR R =37

&

2,

SASBES S G S S 80000856 EEOEE SIS S8
%@j«i‘\%&@%‘é@’y‘@?««%ﬁ%&*&“ﬁ” PLeE 1{&?%‘35«*2& R3S
% i

A § W& 0 . - LEFT-1

o, B 3
\ﬁ)/& i g

VY
£
rid ’
K

&F

B 6 R F) 3R i B Aok 2 35 98 At B AR B M RRAL B4 49 % v

Fig. 6  Effects of different physical field-assisted thawing on volatile flavor compounds of Thunnus maccoyii

PRAE T A 7E 4 bR 2 el 777 A i 22 5 H:
H R R AE MFT AbFRZH P & 4 i, 76 MT Ab B
A S B A, AR I AT REAE S IX 23 A [a) i v =X
bR . BRI G WG 2-C Ol I T B
TEPBE, Forh TF P BEAE MEFT &b B A o % AR Xof ik B gk
1R IXSEPREIAL G W AT AR R W AT S E AL,
REFE I 2 AN AR TR 1) AL R A3, CST AR FRZH
Hv 2 1R ARG I A v, T R A f R (] A R
g AL fre, MFT F1 LEFT Ab BRI &4
BRI R BE 1 1 -2 M - 3T B— IR & s il
TR kE, 5 CST ALFLZH A 1, MFT 1 LEFT 4b
BRLL v 2- G | I T | OE T AR X R S AR
FEHH MEFT F1 LEFT 34 0] A4 2000 ¥ 5 668 4 40 f A
fAR R R b A AN AR, B SR AL B YR R
(5 (P2 e, L X 0 68 4 A 0 %) 8 1R XU 52 i AN K
DRI A R 22 5 T B 4 A 10 2 0 M XU AL &
PV L ISR X I B85 | S T 5 D) 5 26 77 i 1140 JXU AR S
HRHE

2.8 HESRBEEARIULTHESHT

2.8.1 MAFBMESN RO EERER
TR RV EA T A, rP s A B 1 R AT
PEBEE R MG R R [ 7 4l B At s %o i 6
G 0 JLZT AR R AR RIS A B2 52 e Gl 7
HI [l 7 AT 1, CST AR BRZH (i A8 K (380. 82 nm) |, H:
JE MFT (319.01 nm)  MT (217. 66 nm) Fl LEFT
(199.95 nm) AL FRAH | 3 AT G2 K A L2 4 11 7E
Bt R AR T AR AR BON R B K S A
LR T T Z R AH EAE L (AR,
LEFT ZbBRZH B RiAR /)N, 3 AT g2 PR R T )
77 A I B AR A7 B T A AR P TR AR Y

500 100
W R 72727 WARBE a
400 2 180
b b /
b
g 300F 2 160 ¢
: S
= i
@ . B
00l 140 &
100F 120
0 0
CST MT MFT LEFT

3
BT REDEG B RAE AL 2 &Lk g
Kt o V5 R LW o
Fig. 7 Effects of different physical field-assisted
thawing on particle size and solubility of

Thunnus maccoyii myoglobin

TR P A U UL 3 R e i,
T S G M AR LT 2 A R 4

TE 4 AL FR L ) LEFT Ab 35 20 4 9 1t B e s
(84.37%) ,3iX Al RE — J7 I J2& A O fIK R i v, 37 Ak 2
Xof 45 2 P S P B R T AT i i R
SV A AR LT SR R A s s — i, IR
JE g EL 3 T DARRAIG 3R 11 5 e A%, 28 T 4 n 2 1 o
5ok Z W] f A B T, B LEFT 0] A5 25 4 45 L 4r
FIZE R AR E P, MT AT MET Ab BRZH () 77 i 155 44
FART LEFT ZL3RZH 5351 69. 87% H1 71. 10% , i%
FIRESEE S MT A9 o Bt v, Fi i 0k AR R 1
AR T LT B A A AL AS P E R T MET 58 3 1)
Tl UK i BT B, RRAR K it % JUL PR 2 205 s LA
P , 2 A A e AR R
2.8.2 BHE BEM_RBERSESM AH
I 5 S IR B SR HE 2 0] A AH AR FH AT 5| & R



