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Abstract

This study was caried out to investigate the quality characteristics of ‘Kaoliang’ spirit by grain materials for developing
the Korean-style ‘Kaoliang’ spirit. Each grain was crushed for solid fermentation, and re-fermentation was performed
three times in total. There was no significant difference in temperature during solid fermentation by different grains,
but it rose to up to 31T until the first two days of fermentation, and then the fermentation was completed while
maintaining 27C. Agglomeration occurred in solid fermentation using wheat, resulting in lower work efficiency
than other grains. The total acids increased after fermentation, and was the highest at 0.77% in distilled spirit using
sorghum, and the major organic acids were lactic acid and acetic acid. A lot of glycerol and glucose were detected,
and after three re-fermentation, all sugars were converted to ethanol. Through three re-fermentation, ethanol was
the highest in distilled spirit using com and barley. The volatile compounds, ethyl acetate, ethyl butyrate, and ethyl
lactate, were detected at the high level in distilled spirit using sorghum, and the highest ethyl caproate component
in using wheat. Therefore, this study proposed to use the mixed grain materials, sorghum and wheat, in order to
increase the production of ethyl caproate, the main aroma compound in ‘Kaoliang’ spirit.
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Fig. 1. Process for making ‘Kaoliang’ spirit by solid fermentation.

9] 40% LAE 3teto] 4087 261t ZAst TFE
£ 25C oJste] 257t upb) FZAArE $E Sl
7} Qo] TAHE] 10%2] =2, 0.1%2] TH, 50%2] 22 &
Skslod 27C 9] WhaAlolA 14Uzt das Agsieict das
Z1YSPAA Aps 2= 57 AllA(hobo 4-channel thermocouple
logger, Onset Computer Co, Massachusetts, USA)S A8}
Oq iﬂ]g—ﬁ— = %@1‘11:]—94 2T t&ﬂ:‘é‘ 1A]ZJ— Zl—;_t}_gj é—;ﬁ
=g AAscte] R WIS SAFoloinh dart gad 7t
IS FFsl] 7 500 mLA RohfQict.

aHLE A

Azl Al ZAAgL AlFA AT Tste] YERRSICT
+= A= vfgo] 8ol AEjolH, += A= uigtek=
Z oj#30] gl Akol1, += Azujgo] ojze AHE
HASF

IyLE &% 24

A EE TALE SRS FAsHA 11T 4lof 20 g2
FIsto] S/~ 100 mLe} E)sto] 1A7F &2 XF¥s6ISl
ok 329 AlEe ool 284 pH, 4, 723, 771
A 2ol X831
pH % 24 23

pH= pH meter(Orion 3 star, Thermo Fisher Scientific
Inc., Waltham, Massachusetts, USA)Z A}20|A Z45}1,
FARS FHH 7% (National Tax Service Liquor License
Support Center, 2017)0] Wt 2 A& 10 mLE F3H]7]1=
] Q3 0.1 N NaOH(Yakuripure chemicals Co., LTD,
Kyoto, Japan) &M 9] AH|FRE citric acid= THikslo] LfEr



950 ARG AsA ATS 2021)

ichPark 5, 2017).

qalg 24

S 42 HPLC(e-2695, Waters Co., Milford, Massa-
chusetts, USA)Z 0]-835}9].21 post column B3-S 235}
At GEgd EA4E columne Asahipak NH2P-50 4E
(Shodex F7630001 4.6x250 mm)Z 2A15}9ct o|5ANS
75% acetonitrile(Mallinckrodt Baker Inc., Phillipsburg, New
jersey, USA)YS ARESIR AL, flow rate 1.0 mL/min, column
oven 35C, injection volume 10 uLZ 745} RI detector
(2414, Waters Co., Milford. Massachusetts, USA)Z 7AZ5}
FcHPark 5, 2017). Al&E= ©J7H0.2 uL, Millipore Co.,
Cork, Ireland)s}o] ARSI

