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ABSTRACT: This study evaluated the action of commercial and non-commercial cellulases and pectinases in the hydrolysis of soybean hulls
(SH) and corn stover and cobs (CSC), the effect of temperature and agitation on the lignocellulosic substrate hydrolysis and the bromatological
characteristics of hydrolyzed substrates. The effect of pretreatment on the hydrolysis of lignocellulosic residues and bromatological analysis
were also evaluated. The highest hydrolytic activity occurred at 300 rpm for SH (47.95 and 51.43% for cellulase and pectinase, respectively)
and at 350 rpm for CSC (26.05 and 9.23% for cellulase and pectinase, respectively). Non-commercial enzymes achieved 7.26-30% of the
amount of hydrolysis obtained with commercial enzymes, on the same substrates. Pretreatment with 7.5% of NaOH and a particle size of the
substrate of 0.5 mm significantly increased the hydrolysis of SH and CSC for both enzymes. The bromatological characteristics showed that
soybean hulls hydrolyzed with both commercial cellulase and pectinase have potential for large-scale use in animal feed production.

Key words: waste, corn stover and cobs, digestibility, enzyme, soybean hulls.

Hidrdlise enzimatica de residuos lignoceluldsicos e caracterizacao
bromatolégica para racdo animal

RESUMO: Foram avaliadas a agdo de celulases e pectinases comerciais e ndo comerciais na hidrolise de casca de soja (CS) e palha e espigas de
milho (PEM), o efeito da temperatura e da agitagdo na hidrolise do substrato lignoceluldsico e as caracteristicas bromatologicas dos substratos
hidrolisados. O efeito do pré-tratamento na hidrolise de residuos lignoceluldsicos e a analise bromatologica também foram avaliados. A maior
atividade hidrolitica ocorreu a 300 rpm para CS (47,95 e 51,43% para celulase e pectinase, respectivamente) e a 350 rpm para PEM (26,05
e 9,23% para celulase e pectinase, respectivamente). As enzimas ndo comerciais atingiram 7,26-30% da quantidade de hidrolise obtida com
as enzimas comerciais, nos mesmos substratos. O pré-tratamento com 7,5% de NaOH e um tamanho de particula do substrato de 0,5 mm
aumentou significativamente a hidrdlise de CS e PEM para ambas as enzimas. As caracteristicas bromatologicas mostraram que a casca de soja
hidrolisada com celulase e pectinase comercial tem potencial para uso em larga escala na produgdo de ra¢do animal.

Palavras-chave: residuos, palha e espigas de milho, digestibilidade, enzima, cascas de soja.

INTRODUCTION

Ruminants are able to take advantage
of low-quality substrates due to the synthesis
and secretion of cellulolytic and hemicellulolytic
enzymes by microorganisms in their rumen (LEO et
al., 2019). However, the conversion of lignocellulosic
residues by livestock for the production of meat
and milk is inefficient, indicating the need for new
biotechnological approaches to animal feed in order
to maximize the use of nutrients (GRAMINHA et
al., 2008). Feeding roughage to pre-ruminant calves
has been adopted to promote their development
and allow for an earlier diet. Solid fiber-based food
results in marked increases in the rumen-reticulum
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and omasum (CAETANO JUNIOR et al., 2016) and,
when previously digested, can improve the energy
gain obtained from this feed. Studies indicated that
fibrolytic enzymes can act directly on fiber before
consumption or increase the degradation of dry
matter and fiber in the rumen (YUANGKLANG
et al., 2017), increasing milk production or weight
gain of cattle after ingestion of lignocellulosic raw
materials (GRAMINHA et al., 2008).

The requirement of multiple enzymes to
hydrolyze all types of carbohydrates present in the
biomass relied on effective biomass pretreatment
and optimal mixtures of multiple enzyme activities.
Usually, these enzymes are produced from different
sources and then blended into cocktails and evaluated
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for hydrolysis effectiveness for particular biomass (LI
et al., 2018).

Selection of enzymes/proteins, chemicals
for the preparation of cocktail required prior
knowledge of the performance of non-catalytic
proteins and enzymes or other activators in real-
time biomass hydrolysis (ADSUL et al., 2020).
Enzyme hydrolysis has been accepted as the
most environmentally friendly technology for the
conversion of carbohydrate in biomass into monomeric
sugars. An enzyme mixture having multiple activities
is required to achieve more complete hydrolysis of
the complex carbohydrate present in lignocellulosic
biomass (RODRIGUES & ODANETH, 2021; LI et
al., 2018; SUWANNARANGSEE et al., 2012).

