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Culture stock 
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1. primary culture stock ( , 2551)

1.1 primary culture stock aseptic chamber 

 (ultraviolet) 30

 70 

1.2

 70 

1.3  70 

1.4 800

200 secondary culture stock

1.5 cryovial

1.6 100 1.5

cryovial

1.7 80

100 cryovial ( 1.6)

cryovial

-20

2. working culture stock 

2.1 Candida utilis TISTR 5001, 5032, 5043, 5046, 5198, 5352

Saccharomyces cerevisiae TISTR 5020, 5339, 5606

- 100 primary culture stock 

Erlenmeyer flask 500 Yeast Medium (YM) 

50

- 30 220

16 – 18 
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- 80

800 200

working stock 16

-20

2.2 Escherichia coli TISTR 361 1261 Klebsiella spp. TISTR 

1383

- 100 primary culture stock 

Erlenmeyer flask 500 Nutrient Broth (NB) 

50

- 30 Klebsiella spp. 37

E. coli 220

16 – 18 

- 80

800 200

working stock 16

-20

2.3 Zymomonas mobilis TISTR 405, 548, 550

- 100 primary culture stock 

Erlenmeyer flask 500 Zymomonas Medium 

(ZM) 50

- 30 220

16 – 18 

- 80

800 200

working stock 16

-20
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2.4 Bacillus pumilus TISTR 061 B. circulans TISTR 907 

- 200 primary culture stock 

Erlenmeyer flask 500 NB 50

- 30 B. circulans 37 -

B. pumilus 200

- 20 NB -

- 80

875 125

working stock 10

-20

2.5 Lactobacillus jensenii TISTR 1342 L. fermentum TISTR 055

- 200 primary culture stock 

Erlenmeyer flask 500 Lactobacilli

de Man, Rogosa, Sharpe medium (MRS) 50

- 37 180

L. fermentum 37

L. jensenii 16 - 18 

- 20 NB -

- 80

875 125

working stock 10

-20
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2.6 Trichoderma reesei TISTR 3080  3081 

- 200 primary culture stock 

Erlenmeyer flask 500 YM 50

- 37 16 - 18 

 200 

- wet dry weight stock

- 80

875 125

working stock 10

-20 T. reesei glycerol

stock spore suspension

2.7 Aspergillus fumigatus TISTR 3239, 3100,  3464

- YM  121   15 

-  primary culture stock 

 7 

- cork borer 

30 7

-  Tween-80  0.05 

 15 

- 50

107 - 108

80 875

125 working stock 

10 -20

T. reesei glycerol stock spore suspension 
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1 working culture stock C. utilis TISTR 5198 

3.

121 1

15

2 (inoculum media) 10

3.1 10

dispenser (Optifix® BASIC, Item Code 

002.02.004, Wertheim, Germany) 10

-20
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3.1.1 Nutrient Broth (NB)

3

5 1

3.1.2 Yeast Medium (YM) 

- 10 0.5

- 3

 5 5 0.5

-

3.1.3 Zymomonas Medium (ZM) 

- 10 0.5

- 10

10 0.5

-

3.1.4 Lactobacilli de Man, Rogosa, Sharpe Medium (MRS) 

MRS 52 1,000

4. PAC

4.1 Nutrient Broth (Conc. NB) 

-  18.75 31.25 0.25

-

4.2 Yeast Medium  (Conc. YM) 

-  75 125 125

1

-

4.3 Zymomonas Medium  (Conc. ZM) 

-  62.5 62.5 0.25

-
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5.

12.5

120

131.30 ± 1.95  ( 1)

1) 675.80 ± 3.17  (C1)

2) 12.5

16.36 ± 0.48  (C2)

3) 120 (C3)

4)  (V1)

4)  (V2)

4) 1  (V3)

+ =     

         C1V1  +             C2V2  =        C3V3

  (675.80 × V1) +        (16.36 × V2)  = 120 × (V1 + V2) -- 1

    V1  = 0.1865 x V2

V1 1

  (675.80 × (0.1865 × V2)) +        (16.36 × V2)  = 120 × (1) 

    V2 = 0.843 

V1  = 0.157 
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1

 ( )

1 461.20 80.40 126.70 668.30 

2 461.90 82.00 129.20 673.10 

3 460.90 79.30 125.60 665.80 

4 460.20 81.20 126.40 667.80 

5 461.40 75.30 128.40 665.10 

6 465.40 82.70 146.30 694.40 

7 465.50 83.20 133.20 681.90 

8 466.10 77.40 128.80 672.30 

9 466.00 84.00 134.10 684.10 

10 467.80 83.30 134.50 685.60 

463.60 80.90 131.30 675.80 

0.87 0.89 1.95 3.17 
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1.

