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Identification of Psychrotrophic Lactic Acid Bacteria Isolated from Kimchi

Myung-Hwan So and Young-Bae Kim

Department of Food Technology, Kovea University

Abstract

The purpose of this study was to identify the psychrotrophic lactic acid bacteria isolated from kimchz,
a Korean traditional fermented vegetable food. Thirty isolates of psychrotrophic lactic acid bacteria
were isolated randomly from kimchi-A and kimchi-B which were fermented at 5~7C for 20 days
and 50 days, respectively. Among 30 isolates of lactic acid bacteria isolated from kimchi-A, 14 isolates
were identified as Leuconostoc mesenteroides subsp. mesenteroides, 12 as Leuconostoc mesenteroides subsp.
dextranicum and 4 as Lactobacillus bavaricus. Among 30 isolates isolated from kimchi-B, 20 isolates
were identified as Lactobacillus bavaricus, 3 as Leuconostoc mesenteroides subsp. mesenteroides, 3 as
Leuconostoc lactis, 2 as Leuconostoc paramesenteroides and 2 as Lactobactllus homohiochii. Though these
strains were identified as above, there were many strains whose sugar fermenting patterns and NH;
producing ability from arginine were inconsistent with those described in Bergey’'s Manual of Systematic
Bacteriology, and some strains identified as Leuconostoc mesenteroides subsp. mesenteroides and Leuconos-
toc mesenteroides subsp. dextranicum even disclosed such contradictions as the comparisons of sugar
fermenting pattenrs between the strains of different subspecies were much more coincident than
those between the same subspecies. As there were difficulties in classifying these psychrotrophic
lactic acid bacteria according to the current taxonomic system, further studies were needed to solve

these problems.
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Leu. dextranicum'™*®, Leu.
paramesenteroides'™™, Leu. cremoris®, Leu. lachs
Lactobacillus plantarum™¥ 2, Lac. brevis™' "V Lac.
Sake(lx' 21" LaC homohiOChl'l'(l&Z()‘ZZ). L(l( minor(l&zl))y LaL
fructosus"®2, Lac. curvatus®™, Lac. coryniformis®, Lac.

delbrueckii'™, Lac. maltaromicus™, Lac. leichimannii™,

Leuco-
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Lac. fermentum®™, Lac. farciminis®, Lac. yamanashien-
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sis®, Lac. viridescens®, Lac. confusus®®, Lac. amylophi-
lus®®, Streptococcus faecalis*''%, St. raffinolactis"®2,
St. lactis®?, St. faecium®, St. iniae®, Pediococcus pen-
tosaseus®119"220 " Pod  dextrinicus™, Ped. inopinatus®
& W thekEte, ol AFAEuid dE2A ®a
L glel obA 2 AAE s selsla grimi
7 dok

L °4?“‘ ZAA e AeHtg Ale] Hojste FR AH2A
AYTEE Fesla o|59 EFHeAd HE wha]y

SEEIRL T

ME o

x|

S Feshe | AR DA A EE A B Bold,
AR Table 1o viehd ulel o] m% wiz, 7,
n}—‘é—, jJr 17:7]._|_ Agﬂ- 24-3- nl /\.:LO ,\]_Jg_b,]_oi gl(za)
o] zepiae] uhyel wle} slelelel W2 & 5~7C2
Aol 542 ZulF 7lx|o)9de} 7A] Ax 540
27} 2087k WrE A Zlolw pHA4.2, ALE 065%E A
&7)e shed= 2, 24 By 129 @7} 504 7F 25 A7)
7ielwd pH39, ALw 0.89%% oz #7]o sids=
HAolgith o]¥ A 4R g F AAE AEE 3
ol fr vhakgt S ¥ellr] $js Mok

HHX|

£ Aol AH2g wizle FRFE ob-g3 Aok &
Akt ¥-e]A|ol= CaCO,3 71§ tomato kimchi agar
(tomato juice 100 mi, kimchi juice 100 m/, peptone 10g,
peptonized milk 10g, glucose 1g, CaCO; 2g, agar 15g,
distilled water 800 m/, pH 6.8)2 2183513, F2} 3y,
Gram @4A, TxgofA CO9f A 3 15Cel| 49
2214 7342l & tomato glucose broth(tomato juice
100 m/, glucose 20g, peptone 15g, NaCl 5g, Tween 800
m/, yeast extract 6g, L-cysteine 0.1g, agar 15g, distilled
water 900 m/, pH 6.8)5& A-4-3kgich w3k A& o] FfFoll
ue} FA 2 Alka 874 FARAelE tomato glucose
soft agar&, catalase ¥ oxidase 7 A}A]oll= tomato glu-
cose agars, &Ab9] configuration 7 AFA]ol =
broth(tomato glucose brothell 4} tomato juice &
Hdoi_t;_ﬂ dextran Agﬂl—_ 73 A} Aol =
th®Z., arginineol] ] NH32} 445 7 AkA|of = arginine
broth® &, esculin®] 7}2als 74k ol+=  esculin
iron broth®”%, thiamine 274 %] x}4)olli= vitamin as-
say medlum('ﬁ)g, et g Al 7Jabalol= BCP(brome-
resol purple) broth® 2 747t }-8-3}oic}

