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Flavor Characteristics of Korean Traditional Distilled Liquors Produced by the Co-culture of Saccharo-
myces and Hansenula. Hong, Yeun, Seung-Kook Park’, and Eon-Ho Choi*. Department of Food and
Microbial Technology, Seoul Women's University, Seoul 139-774, Korea, 1Department of Food Science and
Technology, Kyunghee University, Yongin-Si 449-701, Korea — Andong Soju is a Korean traditional distilled liquor
brewed with Nuruk which is cultured with wild microorganisms. To provide useful information for scientific pro-
duction and systematic quality control of raditional distilled liquor, the effects of mixed culture of the alcoholic
yeasts and saccharifying molds isolated from the Nuruk, and mashes on the flavor and sensory characteristics were
investigated. Distillate from mashes cocultured with Saccharomyces cerevisiae and Hansenula anomala using
Mucor Nuruk was compared with distillate from mashes brewed with Andong Nuruk and with distillate from plant
fermented mashes to analyze their flavor characteristics. The volatile flavor compounds in distiflates were analyzed
by GC and GC-MS using direct injection, solvent extraction, and purge & trap methods. Alcohols such as 3-methyl-
1-butanol, 2-methyl-1-propanol, 1-propanol, and 2-phenyl ethanol; aldehydes such as acetaldehyde and 2-furancar-
boxaldehyde; esters such as ethyl ester of acetic acid, hexanoic acid, octanoic acid, decanoic acid; alkanes, alkenes,
ketone, sulfur, and pyrone compounds were detected. Alcohols were chief components of flavor compounds. No
significant difference in overall acceptability test was shown among three experimental groups (p<0.05), but Nuruk-
like aroma, Kaoliangchiew-like aroma, sweet taste, and well rounded mouthfeel showed significant differences

among them (p<0.05).
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Fig. 1. GC-FID chromatograms of volatile flavor compounds
in distillates (45% alcohol) from mashes for Andong tradi-
tional distilled liquor after 24 day fermentation.

A: Distillate from mashes co-cultured with Saccharomyces cer-
evisiae and Hansenula anomala using Mucor Nuruk

B: Distillate from mashes brewed with Andong Nuruk in the
laboratory

C: Distillate from plant-fermented mashes of the Andong Soju
Co.
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Table 1. Volatile flavor compounds in distillates from mashes
for Andong traditional distilled liquor after 24 day fermenta-
tion; direct injection method, GC-FID

Peak Compounds Concentration (mg/mL)
No. ! identified A BY (¥
Acid
54 Acetic acid 142.2 2302 69.0
Alcohols
7 Methanol 339 375 152
18 2-Butanol nd” nd 136
19 1-Propanol 231.0 1939 459
22 2-Methyl-1-propanol 489.2 2792 990
26 2-Pentanol nd nd 1.0
28 1-Butanol 40 31 9.1
31 3-Methyl-1-butanol 1069.7 8729 246.2
33 |-Pentanol 0.7 0.9 nd
49 1-Hexanol 97.1 2.1 0.9
65 2-Pheny! ethanol 654 833 102
Total alcohol content 1991.0 14729 441.1
Aldehydes
2 Acetaldehyde 97.2 2632 766
55 2-Furancarboxaldehyde 44 1.3 82
57 Benzaldehyde 7.5 53 09
67 Cinnamyl aldehyde nd 0.5 nd
Total aldehyde content 109.1 280.3 85.7
Ketones
3 Acetone 1.7 2.0 27
8 2,3-Butanedione nd 1.8 nd
Total ketone content 1.7 38 27
Esters
6 Acctic acid, ethyl ester 163.6 3373 527
23 Acetic acid, 3-methyl-1-butyl ester 0.8 1.0 nd
34 2-Hydroxypropanoic acid, ethyl ester nd 3881 2937
53 Octanoic acid, ethyl ester 0.5 nd 0.9
56 Nomnanoie acid, ethyl ester 0.5 nd nd
60 Decanoic acid, ethyl ester 0.8 0.4 1.2
61 Butanedioic acid, Bis ester 2.5 22 39
62 Benzene acetic acid, ethyl ester 0.4 nd nd
63 Dodecanoic acid, ethyl cster 0.3 18 04
66 Tetradecanoic acid, ethyl ester 6.0 0.8 0.7
68 Hexadecanoic acid, ethy! ester 5.8 273 nd

