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Korean jang is a food made using fermented soybeans, and the typical products include gochujang
(GO), doenjang (DO), cheonggukjang (CH), and ganjang (GA). In this study, 16S rRNA metagenome
analysis was performed on a total of 200 types of GO, DO, CH, and GA using next-generation sequenc-
ing to analyze the microbial community of fermented soybean foods and compare taxonomic
(biomarker) differences. Alpha diversity analysis showed that in the CHAO index, the species richness
index tended to be significantly higher compared to the DO and GA groups (»p<0.001). The results
of the microbial distribution analysis of the GO, DO, CH, and GA products showed that at the order
level, Bacillales was the most abundant in the GO, DO, and CH groups, but Lactobacillales was
most abundant in the GA group. Linear discriminant analysis effect (LEfSe) analysis was used to
identify biomarkers at the family and species levels. Leuconostocaceae, Thermoactinomycetaceae,

Bacillaceae, and Enterococcaceae appeared as biomarkers at the family level, and Bacillus subtilis,
Kroppenstedtia sanguinis, Bacillus licheniformis, and Tetragenococcus halophilus appeared at the spe-
cies level. Permutational multivariate analysis of variance (PERMANOVA) analysis showed that there
was a significant difference in the microbial community structure of the GO, DO, CH, and GA groups
(p=0.001), and the microbial community structure of the GA group showed the greatest difference.
This study clarified the correlation between the characteristics of Korean fermented foods and microbial
community distribution, enhancing knowledge of microorganisms participating in the fermentation
process. These results could be leveraged to improve the quality of fermented soybean foods.
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AE AR nAE g8 2 7 72 24 S 9%
AZZE 1FH 50F, D4 50%, AH 505, T 5052
2 F 20059 ANEE FHAT AR A wek nyy
E 7 Fx9 dntsE Y8l dAE, Ax3d 2 Az
Aol FAGlo] THFE AFESIA ZT A Ao R A=

S33hgt,

AlZQ| total DNA F&

16S tDNA €714 E 45 H3l F 20059 AE9
total DNAS FZ&35 91, PowerFood Microbial Kit
(QIAGEN Hilden, Germany)E- AF-&-3}o] A ZALS] ¥ o
wk2} 2 SFS T Qubit 4 (Invitrogen, Waltham, Massachu-
setts, USA) £} Nanodrop One 333 = A|(Thermofisher sci-
entiﬁc Waltham, Massachusetts, USA)Z Z} Al S22 HH o

< total DNAY] 5% 2 <58 HYsA SHs9oH,
0.8% agarose gel A7] 45 TP3slo] HF DNA FH &

AZsen.

16S metagenomic library MZ} % NGS 24

T A7 vE T E48 230 Tlumina (lu-
mina, San Diego, California, USA)AFS] 16S metagenomic
sequencing library preparation guide [10]°] ™2} 16S meta-
genomic libraryS A &3} Th 16S rDNA 732 U] V3-V4
499 FES A8 13 PCRES Y3 A ) primer set
(forward : 5'-TCG TCG GCA GCG TCA GAT GTG TAT
AAG AGA CAG CCT ACG GGN GGC WGC AG-3, reverse
: 5-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG
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ACA GGA CTA CHV GGG TAT CT A ATC C-3', N; A
or CorGorT, W, AorT, HHAorCor T, V; A or C
or G) 9} 2x KAPA HiFi HotStart Ready Mix (Roche, Basel,
Switzerland)E &3}18}e] PCRS 33Tk PCR ¥H8 =
742 95Tl A4 333t pre-denaturations 4-2Y 313 2.1, 95
Coll A 3053t denaturation, 55°C el 4 3023} annealing, 72
Coll A 30%7F extension S E 253] HFESE & HF
72CAl 583) extensions T33te] 12} PCR AHE& 4
k. PCR Ab=9] AAE SAsl A=A vl wet
AMpure XP Bead (BECKMAN COULTER, Brea, California,
USA)E B+ES 27 AASAS 7 A8 2/E ¢

