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Abstract

Wild yeasts were isolated from domestic non-sterilized Makgeolli and their fermentation characteristics were analyzed
to select the best fermentation seed culture. A total of 65 yeast strains isolated yeasts from non-sterilized Makgeolli
and Nuruk. In order to select fermentable strains, hydrogen sulfide, CO, production ability, alcohol tolerance and
aroma component production ability were analyzed. To screen the aromatic strains of isolates, media containing
cerulenin, 5,5,5-trifluor-DL-leucine (TFL) and API ZYM Kkit were used. There were 36 strains resistance to cerulenin
and all strains produced esterase and demonstrated tolerance against TFL. Hydrogen sulfide, which could degrade
the quality of the fermented beverage, was not produced in 34 yeast. The correlation between alcohol tolerance
of yeast and carbon dioxide production was analyzed by principal component analysis. YM22, YM31, YM32 and
YM37 produced a total of 0.14-0.18 g/72 h of CO, indicating high fermentability. Alcohol tolerance was measured
by alcohol concentration. YM32, YM37 yeast had 20% alcohol tolerance. As a result, alcohol and flavor characteristics
of wild yeast isolated from non-sterilized Makgeolli were analyzed and it was confirmed that yeast was suitable

for the production of alcohol.
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19%2] AT-E a1 v} ek EI Choi 546), Jeong 50,
& F53 e B dREAEe
& Bk oleld B3 vy

A7} BolAwA, 22z Sefel

© @M= 20153 0 AAFHE F-2] & FH 3] NA

A T A o) AN S o] oy AR E
2o SHANT E, 0|5 WIS, Y5 2 BE
S4e 2Asel DI wE 2ee A AR e
A5,
ER
Ag 25
B %o AHge BRE AT e 34Fe] A

AejoA Zejd opY 51 6lﬁ—r9} FEolA Eed of
A AR 1TFE ARSI Hla #FE Al 2RQ)
Fermivin(Saccharomyces cerevisiae, Oenobrands SAS,
France), - &% (SCY, S cerevisiae, Songcheon Yeast,
Cheongyang, Korea), S5 &5(CM, S cerevisiae, Chungmu
Fermentation Ltd., Ulju, Korea)S AF&-3}Ith 5 10 g&
0.85% NaCl 90 mL &< @3t & YPD z‘f}zi =] ]
100 pL =45ked 30TCol| A 24-48A17F vl < &l a1, =-d e
T YPD 3P ul|ol] 100 pLA &EFote] 22 o i
vl kAT lﬁb_ YPD &Hd ujj#] ]| 741EH HH & ot &=
22ld A5E YPD AAulA|of i AlE 20%
S-St E 74 718l -80TC ol Bs}o] stockoi Agof A}

ST 4P AHGE B uiAE YPD A 2 oA
Z|(YPD, BD, Franklin Lakes, NJ, USA)E A8} a1, A3

of wtel YPD vl o wjF & 4T HAste] A
Ahg-stec

=

_4

=S
2] g5 542 26S tDNA f+74+2] DI/D2 H
G7IMEE At Zeleln= NLI(5-GCATAT-
CAATAAGCGGAGGAAAAG- 3’) 2 NL4(5’-GGTCCGTG-
TTITCAAGACGG-3’)S AF8-8}199 1, PCR- initial denaturation
5, 1?4; 94°Coll 4] 4527} denaturation, 55 Cell 4] 6037t
annealing 2 72°Col|A] 6027t extension cycles 35%] 43}
SFAth PCR 2h=o] 9714 €S FZENOTECHA ] ] =]
31T}, National Center for Biotechnology Information
(NCBI, RP, Bethesda, MD, USA)2] BLAST(Basic Local
Alignment Search Tool, http://www.ncbi.nlm.nih.gov/BLASTY)
Zeads AHgste] 7]Ed Ead #5o |7IqEd
Fede vustdth AEEd A2 9e multiple

sequence alignment+= Lasergene pro software(Seqman Pro,
Ver 8.1.5, DNASTAR inc., Madison, WI, USA)E A}-4-3}4
I, multiple alignment®] 3 B &S 7 48 FJEH| = 4
AA HlelHE FHFs7] 4% d3ol U= neighbor-
joining(NJ) methodel] 3+ Algs 24 3 EXd+=
Molecular Evolutionary Genetics Analysis(MEGA6.0) L=
TS o] &8ATHI7,18).

