
4

4.1
0.1 – 5.0 

10 ( 4.1)

0.81 – 1.34  ( 4.1 4.2 ( )  ( ))
 1 - 5 

pH

active site 

 ( , 2549)
0.1 – 0.5 0.03 – 0.04

1

1.0 – 5.0 

4.1
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4.1

( )

 ( )
pH

0.1 0.034 ± 0.001b 1.049 ± 0.689ns 2.05 ± 0.00j

0.2 0.029 ± 0.001b 1.336 ± 0.698ns 1.93 ± 0.00i

0.3 0.032 ± 0.004b 0.808 ± 0.246ns 1.85 ± 0.00h

0.4 0.031 ± 0.003b 1.209 ± 0.392ns 1.77 ± 0.01g

0.5 0.036 ± 0.000b 0.809 ± 0.212ns 1.71 ± 0.00f

1.0 0.000 ± 0.000a 1.049 ± 0.681ns 1.60 ± 0.00e

2.0 0.000 ± 0.000a 1.336 ± 0.698ns 1.47 ± 0.00d

3.0 0.000 ± 0.000a 0.808 ± 0.246ns 1.39 ± 0.00c

4.0 0.000 ± 0.000a 1.209 ± 0.391ns 1.31 ± 0.00b

5.0 0.000 ± 0.000a 0.809 ± 0.212ns 1.24 ± 0.00a

:  ± 
 : a – j 

95

 : ns 

95
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( )

( )

4.2  ( )  ( ) 0.1 – 5.0 

10

 1 
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4.2

 (positive control)
( 4.3) 60 – 80 

66 – 177 -

 ( , 2549)
2 - 3 4.2 - 4.3 4.4( ) 4.5( )

5.0 – 12.5 2.94 ± 0.43 

5.11 ± 0.38 40.9 ± 3.02 58.9 ± 8.57 100

0.58 ± 0.04 1.32 ± 0.20 9.99 ± 1.63 

11.7 ± 0.88 100 4.2 – 4.3 4.4( ) 4.5( )

10

12.5  (p > 0.05) 

3 – 5 

Aspergillus niger 76.27  (Sigma, 2009a)
A. oryzae 94.23  (Sigma, 2009b)

0.49  (Wuxi Colotex Bio-

Technology, 2009) 155 192

4.3 80



4.2 (%
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:
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 : 
a 

– 
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95
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4.3

4.3.1
-

15.0 – 50.0 (15.0, 17.5, 20.0, 

22.5, 25.0, 27.5, 30.0, 35.0, 40.0, 45.0 50.0)

4.6

1.0 - 4.0 10

 ( ) 12.5

10.0

5.0 7.5

 ( 4.4)  (p > 0.05) 

7.5

 (p > 0.05)

675.80 ± 3.17 ( 1)

120  ( )
ethanol yield (Deak and Beuchat, 1996) (2546)

Zymomonas mobilis TISTR 548

100 3.64

150

4.6 15.0 – 50.0 
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4.4

(%w/v) ( ) (  100 ) ( 100)
0.0 0.01 ± 0.01a 0.00 ± 0.00a 0.00 

5.0 6.57 ± 0.18b 5.50 ± 0.14b 0.00 

7.5 10.18 ± 0.17c 5.48 ± 0.36b 89.84 

10.0 12.51 ± 0.98cd 5.43 ± 0.65b 89.02 

12.5 16.36 ± 0.48d 6.10 ± 0.26b 100.00 

:  ± 
 : a – e 

95

4.3.2

4.5 1.0 – 

4.0 10

12.5

10.0

 (p > 0.05) 5.0

8.06 ± 0.12 100

10

5.0

12
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4.5

(%w/v) ( ) (  100 ) ( 100)
0.0 0.60 ± 0.03a 0.00 ± 0.00a 0.00 

1.0 2.51 ± 0.02b 9.09 ± 0.11e 0.00 

2.0 4.44 ± 0.04c 8.27 ± 0.16d 0.00 

3.0 6.27 ± 0.05d 7.99 ± 0.15c,d 0.00 

4.0 8.23 ± 0.09e 8.07 ± 0.16c,d 0.00 

5.0 10.08 ± 0.07f 8.06 ± 0.12c,d 100.00 

7.5 14.45 ± 0.03g 7.76 ± 0.02c 96.28 

10.0 18.23 ± 0.04h 7.39 ± 0.03b 91.69 

12.5 21.71 ± 0.02i 7.21 ± 0.01b 89.45 

:  ± 
 : a – i 

95

4.4 -
15

4.4.1
15 48

E. coli TISTR 1261 

 Z. mobilis TISTR 405

(2551) Z. mobilis TISTR 405 

34.50

63.50 – 64.40 

(2551) Z. mobilis TISTR 405 
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Candida utilis

