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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 kit 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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—
0.1

Pichia kluyveri var. kluyveri CBS 1367 DQ104732T

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.

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 strains ~ H,S” Co;" Aleatol wlerance (%) FIOCCU]%)&OH Cerulenin 1% Cerulenin 2%  TFL
® 0 5 10 15 20 type
Fermivin 008  1245:0029” 06680017 057320016 0395:0019  0.360:0.015 F + + +
SCY - 010  1.167+0.021 05850011 0.525t0.026 0.404+0.012  0.283+0.004 L + ++ +
M + 007  1.079£0.003 0.072£0.008 0.011£0.001  0.023£0.002  0.035+0.001 F + + +
YMI ++ 0.14  1217+0010 03880011 0.17240012 0.172£0.006  0.173%0.031 F + + +
YM2 + 011 122940009 0486t0.020 0.352+0.027 0.097+0.009  0.027+0.003 F + + +
YM3 - 010  094310.027 0460£0.003 0438+0.032 0.059+0.004  0.005%0.001 F + + +
YM4 - 0.11  1295+0.023 0.586+0.016 0.403+0.014 0.231+0.002  0.019+0.002 F + + +
YM6 + 009  0915+0.010 0.068+0.007 0.022+0.001  0.008+0.006  0.003%0.000 F + + +
YM7 + 012  1.149+0.004 0496+0.017 0.232+0.005 0.152+0.005  0.089+0.008 F + + +
YM8 + 0.13 11700005 0.611+0.018 0.398+0.021 0.322+0.022  0.153+0.010 F + + +
YMI0 + 011 11300035 05780014 0.408+0.008 0.161x0.011  0.021+0.005 L + + +
YMI2 - 011  1.198+0.036 0.663t0.007 0.517+0.013 0.274+0.008 0.175+0.004 F + +
YMI3 - 012  0924+0.027 0.5060.014 0.445+0.007 0.36210.002 0.297+0.013 F ++ + +
YM14 - 0.14  0913+0.011  0.55940.002 0.469+0.052 0.206+0.008  0.006+0.002 F + + +
YMIS - 0.12  0913+0.026  0.5640.012 0.546+0.011 042210012 0.2850.014 F + + +
YM16 + 014  1.076x0.022 05270019 04410038 0.190£0.016  0.002%0.001 F + + +
YM17 ++ 0.17 10080015 0.647x0.033 0.639£0.036 03120010  0.1290.006 F + + +
YMI8 - 0.11  1.058+0.012 0.491£0.003 0.364+0.016 0.225£0.002 0.001+0.001 F + ++ +
YM19 ++ 0.13 082240045 0.394+0.008 0.308+0.005 0.264+0.009  0.213+0.005 F ++ +
YM20 + 0.10  1.09610.010 0.183:0.024 0.014£0.000 0.009£0.002  0.004£0.001 F + +
YM21 - 0.15  1066+0.019 0.5100.028 0.011+0.001  0.013£0.002  0.018+0.001 F + +
YM22 + 0.14  1.003£0.033 0.912+0.017 0.760+0.044  0.543+0.012  0.058+0.006 F + +
YM23 ++ 0.15 0.764+0.034 0310£0.008 0.219+0.010  0.19310.004  0.252+0.028 F ++ +
YM24 + 012 113910032 0.608:0.030 0412+0.028 0.377£0.013  0.2670.019 F ++ + +
YM25 + 011 07480316 0.396+0.008 0.242+0.008 0.189+0.013  0.219+0.015 F + +
YM26 - 015 08900015 048210004 0477+0.034 0.372+0.008 0.292+0.009 F + + +
YM27 - 0.13  09840.007 03080011 0.014+0.001  0.014+0.004  0.039+0.014 F + +
YM28 + 018 111240033 0568+0.005 0.524+0.023  0.202+0.009  0.003+0.001 F + +
YM29 + 017 100210030 0222+0.014 0.172+0.018 0.161£0.007  0.168+0.012 F + +
YM30 - 013  1010+0.025 0.588+0.005 0.485t0.032 0.325t0.010 0.080+0.013 F + +
YM31 - 0.18  1.167¥0.006 0.763t0.006 0.708t0.022 0.532+0.010 0.310+0.014 F + + +
YM32 - 015 1.120#0.020 0.664+0.016 0.592+0.029 0.483+0.007 0.3770.044 F + +
YM33 - 013  1300£0.002 0.653t0.013 0.385t0.009 0.348+0.006  0.327+0.006 F +
YM34 - 0.18 11700005 0.626+0.007 0475t0.028 0.373x0.008  0.3070.010 F + +
YM35 - 017  12930.131 02140027 0.032£0.003 0.002£0.003  0.017£0.001 F + +
YM36 - 014  1261¥0.029 00920022 0.017+0.001  0.012£0.004  0.012+0.005 F + +
YM37 - 0.16  1.363t0.026 0.6960.015 0.580+0.012  0.49310.010  0.410£0.007 F + + +
YM38 - 010  1299+0.012 0.6220.017 0479+0.022 0.365£0.008 0.306+0.011 F + +
YM39 - 0.10  0817+0.008 0401+0.020 0.290+0.023  0.2580.004  0.183+0.029 F + +
YM40 ++ 012 11360052 04020.152 0.037+0.000 0.035£0.005 0.0400.002 F + +
YM42 + 010  1.188¥0.021 0.682¥0.006 0.653¥0.031  0301£0.007  0.034%0.001 F + +
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Table 1. Continued

