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Abstract			 

The present study shows the results of obtaining 
fermentable sugars using elephant grass (Pennisetum 
purpureum) feedstock. The concentration effect of acetic acid 
(CH3COOH) and sodium chlorite (NaClO2) was assessed on 
the removal of lignin hemicellulose complex. A comparison 
was made about method, using basic pretreatment with 
sodium hydroxide (NaOH) and hydrogen peroxide (H2O2). 
The Saccharification step is carried out by enzymatic 
hydrolysis method that is performed using cellulase 
and β-glucosidase. The results show in the case of 
pretreatment with NaClO2 and CH3COOH a percentage of 
saccharification of 80.87% compared to NaOH pretreatment 
with a percentage 56.82% and hydrogen peroxide with a 
percentage of 44.75%.

Keywords: Lignin; pretreatment; enzymatic hydrolysis; 
elephant grass; ethanol.

Introduction 

Petroleum and its subproducts are considered 
nowadays as one of the biggest pollutants worldwide. 
The production and usage of fossil fuels generates 
large amounts of carbon dioxide; these are emitted into 
the atmosphere and are cause of climate change and 
global warming. Therefore, it is necessary to investigate 
alternatives routed to the production of biofuels as 
commitment to the enforcement of Law 693 of 2001, “in 
which the laws typify the rules and code to use alcohols 
as fuels, creation of stimuli for the production, distribution 
and usage.”(Secretaría General de la Alcaldía Mayor de 
Bogotá D.C, 2001). At present, the technology to integrate 
a system for ethanol production, exists. However, one 
of the problems of first-generation ethanol production 
is focused on alimentary safety (FAO, 2012), which has 
ignited a great controversy regarding the risk generated by 
deciding between producing ethanol and producing food; 
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for which, actually, viable alternatives are being looked for 
to produce second-generation biofuels, since Colombia has 
a great potential, due to its large availability and variety of 
natural resources, like lignocellulosic materials. In general, 
lignocellulosic materials are resistant to ethanol conversion 
under the presence of lignine. Therefore, a pre-treatment 
is required to augment its biodigestibility and making 
the cellulose more accessible to the generation of simple 
sugars.  Of the lignine-hemicellulose mixture, a complex 
structure is created around the cellulose, which needs to 
be removed or modified to be able to make an efficient 
cellulose hydrolysis. For this, alkaline or acid aqueous pre-
treatments are applied. (Singh et al, 2014).  

In this study, Pennitesum purpureum is used as 
feedstock, its main advantages are that compared to other 
lignocelluloses, consists of a species that easily adapts 
to diverse characterizations of the soil. Furthermore, its 
structure is covered mainly of a hemicellulose-lignine 
network, with high biomass content. The stalk dimensions 
can reach values from 1.5 to 2.0 cm in diameter and can 
reach 3 meters high (Basso, et al. 2014). 

This research proposes the method of Sodium Chlorite 
delignification in acid media (CH3COOH), since it presents 
advantages in comparison to other inorganic acids, due to 
the easy recovery of it. Its production is low cost and can 
be obtained from through biological processes. Sodium 
Chlorite, in its place, it can degrade lignine into soluble 
products; it is important to mention that this reactive is 
very severe, degrading the cellulose chains to a certain 
point. A pre-treatment effectivity comparison was realized 
using Hydrogen  Peroxide and Sodium Hydroxide, in 
temperature and concentration regulated conditions.

Materials and Methods 

Materials 

Elephant grass (Pennisetum purpureum) was obtained 
from the city of Guacari, Valle del Cauca, in the hacienda 
“El Edén”, next to Guabas river. After the process of 
collection, the material was transported to the laboratory 
and then properly prepared and stored. 

Feedstock preparation 

Initially, the elephant grass was washed with water at 
room temperature filtered and dried at 60°C until its weight 

became constant to remove impurities. In a following step, 
the particle size reduction was achieved with a bladed 
grinder, until a size of 53 μm was measured.

