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Feasibility of Cheonghju Brewing with Wild Type Yeast Strains from Nuruks. Kim, Hye-Ryun, Seung-
Hee Baek', Min-Jae Seo?, and Byung-Hak Ahn*. Traditional Food Research Division, Korea Food Research
Institute, "Department of Food and Nutrition, Hanyang University, *Research & Development Center, Doosan
Corporation — In order to select the best strains to have the feasibility of Cheonghju brewing, 10 wild type
yeast strains from 300 different types of Nuruk were investigated on their ethanol resistance, resistance to glu-
cose and flocculation. The amounts of alcohol, organic acids, and volatile compounds, Brix, pH were also
examined for the alcoholic beverages made with the 10 selected strains. Almost all strains showed alcohol
production activities in the medium containing 18%(v/v) ethanol and 29%(w/v) glucose. The strains 90-2
showed a higher flocculation activity than other strains. Strains 54-3, 90-2 and 91-5 produced more alcohol
than control strain (7.42%(w/w)) when fermented with wild type yeast strains. In addition, alcoholic bever-
ages containing low acetic acid also showed low levels of total acidity. GC/MS analysis of the product showed
4 alcohols, 11 esters and 1 acid as volatile compounds. Selected strains were tentatively identified as Phichia
sydowiorum (91-5), Zygosaccharomyces cidri (192-2 and 271-4), and as Saccharomyces cerevisiae (18-2, 54-
3,90-2,91-2, 98-2, 99-5 and 272-7) by BIIOLOG method.
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Ao ARE Sy B A7 FEozHE 2
gl RFE}LT Q= FFE ARSsl o Yo dHek
Z3 3] 103(Saccharomyces cerevisine)E 25 A4}
(Table 1). Koji= GF)yFAREZNE] W5 A= 35}
Argaioie,

Koji Eislof gl digoll XM=

Koji 382 kojig} B-& 1 : 3(wiv)eE E]ET 62°C
oflA] SAIZF mHksle] ©FEA]] F 6000 rpmoll A 208 F3t
AAxEe)ste] 16 °Brix® A 23FSIIL koji WE Y-S 3}l
o lactic acid® A7Fsled pHE 3.72 @& F 20°CoAM 7
A7 HESl Alxslg e FEoRNE Feldt R o
A HZ=-2 PDAU| | (Potato dextrose agar, Difco, Detroit
Michigan, USA), 29°C, 24*]7+2.2 23} Ao wjekst 5 2

Table 1. List of wild type yeast strains according to collecting
area of Nuruks.

73 0.85% NaClol ®=3}913 Turbidimeter(BIOLOG,
USAYE ©]&3}o] 590 nmel| A9} absorbanced &7 3}
2% 107/mL =2 2Asle] HEsldv).

olstety 2N

38 ekl GC(Hewlett Packard 5890A, USAYE A}
43} 3 column DB-ALC2(30m length x 0.53 mm L.d x
2 um film thickness : J & W Scientific, USA), isothermal
50°C, Inlet 120°C, Detector FID 250°C L] carrier gas
2 heliumE A1 o FFEA] =9 peak area®)
logh S 2 0E) REFNL Aa)e] rhe] b2E TFL
A&t vl pHE pH meter(Orion Model EA 940, USA)
Z AMg38le] 23342 °Brix® Refractometer(ATAGO
Pocket PAL-1, Japan)E °]4-3l FAslgom TR
UV/VIS spectrophotometer (Diod-Array) HP 8453(Hewlett
Packard, USA)2-Z. 660 nme|A absorbance® =33t}
714 A8 0.45 um syringe filter(XPERTEK, USA)
2 o} 33k F HPLC(Jasco UV975 UV/VIS detector, Tokyo,
Japan)2 F-A8lgdch, B 27L& Aminex HPX-87H(300
mm x 7.8 mm) column(Blo-rad, Califomia, USAYS A3}
0.6 mL/

