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AAase o -amylase

ASAAase acid-stable o -amylase

CAR carboxen

cDNA complementary deoxyribonucleic acid
CE-TOFMS capillary electrophoresis time-of-flight mass spectrometry
CE-TOF-MSD capillary electrophoresis time-of-flight mass selective detector
dUTP deoxyuridine triphosphate

DVB divinylbenzene

ESI electrospray ionization

FDA food and drug administration

GC gas chromatography

GC-MS gas chromatograph mass spectrometry
GlcNAc N-acetylglucosamine

GRAS generally recognized as safe

GAase glucoamylase

HS-SPME headspace solid-phase microextraction
LOD detection limit

LOQ quantification limit

NRT nitrate transporter

pDMAB p-dimethylaminobenzaldehyde

PDMS polydimethylsiloxane

mRNA messenger ribonucleic acid

SDS sodium dodecyl sulfate

SSC saline sodium citrate buffer
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Fig. 1. Time course of enzyme activity in culture and mycelial weight.

A. oryzae RIB40 strain was cultured with rotary shaking in 100 mL of a modified
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Czapek-Dox medium at 30°C for 102 hours. Unmilled whole barley and milled whole

barley were used as the carbon sources.
(A) GAase activity, (B) AAase activity, and (C) Mycelial content. Symbols: e ,

Unmilled whole barley; o , Milled whole barley.
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Fig. 2. Time course of sugar concentration in culture.
A. oryzae RIB40 strain was cultured with rotary shaking in 100 mL of a modified
Czapek-Dox medium at 30°C for 102 hours. Unmilled whole barley and milled
whole barley were used as the carbon sources.
(A) Glucose and (B) Disaccaride. Symbols: e , Unmilled whole barley; o

)

Milled whole barley.
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Fig. 3. Time courses of concentrations of organic acids in culture.

A. oryzae RIB40 strain was cultured with rotary shaking in 100 mL of a modified
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Czapek-Dox medium at 30°C for 102 hours. Unmilled whole barley and milled whole

barley were used as the carbon sources.

(A) Pyruvic acid, (B) Succinic acid, and (C) Malic acid. Symbols: e , Unmilled whole

barley; o , Milled whole barley.
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Fig. 4. Time courses of concentrations of nitrogen ions in culture.
A. oryzae RIB40 strain was cultured with rotary shaking in 100 mL of a modified
Czapek-Dox medium at 30°C for 102 hours. Unmilled whole barley and milled whole
barley were used as the carbon sources.
(A) Nitrate ion and (B) Ammonium. Symbols: e , Unmilled whole barley; o

’

Milled whole barley.
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Table 1. Difference in the glycolytic gene group expression intensity (at 22 and 54 hours of

culture).
at 22 hours at 54 hours
Gene ID Function description Fold adj. P Val® Fold adj. P Val®
change» change?
Glucose-6-phosphate
A0090011000659 0.39 0.010 0.84 0.233
isomerase

A0090005000003 Hexokinase 0.40 0.014 1.06 0.758
A0090005001556 Pyruvate kinase 0.49 0.045 0.94 0.652

a: The expression ratio (unmilled whole barleyd milled whole barley).

b: Corrected p-value with multiple comparison taken into consideration.
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Table 2. Difference in alpha-amylase and glucoamylase gene group expression intensity (at 22

and 54 hours of culture).

at 22 hours at 54 hours
Gene ID Function description Fold Fold
adj.P.Val® adj.P.Val®
change? change?

A0090003001497 alpha-amylase 0.58 0.087 3.68 0.016
A0090003001498 alpha-amylase 2.31 0.027 6.03 0.005
A0090005001193 alpha-amylase 0.84 0.517 1.17 0.255
A0090120000196 alpha-amylase A type-1/2 1.23 0.651 7.69 0.002
A0090010000746 glucoamylase (g/a4) 1.13 0.585 10.79 0.006
A0090003000321 glucoamylase (g/aB) 1.86 0.072 4.62 0.003

a: The expression ratio (unmilled whole barleyd milled whole barley).

b: Corrected p-value with multiple comparison taken into consideration.

29



Table 3. Difference in alpha-glucosidase gene group expression intensity (at 22 and 54 hours of

culture).
at 22 hours at 54 hours
Gene ID Function description Fold Fold
adj.P.Val® adj.P.Val®
change? changes

A0090003001209 alpha-glucosidase 0.36 0.018 2.89 0.002

alpha/beta-glucosidase
A0090005001084 1.66 0.098 0.72 0.033

agdC
A0090020000176 alpha-glucosidase NAc NAc NAe NAc
A0090023000288 alpha-glucosidase 1.06 0.913 1.33 0.189
A0090026000034 alpha-glucosidase 3.25 0.035 8.40 0.012
A0090038000234 alpha-glucosidase 17.89 0.021 35.20 0.001
A0090103000129 alpha-glucosidase NAc NAe 1.62 0.121
A0090103000378 alpha-glucosidase 3.68 0.009 1.49 0.131
A0090701000558 alpha-glucosidase 1.28 0.421 0.99 0.964

a: The expression ratio (unmilled whole barleyd milled whole barley).

b: Corrected p-value with multiple comparison taken into consideration.

¢t Not available
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Table 4. Difference of inorganic nitrogen metabolism-related gene group expression intensity (at 22

and 54 hours of culture).

at 22 hours at 54 hours
Gene ID Function description Fold adj.P.Valb Fold adj. P Val®
change» change?
A0090012000623 nitrate transporter 0.68 0.252 31.48 0.005
formate/nitrate family
A0090012000169 0.28 0.036 2.87 0.027
transporter
A0090012000626 nitrate reductase [NADPHI 1.25 0.572 37.51 0.003
A0090001000707 ammonium transporter 2 0.99 0.969 41.96 0.012
A0090023000411 ammonium transporter 0.26 0.017 2.76 0.057
A0090038000314 ammonium transporter 1 0.31 0.030 17.98 0.001
A0090009000269 glutamine synthetase 0.72 0.174 2.73 0.004
A0090011000308 glutamine synthetase 0.18 0.003 0.79 0.106

a: The expression ratio (unmilled whole barleyd milled whole barley).

b: Corrected p-value with multiple comparison taken into consideration.
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Table 5. Measured values of major metabolites 2 (Positive ion mode) .

(nmol/g)
Unmilled whole barley Milled whole barley
Metabolite Mean SD Mean SD
Amino Acids
Gly 572.0 222.6 1276.4 346.6
B -Ala 83.6 37.2 263.8 63.6
Ala 1568.2 791.7 3453.4 820.3
Y -Aminobutyric acid 297.4 212.6 1404.6 1736.5
Ser 1331.4 470.6 21728.8 815.7
Pro 459.4 182.6 1181.0 322.0
Val 305.0 120.3 1010.2 336.2
Homoserine 11.2 3.4 14.7 6.3
Thr 568.0 234.0 1869.4 451.3
Cys ND O 2.2 0.7
Hydroxyproline 7.4 2.9 9.3 2.6
Ile 205.2 84.3 528.6 141.7
Leu 212.8 91.0 477.2 152.8
Asn 556.8 235.3 2247.8 704.4
Ornithine 91.4 39.8 698.2 364.3
Asp 2832.8 720.0 3471.2 1277.4
Gln 5974.6 2400.6 14004.6 4569.8
Lys 515.6 250.7 2702.6 731.1
Glu 10398.8 3254.9 15846.8 4950.5
Met 61.4 24.2 113.4 34.4
His 395.0 182.6 2222.6 476.9

32



Phe
Arg
Citrulline
Tyr
Trp
Amines
Putrescine
Spermidine
Spermine
Nucleobase
Cytosine
Uracil
Adenine
Guanine
Nucleosides
Cytidine
Uridine
Adenosine
Inosine
Guanosine
Others
Creatinine
Creatine
Hypoxanthine
Anthranilic acid

Tyramine

95.8

160.8

4.8

199.4

28.0

28.4

10.4

ND

ND

ND

0.4

ND

1.1

ND

0.9

ND

1.6

ND

ND

ND

ND

ND

33

45.9

81.7

1.8

91.9

14.1

10.4

3.4

0.3

0.7

0.4

0.9

201.8

1534.4

7.7

408.0

64.6

30.2

15.4

0.6

ND

ND

0.7

ND

1.5

ND

0.8

0.3

2.7

0.1

ND

ND

ND

ND

82.7

597.3

4.7

142.5

21.2

8.6

4.5

0.2

0.2

0.6

0.3

0.7

1.0

0.1



DOPA ND

Carnosine ND
Glutathione(GSSG) 203.0
Glutathione (GSH) 114.2

S-Adenosylmethionine 21.2

92.1

53.2

5.8

ND

0.4

247.4

510.0

35.4

0.9

76.9

105.6

8.4

a Amount of compounds contained in the mycelia 1g (nmol).
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Table 6. Measured values of major metabolites 2 (Negative ion mode) -

(nmol/g)
Unmilled whole barley Milled whole barley
Metabolite Mean SD Mean SD
Phosphorylated Organic
Acids
Phosphoenolpyruvic acid 34.2 12.8 53.6 24.6
Dihydroxyacetone
15.2 3.6 20.4 4.3
phosphate
Glycerol 3-phosphate 50.4 16.7 79.6 23.6
3-Phosphoglyceric acid 97.0 28.8 132.4 51.9
Erythrose 4-phosphate ND O ND O
Ribulose 5-phosphate 15.4 6.5 16.0 5.1
Ribose 5-phosphate 4.0 1.5 4.0 1.4
Ge6P 170.4 101.6 249.0 107.6
Fep 55.2 34.4 78.0 39.9
G1P 10.4 5.6 14.5 7.7
6-Phosphogluconic acid 10.1 4.5 19.0 6.3
Sedoheptulose 7-phosphate 44 .4 30.3 50.2 23.3
Fructose 1,6-diphosphate 6.9 1.7 6.2 2.5
CoA O 0
CoA 1.2 0.9 3.8 1.3
Acetyl CoA 3.5 1.3 5.1 2.3
Malonyl CoA ND O ND a
Succinyl CoA ND O ND a
Organic Acids
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Glyoxylic acid
Glycolic acid
Pyruvic acid

Lactic acid
Fumaric acid
2-Oxoisovaleric acid
Succinic acid
Malic acid
2-Oxoglutaric acid
cis-Aconitic acid
Citric acid
Isocitric acid
Gluconic acid
Nicotinamide Coenzyme
NAD+
NADH
NADP+
NADPH
FAD
Nucleotides
dTMP
CMP
cAMP
cGMP
AMP