1.1  99.7  11.47 

 250 

 1.2  pH  5.0  10 

1.3  1  pH  5.0 

 200 

2.  200 

 2.1  12.6 

 2.2  pH  6.0  4.5 

2.3  100  pH  6.0 

3.  NADH2

-  NADH2 0.045  0.1 

-  10 NADH2

 120 

4.  pH 6.4 

 4.1 

-  (HOC(COOH)(CH2COOH)2•H2O) 1.921 

-  (C12H19ClN4O7P2S) 0.046 

-  (MgSO4•7H2O)  0.246 

-  (C3H3NaO3)   1.100 

-  (C2H5OH)    6.904 

-  (C7H6O)   0.425 

4.2  35  pH  6.4 -

 10 

4.3  50 
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5. developing reagent

5.1

-  ((NH4)6Mo7O24•4H2O)  3 

-  (H2SO4)  11 

- (II)  (FeSO4•7H2O)  2.7 

5.2  5.1 (II)

 2  2  1 
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1.  HPLC 

y = -4.6641E-21x3 - 1.9999E-14x2 + 5.8038E-06x
R2 = 1.0000E+00

0.0

3.0

6.0

9.0

12.0

15.0

18.0

21.0

0.
00

E
+0

0

5.
00

E
+0

5

1.
00

E
+0

6

1.
50

E
+0

6

2.
00

E
+0

6

2.
50

E
+0

6

3.
00

E
+0

6

3.
50

E
+0

6

4.
00

E
+0

6

Chromatogram area

[S
uc

ro
se

], 
g/

l

1  0 – 20 

 retention time 5.90 – 5.95 

y = 2.5090E-20x3 - 1.8617E-13x2 + 3.2783E-06x
R2 = 9.9985E-01

0.0

5.0

10.0

15.0
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00
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1.
00

E
+0

6

2.
00

E
+0

6

3.
00

E
+0

6

4.
00

E
+0
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6.
00

E
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6

7.
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E
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6

8.
00

E
+0

6

9.
00

E
+0

6

1.
00

E
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7

Chromatogram area

[G
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], 
g/

l

2  0 – 30 

 retention time 6.90 – 7.05 
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y = 6.1256E-21x3 - 1.0112E-13x2 + 4.8206E-06x
R2 = 9.8811E-01

0.0
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7.
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6

Chromatogram area

[F
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ct
os

e]
, g

/l

3  0 – 30 

 retention time 7.64 – 7.65 

y = 4.4131E-20x3 - 1.6676E-13x2 + 1.5247E-05x
R2 = 9.9950E-01

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0.
00

E
+0

0

3.
50

E
+0

5

7.
00

E
+0

5

1.
05

E
+0

6

1.
40

E
+0

6

1.
75

E
+0

6

2.
10

E
+0

6

2.
45

E
+0

6

2.
80

E
+0

6

3.
15

E
+0

6

3.
50

E
+0

6

Chromatogram area

[E
th

an
ol

 1
], 

g/
l

4  0 – 50 

 retention time 16.93 – 17.12 
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2.  double-beam spectrophotometer 

5

 0 – 3.5  700 

y = 1.0883E+00x - 1.2874E-01
R2 = 9.7945E-01

-0.25

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

OD595

[P
ro

te
in

], 
m

g/
m

l

6  albumin 

bovine fraction V  0 – 1.8  595 
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120

100

100

10

10

1

5.0

6.57 ± 0.18 5.50 ± 0.14

100 12.5

6.10 ± 0.26 100

100 5.0 90.16 ((5.50/6.10) x 

100) 5.0 10

2

7.5

10.18 ± 0.17 5.48 ± 0.36

100 12.5

6.10 ± 0.26 100

100 7.5 89.84

((5.48/6.10) x 100)
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Bergmeyer and 

Grabl (1983) 

pH 6.0 

( ) 2.7 28.5 cuvette NADH2

120  ( )
50  200 

50 1.0

100 blank

100

2

Edecarbox = (Vassay/Vsam) x Ar x (1/ )

 = 4.7 x Ar

Ar 2

 ( )
Vassay assay (2,700 + 50 + 50 + 100 + 100 = 3,000 

)

Vsam blank (100 )

cuvette (1 )

NADH+H+ 340 (6.3

• )

Edecarbox

1

1

pH 6.0 25 (Rosche et al., 2002) 

0.3 – 0.6 
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  14  2525 

 2543 

-

 2547 


