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Changes in Acidity and Distributions of the Vancomycin-Resistant Lactic Acid Bacteria in the Kimchi
Fermented at Different Temperatures. Jung Eui-Sook, Ki-Hwan Kim, Won-Cheol Shin', Kwang-Young
Song?, and Sung-Sik Yoon*. Department of Biological Resources and Technology, Yonsei University, Wonju 220-
710, "School of Biotechnology and Bioengineering, Kangwon National University, The institute of Functional Bio-
materials and Biotechnology, Yonsei University — Chinese cabbage (“Baechu”) Kimchi was fermented at the
three different temperatures right after it was prepared. Samples were taken everyday for measuring bacterial
populations, pH, and titratable acidity through the whole periods of fermentation up to 50 days. pH values and
developed acidity were significantly affected by the fermenting temperatures of 4, 10, and 20°C, suggesting
that different bacterial flora has been established by the temperatures exposed. The modified MRS agar con-
taining vancomycin (300 ng/mL) was used for isolating the vancomycin-resistant LAB strains and 127 iso-
lates were finally obtained. Of the LAB isolates, 13 isolates were subjected to the identification experiments
based on the biochemical characteristics and the molecular-typing approach, an ITS-PCR, whether they
belong to the genus Leuconostoc or not. The data obtained from API 50 CHL kit resulted that six isolates were
identified as the members of Leuconostoc and six as Lactobacillus brevis strains except for a single isolate
YKI 30-0401, which was not able to be identified because its biochemical traits were not matched to the data-
base of API 50 CHL kit. It was noted that some isolates were distinct in a couple of some biochemical charac-
teristics compared with those of the reference Leuconostoc species. To overcome the limitations experienced
in the commercial identification products above, an ITS-PCR experiment was also conducted for the isolates,
resulting that eight isolates belong to Leu. mesenteroides ssp. mesenteroides or dextranicum with a single band
of 564 bp, and four to L. brevis strains. The ITS-PCR profiles clearly differentiated the closely-related LAB
isolates for which same results were obtained by the biochemical method. This molecular approach, however,
failed to produce the amplicons for the YKI 20-1003, leaving the strain unidentified. Judging from the identi-
fication data obtained in the Kimchi fermented at 4°C or 10°C, Leuconostoc spp. including Leu. mesenteroi-
des/dextranicum were likely predominant species in the earlier stage and L. brevis occurred at the high level
through the whole period. By contrast, L. brevis, as one of the major flora, possibly lead the fermentation from
the beginning in the Kimchi fermented at 20°C.
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Fig. 1. Time profiles of pH and titratable acidity in the Kimchi
fermenting at 4°C (A), 10°C (B), and 20°C (C). pH, @-®; titrat-
able acidity, O-O.
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Fig. 2. Field emission scanning electron microscopy (FE-SEM) of the LAB isolates from the fermenting Kimchi.

YKI 20-2003

YKI 30-2003
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Table 1. Identification of the vancomycin-resistant LAB isolates by the biochemical and the ITS-PCR experiments.

Temp Isolates Morphology™*

API 50 CHL kit

ITS-PCR

03-0404 coccbacilli L. brevis

Leu. mesenteroides ssp. mesenteroides/dextranicum

03-0405 coccobacilli Leu. mesenteroides ssp. mesenteroides/dextranicum

Leu. mesenteroides ssp. mesenteroides/dextranicum

03-0406 coccobacilli Leu. citreum

Leu. mesenteroides ssp. mesenteroides/dextranicum

#C 05-0401 coccobacilli Leu. lactis Leu. mesenteroides ssp. mesenteroides/dextranicum
05-0406 bacilli L. brevis L. brevis
30-0401 bacilli = (-) L. brevis
05-1001 bacilli  L.brevis L. brevis

10°C 05-1002 coccobacilli L. coprophillus Leu. mesenteroides ssp. mesenteroides/dextranicum

10-1003  coccobacilli Leu. mesenteroide ssp. mesenteroides/dextranicum Leu. mesenteroides ssp. mesenteroides/dextranicum

20-1003 coccobacilli L. brevis

)

05-2001 coccobacilli L. brevis

Leu. mesenteroides ssp. mesenteroides/dextranicum

20°C 20-2002 coccobacilli Leu. mesenteroides ssp. mesenteroides/dextranicum — Leu. mesenteroides ssp. mesenteroides/dextranicum

30-2003 bacilli

Leu. mesenteroides ssp. mesenteroides/dextranicum L. brevis

“Field emission scanning electron microscope (FE-SEM)

All the LAB isolates were obtained in the presence of vancomycin, 300 pg/mL, on the modified MRS medium (pH 6.8). (—) sign means “not

identified”.
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05-04018 Leu. lactis= 217} A=}, 3} Lactobacillus 4

