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Abstract

To evaluate of quality of Yakju brewed with different types of fermenters (Nuruk) and brewed by a method
described in Sallymkyungjze, gluccamylase and protease activities of Nuruk were measured, and proximate
composition, coloring degree, acetaldehyde, alcohol, fusel oils, amiro acid content, mineral content and sugar
composition of Yakju samples were also determined. It was found that the lower the pH, the lower the
gluccamylase activity in Nuruk samples A to E. In A, B, D and H, protease activity was higher at pH 5.5 than at
pH 5.8. In Yakju samples 1 to 5 during fermentation, total acidity and amine acid content were high at the first
step and were getling lower gradually at the second step. in Yakju samples 6 to 11, ethanol content was high in
65, 7b, 8a, 8b and 11b. At the second step, residual sugar content was getting higher gradually in 7a, 112 and
11b. The coloring degree of Yakju was influenced by not only color of Nuruk but alse Fe content in Yakju. Of
the Yakju examined, only 9a and 9b contained acetaldehyde in trace amounts. Ethanol content was the highest
in Ba and 8b. Fusel oil content was high in 8a and 8b. In samples 6 to 9, aspartic acid content was higher in
treatment 2 than treatment b, but tyrosine, histidine and proline contents were higher in treatment a than
treatment b. The levels of fructose, melibiose, sorbitol, and arabinose in Yakju brewed from unsteamed rice
were higher than in Yakju brewed from steamed rice. K content was the lowest in 9a and 9b. Na content was
higher in treatment a than in treatment b. In only 6a, Ca /P ratio was more than one.
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Table 1. Composition of experimental Yakju {1~5)
Sample
Step Ingredient -
ia 1b 2a 2b 3a 3b 4a 4h 5a 5b
Rice(g) 200 200 200 200 200 200 200 200 200 206
Fermenter* (g) A(BO) H (6} B (60} H{(6) C{60) He) D60}  H1H) E(60) Hi{6}
st Water(ml) 225 225 225 225 225 225 225 225 225 225
Distilter’s gains (mf} 5(20) S{20) 520 520 5{20) S120 S{(20) S${20)  S(20y  S120)
Wheat flour {g) 30 30 30 30 30 30 20 30 30 30
Rice (g} 400 400 400 400 400 400 400 400 400 400
2ngt Fermenter* (@) Al40; H4 B (40) H {4} C40) H{4y D@0 H@  E@O HE)
Water (ml) 450 450 450 450 450 450 450 450 450 450
*For explanation, see methods section ; §, steamed rice
Table 2. Composition of experimental Yakju (6~11)
Sample
Step  Ingredient
ba 6b 7a 7b 8a 8k 9a gb 10a 10k Tla 11b
Rice(g) 1000 1000 1000 1000 1000  100C 350 350 1000 1000 1000 1000
Fermenter* (g} B{300) B(300) D300} D300} E(300) E(300) F(300) F(300) G(30) G(20] G(20),H (20} G(20),H (20)
1st Water {ml) 1425 1425 1425 1425 1425 1425  5£95 695 1155 1155 1165 1165
5 .
D ter 5, US(100) S{100) US{100} S{100) US(100) 5(100) US(35) $(35) US(I00)S(100) US(100)  S(100)
Wheat flour (g} 150 150 150 150 150 150 525 525 150 150 150 150
Rice(g) 2000 2000 2000 2000 2000 2000 650 630 2000 2000 2000 2000
Znd Fermenter*(g) B(200) B(200) D(200) D(200) E(200) E(200) 0 G40 CHd G40} G (40
Water (ml) 2230 2250 2250 2250 2250 2250 731 731 2250 2250 2250 2250