- 38 -

BS540 2026458 H 4541 % 4y

1B AR, FHRAAE 1 20 b A 5 S 5 1 TR o B i
UL, RS 2 T BROAE 4 S R MR R T
ARG RN BERRE " L AS ) 40 0 45 g O O X
i SAR LA B B S PRI R AR Y
sz miniE 8 fir/x, mi &l 8a) AT I, CST AbFE4 i
MBS AR (149. 04 nmol/mg) , X 7] fig J2 i 2%
% 0 A s el AR UL LT 38 11 254 JR T ol AR S 3
(55 7 8 T R/ BEh r s s Ml H 2 F, MT
(257. 87 nmol/mg) MFT(277. 05 nmol/mg) Fl LEFT
(274. 82 nmol/mg) Kb FHAT ) B4 3 & W iy, H =
HILEMZER(P>0.05) , R LR 7 R
AR A AR S . CST AL 3R 1Y
BRILA A (6. 89 nmol/mg) | T MET Kb 20 fit ¥k
B B WA T B A7k (5. 35 nmol/mg) , 3X 7 BE

450 ? B SR R R A
N b
Sae0r N lo -
on o
E a a E
=1 L =]
g 270 \ I, E
iz iz
41 180+ b \ 4
W90+ \
0 S
CST LEFT
231
ARFEMBRESE
025
350001 ab g REBEMAR 7 TBAE
b 1020 _
528000 1 %
< lo1s <
1821 000+ / 0'15§
& >
14 000+
& g
i g

T 7000t

0

CST LEFT
il
b) RMEM & B M TBAE
B 8 RE IG5 A AT B a4t SR G
BA B —RBE A4S % TBA 169 R
Fig. 8 Effects of different physical field-assisted thawing
on total sulfhydryl, carbonyl group and dityrosine
contents, and TBA value of Thunnus

maccoyii myoglobin

H P T#EFTE MET v AR B3R AR T . — 5 T4
BB A A SO, O — T 3 3 el A Kt 2 Y
M5, A ROED T E e R X
RS AL B R AL SRR BB PR T
MFT 74 2% 5 1 o A 7 i B e

i & 8b) W %1, MFT Al LEFT 4b FH2H A — SR fiK
GRS LA, R WIGX 2 P v O =X R A 80
P SR H B2 18] B AH ELAE T, T8 ILET 2R
P A, XA BY T AR LA A S5 i AR
FEPE B REORFF M BT, AHELZ T, CST Al MT
AbPREH F B A Y R R e, RO T A
FEIR 5y Z [ VR 005 , X 5 TR TVB-N & &
PANCLNESE S R
2.9 HESBEERELSH

fiff 3 A AN L R A T R 5 A IR S AR
Yy, 23 0F i G 4 AR #0193 AN R, A [] 4
P Bk R %o 0 B 4G f0 LZT A 1 TBA (H Y52
W E 8b) Frz~, &l 8b) u] I, CST 4b FH A i
TBA (0. 19 mg MDA/kg) .3 i T H At b 21 25
(P<0.05) ,3X AJ fEJ2 K24 CST Ab 3 20 v R 3R 1
s S A ik ) I R S B0 Jo Ak B ™
TENR PRSP DR 45 5 T AA7E 5 % HOE LEFT Ab
FHZ1(0. 17 mg MDA/kg) ,iX Al RES& K4 LEFT 7=
P14 B S 2 T ) AR A B B P R B R 5
MT (0. 14 mg MDA/kg) Fll MFT (0. 13 mg MDA/kg)
AEFRZH %) TBA {H 22 [ JC & 3% M 25 & (P>0. 05) ,iX
FIRESER A MET A H] T 68 SAR X 51 i R Be A
EVE N T A W S R R VTR | R R e
JE 5 TRIEE, MT BE SR o A O, 412 o A R AR B AR
i VR R A BRI A

2.10 KEEREEQFRMUSEON
2.10.1 ZJ/EMSW  PEOGE T LIRIERE AR

(9 A5 G o SRR B3 B il , R
A TR A RRE 5 i BT AR LN A5 55 &t
i, AR TS A BN B G MU AEE
Fi o i Y NS RAERAAE B N OB R R AN TR R 9
BB 07 , 14922 5w 2 v 0B 1) A A, R T
el 2 19 5 19 — G 2 A e AR U 5 e b, SR R
AL 2 B OR B P+ e e 1 0 R )



