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Abstract

Five strains of psychrotrophic lactic acid bacteria which had been isolated from kimchi were inoculated as kim-
chi starters, and then their effects were investigated during fermentation at 8°C. The initial numbers of Gram
negatives and coliforms in no-starter-inoculated kimchi were 4.0 10° CFU/ml and 3.2 10° CFU/ml, respec-
tively, while those of lactic acid bacteria were only 1.6 10° CFU/m/. Starter-inoculated kimchi showed sharp
decreases in Gram negatives and coliforms from initial stage, but no-starter-inoculated kimchi showed slow in-
creases in those bacteria in the early stage, and sharp decreases after 10 days. It took 10 days in no-starter-ino-
culated kimchi, 4~6 days in Leuconostoc-inoculated kimchi and 2 days in Lactobacillus-inoculated kimchi for
lactic acid bacteria to reach stationary phase of growth. No-starter-inoculated kimchi required 10 days to reach
optimum ripened state, while all starter-inoculated kimchi samples required 4 days. The inoculations of all
these starters did not cause over acidifications. Remarkable softening occurred in Leu. dextranicum-inoculated
kimchi in 6 days, but did not in the rest. Except the Leu. paramesenteroides-inoculated kimchi, the qualities
of Leuconostoc-inoculated kimchi were as good as those of no-starter-inoculated kimchi, but those of Lac-

tobacillus-inoculated kimchi were not so good.

Key words: kimchi, starter, lactic acid bacteria, psychrotrophs

M E

X

r3l
r—‘%—l
3

A P F S °l
Tor JAF"3)} bacteriocin®® 5-2] 3}
Hhgol fafgt ‘“% <

Zk% fgkuvg BEE AL} 7 of

2]

xiv

S5 ¥

AU A A7 A s A

mo o
" 12w

* de

Z:A
S

1

=3

=7} 2]=2] pickleo]r} sauerkraut*] g F7bellA]
b o g deka4le] H7] s Aot vl YE2]
- 53t AT r]Ee] Egiw|efof &
t}. ool gt 04%4 osle g 712 F=A el HAF
2~EebE](starter)®] A Zo] A &¥l v} e} 1]
A g7hH 8] Ao F2el A T BA s Ak

el el AL

T

Corresponding author: Myung-Hwan So, Department of
Food and Nutrition, Bucheon Junior College, Simgok-dong,
Wonmi-gu, Bucheon-si, Kyunggi-do 421-735, Korea

806

2~ebE] 8 AlsL a1, 20~30°Ce] F-2-of 4] Wb A Slo]
A48 A7HE 8-2047F &A= At ol A
o2 wystadnh 2L} o] 24 AHES A
F3hR] ofolw opAle] A abytol] ofEled 1~1.59U %o
7= Aol shR it ojef gk Akt HEL A
] 7},)\]7]7}0] A Aol = A Al Q42 2HLE
T 9lol AAA] 8L M=
S8k AlAfolrt.

lo mi tlo

A=
T

W& Ak g

Wi

SEl

o
i

I
=
2
ﬂ\r
>

mFL”r‘P

AR =

. ‘il#fﬂl
g s} g
:Loﬂ A= x}_Q_HL—q. 71 ;(] 9].
Habgo] FgFo] A
aglom gt e
g ol ok A
28 5= gl

%} 2-A] F(psychrotrophs)y2- 23 ZAl2y g = &

.0
Fas
= .

i nd
o

~N
= -

ﬂJ}iﬂ

] /\],/\_1 el

vl BEo

I

i
)

I}_(Hmlx BI)E UL‘:} _»]

7} 717kl = Fhol s}
rcht APl okeln]
| 3o Eole

?Y
| Foll whed®

off
o
Al
F°‘

L
L

L

nl
An B by

o
|
e

il
2
o

ok
o
2



224 Aabat 2elel7} ZaptEol] vz g 807

el b}, 10°C olske] WAL w4 245 vl
MEBEES abali=gl® He ulgw 7]z ]x{ He)et
AAHEEe] wF Ao del sldEe AAgETo)
olv] weh vk aleh 2 % 5-10CS| A o4 W
A7 A Fe 42 FolRIA|RE A7l Lekshs
dl 15~30d] A7]7ke] A RE|ed", kg 7)o 2
Abbol A48 FAlsted 2| fonl A faldt
ohE AA iAwgel sl Al ot
A5 2l e alrh

