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Abstract

This study investigated the effects of the application of pallet unit modified atmosphere packaging
(MAP) and plasma on the freshness of spring Kimchi cabbage ‘Chungwang’. Kimchi cabbage were
cultivated and harvested in Pyeongchang, Gangwondo, Korea, placed in plastic boxes, and
precooled at 8°C for 24 hours. Kimchi cabbages were then kept in pallet units and stored in one of
two low temperature conditions at 1 + 0.5°C; one with a plasma generator installed and the other
without plasma (control). Kimchi cabbages pretreated after harvest were divided into four groups
and placed into boxes covered with one of four types of packaging: PVC wrap, LDPE film (@ 20
mm punched), newspaper, or no packaging. Kimchi cabbages in the control group lost 13% of their
weight during the storage period, while those in all three of the treatment groups lost less than 7%
during the same period, thus demonstrating suppressed weight loss. Kimchi cabbages in the control
group exhibited 10-19% trimming loss during the storage period. The plasma-treated group without
any covering lost less than the control group, thus it is presumed that plasma treatment somewhat
affects storage. The plasma-treated group covered with LDPE film after applying moisture
absorption paper lost less than 9% until 9 weeks after storage. In the 12th week after storage, it
showed about 13% trimming loss the lowest of all the treated groups. As a result of thise sensory
evaluation, most of the treated groups lost their marketability at 3-6 weeks after storage, but the
treated group covered with LDPE film after applying moisture absorption paper and stuffing the
product scored more than 7 points - 6 points is the minimum acceptable score for cabbage suitable
for making kimchi, thus this proves that spring Kimchi cabbage can be stored for a long time. We
conclude that the combination of precooling, moisture absorption paper, packaging with LDPE film
in a pallet unit, and the use of plasma, can extend the storability of spring Kimchi cabbage.

Additional key words: Brassica campestris L. ssp. pekinensis, forced air cooling, LDPE film, PVC,
quality characteristics
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Mt

W 3(Brassica campestris L. ssp. pekinensisy= TJE-E- e 2| o[ A] 2F 959, o)A o] AALE] 7)o 7142 7A 2] Heks Wo] ih=
A QN E2FEo T Lee et al., 2015). 7] 5 242tz Qlote] A 0 2 L7 5ot 22 o740 = Qlste] 2
Z}o] n|. - Eorgslth(Lee et al., 2011; Lee et al., 2012). 24| 2} 7tof] £=Fo] B2t 712 ZJo]7} AlgH|, AlAA A4
7HA o] AU F551 2010 0fl= 5= 7FA 0] 2009'A ] HISH 197%7H] w5 5F | & JlFH(Yu et al., 2014). Bl 5—= A4

ol we} AHABAE 1S 3] bRl 10% HE0] A BETO 2 7FAS 30k Holrh g4t Sl Kim et al,
2015). 55| 2HAZH ASE A0 = SRS A7 AZH= AR T HollA 8D7RA 7S AA7E H| 1E o] 27 i
of 2415 Aol 71 Atk @ 4 sick mebd AAJsIeL0 2 Qlste] Aol /]S AL AR S0 2 Q14
7FA 0] §475] E50] Bl e 445 pu =gl thieh tie|E 916te] 68 Sl H9-0] 55 2711 ol A A A= 371 h 7t
A APk S 710] sk W] AP BAS S18 7)) -5 1 F2 8 AN Kim etal, 2001a), 42)
HH9(Kim et al., 2001b), &4 2)(Kim et al., 2014b), 2247 BP(Lee et al., 2007), ¥ D o714 2](Eum et al., 2013),
MA(modified atmosphere) 2E3H(Lee et al., 2001), CA(contolled atmosphere) &} (Park et al., 1999), BEAH L 53] A
ﬂ(Klm etal., 2013b), Hi5 51 A Q2] QYSIE 919t @ Et 7] o]-8(Lee, 2008) 50| HALE| It} T12fut oo} e

b2 AFE0] FE Lo, Aol AAlE A-gst7]ofl= ofgtee] )l

5] YoHEo] B4 4212 JJete] 713 B0] A= MAP(modified atmosphere packaging) F714-2 8% A1t
712 S11A ch S0 M A8 BES MBS GOt A RHIC MAP A2 2l M ERH0R T 18
o] HojA] pallet TH1S] MAP 2871 7lidto] Q511 Qlrk.

