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Microbial community analysis was performed on Tarak, a traditional Korean fermented milk product,

by 16S rDNA cloning and pyrosequencing to obtain basic data for the standardization and systematization of the
Tarak manufacturing process. Microbial analysis of the prokaryotic community revealed a slight difference in microbial
abundance between Bontarak (n) and Tarak (n+1), but Firmicute was dominant at the phylum level. At the genus
level, the Lactobacillus and Leuconostoc genera constituted over 90% of the population in Bontarak, but Lactococcus
was the dominant genus in Tarak. Bontarak and Tarak showed further differences at the species level. Leuconostoc
citreum was the dominant species in Bontarak, constituting 40% of the population. In eukaryotic community analysis,
all samples were composed of Ascomycota at the phylum level. At the genus level, Saccharomyces was dominant
in Bontarak (85% of the population), while Issatchenkia was dominant in Tarak (95% of the population). At the
species level, Saccharomyces cerevisiae was detected at a relative abundance in Bontarak (82%), and Pichia kudriavzevii
was the dominant species in Tarak, with a relative abundance of 95%. Sensory evaluation indicated that Tarak had
a better appearance and texture than Bontarak. As sweetness was not significantly different between the two samples
just slightly higher in Tarak, this was likely due to a significant decrease in sourness in Tarak. These results suggest
that the microbial community used affects the quality of Tarak produced. Thus, a stable microbial community must
be maintained for the production of Tarak with consistent quality.
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Bt Betnr Do Az sl 2718k Al
ZaGlTh = AlFolA dlsa gl /5 skl 80
°Coll A 208-7F B3l 5 40°CR2 3]l of7]ol] ©57] =
A% 0.1%% FRE LEEH S 10%(w/w) H74a $ 37
ColA 24A1%F wiFste] Ebgt(nt D& Azl

DNA F&, PCR % pyrosequencing

ElgHS 1.5 mL eppendorf tube®l] %7 10,000% g A
1870 AR § I FastDNA®SpinKit for Soil(MP
Biolaboratories, Solon, OH, USA)& ©]-&3}4] genomic
DNAZS &2]83ith A3l DNA S35 9= 16S
rRNA®S] V1, V2, V3 hypervariable regions &0 2 3+
27F(5'-GAGTTTGATCMTGGCTCAG-3)¢} 518R(5'-
WTTACCGCGGCTGCTGG-3)(10) primer setZE A}-8-3}
Rom, A AH 7S 26S rRNAE tldo = 3 F63.2(5'-
ACCCGCTGAAYTTAAGCATAT-3")9} 25R1(5'-CTT-
GGTCCGTGTTTCAAGAC-3")(11) primer setZ A}-&3}
At} ZF primer?] 5'9l 7~10 base pairs®] barcode%} 2
base?] linkerZ ¥ 3&AZt}. Template DNA 1 pl, primer
1 uL, dNTPs 1 pL, 10X PCR buffer 2 pL, Taq polymer—
ase 1 pL(Roche, Mannheim, Germany), TE buffer 14
pLE o] AANEE 3= 20 uLo| L thermal cycler
(C1000™ Thermal Cycler, Bio-Rad, Foster City, CA,
USA)IA tge] A0 2 PCRE F=8&3dt) A& 94°C
o 4] 57} denaturingg Al FH I tFg 94°ColA 30%, 55
°Coll A 45%, 72°Coll A 18 30%9] Ao = ZF 30 cycle

Y
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)
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T s A

S Y3 F 4°Coll A B#3Sl Tt PCR AHES 2% agar-
ose gelolAl A7]9% ko] 215k UltraClean® 15
DNA purification kit(Mo Bio, San Diego, CA, USA)<S A}
&3te] AAsIAT. AAY PCR 4HES 454 GS FLX
Titanium(Roche) 97|XE&EA 715 AHE3te] pyrose-
quencingS 483} t}. Pyrosequencing®} 1o & Q3
W58 (F)H AT 4(Seoul, Korea)dll & Falo] #2435}
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Elgto] Z+zE 2,168, 53167193 A7 E Zol=
517 bpRom Zhzte] 4t 7144 dol= 2Efeo] 463
bp, AlZH EFEo] 477 bp3ith. Rarefaction curveol A E}
g2 3ol plateauo] =23} oy EElES AZA 9]
A e S YER= A %<2 operational taxonomic
units(OTUs)7} plateauel] EE3&}4] E3&t Lo % g}t
Hsto] =4 SHHYong Hepge] nAE 7+ F27F
Efgte] Hlglo] BEAEE &4 7 AATH(Fig. 1). EEFEolA
B4N=E et on AxE geelAe 33712 YEET
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Fig. 1. Rarefaction curves for the bacterial 16S rRNA gene from
pyrosequencing analysis of Bontarak (n) and Tarak (n+1).
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Table 1. Bacterial diversity indices for 16S rRNA libraries of Bontarak (n) and Tarak (n+1)

