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Volatile Compounds in Liquor Distilled from Mash Produced Using
Koji or Nuruk under Reduced or Atmospheric Pressure
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Abstract

In this study, volatile compounds in liquor distilled from mash produced using koji or nuruk under reduced
or atmospheric pressure were analyzed and eventually, the proper starter material and distillation method was
selected. Acetaldehyde was detected two or three times more in the liquor distilled under the atmospheric pressure
than under the reduced pressure. Furfural was only detected in the liquor distilled under the atmospheric pressure.
Esters were detected more in the liquor distilled under the atmospheric pressure than the reduced pressure.
Ethyl pelargonate and 2-phenyl ethanol were particularly detected two times more in the liquor distilled under
the atmospheric pressure than the reduced pressure. Methanol was detected two times more in the liquor made
with nuruk than that with koji. These results suggest that the liquor distilled from the mash produced using
koji under the reduced pressure may have the better quality.

Key words: distilled liquor, volatile compounds, soju, atmospheric pressure, reduced pressure

ot
s
e
0
o
&
©
X
2

z9| }8}3}s}
tod LRk el Al Bgat
s} a1z}

K
i
=
2

o
offt
&)
r_u
of
oX
tlo
do

— ot
ol

e

ol
=z 28

" o rid

EO{NE

X oof N e o 18

=
2
o
rir
ot
o
it
ox
o
N
ox,
Mo
Lo
M i oo
X
M
b
o oo o

M
)
)
g
N
N
i

oo
S
2
N
i)
o
2
N
o,
f
o,

o
i
=
fo
ox
=
e
olN
g
N
[
2
ol
BN
m
ojf
2,
4N 8
®
i Om
w

ot
e
o
o
A
oX
Hr
rlo
)
o2
o
i)
N
fru
oy
e
>
>
o
oy o ook rr

Abol S} ste] vt ge] B} o) %ol

[<]
gull A FFF ABY F7) YRL =

x
k

0
o
o

1%
X
o %
fru
M

ol
-

*Corresponding author. E-mail: keum@snu.ac.kr
Phone: 82-2-880-2531, Fax: 82-2-834-0305

AF aFe) FAL w59 FAY FF 24 5o e
wol 9% Wk FHe ARF AA} FHeL dE
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B ATANE = TE AF FHS AEHe] A2 &Y
2 9 EE AYNN FFY 279 $Y} ZFE 9u
279 Wy R RS FHY 275 Azsed
oM MG &5 Ax RS FF YW AEFLA
gk

Mz Y
M2 L ABRE
B A ST £F AZE AEVE ARCEIFHE

Algol A Fdste] AFESHATE G AE Al AREgE Fs3o]
= Aspergillus kawachii(L type, Kawauchi Co. Ltd., Kago—-
shima, Japan)1e™, F2 AZXE 3 A%+ Saccha-
romyces cerevisiae KCCM 11201 3| A& B Z A H
(Korean Culture Center of Microoranisms, Seoul, Korea)©l|
Al Egdrol ARSI TE MFFS(sp 10000 AL
(F)(Korea Enzyme Co. Ltd., Seoul, Korea)ol| A )3}
AH-&-8F A T

=0 M=
AFE A7) A 0L T& AMESHAY AE 5
S AHgsle AlxstFon, g 95 H&2 Table 17 2
o & o] 83 &4 Axe
WS 3 Asp. kawachis® Z315% AEsEe] oF 404 7F St
Aste] whE 319 2 (LE) £710] = 3 ke = 36
L, &% 8% 5 mLE Hrlste] 25°Coll A 69 B3 HEA]
A Les AXsAY 2@ G52 20 @5 &7 83 L
H kgS €Tl €of 14

=2
¢t &e 8714 =5

Table 1. Amounts of the raw materials used for making mash
for distilled liquor

. Koji method Nuruk method
Materials
Starter Mash Starter Mash

Steamed rice (kg) 6 3 6
Koji (kg) 3
Nuruk (kg) 0.13 0.25
Citric acid (kg) 0.12
Water (L) 3.6 8.3 3.6 8.3
Yeast culture (mL) 5 5

