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APPENDICES
Appendix A Analytical Procedures

1. Detergent Analysis

Corncobs
[ boiled. Neutral Detergent
v v
Cell content, CC Cell wall, NDF
| boiled, Acid Detergent
Vv v
Hemicellulose Lignocellulose, ADF

72% HZSO4

v Vv
Cellulose Lignin&acid insoluble ash, AIA
Calcined
N2 vV
Lignin Acid insoluble ash, AIA

Figure AL Schematic of detergent analysis procedure flow diagram.

1.1 Neutral detergent fiber (NDF)

Neutral Detergent Fiber (NDF) is cell wall constituents which are not
dissolve in neutral solution. NDF consists of hemicellulose, cellulose, lignin, cutin,
and keratin.

1.1.1 Reagents
1.1.1.1 Distiled or deionized water
1.1.1.2 Acetone (AR grade)
1.1.1.3 Sodium sulphite
1.1.1.4 Neutral detergent



62

1.1.2 Procedures
1.1.2.1 Dry crucible at 100 °c for 1h, after that cool to room
temperature at desiccators, and then weigh ( /).
1.1.2.2 Weigh 1.02 g of dried sample and weigh ( i).
1.1.2.3 Add 0.5 g of sodium sulphite into crucible.
1.1.2.4 Place crucible from no.3 in Hot Extraction Unit 1020
1125 Add 100 ml of neutral detergent into column and
reflux for 60 min.
1.1.2.6 Rinse sample into crucible with minimum of hot
(90 C-100 ) water until the pH of solution reach neutral pH.
1.1.2.7 Wash sample in crucible with 25 ml of acetone
1.1.2.8 Dry sample at 100 °C for 5 h, after that cool to room
temperature at desiccators, and then weigh ().
1.1.2.9 Ash residue in crucible for 2 h at 550 °c, after that
cool to room temperature at desiccators, and then weigh ().
1.1.3 Determine % NDF

WNDF = W*~2W"x1oo

1.2 Acid detergent fiber (ADF)

Acid detergent fiber (ADF) is cell wall constituents which are not
dissolve in acid solution. ADF mainly consists of cellulose and lignin, and small
amount of cutin. Therefore, loss of product in acid solution should be
hemicellulose.

121 Reagents
1.2.1.1 Distiled or deionized water
1.2.1.2 Acetone (AR grade)
1.2.1.3 Sulfuric acid (H.SO:)
1.2.2 Procedures
1221 Dry crucible at 100 °c for 1h, after that cool
temperature at desiccators, and then weigh ( ]).
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1.2.2.2 Weigh 1.02 g of dried sample and weigh { 2.

1.2.2.3 Add 0.5 g of sodium sulphite into crucible.

1.2.2.4 Place crucible from no.3 in Hot Extraction Unit 1020

1.2.25 Add 100 ml of acid detergent into column and reflux
for 60 min.

1.2.2:6 Rinse sample into crucible with minimum of hot
(90 -100 °C) water until the pH of solution reach neutral pH.

1.2.2.7 Wash sample in crucible with 25 ml of acetone for 3
times.

1.2.28 Dry sample at 100  for 5 h, after that cool to room
temperature at desiccators, and then weigh (fv;).

1.2.2.9 Ash residue in crucible for 2 hat 550 ¢ , after that cool
to room temperature at desiccators, and then weigh ( «).

1.2.3 Determine % ADF

%ADF = WA Wi X100

1.24 Determine % Hemicellulose
VoHemicellulose =%NDF - %ADF

13 Acid detergent lignin (ADL)

Acid detergent lignin (ADL) is cell wall constituents which are not
dissolve in acid solution. ADF mainly consists of cellulose and lignin, and small
amount of cutin. Therefore, loss of product in acid solution should be
hemicellulose.

131 Reagents
1.3.1.1 Distiled or deionized water
1.3.1.2 72 % Sulfuric acid (H.SO:)
1.3.2 Procedures
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1.3.2.1 Fill crucible, which contains the sample from ADF
analytical, about half full with 72 % H.SO. and stir.

1.3.2.2 Refill with 72 % H2S04 and stir at hourly intervals as
acid drains away.

1.3.2.3 After 3 h, filter off as much acid as possible
with vacuum and wash contents with hot water until free from acid.

1.3.24 Dry sample at 100 ¢ for 5 h, after that cool to room
temperature at desiccators, and then weigh (fv3).

1325 lgnite crucible in muffle furnace for 2 h at 550 °c,
after that cool to room temperature at desiccators, and then weigh ( .).

