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Abstract

The effects of the pallet unit-controlled atmosphere (PUCA) packaging system on the physicochemical quality and
physiological changes in the kimchi cabbage (Brassica rapa L. ssp. pekinensis) harvested in summer, during cold
storage at 2°C were examined. PUCA packaging delayed the weight loss and trimming loss of kimchi cabbages
during storage, imrespective of the O, and CO, concentrations. In addition, the cabbages stored using the PUCA
packaging at 0.5% O, + 2% CO,, 2% O, + 2% CO,, and 2% O, + 10% CO; exhibited lower internal disorder/decay
incidence rate than the control, and maintained the moisture content. The total phenolic content of the cabbages
with PUCA packaging exposed to 2% O, + 2% CO, was higher after 80 days of storage compared to cabbages
stored in the control conditions and in the PUCA packaging at 0.5% O, + 2% CO, or 2% O, + 10% CO,. No
significant (p>0.05) differences were observed in the pH, firmness, reducing sugar content, soluble solids content,
and total glucosinolate content of the control and PUCA packaging samples during storage for 80 days. Therefore,
these results indicate that the PUCA packaging system, at appropriate gas concentrations, can be useful in maintaining

the quality of kimchi cabbage during long-term storage.
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H ﬂﬂﬂﬂ' A% 7]% 7ol Al
Controlled atmosphere(CA) AL FAHES A o
pate] AT F A7 E o] gate] A W O,
¢} CO, FEE Ao A Fihe $F A% w3t=
]Oﬁé} T e 7IEolvh(11,12). ey A HEEe] 3
© T3 AL Aae FE9 1A 27 -] 7FseHA
31 71" (air tightness)©| FEEX] gro} A|[E CA 7&
o] wl-§- A|gHAe]th(13). A pallet unit-controlled
atmosphere(PUCA) A% A] 2B palletd 2 A A FA
52 Zay 5o 7 ¥t £ Yo 714
3S Ao 2 T2 pallet 2710 JeFS FA] o
WA E3p7} 7hssith gk A Y CA A 733 vl st
PUCA A7 Al2='lle 7] AXx|u| e} §A]8] 7} A &5
71E A& ARLE o] & 5 7] w2l A7 A-8730]

Fott}.

2018'd Osher ‘5(14)2 CA A7) Uk A& A4} vl
5to] Pruktor$} Cheers % Mi5-9| % 24, 3l 2 A=
A A e TS Azt Baskgith B8 Zhu
5-(15)2 modified atmosphere vacuum cooling 21 %} 2] 7} A
= 3o 55F A, peroxidase®} catalase S 24

o &7} 5& ST AR FHelA = T4
Hj o] 2734 e A % 2 AA W M),
pallet unit-modified atmosphere packaging?} Z-2}=n} 53t
i{i](ﬂ), ;-(]_OL/J oﬂ\/ﬂ Z ;‘qa(lg), 1-MCP §].Z‘ﬂ—7<4 tﬂ-tﬂ(lg)
ATE FHE vf YA AL A AR W uiF9] pallet
A &efd A% 7122 FAE F AUE controlled

atmosphere packaging Al 28] 7 #d A= Y E vb
glekh.
A A 71E A2 Aa ol w32 pallet
A 9ol &g 7}53 controlled atmosphere packaging
]/\Eﬂ_CL Masteic) el sk X1 2} /\]/\%]—?: o] 2
Fol A gate] A4 2 o] Y ARE, BH £AE,
& 9 olged B4 W BAS Bal A7 8

o e PYtnrt 39

o|\ }Ol'

T
HE=z
B 23 o) ALg-3t o] SH)S(Rrassica rapa L. ssp. pekinensis)
A BE 20183 79 Y aHH AN FEe B FES
B AT A FFAE B AN 7Y }MD}. ulj 5=
AgE HDPE 1l 2(55 cmx37 emx32 cm)©l] 53712 Al
ol 7 F 5£1ColA A2 S 124]3F o/ A3

o,

Pallet unit-controlled atmosphere packaging
(PUCA) Al2H T4 I MR 2y

B od oA 7§23k PUCA Al2~89] 29} A9 Fig,
19 YERi T} PUCA Al 2=l polysulfone membrane type
24~ A 7](Airrane Inc., Cheongju, Korea), 7] Ao
programmable logic controller (PLC, DDC-478, Systronics
Co., Bucheon, Korea), 2%, =, 0,9 CO, B4 &% 3t=
34l A (SH-VT-250-0,, Sohatech Co., Seoul, Korea) & -
gateich 9 25 m* A& Aga ol w57} 211 HDPE
2= pallet 9]l 5TH6ET2/ThH O 2 A A 3FaL polyamide
LEEA: 0.1 mm)C.2 ¥4 F 7| H(air tightness)= <1
SFATE Ny, 0,9 CO = AAEAY7], 402 L 0,9 402 L
CO, 7k2=8719 247+ 2% 12 mm oo} 52~ F3f pallet
D T ol 247k FUATIR Aol Ee] AAG Wy
% PLCE 1834l AAlsl FUE 2AY ¢ A=
shiek =3 B8 EF Wiel 1AS AFAA 2Y8

