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Quality Characteristics of Distilled Liquor Produced
Using Ipguk (Koji) During Aging

Dae-Hyoung Lee*, Jae-Woon Jung, Yong-Seon Lee, Jae-Soon Seo, In-Tae Park,
Tae-Wan Kim', Jae-Ho Kim', and Byung-Hak Ahn’
Gyeonggi-do Agricultural Research Extension Services
'Brewing Research Center, Korea Food Research Institute

Abstract This study aimed to investigate the aging of liquor brewed with fermented wine using ipguk (koji) in a jar (JA)
and stainless steel container (SC), which are generally used in Korea, and to review the characteristics of the liquors as
a function of aging time. The initial alcohol content was 39.8-40.9%, and gradually decreased in the JA and SC as the
aging time increased. In the case of fusel alcohols, the m-propanol, isobutanol, and isoamyl alcohol contents did not
increase with increasing aging time, in the cases of both JA and SC. The A/B (isoamyl alcohol/isobutyl alcohol) ratio was
similar under reduced pressure (RP) and atmospheric pressure (AP), at 1.32-135. The A/P (isoamyl alcohol/n-propanol) and
B/P (isobutyl alcohol/n-propanol) ratios were 2.17-2.22 and 1.62-1.68, respectively. During the early stages of distillation,
under RP, the isoamyl alcohol content was the greatest, followed by isobutyl alcohol and ethyl palmitate. Under AP, the
isoamyl alcohol content was the greatest followed by decanoic acid, ethyl palmitate, and isobutyl alcohol. The highest

sensory score under RP, 60 cmHg, was 6.98+0.28.

Keywords: distilled liquor, ipguk (koji), jar, stainless steel vessel
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A&ATH15). 714 & acetic acid®] IFEHS AIES 045 um
membrane filterE AMg-3te] ]33k F HPLC (Agilent 1100
series UV/VIS detector, Agilent Technologies, Palo Alto, CA,
USA)Z #A38159TH(16-17). F714Fe] #2498 column®Z= Aminex
Hpx-87H (Bio-rad, Hercules, CA, USA)S A}&-3}992™ detection
wave-length/window 210 nm, Oven®] &%+ 35991 flow rete
0.6 mL/minSAt}. Thiobarbituric acid (TBA)Y] 42 A& 10mL
o 0.5%2] 2-thiobarbituric acidE FH-f3F 50% o ehe 89
2mLE 71X S8k, 70°ColA 407 7M. - nkE A7t
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SHTY fusel oil ¥4 FID7} 7F2HE HPLC (Agilent 7830
series, Agilent Technologies, Palo Alto, CA, USA)E A&-3}5 )

C A0l ot E2]¥ 7 peak -2 FFEAS HFFE Al
7=zt vlwste] F8HTt. olw) ARE-gE &4 (Sigma-Aldrich,
St. Louis, MO, USA)< n-propanol, isobutanol, isoamyl alcohol
solen, olf B %F ARvEIAG FIGiT IEA
AR EZ 98] columne DB-WAX (30mx0.53 mm id,
1 um film thickness, J&W Scientific, Folsom, CA, USA)E AMH&:-
ST Oveno] = 45°ColA 287F A F, 10°C/min &
T2 230°C7HAl F2A1L F 230°Cell A 4587 FAISHA T
Carrier gas (He)2l f42 4 mL/minZ X815}, GC injectore}
detector>+= ZHz} 240°CE AdA3ste] AR 1.0 uLE split ratio
20:12 FY3ATH16).
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FulE WL o] &3t capping ¥ SPME (solid phase microex-
traction) "L o8&t AT AIEF 70°CoAlA 2087+
HYPAIZ] 3 100 um polydimethylsiloxane®] ZHE fibers ©]-&
stod 2087F &2 2F3)] Stabilwax DA column (30m length
025 um 1.dx0.25 um film thickness, Restek Corp., Bellefonte,
PA, USA)°] 2w mass selective detector (MSD) (Agilent
5975C MSD/7890 GC system, Agilent Technologies, Palo Alto,
CA, USAYE o]&3sle EA3th AR GC2 oven &%=
40°CoNA 287 FA F 200°C7HA] 5°C/ming] SEE AFSAIZ
o 200°CoNA SEZE FAIAFHTE Injector 2=+ 250°C, carrier
gasZ heliumeS ARt MSD 2742 capillary direct interface
temperature 250°C, ion source temperature 230°C, EI ionization
voltage 70€eV, mass range 45-550amu, LZ]3l scan rate 2.2
scan/sec L 3|9 SFHE 542 mass spectra®} aroma proper-
tiesE H]3ted ERIBIATH(17).
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SHZA WE acetic acid] THFS AL, 7Y ZHAM =
T 2 zo] Qlo] 5.02-6.45 ppm AlolollA] AT}, o] F
180l golz] B 2RI 870 WE Xpolut <4 717H
o W 2ol Ho|AS ettt

