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Abstract: To screen the suitable thawing method of frozen beef and better maintain its eating quality and flavor after
unfreezing, in this paper, the strip loin frozen at —20 °C was taken as the research object, and the naturally frozen one was
taken as the control group (CK), the ones with distances of 20, 30, and 40 cm (LVEFT20, LVEFT30, LVEFT40) from the
low-voltage electrostatic filed generating plate were taken as the treatment groups, and 2 °C was the final temperature of
unfreezing. The test method of combining conventional quality with gas chroma-tography-mass spectrometry (GC-IMS)
was adopted to compare and analyze the effects of different low-voltage electrostatic field unfreezing on beef quality and
flavor. The results revealed that compared with CK, the low-voltage electrostatic field assistance unfreezing treatment could
shorten the unfreezing time of beef samples, improve the loss rate of unfreezing juice and cooking loss, cut down on the
nutrient loss of unfrozen beef, inhibit the growth of microorganisms, and allow beef to maintain a better color, shear force,
and flavor. Among them, the treatment of LVEFT30 was the best. The unfreezing time was 7 hours shorter than that of CK.
The unfreezing juice loss rate and protein mass fraction, and cooking loss rate of beef after unfreezing were reduced by
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45.79%, 21.32%, and 27.48%, and the shear force was only 66.99 N. Total volatile basic nitrogen (TVB-N), total bacterial
count, color, volatile compounds types, and relative contents were similar to those of fresh beef. Therefore, the beef can

maintain good quality when frozen beef was defrosted with a distance of 30 cm from the electrostatic plate. This result

provides a scientific basis and technical support for unfreezing frozen beef in production.

Key words: low voltage electrostatic field; thawing; beef; quality
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Table 1 Effect of different low voltage electrostatic field treatments on color difference of frozen beef, color difference of lost juices,

pH, and shear force
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Fig.3 Effects of different low voltage electrostatic field
treatments on TVB-N values and colony counts of frozen beef
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Fig.5 Two-dimensional spectrum of volatile compounds in frozen beef samples treated by different low voltage electrostatic fields
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Table 2 Analysis of volatile compounds in frozen beef samples treated by different low voltage electrostatic fields
X 1 (%)
2851 EWAR RI Rt(s) Dt(ms)

Fresh CK LVEFT20 LVEFT30 LVEFT40

ZE(M) 436.8 96.68 1.05 11.51£0.41°  12.17+0.05*  10.53£0.02¢  11.05+0.04°  10.45%0.15°
ZIE(D) 433.7 96.06 1.13 10.29+0.11*  9.82+0.19° 100.08® 10.27£0.21°  10.01x0.22®

T 658.4 165.49 1.18 1.91£0.05° 2.16+0.04° 1.88+0.04° 1.760.01° 1.94+0.03"

Pk 2-FE TR 714.1 193.74 123 1.34£0.01° 1.59£0.03° 1.36£0.06° 1.35£0.1° 1.26+0.01"
2-2H O 1026.8 527.63 1.41 0.14+0.0° 0.11£0.02° 0.14£0.03*  0.13x0.01®  0.14+0.01*

1B 862.5 305.29 133 0.16+0.02° 0.240.03° 0.1740.03*  0.17+0.02°  0.18+0.02°

ST 623.9 150.71 1.17 0.2440.01°  0.19+0.02°  0.21+0.01° 0.23+0.0° 0.21+0.01"
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k2
AR i (%)
ESi] EWATR RI Rt(s) Dt(ms)

Fresh CK LVEFT20 LVEFT30 LVEFT40

FREEN 675.8 173.70 1.23 0.27+0.01° 0.4+0.02° 0.24+0.01° 0.25+0.0° 0.25+0.02°

2-THI(M) 591.1 138.33 1.06 3+0.24° 2.51£0.16°  2.77+0.13"  2.93£0.27°  2.68+0.09"
2-THi(D) 594.2 139.41 1.25 10.29+0.11°  9.82+0.19" 10+0.08% 1027+021°  10.010.22%

FREEN 642.1 158.25 1.04 0.27+0.01° 0.4+0.02° 0.24+0.01° 0.25+0.0° 0.25+0.02°

23 (M) 679 175.27 1.12 1.38+0.07* 1.2340.04° 1.210.01° 1.34+0.02° 1.17+0.02°

2-1% (D) 673.1 172.37 1.37 0.88+0.06°  0.58+0.01°  0.62+0.02°  0.79+0.08°  0.64+0.05°

_— 323 2-THI(M) 726.6 200.98 1.06 0.82:0.09" 1.1£0.07 0.84+0.01"  0.83+0.05°  0.84+0.03"
3-$23E-2-THH(D) 721 197.72 1.33 7.740.14° 9.3+0.02° 7.27+0.06° 7.38+0.07° 7.25+0.11°

R (M) 789.3 242.63 1.10 1.28+0.11° 1.6£0.04" 1.48+0.08® 1.6£0.08" 1.44+0.05°

WEA (D) 791.3 244.07 1.34 0.54+£0.03*  0.59+0.03*  0.56+0.04*  0.58+0.03*  0.55+0.03°

2-CL 1 775.4 232.49 1.19 0.38+£0.02°  0.34+0.01°  0.35+0.03°  0.39+0.01°  0.37+0.02°

2- P 877.9 320.85 1.26 0.33£0.0° 0.27+0.01°  0.28+0.01>  0.31£0.02°  0.28+0.03

BZ AL 879.4 322.46 1.16 0.27+0.02° 0.23+0.02° 0.23+0.02° 0.24+0.01° 0.24+0.01°

1-2F475-3-T 1002.8 485.93 1.68 0.27+0.06° 0.19+0.01° 0.18+0.01° 0.25+0.01* 0.22+0.01°

3 Bk-2- T 763.9 224.52 1.10 0.36£0.06°  0.55+0.02°  0.33x0.01>  0.24£0.01°  0.34+£0.01°

ETE 601.1 141.95 1.30 4.01£0.01°  2.8240.09°  2.96+0.06°  3.53+0.05°  2.84+0.12%

A B 911.9 358.51 1.34 0.46+0.03*  0.47+0.03*  0.42+0.06a  0.45+0.05a  0.44+0.0la
3- B HE P 908.9 354.89 1.08 0.2640.02° 0.240.01° 0.19+0.03° 0.25+0.02° 0.18+0.02°

[3]3 505.3 112.25 1.05 1.24+0.09" 1.83£0.15°  0.95+0.01° 1.04+0.0° 0.98+0.01¢

LR F R 564.3 129.27 1.18 1.7£0.34" 2.08+0.14° 1.71£0.14° 1.63+0.62° 1.52+0.0°

S T2 T iR 739.8 208.95 1.21 0.54+0.04* 0.4+0.05° 0.43£0.02°  0.49+0.01°  0.43+0.01°
2-ILT R T 873.7 316.50 1.23 0.78£0.03*  0.58+0.02° 0.6+0.07° 0.7740.02°  0.59+0.05"

Wk ZMR(M) 615.5 147.38 1.10 1.46+0.04* 0.9+0.09* 1.09+0.04° 1.2240.03° 1.04+0.02¢
ZR(D) 612.7 146.30 1.34 1.71£0.1° 0.61+0.07¢ 0.9+0.05° 1.21£0.09°  0.79+0.04°

ESGIL] 0.27+0.03* 0.24+0° 0.2440.01°  0.25+0.01°  0.25+0.01°
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Fig.7 Fingerprints of volatile compounds in frozen beef samples treated with different low voltage electrostatic fields
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