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Abstract - Results are presented on the hot water prehydrolysis of sugar cane bagasse for obtaining ethanol 
by fermentation. The experimental study consisted of the determination of the effect of temperature and time 
of prehydrolysis on the extraction of hemicelluloses, with the objective of selecting the best operating 
conditions that lead to increased yield of extraction with a low formation of inhibitors. The study, carried out 
in a pilot plant scale rotational digester, using a 32 experimental design at temperatures of 150-190°C and 
times of 60-90 min, showed that it is possible to perform the hot water prehydrolysis process between 
180-190°C in times of 60-82 min, yielding concentrations of xylose ≥ 35 g/L, furfural ≤ 2.5 g/L, phenols from 
soluble lignin ≤ 1.5 g/L, and concentrations ≤ 3.0 g/L of hemicelluloses in the cellolignin residue. These 
parameters of temperature and prehydrolysis time could be used for the study of the later hydrolysis and 
fermentation stages of ethanol production from sugar cane bagasse. 
Keywords: Ethanol cellulosic; Alcoholic fermentation; Water prehydrolysis. 

 
 
 

INTRODUCTION 
 

The conversion of lignocellulosic materials to 
ethanol by biochemical means consists of the 
following stages (Lynd et al., 2002): 

1. Pretreatment, to make the material more 
susceptible and accessible for the next stages. 

2. Prehydrolysis, that releases and extracts the 
hemicelluloses contained in the material. 

3. Hydrolysis, to transform the cellulose and 
hemicelluloses to hexoses and pentoses. 

4. Fermentation of the hexoses and pentoses to 
ethanol. 

5. Separation and concentration of ethanol. 
The two critical stages in the technical-economic 

efficiency of the process of obtaining ethanol from 
lignocellulosic biomass are pretreatment and 
prehydrolysis. They can be decisive for the 
feasibility of the process of biochemical conversion 

of the sugars to ethanol (Zhui et al., 2008; Mabee et 
al. 2006). 

The composition of lignocellulosic materials is 
complex and they have a difficult structure to 
penetrate and attack with chemical agents, requiring 
a pretreatment in order to “break” this structure and 
facilitate the later processes (Hahn-Hagerdal et al., 
2006).  

None of the proposed pretreatment-prehydrolysis 
methods can be applied in generic form to the 
different raw materials (Claassen et al., 1999).  

The selection of an efficient pretreatment-
prehydrolysis process, according to the characteristics 
of the lignocellulosic material, results in conversion 
rates of cellulose hydrolysis to glucose of more than 
90% (w/w) of the theoretical yield (Wyman et al., 
2005). 

Steam explosion is the method most employed for 
the prehydrolysis of lignocellulosic materials. In this 
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method, the biomass undergoes treatment with vapor 
at high temperature and pressure and later on a quick 
decompression is carried out, which causes the 
explosion of the cellular tissue and the separation of 
its components to a certain extent that facilitates the 
later hydrolysis (Sun and Cheng, 2002). The addition 
of H2SO4, SO2, and CO2 improves the later 
hydrolysis (Morjanoff and Gray, 1987). Its main 
disadvantage is the formation of inhibitors of the 
fermentation (Klinke et al., 2004).  

Another prehydrolysis is the Ammonia fiber 
explosion AFEX. In this process, the material 
undergoes the attack of liquid ammonia at high 
temperature and pressure and later a quick 
decompression is carried out. This process does not 
generate inhibitors of the fermentation (Mes-Hartree 
et al., 1988).  

Ozone can also be used for the prehydrolysis of 
lignocellulosic materials. The prehydrolysis with ozone 
has the advantage of being carried out at ambient 
temperature and atmospheric pressure and does not 
generate inhibitors (Vidal and Molinier, 1988). 

Dilute acids are used in a satisfactory way for 
prehydrolysis. Dilute sulfuric acid allows one to 
achieve high reaction velocities and improves the 
hydrolysis of cellulose in a significant way (Wyman 
et al., 2005).  

