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Abstract
The aim of this study was to develop species-specific primer sets for kimchi Lactobacillus. Known gene se-

quences of Lactobacillus 16S rRNA were collected from the NCBI Gene bank, and 69 primer sets were designed 
using the homologous gene sequence. Six species of kimchi Lactobacilli were used as reference strains: Lactobacillus 
brevis KCTC3102, Lactobacillus farciminis KCTC3681, Lactobacillus fermentum KCTC3112, Lactobacillus hil-
gardii KCTC3500, Lactobacillus plantarum KCTC3099, and Lactobacillus sanfranciscensis KCTC3205. PCR am-
plification and gel electrophoresis were performed to identify the accuracy and specificity of the developed primer 
set. The results show that the primer set of 5'-aagcctgcgaaggcaag-3' & 5'-aggccaccggctttg-3', 5'-acatactatgcaaatctaa-
gagattagacg-3' & 5'-actgagaatggctttaagagattagcttac-3' resulted in a specific PCR band on L. hilgardii, and primer 
set of 5'-ctaataccgcataacaactactttcacat-3' & 5'-aacttaataaaccgcctacattctctttac-3' on L. farciminis. The results indicate 
that the developed primer sets can provide a useful tool for the identification and differentiation of L. hilgardii 
and L. farciminis from other Lactobacillus species of kimchi.
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INTRODUCTION

Lactic acid bacteria (LAB) are bacteria that predom-
inantly ferment a sugar to lactic acid (1-3). LAB com-
prise a versatile group of microorganisms that are gen-
erally regarded as safe and have profound applications 
in food (4-6). Lately, a number of health benefits of LAB 
as probiotics have been claimed, including alleviation 
of symptoms of lactose intolerance, treatment of diar-
rhea, prevention of cancer, lowering cholesterol and 
blood pressure, and improvement immunity (7-9).

Lactobacillus, a major component of the LAB group, 
is a genus of Gram-positive facultative anaerobic or mi-
croaerophilic bacteria, named such because most of its 
species convert lactose and other sugars to lactic acid 
(10). Some Lactobacillus species are used industrially 
for the production of yogurt, cheese, sauerkraut, pickles, 
beer, wine, cider, kimchi, and other fermented foods. 
Lactobacilli, especially Lb. plantarum, Lb. kimchii, Lb. 
casei, Lb. mesenteroides, Lb. brevis, etc., are some of 
the most common organisms involved in kimchi fermen-
tation (11).

Kimchi is a typical traditional Korean food which is 
a group of vegetables fermented by LAB. The flavor 
of kimchi is dependent on the ingredients, fermentation 
conditions, and LAB involved in the fermentation proc-

ess (11-13), including Leuconostoc, Streptococcus, Pedi-
ococcus, Lactobacillus, and Weissella. In the early stage 
of kimchi fermentation Leu. mesentoroides is the pre-
dominant species, but the levels decrease during the fer-
mentation process, while Streptococcus and Pediococcus 
increase. The Lactobacillus genus, especially Lb. planta-
rum, proliferate prosperously with lactic acid production 
until later stages of fermentation (14,15). 

The fermentation process of kimchi, along with various 
subsidiary ingredients, determines the unique taste of 
kimchi, especially umami. Organic acid and carbon diox-
ide in kimchi are the two main elements which determine 
the taste of kimchi. The amounts of organic acid and 
carbon dioxide vary according to the kind of micro-
organism in the mixture, the salt concentration and the 
temperature (16). Hence, specific detection and classi-
fication of LAB strains concerning certain character-
istics, such as their fermentation profile and their func-
tionality, is demanded for appropriately developing kim-
chi for the global market. With this need in mind, Lee 
et al. (17) developed LAB sets of kimchi in hetero- and 
homofermentum to enhance functionality and the savory 
flavor aspect of kimchi for globalization.

