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ABSTRACT
An important factor to promote the economic development in a country is correlated with the availability of
low-cost energy resources. In this context, corn wastes, such as stover and cob, have been employed as relevant
lignocellulosic residues for biofuels generation. Concerning bioethanol production from biomass, enzymatic
hydrolysis step is a key point to become the process energy efficient. Taking this into account, it is necessary to
perform improvements with regarding to hydrolysis step, aiming the optimization of the global process for
second generation ethanol (E2G) production. This work presents a study of enzymatic hydrolysis conditions,
using the enzymatic complex Cellic®CTec2, from stover and corn cob (mixed, 1:1 w/w). Biomass was submitted
to a pretreatment in sulphuric acid solution (0.25 %, w/w). An experimental design was applied to determinate
the optimum conditions for the maximum total reducing sugars (TRS) production, with the variation of enzyme
dosage, temperature and time. Acid pretreatment was effective in the removal of hemicellulosic fraction (80.97
9%). The highest TRS value from experimental design, 33.5 g.L™, was obtained applying 30 FPU.g sstrae OF
enzyme, at 48 hours of hydrolysis, and 50°C.
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I. INTRODUCTION

Lignocellulosic biomass has been shown a promising renewable source to increase the sustainable fuels
production. In addition, the use of these materials produces biofuels that can be considered carbon-neutral and
avoids competition with the food industry [1]. A variety of lignocellulosic substrates has been applied in
bioethanol studies around the world. Among them, residues from sugarcane [2,1], rice [3], wheat [4] and corn
[5,6] can be highlighted.

Concerning the utilization of corn wastes, stover and cob are in general applied mixed as animal food. Taking
this into account, an important way to process both stover and corn cob for second generation ethanol production
is investigates the efficiency from a blended feedstock.

Enzymatic hydrolysis is one of the most important steps for E2G production, since the overall process yield is
highly dependent on this stage [7]. Experimental designs are powerful tools to promote the optimization of
hydrolysis conditions. These tools can evaluate a range of, for example, solids loading, temperature, time and
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enzyme dosage during the hydrolysis experiments and in this way, choose the best configuration based on the
obtained responses [8].

Taking all this into account, this work describes the enzymatic hydrolysis of stover and corn cob, submitted to an
acid dilute pretreatment. The studied factors were enzyme dosage, temperature and time of reaction and the
evaluated response was the total reducing sugars.

Il. MATERIALS AND METHODS
2.1 Raw material.
Stover and corn cob obtained locally to carry out the experiments were dried at room temperature until it was
approximately 10% in moisture content. After, it was milled in a Willey type mill to a particle size of 20 mesh,
put into plastic bags, and kept in a freezer (-8 °C) for the subsequent experiments.

2.2 Dilute sulfuric acid pretreatment.

The lignocellulosic corn residues (mixed stover and cob, 1:1 w/w) were submitted to a pretreatment in sulfuric
acid solution (0.25 %, w/w), at a solid to liquid ratio of 1:10, in an autoclave at 121 °C for 15 min. After
returning to ambient temperature, the solid was then separated from the liquid fraction by filtration. Finally, solid
fraction was washed with hot water (70 °C) to remove the solubilized contents adhered to the surfaces.

2.3 Chemical characterization.

Both raw and pretreated material (mixed stover and corn cob, at a ratio of 1:1, w/w) was characterized with
regard to their chemical composition, according to analytical procedures described by Sluiter et al, [9], modified
by Rocha et al, [10] and validated by Gouveia et al, [11].

2.4 Enzymatic hydrolysis.

The enzymatic complex used in the assays was Cellic®CTec2, donated by Novozymes Latin America (Araucéria,
Parané, Brazil). The enzymatic activity of the complex was 203 FPU.mL™ [12]. Enzymatic hydrolysis was
conducted at solids loading of 10 % (w/v), under batch strategy. The assays occurred with reaction volume of 30
mL, under 150 rpm, in sodium citrate buffer (50 mM and pH 4.8). Enzyme dosage, time and temperature of
reaction applied in enzymatic hydrolysis assays were based on experimental design (Statistica®, 7.0 version), as
showed in Table 1. After hydrolysis assays, total reducing sugars (TRS) concentrations were quantified by DNS
spectrophotometer method [13]. All hydrolysis experiments were performed in triplicate.

