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Figure 26 Cellulose (— ) and lignin ( ----) residues in palm pressed fiber after pretreated by
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Figure 27 Cellulose ( — ) and lignin ( ---- ) contents in palm pressed fiber after pretreated by

Ca(OH), (Ratio of palm pressed fiber : alkaline solution was 1 : 10)
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Figure 30 Reducing sugar from pretreated palm pressed fiber hydrolysis by cellulase 10 FPU/g
substrate in citrate buffer pH 4.8, 35°C on orbital shaker 160 rpm.
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Figure 31 %Saccharification from pretreated palm pressed fiber hydrolysis by cellulase 10 FPU/g

substrate in citrate buffer pH 4.8, 35°C on orbital shaker 160 rpm.
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Figure 32 Reducing sugar from pretreated palm pressed fiber hydrolysis by cellulase 10 FPU/g
substrate mix B-glucosidase 10 IU/g substrate in citrate buffer pH 4.8, 35°C on orbital

shaker 160 rpm compared with cellulase 20 FPU/g substrate.
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Figure 33 %Saccharification from pretreated palm pressed fiber hydrolysis by cellulase 10 FPU/g
substrate mix B—glucosidase 10 1U/g substrate in citrate buffer pH 4.8, 35°C on orbital

shaker 160 rpm compared with cellulase 20 FPU/g substrate.
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Figure 34 Ethanol concentrations (C ) after ethanol production by SSF using

EtOH EtOH

initial palm pressed fiber 90, 100 and 110 g/L. Cellulase from T. reesei 8§ FPU/g
substrate mix B—glusidase from A. niger 8 IU/g substrate in citrate buffer pH 5.0, 35°C

on oribital shaker 160 rpm for 24 hr. After hydrolysis at 35°C for 6 hr.
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Figure 35 Ethanol concentrations (Cy,,,,) and yield (Y,,) after ethanol production by SSF using
initial palm pressed fiber 100 g/L. Cellulase from T. reesei 8§ FPU/g substrate mix B-
glusidase from A. niger 8 IU/g substrate in citrate buffer pH 5.0, 30, 35 and 40°C on

oribital shaker 160 rpm for 24 hr. After hydrolysis at 35°C for 6 hr.
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Figure 36 Ethanol concentrations (Cy,,,) and yield (Y,,,) after ethanol production by SSF using
initial palm pressed fiber 100 g/L. Cellulase from T. reesei 8§ FPU/g substrate mix B—
glusidase from A. niger 8 IU/g substrate in citrate buffer pH 4.5, 5.0 and 5.5, 35°C on

oribital shaker 160 rpm for 24 hr. After hydrolysis at 35°C for 6 hr.
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Figure 37 Ethanol concentrations (C ) after ethanol production by SSF using

EtOH EtOH

initial palm pressed fiber 100 g/L. Cellulase from 7. reesei 4-10 FPU/g substrate mix
B-glusidase from A. niger 4-10 1U/g substrate in citrate buffer pH 5.0, 35°C on oribital

shaker 160 rpm for 24 hr. After hydrolysis at 35°C for 6 hr.
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Figure 38 Ethanol concentrations (C,,,) and yield (Y,,,,) after ethanol production by SSF using
initial palm pressed fiber 100 g/L. Cellulase from T. reesei 6 FPU/g substrate mix B—
glusidase from A. niger 2-6 1U/g substrate in citrate buffer pH 5.0, 35°C on oribital

shaker 160 rpm for 24 hr. After hydrolysis at 35°C for 6 hr.
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Table 6 Ethanol concentration and yield after SSF for 24 hr
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Figure 39 Ethanol concentrations, pH, reducing sugar and yeasts between ethanol production by

SSF using initial palm pressed fiber 100 g/L. Cellulase from 7. reesei 6 FPU/g

substrate mix B—glusidase from A. niger 3 TU/g substrate in citrate buffer pH 5.0, 35°C

on oribital shaker 160 rpm for 24 hr. After hydrolysis at 35°C for 6 hr.
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Figure 40 Ethanol concentrations, pH, reducing sugar and yeasts between ethanol production by

