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Abstract
prepared using rice. Five yeasts strains were compared for their brewing characteristics and showed normal

The aim of this study was to select yeast strain for quality optimization of distilled spirit which is

fermentation pattern, but songcheon yeast(Y1) and distillery yeast(Y5S) revealed higher fermentation ability than
other samples tested. The analyzed results of fermented mashing showed that the distillery yeasts(Y4, Y5) had
significantly much higher alcohol content, and songcheon yeast(Y1), distillery yeasts(Y4, Y5) had significantly
higher ester content than other samples tested respectively, while the distillery yeasts(Y3, Y4, YS5) had
significantly higher organic acid content than other samples tested. The analyzed results of distilled spirits which
were distilled using copper distillery apparatus showed that the songcheon yeast(Y1) and distillery yeast(Y5) had
a higher yield compared to other samples tested. In addition, the results of the aroma compounds such as ester
and higher alcohol of distilled spirits among the five yeasts tested were similar to the analyzed results of
fermented mashing. Siha aktivhefe 6 brennereihefe(Y5) indicated the highest overall preference including sensory
evaluation and was selected as best yeast strain for quality optimization of distilled spirit which is prepared
using rice.

Key Words : Copper distillation apparatus, Fermentation, Distillation, Distilled spirits, Yeast, Flavor

1.M B2 B p £ S5 5 ARE AR HEEsS A

A 3122 SRt &5 AlEsiold. siols R

S R Az 8 B dURRRE £ APAEOR 8 SRS Alxe] /S SAT ol
Holchs 2ol A= sojglen gajeliz w5, 2 3 AP HolEd o8 AE ST U

*Corresponding Author :

Tel: +82-2-3470-5270

RecReceived June 24, 2013

Chul Cheong(Seoul Venture Univ.)
email: chulcheong@hotmail.com

3887

Revised (Ist August 1, 2013, 2nd August 5, 2013)

Accepted August 7, 2013



S| ot sle R A4 A8E, 2013

AR elste] FFABE AYE wek oA 0e

A HACH1]. 1980 dTh 5B 2000AHH71A] =W SF
F AN 5 A 5AS HY R IR AR Y 7
5o FURE o} AHRIP A A FRIIE o83t
of Ao Alxd ALY FIEH 2He
SHRIL QNS & 4 QEH2L 1 A=A ke s
Aokt FAFES Al w5 ARAY FAY HE Al
ol w2 HEEAGS A3, 4], 75 dd o
ol Bi 9 Hilat Fo] WAsto] Z4F ARE tEF
Adshe da SEERAL] AFS), B AES olF
T S7A a5 Faedstel mhE & 9l ol it
6L TFALT 714t TRt SR-Eol whE

do N

2
>
Ru
i
oX

2
o

HIT), SREA o3 Warel &
T Sl SE|ITHs). B B}
2 BAEA ZME Bol AR FRALTAESS] By
2 Bt 2l 7|58 24} o] Ro] FOm[o,10] ¢
g, BjF 4% U AEgRel Axgel FAY
W g/ AE 5 B e 24Tk nae gt
pES R e

5
T Adegke] fAMd ol

e}

re

2 sto] digt

=
ok

o

=
°©
=

X 5 BUSRIAOR BASH: PHEUI214], 35
F AZA R, BRY) U B 4RRY 5 SR
A gelsto] S5 AEe] EAHS BAY e B
BT YEHIS) FR7E ofd HRE ol88 dTRE