o2 Y=g olge F/F 4 7IZol| ©E 2-thiobar-
bituric acid (TBA) 4] A3+ Table 29} 2t} TBAE UWHd o
A9 Ate A s dolnsd ARREHY SR SF
TlolA dol AW RS A 5 HelE Aune 2
AESZ AETE). 4 717k W2 TBAE S/ F
Fob 500, 600 mmHge] 39.65+3.133F 60.34+8269] W& EAzk

Bl vt AQF =F 80, 90°COlAME 278.20+6.067
259.07+4.849] =& BEA7ES HYT) o]AL FHF 989 ¢
& Aol Asp. luchuensisg WFg 2 (1922 daAe] 9%
A AR FEHORE EAsked] Aol ZwRiLh, &1
A 2l ol Z=HE2E Wolx(20) BESIAWARe] Bo
AE Aoz Azheith T3 g9t SFHA B2 FAF 4%
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7] BE &4 717k S7VEE TBARC] TSt dolEle
500, 600 mmHg-2 111.45+6.133} 105.43£5.942 4% S7/ 80,
90°CE 301.31£13.65% 393.49£9.218 YehlAth ZEolg]x &
719] 7% 500, 600 mmHge 103.14+15.163 105.48+16.832 A+
& SF 80, 90°CE 361.66+11.537 365.98+11.43& UERNITH
A& o3& Bae(1l)7F A&dt ulel o] Foleld] ok <A
g Foll AGAE AR F 7] ARl SUtete AY Ay
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EFFo| M J|7H fusel alcohol 24

SF52] n-propanol, isobutanol, isoamyl alcohol®] 4] 7|7kl

2 golg(a) 2 ZHIUAZZ(b)e] BAA 24 A3E= Fig 13
2ot Y=g ol&s TR TR/ AF n-propanol 4 A=
3 50, 60 cmHgoll A 389.10+36.98, 396.63+24.40 ppmo] ¢t
80, 90°CollX&= 397.27+£32.64, 394.99+30.58 ppme| ¥4 A7}
gkth. Isobutanol AFes 4F 500, 600 mmHgol A
631.34+88.45, 664.89£129.39 ppmo] <t 80, 90°ColM = 651.76+
109.42, 659.29+124.25 ppm®] #4] A3} Yttt Isoamylalcohol
24 A3E 948 500, 600 mmHgol A 844.73+47.80, 877.73+
90.93 ppme] %+ 80, 90°Coll A= 878.30+74.11, 877.13+86.89
ppme] 4 A7t Uit
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Table 1. Change of alcohol, volatile acid and acetic acid during aging period of distilled liquors made with Ipguk (koji)

