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Abstract

Soju is a Korean traditional distilled alcoholic beverage produced from mashes various crops and Nuruk which
is cultured with wild microorganisms. This study was conducted to investigate rice-Soju brewing characteristics
of yeasts isolated from Korean traditional Nuruk. The general components of rice (Hanarumbyeo) raw materials
were 14.7 g of water, 6.8 g of crude protein, 0.9 g of crude lipid, 0.4 g of crude ash, and 76.5 g of carbohydrate
in 100 g. Saccharifying and proteolytic activities in Hanarumbyeo ipguk (solid-state culture of Aspergillus luchuensis)
were also determined. The alcohol content of the fermented wash from isolates was 15.37-16.58% (v/v), which
is 16.7-36.0% higher than that of industrial yeasts (12.33-13.19%). Reducing sugar contents were 2.04-3.92 and
7.92-8.78 g/100 mL in the isolates and industrial yeasts, respectively. The isolated yeasts showed 25.2-52.7% higher
yield of distillates (41% alcohol) compared to industrial yeasts. Forty-one components were detected in the rice
distillated Soju (25% alcohol) and principal component analysis revealed differences between the isolated and industrial
yeasts with respect to the contents of i-BuOH, isobutanal diethyl acetal, ethyl caprate, and tetradecanoic acid.
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31,402 kL(2,6839 )2l SFF7F FYHATKE). 20154
U S/HA &F Aol 954 KL(6)o| B2 Hu ALk
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A A2 918 Y= 20 goll & 100 mLE F 7}t
20Col A 313 FE31H T} 58S o] F(Filter paper No.
2, Whatman International Ltd., Maidstone, England)3t ¥ 10
mLE #3] 0.1 N NaOHZ HA3}3l 11 mLFyE AI=2
FAIBIATE 48 S4S 9% 2EANLS 20 gol
0.5% NaCI&- 10 mM acetate buffer(pH 5.0) 100 mL=Z
FEe 5 APt Az FEXAI AREHES
MESHE AR AT F 0}74] stack @3t
-amylase, gluco-amylase, a-glucosidase % acidic carboxypeptldase
= g2 &4 =% kit(Kikkoman Co., Tokyo, Japan)E
AEEEE)

ehst

Fsle 2 7]2<Ql 4-nitro-phenyl-3-maltoside(G2-3-PNP)
£ 4-nitro-phenyl--glucoside(G1-B-PNP) £ H-3|A17] & &
oz Fanh 718 2a4aNS ARl & HalE
G1-3-PNP°l| B-glucosidaseE 2}-8-A1# 72]¥ 4-nitrophenol
(PNP)E 440 nmel] S g T A XA} A|A 8= AldkE] 2
2 2254tHa0)

a-Amylase

ZF 290 2-chloro-4-nitrophenyl 6 -azido-6’-deoxy-3
-maltopentaoside(N3-G5-3-CNP)E  2-chloro-4-nitrophenyl
B-maltotrioside(G3-B-CNP)2}  2-chloro-4-nitrophenyl 3
-maltoside(G2-B-CNP) & EslA]7]| = X o & sttt 7]
el 2asalE 2% 4L Al 5
gluco-amylase®} B-glucosidaseE H7}ste] 3l A =
G3-B-CNP2} G2-3-CNP=5-E| 2-chloro-4 —mtrophenol(CNP)
= AT A5 E JE CNPS] 400 nmeol| 4] % #ks}o]
a-amylase2] E/4 o2 3H4HSFATH31).

a-Glucosidase, gluco-amylase

a-Glucosidase=  4-nitro-phenyl-a-glucoside(PNPG) 1| A|
glucoseS weA|A PNPE A7 S8 slaL
gluco-amylase= 38}2 7} a-glucosidase®] ¥Hg-&Eo} &
‘Jatol 2 4FESHATH32).

Acidic carboxypeptidase

Carbobenzoxy-L-tyrosyl-L-alanine(Cbz-Tyr-Ala)}| 4|
L-alanines F3lAl7]1= 402 S 33 TH33).
B-Glucosidase

7]7-8-94(1 mM p-nitrophenol-B-D-glucoside/50 mM sodium
acetate buffer, pH 5.0) 0.5 mLE 37Col|A 583t L3t
2849 50 tLE 7T o] 3 37CelA 1083t
HES-AIZ] T3 200 mM NaxCOs8-9 1 mLE 37} whkg-

314 A24A ASE (2017)

S ARAIZ]Z 410 nmo|A] FHFES %éé}ojl fre] €
p-nitrophenol= 57 8} t}. B-Glucosidase é PNPGo]|
A 37C, 183 1 nmol®] p-nitrophenol S W= A4S

1 unit® sFATh

A
=

R

=
& 2= methylene blue(0.01% w/fv methylene blue, 2%
wjv sodium citrate) = G e+ T @A) 02 A58 1(34)

e, A, pH, AIAE, BAY, T FFS FREA

T8 TETHES).