AAe £3 2 28-S fEatdth CA AFES 9% 1A
e 2 wjFe] 714 2 24 A% B 9] AlE)
ATH(14,15,171) 5 Fa1ste] 0.5% O, + 2% CO,, 2% O, +
2% CO»%t 2% 0, + 10% CO= AA3sIHon zZhzhe:
PUCAL, PUCA2¢} PUCA3C. 2 W™ 33T} 2414 80
A7k AgrEA wFe] AelF B4, olsjebd FA) 7]
S8 AT A2 20 AR itk debH el

7187 A% w3 Alge 2T 2 ST
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Fig. 1. Schematic representation of pallet unit-controlled atmosphere packaging system.
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o] TFES B3I TE ZF desiccator(T403040, Tarsons
Product Ltd., Rajpur Sonarpur, India)ol] Wl5= 1327]& ¥
T 5 71A7F 2 7 e MEE sepum 2 £ 9]
YHAZTE 25T A2l ] AIZFE vl Sgo <3
7kt olibsiebAa
(Checkpoint 3 premium, Dansensor, Ringsted, Denmark) S
o] g-3to] Z7g3t Al wlF2] TFE(mL COykg-h)y ol
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F%(%)= headspace gas analyser

Respiration rate CO,(mL CO,/kg-h)=

(final CO, concentration-initial CO, concentration)xV
100xMX(measured time-intial time)

V : the volume of desiccator
M : the mass of kimchi cabbage

pH, =& &z, J[Ax 4= HsE
24

Hj -] pHe} 7 T A4S A A= AA2E S8l
%A%k Bl 3= blender(HR 1390, Philips, Guangzhou, China)
£ ol &all 3uxt w4 sttty #4d e A 59 pHe pH
meter(TitroLine 5000, SI Analytics, Mainz, Germany)E ©] &
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i3 AlRe] 2k 32 dinitrosalicylic acid(DNS) W
HRSH= 01%5]'04 ST T Al E 50u] 314
T Alg &9 1 mLel] DNS /\]cﬂf 3 mLE Y3 100C water
bathol] A] S-r 4 7 = A2 Wit Wtst

AEEd SFHF 16 mLE Wi &5 T HFF=A

(UV-1800, Shimadzu Scientific Instruments Inc., Columbia,
MD, USA)E AHE-319] 550 nmoll A S8 =5 Z3319om
olu] A} DNS Aleke] EZE2A o) 23] glucose TS
AHEete] mg/gE UFERTH

M 18w e dAdg wF AE5E Y
G =AI(PAL-1, Atago, Tokyo, Japan) 2 *J-2-of A
°Brix® UERH AT

;(“I @-Z—l
=43l

XNE = o1t £ Hiz sHEtE &=kt £ glucosinolates
o2k HE 24
v 39| F HlE 33HE %2 Folin-Denis " (26)<

o]-g3te] AsITE B4 AxH HH% A& 0.5 goll 80%
methanol 50 mLE Z3%H(1:100, wjv) 3~ shakmg mcubator(Z
57T, 150 rpm)cl|A] 24A|7F B2t &3] = &9 100
uLell 54 2.5 mLe} Folm-Clocalteu’s reagent 100 iLE
E3ste] 30% WHAIZ] 3 20% sodium carbonate 300 LS
H7ksted 20Tl A 1AIZE <k F7} RESAIZ T W3- 8-

< spectrophotometer(UV-2450, Shimadzu Co., Kyoto,

Japan) S ©]-&-3k<1 765 nmow EFPEE 53] ukE =ya}
Hom F HE 3eE T mg gallic acid equivalent

(GAE)/100 g dry weight(DW)2 YERJo] F A3}
H]3=2] = glucosinolates $HF #4312 913l 52 Ax9
Hj 3= Al E 0.1 goll 70% methanol 1.5 mLE E3H(1:15, wjv)
% shaking incubator(25C, 200 rpm)°l|l 4] 24A]7F B9t F&
BT 3 88 4ToA 3,000 xg=2 8%3F A E 38t
Rom s 100 uLoll 57/ 300 pLet 2 mM sodium
tetrachloropalladate 3 mLE A E E2 & 20CellA] 14]
7t WESAI A Hhg- 298 spectrophotometer(UV-2450,
Shimadzu Co.)& ©]-83}¢] 425 nmol| A FF =& 53] v
At on ofgfo] F2g o] &3t A=t

Total glucosinolates content(iimol/g DW)=1.40+118.86%A4s
Ass : the sample absorbance at 425 nm

