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ABSTRACT

This study aimed to establish a liquid fermentation process to increase the alcohol
productivity of distilled soju using domestically grown sorghum. After preparing mash with
different ratios of sorghum and rice, the optimal amount of raw material was determined,
and sorghum pretreatment methods, enzyme types, and modified nuruk were tested. The
soluble solids (°Brix) of the saccharification solution ranged from 3.00 to 25.20 for
bacterial @-amylase and 4.20 to 20.80 for fungal @-amylase. Bacterial e-amylase was more
suitable for starch saccharification. At 20% sorghum and 80% rice mash, the alcohol
content was 15.11%, showing that soluble solids and alcohol content increased with higher
rice content. When puffed sorghum was used with bacterial e-amylase, alcohol content
rose to 16.55%, showing puffed sorghum is suitable for fermentation without a separate
saccharification process. In mash with 20% puffed sorghum and 80% rice, adding modified
nuruk resulted in alcohol contents of 16.73% and 16.28%, respectively, for groups with and
without nuruk. The alcohol content of the distillate after vacuum distillation showed a
similar trend, suggesting modified nuruk has little effect on alcohol productivity and
requires further research. When modified nuwruk was added, alcohol and esters increased,

Received Sep. 5. 2024  but sulfur compounds, which are perceived as off-odors, also rose. Therefore, it is better
Revised Sep. 23. 2024 not to use modified nuruk in distilled soju made with sorghum. In conclusion, the process
Accept Sep. 23. 2024 using 20% puffed sorghum, 80% rice, and bacterial @-amylase is deemed feasible for

improving the productivity of distilled soju through liquid fermentation with puffed
sorghum and enzymes.
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Table 1. Quality characteristics of saccharified liquid and mash using sorghum and rice

Saccharified liquid Mash
Sorghum added(%) Soluble solid Total acid Amino acidity | Soluble solid
(° Brix) o1 Aiesihl (58] (%, acetic acid)| (%, glycine) (° Brix)

100 Bacterial 3.00£0.00 5.08+0.00° 1.04%0.07' 0.31£0.00° 0.05£0.01° 2.60+0.00'
Fungal 4.20+0.01" 5.35+0.01° 1.36+0.02" 0.26+0.00° 0.03+0.00% 2.20+0.00’

80 Bacterial 8.20£0.01" 4.760.01° 4.15+0.05' 0.27+0.01d° 0.020.01° 3.100.00"
Fungal 9.70+00.0° 4.52+0.01° 3.53+0.02° 0.37+0.00° 0.04+0.01° 3.20+0.00¢

50 Bacterial 17.40%0.00° 4.1440.02' 9.51%0.01¢ 0.29+0.00° 0.01£0.00 5.40£0.00°
Fungal 14.20£0.01 4.36+0.019 7.34%0.00° 0.2940.01° 0.03£0.01° 4.70+0.00'

20 Bacterial 25.20+0.00° 4.62+0.03° 15.1140.03° 0.27+0.02¢ 0.05+0.01% 7.00+0.00°
Fungal 19.40+0.00¢ 4.45+0.01f 11.566+0.02° 0.24+0.00" 0.06+0.00° 6.20+0.00¢

0 Bacterial 24.10£0.00° 3.98+0.01’ 16.40+0.04° 0.22+0.00° 0.06+0.00° 11.47+0.06°
Fungal 20.80£0.00° 4.26+0.01" 17.04+0.02° 0.17£0.01" 0.14%0.01° 8.80£0.00°

All values are MeanzSD (n=3).
“Imeans with different superscripts in the same column are significantly different at ©{0.05 by Duncan's multiple range test.
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Table 2. Manufacturing method based on puffed sorghum and enzyme type

Sample manufacturing

Common

OO N -

Crushed puffed sorghum 1kg, water 2L

Glucoamylase 4,000ppm

Bacterial a—amylase(2,000ppm) + Glucoamylase(2,000ppm) + protease(200ppm)
Fungal a-amylase(2,000ppm) + Glucoamylase(2,000ppm) + protease(200ppm)
Fungal a—amylase(2,000ppm) + Glucoamylase(2,000ppm) +modified nuruk(0.2%)

26



= T 5 2 ddEs sR X d SFA 239 EY J I A I

Table 3. Physiochemical composition of fermentation mash with enzyme added by type to puffed sorghum

1 2 3 4

pH 4.16+0.01¢ 5.04+0.01° 4.80+0.01° 4.32+0.01°

Alcohol (%) 12.52+0.02¢ 16.55+0.04° 16.26+0.02° 16.11+0.02°

Total acid (%, acetic acid) 0.59+0.00° 0.35+0.00" 0.43+0.00° 0.65+0.00°
Amino acidity (%, glycine) 0.02+0.00¢ 0.11£0.00° 0.07+0.00° 0.05+0.00°
Soluble solid (° Brix) 12.5+0.0° 10.4+0.0° 10.4+0.0° 10.6+0.1°

All values are MeanzSD (n=3).