gaisa Mys
Jolri TS dolEr] 98] -80Te Hste

stock3t TFE AFE-3FI T 96-well cell culture plat(SPL
Co Ltd., Pocheon, Korea)oﬂ 180 L YPD A|ujA &

T F stock TFE 20 LA LA HFSIAE o=
Blggy gt | ] (BD, Franklin Lakes, NJ, USA)°ll 96 pin
replicator(250520, Nalge Nunc Internatlonal Rochester, NY,
USA)E ©|-&-319] Biggy agarol] &3+ T, 25°Coll A 48A|7F
Hlj eFated colony®] A7 Zlat7]el whel 3t A5
B7FFATH19).

CO; ¥ds
sl Ow A stock TFE YPD AA|HIA] 5 mLo]l
20 UL A& & 25T oA 72A17F B2t v eksksith 04
RE 2A A 12413 ke v ko] gt FAIS
g T2 ZABITE RAIIIA] hadhs & FAE BB
o] COY o= A3l L, CO, g/72 h& EASIGT

23S WY

10 mL YPD HAujx]o] E2]H oA stock =
742k 10 uLA 4Eske] 25Tl A 48A17HE<E A 2] vl kst
STk YPD YAEIR] S A 25} ﬂohﬁ%(m"c 15min) 3k
F, WA 227 40-50C HAS wf FF oARhE TEE
0%, 5%, 10%, 15%, 20% (v/v)7} &45% 2Y7r A 7))o
Hj ke op BARE HETFAUTE 25Tl A 48413 Bt A
2 wjekstglow, EBMEA(SYNERGY MX, Biotek,
Winooski, VT, USA)E ©]&3}e] 600 nmol|A] =S =
g 3FATH?20).

L=k
FeE ofd AREY A AEE Helm’s assay
method®l] Wl 33t th2l). Bl gE &% %L-r 56 g=
30 mL calcium sulfatec]] SEsle] YAEL] & gRE 3|4
sttt 3t EU 1 g(2F 1x107-10° cells/mL)< 15 mL
centrifuge tube©l] ¥ 1 10 mL buffered calcium sulfate 8-
< FH7iete] A A171 3 202 water bath(VS-1321-80,
VISION, Gyeonggi-do, Korea)ol| A 2047t % %3} 1, A|&
EFste] 10 P02 60%7HA] AHE #A o s =
7é stk @Alel E37F 1.0 mL ©]4d9 ERE high
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flocculation type©]™, 0.5 mL ©]3}?1 -2 low flocculation

type©| 2t sFSAT.

Cerulenin ¥ 5,5,5-trifluor-DL-Leucine W4, API
=4

Cerulenin®} 5,5,5-trifluor-DL-leucine(TFL)(Sigma-Aldrich,
St. Louis, MO, USA)2] 3t a2 0.67% YNB(yeast
nitrogen base), 2% glucose, 2% agar 273 B Z] ]| celurenin
25 M) TFL(I mM)< 2H2F Z7Fsto] A Z=38k3ltt 96
well cell culture platel] 180 uL® YPD YA uj<| & 53¢
T stock® 2 B 2] #5520 LA L5k HES
o] 30Col|A] 48A17F B g Th3- colony A4 of F-ll wheh
Brretathe2). 2271 BAsE B4 EA4L API ZYM
kit(REF 25 200, BioMerieux SA, Chemin de 1’Orme, France)
£ o] &3t B4 Ee AT YPD ghduiA| o 3
0°Col| A 48A1ZF v <F3t TFE2] colonyE API ZYM kit2]
suspension standard 5 B0l 23 TS suspension medium
o =t} ©o]= cupuleo] 100 pLA EF3F T 30Tl A
4712t Bt AT 442 T ZYM A% ZYM BE 3
e e 25 T Aav) s e §58 27

