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Abstract

The quality characteristics of 7akju were investigated according to the different rice varieties and mixing ratio
of Nuruk for the advanced quality of Takju. The yeast was selected by alcohol-producing ability. Then a liquid
starter was prepared using brewing fungi (Aspergillus luchuensis 34-1 and Lichtheimia ramosa CN042), and rice
Nuruk was manufactured with two rice types (Chucheong and Hanareum). The quality characteristics of Takju
were investigated based on the rice type and the mixing ratio of A. luchuensis 34-1 and Lich. ramosa CN042
(1:0, 0:1, 1:1, 1:3). S cerevisiae Y268 showed an alcohol yield of 9.3+0.33% at a 0.3% concentration in the YPD
broth medium, and the rice Nuruk with A luchuensis 34-1, regardless of rice type, was confirmed to have a higher
enzyme activity and physiochemical property than Lich. ramosa CN042. According to the quality analysis of Zakju,
the physiochemical property was increased for the fermentation period, and the acidity differed by type of fungi
and rice. The quality of Takju was changed with the composition differences of organic acid and free amino acid
by rice type and mixing ratio. As a result of the sensory evaluation of 7ukju, the preference for it was increased
with the Hanareum and A. Iluchuensis 34-1, respectively. Thus, this study shows the possibilities for activating
the industry of traditional liquor by improving the Muruk and Takju manufacturing technique.
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AR ol WE d3E TS RAH] A8, 457
9] S cerevisiae Y190, Y260, Y268, Y2815 YPDH| ||
&3k 30CAA 24413 vl st $, BAH CO S &
oIk tE T3k &% Frol wE &3E AT dextrose
£ 24% #7Fs YPDHIA|] 244 ERE 7t FER(O,

0.3, 0.6, 1.0%(v/v))Z =3} 30Tl A 60417 Bl k53
on, WY & AHE ¢IE FFES FFIATA3).

UHER Y W A=
MBAH|ET-2 20-mesh sieveZ AE L7]E HIAE
T(121°C, 2588l o7 2&7F9 Fxg FFo|(
luchuensis 34-1, Lich. ramosa CN042)E 7zt HE3ke] 3
7+ wiK30°C, 100 rpm)3tAT. A vjke) 5%S R uj ) #]
ol HFsto] 443t vl K30TC, 100 pm)d ¥, A AEHS
A AANFZE AZSAT B2 2579 & F5G
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Lich. ramosa CNOR2Z A 23+ A+5) 100 g 7H-He
180%, AV S5+ S cerevisiae Y268Z 0.3%(viw) J=3}
A3, 1 L 8712 25ColA 6¥7t Hast &, FAE=E o7
St AAE A2 ARSI FAATE B Aol =
T F4 g Fxsh] Hsl & F59 59 uig
Hlgol| & F4 545 ZUHA sH3th 53] dFE=
A3 B=59] wig ¥vSLS A Juchuensis 34-19} Lich.
ramosa CN042-& 1:0, 0:1, 1:1, 1:39] R0 2 4 FHo°
g5 A=zt

AHESE] O BAIEE ¢]9] Gay-LussacEZA] 15CE BA
ahe] U3,
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pHE= pH meter(Metrohm 691, Herisau, Switzerland)Z 2
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(15~20C)oll A 3717 3]
Z. oqura} ZaLNE Y %Aﬂ gage 40l wet

714 A el ofd|-At B4
714k 42 HPLC (LC-20A Prominence, Shimadzu Co.,

Kyoto, Japan)= A-8-3} 3L column-2 KC-811(7.8%300 mm,
Shodex Co.), mobile phase™= 4 mM sulfuric acid<, flow
ratex= 0.6 mL/min, injection volume- 10 pL, detectore
PDA(210 nm)E AHE-SFATHIS). 8] ofr]=it E2492 A
1 g9l 70% ethanol=- 108 ¥ &3 ths, 71<€ 2
3k & 79t F53149 0.02 N-HCIZ 9|31 0.2 um
membrane filter (Millipore Co. Cork, Ireland)Z =} o]}t
<, amino acid analysis system (.-8900, Hitachi Co., Tokyo,
Japan)& ©]-&-3to] A13HATH16).
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Table 1. Comparison of alcohol-producing ability by various
yeast

No. Species Concentration (%) FEtOH (%)
0 0+0.00"
03 9.1+0.36
1 Saccharomyces cerevisiae Y190
0.6 8.7+0.42
1.0 8.9+0.27
0 0£0.00
03 8.40.27
2 Saccharomyees cerevisiae Y260
0.6 8.40.33
1.0 8.8+0.18
0 0£0.00
03 9.310.33
3 Saccharomyces cerevisiae Y268
0.6 8.1£0.27
1.0 9.910.27
0 0£0.00
. 03 9.130.36
4 Saccharomyees cerevisiae Y281
0.6 8.40.27
1.0 9.2+.033

"Values are mean+SD (0=3).

