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Influence of the variety of rice and polishing rate on Japanese sake koji making.
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Hitoshi TAKAIIASHIY,

We investigated the effects of the variety of rice and the polishing rate on the growth of aspergillus
oryzae, enzyme production, and metabolism production in sake- koji. Koji-making was carried out by the
experimental method of 2 factor 4 level. Data were analyzed by the method of a two-dimensional
arrangement. The conclusions of this investigation are as follows :

1. Neither the variety of rice nor the polishing rate influenced the growth of aspergillus orvzae.

2. The polishing rate greatly influenced alpha-amylase, glucoamylase, and acid phosphatase activities.
The higher the polishing rate, the lower the activities of these enzymes were. The variety of rice greatly
influenced acid protease and acid carboxypeptidase activities, but no influence of the polishing rate was
observed.

3. As for the influence of the variety of rice and the polishing rate on the total amount of amino acids
in the sake-koji, a significant difference was found at 1% of the rates of danger. High rates of polishing
led to a decrease in the total amount of amino acid.

4. The amino acid which was affected by the variety of rice and the polishing rate had more bitter

tasting amino acids, such as arginine, tyrosine, phenylalanine, and hystidine.
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Table1 Koji making by the experimental design of 2 factor 4 level

Factor B (Polishing rate)

40% 50% 60% 70%
Factor A Yamadanishiki  Koji-1 Koji-2 Koji-3 Koji-4
(Variety of rice) Mivamanishiki  Koji-5 Koji-6 Koji-7 Koji-8
Sakekomati Koji-9  Koji-10  Koji-11  Koji-12
Ginnoset Koji-13  Koji-14  Koji-15  Koji-16
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Table 2 Influence of the variety of rice and polishing rate on the mycelia of sake

-koji
1. Mycelia of koji (mg/g-koji)

Polishing rate

40% 50% 60% 70%
Variety of rice Yamadanishiki 5.75 5.74 5.50 5.33
Miyamanishiki 4.38 3.94 4.00 5.21
Sakekomati 4.25 5.34 5.24 6.10
Ginnoset 4.42 4.66 5.57 5.77
2. Variance analysis of mycelia
Factor S ¢ Vv F, Judge
Variety of rice 3.049 3 1.02 3.78 -
Polishing rate 1.765 3 0.59 2.19 —
Error 2.422 9 0.27
Total 7.236 15

***10.1% level of significance F(0.001) =13.90
** 1 1% level of significance F(0.01) =6.99
* 1 5% level of significance F(0.05)=3.86

. Insignificant
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Table 3 Enzyme activities (units/g-koji)

koji No.  Variety of rice  Polishing rate AAase GAase APase ACPase APHase
1 Yamadanishiki 40% 711 100 2,142 4,488 40
2 50 802 100 1,995 4,216 40
3 60 1,050 116 1,961 4,304 48
4 70 1,208 133 2,101 4,843 55
5 Miyvamanishiki 40 591 68 1,742 3,883 31
6 50 792 89 1,737 3,472 39
7 60 959 103 1,776 3,596 41
8 70 1,114 123 2,025 3,974 47
9 Sakekomati 40 533 87 1,706 3,634 30
10 50 668 105 1,666 3,337 37
11 60 918 101 1,638 3,268 46
12 70 ,006 120 1,768 3,232 47
13 Ginnoset 40 711 82 1,677 3,014 40
14 50 813 84 1,547 3,488 38
15 60 1,009 107 1,653 3,134 45
16 70 1,149 95 1,627 3,884 47

AAase . a-Amylase, GAase ; Glucoamylase, APase ; Acid protease, ACPase ; Acid carboxypeptidase,

APHase . Acid phosphatase

Table 4 Variance anaylsis of various enzyme
activities

Variety of rice Polishing rate

F, Judge F, Judge
AAase 26.67 *xK 239.08 #xx
GAase 3.87 * 10.02 *x
APase 26.29 *rx 3.20 —
ACPase 16.82 *xx 2.1 —
APHase 4.06 * 19.56 wxx

Judgment is the same as that shown in Table 2.
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Table 5 Metabolites of sake-koji

