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Abstract

This study was performed to determine the rapid thawing method for reducing the thawing time of frozen pork
loins and to examine the effects of supercooling on the microbiological, physicochemical, and sensory qualities
of fresh and frozen-thawed pork during storage at -1.5, 4, and 15°C. Forced-air thawing at 4C was the most
time-consuming process, whereas radio frequency thawing time was the shortest by dielectric heating. The supercooling
storage temperature was chosen to be -1.5C because microstructural damages were not observed in the pork sample
after cooling at -1.5°C for 24 h. Fresh or frozen-thawed pork loins stored at -1.5C had lower drip loss and total
volatile base nitrogen, thiobarbituric acid-reactive substance, and Hunter b* levels than loins stored at 4 and 15C.
In addition, the least degree of increase in preexisting microorganisms counts of the fresh or frozen-thawed pork
loin samples was obtained during supercooled storage at -1.5°C. Sensory quality results of fresh and frozen-thawed
pork loin samples stored at -1.5°C showed higher scores than the samples stored at 4 and 15°C. These data indicate
that supercooling at -1.5°C in the meat processing industry would be effective for maintaining the quality of pork
meats without ice crystal nucleation and formation.

Key words : supercooling, storage, pork loin, quality, thawing
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Fig. 1. Schematic representation of the temperature sensor location of the frozen pork loin (a) and thawing at 27.12 MHz radio frequency (b).
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Fig. 2. Time required for thawing of frozen pork loins under six
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Table 1. Changes in the water holding capacity of fresh and frozen-thawed pork loins during storage at -1.5, 4, and 15T

Storage Storage period (day)
Parameter Treatment i e
emperature (C) 0 2 4 6 8 10
15 02.4411.68"7 2115190 65.56+0.69™ - - -
((:32531 4 G44+1.68%  6044:084"  6600:058"  6864:0.67  7T0.11:084%  7022¢135"
Waer holding 15 (445168 067:1657  6244+154% 6411184 65.00:153%  65.56£150™
capaci
l()%)ty 15 6144167 6244%135"  66.67+1.00™ - ; ;
fﬁ:ﬁ 4 6L44L67%  @356:117%  6L1:LITY 6856:201° 6044134 7144¢120%
-15 61442167 60.89:126™  6022+1.41% 6L00£173% 63442084 64.2241.55

UEach value is mean+SD.

"Mean values in the same column (A-C) or row (a-c) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).

Table 2. Changes in TVBN and TBARS of fresh and frozen-thawed pork loins during storage at -1.5, 4, and 15C

Storage period (da
Parameter Treatment tempgrt;rl?rgee(t) 0 5 p £ b ( Y)6 3 "
15 7.84+0,99"* 9.95+0.89" 15.7020.80* - -
%‘;2531 4 7.84+0.99 9.67+0.92" 10.74+0.93% 11.50£0.53*° 13.18+0.55* 13.780.53*
TVBN 15 7.840.99™ 9.41+048" 9.54:0.71 9.62:048%  1081:063*°  1088+0.61°
(mg N/100 g) 15 7.4420.61% 8.00£0.96™ 1229+0.43% - -
fﬁ;"fe‘g 4 7.44£0.61" 7.724049™ 8.76:0.28" 1034:0.49% 11.19+1.28%° 12.14£025™
-15 7.4420.61% 754£042% 7.680.35% 831048% 10.25£0.29™ 10.27+0.58
15 0.18£0.03" 0.19£0.01** 0.20£0.01* - -
%‘igggl 4 0.18+0.03* 0.18+0.02% 0.19+0.02"™ 020+0.01"™ 0.22+0.01*" 0.24+0,02*
TBARS -15 0.18+0.03* 0.18:0.01* 0.18:0.01* 0.18:0.02* 0.18+0.01* 0.18+0.02*
(mg MDA/kg) 15 0.18+0.01" 022+0,03" 0210.02 - - -
fﬁ;’;ﬁ 4 0.18+0.01"° 0.18+0.02% 0.18+0.01*" 0200.02" 0.23001* 0.25+0.01
-15 0.18£0.01™ 0.17£0.02% 0.18£0.02" 0.18£0.02™ 0.180.01* 0.17£0.02%

YEach value is mean+SD.