XEZ R BRAN EE SR BN &AL E AR R =39

SEEARLE AL A [ B B
Xof Wi B A £0 LT B 1 RS R I R e G 1R 9 iy
R HIE 9 AT, CST 4bBRAL B o — 2 i & 2 B A
(19.83%) , 70 KLU 4 iy 7 it fe /&5 (14.05% ) , % B
CST 55 RS LLT 38 1 24l 2 A s Ak, BEAR L 45
e, SFYLN B-Pr B M p-FE T
BFEEF(P>0.05), LEFT kb FRL ) o 12iE & i
e (24.94% ), To RN i 3 R AR (12, 14%)
U] LEFT nf AZERRILLT 26 (1 s M p R e,
TR TSR A T 1) T A AR 0 i R X B
FUR AT, 25 L LEFT FE4ERE LT 8 1 9 2h
o M SR B

—&— (CST ——MT —*— MFT —v— LEFT

Il L
400 600 800 1000 1200 1400 1600
o/cm™

RETA=5 A

120 —
FAM M NN\ 4 - & = R

100 -

REW TR/ %
[=2)
<
T

401

20 -

i A
/%m =

gl

CST LEFT

b AW ER

B9 RRHEGYGAESEE 2 S
LB § R 2 M 8 %R
Fig. 9 Effects of different physical field-assisted
thawing on secondary structure of Thunnus

maccoyii myoglobin

2.10.2 Z=Z/EMSH  EA R SR E AT
DA 3858 AR SO 335 R PN R 2 O Y 1 R AT SR AE B
S H EEIE T O B R A SR, JUH R AR IR
b YR (A OE R U S I (i = D1V da s & il
W R, AR PR AR L S B R TR R b, 7
BRGNS [F) 4 B 4 %l B o R %o T £ 4
Mt LT 2 1 = A R 2 i 10 iR, i R
10a) FIH1, LEFT Ab 3 20 HA f o (0 W fSc e, o=
MFET 4ZbFRZH 20 LEFT Al MEFT 34 5% 1 #€ 446 fa L
LRI EAL B BN, X AT RS K i 2 P R
J5 A BT 07 B e S R S Ak 45 4 JR T R /K
VA 2 8, WA AT 2 1 IR | 3 i A R T A
HEEH e B v, e KPR b 2 AR AL A
10b) AT, AR T CST, oA 3 Pl vk 7 X35 i i
R (A, ) KA, e B 0 5 e 5% 5L A
SRt vE R G AT B A =R R AE T BN

—=—CST
o MT
4r —+—MFT
| —v—LEFT
\
w0
R
R, |

| \
0 L L

240 260 280 300 320 340 360

K /nm
a) IR BOLE
2250
—=—CST
2000 —o—MT
——MFT
1750 —v—LEFT

FﬁlSOO
§1250-
1000 +

750

%0 340 360 380 400 420 440 460
FK/nm
bYNIRFOL I
B 10 RE 49337 56 oh ik 5T 1 85 el &
WAL & = R EE M 09 % vh
Fig. 10  Effects of different physical field-assisted
thawing on tertiary structure of Thunnus

maccoyii myoglobin



. 40 -

BS540 2026458 H 4541 % 4y

AL o MET 1 LEFT 353 9 148 5 19 8 1 %
KRG ARS8 J1, H LEFT LT MFT, 1fii CST fY
B ] R R S MIT AR S IR PE R 2 T
IR 1 LA P O BE W] W IR, X 5 %8
AN TE S R — 2
2.11 HHESIRBRMEETT

ANTR 8 37 i Bl ok KT T 0 4 S A OO 25 4
RZI ANl 11 s, H1& 11a) Af%1, MFT A1 LEFT
AbPHEZE A AL PR 27 4 ) 45 HE 51 R % | 4548 o8 %, HILTE]
25 R S /> 35k T R SR DR A R I e O B ) AR
T T K S AR T DR AR L PR 2R 2 T 45 11 5
R MIHZ R, CST A1 MT Ab B 20 9 WL A 4T 4
W24 K LI 23 BR ™ R BH b, 3T RS2 PR A ok EE 4
i ) AL AR 15 B PN D 1 1 R 4 iR ] R
T TR AR, SR R BOR KRR ) T R, 25 1 ST