SHAE
BE Ao v 33 o] Fasila A dye

B pETH x}i E7lstAck. eA4 AL SPSS
(Statistical Package for the Social Science, Version 19, SPSS
Inc., Chicago, IL, USA) program= ©]|-83}] one-way
ANOVAZE 31321 Al$4 32 2 Duncan’s multiple range

testE AAISt] p<0.05 FElA o4 AS5S skslth

g g nE

& & o EtHlFe ST 2220 M =AE

A& A% % pallet unit 71AA|0] 27Fe o Fuj 59
Y A 2E& AstE Fig 20 YeRATE 2T A% 404
T 2] FHARES 347 U6l 1807%= #E
9l o PUCA 1-3 %] 2] 7-9} Hllo}@l 21291 (p<0.05)
2ol 2 Btk 3 A7 80Y ¥ PUCA 1-3 A& +9
SN L 1.19-1.58% = 1—4}2%1(29 07%) tH] 2k 28%
2ol & Hof pallet unit 7| A A0 74| A7 Z w39
S 44 Ao a¥AQd Ao 2 YEY linear low
density polyethylene(LLDP) Z &2 ©]|-8-3}] pallet T =
modified atmosphere 7g¢F B F=0] A7} 9F F TR
£0] 3.07% 2 Yeh S5 £4o] ayr oz A Ut
= Lee 5(13)9] Hae & A7+4A%e} AR vl
94% ©1d T FES Rt slo] 5714 o) 235}
H AEZ = 0 WREEle BxstE o RE] /\}OH
TSIt Aol 2 1 Fdo] dojdti17). A% F wilS
SabAgo| old] i FHAv) dAsh w9 %‘—%1 oF
10% ©)’% FHasld f1xd do] WAt x| 7HA Al
B0l ke nHth@4,13). 2 AT A3, A% F hx
T-oll ¥]&ll PUCA A FellA] T2 W7} Ask=t o=
NAA] 3 WHe] & st 35 JAll 71218}
L Roz B

AR A A A G o2 fF AlY Bl 5 A] A=
Al A o] Az AY FojE 2e A A i
o A 410l wAgTH?21). Pallet unit 7] A Ao 274
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Fig. 2. Changes in the weight loss of the kimchi cabbages treated
with pallet unit-controlled atmosphere packaging during storage.
Each point represents the mean for triplicates and error bars show
standard deviations. Means with different letters differ significantly
(p<0.05) within the same storage day.
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< 539 A £4E WelE Fig 39 YERdTh
A% 7] 272 ZAELES 19.55%°1 DA AH7]
Zto] AT}l whe} 94 0 2(p<0.05) Z7kate] A3 40
7} 80¥ & 7}7t 36.4337} 48.63% = JERHTE BbH A%
802 ¥ PUCA 1, 22} 3 e+ 742 26.13, 25.68%F
26.54%°] FAEHNES Hof g9} vlwste] oF 2u)
we HHAEHES YERITE Lee 5(13)2 LLDPE 7]%”
ﬂf——% o] &3t pallet 9| = Bul|FE AvE s
= W A 65774 5] FAEAE g0 R oA o}
Fota Busieled B AFAze AR
waba] 2 Ao A /3t pallet unit 7] A A o] X
e A5Fe 27 FH 2 AAEd A AR
24 OW Thedo2a] A4 @A o5E A
B g & 9ls Aog AtRH

4= F57 7H
.
60 - —e— Control
—O0— PUCA1
—w»— PUCA 2 A

Trimming loss (%)

0 20 40 60 80
Storage period (day)

Fig. 3. Changes in the trimming loss of the kimchi cabbages treated
with pallet unit-controlled atmosphere packaging during storage.
Each point represents the mean for triplicates and error bars show
standard deviations. Means with different letters differ significantly
(p<0.05) within the same storage day.
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B 23k &
= 5 ?ﬁﬂﬂﬁ o] Hlj 74?101] -@H%}E— E‘é} frefl =3
o] A% felstA 243 A= AHHETE Menniti 5
(28)< polyvinyl chloride 2 & X74%} 1-3% 0,+10% COz
CA A7 B B8 Al A% F w5l AN FH 5 T8
gyA o7 A gta B askit) 3 Osher (14) 52
3% 0,%16% CO, CA Z71& 283t w5 90¢7t 1Tl
A A 7ge A} o] A AM T LAY 2] prE dnk
A1 t7] 377 vlwste] w2 AuE HESIHTE Bum
5(18)-‘—" 2T A% 75 & o W33} high density polyethylene
5O liner A2t o SHlF2] W Fel|A] Awlo] LAY}
Stk B a3ksith Bahar 5(29)2 5% 0,9} 5% CO, =74
Bt} CO, TEE 15%7H =] CA AZPE A 7317
I Aol sty Fofj&o] Freitha Baskgith
a2y B Aol e CA T UH-9 €O, FEE 10%2
FrASHE 2t of FH el CO, A7 el A2 2RlE A
egabﬂr. Eum 5212 2011 o E-0f 83t w4k 3-<]
© 25T AL AAA T2H Z=Abo}) 22 yi_ﬂcq o
& g7go] VEhstom 0-5C A2 Ao A 3, St
= Alew @] BakE o] w30 A 7deAl7 17P£
2 st v 2 A A3} pallet unit 7] 2] A <]
27 Al o 53 A5 2T A7 80U 7HA] A% el
HAE = 5 A¥oly AN TS BEHA] 2%

