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Abstract

This study was performed in order to examine the effect of a thermoelectric cooling system combined with plasma
on beef. Beef was studied in a box with a thermoelectric cooling system and plasma generation apparatus (TCS-1),
a box with thermoelectric cooling system (TCS-2) and a polystyrene box (control). A temperature inside the
thermoelectric cooling system was kept below 2°C, and volatile basic nitrogen (VBN) values of TCS-1 and TCS-2
were 7.72 mg% and 9.20 mg%, respectively. The thiobarbituric acid (TBA) value (0.52 mgMA/kg) of TCS-1
was significantly lower than that (0.91 mgMA/kg) of TCS-2. For volatile basic nitrogen (VBN) value, TCS-1 maintained
freshness compared to TCS-2, since the freshness of TCS-1 value (6.98-9.77 mg%) was less than that of TCS-2
(6.98-11.45 mg%) during storage. The microbial counts of TCS-1 and TCS-2 were 4.62 log CFU/g and 7.09 log
CFU/g, respectively, on the 7" day, which were lower than that (8.45 log CFU/g) of control on the 3" day. Sensory
evaluation of TCS-1 showed the highest scores for appearance, color, juiciness, and overall acceptability than the
others. In conclusion, TCS-1 was effective for maintaining freshness of beef during storage.
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dom FEoA Aoz vty e AFFEAE, 7]
= A% 2 A WAA nAE T A9 Aol =
Aotk wehr] AMSHARIAMRE &%, 71, 5 2 &
o ol2717kx] AA st B4 Jde AT A

&

B adid. Ed 2W)e $5d SFAAAE #

o] el == 2 F27F k6. =3 AHE ¥ 5

] elHE EEFNMRE LB|R ] o]27]744] A
Sl A Y] FAT 2|7t Do)t nAgEe] A
1l take Agerd 7P 2 9EFS Bonw ¥ise]
A% e Agewd o5 Foanm & 5 Aoko).

AT SR £ F HAS 4T 5 e AL
o554 ABeUE Ao A7E SR o5

Aol Yo ZEA e} Sz} FAE st %
E A F UEF s T Zek=ut FA| & o] g3t
o AFEHE vlwstith A AdAEY] fEol ol &
¥ il A& 2E|ZZ(EPS, expandable polystyrene) B} ~E
T2 st om, /iTE AL olF2] oot Hlu
sto] A7E 2mrle] FAEALS ARSIt

Mz 3 g

AEME ¥ MFE =

237 E 2L AL oA FAFAE A& &4 5t
U2 nlEo|A FYste] Ado] AMEetRen, T/ 1 cm
2 7247} 7 st AAsksith A2 o4 §71(TCS,
thermoelectric cooling system)+= & A o} &4z} 2 85}
of A4 ARt Ao 2(Fg 1) Feh=rE A 2lol uheh TCS-1
7} TCS2& FiE3te] Ul 227} 242} 2C7) fAls =5
A7 & Aol ARSIt B art= Wt 9 7HE
& IAdxA =2 74zt 2HT-085-S, HT-15-15-S 242 o]-&3}
Fom, ALAEARE J2oM L& dATHE AV
93l BiTeAls Attt REAA7} F2E o] 2= B
YE o] 7kt Fxo] &olg flFEEv wHEE

TCS-1 ’ TCS2
Fig. 1. Transportable thermoelectric cooling system.

A2lele] 24A17F AEH 02 ALE- 7lssl =S Al ZE AT
TCS-1 sul$ ZAH|o|dol= Eek=nt 42| (Water Link,
Pyengtaek, Korea) & A A EF&t2rt FA = L&F
E2A 100 mgh =85 = AXZ 60 =2 153 2Hs
SIEE A E ATt 2ol ARk AlFoA] AnjE =
WS, TCS-1, TCS2 HFole water 60%%}
n-tetradecane Ci4Hzo 40%2] H]-&=2 Egtate] |z ZHEA)
£ 93 Agsiaia A% e F 7R E T
(Table 1).

Table 1. Storage conditions of beef

Trament TS opuck e S L P
Control” x cgfjne;:ik g g
TCs™-1 o pem’ 2 0
TCS-2 o PCM 2 i

"Conrol, beef in expandable polystyrene (EPS) box.
PTCS, beef in box with thermoelectric cooling system.
IPCM, phase change material.