/714 &4

714 B42 HPLC(LC-20A, Shimadzu Co., Kyoto,
Japan)yE ©]-835F M, post column Y-S L-EIAT F
71AF 498 columnS TSK gel ODS-100V(5 pum, 4.6 mm
IDx25.0 cm, Tosoh Co., Tokyo, Japan)Z =43}t o5
432 8 mM perchloric acid(Kanto chemical, Tokyo, Japan)
£ olgslyom, W3-8 02 mM bromothymol blue
(Sigma Chemical Co., St. louis, Missouri, USA), 15 mM
Na2HPO4(Sigma Chemical Co., St. louis, Missouri, USA),
7 mM NaOH(Sigma Chemical Co., St.louis, Missouri, USA)
O} 9kESE & UV 440 nmoj|A] AZE5HIT. Flow ratei= ©l&
A} 1 mL/min, 5F2-8% 1 ml/min, column oven? 2=
40T, ¥ES-8oHo] 2t 25T 2 SHYTtHKim 5, 2017). Al
F+= oJ37K0.2 pum, Millipore Co., Cork, Ireland)St & AME5}
et

N

xUs SRF 2
257 ARt WL} gud $98 AdddL 2
Z7](YD-200, Yada Intelligent Co., Yeongju, China)S AR&

slo] S5 500 mLE Mol £ AHgslsick

0
ix

¥3g 2%

ISR 582 77 & A2 YA|(Digital Alcohol
Meter DA-155, KEM Kyoto electronics, Kyoto, Japen)S
I5CE HASHL, AlRS 24 mLE FUsto] 432 o
(%, vivyE S48

INE4E 24
AN S559] AL gas chromatograph(Shimadzu
GC-2010, Shimadzu Co., Ltd., Kyoto, Japan)E AR5} 2

™ column2 Nukol(30 mx0.32 mmx0.25 pm film thickness,
Spelico, USA)Z} oven?] &%= 50T oA 3T /minZE AF5A|
# 200TolA 1027t HEFT. 2X714= heliumE A&
o] 10 cm/sec® F&5S AAsIRon FUFS 1 Lol
t}. FID(flame ionization detector)Z A|2E AE5IH L o]
injection port2} FIDQ] &%= 7} 220CE 5lEtHSong 5,
2020). HEFEZL n-Pentane:ethyl ether(1:1)0] 83jA]A
0.125-10 pg/mL HP9] FFENS ZA|5}0] peak areaZF-
B APHE 2stol ALt

SHAE

SAAIE 7 BaRo] djalel 35] wH Sele] gL
AFE SPSS 18.0 EA g 73S o]L3}r}. 7 ==
£ S40] tetel 2709 9l Aolg dopr]
o LuhA] EAHLA (One-way ANOVA)S AA|5HA L,
AP BAR R4 p<0.05 oA Duncan’s
multiple range test®] TFEH9] A AASHAT

£ =] X
Zat ¥ 2
o5 ERY THLE FAY

31

7} 22 FR8 IALE 0] oI AAHL Fig. 2
9} Table 1914 B At Pt 20| TAME oA
ARE] B A Fig 249 2B)E Bl B o] B
3 @40l glo] Bl WolArks AL & 4= ek &
2]9] A4S Apka A] Aol BAo] WAYsle] B ofe]
2] Q9iet. Wb B3 WAo] Qe Zee 94 g
259} BPsto] A8sHE Zo] §T Ao Az

(v

IAES 59 2k HIls FHEE
2elom], 1 23 Fig 30 Yepiole. 32 e
Z Aol qielen Ia 27] 29 Afolofl &7t o 31T
7R s AL 7] 2291 27CE |AISITE 2714
Has @712 Ao vis oF 15819] ovxE WAl &
A QJthMargalit, 1997). Waba] ZF TEO] 27| 2 Alo] &
7} 38 Ao AL &5 B3 Aolol Y Aol
ot 5714 wae] ot Wls Atk

pH ¥ &4

IE ARG, S5 g, B, )& U2 slo] A=
g TAMEE £R9] A,  pHis Tha Table 2004 Bi= 2
2ot FE AAF o= WE A, $9] pHE Fasioint UE
A 50t 25 ARSI TARME 504 pHE 6.52, 6.56.2.



Effect of grain raw materials on quality characteristics of ‘Kaoliang’ liquor spirit 951

)

B)

sorghum com

wheat barley millet

Fig. 2. Pictures of different types of grains (from the left, sorghum, com, wheat, barley, millet).

(A) Grinding grains. (B) A mixture with grains and rice husk.

