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NP S 5% NS E S W N T b (27 R I Wt B cow (RSl G iEi0D- AL 1IN S i R R G 7 M = W A 1 v
T8 4 55 7 THI % 3 A0 75 07 =X (FhaK R, ST ¥ gl R , RT (IR #f B A i LV 04T T LA SR o 25

FW A R 5 SO A 105 BT 0 355 . ST 41 AT T A b (R F A 10 TR B 47 7K P (79. 878%3. 913% ) FIHT
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1 MRS TE

1.1 #R5iRF

R UR AR Al B AT PR R4, ik
Jiit 4 28 kg ABATE(-70£1)°CF&at 5 dis
iy 2 (-28+1) C¥ FEVR I, SEIR T G 48 10 2 7E R
PEHAF12 he

BAETIR — S0 BRI S N . 25% 1 R K
W TCK T BRTRET (IR R R H il BT hiAf
Je (43 A 4l W 38 T [ 25 4 Ak 2 300 A PR A
CIRPSE T Sl ioal bW o A= W7 & S 1N 154
W &, WK TAb R ERA IR A | N
T [ (Malondialdehyde, MDA) il i £ , W4 3£ T 5
A A T AR A A
1.2 FE5E&&

TA.XT plus B4, i1 52K PIERCE A F ; F6/

10 Tissuelyser 2J 2K HL, bR 52V & A BRZY
A 3 CM-5 (2543, AT (BTN ) A3 A BRA 7]
MQX200 fifj br A% , 35 B B R A A R 2 A
DENBA-O8R Ik JF #t F1. 3% , DENBA JAPAN fk34>
#15 CR2IN Ry VR AL, H A HITACHI /A ) 5
MA 100 PH K 5353 BT, 72 E SARTORIUS A H .
1.3 ERbiE

MATE U 4 #1008 R ) 43 15 B )R B Oy (3.5
0.5)em IR Ir Rt BT i (250430) g, Fifi
BTN 32 Fe3 1 HPa A AN [R) g o Oy =Xk
IR 0 R AT 0 SRR B R R T Ui 3 4
AT R R R LR 1 SR R AR B ik
FEHEAT T R/ A Bk, SR AR B e S (RC-
AHC, VARG A F 2 I 00 A B w1 ) I 4 A f B
(A HR IR B B 1 C B A A A R P i R 58 B
TRLE | 7R 5C S A £ RSO DL L 2

F1 &REBNBRERE
Tab.1 Thawing methods for tuna

fi#1%: 77 3. Thawing method fii#% Abbreviation PEAET7 ¥ Operation method
/KR Salt water thawing ST FE BT 40 of L EAERNIE W D TR, K IR (20+1)°C
V& R AFZR Refrigeration thawing RT FE B TR S A (4+1) CTF AT VR
RS oL 70 I A

LV

Low—voltage electrostatic field assisted thawing

FEAETF 1000 mV/m (IR F L P fR , R TR (4£1)°C

1551 Room ?e;n;)gr;tzlr_e _____ 4 CEJEE 4 °C cold stortage || 4 CHEJE=E 4 °C cold stortage
i o < fRfif-& Crisper
, | 0 o/L K - A4 Frozen tuna
! 40 g/L Salt 7. >
! water Py TTTT 7 // “—— HiHidR Electrode plate
I e e e e e e e e e e e e e e e e
IR AR VTR R AR L 7 I A Y —
Salt water thawing Refrigeration thawing Low-voltage electrostatic m’
field assisted thawing
R R A4

Low-voltage electrostatic
field generator

1 &ia@ErERE

Fig.1 Schematic diagram of tuna thawing

(a) ThK MR

Salt water thawing

(b) ¥ RSk

Refrigeration thawing

(o) AR R A R

Low—voltage electrostatic field thawing

B2 AEBEAXBEESREIN
Fig. 2 Appearance of tuna after thawing by different thawing methods
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1.4 $EHRE
1.4, 1 fREMKE

2% ZHANG 5 "0y J5 ik IF e ek 3l .
G M 0 VR TS B0 BT 3 0 A mo Bl my o 44
R IR A

X; = (mgm,)/m, x 100% (1)
K X, S AR R IR 3, % s my St fa
FRVRATIY T L, g3 m N SR AR TR M, g0
1.4.2 BELHRE