%_. room temperature,

5)X, not treated.

LS

L =272 Termo Recorder(TR-52, T&D Co., Nagano,
Japan) 2 o] &slo] eEE} 7] ES 2 slgon, =4
-9l 7+ Al (phase change material, PCM), ©]5-2] Z1H|°]
9 W (inside), Al Esample) & 2H2F 23315

pH X Mz 53

21719 pH 28L& A8 10 g7 75 20 mLe
homogenizer(AM-7, Nihonseiki Kaisha Ltd., Tokyo, Japan)
2 A3}l al pH meter(AB 15, Fisher Scientific, Waltham,
MA, USA)E ¢|&-3te] 31 whgate] S s3itt ARist
27 Chromameter(Minolta CR-200, Osaka, Japan)3 ©]-&
ste] 3ubEste] Sk

Volatile basic nitrogen(VBN) &3

VBN 572 Conway < ©] &3 |4 (10) =
al S3ATh AR 5 goll TFRFTZ 50 mL7HA] F-3E
g2+ homogenizer(T25, Janken & Kunkel, Staufen,
Germany)= 743} g+ th2 o 72| (Whatman No. 1)= o2}
gt} o7l | mL-S conway dish €4 @1Zo]] Y yjaldl
1 mLe] 0.005 mol-H,SOs& ¥ § &4 2 E% 238
d K,CO; €9 1 mLE ¥t o33 K,CO3 45
Zh 4L U 25CollA] 607 Hhg- AlZItk vhg- & il
Brunswik A2k & WAHAIZ] £ 001 N NaOH= 2% 831t
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Thiovarbituric acid(TBA) &3

2171E vhsle] 10 g2 # 3 F 0.3% BHT(butylate
hydoxytoluene, Sigma Chemical Co., St Louis, MO, USA)
0.5 mLE ¥ 3 20% TCA(trichloroacetic acid) -2 25 mL<
7}ste] homogenizer® w43} g T SHTE 50 mL7t
H =5 g8ty 83 ¥ oA (Whatman No. 1)E ©]-&
ato] o7} & of 7l 5 mLe} 5 mM TBA (thiobarbituric acid,
Sigma Chemical Co.) £ 5 mLZ 7}ste] &gt & 1543t
Yohao] WA e g 530 nmol| Al FF =R S48k

2718 &5 £A%) S8 A A 24 3 A

FHg 54 2317] BHS swab(3M Pipette Swab,
. Paul, MN, USA) o] &3dlo] 9% 342 24y
GAH o2 g M3le] F =7 A (Petri film,
3M)°ﬂ HEsto] 37T wjY3 F log CFUJg & YERY
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Fig. 2. Changes in temperature of beef during storage.

s}3)7] A247 A1E (2017)
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(appearance), 5 (color), ©]Z](off-flavor), TF5d (juiciness),
WA 9] 7] & % (overall acceptability) @52 97 2 =W
o2 Hrketdch 7+ g 982 7Y rEs UE
17e 718 dodt 4 e E JeERh]lth
EAEN

S A B4 statistical analysis system(SAS) 6.0(SAS Inc.,
Cary, NC, USA)<= ©|83}] ANOVA analysis$} Duncan’s
multiple range test W o2 Al 57He] 724 (p<0.05)S &

EEELES
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PCM, temperature of Phase Change Material; Inside, temperature of the inside of the TCS box; Sample, temperature of the sample core.
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4 ]O%r)r 17\1— 20154] x]»deH q]t' =i
,208, 17.1TCE S = om, A%
AN FLE7} 24T oA o & F243]
ﬂ"*ﬂ‘r A #7117 Z<F EPS box <)
LA 119C, HH- 190C, A& 147CE =3
Ak LJj TCS-17} TCS2= A7 294 LA = -1.3,
0.7C, &=+ 08,07C, A|B&%E+= 25 35CE =%
R A odA = FEAE 20, 11T, HH=+e
24,40C, N BLEE 25, 48CE TCS-10] TCS-291 H] 3}
2E7F fAE = Aoz SAEIITE AG7IRE 52t TCS-1
o HHerE IR -19C, HH 15T, Al8 24TE =3
3, TCS2E ALGA 0.6C, WH 5.1C, A8 3.7CE
23 5]o] A& o]%2] Ag ol TCS-10] A LE 2TE

