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This study compared and analyzed the microbial composition and physicochemical characteristics of
kimchi (gimjang kimchi) and mukeunji (aged kimchi). Commercial kimchi and mukeunji products were
purchased through an online market. After an analysis of physicochemical characteristics, the pH of
the mukeunji samples was found to be lower and the acidity higher than in the kimchi samples. There
was no significant difference in salinity between kimchi and mukeunji, but the sugar content was higher
in the kimchi samples. The phylogenetic diversity index, which incorporates phylogenetic difference
between species, was significantly higher in mukeunji than in the kimchi. The most dominant order
in both groups was Lactobacillales, but several lactic acid bacteria, such as the Pediococcus and
Lactobacillus species, which may be more acid tolerant or more competitive, are relatively predominant
in mukeunji. Beta set-significance analysis based on two different distance metric results revealed that
microbial distributions of population were different at the statistical confidence level (p<0.001). We
investigated the effect of respective species on total microbial community using the LEfSe (linear dis-
criminant analysis effect size) mechanism. According to the results of LEfSe testing, a relatively higher
abundance of Weissella kandleri in kimchi and a higher abundance of Pediococcus inopinatus in
mukeunji have the greatest influence on the differences in microbial structure between the two groups.

Key words : Kimchi, Mukeunji, next-generation sequencing, physicochemical characteristics

4, v, vdE, AE4 35tE 53 2 T IY
Qe FFa F= D¢ AFE 0 23], 20061 W= A%
]2l

*Corresponding author

Tel : +82-63-650-2036, Fax : +82-63-650-9590

E-mail : godfiltss@naver.com
This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

A BAE A AAE TEAE Fo] gloy, ol
o] B3} 2Hgof o3 WHFH, v, s}, gatks)
et B 5& Zhethal dEA AT24]. FAoNE F2
7Hgel A A AR5 wHEo] HAAT, A FE 50% A%
7t AFAA A AzE I Qo 543 FHAS St
7153t 9 Woge FFeks AniA Aoy W
TOoE A3 AA A Ak FEIF A o= Q)
o IFNAME S oA XL v F R A5
AR 2¥A A oF 70%E AA|shaL QLo m[26], TR Al
o] AE3ste} A g anlAke] Z 3R whet £4
AEE 2 A F8= F7IstE FAolths].
AAE 4 A= wepA gt G2 7], 9L 71X,
527 528 s F Aok 2 32 WA= A F =4
A AXA @& PAZ A7) 4 45 A, T AAE
oz G7F Ay de A AX e F2n, 544
o= A% AR e st 7] Wi E A1) &
SA e Gk MjFAX R ofdo] Bol So7bA] ¢
oMol A 1d o] Ia 9 SAE AzEHE 5 7
X2 EfY 553 FuE Ad HATE AA HE2AFo
T20]. A1) G40l ME pH, A% 59 o]3sty 54
I} gl Hoshs thfet nAES AR Frlo] 4



326 BB UTIX] 2023, Vol. 33. No. 4

tsle] 71x)e] B g @ LA Fo] o 0|58tz EA
o Ee g A77F 3 vk Ao, A A F A
Aol As]ol A A A3 zjiu 25 FATAL A9 1.0~

4.0%, A= 1.0% o]3te] ATt g o] o] A=

1.0% o4& gdr|Fo =2 6}—5 B2
7] oJ#$-H[2],

A P2 U@ AT= w
AR R YH %

J-{U
rlo
N
rlr
v
—
N,
ol
1
K3

Ao w2 Fd EA4[7, 10, 16, 18, 20], vh:] 2t 4@%4
E4 Wsk4, 9], F2A AxE AT EF 2EhE NS,
19], H2AE o] &5 AF/MNL13, 14], TE WABE[3, 22]
o] o]FoFH o, AT B0l g T2 2 s
gz EAo) i3t Hlu AFE EE3 AAo|th

0o ox

mebA, & AT S48 FAS ARA & AA
o 67H ol A 333 KA A F2AE 22dle
el Feistd A4 71t e £ AR F4 9
2AAY G714 D 24 7] & (Next generation sequencing)<
gg35te] g2l mAE 73S Hlu B4 oY, 3%
279 4 149 M 2 2E8el 282 F A=

NzARE AZsaA ot

el owoﬂm 2 19} 5o 1& zke] o]sjet] EA

TR AR} F2A ARE MQ7045 FE=LHT
(BRAUN, Kronberg, Germany)Z v} & Ha® 7
A3 ofofg o]5}ehA 54 Aol A&t pHE
S20 Seven Easy pH meter (Mettler Toledo, Schwerzenbach,
Switzerland) & AH8-3l] SA3H T, A A=E AOAC.
(Association of Official Analytical Chemists)5 Oﬂ ua} 714
2 522 o4 10 mlol 0.1 N NaOH &2 pH 8.30°]
2 wj7kA] 2 &, 0.1 N NaOH &4 9] v FS o
AlxkA o O 938k lactic acid (%) FHFSZE YERATH
1].

