KOREAN J. POSTHARVEST SCI. TECHNOL.
Vol. 6. No. 2, pp.173~178 (1999)

SR

FELEEIRE e L

- ZERfA

Quality Changes in Winter Chinese Cabbage
with Various Storage Methods

Eun-Ju Kang, Seok-Tae Jeong, Byung-Sun Lim, Jae-Sun Jo*

National Horticulture Research Institute, RDA
*Department of Food Science and Technology, Kyung-Hee University

Abstract

This study was conducted to investigate the quality changes of Chinese cabbage with various storage methods. The
V/H ratio, as reference of withering, of Chinese cabbage in PE film was high. Ethanol contents of Chinese cabbage
packed with 0.06mm and 0.lmm PE film pouch were greater than that with 0.03mm PE film pouch. Organic acid
and sugar contents in the Chinese cabbage were gradually decreased during storage. Chinese cabbage packed with
0.03mm PE film pouch was more adaptable than 0.06mm PE film pouch in winter Chinese cabbage during storage.
The CO, contents in PE film pouch was increased during 15days of storage, and then not changed during storage.
The change of O, contents in PE film pouch was opposed to tendency of CO; change. The 0.06mm and 0.lmm PE
film pouch, high CO. contents and low O, contents during the storage, were less adaptable than 0.03mm PE film

pouch in the winter Chinese cabbage storage.
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2 2 PE filmX{2|

2 Age A1L3 AZE 4FuF “5F FF
o224 YFulFe FAAQ AgTelA 98d 244
F8% AL ALY wFe 8 ¥ 5C AZD
A EEyr WA Fo) YA e FAHIHF
27 0.03mm, 0.06mm, 0.lmm PE film pouche]] 29
223 XHFE Uy 2T AL AZadAN 609
¢ AR

V/H Ratio
Hl329S F8A HA Zol(vertical length)S A1,
Al $Roz HYA L Eol(horizontal length)E M

o 2 HlE JEhA

B 3 pouch LhO| OJMBIELS X ALEE

W3S ¥A4% PE film Fo{Ule] F7]E syringe
2 Iml& #olA Gas Chromatography (SHIMADZU
GC-14B)2 =H &Yt Al2E7] 0.5mlo) £33 Co,
a2 active carbon(60/80mesh) 0.2 37 ¥ 24mm
(ID) < 2m(L) AFEEI R, 0,9 e
Molecular sieve 5A(60/80mesh)E %2 © 3mm(ID) X
3M(L)¢] stainless steel columnS A}8-83Th Oven &
& 110CH o, cartier gas2 heliumS 30ml/min®.
2 %2311, Thermal conductivity detector(TCD)Z

AZagch

column-&

Ethanol £4{

Alg 50gS Zolr ZFHSFE 250ml17tA] mess upgh
F 7hEst] v 27 SR 50mie LobA Ges
Chromatography (Hewlett packard SERIESIIS890)2 +#
A8t9th Columng stavilwax 0.32mm (ID) X 60m(L)

0.5ymdf2] capillary columng A}43%ch Oven &%
+ 150C% 2o carrier gas2 heliumg 30ml/minC 3
33 FIDE Z&3Yo)

AT

40

2lg 24

HWF Alg 20g(RY, FY £9E T DL oy
s Azz AET F QAR 1 4Sde
# 38| A seppak Cis catridge$} 0.45ym membrane filter
£ E3#A7 ¥ HPLCE EAFgth Columng
Sugar-pak 1 (6.5X300mm)S A}£3tHon], Column
temperature : 85°C, Mobile phase : Water (0.lmM
Ca-EDTA), Flow rate : 0.5ml/min, Detector= RIE ©]
&3t

714 24

NEE vhisel Az AFE F APt
a ASNE 108] 3A3Ete] sep-pak C18 catridgest
0.45ym membrane filterES F3}A]17] F HPLCE ¥4
3}t Column< DIONEX IonPac® ICE-AS6 PN 46023
& AE-3}%3, Mobile phase : 0.4mM Heptaflorobutyric
acid, Post column reagents : SmM Tetrabutyl amonium
hydroxide, Suppressor : Anion - ICE MicroMembrane
suppressor, Detector : Electro conductivity detector(ECD)
£ A18319 12, Flow rate : 0.8ml/min % c}.
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V/H Ratio B3}