S

byt B A A

B 11 REEG ) kA R e &
TALE A 8% v
Fig. 11  Effects of different physical field-assisted

thawing on microstructure of Thunnus maccoyii

BEFRREN SR WG, WA R R 2R T7 N Z ]
(7K P B 22 SR I T A5 S RE . i 1b) Al
CST b FRZH YL 2F HE 25 22 AL A HLI X nl fig
Je FH UK AR N IRUE 2R 1 VR AR AR
hICEMER TR, HET CST, Hofth 3 Ff gk 45 5
I RERLF Hh Ak 5 WL PR 21 4k 19 56 B 1 A0 e 1R 31
Forp LEFT B R4 RCR B WL, 17 MT 5 REAC A H
ZERR UL PA) 2 4 45 R RS 1, EL UL 18] 2 B A X 4
R, AT RES MR ™ A Y e A K BE T . 14— Y.
M. Zhang % [ RFFE S5 48— 2L,

3 %5

ASCLN g GG SN 42 il ik 5 A CST
MT MFT F1 LEFT iX 4 #7570 HREK 6E
KGR ar A A LAL R AR IE B 5 | 5T A
P B R A KR IE S W AR BERE T A
Ivi) 0 B A7l B foe oy O 6 A £ UL PR O I
LLT R AR G R i, A5 30 A0 2548 . CST & T80
i 4 F 0™ E 1 T T 4 A8, R K BE ) e,
IR E I 38. 43% WAL 8B (AL R,
BRI R A 5 N 31.93% RiAR e K HL s i BE A1
AR TFYEFFNLLT R A S = 254 MT FE(R
T TR e, o /b i (2.97) fE I Hm
PORYY 5], 3 S0EE 11 0028 P 0 i Jo S Ak B Sy ™ 5
MET PRIHCAT DAY oK ot LR 22 ML 7 , R R
P BRI GG 10 0 TR R A AR 0 ) Bl 5T 4R
b, AR R 4k KR B e e i, b 2
2 <. TG FI1IE TR B2 114 A 6T ik B 48 i LEFT AN A AT
DA RUPR F5 5 15 4 A f0 1Y 7 fF B (TVB-N fE R
0.157 2 mg/g) , il & 1 52 1) S0 A A8 M (B 2k 7
4 274. 82 nmol/mg) , L REAERFWLLL 1 2 M
TYLE Y I RE R M, A R R LR 4 oY s
4 AL FRA AN 70 R E KRR S,
Horf CST Ab 320 rh 2 - SC A AH X v B3, 45 7%
FUEE, ASHIESE S W B A B R R A R o K
FEEM T AR T S % Kok Al ik —
PRIE LEFT (192 500 A B 5% ) 88 1 o 4 A8
(9 53 F- L, DAAR R 12 B AR 76 ¥ B ) i S50 388 1) g
FHAE



XEZ R BRAN EE SR BN &AL E AR R 41 -

S

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

WANG X Y, XIE J, CHEN X J. Differences in lipid
composition of Bigeye tuna ( Thunnus obesus) during
storage at 0 Cand 4 °C[J]. Food Research International
2021,143:110233.

SUN Y,LUO W W,HE M X, et al. Effects of different
thawing methods on the physicochemical properties and
myofibrillar protein characteristics of Litopenaeus vannamet
[J]. LWT-Food Science and Technology,2024,192.115668.
JIANG J B,ZHANG L Y,YAO J B, et al. Effect of static
magnetic field assisted thawing on physicochemical quality
and microstructure of frozen beef tenderloin[ J . Frontiers
in Nutrition,2022,9.:914373.

Tk M E R, FE SRR AR R
WA B )], & &R, 2022,43(15) :227-235.
WAN H L,YING X G,ZHAO B, et al. Effects of different
thawing methods on the quality of sashimi [ J]. Food
Science ,2022,43(15) :227-235.

KA, ER A BN, £ MEBARTARENE RS
il % P wy BLR BE st R [T]. R R 5 iR, 2025, 38
(1):6-11,16.

WU X Q,MAO S,YIN X Y, et al. Research progress on
the application of physical thawing technology in meat and
its products[ J]. Cereals & Oils,2025,38(1) :6-11,16.
MOHSENPOUR M, NOURANI M, ENTESHARY R.
Effect of thawing under an alternating magnetic field on
rainbow trout ( Oncorhynchus mykiss) fillet characteristics
[J]. Food Chemistry, 2023,402,134255.

SHI R,SUN Z Q,YU X M, et al. Effect of magnetic field-
assisted thawing on the quality and microstructure of
Portunus trituberculatus meat[ J |. Food Research Interna-
tional ,2025,202;115722.

