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Abstract

This study was carried out to evaluate the quality characteristics of Takju, Yakju, Spirit made by various cereal
Nuruks which were made by Jokuk(whole wheat), Bunkuk(wheat flour), Maekkuk(whole barley). pH, Brix, cell
number of yeast, alcohol content, flavors, organic acid, and sensory evaluation of brews were employed to analyze
current study. Results showed that pH value of brews during fermentation decreased, while Brix value increased.
In addition, alcohol contents increased up to 11 day's fermentation, but there were no significant differences
among Jokuk, Bunkuk and Maeklkuk(p<0.05). Cell numbers of yeast dramatically increased up to 5 day's fermen-
tation, and then decreased. After 13 day's fermentation cell numbers of yeast were similar among Jokuk, Bunkuk
and Maekkuk. In terms of analysis of flavor components, acetone and n-amyl alcohol were not detected in all
brews, however fusel oil level was 494.65 mg/L in Maekkuk, and 525.4 mg/L in Bunkuk. Lactic acid showed
the highest level in organic acid analysis. Furthermore, Jokuk and Maekiuk showed highest score in Takju,
Maekkuk showed highest score in Yakju in sensory evaluation, although Jokuk, Bunkuk, and Maekkuk revealed
similar score in spirit.
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{Table 1> Formulas for Nuruks mix proportioning
Ingredients Jokuk Bunkuk Maekkuk
Whole wheat 13.2 kg
Wheat flour 13.2 kg
Whole Barley 132 kg
Water 3L 3L 3L
Total 16.2 16.2 16.2
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| Scaling of ingredients
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| Nuruk making

lL

Mitsul making
(Nuruk 2.1 kg, rice 4.8 kg, water 27 L)

y

Deotsul making
(Glutinous rice 24kg, water 3L)
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| Yakju, Takju

!

Spirit
(Brew distillation)

<Fig. 1> Flow chart for Yakju, Takju and spirit
making method.
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{Table 2> Formulas for Mitsuls mix proportioning

Stz k)2 A 21 Al 15(2015)

Ingredients Jokuk Bunkuk Maekkuk
Nuruk 2.1 kg 2.1 kg 2.1 kg
Rice 4.8 kg 4.8 kg 4.8 kg
Water 27 L 27 L 27 L
Total 33.9 33.9 339
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pH meter(MP 220, Mettler Toledo Co., Urdorf,
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ek & FEA(PR-201, Atago, Tokyo, Japan)=
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raud dextrose medium(peptone 10 g, dextrose 40
g, agar 15 g, distilled water 1,000 mL, pH 5.6) °F
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I e} GC &4 ofete] EelE 7 peak dE
= ZTEEY TS Az vt 48
o, Sigma-AldrichA} (St. Louis,
MO, USA)elA F+dste] ARg-skoAth 2418 co-
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ST =22 O
dTEde

Agilent Technologies, Palo Alto, CA, USA)E ©]&
S Th B4 272 column1= 45ColA] 587
FASL, 100C7H] £ 5TE S8k 587
FABASH, THA] £ 10T E 5238k 200C
oA 1027+ A5t} Carrier gas© nitrogen
gasE 2 mL/min $5 2 SHFUL, A5 HT3
headspace autosampler (HT3TM, Teledyne Tech-
nologies Co., Ohio, USA)E ]38 ™, 90 C
oA 20% 7} F Loop (1 mL) W02 FY&}
St Detector= FIDZ 280TColA &35 th
F7IEA o) AHERE BE AEE €43 FEE

mL/100 mL ©]3tZ 3Ast] WHEEF=EE
AcetonitrileZ ©]-£3}1 3, 0.2 ym membrane filter
(Merck Millipore Co. Damstadt, Germany)=. o3}
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ZFF9 #714 ¥ HPLC (LC-20A, Shi-
madzu Co., Kyoto, Japan)Z 43} o A3z
712 (Table 4> ¢} 2t} f714F 44 columns
Shodex Rspack KC-G (6.0x50.0 mm)guard column
o] RSpak KC-811 (8.0x300 mm, Showa Denko
Co., Tokyo, Japan) 27§ & AA3le] ALE-3l3Ath
o] % A2 3 mM perchloric acidE ©]4-3}91 2,
flow ratex 0.8 mL/min, column oven?] 2%+ 63
TE a3tk #elE2 ¥H-&-89(0.2 mM bromo-
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{Table 3> Measurement conditions for GC operation
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Items

Conditions

Name

Coll
olumn UsA)

Column temp.