815] 2] A21H A6Z (2014)

Chicago, IL, USA) $A] ZZI3-& o]-83}o] Z+z} dAnj
X E-2HE2d(One-way ANOVA Test)S )3l p<0.055F0l
] Duncan’s multiple range testOMRT)E B3t 7+] t}5H]
wE AT

S35 am My
%i% TS AR A 45572
XA Y190, Y260, Y2682 CO2
Fo] JjF o=z l:’iﬂ] LFERg THdata not shown). 12
=1(0, 0.3, 0.6, 1%)Z B3+ A3},
dE A5l *?‘& ERE 03%°14 93% 4FLE,
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Table 2. Physicochemical characteristics of rice MNuruk manufactured by using different kinds of rice and brewing fungi

Quality Clucheong Hanareum
characteristics pH Total acidity (%)  Amino acidity (mL) pH Total acidity (%) ~ Amino acidity (mL)
A luchuensis 34-1 3.77+0.03" 0.380.035 2.62+0.83 424022 0.26+0.03 2.98+0.15
Lich. ramosa CN042 5.0620.11 0.03+0.03 0.750.02 5.3020.18 0.04+0.01 1.43+0.23
"Values are mean+SD (0=3).
Table 3. Enzyme activity of rice Nuruk manufactured by using different kinds of rice and brewing fungi
Enzyme activity (units/g)
Rice Strains —
a-amylase Glucoamylase Acidic protease Total
A luchuensis 34-1 161.45+4.65" 370.96422.69 17,343.60+29.38 17,876.01
Chucheong .
Lich. ramosa CN0O42 17.9342.13 58.43+11.08 5,24520+23.71 5,321.56
A luchuensis 34-1 182.33£11.08 372.12433.73 16,449.60+49.68 17,004.05
Hanareum
Lich. ramosa CNO42 16.633.26 89.50+12.65 7,836.00+57.33 7,942.13
"Values are mean+SD (n=3).
. o YeSo| 7|4 HE BA
Table 4. Analysis of organic acid in rice Nuruk FZE 9 ® TRy 23 T2 S RS
Contents (mg?%) Table 49 YERNSITE. A Juchuensis 34-1Z THE F3 1]

Rice Muruk  Organic acid

A luchuensis 34-1

Lich. ramosa CN042

Oxalic nd” 12.69+7.29
Citric 2,42185+59.74” 35.43+11.09
Tartaric nd nd
Malic 8.55%4.46 9.2546.25
Chucheong Succinic nd 6.08+1.34
Fumaric nd nd
Lactic 1.89+1.05 nd
Formic 54.44+21.08 nd
Acetic nd nd
Pyroglutamic nd nd
Total 2,486.72 63.44
Oxalic 5.95+0.13 9.20+2.36
Citric 2,064.79+67.54 60.59+13.54
Tartaric nd nd
Malic 22474831 16.53+6.64
P Succinic 5.69+3.26 nd
Fumaric nd nd
Lactic nd nd
Formic 10.76+5.44 nd
Acetic nd nd
Pyroglutamic 15.45+6.39 nd
Total 2,125.10 86.31

"n.d is not detected.
Walues are meantSD (n=3).