Cellulases are generally used for the
enzymatic hydrolysis of lignocellulosic residues and
are an enzyme consortium comprising at least three
major groups: endoglucanases, exoglucanases and
B-glucosidases (MULLER et al., 2021; PAYNE et al.,
2015). Pectinases are responsible for the degradation
of long and complex molecules called pectins, which
occur as structural polysaccharides in the middle
lamella and primary plants cell walls (KOHLI &
GUPTA, 2015), and usually are used in enzyme
cocktails along with cellulases.

The release of reducing sugars can be
significantly increased by using cellulase in different
agro-industrial substrates such as wheat straw
(COIMBRA et al., 2016).

SONG et al. (2016) observed better results
of corncob, corn stover, and rice straw hydrolysis
employing combined cellulase and xylanase compared
to their isolated use. The cellulase and pectinase
combined use in the soybean hulls hydrolysis has also
been reported (ROJAS et al., 2014).

The agricultural biomass is composed of
natural fibers referred to as lignocellulosic fibers which
mainly consist of cellulose, hemicellulose, and lignin
(BAJPAL 2016). The highly crystalline structure of
native cellulose is stabilized by a strong network of
hydrogen bonds (AHMADZADEH et al., 2018; JIA
et al., 2013). Therefore, and also because of the lignin
present in the cell wall, they form a barrier against the
attack of enzymes, making it difficult to obtain high
yields from the saccharification of lignocellulosic
biomass without pre-treatment. Thus, the development
of an enzyme cocktail for the hydrolysis of cellulose is
one of the main research platforms in biomass conversion
(ADSUL et al., 2020). The appropriate combination
of these activities is what determines the efficiency of
saccharification though it varies with the type of biomass
to be pretreated (KHARE & LAROCHE, 2015).

There are few studies in the literature
reporting hydrolysis of soybean hulls and,
mainly, corn stover and cobs to improve chemical
characteristics, comparing the use of commercial and
non-commercial enzymes.

Therefore, this study evaluated the
commercial and non-commercial cellulases and
pectinases action in the hydrolysis of lignocellulosic
substrates (SH and CSC) and their effects on the
bromatological  characteristics of hydrolyzed
substrates for use as animal feed.

MATERIALS AND METHODS

The substrates used were soybean hulls
(SH) and corn stover and cobs (CSC), both supplied
by local farmers from the Rio Grande do Sul, Brazil
in the 2018 harvest. The substrates have been stored
at room temperature and used without any pre-
treatment. The commercial enzymes used were
powder cellulase (Sigma-Aldrich® CAS: 9012-54-8)
and liquid pectinase (Rohapect DA6L® - AB Enzymes
CAS: 9025-98-3) both produced by Aspergillus niger.

Non-commercial cellulase was produced
using Trichoderma reesei NRRL 3652. The culture
was performed in a solid-state using soybean hulls
as substrate, at pH 4.6, temperature 30 °C, moisture
content 70%, and 1x107 spores/g. The cellulase was
extracted by adding sodium citrate buffer (0.5 M,
pH 5.5) in the ratio 1:15 (substrate:buffer, w:w) and
incubated for 30 min at 50 °C and 100 rpm.

Non-commercial pectinase was obtained
by fermentation in a solid-state culture with
Aspergillus niger ATCC 9642. The culture medium
contained orange peel, wheat bran and maize steep-
water (8:1:1, w:w:w), and was kept at 30 °C, 65%
moisture content, and 5x10° spores/g on a wet basis.
The extraction was made with NaCl (0.1 mol/L), with
a solvent:substrate ratio of 5:1 (v:w), and incubated
for 30 min at 20 °C and 175 rpm.

Determination of the enzymatic activity

All enzyme activity determinations
(Exo-PG, PME, PL, FPase, Xylanase, CMCase and
Avicelase) were made using the methodologies cited
by TEIXEIRA et al. (2019).

Exo-Polygalacturonase (Exo-PG): One
ex0-PG activity unit was defined as the amount of
enzyme that releases 1 mmol of D-galacturonic
acid per minute of reaction (U = pmol min') from
citrus pectin under the test conditions, according to
a standard curve (0.1 — 10 mg mL") established with
a-D-galacturonic acid (Sigma-Aldrich, Sdo Paulo-SP,
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Brazil) as the reducing sugar. The exo-PG activity
was expressed in activity units per milliliter (U mL™).