Aging period Jar (Hangari) Stainless steel container
(days)  RPY50 cmHg RP60cmHg AP80°C AP90°C  RP50cmHg RP60cmHg AP80°C AP 90°C
0 39.8+0.5" 39.9+0.1* 40.9+0.9* 40.6+0.9" 39.8+0.5" 39.9+0.1* 40.9+0.9* 40.6+0.9"
Al(i;’})“’l 90 38.8+0.5°  383+1.1°  385+1.0°  385+1.0°  39.040.5  392+0.6'  38.5£1.5  39.9+0.9°
()
180 38.3+0.5" 38.8+£1.2* 38.0+£1.2° 38.9+1.4° 38.4+0.6 38.7+0.6" 38.1+1.9° 39.7+1.0°
. . 0 0.04+0.01*  0.04+0.00°  0.05+£0.00*  0.06+£0.01*  0.04+0.01*  0.04+0.00°  0.05+0.00*  0.06+0.01°
V"laf(‘,je)”‘d 90 0.06:0.01°  0.06£0.01°  0.06+0.01° 0.07+0.01° 0.06£0.00° 0.06£0.00° 0.07£0.01*  0.07+0.01°
0
180 0.04+0.01*  0.05+£0.01*  0.02+0.03*  0.04+0.03*  0.05+0.01*  0.04+0.01*  0.02+0.01*  0.04+0.02°
o 0 5.02£0.84*  5.76+0.18"  5.63+0.79° 6.45+£1.28" 5.02+0.84"° 5.76+0.18"  5.63£0.79"  6.45+1.28"
Ac(eucma)“d 90 4214204 5.15£1.92° 5624185  6.10£0.79°  3.93£0.92°  6.67+2.46° 5.70£034  5.75£0.92°
PP 180 445£1.76°  5.62+029°  6.87+1.35*  7.00£1.07° 4.32+0.66° 6.70+1.49*  6.64£0.60° 7.36x1.14°
Each value is expressed as mean+SD (n=3).
YRP: Reduced pressure, AP: Atmospheric pressure
*®Different letters show significant difference by Duncan’s multiple range test at p=0.05
Table 2. Change of 2-thiobarbituric acid (TBA) during aging period of distilled liquors made with Ipguk (koji)
Aging period Jar (Hangari) Stainless steel container
(days)  RpPY50cmHg RP60cmHg AP 80°C AP90°C  RP50cmHg RP60cmHg AP 80°C AP 90°C
0 39.65+£3.13"  60.34+8.26"  278.20+£6.06" 259.07+4.84°  39.65+3.13"  60.34+£8.26"  278.20+6.06° 259.07+4.84*
90 129.33+5.80°  82.69+£6.61° 305.72+16.96° 337.67+14.10° 177.49+19.04° 120.45+18.24° 330.42+14.37° 390.19+12.30°
180 111.45+6.13°  105.43£5.94° 301.31£13.65° 393.49+9.21° 103.14£15.16" 105.48+16.83" 361.66+11.53" 365.98+11.43

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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Fig. 1. Fusel alcohol during aging period of distilled liquors made with Ipguk (koji). ®: Reduced pressure 50 cmHg, l: Reduced pressure
60 cmHg, A: Atmospheric pressure 80°C, X: Atmospheric pressure 90°C, (a) (b) (c) Jar (Hangari), (d) (e) (f) Stainless steel container

Each value is expressed as mean+SD (n=3).
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Table 3. Change of fusel alcohol ratio during aging period of distilled liquors made with Ipguk (koji)

Jar (Hangari) Stainless steel container
Ratio Condition
0 day 90 day 180 day 0 day 90 day 180 day
RP" 50 cmHg 1.34 137 1.44 1.34 1.34 112
. RP 60 cmHg 1.32 1.38 1.40 1.32 1.32 1.14
AB AP 80°C 1.35 1.40 1.61 1.35 1.36 1.09
AP 90°C 1.33 1.36 1.23 1.33 1.32 1.28
RP 50 cmHg 2.17 2.23 2.51 2.17 2.16 2.03
RP 60 cmHg 2.21 2.24 2.55 221 2.18 2.25
AP AP 80°C 2.21 2.27 2.60 221 2.24 1.82
AP 90°C 2.22 2.27 3.01 222 222 222
RP 50 cmHg 1.62 1.63 1.75 1.62 1.61 1.81
B/P RP 60 cmHg 1.68 1.62 1.82 1.68 1.65 1.97
AP 80°C 1.64 1.62 1.62 1.64 1.65 1.67
AP 90°C 1.67 1.67 2.44 1.67 1.68 1.73

n-propanol (P), isobutyl alcohol (B), isoamyl alcohol (A)
YRP: Reduced pressure, AP: Atmospheric pressure