EERA ] AR Aom SAHAT

pH % Awist

o2 Zdelue] Aol met &37] A% 5 pH
W3} Table 29F 2t AR 27] £37]¢] pHE 5252
Z2-EQ3, AF 2do] hFF+= 5.51, TCS-1S 5.40,
TCS-2E 5412 SHFALE 27+ A7 3L 5712

Table 2. Change in pH of beef during storage

55

718, Alge] Fujjo] w2 £Ao] E7bsstsitt A
7 799 23719 pHE TCS-1< 5.51, TCS-2E 5.70%
A 271HT feldoz —2-7}?‘FL Aoz et
(p<0.05). 231719 A 5 pHO| A4S dutxo g &4
ol Aol dFEde] vig 7%H“‘ alele] Fae} o
HUol A4 Soll ok o g Huwa Tkll).

am7)o] ST AL S gl B[R] Tl
a3l Jee Frh12). A W e ~ur)e) A%

% A s Table 37 o] A% 27] e Yel=
L 72 3977914 EPSE A7 3¥el 4037% 2o| & YEH
A gkskont. TCS-19F TCS-2 ©f L 32 A% 99 & 747}
48 579} 43422 XA} 717 ot felA o r ZlEte Ao
=3 2 A THp<0.05). a S A =27 32,6004 LE
z&ﬂ?cﬂ/ﬂ AR 7|17k0] AREGE At A HY
th dzTe A 3Ll 14.662 UERY 2317]9 HE
Aol A g Ao UrE‘rkkoﬂﬁ A% 74 TCS-2&=
20.34, A7 9Y TCS-1 18.09%8 =3 & o] A37]|9] H&
Aol 74 A Wskd Ao ® Uehyith o= Brewert
Habers(13)7} &4 %%2 Y At S A5 Alzto]
7Aool we} A= asiitta o el dA|se]

1—-1:!

Storage period (day)

Treatment”
0 1 2 3 4 7 9 1
Control 5.2540.02" 5.51£0,04™ 5.51x0.03™ 5.7120.12% - - -
TCS-1 5.25+0,02 - 5,400,020 - 5.34+0,04% 5.510.03 5.530,04° 5.50+0,04°
TCS-2 5.25+0,02 - 5.41+0,06™ - 5.42+0,06™ 5.70+0.07* 5.710.07° -

"Control, beef in expandable polystyrene box; TCS-1, beef in box with thermoelectric cooling system and plasma generation apparatus; TCS-2, beef in box with thermoelectric

cooling system.

A bMeans in the same row with different superscripts are significantly different (p<0.05).
*BMeans in the same column with different superscripts are significantly different (p<0.05).

Table 3. Change in color value of beef during storage

Storage period (day)

Treatment”
0 1 2 3 4 7 9 11
Control ~ 39.77:2.827%  4043:499"  4337:628"  4037:4.68" - - - -
L TCS-1 39.77:2.80 - 4297460 - 41.74£400°  41.60:368""  4857:6.63" 4490590
TCS-2 39.77£2.82" - 40241475 - 4501586 4336317 43428457 -
Control 3260209 24.64481"  24.16+499™  14.66+2.33% - - -
a TCS-1 32.60+2.09™ - 27.89+2.87™ - 2688:060" 23228232 2034:3.16™ 18092007
TCS-2 3260209 - 29.172.76™ - 25404373 1863+265°  1832:1.75 -
Control 15312093 1407:1.84"  14.03£138™  1093:1.67™ - - -
b TCS-1 15.31£0.93* - 14.69:1.13* - 1433:098™  1293:1.09" 1353113 12342119
TCS-2 15.31£0.93* - 15.080.99* - 1494+1.07"  1240£108™  1226+0.84° -

"Control, beef in expandable polystyrene box; TCS-1, beef in box with thermoelectric cooling system and plasma generation apparatus; TCS-2, beef in box with thermoelectric

coohng system.

Means in the same row with different superscripts are significantly different (p<0.05).

3)A

PMeans in the same column with different superscripts are significantly different (p<0.05).
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th b gk =8 A 27] 1531004 ETF= A% 39 1093
2 7+, A% 9U A TCS-1-2 13.53, TCS-2E 12.26
S B A THp<0.05).