Pretreatment with Acetic Acid and Sodium 
Chlorite

 

For the pretreatment trials, with CH3COOH AND 
NaClO2, a 2-3 factorial design was used with 2 more 
instances. The factors accounted for, are: Acetic Acid 
Concentration, (CH3COOH) 3M and 6M, Sodium Chlorite 
concentration, 2.0% and temperature. The grass was treated 
with a 1:1 CH3COOH and NaClO2; the solid to liquid 
ratio of 1:15. The pretreatment for 4 hours, in autoclave, 
according to the method proposed by Siqueira (Siqueira et 
al, 2012). The samples treated were filtered and cleansed 
with distilled water until neutral pH, were dried at a 
temperature of 50°C until constant weight; the resulting 
material was stored in sealed plastic bags in a dehumidifier. 
In table 1, the essay results can be appreciated. 

Table 1. Pretreatment tests with CH3COOH/NaClO2           

Concentration

Sample   NaClO2 
[%]      

CH3COOH 
[mol/L]   

Temperature 
[°C]

1 2.0 3.0 100

2 2.0 6.0 100

3 0.5 3.0 100

4 0.5 6.0  100

5 2.0 3.0  120

6 0.5 6.0  120

7 2.0 6.0  120

8 0.5 3.0  120

Oxidizing and alkaline pretreatment 

The alkaline pretreatment was realized according to 
the method proposed by Cardona (Cardona et al, 2014). 
The elephant grass was treated with a Sodium Hydroxide 
solution for 4 hours, in an autoclave, keeping a solid liquid 
ratio of 1:15. Each essay was duplicated; the different 
pretreatments are shown in table 2. After the alkaline 
pretreatment, the samples are filtered, washed with 
distilled water until neutral pH. The samples were dried 
until constant weight and stored in sealed plastic bags in a 
dehumidifier. 

The same procedure was executed with Hydrogen 
Peroxide, whose concentrations were 2.0% and 4.0% at 40°C 
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for 4 hours in an autoclave. The solution pH was fixed to 
an aproximate value of 11 with Sodium Hydroxide, 10.0M.  

                  Table 2. Pretreatment tests with Sodium Hydroxide	   

  Sample NaOH [%]     Temperature 
[°C]

       1 1.0           100

       2 2.0           100

       3 1.0           100

       4 2.0           120

Chemical composition of the samples 

Analysis regarding humidity content, percentage 
of extractive substances and the lignine content, of the 
nontreated, as well as the treated samples, were realized 
in compliance to NREL/TP-510-42618.  To determine the 
extractive percentage, a Soxhlet apparatus with 600 mL of 
Acetone, was used. 2 grams samples were weighed on 150 
mm No. 41 filter paper and was inserted in the extractor. 
The extraction refluxes were conducted for 6 hours. 
(Schoening, A and Johansson, G, 2006); Sluiter et al., 2008).  

To determine the amount of Lignine, a 0.3 gr sample 
was taken anhydrous, free of extractables, and was inserted 
in a 100 mL precipitation flask. 3 mL of 72% pure sulfuric 
acid were added and left to react for 1 hour. Subsequently, 
distilled water was added, until the concentration of 
the acid was reduced to 4%. The sample was inserted in 
an autoclave for 1 hour, at 120°C. Then, the sample was 
separated through a #3 Gooch filter. To determine the 
insoluble lignine, the sample was neutralized with distilled 
water and was dried at 100°C, until constant weight was 
achieved. To determine soluble lignine in the filtered 
water, absorbancy readings were taken at 205 nm, using as 
a reference, sulfuric acid at 4% and a 1100 mL-AU/g molar 
extinction coefficient (Schoening, A., y Johansson, G., 2006; 
Siqueira et al., 2012; Sluiter et al., 2008). 

To achieve anhydrous, extract-free cellulose 
determination, a mixture of ethanol and nitric acid, in a 
4:1 ratio, was added to 1.0 gr of sample, taken to reflux in 
water bath for 30 minutes and then, filtered. The residue 
was washed with hot distilled water for an hour, then with 
a saturated solution of Sodium Acetate, followed by hot 
distilled water. It was dried at 105°C , cooled in a dessicator 
and weighed (Hernado et al., 2009).

