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Abstract— Purpose: Enzymatic saccharification of sugarcane bagasse
with cellulases was investigated after hydrogen peroxide pretreatment.
Methods: Two pretreatments, alkaline hydrogen peroxide and hydrogen
peroxide supplemented with ash were compared in their performance in the
improvement of the susceptibility of bagasse to enzymatic action. The
reaction yield was evaluated by the reducing sugar content released from
the pretreated bagasse after 48 hours of enzymatic hydrolysis, and the best
condition was found for both treatments. Results: The yield, expressed in
reducing sugars for the alkaline hydrogen peroxide pretreatment was 217.6
mg g-1 bagasse, and 179.9 mg g-1 bagasse for hydrogen peroxide ash
pretreatment; the untreated bagasse provided 74.3 mg g-1 bagasse yield,
showing the effectiveness of the two pretreatments. Conclusion: The
pretreatment with hydrogen peroxide supplemented with ashes appears
more feasible for implementation since alkali addition in the pretreatment
delivers many caustic residues that need expensive washing process and
generate aggressive effluents into the environment; besides alkali addition
promotes partial degradation of hemicellulose.

Supplementry Materials available at:

https://drive.google.com/file/d/1cK3EEMZ2Y8uViGrF1kbNjGpltY7NID78/view?usp=sharing

l. INTRODUCTION

Lignocellulosic biomass is the only sustainable
source of fuels and materials foreseeable to the humanity
of biomass,
lignocellulosic residues have awakened a big interest, due
to their availability in large scale, the low cost of obtention
and the possibility of environmentally correct energy

[1]. Among the different types

production. The sugarcane bagasse
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(agro-industrial of its
residue) seems to be an economically viable raw material,
since sugar mills generate bagasse at rates as large as 280
kg t* dry weight of harvested cane [2, 3], which is

estimated in 647.6 million tons for 2017/2018 season in
Brazil [4]. Part of this amount is used to generate energy in
the sugarcane industry, and the other part is considered as
waste, which can be used to produce second generation
ethanol and other byproducts [3].

the

Sugarcane bagasse is composed basically of
cellulose, hemicellulose and lignin, which represent 94%
dry weight [2]. Cellulose is a linear
homopolysaccharide that consists of glucose (D-
glucopyranose) units linked together by B-(1-4) glycosidic
bonds (B-D-glucan) [5, 6]. The cellulose hydrolysis may
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occur by an enzymatic mechanism that involves
synergistic actions by endoglucanase (EC 3.2.1.4),
exoglucanase or cellobiohydrolase (EC 3.2.1.91), and B-
glucosidase (EC 3.2.1.21) [7-9].

Effective conversion of recalcitrant lignocellulose
to fermentable sugars requires three sequential steps: (1)
size reduction, (2) pretreatment/fractionation, and (3)
enzymatic hydrolysis [7, 10]. The major obstacle and
difficult technological challenge to industrial scale
production of fuel from lignocellulose is to overcome the
recalcitrance of natural lignocellulosic materials, which
must be enzymatically hydrolyzed to produce fermentable
sugars [10].

Numerous pretreatments of  lignocellulosic
materials have been described in literature [10-12] in order
to loosen lignin and release cellulose and hemicellulose
from these materials for subsequent enzymatic hydrolysis,
resulting in monomeric sugars of economic wide
application [13]. The pretreatment with alkaline hydrogen
peroxide has called attention due to the great output found
in recent studies [3, 14-16]. Furthermore, hydrogen
peroxide (H20;) does not produce waste since it
decomposes into water and oxygen, so it does not generate
byproducts that could inhibit enzymatic hydrolysis [3].
However, it is known that the elevation of the pH to values
as high as 11.5 requires the addition of considerable
amounts of sodium hydroxide, resulting in caustic waste
production, unsuitable for disposal in the environment
[17].

The present work evaluated a process using
pretreatment with ashes, alkalizing hydrogen peroxide to
ensure efficient oxidation of the bagasse to modify the
lignocellulosic structures, aiming to favor enzymatic
hydrolysis. Additional benefit comes from this process
since ashes can be easily obtained from boilers thus further
reducing the waste generated by this industry. For this
purpose two pretreatment methods were evaluated: one
using alkaline hydrogen peroxide, as a standard process [3,
18], and the other using hydrogen peroxide supplemented
with ashes. For both treatments, the best operational
conditions were evaluated by experimental design.
Chemical composition and morphological structure were
analyzed after the modifications promoted on the bagasse.