IMP

ND

16.2

54.4

588.2

821.2

2.9

157.2

2978.0

200.8

59.2

1944.2

39.4

15.6

59.4

5.8

5.6

15.2

4.2

ND

1.9

ND

ND

12.2

1.5

23.0

17.2

242.2

273.2

1.7

57.6

1016.5

72.5

22.2

710.1

16.1

5.6

14.9

1.9

1.9

3.0

1.5

1.1

7.5

1.3

36

1.0

29.2

86.4

989.0

1065.0

15.1

260.0

3318.2

174.2

67.8

2222.8

50.0

11.4

99.0

7.6

9.4

29.4

9.7

ND

2.2

0.9

7.2

13.8

1.8

2.1

27.9

17.5

818.3

244.2

15.1

55.7

664.5

39.4

13.1

450.1

8.4

4.1

32.6

1.6

3.2

8.9

3.9

0.4

1.6

1.7

2.7

1.3



GMP

PRPP

dTDP

CDP

ADP

GDP

dCTP

dTTP

CTP

UTP

dATP

ATP

GTP

1.7

2.2

ND

4.5

74.2

16.8

ND

0.6

23.0

59.6

0.3

417.0

47.4

1.0

2.2

2.0

31.8

5.6

0.6

6.0

16.1

0.5

108.8

11.2

2.0

5.1

ND

5.6

97.0

25.6

0.5

1.4

41.8

73.4

0.6

746.4

92.6

0.4

1.8

1.8

29.7

7.4

0.5

0.5

13.9

26.0

0.7

2334

32.2

a Amount of compounds contained in the mycelia 1g (nmol).
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Table 7. The top 100 genes with highest fold changes (at 22 h of culture)

unmilled whole barley > milled whole barley

Gene name Function descriptions Fold change® adj.P.Vale
1 A0090012000370 hydrophobin 170.13 0.002
2 A0O090005000502 lectin 91.92 0.002
3 A0090026000408 hypothetical protein 72.05 0.003
4 A0090001000260  cytochrome P450 69.49 0.004
5 A0090011000461 hypothetical protein 51.37 0.002
6 A0090026000576 hypothetical protein 47.67 0.003
7 A0090701000316 oxaloacetate acetylhydrolase 47.66 0.002
8 A0090701000528 O-methyltransferase 45.93 0.003
9 A0090103000161 protein kinase domain protein 41.31 0.025
10 A0090120000454 hypothetical protein 36.31 0.005
11 A0090701000400  beta-fructofuranosidase 29.58 0.004
12  A0090103000248 MFS transporter 29.18 0.023
13 A0090011000020 galactose oxidase 28.03 0.003
14 AO0090011000912 hypothetical protein 27.24 0.018
15 A0090003001302 hypothetical protein 26.41 0.002
16 A0090012000164  hypothetical protein 23.51 0.007
17 A0090701000640 hmg-CoA reductase 23.42 0.002
18 A0090023000238 hypothetical protein 22.68 0.004
19 AO0090011000053 hypothetical protein 20.14 0.003
20 A0090005001318 hypothetical protein 18.66 0.002
21  A0090038000234 alpha-glucosidase 17.89 0.021
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22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

A0090012000396

A0090102000457

A0090020000381

A0090023000021

A0090701000644

A0090005000241

A0090020000179

A0090026000589

A0090026000095

A0090138000122

A0090103000244

A0090026000043

A0090011000829

A0090003001461

A0090120000158

A0090701000530

A0090038000061

A0090026000409

A0090012000397

A0090001000058

A0090005000254

A0090103000108

A0090038000233

hypothetical protein
hypothetical protein

amine oxidase, flavin-containing
superfamily

methyltransferase family protein
mono- and diacylglycerol lipase
hypothetical protein
molybdopterin synthase catalytic
subunit

hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
N-acetylmuramoyl-L-alanine
amidase

beta-galactosidase B

polyketide synthase

tyrosinase

hypothetical protein
hypothetical protein
hypothetical protein
viral-enhancing factor
hypothetical protein

MFS alpha-glucoside transporter

39

17.77

17.49

16.94

16.86

16.06

15.81

15.79

15.66

15.56

15.15

15.04

14.37

14.32

13.95

13.68

13.01

12.93

12.80

12.08

11.88

11.83

11.75

11.59

0.010

0.003

0.002

0.002

0.002

0.004

0.025

0.007

0.004

0.006

0.002

0.002

0.002

0.003

0.011

0.003

0.009

0.002

0.002

0.014

0.039

0.002

0.031



45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

A0090009000116

A0090003001556

A0090003001005

A0090003000174

A0090001000063

A0090005000387

A0090003000310

A0090020000693

A0090023000328

A0090012000445

A0090003000018

A0090701000525

A0090701000109

A0090023000260

A0090003001296

A0090010000640

A0090003001036

A0090001000189

A0090001000173

A0090012000066

A0090103000145

A0090010000280

A0090026000585

hypothetical protein
glucose transporter rco-3
F-box domain protein
phosphoenolpyruvate
carboxykinase [ATP]

cell wall glycosyl hydrolase YteR
hypothetical protein
alternative oxidase
hypothetical protein
hypothetical protein
beta-galactosidase E

heat shock protein
oxidoreductase FAD-binding
protein

hypothetical protein
thioredoxin reductase GIiT
zinc-regulated transporter 1
L-amino acid oxidase LaoA
oryzin

fucose-specific lectin FleA
7Zn2+ dependent hydrolase
O-methylsterigmatocystin
oxidoreductase

hypothetical protein
hypothetical protein

nonribosomal peptide synthase

40

11.54

11.13

10.84

10.69

10.53

10.39

10.22

9.96

9.88

9.84

9.60

9.51

9.41

9.32

9.27

9.17

9.04

8.75

8.66

8.65

8.38

8.36

8.14

0.008

0.034

0.008

0.013

0.044

0.005

0.031

0.008

0.046

0.006

0.035

0.004

0.003

0.009

0.036

0.016

0.002

0.002

0.050

0.005

0.009

0.006

0.005



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

A0090023000386

A0090001000073

A0090020000210

A0090005000765

A0090005000064

A0090138000055

A0090020000420

A0090010000704

A0090010000712

A0090009000036

A0090003000681

A0090701000317

A0090038000223

A0090120000378

A0090020000640

A0090701000326

A0090138000024

A0090005000641

A0090023000641

A0090701000529

hypothetical protein

secretory phospholipase A2
tartrate
dehydrogenase/decarboxylase ttuC
MYB family conidiophore
development protein FlbD
endo-arabinase

arabinan
endo-1,5-alpha-L-arabinosidase C
hypothetical protein

hypothetical protein

20G-Fe(I) oxygenase family
oxidoreductase

hypothetical protein

hypothetical protein

hypothetical protein
beta-glucosidase G

arrestin (or S-antigen), N-terminal
domain protein

extracellular invertase
hypothetical protein

sensor histidine kinase/response
regulator

C2H2 finger domain protein
nucleolar GTP-binding protein 2

metallo-beta-lactamase domain
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8.09

8.04

7.98

7.96

7.91

7.774

7.772

7.69

7.68

7.64

7.60

7.52

7.49

7.36

7.11

7.08

7.05

6.95

6.79

6.78

0.006

0.011

0.005

0.002

0.002

0.012

0.005

0.035

0.004

0.002

0.005

0.007

0.023

0.035

0.007

0.005

0.037

0.003

0.034

0.006



protein

88 A0090038000156 hypothetical protein 6.62 0.005
89 A0090038000389  ABC multidrug transporter 6.51 0.010
siderochrome-iron transporter
90 A0090005000471 6.46 0.007
(Sit1)
91 A0090011000054 hypothetical protein 6.31 0.006
92 A0090102000125 succinate/fumarate transporter 6.31 0.025
93 A0090009000308 folylpolyglutamate synthase 6.29 0.010
thermoresistant gluconokinase
94 A0090003001003 6.29 0.023
family protein
95 A0090011000818 hypothetical protein 6.27 0.015
96 A0090012000742 hypothetical protein 6.19 0.004
cell wall serine-threonine-rich
97 A0090011000119 6.14 0.044
galactomannoprotein Mp1
98 A0090001000749 ATP-dependent RNA helicase dbp3 6.09 0.040
99 A0090103000465 hypothetical protein 6.06 0.010
100 A0090020000542  hypothetical protein 6.02 0.009
unmilled whole barley < milled whole barley
Gene name Function description? Fold changeP adj. P Vale
1 A0090120000106 cytochrome P450 monooxygenase 0.05 0.011
2 A0090701000440 hypothetical protein 0.06 0.002
short-chain
3 A0090011000302 dehydrogenase/reductase family 0.07 0.005

protein
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

A0090103000387

A0090023000033

A0090020000444

A0090020000493

A0090026000800

A0090011000328

A0090003000230

A0090701000437

A0090005000307

A0090001000555

A0090003001415

A0090011000870

A0090010000495

A0090012000351

A0090012000055

A0090003000208

A0090010000642

A0090701000436

A0090701000806

A0090003001008

hypothetical protein

pyridoxamine 5'-phosphate oxidase

L-kynurenine/alpha-aminoadipate

aminotransferase
isovaleryl-CoA dehydrogenase 2
blasticidin-S deaminase
hypothetical protein
hypothetical protein
hypothetical protein

UMTA methyltransferase family
protein

2-oxoisovalerate dehydrogenase
subunit alpha

cytochrome P450 monooxygenase
allantoate transporter

GNAT family acetyltransferase
hypothetical protein

GNAT family acetyltransferase
4-hydroxyphenylpyruvate
dioxygenase

hypothetical protein

cytochrome P450 oxidoreductase
competence/damage-inducible
protein CinA

biotin-dependent 2-oxo acid

dehydrogenases acyltransferase
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0.07

0.07

0.08

0.08

0.10

0.10

0.11

0.11

0.11

0.11

0.12

0.12

0.12

0.12

0.12

0.13

0.13

0.13

0.13

0.13

0.006

0.007

0.006

0.004

0.004

0.047

0.003

0.010

0.010

0.008

0.002

0.018

0.002

0.006

0.021

0.003

0.015

0.023

0.006

0.003
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25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

A0090011000444

A0090003000854

A0090005001066

A0090012000973

A0090701000373

A0090009000148

A0090012000315

A0090102000498

A0090010000350

A0090023000349

A0090012000017

A0090102000360

A0090701000435

A0090102000261

A0090103000468

A0090010000229

A0090020000533

A0090020000492

A0090011000408

A0090009000101

A0090701000577

A0090003000496

hypothetical protein

urea active transporter 1

ABC transporter

hypothetical protein
S-(hydroxymethyl)glutathione
dehydrogenase

aspartic-type endopeptidase opsB
oligopeptide transporter family
aromatic amino acid
aminotransferase

bicyclomycin resistance protein
2-oxoisovalerate dehydrogenase
subunit beta

expressed protein

protein NMT1

hypothetical protein

ankyrin repeat-containing protein
hexose carrier protein

MFS peptide transporter Ptr2
hypothetical protein
methylcrotonoyl-CoA carboxylase
beta chain

cyclase

hypothetical protein

phenazine biosynthesis-like protein

MFS allantoate transporter
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0.14