Carrier gas N,

Flow rate 2 mL/min
Autosampler

Temp. 90T (20 min)
Injection volume 1.0 yL/ 10 pL
Detector FID

Detector temp. 280C

GC2010 (Shimadzu Co., Kyoto, Japan)

HP-INNOWAW column (60 mmx0.25 mmx0.25 um, Agilent Technologies, Palo Alto, CA,

Initial 45°C (5 min) -10°C/min - Final 200C (10 min)

Teledyne Tekmar HT3TM (Teledyne Technologies Incorporated, Ohio, USA)

{Table 4> Measurement conditions for HPLC operation

Items Conditions
Name HPLC (LC-20A, Shimadzu Co., Kyoto, Japan)
Column Shodex RSpak KC-811 (8.0x300 mm, Showa Denko Co., Tokyo, Japan)

Guard column
Column oven temp. 63T

Mobile phase 3 mM perchloric acid

Flow rate 0.8 mL/min
Injection volume 10 uL
Detector UV 440 nm

Reaction reagent
Reaction temp. 30C

Flow rate 1.0 mL/min

Shodex Rspack KC-G (6.0x50.0 mm)

0.2 mM bromothymol blue, 15 mM Na,HPO,, 2 mM NaOH

T2 stk A8+ o702 um, Merck Milli-
pore Co. Damstadt, Germany)$ A3} t} 5
£ 22 Sigma-AldrichA} (St. Louis, MO, USA)ell
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X FH A MeantSD)E YEFTE A A2
SPSS(Statistical Package for the Social Sciences,
version 12.0) SAIZZ T3S ARE-sle] BAMEA]
(ANOVA)2 AL, Al J 7He] fo4 A5
< p<0.05 =22 9719 thFH A E R (Dun-
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(p<0.05). &7} 7 2gtol wha} Z=tolu EE
oF W =e] pH7F Yol 5o el %
a7 garetgdeh Park et al (2011) =Hul Al
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G, B AWM o) W Lekuth 92
2ol M pHE §712%e] ERet 5, 7|et 2o

IS o, ezl Axs I F Ue
A ®Z o] &F Y Song et al (1997)
7, Lee et al (2001)% pHE 22 9] vraxs) =}
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Holl M= 3.8~4.72 AL UTh

Baek et al (2013)2 Hax71S GElsle] A
Sk dv] whde] o] FAEA AT ELEE
20T 30CE 3ty Asp. kawachii, Rhizopus ja-

EEE
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=3} Fatoll Hlsle] FolHod Wdti(p<0.05). Al WE Al 7] pH 6.9°14 & 2UA o 49=
ol Fio WE FH UE At gt & @ w43 Wokl, o= dAsH FAEHAL
F aEole] 9% £ A0 AZET BEF ¥, 300N BE AlE 271 pH 69914 20 o]
QA gol wet pHE Sobd & 13U 27 48% Wobdl & wraAlzte] AusteE wast
o] 481, H3o] 4.02, Wo] 4042 39| pHZF A9 QITHY SYTh YHE WE FEAHNA
7V Eol, Bz} mo] §27 2ol7t AT pHE 459} 442 Lxo] wEpHE zho] 7} A<
{Table 5> pH and Brix changes of brews made by different Nuruks during fermentation
Jokuk Bunkuk Maekkuk
Day

pH °Brix °Brix pH °Brix

1 6.12+0.4% 4£0.8° 6.35+0.3" 420.4° 5.39+0.4° 2+0.1°

Mit a b b a b a

l 2 5.0120.4 8:+1.0 42402 10+1.2 4.01%0.1 1242.1

3 4.95+0.2° 1242.5° 4.09+0.1° 16+2.5° 4.0+0.2° 20+2.8"

3 5.23+0.3" 3243.6° 5.32+0.2° 30+4.2° 4.56+0.1° 3243.8"

4 5.12+0.1° 30+4.2° 4.62+0.3° 28+2.8° 4.32+0.3° 3243.2°

5 5.06+0.2° 30+2.8° 4.53+0.1° 26+2.6° 42140.1° 26+2.6°

DS 27 4.95+0.2° 2642.6° 4.55£0.4° 2243.2° 4.08+0.1¢ 22428

9 4.96+0.3" 24+3.1° 4.53£0.2° 20+2.6° 4.12+0.2° 204+2.2°

11 4.82+0.4° 18+2.4° 4.16+0.3" 18+2.8° 4.06+0.3 2043 .4°

13 4.81+0.2° 14+1.6° 4.02+0.1° 18+2.4° 4.04+0.2° 1843.2°

1) Values are Mean+S.D.

