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This study was conducted to investigate the effects of varying the amount of water added on the characteristics
of mash fermented using modified Nuruk for distilled-Soju production. As the amount of water added to the mash
increased from 120 to 300%, the pH dropped from 4.6 to 4.2, resulting in reductions in the acidity from 6.0 to
5.2, in the amino acid level from 6.0 to 4.2, and in the soluble-solid content from 18.4 to 7.4 °Brix. The alcohol
concentration of the mash was highest at 17.6%, when 150% water was added, while the alcohol yield showed
water-content-dependent increases of 59.7, 74.5, 80.8, 82.8, 89.4, and 90.6% with 120, 150, 180, 200, 250, and
300% water added, respectively. The values of the organic-acid content in the mash were 207.85, 222.38, 222.06,
204.56, 194.34, and 204.34 mg/100 mL, showing the highest values when 150 and 180% water was added. The
total amino-acid content showed water-content-dependent decreases at 474.60, 317.32, 241.89, 244.51, 189.00, and
208.12 mg/100 mL, with arginine, alanine, glutamic acid, glycine, isoleucine, leucine, lysine, phenylalanine, proline,
serine, tyrosine, and valine as the major components. The concentrations of isobutanol, isoamyl alcohol, 1-propanol,
and 2-phenylalcohol were 154.88~182.62, 320.59~394.47, 91.50~170.91, and 108.93~144.26 ppm, respectively, while

ethyl acetate, acetaldehyde, furfural, and butyric acid were also detected.
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Table 1. Changes in basic components of mash based on amount
of water added

Amount of water (%) pH A(:ﬁgy aci(i}i‘gm%?nL) SO]?%%;)O lid
120 461020 6005 6008 18413
150 45800°  5510.1°  45:04°  132:2.1°
180 45801° 55104 31203 112+04"
200 44101 51:12° 33105 95:08"
250 42100° 49020  23205°  8620.1°
300 42100° 5203 25507 74201°

Values represent means+standard deviations.
Within-the-column values indicated by lowercase letters (a-c) are significantly different
$<0.05).
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Fig. 1. Changes in alcohol content (Hl) and alcohol yield (@) of
mash based on amount of water added.
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7 =5l {714t 5 F(Table 2) 242} 207.85,
222.38, 222.06, 204.56, 194.34, 204.34 mg/100 mL= 150%
<} 180% M4 =3kout oA fllck id 714t o
< succinic acid 77.68~91.76, lactic acid 61.25~80.24, malic
acid 29.81~40.80, citric acid 10.00~11.52, acetic acid
4.01~19.02 mg/100 mLe] FFo= UEEom oxalic,
tartaric, fumaric, formic acid 2 pyroglutamic acid= 73 &%
2] gttt <5lo] AFEE(Table 1) succinic acidel] &8k
Ak oz ghakshd Zhzh 35577, 325.09, 323.91,
299.43, 288.22, 307.39 mg/100 mL& 7}5% Z7}o] e}
Haste A S/ FFe) ats faRlgl ot F
of Jojxe thah Aol & HYth A FE S TUER
Az Fo FHEH e F71ARE ERo o)Al oF
73%7} A EH, FRE FE 172~174%, 23} 7223
B 10%7} £4% = Aoz Hasla Jrh20). Lactic acid
© ER9| g el AP, fefAl B o YRR
o] F2] Aol =a BEpAs) 2o W] wiiZel(14)
A 9 ] dEolA] AR = 180% H7FollA
80.24 mg/100 mLE 7H¢ A YERTh o] €l citric,
succinic, malic acid= TCA cycleol| 4], acetic acid= ¢=-&

Table 2. Changes in organic acid content of mash based on varying amount of water added

Organic acid concentration (mg/100 mL)