Table 1. The workability at mixing treatment of materials, grain and nuruk

The number of
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1 A S8 ARSSe] te 2AEE SHoIA Fructose
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1 s59A 234.81 mg/LE 7} RA YERH: glucose®]
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Table 2. pH and total acid of first solid-fermented mesh depending on grain materials

pH Total Acid (%)
Grains
Before After Before After
Sorghum 6.52+0.04"D 4.65+0.07 0.15+0.01* 0.77+0.05*
Corn 6.4140.04° 5.02+0.04° 0.16+0.01* 0.7240.03°
Wheat 6.43£0.03° 5.07+0.06° 0.10£0.01° 0.53+0.02¢
Barley 6.15+0.04° 5.30+0.03° 0.11£0.01° 0.51+0.01¢
Millet 6.56+0.06° 5.58+0.02° 0.13+0.01° 0.58+0.02°
YMean+SD (n=3) within each column followed by different letters is significantly different (p<0.05).
Table 3. Free sugar of first solid-fermented mesh depending on grain materials
Free sugar (mg/L) First fermentation Sorghum Corn Wheat Barley Millet
Before NDV ND ND ND ND
Glycerol
After 122.4+36.3? 263.4+£33.0° 40+25.8° 163.741.1° 356.6+£27"
Before ND 406+47.2° 262.2469.1% 329.6+27.2% 234.8+19¢
Fructose
After ND ND ND ND ND
Before 2,308.14257.1°  4266.2+487.4°  2981.3+3534%  6,752.8+444.7°  5558.2+44.2°
Glucose
After ND 1,123.4+246.6 5,476.7+£776.4 7,662.8+£223.6 3,001.9+12.6
Before ND ND ND ND ND
Sucrose
After ND ND ND ND ND
Before ND ND ND ND ND
Maltose
After ND ND ND ND ND

YNot detected.

IMean+SD (n=3) within each column followed by different letters is significantly different (p<0.05).
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acid, succinic acid®] g&Fo] Z} 75.26 mg/L, 45.52 mg/L, 40
mg/LE tE tZ7o] vl A AEE= S4& E3irh
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Table 4. Organic acids of solid-fermented mesh depending on grain materials

Organic acids The number of

(mg/L) fermentation times Sorghum Com Wheat Barley Millet
Ist NDV ND ND 10.1£1.03* ND
Malic acid 2nd ND ND 1.2240.32% ND ND
3rd ND 0.55+0.95° 2.8441.28° 1.240.03 ND
Ist ND ND ND ND ND
Ascorbic acid 2nd ND ND 8.59+0.25° ND ND
3rd ND ND 5.7+0.39° 6.05£0.57 9.73+16.86"
Ist 75.2649.26" 63.13+19.8° 27.28+3.59° 28.32+1.37° 27.4145.11°
Lactic acid 2nd 116.84+56.11° 95.87+34.35® 51.78+23.59° 43.59+14.03° 92.33+14.17®
3rd 82.05+45.89° 89.98+12.17° 63.31+17.84* 98.26+3.21° 71.28+9.69°
Ist 45.5249.08" 28.69+6.73° 15.33+2.85° 20.22+1.11% 25.742.89°
Acetic acid 2nd 143.1+157.45*  52.94+531° 28.51+16.83° 40.21+15.25° 83.43+63.09°
3rd 103.63+64.1° 62.33£9.25° 69.77+18.79" 67.47+25.46° 52.21+12.3°
Ist ND ND 4.89+2 8° 16.08+2.3° 18.9+0.84°
Citric acid 2nd ND ND 1.16+0.66" 1.73+2.99* ND
3rd ND ND 1.2240.29° 0.33+0.39° ND
Ist 40+2.06° 31.26+7.65° 11.5+0.43¢ 16.45+2.22% 18.92+1.53°
Succinic acid 2nd 40.87+6.55 27.06+12.31° 17.53+1.35° 12.84+3.8° 22.45+7.74°
3rd 24.66+8.18" 16.1343.88% 19.92+1.48% 14.38+0.28" 22.65+6.04%
Ist ND ND ND ND ND
Fumaric acid 2nd ND ND 0.58+1* ND ND
3rd ND ND 1.17+1.01° 0.67+1.17° ND
Ist ND ND ND ND ND
Propionic acid 2nd ND ND 3.3740.46™ 6.84+6.33% ND
3rd ND 1.23+2.13° 4.7243.19% 4.74£0.88% 13.55+12.39*

YNot detected.