A ZAAFESS| A A24W ATE (2017)

Yeast strains ~ H,S” Co;" Aleatol wlerance (%) FIOCCU]%)&OH Cerulenin 1% Cerulenin 2%  TFL
® 0 5 10 15 20 type

YM43 + 009 1.189:0018" 0.694£0018 05750027 02530004  0.03120.007 F + +
YM44 - 009  1.092t0015 0476x0.015 027310017 0.074£0.006 0.024+0.001 L + ++ +
YM45 - 008  1260+0.052 0548+0.010 0.3240.020 0.125t0.003  0.045%0.001 L + +
YM46 - 0.10  0.864+0.013 0.440+0.011 0293+0.023 0.098+0.006  0.036+0.002 L ++ ++ +
YM47 - 009  1367+0.022 0.605t0.005 0.264+0.002 0.225+0.011  0.030+0.001 L + + +
YM48 + 010  1.100+0.024 0.588+0.005 0476+0.011 0.181¥0.014  0.062+0.003 F + +
YM49 + 009 0717¥0015 0504¥0.025 0.562£0.022 0279+0.002  0.038+0.001 F + +
YM50 + 012  1.064¥0.005 05220014 04640051 0.220£0.006  0.047+0.003 F + +
YM51 + 010  0939+0.003 0.560£0.008 0.519+0.023 0.068+0.004  0.0330.001 F + + +
YM52 + 011 07780011 0503¥0.009 0.496+0.017 0.189+0.010  0.028+0.001 F + + +
YM53 - 006  0997+0.032 04250018 0231+0.017 0.039£0.001  0.030+0.002 L + +
YM54 +++ 008  1167+0062 0.385+0.015 0.196+0.006 0.057+0.003  0.038+0.004 F + +
YM55 - 0.10  1.118+0.003 0.114+0.030  0.019+0.002 0.015£0.001  0.016+0.002 L + + +
YMS57 +Ht 009  0961+0.014 0291£0.018 0.110+0.008  0.059+0.001  0.0510.004 F + +
YM58 - 008  0932£0.009 0.161£0.013 0.011£0.001  0.017£0.004  0.026%0.001 L + + +
YM59 - 0.10  1126+0.014 0.5080.014 0.309+0.026  0.025:0.004  0.026%0.000 L + + +
YM60 + 0.11  1.053+0.009 0.587£0.003 0464+0.023  0.031£0.003  0.030+0.001 L ++ ++ +
YM62 + 009  1.120£0.007 0418¥0.024 0258+0.002 0.048+0.003  0.045%0.001 L + + +
YM63 - 007 105410006 0.204+0.008 0.014+0.001  0.018+0.003  0.030+0.002 L + ++ +
YMo4 + 0.08  1.106+0.009 0.118+0.025 0.014+0.001  0.015+0.001  0.017+0.003 F ++ + +
YM65 - 0.14 121710004 0.125:0.010 0.013:0.002 0.016£0.001  0.047£0.001 L ++ ++ +
YM66 - 012  1.1601+0.008 0.230:0.014 0.012+0.001 0.018£0.007  0.034£0.002 L + + +
YM68 - 012 12140007 0.388+0.010 0.036+0.005 0.033+0.002  0.03410.001 F + +

SS + 007 127240008 0.108:0.006  0.014+0.001  0.019£0.003  0.026£0.002 L +++ ++H+ +

"Dark brown zone formed around yeast after incubation.

Total reduced weight (g/72 h).

3)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.

“Means+SD (n=3).

1 zone size (+, ++, +++), -1 negative result.

Variables (axes PC1 and PC2: 81.25%)

akcie

PC2 (20.34%)

AE: T YL
e st

vl

» Sample = Alcohol = COz

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.