*For explanation, see methads section ; US, unsteamed rice ; §, steamed rice
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Table 3. Effects of pH levels on glucoamylase activity in different types of Nuruk
pH
Sample no. 3.2 38 4.2 5.0 6.0
SPisp/g) SPi(sp/w) SPisp/e) SPisp/g) Pisp/g)
A 28.8 (8.2) 307 (14.3) 91.0 (26.0) 350.0 (100) 88.8 (25.4)
B 257 (7.4 46.9 (13.5) 88.9 (25.6) 347.1 1100) 16.8 (4.8
C 29.6 (8.7) 51.0 (15.00 92.2 (27.1) 340.1 1100} 322 {9.5)
D 19.2 (5.4} 54.8 (15.4) 99.8 (28.0) 356.3 (100 208 (5.8)
E 43.2 (12.3) 541 (18.2) 1321 (37.5) 352.2 (100) 57.6 (16.4)
F 54.4 (60.4) 58.0 (64.4) 60.1 166.7) 90.1 (100 28.8 (32.00
G 248.8 (19.9) 505.0 (40.4) 1008.8 (80.7) 1250.0 (100) 72.8 (4.0
H 376.7 (15.7) 1392.0 (58.0) 1840.8 {76.7} 2400.0 (100} 159.2 (6.6}

5% saccharogenic power

Figures in parentheses indicate percent of the values determined at pH 3.0, assigning the values at pH 5.0 a value of 100%
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Table 4. Effects of pH levels on protease activity in different

types of Nuruk
pH
Sample no. 30 5.0 5.5

PU {pu/gl PU (pu/g) PU (pu/g)
A 116.0 (100 37.6 (32.4) 76.0 (b65.5)
B 61.0 (100} 18.4 (30.2) 404 (66.2)
C 73.6 {100} 51.2 {69.6) 396 (53.8)
D 56.0 (100) 46.4 (8§2.9) 76.8 (137.1)
E 188.8 (100} 76.0 (40.3) 69.6 (36.9)
F 118.0 {100} 47.2 40.4) 324 (27.%)
G 238.4 (100} 116.8 {(49.0) 9G.4 (37.9)
H 384.8 (100) 180.8 (47.0 2416 (62.8)

PU, protease activity unit. Figures in parentheses indicate per-
cent of the values determined at pH 3.0, assigning the values at
pH 3.0 a value of 100%.
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Table 5. Changes in pH and components of Yakju (1~5) during fermentation

Fermentation Measure sample
time (day] 1a 1h 2a b 3a 3h 4a b 5a 5h
pH 416 412 412 470 414 408 431 435 406 409
Alcohol iv/v%) 526 1199 480 1297 722 1219 841 1350 57y 13.03
5 RS (mg/ mi) 58 358 5.2 325 18 435 59 417 49 379
Tota! acidity 230 108 140 74 250 188 180 1.4 290 154
AA (mg/ m)) 9.4 58 12.8 58 17.2 98  19.0 78 170 74
pH 15 402 347 381 392 381 405 373 371 376
Alcohol(v/vis) 522 1227 56T 1350 970 1366 1148 1321 809 13.86
10 RS (mg/ml) 265 560 31.0 436 315 604 350 548 707 496
Total acidity 13.0 56 222 66 130 102 116 72 238 96
AA (mg/ mi) 5.4 30 5.0 2.8 8.0 38 9.8 12 86 38
pH 347 381 350 397 392 383 414 393 382 391
Alcahol (v/vo) 295 1251 719 13.61 1042 1407 1200 1401 951  14.02
13 RS (mg/ mi) 220 120 450 388 500 744 463 468 780 396
Total acidity 17.0 62 210 68 130 10 17 77 210 98
AA (mg/ml) 4.8 30 68 3.2 8.0 41 120 36 1.6 38

RS, residual sugar ; AA, amino acid
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Table 6. Changes in components of Yakju(6~11) during fermentation