Identification of LAB is complicated by the species’ 
richness and the closely related taxonomic groups within 
the heterogeneity. Notably, LAB isolated from kimchi 
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have distinguishing characteristics, which are differ-
entiated from LAB of dairy products. These character-
istics include low digestibility of lactose and strong tol-
erance to acid and bile acid (18). Thus, it is difficult 
to use phenotypic method and traditional fermentation 
profiles to identify most of the lactic acid bacteria origi-
nating from kimchi. Lately, consumption of traditional 
fermented food has increased because of their potential 
therapeutic and prophylactic attributes, and because 
Lactobacilli also have been proposed as probiotics. 
However, little scientific research has been focused on 
quality control and standardized processes for indus-
trialization (19).

The objectives of this study were to develop spe-
cies-specific primer sets for the Lactobacillus species 
based on the 16S rRNA, and to provide a useful and 
rapid tool for identifying the naturally occurring Lacto-
bacillus of LAB in Kimchi.

MATERIALS AND METHODS

Reference strains 
The reference strains used in this study were obtained 

from the Korean Collection for Type Cultures (KCTC) 
were: Lactobacillus brevis KCTC3102, Lactobacillus far-
ciminis KCTC3681, Lactobacillus fermentum KCTC-
3112, Lactobacillus hilgardii KCTC3500, Lactobacillus 
plantarum KCTC3099, Lactobacillus sanfranciscensis 
KCTC3205. All strains were routinely cultured at 30oC 
for 2 days on MRS agar (Merck, Germany).

DNA extraction from lactic acid bacteria
The genomic DNA was isolated from the lactic acid 

bacteria with Genomic DNA Purification Kit (Promega 
Ltd., Korea). All strains were maintained frozen as 
stocks in 50 mM EDTA buffer solution at -20oC.

Development of identification primer
Known 16S rRNA gene sequence of Lactobacillus on 

the NCBI data were collected by Multalin (http:// 
prodes.toulouse.Inra.fr/multaline/multalin.html). 16S rRNA 
gene sequence homology was compared based on NCBI 
gene sequence data and primer sequence of each gene 
was designed using the Primer3 program (http://www. 
broad.mit.edu/cgi-bin/primer3_www.cgi). The synthetic 
oligonucleotides primers used in the present study were 
manufactured by Bioneer (Daejeon, Korea).

PCR amplification
PCR amplification of 16S rRNA gene sequence was 

performed to identify the accuracy of the developed pri-
mer set. Template DNA was genomic DNA extraction 
of lactic acid bacteria reference strains. The amplifica-
tion of the genomic DNA from reference strains was 

performed at least in duplicate for each sample and car-
ried out by using an automated thermal cycler (PC808, 
ASTEC Inc., Fukuoka, Japan) in a total volume of 20 
μL containing 10 μL PCR premix (1U thermostable 
DNA polymerase, 200 μM dNTP, 1.5 mM MgCl2), 10 
μL mixture of template DNA and each primer at a con-
centration of 1 μM. The thermocycle program was as 
follows: 1 cycle of pre-denaturation at 94oC for 1 min; 
30 cycles consisting of denaturation at 94oC for 2 min, 
annealing at 50oC for 1 min, and extension at 72oC for 
1 min; final extension as 72oC for 7 min.

Electrophoresis analysis of PCR product 
The amplification products were separated by electro-

phoresis in a 3% agarose gel stained with ethidium bro-
mide (Et-Br) solution. After loading 8 μL dye solution, 
the gels were run for 40 min at 100 V in TAE electro-
phoration buffer and visualized by UV transilluminator. 
Appropriate DNA ladder (Bioneer Co., Daejeon, Korea) 
was used as molecular size marker.

