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To profile the microbial compositions of Korean traditional fermented paste made from whole soy-
beans, Doenjang and Cheonggukjang, and compare their taxonomic differences, we analyzed the V3-V4
region of 16S rRNA of naturally fermented foods by using next generation sequencing. a-Diversity
results showed that values indicating bacterial community abundances (OTUs) and richness (ACE,
Chaol) were statistically significant (p=0.0001) in Doenjang and Cheonggukjang. Firmicutes was the most
common phylum in both groups, representing 97.02% and 99.67% in the Doenjang and Cheonggukjang
groups, respectively. Bacillus was the most dominant genus, accounting for 71.70% and 59.87% in both
groups. Linear discriminant (LDA) effect size (LEfSe) analysis was performed to reveal the significant
ranking of abundant taxa in different fermented foods. A size-effect threshold of 2.0 on the loga-
rithmic LDA score was used for discriminative functional biomarkers. On the species level, Bacillus
subtilis, Tetragenococcus halophilus, and Clostridium arbusti were significantly more abundant in Doenjang
than in Cheonggqukjang, whereas Bacillus thermoamylovorans, Enterococcus faecium, and Lactobacillus sakei
were significantly more abundant in Cheonggukjang than in Doenjang. Permutational multivariate anal-
ysis of variance (PERMANOVA) showed that the statistical difference in microbial clusters between
the two groups was significant at the confidence level of p=0.001. This research could be used as basic
research to identify the correlation between the biochemical characteristics of Korean fermented foods

and the distribution of microbial communities.
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3] PowerFood Microbial Kit (QIAGEN, Hilden, Germany) &
At on, Az 2 ol wel DNAE #2313
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Table 1. Information on samples collected in respective province area

Sample Province area Sample code The number of samples
Gyeonggi DO1 - DO3 3
Gangwon DO4 - DO6 3
Doen Chungcheong DO7 - DO9 3
oenmang Jeolla DO10 - DO4 15
Gyeongsang DO25 - DO28 4
Jeju D029 - DO30 2
Gyeonggi CH1 - CH4 4
Gangwon CH5 - CH7 3
. Chungcheong CHS8 - CH10 3
Cheongguljang Jeolla CH11 - CH23 13
Gyeongsang CH24 - CH27 4

Jeju CH28 - CH30

Symbols: DO: Doenjang, CH: Cheonggukjang
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Table 2. Sequence summary and a-diversity indices

Shannon®] Z+7} 85, 14938, 3.022.2 B35 u} 9o o] g} &
A A5 A9t =3 Kim 59 474 JJr[ 1ol <] st@
&4 A "®A9 OTUs, Chaol, Shannon®] Z+Z+ 48, 63, 2.089]
Qo &4 3221 318, 3028 Zrtstgon, 324
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717kl w2k AlE Yol 2Rt £ 9 FEE, T T4
o] Z7}slE Aoz Fodt HAe 2499 £48 AXE
ARG oz £A47|7ke] A7, 8], gitHos 4
T AZE AT YAZE §2 TS ASsAT AL
Aot WFE Agsteg g4 AxFgHd wE oF
AT 5o YASZHEH Fo e nAEo] A=A vldl o
0¥ AoZ ATETH6]

mlcutes7]- A %3 7@3‘7‘]‘ A X 2+ 97.02%, 99.67%E 2+A 3t
of 7t 48R0, &(genus) FEAME BT F=H
o A Bacillusé:0] B3 A=A 22t 71.70%, 59.87% =

M SHRE A0 dehit. 843 433 AR 2E
B FOEE & fEold P49 Ak A ARdAE §

Ak AGS nAE F Lactobacillust Leuconostoc 42 YERL
2 Fkou, A=A N A= Lactobacillus® Leuconostoc 45
= BRI} 27 1056%, 453%2 AFF AR YA
27 3WA, 7THA R S8 e £02 YET £, Enfer-
ococcus & PR ES AL BAANME 1.60%E A H oY
AT 124%5 AASE A EE YERY A=79Y
Enterococcus 4 WA Eo] ¢ 78019 =2 " &S AA 3=
A2 YEET F(species) Tl A B 7H4 ¢4 sth=
| A & -& Bacillus subtilis (50.83%), Bacillus licheniformis (18.58

it

Sample ACE Chaol Jacknife OTUs
DO 384.95+172.56 291.11+96.22 326.88+121.67 160.33+52.53
CH 102.43+33.68 94.63+29.84 102.08+34.53 80.77+29.13