0.14

0.14

0.14

0.15

0.15

0.15

0.15

0.15

0.15

0.16

0.16

0.16

0.16

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.003

0.028

0.003

0.003

0.003

0.007

0.002

0.003

0.010

0.015

0.018

0.003

0.032

0.009

0.027

0.003

0.009

0.011

0.003

0.034

0.007

0.009



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

A0090701000359

A0090003000866

A0090005000941

A0090003000627

A0090026000245

A0090011000307

A0090701000360

A0090011000308

A0090011000337

A0090012000130

A0090020000495

A0090001000083

A0090010000052

A0090010000139

A0090023000450

A0090012000526

A0090005000497

A0090010000535

A0090113000064

A0090120000084

A0090011000581

1nositol-3-phosphate synthase
hypothetical protein

GNAT family acetyltransferase
RTA1 domain protein
L-kynurenine/alpha-aminoadipate
aminotransferase

class I glutamine amidotransferase
1-aminocyclopropane-1-carboxylate
deaminase

glutamine synthetase
ferric-chelate reductase

aldehyde dehydrogenase family
protein

3-methylcrotonyl-CoA carboxylase
subunit alpha (MccA)
hypothetical protein

arylamine N-acetyltransferase 2
hypothetical protein

benzoate 4-monooxygenase
cytochrome P450

transketolase

threonine aldolase

hypothetical protein

oligopeptide transporter
aminotransferase

hypothetical protein
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0.17

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.19

0.19

0.19

0.20

0.20

0.20

0.21

0.21

0.21

0.21

0.21

0.21

0.21

0.025

0.003

0.017

0.003

0.002

0.009

0.012

0.003

0.010

0.018

0.016

0.016

0.015

0.034

0.005

0.008

0.022

0.032

0.007

0.007

0.019



67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

A0090003000211

A0090026000499

A0090005000972

A0090103000477

A0090005000652

A0090103000367

A0090005000534

A0090011000472

A0090011000817

A0090020000684

A0090005000965

A0090003000610

A0090003001388

A0090010000670

A0090003001237

A0090120000068

A0090011000799

A0090009000135

A0090003001367

A0090701000307

A0090009000289

A0090005000691

A0090005000277

fumarylacetoacetase

protein arvl

UDP-glucose dehydrogenase
GNAT family N-acetyltransferase
hypothetical protein
ferric-chelate reductase
hypothetical protein
formamidase

nickel transport protein

benzoate 4-monooxygenase
cytochrome P450

AAA family ATPase

GNAT family acetyltransferase
hypothetical protein

cytochrome P450 monooxygenase
ABC transporter

catalase R

thiamine biosynthetic bifunctional
enzyme

succinate-semialdehyde
dehydrogenase [NADP+]
short-chain alcohol dehydrogenase
primary amine oxidase 2
thioredoxin reductase
hypothetical protein

S-formylglutathione hydrolase
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0.21

0.22

0.22

0.22

0.22

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.24

0.24

0.24

0.24

0.24

0.24

0.24

0.25

0.007

0.014

0.040

0.011

0.006

0.011

0.025

0.014

0.005

0.017

0.025

0.031

0.032

0.012

0.010

0.005

0.006

0.026

0.026

0.024

0.022

0.009

0.017



90

91

92

93

94

95

96

97

98

99

100

A0090011000301

A0090012000313

A0090020000324

A0090023000382

A0090011000417

A0090009000314

A0090001000233

A0090701000456

A0090009000015

A0090009000138

A0090003000475

C6 transcription factor
hypothetical protein

MFS monosaccharide transporter
hypothetical protein

hypothetical protein
methylmalonate-semialdehyde
dehydrogenase [acylating]
saccharopine dehydrogenase
[NADP+, L-glutamate-forming]
hypothetical protein

amino acid transporter

MF'S monocarboxylate transporter

general amidase

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.26

0.26

0.26

0.26

0.021

0.015

0.018

0.013

0.004

0.043

0.010

0.009

0.011

0.010

0.027

a: Function descriptions were investigated using KEGG database.
b: The expression ratio (unmilled whole barley milled whole barley).

c: Corrected p-value with multiple comparison taken into consideration.
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Table 8. The top 100 genes with highest fold changes (at 54 h of culture)

unmilled whole barley > milled whole barley

Gene name Function description? Fold change® adj. P Vale
1 A0090010000752 CobW domain protein 161.57 0.001
2 A0090026000102 endoglucanase A 57.37 0.003
3 A0090120000026 endo-1,4-beta-xylanase A 55.51 0.001
4 A0090003000018 heat shock protein 54.03 0.001
5 A0090001000289  O-methyltransferase B 53.99 0.002
6 A0090026000408  hypothetical protein 47.53 0.001
7 A0090001000707 ammonium transporter 2 41.96 0.012
8 A0090012000626  nitrate reductase [NADPH] 37.51 0.003
9 AO0090038000234 alpha-glucosidase 35.20 0.001
10 AO090003000661 pyruvate decarboxylase 34.01 0.005
11  A0090012000623 nitrate transporter 31.48 0.005
12 A0090023000021 methyltransferase family protein 29.75 0.002
13  A0090010000240 hypothetical protein 28.85 0.016
14 A0O090005000583 hypothetical protein 28.69 0.008
15 A0090020000106 pre-mRNA splicing factor 28.18 0.001
NAD dependent
16 A0090003000124 27.32 0.018
epimerase/dehydratase
17 A0090701000554 heat shock protein 23.44 0.003
18 A0090003000613 FAD binding domain protein 21.65 0.002
19 AO0090011000912 hypothetical protein 18.62 0.001
20 AO0090038000314 ammonium transporter 1 17.98 0.001
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21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

A0090102000334

A0090001000061

A0090701000316

A0090001000287

A0090010000133

A0090038000471

A0090005000939

A0090003001296

A0090011000085

A0090005000294

A0090038000281

A0090010000640

A0090012000673

A0090026000055

A0090003001455

A0090003001556

A0090005000074

A0090009000634

A0090103000423

A0090020000105

A0090001000159

A0090001000282

A0090010000372

A0090010000746

A0090010000690

A0090010000314

hypothetical protein

sugar transporter
oxaloacetate acetylhydrolase
alcohol dehydrogenase
GTP-binding protein rhoA
alpha/beta-glucosidase agdC
major allergen Asp f 2
zinc-regulated transporter 1
hypothetical protein

C6 transcription factor
hypothetical protein
L-amino acid oxidase LaoA
mercuric reductase
cyanovirin-N

sirQ protein

glucose transporter rco-3
glucose transporter rco-3
alcohol dehydrogenase 2
endo-1,4-beta-xylanase F1
protein mannosyltransferase 1
Zn2+ dependent hydrolase
MFS monocarboxylate transporter
hypothetical protein
glucoamylase

C-14 sterol reductase

endo-beta-1,4-glucanase celB
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17.69

17.47

16.78

16.41

15.80

15.68

15.58

15.21

14.78

14.64

14.35

14.34

13.81

13.80

13.57

13.15

13.03

12.24

11.42

11.40

11.20

10.90

10.80

10.79

10.75

10.33

0.004

0.013

0.004

0.014

0.021

0.001

0.001

0.002

0.008

0.001

0.017

0.002

0.016

0.001

0.022

0.004

0.001

0.001

0.020

0.017

0.014

0.017

0.002

0.006

0.025

0.001



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

A0090003000984

A0090005001280

A0090038000061

A0090701000618

A0090020000103

A0090005001239

A0090026000582

A0090120000445

A0090103000226

A0090011000141

A0090010000576

A0090102000466

A0090026000034

A0090003001374

A0090001000260

A0090012000794

A0090124000057

A0090023000188

A0090120000196

A0090012000603

A0090010000129

A0090020000347

A0090005001318

hypothetical protein

GPI anchored cell wall protein
tyrosinase

hypothetical protein
palmitoyltransferase erf2
hypothetical protein
hypothetical protein
hypothetical protein

ABC multidrug transporter
BNR/Asp-box repeat domain
protein

hypothetical protein
N-methyltransferase
alpha-glucosidase
hypothetical protein
cytochrome P450
extracellular dioxygenase

hypothetical protein

efflux pump antibiotic resistance

protein
alpha-amylase A type-1/2

aspartate aminotransferase

alkanesulfonate monooxygenase

phosphoadenosine phosphosulfate

reductase

hypothetical protein
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9.89

9.56

9.50

9.22

9.05

8.88

8.67

8.62

8.54

8.51

8.46

8.41

8.40

8.19

8.18

7.99

7.82

7.76

7.69

7.54

7.51

7.49

7.38

0.007

0.001

0.004

0.002

0.002

0.013

0.001

0.028

0.028

0.003

0.028

0.002

0.012

0.011

0.006

0.006

0.030

0.030

0.002

0.031

0.031

0.002

0.001



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

A0090124000001

A0090001000295

A0090038000212

A0090012000888

A0090005001211

A0090023000238

A0090011000225

A0090011000448

A0090001000571

A0090001000286

A0090020000276

A0090011000284

A0090011000175

A0090003001302

A0090020000239

A0090701000194

A0090005000940

A0090026000494

A0090010000656

A0090001000208

A0090102000457

A0090038000171

A0090003001498

hypothetical protein

carnitine acetyl transferase
hypothetical protein
hypothetical protein

ubiD family decarboxylase
hypothetical protein

chitin binding domain protein
Peritrophin-A

vitamin H transporter

SF, putative sulfite reductase alpha

subunit-FAD and NAD binding
oxydoreductase

hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein
hypothetical protein

nmrA-like family protein
hypothetical protein

ZIP Zinc transporter

MFS monosaccharide transporter
hypothetical protein
endo-1,4-beta-xylanase C
hypothetical protein
acetamidase

alpha-amylase
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7.37

7.37

7.30

7.15

7.09

7.08

7.06

6.99

6.95

6.92

6.88

6.82

6.68

6.57

6.48

6.47

6.41

6.41

6.27

6.21

6.20

6.17

6.03

0.031

0.002

0.001

0.003

0.048

0.002

0.008

0.002

0.007

0.017

0.002

0.013

0.033

0.001

0.034

0.002

0.005

0.015

0.003

0.022

0.001

0.018

0.005



93 A0090102000458 hypothetical protein 5.98 0.001
94 A0090701000165 hypothetical protein 5.95 0.016
95 A0090023000424 tyrosinase 5.93 0.036
96 A0090026000046 NADH oxidase 5.92 0.036
97 AO0090103000150  hypothetical protein 5.92 0.003
98 A0090011000202  flavohemoprotein 5.88 0.006
99 A0090020000615 hypothetical protein 5.84 0.043
endoplasmic reticulum-resident
100 A0090102000071 5.82 0.004
kdel protein
unmilled whole barley < milled whole barley
Gene name Function descriptiona Fold change? adj. P Vale
1 A0090010000122 mannan endo-1,4-beta-mannosidase F 0.03 0.030
2 A0090120000106 cytochrome P450 monooxygenase 0.05 0.004
3 A0090038000444 mannan endo-1,4-beta-mannosidase F 0.05 0.025
4 A0090701000437  hypothetical protein 0.06 0.001
5 A0090001000232  MSF oligopeptide transporter 0.07 0.021
6 A0090003000208  4-hydroxyphenylpyruvate dioxygenase 0.07 0.002
2-amino-3-carboxymuconate-6
7 A0090102000067 0.07 0.007
-semialdehyde decarboxylase
8 AO0090005000740  beta-mannosidase B 0.10 0.041
9 AO0090001000229  hypothetical protein 0.10 0.025
10 A0O090038000445  hypothetical protein 0.10 0.034
11 A0090120000214  copper transporter family protein 0.10 0.002
12 A0O090701000436  cytochrome P450 oxidoreductase 0.12 0.002
13  A0090005000560  glycosidase crfl 0.12 0.029
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14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