Eetztet u)=0] Z2] kAL Langmuir of] OJ|A] 1928 A0l 420 2 AR go2A] 2 | A& 2= et 5=
of o 714127} 52 el ALt A17} SRR Tl o} e} A BeelsIA] ofSo] i ofix]7h A2 B o]
AP Stk Park tal, 2008), HEIEL 71 4] Sek2Rloli 24, o}, B12, 215 Uiz TeIT A4S A5
S 755 84 E(reactive species)©] ZAJ6}FIL YTHOh et al., 2015). 0] |3 Ze}Rup= =2 w48 71x] 2] Z(-OH, -H,
-HO,, H,0,) R @& 55 Aol At dS 7HAm 4 5 Dol 'HASHA] o= B4d0] §lo] AR &)=-2 Hlsto] Al &4t
o B 1 21 oK Kim etal, 20130) ) B0 A 5B 48 B M o7} ) 1o o
Az A T 8ol A4 Fol SIS ZIchol 2 4 918 Ao Az

whepA] 2 Aol e BHlE-S] EP S 1t A7 T e SR E A @A A8 5 e Eeta Y B2 0l

235} pallet®d MAP A 2|9} Zat2nte A-8ato] S=8o}rh.

A= L 22| =2A

= AFoNA ) AP w7 AT Al A 20161 049 10 0]] JAI5te] 7HE2] 0 = Afafiet 22016 06-E 14U o] 7=
Sl S = & ol 8klh A Wil S SA ERAE ARHW: 55ecm x D: 37em x H: 32em)of| 4-53E7] 4] Al 9] 21 QJ5}
5371 7} palletno} e B A 71 A+37) TR O 2 B F AT AA 2 Sk P B8 7] 91 o
B AT HilF0] 27] F-2-2-22-23°C L 0™ 24 ol 7] o] 7125 8°CE 244177 5T of A 2t v
F= RS A7)V HGH Zo]| 50mm¢<] PVC(poly vinyl chloride)3}(Samyoung chemical Co., Seoul, Korea)T}

0.03mm LDPE(low density polyethylene) B-S(@ 2mm perforation, Wiz freshtek Co., Ltd., Seoul, Korea) 2.2 EASIATH
(Fig. 1). 27 22s}A] b2 A&}, PVC 3§ A 2|, LDPE B& A2, 121l B2 2 A1 S Hal 2195 $ LDPE 2
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Pallet Unit MAP &1} S2t=20p 5812{2|7t SHfF0| M= 30| 0|2 j= =2t

£ A} = ZefZaRWater link Co., Gyeonggi, Korea)7} 2] - 2214 11(1 +0.5°C) ]| B-73H 5 1257 HGHAA Al
& ettt ol E2tznt ave] thxte A A A 2ohA] o2 AP HE ERt2 A EA] R A2 A ALl F
70 2 BISITH Table 1), ZSef2aK 7] & AR, At4, DA 7FA0] o2 2 715} o] &8k 7FAE AA])= 54
TH2RE, AR BlAFE2 24X7 71E 0.2 A7 |7t 54t Riasto] Aefshaint. B 2270 At ei= thermo recorder
(TR-72, T&D Co., Japan)Z 0] &3}0] 75h0 & M 7wl ZajAe] Alzp 27t 9)2]2 Z4s}9ct.

©,
N mlo
FN

Clo o o 00 O
O O O O O O
O O O O O O
. O . O
Side : 12 .| Side: 12
Both sides : 24 Both sides : 24
(Total perforation area (Total perforation area
75.36cm?) 75.36cm?)

