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ABSTRACT
Five laboratory isolates from three kinds of kimchi (JA1-1, JA2-3 from Baechu kimchi, JB1-2, JB2-3 from Yeolmu
kimchi and JC2-3 from Chonggak kimchi) were identified by a method of carbohydrate fermentation and a random amplified polymorphic DNA (RAPD)-PCR as a molecular method. In hexose tests all isolates could not ferment rhamnose at
all but it was noticed that JB1-2 fermented all hexoses much better than other isolated lactic acid bacteria (LAB). With
disaccharides, the isolated LAB were grouped into two different species. The JA2-3 and JB1-2 showed similar pattern in
fermenting disaccharides but they also showed difference in melibiose like mannose. However, JB2-3 and JC2-3 were
identical in fermenting all disaccharides. All isolated LAB revealed a dramatical pattern of fermenting trisaccharides. They
couldn’t ferment melezitose at all but fermented raffinose very well. From the results of carbohydrate derivatives, the five
LAB were grouped into three kinds. This fact was clearly proved by the results of RAPD-PCR that revealed their genetic
relationships at a molecular level. By application of primer LAB-01, the DNA band patterns of JA2-3 and JB1-2 were
almost same although they were isolated from different sources of kimchi. The different kinds implied that they were three
subspecies of Leuc. mesenteroides. This result was exactly as same as the results of the fermentation tests. Typical DNA
bands of the five LAB were repeatedly produced by primer LAB-02. It again produced distinctive polymorphic DNA
bands although the primer sequence was totally different from primer LAB-01. The LAB-02 also revealed indistinguishable
DNA band patterns between JA2-3 and JB1-2. It implied that they were different only at a level of subspecies of Leuc.
mesenteroides. This tendency was repeated in JB2-3 and JC2-3 indicating that five LAB have very similar genetic constitutions with the standard strains of Leuc. mesenteroides. Hence, RAPD-PCR appears to be a very efficient method to
characterize the genetic relationships of the isolated Leuconostoc strains at the subspecies level.
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Introduction
Lactic acid bacteria (LAB) are Gram positive bacteria showing a DNA G+C content of less than 50 mol% [1,2] and organisms of interest in the food industries because of their typical
roles in inhibiting the growth of food spoilage bacteria [3].
Among the organisms, the genus Leuconostoc contains many
commercially useful species for food industries [4,5]. Typically
it consists of species of plantarum, dextranicum, citreum and

mesenteroides isolated from kimchi that was determined by
their physiological and biochemical characteristics. Since identification of the genus Leuconostoc remains uncertain and it
consists of genetically heterogeneous strains which are not
easy to identify by physiological and biochemical tests [6], characterization of the Leuconostoc genus is a difficult task. Thus,
many LAB researchers recently oriented to determine its phylogenetic relationship at molecular levels including DNA-DNA
hybridization with mol% G+C [7], RFLP [8] and mostly 16S
rRNA sequence analysis [3,9,10]. From their results, it was con-
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cluded that the classical taxonomy for LAB was not close to its
molecular classification.
However the molecular methods for identification of the
genus Leuconostoc, RAPD-PCR is not a well understood method in the direct use of classifying the Leuconostoc species
although it is known to be a PCR based DNA finger-printing
method [11-13]. The method is now successfully used in classifying and determining genetic relationships of many organisms
such as fungi [14], viruses [15] and some lactic acid bacteria
species [6,16,17].
In this study, we attempted to isolate Leuconostoc species
of LAB from various sources of kimchi, for examples, Baechu
kimchi, Yeolmu kimchi and Chonggak kimchi known as
Korean fermented food. For specific characterization of the
isolated LAB, we applied two methods such as an essential biochemical tests and RAPD-PCR as a molecular method. And
we expect that this kind of effort will give a better resolution
for many LAB researchers to identify unknown species of LAB
to be found in future.

