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Abstract

Sugarcane trash, an agricultural by-product, contained 16.21% neutral detergent 
soluble (NDS), 38.43% hemicellulose, 34.06% cellulose, 5.51% lignin and 5.79% ash on 
dry solid (DS) basis. After it was pretreated with 2%w/v NaOH followed by 2%w/v H2SO4 
in autoclave (121oC, 15 min), the content of cellulose, hemicellulose and lignin were 
73.17%, 7.21% and 3.41%, respectively. The pretreated sugarcane trash was used as  
substrate for ethanol production in separate hydrolysis and fermentation (SHF) and  
simultaneous saccharification and fermentation (SSF) processes, using commercial  
cellulase and Saccharomyces cerevisiae TISTR 5596 cells. The optimum conditions in  
a flask scale of SHF process (15% w/v substrate loading hydrolyzed with cellulase 50 
FPU/g DS at 50oC, pH 5.0 and fermentation at 30oC), and SSF process (20%w/v substrate 
loading, cellulase 50 FPU/g DS, hydrolysis and fermentation at 35oC,pH 5.0) were applied 
to compare the ethanol production in a fermenter. In the SSF process, the highest level of 
ethanol production was  57.75 g/L, which was 16.26% higher than that of SHF process 
(48.36 g/L). The SSF process was therefore provided a more efficient method for the  
utilization of sugarcane trash.
Keywords : cellulosic ethanol production, alkali-acid pretreatment, separate hydrolysis 
and fermentation (SHF), simultaneous saccharification and fermentation (SSF), sugarcane 
trash.

1.  Introduction

Currently, ethanol is increasingly used 
as an alternative to fossil fuels in the  
transportation sector [1]. Traditional fuel 
ethanol is produced from sugar cane, corn, 
and other kinds of starch, which are high in 
cost and lead to shortages and increases in 

the prices of food and feed. Value-added 
bio-products, such as fuel ethanol derived 
from efficient utilization of agro-industrial 
by-products, have attracted increased  
attention because of their use of abundant, 
renewable materials. The employment of 
proper bio-processing for the production of 
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fuel ethanol is a propitious method to reduce 
dependence on fossil fuel and decrease 
envi ronmenta l  problems.  Ethanol  
production from lignocellulosic biomass 
involves three core steps: i) pretreatment ii) 
enzymatic hydrolysis or saccharification 
and iii) fermentation. Hydrolysis of sugars 
followed by fermentation step is called 
separate hydrolysis and fermentation (SHF). 
As an alternative these hydrolysis and  
fermentation steps can be merged together 
in one process known as simultaneous  
saccharification and fermentation (SSF). An 
advantage of SHF is that enzymes and yeast 
can each operate at their optimal conditions, 
e.g. with respect to temperature, However, 
SHF has the disadvantage that inhibitory 
hydrolysis products accumulate, decreasing 
reaction rates [2]. In SSF, temperature is not 
optimal for cellulases and, therefore, the 
rate of hydrolysis is slow, but hydrolysis 
products can be consumed as they are 
formed due to fermentation, thus avoiding 
the inhibit ion seen with SHF [2].  
Furthermore, ethanol in the fermentation 
broth prevents significant microbial  
contamination. Other advantage of SSF is 
that the process integration of hydrolysis 
and fermentation in one reactor reduces the 
overall capital cost. There are a number of 
studies available related to SSF of  
pretreated lignocellulosic biomass. Most of 
these studies used S. cerevisiae as the  
fermentative organism at 30-35oC [2].

To determine better process for the 
ethanol production, SHF and SSF were 
performed on alkali-acid pretreated  
sugarcane trash using commercial cellulase 
and S.  cerevis iae  TISTR 5596 in  
a fermenter under the optimum condition 
from a flask scale.

