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Abstracts

This study aimed to analyze the general ingredients and volatile compounds of ipguk (koji) and nuruk soju

distilled under reduced pressure (RP) or atmospheric pressure (AP) conditions. After the secondary brewing process, soju
made using ipguk had a final fermentation alcohol content of 18.0+0.6%, whereas soju made using nuruk reached
14.3£1.7%. The level of succinic acid was the highest in ipguk soju (7,685.33£34.97 ppm), but nuruk soju also showed a
high level of succinic acid (5,945.79+76.30 ppm) after its final fermentation. In an analysis of fusel alcohol content, the
level of n-propanol in ipguk soju (389.10-397.27 ppm) was similar under different RP (50 cm Hg and 60 cm Hg) and AP
conditions (80°C and 90°C). Under RP and AP conditions, the isoamyl alcohol/isobutanol (A/B) ratio was similar, ranging
from 1.32-1.35. In ipguk soju distilled under RP conditions of 50 cm Hg and 60 cm Hg, the amount of the toxic
component, acetaldehyde, was 8.59 and 9.27 ppm, respectively. Under AP conditions, the amount of acetaldehyde in ipguk
soju distilled at 80 and 90°C was 9.80 and 10.63 ppm, respectively, indicating that the amount of acetaldehyde did not
differ depending on the distilling method used. These results suggest that the liquor distilled from the mash produced using

ipguk under RP conditions may be of a higher quality.
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Fig. 1. Changes of alcohol content, total acidity, volatile acid and reducing sugar during fermentation of mash made with ipguk (koji)

and nuruk. O: ipguk (koji), @: nuruk
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Fig. 2. Changes of organic acid during fermentation of mash made with ipguk (koji) (A) and nuruk (B). @: Cirtric acid, O: Malic acid,

W: Succinic acid, A: Acetic acid
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Table 1. Volatile acid, pH, acetic acid and TBA in distilled liquors from the mash made with ipguk (koji) and nuruk under reduced and

atmospheric pressures

Ipguk Nuruk
Analysis RPV RP AP AP RP RP AP AP
50 cmHg 60 cmHg 80°C 90°C 50 cmHg 60 cmHg 80°C 90°C
Volatile acid (%) 0.04£0.01¢  0.04+0.00°  0.05+0.00®  0.06+0.01*  0.02£0.01*  0.0240.00°  0.02+0.01*  0.04+0.02°
pH 5.21+0.47° 5.05+0.06* 4.98+0.06" 5.03+0.09* 5.35+0.10° 4.89+0.20° 5.16£0.11° 5.21£0.14°
Acetic acid (ppm) 5.02+0.84*  5.76+0.18" 5.63£0.79*  6.45+1.28"  3.08+1.79°  4.19£1.98"  5.18+1.28"  4.38+1.69°
TBA 39.65+3.13°  60.34+£8.26" 278.20+6.06° 259.07+4.84 19.39+0.58° 47.14+3.61° 72.79£10.00° 71.82+2.87"

Each value is expressed as mean+SD (n=3).
YRP: Reduced pressure, AP: Atmospheric pressure

*9Different letters show significant difference by Duncan’s multiple range test at p=0.05.
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Table 2. n-Propanol, isobutanol and isoamyl alcohol in distilled liquors from the mash made with ipguk (koji) and nuruk under reduced

and atmospheric pressures

Ipguk Nuruk
Analysis RPV RP AP AP RP RP AP AP

50 cmHg 60 cmHg 80°C 90°C 50 cmHg 60 cmHg 80°C 90°C

n-Propanol 389.10 396.63 397.27 394.99 102.64 83.83 125.78 152.41

P +36.98° +24.40° +32.64° +30.58 +8.26° +6.45% +10.29° +9.08°
Isobutanol 631.34 664.89 651.76 659.29 1552.52 1538.16 1800.90 1723.43
+38.45° +29.39° +19.42% +24.25° +29.70° +80.37° +65.23% +96.35°
Isoamv] alcohol 844.73 877.73 878.30 877.13 1334.38 1300.38 1322.46 1454.70
Yy +47.80% +90.93? +74.11° +86.89% +83.22°% +45.66% +55.16% +97.23¢%

Each value is expressed as mean+SD (n=3).
YRP: Reduced pressure, AP: Atmospheric pressure

*9Different letters show significant difference by Duncan’s multiple range test at p=0.05.