Fig. 1. Appearance of pallet unit modified atmosphere packaging treatment. (A) Uncovered treatment; (B) PVC wrap; (C)
0.03 mm LDPE film (@ 20 mm perforation); (D) moisture absorption paper + 0.03 mm LDPE film (320 mm perforation).

Table 1. Specification of the plasma

Division 0;(3.0gh™"

Input voltage 220V

Output voltage 3.5kV

Input frequency 60 Hz

Output frequency 18 kHz

Plasma discharge method Dielectric barrier discharge
Dielectric substance material Alumina 99.9% ceramics
Discharger material pCu+Pt

MAP %{2of thE Ehj7| =g st

Y 7124, ol tstE A, oldE#l)L 7EAZA AR (Ripening Gas Monitor Airwell Plus, Kinsco Technology Co.,
Seoul, Korea)E o]-8sto] 7040 2 A7 Sk A2t F7t 912]1E S0kt
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Pallet Unit MAP ZZ1} Z2120} E8{2|7} EHl20| M HA0|| 0|2|= &1t

2} 0oje| A{Zt&nt =4

gI-J
N
=
0
0
=
]
mlu

5 18E 5782 $I51o] plate count agar(PCA, BD, USA)E AT 4 0 & 27 U 53Lof| S]] EC] 742 Bof 1017F
W2t = A AFGE w2 g ofol Aol Hyksie] Aozl 2EI6HAAL, 35 + 1°CE] HiY7]
(ThermoStable™ IR-150, Daihan Scientific Co., Gangwon-do, Korea)ol| 4] 48-72A| 7+ BJFAIZ] & colony -5 =510
™ colony forming unit(CFU/plate) © 2 FA|5}SIt.

A HiFE A= () 7|20 2 1/45 Aelo] 257](HH-SBF11, Hurom Co., Gyeongnam, Korea) 2 2F55131T.
© FHFEA|(PR-1, Atago, Japan) &2 =7t T °Brix 2 FA|SIt.

oot

AR S E BSAR)Z 7S 0= 148 Aol 27|94 S XHHO} Ak E719F 42 101 HEZ A5 $ 105°C A
OFA%H 0 2 drying oven(MOV-212F, Sanyo, Japan) o]85to] 7% Zo] g}eFo] = wj7z] 7Az%s}o] 24Tt

M

A 4= A & A|(CR-400, Minolta Co., Japan)yE ©|-8-5to] A1 vlj5-0] 2] Q] 7h FEH-91e Q1o S F-915 dAsHA 573

SHch =4 A BEHTH1=97.75, a=0.49, b=1.96) 0 & H 3 ]'—C_’—,— ARE519 0 ™ L(H L, lightness), a(ZA &, redness), b(3+
ML yellowness) 402 LFERH S

3

o] 2ozt 7] S+ 915 S FAPE oF 0.5emSl ZS AEsto] SURt WA o ATt S(4x6cm) texture
analyzer(TA-XT Express, Stable Micro System, UK)E AF3-5151 1, puncture testS A5}tk B3 FH O] S HEof A
HE 100% 3]-‘:'4/\1 = 2] 735 (hardness) S 2745111, o)) 4L probe )7 1mm, pre-test speed 5.00mm-s™, test

speed 2.00mm-s™, post-test speed 5.00mm-s” & S}t

Hj5-0] TS HALE 910l FE 5ol thiet Wt R HAE Foll S Hd 89 5 AEsr o A=A 7 F Ao o
St TS AARE AATSHTE @ A, o], 227, AT & et MEARI 7| Sk & 9HA|
ol o} -8(97), E-S/marketable(77), HE/Z XA Z7F5(54), VHE(3A), oFF 1|

o WSkt
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SAAz2
EAH At gt F A A 2]= SAS/PCHSAS, 1999)2] Duncan’s multiple range test& ©]-8-61] gt 7H] Fol 8-S 4
(p <0.05)3FA.

2o Dzt

MAP 2{2|0f| k2 CH7| =4 B3}

MA 272 L J0| 7tA R o AR 0] ©-Fof| ool AFAAHA 240 t7] 20559l 21 719k QA7 =2
2AHEY 550l h—UlXL AR Q4of Wt tf7] 24o] 24 Wk 4 Qlth(Kang et al., 2008).