glucose
W Z)E,
sucrose bro-

iAo 22| AW BE
CaCO,& #7138} tomato kimchi agar plateol] 7} A&
Ml 0.1l m{E Wk 5~6C ol 4 7Y 7k vl oFa wof

#ats)z) A 27 W A 4 F (1995)

Table 1. Kimchi samples used for isolation of lactic
acid bacteria

Kimchi-A Kimchi-B

Raw materials(weight ratio)

Chinese cabbage 80% 80%

Radish 10% 10%

Red pepper powder 2% 2%

Green onion 2% 2%

Garlic 2% 2%

Pickled shrimp 2% 2%

Fermented anchovy

soup 1.5% 1.5%

Ginger 0.5% 0.5%
Prepared on May 10, 1991  Dec. 10, 1991
Fermented at 5~7C 5~7C
Fermented for 20 days 50 days
Characteristics of kimchi
pH 42 39
Acidity” 0.65% 0.89%

Salt content 2.6% 2.5%
Organoleptic

quality Good Good

Lactic acid

bacteria 1.8%10° CFU/m/ 2.6X10° CFU/m{
Yeast 2.5%10° CFU/m! 1.0X10* CFU/m/

ULactic acid %.

vehds A Foll4 CaCO&] Sal2 ¢lgk -
Hole= AEE A B 7 AANM zt7}k 30704, 4 60
MNe Fabslz Fejslaolen, Fajg AHabge

kimchi agarAbell A 2| 2} =223 $of 209%2] glycerol
golol] g —20Col N nEshA Aol 483,

tomato

Habte 53

Al o) E2.2- Bergey's Manual of Systematic Bacte-
riology®?2} The Prokaryotes® ol whe} Al x]staich.

Ak e 5 Asstd 54 432 A Laboratory
Manual of Microbiology®"'2} The Prokaryotes®?2] v &
Aastel AAssinh BB Aol uikxis 25T E
xFo g 3, w1 7re Exgdeld COo A,
21412} configuration, arginineo| 4] NHi2l A4, escu-
lin®} 7}-F-8l, ©@F<] 244, thiamine &—T’-“ 2 15
Coll A2} FAA HAR = 14"\4.7} vl k3t ed oL, o] £]¢]
Aol = 257 4847 wiekalsio) CLE‘”E%‘ A}
Aol = AYFL 2E membrane filter(0.45 pm)E o
A3t F 1% =HA Hrbskedoh

2 2ko] configuration 7 AFAlell= D& 2 L3 24l

=
e Bad BAYPOR uyddel A4
D& = Lae] siate] 90% o4kel wel: DY E%

Lsggi 80~89%% wolle= DIL)Y =+ LD)s
20~80%% @& DLeoZ 22 gysteieh
 dero 2 B dextran 452 Arbredle AR

o.‘EL
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HAEL Jeanes®™ Y Guthof*e] wiy-& 7‘;}"’
vl methanol AA¥ % 3w methanol & =% B3}
El-’?— 2 AAZ F HS0.E 7b5-3-8) 5}of :1“ s
23 BAo g Ruleksiglon, HAEale] ¥
E%"J’B_i T4 =] 918 ool dextran® 2 A s}t
ZroolA CO,9 A, arginineol] 4] NH;9] A, es-
culin® 7hpgsl, F-o] wAA, thiamine 874
15Tl A9 Z4)4 Aol 59U ool uke2- e}
We e o2 6d~14Y 7kl ube2 Jehy=
AL =% FA(slow positive) 2.2, uh-g-o] njebgl 7
n)ekgl ofAl(weak positive)©. 2, 149 o]ujo] Hlgo)
vehta] e He Aoz A7 gAskdch

o4 Az £4
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o] tale] & EAE slo] B A= Table 2 % Table
33} zhgic

BE ¥eFES Gram 94 Aoz, £FA ] %i
on, ¥AE FAA ov SAHFNNY FT
ZHEo)9lrt E catalase} oxidase= &4i©) 932, glucose
brothel| 4 A & QA= 5 ZE EASo] Rk

