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HWE AMAZ LM ABRABKBEB AT ESEFNBRAGTm AFREASXEHH 2 2 (&M dw R
3 300~4 000V, & 3% 0.04 A)#iBh ki (=1 C) ABRB(-3C)FER G (FRA)EHTERO,7,14,21,28,35d 4+ i
pHAL &% BH L4 BAMEER(TVB-N)2F AAEILLE (TBARS) A ¥ KABE MM T, ot A BIEL A
ke LA, SR AR AR 35d 8, -1 C+a ey pH 1A% 5.84 TBARS 144 0.55 mg MDA/kg A &M% 4 31.84%, %
FAKF-1°C4149 5.97.0.60 mg MDA/kg #= 36.19%(P<0.05) ;-1 C+®.3% 48 o' 1A% 1022, B % & T-3 C4L(7.83)#-3 C+%
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el A e B S 28 R,-1 C+H8 %24 Py(86.93)F2-3 C+H 3% 20 P,y (89.69) 2 # 3 T & A 18 21 (84.94 Fe
86.87,P<0.05), -3 C+ 3% 24148 & £ W= 38 %) 35 d B 4 84.95 kg, B 3% & T -3 C4L(77.71 kg, P<0.05) , ££ B — Iz 3 B 1] &, ok
MAE ARG N AR AR EF R EE(P>0.05), 892 a N EF B BB LR RIS xR
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2024 “F-55 5 H)

1 MRlEFE®
1.1 #R5iHF

e Bl 5 A DR R 2 A PR A R R Y
22~24 Ay | AR 29 R 400 ke /9 6 Sk P ]I
IR A RIS AR, 28 3 52 AR5 B Ja U 22 Mok
Jo A i EEFE VS H1 18] (0~4 °C) A H 24 b, ZBRAT L
BB R R 2L, o6 A TC TR 48 )5 B 110 T vk 4%
PRI FE (0~4 C) 1,2 h s ML=,

pH KW (pH=7,pH=4), FEIK it /RE}E
(P EDABRZ A A b2 R, bR AR P R
HAERAF; /LR, L2 sk A bR A R
NGNS O S €8 - | Y i s N 2 R SN RN
Al ST, LRTRL T AR R B A IR A EL T
S R AN I R USSR T R ST
FNAC A B A 52 0 A B bt 25 AR A
FRAT
12 NB{5EH

Testo 205 fE4% =0 pH 3, 7 & 1 4] /A 7] ; CM -
700D FUAEHEA @ 2201, H AN JE R ERER AT ;
HH-4S 5 5K s 5, VLI A At i s AR (3%
il A RS\ TA-XT plus® M 43 HriX , PEfE
Stable Micro System 723 1] ; ML204 Hi K °F-, #f4¢
Y-t 2 (L) ARAEPEN 3.5 HLF
B f[E Airsense 2N 7] ; DENBA-2.0 fif i {f:55 fi 37
BeE (HHLg & A B E 220 V,50 Hz AR AR 140
mmx 120 mm 2B, i i HL RS 3 300~4 000 VL
W 0.04A), HA AGUA FiF kX &4k ; MIR-
154-PC IR FE R 55 T4 , P8 T (B B 7 i ik =X
234, GQZ60-02XG A il Y L e 4 | R FEBE B AR M
PR &R R W ; SW-CJ-2FD 3 B 8 [ 3L 35 14
TAER, HINEZa TEARA RA A ;DHP-600
FL AP I 5 R A, KT T RIS A IR A FD
NMI20-040H-T 4% f# 2 iU AR 53 BT A, 75 M 20 373 53
B A & e 43 A FR 23 W] s KJELTEC8100 4> H 2L G
ERAL, FEF FOSS 4 A BR 2 7] 5 SpectraMax 190
A KRR, 25 8 Molecular Devices 23 ) .
1.3 Fik
1.3.1 FEdhHER  BIBR 6 k4K LAyl UL ik
W7 Al B A2 4 1 20 K5 H A E) A 10 emx 5 emx 3
em K5 R P B F5 2 200 g, SR FH A 6F 54 454
43¢ J5 [PE,0, &  2 H (10 600+20)% cm?/(m?-24

h-atm)], 70 & 4 A~ 40 PR GE 47 I . i 37 5 Bh vk
T (=1 °C) 38 VKR (-1 °C) | H 3 Bh 48 vk L (=3
C) KGRI (=3 C) . 3 AlTESS 0,7,14,
21,28,35d HukE, 47 pH {8 (5 ZEEW AL R
Fo TR 75 LT st B s B I, 5 T 4 R
FWATGHA, HTHEE A e Zm
A PR SR 1 R - S