Total ester content 181.2 7339 3535
Total volatile flavor compound content 2425.2 2721.1 952.0

DCarresponding to peak numbers of chromatograms of Fig. 1
YA: Distillate from mashes co-cultured with Saccharomyces cerevi-
siae and Hansenula anomala using Mucor Nurik (45% alcohol)
B: Distillate from mashes brewed with Andong Nuruk in the
laboratory (45% alcohol),
C: Distillate from plant fermented mashes of the Andong Soju Co.
(45% alcohol)
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butanol, 2-methyl-1-propanol, 1-hexanol, 1-propanol 5 F*
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1-propanol, 1-butanol, 3-methyl-1-butanol, 28] =52l 2-
furancarboxaldehyde, esterol]l &3F= acetic acid®] ethyl
ester, hexanoic acid¥] ethyl ester(ethyl caproate), octanoic
acid9) ethyl ester, decanoic acid®] ethyl ester E°] 1At
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Fig. 2. Total ion chromatogram of volatile compounds in
distillate (45% alcohol) from mashes for Andong tradiional
distilled liquor after 24 day fermentation.

A, B, C: Refer to Fig. L.
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Table 2. Volatile flavor compounds in distillates from mashes for Andong traditional distilled liquor; purge and trap method, GC-

MSD
Peak Compounds Peak area Odor
No.! identified A2 B2 2 description[38]
Acids
38  2-Methyl propanoic acid nd? 86 nd  Diffusive sour, pleasant fruity
40 Furfuryl formic acid nd 106 77
45 2-Methyl-, 1-methyl propanoic acid 520 nd nd
48 2-Hydroxy-, ethyl propionic acid 1900 2451 1948
54 Acetic acid 93 262 nd Pungent
64 3-Methyl-butanoic acid nd 27 nd Diffusive, acrid-acidic, cheesy
Alcohols
13 1-Propoxy-2-propanol nd 608 nd
18 2-Butanol nd nd 500
19 1-Propanol 2461 1872 756  Alcoholic and slightly stupefying
21 1,3-Dioxan-5-ol 73 nd nd
22 2-Methyl-1-propanol 10239 7102 3078 Cough-provoking, weak amyl alcohol
25 3-(1-Methylbutoxy)-2-butanol nd nd 57
26 2-Pentanol nd nd 421
27 3-Methyl-2-butanol nd nd 232
28 1-Butanol 298 307 584  Weak fusel oil
29 2-Methyl-3-pentanol nd nd 120
30 3-Methyl-1,5-pentanediol 18255 nd nd
31 3-Methyl-1-butanol (impure) 41784 33273 12574  Banana-like, disagreeable odor
33 1-Pentanol nd 188 nd
35 3-Buten-1-ol nd nd 133
36 3-Methyl-3-buten-1-ol nd nd 66
43 4-(1-Methylethyl)-cyclohexanol 38 nd nd
49 1-Hexanol 130 ad 60  Wine-like, slightly fatty and fruity
58 2,7-Dimethyl-4,5-octandiol nd 33 nd
65 2-Phenyl ethanol 37 90 nd Rose, honey, floral
Aldehydes
2 Acetaldehyde nd nd 1166  Pungent
4 Butanal nd nd 470
55 2-Furancarboxaldehyde 383 951 691  Volatile oil of almond
Alkanes (Hydrocarbons)
5 1-(Ethenyloxy)-2-methyl propane 608 nd nd
9 1-(Ethenyloxy)-3-methyl butane nd 5163 nd
10 Ethane nd 560 nd
15 1,1-Diethoxy ethane nd 927 nd
24 1-(1-Ethoxyethoxy)-pentane 843 2337 nd
39 1,2,3-Trimethyl-cyclohexane 152 nd nd
41 7-D2-methylene cyclohexane nd nd 77
42 Tridecane nd 74 nd
44 2,2-Oxybis-pentane 124 117 nd
52 Tetradecane 47 135 nd
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Table 2. Continued