Table 4. Volatile compounds obtained distilled liquor made with Ipguk (koji) under reduced pressures (Unit: peak area %)

Jar (Hangari) Stainless steel container
NO. RT Compound 50 cmHg 60 cmHg 50 cmHg 60 cmHg
0 90 180 0 90 180 0 90 180 0 90 180
1 2.1 Acetaldehyde 0.01 - - - - - 001 - - 0.01 - -
2 4.09 Ethanol 92.31 87.13 87.56 93.17 88.97 89.39 86.16 91.01 90.50 82.35 90.78 88.25
3 5.93 n-Propanol 0.05 - - 0.1 - - 0.08 0.08 - 012 0.08 -
4 7.29 Isobutyl alcohol 1.17 101 110 191 111 1.00 121 1.05 1.62 135 1.09 1.73
5 8.18 1-Butanol - 0.01 o0.01 - - 001 - 001 0.02 - 001 0.02
6 9.87 Isoamyl alcohol 284 249 3.00 261 277 276 325 270 3.65 377 262 384
7 10.36 Hexanoicacid,ethylester 0.03 0.02 - 0.01 - - 0.03 0.02 - 0.03 - -
8 1343 Ethyl lactate - - - - - - 0.01 - - - - -
9 14.19 1-Propanol, 3-ethoxy- 0.01 - - 0.01 - - 0.01 - - 0.01 - -
10 15.65 Ethyl octanoate 038 054 039 0.10 047 023 052 042 027 097 043 0.15
11 20.66 Decanoic acid, ethylester 071 1.15 1.68 052 1.17 058 198 156 0.02 295 172 1.64
12 211 Octanoic acid 0.01 0.04 0.05 0.02 - - 004 003 005 006 0.04 0.05
13 21.59 Butanedioic acid, diethylester 0.01 0.01 - - - - 0.01 - - 0.01 - -
14 23.03 Iso butyl decanoate - - 0.03 - - - 0.01 0.01 - 0.02 0.01 -
15 2472 Acetic acid, 2-phenylethyl ester 0.07 0.08 0.10 0.04 o0.11 0.12 0.15 0.07 0.09 023 0.07 0.08
16 2518 Dodecanoic acid, ethylester 0.19 046 090 0.04 049 075 049 049 0.62 0.83 0.56 0.54
17 2537 Pentadecanoic acid - 003 0.05 - 003 004 - 0.02 0.05 - 002 0.05
18 26.74 Phenylethyl Alcohol 0.08 0.04 0.06 0.07 0.05 0.06 0.08 0.05 0.04 0.05 0.05 0.03
19 2933 Ethyl myristate 021 076 058 0.06 0.73 050 056 039 0.60 0.86 043 0.58
20 31.27 Pentadecanoic acid ethyl ester - 0.01 0.11 - - 0.08 0.01 - 0.02 0.03 - 0.02
21 33.18 Ethyl palmitate 1.09 382 211 128 122 1.8 156 083 070 1.71 0.88 0.69
22 3736 Octadodecanoic acid, ethyl ester 0.02 0.06 027 - 0.07 029 0.35 - 0.10 042 - 0.14
23 39.29 Octadecadienoic acid, ethyl ester 0.10 0.18 0.88 0.05 0.17 0.07 095 0.02 0.07 131 0.02 0.07
Others 072 214 111 0.09 264 209 255 123 157 294 1.19 215
Total 100 100 100 100 100 100 100 100 100 100 100 100
Each value is expressed as mean (n=3)
o2 ¥ AFAUT. PFHL l8F FRF W AE B & W Iuse] ¥HY Aoz wuwh dEswy dsel
A A T A SR AE SR P 2 Aele olFelAM F 54L Y= decanoic acid= % 500, 600 mmHge]
7P & EALS whiskey ©] L= isoamyl alcohol(17)°] 7t & 0.71%, 0.52%= % 80, 90°C2] 1.98%, 2.95% KT} WA A&
F71 AA A=EHAJTE Aolt) o]AL isoamyl alcohol HF HATH22). FGET el A =4 AEE 32 isobutyl alcohol
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Table 5. Volatile compounds obtained distilled liquor made with Ipguk (koji) under atmospheric pressures

