
2

2.1

2.1.1

 (Zea mays saccharata)
(corn on the 

cob)  (whole kernel)  (cream style corn) ( , 2549)
. . 2550 - 2551 566,500

19,660

304,653 6,100 31.03

 ( , 2552)

. . 2546

 ( 34) ( 33) ( 20) (

, 2548; USDA, 2009)

2.1

çetinkol (1989) 22.1

1.0 0.34 0.28 0.003

Raroengwichit et al. (1999)

21.1 3.4 1.0 0.7

(2548)

17.87 ± 0.29 1.62 ± 0.06 2

Termamyl SC AMG 300 L Fermivin PDM 

V1116 Bourgoblanc 6

4.00 ± 0.29 

1.12
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2.1 5 . .2552

 ( / )

 1  3.50 

 2  2.00 

A5 1  3.00 

A5 2  1.80 

 1  2.50 

 2  1.80 

 1  1.50 

 2  1.20 

: (2552)

2.1.2

2.1  ( , 2549)

2.1.2.1

2.1.2.2

(husker)

2.1.2.3

(corn cutter) 
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2.1

: (2545) (2549)

30

100

+

32

68 34

34 1

333
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2.1.2.4

(floatation

cleaner)

2.1.2.5

2.1.2.6

(metal detector) 

2.1.2.7

2.1.2.8

90 - 95 

2.1.2.9

(retort)

(2536)

 shrunken-sh hybrid 

corn
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2.1.2.10

(white oil) 

2.2

 (bran)

8 - 11 ( , 2536)

2551/2552 665 53 – 73 

( , 2552)

 (germ)  (broken rice)  (endosperm) (husk)

(pericarp)

2.2

2.2

( )
 ( )

 9.66 14.46 24.41 11.30 11.03 N/a 

 8.98 13.82 19.70 6.42 9.51 50.55 

 9.56 13.51 15.16 4.96 9.42 56.93 

 9.00 14.18 14.29 12.53 N/a N/a 

 10.00 13.56 12.22 4.56 N/a N/a 

9.00 15.39 1.65 14.18 N/a N/a 

 N/a 7.00 10.00 13.00 N/a N/a 

N/a

: (2552); (2546)
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2.3

2.3.1 (phytic acid) 

 (inositol hexakisphosphate  myo - inositol 1,2,3,4,5,6 hexakis 

dihydrogenphosphate) 6

660.04

2.2

 (eukaryotic)

Gle1 mRNA

 (Sigma, 2008d)  Jaw - Shiow et al. (2000) 

75

adenosine triphosphate (ATP) 

 (eutrophication) 

2.2

: Sigma (2008d) 
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2.3.2 (phytase enzyme) 

  2.3.2.1 

 (hydrolytic enzyme)
3 6

Dixon and Webb (1979) 3-phytase (EC 3.1.3.8) 6-

phytase (EC 3.1.3.26)  

 (phosphomonoester)

(Jaw - Shiow et  al., 2000)

               Cromwell et al. (2004) 

0.2

0.59 National Research Council (NRC) 

0.1

750

95 (p > 0.05)

18

               Schlemmer et al. (2001) 

1.88

16.8 0.4

120

99.5

5.0 9.2 45.7

6.7

9.5 29.5

Jaw - Shiow et al. (2000)
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Ward (2006)

20 - 40 

73

     2.3.2.2 

Bacillus subtilis Escherichia coli Saccharomyces cerevisiae
Schwannoiomyces castellii Aspergillus niger, A. oryzae A. ficuum

2.3

A. niger NRRL 3135 

10

(Jaw - Shiow et  al., 2000) 

    Krishnan et al. (2006) 

Mucor racemosus 
NRRL 1994 

30.6

1 1 32.2

44.5

4

Li et al. (2008) Kodamaea
ohmeri BG3 

1 2.3

2.0 2.0 pH 6.3

62 575.5

9
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2.3

KM

(mmol/L)
pH  (°C)

    

B. subtilis 6.0-6.5 60 0.500 Kim et al., 1998 

    Kerovuo et al., 2000 

Citrobacter braakii 4.0 50 0.460 Kim et al., 2003 

E. coli 4.5 55-60 0.130 Greiner et al., 1993 

Klebsiella sp. 6.0 37 - Shah and Parekh, 1990 

K. terrigena 5.0 58 0.300 Greiner et al., 1997 

Lactobacillus
sanfrancesis 4.0 45 - De Angelis et al., 2003 

    

Pichia pastoris 2.5, 5.5 60 - Han et al., 1999 

Schwanniomyces castelii 4.4 77 0.040 Segueilha et al., 1992 

    

