
3

3.1

. .2550

. . . .2551

81.5 aw 0.98 

osmophile xerophile aw

0.6 (Fellows, 1993) 

 7.4 aw 0.37 11.6 aw 0.61

3.2

15 -

Candida utilis 6  (TISTR 5001, 5032, 5043, 5046, 5198, 5352),
Saccharomyces cerevisiae 3  (TISTR 5020, 5339, 5606), Escherichia coli

2  (TISTR 361 1261), Klebsiella sp. 1  (TISTR 1383),
Zymomonas mobilis 3  (TISTR 405, 548, 550)

12 Aspergillus foetidus 1  (TISTR 

3461), A. fumigatus 3  (TISTR 3100, 3239, 3464), A. niger 2 -

 (TISTR 3063 3089), Trichoderma reesei 2  (TISTR 3080 3081),
Bacillus circulans 1  (TISTR 907), B. pumilus 1  (TISTR 061)
Lactobacillus fermentum 1  (TISTR 055) L. jensenii 1

(TISTR 1342) 27

 ( .) glycerol stock -20  
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3.3

1. (Phytic acid sodium salt, C6H18O24P6•xNa•yH2O, Sigma, Switzerland) 

2. (II)  (Iron (II) sulfate heptahydrate, FeSO4•7H2O, Quality 

Reagent Chemical, New Zealand) 

3.  (Sodium hydroxide, NaOH, Labscan Asia, Bangkok, Thailand) 

4. (Ammonium molybdate, (NH4)6Mo7O24•4H2O, Ajax Finechem, 

NSW, Australia) 

5.  (Magnesium sulphate hydrated, MgSO4•7H2O, Ajax Finechem, 

NSW, Australia) 

6.  (Di-potassium hydrogen phosphate, K2HPO4,

Merck, Darmstadt, Germany) 

7.  (Maltose monohydrate,C12H22O11•H2O, Merck, Darmstadt, Germany) 

8.  (D - Fructose, C6H12O6, Asia Pacific Specialty Chemicals, NSW, 

Austraria) 

9.  (Sucrose, C12H22O11, Ajax Finechem, NSW, Australia) 

10.  (D-Glucose, C6H12O6, Ajax Finechem, NSW, Australia) 

11.  (Citric acid, HOC(COOH)(CH2COOH)2•H2O, Ajax Finechem, NSW, 

Australia)

12.  (Trichloroacetic acid, CCl3COOH, VWR International, Poole, 

England)

13.  (Acetic acid, CH3COOH, Labscan Asia, Bangkok, Thailand) 

14.  (Sulfuric acid, H2SO4, Labscan Asia, Bangkok, Thailand) 

15.  (Acetone, CH3COCH3, Labscan Asia, Bangkok, Thailand) 

16.  (Ethanol, C2H5OH, Merck, Darmstadt, Germany) 

17.  (Benzaldehyde, C7H6O, Poch SA, Sowinskiego, Poland) 

18.  (Acetaldehyde, C2H4O, Riedel-de Haen, Germany) 

19.  (Coomassie Blue G – 250, Bio-Rad, Califonia, USA) 

20. ( - amylase, Sigma, Steinheim, Germany) 

21. (Glucoamylase, Fluka, Steinheim, Germany) 

22.  (Union Science, Chiang Mai, Thailand) 
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23.  (Ronozyme®VP (CT), 

Novozymes, Bagsvaerd, Denmark) 

24.  (MRS Broth, Labscan, Spain)

25.  (Yeast Extract, Hardy Diagnostics, Santa maria, USA) 

26.  (Beef Extract, Hardy Diagnostics, Santa maria, Califonia, USA) 

27. (Malt Extract, Becton Dickinson and Company, Sparks, MD, USA) 

28. (Meat Peptone, Hardy Diagnostics, Santa maria, Califonia, USA) 

29.  (Albumin bovine fraction V, VWR International, Pool, England) 

30.  (Acetonitrile, Merck, Darmstadt, Germany) 

31. pH pH 4.0, 7.0 10.0 (Ajax, Seven Hills, Australia) 

