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Abstract

Kimchi was fermented in permeability-controlled polyethylene containers, in glazed onggi (Korean ethnic earthenware)
or glass bottles at 5°C for 8 weeks. During 4 weeks of storage, kimchi fermented in the permeability-controlled
container showed a stable fermentation pattemn, in ters of changes in pH and acidity, compared with kimchi fermented
in the other containers. With respect to changes in bacterial counts, kimchi fermented in polyethylene containers
showed vigorous multiplication of lactic acid bacteria, especially Lactobacillus sp., but slow growth of total aerobic
bacteria. The springiness of kimchi fermented in the polyethylene containers was optimal (about 10% more than
that of glass botfle-fermented kimchi), and the overall acceptability and hardness of container-fermented kimchi
were excellent upon sensory evaluation. The DPPH radical-scavenging activity of kimchi fermented in polyethylene
containers was also greater (91%) than that of kimchi fermented in glazed onggi (73%) or glass bottles (63%).
The O; and CO, penmeabilities of the polyethylene containers were higher (458 and 357 mmol b m’ atm’, respectively)
than were those of the other containers; the permeability ratio was 0.8. Glass bottles showed no permeance. The
results indicate that permeability-controlled polyethylene containers may be used for kimchi fermentation.
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A%l o] A}2-3) v (Baechu cabbage, Brassica campestris
subsp. napus var. pekinensis)= A FZE A F A
TS 2.1-35 kg 0|k o] Hdole FUHENaCl
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ARZA BRAA () B, 48 HL AD), 2375
E7HD, 7, 3, vhE, A% 52 T 331 FAE
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7% A 2.9 pHE pH meter (M220, Coming, MA, USA)
E ARgslo] Aol S48, AHEE ACAC EFEAE
Hol| ulg} Al EE 208) 3)48ke] 0.1 N NaOHE 7}38la
pH 847} @ w7lA] AA g thS AH]E 0.1 N NaOH mL4
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A EFe 4L HRAFHE ol &3t ST
Z, A 89 1 mLE 2 FFFE dAR LR M5,
04 $3L A F 0.1 mLA S vle] 7Hd el
43T ~45C2 §7+%t plate count agar (Difco Co., MD, USA)
o H& 3 F 37Co)A 397} incubatorol| A wjj A&}
colony & AlFdtd FETE S SHHATHIO).

Leuconostoc sp. = Leuconostoc X1 1] 2] 2 phenylethyl
alcohol#} sucroseE 7 7}3F phenylethyl alcohol sucrose agar
medium (PES medium)o] HZ3F & 20CoA 543t
incubatorol| A 8 %} colony & AlSdtd Z% 3Tt
(11,12). Lactobacillus sp.+= Lactobacillus selection medium
(LBS medium)o]] Pediococcus®] A58 A 8t7] 9 8hd
acetic acid®} sodium acetate - 3 718} modified LBS agar
medium (m-LBS medium)-& A}-&3te] 37°CoA] 3-4U3t
incubatorof| A ¥l <F&}t 31 colony -5 Al SA3IA T
(13).
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Az #ze] g4 &3 rheometer (CR-100D, Sun
Scientific Co., Japan)& ©]-8-8f] HA| LFolA 5 em H&
FE-2 3 an x 4 om 9] FAZ o] Z} Algejc} 58] HHEs}
o &% gog Highe F3IUTh Rheometers] 2712
Mode 1, Max 10 kg, R/H R Real 3 kg, P/T Press 600 mm/m,
REP1 3 sec® ARSI 2& sty

=gt
HEE dgst 4 B9 Ag14)dl vt FEE 8%
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HA A 8E FEE(Q2~10%)E methanolo] 843t th,
A% 71 A & 100 uL¢k 60 uL DPPH (1,1-diphenyl-2-
picrylhydrazyl) €<} 100 uLE 96-well platec]] &3}l 30
B A2 BRA7 F, 540 nmell A EFF A (UV/VIS
Spectrophotometer, Jasco, Japan)2 EF =5 =335} U)
ARE A 7}3};] e 277} Blwdke] free radical A4
EHE MRS (BHE YERIATAS).