A. carbonarius 4.7 53 0.350 Al Asheh and Duvnjak,1994 

A. ficuum (phy A) 2.5, 5.0 58 0.027 Ullah and Gibson, 1987 

A. ficuum (phy B) 2.5 63 0.103 Ehrlich et al., 1993 

    Ullah et al., 2003 

A. fumigatus 4.0-5.0 58-70 - Mullaney et al., 2000 

A. niger ATCC 9142 5.0 65 0.100 Casey and Walsh, 2003 

A. niger SK-57 2.5,5.5 50 0.019 Nagashima et al., 1999 

A. oryzae 5.5 50 0.330 Ullah and Gibson, 1987 

Shimizu, 1993 

: Purva and Uttam (2004) 
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KM (Michaelis-Menten constant) (affinity 

constant)  (complex)

KM

KM

KM

(Bisswanger, 2008)

][
][
SK

SV

M

V

[S]

2.4

2.4.1

2.4.1.1  (glucose) 

6 (hexose) ( 2.3)
(disaccharide) (maltose)

(sucrose) (lactose) (raffinose) 

(polysaccharide) (dextrin) (starch) (cellulose)

(glycogen)  ( , 2549)
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 2.3 

: Atkins (2009) 

2.4.1.2  (pentose) 

   5

(aldopentose) (xylose) (arabinose) (ribose) 

(lyxose) (ketopentose)

(ribulose) (xylulose) ( , 2549)

  ( 2.4) (xylan)

 2.4 

: Wikimedia (2009) 
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(2533)

(xylanase) ( -xylosidase)

3

(saccharification)

(gum) (pectin)

 (mucilage) (hemicellulose) (gum 

arabic) ( 2.5)

 2.5 

: Mastin (2009) 

( 2.6)

(ribonucleic acid) (coenzyme nucleotide) 

2 - 

(2-deoxyribose) (deoxyribonucleic

acid)
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 2.6 

: Fort (2008) 

2.4.1.3  (cellulose) 

    

( 2.7) (xylan) (lignin) 

–D-(1, 4) 

–D-(1, 4) ( 2.8)

(-OH)

(polycrystalline)

  ( , 2549)

2.7

: Yoshiharu et al. (2002) 
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( )

( )
2.8  ( ) –D-(1, 4) ( ) –D-(1, 4)

: Alex et al. (2009); Larry and Chris (2009) 

    2.4.1.4 (hemicellulose)

(monosaccharide)

( 2.9)

10 - 30 ( , 2549) 

(galactoglucomannan)

(arabinoglucuronoxylan)

 (arabinogalactan)

(glucuronoxylan)

(glucomannan)
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2.9

: PNNL (2008) 

(2548)

17.27 16.72

(rhamnose) (uronic acid) 

    2.4.2 

    2.4.2.1  (cellulase)
(2543)

( 2.10)
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2.10

: SciDAC (2007) 

C1 hydrogen bondase 

(weakening)

CX -1,4 glucanase 

-1,4

(CMC) 2

    - Endo- -1,4 glucanases 

(oligomer)

- Exo- -1,4 glucanases 

- -configuration

( -glucosidases) exo- -1,4

glucanases 2

( , cellobiose) 6 ( , cellohexose)

2.11
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 2.11 4

: (2543)

Mark et al. (2007) (grapefruit)

(pectinase) pH

45

5, 2 2.1

pH 4.8 -

21.99

   Chen and Jin (2006) 

Penicillium decumbens

    2.4.2.2 (pentosanase) 

2

(endo-) (exo-)

 ( )

- -1,4

( )

C1, CX

- -1,4
- -1,4

- -1,4

-
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2 (arabinase) -1,4-D-

arabinopyranosyl glysoside (linear backbone) 

( 2.12) -1,4-D-xylanopyranosyl glysoside 

2.12

: Schmidt et al. (1998) 

      
(arabiosidase)

(xylosidase) (2549)

Bacillus sp. TW-1 

(2533)

B. circulans B6

(arobinofuranosyl side chain) ( , 2549)

Boonpayung (2005)

Aspergillus sp. FAS 128 bivalent metal polyol
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    2.4.2.3 (amylase) 

(2540)

(non-dispersible)

(granule) 

2

(endoamylase)

           -1,4

( 2.13) ( -amylase) -1,4-

glucan-4-glucanohydrolase (EC 3.2.1.1) 2 (polypeptide)

(disulphide bond) (branch structure) ( 2.14)

(endo-enzyme) (Whistler and Bemiller, 1999)

(limit dextrin) 

2 - 6 ( -configuration) ( ,
2543)

2.13 3

: (2543)
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2.14

: Aghajari et al. (1998) 

(exoamylase)

non-reduced   ( -amylase)

( -amylase) -1,4-glucan maltohydrolase      

(EC 3.2.1.2) ( 2.15) -1,4

1

2 -1,6

(glucan)

-configuration

(amyloglucosidase) -1,4-

glucan glucohydrolase (EC 3.2.1.3) 