. METHOD
Materials preparation

Sugarcane bagasse, obtained from the local
market after juice extraction, was grounded, washed with
distilled water until the bagasse was sugar free, and dried
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in two steps: a) at 50°C for 72 h, followed by b) at room
temperature for 24 h; samples were stored in plastic bags.

The ashes used in the pretreatment were prepared
by drying at 50°C for 72 h, burned, to carbonize, and
incinerated at 600°C for 8 hours.

Sugarcane bagasse processing
Pretreatments

The influence of two pretreatments, hydrogen
peroxide supplemented with ashes and hydrogen peroxide
supplemented with sodium hydroxide (alkaline H,0,), was
evaluated on the yield of the enzymatic reaction to degrade
sugarcane bagasse to fermentable sugars. Pretreatments
were performed in suspensions of 2% (w/v) bagasse and
H.O, at concentrations specified a priori. Details of the
pretreatment procedure are described in [19]. The
pretreatment optimization was carried out by the surface
response methodology where, in the first step, full factorial
designs with central points were developed (data not
shown here), and the factors studied were H20;
concentration and temperature for both treatments; ash
concentration was also studied for former pretreatment,
while agitation was for the later. The results were used for
the displacement of the response surface. In the second
step, composite central designs were carried out. Statistical
analyses were performed by Analysis of Variance
(ANOVA) and empirical models were developed to
describe results.

Enzymatic hydrolysis

Enzymatic hydrolysis was conducted with a
mixture  of  B-glucosidase, exoglucanase  and
endoglucanase, and hydrolysis was conducted according to
the procedure described in [19].

Reducing Sugar Quantification

Reducing sugar contents were determined by the
3,5-dinitrosalicylic acid (DNS) assay [20]. As a
nonspecific reagent, it reacts with both five and six carbon
reducing sugars, giving readings based on a standard curve
of glucose 50 mM in sodium acetate buffer pH 4.0. 100 pL
of the sample were added to 100 puL DNS reagent in a
microtube (1.5 mL). DNS reactions were carried out in a
dry block (MARCONI — MA4004) by heating at 100°C for
15 min, followed by cooling to 4°C for 5 minutes. Then, 1
mL distilled water was added and maintained at 20°C. 100
pL of the completed DNS reaction was added in a flat-
bottom microplate and absorbencies were measured at 540
nm.

Chemical analysis

Samples of bagasse, pretreated or not, were
prepared for chemical analysis according the TAPPI T 264

Page | 201


http://www.ijaers.com/

Odisi et al.

cm-97 in order to determine holocellulose content
according the method described by Browning [21],
cellulose content following the Kurschner-Hoffner
approach [21], Klason lignin [21], and ashes content
(TAPPI T211 ¢cm07). The hemicellulose was estimated by
the difference between holocellulose and cellulose.

Metal content was analyzed in the ashes provided
from sugarcane bagasse. The samples were weighed
accurately  (approximately to 0.130g) in Teflon
decomposition vessels. Five milliliters of ultrapure nitric
acid and one milliliter of hydrogen peroxide (pro analysis)
were added. The samples were decomposed in a
microwave oven (Milestone MLS 1200) and the metals Ca,
Na, Mn and Mg were determined by inductively coupled
plasma mass spectrometry (Perkin Elmer - NexION 300
D). The concentrations were given as dry weights.

FTIR- analysis

FTIR spectroscopic analysis was carried out to
detect changes in functional groups that may have been
promoted by pretreatments and enzymatic hydrolysis.
FTIR spectrum was recorded between 4000 and 400 cm™
using a Shimadzu (IRPrestige-21) spectrometer with
detector at 4 cm™! resolution and 120 scan per sample.
Discs have been prepared by mixing 3 mg of dried sample
with 300 mg of KBr (spectroscopic grade) in an agate
mortar. The resulting mixture was successfully pressed at
10 MPa for 3 min.