) Qe 5453 2 Akl
+FHE A0, A02, A03, A04, A05, A06, A07, A0S,

Table 2. Some morphological and biochemical characteristics of psychrotrophic lactic acid bacteria isolated from

kimchi-A
. Cell morphology o
Strain o 3 Identified
) @ <
No. iy ° e ] genera
= Q
0 = L £ ] 2
£ 3 g £ =
= 5 5 ¥ g 8
3] =) © =]
E 5} L8] w\: =
— = 3 ot = g g S
T 5 z % 2 2 £ g 3 E £ g S
— = ) ~—t = s
- 8 2 £ g T & 3 £ s °< £ £
= =] = < = Qo u = 2} :E’ k31
S 3 £ & & 5 & & 38 & & & 3
A01 - + + - + - - + - - + + D Leuconostoc
A02 - + + - + - - + - - 4+ - + D Leuconostoc
A03 - + + - + - + - - 4+ - + D Leuconostoc
A04 - + + - + - - + - = + - + D Leuconostoc
A05 - + + - + - - + -~ + - + D Leuconostoc
A06 - + + - + - - + - - + - + D Leuconostoc
A07 - + + - + - - + - -  + - + D Leuconostoc
A0S - + + - + — - + - -+ - + D Leuconostoc
A09 - + + - + - - + - -  + - + D Leuconostoc
Al0 - + + - + - - + - - + - + D Leuconostoc
All - + + - + - - + - -  + - + D Leuconostoc
Al2 - + + - + - - + - =  + - + D Leuconostoc
Al3 - + + — + - - + - -  + - + D Leuconostoc
Ald + + — + - ~ + - -  + - + D Leuconostoc
Al5 - + + + - - + - - + - + D Leuconostoc
Al6 - + + - + - - + - - + - + D Leuconostoc
Al7 _ + i + - — - - -+ - + D Leuconostoc
Al8 - + + - + — - + - - 4+ - + D Leuconostoc
Al9 - + + - + - - + - - F - + D Leuconostoc
A20 - + -~ - + — - + = = ¥ - + D Leuconostoc
A21 - + + + - - 4+ - — + — + D Leuconostoc
A22 - + + - + — - + - - + - + D Leuconostoc
A23 - + + - — — + - = + + D Leuconostoc
A24 _ & 4 _ + — —~ + - — - + D Leuconostoc
A25 — + + - - - - + - =+ - + D Leuconostoc
A26 _ + + - + — - + - = + - + D Leuconostoc
A27 + — + - + - — + = = = + L Lactobacillus
A28 + - + - + — - + - = = + - L Lactobacillus
A29 + — + - + - - + - = + L Lactobacillus
A30 4 _ + _ + — — + — — — + - L Lactobacillus
+: positive, —: negative.
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Table 3. Some morphological and biochemica!l characteristics of psychrotrophic lactic acid bacteria isolated from

kimchi-B

Cell morphology =
Strain [ — ” -8 Identified
No. =2 S & genera

9 2 s £ 9 8

£ 3 s § ” =

= = 2 ¥ g 8

© £ © © o ~ 8 =}

—_ ] & [ = 2] E - k3]

g § g % » & ¥ 3 g & £ g =

s z £ g £ &£ 3 % 2 T - £ %

T £ § 3 £ & B 8 2 2 & I 5 §

A - - - - - I = - - - o
BO1 + - + + - - + — + - L Lactobacillus
B02 + = + + -+ - - - + - L Lactobacillus
B03 + - -+ - - - + - - = + - L Lactobacillus
BO4 + — + — - — - + - - = + - L Lactobacillus
BO5 + - + - -~ - - + - - - + - L Lactobacillus
B06 + - + - + - - + - - = + - L Lactobacillus
B07 + - + - + - — + - - = + - L Lactobacillus
B08 + — + — + - — + - - - + - L Lactobacillus
B09 + - + — + - - + - - = + - L Lactobacillus
B10 + — + — + - — + - = - + — L Lactobacillus
B11l + — + - + - - + - - - + - L Lactobacillus
B12 + - + - + - — + - - = + - L Lactobacillus
B13 + -+ -+ = - = = =+ = L Lactobacillus
B14 + - + - + - - + - - = + - L Lactobacillus
B15 + - + - + - - + - - = + - L Lactobacillus
B16 + - + - + - - + - = - + - L Lactobacillus
B17 + - + - + - - + - - = + - L Lactobacillus
B18 + - + - + - - + - - = + - L Lactobacillus
B19 + - + - + - - + - + - L Lactobacillus
B20 + - + — + - — + - - - + - L Lactobacillus
B21 + + - + — - + - - — - - DL Lactobacillus
B22 + - + - + - - + - = - DL Lactobacillus
B23 + + - + - - + - -+ + - D Leuconostoc
B24 + + - + — — -+ — - -+ + — D Leuconostoc
B25 + + _ + — — + — — + + — D Leuconostoc
B26 — + + — - - - -+ - - 4+ - -+ D Leuconostoc
B27 - + + - + - - + - -  + - + D Leuconostoc
B28 _ + + _ + - - + - - & — + D Leuconostoc
B29 - + + - + — - + - - + = - D Leuconostoc
B30 — + -+ — + - — - -~ - + - - D Leuconostoc
+: positive, —: negative.

