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Response surface for sugars extracted from lignocellulosic material
providing low energy expenditure

Obtenção da superfície de resposta para açúcares extraídos de
material lignocelulósico propiciando baixo gasto energético

Fabiana da Silva Pieta1; Reinaldo Aparecido Bariccatti2

Abstract
The objective of this work was the extraction of sugars from the sugarcane bagasse from the chemical
pretreatment with diluted sulfuric acid, with a factorial planning of 3 factors with two levels each. The levels
of 5 and 15 g for sample mass, two variations of 5 and 10% acid concentration and 25 and 50◦ C temperature
variations were adopted. The characterization of the hydrolyzate was done through the refractive index and
by high performance liquid chromatography. For the refractive index, the tests 3, 7 and 8 had the highest
amount of soluble solids extracted, being 13.005; 13.025 and 13.010 ◦Brix, respectively. According to the
effects obtained from the results of the refractive index, the only significant main effect is the increase in acid
concentration, which increases the refractive index. In the results obtained by liquid chromatography, we
were able to identify the presence of glucose, xylose and cellobiose in the solutions and the condition that
resulted in a higher extraction of sugars was: 15 g biomass, 10% acid concentration and temperature at 50 ◦C.
With the concentration of the acid in the upper limit (10%) the sugar extraction in this work was significant
with 13.025 gL−1.
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Resumo
Objetivou-se com esse trabalho a extração de açúcares do bagaço de cana-de-açúcar a partir do pré-tratamento
químico com ácido sulfúrico diluído, com um planejamento fatorial de 3 fatores com dois níveis cada. Foram
adotados os níveis de 5 e 15 g para massa da amostra, duas variações de concentração do ácido 5 e 10% e a
variação de temperatura 25 e 50 ◦C. A caracterização do hidrolisado se deu através do índice de refração
e por cromatografia líquida de alta eficiência. Para o índice de refração, os ensaios 3, 7 e 8 tiveram maior
quantidade de sólidos solúveis extraído, sendo 13,005; 13,025 e 13,010 ◦Brix, respectivamente. Segundo os
efeitos obtidos a partir dos resultados do índice de refração, o único efeito principal significativo é o aumento
da concentração de ácido, que aumenta o índice de refração. Nos resultados obtidos por cromatografia líquida,
conseguimos identificar a presença de glicose, xilose e celobiose nas soluções e a condição que resultou
numa maior extração de açúcares foi: 15 g de biomassa, 10% de concentração de ácido e temperatura a 50 oC.
Com a concentração do ácido no limite superior (10%) a extração de açúcares nesse trabalho foi significativa
com 13,025 gL−1.
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Introduction

Among the lignocellulosic materials, sugarcane
bagasse is one of the most prominent in Brazil, currently
it is used in boilers for co-generation of steam and electric
power (FERNANDES et al., 2017), but the use of this
residue for the production of liquid biofuels is an ex-
tremely favorable way for the final destination of biomass,
among them, second generation ethanol that has a promis-
ing potential (RAELE et al., 2014).

One of the advantages of sugarcane bagasse is that
it is available in large quantities and with minimal cost
in relation to transport (FERNANDES; MIGUEL, 2011).
According to data from Companhia Nacional de Abasteci-
mento - National Supply Company (CONAB, 2017), total
sugarcane ground in the 2017/2018 harvest was 646.4 mil-
lion tons, producing 26.12 billion liters of ethanol. dry
sugarcane bagasse, the yield varies between 158 and 335
L/ton (CARPIO; SOUZA, 2017).

According to MILANEZ et al. (2015), the second-
generation ethanol in Brazil has the potential to in-
crease productivity by up to 50% compared to the
current production, due to the efficiency and quantity of
these lignocellulosic materials. Regarding their structure,
lignocellulosic materials are composed of 32-50% cellu-
lose, 19-25% hemicellulose, 23-32% lignin, extractives
and ash, however depending on the species the proportion
of these components may vary (BRIENZO et al., 2004;
SUN et al., 2016).

