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Abstract

This study investigated the effects of 27.12 MHz radio frequency (RF) heating on heat transfer phenomena during
the thawing process of frozen food. To determine the velocity of the RF thawing machine, samples were frozen at
-80°C and subjected to different power treatments. The phase change times (-5 to 0°C) of frozen radish were 30,
26, 13, and 8 min; those of pork sirloin were 38, 25, 11, and 5 min; those of rump were 23, 17, 11, and 6 min;
those of chicken breast were 42, 29, 13, and 9 min; and those of tuna were 25, 23, 10, and 5 min at 50, 100, 200,
and 400 W, respectively. The heating limit temperatures of the radish, pork sirloin, rump, chicken breast, and tuna
samples were 19.5, 9.2, 21.8, 8.8, and 16.8°C at 50 W; 23.5, 15.5, 27.3, 12.3, and 19°C at 100 W; 42, 26.9, 45.7,
22.1, and 39.4°C at 200 W; and 48.5, 54.7, 63.6, 57.3, and 44.9°C at 400 W. These results suggest that high-power
RF improves thawing velocity and heating limit temperatures, and that an improvement on the operation of the RF
thawing machine, according to food temperatures, is needed.
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Fig. 1. Schematic diagram of the customized 27.12 MHz RF thawing system. System included a metallic enclosure, 2 kW generator,
automatic matching unit, a pair of electrodes, fiber optic probe, chamber cooling unit, and controller.
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Table 1. Phase change times on RF heating

s 14 59

RF power (W)

Thawing time (min)

Daikon Pork Beef Tuna Chicken

0 NP 41692 37848 411+9° 361+12°
50 56+£2° 78+6° 49+4° 64+6° 87+6°
100 50+£3° 52+5¢ 36+5¢ 49+7° 58+8¢
200 25+£1°¢ 24+2¢ 25+4¢ 28+6¢ 28+4¢
400 18+2¢ 15+1¢ 16+2¢ 16+4¢ 20+£4°

YOut of range

IThe values represent mean+SD for triplicate experiments. Means with different letters within a column are significantly different at »<0.05 by Duncan’s

multiple range test.
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Fig. 2. Locations of the fiber optic probe in the agar block (A) and measured temperature of frozen agar blocks thawing processed

in RF system (B).
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Fig. 3. Thawing curve of frozen foods under 5°C (A), S0 W RF (B), 100 W RF (C), 200 W RF (D), and 400 W RF (E) heating
conditions. Phase change temperature range was -5 to 0°C. The values represent mean for three experiments.

Table 2. Coefficient of heat transfer and heat flux on RF thawing

Frozen food

RF power

W) Daikon Pork Beef Tuna Chicken
kl/sec W/m? kl/sec W/m? kl/sec W/m? kl/sec W/m? kl/sec W/m?
0 NP N 0.011 0.270 0.011 0.274 0.012 0.297 0.013 0312
50 0.083 2.008 0.060 1.442 0.073 1.757 0.096 2311 0.054 1.293
100 0.093 2.249 0.090 2.176 0.095 2.295 0.128 3.095 0.080 1.939
200 0.184 4.439 0.192 4.621 0.169 4.064 0.184 4.439 0.169 4.064
400 0.259 6.247 0.318 7.667 0.292 7.028 0.286 6.885 0.233 5.622

YOut of range
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Fig. 4. Comparison of the thawing speed (A) and temperature limit (B) of frozen foods at different output power. Thawing speed
is expresed as a coefficient of heat transfer. Temperature limit was obtained by thawing curves.

Table 3. Moisture and total fat contents of foods

Composition (%) Daikon Pork Beef Chicken Tuna
Moisture 9591 £ 0.15%* 74.15 £ 0.30 69.14 £ 0.83 76.20 + 0.49 72.93 £0.27
Total fat 0.23 £ 0.09 6.72+0.42 7.44 £1.41 1.66 + 0.87 1.20 £ 0.11

*The values represent meant standard deviation for three experiments.

Table 4. Time consumption of heating limit temperatures on RF heating

Frozen food

Output power

of RF (W) Daikon Pork Beef Tuna Chicken
™ Max? T Max T Max T Max T Max
0 N 2.0£0.5%Y  94+6° 3.4+0.9° 132+£9* 3.3+41.1¢ 99+3* 2.0+0.7¢ 149+8* 2.1+0.8°
50 93+4*  19.5+1.2¢ 71+£6° 9.2+1.2¢ 101£9° 22.3+1.64 85+7°  17.0+0.5¢ 6249° 8.7+1.2¢
100 676"  23.5£1.9° 65+7¢  15.5+2.3¢ 68+6¢ 27.3+2.0¢ 5034 19.0+1.6° 563  12.3%1.5¢
200 46+3°  42.0+3.1° 5246 26.9+3.1° 66+£24 45.4+2.8° 75+6°  39.3+2.5° 59+6° 22.142.0°
400 33+3¢  48.4+2.6° 64+4° 52+4.0° 61x5%  63.3+3.1° 52449 44.9+3.1° 63+8° 56.1+£2.7°

YTime of 0°C to maximum temperature (min)

IMaximum temperature (°C)

J0ut of range

“The values represent mean+SD for triplicate experiments. Means with different letters within a column are significantly different at p<0.05 by Duncan’s
multiple range test.
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