8719 7|Hsns 58

£719] Q] E HejEo g Aelsla ol=mE el gy
E 4F 8715 B3 80%9 COE FYstauch 8712
4TS S AAA7I T HE 58l 09 COE FUT
=, 871U 718 7IARH HA Fe FAPIE ol 43}
o A#HdH 0,9 CO9 =52 Alltech CTR I Column
(Altech Associates Inc., Deefield, IL, USA)9 A& €2
77} 72+€l Varian Model 3800 Gas Chromatograph (Varian
Inc., Palo Alto, CA, USAYE o]-&8ld &4 35)9it) ¥4
$13+ Gas chromatography] 41813718 Detectori2 =
Thermal conductivity detector2 AF&-8}91 7 Column & &&=
CIRI (i.d. 0.32 mm, Alltech Co., Kentucky, USA)E A}-4-3

Gt} Camier Gas2 He (50 Lmyminy& AMH8l9 1, 527
& Column Temp.: 35C, Injector Temp.: 60°C, Detector
Temp.: 60T A =73 315 TH16).
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Table 1. pH and acidity changes of kimchi fermented in each type
of containers at 5T for 8 weeks

0 5314001 541:001  532:001
2 5381001 503:001 4842001
pH 4 41000 4258000 421001
6 424:001  419:001  4.16+001
8 414001  4.13:001°  408+001
0 033:0006 03310001  035:0.003
2 03410003  056:0002  0.52+0.000
Acidity (%) 4 1000004 11120002 1.11:0.002
6 103:0.003 12120001 1.21£0.001
8 099:000F  1.15:0001°  1.26+0.001°

)szchz fermented in permeability-controlled polyethylene container

szchz fermented in glazed onggi

Kimchi fermented in glass bottle

* Means with the different letters in the 8 weeks of the raw are significantly different
(p<0.05) by Duncan’s multiple range fest.



796 Bk

Ed+ A witzol uig

Fig. 1olli= 5Cell A 2 7]l #1733 219) )il
wE vAEee] HEE el T 2 Eets
g §71oN B F AR 9 FR5E 854 20 x 107
CFUge.2 714 #3lon, A]-w o7)oll A WEF AHE

73 x 10" CFUjg, -§el¥olls g 2] 10 x 10° CFUJg %
2 e, feeln % Al FE 20 by E
we Aow vehgrh fatisE i zw sopry £
87191 ES 2119 25 874 1 10 Ul ol23) 7

on, 322 10' CFUJg 78—-—»\3} Ax)¢] 4lutat gt
S Ui 71317\]-4 S/l ol Akl Leuconostoc sp. a0 . , ‘ . ‘ ' ‘ .
2} Lactobacillus sp.2] 73-%- A7t 4 =HA Skt = o 1 2 3 4 85 8 7 8
dl(21,22), 534 % 24 Za g 87104 dgel 7xe] Fermentation tirme(weeks)

$- 53| Lactobacillus sp.2] S2)0] AA vebstc) whe}

Fig. 2. Changes of springiness in kimchi fermented in each type of

Fae 24 ﬁf"}*w E71e AAE B, 2EYS containers at 5C for 8 weeks
e F H| A A H 1, fibd e S PC: Kimchi fermented in permeability-controlled polyethylene container

71 2} ylaral & GO: Kimchi fermented in glazed onggi
j axel dE 7} P vk sl dddnta & GB: Kimchi fermented in glass battle
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Fig. 1. Changes of total aerobic bacteria, Leuconostoc sp. and Lactobacillus sp. counts in kinchi fermented in each type of containers
at 5T for 8 weeks

