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Quality changes of yakju prepared from rice with different degrees of

milling (DOM) due to accelerated aging

Jeong-Sil Choi', Ji-Eun Kang', and Seok-Tae Jeong"*

'Fermented Food Science Division, National Institute of Agricultural Sciences

Abstract This study was conducted to elucidate how rice with different milling degrees (DOM: 10, 20, 30, and 40%)
affects rice yakju properties by accelerated aging. There were significant differences among the treatments with respect to
the properties except for brownness before aging, which showed no correlation with DOM (p for trend>0.05). In contrast,
the amino acidity and brownness significantly decreased after aging as DOM increased, lightness (L) in particular was
affected in all the treatments regardless of DOM. Almost all treatments showed significant differences except for the pH
and the total acid and alcohol content between before and after aging. Moreover, the amino acidity, brownness, redness
(a), yellowness (b), and color difference in all the treatments showed significant differences regardless of DOM. We found
a significant difference in the color change. The yakju free amino acid analysis showed that almost all amino acids slightly

decreased as DOM increased.

Keywords: Korean rice wine, milling, aging, brownness, amino acidity
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Table 1. The quality properties of each milled rice
Degree of milling Moisture (%) Crude protein (%)  Crude lipid (%) Crude ash (%)  Carbohydrate (%) Vitamin B, (mg/100 g)
10% 13.18+0.03* 6.55+0.06" 0.47+0.01* 0.38+0.02* 79.42+0.11¢ 0.0099+0.0001
20% 11.97+0.26° 5.3440.03" 0.40+0.03° 0.31+0.00° 81.98+0.03¢ 0.0098+0.0001
30% 10.75+0.06° 5.05+0.01° 0.44+0.01* 0.25+0.03% 83.51+0.26" 0.0097+0.0000
40% 9.18+0.14 4.62+0.03¢ 0.46+0.01° 0.23+0.03 85.51+0.03° 0.00960.0001
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Table 2. The quality properties of rice yakju before and after aging

The difference
Degree of milling Before After between two means t-value
(after-before)
10% 4.430.01"2 4.48+0.03° 0.05 4.000
20% 435+0.02° 437+0.00° 0.02 -2.000
pH 30% 4290,02° 439+0.03 0.10 3333
40% 4.33+0.02% 437+0.01° 0.04 2619
p for trend” 0.202 0.220
10% 0.3220.00" 0.32+0.00° 0.00 1.000
‘ 20% 0.32+0.00° 0.32+0.01° 0.00 2.000
Total acid 30% 0.32+0.00* 0.3120.00° -0.01 -
) 40% 0.30+0.00° 0.30+0.00° 0.00 1.000
p for trend 0.241 0.179
10% 3.60£0.02° 4.040.04° 0.44 162495+
o 20% 3.1740.10° 3.74+0.01° 0.57 -10.349%*
Amino acidity 30% 3.02£0.04¢ 3.41+0.01° 039 -15.497%*
(mL) 40% 2.96+0.02° 3.40+0.07° 0.44 -12.378%*
p for trend 0.077 0.049%(-)
10% 18.65+0.78" 18.152021° 20.50 0.714
20% 16.85+0.07 17.35+0.35% 0.50 -1.667
Alcohol 30% 16.75+0.36" 16.90£0.00° 0.15 -0.600
) 40% 16.85+0.07" 17.1020.00¢ 025 -5.000
p for trend 0.226 0.153
10% 13.90=1.77° 22.6920.41° 879 9426+
. 20% 13.57+0.25° 30.99+0.18° 17.42 71.275%%+
Reducing sugar 30% 20.14+0.39° 20.16+0.09° 0.02 -0.110
(mg/mL) 40% 14.72+0.33° 18.37+0.14¢ 3.65 -20.892+*
p for trend 0.621 0.449
10% 13.40+0.01¢ 13.60+0.01° 0.20 -39.000%
20% 13.70+0.00° 13.40+0.01¢ 0.30 61.000*
Soluble solid 30% 14.6040.01° 15.00:£0.00° 0.40 -79.000%*
(‘Brix) 40% 13.500.00° 13.55+0.01° 0.05 -0.818
p for trend 0.717 0.749
10% 111.40+4.93° 122.60£2.91° 1120 4154
20% 92.30+1.21° 113.70+2.60° 21.40 26.750%*
Volatile acid 30% 117.50+1.65° 126.30+0.30° 8.80 11267+
(ppm) 40% 110.50+1.25 121.00+1.71° 10.50 -12.124%*
p for trend 0.733 0.810

DAll values are mean+SD (n=3).

f)Different letters within a column indicate significant differences at 5% significant level by Duncan’s multiple range test

dAsterisks indicate significant differences between before and after aging of yakju at the same milling degree (*p<0.05, **p<0.01, ***p<0.001,
respectively).