AR i R B9 DENBA-2.0 ¥ B {4 35 11 3%
e L b R A e R AR A A, PR R TR K
T R PR AR P9 A A AR L Y, B AR P
CE AR R AR E B 20 em SPATCE
1.3.2  #EARIN &
1.3.2.1 pH{H RAMEHERX pH i34 E . H
pH (bR EZE ph i (pH=7 , pH=4) M5 , 3548 A
AR 2 1.5 em BRI pH A, SRR G II E
3~4 SR BCE-EME
1.32.2 @5 REF ARG, 7ERmEL%E
P4 A7 8 BRI I SR S B (L) (LB
{H (a") HEEEAE (") , 25 R I
1.323 @WEL&E MEEMmLEZL2EZRE 8
i A V)R B TR VB 2 ) (GB 4789.2 -
2016)IHE AT B V& S BOTE, FREL(100.5)g 4+ A
BT 90 mL A= BRER K B JE R4S PN, A 20 R
FHAAFT 1~2 min, Hl % 1:10 BRE S A1, Il 5 —
Z 50 10 f5 8 B, BRI 2 AN38 B R BRI B S
W1 ml, &SRR 2 NI, A 15~20 mL
AT BB B AR TR S T (36+1) CHY 5%
(48+2)h,
1.3.24 #HEMEHRER B (L2 EE R
e B R AR R A B E ) (GB 5009.228 -
2016) 1 2 ff it o R AT I
1.325 WAL ZR 2% Liang S %,
B2 g KR4 WA 50 mL &0, A 3
ml 1% P B AC b Z R i W DL S 17 mlL 2.5% 1)
S TR ER TR (IR A WOR 1 mL T R S A
ik BV A P AE K TR 30 min, SRS K2 H)
EEERBREER3I ol 5EFBANGRS TE
3 000xg #5.0> 10 min, & JF AP 532 nm 40 &
VWA, 4502l mg MAD/kg FEUFEOR
WHE (1),
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TBARS(mg MAD/kg)=A52m %9 48 (1)

m
A A s FERFE B 532 nm 20T 5E )
W% B s m FRIURE i 19 3 & 59.48 TR A

bl 22 W2 B N 7= ) R R R 5 R R O R AL
[152 000 L/(mol - cm) )45 H A 5 %5

1.3.2.6 ZREBURATEN  Z% Yan FH Ik,
FREL(60 + 0.5)g 4 W H, B ic b my, i T 7872
AENHE I A N 23 ALl P B R T 5 25 A AR B
FAEOIFE T 71 CHKRB IR 35 min J&7 , K%
AR AR ASFBUE IE Y HiK S H 30 min, H52F
PR 42 i R 48 25 e T K 3 I B R D m,, 3
BRI (2),

AR (%) :’”;;7’"2 x 100 (2)
1

WA 4 COKA L, W LEF 4T m i)
21 emx 1 em x 1 em [F/NBR ) JBTH) 43 81 AL %E
ZAE N R3S R PSO 45 Sk AT B EE 2.0 mm/
s, M H R 1.0 mm/s , I 5 38 2.0 mm/s |, B (7] 8]
B 5 s DN f B S MELUEM: | BE SR PR R &2 1k
BEAE I 6~10 YK, 45 - BOT-H{H
1.3.2.7 T, 53k A LE-NMR I 5€ 7K 534K
&, 5% TN J5 508 4 RS R AE & 2, 4
WAL 2 emx 2 emx 1 em BY 37 J7 18 & T M FE 4
e, D SR TR R e R B e S 80
T WG 0.5 T3 G F 2L 4R 4% 23 MHz; H JiE [l
¥ J¥ 51 (Spin echo, SF)=23 MHz;90 £ ik of
(P90)=9 ws; 180 J£ fik #f (P180)=18 ws; R FE 15 %L
(TD)=59 990 ; ik #f & 5 B} [B] (TR )=3 000 ms; Rl
KW E(NS)=16; [\ % K B (Echo count) =
2 000, iz i 0 k22 (CPMG ) 15 B il th ¢
K H Multi Exp Inv Analysis #4547 5, 75 31
T,