A0090010000722

A0090020000544

A0090701000906

A0090010000603

A0O090009000067

A0090009000236

A0090701000181

A0090011000337

A0090102000327

A0090003001502

A0090009000129

A0090005000266

A0090103000363

A0090023000044

A0090020000685

A0090009000457

A0090038000578

A0090005001248

A0090001000544

A0090020000289

catalase-peroxidase

MFS multidrug transporter
Zn(I1)2Cys6 transcription factor
chloride channel protein
extracellular dihydrogeodin
oxidase/laccase

hypothetical protein

hypothetical protein
ferric-chelate reductase
phosphatidylserine decarboxylase
family protein

acyltransferase

hypothetical protein

coiled-coil domain-containing protein
MTMR15

hypothetical protein
2-deoxyglucose-6-phosphate
phosphatase

hypothetical protein
Immunogenic protein
indoleamine 2,3-dioxygenase family

protein

short/branched chain specific acyl-CoA

dehydrogenase
beta-glucosidase F

glutaminase GtaA
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42
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49
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51

52

53

54

A0090003000888

A0090005000364

A0090103000294

A0090103000242

A0090003000209

A0090023000111

A0090003000475

A0090001000555

A0090012000097

A0090701000225

A0090038000540

A0090003000816

A0090003001049

A0090020000367

A0090011000097

A0090701000435

A0090005000536

A0090005001467

A0090026000804

A0090120000135

A0090103000367

alcohol dehydrogenase, zinc-containing
ferric-chelate reductase (Fre2)
hypothetical protein

feruloyl esterase B precursor
hypothetical protein

hypothetical protein

general amidase

2-oxoisovalerate dehydrogenase
subunit alpha

MFS myo-inositol transporter
electron transfer flavoprotein subunit
beta

cholinesterase

eukaryotic translation initiation factor
3 subunit A

Leucine Rich Repeat domain protein
monocarboxylate transporter

efflux pump antibiotic resistance
protein

hypothetical protein

K+/H+ antiporter

cell wall protein

endo-arabinase

aspartate aminotransferase,
cytoplasmic

ferric-chelate reductase
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0.042
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0.045

0.008
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0.045

0.003
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0.005

0.004

0.002
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55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

A0090005000962

A0090120000260

A0090005000988

A0090023000349

A0090003000823

A0090001000117

A0090005000987

A0090026000669

A0090005001553

A0090011000119

A0090012000217

A0090138000100

A0090001000083

A0090003001482

A0090001000526

A0090001000549

A0090012000193

A0090020000627

A0090012000465

A0090023000602

A0090005000497

high-affinity hexose transporter
glycosyl hydrolase

hypothetical protein
2-oxoisovalerate dehydrogenase
subunit beta

hypothetical protein

tyrosinase

ABC multidrug transporter
cyclin dependent kinase (Pho85)
endo-beta-1,4-glucanase B

cell wall serine-threonine-rich
galactomannoprotein Mp1l
GNAT family acetyltransferase
hypothetical protein
hypothetical protein
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sugar transporter
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99 A0090003000825 endo-1,3 (4)-beta-glucanase 0.31

100 AO0090038000362  nuclear localization protein 0.31

0.013

0.006

a: Function descriptions were investigated using KEGG database.
b: The expression ratio (unmilled whole barleyd milled whole barley).

¢ Corrected prvalue with multiple comparison taken into consideration.
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Fig. 5. Comparison of the time courses of GA (a) and acid-stable a-amylase (ASAA) (b) activities,
dry mycelia weight (c), and pH (d). Amylase activity, which was the total of that in the culture
supernatant and that of enzymes trapped in the cell walls, was shown.

A. kawachii was grown in submerged cultures using WB (o) and MB (e), and in a solid culture (o).
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Fig. 6. Comparison of the time courses of glucose (a), maltotriose (b) and starch (c) in submerged

cultures.

A. kawachii was grown in submerged cultures using WB (o) and MB (e), and in a solid culture (o).
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Fig. 7. Comparison of the time courses of the gene expression levels of GA (a) and ASAA (b).
A. kawachii was grown in submerged cultures using WB (o) and MB (e), and in a solid culture (o).
Values were shown as the mean + SEM, n= 4, *** P<(0.001 vs. in a submerged culture using MB.
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Fig. 8. Comparison of the time courses of the gene expression levels of the glucose responsible
genes, the low-affinity glucose transporter (a), high-affinity glucose transporter (b),
peroxidase/catalase 1 (c) and predicted sugar transporter (d).

A. kawachii was grown in submerged cultures using WB (o) and MB (e), and in a solid culture (o).
Values were shown as the mean £ SEM, n = 4, **P < 0.001, *P< 0.01 and *P< 0.05 vs. In a
submerged culture using MB.
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(a) Unmilled whole barley Milled whole barley

Fig. 9. Morphological alterations in mycelia in submerged cultures using WB: (a) A. kawachii was
grown in submerged cultures using WB (left) and MB (right) for 18 h. Arrows showed swollen,
bulbous or multi-septum hyphae; (b) formation of conidiophores in submerged cultures using WB at
18 h. Arrows showed conidiophores and phialides. Bars showed 20 pm.
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Fig. 10. Comparison of the time courses of the gene expression levels of cell cycle and
sporulation-related genes. Gene expression levels of F-box domain, cyclin-like (a), negative regulator
of mitosis (b), regulatory protein brlA (c), laccase (d), and hydrophobin (e).

A. kawachii was grown in submerged cultures using WB (o) and MB (e), and in a solid culture (o).
Values were shown as the mean + SEM, n= 4, ***P<0.001, **P<0.01 vs. in a submerged culture

using MB.
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Fig. 11. Comparison of the time courses of the gene expression levels of post-translational
modification-related genes: protein disulfide-isomerase (a), the calnexin homolog (b) and ER resident
chaperone bipA (c).

A. kawachii was grown in submerged cultures with WB (o) and MB (), and in a solid culture (o).
Values were shown as the mean + SEM, n= 4, *** P<0.001 vs. in a submerged culture using MB.
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Fig. 12. Model of the effects of high amylase production using WB in a submerged culture.
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Table 9. The top 100 genes with highest fold changes (at 18 h of culture)

unmilled whole barley > milled whole barley

Function description2 Fold changeb adj. PVale
1 aspergillopepsin-2 heavy chain 1294.56 0.018
2 cell wall protein 934.24 0.021
3 MFS lactose permease 310.93 0.018
4 short-chain dehydrogenase/reductase family protein 299.89 0.021
5 TrkA-N domain dehydrogenase 262.77 0.032
6 alpha-L-arabinofuranosidase B 262.44 0.033
7 hypothetical protein 245.87 0.021
8 MFS sugar transporter 245.31 0.020
9 sugar transporter 150.63 0.041
10 extracellular protein 124.45 0.021
11 hydrophobin 88.83 0.021
12 sugar transporter 85.41 0.043
13 MFS multidrug transporter 84.69 0.025
14 beta-glucosidase 1B 82.13 0.020
15 TrkA-N domain dehydrogenase 81.93 0.039
16 MFS multidrug transporter 72.75 0.026
17 O-methyltransferase 67.30 0.024
18 MFS multidrug transporter 63.99 0.021
19 hypothetical protein 63.42 0.047
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

FAD dependent oxidoreductase
alcohol dehydrogenase

glycosyl hydrolase, family 18

3-oxoacyl-(acyl-carrier-protein) reductase

hypothetical protein

MFS multidrug transporter
extracellular serine-rich protein
alpha-L-arabinofuranosidase A
integral membrane protein (Pth11)
alpha-N-arabinofuranosidase A
carboxylic acid transporter
alpha-N-arabinofuranosidase C
MFS quinate transporter
alpha-L-arabinofuranosidase A
alpha-glucosidase
endoglucanase-4
endoglucanase C

alpha-L-arabinofuranosidase A

branched-chain-amino-acid aminotransferase TOXF

sugar transporter

hypothetical protein

sugar transporter (High-affinity glucose transporter)

chitin binding domain protein Peritrophin-A

esterase

60.22

55.24

54.52

53.69

53.33

50.26

48.13

47.96

46.59

44.91

42.90

42.52

42.44

38.39

38.23

38.00

37.97

36.94

35.12

33.25

32.14

31.76

31.10

29.46

0.032

0.024

0.023

0.038

0.030

0.024

0.034

0.026

0.024

0.024

0.021

0.020

0.047

0.026

0.044

0.036

0.021

0.026

0.049

0.023

0.029

0.028

0.032

0.024



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

polyketide synthase
hypothetical protein
hypothetical protein
beta-mannosidase B
beta-galactosidase E

maltose permease
endo-beta-1, 4-glucanase (egl)
acetoacetyl-CoA synthase
hypothetical protein
monooxygenase

LipA and NB-ARC domain protein
fatty acid synthase beta subunit
steroid monooxygenase
acetylxylan esterase A

sugar transporter
beta-glucosidase J
hypothetical protein

sugar transporter

sugar transporter
alpha-galactosidase D
polyketide synthase

MFS sugar transporter

MFS sugar transporter

alpha/beta-glucosidase agdC

82

29.07

28.65

28.30

27.48

27.10

26.52

26.07

25.74

25.45

24.69

24.60

22.53

22.53

22.49

22.29

22.10

20.81

19.95

19.57

18.95

18.73

18.07

18.00

17.98

0.041

0.020

0.037

0.018

0.024

0.021

0.021

0.046

0.033

0.030

0.030

0.025

0.030

0.025

0.026

0.032

0.026

0.026

0.026

0.018

0.043

0.030

0.030

0.030



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

hypothetical protein

extracellular invertase
pectinesterase A
1,4-beta-D-glucan cellobiohydrolase B
phenol monooxygenase

cutinase

dihydrodipicolinate synthase
Zn(ID2Cys6 transcription factor
hypothetical protein