“p for trend was calculated using regression analysis to perform the trend test. The degrees of milling (independent variables) were treated with
continuous variables.
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Table 3. The color properties of rice yakju before and after aging
The difference
Degree of milling Before After between two means t-value
(after-before)
10% 0.11+0.00" 0.3120.02% 0.20 -12.904%*9
20% 0.12+0.02 0.29+0.02* 0.17 -37.996%*
Brownness 30% 0.11:£0.02 0.2420.01° 0.13 -12.977%*
(Aszm) 40% 0.11+0.01 0.23+0.02° 0.12 -6.850*
p for trend” 0.513 0.035%(-)
10% 97.43+0.02° 64.58+0.03" -32.85 3725.218%**
20% 97.41+0.03° 63.24+0.09° -34.17 652.319%**
L 30% 97.37+0.03¢ 60.48+0.05¢ -36.89 900.538***
40% 97.64+0.02° 63.48+0.03° -34.16 1821.557***
p for trend 0.378 0.640
10% -2.27+0.01¢ -0.04+0.02¢ 223 -253.236%**
20% -2.27+0.01¢ 0.52+0.02° 2.79 -167.600%**
a 30% -2.04+0.007 1.04+0.01° 3.08 -461.500%**
40% -2.14+0.01° 0.70+0.01° 2.84 -491.902%**
Color p for trend 0.286 0.218
difference 10% 12.32+0.01° 21.70+0.02° 9.38 -1406.500%***
20% 12.42+0.03* 21.70+0.02° 9.28 -445.797***
b 30% 11.30+0.00* 21.68+0.00° 10.38 -3113.000%**
40% 11.63+0.01° 21.43+0.02° 9.8 -1469.500%**
p for trend 0.239 0.195
10% 12.79+0.01° 41.54+0.03¢ 28.75 -1630.161%***
20% 12.89+0.03* 42.69+0.07° 29.80 -660.864%**
AE 30% 11.79+0.01¢ 45.08+0.05° 33.29 -1169.124%**
40% 12.06+0.01° 42.04+0.05¢ 29.98 -1440.193***
p for trend 0.219 0.679

DAll values are mean+SD (n=3).

f)Different letters within a column indicate significant differences at 5% significant level by Duncan’s multiple range test
dAsterisks indicate significant differences between before and after aging of yakju at the same milling degree (*p<0.05, **p<0.01, ***p<0.001,

respectively).

9p for trend was calculated using regression analysis to perform the trend test. The degrees of milling (independent variables) were treated with

continuous variables.

Table 4. Correlation analysis regarding the quality properties of aged rice yakju

Brown Reducing Alcohol  °Brix pH To'Fal Arpipo Vola}tile L a b AE
ness sugar acid acidity acid

Brown ness 1" 0.618 0.899  -0497  0.722 0.803  0.984*?  -0.383 .568 -0.879  0.660  -0.533
Reducing sugar 1 0238  -0433  -0.080  0.902 0471  -0834 0.157 -0278  0.601  -0.132
Alcohol 1 -0.526  0.891 0463  0961* -0.126 0.743 -0.984* 0375  -0.717
°Brix 1 -0.105  -0.226  -0489  0.759  -0913  0.670 0.238 0.914
pH 1 0.287 0.822 0.323 0439  -0.803 0436 -0414
Total acid 1 0.691 -0542 0.094 -0432 0.869 -0.057
Amino acidity 1 -0262  0.627  -0.935 584 -0.594
Volatile acid 1 -0443 0257  -0.067 0437
L 1 -0.846  -0.243  -0.999**
a 1 -0.260  0.825
b 1 0.283
AE 1

