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Abstract

This study was conducted to propose the conditions of controlled atmosphere (CA) storage suitable for the storage
of winter Chinese cabbage and to investigate the maximum storage period of Chinese cabbage based on the results
of the quality analysis for CA storage. The weight loss rate of Chinese cabbage stored at 194 days in low tempera-
ture storage was about 2 times higher than that in CA storage. The trimming loss rate of Chinese cabbage stored
at low temperature was 1.5 times higher than that of CA storage after 83 days of storage. Bolting of Chinese cab-
bage was observed in only low temperature storage. The Chinese cabbage firmness of CA storage was not different
in the range of 5.7-6.2 N, while low temperature storage gradually increased after 83 days of storage and was 7.5
N at 194 days. The incidence of mold occurred after 83 days in low temperature storage, while in CA storage it
occurred after 153 days. In the quality evaluation, CA storage for Chinese cabbage was rated 1.5-1.9 points higher
than the low temperature storage. The maximum storage period of Chinese cabbage at low temperature storage was

83 days and that at CA storage 153 days.

Key words: controlled atmosphere storage, low temperature storage, winter Chinese cabbage, maximum storage

period, quality estimation of Chinese cabbage
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60 A -9 S - upet -

EAE op7ls7|® gt AAAZAA = AAAZE Al g
o] - ATMFE AA AAFE v 47] A7Fst
o AHEE F e 7IES 8skaL T

v AgFE A4 & A Hd 37Hd Aol
7heste] wHlrE AL E 69 FET7HA A2 ofH A,
49 o|FHEIE= HYo] A9 AAE HHE fFEE o
e Aol SdAE F5E 7 U AGIERE
CA (controlled atmosphere)*3-& F53taL Uth CAAS
2 A2A T E2A 259 FE 2o AL W] At
a9} olibsletAa VAl FEEE WA AFele= 7lEoltt
(Park et al., 2016). AEWFE CAA st 71E A=A
o] AASHA 71781 e Bk § 7|7 Aol Jhe
& Ao 7 didEo], CAAA7]wo] Sevtet v X
ol 83 98-S & UL o= AdHTh

=8]o] A9 wjFe} FjFo] A7IAFE s CAAA
ATE F2 FY3F M, Gariepy et al. (1984)2 A=
S Rl FE CAAYSHH AeAdra oF 17w o &
71 Aol 7bestthal sFTE Raghavan et al. (1984)2
FHA TR 236=0] FFE A 2AGT CAA LA
3L, A% 226U 2pol] A 2A e Yl Fo] HAAEA S0
CAA 7l Hlal 2.89) O @Wo] AstATh B skl
Menniti et al. (1997)2 ‘NS cross’?} ‘Noyusa F1° <l 5=
FEE A2AEH CAAET A, NS cross'= #2417
oA Sl Aol 74ARE WSt 110U A=
100% 233 b CAX Aol E 79 BAYsHA] gkt
I RIEATE ‘Noyusa FI'& A2 elA 63U 2}l
100% st om, CAAES FiF A9+ 10993t
o 50% AR BTt 5] 49 Yang &
Pek (1996)°] EulFo] CAX A+E s A3, A%
60L 2ol A 2A 3 MA (modified atmosphere)#] 43} 1l
T FAIZE CAXAER iR 288 T EoH, A=
o] A5 CAREL 60LA7HA] B S40] 7hssle
U MAXZAE = A7 309 o] SAo] B/ A=
2 2yt Bassinh A4 tE Ay e
71470l 7k, FEARATE ¢ CAALEY] &3
= ATEHAE JFTHUL