In general, two prehydrolysis processes are used 
with diluted acids. High temperatures (>160°C) 
continuous processes with a low content of solids  
(5–10%) (Kádár et al., 2007) and low temperatures, 
(<160°C) in a discontinuous mode with high contents 
of solids (10–40%) (Esteghlalian et al., 1997). Studies 
of Liu and Wyman (2003) showed that an increment 
of the rate of flow improves the extraction of 
hemicelluloses and lignin in the prehydrolysis with 
hot water at pressure or very diluted sulfuric acid and 
high temperatures.  

In the case of biological pretreatment, white, brown 
and other fungus have been used for the degradation of 
lignin and hemicelluloses in lignocellulosic materials 
(Jacobsen and Wyman, 2002). 

The biodegradation of lignin can be catalyzed 
with the enzyme peroxidase in the presence of H2O2 
(Azzam, 1989). The prehydrolysis of sugar cane 
bagasse with H2O2 (Bjerre, 1996; Brienzo et al., 
2009) and the Mild Alkaline/Oxidative process 
(Cheng et al., 2008) significantly improves its 
susceptibility to enzymatic hydrolysis (Bjerre, 1996). 

Several studies of sugar cane bagasse hydrolysis 
with H3PO4 , HNO3 and other dilute acids are 
presented (Gámez et al., 2004, 2006; Rodríguez-
Chong et al., 2004; Lavarack et al., 2002; Martín, 
2002; Laopaiboon et al., 2010 ; Canilha et al., 2008).  

At the present time, the biggest contribution to the 
cost of the process is the cost of the enzymes, but with 
the new developments that are being occurring in this 
field, the cost of the enzymes will diminish 
significantly. In 2012, the most expensive stage will be 
the pretreatment- prehydrolysis (Zhui et al., 2002).  

This report presents the results of a study of the 
stage of hot water prehydrolysis of sugar cane 
bagasse for obtaining ethanol by the biochemical 
way. At temperatures over 150°C, water acts as a 
weak acid which, together with the formation of 
organic acids during the prehydrolysis, makes this 
process in effect a dilute acid prehydrolysis process.  

The objective of the study of the water 
prehydrolysis process of sugar cane bagasse was to 
find the optimum values of temperature and time in 
the range studied of these parameters to obtain the 
highest extraction of hemicelluloses (xylose) into the 
liquid phase (≥35 g/L), with the minimum content of 
furfural and hydroxymethylfurfural (≤2.5 g/L) and 
lignin (as phenolic compounds ≤1.5 g/L) and a 
maximum extraction of hemicelluloses (≤3% in the 
cellolignin solid residue).  
 
 

MATERIALS AND METHODS 
 

Integral sugar cane bagasse, bulk stored in an 
experimental pile one meter high with 3 months of 
age from the Sugar Mill “Manuel Fajardo” in 
Habana Province, Cuba, was used in the 
experiments. Representative samples of one 
kilogram were taken at different heights. The 
chemical composition (cellulose, pentosans, lignin, 
extractives and ash) was determined by the TAPPI 
(Technical Association of Pulp and Paper Industries) 
Testing Procedures in all cases (TAPPI, 1988).  
 
Prehydrolysis Process 
 

The bagasse water prehydrolysis study was 
carried out in an 18 L stainless steel rotational 
digester with electrical heating and temperature 
control up to 200°C.  

The water prehydrolysis experiments were 
performed following a 32 factorial experimental 
design in order to study the effect of temperature and 
time on the composition of the prehydrolysis liquor 
(xylose, furfural and hydroxymethylfurfural, 
phenolic compounds from lignin extraction and 
glucose from cellulose hydrolysis) and the content of 
hemicelluloses in the cellolignin solid residue. The 
levels of the factors were chosen taking into account 
previous results (Hernández et al., 2008).  
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The hydromodule was fixed at 6, which 
represents the relationship in weight between the 
water solution and the solid phase (dry bagasse). The 
bagasse has 68% humidity, which has to be taken 
into consideration for the calculation of the amount 
of water to be added to the digester to fix the 
hydromodule.  

The sugar cane bagasse (integral, 28% pith) was 
added to the rotary digester and the calculated 
quantity of tap water added to achieve a final 
hydromodule of 6. The final volume of the 
digester was 10 L and the concentration of bagasse 
200.0 ±0.4 g/L. 