Pectin Methylesterase (PME): One PME
unit was defined as the amount of enzyme able to
catalyze pectin demethylation corresponding to 1
pmol NaOH min' mL"' consumption, under the
conditions described on the assay.

Pectin Lyase (PL): One enzyme activity
unit was defined as the amount of enzyme that
resulted in a 0.01 change in absorbance at 550 nm.

Total cellulase (FPase): The mixtures
Optical Density was recorded at 540 nm and compared
with the standard glucose curve to determine the
amount of reducing sugar (mg mL™) produced during
cellulose hydrolysis.

Xylanase: One xylanase activity unit was
defined as the amount of enzyme that releases 1 pmol
of reducing sugars equivalent to xylose per minute.

Carboxymethyl cellulase (CMCase): One
CMCase activity unit was defined as the amount
of enzyme that releases 1 umol of reducing sugars
equivalent to glucose per minute.

Avicelase: It consisted of adding 1 mL
crude enzyme extract in 1 mL of 1% microcrystalline
cellulose (Avicel) solution in 0.05 M acetate buffer, pH
5.0 and incubated at 50° C for 30 min, under constant
agitation (MENEGOL et al., 2014). The reducing
sugars released were determined by the dinitrosalicylic
acid method cited to TEIXEIRA et al. (2019), and one
activity unit (U) was defined as 1 pmol of glucose
equivalent released per minute under the conditions
described above, using a glucose standard curve.

Evaluation of lignocellulosic substrate hydrolysis
Enzymatic  substrates  saccharification
without pretreatment were performed as described
by LIU et al. (2011), with some modifications.
Assays were performed with 2 g of SH or CSC and
autoclaved for 15 min at 121°C. Then, 100 mL of
reaction mixture containing 95 mL of 0.05 M sodium
citrate buffer at pH 5.0 and 5 mL of commercial
cellulolytic (6.35 U g') or pectinolytic (290 U mL™)
enzymatic extract, or non-commercial, were added
to each substrate. The reactions were carried out in
an orbital shaker (Ethiktechnology/Incubator 430)
at 150 rpm and 37°C. Commercial cellulase was
diluted to 1:100 (w:v) in citrate buffer at pH 5.0,
whereas commercial pectinase enzyme and raw
extracts (non-commercial cellulase and pectinase)
were not diluted. The release of total reducing sugars
from the hydrolysis was estimated using the DNS
(dinitrosalicylic acid) method. The saccharification
percentage was calculated according to equation 1.

o RS x 0.9x 100

Saccharification (%) = — 5 (1)
Where: RS = released sugar; 0.9

= correction factor; P = polysaccharides in

lignocellulosic substrate (0.0505 for soybean hulls
(BRIJWANI et al., 2010) and 0.584 for corn stover
and cobs (CRUZ, 1992).

Hydrolysis kinetics of lignocellulosic
substrates (SH and CSC) using commercial and non-
commercial cellulases and pectinases were measured
every 2 hours for 24 h.

To evaluate the enzyme dilution influence
on the hydrolysis of lignocellulosic substrates
(SH and CSC), assays were performed at different
dilutions of commercial cellulase: 1:50; 1:75; 1:100;
1:125; 1:150; 1:175 and 1:200 (g enzyme:mL citrate
bufter, pH 5.0), at 150 rpm and 37 °C.

In order to evaluate the temperature and
agitation effect on the hydrolysis of lignocellulosic
substrates (SH and CSC), a 22 factorial design
experiment (Central Composite Rotary Design —
CCRD) was carried out. The independent variables
for cellulase and pectinase were temperature of 29—
45 °C (X)) and agitation of 100-200 rpm (X,). The
variables reaction time and enzymes dilution were
kept fixed, as established on previous assays. The
dependent variable (response) was the percentage of
hydrolysis of lignocellulosic residues.

The effect of increasing the agitation on the
hydrolysis of SH and CSC was evaluated by varying
the agitation between 100 and 200 rpm, at 45 °C, with
all other variables fixed.

To evaluate the interactions between
pectinases and cellulases effect in the hydrolysis of
SH and CSC, proportions of the different enzymes
used in the hydrolysis reaction were combined. The
mixtures of cellulases and pectinases used were 100/0,
75/25, 50/50,25/75 and 0/100 (v/v), respectively. The
variables reaction time, dilution, temperature and
agitation were fixed as the best results obtained.