30

25

20
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10 |

Internal disorder/decay incidence rate (%)

Control pPUCA1 PUCA2 PUCA3

Treatment
Fig. 4. Internal disorder/decay incidence rate of the summer kimchi

cabbages stored in pallet unit-controlled atmosphere packaging for
80 days.
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Fig. 5. Normal and post-lnternal dlsorder/decay shapes of the summer kimchi cabbages stored under air and controlled atmosphere

conditions.

Table 1. Changes in the respiration rate of the summer kimchi cabbages treated with pallet unit-controlled atmosphere packaging during

storage
Parameter Treatment Stonage period (day)
0 40 60 80
Control 31.18£1.2774) 20552624 19.41£3.75% 15.3124.80% 15.75£6.28%
Respiration rate PUCA 1" 3118+1.27% 2220+3.34% 17.37£2.71% 17.86+347% 1727£2.97%
(mL. COyfkg-h) PUCA 2” 31.18+127% 2220+392% 19.35+4.20% 23304360 23.76+7.07%
PUCA 3° 318127 32.9242.12% 30.23+2.36" 28.15+4.79% 33.43+4,65%

YPUCA 1: 05% O, + 2% CO..
JPUCA 2: 2% O, + 2% CO..
JPUCA 3: 2% 0, + 10% CO,.
"Each value is meantSD.

'Mean values in the same column

@ &

)

o] A7 809 % 15.75 mL CO/kg-h® YEFFTE PUCA
13 2 Ag79 3FEE A 5 daste] A% 80 &
247} 17273} 23.76 mL CO,/kg-ho] T} A 37|7F 7 1}
b2 3 A5 $FE FaE kot Jgo QI Alx
o] A2A 715 Al ¢ % Astel #edo] e Aoz
getech v A% 80Y ¥ PUCA 3 19 35&2
3343 mL COJkg'h® AF 27| F5% FAs9 o =z
T, PUCA 17} 2 A&7} vlwste] f24 2 2(p<0.05)
=2 e Uit

dukA o 7 317 ﬁ—‘-loﬂ/ﬂ FgE = AgFTt 7=
Hj 3= = Al Sl vlel S5SEr) wET] wjite] A%
737kl Uth(4). Z7IAAl A% T AH e &=
2} 0,9 CO, FE UL W|F9] 580 9= F= T8

QFA gRlolm A4 Al £ wjFo] Y] Wl

(A-B) or row (a-b) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).

ng 35 Sxv GERITH31). Zhu 5152 7% 0.2 7%
CO, &&= E37IAE ©]-&3F modified atmosphere % AF
o AelE Bl A% T viFa i sgo] A=A
T Hasigitt B ATl = 2% 0,9 10% CO, Z719]
pallet unit 7] A Ao} A7 F oAFH]F2] & A9} =3}
AAe hojA] EZpAQ] 71A g oleta FekE T

XNE & ofEHiFe| pH, £ &2, dx wg

Pallet unit 714 Alo] A% 5 o552 pH, & &2
74 % WS}E Table 20 YERAATE A% A o SHl 3 Al
o] pHE 6.14°]%4th. 80Y A7 A2 & x| pHe
6.10°.2 #7713t W Fo]4Q1 2fo] 7} EhA] 8%
thp>0.05). PUCA 1-3 2] 71-¢] pHE= A% % 6.01-6.20%
FATAA =2 COF B2 0, A% &7l 93t Ja+E
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Table 2. Changes in the pH, moisture content, and firmness of the summer kimchi cabbages treated with pallet unit-controlled atmosphere
packaging during storage

