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Abstract

The efficacy of an experimentally designed cold chain container and a currently used styrofoam container was investigated
with respect to important factors affecting the quality of fresh beef during storage under different conditions. The
temperature in the TEPP-1 container was maintained at 5°C using a phase change material (PCM) during transport
and delivery. During storage in the TEPP-1 container, no significant difference was observed in pH of beef, but color
decreased slightly, which does not affect the desire to purchase. After storage for 7 days, the rate of VBN and TBA
in the TEPP-1 container, was lower than that in the TEPP-2 container. Drip loss was lower in the TEPP-1 container
(0.87%) than in the TEPP-2 container (1.78%). No significant changes were observed in microbal count until 4 days
in either of the containers, but after storage for 7 days, the count increased significantly. Microbial count in TEPP-1
was 6.65 log CFU/mL and that in TEPP-2 was 7.62 log CFU/mL. The results of sensory evaluations indicated that
the overall acceptability of beef after storage for 7 days was better in the TEPP-1 container than in the TEPP-2
container. The EPS container was inferior in comparison with TEPP-1 and TEPP-2. It was impossible to continue
the experiment using the EPS container after 3 days. These results suggest that the experimentally designed TEPP-1
container can be used for beef transport and delivery for 7 days without significantly affecting the quality of beef.
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Table 1. Processing conditions for beef quality evaluation
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AExE ¥ M =A
7l st ERFEN E, AE)lA Fdst] 22
7H*ﬂ-4 ZolA SAFHE AEl AHgstlen, 7 1
em= 77t N el ATHATE S - 58]
(thermoelertic system)= A48 GALAE 7|&S o] &3}
o LA} 7Fsete s & Aol Ak i, A=
3k Ao = g5k we} TEPP-1(250 L)¢ TEPP-2(50 L) &=
TEot] Wi 2571 247 5T7) H =5 27l & A7
o ARESITE Sk Zhzhe] 4 - vl &7 LWHAIFollA
== W I} water 60% 9} n-tetradecane(C14Hzo) 40%
o] vl&R Eate] Az FEA(FMS, A, e
Frelel wn ARARL AF PAE R T
A TH(Table 1).

=95} 1%L ZFA0H, 23

] == 3
aa, 4 -HH’;%ﬂ W, ABFAE 22 57

e AR 10 g% SFHF 20 mLS mixer
pH meterS ©]-&-3lo] 3ubE-3lo] =43}3]
ot Awisl =42 chromameter(CR-200, Minolta Co.,
Osaka, Japan)S ©o|-&3lo] 3utEale] =319

< Conway W= o]&3t n|ZEbH10) &
stk A8 5 goll T/FFZE 50 mL7HA F3&
<% homogenizer= &3} g+ U5 ] 214 (Whatman
o hgie}, oJ 79 1 mLE conway dish 914 1%
Al 1 mLe] 0005 M H:SO,2 9-e 5 94 o2
o Z3}g- K,CO; €9 1 mLE ¥ o7kl 3} K,CO;
4 TS 25Tl A 60%3E ¥ AT vhg-

Cold chain container Ice-pack number Ice-pack type tgrggeligonﬂeec?}é) Storage temperature (C)
EpS” EPS box 5008 Cold storage pack
TEPP?-1 Thermoelectric ~ system (250 L) 500%15 pcm? 5 5
TEPP-2 Thermoelectric  system (50 L) 5008 PCM 5 5

EPS Expandable polystyrene.
TEPP Thermoelectric expanded polypropylene.
IPCM : Phase change material.
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Fig. 1. Changes in temperature of fresh beef during transporting
and delivering using cold chain container.

EPS-PCM : Expandable polystyrene-phase change material, EPS-Inside : Expandable
polystyrene-inside box temperature, EPS-Sample : Expandable polystyrene-sample core
temperature, TEPP1-FMS : Thermoelectric expanded polypropylene-FMS , TEPP1-Inside
: Thermoelectric expanded polypropylenel-inside box temperature, TEPP1-Sample :
Thermoelectric expanded polypropylenel-sample core temperature, TEPP2-PCM :
Thermoelectric expanded polypropylene2-phase change material, TEPP2-Inside :
Thermoelectric expanded polypropylene2-inside box temperature, TEPP2-Sample :
Thermoelectric expanded polypropylene2-sample core temperature.
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Table 2. Changes in pH of fresh beef during transport and delivery using cold chain container

Storage period (day)

Treatment
0 1 2 3 4 7 9
EpS” 5,630,049 5.58+0.09™ 5.78+0,04* 5.85+0.11" - - -
pH TEPP?-1 5.63£0.04™ - 5.58£0.04® 5.58£0.05" 5.66£0.10™ 6.00£0.09™
TEPP-2 5.63+0.04" - 5.58+0.07™ 5.54+0,07" 5.94+0.16™ -

EPS Expandable polystyrene.
TEPP Thermoelectric expanded polypropylene.

