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Changes in Physiochemical Properties of Yakju Prepared
by Accelerated Aging without Protease

Jong-Min Noh, Ji-Eun Kang, Ji-Ho Choi, Seok-Tae Jeong, and Han-Seok Choi*

Fermented Food Science Division, National Academy of Agricultural Science, Rural Development Administration

Abstract Normal alcoholic fermentation took place at 20-25°C in yakju (traditional Korean rice wine) prepared without
the addition of protease (non-addition group). The total concentration of organic acids increased by 1.0-2.7 fold in the non-
addition group. While the concentration of lactic acid and acetic acid increased, the pyroglutamic acid concentration
decreased by 51.1 fold. Consequently, the total acidity and volatile acid concentration increased, and the overall pH
decreased. Compared to the addition group, the non-addition group showed a 3.0-5.2 fold increase in the amount of amino
acids; however, the total estimated concentrations of free-form amino acids were 5.2-11.9 times lower than those in the
latter group. The major amino acids found in the non-addition group were alanine, arginine, leucine, and phenylalanine.
The yakju preparation from the non-addition group showed a 1.2-3.0 fold decrease in the final color intensity as compared

to that from the addition group.
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Fig. 1. Changes in the chemical characteristics of rice-based alcoholic beverage during aging.
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Fig. 2. Effect of preparing yakju without protease on alcohol
production (a) and fermentation period (b). The inset in graph b
shows the changes in alcohol concentration in the mash of yakju
without added protease during the fermentation period at 30°C. A+P,
amylasetprotease; A, amylase only
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Fig. 3. Changes in pH (a), acidity (b), and volatile acid
concentration (c) in yakju prepared with protease (A+P) and
without protease (A) at each fermentation temperature.
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Table 1. Concentration of organic acids in yakju prepared with addition of protease

Organic acids concentration (mg/100 mL)

Compounds

10°C 15°C 20°C 25°C 30°C
Oxalic 0.92+0.23 0.80+0.28 0.74+0.05 n.d. n.d.
Citric 17.90+1.09 16.35+0.16 17.30+0.01 12.87+0.48 10.32+0.81
Tartaric n.d. n.d. n.d. n.d. n.d.
Malic 29.41+£2.22 26.21+0.19 35.77+0.32 43.50+0.04 41.63+1.13
Succinic 73.98+4.74 84.32+0.89 92.13+0.40 77.84+1.11 69.87+1.36
Fumaric n.d. n.d. n.d. n.d. n.d.
Lactic 30.58+1.68 51.1+0.87 65.93+0.19 56.39+0.83 37.29+0.70
Formic n.d. n.d. n.d. n.d. n.d.
Acetic 1.43£2.02 n.d. 5.11£0.15 16.20+0.55 34.46+2.52
Pyroglutamic 23.73+0.26 24.03+£0.21 45.25+1.40 68.61+3.87 132.70+5.29

Total 177.95£7.23 202.81+£2.27 262.24+0.38 275.40+£5.92 326.28+11.81

n.d.: not detected
Values represent meanststandard deviations.

Table 2. Concentration of organic acids in yakju prepared without addition of protease

Organic acids concentration (mg/100 mL)

Compounds
10°C 15°C 20°C 25°C 30°C
Oxalic 0.91£1.28 n.d. n.d. n.d. n.d.
Citric 14.75+0.21 20.84+3.67 20.71+4.50 15.91+0.22 26.66£0.27
Tartaric n.d. n.d. n.d. n.d. n.d.
Malic 7.25+0.13 16.71£6.19 16.71£6.46 34.994+0.59 49.97+0.02
Succinic 86.91+0.03 101.89+1.55 101.98+2.10 134.59+2.93 149.30+1.20
Fumaric n.d. n.d. n.d. n.d. 0.05+0.07
Lactic 216.20+0.56 234.34+69.68 234.54+69.87 145.67+3.30 30.00+0.25
Formic n.d. n.d. n.d. n.d. n.d.
Acetic 142.92+1.23 125.55+8.65 126.70+9.48 22.87+0.09 59.98+3.18
Pyroglutamic 6.44+1.31 3.38+1.23 3.52+0.63 1.34+1.90 8.90+1.79
Total 475.39+0.52 502.70+71.20 504.17+72.83 355.37+9.02 324.87+3.20

n.d.: not detected
Values represent meanststandard deviations.
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Table 3. Free amino acid concentrations in yakju prepared with addition of protease