1.32.8 M4 SHREFFON T RIRE
W (3.0+0.1)g T, 25 JF % i E 30
min, f& B A5 PR B (] 2R 180 s, RAFEHT[H] Ky 60 s,
I 58~60 s Hdl 731 L 7 5 10 AL IR A8 P4 50 )
st 4 R SR ) i g R 0

1.4 HIELE

BB 45 A 38 1 Excel # 4 Fl Origin 2018
64bit FEATEHE LI AR R, R SPSS 22.0 #fF

Xof B8 #E AT BN 7 2200 81, 1% ] Duncan’s 32 i3
2@ B Hr, 45 RDSE AR E 2 RoR L
P<0.05 V50 22 5 W F PRI Wb o 5 i o — M vk
(] A A (GLM) 23 A7 I 5 IRF 18] K AN [+] 42b BR%F 4 1A
fitn Jo S W) 1 22 AR T

F1 BTRERFEIREERES
Table 1 Electronic nose sensor array
and its performance characteristics
BRERS HRAEABAS B RMEAKREAR
1 WIC XK 5 A R o B
2 WSS X RRAL B B
3 W3C MERE AR R
4 weSs * S Ay B R
5 W5C ST HE T I O A o R
6 WIS Xk A
7 WIW X} BRAY, Hp B R
8 W2S xfBE R ER 2R AR
9 W2wW XA ACEAC | AR 5 B R
10 W3S XK b I AR

K2 HEHEHBKB/BKETBESIFrALSRRERZTEER
Table 2

of beef stored at electric field-assisted controlled

Interaction of various quality indicators

freezing point/ supercooling storage

P1ia
F& 4% o T BT R x
JE= 5K, B TR P NP R

pH 14 < 0.01 < 0.05 > 0.05
L < 0.01 < 0.05 > 0.05
a < 0.01 < 0.01 < 0.05
b* < 0.01 > 0.05 > 0.05
A% R < 0.01 < 0.01 < 0.01
TVB-N < 0.01 < 0.05 > 0.05
TBARS < 0.01 < 0.05 > 0.05
AABEK <0.01 < 0.01 < 0.01
Py, < 0.05 > 0.05 > 0.05
Py < 0.01 < 0.01 > 0.05
Py < 0.01 < 0.01 > 0.05
R < 0.01 < 0.05 < 0.05
B < 0.05 < 0.05 > 0.05
BR M < 0.05 > 0.05 > 0.05
ik < 0.05 < 0.05 > 0.05
A < 0.05 > 0.05 > 0.05
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2 HERERW
2.1  ERIFH B KRB KGRI 4R A pH BRI
FL 7 i B oK L | KR O A= AR ) pH
H 52 M 25 R DLIEL 1, 7RSI H) | #5 4b #2
AR pH E SR 2B LT, FLJE R n] fe 2 b
T R A A, A PN TR A AR BV
B B A SR Y R 3 pH EH E S
FEEEAN R, 1 CHA-3 CAL 4 A pH {HIY
o FHVE 2 7 (P>0.05)  TEWHER 7~21 KIWIH]
M7 20 5 X B 22 8] O i 3% 22 = (P>0.05) . TEIE”
JHCER 28,35 KHEF, -1 C+HLIZH AL 4 A pH A &%
F-1CHM-3 C4l (P<0.05), HXHRL 4 A pH
{EB o T L AL FRZE , HC ) DR g 2 R T 3
LS I T A0 PR P A R A R B DR T R
Wy 5T ) A B R 5K I A5 2O T H 37 b 3L 9
Xof W, Y 5 40 [ Xk 4 o A A R T S AR E