Compounds

120% 150% 180% 200% 250% 300%
Oxalic nd. nd. nd. nd. nd.
Citric nd® 11.52+0.79* 11.54+0.52 10.97£1.66" 10.00£2.48" 11.48+0.56'
Tartaric nd. nd. nd. nd. nd.
Malic 35.87+0.37" 40.80+4.02" 37.72£1.95" 34.05+8.88" 29.81+4.21° 37.64%15.39"
Succinic 91.716.70" 87.95+1.37° 88.3425.00" 82.80+2.46" 80.53£3.91" 77.68+4.4T*
Fumaric nd. nd. nd. nd. nd.
Lactic 61.25+13.44° 75.70+1.44° 80.24+0.01° 72.10£5.79* 69.99+1.63" 71.06+8.39"
Formic nd. nd. nd. nd. nd.
Acetic 19.02+15.50" 6.41+3.36" 4.22+2.09" 4.64+0.85" 401+1.16" 6.52+0.08"
Pyroglutamic nd. nd. nd. nd. nd.
Total 207.85+5.01° 222.38+8.10" 222.06+0.43" 204.56+19.65" 194.34+1.71° 204.37+27.75"

n.d. means not detected.
Values represent meanststandard deviations.

Within-the-column values indicated by lowercase letters (a,b) are significantly different (p<0.05).
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7F 2 A fr e SRR T a0 fYE
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acid®} &2 EAbEo] vl & aHH frIiRe AR
o] x]7] ero} #Tle] pHE WHo=A WaIy & I
o] LAS HAsl SFIY F odl=E 2 sjtE S
ZZIAA flavor S FE A2 A7 3 9Itk(11,20).
waeba Aol Z=FH2A AFE citric acidS THEF A=
Wa(l6)= T2 AMEsta glom Ballts FA4k ko]
0.8~1.0% ©]’3<] Ugni blanc F&< ©]-&3l k1), 71
AP A 7R 1 EAE B Ff7]14E ) lactic acid
9] ko] thA E11, acetic acid ko] SYE 150~180%
7F & Azl F o fd Aom AE

Teloto| =4t #st

7t frElobn] st F8-2(Table 3) 72} 474.60,
317.32, 241.89, 244.51, 189.00, 208.12 mg/100 mL= 7}~k
Z7tol whet 7Hadle Ao 2 YElGT) Table 19 obn e
AEE glycine FFC R SHikSH ZH7E 450.00, 334.13,
235.13, 245.25, 174.38, 184.13 mg/100 mLC. & A AtE] =t
frejot| it S5 A2 FAPE TR YEh opn|ieAte
7} F frElotn|ste] S-S HlwA A Aty IS
o Ak T8 fElopeAbs A, ] 2g
T-ol| A arginine?} alanine©] A 9] 13% 2 10% ©]F
S AAFAA P e dFor FEIE SUn
glutamic acid, glycine, isoleucine, leucine, lysine,
phenylalanine, proline, serine, tyrosine, valine 5-°] 3% ©]’¢
A HTE WA FHE otk olE AEEY T T H
o wel Hgadths AR JeTh

ofu|i=Ake g Aol E-{-H protein body- I1(PB-11)<]
el o e o] ARt oJsiA F= AgHETt
(20). oAk Bl o] ol FHFol| FYEA| AW
a5 R thAtel ot 1HL TS (fusel oi) =
HEke|o] A0 & Fosls d, S/ Al =3

T2 ZAA-FEE A A21HE A6E (2014)