1.3.3 Determine % Lignin

%ADL =-* ~ " -X 100

1.34 Determine % Cellulose

%Cellulose = %ADL - %ADF
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Appendix B Remaining sugars and ABE concentration from 8 techniques of
ABE fermentation

Table BL Remaining sugars and ABE concentration from P2 medium technique

()
Glucose
Acetone
Ethanol
Butanol

Total ABE

0

38.96
0.04
0
0.04
0.08

6

35.93
0.12
0
0.10

0.22

Fermentation time (h)

12

31.95
107
0.02
0.94
2.03

24
2181

197
0.10
3.37
b.44

43
8.75

3.85
0.18
6.53
10.56

12
1.59

3.70
0.16

9.86

Table B2 Remaining sugars and ABE concentration from control (C) technique

()
Glucose
Xylose
Arahinose
Acetone
Ethanol
Butanol
Total ABE

41.00
19.69
3.38
0.04

0.03
0.07

52.74
22.14
3.82
0.03

0.03
0.06

Fermentation time (h)

12

46.94
19.74
3.40
0.04
0
0.03
0.07

24
48.15

20.11
3.65
0.03

0
0.03
0.06

48
46.05

19.47
3.43

0.03
0.03
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Table B3 Remaining sugars and ABE concentration from 2-stage pretreatment
followed by overliming (CO) technique

(9
Glucose
Xylose
Arabinose
Acetone
Ethanol
Butanol
Total ABE

0

41.63
20.49
4.60
0.03

0

0.03
0.06

Fermentation time (h)
6 12 24 48 12
4377 44.89 44.37 45.30 44.93

1881 1931 19.14 19.47 19.35
3.86 4,68 3.96 4.52 4.39
0.04 0.04 0.04 0.04 0.03
0 0 0 0 0
0.04 0.03 0.04 0.04 0.04
0.08 0.07 0.08 0.08 0.07

Table B4 Remaining sugars and ABE concentration from 2-stage pretreatment
and diluted 2 times of hydrolysate (D2) technique

()
Glucose
Xylose
Arahinose
Acetone
Ethanol
Butanol
Total ABE

34
9.33
155
0.04

0.04
0.08

Fermentation time (h)

6 12 24 48 12
35.46 32.74 34.01 31.92 31.23
9.68 9 941 9.70 0.67

1.64 150 159 1.60 158
0.04 0.04 0.03 0.04 0.04
0 0 0 0 0
0.05 0.03 0.02 0.03 0.03
0.09 0.07 0.05 0.07 0.07
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Table B5 Remaining sugars and ABE concentration from 2-stage pretreatment
followed by overliming and diluted 2 times of hydrolysate (D20) technique

Fermentation time (h)

%) 0 6 0 % 1 7
Gluoss 2930 2888 2780 2659 1818 173
Xylose 1188 1205 113 1040 756 g

Arabinose 2.20 2.15 2.11 201 1.69 161
Acetone 0.04 0.11 0.34 1.79 2.93 269
Ethanol 0 0 0.01 0.05 0.14 0.12
Butanol 0.04 0.06 0.25 168 3.08 201
Total ABE 0.08 0.17 0.59 347 6.15 5.72

Table B6 Remaining sugars and ABE concentration from 2-stage pretreatment
and diluted 4 times of hydrolysate (D4) technique

Fermentation time (h)

972) 0 6 ¥ 2 48 72
Glucose 20.24 20,95 20.20 18.44 6.29 5.99
Xylose 5.20 545 5.28 5.12 3.65 3.56
Arabinose 0.94 0 0 0 0 0
Acetone 0.03 0.07 0.08 0.96 2.09 201
Ethanol 0 0 0 0.02 0.23 0.18
Butanol 0.03 0.05 0.05 0.70 2.76 2.32

Total ABE 0.06 0.12 0.13 1.68 508 451
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Table B7 Remaining sugars and ABE concentration from 2-stage pretreatment

followed by overliming and diluted 4 times of hydrolysate (D40) technique

()
Glucose
Xylose
Arabinose
Acetone
Ethanol
Butanol
Total ABE

0
20

6.99
119
0.04
0
0.03
0.07

6

1921

6.47
0
0.10
0
0.07
0.17

Fermentation time (h)
12 24
1831 1394
6.01 5.02
0 0
0.49 2.14
0.01 0.07
0.32 2.02
0.82 423

43
4.22

2.86
0
3.67
0.15
461
8.43

12
3.64

243
0
3.46
0.10
441
191

Table B8 Remaining sugars and ABE concentration from microwave/NaOH
followed by water pretreatment () technique

()
Glucose
Xylose
Arabinose
Acetone
Ethanol
Butanol
Total ABE

4743
16.60

0.02

0.03
0.05

6
45.10

1581

0.10

0.06
0.16

Fermentation time (h)

2
410!

14.10
0
0.27
0
0.15
0.42

24
42.16

14,02
0
1.06
0.02
0.71
179

43
39.49

12,68

148
0.04
102
2.54

12
38.84

1153

136
0.03
091
2.20
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