3l 22+ PCR<S X338 2™, Nextera XT Index kit v2
(Illumina) & AF8-3FATE 2t library©ll indexE E°]7] <%
PCR HF-g Z71 0.2 95C oA 3831 pre-denaturation= <~
gt &, 95 CollA] 30%7t denaturation, 55 Coﬂ/\i 303t
annealing, 72°C ol A 3023} extension ¥H-&-& 83 W&t
T A= 72Co A 587 extension ¥FH3S F33H o™,
AMpure XP Bead (BECKMAN COULTER)E A}&-3}4] li-
braryE AL E-ES EF AASNAHY. HFTHo=E
Qubit 4 2} Nanodrop One &334 =71 &3l double-strand
librarye] 5% &4 9 &E& 43190 H, librarye] 3
7|(base pair)E w23t7] 918l 0.8% agarose gel X719 5
< B3l FHAAE AT 2 library®] $EE BT Y
Al 84819 2. (4 nM), Miseq platform (Illumina)ol]
2} library9} PhiX control v3 (Illumina)E @@"5‘}04 MiSeq
Reagent Kit v3 (Illumina) cartridge®l]l % +
2x301 sequencing cycle 02 7| ES E43}H T

paired-end

NGS HIO|E| SHEN

A 5.9] Sequencing B ©]E]= 16S metagenomic library =
FE AAE raw readE 7FAAL = FASTQ Y2
EzBioCloud 16S-based microbiome taxonomic profiling
(MTP, Chunlab Inc.) [39]S &3l #4]=]Slt}. Taxonomic
assignmentS 9]¢} database= EzTaxon database PKSSU 4.0
version [1]¢] AF&= ATH PCR -7 ol A *34% n| A &=
ol9lo] A7IAE, AFZ Mg, 7Ivlzt ALES A A
THEAE 93 valid readsE A2 H, 7} readsE YAl
Z(FAE 97%) 71¥ 02 OUTE clusteringdte] Al @A
LFE AASA. Single MTP browserE 53l A 5.9
v AE X F & (diversity), F FF E(richness) A
% % Good’s coverage of libraryS A+&3IATh 154,
B, A= 9 OF Al A wAs A9
beta-diversity== Comparative MTP analyzerg ©]-83}% .2
™, Bray-Curtis distance metric [6] 7]¥F 2.2 principal coor-
dinates analysis (PCoA), UPGMA-clustering 2 beta set-sig-
nificance analysisE FH3IA T SAH 2 133, AA

A5 8 4 AR ol @ 2ol Uehi Hholo
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Table 1. Sampling area and aging period information for analy-
sis samples

The number of samples
GO DO CH GA

Production area

Gyeonggi-do 5 7 8 4
Gangwon-do 6 3 3 3
Chungcheongbuk-do 7 7 6 6
Chungcheongnam-do 5 8 6 6
Jeollabuk-do 8 10 11 7
Jeollanam-do 6 9 6 9
Gyeongsangbuk-do 5 2 4 6
Gyeongsangnam-do 3 2 3 4
Jeju-do 5 2 3 5

Total 50 50 50 50

Aging period The number of samples

(month) GO DO CH GA
0to5 8 10 47 21
6 to 10 15 12 3 14
11 to 15 11 16 0 11
16 to 20 7 7 0 0
20 to 25 8 4 0 0
26 to 30 0 0 0 0
31 to 35 0 0 0 0
36 to 40 1 1 0 2
over 41 0 0 0 2

Total 50 50 50 50

t}-# (biomarker)E 2t7] 9|3l linear discriminant analysis ef-
fect (LEfSe) &4 & T3ttt
Zdup o jnE
0= CIolH &

s LaEAFY vfo]A&2nto] 5 BAHS A
AzolA #ZstRon, 47 #3838 +3A9H =4
W8 7174 Table 19 YERA AT ZE
2 FTHE AESHA] @2 AEHA R Az Al