a3y CANES AFEA7E Sttt Balskal 904
w7 2R ARz daide AFAbeits A2
gt o= xS FAl A&alof F2X] A7) of
). Gariepy et al. (1984)S 1.5°C, 80-90%RH, O, 1.5-
3.0%, CO, 3.5-5.0% AFx7lo] F &4&H A5HA
Al ek F4E FASIAT AL &3t Daly & Tomkins
(1995)= 0-1°C, £%= 98-100%RH, O, 2.0%, CO, 2.0-
50%= viEAEe] HR Aoz AA Ao, Adamicki
& Gajewski (1999)2] 75 2°C, 0, 3.0%, CO, 2.5%7} &
Ago] 7P FOHA QAFHo] gt gzl
St} Hermansen & Hoftun (2005)2] 73-%- 1.5°CAHE =4

oA ‘Nerva'= CAAZZA ] 2710 FaA}lo] a7 iy
HA] @kont, Parkin’®] -5 O, 1.5%, CO, 0.5% #]
Hr} 0, 3.0%, CO, 3.0% 2|7} Walu S48 LAyl
AT 3 TE Yang et al. (1993a; 1993b; 1996)> =
Hj =9k 7FgE S 2F 0°C, 96-100%RH, O, 1.0%, CO,
LO%A 27t S dasolv A%, 454 S, o aF
AR 7tNA S8 AARE 7HATL skt 3 A%
BN F8aL AF7HA ] AFA Aol A YER R
A2 ke w4 7ol At A et FE 9 Aot
ojitstera FEE ThEA AASIAL o], Al o
S AL F CAAEZS AR 87171 o fot.

mEta 2 AfA e AA sH@GAA ALuFE
CAA G| &8 F = CAANA =713 AR}
gk AEE AFasl] et ATE FAATE A5t
2] AFAFN ANT 25, F=, bk Tk, o]Aks)
B4 vE 205 EA st AguFel At At
£ 0°C, 90-95%, O, 1.0-3.0%, CO,0.2-5.0% A= A
SIS CAASAL, A2 A% w3t F4 2 A%
712-& WAL A8t AgaFe] A A% 7hs 71
A A8k

YR

SAl =2 & CAMED

AgHF Ags A sigelA 2016d 129 13U &
st shdch. e wlF = 2US AA & T Fekry g

gl B 3-4271% Foba] FHlEATE ol 7 (pre-drying)

0°CollA 48717k R1gdataion, o d & wj&2] CAAZ

o 1.8 tonS, ZHE A2AFIE 1.0 tonS 2+

, YL A FE] 717 SREEE AdA) ALl

< 10 emE FAEAT Fig. 19 wiE2) CAAR
14k 7] 9hE o] &-ste] CAAZAL W 0,9 CO,
JolAl 2Ast=S = o] Uth(Park et al., 2015;
Park et al, 2016). EATA7IoAN FEEe] A (O,
1.0%, N, 99.0%)2 CAXAILZ FFato] CAXAIL i
o F71¢t £ 715 wiEAZIAl =W CAAZALE
0, FE7} 21.0%14 3.0%7HA SolAAl |t 0, =7}
3.0%] EEENS w ZE WHE Pol CAXFAIE Y
HAZIA wjF2] 3&sHHA 0,5 ARSI CO, & HY
A Eo] CO, F=7F 2.0% =254 "t} COo, %
0.5%7HA] ThAl S37] 93 w3 59| COo, & 33l
b olmlE 0,9 FEE 3.0%E AR sles
97.0%, O, 3.0%, CO, 0.0%% 7t~ FH3=
th 0,9 F=E 3.0%7HA ZFe=u 13/ &
), CO, 55 0.5%7HA w3 d= A7 oF 44]
Zroltt. CAMAALe} A2Agae] 25, £, 0, % CO,
FEE Table 13} 7t}
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[Airtight container]

Fig. 1. Schematic diagram of Purge type of CA container.