’Mean values in the same column (A-E) or row (a-d) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).
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Table 3. Changes in the color of fresh and frozen-thawed pork loins during storage at -1.5, 4, and 15C

A

Colour T Storage Storage period (day)
Teatment o
parameter temperature (C) 0 9 4 6 3 10
15 4736:120"%  52.08+1.08"™  5209+137°% - - -
fggggl 4 4365120 SLTSHL06™  SA00LLITM SATSHI20M S5454152%  S414+L1M
g -15 4736+1.20™ 5030£2.37%%  492742.13% 4784+1.87® 49.05+2.06™° 52.56+1.82*
15 4730+1.72" 54.38+1.48% 52.9342.75%% - - -
f}g’fje‘h 4 47.30£1.72%° 50.92+1.56% 5114127 52.78+1.67" 52.17+1.90"% 53.62+1.64™
-15 4730172 47.94+1.12% 49.61+1.575 4823+1.86% 49.22:+1.90% 51.88+1.18™
15 7.76+1.26™ 6.37+0.58°" 5.80+1.01% - - -
((:f‘;gglf)l 4 7.76+1.26™ 6.12:0.71% 6.75+0.59™ 6.26+1.66™" 433+1.16™ 431+1.25°
) -15 776+1.26™" 820+1.10™ 6.32+0.76™ 6.95+0.72*" 7.13+0.93*° 7.50+0.83*"
a
15 8.32+1.48" 6.79+0.79%* 6.57+0.92™ - . y
fﬁgéfe‘; 4 8.30+1.48™ 7.50+0.80" 5 6.92+0.66™™ 6.49+0,73" 5434075 4.83:0.81%
15 8.32+1 48" 8.81+0.69" 8.74+1.93% 7.06:1,02% 6.36+0.86" 6.28+025"%
15 1.85+0.83" 1.29+0.74% 3.56£0.59% - - -
%‘;2531 4 1.85+0.83* 2.80+0.845™ 4.48+0.92"%® 437+1.12%° 5.63:126™ 6.00+0.43"%
. -15 1.85+0.83* 238+1.435 2.88+1.16" 2.7120.79% 245+1.53% 4.100.95¢
15 291+1.28" 5.69+1.68"" 6.37+1.19" - - -
E;’ﬁ 4 291+128" 424+1.14" 400+1.41% 6.49+1.28" 706+1.37* 7.1540.68™
-15 291+128" 27741245 3.58+1.10%" 4.76+0.95"%® 35441195 5.24+0.895
15 - 505+0.77° 545120 - - -
%gggf)l 4 . 4.89+0.87%* 725+1.32% 8.12+1.13*" 9.68+1.35™ 8.85+0.58*"
AE 15 - 33823350 3.15+1.31% 2.07+0.80%° 2.69+1.41%° 5.73+1.98™
15 225+1.18" 8.13+1.97 740:2.63™ - - -
E{;’f& 4 2.25+1.18% 437+183% 45441590 73141.92% 75741914 8.97+1.30™
15 225+1.18" 183+1.29% 33042145 3.55+1,04™ 33241285 5.86+1.36™

YEach value is mean+SD.

’Mean values in the same column (A-C) or row (a-d) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).
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Table 4. Microbial counts (log CFU/g) of fresh and frozen-thawed pork loins during storage at -1.5, 4, and 15C

X4

7 5ol elst
T wAes 3 $49] 713 E

E=E #7717 3o
T T fredx

ol SA) = st
el g

el ¥
~7}6}1 1

Storage temperature

Storage period (day)

Microorganism Treatments (C) 0 5 p p 5 0
15 4562037 740£0.15" 9.10£0,07™ - - -

%‘;{;{31 4 456£0.13" 5.13:0.12 5.500.20% 5.690,08™ 6.41£0,09™ 7.73£0.16™

Lol acrbic buctera -15 456:0.13"  473:014™  496:017°  501:0.15%  528:022% 5.62£0.10*
15 4,0240.11% 6.50:0.12% 9.30:0.07™ - -

fﬁgéfe‘:i 4 4,00+0.11% 420021 4,68+0.16™ 5.3540.18% 624+012"  7.70:0.10™

-15 400+0.11% 397+0.04™ 37240.18%  383:007™  384:0.16™  443£0.14™
15 2.96+0.18" 4974003 5.44+0,18" - -

ff‘;‘ggl‘;l 4 2.96+0.18" 3324020% 328+0,15% 33840.17 3712015 4242013

Coliorm -15 2.96+0.18" 278+0.16™  2.89+0.16™  2.64+0.18" 2.86+0.16™ 2.7740.14%
15 2.85+0.14™ 429+0,05™ 494+0,12% - -

fﬁ;’f&‘é 4 2.85£0.14" 227:0.02% 2742005 220£020 2354012 3.98:0.08%

-15 2.85+0.14™ 2.84£0.09™ 299:008™  237:009°"  1.99+0.18™ 1.07£0.12™
15 3.88+0.17" 520£007" 5.64+0.11% - -