699

(Unit: peak area %)

Jar (Hangari) Stainless steel container
NO. RT Compound 80°C 90°C 80°C 90°C
0 90 180 0 90 180 0 90 180 0 90 180
1 2.1 Acetaldehyde 0.01 - - 0.01 - - 0.01 - - 0.01 - -
2 4.09 Ethanol 86.16 91.01 90.50 82.35 90.78 88.25 86.16 91.01 90.50 82.35 90.78 89.25
3 5.93 n-Propanol 0.08 0.08 - 012 0.08 - 0.08 0.08 - 012 0.08 -
4 7.29 Isobutyl alcohol 121 1.05 1.62 135 1.09 173 121 1.05 162 135 1.09 1.73
5 8.18 1-Butanol - 001 0.02 - 0.01 002 - 001 002 - 001 002
6 9.87 Isoamyl alcohol 325 270 3.65 377 262 384 325 270 4.65 377 262 384
7 10.36 Hexanoicacid,ethylester 0.03 0.02 - 0.03 - - 0.03 0.02 - 0.03 - -
8 13.43 Ethyl lactate 0.01 - - - - - 001 - - - - -
9 14.19 1-Propanol, 3-ethoxy- 0.01 - - 0.01 - - 0.01 - - 0.01 - -
10 15.65 Ethyl octanoate 052 042 027 097 043 0.15 052 042 027 097 043 0.15
11 20.66 Decanoic acid, ethylester 198 1.56 0.02 295 172 1.64 198 156 0.02 295 172 1.64
12 211 Octanoic acid 0.04 0.03 0.05 0.06 0.04 0.05 0.04 0.03 0.05 0.06 0.04 0.05
13 21.59 Butanedioic acid, diethylester 0.01 - - 0.01 - - 0.01 - - 0.01 - -
14 23.03 Isobutyl decanoate 0.01 0.01 - 002 0.01 - 001 o0.01 - 0.02 o0.01 -
15 2472 Acetic acid, 2-phenylethyl ester 0.15 0.07 0.09 023 0.07 0.08 0.15 0.07 0.09 023 0.07 0.08
16 2518 Dodecanoic acid, ethylester 049 049 062 083 056 054 049 049 062 083 056 0.54
17 2537 Pentadecanoic acid - 002 0.05 - 0.02 0.05 - 0.02 0.05 - 002 0.05
18 26.74 Phenylethyl Alcohol 0.08 0.05 0.04 0.05 0.05 0.03 0.08 0.05 0.04 0.05 0.05 0.03
19 2933 Ethyl myristate 056 039 060 086 043 058 056 039 060 086 043 0.58
20 31.27 Pentadecanoic acid ethyl ester 0.01 - 0.02 0.03 - 0.02 0.01 - 0.02 0.03 - 0.02
21 3318 Ethyl palmitate 1.56 083 070 171 0.88 0.69 156 083 0.70 1.71 0.88 0.69
22 3736 Octadodecanoic acid, ethyl ester 0.35 - 0.10 042 - 0.14 035 - 0.10 042 - 0.14
23 39.29 Octadecadienoic acid, ethyl ester 095 0.02 0.07 131 002 0.07 095 0.02 0.07 131 0.02 0.07
Others 255 123 157 294 119 215 255 123 157 294 119 1.15
Total 100 100 100 100 100 100 100 100 100 100 100 100
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Table 6. Quantitative description analysis (QDA) profile during aging period of distilled liquors made with Ipguk (koji)