AAp 5 2 "L

m‘o

EERES AR
RO AL ol T AR NE A LA A
FEE o el BAshaL ol Fel MYEY e 24t
b Qe ol 5 FAFES BT 10°Ce

=]

- nn
a1l 42 A%

ie)

B

1

B SFroll 4] Al&8) FAlake] WA
719] Abmof rwbala, ARRAE FHAIA AL FHAle g
0.7% W 919]-& ¥k bf ol
2ol el i g9 A2 AaktE F Aol A
2 ohE 53 FE Hsle] 7h7hE 7 A] Al Alel el
2 A Eshar, 8'Ce] Aol WA AT A WA A5
9] 7 3hel] wpE ik, $4F ek o pHe| W3HE
FALEL L, Asabe oAl HeHAE AAlEk] 7Y
FAl A 7F 2ElEdr) vl R oS gl
2 FUES W ARELE ) ol
Apol] v] %)= g g e 49 wokel,

Nz S gy
Akt U AELE(starter)

P Agel ApgH AAEE

teroides subsp. mesenteroides AO2, Leu. mesenteroides

Leuconostoc mesen-

subsp. dextranicum Al18, Leu. paramesenteroides B30,
Lactobacillus bavaricus BO1, Lac. homohiochii B21¢]
gtk o] 5L v Aeutgw 72 24E] Fegh A
24 Zabgoln, B3 H oS Al gt AdAst
= A RBHTe W she o

2~e}E] 2] A FAlelli= membrane filter (0.45 um)E
of 7}gh wjFFoll 2]9) AAbF 1 WFelE AHEFEw
30°Col| 4] 18~24 A7)k wlokstedct. A 2= ~ehele] 2)
AR 5-6% 10° CFU/mlo )},

Uz M=z
Bl 299 ERNEERANCE @ E7)9 %
A7} 20-25kgal el B #E EEHASEL

j54 A o
hez g #ele] FAZE 10-1.2kgel Zloled o,
19943 129 490 A kel FolelA SEHY AL

)

AJolla] Faystelet. o] 9)o] sh vk, A7 W A
ARl FAsch aEe FU9s
stolsn, AT shald BRAES] WAARNG 4

ok

op opp i ¢

7I;‘;|o| x-”;'c
HEEET T 2]

7y Al e ARgH]E2 Table 151
Zokom, 719 ke

H =2
gevel g el ate] vy
7E

& oB7k AN Z3o] g7} be] sladch
Z &l 2ERET 10°C, 15%9] AFEEo4]

SAI7E Aol F- Srg R 35 AXsly gt § 5
cm Zalolé Asteh. g Al F Sem Aol A2
L 5, s, A7 4 A3 2mmE Al S "yl
o el b 3el Fol 3 AlHeh ool
Fol5l Ams bl wol £3a ¥ Fea 4710
2ke vhrol sy 7 AaEe) 2ee] 195 4%
shdrt. o o AEbE 7h R ghE e
siek.

g 9] FRE 2ee R AEsA e )
S5 2sefel WS S ) 159, elelE 4 F
o He acielsl 25l dioh Len
subsp. mesentermdes A0S AHEF

=l

i

mesenteroides
7213t Len.
mesenteroides 7] 2|2} &), Leu. mesenteroides subsp.
dextranicum A18% HE3L # (018} Leu dextranicum
)22k &), Leu. paramesenteroides B30-% %53k 7l
(018} Lew. paramesenteroides 71 %1} 38F), Lac. ba-
varicus B012 ] £3} 71(o]3} Lac. bavaricus %)=}

31 2 Lac. homohiochii B21-% %3+ 71(o18} Lac

homohiochii 7} 212} 2] 5EFa|glc}.
o] vl 7]x)= o' WHgk T RCH &k
271 Well A 30817 F‘“Eﬁ}“‘:} e 7‘:31] HET &

TEET 2.5%°

[Reis =
R ¢k AnEE ],— ] Ago-]/(-] ,\}%E& o] gt 7]

2 8o

e o

2| Al A olHA| 8}7] £l o]k

Table 1. Raw materials of kimchi

Materials Weight ratio (%)
Chinese cabbage 80
Radish 13
Fermented anchovy soup 2.5

