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APPENDICES

Appendix A Stainless Steel Reactor

The reactor is an acid resistant stainless steel which can resist the acid 
corrosion. Moreover, this reactor has performance to operate under high temperature 
and pressure. The total volume of reactor 1 L. The reactor system was combined with 
a temperature control, coil heater with ceramic plate, pressure gauge, pressure release 
valve and, mechanic agitation to create homogeneous system. The figure of stainless 
steel reactor and its system is shown in Figure AT

Stainless steel 
reactor

Pressure
gauge

Figure A1 Stainless steel reactor.
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Appendix B Retention Time and Calibration Curve of Monomeric Sugar and 
Furfural by HPLC

The quantity of monomeric sugars yield and furfural in fermentable sugars 
which got from pretreatment and enzymatic hydrolysis process were determined by 
HPLC equipped with a refractive index detector (Series 200 LC/S/N291N5060508, 
Perkin Elmer) using an Aminex-HPX 87H column (300 mm x78 mm, Bio-Rad Lab, 
USA) and a guard column (30 mm X 4.6 mm, Bio-Rad Lab, USA) under these 
following conditions: flow rate 0.30 mL/min, mobile phase 0.005 M of H2SO4 and 
column temperature was fixed at 65°C.The retention times of monomeric sugar in 
both fermentable sugars are shown in Table Bl. It showed that there are 3 
monomeric sugars, which are glucose, xylose, arabinose, and one inhibitor 
compound. In order to determine the quantity of monomeric sugar, calibration curve 
of each monomeric sugar is necessary. Figure Bl shows the calibration curve of 
monomeric sugar and furfural.

Table Bl Retention time of monomeric sugar

Monomeric sugar Retention time (min)

Glucose 17.13
Xylose 18.32

Arabinose 19.83
Mannose N/A
Galactose N/A
Cellubiose N/A
Rhamnose N/A

Furfural 92.18
N/A; Not Available
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Figure B1 Calibration curve of monomeric sugar and furfural in fermentable sugars. 
Symbols; (a) calibration curve of glucose, (b) calibration curve of xylose, (c) 
calibration curve of arabinose, and (d) calibration curve of furfural.
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Appendix c  Retention Time and Calibration Curve of Ethanol by GC

After we’re obtained the fermentable sugars from both pretreatment and 
enzymatic hydrolysis step, they were fermented to ethanol by Saccharomyces 
Cerevisiae for 24 h and the ethanol yield was detected by Gas Chromatrography at 
faculty of Pharmacy, Chulalongkorn university. In order to determine the quantity of 
ethanol in fermentable sugars, the calibrational curve of ethanol is required. Figure 
Cl shows the calibration curve of standard ethanol under various concentrations in 
the range 0.5 g/L to 10 g/L.

Figure C l Calibration curve of ethanol.
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Appendix D Ethanol Yield

Table D1 Comparison ethanol yield from various pretreatment method and feed 
stock

Feed
Stock

Pretreatment
Method

Pretreatment
Condition

Yeast Ethanol yield
(g/L)

Ref

Com
stover

Sulfuric
acid

108 °c  with 
1.5% H2SO4 
for 6 h, 

with at a 
LSR of 1:10 

(w/v)

Saccharomyces
cerevisiae

ZU-10
34.3 Jing

Zhao
and

Liming
(20;a0)

Corn
stover

Sodium
hydroxide

8 0  °c  with
2% NaoH 
for 75 min 
with at a 
LSR of 1:8
(w/v)

Saccharomyces
cerevisiae

ZU-10
41.2 Jing

Zhao
and

Liming
(2oio)

Wheat
straw

Sulfuric
acid

121  °c  with 
0.75% (v/v) 
H2SO4 
for 75 min

Escherichia 
coli strain 

FBR5
19 Saha et 

(2005)

Wheat
straw

Sodium
hydroxide

1% NaOH 
for 60 min

Trichoderma 
reesei and 

Saccharomyces 
cerevisiae

31.1 Zhu et 
(2006)
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