ZHANG Y L,LIU G S,XIE Q W,et al. A comprehensive
review of the principles, key factors, application, and
assessment of thawing technologies for muscle foods[ J].
Comprehensive Reviews in Food Science and Food Safety,
2023,22(1) :107-134.

FEIL F,MA Z,YUE A D, et al. Effect of low-voltage
electrostatic field-assisted partial freezing on large yellow
croaker protein properties and metabolomic analysis
during storage [ J ]. Journal of the Science of Food and
Agriculture,2024,104(4) :2359-2371.

QIAN S Y, LI X, WANG H, et al. Effects of low voltage
field

physicochemical properties of myofibrillar proteins of

electrostatic thawing on the changes in
bovine Longissimus dorsi muscle [ J ]. Journal of Food
Engineering,2019,261 :140-149.

2PE, K, N EA,FE AERBET AN E R

[17]

[19]

AN EEem [ J]. i k¥ 4R ,2024,33(5) :
1283-1291.

TONG X Y,ZHANG Y,LIU B L,et al. Effect of different
thawing methods on the quality characteristics of tuna
[J]. Journal of Shanghai Ocean University,2024,33(5) .
1283-1291.

LI X X, SUN P, MA Y Y, et al. Effect of ultrasonic
thawing on the water holding capacity, physico-chemical
properties, and structure of frozen tuna fish ( Thunnus
tonggol) myofibrillar proteins[ J ]. Journal of the Science
of Food and Agriculture,2019,99:5081-5093.

MAY Y, LI X X, SUN P, et al. Effect of ultrasonic
thawing on gel properties of tuna myofibrillar proteins
[J]. Journal of Food Processing and Preservation, 2022,
46.¢16268.

ZHU W H,GUO H F,HAN M L, et al. Evaluating the
effects of nanoparticles combined ultrasonic-microwave
thawing on water holding capacity, oxidation, and protein
conformation in jumbo squid ( Dosidicus gigas) mantles
[J]. Food Chemistry,2023,402;134250.

NIAN R,WANG Y ,XIONG X F,et al. Effects of magnetic
field-assisted thawing on the physicochemical properties of
blueberries [ J ]. Journal of the Science of Food and
Agriculture ,2025,105(11) :6106-6114.

LI WZ,XUY C,LIU J L, et al. Effect of plasma-activated
water combined with low-voltage electric field-assisted
thawing on the quality and protein structure of spotted sea
bass[ J]. Food Chemistry,2025,29:102776.

FE AEH I F DRAMAEE X AGREL
ARHALA SRR R A E]]. F
B 6 4], 2023,23(7) :392-402.

BU Y,HE S Q,WANG F,et al. Quality changes and near-
infrared model construction of pearl gentian grouper during
waterless preservation[ J]. Journal of Chinese Institute of
Food Science and Technology,2023,23(7) :392-402.
ZHOU J Q, SUN Q X, WEI S, et al. Changes in
microstructure, quality and water distribution of golden
pompano ( Trachinotus ovatus ) muscles subjected to
magnetic field-assisted immersion freezing during long-
term frozen storage [ J ]. Journal of Food Engineering,
2023,354111566.

YERAE HEMRF AR TRAEL S &R
GREMAEaME A m[I]. & EFFELRER,
2024,42(6) :79-90.

BU Y,ZHOU Y,HAN M L, et al. Effect of gallic acid on
muscle quality and myoglobin conformation in bluefin tuna
[J]. Journal of Food Science and Technology, 2024, 42
(6) :79-90.

GB 5009.228—2016 & & % 4 E X Axk & & FiE
KoM A E WM ES].



.42 .

Ba50 202648 A 5415 41

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

GB 5009. 228—2016
Determination of volatile basic nitrogen in food[ S].
THIANSILAKUL Y, BENJAKUL S, RICHARDS M P.

Isolation , characterisation and stability of myoglobin from

National food safety standard—

Eastern little tuna ( Euthynnus affinis ) dark muscle[ J].
Food Chemistry,2011,124(1) ;:254-261.

FEA MBS E T £ 8 F & A R RE R
AMESEEARMFENZ (D] x . Fxkl
k% ,2021.

WANG Y Y. Effect of cold plasma sterilization and
preservation efficiency of fresh fish and physicochemical
properties of myofibrillary protein[ D ]. Nanjing: Nanjing
Agricultural University,2021.