Scanning electron microscopy (SEM)

Physical changes in the native and pretreated
sugarcane bagasse were observed by Scanning electron
microscopy (SEM). Images of the surfaces of the native
and pretreated sugarcane bagasse were taken using a JEOL
- JSM-6390LV SEM. The specimens were coated with
gold palladium using a LEICA SCD 500 fine coater and
observed using a voltage of 15 KV.

GLC conditions

The samples after enzymatic hydrolysis (50 mL)
were lyophilized. The reducing sugars were converted to
their persilyl derivatives by the addition of 0.1 mL of
pyridine with 0.1 mL of BSTFA [N,O-bis-(trimethylsilyl)-
trifluoracetamide] and heated at 70°C for 20 min. Gas-
liquid chromatography analysis of alditol acetates was
carried out on a Shimadzu GC 2014 gas chromatograph
equipped with a capillary column Restek (30 m long, 0.25
mm internal diameter, 0.25 pum film thickness) and a
temperature program consisting of 2 min at 140°C
followed by heating at a rate of 10°C min™ up to 260°C.
Detection was carried out with a flame ionization detector
(FID) at 250°C. N, was used as a carrier gas (56 psi; 1.4
mL min flow) and the injection split ratio was 1:20.
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I1. RESULTS AND DISCUSSION

Optimization of the alkaline hydrogen peroxide
pretreatment

Alkaline hydrogen peroxide is a known treatment
to release lignin from lignocellulosic materials and was
used as a standard treatment in this paper. A 23 full
factorial experimental design with triplicated central point
(data not shown here) was used to evaluate the influence of
the hydrogen peroxide concentration, temperature and
agitation during the pretreatment. Enzymatic hydrolysis
was carried out after each bagasse pretreatment specified
by the experimental design, and the reducing sugar yield
response was obtained after 48 hours of enzymatic
hydrolysis. The influencing factors were statistically
evaluated by the ANOVA in a 5% significance p-level.
From the F-test, the model showed a calculated Fcac value
(597.8) much higher than the listed one (3.45), indicating
that the model is highly significant within 95% of
confidence level [22]. No evidences of lack of fit were
observed since the Feac (2.26) was smaller than the one
listed (9.16). The model’s regression coefficients have
shown a significant curvature coefficient which evidences
a nonlinear model; the main effects of temperature and
agitation, followed by the interactions H»O; concentration
X temperature and temperature X agitation negatively
influenced the reaction, which means that lower
temperatures and agitation gave better yields.

Figure 1 shows the level curves of the reducing
sugar yield as a function of H;O, concentration-
temperature, and temperature-agitation. At low H.0;
concentrations, the influence of temperature is very small,
but at higher H,O, concentration, the influence of
temperature is large. The best hydrolysis condition was
found in high H2O. concentration and low temperature
pretreatment. It was observed that at high H.0;
concentration and high temperature the bagasse particles
agglomerate in a form similar to a paper, becoming less
susceptible to the enzymatic attack, as evidenced by the
low yield results. It was also observed that the agitation
influence was negative, and low agitation speed adequately
improves the process in the range of values studied.

Although ANOVA had indicated the main effect
of alkaline hydrogen peroxide concentration as not
significant, it was positive, suggesting that other
experimental ranges could maximize the reducing sugars
yield while temperature was maintained around the central
point and agitation at low values.

New experiments, with a central composite
factorial design, were performed increasing peroxide
concentration at different temperatures (Table 1). ANOVA
(Table 2) shows that the model (Equation 1) described the
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results very well, and can be used for prediction, since
calculated F-value is more than 5 times the obtained F-
value from statistical tables; the lack of fit is non-
significant as calculated F-value is lower than the obtained
F-value from statistical tables.

RS =-590.6155 + 25.6824xP - 0.2585%P? + 38.7489x%T -
1.5881xT2 - 0.1932xPxT

where RS is the Reducing sugars yield (mg g bagasse), P
is H,O; concentration (%), T is the Temperature (°C).
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Fig.1. Level curves of reducing sugar yields after hydrolysis of alkaline hydrogen peroxide pretreatment. The numbers in the
contour lines represent the reducing sugar yields (mg g raw bagasse).

