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Abstract: To investigate the effects of space electric field-assisted low-temperature storage on the quality of prepared beef
steak, six storage methods were employed: refrigeration (4 °C), super-chilling (=1 °C), partial freezing (-5 °C), freezing
(—18 “C), and space electric field-assisted super-chilling and partial freezing. Fresh steaks were used as a control to analyze
changes in total viable bacterial count, pH, drip loss, color, texture characteristics, shear force, and muscle microstructure.
The results indicated that the space electric field exhibited a pronounced antibacterial effect. The total viable bacterial count
of the refrigerated group reached 7.58 1g CFU/g on the 5th day, and the super-chilling group reached 7.20 Ig CFU/g on the
15th day both exceeding the acceptable limit. With the application of the electric field in the environment, the shelf life of
the super-chilling samples could be extended from 15 to 20 d, and the color stability of the steak was significantly
improved. Moreover, the space electric field demonstrated a highly effective inhibition of ice crystal growth and
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recrystallization, effectively preventing all-axial ice crystal growth during partial freezing, maintaining the microstructure of

the muscle, and subsequently reducing thawing loss by approximately 28%. With the application of the electric field, the

trend of decreasing shear force was mitigated, with reduction rates of 11.02% (space electric field-assisted super-chilling)

and 2.13% (space electric field-assisted partial freezing). On the 20th day, compared with the partial freezing samples, the

hardness, elasticity, and cohesiveness of the space electric field-assisted partial freezing samples increased by 23%, 2.7%,

and 4%, respectively, maintaining good texture characteristics. These findings suggest that the application of a space

electric field in low-temperature storage of prepared beefsteaks is a highly promising strategy for improving product

quality.

Key words: space voltage electrostatic field (SVEF); super chilling; partial freezing; storage quality; preservation
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Fig.5 Changes in the microstructure of prepared beef steak under different low-temperature storage conditions
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Fig.6 Changes in the shear force of prepared beef steak
under different low-temperature storage conditions
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Table 1

Effect of different treatments on color of prepared beef steak

WS ] (d)

Eiv]l Ef:L2) . 3

7 10 15 20

L 37.3240.46"  38.37+0.50*°  39.78+0.10"*  37.46x1.32% - - - -
VT a’ 18.97+0.53"  16.86+0.26™  14.66+0.42%  10.58+0.89™ - - - -
b 11.5240.25%  14.20£0.29*  12.38+0.19°  10.04£0.77% - - - -
L 37.3240.46"  38.77+0.74*°  39.27+0.16%  38.75+1.20°%  38.06+0.22<™  37.44+0.68%  37.32+0.28% -
VK a’ 18.97x0.53  18.53+£0.49%¢  19.43+0.05*"  19.55+0.06™  18.67+0.53%  17.89+0.61%  16.62+0.54" -
b* 11.52+£0.25%  14.38+0.19*  14.28+0.60*  13.62+0.47°%  12.59+0.88"°  12.57+0.16®  11.63+0.73" -
L" 37324046  38.4420.41°"  38.78+0.14%  38.73+0.07*%  38.57+0.66° 38.30+0.88*%"  38.56+0.72**  37.57+0.15**
VKIE+EY  of 18.97+0.53%°  18.99+0.59*"  19.98+0.99%*  20.47+0.33%  20.35+0.23**  20.57+0.40*  18.82+0.17*"  16.39+0.25*
b* 11.5240.25%  14.64+£0.28"  14.30£0.22*"  14.04£0.50*™  13.62+£0.51*¢  13.07x0.11*%  12.40£0.26™  12.30£0.21%
L' 37324046  38.72+£0.49"  38.93+0.42%  38.71+0.224%" 38.24+0.225  38.02+0.50*F* 37.82+0.09%  36.76+0.87%
Bk a’ 18.97+0.53*  16.36+0.25°°  16.16+0.38%  16.15£0.22<°  16.21+0.26°  16.14+£0.48”  16.20£0.16°  16.03+0.34""
b 11.5240.25%  14.10£0.68**  13.55£0.06°  13.64+0.03%%®  13.54+0.60*"  13.27+0.62°%  12.89+0.27*"  12.68+0.34*
L" 37.32+0.46*  38.91x0.65"  39.21+0.15%"  40.18+0.62**  39.53+0.74*"  38.16+0.90*%  36.09+0.30°  34.63+0.58""
TR a’ 18.97+0.53*  16.1120.26%°  15.73+0.23%¢  15.76+0.42%  14.92+0.08™  15.04+0.61°¢  14.55+0.62™  13.30+0.47%
b 11.5240.25%  13.9120.87**  13.67£0.47*%  13.16+£0.03%*  13.06+£0.60"*  12.97+0.43"%  12.68+£0.21*°  12.52+0.06"*
L" 37.32+0.46*°  38.67+0.64*  38.98+0.38%  39.12+0.93*%  39.00+£0.46*%  38.71+0.11**  37.08+0.92%  35.66+0.22
A+ o 18970534 16.38+0.14°°  16.11+0.52%"  16.06£0.15®  15.94+0.17®  16.00£0.06<°  15.90+0.16"  14.89+0.35%
b 11.52+0.25%  14.18+0.58*"  13.94+0.18*™  13.33+£0.26*%  13.17+0.41*™  13.1120.20*™  12.92+0.01*"  12.6620.12*