Table 1S 29 PE filmo 2 T3 wjFrt £33}
2] -2 controld] Hl3| V/H ratio7t o HA $AHT
glom, £9o] AYd vlE V/H ratioZ} o A &
Ao Aze d4c] 4AEE ¢ & Uk Control
o] AL 2Ye AA 1549k V/H matior} 0.995¢] A
03972 dolgon, &A% 08752 FojFor} ¥4
B WiFe ASE AF 3097 0900442 F-R)E)
Hon, 304 o]Fdx 0850142 FAHHAL, £9
2 60U7A 090048 §A8ct Fimez ¥
gto] A wF7 o ¥ VH rtiog #Age
o|fr& controle]] W]t FRFE] 2T FFHALG
A=E Ax7 HY7) WEQ Aoz Aztdr.

Fimo g ¥ A3 w59 39 filme FAEE =2
A zole vAl @ggrout 0.03mm film M2+ VH
ratio7 25 £A FAHALH, FF FAEL vk
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Table 1. Changes in V/H Ratio of winter Chinese
cabbage packed in pouch with various
thickness of PE film during storage at 2°C

Storage period(Days)

Samples Portion 0 15 30 45 &
ool Outer leaf  99.5 39.7 333 35.8 304
Inner leaf  99.5 87.5 87.3 87.2 400
Outer leaf 9.5 968 902 88.5 88.0
003mm PE film 1 o leaf 995 958 959 9538 957
Outer leaf 9.5 96.3 87.7 862 852
006mm PE film 1 o leaf 995 97.9 979 896 91.8
Outer leaf 9.5 96.6 90.4 89.7 883
Olmm PE film o leaf 995 960 939 958 923

Hi3 A pouch LHS| O|AIEERA 3 AbA HiZ}

Pouch] ¢} CO,9) ¥5E AWM HA7|Zte] 2
ojFe ml g M PN 2 go] FUEIHH
AT BF 15943= 7AAA= COFol §23 F7}
st o ojFREes A dAF HF¥SE R4t
CO, ‘HAFo| BE AFolA A 159 Alold §
A5 2718 olfE EA fim9 FAERY TEFF
o] Bgdl wel CO7t7} pouchlell & F S} 15
d ojFd= pouchife] CO, Fxol & w9 &
38 A2 COo, T Fol AR 27HT 4N F
o] EWA w39 CO;, HAHH X4 fime] FFHx7}
Ao HEY S o|& FHoE AFdr

£ A8 AgeA filme] FAZ5F pouchj o
CO9| <¥o] B AL Yehded, ol fimo] F
ALFE 7|4 FHxr} ol TFo 98] 2L
CO7t AAR7IZte] ZAASE filmll] Bo] FHH
7] g7olth. g8 HAgd AgE filme) CO; FHx
= 20CoA 0.03mm¥ 19892.7m¢/m2 - 24hr, 0.06mm
= 9462.5m¢/m2 - 24hr, 0.lmm: 5309.9m¢fm2 + 24hr
o}

Fig. 2o Jehd pouchlle] O; T&& AA7]zte]
dojgo) wat 1 o] ZAde S £ F e,
CO.8} o] 15971A 23] #Adgrt 1 Fole
walgko] HQUth 0,9 FEE CO9 ¥HAZE filmo]
FAZ gkE4F pouch W9 0, FE EYoH,
0.lmm filme) 7% 0,9 TL7} 5% vigtez 4433
HAEHE ¢ F Uk

AZe 0lmms} Zo] fimo] FRE, 7| FIx
7 o AAVZbe] HoyHFE pouch]ell F7)R
Aol AA Zetz|7] W2 ALH 429 TFEH
F4 B 9 A, 53] ¥ 0,9 &
= AE9 FTF UM 2A ulo] ethanolo]}
acetaldehydes} 22 EBA& =33 §9 nigEys

38

7] G& F¥E ITE, 9).