Table 1. 22 Central composite design for the sugarcane bagasse pretreatment with alkaline hydrogen peroxide.

Assay H20: (%) Temperature (°C) Reducing sugars (mg g%)
1 5 38 127.8

2 9 38 167.3

3 9 52 144.2

4 5 52 172.9

5 7 35 137.8

6 7 55 164.4

7 4.17 45 143.6

8 9.83 45 183.8

9 7 45 175.6

10 7 45 179.5
11 7 45 173.6
12 7 45 172.0
13 7 45 170.6
Control - - 42.2
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An optimal operational condition was found at a
concentration of 9.39% (v/v) H,O; at 46°C. It differs from
values obtained in other studies in the literature [3, 14, 15]
due to the levels used in the experimental design. The
kinetics of the reaction can be observed in Figure 2, and
the best reaction time is 40 minutes of pretreatment. After
1 hour pretreatment, the reducing sugars yield decreases
suggesting that excess of time reaction makes the bagasse
less susceptible to enzymatic hydrolysis.

Ash-supplemented Hydrogen peroxide pretreatment
optimization

Pretreatment optimization with ash-supplemented
hydrogen peroxide followed the same procedure as
described above. The influence of the factors temperature
and hydrogen peroxide and ash concentrations was
evaluated by a 23 full factorial experimental design in
triplicates at the central point; it was statistically analyzed
by ANOVA in a significance level of 5% (data not shown

International Journal of Advanced Engineering Research and Science, 9(11)-2022

here). The value for the Fcac (29.94) was greater than the
listed one (5.050), generating a significant model for
prediction. For the lack of fit, the Fcac value (11.59) is
somewhat smaller than the listed value (19.16), and the
model was well fit [22]. Results had a significant curvature
coefficient, which means that the model is nonlinear. The
significant effects were ash concentration and temperature,
followed by the second order interactions of the H0;
concentrationxash concentration and ash
concentrationxtemperature.  Additionally, two control
assays were carried out in order to evaluate the
pretreatment effect on the enzyme reaction: one, with no
ash-H,0, pretreatment showed 49.0 mg g yield, and the
other, just with 3% ash and no H,O; have shown 60.1 mg
g? yield, suggesting a cellulase activity increase by the
presence of ashes.

Agitation (Hz)

0,0 : : :
20 25 30 35

40 45 50 55 60

Temperature (°C)

Fig.2. Level curves of reducing sugars yields after hydrolysis of alkaline hydrogen peroxide pretreatment. The numbers in
the contours represent the reducing sugar yields (mg g* raw bagasse).
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Fig.3. Kinetics of reducing sugar yield after hydrolysis as a function of pretreatment time at optimal conditions of alkaline-
pretreatment.

Figure 3 shows the level curves of the reducing
sugar yield as a function of the H,O, concentration-ash
concentration and ash concentration-temperature. The
concentration of H,O, does not influence the reaction in a
great extension. On the other hand, the higher the ash
concentration the higher the reducing sugars conversion.
Temperature has a better yield at 60°C, the highest
temperature tested.

Displacement of the response surface was
performed with new experiments given by a composite

factorial design by increasing ash concentration and
peroxide concentration at 60°C (Table 3). The ANOVA
(Table 4) attests that a good model (Equation 2) was built;
it can be used for prediction, with no lack of fit.

RS = 44.2143 + 54.0467xA - 7.5981xA? + 3.2051xP -
0.1543xP? - 0.3687xAxP 2)

where A is the Ash concentration (%).

Table 2. ANOVA of the alkaline hydrogen peroxide pretreatment model.

Source Sum of Square  Degree of freedom  Mean of Square  Feac? Fian®
Regression 3801 4 950.2 46.902 3.838
Residue 162.1 8 20.26

Lack of Fit 114.4 4 28.60 2.399b 6.388
Pure Error 47.69 4 11.93

Total 3963 12

2 Feac is the calculated F-value; ® Fyp is the obtained F-value from tables. Explained variation=95.91%; Maximum explained

variation=98.80%.
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Table 3. Central composite design 22 for the pretreatment of sugarcane bagasse with ash supplemented hydrogen peroxide.