FEERYI G
22 mIFHEIKIR/BKEMEYEREFN
W

P B DAL L K D R A v A P S T
OFF L " b AN 3 s, WA 20 6] SE
K, A BA SR LA o EHBEE TS

64 ‘ SC B-1C+H¥ D3C B3TC+#g ‘

pH 1A
pH value

0 g ' 1 . 21 2
e R I 1]
Storage time/d
T AR RS 5B 3R [ — W F T AN TR [) S pH {22 5
135 (P<0.05) 5 ATl /NG 5 B 37 [ — I [8] 85 AN [] I A5 1 T
pH 122 5 1. % (P<0.05) .

B 1 BB KRR 4P pH B R0
Fig.1 Effects of electric field—assisted controlled

freezing point/ supercooling storage on pH value of beef

FobT HE IS R 28 K4 ASab g A4
WRIB O LA T AR R R AL L, R
A AR ROS Be P QBRI A R S, T R
AR, o fE A2 105 WLEL R H A SR A A s B
LLEH R RAT G, LA 2 LA S A0 B2 n Jal K

% 3 EI7EH B KR/ kR R X A e 1 R F R R

Table 3 Effects of electric field —assisted controlled freezing point/ supercooling storage on color of beef

A 8] /d F8 AR e
-1°C -1C+uw % -3°C -3C+uw %
0 L* 39.63 + 1.47* 39.63 + 1.47* 39.63 + 1.47* 39.63 + 1.47*
a* 14.06 + 0.63* 14.06 + 0.63*" 14.06 + 0.63* 14.06 + 0.63*
b* 13.65 £ 0.78% 13.65 + 0.78* 13.65 £ 0.78"¢ 13.65 £ 0.78%
7 L* 36.64 + 1.62" 36.93 +2.91" 38.09 + 3.48* 39.79 + 1.50*
a* 13.70 £ 2.15% 13.91 £ 2.05" 13.98 + 1.75% 15.06 + 1.86*
b* 13.41 + 1.35% 12.61 +2.33* 12.59 + 1.97% 13.93 + 1.5%
14 L* 36.13 + 1.86" 37.36 + 1.35" 37.11 + 1.81% 37.87 +0.85"
a* 15.66 + 2.52% 15.85 £ 2.10* 14.49 + 1.02* 14.84 + 1.05*
b* 13.56 +2.18" 13.57 = 1.01* 13.22 + 1.75%¢ 13.8 +0.994
21 L* 35.64 + 1.09% 36.00 + 2.06° 35.48 +0.748 36.38 + 1.47°
a* 13.33 £ 1.95™ 13.44 + 1.56™ 11.41 + 1.82% 10.96 + 1.77%
b* 12.61 = 1.42" 12.78 + 0.82* 12.15 £ 2.17¢ 12.26 = 1.88"
28 L* 33.38 + 1.16° 33.43 + 1.53¢ 32.92 +1.91¢ 33.79 + 1.54¢
a* 12.36 + 1.76" 13.12 + 1.31" 11.58 + 1.60" 11.69 +0.98"
b* 13.82 +2.02" 13.04 + 2.46" 14.94 + 1.50* 14.17 £ 0.72*
35 L* 30.28 + 1.12" 29.72 + 1.35" 31.52 « 1.77¢ 31.46 + 1.46"
a* 9.99 + 0.96% 10.22 + 1.05% 7.83 +0.96% 9.63 + 0.69%
b* 15.12 + 1.54* 14.50 + 1.44* 14.30 + 0.88" 14.67 + 1.68*