TE AYeR FHI &FY I AR 881
e S (9 60 mmHg, €51 2% 40703 4t 74
S A3 FRA AFE AxRSAT T/ BYLe 2R/
A1zt & 158 7H A= 5 Ao w 285 AFENeH, 15
THE FF AHZAE 108 HFos 288 A3 I
W AR B ARSI AT S AEFY e AL &
AL 27T FF7HA 255 23k AREst e, o
W $FE FFS 45%7F HES 2T

LY g2 24
3k AR 42 FID7F ZEE Clarus 600 GC(Perkin

Elmer, Shelton, CT, USA)E AF&-3lAth GC &40 o3}
o E2¥ 7} peak AL BFEAL HEE A7t vlwE}
o FgstArt olw AH&3 FFE A (Sigma-Aldrich, St.
Louis, MO, USA)2 acetaldehyde, ethyl acetate, methanol,
n—propanol, isobutanol, isoamyl acetate, n—butanol, isoamyl
alcohol, n—amyl alcohol, ethyl lactate, ethyl caprylate,
furfural, ethyl pelargonate, ethyl caprate, diethyl succinate,
ethyl laurate, 2-phenyl ethanol, ethyl palmitate, ethyl oleate
Solglen, olf £ g Ee TUERE EF AZVE
WS FEATh I AR EYHE A column
DB-WAX(30 mx0.53 mm i.d, 1 ym film thickness, J&W
Scientific, Folsom, CA, USA)E A3l th Ovend &=
T 45°Cell A 283 A ¥, 10°C/min =2 230°C7HA]
F2AZ & 230°Coll A 4587 FA5tA ). Carrier gas(He)
9 F42 4 mL/minZ A3+ GC injector?} detector
2= 47 240°CE 2438t Al 1.0 pLE split ratio 201
2 FdsA

A

= SESSE T
5 Az AE% FF WEL FYs] AT FFA
A% $4 YRS BAH At Table 29 23, 1

GC-chromatogram< Fig. 1¢] YeEFH AT Acetaldehyde
o] T A THAIES Wl At FFHAAS HrEY
2~38 AEZ Fof 1 ato|E FAdA & & UTE 1Y
U &5 Alx 4821 H7 75l o3t Aol A ATk
Acetaldehyde?] 313 zlol= S/ Alddl drjy 2 Yzhs o
+4 glo] BolAA Ao FEEHEevHe] Aol Ao FE B
olm, R A Y T/ Aldde T3] ¥4HA &
o & $&HHA &7 WEQ Aoz Bty BT
MEZ 2 S Y= acetaldehydes & 74 F ethyl
alcohol®] &R o3k 4Fsh} ofw|ieiko 2 KBE] goln|ie,
g2 B Ao o5te] WA s EEEA, Wl AF F
g o) Aol #oshe T2 aldehydeZ ¢elA Atk
(89). AFFHAM ¢J3tH, I/ F aldehyde 74 7]E2
FHRTA &F, 127, 2y, gyt