*Imeans with different superscripts in the same row are significantly different at p¢0.05 by Duncan's multiple range test.
The descriptions for 1-4 are the same as those described in Table 2.
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Table 4. Physical and chemical properties depending on the addition of modified nuruk to 20%

puffed sorghum and 80% rice mash

Mash made with 20% puffed sorghum and 80% rice
Total acid Amino acidity Soluble solid
0,
pH Hediel (06) (%, acetic acid) (%, glycine) (° Brix)
M"d':decfe é’“’“k 4.30£0.01 16.73+0.01 0.38£0.00 0.30£0.00 8.63:0.06
Modified nuruk 4.100.01 16.280.01 0.28+0.00 0.04£0.00 7.36£0.06
not added
t-value 43.84™ 94.05™ 216.42"" -151.00"" 24.50™
All values are MeanzSD (n=3).

*0.001.
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Table 5. Alcohol content in the distillate made
with 20% puffed sorghum and 80% rice depending
on the addition of modified nuruk

Distillate made with 20% puffed
sorghum and 80% rice

Alcohol (%)

Modified nuruk
added

Modified nuruk
not added

t-value

38.160.03

39.58+0.01

ok

-81.83

All values are MeanSD (n=3).

™ X0.001.

=
e gEjelo] Azt Z7A A5 FrIYES Table 6

IR BY 2y, 139IER 5 EHE UWE AF
S0l 83t g7 HAEo=Z B{riE|H(Lee et al., 1998;
Lee et al, 2014), n|gFo =2 Fulo] & JFE vX= F

Table 6. Content of volatile compounds (mg/L) in the distillate (alcohol 25%, v/v) made with 20%
puffed sorghum and 80% rice depending on the addition of modified nuruk

CoEauG Modified nuruk Modified nuruk value
added not added
1-Propanol 13.45+0.21 7.71£0.03 46.87"
Isobutanol 137.2541.74 70.35£0.32 65.50""
1-Butanol 0.910.11 0.75+0.06 221N
Isoamy! alcohol 354.00£4.37 362.6941.73 -3.20°
Furfuryl alcohol 0.31£0.01 0.32+0.01 -1.23N¢
Phenethyl alcohol 33.29+0.50 15.42+0.11 60.46™
Butyric acid 1.94+0.01 1.9440.01 0.00™
Valeric acid 2.01£0.07 1.8440.03 3.87
Isovaleric acid 1.59+0.01 1.94+0.04 -14.70™
Hexanoic acid 1.30£0.01 ND 22517
Heptanoic acid ND ND -
Octanoic acid 0.91+0.02 0.86+0.04 1.94N8
Nonanoic acid 0.89+0.07 ND 22.02™
Ethyl acetate 44.03£2.93 17.9241.34 14.04™
Ethyl butyrate ND ND -
Ethyl valerate NDb ND -
Isoamy! acetate 2.40+0.04 1.78+0.00 26.85"
Ethyl hexanoate 0.61£0.01 0.5620.01 6.12"
Ethyl heptanoate ND 0.50%0.01 -86.60""
Ethyl lactate 5.54+0.05 2.60£0.03 87.33"
Ethyl octanoate 1.31£0.01 1.1820.01 15.92"
Ethyl nonanoate ND ND -
Dimethyl sulfide ND ND -
Dimethyl disulfide ND ND -
Dimethyl trisulfide 1.5040.02 ND 129.90™
Furfural 1.67£0.08 1.560.10 1.49M
Methionol 0.31£0.06 0.33£0.00 -0.58"s
2,3-Butanediol 6.44+0.03 6.51+0.05 -2.95"
2-Methylpyrazine 0.74+0.02 0.37+0.01 28.66™
2-Phenylacetate 0.41+0.04 0.31£0.02 3.87

All values are MeanzSD (n=3).

ND: not detected.

NS£50.05, “pX0.05, “p{0.01, " pX0.001.
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