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The second-generation ethanol production process proceeds in several stages. One of them is the pretreatment of
lignocellulosic materials, which consists in the disruption of vegetal fibers, promoting partial removal of lignin
and hemicelluloses. Pretreatment methods are of great importance to the effectiveness of the hydrolysis stage
due to the increase in accessibility of hydrolysis reagents to the interior of the fibers, improving the conversion
of lignocellulosic materials. In this study, a pretreatment of sugarcane bagasse was performed, involving milling
and ultrasound treatment in alkaline or acidic medium. After the pretreatments, the materials were submitted to
acid hydrolysis reactions. To evaluate the efficiency of the pretreatments, the amount of total reducing sugars (%
TRS) of the hydrolysis products were assessed. The best results were obtained for the alkaline pretreatment of
sugarcane bagasse, with almost 20% of TRS.
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INTRODUCTION

Sugarcane bagasse is one of the most important sub-products in sugar and alcohol mills in Brazil.
This material contains, on average, 40 to 50% cellulose, 15 to 25% hemicelluloses and 20 to 30%
lignin, as well as ash (composed mainly of SiO,) and other components.” These values vary
according to species, planting methodology, cutting season, etc. An estimate of CONAB (Brazilian
National Supply Company) indicated a sugarcane production of around 615 million tons in 2019,
which was expected to generate almost 180 million of tons of bagasse — an incredible source of
cellulose for obtaining glucose.® Thus, the pretreatment of sugarcane bagasse is one of the most
relevant stages in the process of biofuel production.

As cellulose has crystalline regions distributed in the fibers, its large conversion to glucose, by
means of hydrolysis, using clean and viable methods, is still a challenge. Cellulose fibers are strongly
bound to other constituents of the material, making them difficult to access by hydrolysis agents,
which cannot efficiently break the glycosidic bonds to release the monosaccharides.® Several
pretreatment methods (physical, chemical, biological or a combination of these methods) have been
proposed and developed, each one with its advantages and disadvantages.>”

Grinding is classified as a physical pretreatment and can be performed in several types of mills.
This process decreases the particle size of the solid material, increasing its specific surface area and
the rate of the reaction.®®

Some of the most common chemical pretreatments are based on the use of alkalis, such as sodium
hydroxide, as well as on the use of acids, such as hydrochloric or sulfuric acid.'**

Some researchers have demonstrated that cellulose saccharification was enhanced by using
sonication due to the intense vibration of the molecules, generating heat and causing structural
changes in the cellulosic fibers."*'* In some cases, the sonication changes the crystallinity and the
polymerization degree of cellulose, increasing the soluble fraction of the fibrils and reducing the chain
size.

In this context, this study aimed to evaluate the efficiency of a pretreatment (milling and sonication
in alkali or acid medium) of sugarcane bagasse in contributing to cellulose conversion to glucose,



during acid hydrolysis.

EXPERIMENTAL
Material
Sugarcane bagasse was provided by Biosev Industry, in Lagoa da Prata, Minas Gerais State, Brazil.

Sugarcane bagasse pretreatment

Sugarcane bagasse was milled in a Marconi® ball mill. After that, the material was classified
granulometrically by using sieves of 200, 100, 60 and 40 mesh. To evaluate the best results, acid hydrolysis of
all the materials, with different particle size, was performed and the %TRS (total reducing sugars) was
determined.

We used a pretreatment with a sonication frequency of 20 kHz and a maximum power of 150 W in acidic or
alkaline medium, with 5 g of sugarcane bagasse with a particle size of 40 mesh and 50 mL of HCI 2% (v/v) or
NaOH 5% (m/v) solution in a 250 mL Erlenmeyer flask. The experiment was conducted at room temperature in
an ultrasound bath ECEL (Alpha 3L e Alpha 3L PLUS) 50/60 Hz for 15, 30 and 60 min.

Acidic hydrolysis

After performing the pretreatments, the materials obtained were subjected to acid hydrolysis to obtain
monosaccharides. Acidic hydrolysis was carried out in a closed system, using a stainless steel batch reactor,
equipped with a magnetic stirrer, a pressure gauge and a temperature controller in an oil bath. Approximately 0.1
g of bagasse (pretreated or untreated) and 7 mL of 0.1% (v/v) hydrochloric acid solution were used. The reaction
was conducted at 170 °C for 60 min.

After the reaction, the reactor was rapidly cooled to room temperature with flowing water. The liquid phase
was collected by filtration, neutralized with 0.1% (m/v) NaOH solution and stored for further analysis.

Determination of total reducing sugars (TRS)

Total reducing sugar content (% TRS) of the neutralized hydrolysates was determined by the dinitrosalicylic
acid method (DNS), developed by Miller,™ with some adjustments.

