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Abstract Cellulolytic enzymes have received a lot of
attention as prospective candidates for biomass conver-
sion of agricultural byproducts. The current investigation
is an attempt to investigate the production of the cellulo-
lytic enzymes from local bacterial strains Bacillus cereus
3SME and Bacillus velezensis 3SME. Various agricultural
residues such as rice straw, corn cob, corn stalk, bagasse,
and wheat bran were utilized as enzyme production sub-
strates in solid-state fermentation. The results indicated the
highest percentage of fermentable sugar was produced from
bagasse. B. cereus 3SME and B. velezensis 3SME were able
to produce fermentable sugars 56.48 and 53.56 mg/g after
2 days of incubation at pH 6 and 6.5, respectively, at 37
degrees. Bagasse (0.25 g) was used as a carbon source in a
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50-ml conical flask and corn steep liquor for both organisms.
The functional groups in the presence and absence of both
bacteria were studied using FTIR spectroscopy. SEM analy-
sis was studied for the structural transformations of cellulo-
lytic fibers after 2 days of incubation with both bacteria. The
HPLC analysis of bagasse that was inoculated by B. cereus
3SME and B. velezensis 3SME indicated the two extracts
were composed of glucuronic acid, fructose, glucose, and
xylose with a molar ratio of 1:2.6:2.1:2.3 and 0.3:1.5:1:6.2,
respectively. Bagasse can be utilized as a low-cost source
of carbon for B. cereus 3SME and B. velezensis 3SME to
produce hydrolytic enzymes effectively.

Keywords B. cereus 3SME - B. velezensis 3SME -
Cellulolytic enzymes - Optimization

Introduction

Energy crops, forest residue, agricultural residues, organic
municipal solid waste, and components of wood are all
forms of lignocellulosic biomass [1]. Approximately 80%
of lignocelluloses contain cellulose (30-50%), hemicellu-
lose (20-35%), and lignin (15-25%) as the main constitu-
ents, and this composition varies between plant species
and plant tissues [2]. Biomass could be hydrolyzed to
fermentable hexose and pentose, which could be used to
make a variety of manufactured products food, fuel, paper,
and pulp textile industries [3]. The effective hydroly-
sis of lignocelluloses to fermentable sugars has been a
major challenge, various pretreatment techniques have
been designed to overcome lignin’s reluctance to yield
fermentable sugars [1]. Among the well-known treatment,
procedures are acid, alkali, ionic liquid, hot water, steam
explosion, and ammonia treatments [4]. Low hydrolysis
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performance, inhibitor formation, lower fermentation effi-
ciency, high waste management costs, insufficient cellulose,
lignin separation, consumption of intensive energy, and a lot
of chemicals are among the challenges that have yet to be
overcome [5]. Biological pretreatments by bacteria, fungi,
and enzymes that rely on their ability to break-down lignin
and hydrolyze carbohydrates appear to be more eco-friendly
because they use less energy and do not need any chemicals
[1, 6]. The enzymatic techniques to hydrolyze plant biomass
were chosen because of the non-inhibitory by-products and
nontoxic effluents [7]. Bacteria, fungi, plants, and some pro-
tozoa, mollusks, and nematodes generated cellulase enzymes
that hydrolyze the p-1, 4 links within cellulose chains [7, 8].
Bagasse is a lignocellulosic byproduct that was pretreated
and enzymatically hydrolyzed to yield sugars, yielding
around 40-51% glucose and 26-33% xylose upon comple-
tion of hydrolysis [9, 10]. Bacillus species had been found to
generate cellulolytic enzymes for the agricultural feedstock
hydrolysis, including sugarcane bagasse, into mono sugars
[11]. In this work, cellulolytic enzyme-producing microbial
isolates from Egyptian soils were screened for potential agri-
cultural residue hydrolysis and could be used as a low-cost
source of carbon in commercial production.

Material and Methods
Isolation of Microorganisms

Twelve decaying soil samples were obtained from Egypt
across various districts. Clean plastic bags were used to
preserve the samples at 4 °C until they were used. The
basal medium was used for isolation and purification
of cellulases producing fungi according to Gao et al.
[12] (g/1): microcrystalline cellulose (27), KH,PO, (6),
(NH,),SO, (5), MgS0O,.7H,0 (1), CaCO; (2.5), corncob
steep liquor (3.3%), and Tween-80 (0.2%) and incubated
at 28 °C for 7 days. The obtained growing fungal isolates
were maintained on slants of Czapek-Dox medium and
kept in a refrigerator at 4 °C for further investigation.
The bacteria were isolated using the enrichment method
in a minimal slate medium (MSM) according to Ahmed
et al. [13] which contained (g/1): K,HPO, (7), KH,PO,
(2), sodium citrate (0.5), (NH,),SO, (1), MgS0O,.7H,0
(0.1), and 1 cm of dry grass wood (10 g). In a 250 mL
Erlenmeyer flask with a pH of 7.0, 5 g of each soil sample
was added to 95 ml MSM then incubated at120 rpm and
37 °C for 5 days. One milliliter of the desired dilution was
directly transferred into a Nutrient agar medium.
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Screening the Cellulases Enzymes Producing
Microorganisms