F=2 citric acid®} formic acid, Lich. ramosa CN042-& citric
acid®} oxalic acid’} L& F7]4ko|H HA 4F7F2 /714
o] AZH Utk o]} W=, holg F5F-& Y8 F30]

ol ot AAE F71E 74'017]' UAT F8
AFL- citric acid®} malic acidZ 24 E 3 7712 257
A FF o T wet oeksiath 259 {7
Z citric acid7} & §-7)2k] 95% oo 2 FQ -%—7]’\}&

A=, ol BFE F /714 T citric acid7}
97% oldolut eFE ol A= Yu(1y) 52 A Ao}
T AT

I ko i

r> M1

Ar20| 2| ofg| At B4

Eiaat ’é} EF2HZ Az T2 g ofnxat
£ ZA3E Table 59 YeEHATE FH0|E WHE 4
luchuensis 34-1 52 arginine, lysine, glutamic acid,

leucine, tyrosme isoleucine, alanine 5 27%%] frg] olv]=
Aol AEH AL F obv]iethe] e 9,983.63 g/mLo]
ATt Lich. ramosa CN042 “+5-& alanine, glutamic acid,
arglnme leucine, valine, lysine 5 25%9] &2 o}r]=2to]
SH AL, F obr)iite] e 4,609.96 pgmLo] AT
‘5}0]-?——0 2 Y= A [luchuensis 34-1 ‘752 arginine, lysine,
glutamic acid, leucine, tyrosine, isoleucine, aspartic acid &
284‘4 8] obri=Ate] AEHAAL, F obli=qte] gk
L 11,819.56 pgmL ©|Q}. Lich. ramosa CN042 F5-&
prohne alanine, valine, leucine, glutamic acid, lysine ‘& 26%
o §2) ohvlitto] AEHUL, % ofuliite] gk
7,957.56 pgfmLo] Atk #FEE AZ23 Ar59] fe of
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Table 5. Analysis of free amino acid in rice MNuruk

Free Chucheong (ugfmL) Hanareum (ug/mL)
amino acid A Lich. A Lich.
luchuensis 34-1 ramosa CN042 luchuensis 34-1 ramosa CN042
Phosphoserine nd” nd nd 70.4616.46
Urea 10.78£2.36” 60.5417.52 25.85£3.58 409.04+42.57
Aspartic acid 294.71421.32 175.6223.54 527.6338.64 306.35%29.16
Threonine 136.93+18.65 87.20£31.06 206.1319.65 198.12+14.27
Serine 230.58+54.23 129.11+46.35 3584144638 195.15+48.36
Glutamic acid 736.85+2691 271.47+22.16 871.83194.16 373.57+36.43
Sarcosine nd nd 25.7345.61 nd
a-Aminoadipic acid nd 21.7147.59 61.71£2.89 59.09+1.26
Glycine 165.96+14.52 68.7313.54 215.1646.32 225.87+33.18
Alanine 360.18+33.54 347.84+16.98 447.59+18.27 578.37+65.42
a-Aminobutyric acid 34.5743.58 nd 7.500.67 nd
Valine 283.00£16.28 227.17+33.44 400.65+22.89 419.25429.34
Cystine 212.10£54.33 nd 179.29461.82 nd
Methionine 270.56%32.68 100.66+21.69 189.18+45.30 152.99£16.27
Cystathionine 150.97+33.64 65.24+8.94 nd 82.88426.13
Isoleucine 392.51+15.01 141.57+42.65 662.37+38.26 267.19+19.91
Leucine 725.64+48.98 256.58+33.48 782552745 418.55+42.49
Tyrosine 647415459 163.52+24.95 738.00£68.66 260.37+16.68
Phenylalanine 372.36124.68 168.28+23.65 2745313348 282.50£30.57
[3-Alanine 175.9335.44 69.92+15.03 351.76+18.94 111.52+19.51
3-Aminobutyric acid 166.58+16.57 56.9149.12 173.22+21.15 79.25+26.67
¥-Aminobutyricacid 140.96+21.23 92.75+8.34 315.20423.62 186.98+13.87
Ethanolamine 9.32+2.64 22.66+4.68 18.05+7.02 51.63+10.94
Ammonia 895.23489.34 134.73£31.44 1,065.94+67.49 531.28445.03
Ornithine 123.29+15.12 40.00£5.61 116.14+2.79 61.75£3.87
Lysine 886.84+57.89 204.1415.94 945.04£33.51 360.63£33.91
Histidine 374.77424..69 104.51422.46 329.98+16.54 153.57+13.53
3-methylhistidine 23714944 nd nd nd
Anserine nd nd 57.35+13.24 nd
Argginine 1,834.30+153.32 266.13+21.48 1,989.91£116.38 439.97+75.43
Proline 327.61£64.58 1,332.97+264.85 482.86+74.26 1,681.24+293.57
Total 9,983.63 4,609.96 11,819.56 7,957.56
"nd is not detected.
Walues are meantSD (n=3).
0= Ahe BAE Ato| M A Juchuensis 34-15 A %38 lysine, tyrosine, valine, 72 9t-S U+ glutamic acid, 255