VBN % TBA

211719 A% % VBN ¥lgl= 27] 698 mg%h = =73 5
NIL, A717e] A es BRE ATl frolFoR
A=A} Z7kele 43S B tH(Table 4). 27 A% 3L
A 13.61 mg%h= oA F77F Vet o™ o #hat WAy
A #eH oz Fojd AR HTHp<0.05). Byun &
(14)2 VBN 30| 18 mg% ©|’doll A Fulj e} o Tl A
T Hojr} A€t Hug v glony, B Ao A
© A7 3% o] FaiH 2 WA Fuljr} I Ee] EAe]
E7VsskA k. A% 79 TCS-12 7.72 mg%, TCS-2+E 9.20
mg%= SR, A% 9Y TCS-12, 9.03 mg%h, TCS2+E
1145 mg%= TCS-2 A2]7-¢] VBN gr&o] TCS-1 A&+
Hop 27 718 A o8 S4EATh VBN NVRQS(15)
o] 7138 20 mg% = A7 Sk RE Ay Fujy)
ol FeolAle kot Ao ALty Ao
2 ge Aow werE T

A7 % TBA ¥3}= A 27] 0.14 mgMA/kgol Al EPS
£ A% 194 051, 3299l 1.68 mgMA/kg .2 FrolA o7
F43] S71ske A 3E B 3(p<0.05), YA A2 t=
A7 44 7HA] 0.40 mgMA/kg ©]3te] TBAZS YERN QLT

Table 4. Change in VBN of beef during storage

T ZA 58S A A4 A1E (2017)

AT A% 9ol TCS-12 0.53, TCS2E 1.12 mgMA/kg
© 2 TCS2 TBA W/l 2 Aoz ZH= Ut Brewere}
Harbers 5(16)°] &3 TBA #t-& A %7]7to) whah 24t
o] 2tslE]o] 12} AJEA 2 hydroperoxide”} 22} AFsFAY A
B2 FalEo] 714, gsto| =, AR, ¢3S, 7 g7
2 Z3A Fol A AAE I T3 v|AE Ak} A HHE
a &l ofa) A E wlEde 93 Bolga s}
gom AR E #747|7te] Z2gtol| uhel TBA 4
o] F7tete AR SA UL

FE5E4

A Z An7]e S5ERE 593 23+ Table 63}
2o A% x27] 0.78% A A 344 3.45%% M 2
S5E4S e AL, U A AT 1.00-1.14% 2 =
AEATE A% 3dA o] E2T= 345%9] Feldez 2
SE5EAS B3, AF 494 TCS-1, TCS2 E5F

E~Y NN

1.02-1.16%2 &4 Yeplidth. A 9dA TCS-12
1.19%, TCS-2= 1.68%% S FHAN oY 2] 4Ql Ao &
YRR & Aoz AU o83 Aot A &S
4TCollA 793 A7 Foll LAY SF ST HT 435%
olgl= Kim 5(17)2] HauXth= yeron o] 2 ¢+
ME Y W 2xolA AAE 3197 WEoz s
Van Laack 5(18)< 2l SF&©°| 5% ol/dol™H %75l
&3] et sl oy B Al & 5% olstE 3

(unit: mg%)
Treatmen” Storage period (day)
0 1 2 3 4 7 9 11
Control 6.98:027"" 7252034 8.11:0.55™ 13.61:0.88"* - - -
TCS-1 6.98:0.27" 744£0.15* 7.36+0.18"% 7.7240.16® 9.03£0.33™ 9.77:0.28"*
TCS-2 6.98+0.27 7.370.16* 7.35+0.19% 9.20+0.72™ 11.450.81%

"Control, beef in expandable polystyrene box; TCS-1, beef in box with thermoelectric cooling system and plasma generation apparatus; TCS-2, beef in box with thermoelectric

cooling system.

»\Means in the same row with different superscripts are significantly different (p<0.05).
I*PMeans in the same column with different superscripts are significantly different (p<0.05).