AHoz wF EF filme FA7} 006mmo|r}
0.lmm¢] 730 pouch Woll 5=} CO7t 535
I duFeR @& O3 E Y3yl Wi vg
A @2 Aoz BLHUS
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Fig. 1. Changes in CO; contents in pouch with various

thickness of PE film packing of winter Chinese
cabbage during storage at 2°C.
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Fig. 2. Changes in O, contents in pouch with various
thickness of PE film packing of winter Chinese
cabbage during storage at 2C.

Ethanol &2k

A 39 ethanol AHFE S8 w)Fo]
=3l 2 ol3 FA yxz AMslHes 1 A
= Fig. 33 Zt}. Control®] 7% filmeE ¥ AR
BT} Wio) FE-o] wAyrl @ol AIEAA|T )
F 22 filme g A Mg ulg) ¥ A
7} Ao ethanol BAZFE Hch 0.03mm PE
filmx g9 2= & filmd Y84 ethanol 53
o wz ororor} 0.06mme}t 0.lmm filmes ¥#
& dig A3 309 o] FHE ethanol YA %o §2
3 #7189 0.03mme] 7S 10ppm ¥ el H]
3] 0.06mmE 300ppm, O.lmmE 800ppmoE %2
ethanol A& BT}
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Fig. 29] A3 O5% 9] WaleA B 4+ I
£o] 0.imm filmJ£ 9] O,FE7} 5%4|THe g v
w2ot7] 2o 29 w@E FU)3Fe] ZAHE ethanol
BRG] F7g Rog AZsHeH, ol Max F
(10)2] #7]|FolAY e 0, 59 CAAZzA
A AERE AAHRS o) ethanol®} acetaldehyder} 27
o] ZFdEde B Y39t £F 0.0lmm
PE fime2 ¥AE vjEr} o]y 2 239 Byx
71 Aided olAL HWiSE dHId 1wk
CO,8} o) o3 4% AHE wevtn vug 4
564, 609 dyeix gxFAT. 28y AF 4597
23] 3713 ethanolE A% 459 o]FRH 2
hed )AL 23 uo 32 E ethanolo] AX7}
248 L8l old WE ME T 9%
EAdAY 22 B2 AXEe FHabel €] e
Roz AZ AZHT(11).
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Fig. 3. Changes in ethanol contents in pouch with various
thickness of PE film packing of winter Chinese
cabbage during storage at 2°C.
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Table 2& AAF w59 #aF $3FE HPLCE
498 ZAgeltt. wWiFe FE #eFL  glucose,
fructose, sucroseo]l} sucroser vj-$- A& F A&t
Conirole] A% AFZ7] glucose TFo] 183 mglg
olel Rol M 159te] wk o]} ZAEFLer, O
FoE A v FE HXEYoh PE film X3
9] A+ AZ 15YA wlF9 glucosed o] 0.03mm
PE film pouch’} 183 mg/golA 9.3 mg/g, 0.06mm7}
120 mg/g, 0.lmm7} 18.3 mg/gol X 147 mgge TA
3R, 12 ojFdx 2FY T4tk fructose F
Al controld] 7S AA 159 o) 18.0 mgglAl 7.3
mggo 2 F3 FAIHALY IFde A UA
dgey AutdozZ Olmm FA9] fime ALEF
7357t 71 2aZel A%

Hj

P

9] FEFE AF 04A 159 Aol Zo]
| Faxdn 3 o)lFde Wit A o
& 159749 glucoses} fructose7} F2A3} 743

WZe) AG 27 3FE XYW Al o
Q) Aog HoAL).

e © oy
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Table 32 AZF vlF9 {714 3L HPLCE
A% AAZA control?] A HAHOZ §7]4t)
#aFol AR Hoded, ol TR F4vl HE
o) Aal Fio] FHIEAM AHoE {740 B
o] A%d Aoz Btk TE AH]Po)A malic
acide AR 304744 284 #Z4sgrt O oF 2
F 378ke A%S BATh PE film £ X2
e A4 15948 71228 B o 0.03mmE 133
mgfgoll A 123 mg/ge 2 4£%F Aoy 0.lmme
1.33mg/gol A 0.63mg/gl2 FA3) 7AHY filmo)
F7A L4 E malic acid®] FAFo] Bt