1ol &3S AT Co, AP Fd 2 549
S AAAHem gokstr] flete] FAEE

(Principal Component Analysis, PCA)& WERNSITE 4

248 XLSTAT(Paris, France)S ©]-8&3lo] £A1319 T}

Mr 1% o

=}

21 3 o3

K

ofMER O EX

W Autde] 2 FEoA Eeld AREY AsTe
Fg 13} Zt}. o|v] Bud 22 & 13} 265 tDNAS] DI/D2
F-9lo] FAA A7IME S vt S W S cerevisiaed) =
IR & Udslem, FRAA FelE w2 P kudriavzevi
2 gl =AUk Autdelddls HA 5% o) daE T
2 gFE UYPdo] st FRES APEE 0] Auido R Ui
S 7Y S cerevisiae7} B2 E QL) sHA R 2L A4
2ot o2 Ao R QA& S cerevisiae EE7} old P
kudriavzeviiv} 2218 A C2 WY, P kudriavzeviidt &
non-Saccharomyces £ 252 TS| vF T TR F
F8 BYdE gog HuEdrks,14).
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W42 Table 19 JERARITE Ol SR 52 1224413
Abo] EE CO, A T5S BoH, 12417 Bt =272l
Fermivin, SCY, CM< 0.07-0.1 g& #4dt9ict 2ld &
I Z YMI17, YM29, YM35E 0.17 g2 YM28, YM31, YM34
= 018 g A= WFAo| & #F7=E HFEHUTE COo,
Aol 71 e ARE YMS3E F 006 go] 7HAdke]
YM28, YM31, YM34¢} 3u]2] X}o]E H]

TR d4FIE UYWL ¢FE T, 5, 10, 15, 20%)=
FRo WA TS FHEE 3k T 5 M
d3s Aol vrof Bl oA Alestslion &3S
7kl 10%<1 iAo A tj 27 Fermivin, SCYS] 333k
% 05495 T} =& dFE WS HAsh ARE 8/ &
2 YMI17, YM22, YM31, YM32, YM37, YM42, YM43,
YM49Z BHIE Q) 4HE 15%2 H7Feh vixolA] thz
T BT 04 o] ¢FE WS B AR e STTE
YMI5, YM22, YM31, YM32, YM37°|01, &5 20%=
A7beh iAol A vl FaEkel 0321 oY gEE Ui
< H{3 aRE YM31, YM32, YM372 YERsth

RO COo, A ¢3s WA S Ad8 e
2 9937l Y3l F-4E EX(Principal Components
Analysis)= 3to] Fig. 2o YERAITE 498 42 1574
BEPCHT 2FEPCo2 FEHol 7+t 60.91%,
20.34%% & WE 8125%<] A 2t o= B4
=} PC1 &9 Wo 2 43-& YA T Co, A sel
H31E 210, PC22 43S U 0%9) 5% o] Wake =,
10%, 15%, 20%<}F CO, A 52 &2 WaFo 2 F315 3
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th ARES FHR F POl FO W RaHE ARE 9 o] 4k
MR eRgth 1 F o] W R s Fate AR (5. FARCE AT o] ARELS
= gz7E A9 YM37, YM31, YM32, YM2E  C A%k o
0.140.18 g8 & CO, A S HY: 15% o]} dze o

A= WAdo] glo] A= ko] AdaAT} 9SS Eelsls]

o} gz gwol 25 dgo Axsly §LA0 R Tl
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57 55
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61

—
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Fig. 1. Phylogenetic tree of yeast strains isolated from non-sterilized Makgeolli and Nuruk collected in Korea based on the nucleotide
sequences of 26S ribosomal DNA.

Pichia kluyveri var. kiuyveri CBS 1367 DQI104732T

The tree was generated by the neighbor-joining method using the Mega 6.0 program. The numbers above or below branches mean the bootstrap supporting values.
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Table 1. H2S and CO, production, alcohol tolerance, and flocculation of isolated from non-sterilized Makgeolli and Nuruk in Korea