2.  Materials and Methods

2.1  Raw material preparation and 
composition analysis

	 Sugarcane trash was collected 
from Khamphang-Phet province, Thailand. 
They were sundried and milled in Hammer 
mill, subsequently passed through 2 mm of 
screen size. The milled sugarcane trash were 
stored at room temperature and used as 
substrate in the experiments.

2.2  Enzyme
	 A commercial blended cellulase 

enzyme, derived from Trichoderma reesei. 
The enzyme containing of cellulase,  
β-glucosidase and hemicellulase, was used 
in enzymatic hydrolysis step.

2.3  Pretreatment 
	 Milled sugarcane trash 15%w/v 

were pretreated with 2%w/v of NaOH in an 
autoclave at 121°C, 15 lb/in2 for 15 min 
followed by 2%w/v of H2SO4, autoclaved at 
121°C, 15 lb/in2 for 15 min. After the  
mixtures were cooled down, they were then 
washed with water and adjusted to pH 5.0. 
The solid residue was then separated from 
the liquid fraction by filtering through  
muslin cloth. The solid residue was  
subsequently used as substrate for  
enzymatic hydrolysis.

2.4  SHF process
	 The separate hydrolysis and  

ethanol fermentation (SHF) was conducted 
in a 5-L fermenter under the optimal  
condition from the previous study in the 
flask scale [3]. Enzymatic hydrolysis was 
done using wet pretreated solid residue, 
washed with water and adjusted to pH 5.0. 
Commercial cellulase (50 FPU/g DS) was 
then added to the pretreated solid residue 
fraction and cultivated at 50°C, 160 rpm for 
48 hrs. Sugar hydrolysate from enzymatic 
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hydrolysis of pretreated sugarcane trash was 
used as substrate for ethanol production. 
The inoculum of S. cerevisiae TISTR 5596 
(107 cells/mL) grown in malt extract- 
glucose-yeast extract-peptone (MGYP)  
medium, was then inoculated into the sugar 
hydrolysate and cultivated at 30°C, 160 rpm 
[3]. Aliquots of samples were withdrawn 
and assayed for ethanol concentration,  
reducing sugar and cell number.

2.5  SSF process
	 The optimal condition of SSF  

process from flask scale (20%w/v solid 
loading, 50 FPU/g DS enzyme loading, 107 
cells/mL of S. cerevisiae TISTR 5596 and 
temperature 35oC) [4] was also used in the 
5-L fermenter.  Samples were periodically 
withdrawn for reducing sugar, cell number, 
and ethanol analyses.

2.6  Analytical methods
	 The contents of NDS, cellulose, 

hemicelluloses, lignin and ash were  
determined according to the method of Van 
Soest et al.[5]. Cell number was determined 
using haemacytometer. The reducing  
sugars were estimated by DNS method [6]. 
Ethanol concentration was analyzed using 
gas chromatography, Agilent 6890 series 
(Agi lent  GC system,  USA) using  
19091N-133 Innowax column and flame 
ionization detector. The activity of cellulase 
was measured according to the reference of 
Ghose [7].

3.  Results and Discussion

3.1 Chemical composition of raw 
material before and after pretreatment
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fermentation (SHF) process in flask scale, to 
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0.509 g/g sugar which was equal to 99.81% 
of theoretical yield were obtained by using 
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inoculum [3]. The optimal condition of SHF 
process from the flask scale was used in this 
study to production of ethanol in 5L 
fermenter (Figure 3). The results showed 
that the reducing sugar concentration of 128 
g/L after enzymatic hydrolysis and ethanol 
concentration of 48.36 g/L, productivity 
0.50 g/l/h which was equal to 99.39% of 
theoretical yield were obtained from the 
SHF process (Figure 4). We found that no 
significant difference in the overall ethanol 
yield of SHF process between the flask 
scale and the 5-L fermenter. 
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Figure 1. 	 Sugarcane trash

Sugarcane trash (Figure 1) on dry 
weight basis contained 16.21% NDS, 

34.06% cellulose, 38.43% hemicellulose, 
5.51% lignin, and 5.79% ash (Table 1). 
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Table 1.	The compositions of sugarcane trash before and after alkali-acid pretreatment.