The effect of pretreatment on the hydrolysis of
lignocellulosic residues

In order to verify whether an increase in
the residue surface area influences enzyme activity,
SH and CSC were milled into particle sizes of 0.5,
1.0 and 1.5 mm, prior to commercial cellulase
enzyme treatment.

The alkaline pretreatment effect of
lignocellulosic residues (SH and CSC) on hydrolysis
with commercial cellulase was evaluated using
commercial sodium hydroxide at 1, 3 and 5% at 100°C
for 30, 60 and 90 min. The materials recovered after
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boiling were washed with distilled water and dried
in an oven at 60 °C to recover the initial moisture
content of the residue.

To evaluate the combination of particle
size and alkali pretreatment effects, the lignocellulosic
substrates (SH and CSC) ground into a particle size of
0.5 mm were treated with sodium hydroxide at 3, 5,
7.5 and 10%, at 100 °C for 90 min, and subjected to
hydrolysis with commercial cellulase and pectinase
under the optimum conditions of temperature, time and
agitation optimized from the previous experiments.

Bromatological analysis

Under the optimal conditions of time,
temperature and agitation for lignocellulosic residues
hydrolysis with commercial and non-commercial
cellulase and pectinase, bromatological analysis was
performed of neutral detergent fiber (NDF), acid
detergent fiber (ADF), total digestible nutrients (TDN).
The tests were conducted using the Reflectance
Near-Infrared Spectrophotometry EFQ 49 (FOSS/
Denmark) (700 — 2500 nm) (KONG et al., 2005). The
total digestible nutrients (TDN) were calculated by
equation 2. The amount of nitrogen-free extract (NFE)
was calculated by subtracting the sum of NDF, Crude
protein (CP), ether extract (EE), and crude ash (Ash)
from 100. Unhydrolyzed residues were analyzed as
control. All the analyzes are described in Brazilian
Compendium of Animal Feeding.
TDN = 87.84 — (ADF * 70) 2)

Where: TDN= total digestible nutrients
and ADF= acid detergent fiber.

Statistical analysis

The results of time, enzyme dilution,
interactions between pectinases and cellulases and
pretreatment on the hydrolysis of lignocellulosic
residues (in triplicate) were statistically processed by
analysis of variance (ANOVA) and the differences
in average were compared by Tukey or Students tests
using Statistica software (StatSoft Inc., EUA, version
5.0), at 95% significance level (P < 0.05). The results
of temperature and agitation effect on the hydrolysis of
lignocellulosic substrates obtained in the factorial design
were statistically analyzed according to the experimental
design methodology, using the same software.

RESULTS AND DISCUSSION

Hydrolysis  of lignocellulosic  substrates — with
commercial enzymes

The most effective hydrolysis was
observed after 22 hours for SH and 14 hours for

the CSC with commercial cellulase, and 22 hours
for both substrates with commercial pectinase
(Table 1). These reaction times were fixed and used
in other experiments. A short reaction time is not
enough to degrade both the amorphous fraction and
the crystalline cellulose fraction. The hydrolysis
time should be sufficient to ensure complete
pulp degradation without encountering enzyme
deactivation. When evaluating the commercial
cellulase dilution effect on the substrates hydrolysis,
23.7 and 13.2% hydrolysis was obtained in SH and
CSC, respectively, in higher evaluated concentration
(2 g/100mL), corroborating the results obtained by
MENEGOL et al. (2014). This concentration was;
therefore, used for the other experiments.

There was a linear increase in the
hydrolysis of SH and CSC by commercial cellulase
with increasing enzyme concentration (SH: y =
12.35x + 1.906, R*=0.93; CSC: y = 6.377x + 1.171,
R? = 0.97). This assessment was not carried out for
commercial pectinase due to the lower activity.

The 22 factorial design (Table 2) indicated
that the highest hydrolysis percentages were obtained
when the higher agitation (200 rpm) was used. The
effect of agitation on the hydrolysis of SH and CSC
with cellulase and pectinase is shown in figure 1.