A09, A10, All, Al2, Al13, Al4, AlL, Al6, Al7, AlS8,
Al19, A20, A21, A22, A23, A24, A25, A26, B26, B27,
B28, B29 % B30 % 31¥F & 4 & A 7o
ojx, x| 7}A~E A8}, arginineo) 44 NH; &
AA s Rata, Do Aibg sk A ol Leuco-
nostoce} AFH el EAIR A A sted Leuconostoc s o
2 FAslsich B23, B24 ¥ B25s 4 o AdsiAde
Tolal, RrgdAM 7tAE s, DY Hikg A
A= A Sol Leuconostoc?) AE Ao EAlx 3 o
2 8led  Leuconostoct 22 FA39l o1} argininec] 4

NH.& dAdshe He dxshA] sk

ghd, FFHS A27, A28, A29, A30, BO1, B02, BO3,
B04, B05, B06, B07, B08, B09, B10, B1i, B12, B13,
B14, B15, B16, B17, B18, B19, B20, B21 ¥ B22 %
2697 qhbtel A, el vhad QAdsta] oL
Mebol 4 dextrans AAsHA ¢teowd, Ly @ DL
A2e WS TR Lactobacillus 3 0.2 54 stich
Balwl 6059 & RiE= Leuconostoc ol 347A
=] 265, B %] 8F), Lactobacillus%0) 265-(A7 %] 4
T, B2zl 227)0)9]ch
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Table 4. Identification of Leuconostocs isolated from kimchi-A and kimchi-B

Strain
No.

NH; from arginine

ydrolysis

ygdalin

Acid from

Inulin
Lactose

A0l
A02
A03
AD4
A0S
B26
B27
B28
A06
A07
A08
A09
A10
All
Al12
Al3
Al4
REF?

Bttt b F A b4+ 4+ 4| Am

~

+4++++++++++ 4+ +++++ + | Arabinose

+ + 4+ + + + | Arbutin
{
T

I

++ 4+ +++ + + + + + + | Galactose

Bt 4+ttt |+ 444+ + 4+ | Cellobiose

+ 4+ ++4+++++++++++ + + | Esculin
+++++++4+++++ 4+ + + + + | Gluconate
T
+

Al5
Al6
A17
Al18
Al9
A20
A21
A22
A23
A24
A25
A26
REF

4+ +++++++++++ 4+ + -+ +++++++ 4+ + 4+ + + + + | Dextran from sucrose

!
at+ 4+ttt b+l A+ A+ + + + + 4| Esculin h

— =

(+)
(+)
(+)
(+)
(+)
(+)
(+)

T+++%0
I+ 4+ 4+ ]+

|

.
T S

I+ 4+ ++++++++++a+++++++++ 1
I
|
J

o+ + |

i

B29
B30
REF

!
|

|

|
[=%

+
I+
|

I T
|
+

B23
B24
B25
REF

tAht i AR bbb A+ + + + + + | CO, from glucose
UUUUDi0oUUiU000U0UoU0Do0UD 00000000 000D I8 DY D0 | Lactic acd configuration

I+ o+ o+

I+ + +ia

(+) (+)
(+) (+)

(+)
(+)
(+)

+

|
|
|

+

+ — —

t 4t ti i AP+ + + + + + + 4+ + + + + | Fructose
|
P4+l H A+ Attt b A+ b+ 4+ + + 4+ + + 4+ Glucose

+: positive, (+): slow positive, —:
UThe source of reference is Bergey’s

Leuconostocs 32| B(species)

negative

=

, d: diverse in strains.
Manual of Systematic Bacteriology'™.

