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Microbial diversity and physicochemical properties of takju and yakju
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Abstract Takju and yakju are traditional Korean alcoholic beverages that are prepared by fermentation of glutinous rice
with nuruk, a cereal starter containing various bacteria, fungi, and yeast. In this study, physicochemical and microbial
properties of a total of 12 commercial takju and yakju samples were analyzed; their pH, sweetness, and alcohol content
were varied, depending on the type of alcohol, from pH 3.64-4.8, 5.1-24.8°Bx, and 4.6-18.5%, respectively. Microbial
communities were analyzed with 16S rRNA amplicon sequencing using MiSeq system. At the phylum level, Firmicutes
(86.2%) was the most dominant, followed by Proteobacteria (8.08%), Actinobacteria (2.56%), and Cyanobacteria (3.13%).
Lactic acid bacteria, including Lactobacillus, Lactococcus, Leuconostoc, and Weissella were also frequently detected.
Among eukaryotes, Saccharomyces cerevisiae was the most dominant in these samples.
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Alg2e] pHE AlE 50mLE #3+ pH meter (D-50, HOR-
IBA, Kyoto, Japan)g AMg-sle] S78315th Al5e] & AR A8
10mLo] 0.1% phenolphthalein (DaeJung Chemicals & Metals
Co., Ltd., Daegu, Korea) A|A1<FS A-314] 0.1 N NaOH (Sam-
chun pure chemical. Co., Ltd., Pyeongtaek, Korea) £ o2 27

3lo] mFMo] & wj7bx] AH]E NaOH £9¢] %ol 00092 +
sle] oM EAL fo g Zhitsle] TAISIATE IEE e

WREEE B 100 mLe Fsk] SR/ 100mLA 4101 ¥2717}
QA" FTHAAAA F7 SHH] 80mLe] HY =&
7Fste] 100 mLZ 243 th3, WE=A(DMA 4500A, Anton Paar
GmbH, Graz, Austria)g ©]&3to] A3t Foe T=A
(Pocket PAL1, ATAGO, Kyoto, Japan)E o] &3le] =3 3}3it}.
ol 24

FdTe 230 AFAAE A8 0.01%2 Amphotericin B
(Sigma Aldrich Co., St Louis, MO, USA)S #7}3t PCA (Plate
Count Agar, Difco Laboratories, Detroit, MI, USA) v X]o] 3]4]
S AEE =S § 37°CoIA 24417 wikslddch. ARt F%
olo] 79 Alit GAI9F Fgo] FAA ESIAE flste] 0.01%
chloramphenicol (Sigma Chemical Co.) 2 0.3% sodium propi-
onate (Junsei chemical Co., Ltd., Tokyo, Japan)S #7}s}e] THE
PDA (Potato dextrose agar, Difco Laboratories) B =]l 3]4J31 A]
EE TUS F 30°ColA 24117F vieFerTh. @718+l 2ol
= Amphotericin B (Sigma Aldrich Co)E 0.01% %713+ MRS
agar (BD, Sparks, MD, USA) wiX]] 3|43t A|GE T &
30°Ce] @71 ZdEiol A 48A17F wi ottt

& genomic DNA F£&

AlFe] EAE= PAEY genomic DNA F%-2 PureLink®
Genomic DNA kit (Invitrogen, Carlsbad, CA, USA)S A&-3}%
o AlFE YHE Fast FEINT AEE YA EE s
AEAS W T lysozyme #8 9HE89(25 mM Tris-HCI, pH
8.0, 2.5mM EDTA, 1% Triton X-100) 180 uL= #7}sle] 37°C
oAl 1A17F BlF3FAATE. Proteinase K 20 uLe} genomic lysis/bind-
ing buffer 200 )LE FAHE 718 T stainless steel beads
(5mm, Qiagen, Hilden, Germany)E %X Mini-BeadBeater-16
(BioSpec products, Bartlesville, OK, USA)S ©]&3}o] 30%7+
vortexingS 3Ith. ©]F 55°ColA 3087 vlYE 3 o ek 200
1 uLE #3+ H, spin columndl] A59-S Wy 914152 (10,000xg,
1 min)a}3tt. 571 MZAAHS A F column®] membranedl] F

DNAE SHFol €3lAZ] §F 0.8% agarose gelS ©]-8-3t]
718502 Rl

2 rlo

HEHIE AIEA

Zt AEL IFA 16S HEHAlE AEA golBye Z2E
ol w8 H. DNAY F33 22 PicoGreens} Nano-
dro o]&3ted A3t Mdel 3-84S 16S ribosomal
RNA (16S rRNA) F4Ak] V3-V4 §o& FEs= Zoly