Sample Total reads OTUs ACE Chaol JackKnife Shannon Simpson Ggg‘israléieb'
Bontarak (n) 2,168 84 132 106 110 3.05 0.08 98.8%
Tarak (n+1) 5,316 33 42 38 38 2.32 0.15 99.9%
(Table 1). ©] 23+ ACE, Chaol, Shannon 52| t}& di cillus graminis 59 Lactobacillus 49 4FE9°] U5
versity index®] #2414 7} frALEFAl LEFRLTE E—ﬂé}ﬂr A2 e= B o7 LERSTE. oo BlE| Elgtel A= Lacto-
A zE elgte] OTUs®} diversity indexZ B3] 2S wf coccus lactis7t F|AE T3 v &9 60% ©)S AAg
HEelgto] Az Elghol| H3A diversity’} EE indexoll $-Hitoldon itk H#ol| Lactococcus 4010tk T
A FE FEoE Vet o] 32 et mAE ago] 3 Bl UelW A Lactobacillus & 452 ol
LS ~EEE AFES AlzE gt o 53¢ A 7F A FHAaE R el eFtem 53] EEletel A
5 9uEti(12). 20% °1’4S A8V Lactobacillus pentosuse YENLA]
Phylum oAM= Eeley) 8 5% Firmicutes”}t orort), w3 HEelgtoa] 40% o)l AS AAE AHTES
TR s A stE Ao w2 YebytHFig. 2). 18 Leuconostoc citreum®] Bt&o= A3 EA4)31% &&= A
Relgol M= Firmicutes ©| €9 % Streptophyta, Pro- o 7 bt} olo ®lste] Lactobacillus paracaser= ¥
teobacteria, Bacteroidetes®t Actinobacteria’} YW EF%EA] Elgtoll Aol o H&o vl AA F7Fske] el A=
vk Eletel M= Firmicutes?t 99% ©17d& ARSI 20% o)’¢ AAshE Ao R vEbdTh
Proteobacteria’t 22 WEFTH Genus ol A= e} Efete] -4t 02 YeRd Lactococcus lactisg P53
g3} glghe] zpol7t v o A YRt EEl e A= Lactococcus 4 i‘-re & EER A = YERA] eokd
Lactobacillus$} Leuconostoc 4:°] 52 90% ©)3& =} TAFEQY o] #FEo] Begs HIT YR slo Axd
At Aoz velhd Aol vd] Elgoll A= Lactococcus Bl = %@E&i et o] A2 2 Az
0] 60% °)’d-& AAsh= A o= LEFRTE Species 2Efete] nAEo] ALH R Wstd = S-S ou|git)
o XM= EE}P’W} gfgte] mAlE I ztol7) oS dekA = Jung 5(13)& AX 9} 22 AA T F ] oEsE A Fol A
AE & g A= BV A §- Leuconostoc citreum Loulg 2xo) wil AR EXo] gkt B
o] 40% V‘LOE e - ol e olwtel| %= Lacto- o, Park 5(14)2 o2 2744 a<lel ozt X9 n|
bacillus pentosus, Lactobacillus plantarum$; Lactoba- AE FFo] dFS et Bkl 3 Kim 5(15)