TE AR KI5 373 () — I A A1 S [ b i) 0,038 2 5 8 35 (P<0.05) s AN/ ING 7 B 27 [l — I TR) a5 AN [] P304 1 €0, 8 22 S k. 3% (P<0.05) .
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KEMEWAERKEM, (237 248 0 &Egkia
BB, WIS 8 02 B A o A A
TRALY , 3k e W) I 5 LAT 85 (45 4, 10 0 1 4% €5 Bt
FRMVLLER U 2 8, (1 PR A 2 AR 2 I 35 K
-1 C+HL MM o (H5-3 C4H 25 B3 (P<0.05),
e H A [l — I g s ) 5, —1 CCLHLAN-3 CL 4= LF,
a b HTC B E M2 5 (P>0.05) ; 15 [A] — IF7 i i i
T, -1 C+HLIGAH -3 C+H G L EWHE 7,
14,21,28 d B & F X HE4H (P<0.05) , -1 C+HL 3540
1) " {H Y7 T X IR 4H (P<0.05) , -3 C+HL I 4 AEI”
B 7,14,28,35 d W5 T X B4 (P<0.05) . TP 45
35 K, -3C+HIGHM o HE-3 CHER L F
(P<0.05), 133 4B 5% i 37 i B A IR VR, &
PR 37 A B 55 ) BB 2 A B € 15R 25 S N B AT
5 r L 37 Kb B ) 4635 1) D PR SR A IS
2.3 HiZHEKR/BKEINENFAEE DL
sEA

L 37 A B KL L B I P A R P B R B R
By 52 UL 3, AR TR T RV IR (E o 3.8 g
(CFU/g) , B 25 I B [ 1) ZE < | 45 Ak B0 20 4 DA B
% SEUE EIHEE R 35 R 4% 4b 3 20 4
WA SEIE L 6 1g(CFU/g) , il RE &
R B WO 5T AE AN IR Y, -1 CCALA-3 cAl
A TR B T S BOEE U AR 7 KRN 35 KA HAT
PE 22 5 (P<0.05) , JL A% I 8 B [B] 35 G Bk 35 P 22 %
(P>0.05), WA 14 K, -1 C+HLIZU 4 A HEE B
BOE R T -1 °C4L f -3 CHL(P<0.05) ; I3 &6 21
K, -1 C+HL 3740 [ -3 C+HL 340 4 N TR B A0
T HXT AL, H-1 C+H 74l i K F -3 C4l
(P<0.05),iX 524 S M S B A0 FAFo R I
FL 17 A # 2 TR VB T IR B 25 R — 2, [
— VR TR R, A A Tk AL R 3 B B X 4 R 1
AR EIEA — I RIER, nT RS R e A
HIZGER T, S ARAERE 7= A R 5L
TEERAAY T, 7 — B LI T RE R
BT,
2.4 HIFHEHBIKB/BKETREN G A TVB-N
BENEI

P 1 B VKR B K I e i A b 4= ) TVB-
N & A ARG 00 UL IR 4, BEIC G A SE K, 4= A
TVB-N & & & % T (P<0.05); W 2 35 K, 4%

2 FE %% Bh vk IR/ vk IR T 5 X 4 P I 6 A 1)
BIERRNE
Fig.2 Effects of electric field —assisted controlled

freezing point/ supercooling storage on color of beef
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B C @1 C+ls B3C W3 Tl | o
A
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o
=3

LR/ IR
Total viable count/lg(CFU-g™)

7o
n

o
=

0 7 14 21 28 35
T 3 i)
Storage time/d

e AFRE F B R IR R — I AR AN R ) 9 5 B
S5 (P<0.05) s AN TR /NG S Bk 3 7 [] — I [ 5 AN ] 0 58 2% 28
B R HOE R I3 (P<0.05).
B3 BipiEKkE/EkRINENF AEE SN
Fig.3 Effects of electric field —assisted controlled
freezing point/ supercooling storage on total viable

count of beef
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2024 “F-55 5 H)

AR AP TVB-N & ¥ 15 mg/100 g, 16HH
AR T, RN IR N, 1 °C4L -3
CHA WH 7w SE LR EMEZER (P>0.05);H
Giab 32 4 ) TVB-N & i 4% T X0 AL, Horp b
BEES 21 KA 28 K, -1 C+HLIZLA RS TVB-N &
B FH KT -1 CHI-3 CH (P<0.05), ikF Hi %>
% A L P, 37 il B0 A 300 ) 9 £ TVB-N &5 ik
7= A A7 31— AR B A, S AR IR A5 R — 2,
X FREIEF SN ER T, ==t
LR B, R Lm0 2 A
BB AT e RS S S R T A R
2.5 Hi7 % Bk B/ kR M iE X 4 B TBARS
BRI