The difficulty of converting the lignocellulosic ma-
terials into sugars is attributed to the chemical and
morphological characteristics and the pretreatment is
carried out with the purpose of increasing the surface
area of the biomass, increasing its porosity and reducing
the crystallinity of the cellulose (SANTOS-ROCHA et al.,
2017). Pretreatment with diluted sulfuric acid is responsi-
ble for promoting the dissolution of hemicellulose and the
formation of a solid fraction rich in cellulose and lignin
(ASSUMPTION et al., 2016).

However, effective pretreatment is characterized
by minimizing energy expenditure, avoiding physical
treatment of biomass and having a low cost reagent,
thus reduc-ing these steps for the treatment of biomass
is necessary to have a lower cost, lower environmen-
tal impact and higher yields in obtaining biofuels
(SILVEIRA et al., 2015).

The objective of this work is the extraction of
sugars from sugarcane bagasse from the chemical pretreat-
ment with diluted sulfuric acid, with factorial planning

of 3 factors with two levels each. The levels of 5 and
15 g for sample mass, two variations of 5 and 10% acid
concentration and 25 and 50 ◦C temperature variations
were adopted. Quantification of the hydrolyzate was done
through the refractive index and by high performance liq-
uid chromatography.

Materials and methods

Specifications and preparation of biomass

For the study, sugarcane bagasse was used, which was
sold by establishments selling sugarcane juice in the city
of Cascavel, PR, Brazil (24◦ 57’ 21" S, 53◦ 27’ 19" W
and 781 m altitude). The analyzes were carried out at the
Biodiesel Laboratory at the State University of the West
of Paraná (UNIOESTE), Cascavel campus.

For the washing stage, the biomass was allowed to
stand for 2 hours in distilled water, after which it was
dried in an oven with forced air circulation for 12 hours at
65 ◦C.

The last step was the adequacy and standardization
of bagasse size for pre-treatment. In the present work the
particle size was determined approximately 5 cm and later
ground in a domestic processor for better reduction of
particle size and surface area increase.

Acid pretreatment

For the acid pretreatment the diluted sulfuric acid
was used, the concentrated acid solution was diluted in
acid/water ratios 1:10; 1:15 and 1:20 (v/v) and used with-
out standardization.

The acid pretreatment procedure was carried out with
variations in temperature, acid concentration and amount
of raw material in order to determine which operating con-
dition was most favorable to the solubilization of hemi-
cellulose. Pretreatment conditions were determined by a
literature review.

Thus, for factorial planning, the levels of 5 and 15
g for sample mass, two variations of 5 and 10% acid
concentration and 25 and 50 ◦C temperature variations
were adopted. The procedure was done in duplicate and
the solutions at the central point (10 g, 7.5%, 37.5 ◦C) in
triplicate were used to estimate the error.

Quantification and characterization of sugars

The total soluble solids content (TSS) allows to verify
the dilution or concentration of broths after processing.
Expressed in ◦Brix is the percentage, by weight, of total
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solids (sugars, polysaccharides, proteins, minerals) dis-
solved in the broth. The analyzes were performed in a
bench refractometer in duplicate. The equipment was cali-
brated with distilled water.

The characterization of the solutions was performed
on Shimadzu’s LC-20A Prominence equipment with Phe-
nomenex Rezex ROA-Organic Acid H + column (8%)
(300 x 7.8 mm) at 65 ◦C. The mobile phase consisted of a
0.005 N sulfuric acid solution (H2SO4), flowing 0.6 mL
min−1. The solution was diluted 1:10 (v/v) using ultra
pure water. The pH adjustment was done according to
the method of Sluiter et al (2008) with calcium carbonate
(0.23 g).

After filtration in Sep Pak C18 filter cartridges (for
removal of interferents) and then on 0.45 µm membrane
filter (for particle removal). The injected volume of the
solution was 20 µL. Carbohydrates (cellobiose, glucose,
xylose, arabinose) were quantified by the refractive index
detector (RID - 10A). For the quantitative analysis, stan-
dard curves were made, using the range of 0.05; 0.075;
0.15; 0.25; 0.35; 0.5; 1.0 and 1.5 (gL−1) for cellobiose,
glucose, xylose and arabinose. The analyzes were done in
duplicates.