TR 7|24 F A0 e pallet TH9] 0] BE 2] 17}20-21%E S5 428 e Itk Table 2). o[ AHstet A
O T X % %315}11 2 2ot SetEnt e, 24 A2+ Foll H5A1E ¥ 49Jjt S LDPE B0 = 23t
ﬂﬂ T=0.09% 2220 2 JERE T PVC A2l 79} LDPE B2 0 2 T4 a7 212F0.14%910.11%8 OF7F =0

H}. o] A7 Adha] 0 2 ;A U AkAx} o|ibelekA: s ti7] 9 MRt 0 & LER) A2t R F Ajol & Kol
X1 oottt

g aﬁ_u rlns zqa;L Zo| PVC Fo 2 TS 7}2 8Oppm___E-_ 7}*“@11 UrE}LH i Uﬂ°ﬂ ZASER 1 A2 E
o

A 55 ool gL a%zxu zua}sz} %—-_1 R %qu}(Bae ctal. 2005) i%:lO*OﬂH PvCHlo® Zgﬂ 3%
zw}L S AR EO] WAISHE A0 2 Hop 2] Fol w3tH o dee) st Buale] ol o] g vl A
A= Do o] PVC o2 2= A2 Aok gF2 Ao = fete:
wEb T U gj71 240 AbA, o|itstErA A o Eell-S 126l ul Wi Avejo] PVC 3 TR TH=G-F LDPE U=
o] HAT Ao AL,

Table 2. Atmosphere concentration of pallet unit modified atmosphere packaging treatment

Atmosphere concentration

Treatment

0, (%) CO;, (ppm) GHs (ppm)
Control 20.86+0.05" 0.09+0.00 1.80+0.45
Plasma 20.94+0.09 0.09+0.00 1.20+ 045
Plasma + PVC 20.92 +0.04 0.14+0.00 2.80+2.59
Plasma + LDPE 21.04+0.05 0.11+0.00 1.80+1.10
Plasma + moisture absorption paper + LDPE 20.94+£0.09 0.09+0.00 1.40+0.89

“Values are presented as means + SD (standard deviation, n=5).

ZE0ME0| Chst B2t=0le| 2zET &2
= 2 0] v E AR EIE S7 ol BRI gEe] ol FatE| o] glo] dAet AvE AT 4= ¢l
npYEol thehEet2ntke) A4 aisE 54613 E1r S5 A=l tiet Eef2nte] Aa8vtE 54
739 27 27156 125 52 10'CFU/plate HYIE A1 AtH Fig. 2). BhdHo| Eat20tE A 2]gh 214
%7191 10'CFU/plateol|A] A3 3556 = 10°CFU/plate 5520 2 G2 5= A1}E HojFo] o]L A FZn|A)
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2.0

—&— Control —e— Plasma

Air bacteria (Log CFU/plate)

0.0

Storage period (week)

Fig. 2. Changes in the bacterial levels in the air inside the warehouse where spring Kimchi cabbages were stored at 1 +
0.5°C. Values are presented as means + SD (standard deviation, n =5).

Fetzntolls et 8/ EARRET ol2d BF2 nE Al 2uhe Foll StEHA Al 2eto] 21y T, 1
2|l |2 o DNARE 2 At Abs 7t jEgato] ndE AEE A7 A2z F2iA Slth(An et al., 2016).

wetA Eetzot 2|7t s dEAi o 4348 vidE Aatel tiet AIRE AX D = AT AL o] 55T
BEe At A 4 9loH oe gl YIS Fol A Tl it o= A She Ao = Az,