Chemical composition
% dry weight

Before After
NDS* 16.21 15.69
Cellulose 34.06 73.17
Hemicellulose 38.43 7.21
Lignin 5.51 3.41
Ash 5.79 0.49

	           The data presented are mean for triplicate assays.     
	            *Neutral detergent solid.

The average chemical composition of 
pretreated sugarcane trash by alkali  
followed by acid was 15.69% NDS, 73.17% 
cellulose, 7.21% hemicellulose, 3.41% lig-

nin, and 0.49% ash (Table 1). In this study, 
alkali-acid pretreated sugarcane trash  
(Figure 2) was taken as the substrate for 
SHF and SSF processes.
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theoretical yield were obtained from the 
SHF process (Figure 4). We found that no 
significant difference in the overall ethanol 

yield of SHF process between the flask scale 
and the 5-L fermenter.

Figure 3.	 Ethanol production in a 5-L fermenter
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Figure 4 Ethanol production from sugarcane 
trash of SHF process in a 5-L fermenter. 
 
3.3 SSF process 
 
Also in the previous study, the  
simultaneous saccharification and 
fermentation (SSF) process in flask scale to 
obtain high ethanol concentration, was 
determined as substrate concentration 
20%w/v, enzyme loading 50 FPU/g 
substrate at 35oC and pH 5 for 72-96 hrs. 
Under these conditions, ethanol 
concentration of 50.14 g/L, productivity 
0.50 g/l/h were obtained by using 107 
cells/mL of S. cerevisiae TISTR 5596 as 
inoculum [4].  
The optimal condition of SSF process from 
flask scale was used to production of 
ethanol in 5-L fermenter. The results 
showed that the ethanol concentration of 
57.75 g/L, productivity 0.60 g/l/h were 
obtained from the SSF process in the 5-L 
fermenter (Figure 5). 
 

 
Figure 5 Ethanol production from sugarcane 
trash of SSF process in a 5-L fermenter. 
 
In order to solve the problem of mixing due 
to high solids level, the residual solid of the 
pretreated sugarcane trash was divided into 
three portions. The SSF experiment was 
started with inclusion of one third of solid in 
the starting fermentation broth and the 
remaining two portion were add at 12 and 
24 hrs. This approach helped with the 
mixing problem.  
 
4. Conclusions 
 
Comparison between separate hydrolysis 
and fermentation (SHF) and simultaneous 
saccharification and fermentation (SSF) 
found that SSF was more efficient for 
ethanol production than SHF, despite using 
a lower reaction temperature which was 
suboptimal for the enzyme hydrolysis 
reaction. The highest ethanol concentration  
57.75 g/L or 7.32%v/v was achieved when 
alkali-acid pretreated sugarcane trash was 
hydrolyzed with 50 FPU/g DS at 20% solid 
loading through a SSF process, which was 
16.26% higher than that of SHF process 
(48.36 g/L). 
 
 
5. Acknowledgements 
The authors are grateful thanks to Thai 
government and Thailand Institute of 
Scientific and Technological Research for 
supporting the research fund, equipment and 
laboratory supports. 
 

Time (h)

0 24 48 72 96 120 144

R
ed

uc
in

g 
su

ga
r 

(g
/L

)

0
10
20
30
40
50
60
70
80
90

100
110
120
130

E
th

an
ol

 (g
/L

)

0

10

20

30

40

50

60

C
el

l (
x1

0^
7)

 (c
el

l/m
L)

0

1

2

3

4

5

6

7

8

9

10

Time (h)

0 24 48 72 96 120

R
ed

uc
in

g 
su

ga
r 

(g
/L

)

0
10
20
30
40
50
60
70
80
90

100
110
120
130

E
th

an
ol

 (g
/L

)

0

10

20

30

40

50

60

C
el

l (
x1

0^
7)

 (c
el

l/m
L)

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Figure 4.	 Ethanol production from sugarcane trash of SHF process in a 5-L fermenter.