Sample no. Step Fermentation time (day) pH Alcoho! (v/v%) RS{mg/ml) Total acidity ~ AA{mg/ml)
?.t 4 4.23 ND 5.8 4.4 4.4
$ 5 419 ND 44 6.2 6.8
ba & 3.82 ND 56.0 6.6 3.8
7 3.74 NO 36.0 103 5.3
2nd 8 3.78 ND 49.3 10.6 6.3
9 3.83 12.8 48.7 10.6 7.4
10 3.84 13.4 51.3 10.4 8.0
11 3.87 135 56.7 11.2 8.2
1st 4 4.16 ND 7.6 6.2 4.8
s 5 415 ND 2.2 7.0 7.2
6k 6 3.88 ND 54.8 4.8 3.2
7 3.9 ND 35.3 6.3 4.6
nd 8 3.6 ND 26.4 8.2 5.6
9 3.89 13.2 22.4 9.5 6.2
10 3.84 13.7 28.8 10.5 6.6
11 3.81 13.8 28.0 1.4 7.0
15t 4 4.26 ND 54 6.2 7.0
5 4.33 ND 2.2 7.2 9.8
6 4.21 ND 77.6 4.4 5.6
7a 7 3.99 ND 76.7 8.9 7.8
Znd 8 3.83 ND 82,0 12.8 9.6
9 3.85 10.5 80.0 12.9 10.8
10 3.85 11.0 80.7 141 12.8
" 3.85 11.3 90.0 15.8 13.0
Tst 4 4.23 ND 3.4 7.4 7.0
5 4.28 ND 3.0 7.8 9.8
7h 6 4.11 ND 80.0 4.4 5.6
7 4.03 ND 61.3 8.2 7.8
nd 8 3.89 ND 54.7 1.6 9.0
9 3.77 13.2 42.7 13.6 9.6
16 3.75 13.7 52.7 14.8 9.2
11 3.76 13.8 48.8 i5.8 10.4
14 4 4.25 ND 27.4 19.8 5.0
5 4.29 ND 3.6 4.5 4.0
Ba [ 3,78 ND 105.5 7.4 4.0
7 3,75 ND 115.0 8.4 4.8
2nd 8 4,31 ND 34.8 3.7 33
9 4.53 13.5 33.2 3.6 4.8
10 4.57 14.5 32.0 3.5 5.0
11 4.60 4.6 37.9 3.7 7.0
Tst 4 4,25 ND 22.0 17.8 5.4
5 4,30 ND 4.0 4.2 3.8
6 3.79 ND 107.3 7.4 3.4
8b 7 3.79 ND 125.0 8.5 4.6
2nd 3 4.30 ND 30.4 38 3.3
9 4.54 13.8 26.8 3.6 4.4
10 4,59 14.8 25.6 35 5.1
11 4,62 14.9 18.0 3.6 6.6
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Table 6. (Continued)

Sample no. Step  Fermentation time (day) pH  Alcohol (v/v%) RS {mg/ml) Total acidity  AA (mg/mi}
1st 4 3.50 ND 274 19.8 5.0
3.63 ND 39.4 18.2 6.6
] 3.78 ND 105.5 7.4 4.0
9a 7 3.75 ND 115.0 8.4 4.8
2nd 3 3.82 ND 118.0 9.4 5.4
2 3.86 1.7 93.0 9.4 5.8
10 3.88 12.0 77.5 8.8 7.2
i1 395 121 80.0 10.0 7.0
. 4 3.45 ND 22.0 17.5 5.4
st 5 3.60 ND 356 17.4 6.6
6 3.79 ND 107.3 7.4 3.4
9h 7 3.79 ND 125.0 8.5 4.6
2nd 8 3.86 ND 114.5 9.0 5.2
g 3.93 1.9 90.0 9.2 5.8
10 3.94 12.4 75.0 9.4 5.8
" 3.99 i2.5 83.0 10.4 6.0
Tet 4 4.05 ND 159 5.6 24
i 5 4,24 ND 19.2 50 3.4
6 4,49 ND 140.0 1.8 22
10a 7 3.91 ND 200.0 6.0 3.4
2nd 8 3.80 ND 164.0 10.0 5.8
9 3.79 12.2 1509 1.6 6.8
10 3.79 12.6 150.9 12.0 7.6
1 3.82 12.8 134.0 136 7.8
1t 4 3.94 ND 10.7 7.b 2.6
5 4,08 ND 24.4 7.2 38
6 4.33 ND 170.0 2.0 2.2
10b 7 3.86 ND 170.0 6.5 3.4
2nd 8 3.84 ND 150.0 9.3 4.8
9 3.84 12.3 120.0 104 6.0
10 3.83 12.8 94.0 11.2 6.7
1 3.57 12.9 947.0 12.4 6.4
st 4 4.04 ND 27.4 19.8 5.0
5 4,29 ND 19.2 4.2 3.2
6 3.78 ND 105.5 7.4 4.0
ila 7 3.75 ND 115.0 8.4 ) 4.8
2nd 8 4.43 NG 196.0 3.2 4.2
9 4.37 11.7 188.0 3.6 5.4
10 4.46 12.5 1500 3.8 6.2
11 4.50 13.0 124.0 39 7.0
tat 4 4,00 ND 22.0 17.8 5.4
5 413 ND ] 3.0 6.6 3.8
6 4.32 ND 107.3 7.4 3.4
b 7 417 ND 125.0 8.5 4.6
2nd 8 4.25 ND 143.0 4.0 3.4
9 4.34 12.9 149.0 4.2 4.2
10 4.41 13.7 126.0 4.2 4.2
" 4.45 13.9 124.0 4.3 6.9