#7¢ Means with the same letter in column are not significantly different by Duncan's multiple range test (p<0.05).
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<Fig. 2> Alcohol contents of brews made by diffe-
rent Nuruks during fermentation. 4 : Jo-
kuk, B : Bunkuk, A : Maekkuk Results
were expressed as mean+S.D. of data ob-
tained from three independent experiments
(p<0.05).
=2 Yebdtk Park et al (2004)2 AAFA L7} o}
AR gF Ax A EFE e UE 3YA
o §43] S7tstAal, TaE sAA = 3R
o oa ST, A 7dAdl= sUA o
F14 Fol7t Girka sel £ AP Ao}
AT
3. 0| S22 M7=+ PG}
A EFO) FS olg el & A% A WEY
o M &5 AFTE 543 A= <Fig. 3>

3 2y E 4dAol] Z3o] 3.80x107 cfw/mL,
F=to] 1.81x107 cfwmL, #=t0] 7.51 x107 cf/mL
2 AIEE ZHl 7914 ztol7F AATHp<0.05). &
F SR ARSI FA43] FUhete 2wl
1.76x10° cfmLZ 714 @o] HAEH A, tho)
F35(1.59x10° cfu/mL), = =+(1.34x10° cfu/mL) <=
o]l WE 5UA o]Fo= RE BEFoA &

Bt 7AaE] AlFelgon) WE 13U o=
Z, B, W=te] ARSI GBI Park et
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<Fig. 3> Change of yeast cell numbers of brews
made by different Nuruks during fermen-
tation. @ : Jokuk, B : Bunkuk, A : Mae-
kkuk. Results were expressed as mean+
S.D. of data obtained from three inde-
pendent experiments(p<0.05).

al 2004) AAAEI}F OE B AT g Ax
A BE ST Akl wet opgke] Aol 9
o, g 2949 3.1~3.5%10° cfwmL, 3LA ¢l
= 43E Fo] EobA 1.6~1.9x10° cfumL, 7
Aol = 2~3x107 cfwmLe} SFAEH], ol £
A3 AR AgF AF AR} FASS ol
23k Aol thate] So et al (1999) HE 5 &
& TRt SUMRl meh ARy Es
gl SHAT Seo et al (2005) T

A

-

FN‘ I

N

oA Aatet TR AR BF AlZ Al H
AR AFTFE 74x10° cfwmLol Qo wha
Aol = 3.2x107 cfu/mLoI R, 5 A Z }\]oﬂt
HhE 2719 2.5%10° cfw/mLe] Y, BE 1295
ol 8.5x107 cfu/mLol2} R EH], B AFoM=
o] AFKHt}t thi =A AESHUTh

NQ

£& o] &3te] A3 &9 )
= (Table 6>} 7t} %=

A=}
o

W
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acetone} n-amyl alcohol HAEF A 2%, n-

butanol<> 5O & Y= oA &g HAESEH
t}. B0l A ethyl acetate= Z=F, =, W= 5
o] 66.41~69.26 mg/L7} A& o] F214 Zo]7} ¢l
1 3(p<0.05), methyl alcohol, n-propanol, i-buta-
nol, i-amyl alcohol 5= 72 73S UERATH
n-Propanol,
n-amyl alcohol 52 719l fusel oil 20|
494.65 mg/L= 71¢ SQkAL, #=70] 5254 mg/LE
7 Eob o3 Aozt AATHp<0.05).
kol A ethyl acetate, n-propanol, i-amyl al-

