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Abstract: Thawing is an important unit operation in the processing of frozen meat. Some of the major concerns for its
application are thawing duration, temperature uniformity, juice loss, cooking loss, freshness, texture characteristics and taste
changes. Good thawing quality for frozen meat can be obtained by choosing appropriate thawing technologies and processing
parameters. The traditional thawing technologies include air thawing and water immersion thawing, while several novel
physical field thawing methods have been developed include microwave thawing, radio-frequency thawing, infrared thawing
and ohmic thawing. The microwave and radio-frequency methods, which both utilize high-frequency electromagnetic wave
as excitation source, have seen increasing application in the field of frozen meat processing because of short operating time
and high efficiency. This article reviews dielectric thawing technology, summarizes its key influential factors, discusses
the changes in meat quality during the dielectric thawing process, and puts forward some thoughts regarding the common
problems and future research directions in dielectric thawing.

Keywords: dielectric properties; radio-frequency thawing; microwave thawing; raw meat; influential factors
DOI:10.7506/spkx1002-6630-20230314-145

s KT TS251.1 kbR B A EHS: 1002-6630 (2024) 08-0283-09
51 3CA%

K, SR, AT, 55 A MR BOR S A JEURH B B I R AT SR RE(T]. £ RL A, 2024, 45(8): 283-291.
DOI:10.7506/spkx1002-6630-20230314-145.  http://www.spkx.net.cn

ZHANG Xiao, JIN Yamei, WU Yuhang, et al. Research advances in the effect of dielectric thawing on the quality of raw
meat[J]. Food Science, 2024, 45(8): 283-291. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-20230314-145.

http://www.spkx.net.cn

Wk H A 2023-03-14
HeuiH: IR BEREASTATRIESEH (2022YFD2100401) ; FEZx FARR AT FWH (32172353)
VL8 AR A A G TH (BK20211582) 5 VLR K & H 7528 anf e LA 7o i AR H - (AQ-202309)
H—{EHEA: k# (2000—) (ORCID: 0009-0009-8511-9791) , 5, HWi-L@FFeE, BFFH7 HAH M S A .
E-mail: 19855651302@163.com
HEEELRI: B (1982—)  (ORCID: 0000-0002-4175-8761) , 5, @IWFFL G, 4, ®FF 7 H A S BRI TEAR &
B & FF K - E-mail: yangna@jiangnan.edu.cn



284 2024, Vol.45, No.08

E6miltl =

XA R

WS R AATH AR & 1 B R oy, Hr i %
o TP R At E Ae B R R (SR
eEN, XEE YN AR TR H TS R,
SR, PRI 1) ity i A7 R 2 v 1 R 0 ek A T A
W RS . R, 78 AT EORL 2 B A s 1 o
FP R N S SR R SRR R D T AT A R AL B . IR
BE AT ) DAY ) o SR T A O AR, R AR Y. R
AR (—18 C) WREAZTFIIRELGE 2. K
I, IS S5 AR PR 0 R R 4 A T s o 3 IS B T
BT E DRI AR B R R E AR N
I EER A FEL SRR S BT EA G, K&
VK BT T PR O LT S 2 23 R A P, TR b A X
ANTFIEBAE AN [ R 45 75 FEE BT ade B () R 1 24 24 2 3 g
PRI B R R B R AR R . & B R AR BT
PRFE I 50t VA VR R 1) i B G DO P B 2 B T, e
SEYERE A SR K, BRRZE B BURE, 0 B A i A
b, BRI R miE R EEAEY. Mk, R
BT A M2 TR VR A AR VR FE I R, K ) 4k 2
15 5| R AR, T P s

5 G5 B R L 2B 2 SRR AR B iR K R R .
ARV O TR B R A A S S AR DR R R E SRR, K
PRI AR T T 30O DAY ) o A 3 T A% 326 3R 1 R0
WAL, BTN, B CURER RK, JEHE N
12~24 ho BN IK AR R I 7K 5 v P ) i 1] 1) 74
fe FHHATIEARH, BT KRR SR, Frblfg
VIR FE AT R . AL GUIR R T 20 A R B A BN AT 4
KA S8, G ZMAT T A=, H35 K%
Gui 25, I B Ak ) P A B SRR S A
AU 1k =t N = 5 s 1 A=) 5l N S 1 1] 23
PRGN . A HARAR T R R R I — R
RUMIFRMRVR 795, 50 OB AN S AR o R FH
FLTLE, A FRRRR Re % o ARG G R O A R I A 2018
R VRIS T VR R RS — R A, PR xR
A R PR 1) ot SR AR VR B T L B R . B R
W _E E AR T E S A R 2 4% . ST ik,
KSR BB R BT 2538, A4 L sgma R 3R DL Rk
DAl o A e R S TR R (I TR, DA A AR
TRAEVA VR PR i) o e ) S A T S AR 5

1 Srifgd R

S LR AL SRR 1 5 R G AR ELARE
LA RE R A U FNBE , TIOIAR UK AT S BV 125 A 1) i
Mtk . SIEGMELTZAME, A ETmn
MR ARG, RN, HR AR
{1 22 A% v 37 S i R AR A 23 A R T e

T WAk & AR 8 B BE T P A AR AR A R R
SRR AR, A PR 20 SR B A 0 R S AR V7

Tt AT 2R 56 4300 MHz~300 GHz, 17 i 551 0 451 %
0 [ 3 72 10~300 MHz2 (8", [ xRy Tk, Rl
JETT LA BC T 5 AN T o AR Ao £, Herh
MO TN FAFR VR IR A %2 5915 MHZ A2 450 MHz, 1fij 45 45m
PR FIRZEN 913,56, 27.12 MHZzA140.68 MHZ", 1%
WA R, R A R R R T TR
PN TG R IR o TR AT DU e e 51N . 18 A
AR HIZVE R, AT B K 2 T R L3 1)
HeHl. X FHES LAEFP 10075 IR KA, FH-FEUK S
- TR B e e A R Y, R A VA VR A R T R A
AN 43 [F I SRAF A B PO TR, (ERE I B IRE
PR, 25 50 3 BORE it e i kSR R K 23 R R IS

SEE AR VR 55 AR 8 2 1) 222 S 2 ) PR AT SR (1 R ¥
PG I R RE S B AT R AL PR, AR R TR M R B R
PEAER R TR A HE T, AR BRI . B
TR NS B I8, SRR A & 52 20 5 40
PR, BB AR e R T S TER G i M U7 ) B
HEAT BB 7 e iz sh ™. B KAy R A LS T R AR
HAER, IFREBEE, ERMAMRR. Kk, $5m
HEFEYLHZE TS, HUOR K0T Re s EE.
F T A ) R A7 R K R LA £ 4E 2R (R o T RTK
Na. Ca%5HUff R B, WO AT A F2 A P il & P 3 i
FE S A AT 415