Leuconostoc% 2.2 EAX 34750l st £ F34&

st B A3e Table 49h 2tk

RE @57} fructose, glucose, gluconate, maltose

A

mannose+= &3} 21} melezitose®} rhamnosey=
#3h# %3} Amygdalin, arabinose, arbutin, cello-
biose, esculin, galactose, inulin, lactose, mannitol, man-
nose, melibiose, raffinose, ribose, salicin, sorbitol, suc-
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Table 4. (continued)

Acid from(continued)

Strain Identified
No. . . as
£ § £ 3 £ £ £ ¢ 5 EB g & 2
< g 5 > o = Sl 2 = £ 8 © 2
= =5 = = 2 & B & &4 & & & K
A01 + +H + -+ o+ =+ o+ P+
A02 I G T T G2 T i A
A03 & T Y O T A S S
A4 + )+ -+ o+ =+ o+ A+ 4+
A0S + )+ -+ =+ o+ Y+ o+
B26 + B+ -+ o+ = () o+ Y+ o+ o+
B27 + () 4+ - + + - () + +v o+ + + Leu. mesen-
B28 +  (+) + — + + - (+) + Y+ + + teroides
A06 + () + - + + - + +  +v o+ + + subsp. mes-
A07 + (+) + - + + - - + - + (+) + enteroides
A08 I o T e S S E SR &
A09 + () o+ - - - - - + - + () -
A10 G T e S
All + o+ o+ - = = = + Y+ + -
Al2 G T e e T S
Al3 + (+) + - - - - -+ +v o+ + -
Al4 G T e S S
REF* tood o+ d d d + o+ d
Al5 G I N € JE A S S
Al6 () o+ o+ = (P () Y+ A+
Al7 e G T e S S SR
Al8 B o T e e T
Al19 + () o+ - - - - - + - + (+) -
A20 + () + - - - = + - + () - Leu. mesen-
A2l +(+)  + - - + — +  (+) - teroides
A2 +  (+) o+ - - - - — + - +  (+) - subsp. dex-
A23 + (+) + _ — — — + - + (+) - tranicum
A24 + (+) - - - - - + - + () -
A25 o) - - - - - + - + ) -
A26 o)+ - = e S
REF* + d d d d d + + +
B29 +  (+) o+ — - - — - - — + (+) - Leuc. para-
B30 +  (+) 4+ — - - — - - — +  (+) - } mesenteroides
REF* @+ o d - roord
B23 - () F - - - + -
B24 + - + - - — - (+) - - - Leuc. lactis
B25 + - S -
REF* - d d d d * -

V+¥: weak positive.

rose, trehalose 3! xviosee] 'WE G FFol wet &
stk

FFHE AL A02, A03, A04, A05, A6, A07, A0S,
A09. A10, Al1, A12, A13, Al4, B26, B27 3! B28-2 Leu.
mesenteroides subsp. mesenteroides =, Al5, Al6, Al7, A
18, A19, A20, A21, A22, A23, A24, A25, & A262 Leu.

mesenteroides subsp. dextranicum .2, B29 % B30
Leu. paramesenteroides® 7472} A =%k B23, B24 %
B25% Leu. lactis} Leu. paramesenteroides® =717 <l
AAA-e Holu} w5 A patterno] Lew. lactisel] ©)
717l A Leu. lactis2 £ hgich

919} o] =5 wlol| Leu. mesenteroides subsp. me-



Aol F2g HA Rade) A4 501

rose, trehalose @ xylose®] WHEF-S FFo| w2}t o
gk,

T35 A0L, A02, A03, A04, A0S, AD6, A07, A0S,
A09, A10, All, Al12, Al3, Al4, B26, B27 % B28L Leu.
mesenteroides subsp. mesenteroides 2, Al5, Al6, Al7, A
18, A19, A20, A21, A22, A23, A24, A25, % A26 Leu.
mesenteroides subsp. dextranicum 2.2, B29 % B30-&
Leu. paramesenteroides 2. 7+7¢ £ =ich B23, B24 =
B25%= Lew. lactis®} Leu. paramesenteroides®) 37} ol
AL Holv} wF WA patterno| Lew. lactisoll i
AV A Leu. lactis® £ 3teic).

$le} ol EXF ufol| Leu. mesenteroides subsp. me-
senteroides 2 T AR 1THFF Foll 4] A01, A02, A03, A04,
A05, A06, A07, A08, A09, B26, B27 % B28L wifwuld
patterne] Bergey's Manual® 2] W43 % dx&), A
10, Al1, A12, A13 9 Al4: galactosed] WA o4
A2 sHA] =l

Leu. mesenteroides subsp. dextranicum 2.2 £ % 12
45 FolA FFLE patterno] Bergey's Manual®® o)
W& A3 sk AL & +FE ¢k & AlS
2 A16S arbutin®] WA Fo| 4], Al7, A18, A19, A20,
A21, A22, A23, A24, A25 % A26-2 arbutin} lactose )
wta ol AR ER] =k = Lew. paramesenteroi-
desZ EAE B29 % B30% galactose} melibiose2]
Wb sl A XA e