FL 37 %l By Kl | AR I 2t B o TBARS B
A AT B WL S, R T B SR R E 4K TBARS fH
% EJH(P<0.05) , U6 B A4 DA Jiig 7 480 Ak A B 328
IR, FEEEAS I N, -1 CH M -3 CAH 4N
TBARSE¥ LR EMHEZEF (P>0.05), W 35
K ,-1 C+H 4 24F ) TBARS i I Z KL F-1 C4H
(P<0.05); WHEES 0~28 K, HLImdl 5 X} B4
TBARS {H 7Jc 2 2 1 22 5 (P>0.05) , 13 B 7E 1 19 1]
FL 37 50 B DK L R VKR X A Y B T S L R

JETC R,
2.6 BEIFHEHBKEEKEITESFRERRK
HI )

HL 37 50 B VKR L R DK T R A TR 2R
P 2k A AR 0 DL T 6, it 25 I e s i) ) 2E K 4% 4k
PP RAEBRE KBS, I 28 d i,
-1 CHM-3 CHFWEEMR TR EEER (P>
0.05), H AW [a] 55 -3 C 78 & Ht 2k B E K
F=1 C4L [/ — Ik B, o 37 20 25 28 45 AR
TR, WSS 7,14,35 K, -1 C+HIpHEE
PUR B B EMLT -1 C4 (P<0.05); WA 28
K ,=3 C+HLIGHZE BRI W ELT -3 CH (P<
0.05) , iX 5 5k I AELI I 52 45 S — B0, ISR AE VKR
FEE v B R b, E N TR M B A R S A
HT WU ZF 488 1 23 & AR ARPE Ko T 2548 S
S LA R (45 AR S e A e As K o R i ok,
I L7 AR R TS | H 3 AR K 4y T 1 RS 8h O T, K
Oy F BB R PN Rl R U 4 R A g R A AR I
1M 51 K W M 53 F 109328 sh 0 & A oAy S a4

18 S.C B-1C+HEH D3C m-3T+R |

YRR A & &

TVB-N content/mg- (100 g) ™

0 BE W @
WL 1]
Storage time/d
T AN KRS T B8 [/ — W 45 8 AS R ) 45 TVB-N &
22 5 3 (P<0.05) 3 AN [} /NG B R [ — I ) 5 AS [ 0
FAF TVB-N & 5 22 5 it % (P<0.05) .
B4 mipHEBhkiE/EKkRIE4H TVB-N
SENFM
Fig.4 Effects of electric field —assisted controlled
freezing point/ supercooling storage on TVB-N

content of beef

07 B.1°C @-1C+Hlj D3°C B3 C+Hilg
Aa ABab
Too 0.6 f Bheap
)
< 4 &
o 08 “BCab [ :
= Kabcp N :
= o 04} N i
) g 4
o= < i
< 5 03} -
Q= &
= 2 i
o 02 B
== i
é 0.1 B
= i
0.0 =
35

y
TR ]

Storage time/d
T AN RS 7 B R ] — A T AN [ B 1] s TBARS {H
FE 51 7 (P<0.05) 5 AN A /NG - B4 7% (7] — I [1] 5 AN ) 58 2
Tk TBARS fii 22 5 & % (P<0.05)
5 F %% B vk IR/ vk IR 5 XT 4 9 TBARS E Y 1
Fig.5 Effects of electric field -assisted controlled
freezing point/ supercooling storage on TBARS

value of beef

TR E R, U R 37l B R R ORI —
PR bl 4R s 2 AR K 77 Qian SEPIRYBIFSE K
B # HEL 37 W AR R i o e v ) UL T 2 5 1 A2
P, 4 RE RS K 0SS S RE T X nT BEARRE T
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Table 4 Effects of electric field —assisted controlled freezing point/ supercooling storage on P, of beefl