2 ARERSRFEEmER

i B R AL A FE S 8 O i H A R
WEgeh BB O E BB AR . S ARSI 5 TR A S A
BV PRI 2 Ly/b iR i AU E =g s PR AL LT
At AT e B IR T el Tl E AR, —
R S EOE AR L (o)« T EEE () A
RAGFE (") FRIRPIBTROA sRFIE, W R N Rk

e=¢ —je"

A j=—1; A A E R R
i AF L RE RO RE T, SO S A A L RS FL AL 20 A R AH
frs A AR S LR R A A I BE I RE ), B
M G B8 PR IR SOR e D, (IS it 1 % T B A BIL o) 4 =
FEBAE A", KA & AR A HUARRE N IEE BN T
HoAr s AL
2.1 i

5 A T R B A e A R AR R L R ) T A
Bl EREBER T, B R5RN B 1%
JRA . By, BT R R B SRR 2, AR



XA ERA

E6mill=

2024, Vol.45, No.08 285

PR Z o BT DASS A (1 A F 453 I 5 A0 2 (1 385 KT 9
/N o TERRIEATBL 51 A2 A Fe AR FE I R R 2 B K )
BTSN TR, B b, SRR LE] (B
PE. B BT RIS -2 s i AR #REAA A R
I ARV Y . Sebr b, PUAREN-22 58 M 5 RN
(AR IEE £)°50.1 MHz, HAKRITTHIRS & 718 FAH L
DA X R /N

Yang Linxin25"" % BUAEARARTE ], w4 Bl R R i 5
1 X U ) A L 00 AT T R DT PR AEG, ARe a  4
FEE—5~—3 Cif, XFEHATEMEE, FEFEFZR
i WL R AR e, AR 1 R 8 1) HE A AN B - B
BHFEREAR 5, M BRI/ 78 55w 14T R 5
W (1~3 GHz) , PPl i (0 F o 550 A0 2 1 3 i
AARFFAN A B A 3 0. KPR 7T 2 A A LR ROR
A\ L A4S RE A SR AT o4 Jd R v o AT AN L B 1) AR Ak s 3
R I R PR A B ORI A P AR 3 B AR ) 38 i S 30
HRRERES s EAHRRET, SREBE, ERPHE
R AR . IR PR AR R, A
A0SR REA BFES 5 R S, M
i, Ko T A R e T RS, S AR I
JiE i BRAS 1N LI (AR TR R, BEED P A s BRI
SEAHEET .
22 iRE

T JEE G PR A1) 5 A R AR M 1 S e [ B B vk T LAt
K&, Bz, KoM &aEss. HREIRET WG
W ECIR A BIK 3 8eb U R A B R BOR A L35
RN fEfRVRIERES, PIHIA I E K SRR,
L BRI r L RE AR 2 R IR . FEARAIT, A AR
B S T R, X TR R R . TE R,
S B AR B U 5 T v T a0 o AT D R O R P
%, BT LA VAR S IR T B R A AR 3R T X 3, 3t B
I T VA5 PR 1) P R A e

Farag 2% 24 IFE — 18~ 10 C i i Y 1 3 i/ H
AT 7 00, RIUE—18~—1 CHELEA, 4
PAJ ) A EL S O A r A5 R B i B2 T g K, e
—18~—5 Ci EIEH LB IE T, ME—5~—1T
TRV U B T . R EER (—5~—1C)
RRRVRIX, LR UK & R AR AR AR i e, I BL o
B4R B 5T I B 51 3o {BAE —1~10 “C I u
W AR U BOE AR GERE AR, 5 R AT AR R TE I
PR BE T, RS I B K B R AL, T 80U O
AN, K FAEVK R R R L AR,
KE BN LY, Purohit P & BILBERY: A4 A A FELH B
A B 5RE I i P58 1) T e S K. e R B Y
TEEAE —18~0 CHF, AR IELE Xk 6 f1 B8 A H 5 H0EL
N, IX SR RN TE VR A SRR, K 32 LUK g T A7

TE; FE0~18 CYuH, Bl Fh o WAk i 0 JB8 (1) A H o 40
S TS, KERNRERL DI, KIBEIK.
MTE0 CHE, B E/K R m B A B EuR K.
23 K%y

K3 0o PR & A BELRE M ) 2 i B B o T (AR AR T
Ko P EIK 1 LA E AR &S E,
TENHERREFEF, KoFoT BA—E ek,
(R A A A R I e E BN R, K S B,
PRI 1] s (1) A H R ORI A AR U = o RIS B K0 A
WA e 87 L 1 KT S, BT A—Bkul,  H BKX A
PRSI LLES Gk K. X F Rk SRR, Bl
IK5 255 7K I LA 52 oA BR[O B R 3R

Dong Jincheng 25 i 5T V5 1ok 72 7K 43 45 ke 4
PRI JBE N FASE) ) P AN B R sE ), o SRk DL DR &l 1
7K 2 A LAY 1) AR S R R A L R RE TR T
I, BRSSO A S AR RS2 . Bengtsson
ZEPILE10~200 MHz & A4 T %t A o A0 AR R 72 o 2 A
RO 8 A S HOIAT TIE, R IR AR AR R
B B AR, B K S S ER YR
Yang Linxin5 tH 5 H AR [R5 /K S B 2 18] (1 A B i 1
ZERBR . B B YA SR T B 1A F AR
IR TG R AR G, BRI (T R T g
24y

— 7, EREAG R E KRR, S
HLBFEI K, MR, B0, BELRSEN
B, wHERNTHZ, BTWRENEK, BT ERMHE
PR, AT A R HRREIE K o X A R 1 R )
B ER o SR E MR (RS A
O I BRI B R LI N T R R B R AR R AR I )
FE o #hor Bt A B O BRI, R R IR
Ay

Uan P35 B A B 45308 Bl R 5 1) 8 40 5 2 486 o g 2
A L RO B B8k . Wang RuiZECYURTSE T A
LA B A B A AR AR, 45 R R
AR IS PE = TR REARIE (—25~—5C) %MHTF
B HUHE B ERRE . AT T RERE & &, oS ERT
FE A AR I 2 ma SR, G H 8 B0 2 SR = 1 3
TR, A FELARRE I 7 h 2 A0 R 1 8 v 1 5 38 3
K Dong JinchengZ: "k 8 £k 43 (B4 I FEAK 1 2R AL A
HEH, FASHERENOES, WEKEE TR, fi
PUEARAL PIK AR, s b2 TR
2.5 JEWE

Re Wi & TaAE ) ma, B bhe 5 G 3: 4E A A
WG, HARH M5 BRI T E “IEHY
JR7 o B RGN B B o R A B K A R
%, BEMPART AN, MRS, WIRERT



286 2024, Vol.45, No.08

E6miltl =

XA R

Jig W B, LA ER ORI A B AR R R,
B8N g 2 2 S BT B A R B PR

Lyng2&P7 07 7 #627.12, 915 MHzF12 450 MHz%
AT AN ] AR B B HREE R BIE DT A LS
BB A TEAC, BT S A B B RO T R — S g HLAE
70.5~77. 83l 2 M. FHILZ T, & RHEW I s BOE
K, T P A AR HE T A R <R <AF <k
X <GP, (A I AR 7 A AR FE AR T BT A I B A
HLKE . Zhang Luel™ R B 25 & A0 38 I PR T A
HE A I H A AR R IR B .