2 D] AT FEHES 24
YPD(glucose 2%, yeast extract

Yeast No. Collecting Area of Nuruks Qa3 o] FAFE- 0.01 N sulfuric acid, flow rate:
18-2 Gyeongsangbuk-do Andong 111 min, column oven &X3= 35°C, injection volume<- 20 pl
54-3 Chungcheongbuk-do Cheongju 22]3 UV 210 nmel|A BEA sl T}H2].
90-2 Gyeongsangnam-do Hapcheon I
21_2 Gyeongsangnam-do Hapcheon 11 LIRS USH H LYFE LY, LYY
- }sle ERE HE3) T alge
98-2 Chungcheongnam-do Kyeryong-paekilju Koji 34 1_0 -mLoﬂ = ATY FRERE S, 15,
99-5 Gyeongsangbuk-do Andong-soju 25, 35°CE 4f-2ksted A9 E=olM durham tubeo]l A
192-2 Chungcheongbuk-do Jecheon 713 CO, gas AA <
271-4 Chungcheongnam-do Dangjin sty 4F5E WAL
2727 Chungcheongnam-do Boryeong 0.5%, bactopeptone 1%: Sigma, USA) A wi=|e] &%
30
25

fermentation time(day)
— o
o S

—
<
T

91-2 91-5

98-2 99-5 192-2 271-4 272-7
yeast No.

Fig. 1. Alcohol fermentability of wild type yeast strains with fermentation temperature. 10 wild type yeast strains were inoculated in
saccharified medium prepared with rice koji and water (1:3) with durham tube. Fermentation time was measured at fulled CO, gas in

durham tube. [, 35°C; W, 25°C; [0, 15°C; &, 5°C.
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Z}z} Azfsted 20°CelA 72417F wiokat F 660 nmel| A1 2]
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glucoseZ} T 7H2+¢] YPD AAuiA| S o] faled 20°C0]
A 48417F wi okt F 660 nmoll A 2] FREE X sl H)
7]
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Z7}A-& PDB(Potato dextrose broth, Difco, Detroit
Michigan, USA) Az 5 o]&-&led 25°Cel|A] 48A)7F A
B ket § Al Beldle] 4248 A9l BE o] A
£ 28t A peller] $~F¢F 0.5M EDTA solution
< 93 dgslsiot. BE peller]l CaSO, solutiond 715}
of gelsl -, thA] YAE=E Flo] pellel] CaSO, buffer
solutiong #H7}sle] Aesle] 6% 5k At s
1ovRE 3JA8led 600 nmellAe] T8 &4 sle] v)as}
g} 1]. Flocculence, %= (A-B) x 100/A

Ojdg A% zio| 83

u[AE 542 BIOLOGHL(USA)Y] M&E o} £572] 95
7Y carbon sources® FEE 96-well MicroPlateZ- ©]-85}o]
MicroLogTM System, Release 4.2 database® 54 3} ch.
v] A BUY(Biolog Universial Yeast Agar, USA)ol| A] 244]
7F Fot wiekst &R A S Inoculating Fluide!l sterile
waterel] 47%TS] 5 =& 3]435led YT MicroPlateel] 100 ul
per well2 &3 F 26°ColA] 48, 72A] 74 wjoksle] EA
a3ict.

Fuy sielg 24

WEA 20 mLE 40°CE 307 < YA F 308 &
gt 100 um polydimethylsiloxane fiberel] E%]&}e] SPME
(Solid Phase Microextraction)E ©]-&3}o] GCeolj 18 E<t
Foskaet. kAl #3hE 42 Hewlett Packard 6890N
GC/ Hewlett Packard 35973N mass selective detector
(MSD)(Hewlett Packard Co., Palo Alto, CA, USA)E A}
4313} Column DB-Wax(60 m length x 0.25 mm 1.d
x 025 um film thickness : J & W Scientific, Folsom, CA,
USAYE AF8-31913 Oven 253 40°Colx] 5E7F F-x|&F
% 200°C7HAl 3°C/ming] %2 $£LA1F 21 Injector
200°C, carrier gas¥ heliumS AF8-31% 31 flow rate: 2
mL/min &7 o|¢ieh. MSD 2712 capillary direct interface
temperature 250°C, ion source temperature 230°C, ioniza-
tion voltage 70 eV, mass range 33-350 am.u, L8]
scan rate 2.2 scan/sec3l FHHA] 3HHE A2 retention
indices(RI), mass spectra®} aroma propettiess H| 3.3}

glsiint.