The interaction effect between commercial
pectinases and cellulases in the hydrolysis of
lignocellulosic residues (Table 3) demonstrates that
the best hydrolysis for SH is obtained with 100%
cellulase or pectinase (50.2% of hydrolysis), while for
CSC the best condition was with 100% cellulase only
(26.2% of hydrolysis). Soybean hull consists mainly
of three major plant carbohydrates, i.e., cellulose,
hemicellulose and pectin (LI et al., 2017). This
could be due the fractions of soluble carbohydrates
in neutral detergent: pectin accounts for the largest
fraction (62%), while starch (19%) and simple
sugars (19%) are present in smaller proportions in
the soybean hulls. With 75/25; 50/50 and 25/75 %
cellulase/pectinase ratio for SH hydrolysis, the results
were similar (around 43%), but significantly lower (P
< 0.05) than percentages of hydrolysis obtained with
100% cellulase or pectinase.

For the CSC residue, using the same
enzymes proportions, a reduction in the hydrolysis
with an increase of the pectinase concentration was
verified. Among the various factors that affect the
enzymatic cellulose hydrolysis are agitation and
temperature of reactions. Agitation had a significant
positive effect (P < 0.05) on the hydrolysis of SH
with cellulase (Figure 1a) and pectinase (Figure 1b).
For CSC, there was a positive effect of agitation and
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Table 1 - Influence of time (h) on the hydrolysis of soybean hull (SH) and corn stover and cobs (CSC) with commercial cellulase and pectinase.

Hydrolysis (%)
Time (h) Commercial Cellulase Commercial Pectinase-----------------—---
SH csc SH CSC

0.1 7.67%+0.01 2.06'+0.22 1.10"+0.01 0.88¢ +0.02
2 8.38%+0.01 4.55°+0.47 8.70°+0.70 1.38"+0.16
4 9.1871+0.05 5.08°+0.01 12.704+0.10 1.42°+0.02

10.94%"+ 0.26 6.93%+0.02 16.20°+1.27 1.98°+0.12

11.57°+0.21 7.19%+0.40 18.97° + 0.40 3.289+0.18
10 12.12%+0.09 7.43%+0.01 20.67° + 0.06 3.294+0.07
12 12.72%+0.01 7.76°+ 0.01 20.70° + 0.81 3.05%+0.06
14 12.77%+0.14 9.98+0.10 20.30°+0.10 3.99°+0.08
16 13.22¢ +0.07 8.76°+0.05 19.87°+0.15 3.63%+0.10
18 15.04°+0.75 9.03°+0.12 19.67°+0.61 3.91°+0.19
20 15.48°+0.97 9.15°+0.25 20.00° + 0.60 472°+0.18
22 17.10°+0.57 8.75°+ 0.05 26.17* +0.96 5.20*+0.08
24 15.41°+0.09 8.39°+0.35 25.27*+0.15 521 +0.37

Means + standard deviation, followed by the same letter in the columns do not differ statistically from each other by the Tukey test at

the 95% probability level.

temperature on the action of cellulase (Figure lc),
whereas for pectinase, only agitation was significant
(Figure 1d). There was a positive agitation effect
on commercial cellulase and pectinase hydrolysis
activity, with the highest percentages of hydrolysis at
300 rpm for SH and at 350 rpm for CSC (Figure 2).
The hydrolysis of SH by commercial cellulase was
higher than that reported by ROJAS et al. (2014) with

the same substrate and enzyme.
Different  enzymes  groups  acting

synergistically may be more effective in the
breakdown of complex polysaccharides (REIS et

al., 2014). The simplest way of making a cocktail is
to mix the two or three crude enzyme preparations
from different sources that vary in the amount and
type of cellulolytic enzymes. There are three main
reasons for cocktail development: (i) to reduce the
amount of enzymes required for biomass hydrolysis,
(i) to convert all carbohydrate into fermentable
sugars within a short period and (iii) to work at high
substrate loading (ADSUL et al., 2020).

In this study, the highest hydrolysis of
CSC was obtained with the highest percentages
of cellulase. However, the results are low overall

Table 2 - Factorial design matrix 27 (real and coded values) for soybean hulls (SH) and corn stover and cobs (CSC) hydrolysis using
commercial cellulase and pectinase, at different temperatures and agitations.

