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Fermentation Characteristics and Volatile Compounds in Yakju Made with Various brewing Condi-
tions; Glutinous Rice and Pre-treatment. Kwon, Young-Hee, Sung-Jin Jo, Jae-Ho Kim, and Byung-Hak
Ahn*. Alcoholic Beverage Research Center Korea, Korea Food Research Institute, Seongnam 463-746, Korea -
Yakju, a Korean traditional alcoholic beverage, is made from glutinous-rice flour or rice starch with nuruk. In
this study, we investigated that fermentation characteristics in yakju was made with glutinous rice and pre-
treatment. The yeast and nuruk were used Y90-9 and SP1800 (a kind of improved nuruk), respectively. pH and
brix degree of yakju, brewed with glutinous rice flour by heating, were higher than the others during fermenta-
tion process. Total acid contents were 0.2~0.3 and the highest alcohol degree (15.75%(v/v)) was fermented
glutinous rice flour by heating. Reducing sugar contents were 3.5-3.9 mg/mL. Yakju, which brewed with gluti-
nous rice flour, of amino acid degree, UV absorbance and color degree was higher than yakju which brewed
with glutinous rice starch. Succinic acid was the highest organic acid among 6 organic acids and free sugar
contents described as glucose > maltose > fructose. Twenty one components were identified including 3 alco-
hols, 17 esters and one aldehyde. Of these, ethyl palmitate, which was described as mild flavor, was the high-
est %area except ethyl alcohol. Overall, the fermentation performed using glutinous rice flour by heating and
improved-nuruk showed the best results for yakju production.
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Table 1. Proximate analysis of glutinous rice flour and glutinous
rice starch (%).

Crude Crude

Raw materials Moisture . Ash
protein fat

Glutinous rice flour 10.40 6.55 0.38 0.13

Glutinous rice starch 9.29 0.31 0.02 0.16
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Fig. 1. Procedure for manufacturing of yakju.

2 . . L ) x s

1 3 7 $ 11 1% 17 21
Fermentation Time (davs)

Fig. 2. Changes in pH of yakju made with various brewing con-
ditions; glutinous rice and treatment during fermentation time
(days). &, GFT (Glutinous rice flour, treatment); [, GFR (Gluti-
nous rice flour, raw); A, GST (Glutinous rice starch, treatment); l,
GSR (Glutinous rice starch, raw).
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Fig. 3. Changes in brix degree yakju made with various brew-
ing conditions; glutinous rice and treatment during fermenta-
tion time (days). &, GFT (Glutinous rice flour, treatment); [,
GFR (Glutinous rice flour, raw); &, GST (Glutinous rice starch,
treatment); M, GSR (Glutinous rice starch, raw).

0.60

0.5

0.40

0.30

Total acid contents

020

0.10

1 3 7 9 il 15 17 21
Fermetation Time (days)

Fig. 4. Changes in total acid contents of yakju made with vari-
ous brewing conditions; glutinous rice and treatment during
fermentation time (days). 2, GFT (Glutinous rice flour, treat-
ment); [J, GFR (Glutinous rice flour, raw); &, GST (Glutinous
rice starch, treatment); I, GSR (Glutinous rice starch, raw).
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Table 2. Chemical contents of yakju made with various brewing conditions; glutinous rice and treatment.
Yakju Alcohol (%) pH °Brix Total acid ~ Amino acid Coloring w Reducu?lg
degree absorbance sugar”
GFT? 15.7 4.55 14.3 0.18 0.6 0.18 0.33 3.89
GFR* 13.4 4.19 16.1 0.24 1.0 0.23 0.26 3.61
GST? 12.2 3.83 13.4 0.26 0.3 0.11 0.22 3.73
GSR® 13.0 3.86 12.0 0.18 0.5 0.12 0.06 3.72
Yiv
Zmg/mL
3Glutinous rice flour, treatment
4Glutinous rice flour, raw
SGlutinous rice starch, treatment
SGlutinous rice starch, raw.
Table 3. Organic acid and free sugar contents of yakju made with various brewing conditions; glutinous rice and treatment.  (mg/mL)
Organic acid Free sugar
Yakju Citric Malic Lactic Acetic Succinic  Pyroglutamic
. . . . . . maltose glucose fructose
acid cid acid acid acid acid
GFT' 0.20 0.16 - 2.46 18.24 0.02 3.16 13.53 0.33
GFR? 0.18 0.09 - 4.58 23.05 0.10 2.07 20.23 0.39
GST? 0.16 0.43 0.12 1.83 2.37 0.02 7.70 29.48 -
GSR* 0.24 0.15 0.24 0.62 1.91 0.02 0.46 3220 0.10

YGFT (Glutinous rice flour, treatment)
GFR (Glutinous rice flour, raw)

3GST (Glutinous rice starch, treatment)
*GSR (Glutinous rice starch, raw).
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Table 4. Volatile compounds of yakju made with various brewing conditions; glutinous rice and treatment.

(unit : peak area %)

No Compound RI! GFT? GFR? GST* GSR®
1 Ethyl acetate <1000° 0.53 0.55 ND 0.48
2 Ethanol <1000 43.46 39.76 23.76 48.57
3 Isoamyl alcohol 1207 2.64 4.24 2.07 5.22
4 Ethyl caproate 1224 2.28 1.60 0.40 0.91
5 Ethyl enanthate 1325 0.24 0.19 ND ND
6 Ethyl caprylate 1427 4.20 292 27.85 5.61
7 Benzaldehyde 1520 0.55 1.24 0.29 0.25
8 Ethyl pelargonate 1527 0.43 0.31 0.19 0.17
9 Ethyl caprate 1629 5.73 4.52 7.64 8.48
10 Isoamyl caprylate 1649 0.10 0.13 0.13 0.18
11 Diethyl succinate 1670 0.66 0.26 1.11 0.57
12 Ethyl laurate 1834 2.98 2.1 6.17 291
13 Isoamyl decanoate 1851 0.08 0.10 0.35 0.15
14 Benzeneethanol 1902 0.79 1.54 045 1.11
15 Ethyl myristate 2040 4.57 4.37 3.68 2.20
16 Ethyl pentadecanoate 2142 0.16 0.31 0.17 0.16
17 Ethyl palmitate 2249 18.44 25.66 15.51 17.21
18 Ethyl 9-hexadecanoate 2272 0.70 0.74 2.35 1.54
19 Ethyl stearate 2448 0.83 1.21 0.68 0.63

20 Ethyl oleate 2470 5.18 4.02 2.39 1.42

21 Ethyl linolate >2500 5.44 4.24 4.81 222

Total 100.0 100.0 100.0 100.0

IRetention indices determined using Cy-Cys as external reference.
2GFT (Glutinous rice flour, treatment).

3GFR (Glutinous rice flour, raw).

4GST (Glutinous rice starch, treatment).

SGSR (Glutinous rice starch, raw).

®Average of relative percentage of total peak area.
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