The temperature elevation time (to get to         
150-190°C) was 20 min (not considered in the 60, 75 
or 90 min of prehydrolysis time). At the end of the 
prehydrolysis, the digester was allowed to cool at 
room temperature  

The content of the digester (cellolignin) was 
filtered through a 200 mesh wire sieve in order to 
separate the solid phase, which was washed with 5 
portions of 200 ml of water and dried at 105°C until 
constant weight. The liquid phase (prehydrolysis liquor 
and wash waters) is a greenish yellow liquid rich in 
xylose and other sugars and organic acids like acetic, 
phenolic compounds (lignin derivatives) and furfural.  
 
Analytical Methods 
 
Xylose and Glucose (Cheng et al. 2008) 
 

The liquid samples were analyzed by HPLC, 
equipped with RI detectors. Glucose and xylose were 
analyzed using the refractive index detector and an 
Aminex HPX-87 H column at 65°C with 5 mM 
H2SO4 as mobile phase at 0.8 ml min-1. 

 
Furfural, Hydroxymethylfurfural and Soluble 
Phenolic Compounds (Soluble Lignin) (Martínez 
et al. 2000). 
 

The samples of the prehydrolysis liquor were 
neutralized and filtered. The concentration of a 
mixture of furfural and hydroxymethylfurfural was 
determinated by UV spectroscopy with a UNICAM 
8700 spectrometer (Pye Unicam, England) at 276 nm. 
Soluble phenolic compounds formed from lignin 
were determined at 280 nm.  
 
Hemicelluloses in Cellolignin 
 

The TAPPI official method T223om-82, based on 
the conversion of pentoses hydrolysed from 
hemicelluloses in furfural by HCl, was used. In the 

case of sugar cane bagasse, because almost all the 
hemicelluloses are constituted by pentoses, this value 
is usually taken as the hemicelluloses content. 
 
Statistics 
 

Each data point reported is an average of five 
replicate tests. The 95% confidence interval of       
the mean value was calculated by the expression      
∆ = Sxt(0.975) /n1/2, where ∆ = confidence interval for 
the sample mean (±), Sx = sample standard 
deviation, t = Student’s t distribution with n-1 
degrees of freedom and n = number of samples/tests. 
 
 

RESULTS AND DISCUSSION 
 

The chemical composition of integral sugar cane 
bagasse is shown in Table 1. The contents of cellulose, 
pentosans, and lignin are in the range reported in the 
literature. (Gálvez et al. 2000 ; Triana et al. 2008). 

The results of experimental design are presented 
in Table 2. There is an increment in the 
concentration of xylose extracted from the 
hemicelluloses fraction of the material with the 
increment of temperature and time in the range 
studied. The main component of sugar cane 
hemicelluloses is xylose, although other 
monosacharides like arabinose, galactose, and others 
are present (Laser et al., 2002; Ferreira-Leitao et al., 
2010). The effects of temperature and hydrolysis 
time on the concentration of xylose are presented in 
Figure 1. Concentrations of xylose between 24 and 42 
g/L are achieved under the conditions studied. Taking 
into account that the concentration of xylose in 
bagasse is 25.9% (considering that all the pentoses are 
xylose) (Table 1) and the concentration of bagasse in 
the prehydrolysis liquor is 200 g/L, the maximum 
concentration of xylose that could be achieved is   
51.8 g/L. The results in Table 2 shows that a xylose 
extraction yield (24.5-42.5 g/L) between 46 and 81% 
was achieved. Other authors (Gámez et al., 2004, 
2006), using 4% H3PO4 and 300 min at 122°C in the 
prehydrolysis of sugar cane bagasse reported 
obtaining 17.6 g of xylose/L; 2.6 g of arabinose/L; 
3.0 g of glucose/L and 1.2 g furfural/L. Rodríguez-
Chong et al. (2004) performed the hydrolysis with  
6% HNO3 and 9.3 min at 122°C. Using these 
conditions, 18.6 g xylose/l; 2.04 g arabinose/l; 2.87 g 
glucose/L; 0.9 g acetic acid/L and 1.32 g furfural/L 
were obtained. In these two cases, the prehydrolysis 
were performed at lower temperatures, which explains 
the low extraction of xylose in spite of the relatively 
high concentration of acid. 
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Table 1: Composition of integral sugar cane bagasse 
 