TE: [AVRE Y Ab B2 ZEAN TR IR ], A [ 94/ N5 75 (abed ) Fe7m AA(E 35 22 57 (P<0.05) 5 AN [7] (Y AR BRZE 75 [R5 0], ANl iR 75 (ABCD)

FIRAFAE RF V2R (P<0.05), K2[F].
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Table 2  Effect of different treatments on texture of prepared beef steak
B TSRS TE] (d)
Rl EioN

0 1 3 5 7 10 15 20

TR 884.99+10.65% 781.18+£9.10%" 568.42+15.58"™ 443.06+7.89™ - - - -

BRI FPE 0.968£0.006*"  0.960+£0.0074"  0.949+0.015%  0.921+0.007% - - - -

NET 0.778£0.016**  0.691+£0.022"°  0.678+0.025"*  0.660+0.015% - - - -

THREE  884.99+10.65% 747.80+£24.54™ 670.02+30.16% 667.10+£20.92%  640.42+6.64™  562.43+18.06% 502.82+10.49% -

VKR FPE  0.968£0.006"  0.968+0.006"  0.965+0.002*"  0.964+0.002°"  0.953+0.002%°  0.951£0.012  0.932+0.005 -

NET 0.778£0.016"  0.726£0.049°  0.677+0.021°% 0.683+0.0114%* 0.683+0.018*%* (.683+0.018"°  0.670+0.013"¢ -
TR 884.99+10.65% 777.71+15.81%° 739.13+4.85%  686.14+11.53% 693.64+£12.00"  680.81+9.64"  590.77+16.89"° 587.83+£12.16"
VKIR+EY  BPE 0.968+0.006™  0.967+0.004° 0.966:£0.001% 0.963+0.002* 0.962+0.002*  0.960+0.001**  0.959+0.002"°  0.946+0.008*¢
P 778+0.01 737+0. .69620. .6910. .6890. .678+0. .674+0.007 .622+0.007%*
NS 0.778£0.016™  0.737£0.006"°  0.696+0.004%°  0.691+0.006*¢  0.689+0.009°* 0.678+0.006"%* 0.674+0.007*  0.622+0.007>
BERE 884.99+£10.65% 787.47+7.83%° 705.38+12.88% 711.22+5.74 678.15+10.57°¢ 640.57£14.17° 580.42+4.73*%  563.83+9.29%
RO PP 0.968+0.006"  0.968+0.002%  0.967+0.001*  0.964+0.001* 0.957+0. ®(0.952+0. b 0.956+0.005 .935+0.016"¢
R FPE 0.968£0.006"  0.968+0.002°  0.967+0.001%  0.964+0.001*™ 0.957+0.006"%® 0.952+0.002"%" 0.956+0.005""  0.935+0.016™
RS 0.778£0.016"  0.713£0.003"°  0.692+0.004*  0.687+0.026"° 0.674+0.009*% 0.671+0.007°%¢ 0.655+0.003"P% 0.641+0.003"
TR 884.99+10.65% 708.22+10.13% 616.11+9.43™ 562.72+13.81%¢ 526.72+13.81™ 491.58+17.11°" 458.86£9.15% 381.11+10.60™"
R FPE 0.968£0.006"  0.967+0.002%*  0.965+0.002°®  0.960+0.001*°  0.951+0.001%  0.943+£0.003°  0.935+0.005  0.906+0.005"
RS 0.778£0.016"  0.720+£0.030"°  0.691+0.001%  0.680+0.008"%  0.669+0.002%  0.649+0.004* 0.628+0.001° 0.5840.008"
R 884.99+10.65% 747.45+7.28% 669.69+13.45% 584.71+12.99% 567.53+16.04° 582.27+16.41%¢ 564.24+14.87% 492.05+10.61
W+ B 0.968+£0.006%  0.968+0.004  0.966+0.002*  0.964+0.003**  0.956+0.005% 0.952+0.002°5% 0.948+0.002%  0.931+0.008"°
WET 0.778£0.016"  0.720£0.017°  0.692+0.007*  0.690£0.007*°  0.672+0.006*®  0.661+0.0055°* 0.646:0.003*%  0.6080.002"
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