1. Bacterial strains
The standard strains of lactic acid bacteria (LAB) used in
this study are listed in Table 1. Among them, Leuconostoc
mesenteroides 2A9 and Leuconostoc mesenteroides 1B12 were
isolated from our laboratory previously [18,19]. Leuconostoc
mesenteroides subsp. dextranicum KCTC 3530 and Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722 were
obtained from the Korean Collection for Type Cultures (KCTC),
Genetic Resources Center, Daegeon, Korea. The bacterial
strains were cultured in a lactobacilli MRS (Difco, USA) and
stored in the storage solution containing 20% glycerol (Sigma)
Table 1. Lactic acid bacterial strains used in this study
Species & Strains

2. Isolation of LAB strains
Five lactic acid bacterial strains were isolated from various
kimchi and tentatively named as JA1-1, JA2-3 (Baechu kimchi),
JB1-2, JB2-3 (Yeolmu kimchi) and JC2-3 (Chonggak kimchi).
For isolating new LAB strains, the kimchi was washed by 100
mL of sterile water in an Erlenmeyer flask and 10 mL of the
kimchi solution was mixed with same volume of 6% saline
solution to make 3% saline samples for final. After serial dilution (10-3-10-6), the solution was spreaded onto MRS plates
containing 2% Bactoagar (Difco) for detecting numerable colonies. After successive pure culture, colonies were cultured in
a refrigerated incubator (Sanyo, MIR-153) at 25�
C for 3 days.
In order to determine growth kinetics, isolated strains were
subjected to incubate in the same incubator mentioned above
and collected after 72 hr cultivation. The culture media were
measured by a pH meter (Mettler, Model 225) after 20 minutes
centrifugation at 3,000 rpm, 4�
C.

3. Determining carbohydrate fermentation
characteristics

Materials and Methods

Leuconostoc mesenteroides 2A9
Leuconostoc mesenteroides 1B12
Leuconostoc mesenteroides subsp.
dextranicum KCTC 3530
Leuconostoc mesenteroides subsp.
mesenteroides KCTC 3722
Laboratory isolate LAB JA1-1
Laboratory isolate LAB JA2-3
Laboratory isolate LAB JB1-2
Laboratory isolate LAB JB2-3
Laboratory isolate LAB JC2-3

in a -80�
C deep freezer until reactivation.

Sources
Baechu kimchi
Chonggak kimchi
Type strain

In order to investigate fermentation characteristics of the
isolates, MRS media without sugars was prepared. Each 22
kinds of 10% carbohydrate stock solution was mixed to the
media at a ratio of 1 : 10. 20 μL of isolated bacterial solution
was inoculated into the 5 mL of carbohydrate containing media
in a 15 mL plastic tube (Corning, USA), After 48 hr incubation
in the refrigerated incubator at 25�
C, the acidity of the cultured media were measured by a pH meter (Mettler, Model 225)
after 20 minutes centrifugation at 3,000 rpm, 4�
C.

4. Random primers
Random primers were purchased from the Bioneer (Daegeon,
Korea). Among them, oligonucleotide having GC contents of
50-80% were applicable for the purpose of Leuconostoc genomic DNA amplification. Nucleotide sequences of applied primers are AACGGGCAGC (LAB-01), CGCACCGCAC (LAB02).

Silage
Baechu kimchi
Baechu kimchi
Yeolmu kimchi
Yeolmu kimchi
Chonggak kimchi

5. Enzymatic genomic DNA extraction
Sufficient quantities of genomic DNA of tested LAB strains
was extracted by a method described by Kim et al. [20]. For
improving recovery of the DNA, additional treatments were

Kwon OS & Hwang Bo SA : Molecular Characterization of LAB from Kimchi

applied. With modified methods, pure and intact genomic DNA
was easily obtained for the purpose of RAPD-PCR after treatments of mutanolysin and RNase.
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7.0
JA1-1
JA2-3
JB1-2
JB2-3
JC2-3

6.5

6. Random amplified polymorphic DNA (RAPD)
PCR
The reaction conditions for the polymerase chain reaction
(PCR) were performed with the following modifications for
RAPD-PCR. Each 3 μL of purified genomic DNA was added
to 17 μL of the PCR reaction mixture, which contained 10X
Taq buffer, 40 mM dNTPs, oligonucleotide primers (200 pmol
each), and 1 unit of Taq DNA polymerase (Applied Biosystems,
USA). The 10X Taq buffer contained 500 mM Tris-HCl (pH
8.3), 25 mM MgCl2 and 0.1% gelatin. In an automatic thermocycler (Applied Biosystems, Model GeneAmp 2700), the reaction tubes were subjected to the temperature cycles of Lac43
file. After 40 cycles of amplification, the samples were incubated for 7 minutes at 72�
C.