= HEn o

3 SrHURFRBIARNT Pathl & R AR

FEGEff VR J7 v B T A e B K, ok e
e IV R R B R R 3 A . ST, T T DR
(R ER AR D 0 A LR Th e B R L R AR R
FHRA: P2 o #8192 T — 52 IRLFH 51 G s Ay e DRk i
R T REAN T SRS SRR AL . AT A 90 R B AR B
AR PR it % T it ol A 380 A S ()R P 52
3.1 Rk

VAL 1) A5 K P B ke 1 WL 47 4 2 1 R 4 A7 . i KA
HAEF . B R b A S R R AR 4 A KR E
KEAER . A R AR LR 4T 4 B A R 7= A —
SESZU . AH IR ThAR, P ST ) R0 e B L S A e
R, RIUTE AR R ok A2 R ok 2 51 S 3R T = 00+,
AR R, SRR 4EE A SRR A,
S Ao S AR /K 1 . Wang Bo25 2 W o VE B TR 10
VLG £ 4 I 45 S /K IR B PRI 58 . X AT REJ2 HH T )=
I IR T FE ARG, SR PR E A A
RN 2 BERE W 4% o SRR VR I ARV BE 3 5, a5
(1) DAY l) it PR K P TG

PRI 7= i (1 CR KO 8 B I R R IR . 2R R AN
TKFETEN . IR R B R FI 28 B Ak, WIRR A
i R PR £
311 fRURHFE

e R O R R IR VR R 23 R P R B T ) e
Fetk, SEUNSERGERE . WUE R EELE, F
25| EE B AR R, DURCE IR A B R S I
G, M A PR b PRI 28 B AN A AR

Wang Bo25 T 97 HLit 7 B AR 8 78 SRR R AL
T AR N A JUL DAt JO RS2, O B AR A R R o PR A
FELE AT R RS P R R IA B14.71%, HE A e
PER ™ E RN TR SRR A R AR PUR AL, X
AT HE AL TR A R AR v R R R TR L AR T
Ko, FIREEAFRAMT S, SFBEARYS S KR

JIF R, TR A R R R R R R A 28 T A A TR
.. AmbrosiadisZE R UG 4= AT, T B
R VR AT N 4 3 B K1 R SR B AR o B A R s A T
o PRI RE 2 DR Ay v AR 35 LR T8 S o AR o 2 T 1)
KA IR L ZE R o A OB R 45 A LA AR R T Ve
PR IR AR 2 . Zhu Mingming 25 5% 15 UL A 7E R
[F AR 77 2R IR AR AR AT T b, R B Ik
B IR AR R AL B RE R R AR (1.74%) o BBAb,
T 1 0y KRR &85 5 S AT 1 B A R T A 3 R 2R sk ) £
AP, XA R ORI T R AR B TR T
3.1.2 ZEEMFE

FRAE R ORI G KB K N — L7 F2 ke
(PR o 78 8 ASURESE I 1 JiR R P A 2 VAR R AR R I AT PR
WA SEE R s, T S BRI REK RS S R R

Yu LonghaoZs "R 18 Bk B T 24 AR V5 (17K 43 T 5K
R I ZE B AR T H L . ChoiS ™ e T
SRR « R ILRRR SR 2 ORI AR R R BB A R 25
AN [ A 3 5 VR VA U5 R LA PR S TR R, R I A
T EBFER N31.85%, W EMCT I ik i B ke
i (34.33%~37.57%) , &MUk AL J7 5 8] (1) 28 A& 45
RERIIFALE . RUFPE T ARMBEET TR
PR BEFEAMN, RIUBEEHEBIPOEEN—1C
W, SHEEE AR A EIRFE (33.8%) ML, SHUEE.
BRWLMRTR o) 2 SO AL R L1 28 B ARE 0 ol 1 3
38.9% 41.1%. 40.3%, FKIIEGIRIEARR RO % .
L ECOE T T AR R R 7 SO A R B AR A R K
SO, R DL AR VR AR S 2R B RFE N7 %, BEAR
THAMER 75, BT CAAS H 45 18 RIS A0 A R R 8 PR AR
R RE i IR 25 B URE
3.1.3  KIREE

W KA S R R 2 1) B R bR . 5 KR K TR
W RAEREE SRR R R, BKEEEAR. 4R
W PR AR REAE K PR F] . Farag&P R RIESE, 5
FE G 10 25 SRR 7 VR AR LG, PR ) SRR O VR R
TR K BURFIEE FRRIHL, TRt T %18
i VRt A I A PR AR A . R DY, A AR
()55, KIS . BedaneZ5 PR 58 1 VA VR XS i P
AT R R P AR R L S S R R R S A AR,
FH65 mm FL B [8] B (19 38 65 U SR VR R Gt R RIR R
(—0.734£0.79) °C, ¥EWf40 min, 5% MEES C %M
NHE 18 hf L, W YE R T MR RIT IR, BRI T K
&, M T RAERE . Kim&E s MO R 2 G
IR A T 5 AR 7 3. T 8 S5 B 78 A [ v
X X5 i PR ) B R PR R, R BB A R ZEL i K A
Ky, AR RO MR 51, A & AR AR
P, FFBUERE S K KRR



XLk Bmiltl= 2024, Vol.45, No.08 287
32 R 323 TVB-NfH

PR i B LR T R P G R R e T &
FTE, R RFATRA ORI R — . SR e
PREFEOEE. pHIE. SIERMEEIEA (total volatile basic
nitrogen, TVB-N) . F/EV)IEEE. /BRI AR A
o i T TR AR R AR, PRI AT R BT R AR AR
321