3 AR 2L 61

Control device

[Nitrogen generator]

Table 1. Storage environmental conditions for CA storage and low temperature storage

CA storage Low temperature storage
Temperature 0+ 1°C 0+ 1°C
Relative humidity 90 ~ 95% 90 ~ 95%

Gas concentration rate

0, (1~3%) + CO, (0.2~5.0%)

0,(20.9%) + CO, (0.03%)

H2HF SEHSE AL

ALH| o] EHe FHA g ANEAE A, 2%
o] M E, H5AALE Tt LA AT AL Al7]=
AL F 09, 529, 83Y, 153Y, 194U A}l FAZALE &}
Atk =H7HAE(Weight loss; WLOSS)S CAA A 2 A
2 Ao wF A Foll 208F25 FA 2 A st
ZAtol| ARR-SFA TR A -&(DW-150, CAS, Yangju, Korea)Z
FAE AR 5] FEHAES AL (HF 2
o] Ahkste] 3t

W
WLOSS (%) = ——%v——fx 100 (1)

o
W, (kg): Initial weight of Chinese cabbage
W; (kg): Final weight of Chinese cabbage

2] Y A<E4 & (Trimming loss; TLOSS)S <& Hj
o] AAEet FEES UENT] 918 ARZ AMEE]
sl 2ARBIATE wiFe] FHELE S AEY HA
A MFEAZS AE(SW-1S, CAS, Yangju, Korea)Z =4
o & AEARS 7= dE7E 2 wizkA] Axzs AV o)
H A4S AAS o FAE SAst A 2= Al
AFstairh.

Wtb _ Wta
TLOSS (%) = —2— % 100 2)
Wib
W,, (g): Chinese cabbage weight before trimming
W, (g): Chinese cabbage weight after trimming

A SFUA} 5ol B2 AEY BN A 24 W
8 gt BAAL B An|te] AR L 2A]
slal 24U MEE F 30718 olgaL, we 4
HA QL] TS (midrib) S 5x5 cm 7|2 Ahate]
B3 12719 2370 HHE ThEo] ARE 3kE 545
At} WlZe) Aw 2 FHle AR uREe] )
2 7 std gl (leaf vein) Atole] HH3 HiES =4
stk &4 AFE-E 717]1= texture analyzer (TX-XT2
texture analyzer, Stable micro system Ltd., Surrey, UK)©]
™, Probe2] 272 2mme|H, test speed= 0.5 mm/s, %
o= 10 mmZ 3-¥(mesophyll)S $HA3] AFAA HAEE
A48l

F3%o] WA E(Incidence of mold; IMOLD)S CAA| %
2 AL AT i 108t E FAR R A st 74z
ZAFII T ol 7h WARE viFo] A VEe %ol
7l A EEe] 20% ol BT NS IEeE &
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St Fgol WAELS AN (3102 A,

M
IMOLD (%) = —= x 100 3)
Nt
N,, (head): Chinese cabbage number with the molds of 20%
or more
N, (head): Total number of Chinese cabbage

W5 e CAAZALE Wdske A A% 20193
HlFEAERZ 20179 79 40 % AEFSdA AAA
o} AAA DA, M5 F8 F H A AEdA7HE
50 o] Frofste] K&ttt H5AAL AL 2 o
(external appearance), ] 7] 7 (texture), 4141 %= (freshness), Bt
(taste), ©]F (flavor), AW+ A% T (overall acceptance) 5
S Al AR Hrelke WHES ARSIt 9Tl

7 9§ F5)lAM 1 AR e Folst

38

TELLSE, AAELd e Al 49 dae Hd+x
FAAE dehlon FAPE e fo4 YL
SPSS (Statistical Package for the Social Science, Version
19, SPSS Inc., Chicago, IL, USA) 2235 o] & 3}c]
p<0.05 FFoN A ttest PHO 2 B4 5T