Assay Ash (%) H20:2 (%) Reducing sugar (mg g%)
1 3 5 151.1
2 3 9 138.6
3 7 5 46.1
4 7 9 27.7
5 2.17 7 132.6
6 7.83 7 7.9
7 5 4.17 123.4
8 5 9.83 136.2
9 5 7 110.3
10 5 7 125.1
11 5 7 110.7
12 5 7 143.7
13 5 7 142.5

Control - - 215

Table 4. ANOVA for the model from hydrogen peroxide pretreatment supplemented with ashes.

Source Sum of Square Degree of freedom Mean of Square Feac®  Fuab”
Regression 25658 2 12829 72.86% 4.103
Residue 1760 10 176.1

Lack of Fit 694.9 6 115.8 0.435% 6.163
Pure Error 1066 4 266.5

Total 27419 12

3 Feac is the calculated F-value; P Fyp is the obtained F-value from tables. Explained variation=93.58%; Maximum explained

variation=96.11%.

Table 5. Chemical composition of the sugarcane bagasse after the pretreatments.

Alkaline hydrogen

Ash-supplemented

Without pretreatment peroxide pretreatment Hydrogen peroxide
pretreatment

Mass (9) Yield (%) Mass (g)  Yield (%) Mass (g) Yield (%)
Inicial 5.00 100 3.02+0.09 60.47+1.8 451+0.08 90.16 +1.69
Cellulose 2.08 +0.04 416+09 2.01+0.1 40.2+2.0 2.03+0.04 40.8+0.9
Hemicellulose 1.05 +0.04 20.90+0.8 0.70+0.05 13.9+0.9  0.96 +0.07 19.3+1.3
Lignin 1.4 £0.01 28.1+0.3 0.28+0.01 9.2+0.2  0.78+0.02 17.3+0.4
Ash 0.19 +0.01 3.7+0.3 0.08+0.01 2803 0.15%0.02 3.4+0.6
Extractives 0.035 +0.008 0.7 £0.2

The optimal conditions found were 3.40% (v/v)
ash and 6.32% (v/v) H,O; concentration. By the kinetic
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procedure (Figure 6), 2 hours of pretreatment is the best
reaction time. Longer pretreatment time reduces the
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production of reducing sugars for the alkaline
pretreatment.
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Fig.6. Kinetics of reducing sugars yield after hydrolysis as a function of pretreatment time at optimal conditions of ashes-
pretreatment.
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Fig.7. Infrared spectra from (a) Bagasse. (b) Bagasse pretreated with alkaline hydrogen peroxide. (c) Bagasse pretreated
with alkaline hydrogen peroxide after enzymatic hydrolysis.
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Fig.8. Infrared spectra from (a) Bagasse. (b) Bagasse pretreated with hydrogen peroxide with ash. (c) Bagasse pretreated
with hydrogen peroxide with ash after enzymatic hydrolysis. (d) Ash.

Chemical Composition

The sugarcane bagasse from each pretreatment
was characterized for its chemical composition (Table 5).
According to the results, after the alkaline hydrogen
peroxide pretreatment, the amount of lignin was much
lower than that of non-pretreated bagasse. Thus it is clear
that this method detaches lignin off the lignocellulosic
material, causing its removal from cellulose and
hemicellulose, which are now available for enzymatic
hydrolysis [3, 14, 15, 18]. The pretreatment supplemented
with ashes was not so effective as the alkaline pretreatment
since about half of lignin still remains in the vegetable
matrix. On the other hand, after alkaline pretreatment, a
mass loss of about 35% of hemicellulose from the original
bagasse was observed, whereas in the pretreatment
supplemented with ashes, the loss was of about 10%. This
result shows that alkaline pretreatment was aggressive to
the vegetable fibers, performing not only the lignin release
but also partially degrading the components. Monte et al.
[14] reported a hemicellulose loss of 36% after alkaline
pretreatment.