RESULTS AND DISCUSSION

Primer design by 16S rRNA sequence
Known gene sequences on the NCBI data of LAB were 

collected, most of which were 16S rRNA sequences. In 
the genus Lactobacillus, 16S rRNA sequence data came 
from 47 species. We designed a total of 69 primer sets 
of various sizes－15 mer, 20 mer, 25 mer, and 30 mer－
using the homologue of 16S rRNA sequence of Lactoba-
cillus species, which were 2 sets from Lb. acidophilus, 
5 sets from Lb. brevis, 1 set from Lb. delbrueckii, 2 
sets from Lb. farciminis, 3 sets from Lb. fermentum, 9 
sets from Lb. hilgardii, 2 sets from Lb. maltaromicus, 
21 sets from Lb. plantarum, 11 sets from Lb. reuteri, 
13 sets from Lb, sanfranciscensis (Table 1). 

PCR analysis of Lactobacillus species with designed 
primers

69 primers were designed from 16S rRNA sequence 
of 10 Lactobacillus species include; Lb. acidophilus, Lb. 
brevis, Lb. delbrueckii, Lb. farciminis, Lb. fermentum, 
Lb. hilgardii, Lb. plantarum, Lb. maltaromicus, Lb. reu-
teri, Lb. sanfranciscensis. The primers designed for spe-
cific detection of Lactobacillus species were validated 
by performing PCR with DNA isolated from 6 standard 
Lactobacillus strains, which are Lb. brevis, Lb. farcimi-
nis, Lb. fermentum, Lb. sanfranciscensis, Lb. hilgardii, 
Lb. plantarum and the results are indicated in Fig. 1 
and Table 2. 

Primer set No. 1 (5'-aagcctgcgaaggcaag-3' & 5'-aggc-
caccggctttg-3') was used for PCR amplification with 6 
reference strains and the result indicated specificity to 



Table 1. Designed primer sets for PCR detection of Lactobacillus species
Species Primer No.                       Primer sequence

Lactobacillus acidophilus 1
2

5'-aagcctgcgaaggcaag-3' & 5'-aggccaccggctttg-3' 
5'-tgcaactcgcctgcac-3' & 5'-aggccaccggctttg-3' 

Lactobacillus brevis 

3
4
5
6
7

5'-tggcggcatgcctaa-3' & 5'-gcctgcgctcgcttt-3' 
5'-tggcggcatgcctaa-3' & 5'-tccccaggcggagtg-3' 
5'-gcttcggctatcacttctgg-3' & 5'-taagccgaaggctttcacat-3' 
5'-aacacttggaaacaggtgctaatac-3' & 5'-aaggctttcacatcagacttaaaaa-3' 
5'-ttgcactgatttcaacaatgaag-3' & 5'-aaggctttcacatcagacttaaaaa-3' 

Lactobacillus delbrueckii 8 5'-gctagcggcggatgg-3' & 5'-gcggcgttgctcca-3' 

Lactobacillus farciminis 9
10

5'-gcgtattagctagttggtgaggtaa-3' & 5'-cttcaaacttaataaaccgcctaca-3' 
5'-ctaataccgcataacaactactttcacat-3' & 5'-aacttaataaaccgcctacattctctttac-3' 

Lactobacillus fermentum 
11
12
13

5'-ggcggacgggtgagt-3' & 5'-cgcggtgttgctcca-3' 
5'-cgtaggtaacctgcccagaa-3' & 5'-tatgcatcatcgccttggta-3' 
5'-acaacatttggaaacagatgctaat-3' & 5'-cgtcaacgtatgaacagttactctc-3' 

Lactobacillus hilgardii 

14
15
16
17
18
19
20
21
22

5'-cgccgcgtgagtgaa-3' & 5'-tccccaggcggagtg-3' 
5'-cgccgcgtgagtgaa-3' & 5'-gtggggtccccgtca-3' 
5'-gacccgcggcgtatt-3' & 5'-tccccaggcggagtg-3' 
5'-gacccgcggcgtatt-3' & 5'-gtggggtccccgtca-3' 
5'-gcggcgggtgctaat-3' & 5'-tccccaggcggagtg-3' 
5'-tggcttcggctaccactaat-3' & 5'-cggaaaccctccaacactta-3' 
5'-tggcttcggctaccactaat-3' & 5'-cctttgagtttcagccttgc-3' 
5'-gcgtattagctagttggtgaggtaa-3' & 5'-ggactaccagggtatctaatcctgt-3' 
5'-agcttgctctttaaccaagtgagt-3' & 5'-ggactaccagggtatctaatcctgt-3' 