Ao 0
STULE
CAAZ A 2A7 717k &t Aol SFaaE
W3skE Fig. 20 WEhlTh #4717k A gl whet
CAAHZ A& AR e FHLLgo) WA F71)
AR CARZZ ALA A 7o viF T HAES Fo
A (p<0.05) Ao & BTk 53] WF AF FFPLE
45
——CA storage --&- Low temperature storage
40 A
35 %
S
30 |
=25 {‘
‘%‘3 20 1
15 {‘
10+ '
500
0 1 1
0 52 83 153 194

Storage period (days)

Fig. 2. Changes in weight loss rate of Chinese cabbage by
storage period. * indicates significant difference at p<0.05 by #-
test. Vertical bars indicate standard deviations (n=60).

o - A5 - W2

AN - 78T - 015

oL

& A% 19442kl A 2A4 7] 39%, CAA G- 20% T8
sto] A4 7ol CAXZGET} oF 28 A UEFSTE. Yang
et al. (1993b)2] AF+ZAFANME 16082} FFFAE0]
CAAZZAAA 43%= YeElY AF PE (polyethylene
filmyZ & A2 10.6%1 vls] <F 248 veh} &
A4 et %AF ARE Btk A% F H o] &
Aol gl 2= FLHE I SFUAR & F Utk S
g2 iﬂiﬁ?iﬁr FHE719] F7194=kel .4 3l ol
A, FHI7Y) FUFE, 25, " Tl o8 gt
A 4 ATtHCha et al., 2008). W52 A T THELHLE
o] W3lE A =M o7 WM HjE Yo Fio] ¥
HO R o] FalA A oR 7t v AR Y=
FHol A9 o] FHaty] o= Azt CAA A
o] A2 Bls| FFA

Xc}
 7193E SR80 she AR SN AT §4
=

Fb

=] 7] wjZol] FAkARg-o] A4 4ol vlsl| A€ At
HHE ™, Chung et al. (2003)%= CAA L] 7F2~7|UA
o7 2 HUEEE FAst] A FEA Al

ashgoletar sk

AgulFe] FUiel 9T Fr E S 2ol
Sl SERFOIN B E D olUAE FE
SIS 457 S ST T

Ao RIw %E}(Holcroﬁ, 2015). & 4 éﬂroﬂ*u
CAXZE] 75 71} BlaLste] 1.0-3.0%°] A&
0.2-5.0%2] ;%E CO,= w59 TFHAPL A= ==
5ol ogk & wike] JAE Zo g HAlth SF AR
AAl e AFH o2 FAHAES TAaAIA CAAA HjF9
TEHALE] A2AY WiFET AA vehd Ao A
Hok gk CAAAGALe] 7 71d e @do] $-73t]
ol AL W] 2557t gdsHl fA =] ET]
HAp7F AA vehd ddetar adEn, A4 717 5

=

9 0 | ——CA storage --&- Low temperature storage
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Fig. 3. Changes in trimming loss of Chinese cabbage by storage
period. * indicates significant difference at p<0.05 by #-test.
Vertical bars indicate standard deviations (n=60).
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AT WFe] 9 at R SUR el Uy HMEAS

SR A ME W U S FA Edo] WSyl FAEEES AzEAY ¥AE oY de AAR F

W] WY FRLLEE BAH AR olold FFY A ol§ JF5R MFE /FOE RAFEE (Lee e al,

Bkl v $- F29 ke & 5 Ak 2016) FAL = FFHE ABA A2 DS
% 9l AEolth. Fig. 3& 44717 o] uke AL