UCorrelation coefficient, 2*p<0.05, **p<0.01.

oF ABAGFTE 0984F = voh o Yolrt B4 ofu]=Atte]

Al

FHS AT EIARE ol e 9itth(data not shown).
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Table 5. Free nitrogenous components of yakju with different degrees of milling before and after aging (ppm)

The difference
Degree of milling Before After between two means t-value
(after-before)
10% 193.38+1.28° 213.81+£0.08* -20.43 -24.035*
Aspartic acid 20% 175.85+£6.59° 207.34+3.38® -31.46 -4.460
30% 145.13£11.02° 188.75+11.43% -43.62 -152.856**
40% 177.86+1.38" 172.43+6.84¢ 543 1.407
10% 88.36+0.31° 102.36+0.54° -14.00 -87.500%*
Threonine 20% 69.51£3.25" 85.28+2.45 -15.77 -3.913
30% 52.73+4.36° 70.82+4.28° -18.09 -302.337**
40% 77.10+0.87° 76.81+£3.53¢ 0.29 0.151
10% 160.44+0.23° 170.10+0.38° -9.67 -22.218*
Serine 20% 115.30+6.03¢ 130.05+3.05° -14.76 -2.299
30% 91.51£6.09¢ 111.05+6.69¢ -19.54 -45.986*
40% 131.26+0.15° 119.03+4.64" 12.24 3.854
10% 96.11+1.20° 129.36+0.82° -33.25 -123.148**
Asparagine 20% 93.77+£3.65" 131.61+£2.27* -37.84 -9.053
30% 62.83+5.46° 93.50+7.61° -30.67 -20.194*
40% 94.51+0.23* 108.30+5.00° -13.80 -4.095
10% 364.07+1.40° 362.89+0.45% 1.19 0.908
Glutamic acid 20% 364.18+14.09° 376.79+£8.61* -12.62 -0.786
30% 293.65+22.57° 327.92+23.50% -34.27 -51.979*
40% 369.24+0.71* 317.39+15.37° 51.86 5.003
10% 269.63+0.16* 38.41+0.17* 231.22 46243.00***
Glutamine 20% 230.58+9.72° 36.18+0.76" 194.40 26.235%
30% 195.10+14.05¢ 32.07+2.36° 163.03 19.740*
40% 202.68+0.84° 25.74+0.71¢ 176.95 2081.709%***
10% 162.62+0.96° 182.70+0.23° -20.09 -24.054*
Glycine 20% 141.01£5.35° 166.86+3.31° -25.85 -4.217
30% 113.29+8.73¢ 146.17+8.94¢ -32.27 -220.838**
40% 137.91£1.22° 135.31+5.88¢ 2.61 0.791
10% 495.89+1.81° 552.46+0.10* -56.57 -42.056*
Alanine 20% 375.12+15.01° 428.53+8.32" -53.41 -3.237
30% 277.66+21.26° 346.53+21.68° -68.87 -228.548%*
40% 387.30+£3.21° 373.04+16.34¢ 14.26 1.537
10% 1.57+0.09° 1.87+0.02¢ -0.30 -5.364
Citrulline 20% 3.37+0.32* 3.24+0.15° 0.12 1.000
30% 2.86+0.12° 2.52+0.36° 0.34 1.983
40% 1.43+0.02° 2.15+0.16* -0.72 -5.538
10% 161.12+1.22* 169.55+0.14* -8.44 -8.832
Valine 20% 140.92+4.97° 158.36+2.68" -17.44 -3.226
30% 107.82+7.61° 130.62+7.81° -22.80 -160.896**
40% 143.52+1.08° 132.13+5.36° 11.39 3.764
10% 64.05+0.89* 39.95+0.13 24.10 33.234*
. 20% 63.38+1.74* 41.34+0.47 22.05 14.086*
Cysteine 30% 50.2743.17° 22.97+17.12 2729 1.901
40% 63.67+0.14* 34.00+£2.12 -0.46 18.599*
10% 63.34+0.06" 43.77+0.31° 19.58 73.868**
Methionine 20% 59.89+2.47° 55.32+0.79* 4.58 1.985
30% 45.99+3.53" 4231+2.65° 3.68 5.872
40% 63.32+0.44* 46.08+1.96° 17.24 16.033*
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Table 5. Continued