Quality Treatment Storage period (day)
parameter 0 20 40 60 80
Control 614020 6.14£020" 6.120.18" 6.06£0.20* 6.10£025*
PUCA 1" 6.1420.20" 6.23+0.15" 6.070.15* 6.010.17* 6.0120.09"
pH 2) Aa Aa Aa Aa Aa
PUCA 2 614020 6.20£0.23 6.1820.18 621025 6.1240.16
PUCA 3° 6.14+0.20" 6.26+0.15" 6.25+0.16" 6.28+0.17 6.20£0.27*
Control 94.,18+0.28" 93.84£0.33" 93.64+0.57% 93.87+0.24* 92.73+0.38%
, PUCA 1 94.18£0.28™ 94.11£026™ 94.6820.35% 94.26£0.44% 94.24+0,88™
Moisture content (%) " " "
PUCA 2 94.18+0.28 94.11+0.90* 95.28+0.22 94.90+0.80 94.10£0.50
PUCA 3 94.,18+0.28" 94.7410.12 94.59+0.67* 94.67+0.77% 94.68+0.46™
Control 0.65+0.06" 0.64:0.05" 0.66+0.08" 0.63+0.06" 0.59+0.10*
. e PUCA 1 0.65+0.06™ 0.63:0.07* 0.55+0.06" 0.58+0.06™ 0.560.05*
mness
PUCA 2 0.65+0.06" 0.62:0.07 0.58+0.04" 0.56+0.07* 0.55£0.00"
PUCA 3 0.65+0.06™ 0.58£0,05* 0.57£0.04* 0.58+0.07* 0.56+0.08"

UPUCA 1: 05% O, + 2% CO».

PUCA 2: 2% 0, + 2% CO..

JPUCA 3: 2% 0, + 10% CO..

"Bach value is mean+SD.

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

=

3)

Hkz] 9= Aoz FelE Qi) 80Y & %9} PUCA 1-3 #8729 AXE+ 0.55-0.59
PUCA 13 Ao & e A% 80Yd <t kegfZ A7717F 7 zhel Al 3te] 24 ztel 7} gldth
94.10-9528% 2 S-A5t%t) vhA AA 802 T ) 2P (p>0.05). Lee 5(13)2 A7717te] ZA gl whe} vl 3o

92.73%2] % TS e A 279} vlmste] of SAR S i A= Q97 AR ALY pectin -8 2
1.5% 728ttt Zhu S32)3 Lee S(33)°) ol8td 438+ o1&t 22| sl wAsle] Awrt Wglshtn Huskg]

T AN e FEE 94-96% TfITL Hustgler]  oh £ A7 AEE ST S AlRe AR § 1z
B Ao FREF AYE fAS AFS B A& ARt 271 F-915 o 838k907] el i}

A7 27] A BH|Fe] AEE 065 kef = UEFHTE A% PUCA X 2| 7ol #}o] & Holx] ¢k Aoz detsc

Table 3. Changes in the reducing sugar content and soluble solids content of the kimchi cabbages treated with pallet unit-controlled
atmosphere packaging during storage

: Storage period (da

pgﬂgﬂ Treatment 0 20 : I;eo = 60 80
Control 17.86£0.3794 17.2940.91% 16,611,614 16261092 15331041
Reducing sugar content PUCA 1" 1786037 16.25+1.94*" 1607137 16.08+0.69*" 153241217
(mgfg) PUCA 2? 17.86+037* 17.95+1.32% 16.330.36™" 15.822.00*® 15.25+0.86"
PUCA 3% 17.8610.37% 16.93+1.00* 16.08+1.67%° 15.8610.23*® 15.63+130%
Control 4.7740.12% 5.07+0.80* 4.80£0.36™ 4970214 5.1740.60*
Soluble solids content PUCA 1 4.77:0.12 497042 4.80+0.29" 4531035 453+035"
(*Brix) PUCA 2 4774012 4,63+0.60 4.50+0.60 4,60036™ 470+0.30*
PUCA 3 4.77£0.12% 4.63£0.28" 4302050 4.67£021% 44740524

YPUCA 1: 05% O, + 2% CO..
PPUCA 2: 2% O, + 2% CO..
)
)

JPUCA 3: 2% 0, + 10% CO,.
4)

)

Each value is mean£SD.
Mean values in the same column (A) or row (a-b) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).

%)
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NE & oEHiFe Y sz J18d nYHE
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A7 AFF A5l S RS 17.86 mg/gel S
A|8F A A717ko] F7Vgel we} fhadhe e e
(Table 3). 17 802 = PUCA 1-3 A 2]1¢] sHdg ke
15.25-15.63 mg/g 2= tx7-9] 15.33 mg/g?} H| 5}t
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7hEul el S e 90 A F 3040% A3t
A9t 28, FHA] vhasl ZepaE 8kaol pE DE XA
W] WE FElgh Aol Holz gSithe Hie &
AT ATl FARSFAT

A 27] A5 Fe] 7HE4
4.77 °Brixo] 2™ A7 80¢ F PUCA 1, 29} 3 A2]+<]

7+ nEE S 77} 453, 4702 4.47 Brix® UEF
 th27-9] 5.17 °Brix9} Hlwate] {914 2to] & HolA]
2 }TH(Table 3). Eum 5(21)< 0, 28} 5C A% 35744