Yeast swins  Hg! % Alobal tolerance (%) Flocculation (v jenin 19 Cerulenin 2% TFL
® 0 5 10 15 20 type
Fermivin 008 1245:0029° 0668:0017 057320016 0395:0019 0360:0015  F + + ;
scy 010  1167:0021 0585:0011 0525:0026 0404:0012 0283:0004 L - - ;
oM £ 007 1079:0003 0072:0008 00110001 00230002  0.035:0001 F - - ;
™I #0014 1217:0010  0383:0011 0172:0012 0172:0006 01730031 F + ; :
™2 B0 129:0000 0486:0020 03520027 0097:0009 0027:0003  F - ; :
M3 010  0943:0027 0460:0003 043820032 0.059:0004 00050001 F - ; :
YM4 01l 1295:0023 0586:0016 0403:0014 0231:0002 0019:0002  F - ; ;
YM6 £ 009 091560010 0068:0007 002:0001 000820006 0003:000  F + + :
Y™ M 012 L9004 0496:0017 0232:0005 0152:0005 00890008  F + ; ;
YM$ £ 013 1170:0005 061130018 0398:0021 032:0022 0153:0010  F - - ;
YMI0 £ 011 113060035 0578:0014 0408:0008 0161:0011 002120005 L ; ; ;
YMI2 011 LI9S:0036 06630007 0517:0013 027440008 0175:0004  F ; . ;
YMI3 012 0944007 0506:0014 044560007 0362:0002 0297:0013  F - ; ;
YM14 014 0913:0011 0559:0002 0469:0052 0206:0008 0006:0002  F ; ; ;
YMIS 012 0913006 05640012 0546:0011 04240012 0285:0014  F ; ; ;
YMI6  ++ 014 LOT6:0022 0527:0019 044160038  0.190:0016 00020001 F - ; ;
YMIT o+ 017 LO0S:00I5 0647:0033 0639:0036 0312:0010 0129:0006  F + ; +
YMI8 011 1058:0012 0491:0003 03640016 0225:0002 00010001 F ; - ;
YMI9 4+ 013 082:0045 03940008 0308:0005 02640009 0213:0005  F - . ;
YM20 £ 010 1090010 0I83:0024 004:0000 0009:0002 000410001  F ; . ;
™21 015  1066:0019 0510:0028 0011:0001 00130002 0018:0001  F ; . ;
M2 £ 014 10030033 0912:0017 0760:004 0543:0012 0058:0006  F ; . ;
YMZ3 4+ 05 07640034 0310:0008 0219:0010 0193:0004 0252:008  F + . ;
YM24 4+ 012 11390032 0608:0030 O0412:0028 0377:0013 026740019  F - ; :
YMZ5 4+ 01l 07480316 0396:0008 0242:0008 0189:0013 0219:0015  F - . :
YM26 015 0890:0015 048260004 04770034 0372:0008 0292:0009  F ; ; :
YM27 013 0984:0007 0308:0011 001420001 0014:0004 0039:0014  F ; . :
YM8 o+ OIS L12:0033 0S68:0005 052420023 02020009 00030001  F - . ;
YM9 4+ 017 10020030 022260014 O0172:0018 0161:0007 0168:0012  F + . ;
YM30 013 10100025 0588:0005 048540032 032540010 0080:0013  F ; . ;
™3I 018 LIET:0006 0763:0006 070860022 0532:0010 0310:0014  F ; + :
™32 015  L120:0020 06640016 0592:0009 0483:0007 0377:004  F - . :
YM33 013 1300:0002 06530013 0385:0009 0348:0006 0327:006  F : . :
YM34 018 LIT0:0005 0626:0007 0475:0028 0373:0008 0307:0010  F ; . :
YM3S 017 1293:0131 0214:0027 0032:0003 00020003 0017:0001 F ; . :
YM36 014 126120029 00926002 0017:0001 00120004 001260005  F ; . :
YM37 016  1363:0026 0696:0015 0580:0012 0493:0010 0410:0007  F ; ; ;
YM38 010  1299:0012 06220017 0479:0022 0365:0008 0306:0011 F ; . ;
YM39 010 08I7:0008 0401:0020 0290:0023 0258:0004 0183:0009  F ; . ;
YMI 4+ 012 LI36:0052 040260152 0037:0000 0035:0005 0040:002  F - . :
YMA2 £ 010 118860021 0682:0006 06530031 030120007 0.034:0001 F : : :
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Table 1. Continued

o

ZAEANLGES S A A24A ATE (2017)