TR, AlxA S, 54 5 FETIE] Zel=

kot |o w2

HokA] okt & Aol s 200709 A7 AERHEH
AFA MY, B53 g 7vet AEE A9t &
17,442,15371 8] 71X LS AR H, 97% FAHE S 7%k
© 2 65,63671] OTUs (Operational taxonomic units)E 2]
H3AT RE ASoA AWE] A A E(Good’s coverage
of library)7} 99.5% o] o8 A|AA vo]El 9 reads7}t
AE 23 FAE T& BF HET UHE FESS

391314 TH(Table 2).

HME ZF ARl alpha-diversity &M

Alpha-diversity £4-2 AZ& 15 Ul o 41412
2 g &t A A(0TUs, CHAO, Shannon, Simp-
son)E 7|Hto 2 F AR FRT thA(richness) 2
5 d(evenness) ZFol & ERJISIH T FHEH AF AME9
BT £ FAHX OTUsE HF 419.56(LF4), 232.72(2
), 364.66(8 =7), 29578 = YERg o, w3
A= 35 1 1Y% Aozt YERA] FTH(Table 2).
CHAO ¥ 5% A& F&3s o 132387 F=5%
IF 3 BARLSE fog Aot YERA gomp>
0.05), A& 2174 25l Blg) T FFE=E AF7F fo v
Al E& AEFgS BATHp<0.001). ThFAA Y LS =
F H2=E3}7] $13) Shannon 3} Simpson 7|HFo. 2 A3
U3t GFd AFollA BE AFe FANHOE {23

Aol 7k UERGA $9kThp=0.05) (Fig. 1).
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3lH o, Z(class) FFNAE Bacilli (73.78-93.19%)7}F
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Table 2. Sequence number and alpha diversity indices observed among four types of fermented foods

The number Good’s The number of

Sample of samples coverage (%)  total valid reads OTUs CHAO Shannon Simpson
GO 50 99.83+0.16 4,241,655 419.56+222.84" 536.90+245.55°  1.71£0.96"" 0.39+0.21°
DO 50 99.93+0.04 4,583,535 232.72+152.27°  274.28+167.23"°  1.58+0.65°  0.38+0.19°
CH 50 99.84+0.07 4,220,938 364.66+129.83"  481.62+181.94°  1.77+0.41°  0.32+0.12°
GA 50 99.92+0.05 4,396,025 295.78+185.49° 344.73x£194.72°  1.93£0.75°  0.33+0.19°

Values of the mean and standard deviation are indicated

Symbols: GO: Gochujang, DIJ: Doenjang, CH: Cheonggukjang, GJ: Ganjang
. Means with different superscripts in the same row are significantly different (p<0.05)
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Fig. 1. Alpha-diversity assessed by speciess estimator (Operational taxonomic units, OTUs), richness (CHAO) and diversity
(Shannon and Simpson). The boxes show the interquartile range and median, whiskers indicate the range. ns, not significant

(p>0.05).

(Fig. 2C). IH(family) 5N A1 Bacillaceae”} —;F- }(70.98
%), B8(69.54%), A=7(72.59%) A 7+ §-
Enterococcaceae™= Z73(31.49%) A 8. 1 3

2 UebstthFig 2D). olel e AFEe B4, z_vo
& FEEAFAA AT S (34, 38], 53] Enter-

ococcaceae®y L Lactobacillaceae AE2 A=

[e)

— X
3 30 4B AuSe g FUE G A2 L
A SUEHS]. Sr(genus) 2] AE BEE 1FR BF

Bacillus (70.06%), Lactobacillus (4.45%), Staphylococcus
(2.44%), Weissella (2.12%), Pediococcus (1.97%) 7} *3$
5% $AFo 2 Yelow, B A= Bacillus (67.79
%), Kroppenstedtia (6.03%), Tetragenococcus (5.33%), Clos-
tridium (4.00%), Enterococcus (3.06%) 2.2 9 3t= A
o2 UEWS. A=A-2 Bacillus (72.1%), Enterococcus
(9.39%), Staphylococcus (3.07%), Lactobacillus (2.65%),
Carnobacterium (1.47%) o™, 7ol 4= Tetragenococ-
cus (29.67%), Bacillus (21.05%), Lactobacillus (9.57%),
Chromohalobacter (6.90%), Staphylococcus (4.44%)7} Z}A]
3]'04 &+ 5% "?“@%Loi YEFTH(Fig. 2E). (species)
FoE= 1FA A Bacillus subtilis (42.17%),
Bacillus licheniformis (19.89%), Bacillus thermoamylovorans
(3.48%), Enterococcus faecium (1.70%), Kroppenstedtia san-
guinis (144%)7} 49 559 $HTOE Yepgon, At
ol X1= Bacillus subtilis (37.66%), Bacillus licheniformis
(26.57%), Kroppenstedtia sanguinis (5.98%), Tetragenococ-
cus halophilus (5.29%), Enterococcus faecium (3.03%) =2