MFS monosaccharide transporter (Hxt8)
MFS monosaccharide transporter
xyloglucanase

maltose permease

GMC oxidoreductase

C6 zinc finger domain protein
Zn(ID2Cys6 transcription factor
DEAD/DEAH box helicase
hypothetical protein

hypothetical protein

hypothetical protein

quinate permease

allantoate permease

hypothetical protein

sugar transporter

83

17.44

17.36

17.17

16.73

16.51

15.46

15.21

15.13

15.08

14.75

14.61

14.57

14.36

14.12

13.94

13.71

13.70

13.25

13.02

12.68

12.67

12.55

12.50

12.35

0.047

0.031

0.024

0.020

0.021

0.032

0.038

0.035

0.033

0.037

0.048

0.021

0.025

0.041

0.033

0.033

0.025

0.021

0.021

0.035

0.025

0.035

0.022

0.035



92 1,4-beta-D-glucan cellobiohydrolase C 12.31 0.020
93 C2H2 type zinc finger domain protein 12.22 0.044
94 2-oxoglutarate/malate carrier protein 12.10 0.035
95 2-haloalkanoic acid dehalogenase 12.03 0.020
96 3-1sopropylmalate dehydrogenase B 11.97 0.026
97 hypothetical protein 11.89 0.033
98 hypothetical protein 11.77 0.033
99 MFS monosaccharide transporter 11.76 0.045
100  dihydroflavonal-4-reductase 11.72 0.045
unmilled whole barley < milled whole barley

Function description? Fold changeb adj.PVale
1 citrate synthase 0.01 0.025
2 hypothetical protein 0.01 0.022
3 MFS transporter 0.02 0.021
4 3-oxoacyl-[acyl-carrier-protein] synthase 0.02 0.026
5 2-methylcitrate dehydratase 0.03 0.042
6 glucose oxidase 0.04 0.047

sterigmatocystin biosynthesis fatty acid synthase
7 0.04 0.037

subunit beta
8 quinone oxidoreductase 0.05 0.039
9 carnitinyl-CoA dehydratase 0.06 0.020
10 alcohol dehydrogenase 0.06 0.032
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

integral membrane protein

fungal cellulose binding domain protein
3-oxoacyl-[acyl-carrier-protein] synthase
siderophore iron transporter mirB
glutamate decarboxylase 1

HECTtype ubiquitin ligase-interacting protein creD
hypothetical protein

flavohemoprotein

siderophore biosynthesis acetylase Acel
o-methyltransferase

hypothetical protein

IgE-binding protein

esterase

MFS monosaccharide transporter
Low-affinity glucose transporter HXT3
endo-1,4-beta-xylanase B precursor, mRNA
cytochrome P450 monooxygenase
choline transport protein
6-phosphogluconate dehydrogenase
phosphoketolase

trehalose synthase (Ccg-9)

choline transport protein

MFS monosaccharide transporter

D-xylulose reductase A
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0.06

0.06

0.07

0.07

0.07

0.08

0.08

0.09

0.09

0.09

0.09

0.10

0.10

0.10

0.11

0.11

0.11

0.11

0.12

0.12

0.12

0.12

0.12

0.024

0.021

0.034

0.025

0.021

0.029

0.032

0.030

0.020

0.021

0.021

0.049

0.021

0.021

0.036

0.028

0.029

0.029

0.041

0.026

0.044

0.029

0.035



34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

inositol-3-phosphate synthase

phosphatidylserine decarboxylase family protein

translation initiation factor eIF-2B subunit family

protein

trehalose synthase (Ccg-9)
alpha-L-arabinofuranosidase E
cycloheximide resistance protein

sugar transporter

pyruvate decarboxylase

F-box domain, cyclin-like

hypothetical protein

drug resistance protein

MFS transporter
long-chain-fatty-acid-CoA ligase
xylanase A

MFS transporter
endo-1,4-beta-xylanase F1
mannose-6-phosphate isomerase, class I
nonribosomal siderophore peptide synthase Sid2
endopolygalacturonase C

aryl-alcohol dehydrogenase

xylanase A

xylanase A

delta-1-pyrroline-5-carboxylate dehydrogenase

86

0.13

0.13

0.13

0.13

0.13

0.14

0.14

0.14

0.14

0.15

0.15

0.15

0.15

0.15

0.16

0.16

0.16

0.16

0.17

0.17

0.17

0.17

0.17

0.039

0.025

0.021

0.029

0.027

0.038

0.044

0.029

0.030

0.024

0.032

0.045

0.021

0.030

0.049

0.034

0.026

0.024

0.044

0.023

0.032

0.029

0.030



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

siderochrome-iron transporter
hypothetical protein
siderochrome-iron transporter
hypothetical protein

pentatricopeptide repeat protein

delta-1-pyrroline-5-carboxylate dehydrogenase

glycosyl hydrolase

3-hydroxyacyl-CoA dehydrogenase

alpha-1,3 glucan synthases
hypothetical protein
hypothetical protein
integral membrane protein
ornithine-N5-oxygenase
squalene epoxidase
hypothetical protein
hypothetical protein
hypothetical protein

MFS transporter
hypothetical protein
non-classical export protein Nce2
aspartyl protease

sugar transporter
hypothetical protein

hypothetical protein

87

0.17

0.18

0.19

0.19

0.19

0.19

0.19

0.19

0.20

0.20

0.20

0.20

0.20

0.20

0.21

0.21

0.21

0.21

0.21

0.21

0.21

0.21

0.21

0.21

0.021

0.020

0.021

0.020

0.045

0.037

0.046

0.023

0.041

0.021

0.018

0.020

0.025

0.032

0.028

0.032

0.024

0.021

0.037

0.022

0.024

0.045

0.039

0.021



81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

serine-type carboxypeptidase F

hypothetical protein

arylsulfatase

BTB/POZ domain protein

rhamnogalacturonase B

hypothetical protein

1Q calmodulin-binding motif protein
coproporphyrinogen-III oxidase

hypothetical protein

hypothetical protein

arrestin (or S-antigen), N-terminal domain protein
proline oxidase

N amino acid transport system protein
hypothetical protein

MFS transporter

cytochrome c oxidase assembly protein
histone-lysine N-methyltransferase

hypothetical protein

polyketide synthase

Internal transcribed spacer 1 (ITS1) and 18SrRNA

and 5.8S rRNA

0.22

0.22

0.22

0.22

0.23

0.23

0.23

0.23

0.24

0.24

0.24

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.026

0.024

0.028

0.018

0.030

0.023

0.038

0.036

0.025

0.029

0.024

0.029

0.024

0.037

0.043

0.034

0.035

0.021

0.027

0.038

a: Function descriptions were investigated using NCBI and KEGG databases.

b: The expression ratio (unmilled whole barley] milled whole barley).

¢ Corrected prvalue with multiple comparison taken into consideration.

88



Table 10. The top 100 genes with highest fold changes (at 30 h of culture)

unmilled whole barley > milled whole barley

Function description2 Fold changeb adj. PVale
1 oxidoreductase, 20G-Fe(Il) oxygenase family 615.81 0.002
2 MFS transporter 538.11 0.000
3 hypothetical protein 108.76 0.001
4 alpha-glucosidase 83.88 0.000
5 sugar transporter 74.22 0.007
6 hypothetical protein 65.13 0.002
7 hypothetical protein 54.15 0.000
8 TrkA-N domain dehydrogenase 48.80 0.013
9 hypothetical protein 46.52 0.000
10 alpha-glucosidase 41.91 0.000
11 hypothetical protein 40.59 0.001
12 cutinase 40.35 0.010
13 endo-xylogalacturonan hydrolase 39.99 0.004
14 polyketide synthase 37.63 0.001
15 hypothetical protein 37.15 0.000
16 alcohol oxidase 36.46 0.035
17 hypothetical protein, 31.91 0.002
18 NADH-cytochrome B5 reductase 31.33 0.001
19 beta-hexosaminidase 29.69 0.003
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

hypothetical protein

integral membrane PTH11-like protein,
hypothetical protein

RHS Repeat protein
alpha-galactosidase/alpha-n-acetylgalactosaminidase
alpha/beta-glucosidase agdC
beta-glucosidase M

phthalate transporter
alpha-galactosidase A

beta-glucosidase M

hypothetical protein

TrkA-N domain dehydrogenase
hypothetical protein

endoglucanase-4

aspergillopepsin A-like aspartic endopeptidase
aspergillopepsin-2 heavy chain

integral membrane protein

hypothetical protein

extracellular endo-1,5-alpha-L-arabinase
alpha-1,2-mannosidase

siderophore iron transporter
monocarboxylate transporter

lipase

laccase-1

90

29.66

25.30

24.03

24.03

23.16

22.65

21.17

20.12

19.82

19.73

18.75

17.43

17.35

16.46

15.82

15.75

15.53

15.27

15.19

15.01

14.11

13.70

13.14

12.63

0.001

0.004

0.002

0.002

0.000

0.003

0.011

0.001

0.001

0.014

0.019

0.009

0.001

0.002

0.001

0.026

0.003

0.002

0.002

0.010

0.019

0.003

0.006

0.048



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

monocarboxylate transporter

polyketide synthase
glycosyl hydrolase
glucoamylase

inulinase

hypothetical protein
endoglucanase-4

integral membrane protein
alpha-amylase A type-1/2
tripeptidyl-peptidase sed2
acid alpha amylase

sugar transporter
hypothetical protein
acid-stable alpha-amylase
hypothetical protein
integral membrane protein
laccase-1

hypothetical protein
pectinesterase A
hypothetical protein
hypothetical protein
endo-beta-1,4-glucanase
xylanase A

alcohol dehydrogenase 2
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12.20

12.00

11.95

11.50

11.31

11.21

11.14

11.03

10.72

10.56

10.51

10.49

10.46

10.46

10.34

10.33

10.23

10.12

10.02

9.84

9.81

9.51

941

941

0.003

0.033

0.021

0.001

0.002

0.013

0.001

0.002

0.001

0.006

0.001

0.007

0.001

0.001

0.003

0.019

0.042

0.007

0.010

0.002

0.002

0.033

0.005

0.003
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73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

hypothetical protein

beta-lactamase domain-containing protein

alpha-glucosidase

lipase

extracellular GDSL-like lipase/acylhydrolase

tripeptidyl-peptidase sed2
superoxide dismutase [Cu-Zn]
tripeptidyl-peptidase sed2
endoglucanase-4
tripeptidyl-peptidase sed2
O-methyltransferase