pH value

6.0

Results and Discussion
1. Fermentation of pentoses and hexoses
From the results of pentose fermentation as shown in Fig. 1,
all laboratory isolates were able to grow very well in media
with L-arabinose as a sole source of sugar resulting in pH 4.6
±0.1 but they were poorly grown with D-arabinose which
gave final pH values of 5.5-5.8. This fermenting characteristic
is unique in Leuconostoc species among LAB. JA2-3 (○) and
JB1-2 (▼) showed same tendency in fermenting pentoses. Their
abilities of fermenting pentose i. e., ribose and xylose were
between pH 4.9-5.3. Interestingly, in case of xylose fermentation, JB2-3 (▽) and JC2-3 (■) gave better final pH values
4.9 and 5.1 respectively than JA1-1, JA2-3 and JB1-2. The dif-

5.0
4.5
4.0
3.5
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AraL

Ribo

Xyl

Carbohydrates

Fig. 1. Pentose fermentation characteristics of the isolated lactic acid
bacteria from various kimchi and tentatively named as JA1-1, JA2-3
(Baechu kimchi), JB1-2, JB2-3 (Yeolmu kimchi) and JC2-3 (Chonggak kimchi). Abbreviations of the carbohydrates: AraD (D-arabinose),
AraL (L-arabinose), Ribo (ribose), and Xyl (xylose).

7.0

7. Agarose gel electrophoresis and UV photography

JA1-1
JA2-3
JB1-2
JB2-3
JC2-3

6.5
6.0
pH value

Half of the PCR reaction (10 μL) was loaded onto a gel containing 2% SeaKem LE agarose (Cambrex) in Tris-borate buffer (8.9 mM Tris-HCl, 8.9 mM boric acid, pH 8.3) for the electrophoresis. For convenience, 0.5 μL of ethidium bromide solution (10 mg/mL) was directly added to each 10 mL agarose
solution for DNA staining. The resulting gel was subjected to
UV photography as described in Sambrook et al. [21] in order
to verify the PCR results. Photos were taken with instant black
& white film (FP-3000B, Fuji Film).
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Fig. 2. Hexose fermentation characteristics of the isolated lactic acid
bacteria from various kimchi and tentatively named as JA1-1, JA2-3
(Baechu kimchi), JB1-2, JB2-3 (Yeolmu kimchi) and JC2-3 (Chonggak kimchi). Abbreviations of the carbohydrates: Gal (galactose), Glu
(glucose), Mann (mannose) and Rha (rhamnose).

ference indicates that JB2-3 (▽) and JB1-2 (▼) were not same
strains although they were isolated from same source of kimchi
(i. e., Yeolmu kimchi).
This kind of difference was also found in hexose fermentation (Fig. 2). In case of mannose fermentation, JB1-2 (▼) from
Yeolmu kimchi grew better than JB2-3 (▽) which final pH
values were 4.5 and 4.8, respectively while they showed same
fermentable characteristics with fructose, galactose and glucose.
However, all the isolates could not ferment rhamnose at all that
gave final pH values being more than 6.0. It was also noticed
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Fig. 3. Disaccharide fermentation characteristics of the isolated lactic
acid bacteria from various kimchi and tentatively named as JA1-1,
JA2-3 (Baechu kimchi), JB1-2, JB2-3 (Yeolmu kimchi) and JC2-3
(Chonggak kimchi). Abbreviation of the carbohydrates: Cel (cellobiose), Lac (lactose), Mal (maltose), Meli (melibiose) and Suc (sucrose).

Fig. 4. Trisaccharide fermentation characteristics of the isolated lactic
acid bacteria from various kimchi and tentatively named as JA1-1,
JA2-3 (Baechu kimchi), JB1-2, JB2-3 (Yeolmu kimchi) and JC2-3
(Chonggak kimchi). Abbreviation fo the carbohydrates: Mele (melezitose) and Raf (raffinose).

that JB1-2 (▼) from Yeolmu kimchi fermented all hexoses
much better than other isolated LAB.

(fructose+galactose+glucose) were tested as trisaccharides in
order to enhance classifying the five strains of isolated LAB.
As a result, all isolated LAB revealed a dramatical pattern of
trisaccharide fermentation as showed in Fig. 4. All of them
could not ferment melezitose at all but could ferment raffinose
very well although both melezitose and raffinose were composed of same fermentable sugars such as glucose and fructose.
This unique pattern of fermentation in trisaccharides was usually found in Leuconostoc species among LAB. From the results, we can conclude that all isolated LAB from different
sources of kimchi will be grouped into Leuconostoc species.
Again the strains of JA2-3 (○) and JB1-2 (▼) revealed closely
related each other determined by production of acid after incubation and showed better growth (i. e., more acidic) than others.