Leu. lactis® A% B23, B24 ¥ B25% EF argi-
ninesl| 41 NH;2] 4453} arabinose®] i %ol4 of
A3FA] oS Wk ol U9 FF = arbutin(B25),
mannitol(B23) % sucrose(B24,B25)2] WEEE o3}
2] ¥+t wkek B23, B24 %! B25& FH o R A ok
Fdoll 7 wirkren Ropgl ") o] AbiE(obli-
gate hetero fermentation)& &by 2Hfell sitd=vd, Ber-
gey's Manual®™2] A} o) hta s s #HAabzkt 18
he) 2 Folal Lac brevis®] wFHE patternol] 713
Farstck. zeiu} Lac brevis= DL ZE4Hs& A4,
mannose S HHE ] Z5101, melibiosed WRIE= A
So] ¥ w53 vhEoh Wk ohufe} B 52 glucose
broth°ll*1 wjofAlel & pH ¥ #F A=rb 247 44
! 0529%0]3L, Z7] pH4ddl A ZA&H#] 2&ha, 33
ZFAex7t 29C°]Ui‘ Lactobacillus ¢ %1&6] 2] 4l modi-
fied LBS agaroll#l 243} Zale EA5S Ux
slEdi(data #A) A2, ol#idt EHEL Lac brevis?)
EAal= A7} "l Leuconostoct 2] B3 A ol
e Aoz B 4 qlvh whebs B23, B24 3 B25+
ol BFA AN Lew. lactisoll 7V 7Pg=I=E 2
3le] NZES groupl® BEE 4 olSS e Al
g},

= Leu. mesenteroides subsp. mesenteroides®t Leu. me-

N »E

senteroides subsp. dextranicum 0.3 FAR {752 ¢
FE patterng Table 4% %8} vlasled B, &

subspecies W] FFE Alelrr} t}E subspecies?]
FHE Aolo] GRLE patterne] B% S AL

it} |24 Leu. mesenteroides subsp. mesenteroi-
desi 54 % A09% Len. mesenteroides subsp. dextrani-
cum o2 FAE A183= ©FE A patterno] arabi-
nose?t chE 3 b A]slt, 7H2 subspecies® FAE A06
#}+= arabinose, lactose, melibiose, raffinose, ribose, so-
rbitol % xylose®] WA FoA HME tizr)

= Leu. mesenteroides subsp. mesenteroides= FA%
A10-Al11-A12-A13-Al45= Leu. mesenteroides subsp. de-
xtranicum 2. 2. EAF A22-A23-A249} HFWA pat-
terno| arabinose®} sorbitolo] Auk t}2 1 dAshy 2
& subspecies® £ 7 ¥ B273+= arbutin, galactose, inu-
lin, lactose, melibiose, raffinose, ribose % xylose2)
g ol 4 A2 chEc) ole} e w2 A22-A23-A
24, A15-A16 % A069] Atololl A% vpetubd, ® Al5-A
16, A25-A26 3 A099] Alelo| A= viepdeh

ol2|gh #Are B RATFES Bergey's Manual®™e)
it d patterncl] wel FAT Aol & Fo|w,
Qe Hel ERube] Al dubAl Ages B

ot et Ao A4 FAFEY ERE 9
i me)l AR EFRAAZ e7Edoka spch

»‘

LactobacillusZ; 32| H(species) 4
o7 EAYE 26Tl st wEH
go} 7R #H EAES A & A9 265 BT
Eegola COE AAMsA Zatdz, FAel thia-
mineg S.7-51 ¢4k, gluconateol 4 CO,2] QA&
3ol wpel egpot, w5 5ebii(ribose) S WA s}
(datad)A] A=), webr 267Fc BF BA o|APHE
(facultative heterofermentation)® 3\ Lactobacillus%
o7 #A=9ch
Table 5+ % Laclobacillus% 55 3l £ %
AL sho] B Azjelty BE FFFo] 15T 4]
3}od o, fructose, galactose, glucose, maltose, mannose
3 ribose&

|
3

Lactobacillus =

9§ 5}9] 77, mannitol, melezitose, raffinose,
rhamnose % sorbitol> & &2 F3lch 24| confi-
guration, arginineol| 4 NH;9] A4 9 7jeldie) &