Lactobacillus maltaromicus 23
24

5'-ggcggacgggtgagt-3' & 5'-tccccaggcggagtg-3' 
5'-gcgtattagctagttggtgaggtaa-3' & 5'-gcagttactctcatccttgttcttc-3' 

Lactobacillus plantarum 

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

5'-gagcgcaggcggttt-3' & 5'-tccccaggcggaatg-3' 
5'-cgccgcgtgagtgaa-3' & 5'-tccccaggcggaatg-3' 
5'-gtcccgcggcgtatt-3' & 5'-tccccaggcggaatg-3' 
5'-gagcgcaggcggttt-3' & 5'-tgacgggcggtgtgt-3' 
5'-ggcggcgtgcctaat-3' & 5'-tccccaggcggaatg-3' 
5'-gtcccgcggcgtatt-3' & 5'-tgacgggcggtgtgt-3' 
5'-ggcggcgtgcctaat-3' & 5'-tgacgggcggtgtgt-3' 
5'-agcgttgtccggatttattg-3' & 5'-taaggttcttcgcgttgctt-3' 
5'-agccgacctgagagggtaat-3' & 5'-taaggttcttcgcgttgctt-3' 
5'-agcgttgtccggatttattg-3' & 5'-ttcatgtaggcgagttgcag-3' 
5'-agcgttgtccggatttattg-3' & 5'-tcatttgtcccaccttaggc-3' 
5'-agccgacctgagagggtaat-3' & 5'-ttcatgtaggcgagttgcag-3' 
5'-agccgacctgagagggtaat-3' & 5'-tcatttgtcccaccttaggc-3' 
5'-taggcggtttattaagtttgaagtg-3' & 5'-ggactaccagggtatctaatcctgt-3' 
5'-gcgtattagctagttggtgaggtaa-3' & 5'-cttcaaacttaataaaccgcctaca-3' 
5'-gcgtattagctagttggtgaggtaa-3' & 5'-ggactaccagggtatctaatcctgt-3' 
5'-taggcggtttattaagtttgaagtg-3' & 5'-actgagatcggttttaagtgatttg-3'
5'-acatactatgcaaatctaagagattagacg-3' & 5'-aacttaatgctggcaactgataataagg-3'
5'-acatactatgcaaatctaagagattagacg-3' & 5'-actgagaatggctttaagagattagcttac-3'
5'-actctgttgttaaagaagaacatatctgag-3' & 5'-actgagaatggctttaagagattagcttac-3'
5'-actctgttgttaaagaagaacatatctgag-3' & 5'-gttaccttgttacgacttcaccctaatc-3' 

Lactobacillus reuteri 

46
47
48
49
50
51
52
53
54
55
56

5'-ggcggacgggtgagt-3' & 5'-tccccaggcggagtg-3' 
5'-cggagcgggggataa-3' & 5'-gtgacgggcggtgtg-3' 
5'-ggctatcactctgggatgga-3' & 5'-tcagttgcagaccagacagc-3' 
5'-tgatgcatagccgagttgag-3' & 5'-cgagtttgcgactcgttgta-3' 
5'-ggctatcactctgggatgga-3' & 5'-cgagtttgcgactcgttgta-3' 
5'-tgcactgattgacgatggat-3' & 5'-cgagtttgcgactcgttgta-3' 
5'-gtaaagctctgttgttggagaagaa-3' & 5'-ggactaccagggtatctaatcctgt-3' 
5'-gcattagctagttggtaaggtaacg-3' & 5'-ggactaccagggtatctaatcctgt-3' 
5'-gtaaagctctgttgttggagaagaa-3' & 5'-gagaacggctttaagagattagctt-3' 
5'-gcattagctagttggtaaggtaacg-3' & 5'-gagaacggctttaagagattagctt-3' 
5'-acgggtgagtaacacgtaggtaac-3' & 5'-gagaacggctttaagagattagctt-3' 
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Table 1. Continued