%‘;2;‘;1 4 38840.17"  384+007°  397:0.09" 463001 5.34+0,12"° 5.850.09™

Veast and molds -15 3.88+0.17" 3.98+0.12% 3.90+0.13% 3.87+0.20* 3.77+0.16 3.8540.15™
15 3.85+0.10™ 5.0740.03" 6.01:0.03™ - -

Eﬁ;’f& 4 3.8540.10™ 3.97+0.10% 3.85+0.05% 444+0.16™ 5.28+0.09" 5.89+0.15"

-15 3.85£0.10" 3.6820.16° 381023% 38610.17°  396:0.11% 418020

YEach value is mean+SD.
IMean values in the same column

(A-E) or row (a-e) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).
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Table 5. Sensory evaluation of fresh and frozen-thawed pork loins during storage at -1.5, 4, and 15C

Organoleptic Storage Storage period (day)

parameter temperature (C) 0 4 6 3 10
15 890122 320:1.03° 2.10:0.88™ - - -

fggggl 4 890:122% 6926099  490:099%  340:070%  254:071% 2242097

— -1.5 890£1.22% 7.56+1.46™" 6.90£0.74® 6.60£0.84" 6.48£0.97" 6.60£1.07"
15 8.30+1.42" 470£082°®  3.10£1.10™ - - -

fﬁg\ﬁ 4 830£142%  640£107"™  440:107°™  370:125™ 2.20+0.63% 2.10+137™

-15 8.30+1.42" 740+0.65*" 6.70+0.46" 6.30+095" 6.30+1.06™ 5.90+0.73"
15 820+1.40" 420+1.03% 2.10:0.99% - - -

ff‘;‘el;‘;l 4 820+1.40™ 6.70£1.06™ 470095% 340£0.97™ 2,600.67* 2.10£0.70%

Appearnce -15 820£1.40™ 710:1.00™  7.10:074"  640£091™  670:065™° 6.28+0.84"
15 7.80£0.81" 440:097% 2.70+1.16" - - -

fﬁgvzfe‘:l 4 7.80:0.81% 640107 548+162°  490:120™  270:082% 2.10+145%

-15 7.80£0.81" 730£0.79""  640+1.07%™  550+1.08™ 5.68+0.82"™ 5.60+0.58™
15 7.30£0.58" 5.12¢1.15% 3.10£1.10“ - - -

((:f‘;gggl 4 7304058 633+125"%°  530:0.95% 330+1.06* 2.40+1,07% 220:092%

_— -15 7.30£0.58™ 750£065"  693:042™"  6.30£0.88™" 6.40£0.62*" 598077
15 8.07:0.82" 6.00£1.41"% 320£1.03% - - -

fﬁgvzfe‘a 4 807:0.82% 670106 590:1.10"  490:120" 250085 2.400.84"

-15 8.07:0.82% 730£102%°  7.10:079%  630£1.06™ 6.10£0.45™ 5.60£0.71%
15 8.60+1.35™ 470£1.64% 1.800.87 - - -

fgggl‘;l 4 8.60135™ 7.55+1.25" 410£099%"  300£1.15™ 1.50+0.71% 1.40:0.84%

o -15 8.60135™ 8301.64"  720+123"™  5.92+0.88™ 5.27+1.40° 480+1.32"
15 8.60+1.06™ 450+1.18% 2204175 - - -

fﬁ;’@‘é 4 8.60+1.06™ 7.50+1.27" 480+132" 450118 250+108" 1.70+0.82%

-15 8.60+1.06™ 760£196™  662:1.58™  546:126™ 4.90£099* 420092
15 8.80+1.45™ 3.00£0.94% 1.90£0.99% - - -

fgg;‘;l 4 8.80+1.45™ 863125 692074 640:088™!  488:0.84%¢ 3.56:0.67%

Overall 15 880+145™  840t127%  802:0.67*"  720:099™  680+084™  624+1.40"
acceptability 15 8.600.78" 440117 2.10:0.88" - - -

fﬁ;’vzfe‘a 4 8.60:0.78" 780£123"  660:1.07  582:107™ 5.1020.74% 32241.26%

-15 8.60:0.78" 826:+1.14™ 816:1.66™  682:092"  6241092"*  587:132%

YEach value is mean+SD.
"Mean values in the same column

(A-D) or row (a-¢) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.03).
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Fig. 4. Changes in the weight loss of fresh and frozen-thawed pork
loins during storage at -1.5, 4, and 15T,
[, control (15°C); A, control (4°C); O, control (-1.5°C); I, Frozen-thawed; A,

control (4°C); @, control (-1.5C).
Means with different letters differ significantly (p<0.05) within the same storage day.
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