Table 3. Acetaldehyde, methanol and furfural in distilled liquors from the mash made with ipguk (koji) and nuruk under reduced and

atmospheric pressures

Ipguk Nuruk
Analysis RPV RP AP AP RP RP AP AP
50 cmHg 60 cmHg 80°C 90°C 50 cmHg 60 cmHg 80°C 90°C
Acetaldehyde 8.59+3.44*  027+0.83*  9.80+1.80° 10.63£1.93*  9.57+0.64°  11.68+1.54° 22.39+3.15* 24.86+6.10°
Methanol 0.95+0.37* 1.22+0.49* 1.36£0.65* 1.23£0.40"  4.14+2.43° 3.65¢1.67"  4.69+£1.55° 5.21+1.83%
Furfural 0° o° 8.82+1.45° 7.64+123*  1223+121° 15.25+1.58° 21.74+1.78° 23.41£1.65°

Each value is expressed as meantSD (n=3).
YRP: Reduced pressure, AP: Atmospheric pressure

*PDifferent letters show significant difference by Duncan’s multiple range test at p=0.05.
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Table 4. Volatile compounds in distilled liquors from the mash made with ipguk (koji) under reduced and atmospheric pressures

(Unit: peak area%)

DRP RP AP AP

No. RT Compound S0cmHg 60 cmHg 80°C 90°C
1 2.1 Acetaldehyde 0.01? 3 0.01 0.01
2 4.09 Ethanol 92.31 94.17 81.16 70.85
3 5.93 n-Propanol 0.01 0.01 0.08 0.12
4 7.29 Isobutyl alcohol 1.17 1.91 1.21 1.35
5 9.87 Isoamyl alcohol 2.84 2.61 3.25 3.77
6 10.36 Hexanoic acid, ethylester 0.03 0.01 0.03 0.03

7 1343 Ethyl lactate - - 0.01 -
8 14.19 1-Propanol, 3-ethoxy- 0.01 0.01 0.01 0.01
9 15.65 Ethyl octanoate 0.38 0.10 0.52 0.97
10 20.66 Decanoic acid 0.71 0.52 1.98 2.95
11 21.1 Octanoic acid, 3-methylbutyl ester 0.01 0.02 0.04 0.06
12 21.59 Butanedioic acid, diethylester 0.01 - 0.01 0.01
13 23.26 Isobutyl decanoate - - 0.01 0.02
14 24.72 Acetic acid, 2-phenylethyl ester 0.07 0.04 0.15 0.23
15 25.18 Dodecanoic acid, ethylester 0.19 0.04 0.49 0.83
16 26.74 Phenylethyl Alcohol 0.08 0.07 0.08 0.05
17 29.33 Ethyl myristate 0.21 0.06 0.56 0.36
18 31.27 Pentadecanoic acid, ethyl ester - - 0.01 0.03
19 33.18 Ethyl palmitate 1.09 0.28 5.56 1.71
20 37.36 Octadodecanoic acid, ethyl ester 0.02 - 0.35 0.42
21 39.29 9,12-Octadecadienoic acid, ethyl ester 0.10 0.05 1.95 2.31
Others 0.72 0.09 2.55 3.94

Total 100.00 100.00 100.00 100.00

URP: Reduced pressure, AP: Atmospheric pressure
f)Average of relative percentage of total peak area.
*Not detected.
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Hpwe] eEolth. 2atolzolde whige 7HE
EYUTh = o2 7] AJEA ethyl caproate isoamyl
acetate®] Beld P7lo] vlsl BAS FFEG G ML AE
Aoz deA SUThR0).

UF FHFO PR AT Table 49 LTk BYFF
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octanoate > dodecanoic acid > ethyl myristate > octadodecanoic acid
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Table 5. Volatile compounds in distilled liquors from the mash made with nuruk under reduced and atmospheric pressures

(Unit: peak area%)

"RP RP AP AP
No. RT Compound 50 cmHg 60 cmHg 80°C 90°C
1 2.1 Acetaldehyde 3 - - -
2 4.09 Ethanol 89.55% 89.34 92.75 92.10
3 5.93 n-Propanol 0.07 0.08 0.09 0.01
4 7.29 Isobutyl alcohol 0.67 0.86 0.81 0.34
5 9.87 Isoamyl alcohol 4.37 3.65 3.85 323
6 10.36 Hexanoic acid, ethylester 0.01 0.01 0.01 -
7 13.43 Ethyl lactate 0.02 0.01 0.02 0.02
8 14.19 1-Propanol, 3-ethoxy- - 0.01 - 0.01
9 15.65 Ethyl octanoate 0.09 0.15 0.17 0.02
10 20.66 Decanoic acid 0.51 0.34 0.37 0.39
11 21.1 Octanoic acid, 3-methylbutyl ester 0.02 0.02 0.02 0.01
12 21.59 Butanedioic acid, diethylester 0.05 0.06 0.06 0.04
13 23.26 Isobutyl decanoate 0.01 0.01 - -
14 24.72 Acetic acid, 2-phenylethyl ester 0.43 1.22 0.09 -
15 25.18 Dodecanoic acid, ethylester 0.08 0.03 0.03 0.01
16 26.74 Phenylethyl Alcohol 0.22 0.27 0.31 0.36
17 29.33 Ethyl myristate 0.05 0.02 0.01 0.01
18 31.27 Pentadecanoic acid, ethyl ester - - - -
19 33.18 Ethyl palmitate 0.31 0.29 0.05 0.02
20 37.36 Octadodecanoic acid, ethyl ester 0.03 0.01 - -
21 39.29 9,12-Octadecadienoic acid, ethyl ester 0.02 0.01 - -
Others 3.49 3.63 1.34 341
Total 100 100 100 100

YRP: Reduced pressure, AP: Atmospheric pressure
f)Average of relative percentage of total peak area.
*Not detected.
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