SHF using initial palm pressed fiber 100 g/L. Hydrolysis with cellulase from 7. reesei

6 FPU/g substrate mix B—glucosidase from A. niger 3 1U/g substrate in citrate buffer

pH 5.0, 50°C on oribital shaker 160 rpm for 24 hr and fermentation at 30°C for 96 hr
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Table 7 Ethanol production by SSF and SHF

¥iinves Telaslada QNN fina 24 Falusveamswiln
MITIIN QMU sveza M3HIN Y3namemuea Haran
(0 (hr) (0) (g/L) (Bron Bcaod
SSF 35 6 35 10.43 0.19
SHF 50 24 30 7.10 0.13
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Figure 41 Ethanol concentrations, pH, reducing sugar and yeasts between ethanol production by
SSF using initial palm pressed fiber 100 g/L. Cellulase from 7. reesei 6 FPU/g
substrate mix B—glusidase from A. niger 3 1U/g substrate in citrate buffer pH 5.0, 35°C

on oribital shaker 160 rpm for 24 hr. After hydrolysis at 50°C for 24 hr.
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Table 8 Ethanol concentration, yield and productivity after ethanol production by SSF. Batch and

fed-batch hydrolysis prior to SSF

4
o

YSuaudu Fed-batch Ysmandu | USwahana finan 12 %9 Tua vos SSF
ToSudn | nafy | YSuadiay | legathe | Saadude2s | emmea | dSuawanan
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100 - - 100 34.46 11.53 0.21
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Table 9 Ethanol productions from palm pressed fiber and other materials by Simultaneous Saccharification and Fermentation (SSF)