Table 5. Change in TBA of beef during storage

(unit: mgMA/kg)
Treatmen” Storage period (day)
0 1 2 4 7 9 11
Control 0.14+002%%  051:001% 0.62+0.03™ 1.68+0.11" - - -
TCS-1 0.14+0.02%* 0.25+0.01™ 0.340.12* 0.52+0.01°® 0.53:0.03® 0.57+0.03*
TCS-2 0.14+002* 0.230.03® 0.40+0.05 0914009 1.12+020™

"Control, beef in expandable polystyrene box; TCS-1, beef in box with thermoelectric cooling system and plasma generation apparatus; TCS-2, beef in box with thermoelectric

cooling system.

2Means in the same tow with different superscripts are significantly different (p<0.05).
9*BMeans in the same column with different superscripts are significantly different (p<0.05).
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Table 6. Change in drip loss of beef during storage

(unit: %)
. Storage period (day)
Treatment)
0 1 2 3 4 7 9 1
Control 0.78:0.88%  133:020™ 1454020™ 3454195 - - - -
TCS-1 0.78+0.88** - 1.000.48** - 1.0240.14* 1.19+0.48** 1.19+0.36* 1.52+0.76"*

TCS-2 0.78+0.88** - 1.14%0.13* - 1.1620.11% 134+031™ 1.68+0.54* -

"Control, beef in expandable polystyrene box; TCS-1, beef in box with thermoelectric cooling system and plasma generation apparatus; TCS-2, beef in box with thermoelectric
cooling system.

»Means in the same row with different superscripts are significantly different (p<0.05).

I*BMeans in the same column with different superscripts are significantly different (p<0.05).

Table 7. Change in total microbial count of beef during storage
(unit: log CFUfmL)

Storage period (day)

Treatment
0 1 2 3 4 7 9 1
Control 155:0042% 323+ 1.10% 463013 8.45+038* - - - -
TCS-1 1.55+0,04 - 1.79+047® - 1.85+0.20°* 4.62+0.58" 5924079 6.38+0.53*
TCS-2 1.55+0.04 - 199026 - 367117 7.09+0.89™ 7.71£0.81* -

"Control, beef in expandable polystyrene box; TCS-1, beef in box with thermoelectric cooling system and plasma generation apparatus; TCS-2, beef in box with thermoelectric
cooling system.

»Means in the same row with different superscripts are significantly different (p<0.05).

9*®Means in the same column with different superscripts are significantly different (p<0.05).

Table 8. Changes in sensory properties of fresh beef during storage

Storage period (day)

Items Treatment”

0 1 2 3 4 7 9 11
Control 9.0:007%  g1z07™ 6.4+1.0® 1607 - - - -

Appearance TCS-1 9.0:0.0* - 79+0.7™ - 77+1.1% 6.8+1.3% 32:08" 29413
TCS-2 9.0:0.0* - 79+1.1™ - 76:08™ 40+1.8% 1.5:05% -
Control 9.0:0.0* 8.1:0.7™ 6.1£0.9° 15207 - - - -

Color TCS-1 9.0:0.0* - 80:0.7° - 77:1.0° 7.0£1.2% 30:07% 28414
TCS-2 9.0:0.0* - 79:1.1° - 79:0.7™ 34:18% 1.6£1.0® -
Control 9.0:0.0* 8.1:1.0™ 63+13% 1204% - - - -

Off-flavor TCS-1 9.0:0.0* - 8007 - 8308 6.5+14% 26:07" 22410
TCS-2 9.0£00™ - 8.0+1.2™ - 75+13" 29415 13+0.7% -
Control 9.0£00™ 82+1.0" 7.1:09% 17:08" - - - -

Tuiciness TCS-1 9,0£0.0" - 79403™ - 7809 70£16™ 4318 32¢16%
TCS-2 9.0£0.0™ - 8.0+09™ - 76+1.1" 41178 28+1.7% -
Control 9.0£00™ 8.0£0.8™ 6.3:08% 13:05" - - - -

accoe;gg}}ity TCS-1 9.0:00" : 7804 : 76612 65eL4® 30:08®  23:13%
TCS-2 9.0:0.0* - 8.1:1.0™ - 78:0.9™ 2816" 1707 -

"Control, Beef in expandable polystyrene box; TCS-1, Beef in box with thermoelectric cooling system and plasma generation apparatus; TCS-2, Beef in box with thermoelectric
cooling system.

PMeans in the same row with different superscripts are significantly different (p<0.05).