FRICL g xh o N (AN & A 454 A 80) T
10 mL B0 (my) o 7E4 °C,L 10 000xg 551 T 55
£ 10 mine FHUEARH T B0t 1 7K 43 J5 FR BT
(my) o BLOBURARITAEAR:

X =(my=my)/m, X 100% (2)
K X AR O I R, % m, St
BUD AT TR, g5 my A AR B0 SR TR, g.
1.4.3 FpktE

27 JIANG S5 P 5 vk o e 85 0TS 1Y
Bk PEAL B0 AT A 100 g 44 fh Y oK SR
BIE T . o, Fw, 20 51k B0 1 ATES O 5 1)
FKE, CLAE DR AR . JK o3& 5 I : PR
B 0.5 g & Hf0 P ORG i 22 0.000 1 ¢) IS 1] GEY)
i JEFEAS R I 5 mm, {f ] MA100 3 7K 4353 Hr
e . Rkt A AR

Xyne = @, X (100%-X ) /o, (3)
KA s Xy B AR RN, % 5 0, 0 BT 446
K E 0, N E DG S AR S KE, XN
B R,
1.4.4 @¥%

% 2% CHANG "y kIt ek sh . H
CM-5 Fb e S0 4 Al £ R R T A 5 . D5
#0: 8 mm M FLEE , SCE, G IE D65, b i WL 5% %
10°, B IHE, AR IE (L#=96.45 , a*=-0.14 ,b*=
-0.28).

1.4.5 WOEHEG

HR 4 HU S50 7 el e WLAT 26 11 & 4, |
I 5E WA WLLL B 1 (DMb) R JILLL 2 H (OMDb) i
R AARNLLL R (MMb) B & i FERICH &t
T, AR (1 @) A S mL 8 A2 5 2% ik (0.04
mol/L, pH 6.8) TEUKI 23K . 4 CHFE 1 h)a,
4 °C, 8 000Xg &5 .[> 30 min, R J7 3o & B |- 375 & o
B J5 L 43 9 7E 503 nm . 525 nm . 557 nm 1 582 nm
W 5E SRR AW B . LAT 26 11 B9 AR

:—Et:
X = (=0.543R +1.594R,+0.550R,~1.329) x
100% (4)
Xow = (0.722R ~1.432R,~1.659R +2.599) x 100%
(5)
Xy = (=0.159R —0.085R,+1.262R,~0.52) x 100%
(6)

S Xy, R 0 R ILET 3 AR 55 15 Xy, R
A WLLL B P AR 5 B 5 Xy, M R R LT 25 P A
S s RN Ag/Asyss Ry N Ase/Agyss Ry N Agyy/
Asso
1.4.6  JFkREE

Bt 44 A A Y 30 mmx30 mmx20 mm A4 HE
¥, 46 71 LA BT LR 45 gk mi vk . i e
TAXT-plus FTH {0 , e PI36R BS54k, =
B E R 2R,

F2 TPABHILE
Tab.2 TPA parameter settings

T H Ttem PERE(E Set value
T3 Pre—test speed 5.00 mm/s
58 K Test speed 1.00 mm/s
I J57 3428 Post—test speed 5.00 mm/s
JE4RAEIE 2R Compression set 50.00%

fith % 71 Trigger force 5.00 ¢
PR 2 YR 2 ] F I 1)

Probe 2 measurement intervals

fith & 270 Trigger type ERzi

5.00 s

1.4.7 MDA &

HR AR 25 48 5 7 1k B 4 A £ PR v Y
MDA, HURRGUIRER SR 1 g, A 9 mL
0.9% M FALEHIE WL, vKI 213, LA 5 000 1/min %
U 250 10 ming BB IE W, R MDA M &, JF
FRHEE FH BRI 7 532 nm A A2 W2 6B, 1150
A T MDA 9 & o
1.4.8 IS E

ol FH RS E o B ARG I ), AR i £ 1
WIFAE 412 nm AW OGRS, 15 A4 1 A v 3
FEI)

1.4.9 RIS E

ol AR 3 B 3 5 A D R &, ST AR 4
FHUABAAAE 370 nm AR E OB, T3 At f A
HERIL Y i
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1.4.10 TVB-N{Hi