Species Primer No.                       Primer sequence

Lactobacillus sanfranciscensis 

57
58
59
60
61
62
63
64
65
66
67
68
69

5'-gagcgcaggcggttt-3' & 5'-tccccaggcggaatg-3' 
5'-cgccgcgtgagtgaa-3' & 5'-tccccaggcggaatg-3' 
5'-gacccgcggcgtatt-3' & 5'-tccccaggcggaatg-3' 
5'-gagcgcaggcggttt-3' & 5'-tgacgggcggtgtgt-3' 
5'-ggcggcgtgcctaat-3' & 5'-tccccaggcggaatg-3' 
5'-gacccgcggcgtatt-3' & 5'-tgacgggcggtgtgt-3' 
5'-ggcggcgtgcctaat-3' & 5'-tgacgggcggtgtgt-3' 
5'-gcatgggtagcaaacaggat-3' & 5'-cagactgcaatccgaactga-3' 
5'-ggcctttgtgctagtgcttc-3' & 5'-cggaaaccttccaacaccta-3' 
5'-gcccagaagaaggggataac-3' & 5'-cggaaaccttccaacaccta-3' 
5'-ggcctttgtgctagtgcttc-3' & 5'-caccttcctccggtttatca-3' 
5'-ggcctttgtgctagtgcttc-3' & 5'-cagactgcaatccgaactga-3' 
5'-gcccagaagaaggggataac-3' & 5'-cagactgcaatccgaactga-3' 

Table 2. Reactions of designed primers for Lactobacillus species amplification by PCR
Origin 16S rRNA

strain of
specific primer

Primer 
No.

Test strain

Lb. brevis Lb. farciminis Lb. fermentum Lb. sanfranciscensis Lb. hilgardii Lb. plantarum

Lb. acidophilus 1
2

－
+

－
+

－－ －
+

+
+

－
+

Lb. brevis 

3
4
5
6
7

+
+－
+－

－
+－
+
+

+
+
+
+
+

+
+
+
+
+

+
+
+
+
+

+
+－
+
+

Lb. delbrueckii 8 + + + － + +

Lb. farciminis 9
10

+－ +
+

－－ +－ +－ +－
Lb. fermentum 

11
12
13

+－－
+－
+

+
+
+

+
+－

+
+
+

+
+－

Lb. hilgardii 

14
15
16
17
18
19
20
21
22

+
+
+
+
+－－
+
+

+
+
+
+
+
+
+
+－

+
+
+
+
+
+－
+
+

+
+
+
+－－－
+
+

+
+
+
+
+
+
+
+
+

+
+
+
+－－－
+
+

Lb. maltaromicus 23
24

+
+

+
+

+
+

+
+

+
+

+
+

Lb. plantarum 

25
26
27
28
29
30
31
32
33
34
35
36
37

+
+
+
+
+
+
+
+
+
+
+
+
+

－
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
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Table 2. Continued
Origin 16S rRNA

strain of
specific primer

Primer 
No.

Test strain

Lb. brevis Lb. farciminis Lb. fermentum Lb. sanfranciscensis Lb. hilgardii Lb. plantarum