Free amino acids concentration (mg/100 mL)

Compounds

10°C 15°C 20°C 25°C 30°C
Alanine 26.15 (18.1) 25.05(14.9) 28.53 (11.7) 37.65 (12.1) 47.44 (9.9)
Ammonia 2.33(1.6) 1.99(1.2) 2.64 (1.1) 345(1.1) 5.39(1.1)
Anserine 2.51(1.7) 2.89 (1.7) 4.45(1.8) 7.46 (2.4) 5.28(1.1)
Arginine 22.26 (15.4) 22.43(13.3) 33.46 (13.8) 45.63 (14.7) 71.80 (15.0)
Aspartic acid n.d. n.d. n.d. n.d. n.d.
o-Aminoadioic acid 0.56 (0.4) 0.49 (0.3) 1.14(0.5) n.d. 1.20(0.2)
o-Aminobutyric acid 2.10(1.5) 2.30(1.4) n.d. 2.47(0.8) 2.90 (0.6)
B-Alanine 0.57 (0.4) 0.23 (0.1) 1.08 (0.4) 1.34(0.4) 2.99 (0.6)
B-Aminoisobutyric acid 1.62 (1.1) 1.11 (0.7) 2.37(1.0) 2.14(0.7) 2.62(0.5)
y-Aminobutyric acid 3.82(2.6) 4.38 (2.6) 4.98 (2.0) 5.23(1.7) 4.63 (1.0)
Carnosine 0.21 (0.1) 0.44 (0.3) 0.75(0.3) 0.32(0.1) nd.
Citrulline n.d. n.d. n.d. n.d. n.d.
Cysteine 3.86 (2.7) 3.50 2.1) 3.96 (1.6) 447(1.4) 7.22 (1.5)
Ethanolamine n.d. n.d. 0.29 (0.1) 0.39(0.1) 0.13 (0.0)
Glutamic acid 8.30(5.7) 8.36 (5.0) 1247 (5.1) 17.01 (5.5) 26.77 (5.6)
Glycine 0.31(0.2) 0.06 (0.0) 11.13 (4.6) 0.22 (0.1) 24.81(5.2)
Histidine 5.13(3.5) 4.62 (2.7) 5.87 (2.4) 8.83(2.8) 15.72(3.3)
Hydroxylysine n.d. n.d. n.d. n.d. n.d.
Isoleucine nd. 10.61 (6.3) 14.47 (6.0) 19.44 (6.3) 33.80(7.1)
Leucine 11.87(8.2) 17.51 (10.4) 25.81(10.6) 33.56 (10.8) 52.39 (10.9)
Lysine 16.93 (11.7) 1529 9.1) 22.11 9.1) 29.44 (9.5) 40.15 (8.4)
Methionine n.d. 0.31(0.2) 0.51(0.2) 0.79 (0.3) 10.68 (2.2)
1-Methylhistidine n.d. n.d. n.d. n.d. n.d.
3-Methylhistidine n.d. n.d. n.d. n.d. n.d.
Ornithine 1.92 (1.3) 1.56 (0.9) 1.21(0.5) 1.24(0.4) 1.96 (0.4)
Phenylalanine 11.25(7.8) 11.50 (6.8) 18.83 (7.8) 2433 (7.8) 37.71(7.9)
Phosphoethanolamine n.d. n.d. n.d. n.d. n.d.
Phosphoserine 0.60 (0.4) 0.61 (0.4) 0.66 (0.3) 0.85(0.3) 1.25(0.3)
Sarcosine n.d. n.d. nd. 0.17 (0.1) n.d.
Cystathionine 10.84 (7.5) 9.41 (5.6) 12.28 (5.1) 16.69 (5.4) 2.24(0.5)
Serine n.d. n.d. n.d. n.d. n.d.
Taurine n.d. n.d. n.d. n.d. n.d.
Threonine n.d. n.d. 0.36 (0.1) nd. 0.65 (0.1)
Typtophan n.d. n.d. n.d. n.d. n.d.
Tyrosine 11.13 (7.7) 10.13 (6.0) 16.06 (6.6) 22.81(7.3) 36.49 (7.6)
Urea 0.21 (0.1) n.d. n.d. n.d. n.d.
Valine 0.14 (0.1) 13.28 (7.9) 17.51 (7.2) 24.96 (8.0) 4291 (9.0)

n.d.: not detected

The numbers in parentheses indicate the percentage distribution of each compound.
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Table 4. Free amino acid concentrations in yakju prepared without addition of protease