2H--l 9, aldehyde, ketone¥+ “5-2} aminocarbonyl RF-g-
A © 71T A acetaldehyde, isovaleraldehyde % 71<€3 A
Ql furfural 3HgE& AGATH20). FFolr=t F
methionine & X 2]l  dimethyl sulfide(DMS),
dimethy] disulfide(DMDS), dimethyl disulfide(DMTS)Z
ato(23) 2 SHFoll sweet flavor0)& F71% skt 2%
Foll A Blojd A9 ARAADE FAgth o]l cysteine
< THFH Tl 34 =, methionine methyl
mercaptan O 2 F3] F| 0] (20) {0 A3 A=HE FA
At 7] w2 £519] cysteine -2 2H2} 9.08, 8.56,
7.20, 3.36, 2.63, 1.83 mg/100 mL, methionine &2 9.18,
721, 5.72, 6.08, 4.88, 4.34 mg/100 mLO-Z 7}l o] &%
o g gropx] 7wk Sk Qe SRFY ASH ()
g 9% 7 & AR A7 &8l glutamic acid7}
H 4 =& F5(15.01~41.93 mg/100 mL)= gHi= o] 9l
o %= pyroglutamic acid”} HZ %A 2 3%=Tl(Table 3),
ol& R 7|7to] vl Fro} glutamic acide] F3l|7} o}
P2 eigk7] Mo R A HT

(o]
N e dlo

W3} Table 4 VeI
T 717F 1354.05, 1263.64, 112331,
1015.66, 829.27, 838,85 ppm .2 7}k oA oz 7t
adleE AoR A ALY 3L T EF F iso-butanol <
b uhel 154.88~182.62 ppm, iso-amylalcohol<
320.59~394.47 ppm, 1-propanol< 91.50~170.91 ppm,
2-phenylalcohol 108.93~144.26 ppmzEE2 W&l om
2+2} 180%, 180%, 200%, 200%°14 713 A Vebyit.
13} n-butanol, 2-butanol, n-hexanol- & XE 2] 2] FLol| A
AZHA FUuth 1FLIEHFE AREZTE AGHY o}
n =ik A moh Al Q-] ofw|ste] o R S
%o} RHEOJ A& Enrlich’d 2 2 acetic acid®] 3ol ]3|
A 2% A ETH0). Tso-butanolS 4H-L8S 714 2L Q)
3 valineo] BE3ol] Aol et 8] valine L
(Table 3) 27+ 22.86, 12.75, 8.91, 11.86, 8.31, 10.70 mg/100
mLO.Z ZAE AT ZF 7HE valined] FHS 120%
bl gaEo] de dow Fatsli 22.86, 1594,
13.37, 19.77, 17.31, 26.75 mg/100 mL 2. & A Ao} 180%
A 2] T9] valineo] 7P v FFS Holi Slrh o=
180% 7}7-9] valineo] B @ol o] &H 7] W2
F5otaL AR PEkebA] edtt. Iso-butanolS &3-&-3F
sweet flavorS 7} a1 91 21, leucine©] Aol o] 3l
3L 1-propanol> &33O = threonine©] Eobr]=Rk-g-of
oAl THEo] AW, 2-phenethylalcohol> m|gFo 2
phenylalanine©] ¥ gt=|o] YAt 7+ 742 leucine,
threonine, phenylalanine®| &% 180% 7Fr&olA 7+
w$e o w yeha 9
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Table 3. Changes in free amino acid content of mash based on varying amount of water added

913

Free amino acid concentration (mg/100 mL)