W EFEIR T 2 AR, BENLEARS. K
Y FANE U EACFREESE, REMVE 2 B S AR . R
MEE AL a*. b*EMTE, L* RN HHE, a* R
INCLEAE, bERINIEIEE. HArF AN, ARG LA
HSEAH IR &S PR DRSS R AR L
BN A AL RER < IR el =7 S/ KA S By
BvE M e, AT4ERF R AR e . T AR B R A 1
R I G, WA A B R R L AL R A R
NBE, ERE A AR P A S B R, T
A B AR R R LA B T s 28 1 o, b 5
Wi A FR €65 .- Augustynska-Prejsnar5 P 78 2545, iRk
TR %oF X5 i DA AR 2 o SO ) S, R BRI A A i 38 R I
L8 PR AR B3 BEB* (5 FH i a3, (RGO 2R 1 i 1
BEBNFE NEE . Choi2 ™ W7t T K AR % J7 3%
Ab PR R A AR WAL, RIS EEREA L, L
BEARRRE L ILE Th sy, TS AR o S ] 2 O UL A
URANR IR A B L E S0 RA LR F R E 7. 1L
Ab, TR 2 S EUE BRI a8 B R, A
fRRAC B S R a* b (E 3 TE W R AR . T SR R
POREKVE T B, (AR SR T B 6 I S 3R IRAIG, 3T 53K
LHERBESY . FRE, DL E A AR e E AL 5
JRR, AR S R LA R AT R kb, B s
fA R P B £L BEARL o 11T 389 0 A B o SE A S8 R AL AL 3 1 1)
T2 G b (A A R R
322 pHM

pH/E BB S Wit A1 K JEURHRTRE K 770 R AL 3 I A2
W6 5 PR R U R, L0 B )RR AR o S A A
R, WBREESE N, A% R S pHAE R AR LA
HROBE T B8R AR T A R R P A O A 2 5 | R e pHAEL I R B
BRI, — e PR EORE B B 2 R AR K AR, kT AR
WIE RS =W . W mEkym, s
SR SpHAE M F 3 W R ROE, AR 7
DA s I p HAEL B2 i 5 /NS Zh YaliZ 006 414 38 PO RE
FE3 kW 27.12 MHzZ&AF N AT SRR NG, A B R
B4 CH, ARG . RIGMER. =R RAEEAESA
BIpHAE 73 5 56.1. 5.9, 6.1, H A g i ik i RE S pHAH
AR T A B AR 5 1. RIS R 1A [ AR g ixt
FRRALRE, KILE AR FpHIE ) B2 T I, MHRT
FCAhH, B AR 1) 2 RIpHAE /), 3X ] g2 BTl
FRR R A 5), 3 R S LR AR 4R, Ui B vt
W, S EpHE R .

TVB-NJZ& UHE & MR A 2 & B AL S A1
=G TR = R RERR DR R R R S
T A R fg LR Hh ) B R AR B B BB R A
HUTVB-NA{E AT F ok VAt 1A 2 6 it 100 s GO R 1 A e
AR P 3 0 v e T RSB A R T AR, B bk PR S
W . HoZ: YW 58 7 S M % 4b 7 5 25 B TR I B AL
P, RPN IR TVB-NE & T HAR R f, HTVB-N1E
1 5 Rl I8 7 B A B 0 T PR . AR TR B R AT R
7 77 AR J5 B TVB-NAH 35 2 B0 25 PG, T i e R
DRI BN TR) 0 T, B 1 1) 4 A FEZ /I HLTVB-NAE 0 AH
SR . Choi 5! e BH R P A 455 Rl 8k At 14 AR S 40 At 4
P BIAS [R5 D7 6 A B B AL BT AT R S TVB-NAE 1)
f&F20 mg/100 g, ZRUHIX LM IR T VARSI L 75 IR A R
PR REARUE, X 50 IS A L.

324  BRE L ZER N (thiobarbituric acid reactive
substance, TBARS) {H

e W7 S5 A0 2 R R 1l A VR T B R AR
TBARSAE K /MRER T P2 ORI 7 A A B (1) 58 55
fARVR BT Bk, 0T SR AL R R Ry o A H AR R B 5%
B, ARG I — 5@ Ty e 0 5 R AR L 7 A R A R A N A
] Re T P PR A AR R, A R v R SR A A
KR T . Gan SunlongZETEL 8 T3 AN [|] 41 44
S A RT B  10 PR R SRR R R U 1 AR Ak, R IR R
JEREA. ZF PRI P I TB AR SAE 545 AS [R5 25 38
TR ERE . A AL Y ) TBARSAE I TR IE i
R BURE A, R T 0E e 8 7 U AR R SR AR R S
TBARSAE 5 i 19 J5 DA AT R A2 Tl At o 7 A6 1) ik FA A2
T BRI . TBARSE 50 E 4 A A3 S % V)
SO0 A e B I B A AR B AR AR, R R A
L TBARSIE B A LI AR, Jf HTBARSIH
i, T B S AR R R P 0 AT B 3 B0, R i PRI Ui AR
LR /N . T 3RV LR A ) /N 3% £ TBARSH
IS T HAT R R A U A B 7 R o N B ALK IR
Wi s N
325 RWEEH

PRV o B SR AT £ o B AT R Y S )RR R 3L T AR
JRfE. ARG R, H AR Re I A )
4K %A . Zhu Mingming 5™ 5% 5% 15 AL AL £E A ) fift v
7 SR R I S BT ERE, RIS R R R AL 3R S
FAARE o T 9 A BBCRED R T 5 PR AR 4 v T e R T
i B A RO A ) SV TR, I 0T B A R A O AR )
BTV AE A AT 8. ERRBR SO A T R R % 7 AL B G
YA TR SR, KO B SRR A TR T S R
%, TR SRR (RE S B VR B B D, TR U8 IR AR R
R B A RAE R LA R, IR 5 2R B R 407
FIRE T 45 AL, T3S ST R0 T AS [ AR
VR A (R BRI, R B0 AR 1R R e b T o) A



288 2024, Vol.45, No.08

B6miltl = XA R

B P RE YR A A B, 3K AT BE R R AR R I R

T PR TR
33 EAR

fife VR b B 2 5 ) PR o o R A B, AT
TRE PR S SR . REOKBE DV RO DA R 9RO A
REPE o AR VR IR b B ORI 5 R R A TS B R T
FE RMELAKME . MRS R4 R
1 R RSV PR 2 24 1) S LR oy, RO PR B ) R
JUUIR 2 4 2 A 4540 e Dh e U H % . HATHE FCIER, /v
AR AE T P i i BB — e A .
33.1  EAHRE

