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Quality Characteristics of the Mashes of 7akju Prepared
Using Different Yeasts

Heungsook Lee*, Chang Sook Park', and Jin Young Choi

Department of Food Science and Technology/Carbohydrate Bioproduct Research Center, Sejong University
'BioSewoom Co. Ltd.
“Department of Food and Nutritional Sciences, Hanbuk University

Abstract Quality characteristics such as alcohol, acid, and sugar contents of zakju brewing mashes prepared using several
yeasts were investigated during 12-days of fermentation. Among the yeasts examined, S. cerevisiae led to the highest level
of ethanol (10.2-13.4%) and total minor alcohols (0.729-0.831 mg/mL). Regardless of the yeasts used, the acidity showed
drastic changes (pH from 3.4-4.2 down to 2.4-2.7) during the first 2 days, and displayed negligible changes from day 4.
The total acid contents rapidly increased to the first 4 days of fermentation and leveled off from 4 to the end of
fermentation period. The common organic acid components were lactic, succinic and acetic acids. The total and reducing
sugar contents varied depending on the yeasts used, with mashes prepared using S. coreanus and S. rouxii producing the
maximum total sugar contents (5.43-5.5%) at the end of fermentation. The reducing sugar showed its maximum (7.53-
14.89%) at day 2, after which it decreased to its minimum levels (3.04-4.52%). The common free sugar components were
glucose and fructose, while S. ellipsoideus led to a higher free sugar level (0.35-5.29%).

Key words: fakju, mash fermentation, yeast, quality
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W] Pefak mABe] FRol Web BE s s
RS FRE GUY Ao FZHCHS). e B A

e wae Foske AR FHE DEste] 2 Il

F €49 4 BAd ox A= VAseAE ARz} 3
ATk g=re] HEFQ B el dEy] AME g EF 2R
491 S coreanus®} EEF Az ALEE S ellipsoideus, 5
g o] Q3 S carishergensis, Baker's yeast2412] S. cerevi-
sige, 133l AF A L ol&HE S rowiis 717 AHE-st
o FEE T sl £0S ARG 2E P T a8 5

Hol g7 &ule] ¥ B4 vAE JL Aviug,
e %y
ANgEFE

Saccharomyces coreanus(KCCM 11215), Saccharomyces ellipsoi-



deus(KCCM  11290), Saccharomyces carlsbergensis KCCM 12235),
Saccaromyces cerevisiae(Baker’s yeast, KCCM 11201), Saccharo-
myces rouxiilKCCM 12066)= §H= PIAE REAE(KCCM)ol A
wopo} AT

F=oN=

FRAZ A Z4zEe] AlgTel H7beEe Wae] SRkl 200g
olmg AA AgFo] Fadt WA AA FF 1kgd 0|
121°CAlA] 407-9] AR 719F Alstst & tpr] Zhzbe] Rt
F o] AREEITE olm Zhzte] FAkE W flo] & 119
5 80g 2 &% wjY¥Y 100mLE 718k 2 E33F g
25°ColA 297 HEANA FRE AZ3I

EiFo| EIg ¥ WS

W 2 kg?s SAZE =oll FAAG T & wjal 121°CelA] 40
B7E 719F e & 300CcE WStk 18 LECI fEHell
E 6LS 75 8202 &Sl vlE] wEOlE ol A7) W
Moz =xsle] Wzhst A3 zhzke] R 1 LS E3l 25°C
o] g27]oA 1297 HEAIAT

RI

MAIE

TEdd $o &8s 24 7HHe R AQFHste] #A7I(MIIH,
Tokushu Kira Kogyo, Ltd., Tokyo, Japan)Z &3} 3}o] 2o
AHSsIRer FRE 92 dE 9F 42 sl 485

olste
£0e 278 F FYAR 2433 Gay-Lussac Eol 23
15°CE BAsI %viv)E EASHITH

Bg Ws 94 EE71E o83l 4°ColA 8,000xgE 20%
7+ A4 E2leke] A 5Nl cyclohexyl alcohol 0.1 mLE U