B 718 18 E T AT 22 oA Aol
£ HolA| ¥}ty B3t Bae G(@)olA] oW =
71 9 HDPE Z & liner A2t me=] w2 7184
1P E S A 8F T 2.59-2.86 °Brix= 2t A2

o zto]& geletA] Evta Haustqict g i F-of
wate] 7Hd 1R E o]l AR 1 3F H
Q) Fahs CA A% T CO, &7t a5= 7
FE T /P ERH R AdEAtE AT At
H3¥ 8 /\}\D}-(29)

uebA] o]l Aol B AT AIE TS| FHE
E R 249 A 32 A S o 5ulFe
g g 7 13 E F vk S v|x)A|

Aoz perd

oL

VY E ke 2 27

HOBLE;[J—\;L

m

&2 r&%
flo e

& F oiEHIFe
B

U3 glucosinolate 7} #H&= 3
o] kol E=TH34). webA A% F
sHeF W) FolE FAskE A2 AF
]Eizﬂ a3tk Pallet unit 7]A] Ao} 27 w
HjF=o] & s 3FHEY = glucosinolates 3
Table 4oﬂ YER AT

iz F ds @rdu g
upe} 7Haste] A% 80 UF 167.42 mg GAE/100 g& e}
Wtk ol 279 F Hs §} ta gheFol A% 7]
H]&l| °F 56 mg GAE/100 g 748 A¥}olt} A7 & PUCA
17} 3 A9 F v 33tE 3 vise dixT a7
FAFKATE A% 27] PUCA 13} 3 A2t % #= 319
& 2 223.70 mg GAE/100 go| AT A7 80Y &
717} 155.569F 172.91 mg GAE/100 g7HA] 7431t 3Ha
A7 80 ¥ PUCA 2 A2]5-& W%, PUCA 13} 3 A 2]
o} Hlaste] o4 0 2 (p<0.05) = T HE e T
< 24 Hounsome S5(35)< 671¢ ﬂ7 1 A7 = white
cabbage(Brassica oleracea L. var. capitata)®] 3,¥s} 315-&
gk msle 8 T -shel Zabo| 7kl U dk who )
& S Baskelth

A7 27] o 8132 % glucosinolates -2 16.72 1
mol/ge] Attt A A4 80d - Wl PUCA 1, 29} 3
2] 2] % glucosinolates 32 6.21-7.28 ymol/g O 2 A
Z717r0] 72l wet sl AEe BRI A2
Zrell frol A ztol= UEPA] %3k TH(p>0.05). Hodges &
(36)# 3% 0%k 5% CO, CASL t7] A28l A 2l =

£ 5697 AAe Ay T A2l el E glucosinolates

‘*ak ztol= HolA| ittty Husisled & A2 e}
frAtskaATh

£ 1§z 3gE1 £ glucosinolates

f
o
o

2

% ;q x1—7] 7}0] 5.7].?51—01]

Table 4. Changes in the total phenolic content and total glucosinolate content of the kimchi cabbages treated with pallet unit-controlled

atmosphere packaging during storage

Storage period (day)

parameter Treatment

0 40 60 80

Control 223.70+6.28" 192.81+10.08% 175.85+3.33% 174.68+6.59° 167.42+8.59%

Total phenolic content PUCA 1 223.70+6.28" 194.389.25™ 186.003.45* 169.38+4.13% 155.56+3.85
(mg GAE/100 g) PUCA 2 22370+6.28* 20056333 192.42+5.20M 197.03+5.014 189.58+7 49
PUCA 3 223.70+6.28" 195.26+4.32"E° 172.03+15.46™ 179.87+10.85* 172.91+3.64%

Control 16.72+3.93* 15.31£1.03* 13.67+0.88* 8.77+0.76" 6.93+040%°

Total glucosinolate content ~ PUCA 1 16.72+3.93* 15.49+121™ 13.80+0.78" 8.99+0.80% 6.35+0.65"
(umolfg) PUCA 2 16.72+3.93* 15.72+1.15" 13.99+0.99* 9.96+0.92"° 7.28+1.09"

PUCA 3 16.723.93* 15.02+1.15" 13.85+0.52* 9.13+0.84"° 6211092

YPUCA 1: 05% O, + 2% CO..
JPUCA 2: 2% O, + 2% CO,.
JPUCA 3: 2% 0, + 10% CO,.
"Each value is meantSD.

'Mean values in the same column

o &

)

(A-C) or row (a-¢) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).



