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Abstract

The quality characteristics of Takju 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 Takju,
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 Takju, the preference for it was increased
with the Hanareum and A. luchuensis 34-1, respectively. Thus, this study shows the possibilities for activating
the industry of traditional liquor by improving the Nuruk and Takju manufacturing technique.
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F71AF E-A412 HPLC (LC-20A Prominence, Shimadzu Co.,
Kyoto, Japan)& AFH&-8F$1 L column-a KC-811(7.8%300 mm,
Shodex Co.), mobile phase= 4 mM sulfuric acidE, flow
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<. amino acid analysis system (L-8900, Hitachi Co., Tokyo,
Japan)= ©]-&-ste] TSI TH(16).
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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 8.4+027
2 Saccharomyees cerevisiae Y260
0.6 8.4+0.33
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 9.1£0.36
4 Saccharomyees cerevisiae Y281
0.6 8.4+027
1.0 9.2+.033

"Values are meantSD (n=3).

T2 ZAA-FEE A A21HE A6E (2014)

Chicago, IL, USA) ¥4 T2 188 o] &-alo] zhzh U uj
2] E-AFE-A (One-way ANOVA Test)2 F3L p<0.05575=0]]
2] Duncan’s multiple range test(DMRT)Z 31 7+2] th3H]

@E AAsg,

z47} 9l p&k

32 YA So] 53 FRE 03%904 93% dFLL
1% =M%= 99% 4H2S AT Y2688 < SR 2
AR, A& oy ¢=2& P50l -3 03%2]
TEE HAY HAFT TEZ A3 th(Table 1).
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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 meantSD (n=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 CN0O42 16.63+3.26 89.50+12.65 7,836.00+57.33 7,942.13
"Values are meantSD (n=3).
_ o wrEel RIIM 42 2y
Table 4. Analysis of organic acid in rice Nuruk Ty g oA EZEwe 23 F29 74 BAS
Rice Niruk  Organic acid Contents (mg%) Table 40l YEFN AT}, A luchuensis 34-12 W= FH 1)
A luchuensis 34-1  Lich. ranosa CN042 O

Oxalic nd’ 12.69+7.29
Citric 2,421.85+59.74” 35.43+11.09
Tartaric nd nd
Malic 8.55+4.46 9.25+6.25
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 5.950.13 9.20+2.36
Citric 2,064.7967.54 60.59+13.54
Tartaric nd nd
Malic 22474831 16.5316.64
[ — 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 8631

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

FEL citric acid®} formic acid, Lich ramosa CN0O42-&-
acid®} oxalic acid’} T8 §7]42to]m A A 4279 €74
o] AEE UL} o|8 W&, FholF FH2 FE8 3F0]

Sl weh A" F71 F2 x}om AAR F2 H7]
AFL- citric acid®} malic acid® EA %1 f7]14H] R
2 FE o] dFo| wet ghekssith ArSe] {714t
= citric acid?} & F714F] 95% 0]’40 2 FQ frjatez
EXEA =Y, ol BFE &= /7|4 F citric acid7}
97% ol’gelv =l AAThe Yu(18) 59 A7 Aot
= ARG

E!

32
f

U529 72| ofoedt 24
o7E 2 A FFHE AR 5 {7 opn| x4t
4 A3E Table 59 YeERRITE FHr|=2 e A
Iuchuensis 34-1 5 arginine, lysine, glutamic acid,
leucine, tyrosme isoleucine, alanine & 27%<| 2] o}
Aol AEH AR F ofn|Ate] 2 9,983.63 pgmlo]
ATt Lich. ramosa CN042 52 alanine, glutamic acid,
arglnme leucine, valine, lysine 5 25%2] =2 ofn]=ito]
=593, %_ opm| =2kl L 4,609.96 pgmLo| AT
6}01—2 ° 2 TLE A luchuensis 34-1 752 arginine, lysine,
glutamic acid, leucine, tyrosine, isoleucine, aspartic acid &
28%2] el ofvlietto] AEHNL, % ofvliette] g
£ 11,819.56 pg/mL ©|UT}. Lich ramosa CN042 F3-&
26%
ohlcate] ke

59l fe) of

proline, alanine, valine, leucine, glutamic acid, lysine &
o 2 opnligte] HAEHUL, F
7,957.56 pgfmLol ATk, TFH 2 A 2ok A
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Table 5. Analysis of free amino acid in rice MNuruk

32 A214 A6Z (2014)

Chucheong (ugfmL)

Hanareum (ug/mL)

amjﬁ{,ezcid 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 294.71421.32 175.62423.54 527.6338.64 306.35%29.16
Threonine 136.93£18.65 87.20+31.06 206.13£19.65 198.12+14.27
Serine 230.58454.23 129.11446.35 358.41446.38 195.15+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 360.18433.54 347.84+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+22.89 419.25+29.34
Cystine 212.10£54.33 nd 179.29+61.82 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+42.65 662.37438.26 267.19+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 372.36224.68 168.28+23.65 274.53433.48 282.50+30.57
[3-Alanine 175.93435.44 69.92415.03 351.76+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 895.23+89.34 134.73+31.44 1,065.94+67.49 531.28+45.03
Ornithine 123.29+15.12 40.0045.61 116.14£2.79 61.7543.87
Lysine 886.84+57.89 204.14+15.94 945.04433.51 360.63+33.91
Histidine 374.77+24..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£153.32 266.1321.48 1,989.91116.38 439.97+75.43
Proline 327.61464.58 1,332.97+264.85 482.86174.26 1,681.244293.57
Total 9,983.63 4,609.96 11,819.56 7,957.56

"nd is not detected.