#7148 24
THE YT FE 41% 470l SHRFE Rl 4=
€ TEE 5% AT F 4THA 3Lz WA G &

A AR XES FE3lUtlh. Membrane filter(5 pm,
Whatman Internatlonal Ltd)E oJFsle] B84 E2S A
Ad T frejHol B Y2 I8 o 15T daedA
19 B SAHAIA ifﬁ‘% A zstAtt &5 10 mLe} 10
mg/ L(5% EtOH)%® A|Z¥ methyl tridecanoate
(internal standard) 100 pLZ viale] 23Ut} o] &
polydimethylsiloxane(PDMS)©] 0.5 mm ZH % 15 mm
twister(Gerstel Co., Tokyo, Japan)E& 21l 4 -20l|A] 1,200
rpmo 2 AR =2 wHEA)A twisterol] 3F7|A] Ho] E2E]

sttt 19 tha twisters 771‘4401 ForE AlH st
04 EES AR A7 £ Fo] BREE Hopfdd
t}. 7} 224X (GERSTEL TDS3, CIS4)dl] #2at & &
2 RS 260C 2 EFAIZTH36). 42 GC-MS
(Agilent Technologies, Santa Clara, CA, USA)Z &2 3}%]
t}. 24 Z 32 DB-WAX(60 mx0.25 mm LD., 0.25 um
film thickness, Agilent Technologies Inc.)& AF8-3}% 3L &
E’—.% 1.0 mL/mlnE’J e _@g:]_f_mﬂ}q HA o]_oﬂr/]. 74\‘—',4 Q.
B2 40CoA 58 Bt aAA1Z] o2 9 3TH 240C7}H
A] "lg*]?j‘q— 235891 & NISTO5a MS spectral library
data ¥ AromaOffice(Nishikawa Keisoku Co., Ltd., Tokyo,
Japan) database©l] =59 retention indexE Zarste] 35}
Aot FEe 7F A E2] peak areadt < internal standard-J
areadt O = U] internal standard F =l th3l Jol 5%
2 JERAUT

SAXz

EAADE F4F 5%0<0.05)Z A sto] dLgu)x]
FAHEA S 3191 2™ Minitab 16(Minitab Inc., State College,
PA, USA) Z2 185 AL2319it) 2 SR 7| &
et FAHE B4 XLSTAT(version 2014, Addinsoft,
Paris, France)E 283}
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o] &8 147, kA 68 A 09, 23| E 04, B
6

3 guk Wy win|o] AL Zb7) 134, 6.4, 04, 04,
79.5%(38) = FrolEH & Avtulol] Hls| ThlA 3]E ek
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Table 1. Proximate compositions of polished (white) rice,
Hanarumbyeo

Composition (g/100 g, fresh weight)

Crude
Moisture - — Carbohydrate
Protein Lipid Ash
147+0.1° 6801 09+0.0 0400 76.540.1

YValues represent means+SD.

Wl (40) F=HARE AL Al
Fobs FT2 AR
2} A=Al A ] AR i e o] AR YA
B4 oA wgo] Aol = L
SGH G = gl 35-38% 2 2 ske 2ol dubHo|tk(39).
ok FFe FHAL] mE FEEFTES 108
17.5% % FASH| 571t F 2087 = dute) A7) A%
st 0ol 30.1%% Aol Fdel =Esialnth 73 60%

T FRIFL 33.6%01UL TA F FEIFLS 352%
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Fig. 1. Water absorption ratio of white rice, Hanarumbyeo during
steeping.