RS, residual sugar : AA, amino acid ; ND, not detectable
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Table 7. Coloring degree of Yakju
Sample ba 6h 7a 7k Ba 8b Ja s 10a 10b Ma 1k

Coloring degree 0.55 0.42 0.80
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Fig. 1. Gas chromatograms of acetaidehyde, ethanol and fusel oils in Yakju samples 8a (left) and 8b (right).

Table 8. Acetaldehyde, ethanol and fusel oil contents of Yakju (v/v%)

Sample
Component

ba 6b 7a 7b 8a 8k 9a 9b 1Ca 10b 11a 11h
Acetaldehyde ND ND ND ND ND ND 3.001 0.003 ND ND ND ND
Ethanol 13.500 13.892 11.131 13.840 14.277 15.019 12112 12502 12,679 12,890 13.119 13.944
n-Propyl alcohol  0.011  0.012 0.014 0,015 ©£.017 0016 0.018 0019 0007 0005 00312 0.013
{sobutyl alcohol 0.010 0009 0.006 00605 G6.00% 0008 0005 G005 0006 0004 0008 0§.004
lsoamy! alcohol  0.024 0022 0.016 0016 ¢028 0022 0015 06015 0.012 0010 0.021 0.020

ND ; nat detected
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Table 9. Total amine acid composition of Yakju (mg/100mi}
Sample
Component
ba &b 7a 7b 8a 8h Ja 9b 10a 10b 1ia 11h
Aspartic acid 73.35 65.04 8935 49.5 73.67 5674 53.44 20.64 58.18 59.86 2699 33.55
Threonine 32.12 3316 3546 25.04 38.76 32.81 2704  19.63 2054 2285 947  12.59
Serine 17.30 2377 97.71 19.50 29.51 2325 2312 1980 1438 1614 5.89 6.36
Chlutamic acid  151.01 132,00 344 83.04 14403 10232 7927 3047 91.83 9931 3442 4303
Proline 13674 120,58 130,15 72,80 135.86 126.01 72,28 30,08 88.23 9687 7594 B7.54
Glycine 29.40 33.10 30.05 28.33 38.57 25.02 18.05 18.33 11.68 12.79 2.75 3.21
Alanine 119.50 10048 12688 74.61 115.26 10439 87.50 35.05 10698 10495 7699 82.84
Valnine 87.70 81.66 102.09 65.65 90.09 8157 7445 4001 80.35 79.47 5838 64.02
Methicnine 1271 10.44 11.5% §.67 1241 10.42 7.95 4.69 9.20 7,69 4.69 5.86
saleucine 62.26 56.27 71.04 4523 62.36 56.43 50.22 29.00 5234 5197 3800 4110
Leucine 99.23 87.91 107.16 R6.21 94.93 8393 76.30 36.05 8197 8070 5037 5727
Tyrosine 56.82 44.09 3425 3217 47.06 4210 3145 1907 18.02 21.50 16.34 17.41
Phenylalanine 62.38 59.90 6993 4294 63.93 54.97 47.50 2346 4972 4952 27.29 32.55
Lysine 40.16 37.84 42.80 35.09 46.17 36.08 3427 2517  30.33 2907 1542 1588