2 Ho] glon, I 9]¢ FFol
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Table 2. Volatile compounds in distilled liquors (Unit: ppm) A3} acetaldehyde?] 32 20.1~60.0 ppmo 2 GHFH o
Peak Volatile K-RP' K-AP N-RP N-AP 2 FF7o) g5 A= aldehydeF o thH-E o] acetalde-
No.  Compounds hydeg] & 7hebe ), B AFel A Az 279 acetal-
1 Acetaldehyde 26.1 60.0 20.1 52.7 sepe 712 vle) 27 9 = Ao
2 Ethyl acetate 1461 1732 606 1269 dehyde ¥ 7 1l e A7 FEo S Ao B
3 Methanol 14.0 135 25.1 33.0 @E ) 53 acetaldehyde?] 7] 917} 20~25 ppm(ll,
4 n-Propanol 165.1 158.3 189.5 188.4 12)81 AL 7okl Eoid, B AF A HAE9 acetal-
5 Isobutanol 344.9 293.4 274.6 256.0
6 Isoamyl acetate 6.4 4.2 5.6 6.5 dehyde®] 92 estersi9} alcoholf 5] #24 AL Hoh
7 n-Butanol 3.6 3.1 5.1 48 29 Frld vX e 2 Ak e Aoz Bt J
O Bimlleute 35 70 20 ey S SR AN AYHE A2 A furfural D
10 Ethyl caprylate 1.4 0.8 38 38 B FRHESE AxF LFAAMT HEHAT Y S/
11 Furfural 0.0 16.6 0.0 28.4 9] L= &hlo H o] Yol 7}l Q13 A AR 9
12 Ethyl pelargonate 15.8 30.9 8.4 29.0 - -
13 Ethyl caprate 13 17 29 98 A7k IR Aoz A, Stle 719 W 23k o
14 Diethyl succinate 3.3 4.6 15 3.1 2 AAAEE HEAQ AEQ furfurale] 7Y &7 A =9
0 2 heml bl 01 173 w9 wes  © AFHA WUAD B In 590l AFLFA 27,
17 Ethyl palmitate 17 144 149 232 A &, o) AFA &FolA furfurale] EBlelA =
18 Ethyl oleate 0.0 8.6 9.7 9.7 AR fgtor} =73 AFqAE AEEJta B
VK-RP: Koj.i' and reduced pressure distillgtiqn. . st goZ B o fufurale ZF 259 #do] itk
K-AP: Koji and atmospheric pressure distillation. A 71
N-RP: Nuruk and reduced pressure distillation. d7r .
N-AP: Nuruk and atmospheric pressure distillation. Esterf® 9 e AA oz 719t Z=7¥S W A
uv w, Il uV 20- iI
- i| . |
E K-RP i s N-RP
18- 8 - |
uo_ ! w..
[ s
100 w || ¥ |
L | 0
ot | L | i ‘
: i o | | A
n': f s s-% 2 | |
i s 67 9 10, 12 1314 15 1B 67
min
uV 0] | uV e |
- i s K-AP & N-AP
- l ""E- 8
W_ Id. |
I| |
2 | 5 1 !
: 5
= [ |
L 1 u.. | »
& 16 17 PE 4 17 18
/ | | l
m_ i %y 67 9 19 P o 15 n 1 T? - o w123 B
2 4 L] . " "*‘: - " - n = E L] 2 4 L] L " '“l’l: " L] " E] n n

Fig. 1. GC chromatograms of volatile compounds in distilled liquors obtained distilling the mash made with koji and nuruk
under reduced and atmospheric pressures. K-RP, K-AP, N-RP, N-AP and peak numbers: See Table 2.
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W o o] AEHAT FFolA ester= A
Holl A e 2oy} mEky &) HE
8ku] 7] =7} alcoholFY aldehyde Xtk
HtH@8). Ethyl acetatet ester =04 714 ®o] AEHAL
o o2 &GS A|ZXd A SFHIYS W 173.2 ppm
o2 Fgo] 7P =R NF FROE & )\% Az 38t
Zdgly Z‘Es}ﬁ% o 60.6 ppmlE 71 2A AEFH Ao

o] A= ethyl acetate2] &aFo] 7+t ZTETO]—ME uj 2o}
B FRAAES W =2 FHES H%‘\E}*‘ S AT
9} x|t} Ethyl pelargonate= 4% S7F3H9S wol 7+
o FHSARS wEo} of 2uf o] l:%ﬂ] AEH A o)d9
AHRE E W, TF 257t EEFF esterd} §H8-o] o Bl
YolulE Ao E BITh(4).