(data not shown)=. A|=ol] 2 FiEakol| =dsi3tt
kA ghobE F59 A% FAARES 60o] HAT A

o7 AH A

Fohs FTOoR AxT A= Atee 780024 T
Ab gFeko g ShAkEH 292 /100 g dry base aEFo] 3
=ol AATE A o] B3 926.72, a-amylase
= 52.40, gluco-amylase= 887.71, a-glucosidase= 0.14,
acidic carboxypeptidase~ 17,335.73, [3-glucosidase—
174.46 Ujg dry baseZ ZAFE| QI THTable 2). GE-2] &FA|
8 FA ] Hit E4Ed2 camylase 159, gluco-amylase
282, acidic carboxypeptidase 9,224 UJg dry base=4](41) a
-amylase 272 3.08] W2 ¥, gluco-amylase?] 42
3.18l, acidic carboxypeptidase®] &4 1.94] =2 Ao =2
Ueh A2 d=ate Aolzt ok Sl fEE =
Wt AL RN Y= SW2013 LR
A #sla Qe CF1005 F F¥olw  Aspergillus
Tuchuensis(®=5 A Juchuensis mut. kawachii)©] tH42). £
T A niger®] WF O Fopalotol] Fo] EEeaL 9
& Rlo] ok @t YBAN Z5A A5 U
Azl AHEE O] $Hok(23), A=Al weh gadrd el
2pol 7k Qe Ao m A Stk Aol FEH L e
se] MATS YYoR HABYL BAF A% ArjB
3t HAagde] xtol 7} a-amylase= 2.6Hl, gluco-amylase
194, a-glucosidase 2.14Y, acidic carboxypeptidase 1.39] 1}
Ehte Ao R SRIEATH43). B3 T AlzARe] AlF=
dE=e] FE =4 el uebd 5adidel zel7k yE
Wth4d). =3t A =50 AAagA Aole dF AE
o Y FFY A7t B ow ALHUE 7
o] itk
TEE2 N4, NoE=ze| Wx gl £4

TV gud Eule 243 23K (Table 3) e
10.95-11.70, pH= 3.59-3.79 W92 ARH=E & Ao|&
Holz] ¢kt a3y ¢3E S N9(16.58%),
C4(15.98%), N4(15.37%), LP(13.19%), CM(12.33%)T 2.2

Table 2. Acidity and enzyme activities in /pguk made with white
rice, Hanarumbyeo

Component Value

Acidity (0.1 N NaOH mL, fresh weight) 7.80+0.00
Enzyme activities (Ufg, zpguk dry basis)

Glucose-forming 926.72+6.07
a-Amylase 52.40%1.30
Gluco-amylase 887.71+5.89
a-Glucosidase 0.14:0.00
Acidic carboxypeptidase 17,335.73£786.50
B-Glucosidase 174.46+4.99
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Table 3. Comparison of final fermented wash by isolated and industrial yeasts

N4 N9 C4 LP M
General components

Alcohol (%) 1,5.37£0.06"? 16.5820.05" 15.98:0.05" 13.19:0.07° 12332007°
Acidity 11.70£0.00° 11.65:0.07° 11.10£0.14° 1095:0.07° 1245:007°
pH 3.74:0,04% 3.80£0.01° 3.6740.03" 3.73:001% 3.61£0.03°
Volatile acidity 4.95+0.00° 6.83£0.04° 2.30£0.00° 6.13£0.04° 5.85£0.00°
Reducing sugar (%) 3.9240.00° 2.04£0.04° 2.8840.00" 7.9240,00° 8.78£0.00°
Total sugar (%) 5.1120,04° 3.10:0.17° 4,0420,08° 9.07£0.10° 9.9240.10°
Enzyme activities (UfmL)

Glucose-forming 25839:2.62" 25345:087 2253243.06° 251.28£6.56" 244.48:044'
a-Amylase 800,35 7.85£0.28° 87410.14™ 9.19:049" 9.84:0,00°
Number of yeasts (<10’ cells/mL)

Total 10.67+0.63" 822£157° 1056247 6.7242.32° 7.942.65°
Live 420+157° 2.22+0.63" 5.00£2.33" 433168 1724055
Dead 6.44+0.94° 6.00£2.20° 5.56+0.26" 239+1.03° 622+2.6T°
Viability (%) 392£124 283¢130™ 45749.6° 64.293" BT
Distillation

Distillate alcohol (%) 41.29:032° 41.214004" 4121£0.13" 41,05£0,05" 41.24+0.16"
Volume (mL) 24223391 265.55:0.64° 252.07£1.09° 193.43£1.16" 173.81£1.59°
Yield (%) 93.2:0.8" 94.5:0.3" 932:08" 86.3:04° 842104

"Values represent means+SD.

Walues with different superscripts in the same row are significantly different at p<0.05.