anmzilFlumsnisinuuy SSF S | ulaeu
L a ad G~} a U \ &‘ a = J !?a‘] !ana]i
ngAY EMsmIen ~ . - UVl | onTIMSIUEN 1yeaunse emuea | uiag v -
Psnaueulai ey \ (hr) 91994
(0 (rpm) (%)
v T.reesei Cellulase
et 1% NaOH S.cerevisiae YC-097 Zhu Uag
v A “ Cellulase 10.6 FPU/g substrate 53 40 160 cq v 96 23.7 g/LL 52.8
100 g/L ANABA 60 UM 1.5x 10" 1% 10% (v/v) AME,2005b
Cellobiase 3.8 CBU/g substrate
v T.reesei Cellulase
vhadn 1% NaOH/Microwave S.cerevisiae YC-097 Zhu 1o
~ Cellulase 7.95 FPU/g substrate 53 40 160 cq v 72 25.8 g/LL 57.5
100 g/L 700W 30 UM 1.5x 10" 1% 10% (v/v) AME,2005b
Cellobiase 2.94 CBU/g substrate
Ballesteros
Populus niger Steam explosion K.maxianus CECT
0 -, Cellulase 15 FPU/g substrate - 42 150 160 19.0 g/L 71.2 uagnae,
10%(w/v) 210 C 44U 4% (v/v)
2004
Ballesteros
Eucalyptus Steam explosion K.maxianus CECT
o ~ Cellulase 15 FPU/g substrate - 42 150 160 17.0 g/L 62.5 uagnme,
10%(w/v) 210 C 4u 4% (v/v)
2004
Ballesteros
Wheat straw Steam explosion K.maxianus CECT
o ~ Cellulase 15 FPU/g substrate - 42 150 160 18.1 g/LL 62.5 uagnae,
10% (w/v) 190 C 8 UM 4% (v/v)
2004
Sweet Sorghum Ballesteros
Steam explosion K.maxianus CECT
bagasse 0 - Cellulase 15 FPU/g substrate - 42 150 160 16.2 g/L 60.9 uagnae,
210 C 2U 4% (v/v)
10% (w/v) 2004
Bassica carinata Steam explosion Cellulase 15 FPU/g substrate - 42 150 K.maxianus CECT 160 19.0 g/L 68.1 Ballesteros
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10%(w/v) 210°C 8w 4% (v/v) nazaAme,
2004
5.1 40 150 S.cerevisiae 10% (v/v) 43 2.3%(w/v) - Ballesteros
Solka floc
No pretreatment Cellulase 40 FPU/g substrate 48 2.8%(wW/v) - uasnme,
10%(w/v) 5.1 43 150 K fragillis 10% (v/v)
72 3.0%(w/v) - 2004
(NaOH + 5.1 40 150 S.cerevisiae 10% (v/v) 96 2.0%(w/v) - Ballesteros
Sugar cane -
H,O,)/Autoclave 15 UM Cellulase 40 FPU/g substrate 48 2.2%(w/v) - agaue,
10% (w/v) N 5.1 43 150 K fragillis 10% (v/v)
121°¢ 72| 2.5%w) - 2004
Antigonum (NaOH + 5.1 40 150 S.cerevisiae 10% (v/v) 72 1.9%(w/v) - Ballesteros
teptopus H,0O,)/Autoclave 15 ui Cellulase 40 FPU/g substrate 24 2.0%(w/v) - uasnme,
N 5.1 43 150 K fragillis 10%(v/v)
10% (whv) 121°C 48 | 2.3%(wH) - 2004
5.1 40 150 S.cerevisiae 10%(v/v) 24 2.5%(w/v) - Ballesteros
Solka floc Cellulase 40 FPU/g substrate
No pretreatment 24 2.5%(w/v) - Hazaue,
10%(w/v) B-Glucosidase 50 IU/g substrate 5.1 43 150 K fragillis 10%(v/v)
48 3.3%(w/v) - 2004
(NaOH + 5.1 40 150 S.cerevisiae 10%(v/v) 48 2.0%(w/v) - Ballesteros
Sugar cane - Cellulase 40 FPU/g substrate
H O,)/Autoclave 15 UM 24 2.0%(w/v) - HagnuUe,
10% (w/v) 0 B—Glucosidase 50 IU/g substrate 5.1 43 150 K fragillis 10%(v/v)
121 C 48 2.5%(w/v) - 2004
Antigonum (NaOH + 5.1 40 150 S.cerevisiae 10%(v/v) 48 2.1%(w/v) - Ballesteros
- Cellulase 40 FPU/g substrate
teptopus H O,)/Autoclave 15 UM 24 2.3%(w/v) - uagnme,
0 B—Glucosidase 50 IU/g substrate 5.1 43 150 K firagillis 10%(v/v)
10% (w/v) 121°C 48 | 2.7%(w/v) - 2004
0.337
Solka floc Cellulase 15 FPU/g substrate 4.4- K.maxianus Kadar t1a1g
No pretreatment 40 - N 72 17.8 g/lL EtOH/g
6% (W/v) B-Glucosidase 15 IU/g substrate 53 2x 10 Cell/mL AL, 2004

cellulose
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0.314
S.cerevisiae
. 72 16.6 g/L EtOH/g
2x 10" Cell/mL
cellulose
0.312
K.maxianus
Old corrugated N 72 14.1 g/L EtOH/g
2x 10 Cell/mL
cardboard Cellulase 15 FPU/g substrate 4.4- cellulose Kadar t1ag
No pretreatment 40 -
(OCC) B-Glucosidase 15 IU/g substrate 53 0.315 AL, 2004
S.cerevisiae
6% (W/v) N 72 142 g/L EtOH/g
2x 10 Cell/mL
cellulose
0.325
K.maxianus
N 72 8.8 g/L EtOH/g
2x 10" Cell/mL
Paper sludge Cellulase 15 FPU/g substrate 4.4- cellulose Kadar t1a1g
No pretreatment 40 -
6% (W/v) B-Glucosidase 15 1U/g substrate 53 0.334 AU, 2004
S.cerevisiae
. 72 9.8 g/lL EtOH/g
2x 10" Cell/mL
cellulose
024 ¢ Latif and
37 150 S.cerevisiae 96 27 g/l ethanol/g Rajoka,
substrate 2001.
0.20 Latif and
Corn cobs 20%
2%NaOH/Autoclaved 37 150 C.tropicalis 96 23 g/l ethanol/g Rajoka,
w/v
substrate 2001.
0.19 Latif and
37 150 Co-culture 96 21 g/l ethanol/g Rajoka,
substrate 2001.