The pretreated samples that had the best % TRS results were chosen for further analysis: X-ray diffraction (to
determine crystallinity), optical microscopy (to evaluate the physical changes in the fibers) and HPLC (to
determine the amount of glucose in the hydrolysates) were performed (Table 1). The choice of samples was
based on the %TRS values.

X-ray diffraction (XRD)

Pretreated and untreated sugarcane bagasse samples were analyzed by X-ray diffraction (XRD) in Shimadzu
XRD-6000 equipment, with Cu-Ka radiation (A = 1.5406 A) and 0.02° s step, using graphite crystal as
monochromator. The crystallinity index was calculated by an empirical method developed by Segal®® (Eq. 1):

I, = = —em 100

(1) - - - - -
where loy; is the maximum intensity of the reflection a t20 = 22.5° and |, is the intensity of diffraction at
26=18°, for cellulose.

Table 1
Selected samples for X-ray diffraction, optical microscopy and HPLC analysis

Samples Reagent Conc. Sonicati_on time
(%) (min)

2% HCI-30 min HCI 2 (vIv) 30

2% HCI-60 min HCI 2 (vIv) 60

5% NaOH-30 min NaOH 5 (m/v) 30

5% NaOH-60min NaOH 5 (m/v) 60

Untreated Untreated sugarcane bagasse

Optical microscopy

Pretreated and untreated sugarcane bagasse materials were analyzed by optical microscopy to determine fiber
dimensions before and after the pretreatments. The material was prepared according to the Nicholls and
Dadswell method, described by Ramalho.® This method uses H,O, 30% and acetic acid as a maceration solution.
For fiber analysis, a Nikon Eclipse E-200 LED Microscope and Dino Capture software were used. Temporary



slides were prepared, one for each pretreatment, and twenty measurements were performed for each slide.
The results presented were obtained from the averages of 20 measurements.

High performance liquid chromatography (HPLC)

Chromatographic analyses of the hydrolysates from pretreated sugarcane bagasse were conducted to evaluate
the glucose amount. Quantitative analyses of glucose were carried out via high performance liquid
chromatography (HPLC) in Shimadzu equipment, with a electrochemical detector (Antec, Decade Il model). The
chromatographic column used was an ion exchange one (Carbopac PA1) and the analyses were conducted in the
pulsed mode. 20 mmol L™ of NaOH solution was used as eluent, at a flow rate of 0.2 mL min™ and oven
temperature of 44 °C. A standard glucose sugar curve was prepared, following the same procedures for the
analyses, which allowed quantitative sugar identification through peak area correlation.

RESULTS AND DISCUSSION
Influence of granulometry on the amount of TRS

Biomass has a complex structure and it is very resistant to reactions; the efficiency in obtaining
glucose from cellulose of a given feedstock depends of many factors, such as lignin content,
accessibility of cellulose, crystallinity, degree of polymerization of cellulose, hemicelluloses and fiber
strength.*”*® Thus, pretreatment stages are performed aiming to disaggregate the lignin-carbohydrate
matrix, making the cellulose and part of the hemicelluloses more accessible for the saccharification
reaction. The influence of the sugarcane bagasse particle size (40, 60, 100 and 200 mesh) on the
%TRS obtained after the hydrolysis reaction was studied (Fig. 1).

It is observed that the particle size does not influence the %TRS obtained after the reactions, even
when compared to untreated bagasse (used as received).

Although grinding can increase the surface area of the material, it was not efficient and did not
increase the accessibility of the hydrolysis reagents to the interior of the fibers. Consequently, it did
not promote an increase in the quantity of sugars obtained. This is advantageous since the material
does not need to undergo grinding processes before the reaction. The sugarcane bagasse is composed
of particles of different sizes and shapes,” so for the next stages of the work, although the milling did
not influence the results of the reactions, it was decided to use sugarcane bagasse of 40-mesh particle
size. This leaves the material more homogeneous and facilitates the analysis and comparison of
subsequent results.

Sonication in acidic or alkaline medium

Sugarcane bagasse hydrolysis reactions were performed without pretreatment (40 mesh) and with
pretreatment with ultrasound at different times (15, 30 and 60 min) in acidic (0.002% and 2% HCI
(v/v)) or alkaline (0.005% and 5% NaOH (m/v)) medium. The results of %TRS found for each
hydrolysis experiment are shown in Figure 2.