Koji No.  Variety of rice  Polishing rate  Glucose (%) Pi Amino acid
(%) (%) (ug/8) (mg/kg)
1 Yamadanishiki 40 5.00 52.6 1,273
2 50 4.83 54.5 1,281
3 60 5.40 64.8 1,292
4 70 4.90 63.5 1,355
5 Miyamanishiki 40 4.44 47.9 1,153
6 50 4.28 50.6 1,295
7 60 4.71 58.4 1,356
8 70 4.75 69.3 1,846
9 Sakekomati 40 4.46 45.0 1,086
10 50 4.57 52.5 1,230
11 60 4.73 55.6 1,394
12 70 4.49 59.7 1,514
13 Ginnosei 40 4.77 57.4 1,409
14 50 4.10 52.1 1,624
15 60 4.63 61.0 1,791
16 70 4.58 63.3 1,808

Table 6 Variance analysis of metabolites of sake-

koji
Variety of rice Polishing rate
F, Judge Fo Judge
Glucose 7.53 o 3.72 —
Pi 2.18 — 12.8 **
Amino acid 7.04 *x 7.22 *x

Judgment is the same as that shown in Table 2.
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Table 7 Amino acid composition of koji made by

Table 8 Amino acid composition of koji made by

Yamadanishiki Miyamanishiki
Polishing rate (%) Polishing rate(9%)
40 50 60 70 40 50 60 70
Glutamine 331.0 329.8 265.8 247.6 Glutamine 238.7 240.6 280.8 284.3
Arginine 101.8 106.3 112.9 124.3 Arginine 134.4 157.4 158.1 225.1
Glutamic acid 74.6 75.8 105.5 67.9 Tyrosine 87.2 85.9 102.6 101.6
Lysine 72.0 73.9 76.2 83.7 Lysine 72.1 78.6 84.9 121.5
Alanine 67.0 58.7 65.9 67.1 Glutamic acid 63.2 72.1 T74.4 102.1
GABA 58.3 49.4 100.7 114.4 Alanine 52.8 76.9 62.1 102.3
Leucine 54.2 56.0 48.5 71.9 Leucine 48.4 57.7 56.9 102.9
Tyrosine 51.9 54.9 63.5 65.8 GABA 38.9 54.1 45.7 110.7
Urea 42.1 51.3 60.5 51.5 Urea 34.5 45.0 40.5 63.1
Proline 34.6 34.6 21.3 33.1 Phenylalanine 33.2 37.8 39.1 57.9
Aspartic acid 32.3 34.2 304 36.2 Histidine 31.0 32.9 36.5 37.5
Asparagine 28.9 30.6 21.4 24.5 Aspartic acid 27.9 30.0 32.8 57.8
Cystine 28.7 28.2 31.2 29.2 Glycine 27.6 27.6 32.5 37.9
Glycine 28.5 28.9 14.2 28.7 Proline 25.6 24.1 30.1 39.7
Phenylalanine 28.0 298 23.4 354 Cystine 25.4 29.2 29.9 35.1
Histidine 27.6 28,5 30.2 27.4 Asparagine 25.4 27.5 29.9 35.0
Threonine 25.0  23.7 23.3 28.6 Ornithine 24.3 22.8 28.6 50.4
Valine 23.7 24.7 15.8 28.8 Valine 21.0 23.4 24.7 37.2
Serine 21.7 22.0 19.3 25.9 Isoleucine 19.4 21.6 22.9 33.0
Isoleucine 20.7 20.9 13.8 24.7 Threonine 18.8 22.1 22.2 354
Ornithine 20,4 17.5 47.2 31.8 Serine 17.1  20.0 20.1 35.1
Methionine 16.7 17.2 15.3 19.4 Methionine 15.0 19.6 17.6 30.0
a-AAA 14.5 14.0 13.7 10.5 Phosphoserine 10.1 12.0 11.9 15.3
Phosphoserine 12.3 12.7 13.6 12.1 a-AAA 8.5 9.7 10.0 11.5
Ethanol amine 10.3  10.5 8.3 14.7 Cystathionine 8.1 9.9 9.5 9.1
Cystathionine 9.6 9.0 3.5 7.5 Ethanol amine 7.9 10.8 9.3 14.8
Hydroxylysine 7.1 7.5 7.7 8.2 Hydroxylysine 7.0 9.3 8.2 12.0
Taurine 6.1 5.7 5.7 5.2 PEA 6.0 6.6 7.0 7.7
Tryptophan 5.5 4.6 5.0 5.6 Tryptophan 5.7 4.9 6.7 7.4
Carnosine 5.1 5.4 5.8 6.7 Taurine 4.9 5.1 5.8 6.0
PEA 4.5 5.7 9.2 5.2 Carnosine 4.8 5.6 5.7 4.1
B -Alanine 4.1 4.7 8.0 8.7 £-Alanine 4.1 4.4 4.9 12.0
Citruline 2.0 2.0 1.6 3.2 Citruline 2.5 1.8 3.0 4.3
b-AIBA 1.6 1.7 0.0 0.0 b-AIBA 1.7 1.6 2.0 1.7
Anserine 0.0 0.0 3.7 0.0 Anserine 0.0 6.1 0.0 7.8
Total(mg/kg-koji) 1272.5 1280.5 1292.3 1355.2 Total (mg/kg-koji) 1153.2 1294.8 1356.7 1849.1