Significance p<0.0001 p<0.0001 p<0.0001 p<0.0001

Sample NPShannon Shannon Simpson Phylogenetic diversity
DO 1.40£0.45 1.39£0.45 0.41£0.15 349.93+103.96
CH 1.61+0.35 1.60+0.35 0.24£0.11 120.63+39.35

Significance p=0.069 p=0.060 p=0.004 p<0.0001
The number of valid reads Good’s coverage of library (%)
DO 61,677.735,501.13 99.87+0.04
CH 77,594.9313,917.24 99.84+0.01

Data represented by the mean of each sample.
Symbols: DO: Doenjang, CH: Cheonggukjang
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Fig. 1. Microbial composition and relative abundance in Doenjang (DO) and Cheonggukjang (CH) based on taxonomic levels of classi-
fication at phylum (A), class (B), order (C), family (D), genus (E), species (F).

%), Tetragenococcus halophilus (5.04%), Clostridium arbusti (3.95 iformis (18.65%), Enterococcus faecium (12.38%), Bacillus subtilis
%), Kroppenstedtia sanguinis (3.00%) o2 U5 om, A= (10.29%), Lactobacillus sakei (9.24%) <= 2.2 UE}U(Table 3)
o A& Bacillus thermoamylovorans (24.73%), Bacillus lichen- RBETH ERTE0| T(phylim)ol A F(species) T & &

Table 3. Taxonomic classification at the phylum (A), genus (B) and species (C) levels showing microbial communities of each Doenjang
and Cheonggukjang

A. C.

Taxonomic rank in phylum Il;r((;portlon gil) Taxonomic rank in species Il;r((;portmn ((Zfil)
Firmicutes 97.02 99.67 Bacillus subtilis 50.83 10.29
Proteobacteria 1.93 0.00 Bacillus licheniformis 18.06 18.65
ETC (under 1% in average) 1.04 033 Bacillus thermoamylovorans 0.00 24.73
Enterococcus faecium 157 12.38
B. Lactobacillus sakei 0.00 9.24
Taxonomic rank in genus Proportion (%) Tetragenococcus halophflus 5.04 0.00
DO CH Leuconostoc mesenteroides 0.00 445
Bacillus 71.70 59.87 Clostridium arbusti 3.95 0.00
Enterococcus 1.60 1241 Weissella paramesenteroides 1.35 2.09
Lactobacillus 0.00 10.56 Kroppenstedtia sanguinis 3.00 0.00
Clostridium 7.22 0.00 Staphylococcus equorum 0.00 2.61
Staphylococcus 1.96 4.02 Bacillus smithii 0.00 261
Tetragenococcus 5.16 0.00 Clostridium  tyrobutyricum 1.78 0.00
Leuconostoc 0.00 453 Bacillus coagulans 0.00 1.57
Weissella 2.29 2.18 Carnobacterium inhibens 0.00 1.46
Kroppenstedtia 3.00 0.00 Staphylococcus sciuti 0.00 1.38
Carnobacterium 0.00 282 Brochothrix thermosphacta 0.00 1.38
Brochothrix 0.00 1.39 Carnobacterium mobile 0.00 1.34

Pediococcus 1.14 0.00 Staphylococcus aureus 1.32 0
ETC (under 1% in average) 5.95 222 ETC (under 1% in average) 9.52 5.81

Data represented by the mean of each sample
Symbols: DO: Doenjang, CH: Cheonggukjang
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A Ao nAE EXo| FAGAHOZ Afo]7}
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Fig. 2. Principal coordinate analysis and UPGMA clustering result based on Bray-Curtis dissmimilarity metric of bacterial communities

on genus (A) and species (B) level (red circle & bar :

Doenjang, green circle & bar : Cheonggukjang).