UUEH 0 & F AL Yojibzol 2134 0 & GFAIQl BAS o[ ik ofu2t ok JoForAQl £ EEHE}EE
FHAGHE Ueh = A 2 o] 8- tH(Adel, 2002). THHR-E-2 HIZ72] 737 XV* 2711350 ofu] FA| £4o] 5%
= BHAAL AR 127002 13% oV UEhH AlTh(Fig. 3). T 24 A 2fohA] o2 Etz2nt A2t A 2719 %01
4%, A7 1250 12% o F o2 F Afol= o ARt tiEF-H o o ke 2 EE-—UrE’rlﬂoi EEEa R R e o e g
L ujA= 7o 2 Holr)
BE pallet T9] 24 A2} A 3500 2-3%2] A A4S B om, 274 12500k= 7% olol= Ureht 27 A 2]}
2] 9ko- A Lo] ulgte] 71 Zo] @2]5] WA LFERGTE Kim et al.(2001a)0]] 2J51# Hi5=F& 241 Ujo] 2719 5719
Zpolof sl Az 5 FH7] B A 52 AlgE o] SEARIT Aofdtial shal=t, & Ao A Fol 2 os

=

20.0
—&— Control
180
—e—Plasma
160
—— Plasma + PVC
3 149 [—&—Plasma + LDPE film (©20 mm)
o
a 12.0  F—a— Plasma + moisture absorption paper + LDPE film (@20 m
o L
= 10.0
e
% 80
= 60 f

40 r
20 1
0.0

0 3 6 9 12
Storage period (week)

Fig. 3. Changes in weight loss of spring Kimchi cabbages during storage at 1+ 0.5°C. Values are presented as means + SD
(standard deviation, n = 3).
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H oI5 AT 7 s A2 FIsIAT. 53] 2 22T Fo PVCE o183 B9 A7 IR 5 3% *E% 1 3% 8=

2 7P @A e 7P Ak Q] A o 2 LERTH. o= Oﬂl*%oﬂ M SR U

28 A7 Ais el A Y= T o 57 FAEr 2 A o 2O w2 Jﬂi%ﬂ}%ﬂﬂoi -5%‘:
= 2102 HItK(Choi etal., 2008). 121t 7 o] W ”EHJ EZ%* ol T5/ e = q1ste] PVC glof 227}

A AEEO] ‘2‘@61{— wAol et T2 Bz oA 9] W E e Hrt= At 52l E she ol S H e 5

2Rl Sdo] avpAd Ao = AAY.

oA 2 4 %*é#MAPﬂElOﬂ et SEAELL F12 Aol At 2tolE o, 7|7 el 21
Hie 243 7kAz/d HokE 91et 75 LDPE B5-2 082 MAP A2}E sl A28t WAlshal S4T2R8-2 ojAst
e FINE 5 e Ao wEEn.

>,\l

=

AZEA R GRAL AAG S A 0] 8 4 Qe MRS 71E0 2 2 UEAEL TR0 A AR 3F
o 10% P& 297 A 12501998 IEISIEN ). B Al e Belol el e A1 S o
2R ORPEL EAES Ueho] Seznt et ol AT §aES n]x] 2102 A7 Lea(2008)°] J5tel uj5:
o QEAE]7 © EAe] 5] G R WIS Fi, B2 D ol e 3 Alstol AT e 35S
SASIATHL B 3HAr. ol Sepzuto] 0o ofsto] o] EAjsHe nJAESo] AgakEle] A7 Sl L ft
7 s A0 R A,

Pallet £9] 34 %2} 7 5] LDPE B8} PVCE o] 89 9= 44 350k 651 7%, 4395501 11%, ] 1 A4 125
o 217} 17%, 20%0] £ABS BT PVCE T4 el s A4 0504 1250 of 2 A e S0 57181
o, gl AF o] A o] Wgl Aleo] 1 el 31 Alel 2 Qlstod PVC ol AR HEA AR B WA R Q15
o2 Beltk Wie] H4AS Y1 A5 5 LDPE BEOE A Hefet Aol AR 355 A3 9574 9% njatol
OB, 2R kA ERe] 1250 OF 3% BE A2l 7 Fol 7P e AAEASS UEolet. PVC T4 Aol 7ot NEAS
93 Q15T LDPE W02 T4 42| 7.0] &k AA7IIHER95% el HlsiA] S 4|97 PvCobs the ] 1
S A ol T A Qs 4718 AR sl SRo] 45§81 L%%s}azuﬂ%sﬂ A o] o= A
g7} = 7 0 2 YEGTHFig. 5). Lee et al.(2007)°]] 2J5PH v FE A4 W& Halolo] A6l S W EetAE HE 1
#o] ThE Hel it &Aero] Holrks Aot B Auh-$AR AGRS UEReITh. e PVC 94 BB Ege 2u