2] 7390l 03-0404, 05-0406, 05-1001, 20-1003, 05-20015F%=
L. brevis, 05-1002F L. coprophilusZ 272t A=A+
T YKI 30-0401-2 A3shs EAe] 71& d55} kel 2
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715 L brevil HEE FEI= 028 vebge
2ol tiste] Hodgt AxFan] ARl A e A
s Ak BAS o4 Ahg 7R AL s E A
F7} A9 oF 46% (6/12F)F 2|31
32, Lactobacillus 4 52 38 &% 46% =& Ao
2 YePac) 24} vancomycin WA# Ssle] 8ig
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Fig. 3. Banding profiles of ITS-PCR products of the LAB iso-
lates from the fermenting Kimchi. Lane M, 100 bp size standard;
lane 1, L. brevis KCCM 35464; lane 2, Leu. mesenteroides ssp.
mesenteroides KCCM 35471; lane 30-30404; land 4, 03-0405;
lane 3, 03-0406; lane 6, 05-0401; lane 7, 05-0406; lane 8, 30-0401;
lane 9, 05-1002; lane 10, 10-1003; lane 11, 05-1001; lane 12, 05-
2001; lane 13, 20-2002; and lane 14, 30-3003.

L. brevis& MIC7} 2000 uw/mL oA elglvhs BA121E 7+
ekslebd At Lactobacillus%: 2 2. 8l —E—E] &5 o] W
-2 vancomycin VA2 7}2 L. brevis =% L. plantarum®
7FsAle] AL A= Ade). o9} 22 7S Elshy] ¢
8 T AR sy eR g AMET 9l ITS-
PCRE Fafslsdvt. 3418 5054] ITS-PCR pattern 13
AN B FFel 27& vlmat A3 03-0404, 03-0405, 03-
0406, 05-0401, 05-1002, 10-1003, 20-2002, & 30-2003
F= 7247t o 17]9] DNA band= WP, 7 Z7)%= 564 bp
o|%Ith(Fig. 3). AHHLE o]& 8 T EF Leuconostoc
mesenteroides ssp. mesenteroides/dextranicucm®. F73H ). =
3+ 05-0406, 30-0401, 05-1001 % 05-001 o= 3719
DNA ©H8-5 7IX 3 gisl 2w F50F(reference species)
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o} vl A3} L brevisZ TR HAC. 28 20-10035
E v BFETTE AMESlY T3] B2 daabase®)
banding pattern®} YA 7] glo] S o] Byt
(data not shown). 53] %5 3-2 API 50 CHL kitZ
A3kl L brevis® #<el®l 3 FF7} ITS-PCRY | A=
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AERAR Helrt. ol9} 7ol FAW el wlel Aa}r} Aol
| vehbmg B3] oY #5-5 X8 o= £49
252 3] A Aol Hgk AlAlg 32yt 2 es)
o 7S Lee S[251E oM £2]3 WL o
ste] Astety wheoz A3 A Leuconostoc
mesenteroides == Lactobacillus bifermentans®. 77 = o],
o] & el3} A} PepN gene} 16s IRNA gened 7|22
g} species-specific primerZ ©]-438 multiplex PCRHS &
3ty 2 F Lactobacillus bifermentans® 2 &g A )},
Perez “5-[26]- Leuconostoc mesenteroides®] ©F(subspecies)S
T2387] #1814 RAPD-PCR fingerprinty & o] -3 7-$-
Leu. mesenteroides ssp. mesenteroides’= 1800, 1600, 1150 bp,
cremorist= 1800, 1150, 350 bp 2] dextranicum2
1800, 1600, 1500 bp Z7]°] Zt7F M2 o2 37)9] EA)A
3! DNA banding profiles €& 4 vk Haraigict.
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culture-independent™ ¢] &+l DGGE(denaturing gradient
gel electrophoresis) A§-S &3to] BA g A3}, x)2 whg
A= AL Weissella koreensis, Lactobacillus sakei,
Leuconostoc gellidum®)$] 2.7, E3] Weissella koreensis=
A BEZ 7 AX AEAoR FFsldvk Fsigdh
Hoit 5-[28]< dextran-producing Leuconostocsd T% &
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A A I A] w)A o] A (non-transferable). 2.2 a3z ¢Jo]
[30), @4 ZA13= vancomycin WA 3 ¥-7} o] w) A Eo
starter®. BE51=e] A|ote] 7] S A0 AL,
ol’de] A= Table 19 EFH 22 gokslgirt. A 5)st
A $42 ITS-PCR 54 A#E 4% vlagt v, AzKAPI
S0CHL kity®] 73-<lli= &= 1370 2] 35 SN Leuconostoc

&2 6 T, Lactobacillus -2 6 752 Jepd vhy &
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