22

—

A= (lactic acid %, w/v)=[(0.1 N NaOH Z=B]&(ml) x
0.1 N NaOH factor x0.009/A] 5 %(ml) x100%)]

¥ EE TM-30D ¥ E=7(TAKEMURA, Tokyo, Japan)S
AP%‘SM S5, SR AA B 524 A4S 10

—?— PAL-1 B =A(ATAGO, Tokyo, Japan)E A}

Total DNA £&

AX 9} BoAZHE 16S rRNA G714 LS B435}7)
£ 8t total DNAE FE3}7] 95l QlAamp PowerFecal
Pro DNA Kit (QIAGEN, Hilden, Germany)S AF83}% .2
o, A zALe] & HH o W} total DNA F&5& I3}
Ao I A EEZHE FEF total DNAS] 329 55
Qubit 4 & 33FZ747](Invitrogen, Waltham, Massachusetts,
USA)<} Nanodrop One 3333 =A|(Thermofisher scientific,
Waltham, Massachusetts, USA)E ©]-8-3}o] SA3 & 1.5%
agarose A7) 95 T3 F=H total DNAS] T & HF

skt

16S metagenomic library ®Zf & H7|MYE E4(Next
Generation Sequencing)

nYE T3 BAS 93 16S metagenomic library 2}
9] »E #AL Illumina (Illumina, San Diego, California,
USA)AFE] 16S metagenomic sequencing library pre paration
guide©ll w2} =331 TH6]. === total DNA W< 16S
rRNA fr712}9] V3-v4 1S FEA7]7] 918te] V3-v4
region target 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 ACA GGA CTA CHV GGG
TAT CTA ATC C-3)¢} KAPA HiFi HotStart Ready Mix
(Roche, Basel, Switzerland)E A3} polymerase chain
reaction (PCR)< 3313 th 13} PCR RE-3-2 95T A
583} pre-denaturation, 95C ol 4] 3023} denaturation, 55C
ol 1 3023} annealing, 72°C ol 4] 3023} polymerizationd}
= A& 258 W& & 72T oA 583F 5 extension
S FY3te 2do2 A 6@ 3t 2™, library ©] 9] 9] &
£ AMpure XP bead (BECKMAN COULTER, Brea,
California, USA)% ALg3te] A ASE S 2 libraryvlot
£ index® B¢l 23 PCRE F33517] 913l Nextera
XT Index kit v2 (Illumina, San Diego, California, USA)S
A-8-3FATE 23 PCR HE§-2 95C ol A 583t pre-denatu-
ration, 95C ol A 30%7} denaturation, 55°C ol 4] 30%3} an-
nealing, 72°CollA] 30%3} polymerizationdli= TAIE 83
HEESE & 72Co| A 5E3F 25 extension W3S T3 3h=
Z0Z P3P oM, library ©] 2] BE-S AMpure
XP bead& AH&3st A ASATE AAH libraryd] F4



A%5E 930 Qubit 4 F3=% 712} Nanodrop One #3333
SAIE o] &3t library?] ¥ % B =% FAHES T
1.5% agarose 7195 < B2l A2 librarye] 37
AstATh 2 libraryE L3 F5(@ nME 3] X3H= nor-
malizationS 33+ T} pooling2 E3}e] mixtureS A2t
3}al, PhiX library (Illumina)e} &G Th HF2H o2
combined libraryE MiSeq Reagent Kit v3 (Illumina) car-
tridge®l] F4 3}, Miseq (lllumina) S FS T3 A7]A
g 845 AAEAT

me
A

SV
H71AE £4 S Tkl A4kE FASTQ 3 S Ezbio
Cloud 16S-based microbiome taxonomic profiling (MTP, CJ
bio science Inc.) softwares 53l =43t H ) 2+ A 59
library 2B Ao read Sl 4 low quality, non-target,
chimeric read& A A T5 97.0% ©1’42] F7144E FAF
A 7]1& 9.2 Operational taxonomic unit (OTU) clustering
S, a-diversity 42 9% 5 1’/]"’b‘é(diversity)gl 7<]
X2 Simpson, Phylogenetic diversity S 4H&3F% 0.1,
&5 E(richness)®] X3 Z ACE, Chaol, Jackknife, &
“d(evenness)2] A EZ NPShannon, Shannon< 4+&
Ha ZA 8kt Alg 3 rAE 39 B
UniFrac metric [17]< 7|92 3+ B-diversity £ 0.2
g om, A&} 522 v E £ AolE
thH = 57 23 (PERMANOVA, Permutational multivariate
analysis of variance) 4 2.2 AZF3IH T vpA|eto =z A
g 38 B4 &3 =7)(LEfSe, Linear discriminant analysis
effect size) 4= T3t A& F2A] 9 w|AYEHA
EF 4o wE taxonomic biomarkerS 43} TH28].