2. Fermentation of disaccharides
Disaccharides are composed of two monosaccharides, for
examples, sucrose (fructose and glucose), lactose (galactose
and glucose) and maltose (two glucose molecules). In this study,
five disaccharides were tested in order to identify fermentation
ability of the isolated LAB (Fig. 3). Generally the isolated LAB
fermented most disaccharides very well except lactose. This
result implies that all the isolated LAB would be lactic acid
bacteria originated from plants (i. e., Baechu, Yeolmu and
Chonggakmu) rather than originated from animal. Especially
JB2-3 (▽) and JC2-3 (■) could not ferment the lactose at all
(final pH of the stains were both 5.9). The two strains showed
that they also could not ferment cellobiose at all (final pH 6.0)
although other stains such as JA1-1, JA2-3 and JB1-2 could
ferment it well. Thus we can identify the isolated LAB being
grouped at least into two different species. Although JA2-3 (○)
and JB1-2 (▼) showed a similar pattern of carbohydrate fermentation, they showed some discrepancy in case of melibiose
and sucrose as much as of mannose described in Fig. 2.

3. Fermentation of trisaccharides
Trisaccharides are also important fermentable sugars that
used as critical indicators for characterization of LAB [19]. In
this study melezitose (glucose+fructose+glucose) and raffinose

4. Fermentation of carbohydrates derivatives
Another relationship between JA2-3 (○) and JB1-2 (▼) was
found by a test of carbohydrate derivatives (Fig. 5). They showed difference only in fermenting mannitol that is an alcohol
derivative of mannose (Fig. 5). In fermenting mannitol, JB1-2
fermented it better than JA2-3 (final pH 6.1 vs. 5.9, respectively). This indicates the two strains were not the same strains,
that is, they may be classified into different subspecies within
the same Leuconostoc species. It is also very valuable to notice
that the JB2-3 (▽) and JC2-3 (■) showed same patterns of
the carbohydrate derivatives. These similarities were also found
in all other tested sugars described before. Furthermore the two
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strains of LAB were totally different from others in an aspect
of esculin fermentation. They could ferment esculin very well
(pH 4.7) while others did not (pH 5.7). This discrepancy was
very significant. It indicates that the JB2-3 (▽) and JC2-3 (■)
can classify into different subspecies although they were grouped into species of Leuconostoc mesenteroides. Therefore, from
the carbohydrate fermentation studies, we determine that the
five isolated LAB were grouped into three kinds. The first
group is composed of JA2-3 from Baechu kimchi and JB1-2.
The second group is JB2-3 and JC2-3. Typically JA1-1 from
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6.5

pH value
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5.0
4.5
4.0
3.5
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Sor

Baechu kimch is the third group. Conclusively, same kind of
LAB can obtained from different kimchi sources. Also the method of carbohydrate fermentation is very valuable in order to
characterize unknown species of LAB isolated from kimchi.

5. Effect of enzymes for breaking LAB cell walls
Since lactic acid bacteria (LAB) are Gram positive bacteria,
they have very thick cell walls composed of peptidoglycan
comparing to Gram negative bacteria such as E. coli. The fact
implies that obtaining chromosomal DNA from LAB is very
difficult than Gram negative bacteria. In this study we tried to
test enzymatic extraction method for the purpose of breaking
cell wall of LAB. Initially we applied lysozyme (20 mg/mL) to
the intact LAB and the result was shown in Fig. 6 (Left). As a
result, it was found that bacterial cells of all strains were not
effected by the lysozyme at all and the cells precipitated as
intact condition. However, when mutanolysin (400 U/mL) was
treated to cells, there was no precipitation of the bacterial cell,
that is, the mutanolysin can break the cell wall of LAB very
effectively (Fig. 6, Right). As a conclusion, cell wall of the
LAB were degraded more susceptible by the mutanolysin treatment rather than lysozyme treatment.