, Z5o] 7}

i-butanol, n-butanol, i-amyl alcohol,

cohol= E=1°] 7 Bel HEE AL

A AA AZE o] T AR 7F 493 2ozt A
THp<0.05). Methyl alcohol-> TEM 7+ Bl A
SH AL, Wo] 7Y AA AEHALH, i-bu-

tanol= Al A8 ZF 214 Aol 7} I THp<0.05).
n-Butanol= Z=oll A 3.25 mg/L7} HAEHAL,
=3 Aol X e HEHA U Fusel oil
5, 2=, H=e] 247 660.59, 52849, 546.04
mg/LE =53 W= Tkl = {§93 2ol 7t I
o, BB Aolr} AU FHF A,
23, 27, WM F2]7 o]
St Methyl alcohol, n-propanol, i-amyl

ethyl acetatet™
7]— BA A
alcohol & L= 714 Bol HEHJL, =
3 T oA Aol flo] AA HEE U
12} i-Butanol< Al A F.0 A -rr/\}O}ﬂ] A& =
ATk Fusel oil> Z5ollA] thd W7 HAEEH AL
Al AR 7 f91F ALl 3191‘:}. Lee et al
(1996) w12, 3P4, Beg, 2732 gas o
B 1697 g5 =5l IEES B4 45,
‘%% 5ol wet 37| e] tEA HEFUL,
53] WrtRE @as BEdA 7P B T

} AZHAJ T 3501, acetic acide= H ]2+

oA 7Y Hol AESEH AT BV et
Lee et al 2014)=> 2 AR E W27], ¥l AF
W SoE A E dElstd 4= MFTFH
AREate] HEAIZ] v £3 ¢ «]‘j“ v‘i‘%
Mg Az, ARSE EEA S TR
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{Table 6> Flavor components of Takju, Yagu and Spirit (unit : mg/L)
Jokuk Bunkuk Maekkuk
Flavors
Takju Yakju Spirit Takju Yakju Spirit Takju Yakju Spirit
Acetone NDY ND ND ND ND ND ND ND ND
Ethyl 2)a b a a a a a a a
acetate 66.41+4.6”" 51.25+4.6 66+6.8 69.26+£3.4" 86.27+12.4 69+4.6 69.15£10.2" 74.29+6.8 69+6.4
Methyl a a C a a a a b a
alcohol 15.292.4"  17.3642.8" 129+12.8° 13.56+1.2" 19.85+6.8 138+10.2 14.4742.2%  12.14+2.2° 162+14.6
n-Propanol 105.42£12.4° 11236£12.6°  301428.6° 100.25+10.4* 200.14+164* 328+20.2° 107.14+10.4* 119.47+10.4° 286+22.4°
i-Butanol 10235102 * 103.65+10.2° 345+24.2° 101.25£20.6 * 105.47+12.4° 394426.6" 103.26+12.4" 103.94+12.2" 394+26.8°
n-Butanol ND 3.25+26.4°  404£2.2°  2.88+0.8" ND* 4244.6° ND° ND° 40+2.4°
i-Amyl
;lc;?lzl 307.14+£26.8 309.23432.2°  794436.6" 321.02426.8* 354.98+28.4° 826+25.6° 284.25:282% 322.63+18.8' 829+34.2*
n-Amyl
ND ND ND ND ND ND ND ND ND
alcohol

Fusel oil 514.91+24.2* 528.49+34.6°

1,480438.8" 525.4424.8" 660.59+30.2" 1,590+28.4" 494.65+20.4°

546.0424.6° 1,549+36.8"

1) not detected.
2) Values are Mean+S.D.

3) Total of n-propanol, i-butanol, n-butanol, i-amyl alcohol and n-amyl alcohol.

2™ Means with the same letter in column are not significantly different by Duncan's multiple range test (p<0.05).

5 Tl wet A8E 1Rl tEA
HAZ =} Fusel oil A4E¢] i-amyl alcohol 7+
m7F e vhvu o w gRWF ofsf ofn
=491 leucine & 2 F-E] A A ¥ 3 (Dickinson et al
1997), i-butanol=> ethanol3} f-A}3t S 2 valine
A AZ T A EHChen et al 2011). 22

o d3iE FE, T2k f714 e AR 2
fusel oil 5ol F&-& AA3l=d TL3lH, ol
8AEL 7Hy9E, daxd, TEAY 57, ¢
Az wet 2EbithSeo et al 2012).