Compounds
120% 150% 180% 200% 250% 300%

Alanine 52.74(11.1) 33.44(10.5) 24.38(10.1) 24.20( 9.9) 19.62(10.4) 24.33(11.7)
Ammonia 2.93( 0.6) 223(0.7) 2.00( 0.8) 1.99( 0.8) 1.74( 0.9) 1.60( 0.8)
Anserine nd. nd. nd. 0.85( 0.3) nd. nd.
Arginine 62.76(13.2) 42.79(13.5) 33.98(14.0) 3230132 26.36(13.9) 21.85(10.5)
Aspartic acid 18.90( 4.0) 9.09( 2.9) 481( 2.0) 549( 22) 3.63( 1.9) 493( 24
a-Aminoadioicacid 244( 05) 225(0.7) 2.14( 09) 1.94( 0. 0.89( 0.5) 1.17( 0.6)
a-Aminobutyricacid 0.24( 0.1) 0.22( 0.1) 1.64( 0.7) 0.44( 02) 0.73( 0.4) 0.18( 0.1)
[3-Alanine 140( 0.3) 1.49( 0.5) 1.54( 0.6) 1.20( 0.5) 1.33( 0.7) 1.38( 0.7)
3-Aminoisobutyricacid 04( 0.2) 6.30( 2.0) 5.80( 24) 325( 13) 2.99( 1.6) 3.59( 1.7)
¥-Aminobutyricacid 6.16( 1.3) 5.74( 1.8) 2.50( 1.0) 3.98( 1.6) 2.09( 1.1) 3.61( 1.7)
Carnosine nd. nd. nd. nd. nd. nd.
Cystathionine 574( 12) 475( 1.5 4.08( 1.7) 4.38( 1.8) 3.61( 1.9) 3.89( 1.9)
Cysteine 9.08( 1.9) 8.56( 2.7) 7.20( 3.0) 3.63( 15) 2.63( 14) 1.83( 0.9
Ethanolamine 0.37( 0.1) 0.26( 0.1) 0.22( 0.1) 0.24( 0.1) 0.12( 0.1) 0.17( 0.1)
Glutamic acid 41.93( 8.8) 26.01( 82) 19.31( 8.0) 21.19( 8.7) 15.01( 7.9) 20.94(10.1)
Glycine 20.31( 4.3) 12.49( 3.9) 8.14( 34) 8.04( 33) 549(29) 545( 2.6)
Histidine 7.58( 1.6) 6.11( 1.9) 4.91( 2.0) 471( 19) 4.12( 22) 3.67( 1.8)
Hydroxylysine nd. nd. nd. nd. nd. nd.
Hydroxyproline nd. nd. nd. nd. nd. nd.
Isoleucine 17.16( 3.6) 1091( 34) 8.14( 34) 9.30( 3.8) 6.56( 3.5) 8.65( 4.2)
Leucine 35.84( 7.6) 21.81( 6.9) 15.57( 64) 17.96( 7.3) 12.51( 6.6) 15.68( 7.5)
Lysine 33.69( 7.1) 2521( 7.9) 20.43( 84) 20.62( 8.4) 16.70( 8.8) 16.63( 8.0)
Methionine 9.18( 1.9) 721( 23) 572( 24) 6.08( 2.5) 4.88( 2.6) 434( 2.0)
1-Methylhistidine nd. nd. nd. nd. nd. nd.
3-Methylhistidine 1.24( 0.3) 0.48( 0.1) nd. nd. 0.28( 0.1) nd.
Ornithine 5.06( 1.1) 222(07) 1.37( 0.6) 1.16( 0.5) 1.06( 0.6) 1.27( 0.6)
Phenylalanine 26.54( 5.6) 1547( 4.9) 11.00( 4.5) 12.27( 5.0) 8.87( 4.7) 10.06( 4.8)
Phosphoethanolamine nd. nd. nd. nd. nd. nd.
Phosphoserine nd. nd. nd. nd. nd. nd.
Proline 24.15( 5.1) 23.46( 74) 21.22( 8.8) 20.81( 8.5) 18.76( 9.9) 17.44( 84)
Sarcosine 0.84( 02) 1.60( 0.5) 1.65( 0.7) 1.59( 0.6) 1.12( 0.6) 0.93( 04)
Serine 22.99( 4.8) 12.51( 39) 7.10( 2.9) 8.27( 34) 4.82( 2.6) 6.93( 33)
Taurine 3.78( 0.8) nd. 3.14( 13) nd. 273( 14) 2.08( 1.0)
Threonine 13.01( 2.7) 6.84( 2.2) 4.05( 1.7) 5.07( 2.1) 3.02( 1.6) 491( 24)
Tyrosine 2428( 5.1) 14.70( 4.6) 10.48( 4.3) 11.39( 4.7) 8.58( 4.5) 9.20( 44)
Typtophan nd nd. n.d. nd. nd. 0.45( 02)
Urea 0.36( 0.1) 041( 0.1) 0.48( 02) 0.33( 0.1) 0.44( 02) 0.24( 0.1)
Valine 22.86( 4.8) 12.75( 4.0) 8.91( 3.7) 11.86( 4.8) 8.31( 44) 10.70( 5.1)
Total 474.60 31732 241.89 24451 189.00 208.12

nd. means not detected.