TR RE ML EE (R ) AR ME AR AL . TE R R I R
o, IR AN AR TR I R B A PR A i R R I AR
(¥ T LR R 3R e B SR VR A S e R R B
(A8 4k S A B Th R I s e A AR A (Rt 2 1
AAIITER, RN SEOUR L 4EHE5IRA TG A B T35 N
PRI . Choi & S\E L A AN A 5 I v 0 FL A AL %
B, SRR LG, 25 AR R AL B R A BE A o e
RO = 1 RS R, XRS5
BEMNEARAM., RAEI I T AR F R 7
HRAE PV ARG, R IO AR R 2 R R 4 R
VA R P e AIG FLIk 31 141.67 mgl/g, B FEAR T HoAh v
AL, B A EE VA R R ) R T B R BT AR A R
LIRS AR B, R T AR A . R
Mo RIHE R A, B FE R SR S AL,
SR SRR M A i o
332 RmsKM

2 THT L 7K 1 A 0 W VLB 47 4 B P R e ) L
fabr. HEATUEN S 2R HEUK AR, 2R
FR 5K 45488 117, Peng Zeyu s i 5 3 e pE
dnAE G, TR AR S VLR £ 4 B SR TH B K PR R
14.58%. Li FangfeiZs" It o B kb #1388 hn 7 LR £ 4
HAMRM KM, X0 /82 T 50 AR R 5 20 iR
A5, BUENUR A4 g, AL T 751N
B K X B ER . FI N S AR T E SO 3 R ) R
ARSI, SSEEEARERE, NN 7 &
F IR T B AR EET . Rl e F A R AR A R &,
AT B R NG IR, AT FE = A AR
AR50 590 FE R AR AR~ UK K AR R S A 0 b B A 1
R, RIIX3 B 77 20 R LR 2R 8 A 1
KB NE S 9424.95, 24.4 pgfl19.19 pg, 754 d5
W53 #141.91, 37.79 ugHi35.02 pg, i BH S5
Xof R £ UL £ 2 2 1 S5 A R LN .

333 RifEFABhEE

L A% R0 3k B A R W B R AE I G ) R 4R
RE, XHIREHF SRR ERATRN RERLE
I, Wang BoZ E M R INAGRE T, HAS F 4%
TRERCERE N, R 2R B A VR A B S 1) LR 2T 4t R
FRLAR 43 AT A8 5 LV AR & TR B, X AT B R T
FR VR b R B LRSS R AT B R B T B K R, R
BTIMEAAEEARENIER, TRERTTE R TS0
B B A dar, M0 7O . T AL 4
TEHEMLAT 4B A A AR P, 1T RE S BUR B IR TE L,
AT 51 AR KL (38 1 . Kong Dewei 285 H #5243 0 i
i IRIIRYR . T AR VR AL B A R R LR T 48R B
RIS, R I 2 AR I AR U RO T A R A 2 5 3
P Vit e PR S I N, R AR o Ak B D F A P ek TG
FRO . BRI R B AR AR A ) B AL LR AT 4 B
P YRR R S, TR B A 2 SRR AL B R F 3
WA .
334 EEAFEWH

K| Z S IR IR F T B R S B 2SS R A 3 A
TEFEANEE —, 330 17 e 8 R PA) 4 20 o 1) 2 1A 5 - R 45 A
i ) TR . Wang Xuesong 25V UM Ik AR 175 b 3
J R RURE i B R = S MR AR, (RIS UL PR 24 52
Bi. Li FangfeiZe" i 78 7 A [A] A 5 i A AL 45 5 490 2 o
(4°C)H . BIMEE (18 CH . BEFMIE (25°C)
AR (20 C) MG R WLUR A 4R B R
FIRZIR, R BT 2H 2 ) o- MR e AR S 25 B N5 1.37 %,
St R R . RIMRYR . B RYR . B PR R R
WARGE IR S , 53 SIPE AR $146.45% . 44.38% 49.98%
48.72%K140.25%, & WMk 72 LR £ 48 25 1 1) -0
WA F o [RIRE, SRR E A VR AN A U (RO UL
Ji A 2 B 1 9 B v T S AR R S AR R
R A . AR B S OV R I A I AR R AL LS 11 X R PR UL R
Y AP a-tR e S B b, 1TSS B WA,
XA B A2 DR R R A R BT S R R S UL G, 3K
o- BRI 1) J A & 4 e Ak, T 3 SO B 1 RS E T B
Ko {HJ2, MM TTAERFE AN —REW, A2
AR R,

4 & B

ARSCERIR T v HL B AR AE P SRR R (KR 7 3t Jie K
FOXF P BRI o p T AR i Tl AT T ) SRS A
HRIERE, AEG MR L2 AT 2R IR A & E
SRHE IR R 1R SR AR TR R o R T R R R BRI K
J&, A HURR AT DB B B R T VAT IR IZ 8 B T
VR AR i R A A AR B . A LR R R 2 DA 1 o £ R



XA ERA

E6mill=

2024, Vol.45, No.0§8 289

KRR I AT 3 — s MR, (ELAE ) & 1 o A A
BVETT I RCRAN R % . — T, AHgEERET, &
BE B (0 L S A LR LT e sk A 4k, [ Bk &
MIRES T I, M R s ORAK . 53 —J5 i, LRI 1)
R %o A LRI R 8 6L T A 440 ) 2 T AR 2R P 0 A A I
P, AT A b A 455 A o) it BT B R A LR R T L AR
PALHERE, FOMBLET AL G, Kafidtn
] i PR R 1 R AR R R A R 2, R RIS R
VIR, TR B — B A IR f AR S
M BAREE B Z WO 1B ISR . BEAE AR AL
HRAIEZ, N T SRR 2N, BORIR B
PRAE A JFURL BT, S AR R BORIE A 15— B IR
W

ZE -

[1] STEFAAN D S, ELS V. Meat: the balance between nutrition and
health. a review[J]. Meat Science, 2016, 120: 145-156. DOI:10.1016/
j-meatsci.2016.04.008.

[2] LASKOWSKI W, GORSKA-WARSEWICZ H, KULYKOVETS O.
Meat, meat products and seafood as sources of energy and nutrients in
the average polish diet[J]. Nutrients, 2018, 10(10): 1412. DOI:10.3390/
nul0101412.

[3] BORRAS E, FERRE J, BOQUE R, et al. Data fusion methodologies
for food and beverage authentication and quality assessment: a
review[J]. Analytica Chimica Acta, 2015, 891: 1-14. DOI:10.1016/
j.aca.2015.04.042.

[4] MOHSEN D, NASSER H, EPAMEINONDAS X, et al. Review
on the control of ice nucleation by ultrasound waves, electric and
magnetic fields[J]. Journal of Food Engineering, 2017, 195: 222-234.
DOI:10.1016/j.jfoodeng.2016.10.001.

[S] AUGUSTYNSKA-PREJSNAR A, ORMIAN M, SOKOLOWICZ Z.
Physicochemical and sensory properties of broiler chicken breast meat
stored frozen and thawed using various methods[J]. Journal of Food
Quality, 2018, 2018: 1-9. DOI:10.1155/2018/6754070.