Xylt

Carbohydrates

Fig. 5. Fermentation characteristics of carbohydrate derivatives in the
isolated lactic acid bacteria from various kimchi and tentatively named
as JA1-1, JA2-3 (Baechu kimchi), JB1-2, JB2-3 (Yeolmu kimchi) and
JC2-3 (Chonggak kimchi). Abbreviations of the carbohydrates: Amy
(amygdalin), Esc (esculin), Glc (gluconic acid), Mant (mannitol), Sal
(salicin), Sor (sorbitol) and Xylt (xylitol).

6. Effect of freezing and thawing for cell wall
breaking
In order to increase recovery of intact LAB DNA, we applied
following methods and compared the results between two methods. First method was that mutanolysin was treated after a

Lysozyme treatment
1

2

3
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Mutanolysin treatment
4

1

2

3

4

Fig. 6. Effect of cell wall breaking enzymes (lysozyme and mutanolysin) on tested LAB cells. 1, Leuconostoc mesenteroides 2A9; 2, Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722; 3, JA1-1 (isolated strain); 4, JA2-3 (isolated strain). (Left) Lysozyme was treated by concentration of 20 mg/mL. (Right) Mutanolysin was treated by concentration of 400 U/mL.
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Fig. 7. Isolation of genomic DNA from tested LAB strains. (Left) Mutanolysin was treated after freezing-thawing. (Right) Mutanolysin was
treated before freezing-thawing. Lane descriptions: M, marker DNA (Φλ HindIII digested, 1 μg); 1, Leuconostoc mesenteroides 2A9; 2,
Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722; 3, Leuconostoc mesenteroides 1B12; 4, JA1-1; 5, JA2-3; 6, JB1-2; 7, JB2-3; 8,
JC2-3. Plasmids of the LAB were appeared between 23,130 bp and 9,416 bp. 23S rRNA (23S) and 16S rRNA (16S) were appeared distinctively
in a Left method.

Before RNase
M
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5

After RNase
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1
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8

Bp
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2,322
2,027

23S

16S

Fig. 8. Effects of mutanolysin and RNase treatments on the LAB genomic DNA. 200 U/mL of mutanolysin was treated (lane 1-4) and 400 U/mL
of mutanolysin was treated (lane 5-8). Lane descriptions: M, marker DNA (Φλ HindIII digested, 1 μg); 1, Leuconostoc mesenteroides 2A9; 2,
Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722; 3, Leuconostoc mesenteroides 1B12; 4, JA1-1; 5, JA2-3; 6, JB1-2; 7, JB2-3; 8,
JC2-3.

freezing-thawing method (Fig. 7, Left) and second method was
that mutanolysin was treated before a freezing-thawing method
(Fig. 7, Right). The first method gave less plasmid DNA (position between 23,130-9,416 bp) than the second method. How-

ever it is noticed that the first method revealed clearly 23S
rRNA and 16S rRNA comparing to the second method. From
the result, it was also determined that the size of LAB plasmid
is between 23,130-9,416 bp and the LAB had high copy num-
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ber of plasmid because the plasmid DNA revealed very thick
DNA bands in variable DNA size.

7. Effect of RNase treatment for purifying LAB DNA
Since the DNA samples were heterogenous with celluar
RNAs such as rRNA and mRNA after phenol/chloroform extraction, purification was done with treatment of RNase. The
result showed in Fig. 8. The LAB DNA including plasmid was
appeared very distinctively after RNase treatment. To verify
effects of mutanolysin treatment, different concentration of
mutanolysin (200 U/mL and 400 U/mL) was treated to cells
before RNase treatment. Lanes 1-4 indicate treatment of 200
U/mL of mutanolysin and lanes 5-8 indicate treatment of 400
U/mL of mutanolysin. The figure showed clearly more chromosomal DNA and plasmid with the treatment of 400 U/mL
(lanes 5-8). Thus it is concluded that treatment of higher concentration of mutanolysin gave more chromosomal DNA and
plasmid.
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primers LAB-01 and less polymorphic DNA bands were produced by primers LAB-02. All LAB DNA samples revealed
their characteristic band patterns. In general, as showed in Fig.
9 of primers LAB-01, the isolated strains (5, JA1-1; 6, JA2-3;
7, JB1-2; 8, JC2-3.) produced more polymorphic DNA bands
than standard strains (1, Leuconostoc mesenteroides 2A9; 2,
Leuconostoc mesenteroides 1B12; 3, Leuconostoc mesenteroides subsp. dextranicum KCTC 3530; 4, Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722). Dramatically, the
DNA band patterns of the isolated strains such as JA2-3 (lane
M

