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Abstract

The thawing process is usually essential for imported pork because this product is typically
distributed frozen. Consumers prefer fresh pork because discoloration, nutrient spills, and
microbial contamination are high during the thawing process. The illegal act of selling frozen
pork by disguising it as fresh pork through various methods can occur for the benefit of the
difference in the sales price. However, there is some difficulty in securing systematic and
objective data, as sensory tests are generally performed on imported pork. In the experiment
conducted here, the electrical conductivity and dielectric properties of pork neck and pork
belly products were measured. The amounts of change before and after freezing were
compared through a statistical analysis, and a new method for determining frozen meat was
proposed based on the analysis results. The weight was reduced compared to that before
freezing due to the outflow of drips from the thawing process, but there was no difference in
the drip loss level due to the thawing method. Vacuum packaging was found to lead to more
drip loss than regular packaging, but the difference was not statistically significant. Frozen
pork neck meat can be determined by measuring the electrical conductivity in the lean
parts and the dielectric characteristic in the fatty parts. Frozen pork belly is determined by
measuring the dielectric constant of the part closest to the outer fat layer.
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Material and Methods
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Fig. 1. Electrical characteristic measurement points for each meat part. (A) Pork belly. (B) Pork neck.
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Fig. 2. (A) Electrical conductivity measurement system (B) insulated gate bipolar transistor power supply
configuration. AC, alternating current; G, gate; C, collector; E, emitter.
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Fig. 3. (A) Dielectric properties measurement device (B) performance probe.
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Results and Discussion
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Table 1. Electrical conductivity according to sample type and thawing method at measure point.
Electrical conductivity (S-m’)

Sample Measure point Temperature (°C) Raw T RE
Pork neck 1 30 047+0.10a 0.67+0.10b 0.57+0.03ab
60 0.71+0.15a 1.18+0.21b 0.86+0.07a
A 30 0.55+0.16 0.61+0.02 0.64+0.08
60 0.90+0.36 0.94+0.06 0.92+0.14
3 30™ 0.64+0.05 0.61+0.03 0.60+0.06
60 1.00£0.07a 0.92 +0.04ab 0.87 +0.06b
Pork belly™® 1 30 0.65+132 0.70+0.04 0.62+0.11
60 0.93+0.10 1.14+0.08 0.89+0.18
2 30 0.55+0.28 0.67+0.07 0.69+0.12
60 0.88+0.52 1.11+0.12 1.01+0.22
3 30 0.68+0.09 0.68+0.10 0.65+0.02
60 1.00£0.11 1.01+0.11 0.94+0.01
4 30 0.56+0.06 0.67+0.10 0.64+0.11
60 1.04+0.32 1.09+027 091+0.15

¥ Refrigerated thawed meat (4°C).

” Room temperature thawed meat (25°C).

a, b: Mean within row unlike superscripts are significantly different (p < 0.05).
™ No significant.

Table 2. Dielectric constant of pork neck according to thawing method and measure point.

Dielectric constant
Frequency B s 3
GHz
(GHz) Raw CT RT* Raw CT RT Raw CT RT

05 62.83+1.92 61.59+£096 6141+224 6133+3.18 61.22+1.79 6029+440 6195+274 5968+1.75  5949+3.86
075 6233+£222 6124+232 5996+259 61.02+£328 60.88+0.76 5881+475 61.62+244 5925+136  5797+4.19
1 59.75+1.85 5863+0.83 5826+231 5831+3.15 5833+1.70 57.08+439 5876+2.60 5666+156  5622+3.75
125 5977202 5876+190 57.60+256 5849+3.17 5847+052 5639+4.65 5898+235 5677+1.19  5554+401
L5 5808+£1.84 57.04+095 5652+235 56.75+3.11 56.78+126 5527+439 5720+240 5507+122  5444+3.71
175 5778+193 56.78+148 5595+245 5648+3.09 5651+0.64 5467449 5692+226 54.77+1.01 5387+382
2 56.88+1.88 55.74+1.14 55154236 5556+298 5539+098 53.87+433 5588+224 53654099  53.03+£3.69
225  5600+1.87 5505+ 1.12 5442+233 54704282 5460+091 5323+£426 5515+232 5295+095  5224+361
25 5564+1.88 5456+125 53724229 54414285 54.1240.65 5258+4.19 5468+2.17a 5249+092ab 5147+3.54b
275  5432+182 53284080 52944208 53.19+£273 5301+146 51.83+398 5340+229 5142+133  50.73+3.29
3 5446+1.83 5325+ 1.11 5248+2.18 5341+282 53.01+087 5138+4.11 53.61+223a 5146+1.13ab 50.31+3.46b

* Measure point of sample.

¥ Refiigerated thawed meat (4°C).

“ Room temperature thawed meat (25°C).