29] Z olu| At - Lich ramosa CNO42RE.TH oF 2u) W= leucine, isoleucine, &Bt-S W< alanine, <55t ©obs

NG =0 A0 T Hol A luchuensis 34-1S Lich. ramosa W= proline o 2 22 & FF3 il W& x}ol ETJ——
CNO421.TH E3jgo] F3) =& £x2 tehle 3¢ T T dEel] ME Aol S HolE Jom Hel, &
F Aok £ AXYE W o9 4 54 we} 53 I 7‘411:1

Wrse] Fo obrlite o 2uE W arginine, ¥ BE AT Ao AAH
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9. & 01?01]*1 Az g+ = H
pHE 31914 372 Fs3he
g F5 i gH S w}% ‘Mb A °-‘%M<F1g. D. E'—Js;:
71t o] Ate Wste 2 FF 2 rE Sl w2t
Walete Ao g YeldthFig 2). & F50l daglol uy
gulgol wet 1:.03 1:3& A5t whdol, 0:13 1:1
sttt faske AEE BT B Alse £ F
v)e} HEGO FEFS PIA= AOE LA ATh0). &
ATFNA Ax3 B Jte= %é-"l" 71221 05% ©]
slol] F-ghete] Atsfo] fj@de] fle ASRE Ko, S
Al 9Hae] o] A S 3783 Park2l) 5 AT A%
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4.0
3.5
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3.0 +
[ ——1:0
25 |- —8—0:1
+121
7 ——1:3
2.0 1 1 M 1
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Fermentation time (days)

fr

o} FARSHAE g &89 opv|:Ats W= AdEa)
7:‘3*010% 2 FF et 2 Akole HolA| kA RHFg.

HHEJH]EOH me} 2ol o, I F 1.02.%
HH @rﬂ g3 269 ofu| At} 207, 2312 7HE =4
et 53], 8 6dA, B FtolA g5 &89
olm| AT 7} 3.5 0]519] 7] wjiEo F-AA =78 g
e BoE A AXIT

o & %5 ) Hﬁfﬁﬂltgoﬂ ‘I}E‘r Z Aol HolA|

AA, BE7I] E G2 AEL BE 6LAE
4.5
B
4.0
3.5
- I
o
3.0
i —_—1:0
25| —8—0:1
——1:1
- ——1:3
2.0 1 i 1 i 1
2 4 6

Fermentation time (days)

Fig. 1. Changes in pH during fermentation time depending on 7a4ju manufactured by rice varieties and combination ratio of rice Nuruk
Symbols: A; Chucheong, B; Hanareum, W, A luchuensis 34-1:Lich. ramose CN042=1:0, @; A luchuensis 34-1:Lich. ramose CN042=0:1, A; A luchuensis 34-1:Lich. ramose

CNO42=1:1, W, A luchuensis 34-1:Lich. ramose CN042=1:3.

1.0
A ——1:0
i —8—0:1
0.8 | —h—1:1
—y—1:3
= | T
< 06| T ! 1
£ T
= 1
i |
S04l
3
[=] 3
(= .
02| 1
0.0 1 1 : L

M)

4 6

Fermentation time (days)

1.0
B —-—1:0
—8—0:1
0.8 —h—1:1
——1:3
<
= L T ;
=" | 1 I
= i | |
(%]
® 04} ‘: —E *
3 I :
[ 3 5 I T
0.2 | 1
0.0 1 : L . 1

2 4 6

Fermentation time (days)

Fig. 2. Changes in total acidity during fermentation time depending on 72kju manufactured by rice varieties and combination ratio of

rice Nuruk.

Symbols: A; Chucheong, B; Hanarcum, Wk, A luchuensis 34-1:Lich. ramose CN042=1:0, @; A luchuensis 34-1:Lich. ramose CN042=0:1, A; A luchuensis 34-1: Lich. ramose

CN042=1:1, VW, A luchuensis 34-1:Lich. ramose CN042=1:3.
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Fig. 3. Changes in amino acidity during fermentation time depending on 7akju manufactured by rice varieties and combination ratio

of rice Nuruk.