GABA ; y-Amino n-butyric acid
a-AAA ; a-Amino adipic acid
PEA ; Phospho ethanol amine
b-AIBA | f-Amino iso butyric acid
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GABA ; y-Amino n-butyric acid
a-AAA | a-Amino adipic acid
PEA ; Phospho ethanol amine
b-AIBA ; f-Amino iso butyric acid
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Table 9 Amino acid composition of koji made by Table 10 Amino acid composition of koji made by

Sakekomati Ginnosel
Polishing rate(%) Polishing rate (%)
40 50 60 70 40 50 60 70

Glutamine 208.7 214.1 229.5 246.1 Glutamine 226.0 251.6 273.4 267.7
Arginine 132.5 151.1 162.8 187.7 Arginine 209.5 250.5 252.1 270.7
Glutamic acid 92.9 100.5 101.0 120.5 Tyrosine 115.3 132.9 158.0 149.5
Lysine 67.0 72.1 89.9 91.4 Glutamic acid 107.0 124.5 137.3 146.3
Alanine 59.4 65.7 73.0 79.0 GABA 82.1 95.8 110.7 110.7
GABA 58.8 70.7 79.7 94.5 Lysine 85.3 91.2 102.0 102.1
Tyrosine 55.4 70.6 85.8 77.6 Alanine 68.8 81.6 91.7 89.9
Leucine 45.1 48.9 63.6 71.5 Urea 53.6 59.0 70.3 70.1
Ornithine 4.1 49.9 71.2 77.8 Leucine 48.9 58.9 66.7 70.7
Aspartic acid 29.9 35.6 40.8 44.4 Ornithine 42.1 52.3 66.5 62.7
Histidine 27.3 31.4 34.6 33.4 Histidine 43.4  48.1 52.3 47.0
Cystine 26.1 27.1 28.2 31.8 Phenylalanine 38.5 46.9 49.9 51.2
Phenylalanine 24.6 26.1 33.3 36.8 Aspartic acid 37.5 42.1 46.2 49.2
Urea 245 51.9 55.9 54.7 Cystine 25.2 30,9 34.6 354
Asparagine 17.7 18.7 23.0 22.7 Valine 18.5 22.8 22.6 23.4
Methionine 16.8 16.4 19.0 22.1 Threonine 19.6 21.1 24.6 24.6
Threonine 16.7 18.6 23.3 25.1 Isoleucine 15.4  20.0 20.4 21.2
Serine 16.6 18.2 21.1 22.9 Asparagine 17.8  19.1 22.7 24.4
Valine 16.3 16.0 19.6 21.6 Serine 17.3  19.0 21.8 23.3
Proline 14.6 15.8 20.5 22.0 Methionine 14.4 18.3 18.5 19.6
Isoleucine 14.4 14.7 17.5 20.4 Proline 17.0 17.8 21.5 22.9
Glycine 12.8 13.2 16.5 16.9 Glycine 14.5 16.5 18.1 17.7
Phosphoserine 10.9 12.1 13.0 14.4 Phosphoserine 12.1 14.8 16.3 16.3
a-AAA 10.6 10.8 12.0 12.9 a-AAA 12.2  13.5 15.3 15.0
Hydroxylysine 8.7 8.6 8.1 10.0 PEA 9.2 12.2 14.1 14.5
Ethanol amine 7.3 6.7 7.1 6.7 Hydroxylysine 6.9 9.9 10.7 11.2
PEA 6.4 9.1 10.0 10.2 B Alanine 7.2 8.8 10.7 11.9
A-Alanine 5.3 6.4 8.8 10.5 Tryptophan 7.2 8.0 9.2 9.4
Carnosine 4.5 5.0 4.4 5.8 Cystathionine 2.3 7.7 3.1 2.9
Taurine 3.9 4.4 4.9 4.9 Ethanol amine 6.6 7.2 7.8 6.9
Tryptophan 3.8 5.0 5.6 5.1 Taurine 7.7 7.0 6.9 6.2
Citruline 1.1 1.0 1.8 1.3 Anserine 12.2 5.7 4.4 4.9
b-AIBA 1.0 1.0 1.6 0.0 Carnosine 4.7 5.7 6.2 5.9
Cystathionine 0.0 7.4 2.6 7.4 b-AIBA 2.2 1.9 2.4 2.2
Anserine 0.0 5.1 4.5 4.1 Citruline 1.3 1.2 1.6 1.0
Total(mg/kg-koji) 1085.6 1229.8 1393.9 1514.1 Total (mg/kg-koji) 1409.4 1624.4 1790.6 1808.4