HRAE CE 2 4 [ Shn £ i TP M 0
AT EE ) (GB 5009.228—2016) I & A [ i 14 5
AT AR A P TVB-N S 00
14,11 fHOMZEH

R 4 2 ek 5 A0S 1 N AN R Bk
sho WLAAH B FEA (0.5 emx0.5 ¢cmX0.25 cm) £F
25 mL/L % % (fd FH 0.2 mol/L pH 7.2 B Wi 2 £k
SE IR ) PR 2 b ZRABKIRYE L b 7E
TSR E S 50% .70% .80% .90% F1 100% (1) £, 1
A K 1 he X T8 JE RORE S EATBE 4 Ll
=B 7 % B 8 [TM4000Plus  Tabletop
Microscope, H 37 & #i 8 A (1t ) [ PR 52 5 A R
O8] SR LA L 2R 27 S i OB T
1.5 HEFEQ/EESR

UG BE 3 U AT, A R DS A AR 25 R
7R o R HH SPSS 20 FAF b B 3 25 o A db il g
BAE VEAT Duncan’s 757 225387, . 3 KF4 0.05,
K H Origin 2018 #4474

2 4k

2.1 AREBEFRXN & EE R E K
EpA!

AR K A RO B TR LR R TR
— LRI EEAE AR R, T B I S 5 4]
R P45 o R TR 3 AT, ST 2 14 ik 5 i 1)
B, HOUROE LV 41, 10 RT 25 (0 i o s 1) e e, 0
AR )9 T LVEF BE 9% 45 50 4 o (%) fift R st
B FH 23 %0, ST L4 A LV 41 5 ff 4 401 2% R TG
EZER(P>005), H 8 FKF RT 4 (P<
0.05) , Horr LV 21 () fff R 0 2% R AIK, R 5.803%
+0.339%. ST ZLHILV 24 A9 25 045 0 R g R T
RT 2H (P<0.05) , H:rp ST 41 B .00 51 2% R A AK, A
19.015%=+ 1.761%. ST 20 i) £5 K P fe w0 M
79.878%=+ 3.913% , MR J& LV 4, H W 2H 34 i 3%
T RTA(P<0.05), [RIEF, ST+ KMES LY
HETC B EZER(P>0.05), Xegs L0, ST
ZH ALV 41 RE0% AT 3 b IR 18 A0 10 1 K 4, O
28 o AR A0 A AR R ]

2.2 AEABFEARGEREAENMNIAELS
=M

M 30 LR L, RT 4109 L+ . 3 & T ST

http://www.shhydxxb.com

HHLV 4 (P<0.05), H STZH 5 LV 20 a) i L*{E T
BEZEF(P>0.05) . AU, WERAE R
AT B A 7K 5 R B8 v R O 19 L, X R#RE T RT
WP AR R RS LEN B R &t
PRIZL B v, RWIH A AR AR, AR 3 WT
ML LV 4 ax i W 3 5 T ST 41 A1 RT 41 (P<
0.05), H ST ) a*{E £ % (0.301+0.014) 5 RT 41 77
TE 2 3% 22 5 (P<0.05) o b {EL A 38 0 45 I o 11 46
b BE 52 TR OGS RT 40 19 b (8 i 5, ke
LV 41, 1fi ST ZH A9 b{E /)y, H 3 21 (B A7 7 e 2 2=
5 (P<0.05) . AAMLLE L Fm T s 28k
AHER R B 4 BoR T AR 0 4
LS T B s, 25 AL R, ST 41 4R
A WULTEE 1 ) b AR T LA A R4, H ST 411
R L AT B L S e T R R A (P<
0.05) . [RIEE &0, RT A4LRN LV 412 [l () A & WLAT
AR R =LY AR A= AP TE 3 =22
(P>0.05), K, LV 4Rt A 2 i 440
EORERZ
2.3 FAEBEAR S EREH N
3T AR, LV 41 RT 41 F1 ST 41 1] () i
JE T AH PR AR A 3 25 = (P<0.05) . Hi LV 4]
F14) S J 0T L OGP i e, ST L A A 8 R L DR 1
Ko 3 & B R 119 5 Ak 55 nE g2 %% U0 A O
TE SR FUEE SR P 5 18, ST 20 B 3Pk b 2 T HoAt
AL FEZH (P<0.05), H LV 415 RT 41 18] 7 G & 2 1k
ZF(P>0.05), FIL, LV A M) T Y35 4 4
) b T