The numbers in parentheses indicate the percentage distribution of each compound.
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Table 4. Changes in volatile, aromatic compound content of mash based on varying amounts of water added

Volatile compounds concentration (ppm)

Compounds

120% 150% 180% 200% 250% 300%
Methanol nd. nd. nd. nd. nd. nd.
n-Butanol nd. nd. nd. nd. nd. nd.
2-Butanol nd. nd. nd. nd. nd. nd.
Iso-butanol 118.23 174.98 182.62 155.01 161.64 154.88
Iso-amylalcohol 346.18 389.22 39437 351.59 339.54 320.59
n-Hexanol nd. nd. nd. nd. nd. nd.
1-Propanol 91.50 163.71 168.17 17091 11922 93.42
2-Phenylethanol 108.93 135.84 138.50 144.26 135.32 135.40
Ethyl acetate 233.46 11441 57.19 48.11 55.24 5228
Ethyl carproate nd. nd. nd. nd. nd. nd.
Ethyl caprylate nd. nd. nd. nd. nd. nd.
Ethyl caprate 112 492 329 228 1.56 nd.
Isoamyl acetate nd. nd. nd. nd. nd. nd.
Acetaldehyde 267.67 164.63 90.28 72.39 79.76 82.28
Furfral 115 131 0.73 nd. nd. nd.
Butyric acid 185.81 114.62 88.17 7111 nd. nd.
Total 1354.05 1263.64 112331 1015.66 89227 838.85

n.d. means not detected.

Ester3}3H 2% 2L S 71411 Q)<= ethyl acetate®] &aF-
747} 233.46, 114.41, 57.19, 48.11, 55.24, 52.28 ppm =
7hridol ojEA o2 vrolxith muak) AU 7HA] 3
= ethyl caprate= 7}l Wl 0~4.92 ppme] EXE
Holx giem, 150% 7FrTolA Aol s ek
W 300% A2l Tl HEE A LAt Estersh e
v, BRI E, An)eF 5 579 3= 7R Yo R/
o 83 JFEo g A7 o] 231 §) 2L} ethyl carproate,
ethyl caprylate, isoamylacetate 5= FZ% X &34t} o]&
SIS 2 879 alcohol acetyltransferase®] €43} T3
o] Z12H|(24) NFT5FF o] &3 YR = 84T
/goll WMsr} glo] A o] A& olstz Holxl Aoz
FAeta ot WEskA] et Carbonylsh &3 7t
A=HE 7HA 3L & acetaldehyde®] 33 717} 267.67,
164.63, 90.28, 72.39, 79.76, 82.28 ppm O & 7}Fakol| T
g S W9kt Acetaldehyde 3] Z71191L o} s
A A] ¢k o pyruvic acidolA] alcohol 2 FAFHE| = 37
% alcohol®] A/Jo] TA|E|HA] acetaldehyde”} &4 ==
Aoz Azteo} A1 glvh20). 59| acetaldehyde 3
< 120% 7ol Adste go g skeld 247t 267.67,
205.79, 135.41, 120.64, 166.17, 205.71 ppm S & 200% 7|7
Tl 7P GHA YERSITE o]= 200% 7S 7= 7
F 7t weh dFEWA, AR o 2Ed ) A
HHA SIS AL A 2 o] Fol ot T o]

7HEME GEER 2EY 27| 21-8-81H A acetaldehyde
ol 713t Aow AyzZtdrl Furfurale FHA|
aminocarbonyl ¥H-g-of oJaj A B AU, A7) A4 T
A B = SRHEQEOEA 3l EHrEd e olfe
= O AP} Zasit) vE 9 elF o} fARE 32 71
31 )& butyric acid= 200% 71& 7HA AEH L 1
oM = HAEHA &ttt