Assays  --—--ee- Independent Variables'--------  —-------——- SH Hydrolysis (%)---------  ===-----——- CSC Hydrolysis (%)---------
Temperature (°C) Agitation (rpm) Cellulase Pectinase Cellulase Pectinase
1 29 (-1) 100 (-1) 14.34 28.34 5.40 3.08
2 29 (-1) 200 (1) 31.83 29.60 8.01 6.04
3 45 (1) 100 (-1) 26.19 26.70 11.20 3.55
4 45 (1) 200 (1) 32.08 29.65 15.62 6.18
5 37 (0) 150 (0) 25.73 31.88 6.64 5.60
6 37 (0) 150 (0) 23.01 31.63 7.48 5.40
7 37 (0) 150 (0) 21.46 32.12 7.68 5.50

“Fixed independent variables: cellulase 1:50 dilution (w:v) and pectinase without dilution; 22 hours of reaction for soybean hulls and 14

hours for corn stover and cobs.
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Figure 1 - Estimated effect of agitation on the hydrolysis of soybean hulls (SH) with cellulase (a) and pectinase (b) and corn
stover and cobs (CSC) with cellulase (c¢) and pectinase (d).

[ZiAgitation (pm) 8581

A
{1} Temperature °C) 2245

L
p=.05

Standerdized Effect Estimate (Absolute Valug)

when compared to those obtained by CHEN et
al.(2007) with cellulase from Trichoderma reesei
(12 U cellobiase activity) of 79% yield. For SH,
higher hydrolysis values were obtained than for
CSC, both with pectinase and cellulase. A reduction
of approximately 13% hydrolysis was observed in
different mixing ratios evaluated. This result may
be due to a large pectin quantity in soybean hulls,
which also contain cellulose in significant quantities
(39.7%) (CASSALES et al., 2011). Soybean

hulls pectin corresponds to 62.4% of non-fiber
carbohydrates, which is equivalent to 8.8% of dry
matter. Similar results were obtained by ROJAS et al.
(2014), whereby 55% hydrolysis of SH was reached
under the conditions of 50°C, pH 4.8, 200 rpm and
20 U cellulase/g. When the authors supplemented
the medium with beta-glucosidase at 120 U/g and
pectinase 1% w/w in order to increase the percentage
of hydrolysis, the conversion remained similar (49—
55%) (ROJAS et al., 2014).

Table 3 - Effect of the interaction between commercial cellulase and pectinase on the hydrolysis of lignocellulosic substrates (soybean

hull and corn stover and cobs).

Residue Cellulase/Pectinase Mixture (%)

100/0 75125 50/50 25/75 0/100
SH 5024+ 4.8 443"+ 4.0 43.0°*+3.9 4378+ 4.0 5024+ 4.6
Csc 262+2.4 24.4%+22 17.78+ 1.6 9.9+ 8.12 2.5P+0.2

Means + standard deviation followed by the same lowercase letters in the rows and capitals in the columns do not differ significantly by
the Tukey test with 95% confidence. Hydrolysis determined with the standard glucose curve.
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% 30 T a Cellulase + Soybean Hulls
o 1 X
4 € b 1 Cellulase + Com stover and cobs
- 20 - ke
d c L =—d— Pectinase + Soybean Hulls
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0 : : : |
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Figure 2 - Influence of agitation on hydrolysis of soybean hulls or corn stover and cobs with commercial cellulase or pectinase.
[Different letters indicate significant differences according to a Tukey test (P < 0.05) for each treatment.

Hydrolysis of lignocellulosic substrates using non-
commercial enzymes

Hydrolysis of CSC with non-commercial
enzymes was only 17.16 and 7.26% of the total
obtained with the commercial cellulase and pectinase,
and for SH the hydrolysis was 20.71 and 29.7%,
respectively (Table 4). In the crude extract of non-
commercial cellulase, activity of FPase, xylanase,
CMCase and avicelase was determined, with values
of 6.02, 972.74, 7.76 and 2.02 U/g, respectively. In
the non-commercial pectinase crude extract, activity
of polygalacturonase (PG), pectin methylesterase
(PME) and pectin lyase (PL) was determined, with
values of 1.83, 3.80 and 29.00 U/g, respectively.
Hydrolysis of SH and CSC by non-commercial
cellulase and pectinase is low in comparison to
commercial enzymes. However, these results may
still be relevant, since the cost of obtaining non-

commercial enzymes is much lower than that of
commercial enzymes.

However, the results are promising
when compared to those obtained by YANG et al.
(2018), that showed P33 enzyme cocktail acted
synergistically with a commercial cellulase to
promote the hydrolysis of delignified corn stover,
resulting in significant increases in cellulose and
hemicellulose conversion without increasing overall
cellulase loading.