Screening for cellulase-producing microorganisms (fungi
and bacteria) was done using iodine on carboxymethylcel-
lulose (CMC) plates according to Kasana et al. [14] which
contained (g/1): K,HPO, (1), NaNO; (2), KCl1 (0.5), MgSO,
(0.5), peptone (0.2), CMC sodium salt (2), and agar (17)
each isolate was cultured on the medium and incubated for
24 and 72 h at 37 °C and 30 °C in case of bacteria and
fungi, respectively, then the plates were flooded with iodine
described by Bartholomew et al. [15] which contained (g/1):
iodine (3.33), and KI (6.67) which produced a bluish-black
complex with CMC and a clear zone surrounding the colo-
nies in 3 to 5 min as an indication of cellulases activity.

Identification of Selected Strains

Morphological (Gram stain, motility, and spore-former),
culture characteristics (appearance of the colony surface,
color, elevation, edge, pigmentation, and opacity of the
bacterial colony), and biochemical characterization (starch
hydrolysis, Voges-Proskauer, citrate utilization, nitrate
reduction, oxidase, catalase, and acid production from dif-
ferent sugars) of the promising two bacterial strains Sz5 and
HIIS that produce the maximum cellulase were determined
using established procedures [16] combined with 16S rRNA
gene sequencing using universal primers 27F 5'(AGAGTT
TGA CCTGGCTCAG)3' and 1492R 5’ (GGTTACCTTGTT
ACGACTT)3' PCR products were purified by using a PCR
purification kit and sequenced bi-directionally by the Sol-
Gent Company (SolGent, Daejeon, Korea). The partial 16S
rRNA gene sequences were compared with sequences in the
nucleotide data base of GenBank. Multiple alignments of
the gene sequences were performed using the CLUSTAL W
program in the Mega 6 software package [17]. 16S rRNA
gene sequences for type strains (the most closely related spe-
cies) were obtained from the EZ Taxon-edatabase (http://
eztaxon-e.ezbiocloud.net) and NCBI-BLAST programs. The
neighbor-joining method with Kimura’s two-parameter dis-
tance correction model was used to construct phylogenetic
trees. Bootstrapping analysis of 1000 replications was per-
formed to estimate the confidence of tree topologies.

Enzymatic Activity of the Bacterial Strains on CMC
Media

For the preparation of enzymes, the isolates which showed
positive results in enzyme screening were pre-cultured in
a medium described by Kogo et al.[18] which contained
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(g/1): glucose (30), (NH,),SO, (6), and corn steep liquor
(0.6%) in 50 ml of the medium at 37 °C for 2 days and
120 rpm. The pre-culture was transferred into 100 ml of
quantitative screening medium described by Kogo et al. [18]
Which contained (g/1): Avicel (9), (NH,),SO, (1.8), and corn
steep liquor (0.18%) and incubated for 3 days at 37 °C and
120 rpm. The microbial cells were removed from the cul-
ture by cooling centrifugation for 20 min at 5000 rpm. The
supernatant was used for the determination of CMC-ase,
FP-ase, xylanase, -glucosidase, and cellobiase [21] by the
DNS assay [19]. One unit of the enzyme was defined as the
amount of enzyme which releases 1 pg of reducing sugars,
expressed as glucose, per minute under a given condition.

