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ABSTRACT

In the present study, using locally grown hops, we aimed to improve the quality of distilled soju by maintaining the hoppy
flavor while reducing the grassy flavor. We analyzed the volatile aromatic components of hops grown in Buan, South Korea,
and evaluated the effects of hop addition on their fermentability. Hops added to distilled soju proportionately reduced alcohol
production, increased isoamyl alcohol content, and decreased 2-phenylethyl alcohol and ethyl acetate content. Among the
hop-derived components with floral aromas, the contents of linalool and grassy components such as 1-hexanal increased in
proportion to the amount of hops added. The use of hops cultivated with Aspergillus oryzae caused a decrease in the contents
of linalool and grassy components of distilled soju. Specifically, the content of 1-hexanal was removed to undetectable levels,
while those of mycene and cis-3-hexenal were reduced, which improved the quality of the produced distilled soju. Notably,
the distillation of hop-added mash after thr removal of hops by filtering immediately before distillation selective removed
1-hexenal without altering the linalool components.
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Fig. 1. Typical GC-chromatogram of 11 aromatic volatile components of hops. (A) Standard (B) ‘common’ variety of hops

grown in Buan, Korea.

1: ethyl isobutyrate, 2: 1-hexanal, 3: myrcene, 4: 6-methyl-5-hepten-2-one, 5: 1-hexanol, 6: cis-3-hexen-1-ol, 7: linaool, 8: geraniol, 9:

Bionone, 10: 2-phenylethyl isovalerate, 11: cis-3-hexenal.
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Table 1. Contents of 11 selected aroma compounds in domestically cultivated hop varieties
Concetration (mg -+ 100 g dry matter)
Compounds Ordor quality” Locally cultivated hops Imported hops
Common Casccade Casccade Centennial
Ethyl isobutyrate Citrus, pineapple, sweet ND ND ND ND
Linalool Floral, citrus, terpenic 9.17+0.15° 16.36+1.41° 15.541.34° 34.47+1.86"
Geraniol Floral, rose-like ND 16.64+0.16° 15.81+0.16° 25.3120.42°
Slonone Floral, violet-like, berry ND 33.36+1.03* 31.69+0.98" 17.24+0.41°
2-Phenylethyl isovalerate Floral, minty 9.08+0.30° 46.05+3.13° 43.75£2.97° 85.12+10.35"
1-Hexanal Green, leafy ND ND ND ND
Myrcene Heraceous, resinous, green”  230.1240.33°  496.32426.17°  471.54+24.87° 1,199.63+39.22°
6-Methyl-5-hepten-2-one Citrusy, green” ND ND ND 12.740.14
1-Hexanol Green, leaf ND ND ND ND
cis-3-Hexen-1-ol Muscat-like, green 12.98+1.52* ND ND ND
cis-3-Hexenal Green, leafy 109.26+14.57"  47.2642.67°  44.90+2.54° 59.18+2.68°
Sum 370.60+16.87  655.99+34.58  623.24+32.85  1,433.65+55.08

All values are meantS.D. (n=3).
ND: Not detected.

#7¢ Means with different superscripts in the same row are significantly different at p<0.05 by Duncan’s multiple range test.

D Kishimoto et al 2006.
D Haslbeck et al 2017.
3 Kishimoto et al 2021.
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Fig. 2. Fermentation kinetics of mash (CO, production)
supplemented with hops (up to 10%).
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Table 2. Changes in mash pH and alcohol production with hops and changes in distillate composition

Hops added Mash Distillate
(7o) pH Alcohol (%) pH Alcohol (%) Distillation yield (%)
0 4.05+0.01¢ 18.28+0.12° 4.18+0.03¢ 43.34+0.03° 94.8
2 3.9440.01° 18.26+0.01° 4.63+0.02° 43.17+0.02° 94.6
4 4.13+0.01° 18.08+0.01° 4.25+0.02° 44.91+0.01° 99.4
6 4.27+0.02° 17.1740.01° 4.19+0.02° 39.19+0.03° 91.3
8 4.310.01° 16.38+0.02° 3.96+0.03¢ 33.89+0.01° 82.8
10 4.30+0.01° 16.66+0.01¢ 4.15+0.02° 34.09+0.05¢ 81.8

All values are mean+S.D. (n=3).
a~f
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Table 3. Changes in the content of volatile aromatic components (mg - L™") of distilled soju (25%, v/v) according to hops
content

Hops added (%)

