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Abstracts

In this study, we aimed to develop mixed grain-derived hard liquor with enhanced favor and taste. First,

fermentation characteristics analysis according to the grain used showed that rice and adlay produced high alcohol outputs
of 15.2% and 13.3%, respectively, while that of barley was low at 5.6%. In an experiment in which different amounts
sorghum flour were added, the sample without sorghum flour showed an alcohol content of 19.0%. The effect of adding
up to 7% ipkuk (koji) was examined in a sensory test. Comprehensive preference increased with increasing amounts of
added ipkuk. Fermentation characteristics analyses of distilled liquor into which milled rice (5% degrees of milling of
unpolished waxy rice) was added showed that alcohol content and acidity were not greatly affected by its addition. Finally,
an analysis of aromatic ingredients showed that the percentage of ethyl palmitate, which produces a smooth aroma, was

the highest in distilled liquor made of mixed grains.
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Fig. 1. Changes of alcohol content, total acidity, reducing sugar and QDA profile during fermentation of mash made with grains. @:

Rice, l: Barley, A: Sorghum, x: Adlay
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Fig. 2. Changes of alcohol content, total acidity, reducing sugar and QDA profile during fermentation of mash made with sorghum
addition. 9: Sorghum 0% , l: Sorghum 5%, A: Sorghum 10% , x: Sorghum 15% , x: Sorghum 20%
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Fig. 3. Changes of alcohol content, total acidity, reducing sugar and QDA profile during fermentation of mash made with ipkuk (koji)
addition. @: Ipkuk 0% , B: Ipkuk 7%, A: Ipkuk 17% , *: Ipkuk 27% , *: Ipkuk 33%
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Table 1. The organic acid content of during fermentation of mash made with ipkuk (koji) addition (ppm)

Addition amounts of Fermentation period (day)

Organic acid

Ipkuk (koji) (%) 3 5 7 9
0 26.8+3.5° 26.5+£1.4° 19.043.5¢ 21.5+1.5¢
7 282.9+12.3¢ 302.5+9.8° 319.0+9.5¢ 339.2+22.6¢
Citric acid 17 873.0+£10.5¢ 866.0+10.2° 916.7+14.1° 941.6£10.3¢
27 1,588.8425.3 1,497.3£18.9° 1,604.1£19.2 1,604.6+54.2°
33 1,930.3£13.3° 1,913.3£20.5° 2,096.0+20.° 2,088.5£112.6*
0 1,176.3+14.7° 1,999.7+17.3¢ 1,726.4+13.3¢ 1,119.8£15.3°
7 2,907.2+23.1° 3,909.74+24.5° 3,091.3+145.2¢ 2,264.0£26.7%
Malic acid 17 3,927.3+£20.8" 3,425.6+34.2° 2,550.0+£23.6° 1,553.4+15.6°
27 3,621.2+11.0* 2,450.5+£20.9¢ 1,978.4+118.9¢ 951.6+20.1°
33 3,810.5+£16.2* 2,452.1£18.2¢ 1,730.6£121.0° 741.5£10.7°
0 181.1x2.5° 461.6£5.9° 363.01+14.2° 293.4+8.9°
7 622.7+14.5° 72.0+4.2° 48.8+3.9° 76.9+5.4°
Succinic acid 17 36.9+1.0° 63.3£2.4" 64.7+5.8" 53.5+4.3
27 34.9+2.4° 45.342.6° 50.7+4.0° 41.6£1.5°
33 29.4+0.5¢ 28.5+1.1¢ 33.0+5.3 25.4+1.2¢
0 218.2+15.1¢ 518.9+10.0° 827.4+10.6° 1,504.3+10.2¢
7 386.5+9.8¢ 1,638.4+15.2¢ 2,106.9+85.5¢ 4,051.9+150.6°
Lactic acid 17 832.6£10.2° 3,435.1£25.9¢ 4,033.5+£94.3¢ 4,996.9+230.2°
27 1,271.6+23.8° 4,659.3+33.4° 5,397.6£253.2° 6,365.4+315.9°
33 2,465.4+54.2° 5,340.1+£38.2° 6,318.0£145.9° 7,478.7£245.1°
0 0.7+0.1* 13.3+1.0° 18.3+2.1* 20.5+0.5*
7 1.0+0.2° 28.3+£1.2% 29.0£1.0* 23.4+2.3%
Acetic acid 17 - - - -
27 - - - -
33 - - - -

Each value is expressed as meantSD (n=3).
**Different letters show significant difference by Duncan’s multiple range test at p=0.05.
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Fig. 4. Changes of alcohol content, total acidity, reducing sugar and QDA profile during fermentation of mash made with unpolished
waxy rice with different degrees of milling (DOM). €: Control (Rice), ll: DOM 7%, A: DOM 5%, x: DOM 3%, x: Unpolished rice

Table 2. The free sugar content of during fermentation of mash made with addition of rice 5% degrees of milling (mg/mL)
F Addition amounts of Fermentation period (day)

fee sugar rice 5% DOM (%) 3 5 7 9
70 0.8+0.3" - - -
Fruct 60 1.040.2° 0.4+0.1° . -
fuctose 50 0.8+0.3° 0.3+0.1° - -
40 1.1£0.2° 0.3£0.1° . -
70 1.4£0.2° 0.5£0.2° - -
Ml 60 0.320.1° 0.5£0.1° - -
attose 50 1.140.3° 0.4+0.1* - -
40 1.240.2° 0.5£0.1° - -
70 2.440.3" 1.40.1° - -
S 60 2.540.5° 0.6+0.1° - -
uerose 50 2.740.5° 0.4+0.2° - -
40 2.140.4° 0.4+0.3° . -