TR BTl N4, NO B B UE ZFHA £FL g%
o 49 EAE ANFE FAKIAAL, Tl FYE EARe
FEEE awd ¥l 167-360% S+ Aoz gl
olg]gt o] fr= Al 7 UlE WA Az & ok
AR SE71Z o] 48 Aotz ge] HEe] &

2] ZalHA g AYrto] HolAlE A folt) HE F
8 % 7 a2 &y 9l 225.32-258.39 UmLe] a2
a-amylase®] &/ 7.85-9.84 UmLZ F&3 A4S 714
3 ASV] wel] FAg Adte] wE FelEe] Ul
ol AdtHEth Sl wad FEI aRSTL 1
B2 B3 7 golt) £Tlol| X3 gRo| I 5
Ba ER7F 898-11.08, A& &RV} 7.06-8.34x10°
cellsymL= SAA fFoidol s AdFde 244
1.52-3.15, 1.81-4.55x10’ cellsymLo]loH &g 77}
28.3-39.2%, 23.7-642% = ‘& AU} =skv) wavt
A ehd L3 ERGFE 10-10° cellsymLZ(45)
7 AR grgo] SE3 g5t SEEY] wlid
BE RAIG ek GEFe obd Aoz AdH T AR =
Fro| g o]ggo| Yo} &FE AYikge] Hox= 7]
ok 7t E5d Etlo S ek ZH7 N9 2.04, C4 2.88
N4 392, LP 792, CM 8.78 g/100 mL =2 2 <52 A1k
3} whglely QLG =g dhakvte] ARA 1)t

0.997(data not shown) = uj-- =] Vet 284 o=
Tz FEREE a0 4E aRd vlE 5l
G2 K} Bo| o] &gte 2 dais ALkl SUHE Fle R
ol gl et}

ol gt A2 Eule LEAIFg. 2= HEHT
FEoA E2]e N4, N9 E7 &= 2g 11€d] CoEA o]
Rt Al 3 19U o] WRVF TREE W AHE &
IE 9ol CO Aol bRl ths FEEE ERE
2 W2 1790 HErt FEEAL FEFEY T4 C
A 2Ee N4<9F Nool Z+7} 418.9, 452.1 g/mashZ &
B LP9 CME] 345.3, 327.6 g/mashel] B]dled 21.3-38.0%
=2 o7 FelgQt HEr} gk = A17]9] F3
CO A e FER-2 27} 333.0-350.5 g/mash, =]/
48 A%7} 25652504 g/mashz & COBA o] &=
< At ol A REEo X tta 7P et g3E AR
Z}7} 394.7-407.8, 268.0-261.7 g/mash® o =& 5= it}
olmjo] <Tlgke 7tzt 3,926.9-3,939.5, 4,001.2-4,005.0
g/masho] 22 &Glo] €38 FE& 11.2-11.8, 8.3-8.5%
(vv)Z Alite

g, Q1o Ak sk AE O 7 2.92%(Table 2)©] 3L
e B 90E o &4 WstE Jvehd dsASt
L15(@46)°| B2 Y= 100 g(FE8e 125%)°] & 120 mLE



Soju brewing characteristics of yeast strains N4 and N9 isolated from Korean traditional MNuruk 719

500

T 400
=
w
k4
£ 300 |
o
S
w
wn
= 200}
N
=
=3
‘S
= 100 |
S
o seed . main
mash : mash
1 s { s 1 s 1 s 1
0 5 10 15 20

Fermentation period (day)

Fig. 2. Time profile of CO, evolution during Soju brewing using
isolated and industrial yeasts.
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7)
A=A YERth ¢E5F F butanol % isoamyl alcohol
2o 2 fo| EAlsta JYAIRE ket dAE F o] 9|

Ax] F= 50600 mglLE Eof T
A F3th47). WHH, phenethyl

o
3 ol glu £

3
otk
o
=)
2

9] F= 40-70 mg/LZ
Bl Yol T2 &FellM F83E Aolthé). 7t A
" phenethyl alcohol 32 F522] E27} 1.17-1.51x100
ngLE A4 G152 0.75-1L.06 2T} 1.12.08) =& ks
YeERAATH
=Bl 2Fe L3, £ 59 sk Fe AT
3 AT} ol AFoRE 4] o] B JFS
= F U AR 7 and B S Auuy ofFog
Zo] T-HH AE-S ethyl acetate(ZHL 3F) 6.25-12.35, isoamyl
acetate(HF L }8F)  4.22-16.59, ethyl caproate(A}2}8F)
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Fig. 3. Principal component analysis (PCA) of volatile compounds
of Soju prepared by isolated and industrial yeasts.