FAD dependent oxidoreductase
xylanase A

polyketide synthase
tripeptidyl-peptidase sed2
xylanase A precursor

acid alpha amylase
acid-stable alpha-amylase
I-fucose permease

transglycosidase, GH16 family

spherulin 4-like cell surface protein

endo-1,4-beta-xylanase F1
alpha-glucosidase

oligopeptide transporter

9.08

9.03

8.96

8.85

8.75

8.57

8.53

8.49

8.47

8.41

8.23

8.22

8.05

7.87

7.87

7.80

7.79

7.66

7.56

7.55

7.50

7.11

7.05

6.99

0.005

0.009

0.001

0.011

0.002

0.009

0.001

0.008

0.001

0.013

0.004

0.025

0.005

0.013

0.008

0.006

0.001

0.001

0.013

0.034

0.002

0.015

0.018

0.037



92 pepsin-2 heavy chain 6.98 0.032
93 alpha-amylase A type-1/2 6.94 0.000
94 macrolide phosphotransferase k 6.59 0.017
95 hypothetical protein 6.51 0.006
96 geranylgeranyl pyrophosphate synthase 6.36 0.011
97 hypothetical protein 6.30 0.016
98 nmrA-like family protein 6.26 0.042
99 chitin binding protein 6.24 0.003
100  hypothetical protein 6.02 0.005
unmilled whole barley < milled whole barley
Function description? Fold changeb adj.PVale

1 cysteine synthase B 9.E-04 0.001
2 cysteine synthase B 4.E-03 0.001
3 1,4-beta-D-glucan cellobiohydrolase B 0.01 0.001
4 endo-beta-1,4-glucanase A 0.02 0.002
5 MFS drug transporter, mRNA 0.02 0.000
6 hexose carrier protein 0.02 0.022
7 siderophore iron transporter mirB 0.02 0.005
8 D-xylulose reductase A, mRNA 0.02 0.000
9 siderophore iron transporter mirB, mRNA 0.03 0.003
10 ferric-chelate reductase, mRNA 0.03 0.003
11 siderophore biosynthesis acetylase Acel, nRNA 0.03 0.002



12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

endoglucanase-4
aspergillopepsin-2 heavy chain
zinc-regulated transporter 1
MFS drug transporter
ferric-chelate reductase

ABC transporter

copper transporter family protein
hypothetical protein

hypothetical protein

MFS alpha-glucoside transporter
alternative oxidase
metalloreductase

siderophore iron transporter mirB
nonribosomal siderophore peptide synthase Sid2
malate synthase, glyoxysomal
metalloreductase

hypothetical protein
O-methyltransferase B

malate synthase, glyoxysomal
carnitinyl-CoA dehydratase
hypothetical protein

CobW domain protein

sugar transporter

mannan endo-1,4-beta-mannosidase E
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0.04

0.04

0.04

0.04

0.04

0.05

0.05

0.05

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.07

0.07

0.07

0.07

0.08

0.08

0.08

0.08

0.049

0.009

0.009

0.000

0.002

0.001

0.007

0.017

0.002

0.020

0.008

0.009

0.001

0.002

0.000

0.009

0.040

0.001

0.001

0.001

0.001

0.009

0.000

0.002
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37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

polyketide synthase
beta-glucosidase 1B

MFS sugar transporter

MFS monosaccharide transporter, mRNA
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MFS sugar transporter
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aspartate aminotransferase
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hypothetical protein

potassium transporter

multidrug resistance protein 1, 2, 3 (p glycoprotein 1,
2,3)

amino acid transporter

predicted protein

hypothetical protein
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ubiD family decarboxylase

myosin-cross-reactive antigen family protein
succinyl-CoA:3-ketoacid-coenzyme A transferase 1
hypothetical protein

phosphoenolpyruvate carboxykinase [ATP]

amino acid transporter
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stress responsive A/B barrel domain protein

FAD dependent oxidoreductase

monocarboxylate transporter

amino acid transporter

0.15

0.15

0.15

0.15

0.15

0.15

0.15
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0.16

0.16

0.16

0.16

0.16

0.16

0.17

0.17

0.17

0.17

0.004

0.001

0.004

0.009

0.006

0.005

0.017

0.019

0.007

0.003

0.007

0.039

0.002

0.002

0.001

0.001

0.009

0.002

a: Function descriptions were investigated using NCBI and KEGG databases.

b: The expression ratio (unmilled whole barleyd milled whole barley).

¢: Corrected prvalue with multiple comparison taken into consideration.

97



oo0d
Solid-phase microextraction DO 0 GC-MSOOOOOOOOOOOO
doooddoooboddooobodgooobddoooogd
oo

98



goo oOd

O00000000000000000000000000000000000000000000
0000000000000000000000000000000000 e1BO0O000000000
00000000000 00000000000D000000000000000000D000OSheji O
000000000000000000000000000000000D0O000 GAase OODO
ASAAase 000000000000 OOOODOOODOOO>000000000000O0O0O0O0O0OO
O0000000000000 280

O00000000000000000000000000000000000000000000
0000000000000000 e000000000000000000000oonoooooon
0000000000000 00000O00oo00oo0oo0oo0ooO0DO0DoD0o0oDooooOooDOon
0000000000000 00000O00oo00oo0oo0oo0ooO0DO0DoD0o0oDooooOooDOon
nninnAninaninpnininaninpninnaninpningnininaninpninpnininic Guininpnininpninpnininpniningn!
O0000000000000000000000000000000000000000000000
O00D00O00OPorapakQ OO0 O0O0OODOOO0OODOODOOOOO GCOOOODOOOODOOOO
0000000 sg0000000000000000000000000000000000000
O0oooooooooogd

O0O00000000D00C0O00D0OOSolid Phase Micro Extraction SPMEO O OOO0OO0OOOO
000000 JPawliszyn O 40000 19890 0000001993 000000000000000O0O
OO00DOOoO0ooopooSpPMECOODOOOOOOODOOOOODOOOODOODOOOOO GCO
O0000000000000000000000000000000000000000000000
0000000000000 00DoOoooDooDooooDD GCOODO LCcoonpopoooooo
OoooodoooooecC/LCO00D00oooooooDo0ooooooooooooooonon

ggoooooboobboobooooooooooobbbbooooooooooobbbbbooo

99



000000000000 0000000oooo0o0o0o0oDo0Dooooooooooooon
OO000DO0000O0dDOoSpPMECOOOOO0OODOOOOCOOODOOOOOOODOOOODOOOO0
000000000000 000D0O000 snMgO00000000000Oheadspace solid-phase
microextraction and gas chromatography-mass spectrometryl] HS-SPME-GC-MSOO OO OOO0OO
0000000000000 0000000oo0oo0oo0oo0oO0DO0DoDo0ooooooooDOon
0000000000000 0000000oo0oo0oo0oo0oO0DO0DoDo0ooooooooDOon
00000000000 000000000 35000000000000000000000000O0O
O0000000000000000000000000000000000000000000000

doodoooooooooooooooooooboboooboboooboobobobobbbbobobbbo

100



Jod ogbogod

1. 00

dodoooooooooosbooo-roooooboog-oobobo-e0DbobbO-1-0D0bbObbO0
oooomoop-0cOoobOoOoOobboOobOboOoobOoOob0O0oobOooDOobOoOooDOoOoooboOoDo
OOo0oDO0o00oOO0DOoboO0o0oDOO0oobOOoDOob0Oo0DOHS-SPME-GC-MSOOODOOOO

00 Milli-Q 00O 0 O Millipore, Milford, MA, USAO O OOOOOODOOOOODOOOO

2. OO00OOOOOOOOOO
00000000000 Aspergillus kawachiiNBRC4308 0 00 00D OO0 OOO0O

O Saccharomyces cerevisiadl 10000

3. 0000DO0ODODOOO

000000 02% w~yOOOD0 2000000 0.3%(why) 0000000000000 10% (wiv)
D0000000000000000000000000000000000000000
00000000000000 100mLO 500mLO0000000000000O00O01210015
0000000000000000000000000000000000000000 70% O
00000 8% (wiv) 0000000000000000000000 1.0%((wv) 00000000

gooooooog svobi1corpm 00 480 000000000000O0OOOOOOO

4. OODOOODODOODODOOO
00000000000 DO000D0O0O00D0DO00000000DO0O000 Table11OODOOO
OO0oDO000oOO0DOO00O00oDOC00ObOO0O0obCO0DO000ODODO0OpHODOOOD 90%

godgoosa%iioooooooo 2 b bboboobobbobb sioooooo 2bbbbbbOn

101



013 g 7% Joooooooo
ddddeoldoooooob ao00oooooossbbboooooobboboooooooon
O00000 -e50mmHe 00000000000 O00O0O0O0OO0DOOO0OODOO0O0OO 40%000¢0

dddddooooooooooooooboooooobobD 230000000000 oooobO

5. 0Ooooo

goooogg 70% jogogooooooooo40obbbbbbgonnonoonoononog4o 0O
000040 DO0OOODOODODO 1kgOOO 1g00O0O0ODOOOD40 0 OODOOO 90O 024 0
oboo0O0od 30 oobobo 95wl edd0nnOg 300 00000 90 O 18000000000

ooon

6. ODODOOOOOODOODOD
000000 Tablel1 0000 OMDOOOOOOODOOOODOOOCOOODOOOOODOOO

dddddoooooooooooooooooooooooD 2%000000o0ooooooon

7. 0000

oo ooooooooooDoDbobobbobbbo
ggddddoooooooooooooooooooboobbobbobbbbb 2000000000
gooooobooobbobbobbbbbbobbobbbboboono ssbbbbbbbbbbbo0oOn
goooooiloooooooooooooombobbooonooo 2s0b0dddggooooo
ooooogosoooobobobobbboobbooboboonoooooooooooooooooooog

oooooooooon

8. HS-SPME-GC-MS OO

102



VO00000000000000000000000

20mLL.0 SPMEOOOOOOOOOO 14mLLO000O0O00O70mLOOOOOOOOOOO0O
O00000000000000 500mg/l014 p LOOOOOOOOOO 3.0g000000000O0
0000000000000 00HS-SPME-GC-MSOOOOOOO