23 9o a3

Mg &RE WeY

Koji %31Y 10 mLe] £ 2.2 23 S gew 5 15,
25, 35°C Zt2oll 4] durham tubes]] A371% CO, gas AN 4
=E sl dFg BREAS ZA4% A= Fig 10
gl glc}. 35°ColA &R 91-5, 271-4 28] 272-7ef A=
gas7t A EA] kol MEAS Bl 4= ¢lgl o} Yz
T BF 2Rkl durham¥el gas7h b5 A} &3k
25°Cel M= &% 18-2, 90-2, 98-2 L8] 3L 99-57} 35°CS}
TL3 24 Wol| gz} 7FE Zom YRl B2F 3,4
do] st M5 A gt A9l 15°CA M= BE
F7F dFd A= Azke] A ow WALl 50Ce| =
B 90-29F 98-27F 14U 2 7HAF AT EE 182, 91-2
a2]3 272-70] 2842 P 28 A ow x| 21Y
9] 7)7te] &g =e}

MES ool ATE LHY, LHEA 2 A2

Sl Heldt v 9T WA (ethanol 14, 16, 18,
20, 22%(v/v)), W34 (glucose 20, 23, 26, 29%(wiw)) 2
AP 243k A= Table 20 VeRlc}. 3-8 WA
2 ethanol 16%ollA &= 98-29) &AJo] YWt o] &
A vebga AEE 10719 R B 3 E Beon
ethanol 18%el|l M &Y 192-29} 271-4= TS Holx] ¢
O ] FRE= TT AL Ml o} 16%E} 7hAs)
A Vepdom] % 272-70] 7 3=9ka ethanol 20%¢] A
M= ER 54-3, 90-2 18]I 91-57ke] BAL B
3| BX 91-5% W27 3uf o]Ake] AL Yehio
Kim[7] &-°] B3t offgkg 20%ell 2] WAz} FAdo] nls
s VePdTh A2 BY 18-25k0] Bolygo g uke 3
Ag Hglew §9 5437 192-2% glucose ¥HeFo] 713
ol Wl 7l VRt viR]E B u)sdl gL B
gou] Kim[7] o] B3k glucose 20%olA12] vwdAd 3}
A o] BBl elsteh A7 BF 90-27) 83.3%=
very flocculent yeast(>80%)% el X 54-3, 98-2
Z28]3 271-47}F nonflocculent yeast(<20%) Hel] 4:3).0w
3= 25 moderately yeast(20~60%)2 YFERgTH SE
9] 32 BX 18-29} 91-57F Y ko] vy AAF =
ZAeg 2 Akl 2 8F B4l v gko] viw
A A 2218 T 9 54-35) 1922293 v A] 6
N BRE o83 BEENME 27 < 3, AAd A,
Frel$ =23 ) FERoE Al gko] AR

O =
R 5

wEoo| olaErY S

Ay Ewe] dme YYSRL wwsh] skl 2] koji
J3} wiAS) BEE 16 Brix2. sl WA F A 4=
& Gl %) A5 B AL AAsiEh AF 8
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Table 2. Characteristics of wild type yeast strains.