Peak Compounds Peak area Odor
No." identified A B2 2 description[38]
Esters
6 Acetic acid, ethyl ester 16225 17688 2695  Ether-like reminiscent of pineapple, fruity
11 Propanoic acid, 2-methyl-ethyl ester 772 nd 1902
12 Acelic acid, propyl ester 460 nd nd
14 Formic acid, 1-methyl ethyl ester 379 nd nd
16 Acetic acid, 2-methyl propyl ester 602 897 nd
17 Butanoic acid, ethyl ester 2753 8837 nd
20 Butanoic acid, 3-methylethyl ester 212 nd 556
32 Hexanoic acid, ethyl ester 535 978 429  Pleasant pincapple
37 Butanoic acid, 3-methyl butyl ester nd 227 nd
46 Carbonic acid, dineopentyl ester 649 1138 nd
53 Octanoic acid, ethyl ester 527 337 557  Cocoilc, cognac
60 Decanoic acid, ethyl ester 209 248 183
Others
1 Ethoxyethene 2500 5135 nd
47 6-Methyl-1-heptene 6 nd nd
50 Dimethyl trisulfide nd 60 nd
51 7-Chloro-2H-1,4-benzodiazepin-2-one nd 40 nd
59 3-Hydroxy-2-butanonc 50 53 nd

DCorresponding 1o peak numbers of chromatograms of Fig, 2 PRefer to footnote of Table 1. ¥Not detected

|2 3559 73-$ acetic acid®] ethyl ester’} ¥ 5 AL
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=2 éf‘*‘%"ﬂ% AE ez Eulslr] diolzty &
Aok EuiFEE] A% AT E T purge & tap ol ¥
3f) 3 o] Z o 2 ZFH2 peak 7| AN AL E ZA v

Hu_f‘l

e
N,
rfz
_Bi
‘rﬂi

Rt 2, % AgelA Lol o=l 2= 7t $1i=
o] AR YE 4 glct. o] Sl EEe) A2 ExAe]

2he[37] freon ll(mchloroﬂuoro—meﬂlane, bprea 23.7°C) &9
S8 AL ESPAL A ol A Dof| 23T £AE FHgE
wx517] 9 oz A sEe] WA Fols Aasls
purging & o] S o] L@ el olo] ok o}
ARl @77} Lesickn A7k go) e A2 E
& Az 22 whgel ARge) & AEHden 1 ¢
wre] sfol7} 2D 4% TR AL ES 2EEe

ohe} 2 BER Aol B,
ZHSEA
Q2 P 45%3) 259 BEEAL TEAE B4
gol Zojul7] gle}e] AAIUZES E4E AAA Table
37} e ATE Qg AAD HEH B 47 2
SERe gHshe gojsh 1 B WesE Aesld B

Table 3. Attributable terms ol aroma and taste of the distillate
expressed by panel members and their frequency

Attributable terms

expressed Frequency

Aroma
Aromatic
Nuruk-like
Alcoholic
Kaoliangchiew-like
Strong
Yeasty
Cooked flavor

Total 25
Taste

R VS R - JR W e )

Sweet 5
Bitter 7
Soju-like 4
Yeasty 1
Total 17

Mouthfeel
Mild 5
Well-rounded 5
Pungent 7

Total 17

W% aromatics¥, 47-&3F, 723, TEFE 5o, gellA

a1
F gk, 2578k So] ) mouthfeeldl A= pungent, well-



Table 4. Sensory evaluation data’ of distillates from mashes for
Andong traditional distilled liquor

Attributable terms Standard substances Distillates
expressed AY B2 2
Aroma
Alcoholic Soju (distilled liquor) 5.89 5.71 6.55
Aromatic 5.16 5.63 5.6l
Nuruk-like Suspension of Nuruk  6.91* 7.38* 5.06
Kaoliangchiew-like Kaoliangchiew 5418 7.10* 7.16°
Taste
Bitter Gin tonic 7.16 6.56 6.40
Sweel Sucrose solution (1%) 4.36° 6.16* 5.49°
Soju-like Soju (distilled liquor) 4.90 4.65 4.68
Mouthfeel
Pungent 7.28 7.33 7.93

Well-rounded 5.76™ 6.88° 5.33%
Overall acceptability® 61 65 54

DMean scores of 3 replications: Values with different letters in the
same row are significantly different (p<0.05).

DRefer to footnote of Table 1.

ISum of ranking order
The data were obtained from 30 panel members.
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