[6] JIA G L, SHA K, MENG J, et al. Effect of high voltage electrostatic
field treatment on thawing characteristics and post-thawing quality
of lightly salted, frozen pork tenderloin[J]. LWT-Food Science and
Technology, 2018, 99: 268-275. DOI:10.1016/j.1wt.2018.09.064.

[7] ZHANG Y, DING C J. The study of thawing characteristics
and mechanism of frozen beef in high voltage electric field[J].
IEEE Access, 2020, 8: 134630-134639. DOI1:10.1109/
ACCESS.2020.30109438.

[8] BALPETEK D, GURBUZ U. Application of ohmic heating system
in meat thawing[J]. Procedia-Social and Behavioral Sciences, 2015,
195(C): 2822-2828. DOI:10.1016/j.sbspro.2015.06.400.

[9] CHRISTOPH J B. Methods for (industrial) thawing of fish blocks: a
review[J]. Journal of Food Process Engineering, 2018, 41(1): e12598.
DOI:10.1111/jfpe.12598.

[10] MARRA F, ZHANG L, LYNG G J. Radio frequency treatment of
foods: review of recent advances[J]. Journal of Food Engineering,
2008, 91(4): 497-508. DOI:10.1016/j.jfoodeng.2008.10.015

[11] UYAR R, BEDANE F T, ERDOGDU F, et al. Radio-frequency
thawing of food products: a computational study[J]. Journal
of Food Engineering, 2015, 146: 163-171. DOI:10.1016/
j-jfoodeng.2014.08.018.

[12]

[13]

[14]

[13]

[16]

[17]

(18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

WANG S, TANG J. Radio frequency and microwave alternative
treatments for insect control in nuts: a review[J]. International
Agricultural Engineering Journal, 2001, 10(3): 105-120.

GUZIK P, KULAWIK P, ZAJAC M, et al. Microwave applications
in the food industry: an overview of recent developments[J]. Critical
Reviews in Food Science and Nutrition, 2021, 62(29): 21-20. DOI:10.
1080/10408398.2021.1922871.

CHANDRASEKARAN S, RAMANATHAN S, TANMAY B.
Microwave food processing: a review[J]. Food Research International,
2013, 52(1): 243-261. DOI:10.1016/j.foodres.2013.02.033.

LLAVE Y, SAKAI N. Dielectric defrosting of frozen foods[M]//
GRUMEZESCU A M, HOLBAN A M. Food processing for
increased quality and consumption. Academic Press, 2018: 383-422.
DOI:10.1016/B978-0-12-811447-6.00013-8.

JOSEPH D, CARMEN M I. Modeling the drying kinetics of
microwave vacuum drying of concentrated skim milk: correlation of
dielectric properties, drying stages, and specific energy demand at pilot
scale[J]. Drying Technology, 2023, 41(1): 17-33. DOI:10.1080/073739
37.2022.2080220.

SOSA-MORALES M E, VALERIO-JUNCO L, LOPEZ-MALO A, et al.
Dielectric properties of foods: reported data in the 21st century and
their potential applications[J]. LWT-Food Science and Technology,
2010, 43(8): 1169-1179. DOI:10.1016/j.1wt.2010.03.017.

TANG J, FENG H, LAU M. Microwave heating in food
processing[M]// YANG X H, TANG J. Advances in bioprocessing
engineering. Singapore: World Scientific Publishing, 2002: 1-43.
DOI:10.1142/9789812706584 _0001.

METAXAS A C, MEREDITH R J. Industrial microwave heating[M].
Cambridge: IET Digital Library, 1988: 659.

YANG L X, QIU W Q, YIN Y L, et al. Dielectric properties of
antarctic krill (Euphausia superba) and white shrimp (Penaeus
vannamei) during microwave thawing and heating[J]. Journal of
Microwave Power and Electromagnetic Energy, 2017, 51(1): 3-30.
DOI:10.1080/08327823.2017.1291067.

TRV, 15 ORI A SRR Uk 22 S0 B b STt 2 D). Ll L
MR, 2022: 14-16

K. S ST BRI FE[D]. Mig: PEALER MR, 2017: 14-16.
LLAVE Y, SAKAI N. Food processing for increased quality and
consumption[M]. Amsterdam: Elsevier, 2018: 383-422.

FARAG K W, LYNG J G, MORGAN D J, et al. Dielectric and
thermophysical properties of different beef meat blends over a
temperature range of —18 to +10 degrees C[J]. Meat Science, 2008,
79(4): 79. DOI:10.1016/j.meatsci.2007.11.005.

LLAVE Y, MORI K, KAMBAYASHI D, et al. Dielectric properties
and model food application of tylose water pastes during microwave
thawing and heating[J]. Journal of Food Engineering, 2016, 178(1):
20-30. DOI:10.1016/j.jfoodeng.2016.01.003.

LI'Y F, ZHANG Y, SU X R, et al. Experimental and numerical
investigations of shaped hole film cooling with the influence of
endwall cross flow[J]. International Journal of Heat and Mass Transfer,
2018, 120: 42-55. DOI:10.1016/j.ijheatmasstransfer.2017.11.150.
PUROHIT A, KUMARI A, ROY A, et al. Determination of dielectric
properties and predictive modeling for designing radio-frequency
heating of ground beef[J]. Frontiers in Food Science and Technology,
2022, 2: 960471. DOI:10.3389/frfst.2022.960471.

HesE. BbS B TR VR R B 0 (D). b B R,
2018:29-30.

ROOPESH M S, RAVI K T, JIE X, et al. Water activity change at

elevated temperatures and thermal resistance of Salmonella in all



290 2024, Vol.45, No.08

E6miltl =

XA R

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

purpose wheat flour and peanut butter[J]. Food Research International,
2016, 81: 163-170. DOI:10.1016/j.foodres.2016.01.008.

DONG J C, KOU X X, LIU L T, et al. Effect of water, fat, and salt
contents on heating uniformity and color of ground beef subjected to radio
frequency thawing process[J]. Innovative Food Science and Emerging
Technologies, 2021, 68: 102604. DOI:10.1016/j.ifset.2021.102604.
BENGTSSON N E, MELIN J, REMI K, et al. Measurements of
the dielectric properties of frozen and defrosted meat and fish in the
frequency range 10-200 MHz[J]. Journal of the Science of Food &
Agriculture, 2010, 14(8): 592-604. DOI:10.1002/jsfa.2740140812.
ANANTHESWARAN R C, LIU L. Effect of viscosity and salt
concentration on microwave heating of model non-newtonian liquid
foods in a cylindrical container[J]. Journal of Microwave Power and
Electromagnetic Energy, 2016, 29(2): 119-126. DOI:10.1080/08327823.
1994.11688239.