I*BMeans in the same column with different superscripts are significantly different (p<0.05).
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Ho], TCS-1 # TCS2 BF S554o] w2 Zlo= wActerh

|4 g s}

A% e & dare F4 8 A4 Al 7t 2
G nAE Ho] &7 mHol AESE vAE Foly
n| Ay &Eo] 6 log CFU/g == 7 log CFU/g 4ol =23hH
F3)| 7} A12}E] 21 89 log CFU/gd |l #5291 AJ&o] A5}
o] RujF 7} AsHA bk B uEck19). & A
AR 2d7)e] 27] FHFE 155 log CFUMLE 23 5]
AL A73717e] Aol wet RE A e]TY] = 2ol
frolA o2 718 thp<0.05). 2T #1744 3Ll 845
log CFUmMLE S ato] F371 B8l & < U3
1, A% 42 TCS-1< 1.85 log CFUMLE 5-2] ¢l W3l
Ao} TCS-2E 3.67 log CFU/mLE v Eo] F2]3t
Aoz A=At A% 9 TCS-12 5.92 log CFU/MIL,
TCS-2% 7.71 log CFUMLE 7% 5o} TCS-2& F-a7} A]
AE e o R S o] Set2v At 7] vd=
2 Al 2t e Ao AdEA

7|EE EA}

Aol we A 713 B9 219 7EE A
= Table 8ol YERA A7} o] tz=7o] A5 A7 29 7H4]
TE gEA 6.1 o) Hrke wekou A4 3Y BE
oA 1.7 o|ete] HrtE Rrol AFEAo] AdE AS
&4 4 UATH19). Rho F(20) 72 2] AW 79
WS v wal] BokS wf =27 2 A AHAEe] HE
shedl ol AW Abufjdl] Bdo] gltta sgon, gz
T2 A% TBAZ}7F A7g717te] Aol wre} fe]zdoz
At F7kele AF o] Ao #F HrtE A7t
gl fojH oz volx) = A8 el 4= Qi) A1)
A o A A; 4L A o] TCS-13 TCS2+ 2H2} 773} 7.9%
o] H7}E Wro} folA<l W3l glo] fAIEAoY A%
7LA| TCS27} 34 2.2 H7FE ol {94 Afo|& YE}
WA thp<0.05). TCS-1& A A 79 RE oA 657
o]2te] HrtE Wekon} TCS2E 4.14 olste] Hrts
o} AEAo] Add Aeog dAtE )

B AT FAE 75 5 IHAES fRE] A
A& o]F2] A"o||YE A&t 7|9 f-5 WS EPS
Hhxo) vl w ek Ay} 7 e o]l TCS-13 TCS-29]

A aarle] F4ol ¥ 2 fAEE E1E < 3e

>,

o 538, Sefznt A2 @ TCS-19] AGE 23717}
BE BB TCSs-19] Hlal AME A0 A9l
Ae & 5 g9k

o ok
I =

2 AP e DALAs Fehzot PAE Aol

AAE Heoly o 7]1Ee] AFEE AL ' 2~F 2E(EPS)
Hfzof 23718 AelM A 5 FEAEAE AN
o ex=wst 34 A3 43713 B TCS-1 AH ol |7t
2T o]atz e=fA7t & He A om Z4 ATk EPS
Bt A% 3 o] F 2a7]7t FafE o] v o]} Aol
B7Fs slth 23719 2X =S YehllE Faddr|d
2(VBN)# A A =(TBA) Bl 57 23t A% 794
TCS-19] VBN 7.72 mg%, TBAE 0.52 mgMA/kg, TCS-2
©] VBN #t& 920 mg%, TBAE 091 mgMA/kg = =7 o]
TCS-1°] TCS-2 Ho} oA o2 A& F7heS Yo
23719 AAEE B 2 fAshks Aow A= v
A2 A= A% 79 TCS-1E 4.62 log CFU/g, TCS-2&
7.09 log CFU/go & 2750} TCS-10] fro|d g s
2 ARl EAQ Ao r Yttt 71 5% AL g
A% 794 TBU-12 2E @54 653 od<] H7te
Rk o L} TCS-2+= 4.1 °lste] H7ke Wol &a17]e] 3
‘go] A Ao AdE It BE A FEA TCS-1
o] TCS2H Tt 4:317] A= Ao E3AQl o= gtk
= ATt
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