Ry

_4_4

rr

—&— Control

250 % Plasma

—&—Plasma + PVC

20.0 F—&—Plasma + LDPE film (@20 mm)
—4— Plasma + moisture absorption paper + LDPE film (@20 mm

Trimming loss (%)
o
o

Storage period (week)

Fig. 4. Changes in trimming loss of spring Kimchi cabbages during storage at 1+0.5°C. Values are presented as means + SD
(standard deviation, n =6).
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A HAof ofsf B455] FufjAl7]= djle] 2 4= o P s 5
= 4 Q7} tk(Yanget al., 1993).
Sto] Stk 22 b v W 2719 nlES EY 4 ol 4]

CO, Aht 3 1 Tk 42 5243 o]o] W2 215 1]

LDPEREAE 22 37191 220 o] 5 S2E WS
web B8 13 44l5 5 LDPE BE08 2

S AL 5 U A

|
Oy gy Pty byt P«L‘Jf "*-lw T T - L ’L‘
Average 82%

Tau ..“..‘

Average 79% Average 96%

~—— Temperature (°C) —— Temperature (°C)
Humidity (%) Humidity (%)

~—— Temperature (°C)
Humidity (%)

Control Plasma Plasma+PVC
100

’v“-‘?f.']ﬂ"r‘{"*'l’v"“‘-'ﬂ ""'“.\‘q" ORI ) 80

Average 85% [ Average 94%

40

~ Temperature ("C)
~— Temperature (°C) Humidity (%)

Humidity (%) 20

Plasma+moisture absorption
Plasma+LDPE film (@20mm) paper+LDPE film (@20mm)

Fig. 5. Changes in relative humidity levels of spring Kimchi cabbages during storage at 1 £ 0.5°C.

8k 5 ol AgH R ] pallet-unit MAP 7} Setzut Aelat A3 4 57484 192 Woke BE Ao

Z7717F 5291 4-5°Brix 2 Lee et al.(2013)°]] 2J5t B3 £ £ EA] v| 1w dLof| A B s _5%3 37°Brix B TH= A
4o o glakg UERHgo, Aol b el |ole U vk slafolckFie. 6). T8 475 BE A7
od P = ol 2719 HISSHA FAIH AW A ST S WSk & AAR B HolA 23th o= A &
o1 7HAd =2 5745 ] el A ss Aol whebd thE o= gl 71 2] Aol & Qlet Ao g Hel.

6.0

5.0

40 f

30 t

—&— Control

20k —e— Plasma

—&- Plasma + PVC

10 b= Plasma + LDPE film (@20 mm)

—— Plasma + moisture absorption paper + LDPE film (@20 mm)

Soluble solids content (°Brix)

0.0 - -
0 3 6 9 12
Storage period (week)
Fig. 6. Changes in soluble solids content of spring Kimchi cabbages during storage at 1 + 0.5°C. Values are presented as
means * SD (standard deviation, n = 3).

Horticultural Science and Technology 231



Pallet Unit MAP 2L} S2120F 2|7} SHHS2| M Yo D2|= =21t

w8t & o Z2et EH5-2] pallet unit MAP I3 E2t 2t 42l = 71 A=l §E2 nAA de e
T

AHLHS
s

e} 22 AT A 717o] At HA STk 24 f o] SRR WA U7 = AR o SloiA] R
A==, 3-10% H = A A7 I EH A L7524 6] Aots] o] F40 PaFS FTHRobinson et al., 1975). 23
& A7 125 B2 BE A 2ol A] 94-95%F LEf] o] Cho et al.(2016)0]] 2Jgt wHl5-0] 247171 2] o] 4 B4
of Bl = Gk Aol A 93-94%E Lee et al.(2008)0]] &] gl Al 9 Fgof wh2 A4S 9 A Q] EA4Jof etk Aol
A 95%= K113t 22|19} H|SE0HA| Rt ThFig. 7).