Z. mobilis TISTR 550 

Saccharomyces cerevisiae TISTR 5020, 5339 5606

C. utilis

Z. mobilis S. cerevisiae  Verduyn et al. (1991) C. utilis

ATP S. cerevisiae

facilitated diffusion

S. cerevisiae TISTR 5020, 5339 5606

12  ( 4.7

– 4.9)
(2551) S. cerevisiae TISTR 5606 5020

48

97.60 97.30

63.50 – 64.40 
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4.4.2
C. utilis, Escherichia coli Z. mobilis

20 S. cerevisiae TISTR 5020 

5606  40.7 ± 3.56 35.4 ± 12.5 

4.10

4.4.1 (2551) S. cerevisiae TISTR 

5606 5020 45.0 ± 6.1 41.8 ± 1.2 

63.5 – 

64.4 (2551)  S. cerevisiae TISTR 5606 

5020 43.4 ± 4.0 37.8 ± 3.1

Bai et al. (2008) Z. mobilis

levan (sorbitol) yield

S. cerevisiae

S. cerevisiae TISTR 5606 S. cerevisiae TISTR 5020 

(2551)

63.5 – 64.4 

120
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4.10 0 48

4.4.3 600

4.11

600  (OD600) 4.12

S. cerevisiae TISTR 5606 10.39 ± 1.68 

 TISTR 5020 5339 8.43 ± 1.03  8.37 ± 

0.27 3

S. cerevisiae TISTR 5606 16.75

± 0.34  TISTR 5020 OD600 12.26  ± 0.68 

 TISTR 5339 8.07  ± 0.83 C. 

utilis Z. mobilis OD600
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4.4.4 physiological pH
physiological pH 

4.13

physiological pH  ( 4.11)

600  ( 4.12) C. utilis

TISTR 5198 5352, S. cerevisiae TISTR 5020, 5339 5606, E. coli TISTR 1261 

Klebsiella sp. TISTR 1383 0.03

(2551)

0.06

63.50 – 64.40 
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4.4.5

 48 4.14

S.

cerevisiae TISTR 5020, 5606  5339 

56.53 ± 4.95, 49.17 ± 17.41 11.01 ±1.04 ( 4.10)
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4.4.6 pH
pH

( 4.15) E. coli TISTR 361, Klebsiella sp. TISTR 1383 Z. mobilis

TISTR 405 48

pH

Cazetta et al. (2007) pH
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4.15  pH 0 48

4.4.7 -
-  ( 4.16

4.6) C. utilis TISTR 5198 (37.6 ± 1.12 ), S. cerevisiae TISTR 

5606 (33.6  ± 16.6 ), S. cerevisiae TISTR 5339 (26.0  ± 0.00 )

C. utilis TISTR 5352 (2.33  ± 0.35 )

(2551) S. cerevisiae TISTR 5606 -
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3.97 3.72 4 20 C. utilis

TISTR 5198 - 1.24 2.98

4 20

63.5 – 64.4 

S. cerevisiae TISTR 5606 C. utilis TISTR 5198

63.5 – 64.4 -

4

( , 2551) Agustina (2009) 

S. cerevisiae TISTR 5606 -
-

6 – 8 250

12.5 ± 0.93 10

52 100 157

C. utilis TISTR 5198 -
29.9 ± 2.27 -

C. utilis TISTR 5198

- S. cerevisiae TISTR 5606

Satianegara et al. (2006) C. utilis UNSW 70940 (World Federation of Culture 

Collection No. 248) -
239 21

7.9

pH

Chen et al. (2005) pH

 (defined medium)