The effect of pretreatment on the hydrolysis of
lignocellulosic residues

The hydrolysis of substrates with a grain
size of 5 mm to 0.5 mm using commercial cellulase
ranged from 47.95 to 49.92% and 25.86 to 26.87%
with increments of 4.1 and 0.8% compared to the
unmilled substrate for soybean hulls and corn stover

Table 4 - Comparison of hydrolysis of lignocellulosic substrates (SH and CSC) using commercial and non-commercial cellulase and pectinase.

"Student t test. ““Percentage of non-commercial/commercial hydrolysis.

! Cellulase
; :“ & Residue Commercial Non-commercial P’ % Hydrolysis""
e SH 47.95+0.15 9.93+0.62 <0.01 20.71
‘s CSC 26.05+0.14 4474022 <0.01 17.16
N Pectinase
SH 51.4+1.75 15.27+0.96 <0.01 29.7
CSC 9.23+0.75 0.67 = 0.05 <0.01 7.26
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and cobs, respectively, without statistical difference
(P > 0.05) between treatments.

The isolated treatment effect with 1-5%
NaOH and duration of 30-90 min produced 48.8—
49.3% hydrolysis for soybean hulls and 26.8-27.4%
hydrolysis for corn stover and cobs, without statistical
difference (P > 0.05) between treatments. The
combined treatment of 0.5 mm particle size and 7.5%
NaOH produced hydrolysis yields with cellulase and
pectinase of 73.08 and 59.52% for soybean hulls and
34.4 and 17.7% for corn stover and cobs (Table 5).

In the pretreatments that reduce the
cellulose DP, e.g., dilute acid hydrolysis, chains with
different sizes are formed, including soluble and
insoluble cellulosic polymers and oligomers AHUJA
et al.,, 2018; KARIMI & TAHERZADEH, 2016).
MENEGOL et al. (2014) indicated that sodium
hydroxide pretreatment was more effective at lignin
removal and the release of reducing sugars and
glucose from elephant grass biomass.

Bromatological characterization of lignocellulosic
residues

Neutral detergent fiber (NDF) estimates the
content in cellulose, hemicellulose, lignin, cutin and
insoluble minerals in the cell wall, and is determined
as being the residue remaining after extraction with
the neutral detergent solution (made up of sodium
lauryl sulphate and EDTA). Acid detergent fiber
(ADF) is an estimator of the content in cellulose,
lignin, cutin and insoluble minerals in the cell wall
and it is determined as the residue remaining after
the digestion of the sample with an acid detergent
solution.

The difference between NDF and ADF
is the fraction of hemicellulose. With the ADF
method the hemicellulose is hydrolyzed so that the
determination of ADF is more closely associated
with degradability and digestibility, whereas the NDF

content is only related to ingestion or to a fraction
of fiber still highly usable by the organism. There is
the negative correlation existing between the content
of NDF and ADF with the digestibility of vegetable
products (OBREGON-CANO et al., 2019).

Results from the fiber measurements,
neutral detergent fiber (NDF), acid detergent fiber
(ADF) total digestible nutrients (TDN) and nitrogen
free extract (NFE) are shown in table 6. The
treatments reduced the NDF and FDA percentage in
CSC and increased the percentage of total digestible
nutrients (TDN) and nitrogen free extract (NFE) in
the evaluated residues, especially when commercial
cellulase and pectinase were used.

This result is positive, because the lower
the NDF percentage, which is the nutritional fraction
of hemicellulose, cellulose and lignin, the better the
nutritional value of animal feed. For SH, both the
NDF and ADF decreased with enzymatic treatment,
and the best results were produced by commercial
and non-commercial pectinase. According to
IPHARRAGUERRE & CLARK (2003), good
degradation of NDF occurs in diets containing
soybean hulls due to its chemical composition,
which is high in cellulose and hemicellulose and low
in lignin. Analyses for CSC demonstrated that the
enzymes used reduced the percentage of NDF and
ADF to values of 20% and 17% respectively, which
were lower than the untreated residue. For CSC, the
NDF and ADF reduction percentages were lower
when treated with non-commercial cellulase and
pectinase. These results are important because neutral
detergent fiber is a good indicator of potential food
consumption in ruminant animals, where an increase
in consumption corresponds to the lowest percentage
of NDF.

