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ABSTRACT 

 
The efficiency of biomass enzymatic hydrolysis depends on the pretreatment methods applied, 

the initial feedstock composition and the enzyme cocktail used to release sugars, used for subsequent 

fermentation. In this study, sugarcane bagasse was pretreated with 0.5%, 2% and 4% concentrations 

of sulfuric acid. The biomass composition after this process was investigated to evaluate the influence 

of the severity of the pretreatment on the release of sugars and other compounds which are known to 

be inhibitors, such as aliphatic acids (levulinic, acetic and formic) and furan derivatives. Despite a 

reduction of almost 80% of the hemicellulose fraction with the pretreatment with 4%, the xylose 

release was close to the one in the pretreatment with 0.5% of acid. The concentration of inhibitors in 

however, increased five times, and can affect saccharification and fermentation.  
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INTRODUCTION 

 

Emerging applications in industrial biotechnology are multiplying, mainly due to  the 

use of enzymes in biofuel production and waste treatment of lignocellulosic matrices 

(Mansour et al., 2016). Lignocellulosic biomass is the world’s most abundant renewable 

feedstock (Jarvis, 2003), and has the potential to be converted to a number of different fuels 

and chemicals (Jorgensen et al., 2007). Production of ethanol from lignocellulosic biomass 

contains three major processes, including pretreatment, hydrolysis, and fermentation.  

The pretreatment process is required to break down the biomass structure and increase 

the accessibility of the enzymes, enhancing the bio-digestibility of the wastes (Taherzadeh et 

al., 2008, Mirahmad et al., 2010). This step allows changing the structure of the 

lignocelluloses, as well as increasing the surface area and porosity of biomass; modifying and 

removing the lignin, removing the hemicelluloses, and reducing of the cellulose crystallinity 

(Zhang et al., 2009). A wide variety of pretreatment methods have been studied; however 

these methods are typically specific to the biomass and enzymes employed (Xu et al., 2014).  

Dilute acid pretreatments are normally used to degrade the hemicellulosic fraction, and 

common due to the fact that the used acids are commonly available (Maitan-Alfenas et al., 

2015a). The disadvantage of acid pretreatments is the formation of furan and short chain 

aliphatic acid derivatives, which are considered inhibitors in microbial fermentation (Hendriks 

et al., 2009; Kumar et al., 2009; Liu et al., 2009). 
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The generation of by-products from the pretreatment is strongly dependent on the 

feedstock and the pretreatment method. The substances include phenolic compounds, 

aliphatic acids, furan aldehydes or other fermentation products (Jonsson et al., 2013). 

Most biofuels are produced from first generation substrates including sugarcane, corn, 

sugar beet, etc. that directly compete with food production. For this reason, more attention has 

been given to the development of biofuels from agricultural residues such as corn stover, 

wheat straw, rice straw and sugarcane bagasse. First generation biofuels are produced from 

simple vegetal components including sucrose and starch, while second generation biofuel 

production requires the conversion of lignocellulosic biomass into simple sugars (Maitan-

Alfenas et al., 2015b). 

Few studies evaluate the effect of different acid concentration in the pretreatment. In 

this study, 0.5%, 2% and 4 % concentrations of sulfuric acid are tested. The aim of this work 

was to investigate the influence of these methods on the hydrolysis of sugarcane bagasse, and 

also to compare the formation of inhibitors for the fermentation, such as formic, acetic and 

levulinic acids, and 5-(hydroxymethyl-)-2-furaldehyde or hydroxymethylfurfural (HMF). 

 

MATERIAL AND METHODS 

 

Sugarcane bagasse was washed and dried in an oven at 70
o
C, until reaching a constant 

mass, after which it was milled (particle size less < 1 mm) and subject to acid pretreatments, 

with 0.5%, 2% and 4% concentrations of sulfuric acid. They were used to pretreat the milled 

sugarcane bagasse samples at a solid loading of 10% (w/v). The process was performed in an 

autoclave at 120
o
C for 60 minutes. Pretreated materials were separated into solid and liquid 

fractions using a Buchner funnel fitted with filter paper.  