Dried rad pepper 2

Garlic 1

Green onion 1

Ginger 0.5

Starter 1

Salt”

"Final salt content was 2.5%
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Fig. 1. Effect of starters on changes in lactic acid bac-
terial count during kimchi fermentation at 8°C Starters:
Leu. mesenteroides subsp. mesenteroides (HN—A0), Leu.
paramesenteroides ((C—), Leu. mesenteroides subsp.
dextranicum (CO—C), Lac. bavaricus (A—A), Lac.
homohiochii (l—M), without starter (@—@®)
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Fig. 2. Effect of starters on changes in Gram negative
bacterial count during kimchi fermentation at 8°C Start-
ers: Leu. mesenteroides subsp. mesenteroides (N—AN),
Leu. paramesenteroides ((——1_), Leu. mesenteroides
subsp. dextranicum (O—C), Lac. bavaricus (A—A), Lac.
homohiochii (M—M), without starter (@—@)
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Fig. 3. Effect of starters on changes in coliform bac-
terial count during kimchi fermentation at 8°C Starters:
eu. mesenteroides subsp. mesenteroides (A—A), Leu.
paramesenteroides ((—L1), Leu. mesenteroides subsp. dex-
tranicum (O—0O), Lac. bavaricus (A—A), Lac.
homohiochii (l—M), without starter (@—@)
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Fig. 4. Effect of starters on changes in pH during kim-
chi fermentation at 8°C Starters: Leu. mesenteroides
subsp. mesenteroides (N\—/N\), Leu. paramesenteroides (]

—{), Leu. mesentervides subsp. dextranicum (0—0),
Lac. bavaricus (A—A), Lac. homohiochii (#—m),
without starter (@—@)
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Fig. 5. Effect of starters on changes in total acid con-
tent during kimchi fermentation at 8°C Starters: Leu.
mesenteroides subsp. mesenteroides (N—/\), Leu.
paramesenteroides (L—L__), Leu. mesenteroides subsp. dex-
tranicum (C—0), Lac. bavaricus (A—A4), Lac.
homohiochii (l—M), without starter (@—®)

sebe] WE

B0 wE 49]0]

0.5%f wsled 285 Algke] -
2= 109l w, ~ebe] HE A ES
ol ~Ele] A Fo] 22 S4 A7 6d A w
SEA| 7= A o2 gt gt

g 30dAe] FabskEke ~eE] WAHF A
0.74%, Leuconostoc=2] 7] x5-8 0.75~0.78%, Lac-
tobacillus%-2) 7] 252 0.65~0.68%% 2% A& F-7]
of gkl sjslodch. wheb B ~ete]So] 717
o] AlgEA}S =R A= = 7-] o7 dulxjgl e
v, £3) Lactobacillus%-2] 7} E28 9% ~AEle] ¥]
AE AA Aok o G2 ghs el glelA] 2319
=9} A& AAEte] F= AL sle AR 3
chxledc) v EA) geke] wigla o g wvhsl of B
dil%% U deol 4 8T Wile] A& FAls F

N

ol

chel 2 302 o) Felw GHERE A5 Ae] ghold
=

A ol 28 Ao 2ausel

T R R R

e °]Trv— ¥ 7SS 808 Aol A sl
1)

¢l Lactobacillus plantarum %

26}03 <] 7_]°]v7(m 21 m w /\E}—

o]
2
HEES AR B AAE

CERE AR
oA g ) el ARt dee 4
ek,

N}z = o sk 811

AEETF A 220 o|X= g

2 QA Eo] SR AsAdE B 2 ee
Fa 93 053-055%% #91 & o 7 A2 ol3hs
545 AT Asje} olFel Uig e} 2
& z}7} Table 2¢} Table 31 Vel o}

Table 2o§4 M3 918 ZAF §FekellA]9] pH 312
3.82-3.990 gl 2 FAF koMol pH e
Leuconostoc®-2] 71 x| E90| Lactobacillus42] 7] 25
Hr} ok7) mobc), A AL ekS Leuconostocs: 2}
A5 2% E9ky, ~elE] v|AE DA e vjaA
=9k e}, Lactobacillus4:2] 7) 1] E2 vg- it