Symbols: A; Chucheong, B; Hanarcum, Wk, A luchuensis 34-1:Lich. ramose CN042=1:0, @; A luchuensis 34-1:Lich. ramose CN042=0:1, A; A luchuensis 34-1: Lich. ramose

CN042=1:1, ; A luchuensis 34-1:Lich. ramose CN042=1:3.
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of rice Nuruk

Symbols: A; Chucheong, B; Hanareum, W, A luchuensis 34-1:Lich. ramose CN042=1:0, @; A luchuensis 34-1:Lich. ramose CN042=0:1, A; A luchuensis 34-1:Lich. ramose

CNO42=1:1, W, A luchuensis 34-1:Lich. ramose CN042=1:3.
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Table 6. Analysis of organic acid in Takju

Contents (mg%)

Rice Muruk Organic acid A luchuensis 34-1 : Lich. ramosa CN0O42
1.0 0:1 111 1:3
Oxalic 0.45+0,08” 0.340.02 040+0.08 043+0.09
Citric 133873326 838121 81.51£6.64 46.14:8.64
Tartaric nd” 11.85£3.39 0.09+0.02 nd
Chucheong Malic 28.25:1.18 35.26+7.46 33924597 32.44+11.09
Succinic 60.77+543 66.06+8.62 68.29+13.51 61.60+11.43
Lactic 54.80+3.24 78.3449.63 60.75+3.48 68.25+21.84
Acetic 647£1.69 8.80£2.18 11.6242.67 8.672.84
Total 28459 209.03 25657 21753
Oxalic 0.56£0.08 0.29:0.09 0.40+0.06 047+0.11
Citric 111.91£22.36 11.08+3.02 61.959.15 35.7143.15
Tartaric nd 1247+7.69 nd 13.2742.69
Hanareum Malic 38241841 28.72+6.94 38.04£7.46 32.10£8.07
Succinic 64.93+10.08 71812667 62.43£11.06 66.40+12.22
Lactic 54.1646.61 60444528 64.5749.07 65.00+11.05
Acetic 12.56+4.42 37.04+398 9.75+1.62 13.45+3.66
Total 28236 2184 237.16 22650

"n.d is not detected.
Values are meanSD (0=3).

g3 Az Al AR = F714ke] OiFE lactic acid, acetic
acid, succinic acid, citric acid2h= Choi(25) &< <}
AR 235 EAATh

# 2% U £2 glsol IE =5 axel K2l o)
oo BN
SPFRYOR AZF BT fe) opulwal £4] Az

E Table 79 YERAIE F40] <Tle] 4, 1.0 vjgulE
2 arginine, hydroxylysine, citrulline, proline, glycine,
glutamic acid, lysine, leucine, tyrosine, 0:1 HJ&H]&L
citrulline, arginine, proline, glutamic acid, glycine, tyrosine,
valine, leucine®] FAEE AT} 1:1 ¥ ]2 hydroxylysine,
citrulline, arginine, proline, glycine, glutamic acid, leucine,
valine, tyrosine, 1:3 HJ3H]-&-2 citulline, proline, glycine,
hydroxylysine, arginine, leucine, lysine, tyrosine®] 7=%| %1
th. F4n €89 F2 F2 ok #5l(arginine),

0|5 2H8-S 5+ citrulline, hydroxylysine 50|13z, Z}2}+2]
FEE FFolet v 1E]a o] 59 wiFel] wE HA

72 otk ZHEE 77 we} 24 % BRge
FEY 5 Ak

SholE &0l 49, 1:0 B FH]E&-2 arginine, citrulline,
glycine, proline, glutamic acid, lysine, leucine, tyrosine,
valine, phenylalanine, isoleucine, aspartic acid®], 0:1 Bl g}H]