Jnig=|
FEFEZZ 7138 methylene chloride 5mLZ 23] A& F&
3t & FENLS 02 um syringe filter(PTFE syringe filter, What-

man plc.,, kent, UK)Z oJ3}sle] 2 o} 1.0 uLS gas chromato-
graph(GC 17A, Shimadzu, Kyoto, Japan)Z 413} 3 internal
standard HO 2 AH&Z3A. GCY #E 272 BP-20 column
BO0mx025mm ID, 025 film thickness, Shimadzu, Kyoto,
Japan)yS ARE3IY] QB2 40°ColA 150°C7HA] 7°C/ming] &%

Table 1. Operating condition of HPLC for determination of
organic acids

Instrument LC10-AD (Shimadzu Co., Kyoto, Japan)
Styrene divinylbenzene copolymer (R Spak KC-
Column 811, 8.0 mm IDx300 mm, Shodex serial No.

HS511024, Showa Denko k.k., Kanasaki, Japan)
Column oven temp. 35°C

UV-visible detection (SPD-10A, Shimadzu Co.,

Detector Kyoto, Japan), 210 nm

Flow rate 1.0 mL/min
Injection volume 20 pL

C-R6A Chromatopac (Shimadzu Co., Kyoto,
Japan)

0.1% H,PO,/H,0

Intergrator

Mobile phase

=5 2l FREA 57

2 ASAR F TA] 195°C7H] 3°CiminZ A Z T FU719
HE719 2x= 77 220, 250°COlAIL carrier gas= N,
(99.999%)°] Atk

pH % &4

pHE= pH meter(sp-5A, Suntex, Taipei, Taiwan)Z 7 3}aL,
T4 1% phenolphthaleing: A|A|%FS 2 &lo] 0.1 N NaOH 8-
o7 HAYsta FA L] 00095 ¥l AlE T AR
lactic acidZ AlAFsFA

F7I14t

=8lS 95 94 BE71E o83l 4°CollA 8,000xg=E 20
7 AaRelste] A Asools 10mLE Hste] 045um
syringe filter(cellulose nitrate, Adventec MFS Inc., Dublin, CA,
USA)E 739tk 2 o3-S Sep-pak C,, cartridge(WAT 020515,
Waters Co., Milford, MA, USAYS F3A|A thld, A4 Xl
FeF 5o 22& AAXNK F Table 13+ 2+ 2794 HPLC
= 71 B, 47140 1Y FHozrE Yk

wrele

£8S 9E 44 B8 o838l 4°CHlA 8,000xgE 205
7+ AR FHe ol 10 mLE FHEk] 02 um Acro-
disc syringe filter(CR PTFE, Pall Life Sciences, NY, USA)Z <
Falo] whlE A, A {714k o] 28 AAXZ] - Table
29} 2 ZANM HPLCE felde #Astu, Re9e A%
FHozRe PPk,

Table 2. Operating condition of HPLC for determination of free
sugars

Instrument LC10-AD (Shimadzu Co., Kyoto, Japan)

Amine (KR100-10NH2, 4.6 mm IDx150 mm, 10

Column pum, Eka chemical, Stockholm, Sweden)
Column oven temp. 35°C

RI detector (RID-6A, Shimadzu Co., Kyoto,
Japan)

2.0 mL/min

Detector

Flow rate
Injection volume 20 pL

C-R6A Chromatopac (Shimadzu Co., Kyoto,
Japan)

Acetonitrile: Water=80:20

Intergrator

Mobile phase
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Fig. 1. Change in ethanol contents of mashes for fakju using
different kinds of yeast. A, Mashes of fakju fermented by S.
coreanus; B, Mashes of takju fermented by S. ellipsoideus; C,
Mashes of fakju fermented by S. carisbergensis; D, Mashes of takju
fermented by S. cerevisiae; E, Mashes of takju fermented by S. rouxii

3L S. carlsbergensis, S. cerevisiae(Baker’s yeasty7-+= g 2Y
o] dlgkE ko] 9.0-94%= FA3| S7I=EAUTE. S coreanus, S.
ellipsoideus, S. rouxiiT~= TE 4Ll 4.4-11.6%= F23] F7}s}
R, o]F RE AP Sk FT1sISiTh & AY AR
RO} S cerevisiaeS}t S. ellipsoideus7-7F &E 129 Z}Z} 134,
124%% ek gHgo] o} REAN feldt oz F2H)