Compounds Not added

2 4 6 8 10
1-Propanol 58.84+3.80° 50.2+1.09° 52.34+0.84° 56.09+0.11°  60.00+1.24° 69.29+3.40°
1-Butanol 45.89+0.14™ 45.65+0.12° 45.53+0.12° 46.10+0.01° 46.06+0.13° 46.59+0.26"
Isoamyl alcohol 138.68+18.40°  122.81+13.43"  124.09£5.11°  139.74+2.65°  145.03+3.54  171.61+13.48"
2-Phenethyl alcohol 69.20+2.58° 50.3140.98° 50.511.15° 53.1741.04%  57.04+2.76" 54.50+0.46
2-Phenylacetate ND ND ND ND 44.2440.11* ND
Ethyl acetate 55.3446.34° 28.06+1.95° 32.10+1.33° 25.54+0.03° 28.60+2.96° 36.5148.73°
Ethyl lactate ND 32.66+0.00°* ND ND ND ND
Ethyl butyrate 68.00+4.07° 58.74+1.17° 61.04£091°  65.06£0.11°  69.25+1.33° 79.243.64°
Ethyl valerate ND ND ND ND ND ND
Ethyl caproate ND ND ND ND ND ND
Ethyl heptanoate ND ND ND ND ND ND
Ethyl caprylate ND ND ND ND ND ND
Sulfide ND ND ND ND ND ND
Disulfide ND ND ND ND ND ND
Dimethyl trisulfide ND ND ND ND ND ND
Acetic acid ND ND ND ND ND ND
Furfural ND ND ND ND ND ND
Ethyl isobutyrate ND ND ND ND ND ND
Linalool ND 0.32+0.01¢ 0.37+0.01° 0.47+0.01° 0.47+0.01° 0.66+0.01°
Geraniol ND ND ND ND 0.44:0.01° ND
2-Phenylethyl isovalerate ND ND ND ND ND 0.12+0.07°
1-Hexanal ND 0.41£0.01° 0.42+0.01° 0.43+0.01° 0.57+0.02 0.86+0.01°
Myrcene ND 2.35+0.01° 2.2840.01¢ 2.2940.01¢ 2.29+0.01° 2.34+0.01°
6-Methyl-5-hepten-2-one ND ND 0.45+0.01° ND 0.44+0.01° 0.50+0.01°
1-Hexanol 0.410.02 0.60+0.02" 0.61+0.03" 0.660.19® 0.67+0.02* 0.83+0.01°
cis-3-Hexen-1-ol ND 1.23+0.02° 0.460.02° 0.53+0.01° 0.58+0.01° 0.500.01¢
cis-3-Hexenal ND 0.060.06° 0.12+0.06* 0.24+0.09° 2.66£0.04° 0.52+0.04°

All values are meantS.D. (n=3).
ND: Not detected.
24 Means with different superscripts in the same row are significantly different at p<0.05 by Duncan’s multiple range test.

Al A. nigeroll 2814 linalool oxide®Z 2+a}E 7] wjj ol 2R 7HA] 8.70 mg/100 g & Bk A Fol HlSte] 5.1%%+
(Demyttenaere JC & Willemen HM 1988) v <F 7] 7} w2} skt &l E% linaloolS #2138 <ol ulj g2
ok o g gddkdnh ok, O AAadE T R FHEE ZASH myrcene] AFslel] oM = APETH
(&=, W=l whel ZJolzF Qo S=te] A9 wiek (Rettberg N 5 2018). Alcohol dehydrogenase®} aldehyde
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Table 4. Effect of culturing brewing fungi (Aspergillus oryzae and Aspergillus luchensis) with hops on aromatic
components (mg-100 g~ ')

Culture time (day)

Compounds
1 2 3 4 5 6 7 8

Ethyl NDY ND ND ND ND ND ND ND

isobutyrate (ND)” (ND) (ND) (ND) (ND) (ND) (ND) (ND)
Linalool 8.60+0.11%  8.70£0.07*  7.5240.04™  7.46+0.08"  7.73+1.88"  7.35+0.02% = 7.68+0.12°  7.25+0.05°
(8.5940.09%)  (7.89+0.05™)  (7.99+£0.04°) (7.87+0.17%) (6.92+0.24%)  (7.62+0.15%) (7.67+0.16*%)  (7.14+£0.13%)

Geraniol ND ND ND ND ND ND ND ND

(ND) (ND) (ND) (ND) (ND) (ND) (ND) (ND)

Blonone ND ND ND ND ND ND 5.74+0.14° ND
(ND) (ND) (ND) (5.75+0.09% (ND) (ND) (6.84+0.21°)  (5.46+0.03%)

2-Phenylethyl ~ 9.51+0.32°  38.72+4.48"  38.59+6.85"  8.67+0.17°  2027+3.68°  11.74+0.09°  9.77+0.43°  9.97+0.43°
isovalerate (9.84£0.05") (41.14+13.79%) (9.49+0.06°)  (9.83+0.23%)  (9.51+0.41%)  (9.81+0.27%) (11.74+£0.84°) (9.88+0.26")

|- Hexanal ND ND ND ND ND ND ND ND
(ND) (ND) (ND) (ND) (ND) (ND) (ND) (ND)

Myrcene 230.62+1.49° 229.08+0.95" 206.44+0.39° 186.6+0.32° 157.5242.39% 172.55+1.41° 160.25+1.417 147.54+0.63¢