IMeans in the same row with different superscripts (a-b) are significantly different (p<0.05). Means in the same column with different superscripts (A-B) are significantly different

(p<0.09).

Table 3. Changes in Hunter value of fresh beef during transport and delivery using cold chain container

Storage period (day)

Treatment
0 1 2 3 4 7 9
EpS” 41.94+331% 38314347 38.46+3.04% 37.83+3.10" - - -
L TEPP-I 4194331 43.06+4.84% - 40.01+5.85" 4.97+3.99* 4.134354™
TEPP-2 41944331 41,835,145 - 44434397 40.16+2.45" -
EPS 28.10+3.11 24.23+2.78" 17.74351% 17.57£2.86™ - - -
a TEPP-1 28.1043.114 2431£2.03%% - 255243924 23214520 21134448
TEPP-2 28.1043.11* 25.28+2.16" - 25.64+3.99" 16.30+3.45% -
EPS 15.00+1,14* 12.680.97"° 10.51£1.27* 10.09+1,72% - - -
b TEPP-1 15.00£1.14™ 137441274 - 1341173 13.46£1.42"° 1324£1.19"
TEPP-2 15.00+1.14% 14.17+1.11% - 14.52+1,03" 12.19+1.28" -

EPS Expandable polystyrene.
TEPP Thermoelectric expanded polypropylene.

IMeans in the same row with different superscripts (a-c) are significantly different (p<0.05). Means in the same column with different superscripts (A-B) are significantly different

(p<0.09).
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mg%= S E U, A7) A G BRE A 2] A% % TBA Wsh= 217 271 0.1940 mgMA/kgell 4]
A frelH o Ha Skele e HtH(Table 4). 417 EPSE A% 190 04930, 32l 1.4338 mgMA/kg -2 2]
2<o]l EPS© 11.53 mg% 2 o2 0.2 27 F7heh v Aoz FA3| F7Fhs A BH 1 (p<005), YA A
TEPP-1, TEPP2+= 712} 7.90, 7.50 mg% o2 2 WslE Hol 27 A% 42744 04 mgMA/kg ©]5He] TBAS iR
#| 23I BPSE A7 39 o] Rl Q1] 2ol 7k ATk EPS A 217 3Y o|F Ago] Bl s
[e) [e] o
%};*}gj;i;%j ;?;:2 8'135901;‘%2;) giﬁiii; -3 H}A:L, A% 790 TEPP-1S 1.1681 mgl_\/[A/kg,
c TEPP-2E 1.7396 mgMA/kg .= TEPP-17} & W3S B
2 2 Ao SAasa, Sk @A B G o a4
o HiE Ror BErthp<005). AFEFTHW0CNA 4 7T - _
Seol] Gl TFHF R 20 me% ©|5HE o] QAT A3+ F3l TEPP-17} TEPP-2 Bt} &37]9f A =S
Byun S(13)& VBN @] 18 mg% o 44 ajze & FASE Ao vrhst.
qHAg A H5H Fojrt 1Pk shch

Table 4. Changes in VBN of fresh beef during transport and delivery using cold chain container

(mg%)
Treatment Storage period (day)
0 1 2 3 4 7 9
EPS” 720+0.72* 8.78+1.20" 11.53+1.38™ 13.52+2.60 - - -
VBN  TEPP’-1 720£0.72% - 7.90+0.29% - 8.08+048" 8.39+0.47% 13761297
TEPP-2 7202072 - 7.5040.44% - 8.09+027" 15.02+0.42 -

EPS Expandable polystyrene.
TEPP Thermoelectric expanded polypropylene.

IMeans in the same row with different superscripts (a-b) are significantly different (p<0.05). Means in the same column with different superscripts (A-B) are significantly different
(p<0.05).

Table 5. Changes in hunter value of fresh beef during transport and delivery using cold chain container

(mgMA/kg)
Treatment Storage period (day)
0 1 2 3 4 7 9
EPS" 0.194040.02*? 0.4930£0.05" 1.15420.16™ 1433820.09™ - - -
TBA TEPP’-1 0.1940+0.02"° - 0.2572+0.05% - 0.3451+0.08" 1.1681+0.39™ 1.2000+0.07*
TEPP-2 0.1940+0,02* - 0.36120.06™ - 0.39360.07" 1.7396+0.15" -

EPS Expandable polystyrene.
TEPP Thermoelectric expanded polypropylene.

IMeans in the same row with different superscripts (a-c) are significantly different (p<0.05). Means in the same column with different superscripts (A-B) are significantly different
(p<0.09).