0z Yag M=

FR AxE A FRE GYSe] 9T @ U &5 R
g T vEF 4I3E AFES Table 33 2t} Ethanol A|€]gh
njg &3-S JEOZ npropyl alcohol, isobutyl alcohol, 1,3-butyl
alcohol, 2-butyl alcohol, isoamyl alcohol, n-hexyl alcohol, hep-
tyl alcohol, phenylethyl alcohol 5 8%<2 &-go] Al uleh
AZFJC}. v gdFZE] FHS S coreanusT7F 0.556-0.780

mg/mL, S. ellipsoideus7-7} nd-0.431 mg/mL, S. carlsbergensis7-7}
0.470-0.724 mg/mL, S. cerevisiae7-7}  0.729-0.831 mg/mL, S
rowxii 77t 0.045-0.249 mg/mLe] BN, S, cerevisiae 77t W
FHF BE NPT FolA mF dRsY FHo] 7HE =2
Holy, g&F 2ol 2439 T} Isoamyl alcoholS B & 59
= AFEA @okod BE 6U(Fig. 27 EH BEE AIET oA A
ZHJ2 TE A F AR FUkeke 43S Bt Han 5
(12)2 75 F/E 2288 95 <59 ¢2E& A& 5 isoamyl
alcoholo] W& &= F o] 7P 52 AROE HIER
3 AP Anex A2 dASATh vE g2E F
isoamyl alcohol nd-0.264 mg/mLe] -2 H I, heptyl alco-
hol& 2 $t&o] nd-0.180 mg/mL ZA] isoamyl alcohol THFO &
Eko ™, isobutyl alcohol> & 6l 0.025-0.103 mg/mL ¥
A= S rowii & A BE AP £HoA HEFJS F
Afe 2 Fol oW Furh ViR aL g, s3] i)
= g 2R Al R s &S T 9EE gt
(20). Y HER7HETAY FRFAe R F T8N
ol 1mg/mL ©l3tE A= J=d@21), ¥ AP B
A1 nd-0.831 mg/mLE Bl A jtsisich,

©
I
b=}
:

g Y F EF 49 pH ¥ F4 Fig 3, 49F 2o &

Tk A 7] AR A gl o, dAlel A B
HEw BEgol| J3kS Frh22). T4 ©F A% S ellipsoideus
T =G0 027%% =T, BE 49 = S rouxiiT, S. corea-
nusT-, S. carlsbergensisT-, S. ellipsoideusT-, S. cerevisiae7T- &3
o] Fo& BT WE 12%9 S rowniit- E50] T4 115%
2 7P W2 S cerevisiaeT £519] 0.63%2= 0.52% AolE B
ATk §F AFe T F2 o} AR fAEY
w7 AU 9 Fo A B4F Be) vAE fge
2 A%E 21§71l TRIEER Fke) gl 27189

I

Table 3. Change in minor alcohol contents of mashes for fakju using different kinds of yeast during fermentation (Unit: mg/mL)
Experimental ~ Fermentation Minor alcohol
group" time (day) 2-Butyl  n-Propyl  Isobutyl  Isoamyl Hexyl Heptyl  1,3-Butyl Phenylethyl  Total
0 - - - - - 0.088 - 0.468 0.556
A 6 - - 0.032 0.063 - 0.095 0.123 0.350 0.663
12 0.083 - - 0.185 0.104 0.129 0.079 0.200 0.780
0 - - - - - - - - -
B 6 - - 0.060 0.113 - 0.040 0.102 0.115 0.430
12 0.170 - - 0.182 - 0.079 - - 0.431
0 - - - - - 0.012 - 0.458 0.470
C 6 - 0.117 0.103 0.161 - 0.012 0.040 0.235 0.668
12 - 0.104 0.105 0.260 - 0.180 0.075 - 0.724
0 - - - - - 0.012 - 0.717 0.729
D 6 0.152 0.297 0.025 0.244 - 0.013 0.037 - 0.768
12 0.189 0.115 0.083 0.264 - 0.180 - - 0.831
0 - - - - - - 0.045 - 0.045
E 6 0.051 - - 0.069 - 0.061 - - 0.181
12 0.052 - - 0.123 - 0.074 - - 0.249