&2 citulline, arginine, proline, glutamic acid, glycine,
hydroxylysine, leucine, lysine, tyrosine, valine, phenylalanine
o] & frg] opr|=ite g AESHAG 1.1 B 13 WjF
Hl&o] wE Z}o|= citrulline, hydroxylysine, arginine,
glycine, proline, glutamic acid, lysine, leucine, tyrosine,
valine, ornithine, aspartic acid’} & 8] oju|xAalo 2
ASHALL, F FF 11 g 123 v vlsol gl
o F8 e oAt AL AL fFAFSIAH ek
=59 F8 78] o =4k arginine, citrulline, hydroxylysine
2 FAv| o] FQ ov|=bw e AR g Aol
7 &2 Aoz Yo, F opv|ite] ke &
FEo wet FHVE AR A, wignlEol wet 1.0
HI-&2 394201 ug/mL, 0:12 2,368.69 ug/mL, 1:1>
3,771.27 pg/mL, 1:3-2 3,663.43 ug/mLo| L, SrolEut AL
£35S W, 1:0 Bl&L 4,197.5 ugmL, 0:1 2,804.2
ug/mL, 1:18 4,439.87 ug/mL, 3,962.73 ug/mLo] L, F34
AR FolEg A SRS W LE WE ngdA Sl
obuliste] %7 AEHAT E, T wIF MU
AR, $% FF0) whe} Fo ofueite] B2 2%
Helek o] AE BF A% A AHgekE WEA FF
weh fre) ohlielte] £40) F7) debAu], e Al
o, A5, Bt 9 29kg ekl fe) obuleatEol
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Table 7. Analysis of free amino acid content in Takju

Contents (ug/mL)

Free Chucheong Hanareum
amino acid (uLmL) A luchuensis 34-1 : Lich. ramosa CN042 A luchuensis 34-1 : Lich. ramsa CN042
1.0 0:1 1:1 1:3 1.0 0:1 11 1:3
Phosphoserine 13.55+3.247 11.462.31 12494351 6.02£1.08 14.60+2.23 12.46+3.34 14.2343.54 12.822.02
Urea 8.71+1.63 8.70+1.84 5.9610.67 17.1243.59 3.9840.66 8.56+1.69 7.64+1.08 3.28+0.43
Aspartic acid 82.92+11.05 72.34+6.64 95.59+11.36 66.34+4.81 101.20+12.44 73.7416.46 104.08+36.12 91.53+4.38
Threonine 35.9847.32 2331£3.58 34.5745.41 36.116.62 45.3848.12 36.7615.21 45.71£5.48 43.39+5.62
Serine 64.5919.69 33.24+4.76 57.8849.56 54.3613.94 79.72£11.93 50.7546.39 73.64£13.56 66.4918.92
Glutamic acid 261.29+13.54 170.10£15.78 24277+32.58 2268143546  316.80+45.54 193.04£26.54 2052242298  266.18+13.28
sarcosine nd’ 6.54+1.05 926201 892+2.13 6.94+1.12 9.03+621 1110121 1031223
a-Aminoadipic acid 7.3610.79 nd 5.24+0.87 4.8611.63 7.6912.45 1.5910.36 7.0311.04 5.09+1.64
Glycine 274.95£33.64 133.51£18.69 205.10437.68  354.24+5836  355.35%66.21 170.78£12.35 3924012854  336.10£46.22
Alanine 82.3849.16 57.5249.21 78.69+11.36 121.74£18.57 98.70+13.11 71.82+4.28 99.72£11.65 94.11+4.89
Citrulline 429.92+28.61 449.95+66.48 4415842352  659.67+43.98 503.95+48.67 434.34+44.39 552.75+38.88  527.11+13.44
a-Aminobutyric acid ~ 19.73£2.69 nd 11.70£2.64 8.70£1.07 17.85+3.19 nd 14.776.11 10.37+1.63
Valine 127.56+21.13 89.48+7.02 127.67£13.68 124.34+34.26 166.17£21.65 111.03+21.12 148.12+32.08 129.74+21.87
Methionine 74.29£21.01 27.7243.67 60.42+7.15 50.67£7.26 886617.51 45.5614.69 69.0916.36 47.6419.53
Cystathionine 53.6919.28 9.94+1.55 46.97+.46 41.4419.14 63.1416.69 6.1611.36 47.5249.25 8.62+1.62
Isoleucine 94.42+10.63 35.0417.26 84.45£10.39 76.3916.15 119.86122.48 55.78132.64 100.77£15.81 68.4618.44
Leucine 162.69+16.35 80.51£10.51 146.48+21.06 157.96+21.35 211.40+19.15 129.87+22.65 176.79£73.1 152.12£13.53
Tyrosine 132.82+15.65 89.91£6.38 127.1119.42 131.25£9.48 170.23+21.20 124.008.52 157.91+23.65 138.88+22.64
Phenylalanine 72.78+8.65 71.69£8.24 81.32+11.21 95.75£13.55 125.57£3.98 103.146.16 111.25+18.24 108.67+3.81
3-Alanine 23.7316.48 18.1419.01 13.39£6.45 7.46+1.48 49241928 15.94+2.12 31.26+4.34 24.93+6.24
3-Aminobutyric acid ~ 66.2048.21 8.91+0.67 46.18+8.38 20.88+2.84 68.69+8.21 25.94+3.48 49.56%6.36 38.69+7.16
¥-Aminobutyric acid ~ 21.53+3.18 15.41£7.31 22.5446.51 18.85£3.69 36.09+6.39 21.66+6.81 30.17+4.85 28.16%3.58
Ethanolamine 2.09+0.58 2.15+£0.95 nd 15.66+1.59 4.54+1.08 1.28+0.66 1.79+0.12 1.70£0.11
Ammonia 196.82+18.36 2209143511 2272743297 1522941636  217.29+28.32 207.29+32.54 2377613644  234.32+34.56
Hydroxylysine 496.76+54.13 139.68+26.12 460.27426.88  295.57+22.18 81.03+57.61 160.86+12.32 489.5015549  463.96+26.84
Ornithine 94.79+7.36 39.06%6.15 84.15£4.26 66.72£13.31 53.83£6.34 32.30£6.95 80.40£11.73 84.67£721
Lysine 193.64+16.32 89.00£12.21 173.476.13 145.38+21.29 213.26+33.61 127.74£18.16 201.96113.67 185.18+26.18
Histidine 70.33+8.26 19.1843.14 56.92+7.84 32.65£9.33 83.37+8.64 27.89+3.84 64.30+7.18 52.46+4.69
Arginine 512.62+44.26 236.89+34.34 425.1549.46 271.70+12.45 564.82+24.79 314.17+26.46 468.78+51.28  411.23+54.12
Proline 263.87£18.65 208.40£15.48 206.68£36.46  387.58+23.54  328.15%3345 230.72+13.84 354.65t21.64  316.52+45.44
Total 3,942.01 2,368.69 3,771.27 3,663.43 4,197.5 2,804.2 4,439.87 3,962.73