™ No significant.

a, b: Mean within same point and row unlike superscripts are significantly different (p <0.05).
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Table 3. Dielectric loss factor of pork neck according to thawing method and measure point.

Dielectric constant
Frequency s NS 3
(GHz)
Raw CT RT Raw CT RT Raw cr RT
0.5 3254+1.75  3055+1.80  3201+£1.07 3227+212  31.00+£153  31.02+205 3349+£1.50a  30.82+0.85b 31.14+1.90b
0.75 2598+1.79  2458+243  24.81+0.89 2576189  2484+132  24.18+1.69 2675£125a 2469+082b  2425+1.71b
1 2240+133 2135183  2142+0.76 221+£151  2148+092  2097+140 2295+£1.00a 2129+052b 2099+ 146b
125 2008+082  1936+085  19.59+0.66 1981+£1.18  1948+055  1926+121 204740852 1928+032b  1923+125b
15 20.18+1.37 1949+2.00 1894+0.78 20.01+1.55 19.56+1.19 18.68+1.34 2064+105a 1931+1.03ab  18.62+1.3%
1.75 18.62+0.59 18.12+040 18.33+0.67 18.36+1.08 1827+0.64 18.07+1.08 1885+0.86a 1798+0.62ab  18.06+1.06b
2 19.79+140 1927+192 18.55+0.86 19.56+1.63 1941+1.14 1823+1.29 2007+1.11a 1902+1.07ab  1829+1.34b
225 18.72+0.58 1842+0.59 1844+0.80 1832+ 1.16 1849+0.72 18.12+1.05 1887+£0.88a 1806+£0.6lab  1820+1.09b
25 1995+124  1975+192  1880+091 1953+146  1962+093  1851+124 2004+096a 19.17+1.04ab  1847+131b
275 1929061  1927+£072  18.86+0.75 18874100  19.11+062  18.63+098 1920+0.80a 18.61+051ab  1845+097b
3 2030089  2028+128 1921064 2000£120  20.13+£0.76  1901+1.01 2028+0.79a 19.55+£0.75b  18.76+1.03b
* Measure point of sample.
¥ Refiigerated thawed meat (4°C).
* Room temperature thawed meat (25°C).
™ No significant.
a, b: Mean within same point and row unlike superscripts are significantly different (p <0.05).
Table 4. Dielectric constant of pork belly according to thawing method and measure point.
Dielectric constant
F rg'é‘;;;’)cy s oS 3 4
Raw CT RT* Raw CT RT Raw CT RT Raw CT RT
0.5 63.52+2.17 63.13+1.10 6238+£399 64354274 6492+148 62.86+2.68 63.74+1.57ab 64.62+£0.60a 6121£33% 61.50+3.88 61.71+1.11 5632+6.16
0.75 6322+£303 6256+198 61.03+440 6430+3.15 6474142 6140+3.05 63.64+236a 64.09+£225a 59.77+£3.74b 61.54+5.02a 61.25+1.56ab 55.03+£6.29b
1 60314208 59.89+1.02 59.00+39 6125+2.58 61.60+140 59.67+257 60.54+150ab 6145+0.52a 5801+327b 5845+3.84 5872+1.13 5335+596
1.25 60.5+£2.69 59.87+157 5849+4.19 61524294 6193+1.16 59.02+290 60.89+2.10a 6142+1.77a 57.37+3.56b 58.95+4.69a 58.77+120ab 52.82+6.08b
1.5 5867+2.12 58.09+092 57.18+3.86 59.60+£2.67 59.85+121 5791£259 5895+1.54a 59.65+068a 5623+323b 57.03+399 57084096 51.75+£5.83
1.75 5838+235 57.73+£1.13 56.67+394 594+270 59.61+1.00 5733+£270 5873+18la 5927+1.16a 5566+332b 56.87+430 56.77+090 51.28+5.83
2 5736+2.18 56.58+0.88 55.77+3.85 5838+£255 5822+1.12 56.54+252 57.72+1.67a 58.16+0.76a 54.87+320b 5591+£4.06 5567+093 50.56+5.76
225 5649+2.08 55.81+0.89 5504+3.82 5746+234 5732+1.00 5583+234 5693+154a 5742+0.78a 5424+3.12b 55.13+£391 55004090 50.01+5.70
25 5626+240 5530+1.00 5434+3.83 5728+243 56.81+094 5514+223 5672+187a 5690+1.04a 53.62+3.11b 5495+427 5450+086 4943+5.63
2.75 5491+1.78 5407+1.05 5343+356 5581+2.17 5549+1.63 5436+191 5523+142a 55.64+0.72a 52.89+2.84b 5344+3.65 5334+134 4874+545
3 5516+231 5389+ 1.10 53.11£3.69 56.17+247 5549+1.13 5392+2.11 5561+1.86a 5546+0.77a 5247+3.00b 53.81+427 53154103 4836+552
*Measure point of sample.
¥ Refrigerated thawed meat (4°C).
* Room temperature thawed meat (25°C).
™ No significant.
a, b: Mean within a same point and row unlike superscripts are significantly different (p < 0.05).
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Table 5. Dielectric loss factor of pork belly according to thawing method and measure point.
Dielectric constant
2™ 3 4
Raw CT RT* Raw CT RT Raw CT RT Raw CT RT