Table 1. Independent variables for the experimental design.

. Level Chosen
Ne°. Variable Tow High
1. Enzyme dosage 15 30
(FPU-g_lsubstrate)
2. Time (h) 48 72
3. Temperature (° C) 30 50

I1l. RESULTS AND DISCUSSION
3.1 Chemical characterization of the raw material.
Two lignocellulosics residues parts (mixed stover and cob) were chemically characterized in terms of cellulose,
hemicellulose, lignin, and ash content. The obtained values are presented in Table 2. A comparison with a work
proposed in the literature, in which the assays were conducted applying stover and corn cob separately, was
performed. Overall, cellulose and hemicellulose were the main components of the biomass.

Table 2: Chemical characterization of in natura corn residues (in this work, mixed stover and corn cob 1:1 w/w
were evaluated).

. Corn stover | Corn cob

Components (%) This work (Santos-Rocha et al., 2017b)
Cellulose 31.3+0.2 36.7+0.2 35.4+0.2
Hemicellulose 32.3+0.1 34.2+0.1 26.9+0.3
Total Lignin 17.4+0.2 14.040.1 18.0£0.2
Ashes 1.9+0.1 2.3+0.3 2.4+0.1

As can be seen, there were only slight differences in the chemical composition, when a comparison is performed
between the mixed residues and stover and corn cob separately. This trend indicates that these wastes can be
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applied as a blend, saving costs concerning transport and storage, since both stover and cob are from the same
crop. Taking this into account, the chemical characterization is a key point to be considered concerning
lignocellulosics conversion into biofuels by the sequential steps of pretreatment, enzymatic hydrolysis, and
fermentation.

3.2 Dilute sulfuric acid pretreatment.

The blend of stover and corn cob was pretreated with dilute sulfuric acid and the obtained composition after
pretreatment is presented in Table 3. Similarly to in natura feedstock, a comparison with the results reported by
Santos-Rocha et al, [6], in which the assays were conducted applying stover and corn cob separately, was
performed.

Table 3: Chemical characterization of pretreated corn residues (in this work, mixed stover and corn cob, 1:1
w/w were evaluated).

. Corn stover” Corn cob”
Components (%) This work (Santos-Rocha e|t al, [6])
Cellulose 51.8+0.1 49.4+0.1 54.0+0.4
Hemicellulose 9.940.1 8.4+0.2 20.9+0.1
Total Lignin 24.4+0.3 20.6+0.2 30.9+0.1
Ashes 1.0£0.1 0.7+0.3 0.7+0.3

“Stover and corn cob were hydrothermally pretreated (1:10 w/w; 195 °C; 10 minutes) (Santos-Rocha et al, [6]).

The results presented in Table 3 indicate that the dilute sulfuric acid pretreatment was effective in the
hemicellulose removal (80.97 %) and with a low removal of lignin (13.77 %). The high level of hemicellulose
removal is a characteristic of dilute acid pretreatment [14,15].

Since removal of hemicelluloses results in significant reduction in cellulase loading required to convert cellulose
to glucose and the industrially consolidated fermentation step is conducted by Saccharomyces cerevisiae yeast,
which ferments more efficiently hexoses, this pretreatment presented a promising way to E2G production
[16,17].

Moreover, a comparison between the results conducted in this work with those reported by Santos-Rocha et al,
[6] emphasizes that a blend from stover and corn cob is a promising way to be industrially applied. This
affirmation is supported by the cellulose and hemicellulose contents showed in Table 3, since the blend
presented higher cellulose content than corn stover and lower hemicellulose content than corn cob.

3.3 Enzymatic hydrolysis.
Pretreated biomass was submitted to enzymatic hydrolysis by experimental design to evaluate the best condition
in terms of total reducing sugars released during the hydrolysis. The results are showed in Table 4.

Table 4: Independent variables associated with their response.