2 At Ao® Yetth A=42 Bacillus lichen-
iformis (30.92%), Bacillus subtilis (18.72%), Bacillus ther-
moamylovorans (18.11%), Enterococcus faecium (9.34%),
Lactobacillus sakei (2.37%) <=°l™, 713l A= Tetrageno-
coccus halophilus (29.44%), Bacillus subtilis (11.75%), Lac-
tobacillus sakei (6.82%), Bacillus licheniformis (6.72%),
Chromohalobacter beijerinckii (6.27%)7} XA 38}od 44 5
_%9] (0] x%;(-oi 14.5].1/1-1:]_(1:15, 21:)

B A7Adel mt2d eyt AF ARde o
Aol FrEe] o, O 3 Fof was /Mg #d
[16]°] %< Bacillus & HZA 02 KE] 7| U8t Fo| b

37} APEEA SHFLS P AT FAEM[19]
L3I B, =] 60%017d AAsH A E T4
o Y& v A= ALE YEhgth WA F EAE=
v 8 2 & (Bacillus spp.)& G2 23l E45 A4tsh
= Bacillus subtilis2} PIZ7IA 2 F Gl (FZAYL
p-Z2d A S Zheslisted 54 AelgA Feols
& At Fudsh +t, sl dee B I 24
I 2 A 5AS YEhle Zo = °LE:] 311
A= g8 AFel vl Z=2uloley mAE F
Enterococcus faecium %} Lactobacillus sakez7]- A A o 2
ol E23IH T Lim (2020)2] A7 Ax}ol| W= Enter-
ococcus faecium KML12 2 Lactobacillus sakei MML23Z
g nlo] 2A4Y o}l (biogenic amine) £33l 5] FAH A
ot Aol violealy opbdl e ofrl 4tska o
93] 4+s}3 golw]=38H(Oxidative deamination) HE-§-< -
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Fig. 2. Mean relative abundances of bacterial taxa by type of fermented foods at phylum (A), class (B), order (C), family (D),
genus (E) and species (F) levels. Composition less than 1% were grouped into others.

ato] Uehdtha whl u} Qlol23] Ak ol oA

g obul Zao] 28 F Zlolet BEE e A%
oldle] ATATSE A & o] VIAE 23 B4

oA HLAdHe HAoleta & F Tetragenococcus R
Chromohalobacter”} vl-$- 53 A S 2 YEFGTH9, 40].
43 "o 9 8h= Tetragenococcus halophilus= <
og/vl zJA};Loi =2 o er,]. pH z7—]oﬂx—] A &8 T 3)\

DJ][lS], O}}\-’J'EE J’ 2 OYE= N—‘JT/\]”-
AR5 2o g gE
o= °]'E':] 7(‘] ;J\‘:]'

=2 e}

A5 Azl ALHE 2
o} R waRE 7)3leke]

E T FRE o)Fed & 9Fge v 7‘@] A E FFol
wE nAYEsH ER L o|F e & 9FE = AoR
foE

HE ZF AZ9 Bdiversity M

P-diversity 42 A1E IF 1Y TATZH vlu=E

ASHYA F7rE 53 MAE 7 B 72| HItE
SATo=HN A4 IF9 MdE e °HE IFH
frejuletAl theA #FE 5 ATH14]l ATl AHEE &
248 Bray-Curtis distance matrice 7]¥F 2. & Principal coor-
dinate analysis (PCoA) ¢} UPGMA-dendrogram= <=3} 3}¢]
zt A7 A AR 3 3o fFARRE AlAE) 5H
o 134, 9%, A=A, HF ANEEC] F A A
F I2FHEE WA 253K clustering) =] #EEH AT