Thermal Properties 

These samples were analyzed thermogravimetrically: 
untreated Elephant grass, pretreated with CH3COOH/
NaClO2, NaOH and H2O2. Besides, to acquire a comparison 
criteria, a thermogravimetrical analysis of a commercially-
available cellulose sample. The thermograms were 
obtained in a DSC/TGA 2STAR SYSTEM, Mettler-Toledo, 
with a temperature range from 30°C to 600°C, with a 
heating rate of 10°C per min ¹, nitrogen ˉ supply (20 mL/
min ¹) and aluminum oxide crucibles with 8 mg of sample, 
aproximately.ˉ (Solorza et al., 2013; Zhang et al., 2014).

Enzymatic Hydrolysis

For the enzymatic hydrolysis, ß-glucosidase was 
used. Sigma Aldrich 49290 with enzymatic activity 6UI/gr 
(international units) and Trichoderma reesei ATCC 26921 
with an enzymatic activity of 700 EGU/gr (endoglucansa 
units). The hydrolysis took place in a thermostatic bath 
at 50°C in 20 mL test tubes. 0.5 gr samples of pretreated 
with NaOH, CH3COOH/NaClO2, H2O2 and commercially-
available cellulose are infused with 1000uL of celulase 
enzyme and 0.5 (500uL) of ß-glucosidase. The volume was 
raised to 10 mL with citrate tampon (50mM) and a 4.8 pH. 
Each essay was replicated 3 times. To determine the total 
reductor sugars, 500uL quotes were taken periodically 
at 1,2,3,6,12,24,48 and 72 hours, respectively (Cuadros y 
Celis, 2007). The concentration of total reductor sugars was 
determined by the DNS (3.5-Dinitrosalycillic acid) with 
glucose, as pattern. The concentration of reductor sugars 
was determined by absorbancy using a 540 nm wavelength, 
in accordance to the method proposed in 2010 by Rabelo 
(Rabelo, 2010).

Discussion and Results

Composition of the samples

In table 3 the composition of cellulose and lignine 
extracted from the treated and untreated samples are shown. 
The pretreatments conducted at the highest concentration 
and temperature. The fraction that corresponds to “others” 
includes compounds such as uronic acid groups, acetyl and 
traces along with minerals, waxes, fats, resins and gums 
(Cardona et al., 2014; Cuadros y Celis, 2007).

According to the results of table 3, it is observed that 
there is an increase in the cellulose content of the pretreated 
samples, due to the partial hydrolysis of lignine and 
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hemicellulose, (Rabelo, 2010; Cuadros y Celis, 2007). The 
NaOH pretreated samples presented a cellulose content of 
62.20% in comparison to the H202 treated samples (58.42%). 
Such raise in the cellulose content during the alkaline 

Table 3. Composicion of the samples

Sample Cellulose              
[%]

Lignin           
[%]

Extractives  
[%]

Others 
(%)

Without                     
Pretreatment 35.29 31.11 16.32 17.28

CH3COOH                       
6M/NaClO2                        

2%
58.42 11.68 10.23 19.68

H2O2 (4%,40°C) 59.62 11.43 10.94 18.02

NaOH (2%,120 °C) 62.20 8.44 3.91 25.45

pretreatments, resulted more efficient due to the high 
elimination of lignine, since it actuates on the ester bonds 
and N-glicosidic chains of lignine.(Cuadros y Celis. 2007; 
Rabelo, 2010).

Results of the pretreatment with CH3COOH/
NaClO2, alkaline and oxidant.

The data resulting from the removal of lignine in 
the essays conducted to the elephant grass samples with        
CH3COOH/NaClO2 is presented on table 4. On table 5, the 
results of the lignine removal  with NaOH and H2 O2 .

Table 4. Results of lignine removal pretreatment with CH3 COOH/NaCIO2

Sample NaClO2
CH3COOH 

[mol/L] Temp [°C] Lignine[%] Lignine        
removed[%]

1 0.5 6.0 100 17.1 45.00

2 2.0 6.0 100 12.24 60.67

3 0.5 3.0 100 12.84 58.72

4 2.0 3.0 100 16.57 46.73

5 0.5 6.0 120 8.48 72.73

6 2.0 6.0 120 11.68 62.46

7 0.5 3.0 120 10.96 64.77

8 2.0 3.0 120 13.67 56.07

The lignine removal from elephant grass with the use 
of  CH3COOH/NaClO2 shows that the removal percentage 
is higher (62.46% and 72.73%) at 6.0 M  CH3COOH 
concentrations and 120°C of temperature. Similar results 
were generated when treated with NaOH (72.86%) and H2O2 
(63.26%). All of them are coherent with the data obtained 
by Cardona (Cardona et al. 2014), whose percentages of 
lignine removal are in a range of 76.2% to 88.4%.