B ) /d 47 e
-1 —1C+8 % 3¢ 3C+E
0 Py, 444 027" 444 £027% 4.44 +0.27% 4.44 027"
Py 93.66 + 1.214 93.66 + 1.21* 93.66 + 1.21" 93.66 + 1.21"
P 1.90 + 1.15¢ 1.90 + 1.15° 1.90 + 1.15¢ 1.90 = 1.15
7 Py, 3.23 +0.35% 3.17 + 0.52% 4.19 £ 146" 3.55 + 0.84%
P, 91.76 + 2.58% 93.35 +2.42% 90.46 + 1.73% 94.50 + 1.75%
Py 5.01 +2.75% 3.48 +2.04% 5.34 +2.58% 1.94 + 1.94™
14 Py, 5.96 + 0.65 4.29 +0.85" 3.53 + 0.80% 3.69 + 1.28%
Py 90.26 + 1.96" 91.03 + 0.99" 91.87 £2.19" 94.07 + 1.43%
P 3.78 +2.19% 4.68 +1.55% 4.60 +2.02% 2.24 + 170
21 Py, 511+ 1.19% 4.63 £ 0.98 3.29 + 0.49% 4.44 + 048"
P, 86.76 = 1.81% 90.34 + 1.69% 91.04 + 1.75% 91.69 + 1.00*
Py 8.14 + 1,78 5.03 +1.24% 5.67 + 1.80% 3.87 + 1.10%
28 Py 3.08 £0.18% 3.30 £ 0.59" 485+ 1.37% 4.98 + .54
Py 84.94 + 2.36™ 86.93 + 1.02 86.87 + 1.85% 89.69 + 0.98%
Py 11.98 = 5.31% 9.77 + 2.20™ 8.28 = 1.71% 5.33+0.55%
35 Py, 2.82 +0.53% 3.95 + .93 4.59 +0.71% 4.78 £0.98"
P 82.71 = 3.39™ 85.65 = 3.93¢ 85.50 = 1.94% 87.87 = 2.21™
Py 14.46 + 3.42% 10.29 + 5.33M 9.91 +2.45% 7.35 £2.06"

TE AR RS 5 B 7R ] — WA PR AN T 5 (0] st 35 05 11 AR 1 20 LG Py 28 53 235 (P<0.05) 3 AN ) /NG S B 3R [ — I ] A ] 5 2% 1

ot TRV T AR 1T LE Py 2% 5 W3 (P<0.05) .
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Table 5 Effects of electric field —assisted controlled freezing point/ supercooling storage on texture of beef

W R A 0 F kg B B R o7 14 kg e L1k

0 BES 102.87 + 6.54* 0.42 +0.02* 050+0.02"  21.39.67+3.01%  020+001°
“1C+8%  102.87 £ 6,54 0.42 +0.02* 050+0.02"  21.39.67+3.01°  020+0.01°

-3 102.87 + 6.54 0.42 + 0.02° 050+0.02°  21.39.67+3.01%  020+0.01°

3C+8H  102.87 654 0.42 +0.02"° 050+0.02"  21.39.67+3.01°  020+0.01°

7 -1 84.55 + 5.64% 0.4 + 0.03" 053+0.02"  19.9424+222°  021+0.01"
“1C+8% 8676+ 1.50% 0.45 + 0.06" 0.51+0.04' 207036 +2.55"  0.21+0.01"

3 72.29 +2.95% 0.46 + 0.04" 052+0.03%  19.84.89=1.87%  0.21=0.02"

“3C+8%  83.98+2.98% 0.45 £ 0.08" 052+005"  20.89.51+286°  0.25+0.06"

14 -1C 9551 £842%  0.42+0.01" 053+0.02"  21.68.96+358%  0.22+0.02%
“1C+EH 10264 £346%  0.43 +0.04" 051+0.04"  23.19.87+338  021+0.02%

-3 11938 £8.14% .49 +0.02" 0.57+0.04'  277127+538"  0.26+0.02"

3C+8H 111436454 043 +0.02" 052+0.05"  25.0846+2.81"  022+0.03"