71 x)2] -2 Leuconostocs:

b p=}
HE AAE wE e 9% deldent, Lac
tobacillus%:2] 71 E5& 5 o7t ol 51 58l HAM

< Mt

7 A 22 9 A AL Leu. dextranicum 7} 2] k-2~
3lglo| w§ Joko). . Lactobacillus%: 71352 &
chel wl% A2k 259 Aol R o %t
01 Hp<0.05), Leu. mesenteroides 7% 2 Leu. dex-
tranicum 73 %)= 2~ EFE] B F 7] 3| 2} v]Ses)edc)

9o Adg Folr] L AL kool pHrE
Leuconostoc?:2] 7)1 x| 50| Lactobacillus%-2] 71715
ek B8 e folabge] 24l N2 v W
ol 7l 2 AzbElu, kAl Algkeko| Leuconostocs:
o] A BollA =A vielt S o5 A7} hetero
HLEm 5]_‘- 17‘-__‘___01 ] HH‘E‘O,_ /4__04; /JJZ]—E]:}_ w
ARl 4] vl F E7)e] A
3} Lactobacillus2:-2] 7] 7]
2 olole] Ak AzkEe b, 500w % 7
FE] Aafzabol|l A =)o) s=4do] Alsigel up
e 712 Spe] Ho] Qlgk FAolx BT uheict
T BEuf glon} ol B odtol| A ] e} ek
o] chac} B oA A Lactobacillusd: 72 E2]
& A E el mheh vhebd Zolul MR
A% T AgEDe ASelE A o] 2ol £
Hdrk waba 2 x50 Maf Aoz whe3] pH
v} ARz Xol| o]t Zlke obd & ]":1'

= Leu. dextranicum 7} 2|7} F3R12] ¢ _
ehdl 191 E obr] $lahed vl & ifﬂ A % s -
Az} Fabolel A 0.001 mielM e HEH 7] &
oo 8 &Ado] 1.0x10° CFU/mI, iAol
3.1% 10 CFU/ml 527 Z&E et ol e 4
I 8w 1 oAsigAbe] el g0 Sl 23t A
ozt ®r] ofedsv], AAYANME Lew dex-
tranicum Z)H fAtut olFiaisto} vjehyon g e}

o) Leuconostocs:8] 71 x5
=

Sol A& tlaA Jepd 7

i

>11



812 A E

at8)x] 2 28 W A 55 (1996)

Table 2. Some physicochemical characteristics of optimal ripened kimchi samples fermented with different starters

Starter Fermentation pH Total 1 Volatile Color” Firmness”
time (day) acid (%)" acid (%)” (kgo)
Leu. mesenteroides
subsp. mesenteroides 5 3.99 0.53 0.12 PY 1.97%
Leu. mesenteroides
subsp. dextranicum 6 3.97 0.55 0.12 PY 0.43°
Leu. paramesenteroides 5 391 0.55 0.12 PY 1.97%
Lac. bavaricus 6 3.78 0.54 0.03 PB 2.07
Lac. homohiochii 6 3.82 0.54 0.03 PB 2.05°
Without starter 12 3.82 0.55 0.10 PY 170"

1 - - 2 . .
"Lactic acid %, “Acetic acid %,

“PY: pale yellow, PB: pale blue

“Means of 3 replications; Means not followed by the same letter in the same column differ significantly from one another (p<0.05)
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Table 3. Sensory evaluation of optimal ripened kimchi
samples fermented with different starters

starter Color” Odor" Taste” Texture " Preference”

Leu. mesenteroides

subsp. mesenteroides 3.5” 35* 33 3.3 34
Leu. mesenteroides

subsp. dextranicum 26" 3.5 3.0° 1.2 14"
Leu. paramesenteroides 3.3° 3.4° 32° 34 3.5°
Lac. bavaricus 1.8 16" 2.9° 3.3 1.7
Lac. homohiochii L7 1.7 29 34 1.8
Without starter 3.2° 33 32¢ 3r 3.3"

"Data are means rated by 15 panels based on 5 point scale;
like extremely (5), like (4), neither like nor dislike (3), dis-
like (2), dislike extremely (1)

“Means not followed by the same letter in the same column
differ significantly from one another (p ( 0.05)
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