DRefer to footnote of Fig. 1.
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Fig. 2. GC-FID chromatograms of minor alcohol in mashes for
takju using different kinds of yeast on the 6th day of
fermentation. A, B, C, D and E: Refer to footnote of Fig. 1.
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Fig. 3. Change in pH of mashes for fakju using different kinds of
yeast during fermentation. A, B, C, D and E: Refer to footnote of
Fig. 1.
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Fig. 4. Change in total acid of mashes for takju using different
kinds of yeast during fermentation. A, B, C, D and E: Refer to
footnote of Fig. 1.

©1}422,23), f714ke] ¢EE F
B Sl olgHER Flde Had Aew FSHC

7Lt

w1y Y F e 289 §714E HPLCE 243 die
Table 49} 7t} BF2] #7149 2 lactic acid, succinic acid, ace-
tic acide TE A FHS Fsl] BE AT B SUldA g
Q1% 3L, malonic acid, citric acid, propionic acid= A]&--ol u}
2 g 717F F AESEJY. 571 FHE S coreanusT- 0.21-
1.79%, S. ellipsoideus7- 0.14-1.08%, S. carlsbergensis7 0.39-
1.54%, S. cerevisiae7- 0.37-1.46%, S. rouxiit- 0.10-1.98%= A|¥]
T % S rowiit7t 7P BRI S, coreanus-, S. carlsbergensis
T+, S cerevisiae -, S. ellipsoideus7 TOZ =t} Lactic
acid+Succinic acid= 7 Alg B €5 @5 45EH A% 5
7¥eted whE 1240 HUAE Both 2 & ikt
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Table 4. Change in organic acid contents of mashes for zakju using different kinds of yeast during fermentation (Unit: %)
. o Organic acid
Experimental Fermentation time -
group" (day) Malonic acid Citric acid Acetic acid Propionic acid La.Ct.lC+ . Total
Succinic acid

0 0.02 - 0.06 - 0.13 0.21

A 6 0.09 0.04 0.17 0.03 0.52 0.85

12 0.27 0.14 0.46 0.25 0.67 1.79

0 - - 0.05 - 0.09 0.14

B 6 - - 0.19 0.08 0.48 0.75

12 - - 0.25 0.18 0.65 1.08

0 0.10 - 0.13 0.02 0.14 0.39

C 6 0.28 - 0.21 0.10 0.65 1.24

12 0.28 0.08 0.26 0.21 0.71 1.54

0 0.10 0.04 0.11 0.01 0.11 0.37

D 6 0.09 0.03 0.65 0.04 0.12 0.93

12 0.28 - 0.20 0.29 0.69 1.46

0 - - 0.04 - 0.06 0.10

E 6 0.34 0.13 0.35 0.15 0.73 1.70

12 0.23 0.13 0.49 0.27 0.86 1.98

Total sugar (%)

Fermentation time (days)

Fig. 5. Change in total sugar contents of mashes for zakju using
different kinds of yeast during fermentation. A, B, C, D and E:
Refer to footnote of Fig. 1.

z2po] 7} A2} lactic acid+succinic acid T} 2 o] =&
acetic acid= 0.04-0.65%2] WHIZE A1+ Tolle S cerevisiae T
9} S rouxiit-, S. coreanusT7t T Wo|oew vy 7|7k T of
N2 Z7tshe A2 2k B A¥9 ZAi= lactic acid 2
succinic acid7} B @a Y F 9 {747 B33 Song
4)9] & 2 B8 g Lee 5(7)0) dEAE Delst]
9= 3 g &89 f714F A7 Az 2EEATH

o e
Y o sy
0 A

Z 95 &89 F39 T Fig. 59 2tk 9
ShaFe Tl 1849-20.16%% 7P =L wa 4Udl] 6.54-
774%= ol Al o]F AA3] Fraste] TE 12¢9
4.12-5.50%=2 UElTh AlFPEEE B9 § w0E 247K S
coreanus, S. rowxiiT9] 5 £GX T FHo] =2 Hol

Reducing sugar (%)

Fermentation time (days)

Fig. 6. Change in reducing sugar contents of mashes for takju
using different kinds of yeast during fermentation. A, B, C, D and
E: Refer to footnote of Fig. 1.