T (241.87+0.85%) (225.75+0.72°) (217.13+0.81%) (173.76+0.75") (193.28+0.11%) (185.61+0.87°) (173.46+0.77") (148.47+0.74%)
6-Methyl-5- ND ND ND ND ND ND ND ND
hepten-2-one (ND) (ND) (ND) (ND) (ND) (ND) (ND) (ND)
| Hexanol ND ND ND ND ND ND ND ND
(ND) (ND) (ND) (ND) (ND) (ND) (ND) (ND)
cis-3-Hexen-  15.3940.14°  16.95£0.15° ND ND ND ND ND ND
1-ol (15.03£0.42%) (15.34+0.13%) (ND) (ND) (ND) (ND) (ND) (ND)

cis-3- 95.5442.97*  79.2241.30°  77.90+4.38°  60.15£0.40° 62.76+3.98¢  68.64+2.55°  42.84+1.82°  45.16+2.59°

Hexenal (84.91£0.47™) (95.76+2.00%) (99.04£16.61%) (89.56+3.92%™) (77.81£1.57%) (73.09+2.75%) (59.88+3.70°%) (46.28+6.24%)

All values are mean+S.D. (n=3).

ND: Not detected.

#"% Means with different superscripts in the same row are significantly different at p<0.05 by Duncan’s multiple range test.
V' A. oryzae.

2 A. luchensis.
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&l ol A8k aldehyde ol G 32 PZItH(Zhao G EAsE et 23 AdEo] o] A& wiF 29AF F2 At
T 2012). o]t o] F= wiF F Fol EASE cis-3-hexenal Bshe Zlo] Fohal ATHI oo =t wiF 29 A &

I} cis-3-hexen-1-0l°] 7343F Aoz FHHTH S ARl S/ AFE AFSa 1 53 Table 59
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A7V Aol =AR T wiF 2958 AR 7] A&k < & AREol e WskE AR d3EF oA

23k 2UAtel] A3l AR} o] % FEH oA = £ l-propanol?] &ao] vk & Algol wlujer % ARl H]

Aol ). o= vl 3 Aol = 223 linalool AJE2] 4 3l 1.74], ol z=H|Foll A= ethyl butylate2] -2 1.74]



33(1): 52~61 (2023) U A FE o8 FRA 27 Az Wy 59

Table 5. Content of volatile aromatic components (mg-L™") of distilled soju (25%, v/v) prepared from added hops cultured
with Aspergillus oryzae

Not-cultured Cultured
Not filtered Filtered Not filtered Filtered
1-Propanol 95.89+0.01° 95.9+0.81° 166.99:£0.99° 159.26+1.99°
1-Butanol 50.36+0.03° 50.3240.03¢ 53.1240.05° 52.44+0.13°
Isoamyl alcohol 200.91+1.84° 193.75£0.89° 226.23+2.16" 203.05+2.02°
2-Phenethyl alcohol 228.58+0.42° 271.46+0.19° 205734247 190.7141.79°
2-Phenylacetate 44.69+0.02° 44.66+0.03° 44.39+0.02° 44.48+0.01°
Ethyl acetate 23.57+0.01° 23.60+0.06° 23.59+0.03° 23.58+0.02°
Ethyl lactate 36.25+0.17° 37.02+0.70%° 37.7240.04° 36.56+0.01°
Ethyl butyrate 107.71£1.06° 107.7240.87° 183.91:1.06" 175.62+2.13°
Ethyl valerate ND ND ND ND
Ethyl caproate ND ND ND ND
Ethyl heptanoate ND ND ND ND
Ethyl caprylate ND ND ND ND
Sulfide ND ND ND ND
Disulfide ND ND ND ND
Dimethyl trisulfide ND ND ND ND
Acetic acid ND ND ND ND
Furfural ND ND ND ND
Ethyl isobutyrate 0.24+0.01° 0.23+0.01® 0.23+0.01* 0.22+0.01°
Linalool 0.4120.06° 0.33+0.01° 0.26+0.06" 0.310.08"
Geraniol ND ND ND ND
2-Phenylethyl isovalerate ND ND ND ND
1-Hexanal 0.40£0.01° 0.39+0.01° ND ND
Myrcene 2.65+0.01° 2.32+0.01° 2.3140.01° 2.28+0.00°
6-Methyl-5-hepten-2-one 0.52+0.05° 0.40+0.01° 2.3140.01° 1.58+0.00°
1-Hexanol 0.91+0.02° 0.89+0.05° 0.87+0.01° 0.84+0.12°
cis-3-Hexen-1-ol 0.57+0.01° 0.52+0.14° 0.59+0.01° 0.54+0.01°
cis-3-Hexenal 0.40+0.09° 0.250.02° 0.3040.04% 0.16£0.04°

All values are mean+S.D. (n=3).
ND: Not detected.
#7¢ Means with different superscripts in the same row are significantly different at p<0.05 by Duncan’s multiple range test.
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