Lb. plantarum 

38
39
40
41
42
43
44
45

+－
+－－－－－

+
+
+
+－－－
+

+－
+
+－－
+
+

+
+
+
+－－－
+

+
+
+
+－
+
+
+

+
+
+－－－－
+

Lb. reuteri 

46
47
48
49
50
51
52
53
54
55
56

+
+
+
+
+
+
+
+－
+
+

+
+
+
+
+－
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

+
+
+
+－－
+
+
+
+
+

Lb. sanfranciscensis 

57
58
59
60
61
62
63
64
65
66
67
68
69

+
+
+
+
+
+
+
+
+
+－－
+

－
+
+
+
+
+
+
+
+
+
+
+－

+
+
+
+
+
+
+
+
+
+
+
+
+

－
+
+
+
+
+
+
+
+
+－
+
+

+
+
+
+
+
+
+
+－
+－－
+

+
+
+
+
+
+
+
+
+
+－
+
+

Lb. hilgardii which express a band, but other strains did 
not. Primer No. 2 amplified all reference strains but Lb. 
fermentum, thus did not show species specificity. 
Designed based on 16S rRNA of Lb. farciminis, primer 
set No. 10 (5'-ctaataccgcataacaactactttcacat-3' & 5'-aact-
taataaaccgcctacattctctttac-3') could only amplify Lb. far-
ciminis, so it is expected to be useful for species level 
identification of Lb. farciminis. No. 43 primer set se-
quence of 5'-acatactatgcaaatctaagagattagacg-3' & 5'-act-
gagaatggctttaagagattagcttac-3', showed specific band on 
gel electrophoresis analysis with Lb. hilgardii and so 
could likely be used for species detection.

Lb. farciminis grows under 45oC, especially in the 
presence of high percentage of NaCl (10% to 12% opti-
mally), and is generally isolated from meat products like 
raw sausages and also from sour dough (10). On average, 
kimchi contains 2～3% of NaCl which is preferable 
growth condition for Lb. farciminis as halophile. Ait- 
Belgnaoui et al. reported that Lb. farciminis treatment 
prevents stress-induced hypersensitivity, increases colon-
ic paracellular permeability, and increases colonocyte 

MLC phosphorylation (20). Lb. kimchii, a single isolate 
derived from the kimchi, was found by taxonomic study 
using phenotypic characterization and phylogenetic and 
genetic methods to be a new species. Plus, it showed 
closest phylogenetic relatives with Lb. alimentarius 
(KCTC 3593) and Lb. farciminis (LMG 9200), with lev-
els of 16S rDNA similarity of 98.4% and 98.2%, re-
spectively (21). 

Lb. hilgardii, is mostly isolated from wine and its opti-
mal initial pH for growth and carbohydrate fermentation 
reactions is in the range of 4.5～5.5. This species highly 
related to the type strain of Lb. brevis and Lb. reuteri, 
especially Lb. brevis, one of the kimchi lactic acid bac-
teria (10). Lately, GABA, which is produced by de-
carboxylation of glutamic acid, has received interest 
from many researchers. GABA influences the develop-
ment of neural progenitor cells via brain-derived neuro-
trophic factor expression (22) by regulating the pro-
liferation of neural progenitor cells, the growth of em-
bryonic and neural stem cells (23,24). Shinji (25) devel-
oped Pharma GABA made from glutamic acid fermen-
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32  M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48  M 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64  M 65 66 67 68 69

(a)

1400 bp-

500 bp-

100 bp-

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32  M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48  M 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64  M 65 66 67 68 69

(b)

1400 bp-

500 bp-

100 bp-

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16   M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32  M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48  M 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 M 65 66 67 68 69

(c)
1400 bp-

500 bp-

100 bp-

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32  M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 M 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64  M 65 66 67 68 69

(d) 
1400 bp-

500 bp-

100 bp-

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32  M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48  M 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 M 65 66 67 68 69

(e)

1400 bp-

500 bp-

100 bp-

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32  M 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 M 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 M 65 66 67 68 69

(f)

1400 bp-

500 bp-

100 bp-

Fig. 1. Pattern of PCR products on general gel of reference strains (a) Lb. brevis, (b) Lb. farciminis, (c) Lb. fermentum, (d) 
Lb. sanfranciscensis, (e) Lb. hilgardii, (f) Lb. plantarum. Each lane means 69 designed primer sets based on 16S rRNA sequence 
homology of kimchi Lactobacillus. M: Ladder marker (100 bp), Lane 1～2 (Lb. acidophilus), 3～7 (Lb. brevis), 8 (Lb. delbrueckii), 
9～10 (Lb. farciminis), 11～13 (Lb. fermentum), 14～22 (Lb. hilgardii), 23～24 (Lb. maltaromicus), 25～45 (Lb. plantarum), 
46～56 (Lb. reuteri), 57～69 (Lb. sanfranciscensis).