S FrH24). Burns(25) 52 S5 10%
HA T AAFo] | mLEY 29 2SR AR BR{S
o] Huslth ¥ 2& o= Helm(21)2F Bumns(25) ¥
o W}t 60 $o B o] 1.0 mL ©]4o]™ high
flocculation type & 22, 0.5-1.0 mL A}e]o]® flocculation
type £E 2 0.5 mL ©]3}°]H Low flocculation type o=
TRtk A3 A BE FRUF Alte] st oet
AR o] Frretion, 60% % 1.0 mL ©]d2| High
flocculation type®] EE= §Ith 46719 AR+ 0.5-1.0
mL AF] €] flocculation type©]21oH thET SCYE Eesh
1652 &%+ low flocculation type -2 YENSTE
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Cerulenin ¥ 5,5,5-trifluor-DL-Leucine(TFL) WA,
APl 24
Cerulenin % 5,5,5-trifluor-DL-Leucine(TFL) WA &
Table 1o YEF AT} Cerulenine 7o) A2bH A (+) 2
2, o] AR g SAe = st en #Fo] =79
whak(+, ++, +++)= YERYITh Cerulenin 1% 3713t HljA|
AT YM33S Alst 275 X8 64F<] 1ol
Ak, 2%E A7k wiA|dA= 369 o] Akt
cerulenin®l] #3d-S 2= A o2 YEIT) Ethylcaproate
9] /\32\]-0 ]hﬂ—/\]. /@%H E/\7]_ =2] ],L 74 oz Olax;]
3 AR AR BAE cerulenin®] ©]El] A3l E 7] Wi
=0 ethyl caproate A4k
5 2= u §-83H o]83 F Uk B3 AThQ2e).
"IFL—* A7vek WA A BE w#F7F Akt TRLE] A<
ST} Isoamyl acetate B=3+ 2t gF3} 3t S U=
—’"F& AEO 2 Lleucineo| Y A= #5E o AHEZE
o} 5 dAEFY AYito] F71sk isoamyl acetate A
Z713tY. o33 FFE L-leucine?] FAMHEZC] TFLS
o] &3t AP TF5 Adste WiHol HaE ATH26).
API ZYM kitE ©|- &3 BRe] B84 2 I} Table
29} 2t} Esterase, esterase lipase & 57 &47} 627
oA &AdES YEFH 1L, a-fucosidase 2] 571 49 A
A A °L°L‘:]' Ester= W59} €913} -2 g S50
A A SRtEolAIRE 5.9 Frlof - Fagt 9
gt WE oA AR T8 A FEEA AHEEE ester
£ esterase(EC3.1.1.1)9 2|3t 7}E&] 923} alcohol
acetyltransferase(EC2.3.1.84) 5 X3 d/dut-g-2] “F5 =zt

Oﬂ cerulenin APA #FE =
| o]&

ol o3| o]FojAH FAHEE old TS v|A= 7
Z 83k 94 F dhtoltH(26,27).
o (o] ]
I =
2 AFE 7 A 9e] Ao EeE oy g79
oget %‘E“Zi EA4E A ﬂoﬂ 34%S -3
ERE R AalAth o ERE 62 TFE BEEH

31, 26S rDNA Q7N EE B Z3, Saccharomyces
cerevisiae®} Pichia kudriavzeviiz 7% Tt} 270 1
€ 5 HRIH o] 5% dFES AEsh] Hal
gslrinet o, A4 ‘“, dFE WA, S8 2 ) AR
A sE AT ¢32E WH Co, ATl 4
2 3] Y —Zr"é F-5-2(Principal Components
Analysis)= 3FATE PC1 Fe] Whakol| et Fsls = o5
B YM37, YM31, YM32, YM22 ¥AHFHloH,

0.14-0.18 g/72 he] CO, A .2 tZrtel| H]&] %3 %}}1

58 293, ol F YMRE A9sta EHFH <] A
= AR Zourt T3 o] o] #FES EFE U

15% °’4< Hfs, 842 05-1.0 mL Akel<l
flocculation type2-= &1t} API 4 2 cerulenin,
TFL zﬂzﬂﬂ =R Nzﬂ-a]— 7:14. ‘0’]:7]/\‘]‘:’ Ag/H ] =o gu
= §]-§}__/’:A9,}_ ad3e q]/d __xui /\l‘cﬂoﬂ z;} Wy
g 542 H<Ql YM37, YM31, YM32, YM22-4 xghet
% 330 E ERlEAT ol AHE Fall eivket A

dejell 23 o AR das EE B ] SAS

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-BI-phosphohydrolase

All yeasts (62 strains)

Alkaline phosphatase

YMI-YMI10, YM13-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)

B-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

" no activity.
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