Yeast Ethanol-resistance® (ODgsonm) Sugar-resistance® (ODgsonm) Flocculence o
Flavor description

No. 16 18 20 22 20 23 26 29 (%)

J-10° 1.92 0.13 0.29 -d 2.84 2.63 2.82 2.34 29.33 refresh, fruity

18-2 0.25 0.04 - - 0.99 0.87 0.94 0.52 55.34 refresh, fruity

54-3 1.47 0.16 0.12 0.02 2.52 2.47 2.04 1.52 8.38 refresh, sweet

90-2 133 0.04 0.19 - 3.09 2.38 2.95 2.47 33.03 savory odor, sweet

91-2 0.14 0.04 - - 2.60 2.49 2.72 2.11 35.96 sour, sticky, sweet

91-5 1.71 0.61 1.05 - 3.06 2.58 3.08 2.48 35.48 refresh, fruity

98-2 2.46 0.22 - - 3.25 3.14 3.50 2.87 5.87 savory odor, refresh

99-5 0.49 0.16 - - 3.07 2.82 3.43 2.86 25.02 savory odor, waxy, sweet

192-2 0.16 - - - 2.47 2.01 1.65 0.83 59.01 sweet, refresh

271-4 0.61 - - - 2.69 2.75 2.82 2.26 9.87 diffusive, refresh, sour

272-7 1.65 0.21 - - 2.85 2.27 2.51 2.53 64.83 soda, mild, sour

: Japanese sake yeast
: No detection.

: Yeast strains were cultured at 20°C for 72 hr on YPD broth containing 16, 18, 20, 22% of ethanol
: Yeast strains were cultured at 20°C for 48 hr on YPD broth containing 20, 23, 26, 29% of glucose

Table 3. Characteristics of alcoholic beverage with wild type yeast strains®,

Yeast No. oH oBrix. Alcnoho[ Organic acids(mg/mL)

(%0) Citric Malic Succinic Lactic Acetic Total

J-10° 4.21 9.3 7.42 0.41 8.53 11.24 0.27 1.32 21.78
18-2 432 9.6 7.46 0.63 5.63 9.86 0.22 2.05 18.40
54-3 431 9.2 6.00 0.73 2.44 4.40 0.02 0.72 8.31
90-2 431 9.5 717 0.30 4.88 9.88 0.17 1.76 16.98
91-2 4.24 9.3 7.70 1.21 6.02 9.65 0.03 1.44 18.35
91-5 3.97 18.5 6.60 -¢ 0.10 0.86 0.25 0.47 1.68
98-2 4.41 10 7.55 0.47 0.37 10.50 0.01 1.74 13.09
99-5 4.33 10.7 7.12 0.39 5.26 10.02 0.01 1.30 16.98
192-2 4.21 9.3 6.61 0.07 9.48 7.44 0.03 2.01 19.03
271-4 4.25 9.3 6.70 0.61 7.64 7.11 0.04 2.56 17.96
272-7 4.27 9.8 6.53 0.85 6.31 11.88 0.25 1.87 21.16

2: 10 wild type yeast strains were inoculated in saccharified medium prepared with rice koji and water(1:3)(16°Brix), and cultured at 20°C for

7 days after inoculation
b . Japanese sake yeast
¢: No detection.

7F 717%% 7R B9k 8% 98-29F 18-271 7.46% o]ArS.
2 27 43 g3 7.0%5 0 A ekt s o
FL AAEHL Bgdon o W 90-2¢9 99-57)
7.12% oA 2 A vephgx vz &2 5 #F 2F
6.0% °olAke] d=x& ko i dFE AASES
Act. LEES] pHet D=5 AT 27 pH 4.21~4.41,
2T 9.2~10.7 °Brix® A vehd o] SoldA &%
91-5%F0] pHE 3.97% WA, F=& 18.5 °Brix® ¥4
el

WREL F71AC 2= citric, malic, succinic, lactic,
acetic acid7} 7125912 (Table 3), T2k Zloli= 1A