o1+| ©
(forward:  5-TCGTCGGCAGCGTCAGATGIGTATAAGAGACAG

g B AR 2R B
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CCTACGGGNGGCWGCAG-3', reverse: 5'-GICTCGIGGGCTCG
GAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-
NE ARSI, e #3412 internal transcribed spacer
(ATS) FAAH] ITS3-ITS4 Y9GS FFshe Zefol ™ (forward: 5-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGCATCGAT-
GAAGAACGCAGC-3, 5'-GTCTCGTGGGCTCGGAGA
TGTGTATAAGAGACAGTCCTCCGCTTATTGATATGC-3)S A&
alod PCR FF3th olojA v Q192 dFuju} AJEA
olgE H2E2 98 limited-cycle amplification2 8 cycle %133}
Aot HF AL PicoGreen®Z 13k} 351903, TapeStation
DNA Screentape D1000 (Agilent, Santa Clara, CA, USA)S ©]
|3te] golBeE] Ate|2E It HEAlE €748 &
232 Macrogen®l] 2]F39 2™ MiSeq™ Platform (Illumina, San
Diego, CA, USA)YS ARE-3ISI T}

reverse:

A2 ol =4

HEAE AEA A3 MSR (MiSeq Reporter)2 FASTQ
A& WAL, BWAS ARE-3lo] PhiX AlEEE Al AT
AEH paired-end data= FLASH 12.11 (Magoc 5, 2011)& A

o}
7_'1—
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stod ERFATE Mt F AE2TF 440-465 bpel LFEE A
g A2} 300-430bpe) IEA LS FHI
CD-HIT-OTU (Li &, 2012)2 AM&3&te] Adx
B 9 E4 A, 253 AEx, JHE A
A2 55 AAS L, 97% o) AE fAEE vigez 24
slsle] & 4752 OTU (operational taxonomic units)S 413}
o} Z} OTUS] tEAES ZH2te] dlolEslo]2~Ald: RDP release
11, FeF: UNITE 6.0)°] UCLUST (Edgar %, 2010)5 343}
, TAMde] 7S =2 A9 1Al R AEE R 89 54
t}. o]Z HEe g QIME v1.8 (Caporaso 5, 2010) ©]-&-3}]
nAE 23 B4 e AE U njAlE 27 B oY
A3 5% A2 $3), Shannon index, inversed simpson
IndexE 4FE3|3L, rarefaction curve, Chaol S Z5-E] alpha diver-
sityS EA5FATE Weighted unifrac distance® WHOZ AIE7H
beta diversityS #4138}, PCoA, UPGMA treeZH-E AE7 A
AHAE BT

InkY

EERI
Elzzel ofFo| o|5tet S

g0 43 AFE 46-6.92%, AFFe] AF dFTE o)
1337-1849% =7 Ughom B9 pHE 3.654.17, %5 pH
436-4.800] BIZ oFFoA] ThA: =& A3 HTHTable 1).
1E F AT g432ee g9 5o FURd A e Y
EUFS 5 a7 2l 9% J Zoll A" A
o2 pHe YT woixH 2 "tgvh 1ol
we}t Z713ith 2 A3 AAEE < fF7lake g9 of
Fo] Bty FuE AAs nAE WslstA Hoh
(Kwon &, 2012b).

EiFot ofFFo| DIYEEY SY
Ak Al 850 A 2.83-7.59 log CFUMLY] X5
£

HPom oo A4 LFE FFo R 1.53-4.78 log CFU/
mLE okt ¥ S BATK(Table 1). E25E B5llA 4.69-
7.96 log CFU/mL, 45+ 2.38-2.68 log CFU/mL, =&ol2] 3¢

EFE 3.62-546 log CFUML, oFFellM= A9 HAEEHA] a7k
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Table 1. Physicochemical and microflora analyses of yakju and takju

=2 Z 388 %] A 50 WAl 4 & (2018)

Physicochemical analysis

Microorganisms (Log CFU/mL)

Sample pH Titratable acidity Brix Alcohol (%v/v) TOtagofr?blc Yeast Fungi
SBK14 4.36 6.5 17.3 16.3 1.53 245 ND*
YHK16 4.39 9 24.8 14.6 4.78 ND ND
SIK17 4.68 7.3 15.5 18.5 2.90 2.68 2.45
YDKI18 4.65 8.5 233 15.9 ND 2.38 ND
WIK19 4.5 7.2 21.7 16.3 3.49 2.62 ND
HSK21 4.8 7.4 242 174 ND ND ND
NCK22 442 8.5 21.8 134 ND ND ND
CWKS8 3.65 3.9 6 6.56 2.83 ND ND
CYK10 3.64 4.6 7.1 6.92 4.53 4.69 3.62
CIK26 3.83 6.8 6.41 7.43 7.68 4.38
YPK31 4.17 6.6 6.15 6.73 7.68 5.46
CAK33 3.96 2.9 5.1 4.6 7.59 7.96 5.18

*ND: Not detected

Table 2. Number of sequence analyzed, operational taxonomic unit (OTUs), estimated OUT richness (Chaol), Shannon and Simpson
diversity indices, and estimated sample coverage (Good’s coverage) for bacterial 16S rRNA amplification from yakju and takju