Assay Enzyme dosage Time Temperature TRS
(FPU.g " substrate) (h) () @Lh
1 15 48 30 24.1+0.3
2 30 48 30 32.0+0.2
3 15 72 30 22.2+0.1
4 30 72 30 31.3+0.2
5 15 48 50 25.6+0.1
6 30 48 50 33.540.1
7 15 72 50 23.2+0.3
8 30 72 50 31.9+0.3

From Table 4, the range of TRS concentration was 22.2-33.5 g.L™. The highest value was obtained at assay 6,
employing 30 FPU.g % qunsrate; 48 hours of hydrolysis under 50 °C. Statistical analyses are performed as following,
within 90 % confidence level.

3.4 Experimental design.
Figure 1 shows the normal probability graph. Since experimental points are all close to continuous line, this
behavior can sure that the residues are normally distributed [18].
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Figure 1. Graphic of normal probability.

Pareto Chart presents quickly and clearly the effects that are statistically significant. Figure 2 shows the Pareto
Chart of standardized effects.

(1)Enzyme dosage

(2)Time (h)

(FPU.g™petran ) 76,5

(3)Temperature (° C)

4,409091

-3,04545

-818182

p=.1
Figure 2. Pareto Chart of TRS to estimate the linear effect of enzyme dosage (FPU.ml™), time (h), temperature
(°C) and the interaction between enzyme dosage and time, time and temperature and enzyme dosage and
temperature (p=0.1).

From Figure 2, interaction effect between the factors (1 by 2, 2 by 3 and 1 by 3) were non-significant parameters
on influencing the total reducing sugars released during the enzymatic hydrolysis. Only main effects (1, 2 and 3)
were statistically significant, within 90 % confidence level. The largest main effect was the factor 1, enzyme
dosage. Furthermore, the factor 2, time, had a negative effect, indicating that its decrease will increase the TRS
concentration. Table 5 presents the analysis of variance. Model terms with p-level of more than 0.1 were
considered non-significant.

Table 5: Analysis of variance (ANOVA) for the linear model.

Factor Sum of Degrees of Mean of F value p-level
Square freedom Square
R%=0.99984
1 141.6245 1 141.6245 5,852.250 0.0083
2 5.3792 1 5.3792 222.281 0.0426
3 2.5765 1 2.5765 106.465 0.0615
lby2 0.4705 1 0.4705 19.440 0.1420
1by3 0.0162 1 0.0162 0.669 0.5635
2by3 0.2245 1 0.2245 9.275 0.2020
Error 0.0242 1 0.0242
Total SS 150.3156 7
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From the ANOVA test (Table 5), it can be observed that p-values higher than 0.1 are associated with non-
significant parameters, as previously showed by Pareto chart. In addition, test F, that correlates mean of square
of the regression and mean of square of the residue, was 55.7-fold higher than tabulated test F. This behavior
indicates a highly significant regression [19].

The 3 graphs of total reducing sugars, for interaction of enzyme dosage and time (a), enzyme dosage and
temperature (b) and time and temperature (c), called contour plot, are shown in Figure 3.
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Figure 3. Contour plot of the effect of (a) enzyme dosage and time, (b) enzyme dosage and temperature and (c)
time and temperature on the total reducing sugars releasing during the enzymatic hydrolysis.

It can be observed from Figure 3, that there is a positive influence from the enzyme dosage and temperature on
the evaluated response, since an increase on total reducing sugars concentration occurs when these factors are
increased (red region in Figure 3). On the other hand, concerning the time effect, opposite behavior is showed.
Overall analysis shows that better results are obtained as enzyme dosage and temperature increase and as time is
reduced throughout the enzymatic hydrolysis assays.

IV. CONCLUSIONS
The results obtained in this work and their evaluation by experimental design reach the conclusion that
maximum sugars liberation occurs with 30 FPU.mL™ of enzyme dosage and 48 h of enzymatic hydrolysis,
conducted under 50 °C. In addition, only main effects were significant on influencing the TRS concentration,
released throughout the enzymatic hydrolysis. The study can affirms that the application of a blend of stover and
corn cob for second generation ethanol production can be a promising way to conduct these residues for a high
add-value activity.
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