32.  (ADH, Sigma Aldrich, St. Louis, USA) 

33.  (NADH disodium salt, Roche, Mannheim, 

Germany)

34. (Sodium hydrogen carbonate, NaHCO3, Ajax, 

Wellington, New Zealand) 

35. (thiamine pyrophosphate, C12H19ClN4O7P2S, Sigma Aldrich,

St. Louis, USA) 

36. (Sodium pyruvate, C3H3NaO3, Fluka, St. Louis, USA) 

3.4

1. pH (Eutech Technology, Model No. CyberScan pH510, Nijkirk, Japan) 

2.  (hand refractometer, ATAGO, Model 

No. N-1  , Tokyo, Japan)

3. (double-beam spectrophotometer, PerkinElmer 

Instruments, Model No. Lambda 25 UV/VIS Spectrometer, Shelton, USA,) 

4.  (vortex mixer, LMS, Model No. VTX-3000L Tokyo, Japan) 

5.  (bench-top centrifuge) (Nuve, Model No. NF200, Angara, 

Turkey)
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6. Eppendorf (Eppendorf, Model No. Minispin 5452, Hamburg, 

Germany)

7. Memert (Memert, Model No. 400, Oxford, United Kingdom) 

8. 2  (Ohaus, Model No. ARC120, New Jersey, USA)
9. 4  (Ohaus, Model No. AR2140, New Jersey, USA)
10. (JJ ScienceLab, Model No. i250, Bangkok, Thailand) 

11. (portable pressure sterilizer) (All American, Model No. 

1925X 1941X, Wisconsin, USA) 

12. (Kett Electric Laboratory, Model No. FD-620, Tokyo, Japan) 

13. water activity (aw) (Novasina MS-1-Set-aw, Switzerland) 

14. HPLC (Agilent Tchnologies, Model No.1200, Santa Clara, California, USA)

14.1 Aminex®HPX-87H Ion Exclusion  9  (BioRad, 

Hercules, California) 

14.2 AlltimaTMC8  5 (Alltech, Lexington, Kentucky) 

14.3  (Agilent Technologies, Model No. G1362A, Santa Clara, 

California, USA)
14.4 (Agilent Technologies, Model No. G1316A, Santa Clara, California, 

USA)

14.5 Diode Array Detector (DAD) (Agilent Technologies, Model No. G1315D, 

Santa Clara, California, USA)

3.5

3.5.1

3.5.1.1 10

(

) 4 3.1
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3.1

TISTR 

Nutrient broth 

E. coli 361, 1261 

Klebsiella sp. 1383 

B. circulans 907

B. pumilus 061

Yeast medium 

C. utilis 5001, 5032, 5043, 5046, 5198, 5352 

S. cerevisiae 5020, 5339, 5606 

A. foetidus 3461

A. fumigatus 3100, 3239, 3464 

A. niger 3063, 3089 

T. reesei 3080, 3081 

Zymomonas medium Z. mobilis 405, 548, 550 

MRS medium 

(Lactobacilli de Man, 

Rogosa, Sharpe medium) 

L. fermentum 055

L. jensenii 1342

3.5.1.2 10

(working culture stock) -20 -

eppendorf 1

 (inoculum media) 10 150

aseptic technique ( 3.1)
- 48

25.6 ( , 2551)

18 ( , 2552)



36

3.1 (aseptic technique)

3.5.1.3 100

10

100 550  ( 3.2)
-

48 25.6 ( , 2551)

( 3.2)

3.2 10 100
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3.5.2

10 100 20

60

1 0.1, 0.2, 0.3, 

0.4, 0.5, 1, 2, 3, 4  5 10

10 10

10 5,000  (2,822xg) 

10

Skoog et al. (1996) 

 95 pH 1 0.98 ± 

0.03

3.5.3

100

0.0, 5.0, 7.5, 10.0  12.5

2 -

( -amylase) 80

1 (glucoamylase) 1

60 2 ( , 2551; , 2545)

 ( 3.3)
3.5.2

HPLC

Skoog et al. (1996)  95 
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( )

( )

3.3  ( )  ( )