SPME 0000000 50/30u m PDMS/DVB/CARL polydimethylsiloxane/divinylbenzen
fcarboxen] [ Sigma-Aldrich, St. Louis, MO, USAO OO OOOOOO CombiPAlGCOO OO OO
O000AMROOOOOOOOOO0OOOOOODOOOOO0O 400060min0500rpm 000000
OO00DO000O0OSPMEODOOOO GCODOOOOODOODO250003 mind splitless 0000
O0000GC-MSOODOOOOODOOO Agilent 5973; Agilent Technologies, Palo Alto, CA, USAO O
0000000000000 000Agilent689000 000000000000 DB-FFAP O 30 mx 0.25
mmlD, 00 0.25 g m: Agilent TechnologiesOO O OO OOOOO0OOO0O0OOOOODOO4000 4 min
O0000250/min0 1800 0000002min 0000000 80/min0 2300000000 2 min
O000000000000000000000000 16ml/mnO0000OMSO0OO 70eVO0
Electron-Impact 00 0000000000000 O0OOOOO40-500m/zat 0.6sec/scand 00000
00

00000000000000 ChemStation chromatography softwared) Agilent Technologies[] [
O000000000000000000000000 HP Wiley Spectral Library 000 O NIST
Library 0000000000000 0OCOODOOO0OO0CO0O0OO00OO00O0O0OODO0OO0OOOOO

gjoddoooooooooooooooon

200000000000000000000000
gjooooooooooogosooo-rcoooooobobobobobbobbbbbbbobbbbbo
OooDO020mLO SPMEODOOOCOOOODO 14amLOD0O00O0OO70mLOO0OO0OOOO

OO0000000oDoOoOOo0ooDOg soomg/LlO0 14 p LOOODOOOOOO 3.0gOO0OOODO

103



D0000000000000000000000000000M0B -000000 20mL0O SPME
0000000000140 p LOOOODOOD0O0 70mLO000000000000000 14 p L
0000000000 38.0g0000N0NDN0NDNONDNONONDNONNDNONDNONONDNONDNONONNONONooong
O0OO0OSPMEOOOODOOOOODOO0OOO0O0O000O0OO0O0O 400030 min500 rpm 00000
0000000000000000000000GC-MSO000000000000000004000
4min000070/min0 2300000000 2min0000000000000000000000
O000000000000MSO000000000000000000000000000000
000MO0000000M000000 56,69m/2M-000-0-00000000 45, 75 (m/z)0
000000000 150,122(m/200000000000 101,129(m/20 000000000 69, 95

(w/z0 00B-0000000 104,91 w/z0000000000000000 82,57m/z20000

9. ODODODO

000000 ddd Exeel20000 Microsoft; Redmond, WA, USAD D OO ODOOO

JUSE-StatWorks/V4.0 00000000000

104



Jod ogbogod

1. O0O0O00oDOO00oobooooooboooooooon

00000000000 DO000D0O0O00D0DO0O0O0D ee0Table 11 0O0O00O0DOOOODODOODO
OO00DO0@O0O0000O0000DO0DO000@m@MObDO0DpHOOODOOD 90%0 00 0.044%
ggjdddddoooooooooooooooooooooooopooooobobobbbbbon
OO00DO0C000O0DO0O00O0OHSSPME-GC-MSOOOOOOOOOOOODOOOODODOOO
ojddoddoooooooooooooooooooooooooobobobobbobobobobobobobobon
O00D0O000000D00HS-SPME-GC-MSOOOOOO0OODOOOOOOODOOOOOOODOOO
0062000000000000000000000O0O0 ss0000000HS-SPME-GC-MSOO
gooooooobbbbDbh 0% oobobobooooooooogd 10%000000000000
300000 30%bboboobooooobobobbbbbbbbbbbbbbbobbbbboooooog
gdb2000dddoooooo scxgoooooooooooooooooooooboo
odde2diiiiooooooooosbbb-1-bbbbbbbiidoooooooooooo
ooOoooobOoobObOooOobObOooobOooobDbOoobobOoUoop-ooboboooooo
00000000000 DO0000000 g 18.00000000O00O0O0DOOOOODOOOODOO
ooooooboooobooobooooboon =20

oo ooooooooDboDbobobobobobbo
00000000000 #000000000000000 0.044% (wiv) 0000000000000
dddoddooooooooooooooooooooooooooobobobobobobobobobobobobonb
ddddoddooooooooooooooooooooooobo =#»sooObobbbooooooog
oo ooDoDopDobobobobDboboobobobobobobonb
ggjdddddooooooooooooooooooooooooooooobbbobbbobbobon

ggjdddddooooooooooooooooooooooooooooobbbobbbobbobon

105



ggooooogsooooboooobbbbbbbbbbbbbb sgooooooooooooo
dddoddoooooooooooooooooooooooooobobooobobobobobobobbobobon
dddoddoooooooooooooooooooooooooobobooobobobobobobobbobobon
ooooooooooooombobobboooboooooooooooodooooooooooo
ooboooobooooboooobooobbo =sgobobooobobboooboooobooo
ggjdddddooooooooooooooooooooooooooooobbbobbbobbobon
Op-0000C00D0O00O0DOO0O0OO0ODUOO0OODOO0UCO0ODOCOODOn CoAOB -O
00000000 00D0000DO00O000O0D0OO0 »O0000DO000o0onogog CcADOOO
p-0000000b0O0OobObOOoOoObDO0OobObOUOOOobObOOOOobOoOoOobObDOoOoOobbOoooo
ddoodooooooooooooooooooooosbobo-1-bobobbbbbbobbobbbobo
goooogoo

OOO0O0O0pHOOODOOODO 42300000000 4130000000000 0DOCOOO
gjddddooooooooooooooooooooooooooooooboobobbbboboon
jddddooooooooooooooooooooooooooobobobobobobobobobobobobon
jddddooooooooooooooooooooooooooobobobobobobobobobobobobon

ooooooooooon

2. 0000000000000 O000D000000000000
nooooooog
HS-SPME-GC-MSOOOOOOOO0OO0O0ODO0O0O000OO0O0OOO0ODOOOOO0OOO0ODOOOOOOQg
00000000000000000000000000000 n=6000000000000000
00000000 0.1010(mgL)03-000-1-00000000000 0.00500.2(mg/L)O000O0O0
0000000 0.000400.02 (mgLOOOD0O0000000000 0.0501 (mgL)IODOOO0O0O0

0000 0.00100.02 (mgL)OOOR-0000000000 0.0200.1 (mgLOOOOOO00O0O0O

106



500000000000 0CO0OODOODUOOOODUOODOOOODODOOO SNOOOOO/MmODO
30000000000 SN=100000OO000000On=600000003-000-1-0000000
oo ULUUgy
00000000000 5% 0000000000000 -00O0000O0DOO0OODbDOOObODO
gjddddoooooooooooooooooos»obooobobbobbbon

OO0 Table 120 0000000000000 Fe. 140000000000 O0DOOOOOODO
08.0%00000000rO0O09940000000000O0LODOOO LOQUDOOOOOOODOO
0000000000000 0O0DO0000O0O000n HS-SPME-GC-MSOOOOOOoOOooooo

goooooooooon

20000

000000000000000000000000000000 300000000000000
000003-000-1-0000000000000000000000000000B-0000000
000000 Table 130 0000000000000000000000000000OO0OOOO0
D0000000000000000000000000000000000000000000000
00000000000000000000 Table140000
000000000000000000000000000003-000-1-00000000000
D0000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000
Op-00000000000000000000000000000000000000000000
0000000000000000000000000000 6000000000000000O0
000000000000000000000000
00000000000000000000000000000000000000000000

gjdddddoodooooooooooooooooooooooooooobbobbbbbobon

107



0O00DO00O00OO0DOO0O0O00oDOCOU0OoO0DOoC@bo0oobOOoOo0ooooDoDoOopOOOO
000000 30Db000b0b0000bOoOooDoOoOoso02s0mg/LOOOO®OO00000O0OO0 0.15
mg/lLOO0O0O08000R-O00000 305mg/LOO0OOO0O000O0R-DO0O00DOOOOODO
oD oDooDoDbobDbobDbobObobobobobobobob
ggjdddddooooooooooooooooooooopooooooobobbobbbobbbon
ggjdddddooooooooooooooooooooopooooooobobbobbbobbbon

ggodoooooooooooooooooboboobboboobobobbobbbbbbbbon

3. 0000
000000000000000000000000000000000000000000000
O0000000D0o00O00oo0oo0oo0O00oo0DOo0oO0oooOo0ooUoDoDooOoooDOon
0000000000000 00O00oo0oO00o0DOo0oUDooooOOo0ooooOooo
HS-SPME-GCOOOO0OO0OOODOOQOOODO #sO00000000000000DO0OO0e0O0O0O0O0O
0000000000000 0000000000000000000000000000
000000000000 000000000000000000000000000000000
0000000000000 000O0D00000o0D0O0D00D00o0oDooDoOo enonog
0000000000000 00o0o0oo0oO0020000000000000000O0000C0OO
OO0O0O00OO0OD0O0OD0DO0OOQO0O Leaveoneout cross-validation O 0O O O O Leave-one-out
crossvalidation 00 0000000000000 000OO0OOO0OO0OOD 10000000000
000000000000 0000000000000000000000000000000000
000 Table 15000000000000000O0000OC0OO0OOOOO0OODOOOOOODOO
0000000000000 000O 3500000000 6000000 DOODOOOO2000000
O00000000 crossvalidation 000000000 3500000000000000000O

goggioonooooogooooooy

108



gjjdjddoooooooooooooooooooooooboobobboboobosbboo-1-oboon
oo0b0oo0obObO0oobobOooobOooooOOoooobooobbOoOop-cbooobboooooo
gooooooooobobobobobboooooooooooooobbbbbobooooooogogooo
gooooooobbbooboboboooooooooooobbbobboboooooooooogoo
gooooooooobbobobbboodooooooooooboobbobbbooooooooogoo
gooooooooobbobobbboodooooooooooboobbobbbooooooooogoo

goooooooooooo

109



40 OO

0000 Shop O 2000000000000 0OO0DOOOOCOODOODO0OCOODOOOOOOOO
oooooobooboboooo0oooooooooboobbobobooo0oooogooobbbooooooo
goooooooobboobooooooooooobbbbooooooooooobbbbbooo
OOO0000DO0O0ODOO0O000O00D0OOOOC000D0OHS-SPME-GC-MS ODO0ODOOO0ODOO0OO
gogooooooobobooboooooooooobbbbooooooooooobobboboooooo
ooooooooooosoobbo-1-obbooboo00oooooooooooboboboboboboooooo
oobo0oo0obOO0oooOb0ooobObooobOooobobooop-ObooobObooOoboboooDo
dddddooooooooooooooobobbbobbbobobb ssbObobobobobbobb ey
ggooooooooobooobboboobobobobobbbbbbbbbboooooooooooooog
godeb0nobOOoDOOOOOOOO0O00000000000000000000000000000

gjdddddoooooooooooooooo»woooooooogg

110



w
al
o

300 |
250
200
150
100
50 T T

0
Ethyl lactate 3-Methyl-1- Ethyl Diethyl Citronellol 2-Phenethyl
pentanol benzoate succinate acetate

—t—

HH

shochu/solid-culture shochu) (%)

Relative peak area ratio (submerged-culture

Fig. 13. Compounds showing significant differences in content between the submerged-culture
shochu and the solid-culture shochu.