R MEH REH, 5 AREART D K AR
w e RS AR AERMFHREN B R[] &1
% 4,2025,40(4) :20-29.

XU Y C, HE S Q, LUAN H W, et al. Effects of
selenomethionine on the in vitro digestibility of myofibrillar
proteins in pearl gentian grouper [ J]. Journal of Light
Industry,2025,40(4) :20-29.

AXE HEF LEW, F. B KRB E
BRAMREAEHN B [I]. PEAEFR,
2022,22(8) :145-152.

ZHU W H, GUO H F, SHAN C Y, et al. Effects of
holding

capacity and protein structure of jumbo squid ( Dosidicus

microwave nanoparticles thawing on water
gigas) [ J]. Journal of Chinese Institute of Food Science
and Technology,2022,22(8) ;145-152.

AXE HEF EZE. % BANAHANE 4 &5
A EafACMEmERm]]. FEA&FR,
2024,24(3) :130-138.

ZHU W H, GUO H F, WANG W X, et al. Effects of
thawing media on the water holdingcapacity, protein
oxidation and structure of jumbo squid ( Dosidicus gigas)
[J]. Journal of Chinese Institute of Food Science and
Technology,2024,24(3) :130-138.

LI Y,BU Y, GUO H F,et al. The drip loss inhibitory
mechanism of nanowarming in jumbo squid ( Dosidicus
gigas) mantles; protein structure and molecular dynamics
simulation [ J ]. Journal of the Science of Food and
Agriculture,2022,102(10) ;4313-4321.

WANG W X,BU Y, LI W Z, et al. Effects of nano
freezing-thawing on myofibrillar protein of Atlantic salmon
fillets ; protein structure and label-free proteomics [ J ].
Food Chemistry,2024,442 :138369.

XU Z L,ZHAO X, YANG W H,et al. Effect of magnetic
nano-particles combined with multi-frequency ultrasound-
assisted thawing on the quality and myofibrillar protein-
related properties of salmon ( Salmo salar) [ J]. Food
Chemistry,2024 ,445.138701.

[33]

[34]

[35]

[36]

[38]

ZHAO X, WU J E, CHEN L, et al. Effect of vacuum
impregnated fish gelatin and grape seed extract on
metabolite profiles of tilapia ( Oreochromis niloticus )
fillets during storage [ J |. Food Chemistry, 2019, 293
418-428.

AMIRI A, MOUSAKHANI-GANJEH A, SHAFIEKHANI
S, et al. Effect of high voltage electrostatic field thawing on
the functional and physicochemical properties of myofibrillar
proteins [ J ]. Innovative Food Science & FEmerging
Technologies ,2019,56:102191.

PALANISAMY S,SINGH A,ZHANG B, et al. Effects of
polyphenols in combination with L-cysteine/L-ascorbic
acid: myoglobin redox state, color and quality of
refrigerated longtail tuna ( Thunnus tonggol) slices[ ] ].
Food Chemistry,2025,465(Pt 1) :141983.

WANG W X,LI W Z,BU Y, et al. Nano freezing-thawing
of Atlantic salmon fillets: impact on thermodynamic and
quality characteristics[ J]. Foods,2023,12(15) ;2887.
BU Y, HAN M L, TAN G Z, et al. Changes in quality
characteristics of southern bluefin tuna ( Thunnus maccoyii )
during refrigerated storage and their correlation with color
stability[ J ]. LWT-Food Science and Technology, 2022,
154.112715.

ZAREIAN M, TYBUSSEK T, SILCOCK P, et al.
Interrelationship among myoglobin forms, lipid oxidation
and protein carbonyls in minced pork packaged under
modified atmosphere[ J]. Food Packaging and Shelf Life,
2019,20.100311.

ZHU W H,TAN G Z,HAN M L, et al. Evaluating the
effects of plasma activated slightly acidic electrolyzed
water on bacterial inactivation and quality attributes of
Atlantic salmon fillets [ J ]. Innovative Food Science &
Emerging Technologies,2023,84:103286.

SHEN X J,GU J H, JIANG X, et al. Effect of different
thawing methods on the quality of yellowtail ( Seriola
quinqueradiata ) fillets [ J ]. International Journal of Food
Science and Technology,2024,59(8) :5389-5397.
PARK M H,KIM M. Effects of thawing conditions on the
physicochemical and microbiological quality of thawed
beef[ J]. Preventive Nutrition and Food Science, 2024 ,29
(1):80-86.