272 k=2 A58

o (o]
L =
B A= 7HeE PUCA packaging A 28lS o] 83}
7IA 874 Ao wWE A% T A5l At 54
el

7} olgletd F4 WsE stz sk vy g
ZAelA] Age 2] S EES A g71ito] gt
o upel F7kske] A% 80Y ¥ 29.07%<1 ¥HH PUCA 1-3
A2 TE 1.58% olstz #ZFJTE 3 A% s0Y F
PUCA 13 A2 &2 WAl 9 il &
& 72}7} 25.68-26.54% 9} 17.39-19.05% = th 27+l Bl&l] -
o)A 0 Z(p<0.05) HA YElgon i S 94.10-
94.68% 2 A 27 $£5< X34 2% 0, + 10%
CO, 27194 A& PUCA 3 A2+ TE &L A7)
7t et A A FASFAAI N v 2=, PUCA 13} 2 A2
T= A%717te] SV met Faete AEe BT
% A= e Y A5, 2% O, + 2% CO, 71A| 4
%71¢] PUCA 2 2|77} 2174 802 3= 189.58 mg GAE/100
go 2 Yeh} thZ279} PUCA 13} 3 A2 7ol Blg) =
S Btk e A7 $ PUCA 13 22|72 pH, 7
3 sk, 784 1EE ek 2 & glucosinolates $
< dEzFo; vlaste] folA zolE Ho|x| kgt
(p>0.05). W2k PUCA packaging A] ~8]S o] &3+ CA 7]
=& AR F A5G FARA L} w8t Al o s
TS e ARA7 1S A3 4= S oz ddt
Hrt. 3% PUCA packaging Al =82 718315 ¢l8 5%
Aol 75& Hebato] 24 WF-o] JdlFE 90-95% RH
frAlol W o] A A F7F Aot desith

ot J rlo

2 AFE 20199 FEAEA TEAFARIEAM S
PJ013404012019)2] A 2J3)] o] Foizl Aoz 7=
Hyth

References

1. Lee IK, Hong SJ, Yeong YR, Park SW, Ku OS (2001)
Effects of postharvest predrying on storability of
‘Norang’ Chinese cabbage. Kor J Hort Sci Technol, 19,
521-525

2. Seong GU, Chung HS, Chung SK (2015) The cutting
process improvement for cut kimchi cabbage quality.
Korean J Food Preserv, 22, 154-157

3. Korea Agro-Fisheries & Food Trade Corporation.
http://www.atfis.or.kr/article/M001040000/view.do?artic

10.

11.

12.

13.

14.

15.

3] A26d A3E (2019)

1eld=2898 (accessed January 2019)

. Bae SJ, Eum HL, Kim BS, Yoon J, Hong SJ (2015)

Comparison of the quality of highland-grown Kimchi
cabbage ’Choon Gwang’ during cold storage after
pretreatments. Kor J Hort Sci Technol, 33, 233-241

. Jeong JK, Park SE, Lee SM, Choi HS, Kim SH, Park

KY (2011) Quality changes of brined baechu cabbage
prepared with low temperature stored baechu cabbages.
J Korean Soc Food Sci Nutr, 40, 475-479

. Ku KH, Jeong MC, Chung SK (2013) Industrialization

of salted Chinese cabbages and fresh-cut Chinese
cabbage. Food Sci Industry, 46, 2-11

. Lee YJ, Lee HO, Kim JY, Kim BS (2017) Effect of

various loading methods on freshness of spring kimchi
cabbage. J Korean Soc Food Cult, 32, 303-310

. Kim BS, Nahmgung B, Kim MIJ (2001) Effect of

packaging and loading conditions on the quality of late
autumn Chinese cabbage during cold storage. Kor J Food
Sci Technol, 8, 23-29

. In BC, Kim JG (2008) Effect of precooling and harvesting

at different times on respiration, browning and microbial
growth of fresh-cut iceberg lettuce. Kor J Hort Sci
Technol, 26, 258-264

Yang YJ, Jeong JC, Chang TJ, Lee SY, Pek UH (1993)
CO, Production and trimming loss affected by storage
temperature and packaging methods in Chinese cabbage
(Brassica campestris L. ssp. Pekinensis) grown in spring.
J Kor Soc Hort Sci, 34, 267-272

Simoes AD, Allende A, Tudela JA, Puschmann R, Gil
MI (2011) Optimum controlled atmospheres minimise
respiration rate and quality losses while increase phenolic
compounds of baby carrots. LWT-Food Sci Technol, 44,
277-283

Aaby K, Haffner K, Skrede G (2002) Aroma quality of
Gravenstein apples influenced by regular and controlled
atmosphere storage. LWT-Food Sci Technol, 35, 254-259
Lee YJ, Lee HO, Kim JY, Kim BS (2016) Effect of
Pallet-unit MAP treatment on freshness extension of
spring Chinese cabbage. J Korean Soc Food Cult, 31,
634-642

Osher Y, Chalupowicz D, Maurer D, Ovadia-Sadeh A,
Lurie S, Fallik E, Kenigsbuch D (2018) Summer storage
of cabbage. Postharvest Biol Technol, 145, 144-150
Zhu Z, Wu X, Geng Y, Sun DW, Chen H, Zhao Y,
Zhou W, Li X, Pan H (2018) Effects of modified
atmosphere vacuum cooling (MAVC) on the quality of
three different leafy cabbages. LWT-Food Sci Technol,