37, o] % kg 7|7kel| whEl AlFT el IS S YERA
eFron) Wy 1299 S coreanusT-2F S. rouxiit-9] B <Gl
N ET 93] Eh

by I F st FYT TR Wsk= Fig 69F . #
A FEre ghFelo)] 848-1126%A .0 WE 20 S rouxiit,
S, ellipsoideus-, S. coreanus7-= 11.70-14.89%2 H=d Hu 5
7YEIQAL S carlsbergensisT-2} S. cerevisiae 7= 7.53-826%Z H&
d 2o AT ol A= S carisbergensisT-2F S, cere-
visiaeT-7F W& 2ol oere o] FA3] T AMI He
ok &g 1290 S rowxiit, S. coreanusT-, S. ellipsoideusT-, S.
carlsbergensisT-, S. cerevisiae7-2] 5 €4 O 2 AT FF
o] Euth B @ F 98 9 g@58k=o] 93l amylase?]
a4 Fgog HaEo] wa 7)o o] M =3l e
aslar gl F7kE oy gy Rhkre] IE 7|dRE o]
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Table 5. Change in free sugar contents of mashes for zakju using different kinds of yeast during fermentation (Unit: %)
Experimental Fermentation time Free sugar
group” (day) Fructose Glucose Galactose Sucrose Maltose Total
0 0.04 3.37 - - - 342
A 6 0.01 3.87 0.02 - 0.05 3.97
12 0.01 0.72 - - 0.19 0.94
0 0.02 5.24 - 0.01 - 5.29
B 6 0.09 0.65 - 0.03 0.07 0.86
12 0.03 0.10 0.19 0.03 - 0.35
0 0.07 3.34 - - 0.01 3.45
C 6 0.04 0.59 - 0.01 0.17 0.83
12 0.01 0.09 0.21 0.01 0.07 0.41
0 0.03 1.19 - - - 1.23
D 6 0.01 0.18 0.07 0.01 0.12 0.41
12 0.01 0.06 0.18 0.03 0.20 0.51
0 0.01 1.06 0.01 - - 1.09
E 6 0.04 0.47 0.03 0.09 0.06 0.71
12 0.05 0.32 0.08 0.09 0.05 0.60

YRefer to footnote of Fig. 1.

f5ug Uy 74 F93 FUde] A @Ak B A
9] A= Han 5(12)° 75 THE 22l &85 Lee 5(25)
o] Hid As8E I3t g 3 wHale} gz dXFSUc

g Fo G2 olleke A Arme) #sle diEe
ToAEL B Ay A2 BHE S rouxiiTY S, coreanusT-7t
7 7F tha 7t ges FEHh

¢

N

Ralg

o O
W)
fllo

= 85 &89 fE9dS HPLCE #43 Az
Table 59} 7t} B9 #2192 F glucose, fructosers WHa A
H4L 5] RE AJE EFolA] FRIEAT galactose, sucrose,
maltose= Al@7ll wet a7 T AEHANY. Y %
2 S coreanusT 0.94-397%, S. ellipsoideusT- 0.35-529%, S.
carlsbergensis7T 0.41-3.45%, S. cerevisiae7- 041-1.23%, S. rouxii
T 0.60-1.09%33t}. S ellipsoideusT-= BFAol 2T gafo)
529%% AAT T el 7P =30E v 2R 2YAklE
0.35%= AlAT & o] 7P Wuer, ol S ellipsoideusT
7t ek g Aol RAFAA A dx|sch dE =
719 S. ellipsoideus - SNerE Sho] G wbg 12U}
124%% AerE o] S cerevisiae®] 13.4% ©]o] A&+ F
7P¢ =A Jeldth £ 832 S rouxii et S, coreanusT-o
A ERoU AHERA e nXe] o] JREEA] ol Fe]
Aot ZolE H]l Aoz F2H B A 959 {9
FESZE YERD glucose?} fructose?] TS 22 glucose 0.06-
5.24%, fructose 0.01-0.09% HAAL glucose= 2zt A8 €+ &
SloflA] Fadel 7Y B IS Ho|i wEr) e m
2t Aot 938 amylaseol] o|gt WA RIE AdH
glucoseZ FaUole FHgo] Zof g9 F TR el
oy, BE F aRY Zihre] 49 ¢ g VAR o] 8F o]
g7t e wet 743 ZAow F=Fr) Galactoses Al
Tl wEt zlole ot ZH AlF g £8lelA w@e dFE
2717 129 SRt o FUkehe ®isks HAlh B &5l
glucose, fructose, maltose, sucrose 52| FF+ WL} +5 59
Y59} B3} amylase®] 2Hg-O0 = AFH ZoF Ert AP 7H