PC: Kimchi fermented in permeability-controfled polyethylene container
GO: Kimchi fermented in glazed onggi
GB: Kimchi fermented in glass bottle
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Fig. 3. Sensory evaluation of kimchi fermented in each type of
containers at 3rd week

PC: Kimchi fermented in permeability-controlled polyethylene container
GO: Kimchi fermented in glazed onggi
GB: Kimchi fermented in glass bottle
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DPPH radical &4 &AW Auba 0 2 iy viroibol| A

2el g S5k Aot ol ety o ¢y

free radical S 71271 gl 4= = kst o]

€ ANEE T FAAE Yol A DPPH radical©]
du = ), ol e 42l Bal A5 4 FolsE e

Brbohe o EM o] RoollA del o] gH 1 itk

Br 3O i ot

(2425). A= FAHRL w5 8 7 oluel ehdog AL
S vhs, 47, BFlE 28 Gus 240] Ao

FIV gong A<&7)9) 35240 DPPH
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N FHw 22 Zehew oldM Hag g 4¢
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radical 2275 747t Vhelsa, el wE e A

Folle 63%] 2ATS Hehll Fe 228 FepaE
AfFE7]el Blel S Ad &< HAtHp<005, Fig.
ZglaE 470 AR E Eaes
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Fig. 4. DPPH radical scavenging activity of kimchi fermented in
each type of containers during sterage at 3 weeks

PC. Kimchi fermented in permeability-controfled polyethylene container

GO: Kimchi fermented in glazed onggi

GB: Kimchi fermented in glass bottle

“Means with the different letters surmounted on the bars are significantly different
{(p<C0.05) by Duncan’s multiple test,
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g AHgE 8719 71A] FILEE Table 29 Wehd
vlo} v} BEax 2™ Zo g £717} 458 mmol h-1
m2 atm-1, A]-8-27]7F 10 mmol h'! m” am’ 2] O, F3}&1 &
vehfo] Frhe 24 Fehay 8719 Fago] Ao
2 oEeka, feld & 7 AFSE & veilA] @29 o
FalEol e ks 24 FebaE $7)7) 357 mmol h'
92717} 13.7 mmol h' m™ atm’, §2jH &
0 mmol h' m? am'® JeElon permeability ratio
(PCO,/POY)= 22t 0.8, 1.4, 00.2 VFERITE Seo E(3)¢]
o1 7ol <] 31 permeability ratio7} 19 7WFS% =, 0,9}
CO, Fselo] naans 7] 3e] S 2gd old 2
ol 471 Zojelnl, R AFe] AN HEE FA A
2 et olsh o], FE 24 Fehag §7]0)

permeability ratio?} T} 8719l ¥|8] 1ol 7l7p$- A&

VR Sl Fabe 3 Sehae] ol R B

2 ]
m- atm, A

of Akt o] B, A%7] RS QUE G4

She U e Ble] gl 40w welth Ea, Juide.

2 32 7RIk BRI ST YRS

27 ol AR e FAL ol Ao AZAT. Kim
[e]

&, 52719 0, 53 197.8 mmol
h' m? atm’, CO, E3}2& 1720 mmol h' m” amm’
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permeability ratio= 0.90|31 0w, 71x|o] wEF L 27
o)A Hold 7S Yepidtt wabs] 778719} v]
g 71A B 54S R B 24 Zeiad SU)s
Hxe] F4 4 7150l 3FAA dFL vA Fez
ol ek 22 old i A& vzl E3 7] A 5
ol o= & A W AT HA dERAS YAshe
Aol g AF7F ALA g 2 et

Table 2. Apparent permeance in each type of containers

g2 Bt
Permeance (mmol h™ m™ atm™) to Permeability ratio

Container material

0, C0, ( PeoofPan)
PC container 458.1 + 623 3572 + 509 08
Glazed onggi 100205 137422 14
Glass bottle 0 0

"Permeability-controlled polyethylene plastic container
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