GABA ; y-Amino n-butyric acid GABA | y-Amino n-butyric acid

a-AAA | a-Amino adipic acid a-AAA ; a-Amino adipic acid

PEA ; Phospho ethanol amine PEA ; Phospho ethanol amine

b-AIBA ; g~Amino iso butyric acid b-AIBA ; g-Amino iso butyric acid
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Table 11 Variance analysis of amino acid composi-

tion
Variety of rice Polishing rate
Amino acid
F, Judge F, Judge
Glutamine 3.3 — 0.6 —
Arginine 63.2 11.4  *+
Glutamic acid 13.6  *» 3.1 —
Lysine 8 — 6.6 *
Alanine 3 - 3.3 —
GABA 2 x 7.8
Leucine 0.8 — 7.4 =
Tyrosine 124.1  *»+ 13.4  **
Urea 5.1 7.0 **
Proline 7.3 1.7 —
Aspartic acid 2.2 — 4.8 *
Asparagine 5.7 * 0.9 —
Cystine 1.6 — 6.8 *
Glycine 11,1 »» 1.0 —
Phenylalanine 13.8  »» 6.6 *
Histidine 96.0 *hx 8.6
Threonine 1.7 — 5.9 *
Valine 3.2 — 3.6 —
Serine 0.9 — 5.4
Isoleucine 4.0 # 4.4
Ornithine 18.7  »*» 9.9 ==
Methionine 1.2 — 5.0 =
a-AAA 5.8 = 0.6 —
Phosphoserine 4.3 = 5.6  *
Ethanol amine 5.8 * 2.0 —
Cystationine 4.8 * 2.4 —
Hydroxylysine 2.7 — 5.1 *
Taurine 111 ** 0.2 —
Tryptophan 25.4  wx» 4.5 =
Carnosine 1.6 — 1.4 —
PEA 23.0  #wx 6.7 =
S -Alanine 6.1 = 15.6  *x*
Citruline 6.6 * 1.8 —
b-AIBA 7.6 == 1.3 —
Anserine 1.9 — 0.1 —

Judgment is the same as that shown in Table 2.
GABA ; y-Amino n-butyric acid
a-AAA ; a-Amino adipic acid
PEA ; Phospho ethanol amine
b-AIBA ; 8-Amino iso butyric acid
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