M

o] feE|d ol Ztzt fEA JEhd e g5 dE|E F &4
o] 3} amylase, & VA= TH E FAHE 59 Holol] 9
st Ao g FSET
2 o
g £4S sl o9y 99U T 879 JIgS AR
71 $18l S. coreanus, S. ellipsoideus, S. carlsbergensis, S. cerevi-
siae, S. rowxii ZVZ¥9] ARG G| AMBElY FEE EF sl &
Se AR g AP F a5 EAo] g5 49 42
S0 mAle dEs AR oehs 2 IE 1299
S. cerevisiae -9} S. ellipsoideus7T-NX 242} 13.4, 124%%2 A1g+
Z 7P =UT vEF 4age] F%2 nd-0.831 mg/mL W=
A, AFT SOl S cerevisiaeT-7F 0.729-0.831 mg/mL BHZE 7+
A =9k, v gFE | T isoamyl alcohol T U 12
Aol sHaF 0.123-0.264 mg/mLE HhXE HITh pHe HFAel
34142590 272U F 24027022 FA AsEHATH
& PG F AET 7H] pH Afol= A AR T4 Tl
AE S rowxiiT7b EE 12900 1.15%2 7P =4 Vet &
714 FHAME S, rowxii 7t 0.10-1.98%Z 71 =%2H lactic
acid, succinic acid, acetic acid’} €5 713t FAHESE Ve
STt £F 2 S coreanusT7F FELH &E 1294 7+t
20.16, 5.50%= 71§ =9kar A ke w129 S rouxii
T} S, coreanus 77t ZVZF 4.52, 430%2 7 =9k fEld F
Foll XM= S ellipsoideust7t HELl 529%% AT+ & 2T
shefo]l 7hg = whH Wy 12U Al 035%F AlET- F
gkl 71 Wok=tl, ol S ellipsoideus7-2) e+ gge] 7
3t AxeE AFAI oM, glucose, fructose”t EF F219<]
RO 2 UESTH
g0 F4& Fe-stal B BEGo o S
Ql e S cerevisiae -7} 71
Skar, o Fate] estere} 7H2 Fn] FA ol o8]
o B9 gb, WA} A A AEA 4 471 F
e S rowxiitlA EA e B o BES oekE

N

A N
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AT o] Folshs ARow FeAHE, AET F S
coreanus -2} S. rowxii 7t F 2 FTe] o] =ol 7]
7} T ke g§eE 2

2 Ay A3 an F7FE gtk ARS g9 e5le 2
Exo] Mz B zelE BYE & & itk wEA g
g Al gRe| Wi AR Z47be] ang Wesie] wad
R

olgFIh 7ol AR B0l 4% Agstel A9H Y o
Fr) Facleh BRe] AW B4 M &3E MY 5
e Zolt). Aze] ARE Aol GF £5L VAN
oo thg FREAL EAske A7ol 0@ Asdo] o B
% Ao AlgHr)

= g

1.Lee SR. Korean Fermented Foods. Ewha Women's University
Press, Seoul, Korea. pp. 222-294 (1986)

2.Kim ZU. Food Processing. Moonwoondang, Seoul, Korea. p. 5
(1985)