The areas of all the corresponding peaks from the total ion chromatograms of the two types of
shochu were obtained, and the relative area (the peak area of a certain compound/peak area of
internal standard solution) was calculated. The obtained values were compared between the
submerged-culture shochu and the solid-culture shochu. The average values are presented.

The error bars provide the maximum and minimum deviation.
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Fig. 14. Total ion chromatogram of volatile compounds in the submerged-culture shochu (A) and
the solid-culture shochu. (B).
Key: 1, 3-methyl-1-pentanol; 2, ethyl lactate; 3, ethyl benzoate; 4, diethyl succinate; 5, citronellol; 6,

2-phenethyl acetate; IS: cyclohexanol.
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Table 11. Proportion of raw materials in brewing using submerged and solid-state culture of koji

mold.
1staddition 2ndaddition 3rd addition Total
Submerged culture
Kojimold (mL) 500 O | 500
Barley (g) 263 508 508 1279
Water (mL) 321 766 273 1360
90% Lactate (mL) 14 O O 1.4
Solid-state culture
Barley for koji (g) 313 0 O 313
Barley (g) 0 508 508 1016
Water (mL) 500 766 594 1860
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Table 12. Repeatability, correlation coefficient, limit of detection, and limit of quantification of six

compounds obtained by HS-SPME-GC-MS.

Correlation limit of detection®  limit of quantification @
Compound Repeatability (%)
coefficient (r) (mg/L) (mg/L)
0.01 0.05
Ethyl lactate 7.0 0.998
(0.07m 0.2)
3-Methyl-1 0.0004 0.001
6.9 0.995
-pentanol (0.002) (0.007)
0.00004 0.0001
Ethyl benzoate 7.1 0.998
(0.0002) (0.0007)
0.001 0.003
Diethyl succinate 7.6 0.999
(0.004) (0.01)
0.0001 0.0003
Citronellol 8.0 0.999
(0.0005) (0.002)
2-Phenethyl 0.00003 0.00008
4.4 0.994
acetate (0.001) (0.004)

aValues in parentheses are converted with respect to shochu concentration before dilution.
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Table 13. Measured values of six compounds showing significant differences in contents between

submerged-culture shochu and solid-culture shochu.

Ethyl lactate 3-Methyl-1  Ethyl benzoate Diethyl succinate Citronellol  2-Phenethyl-
Samples
(mg/L) -pentanol  (mg/L) (mg/L) (mg/L) (mg/L) acetate (mg/L)
Submerged-culture 1 13.6 0.01 0.0009 0.03 0.002 0.38
Submerged-culture 2 17.8 0.03 0.0016 0.05 0.004 0.39
Submerged-culture 3 5.3 0.08 0.0036 0.16 0.003 1.15
Submerged-culture 4 6.0 0.07 0.0049 0.37 0.008 1.01
Submerged-culture 5 7.0 0.41 0.0020 0.11 0.002 0.53
Submerged-culture 6 7.1 0.38 0.0031 0.14 0.004 0.53
Submerged-culture 7 4.0 0.05 0.0031 0.12 0.003 0.60
Submerged-culture 8 6.1 0.04 0.0057 0.23 0.005 1.24
Submerged-culture 9 9.9 0.32 0.0028 0.16 0.005 0.65
Submerged-culture 10 7.1 0.03 0.0039 0.09 0.003 0.90
Solid-culture 11 2.2 0.03 0.0006 0.51 0.004 0.54
Solid-culture 12 2.2 0.02 NDp 0.58 0.005 0.70
Solid-culture 13 1.4 0.04 NDp 0.35 0.004 1.63
Solid-culture 14 2.1 0.03 NDp 0.37 0.004 1.39
Solid-culture 15 1.5 0.04 0.0009 0.46 0.013 1.55
Solid-culture 16 1.2 0.03 0.0021 0.53 0.009 2.27
Solid-culture 17 2.3 0.05 0.0019 0.60 0.014 2.80
Solid-culture 18 NDb 0.01 0.0010 0.40 0.009 0.07
Solid-culture 19 NDb 0.01 0.0009 0.19 0.012 0.17
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Solid-culture 20 2.8 0.01 0.0036 0.54 0.014 241

Solid-culture 21 3.1 0.01 0.0022 0.68 0.011 2.01
Solid-culture 22 1.2 0.02 0.0018 0.27 0.014 1.73
Solid-culture 23 0.5 0.03 0.0018 0.28 0.007 0.91
Solid-culture 24 NDp 0.02 0.0008 0.19 0.012 0.23
Solid-culture 25 NDp 0.01 NDb 0.02 0.009 0.03
Solid-culture 26 0.8 0.05 0.0014 0.15 0.006 0.77
Solid-culture 27 NDb 0.01 0.0014 0.10 0.013 0.13
Solid-culture 28 NDb 0.01 0.0012 0.09 0.006 0.17
Solid-culture 29 0.4 0.01 0.0020 0.31 0.009 0.33
Solid-culture 30 NDb 0.01 0.0010 0.14 0.012 0.15
Solid-culture 31 2.5 0.02 0.0026 0.53 0.010 1.39
Solid-culture 32 3.0 0.03 0.0012 0.69 0.005 1.48
Solid-culture 33 1.7 0.02 0.0016 0.44 0.006 3.22
Solid-culture 34 3.4 0.02 0.0026 0.56 0.008 2.40
Solid-culture 35 1.0 0.03 0.0019 0.92 0.011 1.66

aSubmerged-culture, submerged-culture shochu; Solid-culture, solid-culture shochu.

bLower than limit of quantification.
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Table 14. Means and ranges of six compounds showing significant differences in contents between

submerged-culture shochu and solid-culture shochu.

Submerged-culture shochu Solid-culture shochu
Mean Mean
Compound Range (mg/L) Range (mg/L)
(mg/L) (mg/L)
Ethyl lactate 8.4 4.0-17.8 1.8 02-3.4
3-methyl-1-pentanol 0.1 0.01-0.41 0.02 0.01-0.05
Ethyl benzoate 0.0032 0.0009 -0.0057 0.0016 02-0.0036
Diethyl succinate 0.15 0.03-0.37 0.40 0.02-0.92
Citronellol 0.004 0.002-0.008 0.009 0.004-0.014
2-phenethyl acetate 0.74 0.38-1.24 1.20 0.03-3.22

a[Lower than limit of quantification.
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Table 15. Original and cross-validated classification matrices.

Assigned category Hits(%)
Submerged-culture  Solid-culture shochu
Original
Submerged-culture 10 0 100.0
Solid-culture shochu 0 25 100.0
overall 100.0
Cross-validated
Submerged-culture 10 0 100.0
Solid-culture shochu 0 25 100.0
overall 100.0
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Fig. 15. Sweet potato. A, Tip portion. B, Skinless flesh.
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Fig. 16. Enzyme activities in A. kawachii NBRC 4308 strain culture supernatant.
A. kawachii was cultured at 37°C for 72 h by rotational shaking in a 100 mL medium containing
0.4% (w/v) KNOs, and 0.6% (w/v) KH2POu with the tip portion of sweet potato as the carbon source. A,

ASAAase activity. B, GAase activity.
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Fig. 17. Enzyme activities in A. kawachii NBRC 4308 strain culture supernatant.
A. kawachii was cultured at 37°C for 72 h by rotational shaking in a 100 mL medium containing
0.4% (w/v) KNOs and 0.6% (w/v) KH2PO4 with the skinless sweet potato flesh as the carbon source. A,

ASAAase activity. B, GAase activity.
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Fig. 18. Comparison of ASAAase and GAase activities between sweet potato varieties.
A. kawachiii NBRC4308 strain was cultured at 37°C for 72 h by rotational shaking in a 100 mL
medium containing 0.4% (w/v) KNOs, and 0.6% (w/v) KH2PO4 with skinless sweet potato flesh as the

carbon source. A, ASAAase activity. B, GAase activity.
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A. kawachiii NBRC4308 strain was cultured at 37°C for 72 h by rotational shaking in a 100 mL

medium containing 0.4% (w/v) KNOs and 0.6% (w/v) KH2PO4 with skinless sweet potato flesh as the
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Fig. 20. Changes in enzyme activities in the culture solution over time.

A. kawachiii NBRC4308 strain was cultured at 37°C for 72 h by rotational shaking in a 100-mL
medium containing 0.4% (w/v) KNOs and 0.6% (w/v) KH2PO4s with 20% sweet potato and 3% (w/v)
crude barley as the carbon sources. A, ASAAase activity. B, GAase activity. (0 ), sweet potato; (),

crude barley.
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Fig. 21. Changes in maltose and glucose concentration in the culture solution over time.

A. kawachiit NBRC4308 strain was cultured at 37°C for 72 h by rotational shaking in a 100 mL
medium containing 0.4% (w/v) KNOs and 0.6% (w/v) KH2PO4 with 20% (w/v) sweet potato and 3%
(w/v) crude barley as the carbon sources. A, Maltose concentrations. B, Glucose concentrations; (0 ),

sweet potato; (O ), crude barley.
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Table 16. Component content derived from raw materials (per 100mL medium) .

Carbohydrates | Protein | Lipid Phosphorus | Potasium | Calsium | Iron
(Non-Fibrous)
g mg
20% Sweet potatoes 5.74 0.24 0.04 8.8 92.0 6.4 0.10
3% Crude barley 2.01 0.30 0.08 9.6 14.4 1.2 0.14
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Table 17. ASAAase and GAase activity using cereals and bean as the carbon source.

Concentration % ASAAase activity GAase activity
Carbon source
(whv) (units/mL) (units/mL)

Wheat flour 15 35 123
Polished white barley 15 36 100
Polished white rice 15 42 144
Corn grits 15 36 129
Buckwheat flour 15 55 156

Crushed adzuki beans 15 36 95

A. kawachiii NBRC4308 strain was cultured at 37°C for 72 h by rotational shaking in a 50 mL
medium containing 0.4% (w/v) KNOs and 0.6% (w/v) KH2PO4 with cereals and bean as the carbon

source.
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Table 18. Carbohydrates and protein content derived from raw materials (per 100mL medium).

Carbon source Carbohydrates (Non-Fibrous)* Protein”
15% Wheat flour 11.1 1.32
15% Polished white barley 11.0 1.32
15% Polished white rice 11.3 1.02
15% Corn grits 11.4 1.23
15% Buckwheat flour 10.3 1.82
15% Crushed adzuki bean 8.2 3.05
20% Sweet potatoes 5.7 0.24
3% Crude barley 2.0 0.30

*Values are calculated based on the literature data?.
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