Table 6. Changes in drip loss of fresh beef during transport and delivery using cold chain container

(%)
Treatment Storage period (day)
0 1 2 3 4 7 9
EPS” 0.64+0,28"" 097+0.12 1.44+0.62™ 3.40£0.79" - - -
%slf TEPP?-1 0.64+0.28" - 0.69+0.34" - 091+0.96™ 0.87+027* 1.76:0.71%
TEPP-2 0.64028" - 0.750.26" - 134204140 1.78+0.45" -

EPS Expandable polystyrene.
TEPP Thermoelectric expanded polypropylene.

IMeans in the same row with different superscripts (a-b) are significantly different (p<0.05). Means in the same column with different superscripts (A-B) are significantly different
(p<0.05).
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TEPP-1°] fo]A oz & =48 BAtHp<0.05). A%

79 TEPP-12 0.87%% 2 W37} dAshx] ke v
TEPP-2&= 1.78% % <42 YR UTE Jeong?} Lee(3)
=g 2 A ﬁ]ﬁ AgstAr] S At A7)
to] A G5 482 7RI, A% 794 242t 2,07,

r“ fr

= 14%E 7V 2 %”Z—?‘:N = Yehd v U] A+ 291%9] S5EAo] WA Eustg) 3t o=
(TEPP-1, TEPP-2)= 0.65-0.75% % &4 A& o8 & SHEEAY] 2SS 2UANETE 2575 A2 vepdtin
FEAE A 3U EPSE 340% % fFolHog 2 85& st e, & AdEY 5840 ¥ 2 3eE YEhd
Aol 0%, 44 A TEPP-12 0.91%, TEPP-2: 1.34% % Ao a8a Yol 23k Aoz sEc)
Table 7. Changes in microbial count of fresh beef during transport and delivery using cold chain container
(Log CFUJg)
Storage period (day)
Treatment
0 1 2 3 4 7 9
Toil EPS” 3471018 3.81£0.15™ 7.03:003" 8.13:0.07™ - - -
bacterial  TEPP”-1 347:0.18" - 385:0.12% - 4.08+0.14" 6.65£035> 6.8920.70™
counts  1gpp.y 347:0.18" - 38540.11% - 3.9740.06" 7624021 ;

EPS Expandable polystyrene.

TEPP Thermoelectric expanded polypropylene.
IMeans in the same row with different superscripts (a-c) are significantly different (p<0.05). Means in the same column with different superscripts (A-B) are significantly different

(p<0.05).

Table 8. Changes in sensory properties of fresh beef during transport and delivery using cold chain container

Storage period (day)

Items Treatment
0 1 2 3 4 7 9
EpS” 9.00.00™ 8.6+0.52" 37+125% 1.5£097* - - -
Appearance  TEPP’-1 9.040.00™ - 83+0.67" - 6.7:0.82% 59+057 2.6+1.43"
TEPP-2 9.00.00™ - 8.3+1,06™ - 7.6£0.70" 284092 -
Eps” 9.00.00™ 8.6+0.52* 3.7+1.34% 16+1.07 - - -
Meat color ~ TEPP-1 9.0£0.00™ - 830,67 - 6.6:097" 6.0:0.82" 264143
TEPP-2 9.0£0.00™ - 84097 - 80:047" 245117 -
EPS" 9.0£0.00™ 84£0.52% 445171% 1420.84™ - - -
Fat color TEPP”-1 9,0£0.00* - 8.0£1.15* - 6.9+0,74% 624140 3.141.85*
TEPP-2 9.00.00™ - 82+132" - 8.1+0.32™ 214173 -
EpS” 9,0£0.00* 8.5£0,53" 34£201% 1.1£0.32% - - -
Off-flavor TEPP’-1 9.00.00™ - 840,70 - 6.7+1.06" 5.2£1.69" 23+125M
TEPP-2 9.0£0.00™ - 8.1+129" - 80:0.67" 1.7£1.34% -
Eps” 9.0£0.00™ 8.4+0.70™ 541227 1.9£145" - - -
Tuiciness TEPP’-1 9.0£0.00™ - 85:0.71™ - 6.8:0.92% 6.410.70™ 441237
TEPP-2 9.0£0.00™ - 84+097™ - 8.0+1.25™ 33:2,06" -
EPS" 9.0£0.00™ 85:0.53" 3.1£1.66™ 124042 - - -
accoe;ggﬂity TEPP-1  9.0:000" : 8.4:0.70" i 6.4:084% 63+106" 204123
TEPP-2 9.0£0.00™ - 83:1.06™ - 78+1.03" 2.14129% -

EPS Expandable polystyrene.

TEPP Thermoelectric expanded polypropylene.
IMeans in the same row with different superscripts (a-d) are significantly different (p<0.05). Means in the same column with different superscripts (A-B) are significantly different

(p<0.09).
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