A ATE el BEHE SR E A
q =O

o eAUAE H8l =9 ¢AE FEUt BluA wL
180% ol&te] 7krg&ol, ¢3is A FEA = 180% ©I
o), F714kol| &= acetic acid SHFo] W2 150~180% 71
o, 344 7|4 EollA = acetaldehyde o] Sta 11
FLA L] o] H& 180~200%2] 7Hrgo] £ A
2 ddtdh ey /72 a5 4L o A4
oJajA daFE wom, F{HA B AT dojve
2 TPAA Byt desiH 7 vl SR #4245
doll tialiA F712Q 24 e FErh

o o

o ok
hd =

7} ko] 120%911 41 300% 2 Z718PH A pHE 4.691 4]
427 AEE 6004 528, ofn] AR E 6,004 252,
7He4d @ FFeFe 184004 74°BrixE Srolt)h £l
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Lo

UIFE FET 150%AA 17.6%= 7P =33 42&
AArEE-S 742} 597, 74.5, 80.8, 82.8, 89.4, 90.6% = 7}
ol o] 2R o ZrlEn) 28] #4714 e 247t
207.85, 222.38, 222.06, 204.56, 194.34, 204.34 mg/100 mL=
150% <} 180%1 4 A1 Uebdth felobn] it S
217} 474.60, 317.32, 241.89, 244.51, 189.00, 208.12 mg/100
mLE 7}kl o]&A4 o2 7143}9] 1 arginine, alanine,
glutamic acid, glycine, isoleucine, leucine, lysine, phenylalanine,

T8 oAk

iso-amylalcohol &

serine, tyrosine, valine©|

Iso-butanol<  154.88~182.62 ppm,
320.59~394.47 ppm, 1-propanol< 91.50~170.91 ppm,
2-phenylalcohol- 108.93~144.26 ppmsx =2 - ¥35}1L 3l
11 ethyl acetate, acetaldehyde, furfural, butyric acid”} =]

et

proline,

ZAle 2

2 A7E TAFAHGD FARAE AT RAY
(A5 PI008600)S] A B <3 o] Foll Ach

References

1. Kalia. Alcohol consumption in Korea. Available from:
http://www kalia.or.kr/customer_support/k_notice.html?
b_idx=823&view=view. Accessed Aug, 15, 2014.

2. Korea Wines & Spirits Importers Association. Alcohol
imports in 2103 of Korea. http://www.kwsia.or.kr/notice/
view.php?tb=tb_news&no=42&page=1&sd=&sg=&st=
&search_yes. Accessed Aug, 15, 2014.

3. Oh HC, Park JM, Baek JH (2014) Import and export
trends of alcoholic beverages in 2013. In: Trend analysis,
Korea Custom & Trade Development Institute, Seoul,
Korea, Vol. 81, p 1-27

4. Kim YT, Kim JH, Yeo SH, Lee DH, Im JU, Jeong ST,
Choi JH, Choi HS, Hwang HJ (2011) Urisul
Bomulchang-go (The treasure houses of korean liquer).
The
Commercialization and Transfer, Suwon, Korea, p
146-181

5. Jo HC (2010) Uli Sul Bijgi (Korean traditional
liquor-making). Nexus, Seoul, Korea, p 96-103

6. Statistics Korea. Delivered quantity of traditional liquors.
Available from: http://kosis.kr/statHtml/statHtml.do?orgld=
133&tblId=TX_13301_A197&conn_path=I12. Accessed
Aug, 15, 2014.