Component Composition %  
(w/w) 

Analytical Method 
TAPPI 

Cellulose 46.4±0,2 Cross and Bevan T17m-70 
Pentosans (Hemicelluloses) 25.9±0,4 T223om-82 
Lignin 23.6±0,4 Lignin acid insoluble in wood T222 
Extractives 2.4±0,1 Extractive-freewood T12 
Ash 3.7±0,3 Ash content T211 (575°C) 

 
 

Table 2: Results of experimental design 
 

Run Temp. 
(0C) 

Time  
(min) 

Xylose 
 (g/L) 

Furfural(1)  
(g/L) 

Phenols (2)  
(g/L) 

Glucose  
(g/L) 

Hemicelluloses in 
cellolignin (%) 

1 150 60 24.5±0.1 1.4±0,1 0.30±0,03 2.6±0,2 5.1±0,3 
2 170 60 32.4±0,3 2.1±0,2 0.82±0,01 3.4±0,3 3.6±0,3 
3 190 60 35.4±0,3 2.5±0,2 1.20±0,04 4.3±0,3 2.3±0.1 
4 150 75 28.6±0,2 1.7±0,1 0.51±0,04 2.9±0,1 4.3±0,4 
5 170 75 34.3±0,3 2.4±0,3 1.12±0,03 3.7±0,1 3.3±0,2 
6 190 75 37.5±0,4 2.9±0,2 1.53±0,03 4.6±0,4 2.5±0,1 
7 150 90 30.9±0,3 1.6±0,1 0.73±0,04 3.3±0,2 3.9±0,3 
8 170 90 39.2±0,2 2.4±0,2 1.31±0,01 4.1±0,3 2.9±0,1 
9 190 90 42.5±0,3 3.7±0,3 2.04±0,04 4.8±0,4 2.1±0,3 

(1) Furfural and Hydroxymethylfurfural   (2) Soluble lignin 
 

 
Figure 1: Xylose concentration in the prehydrolysis liquor. 

 
 

Comparison of these results with those obtained 
using water prehydrolysis at higher temperatures 
(150-190°C), in which high concentrations of xylose 
are achieved, demonstrated that the effect of the 
temperature is more important for the efficiency of 
extraction and hydrolysis of xylose. 

Experimental trials of the dilute acid hydrolysis 
of bagasse hemicelluloses to produce xylose, 
arabinose, glucose, acid-soluble lignin (ASL) and 
furfural (Lavarack et al. 2002) were performed at 
80–200°C, hydromodules of 1:5–1:20, concentration 
of hydrochloric or sulfuric acid 0.25–8 wt% of the 

liquid and reaction times of 10–2000 min; yields of 
up to 220 mg xylose/g solid were achieved, which 
represents about 80% of the theoretical xylose 
available from the bagasse.  

Furfural and hydroxymethylfurfural (inhibitors of 
fermentation) are formed to some extent during the 
process because of the dehydration reaction of 
xylose and other hexoses. Concentrations are in the 
range of 1.4 – 3.7 g/L and increase with temperature 
and hydrolysis time (Table 2). Concentrations of 
furfural and hydroxymethylfurfural lower than      
2.5 g/L are obtained and considered acceptable by 
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different authors, because they can be easily 
removed by several methods (Martín, 2002; Vargas 
and Pereira, 2010; Balat et al., 2008; Lloyd and 
Wyman, 2003).  

Soluble lignin and other phenol type compounds 
are also inhibitors of the fermentation process and 
some quantities of lignin are solubilized during the 
prehydrolysis. In the present study, concentrations 
between 1.20 and 2.04 g/L were obtained, which 
represent 2.5-4.3% of the lignin present in bagasse 
(calculated from Table 1), results in accordance with 
others reported in literature (Martin, 2002 ; Neureiter 
et al., 2002; Robelo et al., 2009).  

Because of this fact, it is very important to keep a 
compromise between the temperature and time of the 
hydrolysis in order to obtain the maximum of xylose 
extraction with the minimum formation of furfural, 
hydroxymethylfurfural and phenol derivatives from 
lignin, which are inhibitors of the fermentation 
process. 