729 alcohol 7+ S SF3IAS el 4k S73t
S wE g 25 ¢ AEF A Methanol2 =3 A3+
AR NF FFE AES A9 2w A= o #ol
AZH Ao, B2 alcohol2 &8 A YR 23 Z 2
ol Holx gty AFFHA0 oH, FH

2] =z
methanol 74 712 S/HFFU &5, 427, 9t 75
= 500 ppm ©J8tZ Hof o, Bi;T= 3

FHojqlth & 243¥ Ay methanol® &S 135~33.0 pp

o2 7& va) F Yoy methanold] 4 I3
EOH & AMEste Alxs 5] A
Azgk 8 vl F/724 &7 €0 Ax d52H £
o AT o= L%%E} n-Propanol, isobutanol, n—
butanol9] 3 & Xﬂ_:_ A8 =57 Wy st #
o] F3gES WA Fsh ol ghreol de g ¢EE
< ester 3= E1§°1 S5/ FE =
Q1 z}o]th(15). Isoamyl alcohol& 7HF/'k —“r S A8}
s HERE "ol & AbEste] £8E eS|
T Wol AEHA, St F/3IAS Eﬂoﬂ ’a a0
< "ro} go] A&

Ht}h £ dFdAe 71 3ol &2 fusel oil
alcoholZ Q=Y EY), o] Han 5(16)0] ¥& ZHE2 &
gJsto] Az oFFol A fusel oil S TA48HA
BBl X EF A isoamyl alcohole] 7}& &
AR T= Bas °‘7<] 3t} 2-Phenyl ethanol&
=4, WFoll A W3 alcohol ¥ T 7H 5
A eky) ARo= °"1’:‘%X4 oh;}(g)' B ARgAME
SRS Wl 749t S/F3FHS w2} 2-phenyl ethanol ¥
o] 2v] o] Fol HEHJh F7/ F9 fusel oile 1 7
g 7F A 1 <3 9] dRlo] FHI|E 3=

rlo
o
o
job)
=i
=

o] m—g_
A ol
3]

s 3

N F2o8 AR} €08 7

EE Agoz FRE 27 AU 4R 883

ZHE 749 274 H)3) €89 257}
ol TIHIY AE FEo] 2o, 39
22 #AZF A= 18- AW ester] ethyl palmitate<}

ethyl oleate $#o] =3kt #4st &7 AF2> 1HE J7o]
3]

d
5

F25A oot Ful7k bgm B Si%o] 92 A
BUAL 4 ZR9h 4G ZFA 5] AzF F
o FuA AR Aol A FRE AS £Tlo]
oA FAZ ALEER S8l Fo 7hhol o3 2
9 E3 AR 5ol 471w, oIS A% F S Al
=

=

5!

!

o ML [0 o 2 4 md X ox kI U [o
ot buoroh BN 2 e o M oo >

T o T =270 %‘ T &=
A5 A2 g x| &%} methanolS =55 Al
U0 MF F5& AFES €5l vla] gA AEd A
uFo] B owfj AFo] £ JIFS X e FHEAG A
3] M e &AM €6 S Y SRE W
2 AFe F4o] gE F IS e ddHy

S =22l 4y M2

<4 Ax 95 T/ YHS 28 S/ 299 F8o
kg JE-LS Fig. 2~79 YeEM Y. AldehydeR 1 ac-
etaldehydew €3 Ax 98 W& & Aole Kol &%
oy EFF7 Wl 93 Aol= FHFig. 2). =2 AR
02 A SHFSIAS el 2 SHRIIFS A2t ac-