B2 Tl upel wHgch

F5HE A27, A28, A29, A30, BO1, B02, B03, B04,
B05, B06, B07, B08, B09, B10, Bll, B12, B13, Bl4,
B15, B16, B17, B18, B19 ¥ B20 % 2475+ Lac. bava-
ricus s, B21 % B22% Lac. homohiochii 2 72+7} S =
Ark

e} $ie} o] FAE #5FE F L 5A0] Bergey's
Manual® 2} W43} 43 d=)3

E} %, Lac bavarzcusi EFA %1

r\n
i
bt N
o ln
rlo
&
O_TQ

2|32 %;ttlr ool tﬁd@ Sl tﬂra} B01 B02 B03,
B04, A27 % A28 amygdalin, trehalose % xylose2]
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Table 5. ldentification of Lactobacilli isolated from kimchi-A and kimchi-B

g Acid from
. & g

Strain > £ 5

= =] — 5
No. 00 - .8 ~

= = = = S = =2 = 7] S L% it O

g 58 5§ ¥ & £ F 8 & £ 8 & 8 E 3
Bo1 FHe L + + + + 0+ o+ o+ o+ o+ o+ o+ +
A27 FHe L + + + + 0+ o+ o+ o+ o+ o+ o+ = +
B02 FHe L + R G T S S N C
BO3 FHe L + G T S S S G
A28 FHe L + + + + - + + + + + + — (+)
B04 FHe L + o b T e S S S S (+)
B05 FHe L + + (+) + - - + + + + + - (+)
B06 FHe L + + - + () (+) + + + + + — (+)
B07 FHe L + + - + + + + + + + + — (+)
B08 FHe L + + - + + + + + + + + (+)
B09 FHe L + + — + + + + + + + + - (+)
B10 FHe L + + - + + + + o+ + + + - (+)
B11 FHe L + + - + o+ o+ 4+ o+ o+ - (D
B12 FHe L + + - o+ =+ o+ + o+ 4+ - ()
B13 FHe L + + — + — + + + + + + + (+)
B4 FHe L + + - + - + + + + + + + (+)
B15 FHe L + + - + - + + + + + + - (+)
Bl6 FHe L + + - + - + + + + + + - (+)
B17 FHe L + + — + - + + + + + + _ (+)
B18 FHe L + + - + - (+) o+ + + + + _ (+)
A29 FHe L + + - + - + - + + + - + +
B19 FHe L + + - + - + + + + + - + (+)
B20 FHe L + + - + - + + + + + + - (+)
A30 FHe L + + - + — (+) + - + + n (+)
REF" FHe L + - - - 4 + + + + +
B21 FHe DL + — - — — + + + _ _
B22 FHe DL + - - - - + o+ 4 ,
REF FHe DL + - - — d + — + - _
REF FHe DL + — + d + + - + T n +
REF FHe DL + - + + + + + + + - +
FHe: facultative hetero fermentation, +: positive, (+): slow positive, —: negative, d: diverse in strains.
YThe source of reference is Bergey's Manual of Systematic Bacteriology™'.
WHE 5ol A4, B05+= amygdalin, cellobiose 3 trehalose ] o] Ate] AMER B uwf B 7 x|d| 4 ¥l Lactobacil-
Wi %o 41, B06, B07, B08, B0g, B10, B11, B13, Bl4, lus%2 #FE% 71E2 EFA A0 rt}a} SHsb7] o
B15, B16, B17 %l B18-L trehalose?] ®ha %ol 4], B12%& 2o oS NAE EEA e #$e 93 T o
cellobiose 2} trehalose 2} & %ol 4, B19+ gluconate 9} FEo] g3 Ao w QzrEc)
trehalose®] W o4, B20- salicin® trehalose 2
Wi 5ol 4, A29+ gluconate, trehalose ! xylose?] Mgty X9 MR & X
W Sof|A] zhzh ol X)3hA] ok} Thek Lac bavaricus e BEH A B F 7UAAZo) A Baew Eela
TAY B2 #FEE Lac sake2 559 arabinosest A4 HARE 6070 dig F5H AnE 2o sl
trehalose®] Wi & 1% QAo A, 240 cone % 472l Fa 44el § LEE AAE A3H: Table

figuration} amygdalin®] &30l 4 W= A e, ar-
ginineel| 4 NHz9} A5l > 4] odx]8bA] odzch
gt Lac. homohiochii® %-A¥ B2l % B22+ galac-

tosed] W ol dA|FHx] o

63 zkgrt.

