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Abstract

Fermentation characteristics and quality changes of the typical Korean traditional alcoholic beverages (Kwa-
haju, Sokokju, Baikhaju, Samhaeju and Hosanchun) were investigated during fermentation and after aging,
respectively. They were prepared by their own brewing methods with respect to the same contents of rice
and Nuruk (Korean-style bran koji). The consumed total sugar content of the alcoholic beverages (Sokokju,
Baikhaju, Samhaeju and Hosanchun) which were brewed with the multiple input steps of seed mash and
raw material (ABMIS) was higher than that of the alcoholic beverage (Kwahaju) which was brewed with
the single input step (ABSIS). The pH values of all the beverages were similar and were ranged from 3.2
to 3.6. The acidity of ABMIS were lower than that of ABSIS, but alcohol concentration of ABMIS were
higher. The fermentation period of the alcoholic beverages with triple input steps was the longest among
them. The inner temperature and microbial growth in all the beverages increased at each of input steps
of the raw materials. Fusel oil content of ABMIS was lower than that of ABSIS. Major components of the
fusel oil were iso-amyl alcohol, iso-butanol, n-propanol, ethyl acetate and acetaldehyde, and its minor compone-
nts were methanol and n-butanol. The results on quality changes of the alcoholic beverages after aging showed
increase of alcohol in ABMIS, but decrease of sugar and acidity. Fusel oil contents of Kwahaju and Samhaeju
decreased to be ranged from 3.1% to 13.9% after aging, but those of Sokokju, Baikhaju and Hosanchun increa-
sed to be ranged from 10.9% to 23.0%. Sensory evaluation of ABMIS showed better scores than that of
ABSIS. It was suggested that the brewing method with multiple input steps of seed mash and raw material
was one of the methods to increase fermentation efficiency for brewing the Korean traditional alcoholic bevera-
ges.
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Fig. 1. Changes in total sugar content of Korean tra-
ditional alcoholic beverages during fermentation at
25T by different brewing methods with respect to
the same contents of rice and Nuruk (Korean-style
bran koji).

Arrows indicate the fermentation periods for the mu-
ltiple input steps of raw materials, which are 2 days
of Baikhaju, 4 days of Sokokju and Hosanchun, and
5 days of Samhaeju as the 2nd input step, as well
as 8 days of Samhaeju and 10 days of Hosanchun
as the 3rd input step

O; Sokokju, @; Baikhaju, V; Kwahaju, ¥; Samhaeju,
U; Hosanchun.
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Fig. 2. Changes in reducing sugar content of Korean
traditional alcoholic beverages during fermentation at
25C by different brewing methods with respect to
the same contents of rice and Nuruk (Korean-style
bran koji).

Explanation on the arrows are the same as in Fig. 1.
O; Sokokju, @; Baikhaju, 7; Kwahaju, ¥; Samhaeju,
0O; Hosanchun.
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Fig. 3. Changes in pH of Korean traditional alcoholic
beverages during fermentation ‘at 25C by different
brewing methods with respect to the same contents
of rice and Nuruk (Korean-style bran koji).
Explanation on the arrows are the same as in Fig. 1.
O; Sokokju, @; Baikhaju, V; Kwahaju, ¥; Samhaeju,
O; Hosanchun.
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Fig. 4. Changes in titratable acidity of Korean tradi-
tional alcoholic beverages during fermentation at 25C
by different brewing methods with respect to the
same contents of rice and Nuruk (Korean-style bran
koji).

Explanation on the arrows are the same as in Fig. 1.
O; Sokokju, @; Baikhaju, V; Kwahaju, ¥; Samhaeju,
J; Hosanchun.
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Fig. 5. Changes in alcohol concentration of Korean
traditional aicoholic beverages during fermentation at
25T by different brewing methods with respect to
the same contents of rice and Nuruk (Korean-style
bran koji).

Explanation on the arrows are the same as in Fig. 1.
O; Sokokju, @; Baikhaju, ~; Kwahaju, ¥; Samhaeju,
; Hosanchun.
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Fig. 6. Changes in microbial growth of Korean tradi-
tional alcoholic beverages during fermentation at 25T
by different brewing methods with respect to the
same contents of rice and Nuruk (Korean-style bran
koji).

Explanation on the arrows are the same as in Fig. 1.
A; Total microbes, B; Yeasts and molds, C; Lactic
acid bacteria; O; Sokokju, @; Baikhaju, ~7; Kwahaju,
v Samhaeju, 1; Hosanchun.
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Fig. 7. Changes in inner temperature of Korean tra-
ditional alcoholic beverages during fermentation at
25T by different brewing methods with respect to
the same contents of rice and Nuruk (Korean-style
bran koji).