Histidine 36.21 33.97 3680 2437 3592 2957 2383 1324 2002 2343 9.25 12.05
Asginine 72.94 9255 2839 43,13 11991 107,78 109.57 5532 3143 4220 Y048 7898
Total 1090.13 101316 1017.09 715.93 104480 973.39 81644 420,01 764.60 798.26 522.87 594,54
Vable 10. Composition of sugars in Yakju (mg/100ml)
Sampie
Component
6a 6b 7a 7b 8a 8h 9a 9h 10a 10b 11a 11h
Inosito! 990.3 1411.0 13325 11135 15743 1570.0 15339 10208 13784 14650 16352 16693
Xylitol 3297 2857 &82.7 3493 2450 217.9 3334 1905 307.8 2383 340.3 2581
Sorbitol 63.6 65.4 53.3 NI 61.2 56.7 54.5 17.2 55.4 48.2 369 399
Rhamnose 9.3 6.4 6.2 ND ND 4,3 ND ND NI ND ND ND
Arabingse 33.2 421 34.1 2.6 108.7 105.3 54.0 12.3 40.5 26.9 91.7 111.0
Mannose 56.4 45.8 1049 61.9 376 49.5 ND ND ND M0 24,8 26.9
Glucose 1188.1 143534 19677 15726 18412 15028 185749 1006.5 24374 21983 21811 20451
Fructose 2240 ND ND ND ND 26.2 ND 3.9 ND ND 34.5 ND
Melibiose 59.5 386 1045 500 46.7 83.6 47.3 1. §3.1 91.1 174.5 65.7
Lactose 2851 2250 12745 741.7 318.1 270.4 508.2 2783 11315 780.4 9996 7951
Sucrose 18.6 N 207.3 79.2 N ND 73.0 39.8 164.6 98.4 121.7 1039
Raffinose ND ND a8.2 65.8 N ND ND NO 195 ND ND ND
Maltose ND N 106.7 158.7 NI NI ND ND 72.2 ND 47.1 ND
Total 3075.8 35585 597298 42133 38328 38916 44672 15804 56904 50676 5687.4 31190

ND ;5 not detected
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Fig. 2. lon chromatograms of sugars in Yakju samples 7a (left) and 7b (right).

Table 11. Mineral contents in Yakju (mg/ 100mk)

Sample
Element
6a &b 7a 7b 8a 8b 9a 9b 10a 10b 11a 1b
K 37.04 48.14 54.30 32.86 51.24 42.96 16.50. 9.48 35.74 38.48 42,54  47.36
Na 4.44 3.59 495 3.66 5.46 4.02 4,40 3.14 4.53 5.21 4.82 4.62
Mn 0.34 Q.32 .29 0.25 0.30 0.30 017 0.12 0.24 0.25 0.28 0.29
Mg 9.93 12.45 14.97 9.65 13.37 13.55 4.80 3.03 12.03 11.57 14.84 1427
Ca 4.07 4.94 4.58 3.65 4.59 4,13 3.57 4,19 2.46 3.03 2.90 1.77
P 3.32 2390 32.30 19.10 27.30 2590 17.50 .80 2440 20.50 3230 3370
Cu 0.022 0.019  0.012 0.017 0.018 0.014 0.015 0014 0.020  0.032 0.027 0.027
Zn 0.70 0.42 0.34 016 0.54 0.62 0.68 0.74 0.59 0.57 0.50 0.63

Fe D.61 0D.43 D.54 D.44 0.38 0.26 0.41 0.31 0.534 0.51 0.12 0.10
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