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Abstract

The aim of this research was to optimize the process of enzymatic hydrolysis from sweet sorghum
bagasse, maximizing the production of fermentable sugars present (glucose and xylose). The bagasse
was ground, crushed and dried, once free of moisture was subjected to an alkaline treatment using 4%
H202 on a liquid-solid ratio of 16:1. To optimize the enzymatic process a Box Behnken experimental
design were used, using two enzymes (hemicellulase and cellulase) and considering three independent
variables (time, enzyme % w/w and liquid-solid ratio), being the g/L of xylose and glucose the
response variable. A statistical analysis allowed us to determine that the best conditions are: 5 % wiw
cellulase, 3 % w/w hemicellulase, reaction time of 48 hours and a liquid-solid ratio of 5:1 generating
121.12 g/L of glucose and 76.38 g¢/L of xylose. In this investigation is observed an excellent
performance of both enzymes working simultaneously, assuring high levels of sugars from sweet
sorghum bagasse and discarding the prolonged reaction times because the increase of sugars (glucose
and xylose) between the 52 and the 92 hours of reaction is inferior to 14 %
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Introduction

The prospects of depletion of fossil fuels
coupled with the growing demand for energy,
place liquid biofuels as a renewable energy
alternative, within the framework of the
growing valuation of fuels that have low impact
on the emission of greenhouse gases. Today,
however, the damage caused to the planet by
emissions from the mass consumption of
petroleum-derived fuels, such as gasoline and
diesel, in transportation vehicles is increasingly
evident (Cardona, 2009).

Bioethanol accounts for about 90% of
biofuel produced worldwide. The production of
ethanol from renewable  sources  of
environmentally friendly raw materials, such as
agricultural crops, forest crop residues, and / or
industrial and municipal waste, is currently of
great interest. Emphasis is also placed on those
that do not compete with their use as a food
source, in addition to focusing on the waste of
the crop not on the plant as such, that is, on the
use of lignocellulosic biomass capable of To
generate sugars that can be obtained by the
appropriate physical and chemical treatments
(Bueno et al., 2009).

Currently, one of the raw materials that
is taking a major boom in the production of
ethanol is sweet sorghum, defined as a
promising crop because of its large biomass
production and minimum general requirements
(Medina et al, 2011). Sweet sorghum
(Sorghum bicolor L. Moench) ertenece to the
family of grasses, crop is well suited to growing
in warm arid or semi - arid areas. Tolerates
heat, salt, and floods. It is treated as an annual
plant, although it is perennial herb and in the
tropics can be harvested several times a year;
has an approximate heignt of 1 to 3 m
depending on the crop (Chuck etal., 2011).
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The lignocellulosic biomass of sweet
sorghum  (bagasse) presents a complex
structure, composed of several fractions that
must be processed separately to ensure efficient
conversion of these materials to ethanol
(Montes et al.,, 2010). The major fraction of the
biomass is the cellulose whose glucose chains
are grouped in higher structures of great
crystallinity, their intimate association with
lignin makes their hydrolysis difficult to obtain
fermentable sugars (Vifals et al., 2012).

The effect of pretreatment on
lignocellulosic materials has been recognized
over time. The purpose of pretreatments is to
remove lignin and hemicellulose, reduce the
crystallinity of the cellulose and increase the
porosity of the material. However, an
alternative option is only to use a treatment
capable of removing the largest quantity of
lignin and subsequently providing an enzymatic
treatment to the raw material using two
enzymes simultaneously, a cellulase and a
hemicellulase which must be able to produce
two types of sugars Different being glucose and
xylose respectively (Agbor et al., 2011).

There are a number of key features for
the effective pretreatment of lignocellulosic
biomass. The pretreatment process should be of
low capital and operational cost and should
result in the recovery of most lignocellulosic
components in the form of separate fractions,
suitable pretreatment will provide favorable
conditions for subsequent successful
hydrolysis. Hydrolysis literally means
decomposition or destruction of a substance, in
the case of enzymatic hydrolysis the
decomposition is carried out by the use of
enzymes. The correct use of the type of
enzymes depends on the pretreatments applied
to sweet sorghum bagasse (Cuervo et al., 2009).
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The objective of the study was to
optimize the process of enzymatic hydrolysis
using sweetened bagasse of sweet sorghum,
maximizing the vyields of two fermentable
sugars present, using a hemicellulase to unfold
the hemicellulose in xylose and a cellulase to
obtain glucose from the cellulose.