The ashes from sugarcane bagasse have shown a
great amount of the metals Ca (14.66 + 0.06 g/Kg) and Mg
(11.04 £ 0.06 g/Kg) in their composition, and a small
quantity of Mn (2.98 + 0.01 g/Kg) and Na (1.73 = 0.01
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g/Kg). Some studies show that some metals, such as Mn,
act as catalysts to oxidize the H,O, by peroxidase,
performing delignification of lignocellulosic materials
[23-25]. They can also be cofactors for cellulase enzymes,
which has its activity increased [26]. This can explain the
activity increase of cellulases when ashes were added.

Functional groups analysis

The FTIR spectrum of the sugarcane bagasse
shows the same basic structure as all wood samples: wide
OH stretching (3300-4000 cm™t), C—H stretching in methyl
and methylene groups (2800-3000 cm™), and a wide
superposition with sharp and discrete absorptions in the
region from 1000 to 1750 cm™ [27]. Figure 5 shows the
FTIR spectra for samples pretreated with alkaline
hydrogen peroxide and after the enzymatic hydrolysis,
also. Pretreated and hydrolyzed samples showed no
significant change compared to the sample of untreated
bagasse. It is possible to identify only a slight change in
intensity of some bands in which one cannot affirm a real
decrease of these components, as it can only be related to
the concentration and homogeneity from the preparation of
the KBr pellets. However, it is possible to observe that the
band formed in the region of 1740-1720 cm™ starts to
reduce its intensity after pretreatment and almost
completely disappears after the enzymatic hydrolysis [27].
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Moreover, this region is responsible for the stretching of groupings may indicate the decrease of xylans from
the carbonyl (C=O bond), and a decrease of these hemicellulose [27, 28].

5,0 T T

Ash Concentration (%)

30 35 40 45 50 55 60 65 7,0
H,O, Concentration (%)

Fig.4. Level curves of reducing sugar yield after hydrolysis of the hydrogen peroxide pretreatment supplemented with ash.
The numbers in the contours represents the reducing sugar yields (mg g* raw bagasse).

100

Temperature (°C)

20 .
1,0 15 2,0 2,5 3,0 3,5 4,0 4,5 5,0

Ash Concentration (%)

Fig.5. Level curves of reducing sugar yields after hydrolysis of hydrogen peroxide pretreatment supplemented with ashes.
The numbers in the contours represents the reducing sugars yields (mg g raw bagasse).
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Figure 6 shows the FTIR spectra for samples
pretreated with hydrogen peroxide supplemented with
ashes. Pretreated and hydrolyzed samples showed no
significant change compared to the crude bagasse; only
that the former behaves somewhat differently from
untreated bagasse and after hydrolysis, which occurs in the
region 900-400 cm™ where a large variation of the peaks is
observed. This behavior is similar to that presented by the
ash spectrum, suggesting that these bands come from the
ash’s compounds. The ash spectrum shows a large
decrease in OH stretching band (3423 cm™), and the
absence of the band at 2930 cm; a significant increase in
asymmetrical CO, stretching band (2358 cm™) was
observed. In the region of 1750-1000 cm™ the bands are
smaller compared to the others” spectra. These
modifications were associated with the combustion process
that virtually volatilized almost all organic matter [29].
The band at 1078 cm?, which responds for deformations of
CH and CO groups [30], greatly increased its intensity
indicating that practically only saturated compounds
remained. The region between 800 and 400 cm™ in the ash
spectrum presents several intensity bands associated to
silicon compounds [31]; according to Belini et al. [32], the
ash from sugarcane bagasse is mostly comprised of silicon
dioxide.

Morphological analysis

Scanning electron microscopy (SEM) of the
untreated bagasse has shown consistent fibers which, in a
close view, are large fibers built of several small void
channels (Figure 7.A), tightly joined by a compact material
(Figure 7.B). The pretreatment with alkaline hydrogen
peroxide destroys the cement among the void channels and
the edges of the fibers (Figures 7.C and 7.D). Finally, after
the enzymatic hydrolysis of bagasse has frayed the fibers
into smaller units — microfibrils (Figure 7.E); an
approximation of these fibers shows a high incidence of
holes, creating a surface that resembles a network (Figure
7.F). Therefore, these micrographs show that the
pretreatment contributed to a physical disruption of fiber,
providing greater accessibility to the enzymes. Similar
observations were made on micrographs of sugarcane
bagasse pretreated with formic acid [33], SO, and CO;
[34].