AMIRI A, SHARIFIAN P, MORAKABATI N, et al.
Modification of functional, rheological and structural
characteristics of myofibrillar proteins by high-intensity
ultrasonic and papain treatment [ J ]. Innovative Food
Science & Emerging Technologies,2021,72:102748.
TAN G Z,NING Y,SUN C N, et al. Effects of plasma-
activated slightly acidic electrolyzed water on salmon
myofibrillar protein:insights from structure and molecular

docking[ J ]. Food Chemistry,2024,22:101389.



XMR 2 5 32 37 5 By R TR AR B AL BRI R A B R -43 .

[40] ZHANG Y M,ERTBJERG P. On the origin of thaw loss: ultrasound and adenosine 5’ -monophosphate marination
relationship between freezing rate and protein denaturation on tenderness and structures of myofibrillar proteins of
[J]. Food Chemistry,2019,299.125104. beef[ J|. Asian-Australasian Journal of Animal Sciences,
[41] ZOU Y,YANG H,ZHANG M H, et al. The influence of 2019,32(10) :1611-1620.

Effects of physical field-assisted thawing on muscle quality and myoglobin

characteristic of Thunnus maccoyii

LIU Junlan,XU Yucong, WANG Wenxuan, LUAN Hongwei,BU Ying,ZHU Wenhui, LI Xuepeng

College of Food Science and Engineering/National & Local Joint Engineering Research Center of Storage ,Processing and
Safety Conirol Technology for Fresh Agricultural and Aquatic Products ,Bohai University , Jinzhou 121013, China

Abstract ; [ Objective] To improve the thawing quality of frozen bluefin tuna products. [ Methods] Frozen Thunnus
maccoyii was used as the research material and thawed by four methods: cold storage thawing ( CST) , microwave
thawing (MT) , magnetic field thawing (MFT) and low-voltage electrostatic field thawing (LEFT). The changes in
water-holding capacity, water distribution, color, myoglobin redox substances, textural properties, freshness and
volatile flavor compounds were systematically investigated. [ Results] The CST group exhibited the most serious
quality deterioration, and its cooking loss rate, centrifugal loss rate and thawing loss rate were significantly higher
than those of other groups (P<0.05). The proportion of methemoglobin reached up to 31.93%, the thiobarbituric
acid (TBA) value and total volatile basic nitrogen (TVB-N) content were 0. 19 mg MDA/kg and 0. 185 9 mg/g,
respectively, with a relatively high relative concentration of 2-pentanone. Meanwhile, the CST group showed the
highest myoglobin oxidation degree and a low a-helix content (19.83% ), which was unfavorable to the stability of
myoglobin secondary structure. The MT group better maintained the color of Thunnus maccoyii, and its a”/b"
value (2.97) was significantly higher than that of other groups. However, the uneven heating of MT treatment led
to inhomogeneous water distribution and poor water-holding capacity of muscle tissue, accompanied by severe
oxidative denaturation of myoglobin. MFT could inhibit the formation of large ice crystals and significantly maintain
the water-holding capacity and textural properties of Thunnus maccoyii. The hardness (566.73 g) and chewiness
(228.98 mJ) of the MFT group were significantly higher than those of other groups, and its total sulfhydryl content
was the highest (277. 05 nmol/mg), which could inhibit the oxidative denaturation of myoglobin to a certain
extent. The LEFT group showed the optimal overall quality maintenance with favorable water-holding capacity, and
the proportion of immobilized water reached up to 97.33%. It had the lowest TVB-N content (0. 157 2 mg/g) , the
smallest particle size (199.95 nm) and the highest solubility (84.37% ), which effectively reduced the oxidative
denaturation degree of myoglobin. Moreover, both the ultraviolet absorption spectrum and intrinsic fluorescence
spectrum of myoglobin in the LEFT group presented the highest absorption peaks, contributing to better stability of
myoglobin tertiary structure and intact muscle tissue. In addition, 70 volatile flavor compounds were identified in
the four treatment groups, mainly including aldehydes, esters, alcohols and ketones. [ Conclusion] LEFT has
obvious advantages in inhibiting myoglobin oxidative denaturation, maintaining freshness and muscle tissue
integrity, and can be used as an effective strategy to improve the thawing quality of Thunnus maccoyii.

Key words : Thunnus maccoyii ; physical field-assisted thawing; muscle quality ;myoglobin characteristic
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