o] S/ 270 o] A& =hoy FF
23t A) ol AFg NF F5E

etaldehyde &%

Azke] BHBS5E 7

AHESE B AR HsE At 3 N FROE AxS
0TS Z739S W acetaldehyde 3o 9 & &
15~25% Atoldl FA3MA 78ttt o] A= Ay S7
39S v A A acetaldehyde o] oF 709% A7} 257,
= 132X AE2HAT 7 FFIIAES W= <F 80%
AE7t 22 Bl AEE Atk B Min 5(7)9] A
TAZY FARAT S SRHECl A SR v
1000
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Fig. 2. Acetaldehyde in the fractions obtained distilling the
mash made with koji and nuruk under reduced and atmo-
spheric pressures. K-RP, K-AP, N-RP, N-AP: See Table 2.
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acetaldehyde”} A A FZ& 5+ A& acetaldehyde?} Bl A 0]
grol & 2714 %%01 &3] o] FojX A &3w 7t
Hxo o3 AAH= A <+
73 A golgt 7‘5‘%0]39}\ N =F

o wol A=A} = furfural%

78 HdEHon, £/ FEoR 4d4E FUlefitkdata
not shown).

Ester+ = ethyl acetates 77 73193 wH o At
&%3}%’\£ W 2RoA 207 Bol AEEReH, &4
Az A5 o Aol AT Fig. 3). )AL T/ =7
o ‘jr'j/k AEEALH, F/H7F JPHEA BE A FollA
ZasHAT NF F5E /\}*9-0}04 Az 9 4 7
SIAS Wl =/ Al A7 308 $3Y HAEFA &t
Ethyl palmitate®} ethyl oleatex= =& AM&3 €49 4%
Hoh A F5& AT Aol o Bol rEEHNeH, 1

uko] esterf
ate, ethyl pelagonate, ethyl caprate, diethyl succinate,

] isoamyl acetate, ethyl lactate, ethyl capryl-
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L
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Fig. 3. Ethyl acetate in the fractions obtained distilling the
mash made with koji and nuruk under reduced and atmo-
spheric pressures. K-RP, K-AP, N-RP, N-AP: See Table 2.
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Fig. 4. Methanol in the fractions obtained distilling the mash
made with koji and nuruk under reduced and atmospheric
pressures. K-RP, K-AP, N-RP, N-AP: See Table 2.
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o&‘l
J%

ethyl laurate= 2 X oA vF ASH AT
Alcohol¥ % methanol& BE & FoA /3= &
AL AEEIJeH, & A ARG ANF FES
AREgE 790l oF 28] A= o] Wol] AEHAHFig. 4). 53
Mg FHE AFES €39 ZF 7 ZRbde S7 el
ok Apol7t gl ey T/ FHes ZA4E A T/
A$-ol ARt o] Ade HF AEY methanol®] 3k
o= ggS n3 Ao g HAtHTable 2). Fusel oil A&
n—propanol(Fig. 5), isobutanol(Fig. 6), isoamyl alcohol %

F 2709 g A&EHAoeH, =77} P42 Frste
7A3S e A tk(Fig. 7). 113114- 2-phenyl ethanol®] 7%

[‘

O

oA R/ AYHE FX 4G FHRE A 4 2R
Z9Rt o Bol AEHYom, 3¢ FRAAL W FF
BEOR 5% We o] #EHAFig. 8. AVH o
T2 g PG TR B9 FRA 2T 2R
JFE M)A 5 e FAY AR FAL 2E 5+ dvkw
Bk EE 3R 20 Fu4 4R 24 AnE FFetol
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Time (min)

Fig. 5. n-Propanol in the fractions obtained distilling the
mash made with koji and nuruk under reduced and atmo-
spheric pressures. K-RP, K-AP, N-RP, N-AP: See Table 2.
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Fig. 6. Isobutanol in the fractions obtained distilling the mash

made with koji and nuruk under reduced and atmospheric
pressures. K-RP, K-AP, N-RP, N-AP: See Table 2.
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Fig. 7. Isoamyl alcohol in the fractions obtained distilling the
mash made with koji and nuruk under reduced and atmos-
pheric pressures. K-RP, K-AP, N-RP, N-AP: See Table 2.
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Fig. 8. 2-Phenyl ethanol in the fractions obtained distilling

the mash made with koji and nuruk under reduced and at-
mospheric pressures. K-RP, K-AP, N-RP, N-AP: See Table 2.
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