Phylum level (b) Genus level
100% 100%
90%
80% 80%
70%
60% 60%
50% Pediococcus
40% 40% Leuconostocaceae_uc
on u Actinobacteria ? Triticum
30% m Bacteroidetes ftrtetpgjcglri:caceae_uc
20% Proteobacteria 20% actobacllaceae_uc
Streptophyta Leuconostoc
10% - ) p P Lactobacillus
0% m Firmicutes 0% Lactococcus
n n+1
Samples Samples
c Species level
100% —————————m
ETC
90% - Pediococcus pentosaceus
o ! Leuconostocaceae_uc_s
80% +— Lactobacillus brevis
70% 4 Triticum turgidum
° Lactobacillus rossiae
60% m Lactobacillus paraplantarum
m Lactobacillus_uc
50% - Lactobacillus plantarum
40% - m Streptococcaceae_uc_s
° m Lactococcus_uc
30% A m Lactobacillus graminis
m Lactobacillaceae_uc_s 0 . :
20% | = Lactobacillus penfosts Fig. 2. Relative abundance of each phylum, genus and species
10% | = Leuconostoc citreum level from Bontarak (n) and Tarak (n+1). (a) phylum level, (b)
° ® Lactobacillus paracasei .
0% | m Lactococcus lactis genus level, (c) species level.

n n+1
Samples
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Table 2. Fungal diversity indices for 26S rRNA libraries of Bontarak (n) and
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Tarak (n+1)

Sample Total reads OTUs ACE Chaol JackKnife Shannon Simpson Goods Lib.
coverage
Bontarak (n) 3,611 467 1079 855 977 5.04 0.01 93.9%
Tarak (n+1) 2,957 33 545 438 511 423 0.04 96.3%
2 FHZ] Axge] W vAE 3T HEllA] u — Bontarak (n)
WE FFA R wEA AT FA elk e T Ters 1+
drb wash Qick, wheb) whE el Blet oA ALg R
whele) nlA% B, AT 6o 0% B U g
Alzzo] AR oy 7hA BAA A 23 wpet ZEketat
Bl AR Aol nAE BXE VX = o2 AZLER agd
o}
Efzto] ZstMlZ 25 B4 0
] ) B N 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
LMo #F FAZ v R b AW A 3] Number of sequencing reads
& 2EEI} ol F HEUOR o] gshe] A Bl tidt Fig. 3. Rarefaction curves for the fungal 26S rRNA gene from
AL #F £ AASY. 279 AE2REH 42 pyrosequencing analysis of Bontarak (n) and Tarak (n+1).

total reads®] 4~ et} Efgo] 247} 3611, 2,95771
Ax G719 e] dolx= 300~526 bpFom Z+ztel Wt
A7NAE dole el 451 bp, Ebelo] 466 bpATt

(Table 2). Rarefaction curveol|x ®Eelsty) g 2%

plateauol|] Z=238}A] 53} tH(Fig. 3). OTUs EE}Eol A
4712 e om et A= 260712 YERstTh o] 2
7}+= ACE, Chaol, Shannon 59 t& diversity index2]
A ARl FAEE A UERR T o] A AIAITY HF
A Aol AR oz A vAE T GA

Tl
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Fig. 4. Relative abundance of each phylum, genus and species
level from Bontarak (n) and Tarak (n+1). (a) phylum level, (b)
genus level, (c) species level.
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Table 3. Sensory characteristics of Bontarak (n) and Tarak (n+1)
Bontarak (n) Tarak (n+1)

Appearance 1.50+0.52D2 3.25+1.54°
Texture 2.25+0.97° 3.42+1.16°
Sweetness 1.75+1.14* 1.92+1.08*
Sourness 5.92+1.31° 3.67£1.97°
Alcohol flavor 2.17+1.47° 2.17+£1.27°
Overall preference 2.42+1.00° 3.58+1.38°

"Mean+SD (n=12).
YValues with different superscripts within the same row are sig-
nificantly different at P<0.05.

Issatchenkia, Saccharomycopsis 5°] 24 A 5= A
o2 ettt o] vla] gl A= EElEolA 1% FF
o2 YelA [ssatchenkia 4:°) 98% ©]73-S A3t}
Species A= A M AE 0] genus FEI
AbeE el 2 Yt 2Eere] A Saccharomyces
cerevisiae7} 82% % A&} o™ o] wrol| = Pichia ku-
driavzevii, Saccharomycopsis fibuligera °| 225~ Y E}
Wtk ol vl&| e}l M Pichia kudriavzeviZt WA E
T 95%5 AA et AT R VEbSTE gk EEfet
oA FA3UHE TES] vkt UERA] ke 53
AT R EASIANE Saccharomyces cerevisiae E}
ol Aa] el A] Sktl. Pichia kudriavzeviie #E}
Foll A 1% =9 o2 VERYT T AR Elgol A
= 3A Fkete] TR e oo HigR
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