3.3 SSF process
	 Also in the previous study, the  

s imultaneous saccharif icat ion and  
fermentation (SSF) process in flask scale to 
obtain high ethanol concentration, was  
determined as substrate concentration 
20%w/v, enzyme loading 50 FPU/g  
substrate at 35oC and pH 5 for 72-96 hrs. 
Unde r  t hese  cond i t i ons ,  e thano l  
concentration of 50.14 g/L, productivity 

0.50 g/l/h were obtained by using 107 cells/
mL of S. cerevisiae TISTR 5596 as  
inoculum [4]. 

The optimal condition of SSF process 
from flask scale was used to production of 
ethanol in 5-L fermenter. The results 
showed that the ethanol concentration of 
57.75 g/L, productivity 0.60 g/l/h were 
obtained from the SSF process in the 5-L 
fermenter (Figure 5).
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Figure 3 Ethanol production in a 5-L fermenter

Figure 4 Ethanol production from sugarcane 
trash of SHF process in a 5-L fermenter.

3.3 SSF process

Also in the previous study, the
simultaneous saccharification and
fermentation (SSF) process in flask scale to
obtain high ethanol concentration, was
determined as substrate concentration
20%w/v, enzyme loading 50 FPU/g 
substrate at 35oC and pH 5 for 72-96 hrs.
Under these conditions, ethanol 
concentration of 50.14 g/L, productivity
0.50 g/l/h were obtained by using 107

cells/mL of S. cerevisiae TISTR 5596 as
inoculum [4]. 
The optimal condition of SSF process from
flask scale was used to production of
ethanol in 5-L fermenter. The results
showed that the ethanol concentration of
57.75 g/L, productivity 0.60 g/l/h were
obtained from the SSF process in the 5-L
fermenter (Figure 5).

Figure 5 Ethanol production from sugarcane 
trash of SSF process in a 5-L fermenter.

In order to solve the problem of mixing due
to high solids level, the residual solid of the 
pretreated sugarcane trash was divided into
three portions. The SSF experiment was
started with inclusion of one third of solid in 
the starting fermentation broth and the
remaining two portion were add at 12 and
24 hrs. This approach helped with the
mixing problem. 

4. Conclusions

Comparison between separate hydrolysis
and fermentation (SHF) and simultaneous 
saccharification and fermentation (SSF)
found that SSF was more efficient for
ethanol production than SHF, despite using
a lower reaction temperature which was
suboptimal for the enzyme hydrolysis
reaction. The highest ethanol concentration 
57.75 g/L or 7.32%v/v was achieved when
alkali-acid pretreated sugarcane trash was
hydrolyzed with 50 FPU/g DS at 20% solid 
loading through a SSF process, which was 
16.26% higher than that of SHF process
(48.36 g/L).
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Figure 5.  Ethanol production from sugarcane trash of SSF process in a 5-L fermenter.

In order to solve the problem of  
mixing due to high solids level, the  
residual solid of the pretreated sugarcane 
trash was divided into three portions. The 
SSF experiment was started with inclusion 
of one third of solid in the starting  
fermentation broth and the remaining two 
portion were add at 12 and 24 hrs. This 
approach helped with the mixing problem. 

4. Conclusions

Comparison between separate  
hydrolysis and fermentation (SHF) and  
s imultaneous saccharif icat ion and  
fermentation (SSF) found that SSF was 
more efficient for ethanol production than 
SHF, despite using a lower reaction  
temperature which was suboptimal for the 
enzyme hydrolysis reaction. The highest 
ethanol concentration  57.75 g/L or 
7.32%v/v was achieved when alkali-acid 
pretreated sugarcane trash was hydrolyzed 
with 50 FPU/g DS at 20% solid loading 
through a SSF process, which was 16.26% 
higher than that of SHF process (48.36 g/L).
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