MValues are meantSD (n=3).

N =2 FAE

oksl 2Anl o
Fol 2=ukg

A

. A [Juchuensis 34-1-2 Lich. ramosa

e A 2

.
W= arginine,

lysine, tyrosine, valine,

8-S Y= glutamic acid, 52

=
W+ leucine, isoleucine, TS W+ alanine, 275t} kS
W& prolineo 2 22 & FF3} 3ol 0 o] Kl

02 £33 T30 mE AolE Hole=
2 Az o
ot ok AT AoZ AR,

Aoz Hol, g7
59 74 B4l ueh S5 ) AF
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25| —8—0:1
——1:1
f ——1:3
2'0 1 i 1 i 1
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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.
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Fig. 2. Changes in total acidity during fermentation time depending on 724z 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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16% %2 7V =4 YEbsSthFig. 4). 250 e 43 &3et BTS2 citric acid, succinic acid, lactic acid 2
ek =3 1|(15.8~16%)H.th ol E(16.1~16.6%) F= malic acid7} F8 F714t o2 HEH Q) 1.0 H]£9] gho}
o7 "o g AAF R Y & AL TF 2 22 citric acid, succinic acid 2 lactic acid7}, 0:1 H]-&
THE dejcl] @3t Ul d3s g ﬁl)rgl' 18 2] &£ gsuccinic acid, lactic acid 9 acetic acid’7} 2
ATH?23). fr7likel HA 8ER/L fr7lite]l AEESA 1:1 3 13
3.0 3.0
| A | B
25| 25|
E 2.0 |- TE. 2.0 | "
2 I > [ '
5 15F 5 15}
3 s |
210} 210}
E ) £ | ——1:0
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0.5 |- 0.5 |- —h—1:1
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Fermentation time (days) Fermentation time (days)

Fig. 3. Changes in amino acidity during fermentation time depending on Takjuz 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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Fig. 4. Changes in alcohol content during fermentation time depending on 7zkju 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.
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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” 0.34+0.02 0.40£0.08 04320.09
Citric 133.87£33.26 8.38+1.21 81.5146.64 46.14+8.64
Tartaric nd” 11.85+3.39 0.09+0.02 nd
Chucheong Malic 2825+1.18 35.26+7.46 33.924597 32.44+11.09
Succinic 60.77£5.43 66.0618.62 68.29£13.51 61.60+11.43
Lactic 54.80+324 78.3419.63 60.75+3.48 68.25+21.84
Acetic 6.47+1.69 8.80+2.18 11.62+2.67 8.67+2.84
Total 284.59 209.03 256.57 217.53
Oxalic 0.56:0.08 0.2920.09 0.4020.06 0474011
Citric 11191£22.36 11.083.02 61.9549.15 35.7143.15
Tartaric nd 12.477.69 nd 13.27+2.69
Hanareum Malic 38241841 28.72+6.94 38.04+7.46 32.108.07
Succinic 64.93+10.08 71814667 62.43+11.06 66.40+12.22
Lactic 54.1616.61 60.44£528 64.5749.07 65.09+11.05
Acetic 12.56:4.42 37.04£398 9.75+1.62 13453.66
Total 282.36 221.84 237.16 226,50

"nd is not detected.
DValues are meantSD (n=3).
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Table 7. Analysis of free amino acid content in Takju

Free
amino acid (puL/mL)

Contents (ug/mL)

Clurcheong

Hanareumn

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£3.24” 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 n.d” 6.54+1.05 9.26+2.01 8.9242.13 6.94+1.12 9.03+6.21 11.10£1.21 10.31£2.23
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 81.03157.61 160.86+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£12.21 173.4746.13 145.38+21.29 213.26+33.61 127.74£18.16 201.96113.67 185.18426.18
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

nd is not detected.
DValues are meantSD (n=3).
EtFo| asyot 713 %% A luchuensis 34-1 : Lich. ramosa CN0425 1

ME e e eR Az Arso R Ble 850 H& 2 A Z3 57}, J0u|E 0102 A 23 Zo] °"6¥
He% 7t AZE Table 8ol UERNRA ‘1} g0 547, Aoz yehd v 132 A3 g5 7Y w2 HA
H5H 7oA AR A olgke 7]5/489] Aol 7] Wi S ol h2Z o)A A luchuensis 34-1 F=2] o]
ol A Al oAl Aol= GAT TL TF Ul 584 E B YIRS BT, A FEL %zé s} 3
A Mmdte] A3te RASAS W A, @ g AN ojgom ule gie) Fan AAA J) TR S5
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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° 28.619.2° 3.120.6° 6.1£1.7°
Juchuensis 34-1 - 0:1 20.1£2.3° 13.7+4.4° 2546.0° 2.7:09"° 59413
Clucheong Lich ’ X
. 1:1 16.6+2.1* 16.33.0" 29.619.3" 2.940.9" 6.3£1.2"
ramosa CN042
13 13.744.6° 1434.7° 2372 23:10° 56£19°
1.0 17.3£1.8° 16.8+12.7" 312415 29+1.5° 71824
A , ,
Juchuensis 34-1 - 0:1 22.7+2.3 15.0+9.4° 274+ LI 2.6£1.1% 5718
Hanareum Lich ’ ) ) ) " )
ch. 11 18.0£1.8 172127 34.1£15° 3.7£1.5° 7.1£1.5°
ramosa CN042
1:3 15.6+1.7° 14.019.4* 25.0£0.9° 2.1+0.9° 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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