70 875.4+11.2% 177.0+18.5° 73.6+5.6° 28.6+3.5¢

- 60 864.6£15.3" 176.6+26.3" 71.9+6.7° 29.9+9 2¢

ucose 50 852.4+14.5 183.6+29.5° 89.5+8.0° 40.2+5.8°

40 914.3£20.3° 197.3+10.2* 109.1+11.2° 64.2+11.0°

Each value is expressed as mean+SD (n=3).
*9Different letters show significant difference by Duncan’s multiple range test at p=0.05.
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Table 3. The organic acid content of during fermentation of mash made with addition of rice 5% degrees of milling (mg/mL)
Oreanic acid Addition amounts of Fermentation period (day)
reanic act rice 5% DOM (%) 3 5 - 9
70 102.6+8.2¢ 294.4+25.6° 320.9410.2° 344.5+14.7°
Citic acid 60 3550+10.5° 286.9+14.8° 326.6£16.5° 3432421.9°
fricact 50 267.8+15.1° 243.6+£17.5° 253.6£15.1° 279.9+18.6 °
40 291.148.9° 253.8421.3° 278.7421.6° 304.3423.5%
70 R 1,081.8+105.3" 481.3+25.6° 18.7+1.9°
o 60 1,883.7+112.3° 1,178.6+189.0° 527.3+18.3 28.748.9°
Malicacid . N b b
50 1,586.1453.1 1,304.3£99.2 649.1£17.7 90.2:+5.4
40 1,140.5+124.9° 1,206.9+182.5° 741.8+31.8° 144.1£10.2°
70 75.4+5.9¢ 152.7+14.3° 136.6£11.6° 82.3+10.1¢
Succinic acid 60 114.3+10.2¢ 141.5£10.8° 119.3+19.5¢ 8549 4¢
ueeime act 50 327.9+18.2° 349.6£15.6" 32024253 273.2411.6°
40 193.0£14.9° 233.7420.2° 248.149.9° 147.7£14.1°
70 R 1,1632+151.1° 1,722.8+124.5% 3,040.5149.6°
Lactic acid 60 509.5423.4° 1,238.7+89.4° 1,878.2+215.1° 3,131.84203.8°
achic act 50 353.1417.5° 1,058.6£108.1* 1,558.94102.9° 2,777.5+151.9°
40 448.9+312° 1,178.6+25.9° 1,786.6+133.0° 3,027.8+118.1°
70 1.540.2° 8.0+1.3* 75425 8.741.0%
Acetic acid 60 1.540.3° 6.842.5° 7.041.5° 7342.1¢
ceticact 50 1.940.5° 7.843.6° 9.142.4° 10.6£1.5%
40 22413 9.7+1.8° 9.9+0.5° 12.643.5°

Each value is expressed as mean+SD (n=3).
*IDifferent letters show significant difference by Duncan’s multiple range test at p=0.05.
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Fig. 5. Changes of alcohol content, total acidity, reducing sugar and QDA profile during fermentation of mash made with rice and
mixed grains. 4: Rice, l: Mixed grains
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Table 4. Acetaldehyde, methanol (A) and volatile compounds (B)
in distilled liquor obtained distilling the mash made with rice
and mixed grain

(A) Acetaldehyde, methanol (ppm)
Methanol Acetaldehyde
Rice distilled liquor 0.40+0.10 2.01+0.23
Mixed grains distilled liquor 0.59+0.16 1.59+0.41
Each value is expressed as mean+SD (n=3).
(B) Volatile compounds (Relative peak area %)

Rice distilled  Mixed grains

NO. R Compound liquor distilled liquor
1 <1100 Ethyl alcohol 85.06 83.86
2 <1100 Isobutyl alcohol - 0.08
3 1205 Isoamyl alcohol 8.62 5.08
4 1424 Ethyl caprylate 0.38 0.06
5 1632 Ethyl caprate 1.46 0.65
6 1811 Acetic acid 0.35 0.21
7 1836 Ethyl laurate 0.85 1.56
8 1854 Isoamyl caprate 0.07 0.09
9 1923 Phenethyl alcohol 0.39 0.64
10 2042 Ethyl myristate 1.25 2.37
11 2257 Ethyl palmitate 1.57 5.29
12 2482 Ethyl oleate - 0.10

Total 100.00 100.00

A vebgen 53] 5 SHF Bol FEH de AL
=2 eaterz ethyl laurate, ethyl myristate, ethyl palmitate ~12]3L
erthyl oleate= WL} HFol|A 7] AR Z QX EHE ester®
(33) W3] fatty acid ethyl ester (FAEE)?] Feigle o1 &
FEgle &S U= ethyl palmitate®] %area’} 7F4 =4 A&

At

% 7 &
WaFE Az

x4 7é 7.%.4 B 100%
A vEbteH
2%= 7V i—'iﬂl UrE‘r‘fﬁ:} T ArfEs
e dx7= 438 ¢ 737} *1»94 739 %

o] 19.0%% UEelton, 44 Hrteko] =gt Uil—ﬂ— oz
o] ZF¥ Ao & X}Olg HolA] et FsH7t
Aol M= 75 5% A7 SFRTNA =2 &‘57&‘4% HERY
Atk P wE TRF AWt A A 7% Wt
Aol & FA 715wrt P FReH P 7}%@ =)ot
o mwa} & §U1AF e ZkslE ARS Byt sEe 2 H
7V8H40, 50, 60, 70%)0 WE ZFFo] YFEAS AHE A}
AFL3 e Ayt wEl & xpolrt gglem Fo §7)
Ak %7] wg o)M= malic acid®} lactic acidi ot a7
I citric acid®} lactic acidZ AT HEZ oz waHA]e
23l A Qg glo] Bl TIFTL o]gI ZFZ=0
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