5. =9 R4t
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e, W B A 759] f7)4te] HEEHAUL

=Nk

™, oxalic acid, fumaric acid, formic acid § 352
AZSHRA &gl g0l A citric acide 9]
30.98 mg% AZE AL, thao] W=(16.39 mg%),

(5.1 mg%) ol th. Tartaric acide

30.12 mg%i 71 =A%

#o]

4597, 270 71

2 AEE Y0, malic acids WFA A ASE
H ] egko} Bo) 3137 mg%E A HEH

A3, Z=F9] 9.54 mghE VA HEEHAY. Su-
W oM oA Zpol 7t
B}~}~1\—(—>—L+ Lol Al 49.81 mg%i 2A % %5101

ccinic acid=

8914 z}o|7} %l?ii}(p<0 05). Lactic acide
T
SHA AZEH ATk Acetic acide= oA Bol A

ZHA A, 2L 3711 mghzE SHA %
o)A zpel7b AATH
I W= 7k %917“

AE =]
Pyroglutamic acid= X=r
2ol 7F gl o, ol A
49.15 mg%® Al HAEE o 212 2ke)7t AN
Hp<0.05). A&¥ 714t F lactic acid7} Al &

7o solA 7HE Hol AEE Aihtart &
e A=A & 7 UATh FF A

citric acid, malic acid, acetic acid= &=, tartaric
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(Table 7> Organic acids of Takju and Yakju (FH : mg%)
Jokuk Bunkuk Maekkuk
Flavors
Takju Yakju Takju Yakju Takju Yakju

Oxalic acid ND" ND ND ND ND ND
Citric acid 5.1+0.87° 8.3+1.4° 30.98+2.4° 37.18+2.8° 16.39+1.8° 5.11£1.0°
Tartaricacid 13.26+1.8° 17.54+1.8° 30.74+3.4° 30.1242.2° 27.41+2.2° 37.48+3.2°
Malic acid 9.5442.1° 7.55£1.2° 28454320 31.3742.8° ND¢ ND¢
Succinic acid 75.14+4.2° 80.33+4.6" 49.81+2.8" 65.36+2.8" 76.54+3.8" 81.95+3.2%
Fumaric acid ND ND ND ND ND ND
Lactic acid 329.54+10.0°  675.57+18.6°  295.14+8.4° 304.29+12.4° 291.12+6.8° 712.41+20.2°
Formic acid ND ND ND ND ND ND
Acetic acid 37.11£2.8° 55.2242.4° 69.58+4.6° 70.48+3.4° 61.69+2.8° 65.11+2.8°

Pyroglutamic acid 50.69+4.8" 55.65+£5.2° 49.15+4.2° 34.763.6" 51.74+3.6" 51.21+4.6"

1) not detected.

2) Values are MeantS.D.
#7¢ Means with the same letter in row are not significantly different by Duncan's multiple range test (p<0.05).
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{Table 8> Sensory evaluation of Tukju, Yakju and Spirit
Color Flavor Taste
. Overall
Liquors Trans- Alcohol Combination Complex Mouth acceptability
parency flavor flavor flavor feel
Takju 4.0+£02"° 4.2+0.1° 4.120.2° 4.0+0.1° 4.0£0.1° 43+0.2°
Jokuk Yakju 4.0+0.1° 4.1+0.1°* 4.2+0.2° 4.3+0.3 4.1+0.1° 4.1£0.1°
Spirit 4.2+0.1° 4.0+0.2* 4.0+0.1* 4.1£0.1° 4.0+0.2° 4.1£0.2°
Takju 4.1+0.2° 42+0.1° 4.0+0.1° 4.0+0.2° 4.140.2° 4.140.2°
Bunkuk Yakju 4.1+0.1° 4.0+0.2* 4.1+0.3* 4.1£0.2° 4.0+0.2° 4.140.2°
Spirit 4.2+0.2° 4.1+0.1* 4.0+0.1* 4.1+0.1* 4.1+0.2° 4.1+0.1°
Takju 4.2+0.1° 4.2+0.2° 4.0+0.2° 4.340.1° 4.1+0.3° 4.3+0.1°
Maek . a a a a a a
ik Yakju 4.0+0.2 4.0+0.1 4.2+40.3 4.4+40.3 4.0+0.1 4.3+0.3
U
Spirit 4.2+0.2° 4.0£0.2* 4.1+0.1* 4.1£0.1° 4.0+0.2° 4.1£0.2°

1) Values are Mean+S.D.

*® Means with the same letter in row are not significantly different by Duncan's multiple range test (p<0.05).
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