Table 5. Results of lignine removal alkaline pretreatment

Treat. Concentration 
[%] Temp [°C] Lignine[%] Lignine        

removed[%]

NaOH

H2O2

1 100 10.99 64.66

2 100 10.57 66.03

1 120 10.04 67.74

2 120 8.44 72.86

2 40 14.23 54.27

4 40 11.43 63.26
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Thermal properties

In figure 1 (a), thermal decomposition curves for 
commercially available cellulose and pretreated samples 
with acetic acid/sodium chloride at 3.0 M and 6.0 M, 
and the untreated sample are shown. In the figure 1b, 
a differential thermal analysis (b) obtained from acid 
pretreatment ( CH3COOH 6.0 M, Sodium Chlorite 0.5%, 
temperature 120°C), hydrogen peroxide (4% H2O2 at 40°C) 
and a sample of commercially available cellulose.

You can observe in figure 1b that the mass loss fore 
each one of the pretreated samples, starts at 75°C, which 
indicates water loss, except for the commercially available 
cellulose. The highest temperature peak for commercially 
available cellulose is 340°C, which is the degradation 
temperature for cellulose. The samples obtained from this 
research have a lower degradation temperature due to the 
presence of hemicellulose traces that were not removed 
during the pretreatment (Zhang et al, 2014).

Figure 1. (a) Thermo gravimetrical analysis cellulose elephant 
grass treatment with acid (b) Thermo differential analysis.

Figure 2. Variation of the ART with the enzymatic                                 
Hydrolysis time.

The ART results in function of enzymatic hydrolysis 
time for the pretreated samples, untreated samples and 
commercially available cellulose  are exhibited in figure 2.

The highest conversion of cellulose to glucose took 
place in the NaOH treated samples; the saccharification 
process presented a higher yield  in the samples treated 
with  CH3 COOH/NaClO2 (80.87%) in comparison to the 
NaOH treatment (56.82).

           Table 6. Percentage of saccharification of the pretreated samples	

Sample ART [%]

CH3COOH/NaClO2 80.87

NaOH 56.82

H2O2 57.06

Without pretreatment 44.75

Crystalline Cellulose 93.94

The cellulose has some ramifications denominated 
hemicelluloses, which gives the material an amorphous 
structure (Rabelo et al, 2011). Hemicellulose has a 
hydrophilic character, soluble in alkaline media and easily 
hydrolyzable in acid media. The lignine, that is the external 
layer is a polymer that contains aliphatic and aromatic 
compounds. It is completely amorphous and hydrophobic, 
soluble in alkaline media (Wörmeyer et al., 2011), (Zhang 
et al., 2014). 

Therefore, if hemicellulose is easily hydrolyzable in 
acid media, this pretreatment can contribute to an increase 
in the total reducing sugars.
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Conclusions

In accordance to the CH3 COOH/NaClO2 and NaOH 
pretreatments, the percentages of higher lignine removal 
were presented in high concentration acids, hydroxide and 
120°C of temperature.

The results evidence that even though the acid 
treatments allowed a good delignification with a 72.73% of 
removed lignine at 120°C, the higher percentages of removed 
lignine were obtained from the treatments conducted 
with an alkaline agent and hydrogen peroxide, denoting 
higher cellulose content to be hydrolyzed in the samples 
pretreated with sodium hydroxide (62.20) in comparison 
to the samples pretreated with hydrogen peroxide (59.62%) 
and acetic acid/sodium chloride (58.42%).

The acetic acid/sodium chloride pretreatment presents 
similar results regarding lignine removal in comparison 
to the sodium hydroxide pretreatment (72% of removed 
lignine). For the acetic acid case, the saccharification grade 
is 80.8% and for the sodium hydroxide is 56.0%, which 
indicates that the pretreatment with acid and sodium 
chlorite besides the removal of lignine, there is an increase 
of the amorphous regions in the cellulose of the elephant 
grass which leads to an increase in saccharification.
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