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ABSTRACT
Lignocellulosic biomass is composed of carbohydrate polymers (cellulose and hemicellulose) and lignin which are not readily available in their native form. Previous research have indicated that Tween 80
in combination with ammonium hydroxide gave the best performance based on its effect on cellulose digestibility (66%) and ethanol yield (18 g/100 g dry biomass) as compared to Tween 20, PEG 4000
and PEG 6000. In this study, the effect of different levels of ammonium hydroxide and Tween 80 were evaluated during the pretreatment of sugarcane bagasse. Biomass pretreatment was carried out by
mixing sugarcane bagasse, ammonium hydroxide (28% v/v solution), and water at a ratio of 1:0.5:20 and 1:0.2:20, respectively, supplemented with 3% or 5% (w/w) Tween 80 (based on the weight of dry
biomass) and the mixture heated to 160°C for 1 h. Cellulose, hemicellulose and lignin compositions were determined before and after pretreatment. Fibers were hydrolyzed using Spezyme CP (30 FPU/g
glucan) and Novozyme 188 (30 CBU/g glucan). Fermentable sugars, organic acids, hydroxy-methyl-furfural and furfurals were analyzed by HPLC. The most lignin removal (37%), cellulose digestibility
(65%) and hemicellulose digestibility (43%) were observed at 1:0.5:20 supplemented with 3% (w/w) Tween 80.

INTRODUCTION
Lignocellulosic biomass is considered a potential resource for the production of second generation ethanol, which can provide enough ethanol without threatening the food supply and biodiversity. To
convert lignocellulose to ethanol, cellulose and hemicellulose must be broken down into monomeric sugars (fermentable sugars) before fermentation (1). Pretreatment is the key step to reach this goal,
and an effective pretreatment should lower downstream unit operation costs (3). The use of non-ionic surfactants during pretreatment can enhance delignification, and improve enzyme hydrolysis or lower
the enzyme loading to achieve high sugar yields. Surfactants have both hydrophobic and hydrophilic properties that can decrease surface tension to help remove hydrophobic compounds. It is reported
that surfactants successively extract hydrophobic degradation products from lignin and hemicellulose thus enhancing delignification during pretreatment (2). In this study, the effect of different levels of
ammonium hydroxide and Tween 80 were evaluated during pretreatment of sugarcane bagasse.
.

MATERIALS AND METHODS
ENZYME HYDROLYSIS

PRETREATMENT
Sugarcane bagasse
Tween 80, 3%, 5%
Ammonium hydroxide: Water
160 °C
1h

•Organic Acids
•HMF
•Furfurals

Wet fibers

Drain liquid

•Composition Analysis

Spezyme CP (30 FPU/g glucan) and
Novozyme 188 (30 CBU/g glucan)
10 % solids
pH 4.8
55 °C
180 RPM
72 h
24 h samples

•Sugars
•Organic Acids
•HMF
•Furfurals

RESULTS
Chemical Composition of Sugarcane Bagasse

Enzyme Digestibility of Pretreated Sugarcane Bagasse

g/100 g dry biomass

UNTREATED

WATER

3% Control 5% Control

5% 0.5

5% 0.2

3% 0.5

3% 0.2

ASH

6.39±0.28

4.03±0.32

5.12±0.26

12.69±0.80

7.09±0.32

6.09±0.46

3.62±0.49

9.14±0.60

EXTRACTIVES

2.64±0

3.61±0.11

4.30±0.41

5.30±0.37

4.27±0.00

3.91±0.07

2.26±0.14

5.41±0.11

LIGNIN

22.69±0.12

21.77±0.10

17.47±0.51

19.92±0.79 20.72±0.56 22.29±0.47 14.37±1.79 17.59±1.03

ARABINOSE

2.83±0.05

0.88±0.31

0.62±0.22

0.63±0.29

XYLOSE

24.95±1.26

20.24±0.00

11.91±0.31

11.14±1.74 12.62±1.02 13.92±1.03 15.06±1.20 10.83±1.24

GLUCOSE

40.71±0.20

40.50±0.02

27.37±0.07

25.17±1.64 40.03±1.34 35.10±0.16 35.32±1.80 28.96±0.02

MANNOSE

ND

ND

ND

SOLID REMAININGS

100.00

92.24±0.71

66.8±1.32

ND

1.48±0.09

ND

1.58±0.23

ND

1.91±0.25

ND

1.71±0.05

ND

74.85±2.14 86.20±1.12 82.89±2.35 72.39±4.41 73.65±1.14

CONCLUSIONS
Higher delignification (37%), cellulose digestibility (65%), and hemicellulose digestibility (43%) was observed with 3% Tween 80 at 1:0.5:20 (biomass: ammonium hydroxide: water ratio). Approximately,
87% glucan and 60% xylan remained on the fiber post pretreatment. No significant amounts of organic acids, HMF and furfurals were detected in the liquid streams post pretreatment and enzyme
hydrolysis.

REFERENCES

CONTACT INFORMATION

1. Aita, G.A., Salvi, D.A., Walker, M.S. 2011. Enzyme hydrolysis and ethanol fermentation of dilute ammonia pretreated
energy cane. Bioresour Technol, 102(6), 4444-8.
2. Kurakake, M., Ooshima, H., Kato, J., Harano, Y. 1994. Pretreatment of Bagasse by Nonionic Surfactant for the
Enzymatic-Hydrolysis. Bioresour Technol, 49(3), 247-251.
3. Yang, B., Wyman, C.E. 2008. Pretreatment: the key to unlocking low-cost cellulosic ethanol. Biofuels Bioproducts &
Biorefining-Biofpr, 2(1), 26-40.

*Dr. Giovanna Aita, gaita@agcenter.lsu.edu

ACKOWLEDGEMENTS
The authors would like to thank Dr. Lee Madsen
and Ms. Chardcie Verret from the Audubon Sugar Institute for their
analytical support.