Methodology

10 kg of sweet sorghum were ground,
producing 5.2 kg of bagasse (BSD), which was
sun-dried for 48 h in order to remove most of
the water present. After solar drying, a
reduction was carried out by means of a cutter
composed of 6 blades, in order to reduce the
length of the BSD, since a smaller size of the
raw material increases the efficiency of the
pretreatments applied because there is a Greater
contact area (Guarnizo et al., 2009). Finally the
moisture of the BSD obtained was determined,
before proceeding with the delignification.

BSD delignification was performed by
the action of an alkaline pretreatment using H 2
O 2 t0 4% in a liquid - solid ratio (RLS) 16: 1
and a pH 11.5 adjusted with NaOH 10 M. The
reaction was out for 45 h to finally separate the
liquid fraction from the solid, by manual
pressing. To the solid sample, 2 washes were
run under running water in a 5: 1 RLS in order
to remove remaining trace amounts of lignin.
We proceeded to a solar drying of 48 h to
continue with the next stage of the process.

The delignified BSD must be treated
enzymatically, for which it was necessary to
determine the enzymatic charges to be used,
since  hemicellulose and cellulose are still
present in different amounts in the BSD. For
this, three different tests were performed
considering different combinations of cellulase
and hemicellulase in% w / w, the concentration
of cellulase used being greater because bagasse
contains mostly cellulose in its composition.
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The enzymes used were Cellic CTec3
and Cellic HTec3 from Novozymes. The
preparation of such tests is shown in Table 1,
all tests were performed in duplicate.

1 twetnty 3 3
2 twenty 4 5
3 twenty 5 (i

Table 1 Preparation of samples with different enzyme
concentrations relative% w / w

From the best enzymatic combination
found, a Box Behnken experimental design was
proposed for the enzymatic step (Table 2). The
enzymatic loading in p / p ratio (4, 5 and 6%
cellulase and 2, 3 and 4% hemicellulase), RLS
(5: 1, 7: 1 and 9: 1) and reaction time (24, 48,
and 72 h) and the concentration in g / L of
Glucose and xylose quantified by HPLC using
a constant stirring of 250 rpm and a temperature
of 50 ° C (optimum temperature of both

enzymes).

To prepare the samples, was used 0.05
M COONa CH3 initial liquid phase as varying
amounts of pretreated bagasse according to
different RLS, also the pH was adjusted to 5.0,
the optimum working Cellic CTec3 the
cellulase enzyme.
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1 4:2 24 71
2 a: 4 24 71
3 4:2 72 71
4 62 4 72 T 1
5 4:2 48 3:1
6 62 4 48 51
7 4:2 48 o1
Referrin
mFig_E 6:4 a8 | 91
Feferrin -
mFig_g 5 4 |51
10 33 72 3:1
eleven 3:3 24 o1
12 33 72 o1
13 33 48 71
14 33 48 71
fifteen 3:3 48 71

Table 2 Box-Behnken design for enzymatic hydrolysis of
sorghumbagasse delignification

Inactivation of the enzyme was
performed by thermal shock by exposing the
samples to 10 min. Baths in boiling water and
10 min in cold water, finally the liquid phase
was separated from the solid by centrifugation,
the first one was analyzed in the HPLC by
introducing each One of the results to the NCSS
2007 software to complete the experimental
design and obtain the optimum working
conditions of the enzymatic process.

The results provided by the NCSS 2007
Software were validated through
experimentation to corroborate the optimal
working conditions found, as well as the
mathematical model generated.

Results

The results of the percentage composition of the
bagasse are shown in Table 3.
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Raw 3034 29.83 221 242
Allaline | 30.07 3436 535 10.04

Table 3 Fiber content of sweet sorghum bagasse at
different stages

The percentage of lignin removal was
calculated after the alkaline pretreatment by
equation 1, obtaining a total of 76% of removal,
a result superior in 8% compared to that
obtained by Viveros etal. (2014).