IMean+SD (n=3) within each column followed by different letters is significantly different (p<0.05).
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Fig. 4. Alcohol content in distilled liquid produced by the solid
fermentation.

(A) Alcohol content produced according to the number of solid
fermentation of grains. Data values were expressed as mean+SD (n=3).
(B) Total alcohol contents of the produced by solid fermentation of
ains.
Mean+SD (n=3) within each column followed by different letters is
significantly different (p<0.05).
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Table 5. Volatile compounds in distilled liquid produced by the solid fermentation
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Volatile The number of
compound fermentation Sorghum Corn Wheat Barley Millet
(mg/L) times
Ist 82,750.3+26,549.8*)  42,353.249,912.2° 24,280.7+3,012.9" 21,168.7+4,634.8° 17,678.3+1,709.8"
Ethyl acetate 2nd 70,910.3£52,378.2  61,845.9+24,632  53234.4+15,989.5 38,082.8+13,280.4 53,758.1+29,280.8
3rd 23,902.1£11,120.7  16,002.5+6,101.9  15,118.9+4,129.7  19,348.5+5,705.7 13,734.4+9,851.4
Ist 879+79.5° 665+117™ 675.3+£11.9" 591.3+13.9° 720.9+18.7°
Ethyl butyrate 2nd 1,114.5+186.49* 1,358.5+412.2% 960.9+76.8" 763+126.3° 1,669+105.37*
3rd 1,976.2+868" 4.473.7£479.5°  2,471.1+768.6° 2,406.3+648.8° 1,7724556.2°
Ist 28.3+0.7° 22.1+0.3¢4 38.2+1.5° 26.1+0.9° 29.940.9°
Ethyl caproate 2nd 19.9£2.9* 19+2.4° 2243 4° 20.543.7° 23.8+5°
3rd 9.0+8.8 3.1+5.4 7.1£6.2 6.9+6 ND?
Ist 1244273 77.6£14.4™ 92+16.8° 56.1+1.3% 4734374
Ethyl lactate 2nd 202.4+£34.4° 147.3+38.6% 79.6+18.2° 101.2+34.7% 204.3+24.7°
3rd 176.5+62.5 164.3+17.2 117.9+40.7 135.4425.2 132.3£19.5
Ist 108.5£15.5" 121.69+8.9° 126.6+5.6™ 136.1£15.9° 94.6+9.5°
Ethyl palmitate 2nd 126.3+12.3 139.3+4.8 127.3+18.3 122.149.535 131.4+42.9
3rd 4324749 ND ND ND ND
Ist 394.7+84.6° 197.4+58.3° 118.6+18.1% 61.6+23.7° 52.2+12.4°
Acetic acid 2nd 1,379.9+1,118.34 579.54216.6 525.34227 402.9+116 1,573.5+1,309.4
3rd 4,671.8+6,374.8 2,540.4+426.2 2,639.74810 3,288.9+1,230.3  2,882.9+1,656.7
Ist 43.9+5.8" ND ND ND ND
Propionic acid 2nd 97+10.7° 61.6+29.7° 13.6+236° ND 180.4+26.5°
3rd 204.7+101.3° 387.4+102.6™ 525.6+101.8° 632.9+176.9° 549+158.8°
Ist ND ND ND ND ND
Butyric acid 2nd ND ND ND ND 20.8+18.02
3rd 24.5421.7 29.1426.5 79.4+99.3 36.6+4.3 51.6+16.4
Ist 37.6£0.6° 35.142.6° 38.3+1.4° N/D N/D
Isovaleric acid 2nd 67.9426.2" 55.8+32.2" 32.8+1.3 37.3x3.1° 89.5£25.5°
3rd 60.7+19.5 98.6+72.5 98.3+59.7 88.548.5 134.1+80.4
Ist ND ND ND ND ND
Caproic acid 2nd 45.5+39.4* ND ND ND ND
3rd 69.6+2.2 69.83+2.1 69.77+1.3 68.7+0.8 46.2+40.1

YMean+SD (n=3) within each line followed by different letters is significantly different (p<0.05).

INot detected.
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