N '?l ﬁ°17ﬂ tg—_é‘_oj’oﬂ/\_] ';:,5‘25]5:1‘ 2 _-_?l_—% fg—%l:% g% 912
}

9t 7 3 malic?} succinic acid®] ko] 71 2 A3kS
viERgler. A4 f7A 2 7 B2 3R H9) succinic
acid= &F 272-70] 11.88 mg/mLE Z7Hc} 0.64 mg/
mL ¥4 HZEH o] 71 wAl YEREIZ 10 mg/mL o] 444l
R 98-29) 99-5%5.20] o0& v 3RS B9l malic
acide X 19227} 9.48 mg/mLE JE2FH )} 0.95 mg/
mL ¥4 ZA&=g). Lactic acid= 0.01~0.25 mg/mLE A
A 5714 F ol 7HE HA 1 Rpel u]w]slg]Ln
citric acid= EF 91-2004 1.21 mgmLZ 7P =4 et
WA Y 91-5oM = HEEHA Ak A A=
0.3~0.85 mg/mL FE0 2 273} ¥]5=3h kS Her)
Acetic acid= % 271-47} 2.56 mg/mLE 7P ¥4 HE



248 Kimetal

Table 4. Volatile compounds of alcoholic beverage with wild type yeast strains.

(unit : peak area%)

Volatile compounds ~ RI? 18-2 54-3 90-2 91-2 91-5 98-2 99-5 1922 2714 27227 J-10°
Ethyl acetate 800  0.357° 0363 0.168  0.337 -4 0320 0618 0220 0.174 0369 0.406
Ethanol 922 93.014 91221 94536 92269 96.262 92408 91223 95424 95.095 92278 88.714
Isobutyl acetate 1007  0.012  0.127 0.153  0.128 - 0.141 0.120  0.043 - 0.097 0.073
Ethyl butanoate 1029 0557 0333 0710 0481 0211 0.528 0.823 0212 0227 0487 0258
[sobuty! alcohol 1099 1.542 1750 0.643 1 0952 1204 2012 0773 0559 1.738 0.823
Isoamyl acetate 1113 - 0.103 - - - - 0.161 - - - -
Isoamy! alcohol 1214 1716 1296 1296 1371 0679 1433 1818 0916 0834 1762 0905
Ethyl caproate 1224 0.172 0280 0.121 0262 0.070 0.192 0.146  0.162 0.22 0.166  1.194
Ethyl caprylate 1431 0.108 1.632 0608 1573 0344 1.136 0.88¢ 0.848 1.004 0.834  2.735
Acetic acid 1451 0.122 0.041 0.140 0.067 0.164 0.123  0.087 0.068 0.120 0.100 -
Ethyl caprate 1636 1.560 1987 1.027 1.899 0.645 1600 1.064 0904 1.14] 1.293 3948
Ethyl laurate 1842 0264 0362 0218 0293 0318 0281 0207 0.125 0.184 0262 0453
Isoamyl decanoate 1860  0.232  0.174  0.148  0.143  0.172 0291 0514 0120 0.148 0225  0.191
Phenethyl alcohol 1915 0201 0.135 0141 0015 0.090 0201 0216 0.100 0.191 0219 0.128
Ehyl myristate 2043 0.114  0.097 0068 0.106 0066 0.112 0.106 0.059 0.061 0.127  0.086
Ethy! palmitate >2200  0.030  0.099 0.023 0.057 0.026  0.029 - 0.025  0.041 0.041 0.084

Total 100.0 1000 100.0 100.0 100.0 100.0  100.0  100.0  100.0 1000  100.0

=3

: Japanese sake yeast
© . Average of relative percentage of total peak area
: No detection.

(=N

H9l3 &R 91-59} 54-3¢] 0.47% 0.72 mg/mLE 7P o
Al vepgon] A f71Ab ke &R 272-7¢] 21.16 mg/
mLE 7 wekou} dld ok 0.62 mg/mL A Vel
W3 acetic acid kel 7H4 A4 EE 91-59} 54-3¢]
1.68% 831 mg/mLE 71 AA| epget,

