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The fermentation process of kimchi, which is a traditional Korean food, influences the resulting compo-
sition of microorganisms, such as the genera Leuconostoc, Weissella, and Lactobacillus. In addition,
several factors, including the type of kimchi, fermentation conditions, materials, and ingredients, can
influence the distribution of the kimchi microbial community. In this study, next-generation sequencing
(NGS) of kimchi samples obtained from central (Gangwon-do and Gyeonggi-do) and southern
(Jeolla-do and Gyeongsang-do) regions in Korea was performed, and the microbial communities in
samples from the two regions were compared. Good’s coverage prediction for all samples was higher
than 99%, indicating that there was sufficient reliability for comparative analysis. However, in a o
-diversity analysis, there was no significant difference in species richness and diversity between
samples. The Firmicutes phylum was common in both regions. At the species level, Weissella kandleri
dominated in central (46.5%) and southern (30.8%) regions. Linear discriminant analysis effect size
(LEfSe) analysis was performed to identify biomarkers representing the microbial community in each
region. The LEfSe results pointed to statistically significant differences between the two regions in
community composition, with Leuconostocaceae (71.4%) dominating in the central region and
Lactobacillaceae (61.0%) dominating in the southern region. Based on these results, it can be concluded
that the microbial communities of kimchi are significantly influenced by regional properties and that
it can provide more useful scientific data to study the relationship between regional characteristics

of kimchi and their microbial distribution.
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Fig. 1. PCoA results of bacterial communities at the species level (GG: Gyeonggi-do, GW: Gangwon-do, JL: Jeolla-do, GS:

Gyeongsang-do) based on Jensen-Shannon.

Table 1. Permutational multivariate analysis of variance (PERMANOVA) results of bacterial communities in kimchi by region

Test PERMANOVA
p-diversity distance metrics Jensen-Shannon
Set 4
Samples 20
Permutations 999
Gangwon-do Gyeonggi-do Jeolla-do Gyeongsang-do
Gangwon-do - p=0.164 p=0.017 p=0.017
Gyeonggi-do q=0.197 - p=0.010 p=0.010
Jeolla-do q=0.026 q=0.026 - p=0.616
Gyeongsang-do q=0.026 ¢q=0.026 q=0.616 -
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central region.
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Fig. 3. Distribution of microbial taxa for (A) Phylum, (B) Class, (C) Order, (D) Family, (E) Genus, and (F) Species levels
in the central and southern regions.

Table 2. Microbial communities in the central and southern regions at the taxonomic level

Taxonomic rank

CR (%) SR (%)
Firmicutes 97.8 97.8
Phylum Proteobacteria 1.7 1.8
ETC (under 1% in average) 0.4 0.3
Bacilli 97.8 97.8
Class Gammaproteobacteria 14 1.6
ETC (under 1% in average) 0.8 0.6
Lactobacillales 97.2 97.5
Order Pseudomonadalesa 0 1.0
ETC (under 1% in average) 2.8 1.5
Leuconostocaceae 71.4 36.5
Family Lactobacillaceae 25.7 61.0
ETC (under 1% in average) 2.8 2.5
Weissella 47.7 31.3
Lactobacillus 25.6 45.2
Genus Leuconostoc 23.7 5.2
Pediococcus 0 15.7
ETC (under 1% in average) 2.9 2.5
Weissella kandleri 46.5 30.8
Lactobacillus sakei 23.7 4.4
Species Leuconostoc gelidum 18.4 3.6
Pediococcus inopinatus 0 154
ETC (under 1% in average) 11.4 45.8

CR: central region, SR: southern region
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Table 4. Identification of biomarkers for microbial communities for collected kimchi samples from different regions (central

and southern) using LEfSe analysis method

Relative taxonomic abundance

Taxon name Taxon rank LDA Score p-value

CR (%) SR (%)
Lactobacillaceae Family 5.24763 0.01911 25.71900 61.02240
Leuconostocaceae Family 5.24356 0.01911 71.43600 36.46890
Leuconostoc Genus 5.01449 0.00407 23.70090 5.18060
Lactobacillus sakei Species 4.97682 0.04125 23.72770 4.44540
Pediococcus Genus 4.95627 0.00088 0.08830 15.72680
Pediococcus inopinatus Species 4.95022 0.00194 0.07690 15.44000
Leuconostoc gelidum Species 4.91105 0.00407 18.35650 3.60240
Lactobacillus plantarum Species 4.76557 0.01911 0.23370 12.42470
Lactobacillus malefermentans Species 4.56137 0.00250 0.00710 6.80650
Lactobacillus koreensis Species 4.28516 0.02837 0.34250 4.33300
Leuconostoc carnosum Species 4.11712 0.00407 2.54280 0.10960
Leuconostoc mesenteroides Species 3.98272 0.04125 2.45210 1.39540
Lactobacillus coryniformis Species 3.92219 0.00493 0.00050 1.45470
Lactobacillus paucivorans Species 3.64302 0.01345 0.00300 0.89630
Lactobacillus _uc Species 3.61682 0.00650 0.10360 0.98390
Lactobacillus mudanjiangensis Species 3.58663 0.01366 0.00310 0.87070

CR: central region, SR: southern region
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