(Fig. 3A). T+ 2&F°] 714 A ZREH HE HEHA
ettt EaE Fo] FAEYI uHA 154 2

d A NA e Azt FAo] Ao 2F 7=
o B2 FFE vHe Aozt AmrdEY. = AFA,
A, Aol 49 F 9 & FFNA Bacillus 0] A
9] 65% ©1/d-& kA3 cluster centroid®] AFEETF B
Ao 2 At} =3 UPGMA-clustering 24 23} A&

ol et R AR} clustering® o] T1F 7He] ¢
s Adeted 2SS A8k thFig. 3B).

= A

==

Beta set-significance
Bray-Curtis distance metric 7] §F .2 PERMANOVA &
AS Tl Wl 7HA AR mAE BEe SAH R
frojm gk 2pol 7k de=A BASEA T Wl 74HA 15 Hl

ol ]' | 8l 25387, caF-A, F-3
A, DA, B D AT F 6709
A8 H] Dl (pairwise comparisons)E A A SIA T F 1F2

nAE F2 FYstith = A7 (null hypothesis, Hy)
I F Y HAdE TR Exe tgErhE ggrid
(alternative hypothesis, H)= 2439 oW, 7MEAAHS &
Pt A3} BE p-value”} 0.001Z2 YEFGTH el o 1
9 P E 7 BExE FYsithe AFTHE el 714
dow, v 2FY vAE T3 EEXE WS Fovd
o] BAAQ atol7t Avke AE SR thFig. 4).

A

==

=R MBS

Taxonomic biomarker
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Gochujang
Doenjang
Cheonggukjang
Ganfang

Fig. 3. Principal coordinate analysis (PCoA) plot (A) and UPGMA (Unweighted pair group method with arithmetic mean) dendro-
gram (B) analysis results of microbial communities at the species level based on Bray-Curtis.
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Fig. 4. Beta-significance analysis between two different types of fermented soybean foods. Results of pairwise PERMANOVA
(Permutational analysis of variance) tests (A) and p-value (B).

¥ B4 &3 =7|(Linear discriminant analysis effect,
LERSe) [32] BAME ALg3tel 15 ko] Sol Al uiol
oA PAYEY FREE histogram O 2 VYERATH F3
T2 Apolo] B TS vAE= vAES FEE] 9180
LDA score thresholdE 3.0 2 A3} 2™, LDA score
A7 255 OF Aol vAdE 7 = Aol
Z 7198 YhFig 5). LESe ¥4 A3 3 FEoA 15
A a5 74§ Leuconostocaceae?t 717 Eol & o],
Thermoactinomycetaceae= 97 152 Hlo] QulA=ZE
Ebstth. A=A 152 Bacillaceae?t 714 Eo] & o)y, 3t
A 152 Enterococcaceae?t M ASZ YEHTH
(Fig. 5A). & A 157 159 7% Bacillus subtilis
7} MR M, Kroppenstedtia sanguinis= B7 L&l
A A, A= 52 Bacillus licheniformis7} 717

Tetragenococcus halophilus7} 73
SRSt W 7hA] [ 7234 zke]d
+ A2 = e THFig. 5B).

EF4F3 433l LDA scoreol| W} 3
, AT A ] A E T 9IS e
"] A E3} taxon rank, p-value, relative abundancesE Table
3o YER AT &3 F FFAA U 7HA A7 A8 E
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Fig. 5. LEfSe (Linear discriminant analysis effect size) analysis of taxonomic biomarkers of four types of fermented foods. The

relative abundance at family (A) and species level (B).