Day Vessel Sens".ry Color Alcohl flavor Flavor Taste Swallowing Overall
evaluation acceptance
RPY50 cmHg  6.13+2.40° 5.25+0.98° 5.25+0.98" 5.25+0.98° 5.50+1.70 5.25+1.26
Jar RP 60 cmHg  6.38+2.12° 4.63+1.56° 4.50+1.70° 5.00+1.26® 5.00+1.70° 4.63+1.12°
(Hangari) AP 80°C 5.50+3.11° 4.00+0.57* 4.38+1.84° 3.50£1.13® 3.63+0.99® 4.25+1.98*
AP 90°C 5.13+2.40° 3.50+0.57* 4.13+1.56° 3.38+0.99* 3.50+0.57* 4.00+1.41°
0 RPV50 cmHg  6.13+2.40° 5.25+0.98° 5.2540.98* 5.25+0.98° 5.50+1.70° 5.25+1.26
Stainless steel RP 60cmHg — 6.38+2.12% 4.63£1.56™ 4.50+1.70° 5.00+1.26® 5.001.70° 4.63+1.12°
vessel AP 80°C 5.50£3.11% 4.00+£0.57® 4.38+1.84* 3.50£1.13® 3.63+0.99% 4.25+1.98*
AP 90°C 5.13+£2.40° 3.50+0.57* 4.13x1.56° 3.38+0.99* 3.50+0.57* 4.00+1.41°
RPY50 cmHg  8.33+0.23* 6.00£0.23" 5.40+0.40° 4.17+0.46° 6.33+0.23° 6.60+£0.23¢
Jar RP 60 cmHg  8.17+0.75° 6.63+0.83% 4.97+0.80° 4.87+0.61® 5.93+0.40° 6.50+0.80%
(Hangari) AP 80°C 7.73+0.69° 5.87+0.69° 4.27+0.23* 4.07+0.61* 4.00+0.40° 5.13+£0.23%
AP 90°C 8.43+1.40° 5.47+1.44% 4.47+0.69° 4.10+£0.46™ 4.03+0.65° 5.80+0.83%
20 RPY50 cmHg  8.33+0.23° 5.40+1.06® 5.10+0.61° 4.97+1.06™ 5.001.06™ 4.97+0.80®
Stainless steel RP 60cmHg — 8.43+0.61° 5.57+0.92 4.93+0.69* 3.70£0.61® 3.87+0.83% 4.63+0.46™
vessel AP 80°C 8.33+0.23° 4.08+1.41° 4.33+0.83* 2.70+0.23* 3.07+0.40° 3.53+0.69*
AP 90°C 7.73£0.69* 4.80+1.15° 3.83+£0.23% 3.03£0.10* 4.00+0.69" 3.50+0.20*
RPY50 cmHg  8.28+0.57° 5.98+0.28° 4.98+0.28" 5.53+0.28° 6.28+0.20° 6.73+0.52°
Jar RP 60 cmHg  7.13+0.85™ 5.83+1.13% 6.33+0.57° 5.53+0.28° 6.48+0.28° 6.98+0.28°
(Hangari) AP 80°C 7.63£0.65" 5.98+0.28° 5.08+1.41° 5.33+£0.57% 5.03+0.28° 6.83£1.13%
AP 90°C 6.78+0.28° 6.13+0.57° 5.43+0.28% 5.18+0.20*° 4.73+0.35° 6.38+0.28%
180 RPV50 cmHg  7.63+0.28"° 5.98+0.28° 4.83+0.78" 5.03+0.28% 4.88+0.57" 5.53+0.28"
Stainless steel RP60cmHg — 7.18+0.28° 5.63+0.25% 5.43+0.85% 5.13+£0.85% 5.33+£0.57* 5.33+0.57
vessel AP 80°C 5.48+0.57° 4.08+1.41° 4.78+0.57 4.78+0.37* 4.33+0.57° 4.58+0.85°
AP 90°C 5.48+0.57° 4.48+0.85° 4.73+0.57* 4.33+0.57* 4.53+0.28° 4.78+0.57
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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