UAN D G, CHENG M, WANG Y, et al. Dicelectric properties
of mashed potatoes relevant to microwave and radio-frequency
pasteurization and sterilization processes[J]. Journal of Food Science,
2004, 69(1): 30-37. DOI:10.1111/j.1365-2621.2004.tb17864.x.

WANG R, ZHANG M, MUJUMDAR A S, et al. Effect of salt and
sucrose content on dielectric properties and microwave freeze drying
behavior of re-structured potato slices[J]. Journal of Food Engineering,
2011, 106(4): 290-297. DOI:10.1016/j.jfoodeng.2011.05.015.

WANG J, LUECHAPATTANAPORN K, WANG Y F, et al. Radio-
frequency heating of heterogeneous food-meat lasagna[J]. Journal
of Food Engineering, 2012, 108(1): 183-193. DOI:10.1016/
j.jfoodeng.2011.05.031.

LIY L, LI F, TANG J M, et al. Radio frequency tempering uniformity
investigation of frozen beef with various shapes and sizes[J].
Innovative Food Science and Emerging Technologies, 2018, 48: 42-55.
DOI:10.1016/j.ifset.2018.05.008.

LYNG J G, ZHANG L, BRUNTON N P. A survey of the
dielectric properties of meats and ingredients used in meat product
manufacture[J]. Meat Science, 2004, 69(4): 589-602. DOI:10.1016/
j.meatsci.2004.09.011.

ZHANG L, LYNG J G, BRUNTON N P. The effect of fat, water
and salt on the thermal and dielectric properties of meat batter and
its temperature following microwave or radio frequency heating[J].
Journal of Food Engineering, 2006, 80(1): 142-151. DOI:10.1016/
j.jfoodeng.2006.05.016.

FARAG K W, LYNG J G, MORGAN D J, et al. A comparison of
conventional and radio frequency thawing of beef meats: effects on
product temperature distribution[J]. Food and Bioprocess Technology,
2011, 4(7): 1128-1136. DOI:10.1007/s11947-009-0205-z.

ALI S. Effect of multiple freeze-thaw cycles on the quality of chicken
breast meat[D]. B3 &: B HUAME K2, 2015.

WANG B, DU X, KONG B H, et al. Effect of ultrasound thawing,
vacuum thawing, and microwave thawing on gelling properties of
protein from porcine longissimus dorsi[J]. Ultrasonics Sonochemistry,
2020, 64: 104860. DOI:10.1016/j.ultsonch.2019.104860.

WANG B, BAI X, DU X, et al. Comparison of effects from ultrasound
thawing, vacuum thawing and microwave thawing on the quality
properties and oxidation of porcine longissimus lumborum[J]. Foods,
2022, 11(9): 1368. DOI:10.3390/foods11091368.

AMBROSIADIS I, THEODORAKAKOS N, GEORGAKIS S, et al.
Influence of thawing methods on the quality of frozen meat and the
drip loss[J]. Fleischwirtschaft, 1994, 74(3): 320.

ZHU M M, PENG Z Y, LU S, et al. Physicochemical properties and
protein denaturation of pork longissimus dorsi muscle subjected to

[45]

[46]

[47]

(48]

(49]

[50]

(51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

six microwave-based thawing methods[J]. Foods, 2019, 9(1): 26.
DOI:10.3390/FOODS9010026.

ZHANG W D, GUAN W L, CAI LY, et al. Effects of magnetic
nanometer combined with radio frequency or microwave thawing on
physicochemical properties of myofibrillary protein in sea bass[J].
LWT-Food Science and Technology, 2022, 154: 112585. DOI:10.1016/
jIwt.2021.112585.

VIEIRA C, DIAZ M T, MARTINEZ B, et al. Effect of frozen storage
conditions (temperature and length of storage) on microbiological
and sensory quality of rustic crossbred beef at different states of
ageing[J]. Meat Science, 2009, 83(3): 398-404. DOI:10.1016/
j.meatsci.2009.06.013.

YU L H, LEE E S, JEONG ] Y, et al. Effects of thawing temperature
on the physicochemical properties of pre-rigor frozen chicken breast
and leg muscles[J]. Meat Science, 2005, 71(2): 375-382. DOI:10.1016/
j.meatsci.2005.04.020.

CHOI E J, PARK H W, CHUNG Y B, et al. Effect of tempering
methods on quality changes of pork loin frozen by cryogenic
immersion[J]. Meat Science, 2017, 124: 69-76. DOI:10.1016/
j.meatsci.2016.11.003.

IRAEHT. A A RIS L R0 R 3R B il B 8D, g L
R, 20201 17-18.

L. B URT AR )T R ORI FE[D]. i EIREEER
%,2021: 16-17.

FARAG K W, DUGGAN E, MORGAN D J, et al. A comparison of
conventional and radio frequency defrosting of lean beef meats: effects
on water binding characteristics[J]. Meat Science, 2009, 83(2): 278-
284. DOI:10.1016/j.meatsci.2009.05.010.

BEDANE T F, ALTIN O, EROL B, et al. Thawing of frozen food
products in a staggered through-field electrode radio frequency system:
a case study for frozen chicken breast meat with effects on drip loss
and texture[J]. Innovative Food Science and Emerging Technologies,
2018, 50: 139-147. DOI:10.1016/j.ifset.2018.09.001.

KIM Y B, JEONG J Y, KU S K, et al. Effects of various thawing
methods on the quality characteristics of frozen beef[J]. Korean
Journal for Food Science of Animal Resources, 2013, 33(6): 723-729.
DOI:10.5851/kosfa.2013.33.6.723.

dkHage, i, sk, A AR R 7 2000 X i P HEL i O RG
B[], AR 5Tk, 2021, 42(22): 57-63. DOI:10.12161/
j.issn.1005-6521.2021.22.009.

HUGHES J M, OISETH S K, PURSLOW P P, et al. A structural
approach to understanding the interactions between colour, water-
holding capacity and tenderness[J]. Meat Science, 2014, 98(3): 520-
532. DOI:10.1016/j.meatsci.2014.05.022.

XIONG Y L, DECKER E, FAUSTMAN C, et al. Protein oxidation and
implications for muscle food quality[M]// DECKER E A, FAUSTMAN C,
LOPEZ-BOTE C J. Antioxidants in muscle foods: nutritional strategies to
improve quality. Wiley-Interscience, 2000: 85-111.

EYGONIE C, BRITZ J T, HOFFMAN C L. Impact of freezing and
thawing on the quality of meat: review[J]. Meat Science, 2012, 91(2):
93-98. DOI:10.1016/j.meatsci.2012.01.013.

JIANJ, LI L, YU Q, et al. The effects of vacuum package combined
with tea polyphenols (V+TP) treatment on quality enhancement of
weever (Micropterus salmoides) stored at 0 C and 4 C[J]. LWT-
Food Science and Technology, 2018, 91: 484-490. DOI:10.1016/
7 wt.2018.01.056.