The difference
Degree of milling Before After between two means t-value
(after-before)
10% 423+0.40" 4.97+0.01 037 2.673
Cvstathion 20% 475046 5.27+0.40 -0.53 -0.868
ystathionine 30% 3.47+0.58 436+0.48 -0.89 -12.999%)
40% 4.030.40 4484075 -0.46 -0.558
10% 111.77£0.51% 126.10+0.47° -14.33 20.768*
o ouet 20% 100.80+4.02° 121.26+2.35° 2047 4.543
180 feucine 30% 76.39+5.77¢ 99.11+6.28" 2272 -63.056*
40% 104.52+0.25" 101.52+5.26" 3.00 0.847
10% 296.11+1.02° 320.27:£0.02° 2417 34.042%
Lo 20% 268.59:+11.15" 306.84:£6.46° -38.26 3.074
eucine 30% 205.68+15.77° 2545441586 -48.86 723.009%+
40% 270.541.99° 253.75+11.31° 16.79 2.548
10% 170.75+0.78" 184.70+0.11° -13.95 22312%
Torosi 20% 147.95+5.64° 170.29+3.77° 2235 3.358
yrosme 30% 114.90+8.64° 143.93+9.26" 29.03 -65.990*
40% 153.26+0.83" 143.70+6.68" 9.56 2315
10% 192.42+1.06" 215.11£0.07° 22.69 28.363*
. (] .09+£5. .03+5. -26. -3.
Phen al 20% 172.09+5.56° 198.63+5.11° 26.54 3517
enyl alanine 30% 134.65+10.01° 167.76+=11.34° 33.11 35.321%
40% 168.95+1.75" 163.077.17" 5.89 1.535
10% 91.73+2.77 104.43+0.35° 1271 -5.762
y-amino butyric 20% 68.47+2.42° 81.64+2.63° -13.17 -3.693
acid 30% 39.78+3 46 53.89+3.55¢ 1411 -209.993%*
40% 53.89+0.15° 54.08+2.35¢ -0.19 0.122
10% 4.19+0.59° 456+0.12 037 -0.740
Ethanol ami 20% 5814025 5.130.57 0.68 3.140
anol amine 30% 4.65+029° 4834033 -0.18 -5.983
40% 5.90+0.10° 533022 0.58 6.765
10% 40.88+0.54° 86.89+0.74° -46.01 -306.733*
Ao 20% 34.64+1.19° 76.24+1.49° -41.60 22.011*
foma 30% 28.29+1.15¢ 67.5443.54° 3925 23.132%
40% 34.19+0.41° 62.53+2.45¢ 2834 -14.030*
10% 108.88=0.56" 118.10+0.03" 9.3 24.600*
Omithi 20% 73.772.98° 80.91:1.82° 7.14 2.102
rnithine 30% 57.50+4.32¢ 68.11+4.65° -10.62 -46.059*
40% 67.77:0.61° 63.33+2.86° 444 2781
10% 260.57+0.59 306.88+0.11° 4631 -92.620%*
L 20% 251.86+11.14° 317.7246.08" -65.86 -5.409
ysine 30% 186.6414.24¢ 254.98::16.29" -68.34 47.158%
40% 266.04+2.38" 273.96+11.78° 7.92 -1.191
10% 53.88+0.01° 75.94£0.68" 22.07 47.452%
Histidi 20% 53.60+1.98" 81.70+139° 28.11 -11.784
istidine 30% 41.61+3.62° 68.26:£4 24 26.65 -60.696*
40% 51.75+£0.43" 63.88+2.41 -12.13 -6.005
10% 426.71£0.34° 545.85+0.09° -119.15 -680.829%*
o 20% 395.21+15.96% 540.91+11.10° -145.70 7614
femnine 30% 297.68423 81¢ 448.37+28.82° -150.69 42.564%
40% 381.05+1.32° 425.60+£20.36" -44.56 3.309

YAl values are mean£SD (n=3).

DAsterisks indicate significant differences between before and after aging of yakju at the same milling degree (*p<0.05, **p<0.01, ***p<0.001, respectively)

IDifferent letters within a column indicate significant differences at 5% significant level by Duncan’s multiple range test.
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