In order to determine the bagass composition before and after the pretreatment, 3 g of 

milled samples were extracted with 95% ethanol for 6 hours in a Soxhlet apparatus. Extracted 

samples were hydrolyzed with 72% (w/w) sulfuric acid at 30
o
C for 1 hour, as described by 

Ferraz et al. (2000). Solids were dried to a constant weight at 105
o
C, from which the insoluble 

lignin content was determined. Soluble lignin in the filtrate was determined by UV 

spectroscopy at 205 nm. An absorptivity value of 105 g/L cm was used to calculate the 

amount of acid-soluble lignin present in the hydrolysate. 

The liquid fraction was analyzed in High-performance liquid chromatography (HPLC) 

on a system consisting of a Aminex HPX-87H column, with the mobile phase flow rate of  

0.4 mL/min and temperature of 60 
o
C for sugars (glucose and xylose), and flow rate of  

0.6 mL/min and temperature of 30 
o
C for aliphatic acids (formic, acetic and levulinic) and 

HMF (Ximenes et al., 2010, adapted). 

 

RESULTS AND DISCUSSION 

 

After acid pretreatment, the sugarcane bagasse was filtered and the solid fraction was 

dried for moisture content determination and compositional analysis (Table 1). This 

pretreatment was able to remove a significant part of the hemicellulose fraction, more 

strongly as more severe was the acid concentration. For the lignin content, these pretreatments 

did not result in a discrete change in the amount. 

Treatment with 4% of sulfuric acid released almost 80% of the hemicellulose portion, 

whereas the concentration of xylose did not significantly increase the liquid portion. Both 
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pretreatments presented xylose as the main sugar detected in the liquid fraction. Canilha et al. 

(2011) found the highest bagasse solubilization when the pretreatment was performed with 

2.5% (w/v) sulfuric acid at 150
o
C for 30 minutes, which led to extensive hemicellulose 

removal (41.7%), but the amount of xylose recovered in the liquid fraction did not exceed in 

57.6% the maximum theoretical value. 

 

Table 1- Compositional analysis of the raw the pretreated sugarcane bagasse (SCB) 

Sample Solid fraction (%) Liquid fraction (g/L) 

Lignin Cellulose Hemicellulose Total Xylose Glucose 

SCB 23.910.07 41.250.18  27.620.50 930.56 - - 

SCB acid 0.5% 26.950.31 46.760.42 17.820.26 920.75 19.231.45 1.570.09 

SCB acid 2% 33.700.41 49.200.07 6.760.12 900.31 20.620.66 2.090.06 

SCB acid 4% 36.110.41 50.870.82 5.210.03 920.79 22.091.25 2.690.13 

 

Figure 1 shows the inhibitors formed during the pretreatment. Under the acidified 

conditions, the pentoses and uronic acids resulting from hemicellulose hydrolysis undergo 

dehydration, with formation of 2-furaldeyde, while the hexoses are dehydrated to 5-

hydroxymethyl-2-furaldehyde (Jonsson et al., 2016). Under severe pretreatment conditions, 

such as long reaction time and high temperature and acid concentration, HMF is more easily 

degraded to levulinic and formic acids (Fengel et al. 1989). Acetic acid, on the other hand, is 

not a sugar degradation product, but a result of the hydrolysis of the acetyl groups of 

hemicellulose. 

 

 

 

 

 

Figure 1 – 

Concentration of inhibitors 

generated during the 

pretreatment at different 

sulfuric acid concentration 

 

 

 

 

The data show that in the pretreatment of 4% of H2SO4, the increases were 550%, 

400% and 200% for the formic acid, levulinic acid and HMF, respectively, when compared 

with the pretreatment of 0.5% of dilute acid. The large amount of these components affects 

the saccharification and fermentation process, because it inhibits the enzymes. 

Aguilar et al. (2002) hydrolyzed the sugarcane bagasse with 2% of H2SO4, at 122
o
C 

for 24.1 minutes and obtained 3.65 g/L of acetic acid. Cheng et al. (2008) worked at 1.25% of 

acid for 2 minutes and the amount of acid obtained was 4 g/L. The treatment used in this work 

is considered more severe, but, in comparison to the previously quoted, releases less 

inhibitors. 
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CONCLUSIONS 

 

Pretreatment is a fundamental step in the conversion of lignocellulose to fermentable 

sugars, due to the crystallinity of cellulose. Despite the higher hemicellulose solubility having 

been achieved in the pretreatment with 4% concentration of sulfuric acid, the free sugars for 

fermentation did not show significant difference, but the inhibitors increased at a considerable 

rate, which can be studied for knowledge of their influence on further steps. 
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