The bagasse pretreated with hydrogen peroxide
supplemented with ashes presented a surface where the
presence of small plates of irregular edges (fragments in
white color) on the lignocellulosic structures can be
observed (Figure 8.A), which were identified as the ashes
used in the pretreatment. It is possible to see the evolution
of agglomerate (Figure 8.C) that is loosening after the
enzymatic hydrolysis (Figures 8.D and 8.E). It may also be
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noted that the fibers are also slightly shredded (Figure 8.F),
after the stages of pretreatment and enzymatic hydrolysis.

Comparison among micrographs of the two
pretreatments (Figures 7 and 8) shows that pretreatment
with alkaline hydrogen peroxide is more aggressive, with
greater disruption of lignocellulosic fibers. However, the
manner in which the fibers of pretreatment with alkaline
hydrogen peroxide are disposed closely resembles the form
in which the pulp is treated with NaOH [35]. This
reinforces the hypothesis that pretreatment with alkaline
hydrogen peroxide, is basically a caustic and oxidative
treatment, suffering the same consequences of caustic
treatment with strong bases generating aggressive waste,
which causes the loss of carbohydrates with partial
degradation of hemicellulose.

Sugar Contents

Figure 9 shows the yield expressed in reducing
sugars content released during enzymatic hydrolysis.
Pretreatment with hydrogen peroxide supplemented with
ash has shown a yield (179.9 mg g* bagasse) 142% higher
than the non-treated bagasse (74.3 mg g* bagasse), and
17% lower than the pretreatment with alkaline hydrogen
peroxide (217.6 mg g* bagasse).

In spite of the inferior result, the ash-
supplemented  pretreatment has several favorable
characteristics. Alkaline hydrogen peroxide involves large
amounts of NaOH. To adjust the pH to a value of 11.5ina
solution containing 9.39% (v/v) H20; 7.30% (w/v) NaOH
is needed, on average [3, 18]. In addition, pretreatment
with alkaline hydrogen peroxide has a higher cost of
reagents since 7.30% NaOH solution uses 30% more of
H202. In a 10 m3 reactor 775 L more H,O; (130 volumes)
would be used as compared to ash-supplemented
pretreatment, as well an addition of 730 Kg of NaOH.
Otherwise the ash-supplemented pretreatment has lower
washing step, maintaining pH around 8.5, consuming
lower chemical reagents (6.32% (v/v) H2O2 and no
NaOH), without much caustic waste.

V. CONCLUSIONS

The use of ash-supplemented pretreatment has shown to be
viable; it was proved to be eco-friendly since it uses less
hydrogen peroxide as reagent, uses industrial
lignocellulosic residues to lightly alkalize the reaction and
practically does not generate waste. The slightly slower
yield and higher time and temperature pre-treatment
conditions are largely compensated by these advantages
over the alkaline hydrogen peroxide. On the other hand,
alkaline pretreatment gave higher yield in a shorter
processing time interval, and effectively enhanced the
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recovery of cellulose and hemicellulose removing lignin, the fermentative sugars. Also, unlike reported in several
but the reaction time must be monitored accurately, since literatures, it generates large amounts of caustic waste.
extended time affects the process thereby degrading part of
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Fig.9. Micrograph of the bagasse fibers. A and B - Untreated bagasse. C and D - Bagasse pretreated with alkaline hydrogen
peroxide. E and F - Bagasse pretreated with alkaline hydrogen peroxide after enzymatic hydrolysis.
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Fig.10. Micrograph of the bagasse fibers. A and B - Untreated bagasse. C and D - Bagasse pretreated with hydrogen
peroxide with ash. E and F - Bagasse pretreated with hydrogen peroxide with ash after enzymatic hydrolysis.

www.ijaers.com Page | 212


http://www.ijaers.com/

Odisi et al.

2501

Reducing Sugars (mg g™ bagasse)

International Journal of Advanced Engineering Research and Science, 9(11)-2022

20
Time (h)

30 40 50

Fig.11. Reducing sugars yield after hydrolysis. (A) Without pretreatment. (®) Alkaline hydrogen peroxide pretreatment. (m)
Hydrogen peroxide supplemented with ash pretreatment.
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