Treatment with cellulase and pectinase
improved the percentage of total digestible
nutrients (TDN) and nitrogen free extract (NFE) in

Table 5 - Hydrolysis of lignocellulosic substrates (CS and SPM) without pretreatment and ground in 0.5 mm granulometry, treated with
NaOH (3, 5, 7.5 and 10%) at a temperature of 100°C for 90 min, applying the enzymes cellulase and pectinase commercial.

Pretreatment =~ —--m-meeeeeeeen Soybean Hulls Hydrolysis (%) Corn stover and cobs Hydrolysis (%)---------
Cellulase Pectinase Cellulase Pectinase

Without pretreatment 49.92°4 +3 .87 51.40° +£3.28 26.07®£2.16 9.29C£0.56

3% NaOH 50.06* +2.16 52.55% +£2.85 30.20°+2.32 11.6°+0.95

5% NaOH 55.55"A +£2.56 52.2°4 £2.80 30.30" +£2.52 15.0°£0.98

7.5% NaOH 73.08 + 4.58 59.52%8 +3.02 34.40° +2.68 17.7°° £ 1.10

10% NaOH 72.84 £ 4.52 58.71°8 £ 4.06 34.00° +2.49 17.9°° +1.25

Means + standard deviation followed by the same lowercase letters in the columns and capitals in the rows do not differ significantly by

the Tukey test with 95% confidence.
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Table 6 - Bromatological analysis of lignocellulosic residues with commercial and non-commercial cellulase and pectinase.

Treatment NDF (/100 g) % ADF (/100 g) % TDN (g/100 g) % NEE (g/100g) %
Soybean Hulls
Without treatment 76.28 0 53.75 0 29.54 0 43.38 0
Commercial 60.36 209 46.16 -14.1 35.67 20.8 46.61 74
Celulase
Nosomisell 61.54 193 48.43 9.9 34.52 16.9 44.09 1.6
Celulase
Commercial 59.26 223 41.47 228 37.1 26.3 47.54 9.6
Pectinase
Wi sl 67.01 122 4335 -19.4 33.18 123 43.98 14
Pectinase
Corn stover and cobs
Without treatment 81.36 0 49.60 0 53.12 0 46.93 0
Commercial 64.37 209 41.18 169 73.01 37.4 71.33 51.9
Celulase
Woiso el 67.87 -16.6 42.33 147 61.01 14.8 53.28 13.5
Celulase
gmmml 64.55 20.7 40.87 176 63.58 19.7 68.93 46.9
ectinase
I]j"nfc"mmemal 69.52 -14.6 43.34 -12.6 61.00 14.8 52.98 12.9
ectinase

the evaluated residues, especially when using the
commercial enzymes. The results of TDN and NFE
obtained using commercial cellulase in corn stover
and cobs showed the highest increase in percentage
compared to the untreated residue (37.44% and
51.99%, respectively). TEIXEIRA et al. (2019)
evaluated the action of cellulase and commercial and
non-commercial pectinase in the hydrolysis of rice
husk and Tifton 85 hay. The bromatological analysis
showed that the use of these enzymes improved
the percentage of total digestible nutrients (NDT)
and non-nitrogenous extracts (NNE). Commercial
cellulase showed the best results for rice husks in
relation to NDT (61.94) and NNE (69.57). TDN is
one of the most widely used methods of evaluating
the food energy content for ruminants. Many
chemicals are related to the concentration of energy
available, and the commonly evaluated constituents
are digestible crude protein, digestible ether extract,
digestible neutral detergent fiber (corrected for ash
and protein) and digestible non-fibrous carbohydrates
(ROCHA et al., 2003).

CONCLUSION

Hydrolysis was highest under the highest
agitation, revealing the importance of this parameter
for the hydrolysis efficiency of SH and CSC. Both
commercial cellulase and pectinase showed good
hydrolytic efficiency in soybean hulls due to the large

quantity of pectin and cellulose in its composition,
and may improve the quality of SH in animal feed
by reducing the NDF and ADF. Hydrolysis with non-
commercial cellulase and pectinase was lower than
with commercial enzymes, but more effective in SH
than in CSC. Smaller particle size and pretreatment
with NaOH caused a significant increase in hydrolysis
of both substrates with both enzymes. The best
hydrolysis results were obtained with pretreatment
with 7.5% NaOH and 0.5 mm particle size independent
of the substrate using commercial enzyme. The best
digestibility results were obtained using commercial
pectinase for SH and commercial cellulase for CSC.
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