=

5 R FRE Qelste] Axs mup aFolA
decanoic acid, tetradecanoic acid, hexadecanoic acid,
octanoic acid ethylesterF &4 AG16], TAE T &
2 3t dAEss Y B Ao r SRt
BALEE A2 T THLTLT} o AE 5 Fury 4
ol digk 41 = RIAEC17]. E3 =g
AZHAE S S8 Taat e defstel &
AL e AFH18,19]1% APl om FHTol= 55
F71E ol &3t oldrtutHo|E W 3k H43E 9
I

il

PaT Aske BusT Yeh0) @4 Feld 37
F A Ee] ATl Aeelels 4UY A

olgsteon] BN Aol ofFt At Ae] 3
o 53] FRALT HGARES o83 FF
DRI

Jefolct. olofutet T FRE

N
g
<
X
]
o
i
0
s s}
;—]
>
i)
it
M
=

TS M o
FR79 99 o= BARS =
o geb B AFelAE TRE F URE so] FRF
S Azl glo] TR B4 HUT HHo] FHAL
=
=

= =1
Z AFERE AUsied] gov o Yopt 55577

ﬁ)ﬂ
S
fh
2
uld
|o
fu
!
iz
)
N
N
o
%
=t
r)~
i
o |
o
1%
O
ot

21 €=

£ A AgE AREE WS A, 5]
SolA] AR 23 EES T At e A
BTWE 500 g& 7~108] AT The 241 Befl 2]
3 1ARE B2 RS AN ke bR dho] gt

ot

2.2 Yo K|

WAl SRELTEASAL] AR o)
RS 7S AR 5 Aol At nw
Ae gie) 5ol RS AEslslc FUelH AEF
Aol 714 wol ANl X8 AWl FHAR(YD)
o} A& §w ol ehmla]2H(La parisienne, Y2) XS -
Y AR, 5Y FEEVIEE SREF A4 JE
E E85to] AdHoR A HgEe Al F 5
FF A8 o7 33l Schliessmann schwibisch hallA}
9] Brennereihefe forte(Y3), Kornbrand(Y4)2} E. Begerow
GmbH & CoAl2] Siha Aktivhefe 6 Brennereihefe(Y5) S
352 skl ALgatact

2.3 pH
pH+ pH meter(Orion 720A, Thermo orion, Beverly,
MA, USA)E ARgSto] S35t

2.4 otO|lAtE

ot leAt s AOACH S 3arsto] A7 H ]
HAE F=REA 2100 w2t HA] 10 mLE Fste]
A=l 2 Alof Hre-S 7}8Hil 0.IN NaOHE T
Aol & wi7bx] Falet & of7]o] SAE=wARA 5
mLE 7}5ke] {28 A& 0.IN NaOH= g-3Ao] & uf
7R Aol Sejiler ghlbste] wiEs2 YEhhgl
tH20].

O LeARE(ZRIAICR) /100 mL = &% mL = x 0.0075 x 10

St AOACHS FFarste] A3 =73 <Al



B FHE4 140l wek CO.E AAT AR 10 mLE
HA7]E o]45}o] 0.1 N NaOHZ pH 82717 #Ast &
sHpko g Shibsto] wlR-g-s LERf I

ZAH(ZEEO 2) /100 mL = mL £= x 0.075 x 10

2.6 784 I¥HE

7h8d DR BN TS Aol Qi 2
ZHS FHG =4 (ABBE, Atago, Tokyo Japan)E ©]&
sto] 23elsict,

27 RI71M 2N

F7EE HEAR 23S Y4ER T 045 m
membrane filter2 {1}8F TR Ion chromatograph(Metrohm,
Bleiche West, Swiss)Z £33t}

mlo

S T
Faes 9 SFHAE, GG, 25 SHE
FRole WE U FRNOIN A4R Bl

Q2 4591 methyl alcohol, ethyl acetate, fusel oil 5=
SARER USRI FREATI e} 5775
Fort Worth,

gas chromatograph(Agilent Technologies,
Texas, USA)E o]-&3dlo] EAI35}4ict

=
g «5lS & w4 2, 100 mL-8%F mess cylindero]]
FAA7HA] FBFAL 0|21 500 mL 42} flaskol] %3] thE
mess cylinderE 9F 15 mLe] FH4E 23] AFs)o]
flasko]] sl Wzhrlo] #ZA3F t}& 100 mL mess
cylinderg —,—7]§ 8}@] % st FHMo] oF 70 mL
S 7}6‘]—04 100 mL2 83t