.
g
=
5,
o
g
[_‘
i
ui
—=— KA ST
=25 —e— RJfEA RT
3 —a— {[LEFR IRV
-30 . , , . )
0 200 400 600 800 1000

A1) Thawing time/min

B3 AEMBEAXEESEEREEHLZE
Fig.3 Thawing curves of tuna thawed by different
thawing methods
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B S0 T MMb
O AR NILTE T OMb
- C AN & DMb

b a a

—_ =
W A U N N0 D =
S OO o o o o oo
T T T T T T T T

ab b

)
(=)
T
)

—
=)
T

WLLT 2 H He ) Myoglobin ratio/%

=)

ST RT LV
fi# % J7 2\, Thawing method
ANTF NG SRR M2 5 (P<0. 05) o
Different lowercase letters indicate significant differences (P<
0.05).
4 AEBEANNECERARITESRISILEIH
=
A
Fig. 4 Effect of different thawing methods on the
proportion of myoglobin morphology of tuna

2.4 AEEEFXIIE R0

MDA J2 i o1 S8 A 1 B 2477 ), [m] B J2 4
Br £ 1A I o1 S8 Ak i DG B4R B o 1B 5 45 2R BOR
TR ik R 7 X6 4 A A P MDA & 6 1Y 52
Wi . ST ZH A MDA % %t [ (34.546+4.904) nmol/g |
B T H A 2R 2 (P<0.05) , W] ST 4 B Ay
B R IE R AL R . OO RT 41 [ (21.567+
1.271) nmol/g ] A1 LV 241 [ (13.442+0.392) nmol/
g, H W40 £7 7 i 35 M 22 7 (P<0.05) .

U, LV 41 A8 8% A 2400 il i VR o B b A AR A Y
ROk =R A
2.5 AEBEAFRAMEABRELHZNE

Bl 6 n T Al fh f i A B IE s SE 1
ARk . ST 4 B 1 Bk gk 2 [ (0.025+
0.001) pmol/g ] it 25 /& T HAhfif i 4H (P<0.05) , %
B ST 20 5 A7 9 R AR AR R, X 5 ST
hE B NLLL B A B A A . RT 4
[(0.021+0.001) pmol/g] & LT LV 41[ (0.016+
0.001) pmol/g | IFREE 7 it (P<0.05) , X 5 #
HL 37 P ) B P T SR AL R O . S A R
SRR B e g5 R B, LY 4l
[(6.170+0.531) pmol/g |14 s S IE 5 I 3 v T L
b fif Vi 41 (P<0.05) , 3R WL ELA TR IR 1 2 11 o 41
R . HRJE RT41[ (5.355+0.057) pmol/g] I
STZH[ (4.283+0.242) pmol/g ], H#H A FE P 3%
PE2E 5 (P<0.05) o PRIt , 0 i Hh 37 il I i VR i
A ] A £ PR R R TR AR
2.6 ARBEFXIEEETVB-NHIFNT

TVB-N {H /2 5 B 7K 7™ i 9 6 B 119 2 248 A
Z— 5 AME YRR SR N
7 Al 0, ST 240 LV 4 /9 TVB-N {E I 6 & %
25 (P>005), HEEMT RT4[ (11.900+
0.700) mg/100 g] (P<0.05) , H:rf LV 41 i TVB-N
A [ (8.367+0.404) mg/100 g, X FEWI LV 4
REAS I ] & A Ak G Y R

®3 BEARXMEREFKE., BFMFME 0

Tab.3 Effect of thawing method on water—holding capacity, color and texture of tuna