3.Kim CJ, Kim KC, Kim DY, Oh MJ, Lee SK, Lee SO, Chung
ST, Jung JH. Fermentation Technology. Sunjinmunwhasa, Seoul,
Korea. pp. 79-103 (1990)

4.Lee HS. Quality characteristics of takju using rice nuruk during
fermentation. M.S. thesis, Seoul Women's Univ., Seoul (2000)

5. Jung JH. Studied on the identification of organic acids and sugars
in the fermented mash of the fakju made from different raw-
materials. J. Korean Agric. Chem. Soc. 8: 39-43 (1967)

6.Lee JS, Lee TS, Park SO, Noh BS. Flavor components in mash
of takju prepared by different raw materials. Korean J. Food Sci.
Technol. 28: 316-323 (1996)

7.Lee SM, Lee TS. Effect of roasted rice and defatted soybean on
the quality characteristics of fakju during characteristics fermenta-
tion. J. Nat. Sci. Seoul Women’s Univ., Korea 12: 71-79 (2000)

8. Jeong JW, Park KJ, Kim MH, Kim DS. Quality characteristics of
takju fermentation by addition of chestnut peel powder. Korean J.
Food Preserv. 13: 329-336 (2006)

9. Hong SW, Hah YC, Min KH. The biochemical constituents and
their changes during the fermentation of takju. J. Korean Agric.
Chem. Soc. 8: 107-115 (1970)

10. Kim ClJ. Studies on the quantitative changes of organic acid and

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

sugars during the fermentation of fakju. J. Korean Agric. Chem.
Soc. 8:33-42 (1970)

Lee WK, Kim JR, Lee MW. Studies of the changes in the free
amino acids and organic acids of takju prepared with different
koji strains. J. Korean Agric. Chem. Soc. 30: 323-327 (1987)

Han EH, Lee TS, Noh BS, Lee DS. Quality characteristics in
mash of takju prepared by using different nuruk during fermenta-
tion. Korean J. Food Sci. Technol. 29: 555-562 (1997)

Kim CJ. Microbiological and enzymological studies on takju
brewing. J. Korean Agric. Chem. Soc. 10: 69-100 (1968)

Lee JS, Lee TW. Studies on the microflora of fakju brewing.
Korean J. Microbiol. 8: 116-133 (1970)

Ko CM, Choi TJ, Yoo J. Microbiological studies on the takju
(makguly) brewing: The Korean local wine. Korean J. Microbiol.
11: 167-174 (1973)

Lee SK, Park YJ, Oh MJ. Studies on takjoo yeasts (Part ) - influ-
ences of kind of yeast strains and brewing conditions of fermen-
tation of fakjoo mash. J. Korean Agric. Chem. Soc. 16: 85-93
(1973)

Kim CJ, Oh MJ, Kim SY. Studies on the induction of available
mutants of fakju yeast by UV light irradiation (Part ) - On the
selection and Identification of the Mutants. J. Korean Agric.
Chem. Soc. 18: 10-16 (1975)

So MH. Aptitudes for takju brewing of wheat flour-nuluks made
with different mold species. Korean J. Food Nutr. 8: 6-12 (1995)
Kang KH, Noh BS, Seo JH, Hur WD. Food Analysis.
Sungkyunkwan University Press. Seoul, Korea. pp. 109-110
(1998)

Yuda J. Volatile components from beer fermentation. J. Soc.
Brew. 71: 818-830 (1976)

KFIA. Food Code. Korea Food Industry Association, Seoul,
Korea. p. 330 (1989)

Hong HG. The effect on the composition of takju of addition of
nuruk under varied conditions. MS thesis, Seoul Women’s Uni-
versity, Seoul, Korea (1984)

Lee J. Studies on the qualities of takju with various koji strains.
MS thesis, Seoul Women's University, Seoul (1982)

Song JY. Quality characteristics of fakju made of glutinus rice or
barley. MS thesis, Seoul Women’s University, Seoul (1998)

Lee JS, Lee TS, Noh BS, Park SO. Quality characteristics of
mash of takju prepared by different raw materials. Korean J.
Food Sci. Technol. 28: 330-336 (1996)