The results were submitted to statistical analysis and
surface treatment of the effects of each variable, amount
of biomass, acid concentration and temperature on the
sugar concentration. Chemoface software (version 1.61)
was used, which enabled the response surfaces to be ob-
tained according to the studied variables, as well as the
significant effects, the p-value for regression and the lack
of adjustment.

Results and discussion

In the present work, the mass and temperature vari-
ables showed little influence on the extraction of the solu-
ble solids in relation to the acid concentration, which at
10% gave us a better result. In Table 1 we can see that
solutions 3, 7 and 8 stood out with 13.005; 13.025 and
13.01 ◦Brix, respectively. In solution 5 we obtained the
lowest extraction, with 6.56 ◦Brix.

In the study of Oladi and Aita (2017), in two varieties
of sugarcane bagasse, from a pre-treatment with ammo-
nium hydroxide, with temperature between 116-220 ◦C
for a time of 30-60 min, the obtained brix was (2% NaOH,
85 ◦C, 1 h and 10% H2SO4, 100 ◦C, 30 min) was obtained
by the use of a combined pre-treatment (cut, grind, boil)
80 and 50 ◦Brix, respectively.

There are a large variety of lignocellulosic biomasses,
so each one has its unique chemical combination, which
makes it difficult to find the proper method and condi-
tions (RAUD et al., 2015). However, if the conditions
provide high yield, minimum energy expenditure, being
sustainable and economically feasible, they are considered
efficient (SILVEIRA et al., 2015).

According to the effects obtained by the treatment of
the results, the only significant main effect is the increase
of the acid concentration, which increases the refractive
index (Brix) by 0.0051. However, the mass / acid, acid /
temperature and acid / mass / temperature interactions are
significant.

However, the increase of acid and mass decreases the
value of refraction index by -0.0046, since for acid in-
crease and temperature it increases the refractive index
of 0.0046 and lastly the effect between the interactions
of the 3 variables studied causes a increase of 0.0039 in
the mean value of the refractive index. In this sense, it
is important to emphasize that the operational conditions
of pre-treatments described in the literature, such as acid
concentration, temperature and mass vary widely.

Response surface

When analyzing the response surface for the extraction
of soluble solids, it can be seen that acid concentration and
mass in Figure 1 were the two main factors that interfered
in the extraction of the hemicellulosic hydrolyzate.

Figure 1 – Response surface for the amount of soluble
solids extracted as a function of the variables mass (g) and
acid concentration (%) at a temperature of 37.5 ◦C.

Source: The authors.

For these two independent variables, the higher level
(+1) of acid concentration and the lower level (-1) of
the mass quantity resulted in a hydrolyzate with a higher
amount of soluble solids, that is, the lower the mass and
higher acid concentration, more soluble solids were ex-
tracted.
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Table 1 – Mean and standard deviation of the soluble solids obtained by refractometer in ◦Brix.

Factors Upper limit (-) Bottom limit (+)

A - Mass (g) 5 15
B - Concentration (%) 5 10
C - Temperature (◦C) 25 50

Essay A B C ◦Brix

1 5 (-1) 5 (-1) 25 (-1) 7.03 ± 0.029
2 15 (+1) 5 (-1) 25 (-1) 12.54 ± 0.678
3 5 (-1) 10 (+1) 25 (-1) 13.005 ± 0.007
4 15 (+1) 10 (+1) 25 (-1) 7.035 ± 0.021
5 5 (-1) 5 (-1) 50 (+1) 6.56 ± 0.664
6 15 (+1) 5 (-1) 50 (+1) 7.035 ± 0.035
7 5 (-1) 10 (+1) 50 (+1) 13.025 ± 0.007
8 15 (+1) 10 (+1) 50 (+1) 13.01 ± 0.014
9 10 (0) 7.5 (0) 37.5 (0) 9.37 ± 0.0005

Source: The authors.

The temperature and acid concentration variables were
significant in the extraction of soluble solids, as shown in
Figure 2. It can be observed that when the temperature
and the acid concentration are in the upper level (+1),
the hydrolyzate has a higher percentage of extraction of
soluble solids.

Figure 2 – Response surface for the amount of soluble
solids extracted as a function of the variables temperature
(◦C) and acid concentration (%), with mass quantity in
10g

Source: The authors.