(e B ko) Aed] FHAE A0 7 22
£ 9]o] Gay-LussacEZA] 15 Ci HAsto] otk
Z4sioct

2.10 H|=

ARE 100 mL AREo] H93 HZAS AHgal
15ColA 2T,

2.11 Elx

HEHENO R EBC AL 42 & Ao ARE
] EHEA(YSI, HF Micro 1000, Ohaio, USA)o] 2l
EBCRES: S48}t

3lo] 40 vvhR AT EHFE HAF(a-Moss Fox
3000, Alpha MOS, Toulouse, France)Z FufjelS 2435

Aok Ay 259 2559 40 vivneAAF 1 mLE 20
mL vlollol B3 202 WyTich BUT WYY 5
570 SRUE 27 ARG £01510] autosamplers:
o] &3to] 45ToflA] 12022t 3] 4&s 718 o5
Injection volume 500 WS AAR}Fof FUsFETE 3F7] A
3 720 0|88 AN T 187jo]] dloje] A%
/:1‘_ PCA(principal components analysis)®g2]o] 2]3] 3F
S EERUEERCT

213 WsxA

LRl AREEE 7] WfollA WSk CO7tL HPE
oz i YiE F717F FUEA = 37 A
717} AAE FE871E ARSIt AlFTEE & 800

mL, YELEFE 10 g, AR 25 g& AR 7%t
TR 3027 3R 3 7FR Yof & A7ERE H7tst
of F7|AA717F A FAE Eol Hay 5 F2

7

o] 24T= =4 F27]o] YL 15U FAEA

Ag wy

SHE WS Yz Y] 2 w7t A s
o] 18, &7 LE& 29CfA FFHE AASIAT 1
3] SRARES 27§34 Wi}xl 30 ~ 40, Ei= 130

215 SAIXz|

B AF= meantSDE HEA|SFY S, SPSS 2]
@(Version 10.0, SPSS, Chicago 11, USA)S o|-&3}o] &
AEAANOVAIE §roli7h Sl @Eel distel
Duncan's multilple range test2 p<0.05 oA A|27F
o $elae Axstark

%%74/\}5 58 71ZH =R o]8sto] Yltaste), FF
(flavour), Zl7}(texture), E312] 7] S %= (overall acceptability)
2 eo] 150je] B o] ofstol AW

2, WSETHGH), O ETHAT), BEOIGH), o

3889



abel7) etk el Al All4d A8, 2013

[Table 1] Analysis of mashing prepared different yeasts

Components Y1 Y2 Y3 Y4 Y5
Gravity(15C) 1.040+0.02* 1.042+0.01° 1.044+0.01° 1.039+0.02° 1.042+0.02°
°Brix 6.5+0.16" 724020 6.640.12° 5.9+0.18" 6.2+0.19
pH 6.25+0.2° 6.50+0.21° 6.25+0.19° 6.23+0.11° 6.30+0.12°
Turbidity(EBC) 27.0+0.3 25.2+0.21° 28.2+0.22¢ 27.9+0.30° 23.6+0.14°

Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed as
Mean+SD(n=3).
Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe

AR, % AR stglen, B 2k
EA A 2]+= ANOVA test®} Duncan's multilple range test
2 pe0.05 olA fol4S AT

obx|i=d) ofiz GouliAlel ofat 714t B Awt fmo]
ot QUAkauo} U g ol & ol 71915H7] whizol
m22] £ AR pH¥sks FAH2 Ao Uekyth

b EE pH WSke o2 Yekton] 8T v2

4 7h e ATl s pHYE 1527ke] WS Shuts)