Explanation on the arrows are the same as in Fig. 1.
O; Sokokju, ®; Baikhaju, V; Kwahaju, ¥; Samhaeju,
0; Hosanchun.
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Table 1. Summary of production yields of total acid and alcohol of Korean traditional alcoholic beverages during
fermentation by different brewing methods with respect to the same initial contents of rice (22.5%, w/v) and
Nuruk (Korean-style bran koji) (2.22%, w/v)

Total Alcohol Consumed Yield total Yield of
concentration concentration sugar content total acid alcohol
(%, w/v) (%, W/v) ) (g/®) g/9)
Sokokju
1st input 0.61 2.58 258.99 0.02 0.10
2nd input 0.30 6.37 87.24 0.03 0.73
Total 0.46 7.14 164.56 0.03 043
Baikhaju
1st input 0.10 8.39 159.04 0.01 0.53
2nd input 0.76 3.69 108.32 0.07 0.34
Total 0.74 6.69 168.40 0.04 0.40
Kwahaju
Total 091 5.61 130.60 0.07 043
Samhaeju
1st input 0.96 6.70 145.80 0.07 0.46
2nd input 0.13 5.34 69.11 0.02 0.77
3rd input 091 6.27 106.96 0.09 0.59
Total 1.11 741 168.11 0.07 0.44
Hosanchun
1st input 0.73 7.32 86.18 0.08 0.85
2nd input 0.27 5.56 118.55 0.02 047
3rd input 0.61 3.99 93.82 0.07 043

Total 0.84 7.50 172.08 0.05 044
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Table 2. Physicochemical and microbiological changes of Korean traditional alcoholic beverages during aging
at 4T after fermentation at 25C by different brewing methods with respect to the same contents of rice and

Nuruk (Korean-style bran koji)

Korean traditional alcoholic beverages

Baikhaju Sokokju Kwahaju Hosanchun Samhaeju
Fv A2 F A F A F A F A
Physicochemical characteristics
Total sugar (g/l) 192 175 268 201 586 495 207 135 233 226
Reducing sugar (g/l) 33 2.4 5.1 4.1 111 130 0.3 3.9 3.8 4.6
pH 35 34 36 35 32 33 35 34 3.3 33
Acidity (%, w/v) 0.8 0.8 0.5 0.5 0.9 14 0.8 0.7 1.1 1.3
Alcohol (%, w/v) 6.7 7.2 7.2 7.6 5.6 4.6 75 7.3 74 56

Microbial growth
Total microbes (X107 cfu/g) 6.8 5.6 13
Yeast and mold (X107 cfu/g) 04 0.7 8.7
Lactic acid bacteria 59 47 2.1
(X107 cfu/g)

37 14 2.7 6.7 0.9 25 1.3
31 04 11 0.3 0.3 0.2 04
35 1.6 3.1 0.8 0.8 29 1.0

DThe fresh alcoholic beverages after fermentation at 25C.
9The alcoholic beverages aged at 4C for 9 days of Baikhaju, 10 days of Kwahaju, and 19 days of Sokokju,

Samhaeju and Hosanchun after fermentation at 25TC.
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Table 3. Fusel oil composition of distillates from the fresh and aged Korean traditional alcoholic beverages
prepared by different brewing methods with respect to the same contents of rice and Nuruk (Korean-style

bran koji) (Unit: ppm)
Korean traditional alcoholic beverages
Fusel oil Baikhaju Sokokju Kwahaju Hosanchun Samhaeju
FY A? F A F A F A F A
Acetaldehyde 18.2 36.0 247 37.3 21.5 20.4 26.8 339 344 333
Methanol 33 42 35 42 2.0 2.0 3.3 35 4.3 4.0
Ethyl acetate 15.1 276 235 285 15.7 16.1 9.5 17.1 285 40.8
n-Propanol 32.8 38.0 42.1 45.6 354 29.8 19.3 21.9 30.5 25.5
iso-Butanol 57.6 64.2 711 77.8 82.3 69.6 55.9 61.5 69.3 64.5
n-Butanol 12 - 2.6 2.8 - - - - 12 —
iso-amyl alcohol 1256 1421 1670 1749 1145 957 1241 1346 1444 1348
Total 2538 3121 3345 3711 2714 2336 2389 2725 3126 3029

YFusel oil composition of distillates from the fresh alcoholic beverages after fermentation at 25TC.
®Fusel oil composition of distillates from the alcoholic beverages aged at 4C for 9 days of Batkhaju, 10 days
of Kwahaju, and 19 days of Sokokju, Samhaeju and Hosanchun after fermentation at 25T.

Table 4. Sensory evaluation” of the aged Korean traditional alcoholic beverages by different brewing me-
thods with respect to the same contents of rice and Nuruk (Korean-style bran koji)
Alcohol O 11
Sweetness Sourness Flavor Color cono . .vera} .
concentration  desirability
Sokokju 5.3" 4.4 6.0% 6.6° 5.6" 5.5
Baikhaju 5.2 5.9 5.5 6.2° 6.07 5.0
Kuwahaju 5.8 4.6 5.1¢ 4.8° 5.9® 4.8
Samhaeju 5.3 4.2 6.5 7.9 5.7% 5.3%
Hosanchun 5.8 5.0% 6.0 5.6¢ 5.6° 5.4

Y9; like extremely, 5; neither like nor dislike, 1; dislike extremely
PMeans with different superscripts within the same column are significantly different (»<0.05)
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