Yeast swins  Hg! % Alobal tolerance (%) Flocculation (v jenin 19 Cerulenin 2% TFL
® 0 5 10 15 20 type
YM43 £ 009 LI89:00187 06940018 0575:0027 0253:0004 003120007  F ; i ;
M4 009 L02:0015  0476:0015 0273:0017 0074:0006 002420001 L - - ;
YM4S 008 1260:0052 054850010 0324:0020 0125:0003 004560001 L ; . ;
YMi6 - 010 086420013 0440:0011 0293:0023 0098:0006 0036:0002 L + - :
YMAT 009 1367:002 0605:0005 0264:0002 0225:0011 0030:0001 L ; ; :
YMS 4+ 010 LI00:0024 0588:0005 0476:0011 0.81:0014 002:0008  F - . :
YMA9 £ 009 07170015 050420025 056260022 0279:0002 00380001 F - . ;
YMS0 4+ 012 L0GH0005 05220014 04640051 0220:0006 0047:00038  F + . ;
YMSI 4+ 010 0939:0003 0560:0008 0519:0023 0.068:0004 00330001 F + + +
M52 £ 011 0778:0011 05030009 0496:0017 0189:0010  0028:0001 F - ; ;
YMS3 006 0997:0032 0425:0018 0231:0017 0039:0001 0030:0002 L ; . ;
YM54 4+ 008 LIGTH006 0385:0015 01960006 0057:0003 0038:0004  F - . ;
M 010 LUS:0003 011460030 001960002 00I5:0001 0016:0002 L - ; ;
YMST e+ 009 0961:0014 0291:0018 0110:0008 0059:0001 005160004  F ; . ;
Y8 008 0932:0009 0161:0013 00110001 0017:0004 0026:0001 L + ; ;
YM59 010 1126:0014 0508:0014 0309:0026 0025:0004 0026:0000 L ; ; ;
YM60 £ 011 10530009 0587:0003 04640023 O0031:0003 0030:0000 L + + +
YM62 £ 009 L120:0007 041860024 0258:0002 0048:0003 0045:0001 L - ; ;
YM63 007 105420006 020450008 0014:0001 00I8:0003 0030:0002 L ; - ;
YMo4 £ 008 110620009 0118:0025 0014:0001 00150001 0017:0003  F - ; ;
YM6S 014 127:0004 012560010 00130002 0016:0001 0047:0001 L - - ;
YMs6 012 LIG0:0008 0230:0014 001260001 00I8:0007 0034:0002 L ; ; ;
M8 012 121420007 038860010 0036:0005 00330002 003420001 F ; . ;
ss £ 007 1272:0008 010860006 0014:0001 0019:0003 0026:0002 L - - :

Dark brown zone formed around yeast after incubation. :

Motal reduced weight (g/72 h).

H, 1.0 mL or more, high flocculation type; F, between 0.5 and 1.0 mL flocculation type; L, Not more than 0.5 mL low flocculation type.

“MeanstSD (n=3).

zone size (+, ++, +++), - negative result.

Variables (axes PC1 and PC2: 81.25%) 20 2XMH EF

BEE U8 A A S 2o, S0 =55

. E g 5 avE §8507 BT ¢ 7] w el &=

Al Z938 98-S 3TH24). Bums(25) 5 &R 108

_ A2 & AAZo] | mLETE 2W ZeA TRE B5ES

2 i, T & w3ae) ¥ Ao Helm@D)9 Bums(25) W

g j;"j s ¥ S L a2 of we} 60% o] W FAH o] 1.0 mL ©]’Fo] ™ high
QO
o

.

YMis® Ym1d Vm;
2 I-|39.. IUQ

YM2! 3..