Table 3. Biomarker analysis fermented soybean foods using LEfSe analysis

Taxon name Taxon rank LDA score p-value p-value Relative abundances (%)

(logl0) (FDR) GO DO CH GA
Bacillus Genus 5.41 <0.00001  <0.00001 70.06 67.79 72.10 21.05
Bacillales Order 5.38 <0.00001  <0.00001 76.48 78.32 78.57 31.90
Bacillaceae Family 5.37 <0.00001  <0.00001 70.98 69.54 72.59 26.81
Bacillus subtilis Species 5.19 <0.00001  <0.00001 42.17 37.66 18.72 11.75
Lactobacillales Order 5.19 <0.00001  <0.00001 12.50 11.32 14.62 41.87
Tetragenococcus Genus 5.18 <0.00001  <0.00001 1.37 5.33 0.03 29.67
Tetragenococcus halophilus Species 5.18 <0.00001  <0.00001 1.36 5.29 0.03 29.44
Enterococcaceae Family 5.15 <0.00001  <0.00001 3.24 8.39 9.43 31.49
Bacillus licheniformis Species 5.11 <0.00001  <0.00001 19.89 26.57 30.92 6.72
Bacilli Class 4.99 <0.00001  <0.00001 88.98 89.63 93.19 73.78
Firmicutes Phylum 4.97 <0.00001  <0.00001 92.18 93.89 97.48 79.04
Bacillus thermoamylovorans Species 4.90 <0.00001  <0.00001 3.48 1.35 18.11 1.71
Proteobacteria Phylum 4.87 <0.00001  <0.00001 5.70 5.30 1.94 16.76
Gammaproteobacteria Class 4.84 <0.00001  <0.00001 5.20 5.22 1.88 15.81
Oceanospirillales Order 4.74 <0.00001  <0.00001 0.90 1.23 0.00 11.31
Halomonadaceae Family 4.74 <0.00001  <0.00001 0.89 1.23 0.00 11.30
Enterococcus faecium Species 4.58 0.00021 0.00171 1.70 3.03 9.34 1.78
Enterococcus Genus 4.58 0.00034 0.00264 1.74 3.06 9.39 1.82
Chromohalobacter Genus 4.52 <0.00001  <0.00001 0.72 0.54 0.00 6.90
Thermoactinomycetaceae Family 4.48 <0.00001  <0.00001 2.12 6.12 0.01 0.45

Symbols: GO, Gochujang; DI, Doenjang, CH, Cheonggukjang; GJ, Ganjang
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o] FE FE LEAA TE AFOE R FREE 1T, 94, A5, o] Aok &
ATFNAE F LEAEFY MAE 7S B8, 2 AR 3 wE UMH% T F=E Aol FEF
€ "X = v E(biomarker)Z EE o] E ¥ wstr] Y3 F 20059 A{F AS next-generation sequenc-
ingS 53| 16S rRNA t}lo] A Zu}o]3 4S5 4331t} Alpha-diversity 4] A3 £ FHE=E e =

A5+ CHAOE= 1543 A=Al A £40A B33 308 25l Bl ForlsiA £ AFS Bt
Z, A%

(p<0.001). ¥l 7FA] &7 v = ®E &4 A H(order) FFN4] Bacillales7} 137, |74, A=7%
dFANA M vEE, 239] 9 Lactobacillales”t A3 A o2 }o]7} LYEFSETE LEfSe (Linear dis-
criminant analysis Effect Size)2-2 53 A5 AF2 Ifamily)2} F(species) FFol| A Hfo] LulAE £

3R k. Leuconostocaceae, Thermoactinomycetaceae, Bacillaceae, Enterococcaceae?t 3+ &l A & {3 ol
2 HAE £F FZ Zolo & 79 E = Hlel kAR YEFS O, Bacillus subtilis, kroppenstedtia
sanguinis, Bacillus licheniformis, Tetragenococcus halophilus7} & oA v T/ HEAES v ES
Hoz BFRT & Jde /M Fa3% EF 22 YEYTY. PERMANOVA (Permutational multivariate analysis
of variance) &4 A ¥ 7HA] AFE vAE vF TRV} FATHOZ {FYu|d olrt YE S H
@=0.001), 71 & -3 T159] nAE A F27} A oS BYth B Ao A g 1 g A E o
NAESH 22 543 A7 F3E v E o 7E2Ald FFS vAE rAES HEden, TE
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7]t gkt
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