Rosche et  al. (2002) -
41.9 279

6 Rhizopus javanicus
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Sanford et al. (2005) -
69.1

459 9.31 62.2

C. utilis 8.5

-
enzyme activity assay 

- 1

1 25 pH 6.4 
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4.6 - 15

48

/ -

C. utilis 5001 0.00 ± 0.00a 0.00 ± 0.00a

C. utilis 5032 0.00 ± 0.00a 0.00 ± 0.00a

C. utilis 5043 0.00 ± 0.00a 0.00 ± 0.00a

C. utilis 5046 0.00 ± 0.00a 0.00 ± 0.00a

C. utilis 5198 0.52 ± 0.02d 37.6 ± 1.12d

C. utilis 5352 0.03 ± 0.00a 2.33  ± 0.35a

S. cerevisiae 5020 0.00 ± 0.00a 0.00 ± 0.00a

S. cerevisiae 5339 0.36 ± 0.00b 26.0  ± 0.00b

S. cerevisiae 5606 0.47 ± 0.23c 33.6  ± 16.6c

E. coli 361 0.00 ± 0.00a 0.00 ± 0.00a

E. coli 1261 0.00 ± 0.00a 0.00 ± 0.00a

Klebsiella sp. 1383 0.00 ± 0.00a 0.00 ± 0.00a

Z. mobilis 405 0.00 ± 0.00a 0.00 ± 0.00a

Z. mobilis 548 0.00 ± 0.00a 0.00 ± 0.00a

Z. mobilis 550 0.00 ± 0.00a 0.00 ± 0.00a

:  ± 
 : a – d 

95
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4.5 12
4.5.1

 ( 4.17) 6.04 ± 

0.65 7.47 ± 0.15 3.38 ± 0.56 4.41 ± 

0.03 1.96 ± 0.25 2.27 ± 0.13 

0.60 ± 0.20 0.90 ± 0.04 

 ( 4.18) 3.19 ± 1.17 6.98 ± 0.72 

1.63 ± 0.54 4.66 ± 0.37 

0.09 ± 0.04 1.84 ± 0.61 

0.45 ± 0.07 1.02 ± 0.17 

4.19

Lactobacillus jensenii TISTR 1342, L. fermentum TISTR 055 A. fumigatus 

TISTR 3239 

( 3.2) Trichoderma reesei TISTR 3080, L. jensenii TISTR 1342 

L. fermentum TISTR 055 

0.078, 0.052 0.047
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4.5.2
4.20

600  (OD600) 4.21

L. jensenii TISTR 1342 2.11 ± 0.02 

3.92 ± 0.03 85.78 OD600

4.92 ± 1.02 9.66 ± 0.12  96.34 

 OD600

-
 (Deak and Beuchat, 

1996)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

A
. f

oe
tid

us
 T

IS
TR

 3
46

1

A
. f

um
ig

at
us

 T
IS

TR
 3

10
0

A
. f

um
ig

at
us

 T
IS

TR
 3

23
9

A
. f

um
ig

at
us

 T
IS

TR
 3

46
4

A
. n

ig
er

 T
IS

TR
 3

06
3

A
. n

ig
er

 T
IS

TR
 3

08
9

T.
 re

es
ei

 T
IS

TR
 3

08
0

T.
 re

es
ei

 T
IS

TR
 3

08
1

B
. c

irc
ul

an
s 

TI
ST

R
 9

07

B
. p

um
ilu

s 
TI

ST
R

 0
61

L.
 fe

rm
en

tu
m

 T
IS

TR
 0

55

L.
 je

ns
en

ii 
TI

ST
R

 1
34

2

Stains

[D
ry

 b
io

m
as

s]
 (g

/l) Initial time Final time

4.20



74

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

A
. f

oe
tid

us
 T

IS
TR

 3
46

1

A
. f

um
ig

at
us

 T
IS

TR
 3

10
0

A
. f

um
ig

at
us

 T
IS

TR
 3

23
9

A
. f

um
ig

at
us

 T
IS

TR
 3

46
4

A
. n

ig
er

 T
IS

TR
 3

06
3

A
. n

ig
er

 T
IS

TR
 3

08
9

T.
 re

es
ei

 T
IS

TR
 3

08
0

T.
 re

es
ei

 T
IS

TR
 3

08
1

B
. c

irc
ul

an
s 

TI
ST

R
 9

07

B
. p

um
ilu

s 
TI

ST
R

 0
61

L.
 fe

rm
en

tu
m

 T
IS

TR
 0

55

L.
 je

ns
en

ii 
TI

ST
R

 1
34

2

Strains

O
D

60
0

Initial time Final time

4.21 600  (OD600)