7 Wsteledis] ol A7 Ahmg Wl MR ekt

o] ofgt otme WO Qs Waeo] AstElo] et

Ui Aom pekech shE wassle] 9 WA 2 o

= A SR 8 WAIF pHE W Ao] fela
Ys A@TF7E pH7E B Al Tl s WA ehiek

B Ao AlETe] Way|7 Bol A dues 20 e
s Wshe Fig. 1o Urehigich. 2F A9 wha 1590] g e
At 3 B o8] &5lo] YR GESS EHT v
T mE @A AEel W et wEE g

Y A(18.4v/v%)

—4#—Y5(18 5u/ulk)

EoE R

of
-
=
o

AFL T4 16.9~18.6 viveel HEE YrERT) o
1B QA S AL BE AT
A WO W S~ 6AANEE ABT VI, Y4 U
Y57k ABT Y2, Y3R wE} o sk Aol
WEFE Foll oF L7 v 2ol o AREI of
L oaEyE gug Wil thay] g tehtt @
Aoz etk B8] el eAlzel] 7hg wol
ARGEl= e aR(Y2)7h Ao R S AR(Y])
W FRF AGAR(Y4, VSR BT L o] ofset

AE o 5 9T Y] ATH B ATRBleAe 2 '-
W] $57} WEL WEEA] ok n|HIc)
4

e

(o3}
=

012345678 910112131415
Fermentation(days)

[Fig. 1] Change of alcohol concentration during fermentation
using different yeasts

Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe

forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe
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[Fig. 2] Change of pH during fermentation using different
yeasts

Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe

forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe
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[Table 2] Analysis of fermented mashing prepared different yeasts

Components Y1 Y2 Y3 Y4 Y5
Gravity(15C) 1.0085+0.01" 1.0134+0.02° 1.0161+0.01° 1.0106+0.01° 1.0107+0.02°
°Brix 14.6+0.13" 15.6+0.15" 16.3+0.11° 15.4+0.16" 15.7+0.14%
Alcohol(% v/v) 18.940.17" 17.1£0.19° 16.9+0.12° 18.4+0.10° 18.5:0.18"
Total acidity(as succinic acid, g/100mL) 0.23+0.01" 0.22+0.12" 0.23+0.10" 0.25+0.01° 0.30+0.04°
Amino acid(as glycine, g/100mL) 0.61+0.01" 0.65+0.01" 0.62+0.02° 0.60+0.01" 0.51+0.01°
Turbidity(EBC) 12.0£0.17* 20.0+0.19° 6.5+0.13° 4.6+0.12° 9.7+0.11*

Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed as
Mean+SD(n=3).
Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe

[Table 3] Aroma compounds of fermented mashing prepared different yeasts

Aroma compounds Y1 Y2 Y3 Y4 Y5
Acetone(mg/L) ND” ND ND ND ND
Methyl alcohol(mg/L) 13.5+0.31" 14.3+0.4" 11.740.98" 13.0£1.55" 15.0+0.53"
Furfural(#¢/L) 13.3£1.37° 14.0£0.95" 10.6+2.05" 10.1£0.61° 10.4+0.32°
n-propanol(mg/L) 112.8+0.72° 112.1+0.67° 141205 186+2.71° 138.1+1.11°
i-butanol(mg/L) 279.2+1.31" 217.8+1.36" 229+0.45° 397.4+3.12° 388.4+2.8°
n-butanol(mg/L) 5.5£0.06" 0.0£0.0 0.0£0.0 2.5+0.06" 5.640.06"
j-amyl alcohol(mg/L) 476.2+2.32" 448.4:2.7° 405.7+0.83" 568.6+4.5" 592.7+3.92°
n-amyl alcohol(mg/L) 0.0+0.0 0.00.0 0.0£0.0 0.0:0.0 0.0£0.0
Total fusel oil(mg/L)" 873.7+4.26" 778.3+4.68" 775.61.76" 11545+10.18°  1124.9+7.86"
Acetic acid isobutyl ester(4¢/L) 0.4£0.06" 0.2+0.15" 0.2+0" 1240 0.8+0.06°
Ethyl acetate(mg/L) 58.1+0.15" 44.9+0.5" 37.1:0.17° 77+0.7° 59.4£0.72"
Ethyl n-valerate(4£/L) ND ND ND ND ND
Ethyl n-caproate(#/L) 2.2+0.15° 2.10.0° 2.0+0.06 2.5+0.06° 2.3+0.12°
Lactic acid ethyl ester(#4/L) 3.1:0.7* 3.940.06" 5.2+0.26" 5.6+0.06" 5.1%0.15"
n-octanoic acid ethyl ester(4¢/L) 1.4+0.15° 1.3+0.0" 2.0£0.06" 1.8+0.0° 1.4+0.12°
Ethyl n-caprate(#¢/L) 0.6+0.55 0.3+0.46" 3.0£1.76° 1.240.06" 1.4%0.1°
Succinic acid diethyl ester(/¢/L) ND ND ND ND ND

Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed as
Mean=SD(n=3).

1)Sum of n-propanol, i-Butanol, n-Butanol, i-Amyl alcohol, n-Amyl alcohol

2)Not detected

Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe
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[Table 4] Organic acid of fermented mashing prepared
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321 ¢32 5=

aRdR FaARl S5E AU Faes 500
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=59 43 st wEE SRF g3e vt

different yeasts

Organic acid Y1 Y2 Y3 Y4 Y5
Citric acid (mg/L) 1,024421.1° 1,042+19.3° 741£13.1° 886+20.5 872+18.7°
Tartaric acid (mg/L) 24£1.2° 17£1.0° 23+1.1° 15£0.9° 73£1.6"
Malic acid (mg/L) 145£15.4° 144£18.5" 76+10.1° 79+11.0° 500+27.3°
Succinic acid (mg/L) 885+25.3" 776+31.7° 828+25.4° 951428.5° 905+19.9°
Lactic acid (mg/L) 896+10.3" 313+11.4° 1,300+38.2° 1,169+41.6° 814+12.1°
Acetic acid (mg/L) 195+10.3 289+9.6° 214£12.6° 258+14.2" 239+16.1°
Total acid (mg/L) 3,169+38.9° 2,581+452° 3,191+35.0° 3,358+49.4° 3,403+62.9°

Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed as

Mean+SD(n=3).

Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe

[Table 5] Alcohol concentration in distilled spirit from fermented mashing

Alcohol concentration Y1 Y2 Y3 Y4 Y5
Alcohol concentratl(.)n of mashing after 18.641.1° 17.140.6" 16.940.7° 18.441.0" 18.540.5"
fermentation(v/v%)
Alcohol concentration of distilled spirit(v/v%) 37.2+1.6" 34.1+2.3° 33.5+4.1° 36.9+3.3" 37.2.42.8"

Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed as

Mean+SD(n=3).

Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe
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[Table 6] Aroma compounds in distilled spirit from fermented mashing

Aroma compounds Y1 Y2 Y3 Y4 Y5
Acetone(mg/L) ND? ND ND ND ND
Methyl alcohol(mg/L) 30.0+0.0° 27.9+2.72% 25.0+0.32° 27.2+0.35" 31.4+0.83"
Furfural(#£/L) 5.4+0.78" 5.740.25" 5.3+0.31" 4.0£0.40" 4.2+0.35"
n-propanol(mg/L) 215.4+0.42° 211.2+0.85 268.1+0.06 354+332°  271.7+0.45"
i-butanol(mg/L) 537.340.72° 412.841.71° 436+1.11° 768.3+1024°  771.4+2.75°
n-butanol(mg/L) 10.4+0.06" 2.8+0.0° 2.8+0.05 4.8+0.06° 11.0+0.06"
i-amyl alcohol(mg/L) 923.2+0.95" 859.7+3.6" 777.4+1.93 1,103.2+13.64° 1,180+4.86°
n-amyl alcohol(mg/L) ND ND ND ND ND
Total fusel oil(mg/L)” 1,686.4+0.2° 1,486.546.1°  1,484.3+30° 22303+27.0°  2,234+7.9°
Acetic acid isobutyl ester(#¢/L) ND ND ND ND ND
Ethyl acetate(mg/L) 142.6+0.7" 95.1+0.2° 91.8+0.5" 187.5+3.5° 169.4+0.9
Ethyl n-valerate(4¢/L) ND ND ND ND ND
Ethyl n-caproate(4¢/L) ND ND ND ND ND
Lactic acid ethyl ester(4£/L) 7.5+0.06" 4.8+0.3" 11.9£0.0° 4.9+0.0" 4.7+0.1°
n-octanoic acid ethyl ester(4¢/L) ND ND ND ND ND
Ethyl n-caprate(#¢/L) ND ND ND ND ND
Succinic acid diethyl ester(#¢/L) 7.0£0.15" 7.3£0.29" 7.4+0.2° 6.5+0.36" 7.3+0.06"

Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed

as Mean=SD(n=3).

1)Sum of n-propanol, i-Butanol, n-Butanol, i-Amyl alcohol, n-Amyl alcohol

2)Not detected

Y1: Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe
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[Fig. 3] Aroma pattern of distilled spirits
Y1 : lyst_ff, Y2 : 2yst_ff, Y3 : 3yst_ff, Y4 : 4yst_ff, Y5 : Syst_f
Y1 : Songcheon yeast, Y2: La parisienne, Y3: Brennereihefe forte, Y4: Kornbrand, Y5: Siha Aktivhefe 6 Brennereihefe

3.2.4 HsZA o7 A AEENL, KUK TS SR AR(YS,

A7) 2Rz obFe T2 EoE 3l 8 = Y4, Y5OIA FH R A Yelhth HaEEHE F
FE el AFE E4E 34 vW%E 24T TR F71E ol 83 AU SR 24 A $an
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itk By 712 AFar oAM= o3t g 2eEd fEd ACRE ddEy, IgdaEy) o AFH
7], o]l tiste] 53 HmRue- £} 5, £} 47, T V] AL LaREU 24 dnet go] AgdId

HEo|ch: 3%, £ 9} 24, wl$ 22| g} 1F)o] & FFT AE(Y4, Y5O, olAElE FHAR(YD}
oaf AAslgon, FrIE4E FHakele] 47t 24 TR BE(Y4, Y5OIA #oHoR wA dERY A
2 ZAo| ol Aoz Buksiyrt andz Axa w59 7] Hdo] FRFo i Holjde Aew
WESCE E2RY)E o]gdt ARMERS 2Rz 3 whErh FhE SujollA] gol ARSEE AR(YL, Y2)9
SAAL AR 2HL Y5, Y4, Y1, Y3, Y2 ARG oz #H ST ARl Juiel 244 M= oE fE)
Y5 A@2o P 28 348 72597, Y2 Adr & 3t AS 49 AN SRFARA 2R A
M e PHL v|2agnh 2z mmel siha ol TR SRF AEFY st F4 9L A= A
aktivehefe 6 brennereihefe(Y5)7} Ut} =& Brlofla] ¢ S8 #Erh F/7FY dedAlAe /5 8l

oJFo g 1A 2425t A o F L}ERgTH(data not shown). siha aktivehefe 6 brennereihefe(Y5)7} Ut} &2 sH7}o|
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oY BFEANT ELT W 22220] 2338 EA,

4, A= WB7E £56E 23 25F a2l siha aktivehefe 6
brennereihefe(Y5)7} &S o83t SHF E4 A3}
B oATAE M F ARE slo] FRFE Azg /P AU BRE AWHYUD FF 25S oled 2
o ol S Bgo) Hga HHe] FRAar gr T SRAET MY U O SFF 5l 7]
2 Awster] BAHS £1 ARS Syl Ay CEASR Awdn
SEHE 5TFY ale AN oR AR dadEs
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