2Ly EPIYE
A 37) AAE-2 Solid Phase Microextraction
(SPME)S- o] &3}e] FZ3}1l gas chromatography/mass
spectrometry (GC/MS)E. 2Haldt A=} 33709) 3 AdF-o]
ol Hith(Table 4). T F 16719) 3 AJEe] TAAUE
d 2872 2w alcohol§7} phenethyl alcoholS FEgt
gled 4%, esterF7} isobutyl acetateE EF3le] 115 22
3 acidfrt 150l 9ih AEA F7)A4 -2 WA 8 E(peak
area%)-> alcoholF 88.71~96.26%, esterf- 1.85~9.43% L
2T acid® 0~0.16%% alcoholF2] HHH|Fo] UF3] ¥
gk oh8o] esterf-E VFERGT}. Isobutyl alcohol} isoamyl
alcohol® o ¥+ higher alcoholZ B 99-5014] 4.05%
2 71wk wAu|gR Jepd T £3 272-70] 1.58%=
7F AA b}, Esterfe d&Te] 9.43%2 953 ¥
ok X 54-37) 91-20A] 5.459} 5.28%2 F7F o] S B
gom W 9]1-5= 1.85%% 7P A vERdIL esteriy F
7 3kl O 2 top notedll AEFT T Bk et
= jsoamyl acetates &5 54-37} 99-50AF AZHAT
Ao gridEoR ogeiAl[8] sk EaHel i fruity-

: Retention indices were determined using Cg~Coy as external reference

winey odorZ Wl ethyl caproatet thZllA €53
Eokom &R 5437 91-2014] 0.26%e| A2 epgtTt.
Acetic acid: ester WAB]Eo] 7P 2 &2 91-50014
0.16%2 71 A Vel &% 54-3¢1A 0.04%2 714
A Yebdon] dRFors AEEHA] dsk.

MEgm &3

502X Hej3k £8% BIOLOGE Alg 7ho] B4
g Az} &% 18-2, 54-3% W)FE3Y 7 @57} Saccharomyces
cerevisige, X 192-28} 271-4= Zygosaccharomyces cidri
a2l &R 91-5% Pichia sydowiorum2-2 FRH U
(Table 5).

Table 5. Identification of 10 wild type yeast strains.

Species Yeast % Similarity

P No. Probability  Index Value
18-2 100 0.86
54-3 100 0.93
Saceh , 90-2 99 0.86
aeenaromyces 91-2 100 0.93

cerevisiae

98-2 100 0.93
99-5 99 0.86
272-7 100 0.93
Zygosaccharomyces 192-2 100 0.85
cidri 271-4 100 0.55
Pichia sydowiorum 91-5 75 0.65
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o (o]
pl =

o2 e Fejgt RIER 10 779 AFAE e
35 A8l LR el g 7x] BAS 2ARE F A%
o] At Aol 3g 3004 Zé«l So2N
AL HHEA ] Fold oRYER 10 TFE AlHsll>
o;_}ﬁ% LH/\“ qp:l—kl wul 7471-/&4 0 z/\}_b—]. %B‘_?_ zﬂ
~]_°:] o]-:r 5{3 3 oE pH ‘|'|‘7]}‘]' wul _',]HLM 51:7]/\-]\:!
ZARI T *d%ﬂ 10 ¥F% Biologs o]-8sle] A147¢
& WAL ethanol &3 18%7HA1= =
°1Jr 20%°1*P°1WL &W 543, 90-2 :LE]

ﬂl

91-5

A ER 90 27} 83.03%. uH $ 5—7&] L}E}ﬁu}. orxg
BE o83l WEES A|x3 Fo] dFE gL vz
= 7.42%13} A Rt Ao] 3 #FHes f7AS &
X 272-79] FHZ—TL-V»} 7o} ze ks WA acetic acid
kol AL #5= total acid ¥ =3 A4 Jehdoh &
B EoA H‘:"'H 7| E-2 alcoholF7} 4F, esterf7}t
115 383 acid 77} 15 #el=gle}. Higher alcohol} 3
AR HFEE AR esterfrs W Ee] YU53] B
I /W 5437 91-201]*% 2 Earie ?ﬂ’ﬂﬂl%ﬁ’% F7t oo
vleldel. BIOLOGE 414 7o) $A38 Asp &% 54-3 9]
6 TF7F S. cerevisiae, X 192-28} 271-4= Z cidri 2]
I 8R 91-5%= P sydowiorum2 2 A=
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