Citric acid®] A$E T AEA] ¥& controle] 71#
e e #X39er, filmd2E malic acid?} v
7R E FAN FALTE F4Fo] gyth

Lactic acid®} acetic acide wj-$- A% ZAslg o,
lactic acid®] ZA$ole AF 0dA Hoh HZ7)3hol
dojdsE ¢t F7IEIY. ol=d dAdol dlE
Chen 5(12)& lactic acid bacteria®] Exja}ol|A
malolactic enzymeo] 2}3} malic acid7} lactic acids}
Co:2 Psecty 43t Aok

Table 2. Changes in free sugar contents of winter

Chinese cabbage packed in pouch with
various thickness of PE film during storage
at 2C
(Unit : mg/100g)
Storage period(Days)
Samples 0 15 30 45 &
Glucose
Control 1830 670 670 700 730
0.03 1830 930 830 500 730
0.06 1830 1200 830 580 520
01 1830 1470 700 620 620
Fructose
Control 1800 730 800 840 860
0.03 1800 1270 970 580 780
0.06 1800 1270 830 620 520
0.1 1800 1470 730 620 760
Sucrose
Control - 30 100 50 40
0.03 - 70 100 260 60
0.06 - 130 270 190 160
0.1 - 30 270 250 180
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Table 3. Changes in organic acid contents of winter
Chinese cabbage packed in pouch with
various thickness of PE film during storage

at 2C
(Unit : mg/100g)
Storage period (Days)
Samples 0 15 30 45 6
Malic acid
Contro} 133 163 81 115 152

0.03mm PE film 133 123 8 105 118
0.06mm PE film 133 103 63 87 107
0.1lmm PE film 133 63 48 87 89

Citric acid
Control 26 17 11 16 14
0.03mm PE film 26 13 9 3 9
0.06mm PE film 26 7 4 2 7
0.lmm PE film 26 4 5 1 11
Lactic acid
Control - 5 S 2 6
0.03mm PE film - 5 3 - 2
0.06mm PE film - 4 4 5 4
0.1mm PE film - - 4 5 0.1
Acetic acid
Control 7 7 6 4 4
0.03mm PE film 7 4 5 5 6
0.06mm PE film 7 5 12 3 9
0.lmm PE film 7 4 22 0 7
2 <%

|3 9] V/H ratioe PE filmog EZ3 w37 ¥
A8A XL controlell HlE} © wA FXHDL YL
o, £90] 2Yd] ¥la V/H ratior} ©l HA A%
otk Poucht 8} CO.8 5¥ H2l¢ BF 159 &
TAAE CO ol 78 278ln 2 o|FRH=
Ao 9A% AgS RYh pouchl9) 0, Fx& A
A713to] ZAolF we} 1597HA 78 Fas
7b 2 Fele wslgo] Ak 0,9 FEE CO%
W R filme) FA7E $F&4F pouch U9 O, FE
7} #stew, 0.1mm fime] A 0.9 ¥=7} 5% v
wo g A33 Ao FMed] A FEol wmAY
7} o] AEUA W 232 PE fim¥EF AFo vls)
gol RAslx] @dk7] W&o ethanol FPFE WA
ool 0.03mm filme A$E O film £3 )
Fo wlehA ethanol FHFo] BA YUk 2}
006mms} 0.lmm filmo.2 ¥ZF wiFe AF 309
OlFRE ethanol Aol FAZ FrteTh AL
oM AAY wFe R FIS HPLCEZ AT
A, AF 0994 159 Alold) Bo) §AF Fis}
3 2 olFfx Wiyt FHUck WFe KA ¥
& commole] AL HAHeg {74 FaFo| 7t

2 AQoed, fimdz e FA FALTE ThFo
ot} Lactic acid$} acetic acide wi$ 4% EA3
Qo lactic acid®] ZA-Soie AF 0dA BO AH
7170l AojASE ozt F71SAch
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