According to the data shown in Table 2, in the adjust-
ment of the op value value for the regression and the lack
of adjustment was lower than 5% (1.19x10−4, 4.22x10−8

respectively), due to the effect of the interactions of the
three variables which is significant, indicating that the
coefficients of the equation are adequate but there is a lack
of fit. Another effect that favored the lack of adjustment
is that at low temperature (25 ◦C), the duplicate had a
marked variation in its values and at higher temperatures
(50 ◦C), this does not occur, as was seen in Figure 2.

The results obtained show that the variables employed
in this study were significant, but the effects of acid con-

centration have a greater influence on extraction, followed
by mass and temperature.

Determination by high performance liquid chromatogra-

phy (HPLC)

Three solutions were characterized by HPLC: solu-
tions 3, 8 and the center point. Table 3 shows the mean
concentrations of monosaccharides and disaccharides
present in the hemicellulosic hydrolyzate obtained from
the pretreatment. According to the data obtained the pre-
treatment step provided a hemicellulosic hydrolyzate at
the central point of 3.515; 2.834 and 1.207 gL−1 of glu-
cose, xylose and cellobiose, respectively. For solution 8,
its composition was 8.138; 4.578 and 0.309 gL−1 of glu-
cose, xylose and cellobiose, respectively.

In the study by Assumption et al. (2016) performed
a pretreatment of 1.45% (v/v) H2SO4 at 105 ◦C for 75
minutes and obtained 3.93 gL−1 glucose and 0.91 gL−1

xylose. Suhardi et al. (2013) performed the acid pretreat-
ment using 3% (v/v) H2SO4 for 24 hours and the result
obtained was equivalent to 3.8 gL−1 glucose.

From the results presented, it is possible to affirm that
the pre-treatment used in this work was efficient in relation
to the availability of the cellulosic fraction, since there
was a significant amount of extracted sugars. It can be ob-
served that glucose and xylose present a greater amount,
being these sugars the ones that have greater relevance,
since the glucose is representative of the cellulosic frac-
tion, and the xylose is predominant in the hemicellulose
(ASSUMPTION et al., 2016). There was no arabinose in
any of the solutions analyzed.
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Table 2 – Analysis of variance for the surface adjustment.

Sun of squares Degrees of freedom Avarage sum of squares F p-value

Regression 2.77x10−4 6 4.61x10−5 10.5040 1.19x10−4

Residue 6.59x10−5 15 4.39x10−6

Lack of adjustment 6.11x10−5 2 3.05x10−5 82.1211 4.22x10-8

Pure error 4.83x10−6 13 3.71x10−7

Total 3.42x10−4 21

Source: The authors.

Table 3 – Mean concentration and standard deviation of the sugars glucose (glu), xylose (xyl) and cellobiose (cel)
present in the sugarcane bagasse hydrolyzate obtained by HPLC.

Essay Glu. (gL−1) Xyl. (gL−1) Cel. (gL−1) Total (gL−1)

3 0.435 ± 0.027 1.217 ± 0.054 1.652

8 8.138 ± 0.103 4.578 ± 0.179 0.309 ± 0.031 13.025

9 3.515 ± 0.020 2.83 4± 0.007 1.207 ± 0.058 7.556

Source: The authors.

Conclusion

The chemical pretreatment with sulfuric acid was ef-
ficient in extracting sugars from sugarcane bagasse and
the use of factorial planning (23) was of fundamental im-
portance to determine the best condition in the removal
of these compounds. The results obtained here indicate
that temperatures close to the environment are not suitable
for extraction (high dispersion), however, mean temper-
atures (50 ◦C) provided good extraction values with low
dispersion.

For the refractive index, solutions 3, 7 and 8 had higher
amount of soluble solids extracted and the only significant
main effect is the increase of acid concentration, which
increases the refractive index. In the results obtained by
liquid chromatography, the presence of glucose, xylose
and cellobiose were identified in the solutions and it was
concluded that the condition that resulted in a higher sugar
extraction was: 15 g biomass, 10% acid concentration and
temperature at 50 ◦C. With the concentration of the acid
in the upper limit (10%) the sugar extraction in this work
was significant, with 13.025 gL−1.
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