KONG D W, HAN R W, YUAN M D, et al. Slightly acidic

electrolyzed water as a novel thawing media combined with ultrasound



XA ERA

E6mill=

2024, Vol.45, No.0§8 291

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

for improving thawed mutton quality, nutrients and microstructure[J].
Food Chemistry: X, 2023, 18: 100630. DOI1:10.1016/
j.fochx.2023.100630.

ZHU Y L, LI F, TANG J M, et al. Effects of radio frequency, air and
water tempering, and different end-point tempering temperatures on
pork quality[J]. Journal of Food Process Engineering, 2019, 42(4):
¢13026. DOI:10.1111/jfpe.13026.

SRFD, PhET, RUTE, SRR D7 SO PR 5 GO0 2
IS [T]. %A 24 4R, 2022, 36(8): 1607-1617. DOI:10.11869/
j.issn.100-8551.2022.08.1607.

LI K, KANG Z L, ZOU Y F, et al. Effect of ultrasound treatment on
functional properties of reduced-salt chicken breast meat batter[J].
Journal of Food Science and Technology, 2015, 52(5): 2622-2633.
DOI:10.1007/s13197-014-1356-0.

EL D A, HOLMAN B W B, GITERU S G, et al. Total volatile basic
nitrogen (TVB-N) and its role in meat spoilage: a review[J]. Trends
in Food Science & Technology, 2021, 109: 280-302. DOI:10.1016/
j-ifs.2021.01.006.

HO J, JIN L, KANG H Y, et al. Effect of microwave treatment on
the physicochemical and microbiological characteristics of beef
loin during storage at 4 ‘C[J]. Korean Journal of Food Science and
Technology, 2013, 45(2): 161-166.

FRE, Bsche, AR, & AN TR R O Ao BT OO R
PERRZIR[T]. T E RS, 2017, 42(6): 10-17. DOT:10.3969/
j.issn.1000-9973.2017.06.003.

WL, 22qh Y, Whdh, S5 BEER DT SO0 5 68 5 SR )], R
FERHAAR, 2021, 30(5): 913-921. DOI:10.12024/j50u.20200503055.
GAN S L, ZHANG M, MUJUMDAR A S, et al. Effects of different
thawing methods on quality of unfrozen meats[J]. International Journal of
Refrigeration, 2022, 134: 168-175. DOI:10.1016/j.ijrefrig.2021.11.030.
A RS R RO TR 2 AU [D). il Ligire R,
2020: 62-63.

THFK. AR R T 2R 25 /N B £ S 3R (RT3 R st 76 [ D).
b R RE, 20210 17-18,

Rk, WRIRLL, ey, & Ry AR E A A, )
REARFME BORT L R SR (0], AL 43R, 2021, 52(5): 342-349.
DOI:10.6041/j.issn.1000-1298.2021.05.038.

RUIEL, EMRAK, R, A% PR 5508 5 AR R 0 v VR AL B R
PR PR R D], A b TR, 2018, 39(23): 23-30; 36.
DOI:10.13386/j.issn1002-0306.2018.23.005.

JiEAe, RO, R, A AN AR R 7 2O AR R R B
M), B iR, 2022, 43(15): 227-235. DOI:10.7506/spkx 1002-
6630-20210524-290.

QI J, LI C B, CHEN Y J, et al. Changes in meat quality of ovine
longissimus dorsi muscle in response to repeated freeze and
thaw[J]. Meat Science, 2012, 92(4): 619-626. DOI:10.1016/
j-meatsci.2012.06.009.

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

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, 2022, 22: 107-134. DOI:10.1111/1541-
4337.13064.

SRS, PMET, R, . RIRER T RO I B 5 AR TR
B AR ]. &M EE R AR SER, 2022, 40(2): 161-171.
DOI:10.12301/spxb202100411.

SUN W Z, ZHOU F B, SUN D W, et al. Effect of oxidation on
the emulsifying properties of myofibrillar proteins[J]. Food and
Bioprocess Technology, 2013, 6(7): 143-150; 197. DOI:10.13982/
j.mfst.1673-9078.2016.10.023.

PENG Z Y, ZHU M M, ZHANG J, et al. Physicochemical and
structural changes in myofibrillar proteins from porcine longissimus
dorsi subjected to microwave combined with air convection thawing
treatment[J]. Food Chemistry, 2020, 343: 128412. DOI:10.1016/
j-foodchem.2020.128412.

LI F F, WANG B, LIU Q, et al. Changes in myofibrillar protein
gel quality of porcine longissimus muscle induced by its stuctural
modification under different thawing methods[J]. Meat Science, 2019,
147: 108-115. DOI:10.1016/j.meatsci.2018.09.003.

ZHANG M C, LI F F, DIAO X P, et al. Moisture migration,
microstructure damage and protein structure changes in porcine
longissimus muscle as influenced by multiple freeze-thaw cycles[J].
Meat Science, 2017, 133: 10-18. DOI:10.1016/j.meatsci.2017.05.019.
ARSI R 45 AR R 5% A 0 DKo £ JUL R 2120 B P T AT 5 1 5
WEFL[D). b FEEFE R, 2020: 33-34,

XIAO HM, WU Y F, LIU J, et al. Potential mechanism of different
gelation properties of white and red muscle fibre from crocodile
(Crocodylus siamensis) meat: study of myofibrillar protein[J]. LWT-
Food Science and Technology, 2021, 143(1): 111045. DOI:10.1016/
jIwt.2021.111045.

KONG D W, HAN R W, YUAN M D, et al. Ultrasound combined
with slightly acidic electrolyzed water thawing of mutton:
effects on physicochemical properties, oxidation and structure of
myofibrillar protein[J]. Ultrasonics Sonochemistry, 2023, 93: 106309.
DOI:10.1016/J.ULTSONCH.2023.106309.

SHPET . POIA R R T R 9 15 2 FG S A PR DR T O BL T
JU[D]. 1 2 IME R B, 2021: 44-45.

K, B, AT, A5 R R TT R R R A AR A BT
S [)]. & ARRE, 2020, 41(15): 256-261. DOI:10.7506/spkx1002-
6630-20191018-196.

WANG X S, XIE J. Effects of different thawing methods on the quality
of frozen horse mackerel[J]. Food Science, 2020, 41(23): 137-143.
DOI:10.7506/spkx 1002-6630-20191105-050.

RRR R, TEREL, XRARSE, A AR T 2R iR PR AR 1 SRR R
SEMT]. B SR DAL, 2023, 49(5): 223-229. DOI:10.13995/
j.enki.11-1802/ts.030331.