Sample Number of reads OTUs Chaol Shannon Simpson Good’s Coverage
SBK 14 335,280 53 542 2.97 0.82 0.99
YHK16 242,048 28 322 0.33 0.08 1.00
SIK17 286,932 64 67.3 225 0.68 0.99
YDK18 356,659 51 54 1.79 0.58 1.00
WIK19 536,719 60 64 2.71 0.79 1.00
HSK21 267,396 40 51 0.98 0.45 1.00
NCK22 337,883 61 70 2.97 0.80 0.99
CWKS 424,463 37 42.6 2.33 0.74 0.99
CYK10 124,952 27 27 1.27 0.37 0.99
CJK26 105,631 36 36 3.01 0.82 1.00
YPK31 404,768 32 34 1.81 0.69 1.00
CAK33 423,101 57 57 3.17 0.84 0.99
245 log CFUMLE Ath&og YA ugith eFes o H 2 ZAaste Aog Hol v %7)o) gyl wEr) 13y
3 mAE ko] ol Aol wom kg gy gno BTE pH A= 3 F3o]e] Apge] 71Q1gk Ze® ydkdrt.
A7REel olsl A7|7ke] Qejdes HEe HI= IF 1
FE Yoz FZo] Hold F 7] wFel Aad & AF OME ZEEM: alpha?l beta diversity
state] a7 %= THKwon 5, 2012a). Kwon 5(2012a)8] 7 % 3,845,832 bacterial 16S rRNA sequence readsS 2HH3}it}.
% 59 wg 3 wAz]e] MdF= 107 log CFUML, &%= A OTUse k2] 739 51, B 382192 Good’s cover-
10.5 log CFU/mL Z 1% E9kom F3o]l= 5.00 log CFU/mL age= 0.99-1.00THTable 2). AIEHZ & T} (species richness)
ol Uit Seo 50059 B¢ BF-ol AwblEs, Ew o golsbll hgkot tAE eFFelA YHKI6S A9lsh o
gol7F 22k 838, 8.51, 2.30 log CFU/mL HEE o™ Okz«] okt #o] EXE BTt ol W= (dspergillus luchuensis)Z
7%z} 594, 723 log CFU/mL, 28|32 F30]e] 3% HEH IRE Uk g9 g e ASHHoE Axd FES
A %%Th Kwon 5 (2012)2 =] At Algret aRFE Pl’é‘} 7] WlEoz ddEnh Ei A5 tgAge *F%ﬂ%
e 2 éJr z}z} 6.71, 6.09 log CFU/MLS] dHe 1} FEo zteldl o5 7]1Q1EH o]= Bal 5(2015)% Jung 5
BT ol @ nAE e Aole A7t Ax AR, 9, QOIANE TR Azl ARl W mayE 27e)
2o et gebd 4 ok ERGE G0 vle) SFelA 25 REb o Aolsithe AL BeIskth Chaol 0 EANE

log CFU2] FZ 3 1}01 ol o]+ aRe] A8
S FETt 12%0]7] Wil Aew AtEthLee 5, 2010). =%
ol At Mlgrel R H3] WA Usk=dl, o= Seo
T (2005)°] A+ Aol o] Ayt MlFret SR -

OE

o

7F e fAskeE sl FEele] A9 27] ¥eel 6.78 log
CFUmL A= Ayt wa £8 TAlolA4 230 log CFU/ML

AL richness®] 73-%- 27- 70°i tekslglom & thRdel %
¥<! Shannon diversity indexi= CIK263} CAK33¢] Z}z} 3.01,
30172 7P =95, #5743 A% Simpson diversity index W
Z+2t 0.82, 0.84% 717 =4 vsith

Weighted (A5-%¥) unifrac distance matrices®] WE PCoA

(Principal Coordinates Analysisy’®4] A3} PC1, PC2, PC394 Z+
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Fig. 1. Weighted unifrac matix based on principal coordinate analysis (PCoA) results of the bacterial communities of takju (black dot

line) and yakju (black line).
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Fig. 2. A hierarchical cluster tree based on using unweighted pair group method with arithmetic mean (UPGMA) of takju and yakju.

The scale bar indicates the distance between clusters in UniFrac units.
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Fig. 3. Taxonomic composition analysis of the bacterial community of takju and yakju at the (a) phylum, (b) class, (c) order, and (d)
family level. Relative abundance with >1% of the total sequence is indicated.
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7} AlEe] gt 16S IRNA €714 E 24 d3 A8d nAE
EXE ooy 3580 F F(Phylum) <X Firmicutes
(86.2%), Proteobacteria (8.08%), Actinobacteria (2.56%), Cyano-
bacteria (3.13%)7t AEFNLH o]= FFo| tigt vAE 27
A3 A3 A7 A3Bal 5, 2015; Chai 5, 2015; Jung 5,
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Fig. 4. Taxonomic composition analysis at the genus level of each bacterial community of takju and yakju. Relative abundance with >1%

of the total sequence is indicated.
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