Keeping furfural and hydroxymethylfurfural at 
concentrations under 2.5 g/L is not expected to be a 
problem, because at temperatures above 180°C they 
will be almost completely eliminated by evaporation 
during the degasification step of the reactor. Phenol 
derivatives from soluble lignin are also fermentation 
inhibitors and their concentration should be keeping 
lower than 1.5 g/L in the prehydrolysis liquor. In the 
later stages of the prehydrolysis liquor purification 
process: neutralization, decantation, ion exchange, 
among others, the furfural, phenols and other 

impurities will decrease progressively to acceptable 
levels. 

During the prehydrolysis step, some quantity of 
cellulose (mainly amorphous and of low molecular 
weight) is hydrolyzed to glucose. Table 2 shows the 
concentration of glucose in the prehydrolysis liquor. 
The concentration increases with the temperature and 
prehydrolysis time. The presence of glucose in the 
liquor does not affect the forward fermentation 
process hydrolyzes the cellulose to glucose. The 
hemicelluloses that remains in the cellolignin after 
the prehydrolysis are presented in Table 2. 
Concentrations lower than 3% will be considered to 
be good results for the hemicelluloses extraction 
during the prehydrolysis process.  

The results of Table 2 were processed by a 
multiple regression program (Statgraph 5 Pro) and 
the regression equations are presented in Table 3. All 
the equations show correlations coefficients higher 
than 90%. Since the p-value of the ANOVA Table is 
lower than 0.01, there is a meaningful statistical 
relationship between the variables at a confidence 
level of 99%. 

In order to select the best values of temperature 
and time that give the better results in the 
prehydrolysis process, the expected values of the 
concentration of products in the final liquor were 
first established (Table 4). 

Using the regression equations and the expected 
values, the system of equations was solved in the 
studied range. Table 5 presents the solutions. 

 
Table 3: Regression equations 

 
 Regression Equations. R2 SEE(a) AME(b) 

Xylose Xylose = -27.48+0.261*Temp + 0.225*Time 95.05% 1.42 0.92 
Furfural Furfural = -5.54 + 0.036*Temp + 0.019*Time 90.89% 0.25 0.18 
Phenols phenol = -4.91 + 0.027*Temp + 0.019*Time 97.60% 0.09 0.07 
Glucose Glucose = -4.78 + 0.041*Temp + 0.021*Time 99.59% 0.06 0.04 
Hemicelluloses Hemicelluloses = 14.15-0.053*Temp-0.023*Time 95.48% 0.24 0.17 

(a)SSE- Standard Estimation Error, (b)AME- Absolute Median Error 
 

Table 4: Expected values 
 

Xylose ≥35 g/L 
Furfural ≤2.5 g/L 
Phenols ≤1.5 g/L 
Hemicelluloses ≤3.0 g/L 

 
Table 5: Solutions of the equations that satisfied the expected values. 

 
Temperature  

(°C) 
Time  
(min) 

190 60-63 
180 70-82 
170 ≥93 
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The solutions show that it is possible to perform 
the prehydrolysis process between 180-190°C in 
times of 60-82 min, fulfilling the expected values of 
xylose concentration with low concentrations of 
furfural and phenols from lignin and a low 
concentration of hemicelluloses in the cellolignin 
residue. Below 180°C, it is not possible to obtain 
the expected results in the range of variables 
studied.  
 
 

CONCLUSIONS 
 

The study performed on the pilot plant scale of 
the aqueous prehydrolysis of sugar cane bagasse 
using a 32 experimental design at temperatures of 
150-190°C and times of 60-90 min. showed that it is 
possible to perform the prehydrolysis process 
between 180-190°C in times of 60-82 min, giving 
concentrations of xylose ≥35 g/L with concentrations 
of furfural ≤2.5 g/L and phenols from soluble lignin 
≤1.5 g/L and a concentrations ≤3.0 g/L of hemicelluloses 
in the cellolignin residue.  

These parameters of temperature and 
prehydrolysis time could be used for the study of the 
later hydrolysis and fermentation stages of ethanol 
production from sugar cane bagasse.  
 
 

NOMENCLATURE 
 
UV  Ultraviolet  
HPLC  High performance liquid 

chromatography 
 

Hydromodule represents the relationship in 
weight between the water 
solution and the solid phase 
(dry bagasse). 
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