Fig. 4. Changes in bolting of Chinese cabbage by storage period. A, C, E, G: CA storage (52 days, 83 days, 153 days, 194 days), B,
D, F, H: Low temperature storage (52 days, 83 days, 153 days, 194 days).
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0] BAEEEe] vstE Yehd Ao 2H] AA7|7ke] A4
Feto] wel AL CAAFT AT BT F7}
shAth AAEAES A 1943t A LA 0] 54%2
CAAE2] 36%el Blsl 1.58) © @Wol wAste] FoA2l
(p<0.05) #}Fo]E YEFATE Raghavan et al. (1984)2] <l
F AFA oM A 226 2F2] B L] HAH
o] CAANZ vlwste] 3u) #=A LA Skt
CAA wjFo] HAEAgo] A2 g vls] 22 U9l
o2 CAAFo] 0, 1.0-3.0%2] AF=olr AAste] A%
AHEC] e =3A4, SFE Adh WF B AAE
7HAH, CO, 0.2-5.0%2] IZs% Az 2 SAgdAA
I AR 5AgF JA|, A= FEo] A oA, &
7 WA 2 A, Z2 2 (chlorophyll) &3 2 2l (pectin)

Z 5 gA mE At 273 tH(Thompson,
2010; Kim et al., 2013). & AFoM = CAAZZ HH
N1z mE SFUAF E PAE W] A, AEE
og A AstE A4 wiFET CAX w52
FAASE QA=Y o, AHA 02 CAAY wiFo] A
A& o] A7l vlsl @A vehd Zlo® Al
T} Fig. 4= CAXE ¥ A7 w52 Wi Ao
Eld F(bolting, flower stalk formation) 48 e}
Yo 2 CAAAEe A$(Fig. 49 A, C, E, G) &=
(dwarf stem)oll Fth7} VEREA] QA 2241 % (Fig.
°] D, F, HelA = Fi7F SAskd . o] @742 CAAE
oA AFEel 0,9 AFEEe] COLNA A Eo] A =
o] Ago] X AH Aty ATy CARFS] FE 3}
= 2.10-2.64, A2A7FE] 75 1.16-2.542 CAA G} A
24 7ko] Bl=g gro] vEhstth o] A= S48 AMET
A zpol = Qg Axp= ket

N Oﬁ l":nt_’.

peL
Are 240 FE AR YeE £AE HeiAL]
10
9 —-CA storage --A- Low temperature storage
8
Z 1
5 6
2 [
1L
0 J .
0 52 83 153 194

Storage period (days)

Fig. 5. Changes in firmness of Chinese cabbage by storage
period. * indicates significant difference at p<0.05 by #-test. Vertical
bars indicate standard deviations (n=60).
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Fig. 7. Sensory evaluation of Chinese cabbage by 9 scale point
(201 days).

8ol BAES vehd 2otk AA S A4 83
2ol 6% A sto] A 7F717ke] Aol whet ge] WA
&o| Ak S71skdth CAAEe] A9 A4 %1t 70
A AE 153G 30l 8017} 8% LA o1 o] F gl
g 1At A 194U 2Fe] F3o] WSS A
2A o] 94%, CAAo] 23% A3t Xﬂiﬂﬂcﬂ CA
AGET oF 40 B o] HAEASS & F Uk o] 4
= CAAAONAM LE=S] CO0t AFEe] 0,z2710] H
Zo Fgol WAL AT o FHHTHDaly &
Tomkins, 1995; Janisiewicz et al., 2008; Thompson, 2010).
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AFSFaATH. Fig. 73 ZFo] *

oA CAAZge] HnkA<l —‘jrv‘i'—"ﬂ’ﬂ A &AL E
o =4 -’é‘ﬂﬂ AT} 2] F(external appearance)aJr d
(freshness)] 749 CAAZE wiF7F A7 vl =0l B3]
THEEE “*—"\‘*1%01]/‘1 Szt A3E 42 Ao}
FAFSHAl CAA o] A 2A g R 5 s Wekon,
21H) ZH(texture)®] 73 A E7F A8l A HHA A4
2ol H] & OV_}@% = OX]Qo} =o W7l ue Hom
E&%ﬁt‘r S(taste)Z ©]F (flavor)®] 74-F- FAZANA T
2 2450 JdFgo g By} =& H5E gk

1% % (overall acceptance)= CAAZ w5
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Fig. 8. Rooting phenomenon of Chinese cabbage during low
temperature storage.
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