Ym2s yz‘ ®

4

e Sample e Alcohol = CO2

PC1 (60.91%)

Fig. 2. PC loadings and scores of the 62 wild yeast, alcohol
tolerance and CO, produce evaluated by the descriptive pane in
the PCA plot.

flocculation type =2, 0.5-1.0 mL A}e]e]H flocculation
type £5=Z 0.5 mL °©]3}°]™H Low flocculation type o =
EHRotath A3 27 BE ARV AlRte] 72t wek
ilx% al:o] 2_7].—5].0ﬂ otq 605 z‘,z 1.0 mL o]/\lg] High
flocculation type®] EE= fIATh 46719 A2+ 0.5-1.0
mL A}e] 9] flocculation type©] 2™ thZ7- SCYE ¥3Fet
1652 &%+ low flocculation typeS-Z YEFSTE
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Cerulenin % 5,5,5-trifluor-DL-Leucine(TFL) LH4d,
AP| &4

Cerulenin % 5,5,5-trifluor-DL-Leucine(TFL) WA
Table 1] YERHA,. Cerulenine o] Aebd A+
2, o] AepA] oW SA (LR st on 1ol 27|
wheh(+, ++, +++) 2 YERNSITE Cerulenin 1% 3 7}eh vij#]
AT YM332 At ETE X3 6459 ol
A5, 2%E 7R wiA A= 365 ool A=t
cerulenin®l] S 2= A o2 YESIT] Ethylcaproate
o] Ak A ukat AR &4 EX6keE Aoz A
Az A A A § A= ceruleninol] 23] A E] 7] wiE
ol cerulenin A& 5 ZH=ThH ethyl caproate A4+
o5 22 v F-83H ]88 + Uk = ATH26).
TFLS 71 vi]el A BE w571 A2k TFLe] A3d&
B3t Isoamyl acetate B3+ HY g} GF g 5 Y=
T8 AEOE Lleucine®] ¥ BAE & dF< o ~H =
g EFEF Aite] F71sle] isoamyl acetate & A]
Z7}8it). o]# 3l # 3= L-leucine?] FAMEZ <l TFLS
o] &3sto] A TFF5 AAdste ol HaEATh?26).
API ZYM kit o] 43 axeo] §agAo] Ai}= Table
29} 2t} Esterase, esterase lipase 2] 571 &47F 627 5
oA &2 JEFA AL, a-fucosidase ¢ 57 B0 B2
A S R] eFSkT) Estere W2t ofR17; 22 HE S50
A mEF ggtEolARE S59] gl vl Fa3t ddS
ghoh WR A SRS T8 AF2ZA] AHEE = ester
= esterase(EC3.1.1.1)° 2]3+ 7}&3] W33} alcohol

acetyltransferase(EC2.3.1.84) 5 X3t d/dwt-g-2] *F52t

0
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T 2t X 9] Aubde|oa F2ld ok ZR
LRty 548 A Hdl 34 SR
g £, T8It oM ERE 62 TR B E
1, 26S tDNA 714 ES A3 A3}, Saccharomyces
cerevisiae®} Pichia kudriavzeviiz. 573 =t} 627019 o5
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0.14-0.18 g/72 he] CO, BA o & thzTd Ha] H& &¢a
TS B, o]E T YMRE AYsta EHFHQI dsiga
£ AR BTt g o] 4o dFES dES U
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flocculation type &2 A Tt API 4] 2 cerulenin,
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ZAe]o|x] FEgt o AR d3s YF H g EAFS

iy ONI _[0{'

Table 2. Enzyme activity assay of flavor producing yeasts using API ZYM Kit

Enzyme

Yeast strains

Esterase
Esterase lipase
Leucine arylamidase
Valine arylamidase
Cystine arylamindase
Acid phosphatase
Naphthol-As-Bl-phosphohydrolase

All yeasts (62 strains)

Alkaline phosphatase

YML-YMIO, YMI3-SS (61 strains)

a-Galactosidase

CM,YMI, YM2, YM7, YM8, YM12, YM16, YM17, YM19, YM23-25, YM28, YM29, YM32, YM40, YM45, YM48-52,

YM54, YM57, YM60, YM62-64 YM68 (29 strains)

3-Galactosidase

YMI16, YM22, YM33, YM34 (4 strains)

N-Acetyl- 3-glucosaminidase

YM48, YM52 (2 strains)

Trypsin

YM23 (1 strain)

B-Glucuronidase

YM25 (1 strain)

Lipase
a-Chymotrypsin
B-Galactosidase
B-Glucosidase
a-Mannosidase

a-Fucosidase

1 .
)., 10 activity.
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