tation by Lb. hilgardii which is isolated from kimchi.
Even though Lb. hilgardii and Lb. farciminis are not 

the dominant lactic acid bacteria, studies support the idea 
that these species normally take part in kimchi fermenta-
tion and, furthermore, that they have the possibility of 
acting as probiotics.

As explained above, primer set No. 1, 10, and 43 pro-
duced a specific PCR band with Lb. hilgardii, Lb. farci-
minis, Lb. hilgardii, respectively. But other than those 
3 primer sets, many various PCR bands were observed 
over the Lactobacillus reference strains, which could be 
caused by the strong relationship among the species and 
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the similarity of the 16S rRNA gene sequence, so that 
primer attached to and amplified specific portion of all 
strains. These primers seem to be difficult to use as  
species-specific primers for Lactobacillus. However, the 
fact that the 16S rRNA primer sequence formed bands 
on all species would have potential application in devel-
opment of a genus-specific primer set. While primer set 
No. 42 formed no amplification bands on any of the 
species, primer sets No. 20, 44, and 67 amplified 2 spe-
cies, Lb. farciminis and Lb. hilgardii, Lb. fermentum and 
Lb. hilgardii, Lb. farciminis and Lb. fermentum, res-
pectively. These primers needed to be analyzed under 
different PCR conditions, including denaturation temper-
ature, annealing temperature, and reaction time, to de-
termine the optimum condition for each strain however, 
this study performed PCR amplification under consistent 
conditions, which may not have been optimum for all 
species.

Most studies of microbial identification in kimchi fer-
mentation are carried out using biochemical and morpho-
logical analysis methods. These traditional methods have 
several limitations, such as the use of a selective medium 
to identify specific strains, and difficulties in identifying 
differences between colonies, due to the biological sim-
ilarities of LAB. To solve these problems, molecular bi-
ology techniques are being widely used for rapid classi-
fication and identification.

According to recent studies, reevaluation of the 
Leuconostoc and Lactobacillus strains by PCR during 
kimchi fermentation (26), and specific detection (27), 
analysis of lactic acid bacteria by denaturing gradient 
gel electrophoresis (28), such as the introduction of mo-
lecular biological methods have been tried. However, be-
cause of the continuous new discovery of bacteria in-
volved in kimchi fermentation, there is a limitation of 
bacteria identification by existing primers. Thus, new va-
rieties of primer sets are required for the analysis of lac-
tic acid bacteria in the wide range of environment.

Consequently, this study developed PCR primer sets 
for species-specific identification based on 16S rRNA 
sequence of Lactobacillus species. This identification 
can be used as a foundation for rapid experimental de-
tection of the microbial community in the ripening 
kimchi. The primers we developed in this study can be 
useful for species identification, but a more advanced 
primer set will be required for a commercialized PCR 
assay kit. The advancement of analytical technology for 
lactic acid bacteria identification provides an easier way 
to separate strains and develop them as probiotic func-
tional foods and food additives. Furthermore, bio-
chemical and physiological studies on characteristics of 

lactic acid bacteria are also important for the study of 
its probiotic applications.

CONCLUSION

In this study, one of the important kimchi lactic acid 
bacteria, Lactobacillus species’ 16S rRNA sequence was 
investigated. Based on the results of this investigation, 
69 species-specific primer sets were developed. To eval-
uate the accuracy of the designed primer sets, PCR was 
performed. As a result, primer sets No. 1, No. 10, and 
No. 43 produced specific amplification band for Lb. hil-
gardii, Lb. farciminis, Lb. hilgardii, respectively. Each 
of these primers could be available for the identification 
of the specific species of Lactobacillus. 
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