The figure displays volatile compounds as numbers, and these numbers are displayed
with the corresponding compounds in Table 4.
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Table 4. The peak ratio of distillated Soju (alcohol 25%) prepared with isolated and industrial yeasts

No. Compounds R.etemif’n Relative concentration (*100 ug/L)z)
index N4 N9 c4 M LP
(Alcohol)
1 i-BuOH 1099 437 4.63 330 3.64 4.62
2 1-Butanol 1152 0.07 0.06 0.11 0.12 0.12
3 i-AmOH 1234 2048 1698 26.62 1572 2197
4 2-Ethyl-1-hexanol 1474 0.06 007 0.06 ND” 008
5 Phenethyl alcohol 1867 1.51 1.17 2.64 1.06 0.75
6 Farnesol 2316 0.27 0.17 0.62 0.25 0.31
(Ester)
7 Ethyl acetate 932 9.28 1235 8.66 6.52 1117
8 Isobutyl acetate 1015 0.23 ND 027 ND ND
9 Ethyl butyrate 1036 1.61 0.55 1.19 ND 1.39
10 Ethyl isovalerate 1066 ND ND 0.01 ND ND
11 Isoamyl acetate 1128 6.68 479 16.59 422 7.30
12 Isoamyl propionate 1210 0.05 0.03 0.10 0.10 0.06
13 Ethyl caproate 1263 539 4.85 6.28 429 5.60
14 Isoamyl butyrate 1297 0.07 ND 0.07 0.03 0.02
15 Propyl caproate 1341 0.01 0.01 0.01 0.02 0.01
16 Ethyl heptanoate 1358 0.02 0.01 0.03 0.03 0.02
17 Isobutyl caproate 1374 0.03 0.04 0.02 0.04 0.03
18 Ethyl caprylate 1450 39.43 3720 42.89 40.39 44.71
19 Isoamyl caproate 1460 0.13 0.10 0.16 0.14 0.15
20 Propyl caprylate 1501 0.03 0.03 0.04 0.10 0.06
21 Ethyl nonanoate 1518 0.17 0.15 0.13 ND 0.15
22 Isobutyl caprylate 1536 0.06 0.08 0.05 0.10 0.06
23 Ethyl methyl succinate 1604 0.01 0.03 0.02 0.05 0.02
24 Ethyl caprate 1632 17.53 15.07 11.55 13.94 12.08
25 Isopentyl octanoate 1644 0.08 0.06 0.10 0.09 0.09
26 Diethyl succinate 1648 0.33 0.39 3.64 021 021
27 Phenethyl acetate 1783 255 1.14 6.77 232 132
28 Ethyl laurate 1824 0.20 0.18 0.14 0.22 0.18
(Aldehyde)
29 Nonanal 1404 0.07 0.05 0.07 0.07 0.08
30 Furfural 1448 0.14 0.22 0.20 027 0.19
31 Decanal 1482 0.04 0.05 0.06 0.08 0.09
32 2-Nonenal 1507 0.04 0.04 0.04 0.05 0.04
(Fatty acid)
33 Caprylic acid 2018 0.15 0.27 0.32 0.11 023
34 Capric acid 2229 1.61 1.14 1.64 0.72 1.46
35 Lauric acid 2438 0.52 042 0.57 0.29 0.66
36 Tetradecanoic acid 2634 0.40 042 0.36 0.31 0.55
(Phenol)
37 4-Vinylguaiacol 2142 0.05 0.07 0.06 0.07 0.07
(Ketone)
38 2-Undecanone 1575 0.07 0.06 0.01 0.04 0.05
(Acetal)
39 Isobutanal diethyl acetal 992 0.29 040 033 0.15 0.19
40 PADA’ 1692 0.25 0.20 0.15 0.57 0.28
41 Isovaleraldehyde diethyl acetal 1075 0.73 0.73 0.26 1.13 ND

1

@

)
)
)

4

Retention index calculated on a DB-WAX capillary column with a series of n-alkanes (C7-C33).
Volatile compounds were calculated with the relative peak ratio of their peak areas to that of internal standard.
ND means not detected.
PADA means phenyl acetaldehyde diethyl acetal.
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