"n.d is not detected.
"Values are meanSD (n=3).
Etxo| 2=9got 713 %% A luchuensis 34-1 : Lich. ramosa CN042S 1:1

AMZ e drEE AXS AFFoF Ble BFo H&2 A Z3 g57) Iu= 0102 A Z3E ZAo] 53
H5H7F ABE Table 89 YEMATE &9 5474, Ao 2 Yehd ukdd) 132 A|Z3 B5e 7P W 3y
W7t AE g ot 7154 Alol= 7] Wi S ol UlRE o) Rk A luchuensis 34-1 =] FHako]
ol A AFellA {2121 Aol YIAT FY 1F ol SR 20 JZEE HYa, & FEL FHv|HET 8
Al vlaste] Ag B S o A, g st 2 HREFQl olg o= "l 8o =y} AA|ZQ] 7| EEoA gk
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Table 8. Sensory properties of Takju by different combination ratio of different Nuruk

Nuruk Rice Nuruk Ratio Color (25) Flavor (20) Taste (40) Throat taste (5)  Overall acceptability (10)

1.0 15.0£2.9° 15.6+3.0° 286192 3.1:0.6° 6.1£1.7"
Juchuensis 34-1 - 0:1 20.1£2.3" 13.7+4.4" 25+6.0" 27409% 5913
Clucheong Lich ’ . . \ " .
. 1:1 16.6£2.1 16.33.0 29.619.3 29409 6.31.2

ramosa CN042 .
1:3 13.7+4.6" 1447 23472 23:10° 5619
1.0 17318 16812.7" 312415 29£15" 71824

A

Juchuensis 34-1 - 0:1 2723 15.0£9.4° 274+ 1.1° 26:1.1° 5718
Hanareum Lich. ' a a a ab a
ch. 11 18.0£1.8 172+12.7 34.1%1.5 3715 7.1£15
ramosa CN042 ) X )
1:3 15617 14.0+9.4* 25.0%0.9" 2.1£09 54+1.1°

“Values in the column followed by the same letters are not significatly different at p<0.05 level by duncan’s multiple range test.
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