F5H5 Ttem ST RT LV
RIS 2R Thawing loss/% 6.038+0.152" 7.446+0.628" 5.803+0.339"
O K Centrifugal loss/% 19.015+1.761° 24.935+1.209 20.311+0.778"
FE/K 1 Water—holding capacity/% 79.878+3.913" 70.981+0.410" 77.827+0.215"
SEEME L 29.945+1.775" 34.177+1.229" 30.463+1.360°
LA a* 0.3010.014* 7.83520.007" 9.335+0.375¢
B b* 0.810+0.113" 9.573+0.368° 6.850+0.354"
f#)% Hardness/g 2 408.728+181.163" 3417.926+1425.782" 6 031.194+940.023°
#PE Springiness 0.426+0.012* 0.751+0.082" 0.696+0.015"
R Cohesiveness 0.175+0.003" 0.372+0.089" 0.440+0.061"
NI Chewiness/m] 176.692+11.554" 1024.49+113.291" 1 494.199+94.687°

T AT AN RN R 3R B35 PR 25 5 (P<0.05)

Notes: Different lowercase letters indicate significant differences (P<0.05).
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& B
S W
T

w W
S W

T
—t—0

[S83
0
HHT

— N
wn O
T T
)

T MDA content/(nmol/g)
=

n
T

N
o

ST RT LV
it 7728 Thawing method
ARG SRR 2 5 (P<0. 05) o
Different lowercase letters indicate significant differences (P<
0.05).
5 AEBFEARITEEE R F MDA B0
Fig. 5 Effect of different thawing methods on the MDA

of tuna
BB B A A Total sulfhydryl content
= HJEREE i Protein carbonyl content
3r 10.030
& =
R b 7 {0025 &
Sor b S
HE sl 10020 4 &
& E g wy &
B4t {0015 =& =
£T o
e B £
Rz {0010 T £
= ’ uy =
720 <
= {o00s £
e :
0 L L 0
ST RT LV

fi#t %73 Thawing method
RIRVING 5 BF 427 i 422 5 (P<0. 05).
Different lowercase letters indicate significant differences (P<
0.05).
Be6 ARABEHEAAXMESREPEARAUNRMN
Fig. 6 Effect of different thawing methods on the
protein oxidation of tuna

2.7 AREBETXEIEE AR SRR

P 8 LR dk /s, ST AL LA BOWLAS 4 P A7 12K
LI LA RO . RT A LA O 45 14 5¢
LNER PPN SN B e e ]
Pic SR, LV 21 9 LD ROV, # e e , 28 4 oAbt
Pt/ 2 e e FLER D

3 e

AR A BA A B E SR A TR E,
I, BT ARS FE I3 AT 1 1 22 RERS 4k 15 AR £ 40 TR 1Y)
FRUREEA o A, Sl B A T R AR AR T

http://www.shhydxxb.com

VBl VA VR o M ) g R s T H G 7= A 1 2 AR
o7 FIVGECR G R n a2 1 0 1 48U Ak 52 ) 0 35 A I
' T R B AR AR T T A A A ) RN ]
(A PR LT 22 AR S A 2 o AR
Yl S 47 0 30 S B A VR B AR T 52 56 1 L
FEVRAE TR TR R PR A5 DR 28 vl 3R 00 o 44 R e
10 =1 1 I B S = O e o= S R R G O
JP IR IR R Y T RE M A A 1Y
PR

VG #5370 BB A5 3 Jn 1A b A D AU Y
BOH s T vk s A S 8 A RS K5 R
FHEAER . R AR # R  n] R B YR
O3 F I 1T AT, 0096 A Ak R N R S e
15 LV 24 5A S R K R AR AR BT 5 & A
JRAEALRRLE o e Ah, HU 25058 e 3 0T LR
PR UK AR Ve B WU 2T 4 48 (A . X
T LV 41 A v e A S R OE A D R R AT
IR RORZE R oAb, 5 LB KA L, 3h i
LA T Y S R R R, RE 8 D I 4 A R B
], 9/ K SRR s AR SCHEAERY 3B T Eh S TR
XoF 4 M 8 VR T 2, 3R B 3% 119 NaCl R
S R A A0 R K (76.14%+7.37%) | S5 AR
5% 4% (40g/L.) 1) NaCl ¥ ¥ 19+ 7K P (79.878%+
3.913%) . SR, A58 A PR, ST 20 7 i b |
I T I ER 11 5 A ST R B DA B O &5 #3445 T
RTA1FI LV 21, AT BE 2 ER V4 VR 1 o ot 43 K5ORN it
T FE R = R R A

— — —
B =)} o (=] NS -
T T T T T 1

SRR FEA TVB-N/(ng/100 g)
[\]

(=]

ST RT LV
fi#t7: )73 Thawing method
RIRVING 5 BE R 252 5 (P<0. 05)
Different lowercase letters indicate significant differences (P<
0.05).
7 AEBEARXITECE TVB-NEHNFN
Fig. 7 Effect of different thawing methods on the TVB—
N values of tuna
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A A5 AR R T 200 A £ b

iR b Al 1289

~
100 pm ‘ 100 pm 3
|

(a) KA

Salt water thawing

.