1 o r:u

Y Y rlo & oft ofx

i=]
Rl

H| 24

Journal of Life Science 2023, Vol. 33. No. 4 327

oy
2

a
Ao
rlo
A
10

Tt

| olstats 54

o|3}stAd EA BA Ay

538 A AR 155 3

He} Ab% = Z-2F pH 5.50+0.43, 0.40£0.11%% U EFS

o p
on, 52
£0.23, 1.44

A AR 1552 Hi pH 2F=+= 2+ pH 3.82
+0.29%% JEMGTH £HE BRE 21X 9] pHE

3.8, A= 1.0% olste g YEyton, 5249 pHe
34, {} = 1.0% °olFe® UEh HEdE 2EtAol

J

iz rlo
SN
P log
23 Hﬂ
el g
o
w
2
g

g [

=

H_

(=}

i

O
c\o —
ot X
W 7
b oof &
o
rr =y
o
2

o2 e 5&2 ASSe] pH7t o B

, A
%Qlf’]fl i}olﬂ RAAA T, &

A ]%G(Table 1).
o] AdUALOZE &S o

g R Fol PH el BUFL o
Aoz o] §3ol meh It wohrl Ao AR
s} Ze A7 AvE PR H47I7ke] ARTS

:I-"
HEE b, gl A

= )ﬂﬂ_% Ho ;q ?gx]lﬂ- FEE 44T Hwang 59

dxl A S2X A= o-
AA g F2A4 A5l

diversity =4
a-diversity &4 @-ﬂ'i Table

23} o] QoFst T} Aol H i valid read = 84,470
AN, F&A9 H valid read FE 92,2407% o, =&

Table 1. pH, acidity, salinity, and sugar contents of Kimchi and Mukeunji samples

Sample pH Acidity (%) Salinity (%) Sugar content (brix)
KC 5.50+0.43 0.40+0.11 3.02+0.52 11.76+1.36
MEJ 3.82+0.23 1.444+0.29 3.03+0.59 9.29+1.55
Symbols: KC: Kimchi, MEJ: Mukeunji
Table 2. a-diversity of Kimchi and Mukeunji samples
Sample ACE Chaol Jacknife OTUs
KC 414.42+147.34 382.38+131.86 436.00+140.15 346.60+107.92
ME] 459.82+132.35 421.40+114.56 481.94+120.97 368.73£83.33
p-value p=0.165 p=0.165 p=0.165 p=0.263
Sample NPShannon Shannon Simpson Phylogenetic diversity
KC 1.14+0.56 1.13£0.56 0.55+0.22 435.67+153.24
MEJ 1.27+0.48 1.25+0.48 0.49+0.21 539.33+165.82
p-value p=0.494 p=0.494 p=0.419 p=0.033

Symbols: KC: Kimchi, MEJ: Mukeunji
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Fig. 1. Microbial composition and relative abundance in Kimchi (KC) and Mukeunji (MEJ) based on taxonomic levels of classi-

fication. uc: uncultured.
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Fig. 3. UPGMA clustering result based on UniFrac dissmimilarity metric of bacterial communities at genus (A) and species
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Table 4. Biomarker analysis of microorganisms at the species level between Kimchi and Mukeunji using LEfSe analysis

Relative taxonomic abundance (%)

Taxon name LDA effect size p-value
KC MEJ
Pediococcus inopinatus 5.47 0.00001 0.19570 56.89790
Weissella kandleri 543 0.00005 58.96870 7.30560
Leuconostoc gelidum 4.87 0.04425 21.14900 5.69290
Lactobacillus malefermentans 4.41 0.00007 0.01180 4.54250
Leuconostoc mesenteroides 4.02 0.02944 0.57010 2.75400
Lactobacillus parabrevis 4.00 0.00257 0.00390 2.53380
Lactobacillus hokkaidonensis 3.72 0.02943 0.00180 0.88280
Lactobacillus_uc 3.70 0.00394 0.03080 1.28310
Pediococcus _uc 3.54 0.00004 0.01230 0.68200
Weissella uc 3.47 0.00001 0.67220 0.09560
Lactobacillus koreensis 3.19 0.04133 0.00060 0.38680
Lactobacillus oryzae 2.79 0.00020 0.00010 0.10930
Weissella diestrammenae 2.65 0.00005 0.10480 0.01840
Lactobacillus paucivorans 2.56 0.00756 0.00000 0.09280
Pseudomonas_uc 2.41 0.01071 0.08010 0.03370
Clostridium celatum 2.38 0.04270 0.05220 0.00460
Pseudomonas amygdali 2.26 0.00692 0.03990 0.03150
Pseudomonas veronii 2.20 0.00129 0.03760 0.01190
Janthinobacterium lividum 2.15 0.00080 0.02590 0.00040
Pediococcus acidilactici 2.06 0.00534 0.00170 0.02890
Pseudomonas marginalis 2.04 0.00467 0.02170 0.00260
Lactobacillus plajomi 2.03 0.01774 0.00010 0.02600

Symbols: KC: Kimchi, MEJ: Mukeunji
uc: uncultured.
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Fig. 4. Biomarker discovery by LEfSe analysis between Kimchi and Mukeunji at species level (green bar : Kimchi, purple bar:
Mukeunji). uc: uncultured.
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