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on beef tenderness, this study utilized bovine longissimus dorsi muscle as the experimental material. The analysis included

low-pressure electrostatic field thawing (at a temperature of 4 °C and relative humidity of 50%), low temperature and high

humidity thawing (at a temperature of 4 °C and relative humidity of 98%), low-pressure electrostatic field combined with

low temperature and high humidity thawing (temperature 4 °C and relative humidity 98%), and low temperature thawing

(temperature 4 °C and relative humidity 50%). The parameters examined encompassed shear force, texture, water

distribution, water content, water holding capacity, and sensory evaluation of frozen beef. The findings revealed that low-

voltage electrostatic field combined with low-temperature and high-humidity thawing exhibited the shortest thawing time
(804 min) compared to the other three thawing methods. The thawing loss (2.06%), cooking loss (26.09%), and
centrifugation loss (15.00%) were significantly lower than the other three thawing methods (P<0.05). The shear force

values for vertical muscle fibers (95.46 N) and parallel muscle fibers (41.69 N) were the lowest, while water content

(68.31%) was the highest, indicating superior tenderness quality. Sensory evaluation results indicated that the tissue state,

odor, elasticity, and color of meat samples thawed by low-voltage electrostatic field combined with low temperature and

high humidity were superior to those of other thawing methods, with the overall acceptability being the highest.

Key words: frozen beef; low-pressure electrostatic field; low temperature and high humidity thawing; synergistic effect;

water retention; tenderness
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Fig.1 Schematic diagram of low voltage electrostatic field combined with low temperature and high humidity thawing equipment
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Table 1 Sensory evaluation of beef under different thawing methods
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Table 3  Effects of different thawing methods on texture

AR IT 2 TERE(N) W J1(N) MERII(N) M e FELIEEE (N
FM 3427.30+174.36" 32.17+1.30° 0.7120.01° 71.34+1.69° 3367.76£273.25 1579.38+28.58"
RT 3396.23+£249.64* 26.53+0.27° 0.63+0.01¢ 62.20+0.83¢ 2093.61+£105.80° 1527.28+122.57*
LVEF-RT 3166.13£129.67° 27.84+0.6™ 0.68+0.01" 68.29+0.98° 2399.78+435.08° 1510.02+72.62®
LHHT 3105.53+93.09° 28.18+0.57° 0.68+0.00" 65.50+1.03° 2419.28+165.06° 1403.56+47.00%
LVEF-LHHT 3035.54+120.31° 30.91+0.33%® 0.70£0.01* 68.95+1.06° 2264.43+150.30° 1278.63+41.66°
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Fig.5 T, relaxation time (A) and hydrogen proton imaging observation (B) of beef by different thawing methods
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Table 4 Effects of different thawing methods onbound water,
immobile water and free water

fif T 25K (%) NG sK (%) A K (%)
FM 2.03+0.02° 97.14%0.01° 0.83+0.03¢

RT 2.16+0.02° 95.05+0.41¢ 2.79+0.41°
LVEF-RT 2.25+0.02° 96.29+0.13" 1.46+0.11°
LHHT 2.65£0.01° 96.36:+0.08™ 1.26+0.08"
LVEF-LHHT 2.85+0.02° 95.89+0.09° 0.99+0.09

e ARG Fh) (a~d) FR ARG 70T 22 5 83 (P<0.05); FM: B
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Fig.6 Effects of different thawing methods on beef
moisture content

T AF/NGFBE (a~d) FOR AR 20T 2257 % (P<0.05);
FM: 7 6 FF i ; RT: IR % 7% ; LVEF-RT: IR #1037 VK 5
LHHT: {5 5 1% # %; LVEF-LHHT: I i 3 b [ (IR 5
MR o

2.8 ARERBFHEARTFRRE TN

W & 7 B 25, FM., LVEF-LHHT. LVEF-RT,
LHHT. RT 284 P FEC B PPOR R BA, Fe I AL S
bR e FORT R K, PRI B R A= 5 AR
AR 4 PR 37 1 R TR, v R AR 4 Ty B 2F AR T oAt
=gy X, NURTE BOGEE, R3¢, BA 4
PUASFIE SRR, %6 PIRERIA S ST SR &, AT —2% 5,
J1(9~10), SR A R b B e 21T . X AT RESEHH
F LVEF-LHHT #lil T fiftdc it 72 v UL 88 i 4 Ak
A, 3F B[R BR )y K G A b R AE i 4 Ak,
MDA FFE IS A WAL A SR T A AL
TR, YERE T A R R e, A PRI AR XS
FH AR T S RENS A S AE e A R ALET e 2544,
WaRREKCPE, dideAe R srE; 3+ H LVEF-LHHT 1
il TR AR, SRR P B AR 5T, Yz AN
AR AP,

L .,
.

lg' —e— RT
FIN s+ LVEF-RT

7N\ s~ LHHT

7 AANN N LVEF-LHHT
of BN b

AN \

/ //_/ % O\ _
{615 — A 0 Ne e HLURES
N\ // :

._\

Ak
Bl 7 AR R IR AR R BB T (R 520
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evaluation of beef
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