-1,3 -1,4 -1,6

1

-configuration
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2.15

: Mikami et al. (1994) 

Whistler and Bemiller (1999)

A. niger A. oryzae B. cereus (Hema 

et  al., 2006) Pennicillium fellutanum (Kathiresan and Manivannan, 2005) 

liquefaction process 

90

Yook and Robyt (2002) B.
amyloliquefaciens Rhizopus niveus

(maltodextrins)

71 – 84 

2.5

        2.5.1 

      
 (aerobic cultivation)  (ethanol production) 

(Respiratory Quotient 

(RQ)) 1 4

RQ 12 - 25 (Shin and Rogers, 1996) 
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     2.5.1.1 

          C6H12O6 + 6O2  6CO2 + 6H2O    (1) 

 (YX/S) 0.4

Shuler and Kargi (1992)
0.38 – 0.51 

2.5.1.2

          C6H12O6  2C2H5OH + 2CO2    (2) 

     Shuler and Kargi (1992) 

(YP/S) 0.511

90 – 95 YP/S

        2.5.2 

    Dien et al.  (2003) 

 (lignocellulose)

S. cerevisiae
E. coli, K. oxytoca, Z. mobilis

(yield) 1 2

( , 2548) yield

2.4
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2.4

yield 90

(0.511)

40

 (ethanol productivity) 1

pH

: Dien et al. (2003) 

E. coli  (biocatalyst)

pH

6.0 – 8.0 

E. coli 
E. coli  Dien et al.

(2003) E. coli
 (pyruvate formate lyase, PFL)  (pyruvate) 

( 2.16) NADH + H+ 1

1 ( NADH + H+

Embden-Meyerhoff-Parnas (EMP) pathway NADH + H+

) NADH + 

H+   (acetic acid)    (succinic acid)  

Z. mobilis  (homoethanol fermentative) -

(pyruvate decarboxylase, PDC)  (acetaldehyde)

 (ADH)

 NADH + H+

Z. mobilis NADH + H+
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2.16

: Hemschemeier and Happe (2004) 

    Z. mobilis
homoethanol fermentation pathway 

120 S. cerevisiae Z. mobilis
yield 5 - 10 

 (ethanol productivity) 2.5  (Rogers et al., 1982) 

Z. mobilis (GRAS – Generally Recognized As 

Safe) S. cerevisiae
Doelle et al. (1989) Millichip and Doelle (1989) 

Z. mobilis Z. mobilis yield

Entner-Doudoroff (ED) pathway ATP

 (biomass)

Z. mobilis (Dien et al., 2003) 

    K. oxytoca pH  5.0 

35  (pentose)

 (hexose) PFL pathway 

(2546)

S. cerevisiae TISTR 5019 C.
tropicalis TISTR 5045

pyruvate CoA acetyl CoA 

formate 

ethanol 

acetate 

pyruvate 

formate lyase 

acetylphosphate 

phosphotransacetylase 

alcohol dehydrogenase 

acetaldehyde dehydrogenase 

acetate kinase 

+

2NADH + H+ CoA + 2NAD 

Pi

CoA 

ADP ATP
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1 8 S. cerevisiae TISTR 5019 C.
tropicalis TISTR 5045 1 1

50 30

 (2539)
2

S. cerevisiae ATCC 4098 A. oryzae ATCC 

11491 59

36 250 pH 6

2 1

2.6

2.17

2.17

: Leksawasdi (2004) 

Rosche et al. (2005) C. utilis 

30

2.7 - (R-phenylacetylcarbinol)

-
(R-phenylacetylcarbinol, PAC) (precursor)

pyruvate acetaldehyde

CO2

ethanol 

pyruvate 
alcohol dehydrogenase 

NADH + H+
NAD 

Thiamine pyrophosphate, 

Mg2+
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( 2.18)

(by-product)

2.18 PAC

: Leksawasdi (2004) 

Rosche et  al. (2002) PAC

400

600 R. javanicus
7.4 PAC 50.6 337

29 6 23 -

6

PAC

Rosche et  al. (2005)

C. utilis MOPS

20 138 6

400

2

50

PAC 40 51



30

Sanford et al. (2005) PAC

C. utilis

50

8.5

PAC 141 937

19 127 49

0.9 PAC 102

13

(2551)

63.5 – 64.4 

8 900 S.
cerevisiae TISTR 5606 PAC 1.19 ± 0.01 

C. utilis TISTR 5198 PAC

 2.73 ± 0.18 

 (2551) 

63.5 – 64.4 

24

PAC S. cerevisiae TISTR 5020 (4.72 ) S.
cerevisiae TISTR 5606 (3.72 ) C. utilis TISTR 5198 (2.98 ) Z. mobilis
TISTR 550 (0.86 )