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Effect of pallet unit-controlled atmosphere packaging in maintaining the quality of kimchi cabbage

94, 190-197

Kim BS, Kim MJ, Kim OW, Kim GH (2001) Quality
changes of winter Chinese cabbage by different packing
and loading during cold storage. Kor J Postharvest Sci
Technol, 8, 30-36

Lee HO, Lee YJ, Kim JY, Kim BS (2018) Effect of
combined pallet unit MAP and plasma treatment for
extending the freshness of spring Kimchi cabbage. Kor
J Hort Sci Technol, 36, 224-236

Eum HL, Bae SJ, Kim BS, Yoon J, Kim J, Hong SJ
(2013) Postharvest quality changes of kimchi cabbage
’Choongwang’ cultivar as influenced by postharvest
treatments. Kor J Hort Sci Technol, 31, 429-436
Hong SJ, Kim BS, Kim BS, Eum HL (2018) Responses
to 1-MCP during of Kimchi
Ryouckgwang cultivar. Protected Hort Plant Fac, 27,
125-131

Kim MN, Park SH, Park CW, Choi SY, Choi DS, Kim
JS, Kim YH, Lee SJ (2018) Quality estimation of winter
Chinese cabbage stored in purge type of controlled

storage cabbage

atmosphere storage. Food Eng Prog, 22, 59-66

Eum HL, Kim BS, Yang YJ, Hong SJ (2013) Quality
evaluation and optimization of storage temperature with
eight cultivars of Kimchi cabbage produced in summer
at highland areas. Kor J Hort Sci Technol, 31, 211-218
Fonseca SC, Gil L, Manso MC, Cunha LM (2018)
Modelling the influence of storage temperature and time
after cutting on respiration rate of diced red onions
(Allium cepa L. cv. Vermelha da Povoa). Postharvest
Biol Technol, 140, 27-33

Fonseca SC, Oliveira FA, Brecht JK (2002) Modelling
respiration rate of fresh fruits and vegetables for modified
atmosphere packages: a review. J Food Eng, 52, 99-119
Yang D, Li D, Xu W, Liao R, Shi J, Fu Y, Wang J,
Wang Y, He X (2018) Design and application of a passive
modified atmosphere packaging for maintaining the
freshness of Chinese cabbage. LWT-Food Sci Technol,
94, 136-141

Miller GL (1959) Use of dinitrosalicylic acid reagent
for determination of reducing sugar. Anal Chem, 31,
426-428

Porter KL, Klieber A, Collins G (2003) Chilling injury
limits low temperature storage of ‘Yuki’ Chinese
cabbage. Postharvest Biol Technol, 28, 153-158

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

273

Hong S, Kim B, Park N, Eum H (2017) Influence of
nitrogen fertilization on storability and the occurrence
of black speck in spring kimchi cabbage. Korean J Hortic
Sci, 35, 727-736

AM, Maccaferri M, Folchi A (1997)
Physio-pathological responses of cabbage stored under

Menniti

controlled atmospheres. Postharvest Biol Technol, 10,
207-212

Bahar A, Lichter A (2018) Effect of controlled
atmosphere on the storage potential of Ottomanit fig fruit.
Sci Hortic, 227, 196-201

Bai J, Saftner RA, Watada AE (2003) Characteristics
of fresh-cut honeydew (Cucumis xmelo L.) available to
processors in winter and summer and its quality
maintenance by modified atmosphere packaging.
Postharvest Biol Technol, 28, 349-359

Park SH, Chun HH, Choi DS, Choi SR, Kim JS, Oh
SS, Lee JS (2015) Development of controlled atmosphere
container using gas separation membrane for the storage
of agricultural products. Food Eng Prog, 19, 70-75
Zhu Z, Geng Y, Sun DW (2019) Effects of operation
processes and conditions on enhancing performances of
vacuum cooling of foods: A review. Trends Food Sci
Technol, 85, 67-77

Lee JS, Park SH, Lee YS, Lim BS, Yim SC, Chun CH
(2008) Characteristics of growth and salting of Chinese
cabbage after spring culture analyzed by cultivar and
cultivation method. Korean J Food Preserv, 15, 43-48
Cartea ME, Francisco M, Soengas P, Velasco P (2011)
Phenolic compounds in Brassica vegetables. Molecules,
16, 251-280

Hounsome N, Hounsome B, Tomos D, Edwards-Jones
G (2009) Changes in antioxidant compounds in white
cabbage during winter storage. Postharvest Biol Technol,
52, 173-179

Hodges DM, Munro KD, Forney CF, McRae KB (2006)
Glucosinolate and free sugar content in cauliflower
(Brassica oleracea var. botrytis cv. Freemont) during
controlled-atmosphere storage. Postharvest Biol Technol,
40, 123-132



	여름 배추의 품질 유지를 위한 pallet unit-controlled atmosphere 포장 효과
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	요약
	References