Free amino acids concentration (mg/100 mL)

Compounds

10°C 15°C 20°C 25°C 30°C
Alanine 0.72 (3.7) 4.43 (13.6) 3.35(16.5) 6.35(16.8) 6.64 (10.4)
Ammonia 0.99 (5.1) 1.17 (3.6) 0.87 (4.3) 0.87 (2.3) 141 (2.2)
Anserine n.d. n.d. n.d. n.d. n.d.
Arginine 2.99 (15.5) 2.77 (8.5) 3.16 (15.6) 2.35(6.2) 7.67 (12.0)
Aspartic acid n.d. n.d. n.d. 1.69 (4.5) n.d.
o-Aminoadioic acid n.d. n.d. n.d. n.d. n.d.
o-Aminobutyric acid n.d. n.d. n.d. n.d. n.d.
B-Alanine n.d. 0.62 (1.9) n.d. 0.67 (1.8) 0.62 (1.0)
B-Aminoisobutyric acid 0.15(0.8) 1.35(4.1) 0.15(0.8) 0.34(0.9) 2.07(3.2)
y-Aminobutyric acid 0.36 (1.9) 0.46 (1.4) 0.33(1.6) 0.82 (2.2) 0.57 (0.9)
Carnosine n.d. n.d. n.d. n.d. n.d.
Citrulline 6.09 (31.5) 0.22 (0.7) n.d. nd. n.d.
Cysteine 2.14 (11.1) n.d. n.d. n.d. n.d.
Ethanolamine n.d. n.d. nd. 0.14 (0.4) 0.31(0.5)
Glutamic acid 1.11 (5.8) 1.03 (3.2) 1.18 (5.8) 0.87 (2.3) 2.86 (4.5)
Glycine 0.02 (0.1) 1.55(4.8) 1.12 (5.5) 2.14 (5.7) 1.96 (3.1)
Histidine 0.43(2.2) 0.27 (0.8) 0.46 (2.3) 0.64 (1.7) 0.54 (0.8)
Hydroxylysine n.d. n.d. 0.02 (0.1) n.d. n.d.
Isoleucine nd. 1.18 (3.6) 0.57 (2.8) 1.12 (3.0) 3.70 (5.8)
Leucine 0.42(2.2) 4.32(13.3) 1.97 (9.7) 4.04 (10.7) 10.11 (15.8)
Lysine 0.79 (4.1) 1.26 (3.9) 0.98 (4.8) 1.43(3.8) 3.54 (5.5)
Methionine n.d. 0.63 (1.9) 0.19 (1.0) 0.56 (1.5) 2.67 (4.2)
1-Methylhistidine n.d. n.d. n.d. n.d. n.d.
3-Methylhistidine n.d. n.d. n.d. n.d. n.d.
Ornithine 1.45(7.5) 2.45(7.5) 1.65 (8.1) 3.54 (9.4) 1.28 (2.0)
Phenylalanine 0.73 (3.8) 3.50 (10.7) 1.25(6.2) 3.07 (8.1) 6.73 (10.5)
Phosphoethanolamine n.d. n.d. n.d. n.d. n.d.
Phosphoserine n.d. 044 (1.4) 0.36 (1.8) 045(1.2) n.d.
Sarcosine n.d. n.d. n.d. n.d. n.d.
Cystathionine 0.24 (1.2) 0.13 (0.4) 0.32 (1.6) 0.20 (0.5) n.d.
Serine n.d. n.d. n.d. 1.17 (3.1) n.d.
Taurine n.d. n.d. n.d. n.d. n.d.
Threonine n.d. n.d. n.d. 0.72 (1.9) n.d.
Typtophan n.d. n.d. n.d. n.d. n.d.
Tyrosine 0.67 (3.5) 2.28 (7.0) 0.96 (4.7) 1.93 (5.1) 4.79 (7.5)
Urea n.d. n.d. n.d. n.d. 0.27(0.4)
Valine n.d. 2.55(7.8) 1.42 (7.0) 2.65 (7.0) 6.35(9.9)

n.d.: not detected

The numbers in parentheses indicate the percentage distribution of each compound.
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