21 -1 100.03 £7.22%  0.45 = 0.04" 052+0.03%  24.00.85+384"  0.23=0.03"
“1C+0 % 114776417 043 £0.03% 050 +0.04%  2471.07+130" 021 +0.02"

-3 11117 £536% 046 +0.044% 052+0.03%  248489+187*  021+0.02°

3C+BH 10943 £584% 043 +0.04 053+0.02%  24.89.71£232" 022002

28 -1 89.06 + 6.75% 0.46 + 0.02* 055+0.02"  22.3524+3.03% 024 +0.03"
“1C+E%  101.12+448% 045001 053+0.03"  2331.72+3.00% 022 +0.02"

-3¢ 97.28 + 451" 0.48 +0.02" 053+0.05%  2334.19+3.04%  0.22+0.03"

3C+8H 10484618 0.50 +0.06" 053+0.03"  2639.65+243%  022+0.02"

35 -1 86.15 + 5.0 0.42 + 0.06" 044 021" 20.15.66+220%  0.22+0.01"
“1C+8 % 90.72+5.89% 0.45 +0.07* 054+0.04*  2053.18+2.22%  023+0.02"

-3 77.71 £591% 0.44 £ 0.04% 052+0.06% 175851 £3.73%  0.22+0.03"

3C+8H  8495+420% 0.45 + 008" 051+007" 157270 +275%  0.23+0.04"
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Effects of Electric Field Assisted Controlled Freezing Point Storage and Supercooling Storage
on the Quality of Fresh Beef

Xu Yugian, Xie Feifei, Zhang Dequan, Li Xin, Wang Su, Fang Fei, Liu Shanshan, Hou Chengli"
(Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Key Laboratory of Agro—Products
Processing, Ministry of Agriculture and Rural Affairs, Beijing 100193)

Abstract To study the effect of electric field—assisted controlled freezing point storage and supercooling storage on the
quality of fresh beef, silverside muscle was used as the test material, to analysis changes in pH value, color, total
number of colonies, TVB-N content, TBARS content, cooking loss, texture, 7, relaxation time and volatile odor of beef
storage on days 0, 7, 14, 21, 28, and 35 under electric field (equipment output voltage 3 300-4 000 V, current 0.04
A) assisted controlled freezing point (-1 °C) and supercooling (-3 °C), and non—electric field storage (control group).
The results showed that after 35 days of storage, the pH value of the -1 C + electric field group was 5.84, the TBARS
value was 0.55 mg MDA/kg, and the cooking loss was 31.84%, significantly lower than the 5.97, 0.60 mg MDA/kg, and
36.19% of the -1 °C group (P<0.05). The " value of the =1 C + electric field group was 10.22, significantly higher
than that of the =3 C group (7.83) and the -3 C + electric field group (9.63). When stored for 21 days, the total
bacterial count of the -1 °C + electric field and -3 °C + elecrtic field groups were 4.87 lg(CFU/g) and 5.04 1g(CFU/g),
respectively, and the TVB-N content was 10.03 mg/100 g and 10.15 mg/100 g, significantly lower than their respective
control groups of 5.36 lg(CFU/g) and 5.43 lg(CFU/g), and 10.85 mg/100 g and 10.50 mg/100 g (P<0.05). Similarly, on
the 28th day of storage, Py (86.93) in the —1 °C + electric field group and Py (89.69) in the -3 °C + electric field
group were significantly higher than 84.94 and 86.87 in their respective control groups (P<0.05). The hardness of the 3°C +
electric field group was 84.95 kg after storage for 35 days, significantly higher than that of the -3 °C group (77.71 kg,
P<0.05). At the same storage time point, there was no significant difference in various quality indicators between the
controlled freezing point storage group and the supercooling storage group (P>0.05). Compared with the control group,
the beef color, elasticity, cohesion, chewiness and recovery were not significantly different in the electric field treatment
group (P>0.05). Therefore, electric field assisted controlled freezing point storage and supercooling storage can effectively
improve the quality and freshness of beef, and delay the deterioration of quality.
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