= A= 52 3 ol A 2igt EHlS=<] pallet unit MAP 237} Sef2u) 2 2] 508 A% 27|58 A7 upA]efel 12
T2 9] 274717 7 Ttet A2 o] whet F51gh A Hol ] kAR, AR 7|7 A9l 0] Fo] 2 A %

_]
o % 9lgiek

o] =14

T
ot
&

=

o

%

—&— Control

97.0 | —e—Plasma

—&—Plasma + PVC

| —a—Plasma + LDPE film (@20 mm)

96.0 F—* Plasma + moisture absorption paper + LDPE film (320 mm)

Moisture content (%)

0 3 6 9 12
Storage period (week)

Fig. 7. Changes in moisture content of spring Kimchi cabbages during storage at 1+ 0.5°C. Values are presented as means
+ SD (standard deviation, n = 3).

M

K] Glol M ok % PRI B 1 4] 7S el Fa8 BEEAItKLee et al. 2011). EH
WIS 5 H71E bl Lahe E Al 70 S5} Qo4 A% 2719] Hlstod 4717 59t F7hote A9k 1)
AR7RHER B0k AAE WS G U] 1uHA 0 2 e g Lhehka] stk Fig. 8). 24 51 254
Leb aghe TR Hel ol 520 39 A 27190 Hlste] 437IRHE S Mol
2710] Hlsto] A7 0TI ASIEE A 12500 T Z7hoHe 7% vhehiolck bl 9 JAS ek b
2 BE Ao 529 39 A% 27100 Hlste] 447K 5 ashe A% PO, 0] A el Age
EFRGIh H15-0] Az 2.8 AP S 34w G5 257 el AR U4 AT Al 2] 47
oA 0] A g Aol gl o2t g got, AR He 7k xjolS Shelsl] ofelick
whebA] chie] Aol Aol A Hake 4 & %

7131 A2 el S g RHEShe 5 FEIE e HolAlE oot

Z,
i}

E 1

o,
oli
o

g

o

RO,

19
Y,
O

o)

8% o o
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90.0 60.0
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Fig. 8. Changes in Hunter color values of spring Kimchi cabbages during storage at 1+ 0.5°C. Values are presented as means
+ SD (standard deviation, n =6).
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Fig. 9. Changes in firmness of spring Kimchi cabbages during storage at 1 £ 0.5°C. Values are presented as means = SD
(standard deviation, n = 6).
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Table 3. Changes in sensory evaluation scores of spring Kimchi cabbage during storage at 1 £ 0.5°C

Storage period (week)
Treatment
0 3 6 9 12

Control 7.00 + 0.50Bb 6.11+0.33Bc 5.67+1.50Bc 4.33+0.50Bd
Plasma 7.11 £ 0.60Bb 5.56+1.13Cc 5.44+£0.53Bc 433+ 1.50Bd
Plasma +PVC 8.78" £ 0.44 A"a" 7.78 £ 0.44Ab 6.78 + 1.30ABc 5.67+0.71Bd 4.44 +(.88Be
Plasma + LDPE 7.78 £ 0.44Ab 7.11£0.93Abc 6.78 £0.67Ac 5.33+1.12Bd
Plasma + moisture absorption paper + LDPE 7.89+0.33Ab 7.33 +0.50Abc 7.22+£0.44Ac 6.44+1.13Ad

“9 = excellent, 7

= good/marketable, 5 = moderate, 3 = poor, 1 = very poor.

YValues are presented as means =+ SD (standard deviation, n=9).

*Means with the same letter in each column are not significantly different according to Duncan’s multiple range test (p <0.05).

“Means with the same letter in each row are not significantly different according to Duncan’s multiple range test (p < 0.05).
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