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Fig.2 Effects of needle spacing on thawing parameters
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Table 1 Influence of needle spacing on the drip loss, evaporation loss, cooking loss and total loss of beef
iRl TR AR R % AE TR F% AETKR % BoS K %

x BR 20 8.11 £0.77 0.63 £0.11¢ 50.71 £ 0.43¢ 7.81 +0.53¢

2 ¢cm 0.59 +0.33¢ 3.25+0.10° 46.21 £ 0.62° 6.14 £ 0.55*

4 cm 0.56 + 0.26° 3.03 £ 0.24* 46.73 £ 0.56° 5.21+0.78"

6 cm 0.22 +0.18° 3.01 £0.25* 47.89 £0.51" 4.11+0.37°

8 cm 0.73 +0.09° 2.96 £ 0.05* 48.84 £ 0.81" 3.73 £0.35°

10 em 1.21 £0.43" 2.56 £0.10° 47.95 £ 0.52™ 5.31 £0.34"

12 em 2.39+0.85" 1.71 £ 0.05¢ 47.38 + 0.58" 6.02 £ 0.75®

TE B0 5 R o B B brifl 227 TR E AR A 22 5 (P<0.05)

1B TAEAFE U5 AF T A4 N TR0
KR FERIR R ZRAER R LK R4
R P BRI A N ORI AE S B E AT
PRI R 3R W DA I i B0, YR 2R R A i
ViR i v 2 PR AR ot A K LR R 5 4 R
BRI I A A PPl ER BT B R 1 T LR
o s P 3 i VR R PP A AL R TR RO K R IR T

X RRZH (P<0.05) . 33 3R W i i H 37 i R P LA AT 3%
W TR R S EF IR /N T 10 em B VTR
RARBA W 25 5 WA B RLEE A9 AN W38, v
TR, NE 2 fT LA e R T 8
em W} %5 B 18] 23 510~ 46.7 min F1 53 min, {15
ffR VRS TR, AR R B0 T 2 LR AR 2 2
15T 198 e O [ 1L BT 8 )| | B Y P B
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1 656.6,1 649.3,1 654.3,1 654.3,1 651.5,1 660.9,

il

16553 cm™), FEUEHCN 1 655.4 em™, iZ41IE Y
RBEE2E R 11.6 em™, % 410G 5 HaT | J5 404
g {7 27 5 B 25 (E 0 ) A 88.1 em™ T 115.4 em™,
WBZEW T KT 11.6 em™, W] L Wiz 40 0% 2 —
I, % 3 WTEARFE IR 20 T 2R Rt
Fe SCEITE OBUR S F 50 50 BT o A i R AR
SR P XGRS, T LA A 2 5 AN T T 4 T
201 5 A48 SR R A A SRR | 4 SR
() P A AR S 0 S5 1 A8 A R T B A ) 4[]
NP TN

A 41:N1:N4 (92.9;0,7.7) ,N4:N1(92.9;7.7,
0);N1:N2(92.3;8.3,0),N2:N1(92.3;0,8.3);N2:

F 2 FESTEET 4 P LD 50 E S0 B A UR 5 IE K 2

Table 2 Wavenumbers of absorption peaks of beef infrared fingerprints under different needle spacings

H 41 S 3% S8 0% 64 ok 2/ em™
A AR 4 32929 29222 2852.2 1 659.7 1539.9 14542
2 cm 3296.2 2923.6 2 853.1 1 656.6 1544.3 1452.1
4 cm 3289.2 29238 2853.4 1743.8 1 649.3 1537.5 1453.7
6 cm 32973 29223 28524 1654.3 15427 1454.6
8 cm 3290.5 2923.8 1651.5 1536.9 1452.6
10 ¢cm 3 849.5 3290.9 2923.1 2 853.1 1 660.9 1535.6 1452.9
12 ¢cm 3289.3 29229 2852.9 1743.1 1655.3 1543.4 1459.6
o 1394.7 1239.5 1173.2 1118.3 626.8 522.0 419.0
2 cm 1392.5 1238.7 1172.0 11175 627.0 418.5
4 cm 1393.0 1238.9 1170.1 1117.8 626.6 523.8
6 cm 1395.6 1307.6 1239.4 1172.7 1118.5 624.4 519.6 421.8
8 cm 1393.3 1238.5 1117.6 624.8 420.1
10 em 1392.8 1238.2 1117.1 624.2 522.9 419.8
12 ¢em 1393.7 12384 1172.0 1114.2 626.8 419.0

x3 ARBHEFHTHALIMNELEEBRIERRF 525

Table 3 Double-index sequences analysis of beef infrared fingerprints under different thawing conditions

R (P; Py, Py) R (P; Py, Py) R (P; P, Py)
N1:N2 (92.3; 8.3, 0) N2:N1 (92.3; 0, 8.3) N3:N1 (85.7; 8.3, 8.3)
N1:N3 (85.7; 8.3, 8.3) N2:N3 (78.6; 9.1, 18.2) N3:N2 (78.6; 18.2, 9.1)
N1:N4 (92.9; 0, 7.7) N2:N4 (85.7; 0, 16.7) N3:N4 (80.0; 8.3, 16.7)
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Infrared Spectrum Analysis of Beef” Thawing Characteristics in a High Voltage Electric Field

Zhang Yaming', Ding Changjiang"*, Cao Zhiyuan', Zhao Rui', Song Zhiqing'?, Chen Hao'?
(‘College of Science, Inner Mongolia University of Technology, Hohhot 010051
’Inner Mongolia Energy Conservation and Emission Reduction Engineering Technology Research Center

for Fermentation Industry, Hohhot 010051)

Abstract To systematically investigate the thawing characteristics of beef in multiple needle-to-plate electrode systems,
thawing experiment of frozen beef were carried out with different needle spacings, and the thawing characteristics of beef
were analyzed by infrared spectroscopy. The thawing time of beef under high—voltage electric field was 47.11 min, which
was 2.535 times shorter than that of the control group. The drip loss of beef was reduced by 7.16%, the cooking loss
was reduced by 3.21%, and the centrifugal loss was reduced by 2.72%. These results indicated that the high voltage
electric field could not only accelerate the thawing time of beef but also improve the water holding capacity of beef. Dif-
ferent needle spacing can change the superposition of electric fields. The results of color and infrared spectrum showed
that the needle spacing was best at 8 cm. By analyzing the double index sequence and the secondary structures of pro-
tein, it was found that the high voltage electric field has a great influence on the microstructure of beef.

Keywords high voltage electric field; thawing; needle spacing; infrared spectrum; beef