0.5 3274+191 3290+2.08 3067096 3274+191 3290+208 30.67+£096 3253+180 31.97+329 33.13+231 31.88+245 31.70+2.01 32.58+1.98
0.75 2636+198 25.75+1.82 2483+1.66 2636+198 2575+£182 2483+1.66 2523+1.67 26.15+146 2640+194 2477+207 2552+146 26.00+1.92
1 2275+1.57 2226+1.61 21.74+134 2275+157 2226+161 2174134 2182+143 22.85+099 2283+1.56 2143+1.73 2233+1.19 22.52+1.54
1.25 2029+1.07 2026+1.36 19.88+0.69 2029+1.07 2026+136 1988+0.69 1997+1.16 20.76+0.78 2058+1.06 19.61+141 2039+0.62 2032+1.00
1.5 20.60+1.71 19.68+1.63 2006+1.76 20.60+1.71 1968+1.63 2006176 1934+142 2122+142 2065+1.74 19.00+1.61 20.55+1.77 2040+ 1.74
1.75 1879+£0.83 1877+131 1885+£051 1879+083 1877131 1885+051 1870+1.13 1969+062 19.18+£095 1833+124 1929+044 1892+0.84
2 20.15+1.63 19.12+1.59 1998+1.70 20.15+£1.63 19.12+£159 1998+1.70 1893+150 2120+139 2031+1.78 1854+1.51 2039+1.85 20.00+1.74
225 1880+0.75 1880+131 19.16+054 1880+0.75 1880+131 19.16+£054 18.84+126ab 20.02+0.63a 1931+1.05b 1840+121 19.60+0.55 19.03+0.90
25 20244144 1928+152 20394149 2024+144ab 1928+152a 2039+149b 1922+138ab 2144+ 142a 2044+1.59 18.80+1.39 20.86+1.82 20.19+1.63
2.75 1940+0.87 19.05+1.30 20.09+£0.59 1940+087ab 1905+130a 2009+059b 19.28+0.99ab 20.88+0.31a 1991+096b 1886+ 1.13 20.57+0.85 19.75+1.09
3 2055+ 1.17 1942+127 2123127 2055+1.17ab 1942+127a 2123+127b 19.64+0.88ab 22.31+1.16a 2091+135b 1924+1.10 21.71+1.72 20.72£1.57

*Measure point of sample.

¥ Refrigerated thawed meat (4°C).

“Room temperature thawed meat (25°C).

™ No significant.

a, b: Mean within a same point and row unlike superscripts are significantly different (p < 0.05).

Frequency s
(GHz)

W Rxw o Refrigerated Foom temperatune

Dielectric loss factor
s
=1

0.5 0.75 i 135 i5 175 2 135 5 75 3
Frequency (GHz)

Fig. 5. Dielectric loss factor at point 3 of pork neck according to frequency. Values are expressed as the mean
+ standard deviation. a, b: Different letters above each bar graph are significantly different (p < 0.05). Raw,
raw meat; Refrigerated, refrigerated thawed meat (4°C); Room temperature, room temperature thawed meat

(25°C).
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Table 6. Drip loss before refrigeration and after freezing according to thawing and packing method.

o 0,
Sample b 562 Vacuum” ety s Plastic®
Pork neck CT" 3.55+1.49 1.83+0.24a
RT* 329+2.53a 1.96 +£0.04a
Pork belly CT 1.92+0.73b 1.72+0.08b
RT 1.92+0.53b 1.86+0.09b

" Refrigerated thawed meat (4°C).

* Room temperature thawed meat (25°C).

¥ Vacuum packaging method.

“ Plastic packaging method.

a, b: Mean with same superscripts in the same sample are not different (p > 0.05).

o Raw m Refrigerated Ro0m be mperature

s
LS L L I T 1

Dielectric constant

05 075 1 125 15 178 2 235 25 278 3
Frequency (GHz)

Fig. 6. Dielectric constant at point 3 of pork belly according to frequency. Values are expressed as the mean
+ standard deviation. a, b: Different letters above each bar graph are significantly different (p < 0.05). Raw,
gaw n)ﬂeat; Refrigerated, refrigerated thawed meat (4°C); Room temperature, room temperature thawed meat
25°C).

Conclusion
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