4.5.3 physiological pH
physiological pH L. fermentum TISTR 055 

L. jensenii TISTR 1342  ( 4.22) L.

fermentum TISTR 055 0.064 ± 0.004 0.165 ± 0.014

1.6 L. fermentum TISTR 1342 0.086 ± 0.003

0.184 ± 0.011 1.14

 L. fermentum TISTR 055 L. jensenii TISTR 1342

A. fumigatus TISTR 3464, T.

reesei TISTR 3080 3081, Bacillus pumilus TISTR 061 
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m
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m
l) Initial time Final time

4.22 physiological pH

( )

4.5.4
 4.7 ± 0.1 5.0

± 0.1  ( 3.2)
 4.6 ± 0.0 4.8 ± 0.0 

( 4.17 – 4.19) 

12

(p > 0.05) 4.23 L. fermentum TISTR 055

L. jensenii TISTR 1342
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4.5.5 pH
pH 4.24

4.23 L. fermentum TISTR 055 L. jensenii TISTR 1342

pH

pH pH

12 3.0 – 6.0 

 (Maria et al., 2003) pH

(H+ donor) 

(H+ acceptor) pH

 buffer capacity ( , 2549)
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pH
Initial time Final time

4.24  pH 

4.5.6

( , 2546)

4.25 4.7 12

200 5.0

pH 5.0 4

T. reesei TISTR 3080 0.41 ± 0.09 T. reesei TISTR 3081 

0.22 ± 0.04 A. fumigatus TISTR 3464 0.06 ± 0.04

B. pumilus TISTR 061 0.04 ± 0.01

A. niger TISTR 3063 3089

Vats and Bancrjee 

(2002) A. niger var 
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teigham 0.05

95
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4.7 12

/

A. foetidus 3461 0.00 ± 0.00a 0.00 ± 0.00a

A. fumigatus 3100 0.00 ± 0.00a 0.00 ± 0.00a

A. fumigatus 3239 0.00 ± 0.00a 0.00 ± 0.00a

A. fumigatus 3464 0.11 ± 0.07ab 0.06 ± 0.04a

A. niger 3063 0.00 ± 0.00a 0.00 ± 0.00a

A. niger 3089 0.00 ± 0.00a 0.00 ± 0.00a

T. reesei 3080 0.41 ± 0.09c 0.41 ± 0.09b

T. reesei 3081 0.44 ± 0.08c 0.22 ± 0.04c

B. circulans 907 0.00 ± 0.00a 0.00 ± 0.00a

B. pumilus 061 0.26 ± 0.08bc 0.04 ± 0.01a

L. fermentum 055 0.00 ± 0.00a 0.00 ± 0.00a

L. jensenii 1342 0.00 ± 0.00a 0.00 ± 0.00a

:  ± 
 : a – c 

95
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4.6
-

4.6.1
C. utilis TISTR 5198 0.01 ± 0.01 

 50  50 

(  4.8) S. cerevisiae TISTR 5339 

1.75 ± 0.73 75

25 25 75

0 100 4

0.35 ± 0.04 3.06 ± 0.43

( 4.9) 4.4.2 4

72.12 ± 3.84 

116.5 ± 16.35 9.53 ± 1.68 49.17 ± 

17.41 (2551) (2551)

S. cerevisiae TISTR 5606 5020

63.5 – 64.4 43.4 ± 4.0 45.0 ± 6.1 

37.8 ± 3.1 41.8 ± 1.2 (2551)

S. cerevisiae TISTR 5606 5020

63.5 – 64.4 

23.5 ± 2.6 21.0 ± 0.8 

(2551) (2551) S. cerevisiae TISTR 5606 5020

4

5  (p > 0.05)
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4.6.2 -
C. utilis TISTR 5198 

-  5

100  0 (5.04 ± 0.72 ) 75  25 (5.04 ± 0.72 ) 50  50 

(0.72 ± 0.00 ) 25  75 (8.64 ± 0.72 )  0  100 (0.72 ± 

0.00 ) (2551) C. utilis

TISTR 5198 -

1.24  2.98  4  20 

 63.5 – 64.4 

 (2551) C. utilis TISTR 5198 -      

 8.19 ± 0.54 

C. utilis TISTR 5352 -

0.07 ± 0.04 

100  0 (  4.10) 

- C. utilis TISTR 5198 

 25  75 

 Rosche et  al. (2002) -

400

600 R. javanicus

7.4 - 41.9

279 6 Sanford et al.

(2005) -

C. utilis 8.5

- 69 459

9 62
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