(b) ¥ AR

Refrigeration thawing

100/um

SE : S e
(o) LR L AR R

Low—voltage electrostatic field thawing

E8 ARMBFEARNERENABERRME (YYIHE) #2508 (400%)

Fig. 8 Effect of different thawing methods on the microstructure (longitudinal section) of tuna muscle tissue (400x)

WFFE IR SE , ¥4 JCPR 58 BE 68 [ (1K PR v 2 1 5
505 0 0 AR A B R DR AE T R DA AR R DR
AWIFFEAE Ve T B HE Al it I s i 37, {44k
il 1 DA S AR, O T M B, it — 2P
& T E A BRI AR R T ARy
iR R A B

5 P A R AR i R SR, 0 T i b 7
[ # E S PR T I, TE 970 1 A S REHE I, W] BE A
S ER a3 A A RONE AR B AR it it BT, G
UC, TR 370 B2 ) 412 g AT A A P b oA Tl S Y
H G, ol i e 2 1 5t BN AT S0 P R T 5
7 PRI K . R, AR i — P ]
Tff e FL 37500 14 AL B, PR - LA AR
BRI S, LA BE 5 45 09 OR 45 1A 2K B ik R
Jit.

4 45

ARG AT 3 B A [\ i 7% 7 =X (ST RT.
LV) X2 VR G 0 0 URBCR: 25 SR 3R WL iR R
SO A M 0 A 0 R, R KA VR RE 1 A
S A B R KM R B B O AR T R R
BF ] o AV A A R R B R T DR R A 1 PR 1Y)
R T IO ZE Y o A H 3 T B R 4
01 8 A BT A7 R0k 400 0 i 7 B ) O A 45 £ TR
JoT, B AV A O 2k i v 1) S AR L (A5 R s 4
H f ELA S5 A 4 R 0 RN 2R R AR AR B, o
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Effect of different thawing methods on the quality characteristics of tuna
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Abstract: Tuna is rich in protein and polyunsaturated fatty acids and is a major deep-sea commercial food
fish. It is frozen and preserved immediately after catching to reduce its nutrient loss and quality degradation.
Therefore, to improve the edible quality of tuna, the thawing process of frozen tuna has become a key
technology affecting the development of the tuna industry. To investigate the effects of different thawing
methods on the quality of tuna, a comparative study of three thawing methods ( salt-water thawing, ST;
refrigerated thawing, RT; and low-voltage electrostatic field thawing, L.LV) in terms of water-holding, color,
texture, antioxidant properties, freshness, and microstructure was carried out in this paper. The results
showed that the thawing method significantly affected the quality of tuna. The ST group could better maintain
the water holding capacity (79. 878%=+3. 913%) and freshness [ (8. 750+0. 495) mg/100 g] of tuna meat and
effectively reduce the thawing time. However, the ST group had higher levels of oxidation and microstructural
damage. The RT group was significantly better than the ST group regarding color, texture, and oxidation
inhibition; however, the RT group had a high thawing loss rate and poor freshness. Compared with the other
two thawing methods, the LV group can better maintain the color, texture, freshness [ (8.367+0.404) mg/
100 g], and water-holding capacity (77.827%=0.215%) of the tuna meat, and it can effectively inhibit the
oxidation of lipids and proteins during the thawing process of tuna. At the same time, the LV group showed
the smallest damage to the microstructure. In conclusion, low-voltage electrostatic field thawing can maintain
tuna meat quality better. This paper provides the theoretical basis and practical exploration for improving the
thawing quality of frozen fish products.

Key words: tuna; quality characteristics; thawing; low-voltage electrostatic field
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