Table 4. Permutational multivariate analysis of variance table for bacterial communities from Doenjang and Cheonggukjang

Test

PERMANOVA

Hypothesis
Bdiversity distance metrics

Jensen-Shannon

Distributions of population is similar
Bray-Curtis

Sample size 60 60
Group size 2 2
Groups Doenjang-Cheonggukjang Doenjang-Cheonggukjang
Permutations 999 999
p-value p=0.001 p=0.001
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Table 5. Biomarker analysis between Doenjang and Cheongqukjang using LEfSe analysis

&3tk 20 ]9 LDA (Linear discriminant analysis)

AT ARHO| DR, FF B, 7
AEAF A 543 48U 4

Taxon name Taxon rank LDA score (log 10) p-value

Bacillus subtilis Species 5.28504 <0.00001

Bacillus thermoamylovorans Species 5.08476 <0.00001

Lactobacillales Order 5.04244 0.00127

Enterococcus Genus 4.74042 0.00181

Enterococcus faecium Species 4.73975 0.00200

Bacilli Class 4.71431 <0.00001

Lactobacillus sakei Species 4.66495 0.00018

Clostridiaceae Family 4.58766 <0.00001

Clostridium Genus 4.58766 <0.00001

Clostridiales Order 4.58516 <0.00001

Clostridia Class 4.58507 <0.00001

Tetragenococcus Genus 4.41186 <0.00001

Tetragenococcus halophilus Species 4.40232 <0.00001

Clostridium arbusti Species 4.33497 <0.00001

Thermoactinomycetaceae Family 4.21359 <0.00001
Taxonomic biomarker &4 sakei7} A H o2 Ho] R AoE Yyt old @
2 420 AR 3 529 VAR A D47 A7 0AZe 943 AFAN 5L 1&g AAG0E, 4 A
Ao A A FF g Aol7k glof 4 vAE TS AT AR s, %3 F SO A 9= nE AL
3l biomarkers £4et7] flste ¥ A 24 =3} F7] 2 A ZHAT, obAAA B A=A vAE Ex) A
(Linear discriminant analysis effect, LEfSe) [16] &4 & ©] I} apolof og A= 59
< 9
7t

scores effect sizeZ 3te] A EZ AFE3191 01, LEfSe &4
AHE v O & LDA scored] WE 49 15% 9 taxa} p-val-
ues Table 59| YEMWITE 1 A3} &
Clostridium, Tetragenococcus?t B2 =79
Aol & Yetyon, & FFNM = Bacillus subtilis, Bacillus
thermoamylovarans, Enterococcus faecium, Lactobacillus sakei,
Tetragenococcus halophilus, Clostridium arbusti= YEFSTH &

F o A biomarkerE Hln & A} Bacillu subtilis, Tetrageno-
coccus halophilus, Clostridium arbustic 3t & 2.2 €740 A]
wol B3}, Bacillus thermoamylovorans, Enterococcus fae-
cium, Lactobacillus sakei= 3 =70l A o2 go] EX3} &
AR velgth 9 Aoe @l A Bacillus & 7|4 E°]
013%-93.96% < A ske] HtA o= 7HE Hol £ ﬁé}ﬂﬂl
Tetragenococcus halophilus$} Clostridium arbusti7} ZF7+ 0.00-
56.75%, 0.00-6.91%5 A3t 2342, 6], A= %01] A
Bacillus, Lactobacillus, Enterococcus <& B A &0] 27 64.00%-
90.7%, 0.00%-9.5%, 0.00%-28.8% 5 XA\ 3te] ¥ o
wol Bxdthe A7 ZAA[14]% FASAT AEEA
FZE AEFH R FE5t7] AT biomarkers

A3 biomarker oA E2 A3 A=A Abolo p<0.01 o] st
o ¢ g £ Afol7h de AoE glHNoH, |
ol Hw Baczl us subtilis, Tetragenococcus halophilus, Clostri-
dium arbusti7t FHH SR Fo| FE3IH A, A=

Bacillus thermoamylovorans, Enterococcus faecium, Lactobacillus

FZ | A Enterococcus,
u| A &8+ 7

Az on M
ol

FUE Y SHUAE AR B Bge] 9 o
Hog Sysiofk ¥ Rolu.
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