_ |% Ligj—% Ligyf
B4 REmL,-g,ﬁm = I:—% Lig; ] = 100

@)

Graph 1 shows the results obtained from
the 3 different enzymatic combinations of
CTec3 and HTec3, where it is possible to
observe that in the first (3% HTec3 - 5% w / w
CTec3) and the second (4% HTec3 - 5% w/w
CTec3) combination, there is only a 6%
increase of xylose, while comparing the first
with respect to the third combination (5%
HTec3 - 6% w / w CTec3) the increase
presented is 10.19% of Glucose and 8.75%
xylose, however, the latter represents the use of
a greater amount of both enzymes, especially in
the hemicellulase. Considering that there must
be a balance between the economy (cost of
reagents) and production (generation of glucose
and xylose), it was decided to use the first
combination of enzymes, as it was not affected
in a drastic production in the hydrolyzation
process.
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Graphic 1 concentrations of sugars to different
enzymatic loads

The glucose concentrations obtained
from the experimental design are presented in
Table 4, ranging from 81.00 and 135.84 g/ L
for glucose and 32.17 and 80.49 g / L for
xylose, generating the best results in tests 5 and
6, both with a reaction time of 48 h, a RLS of 5:
1, but different enzymatic charges (4-2% and 6-
4% of CTec3-HTec3 respectively), which will
be adjusted by statistical analysis.

1 0823 44 463
2 103,324 52,037

3 119,933 65,751

4 104 803 52,484

5 130,259 75.101

6 133 841 80.49

7 035433 41,088
F‘f:?::g 93,717 43,601
Rfje;:g 121,357 67,682
10 123,658 68221
eleven £1.006 36,246
12 92,179 32,171

13 109836 56,969

14 110,278 57879
fifteen 108,138 56,012

Table 4 Results obtained from experimental design for
obtaining glucose and xylose
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The statistical analysis performed using
the NCSS 2007 software generated the
mathematical model presented in equation 2,
representing an adjustment of 93.21% and a
theoretical response of 134 g / L of glucose,
complying with the optimal conditions of
enzymatic loading (CE) Of 5% w / w CTec3
and 3% HTec3, reaction time (t) of 48 hrs and
RLS of 5: 1.

Glucosag,; = 15.117 — 31.83 = CE +
2.68 =t+ 10.92* RLS + 3.68 = CE* —
0.010 * t* — 0.25 = RLS® —0.23 = CE *
t+ 0.42 * CE * RLS + 0.002 * t * RLS

(2)

The optimum working conditions (time,
RLS and enzyme loading) were tested
experimentally. The average concentrations of
glucose and xylose obtained are presented in
Table 5.

General test 21.12 76.38

Table 5 Concentrations of glucose and xylose (g / L)
obtained by experimental verification of the optimum
conditions optenidas

The  response  variable  statistically
analyzed was the concentration of glucose,
however a direct relationship was observed
with respect to the concentration of xylose
generated. Figure 1 shows the response surface
obtained from the results generated by the
experimental design, combining the effects of
time (h) vs. amount of delignified bagasse (Q)
vs. glucose obtained (g / L), showing the
highest Concentration of glucose in the area of
intense red color.
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Figure 1 Response Surface glucose content enzymatic
hydrolysis Effect Time (h) vs Bagasse (g)

It is observed that the highest glucose
generation occurs with an amount of bagasse of
20 g (RLS 5: 1), equivalent to 5 mL / g, besides
that after 48 h the glucose increase is minimal,
checking the Optimal conditions provided by
statistical analysis.

The glucose concentration generated by
checking the optimal conditions obtained for
the process (121.12 g / L), was 9.63% lower
than the theoretical predicted by the model (134
g / L), in addition to generating 76.38 g / L
xylose, improving the results obtained by
authors such as Chen et al (2010) and
Nochebuena et al. (2012) with 29.84 and 21.01
g / L of xylose respectively by acid
prehydrolysis, it is important to note that the
adjustment presented by the mathematical
model was higher than 90%, which guarantees
the reproducibility of the process. The results
generated in the design of experiments have a
direct relationship between the concentration of
glucose and xylose generated so it is not
necessary to experiment different ranges in time
and RLS for each of the enzymes making the
process less complex to take finished.
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Conclusions

Sweet sorghum bagasse can be considered as a
bioenergetic crop, when the high levels of
sugars contained in it are present, showing
concentrations even higher than those of
sugarcane and with lower overall requirements.

The application of pretreatment with H
2 O 2 favorecion removing lignin reaching
values of up to 76% removal leaving
susceptible to bagasse for further enzymatic
attack.

The enzymatic hydrolysis was carried
out using two different enzymes (Cellic Ctec3
and Cellic HTec3) simultaneously favoring the
production of Glucose and Xylose in high
concentrations (121.12 and 7638 g / L
respectively), proving that it is not necessary to
apply a pretreatment to eliminate the
Hemicellulose and demonstrating the good
performance of the two enzymes used.
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