It was observed that the pretreatments carried out in 0.002% or 2% HCI (v/v) and 0.005% NaOH
(m/v) did not contribute positively to an increase in % TRS, regardless of the ultrasound exposure time.
However, the pretreatment performed in 5% NaOH (m/v) promoted an increase in %TRS, after 30 min
of ultrasound exposure.
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Figure 1: %TRS in hydrolysis products of
sugarcane bagasse of different particle size

Figure 2: Effect of HCI and NaOH pretreatment on
%TRS
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Figure 3: X-ray diffractogram of untreated sugarcane bagasse

Table 2
Crystallinity Index (CI), total reducing sugars (% TRS) and size (length, width, thickness) of pretreated and
untreated sugarcane bagasse fibers

Sugarcane bagasse TRS Cl Length Width Thickness
(%) (%) (um) (um) (um)
2% HCI-30 min 12.7 58.4 755.3 19.1 5.0
5% NaOH-30 min 195 59.7 755.6 20.1 4.7
2% HCI-60 min 125 52.2 697.8 18.1 5.2
5% NaOH-60 min 14,5 57.4 534.4 18.5 4.8
Untreated 13.9 51.9 >1000 24.8 53

It is believed that sugarcane bagasse fibers treated with 5% NaOH (m/v) have better performance
in the hydrolysis reactions, since they have more hydrophilic characteristics that improve the
absorption of the hydrolysis reagents and the efficiency of the reaction. Carvalho et al.?* studied the
effect of pretreatment of carnauba straw fibers with 1% NaOH (m/v) and 5% NaOH (m/v) on their
water absorption and observed that fibers treated with more concentrated alkaline solution showed
greater water absorption.

According to Alvira et al.,” alkaline pretreatments increase the digestibility of cellulose and are
more effective in solubilizing lignin (hydrophobic), exposing cellulose and causing less solubilization
of hemicelluloses (hydrophilic), when compared to pretreatments using acids or hydrothermal
processes. Furthermore, NaOH causes swelling, increasing the inner surface of cellulose, reducing the
degree of polymerization. The exposure period to ultrasound (15, 30 and 60 min) did not influence the
results, except for 5% NaOH (m/v), in which the highest %TRS was found when sonication was
conducted for 30 min.

|.,22

X-ray diffractometry (XRD) and optical microscopy analyses

The X-ray diffractogram of untreated sugarcane bagasse is shown in Figure 3. The peak intensities
are related to the crystallinity of the materials.?” The crystallinity index (CI) was calculated according
to Equation 1, using the data from the diffractograms.

The values of CI for the pretreated and untreated bagasse are shown in Table 2. The bagasse
pretreated under alkaline conditions presented higher values of %TRS and %CI, since the NaOH
seems to cause more changes in the structure of the lignin and hemicelluloses than HCI. The
pretreatment with NaOH or HCI promotes the partial solubilization of the lignin and hemicelluloses,
which are amorphous materials. In this way, the amount of the crystalline component (cellulose) in the
bagasse is relatively increased, which consequently increases the CI values.

Both treated and untreated sugarcane bagasse fibers were subjected to optical microscopy analyses
to measure their length, width and thickness. Measurements were performed on twenty replicates for
each sample and the final result was obtained from the average of the measurements taken. Table 2
shows the average values calculated for the length, width and thickness of sugarcane bagasse fibers,
with and without pretreatment.

In general, the pretreatments did not cause any marked damage to the fibers. It was observed that
there were no significant differences among fiber dimensions for the pretreated materials. However,



there were differences when comparing pretreated materials with the untreated one. There was a
decrease in the length of the pretreated fibers and a small decrease in width (in relation to the untreated
material). The wall thickness does not appear to have undergone any modification.

Quantification of glucose obtained in hydrolysis reactions

Figure 4 shows the amount of glucose obtained as a product of the hydrolysis reactions of the
pretreated materials and the untreated sugarcane bagasse. It is important to mention that %TRS
provides the total amount of sugars formed, part of which is glucose. In general, greater amounts of
glucose were found in the products obtained from the acid hydrolysis of sugarcane bagasse pretreated
in alkaline medium, if compared to the untreated one and the sample pretreated in acid medium.
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Figure 4: Glucose levels analyzed by HPLC

The loss of part of the lignin content and a small reduction in the hemicelluloses of the sugarcane
bagasse are common in grasses treated with alkaline solutions.® In addition to the loss of the
amorphous and hydrophobic material (lignin), it is believed that during the pretreatment fiber swelling
occurs, increasing the moisture content in between the cellulose fibers, which become more available,
facilitating the attack of hydrolysis reagents.

CONCLUSION

It was found that the grinding of the material to different grades (40, 60, 100, 200 mesh) did not
influence the amount of total reducing sugars (% TRS) obtained after hydrolysis.

Sugarcane bagasse was exposed to ultrasound for 15, 30 and 60 min in alkaline (0.005% or 5%
NaOH (m/v)) and acid (0.002% or 2% HCI (v/v)) medium. The best result was obtained after 30 min
of exposure to the alkali, using 5% NaOH (m/v). In this case, the highest amount of %TRS was
obtained. The pretreatments of lignocellulosic materials with NaOH promoted the swelling of the
fibers and increased their hydrophilicity. Thus, the fibers became more susceptible to the hydrolysis
reagents, increasing the conversion to TRS. The amount of glucose obtained after the hydrolysis
process was determined by HPLC and the findings revealed that alkaline pretreatments favor the
production of glucose.
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