2 AdlA 2
mesenteroides 145, Leu. mesenteroides subsp. dextrani-
3, 3= Bell X ¥

&t 30 Leu. mesenteroides subsp.

cum 12F % Lac. bavaricus 450)9]
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Table 5. (continued)
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Acid from(continued)

Strain

No

| Melezitose
Melibiose
Raffinose
Rhamnose

|

Mannitol

|
|

BO1
A27
B02
B03
A28
B04
B05
B06
BO7
B08
B09
B10
Bil
B12
B13
Bi4
B15
B16
B17
B18
A29
B19
B20
A30
REF*

f
|

T T I R R I T = S Spup ST R

Identified
as

Salicin
Sorbitol

—_

+ ¥+ + 4+t F+++ A+ ++ 4+ + +F + 4+ + + | Trehalose
I+ + 4+ + + + | Xylose

=

- Lactobacillus
- bavaricus

=
|

R A S S e S S S
|

(+) -

—_
~—
i

'
i

|

If++++++++++++++++++++++++ + | Sucrose

B21
B22
REF*

1

Lactobacillus
b homohiochi

REF*
REF*

+ ittt A+ 4+ + + + 4+ | Maltose
t i+l bbb b A A F R A+ 4+ 4+ 4+ + + + | Mannose

+ i+ 4+t b+ 4+ + + 4+ + + + + + + | Ribose

d L. plantarum
L. sake

+ + o
+
+

D4*: weak positive

Table 6. Species distribution of lactic acid bacteria iso-
lated randomly from kimchi-A and kimchi-B
(Unit: No. of isolate)

Species Kimchi-AY  Kimchi-B~ Total
Leu. mesenteroides subsp.

mesenteroides 14(46.7%) 3(10.0%) 17
Leu. mesenteroides subsp.

dextranicum 12(400%) 0 12
Leu. pavamesenteroides 0 2(6.7%) 2
Leu. lactis 0 3(10.0%) 3
Lac. bavaricus 4(13.3%)  20(66.6%) 24
Lac. homohiochit 0 2(6.7%) 2
Total 30(100%)  30(100%) 60

YKimchi-A and kimch-B were the same that described in
Table 1.

2]8} 305 Lac. bavaricus 205, Leu. mesenteroides su-
bsp. mesenteroides 37, Leu. lactis 35+, Leu. paramesen-
teroides 25 4 Lac. homohiochii 2-Folgich 73 A=
Leu. mesenteroides subsp. mesenteroides 'S Leu. mesen-
teroides subsp. dextranicumo] - Fo10a, 2 x B
Lac. bavaricus7t 254 Zolqdvh & ddolA F H3
Algrkel AR FY FFe]l ME el viehdt
FE ol AR el F U A 2097 W
AAA Azadeelddi A By 5047 HaEAA

pa )
vk 7)ol Lac. plantarumeo)
$-HFolebar slhgdan, wh T 25Cel M 2 A|F o

urF 2710l = Lew. mesenteroides, Leu. cremoris % St
=
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raffinolactis7y, W EF 7|l Lac. plantarumeo] W%
olebi dhglom, Al B19e 20Tl WEAZ wf
Ax7lol= Leu. mesenteroides " Lac. leichimanni=},
wEF7)el= Lac plantarumo] $74-Eo]ebi slo] =
Aol Abehe 4 ok of2jg Aol A
Foll godsliz LAF $HFo] MAELT ule} =A)

EoG BAS 08
Zeo] st}

oE 4 aee e

w8t Lac. plantarum} Lac. brevis® S-A x| =4l
o] AME A A RelEx] ke e wl 59,

o B 0wk 509 ApAstee lxsiu, oleg
e Ae%E Ao Fo¥ SYo8 42,

2 o

5~7Ce] AeolA 2090 0 5007t 47 wAH A Y
Bl  gaAgeld AL UakE 77t 0548 F
A9 e Relsla A4S shadoh 1A AdlA Relgk 305
% 145 <= Leu. mesenteroides subsp. mesentevoides 2., 12
= Leu. mesenteroides subsp. dextranicum 2.3, 453+
Lac. bavaricus= 7t7y EA5gl5 702 Be 4] -2)g)
30F & 20F3= Lac. bavaricus 2., 35> Leu. mesenteroi-
des subsp. mesenteroides 3.,

—r

L4

=

-
N
—L.—‘

37 Leu lactisi, 2733
Leu. paramesenteroides =, 2-*r‘1‘ Lac. homohiochii & 7} 7F
FAEACE BIE 2 FTEe] fleb 7ol FHA =AW
NH;2] 4o Ber-
gey’s Manual of Systematic Ba(termlogyd] 1205l w83
U8R Wi FF7F Sk, Leu. mesenteroides subsp.
mesenteroides S} Len. mesenterotdes subsp. dextranicum
o7 _‘;_745] =

3 A patterna} argimnedl 3

9 - A patterno)

%4 subspecies®] #F55 Aboldcl v}t subspecies®)
0% d#|ahz ”\’7}‘1 Lefdislch ol 424 44t
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