Foundation of  Agricultural  Technology

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lee DH, Lee YS, Cho CH, Park IT, Kim JH, Ahn BH
(2014) The qualities of liquor distilled from ipguk (koji)
or nuruk under reduced or atmospheric pressure. Korean
J Food Sci Technol, 46, 25-32

. Yi HC, Moon SH, Park JS, Jung JW, Hwang KT (2010)

Volatile compounds in liquor distilled from mash
produced using koji or nuruk under reduced or
atmospheric pressure. J Korean Soc Food Sci Nutr, 39,
880-886

. Jeong YJ, Seo JH (2012) Volatile compounds of potato

sojues produced by different distillation condition.
Korean J Food Preserv, 19, 433-437

Ryu LH, Kim YM (2002) Esterification of alcohols with
organic acids during distilled spirit distillation. Korean
J Food Nutr, 15, 295-299

Yoshizawa Y, Ishikawa TA, Tadenuma M, Nagasawa
M, Nagami K (2004) Encyclopedia of brewing and
fermentation food. Asakura Publishing Co. Ltd., Tokyo,
Japan, p 70-366

NTSTSI (2005) Manufacturing guideline of takju and
yakju. National Tax Service Technological Service
Institute, Seoul, Korea, p 195-198

Hitachi High-Technologies Corporation. L-8900 Amino
Acid Analyzer. Available from: http://www.hitachi-
hitec.com/global/science/lc/18900.html#jump2. Accessed
Aug, 2, 2014.

Bae SM (eds.) (2008) Sake manufacturing technology.
Design Plus Co., Seoul, Korea, p 166-217

Hong SB, Lee MA, Kim DH, Varga J, Frisvad JC, Perrone
G, Gomi K, Yamada O, Machida M, Houbraken J,
Samson RA (2013) Aspergillus luchuensis, an industrially
important black Aspergillus in East Asia. PLoS ONE
e63769

Bac SM (eds.) (2003) Japanese distilled beverage
manufacturing technology. Juya Print Planning Co.,
Seoul, Korea, p 114-209

Kyoun OY, Oh SH, Kim HJ, Lee JH, Kim HC, Yoon
WK, Kim HM, Kim MR (2006) Analyses of nutrients
and antinutrients of rice cultivars. Korean J Food Cookery
Sci, 22, 949-956

Bae SM, Jung SY, Jung IS, Ko HY, Kim TY (2003)
Effect of the amount of water on the yield and flavor
of Korean distilled liquor based on rice and corn starch.
J East Asian Soc Dietary Life, 13, 439-446

Stanley D, Bandara A, Fraser S, Chambers PJ, Stanley
GA (2010) The ethanol stress response and ethanol
tolerance of Saccharomyces cerevisiae. J Appl Microbiol,



916

20.

21.

22.

o
i

109, 13-24

Brewing Society of Japan (1999) Component of the
alcoholic beverages. Shin Nippon Printing Co. Ltd.,
Tokyo, Japan, p 50-62

Erasmus DJ (2005). Production of acetic acid by
Saccharomyces cerevisiae during icewine fermentations.
PhD thesis, University of British Columbia, Vancouver,
Canada

Iwami A, Kajiwara Y, Takashita H, Okazaki N, Omori
T (2006) Factor analysis of the fermentation process in

23.

24.

T2 ZAA-FEE A A21HE A6E (2014)

barley shochu production. J Inst Brew, 112, 50 - 56
Tamaki T, Takamiya Y, Takaesu C, Nishia T (1986)
Changes in sulfur compounds of Awamori during aging.
J Ferment Technol, 64, 129-136

Fujii T, Nagasawa N, Iwamatsu A, Bogaki T, Tamai
Y, Hamachi M (1994) Molecular cloning, sequence
analysis, and expression of the yeast alcohol
acetyltransferase gene. Appl Environ Microbiol, 60,

2786-2792

(Received August 29. 2014; Revised October 28. 2014; Accepted October 28. 2014)



	서 론
	재료 및 방법
	시험재료
	술덧제조
	이화학성분
	유기산
	유리아미노산
	휘발성분
	통계처리

	결과 및 고찰
	술덧의 일반 특성
	알코올 발효
	유기산 변화
	유리아미노산 변화
	휘발성분 변화

	요 약
	감사의 글
	References

