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Fig.1 The curve of the change of central temperature

of mutton samples during freezing at —20 °C
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Fig.2 The curve of the change of central temperature

of mutton samples during freezing at -35 °C
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Fig.3 Micrograph of muscle fiber and ice crystal of =20 °C frozen mutton
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Fig.4 Micrograph of muscle fiber and ice crystal of =35 °C frozen mutton
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Table 1 Ice crystal analysis of meat samples treated by freezing at —20 °C

e 58 7 X & A2 /pum? A8 % A 42 /um & &
=20 C*A 7% (v dh) VoL 2 486.09 + 589.80° 56.01 + 6.53° 0.63 £ 0.07"
1kVim ¥ & T 9 2 335.69 + 49.42* 54.53 £ 0.58* 0.79 + 0.01*
3kVim ¥ & F 2% 1 059.75 + 164.59" 36.66 + 2.83" 0.87 + 0.06°
5kVim ¥ & F w3 572.57 + 103.24" 26.93 + 2.46° 0.88 = 0.05*
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(P<0.05) ¥k & [B B B2 30 1 1 1Y oK ot A 51, ok
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Table 2 Ice crystal analysis of meat samples treated by freezing at -35 C

W 587 & AR /pm? 0% E 12 /pm [ &
=35 CA % (k&) & 720.93 + 105.03* 30.24 + 2.18* 0.78 = 0.14
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Fig.5 Proportion of ice crystal area under different

freezing treatment conditions
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Table 3 Absorbance at 415 nm of meat sample frozen Table 4 Absorbance at 415 nm of meat sample frozen
at =20 C at -35°C

e 7 X B AL a1 2N B AL
EEalaks 0.574 + 0.044* Ehalaka 0.574 + 0.044*
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Abstract In order to explore the effect of plasma electric field assisted freezing on the quality and freezing process of
mutton, the longissimus dorsi muscles of sheep was selected as the experimental material, the effect of the auxiliary
plasma electric field of different field strength (1, 3 kV/m and 5kV/m) on the freezing velocity of mutton and the distri-
bution of ice crystal and the diameter and roundness of ice crystal in the frozen meat were studied, and the thermody-
namic theory was used to analyze it. The results showed that the meat samples in the auxiliary 5 kV/m plasma field en-
vironment had the shortest time to pass the maximum ice crystal generation zone at —20 °C and -35 °C, 70 min and 40
min, respectively, with significant differences compared with the control group (P <0.05); the tissue sections showed the
smallest ice crystal area and grain size formed at —35 °C assisted 5 kV/m plasma field freezing, and -20 °C assisted the
roundness of ice crystals was the highest in 5 kV/m plasma field freezing, with a mean value of 0.88, and the above
indexes were significantly different from the control group (P < 0.05). The entropy of the system was analyzed using
Boltzmann’s formula, and the results showed that the entropy of the meat samples frozen by the assisted 5 kV/m plasma
electric field was the smallest at —20°C and -35°C, with significant differences compared with the control group (P<0.05). It
proved that the auxiliary 5 kV/m plasma electric field could significantly improve the system frozen meat moisture vitrifi-
cation degree, could make the crystallization process more controllable, the electric field assisted freezing required less
energy to improve the subcooling degree, accelerate the freezing rate of meat samples, and the larger the field strength
the more significant the effect. Based on the experimental results and energy—saving requirements, it was considered that
—20 °C assisted 5 kV/m voltage freezing can be used as a new freezing method in production.

Keywords plasma electric field; mutton; ice crystal area; ice grain size; thermodynamics



