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Table I Feeding ratio of mash for sake brewing
Breweries Moto  Sce Naka Tome Total
Total rice (kg) 3.5 7.5 14 25 50
Steamed rice (k) | 2.3 5.0 11 20.5 38.8
A Koji-rice (kg 1.2 2.5 3 4.5 11.2
Water (8) 3.8 9.6 22 34 69.4
Total rice (kg) 4 7 15 24 50
B Steamed rice (kg) 7 12 20 39
Koji-rice (kg) 4 3 4 11
Water () 17 18 28 69
Total rice ) 35 70 135 260 500
Steamed rice (kg 24 50 105 211 380
¢ Koji-rice ) 11 20 30 49 110
Water (0) 60 65 162 363 650
Total rice (xg) 733 63 107 210
Steamed rice (kg) 20 48 92 160
b Koji-rice (kg) 7 13 15 15 50
Water (2) 24 28 64 126 242
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Fig. 1 Related enzymes and genes of malic acid

production in TCA cycle
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Fig.2 DNA micro array

~ Table2 Ratio of gene expression of enzymes inTCA

cycle(A), glyoxylicacid cycle(B), and ethanol

production(C)
Enzyme Gene Ratio (M7-14/K-7)
A citrate synthase CITI 1.0
" CIT3 0.004
aconitase "~ ACOI L9
isocitrate dehydrogenase IDP1 0.9
" Dp2 2.3
Y IDH1 1.6
" IDHZ 0.8
@ -ketoglutarate dehydrognase  KGD! 12
n KGD2 0.8
succinate-coA ligase LSC1 2.0
" LSC2 13
fumarate reductase OSMI - 1.0
" FRDSI 0.5
succinate dehydrogenase SDHI 19
" 'SDH2 0.003
" SDH4 0.8
fumarate hydratase FUMI 0.8
...... malate dehydrogenase ... .MDHL 18 .
B: citrate synthase CIT2 1.5
isocitrate lyase ICL1 14
" ICL2 0.9
malate synthase MLSI 0.7
...... malate dehydrogenase ... MDHZ 15 ...
C: pyruvate decarboxylase PDCI 0.6
' " PDC2 0.2
Y PDCS 0.3
n PDC6 0.5
alcohol dehydrogenase ADHI 0.2
" ADH? 0.4
" ADH4 08
" ADH5 1.0
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Table3 Changes in general components by M7-14 in sake brewing

Breweries Soe Naka Tome 3 5 9 12 15 18 20 23 25

Temperature (C) | 12 8 6.5 7 12 12 10 9.5 9.5 9 9 9

A | Sake meter 4.7 3.8 38 38 3.7 3.6 3.1
Alcohol (%) 103 107 110 113 113 128
Acidity 2.8 3.0 33 35 3.6 36 36
Temperature ()| 12 11 8 11 12 15 13 13 12 12 11 11

B Sake meter 8.8 6.5 5.6 42 36 34 3.1 31
Alcohol (%) 99 120 120 122 124 125
Acidity 2.2 2.8 36 44 44 44 4.7 4.8
Temperature (T) ‘12 11 7 10 13 15 15 15 14 14 14

c Sake meter 8.4 5.4 5.2 4.8 3.6 34 2.5
Alcohol (%) ‘ ' 120 110 115 120
Acidity 20 28 3.2 38 33 3.7 4.1
Temperature (C) | 15 9 8 9 10 13 13 12 11

b Sake meter 6.2 3.8 2.1 2.1
Alcohol (%) 11.0 114 12.0
Acidity 5.2 5.2 53 53
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Breweries
A B C D
Alcohol (%) 12.7 115 12.0 12.0
Sake meter -29 -31 -24 -22
Acidity 34 44 4.0 56
Amino acidity 14 14 1.5 24
Citric acid (¢ g/m) 142 126 108 142
Pyruvic acid (#) 441 418 337 383
Malic acid (#) 1095 989 762 1058
Succinic acid () 1172 927 793 992
Lactic acid (») 419 938 604 860
Aceticacid (#) 76 72 57 65
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Fig. 3 Relation of sake meter and acidity in low alcohol

O : values of the present industrial scale brewing
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