1

2

3

M

1

2

3

4

Bp
1,353
1,078
872
A
B

8. Molecular characterization by RAPD-PCR
After purification of LAB DNA, RAPD-PCR was carried
out with random primers LAB-01 and LAB-02 which nucleotide sequences were described in Materials and Methods. PCR
with the primers gave fine results which showed many distinctive polymorphic DNA bands as showed in Fig. 9 and Fig. 10.
More distinctive polymorphic DNA bands were produced by
M

1

2

3

4

5

6

7

310
281
234
194

4

5

8
Bp

Bp
1,353
1,078
A
603
B

1,353
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872
A
B
310
281
234
194

310
281
234

Fig. 9. RAPD-PCR results of tested LAB strains with primer LAB01. It showed common RAPD markers (A, B) that can distinguish the
LAB. Lane descriptions: M, marker DNA (ΦX174 HaeIII digested, 1
μg); 1, Leuconostoc mesenteroides 2A9; 2, Leuconostoc mesenteroides 1B12; 3, Leuconostoc mesenteroides subsp. dextranicum KCTC
3530; 4, Leuconostoc mesenteroides subsp. mesenteroides KCTC
3722; 5, JA1-1; 6, JA2-3; 7, JB1-2; 8, JC2-3.

Fig. 10. RAPD-PCR results of tested LAB strains with primer LAB52.
It showed common RAPD markers (A,B) that can distinguish the LAB.
Lane descriptions: M, marker DNA (ΦX174 HaeIII digested, 1 μg);
(Top) 1, Leuconostoc mesenteroides 2A9; 2, Leuconostoc mesenteroides 1B12; 3, Leuconostoc mesenteroides subsp. dextranicum KCTC
3530; 4, Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722.
(Bottom) 1, JA1-1; 2, JA2-3; 3, JB1-2; 4, JB2-3; 5, JC2-3.
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6) and JB1-2 (lane 7) were almost same although they were
isolated from different sources of kimchi i. e., Baechu kimchi
(JA2-3) and Yeolmu kimchi (JB1-2). This result was exactly
as same as the results from the carbohydrates fermentation tests
mentioned previously. Furthermore the band patterns appeared
with the primer LAB-01 proved that the isolated strains were
grouped into 3 different types of Leuconostoc species because
lane 5 (JA1-1) was not the same as lane 6 & 7 (JA2-3 & JB12), and Lane 8 (JC2-3, from Chonggak kimchi). The RAPDPCR results also revealed certain genetic relationship between
isolated strains and standard strains that were indicating strains
of Leuconostoc mesenteroides. Because all of them showed
same common RAPD marker DNAs (A, B). Thus it is concluded that the five isolated strains can be classified as Leuconostoc
mesenteroides.
Typical DNA band patterns of the five isolated LAB were
repeatedly produced by RAPD-PCR with a random primer
named as LAB-02 (Fig. 10). It also produced distinctive polymorphic DNA bands although the primer sequence was totally
different from primers LAB-01. As showed in the Fig. 9 (Bottom) again the five isolated LAB divided into three distinctive
types. That is, DNA band pattern of JA1-1 (lane 1) was not the
same as others. Interesting enough JA2-3 (lane 2) and JB1-2
(lane 3) were very different from JB2-3 (lane 4) and JC2-3
(lane 5). Both of two sets showed exactly same polymorphic
DNA band patterns. It revealed indistinguishable band patterns
between JA2-3 (lane 2) and JB1-2 (lane 3). It implied that they
were different only at the level of subspecies of Leuconostoc
mesenteroides (see arrows A and B). This tendency was repeatedly presented in JB2-3 (lane 4) and JC2-3 (lane 5). The result
indicates that all five LAB have very similar genetic constitutions comparing to the standard strains of Leuconostoc mesenteroides (Fig. 10. Top).
In conclusion, the five isolated strains of Leuconostoc as
LAB from different sources of kimchi can be easily grouped
into three types according to their genetical relationships generated by RAPD-PCR. And the results were fully supported from
the results from carbohydrate fermentation characteristics (Fig.
1-5). Thus the choice of RAPD-PCR is very excellent as a molecular method for characterizing the isolated LAB strains, and
it appeared to differentiate exactly LAB strains with ease at the
level of subspecies.
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