3.5.4

3.5.4.1

-
0.0, 5.0, 7.5, 10.0 12.5

3.5.3 1 80

1 1

60 2 ( 3.4)
3.5.2 3.5.9.1

Skoog et al. (1996)  95 
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3.4

3.5.4.2

0.0, 1.0, 2.0, 3.0, 4.0, 5.0, 7.5, 10.0 12.5

1

50 45  ( , 2545)
3.5.3 1 80

1 1

60 2 ( 3.5)
3.5.2 3.5.9.1

Skoog et al. (1996)  95 

3.5

3.5.4.3 3.5.4.1 3.5.4.2

100
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100

( )

3.5.5 -
15

3.5.5.1  15

3.5.4.1

3.5.3 1 80

1 1

60 2

3.5.9.1 120

675.80 ± 3.17 

-
3.5.5.2 - 15 -

25.6 48

3.5.5.3 1 x 15 factorial design in CRD 

3.5.9.1 – 3.5.9.7

Skoog et al. (1996)  95

3.5.6

12

3.5.6.1

3.5.4.2

 50 45

3.5.3 1

80 1 1

60 2
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3.5.6.2  12   25.6 

3.2

3.5.6.3 1  x  12  factorial  design  in  CRD

3.5.9.1 3.5.9.3 – 3.5.9.8

Skoog et al. (1996)  95 

3.5.7

-
3.5.7.1

5  (100:0, 25:75, 50:50, 75:25 0:100) 3.6

3.5.4

50 45

3.5.3 1

80 1

1 60 2

3.5.7.2   3.5.5 4

- 3.5.5.1 – 3.5.5.2 

3.5.6 4

3.5.6.1 – 3.5.6.2 

3.5.7.3 4 x 5  factorial   design  in  CRD

-
3.5.9.1 -

3.5.9.2 4 x 5 factorial design in CRD 

3.5.9.8 Skoog et al.

(1996)  95 



43

3.6 5  (100:0, 25:75, 50:50, 

75:25 0:100)

3.5.8

3.5.8.1

10

10 15 2

-
-20  3.7

3.5.8.2

 -20 
5,000  10 

600

pH

HPLC

 3.8
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 3.7

110

(  100 . + inoculums 10 .)

10 . 10 .

15 . 15 .

N2 N2

N2

“A” “B” “C”

-20
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 3.8

“A” “B”  3.1

4

10 .

“A” “B”

 5,000 rpm 10

 5,000 rpm 10

1. pH

2. TSS 

3.
4.

5.

 5,000 rpm 10

1.
2. PAC

OD600

 0.1 
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3.5.8.3
-

 200 
pH 6.0  4.5 

 1 vortex mixer 

 30 
 3 

glass bead  1 
vortex 1 

( 3.9)  1  3 5,000

10 -

3.9

3.5.9

3.5.9.1

 ( )
HPLC Aminex®HPX-87H Ion Exclusion 

(refractive index) (mobile phase) 

0.005 0.75

(column oven) 37 (run time) 20 

20
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retention time ( ) (6.02 – 

6.16) (7.07 – 7.28) (7.73 – 8.05) (16.27 – 16.56)

3.5.9.2 -
- Rosche et

al. (2001)  ( ) 50

25 20

10

eppendorf 12,000 2

- HPLC  AlltimaTMC8

32

0.5 1.0

283 Diode

Array Detector (DAD) 20

5 retention time -
4.3 - 4.7 

3.5.9.3

Leksawasdi (2004)

10 15

5,000 10

10 vortex

 105  48 

3.5.9.4 - (pH level)

pH pH

pH 4.0, 7.0 10.0
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3.5.9.5 (total soluble solid, TSS)

3.5.9.6

Bradford (1976) 

 25 
 1,250

 25 cuvette  1.5  5 
 595 

 0.17 - 1.80 -

3.5.9.7 600  (OD600)

OD600 0.1

0.9 cuvette  1.5 (parafilm)

600

3.5.9.8

 Cooper and Helen (1983)

1

developing reagent ( ) 5

700

 0.0 – 1.0 -