Enzymatic Activity of the Bacterial Strains on Different
Agricultural Byproducts

Five agricultural byproducts samples were collected from
districts in Egypt such as corn stalk, wheat straw, corn cobs,
bagasse, and rice straw. All agricultural byproducts samples
were dried and crushed through a grinder to smaller particle
size, with a size range of 0.5 to 2 mm. Then the chemi-
cal analysis of different agricultural byproducts moisture,
ash, lipid content, lignin, hemicellulose, and cellulose was
determined according to Nagah, [20]. Different agricultural
residues were used as substrates for the production of cel-
lulases under SSF without any pretreatment. Five grams of
each substrate were weighed into 250 ml Erlenmeyer flasks
and moistened with mineral salt medium [21] to achieve
a moisture content (86%). The mineral salt medium con-
tained (g/1): KH,PO, (2), (NH,),SO, (1.86), urea (0.3) CaCl,
(0.03), MgS0O,.7H,0 (0.3), peptone (8), yeast extract (4.08)
and (mg/l): MnSO,.H,0 (1.6), FeSO,.7H,0 (5), CoCl, (2),
ZnS0,.7H,0 (1.4), and Tween 80 (0.1%) at pH 6 at 37 °C
for 3 days. The enzyme from each microbial culture medium
was extracted twice with 0.05 M sodium acetate buffer (pH
4.8) and thorough squeezing using a double-layered wet
cloth. The extract was centrifuged for 10 min at 5000 rpm
and 4 °C and the clear supernatant was used for assay of
total reducing sugars and for the cellulase activities of CMC-
ase, FP-ase, xylanase, B-glucosidase, and cellobiase [22] by
the DNS assay [19]. One unit of enzyme is defined as the
amount of enzyme which releases 1 pg of reducing sugar,
expressed as glucose, per minute under a given condition.

Optimization for Hydrolysis of Bagasse
The promising bacterial strains (B. cereus 3SME and B.

velezensis 3SME) were subjected to different physicochemical
and nutritional conditions for hydrolysis of sugarcane bagasse.

Subsequently, the medium component studied included the
effect of different incubation periods (1, 2, 3, 4, and 5 days),
different pH (5.5, 6, 6.5, 7, and 7.5), different temperatures (25,
30, 35, 37, 40, and 45 °C), and different inoculum size 100,
150, 200, 250, and 300 ul/g. Bagasse weight 0.25, 0.50, 1.00,
1.25, and 1.50 g using 50 ml Erlenmeyer flasks. Corn steep
liquor as cheap nitrogen instead of peptone and yeast extract
(25, 50, 75, 100%). All the experiments were carried out in
a 50-ml Erlenmeyer flask containing one gram of untreated
sugarcane bagasse and mineral salt medium [21] to achieve
86% initial moisture content in triplicate.

Fourier Transforms Infrared (FTIR) Spectroscopy

According to El-Gamal et al. [23], the chemical structures and
functional groups of bagasse were determined. Adsorption and
reactions on surfaces have been investigated extensively using
Fourier transform infrared attenuated total reflection spec-
troscopy (FTIR-ATR). A JASCO-ATRFT/IR-6100 Fourier

Table 1 Cultural and biochemical characteristics of the promising
bacterial isolates

Test Isolate Sz5 Isolate HIIS

Morphological characterization

Gram stain Positive Positive
Motility Negative Negative
Spore-former Positive Positive
Culture characteristics

Appearance of the colony surface Wrinkled Wrinkled
Color Creamy Creamy
Elevation Flat Flat
Edge Entire Entire
Whole colony Circular Circular
Pigmentation No pigment No pigment
Opacity of the bacterial colony Opaque Opaque
Biochemical characterization

Starch hydrolysis Negative Positive
Voges-Proskauer Positive Positive
Citrate utilization Negative Negative
Nitrate reduction Negative Positive
Oxidase Positive Positive
Catalase Positive Positive
Acid production from

Glucose Positive Positive
Fructose Positive Positive
Galactose Negative Negative
Maltose Positive Negative
Mannose Positive Positive
Xylose Negative Negative
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1 ULF MW522550.1.600-1250 Bacillus cereus strain 3SME 18S nbosomal RNA gene partial sequence I

100 I— MZ675431.1.865-1464 Bacillus cereus strain B31 16S ribosomal RNA gene partial sequence

MZ674410 1:848-1447 Bacillus cereus strain SCSRD9 16S nbosomal RNA gene partial sequence

MZ647532.1:825-1424 Bacillus cereus group sp. strain Andi542 16S ribosomal RNA gene partial sequence

100

MZ605040 1:817-1416 Bacillus cereus strain D1 16S nbosomal RNA gene partial sequence

MZ540251.1:864-1463 Bacillus cereus group sp. strain CP M6 16S rbosomal RNA gene partial sequence

MZ351198.1:793-1392 Bacillus cereus strain PCI113 16S nbosomal RNA gene partial sequence

MZ305048.1:800-1399 Bacillus cereus strain CWI6 16S ribosomal RNA gene partial sequence

MZ292230.1:821-1420 Bacillus cereus strain TK19024 16S nbosomal RNA gene partial sequence

MW402866.1.812-1411 Bacillus cereus strain FORCN224 16S ribosomal RNA gene partial sequence

MW363269.1:810-1409 Bacillus cereus strain FORCNO067 16S ribosomal RNA gene partial sequence

10 ——— MW805747.1:842-1441 Bacillus cereus strain HBU30206 16S ribosomal RNA gene partial sequence

100 { MW?789846.1:443-1042 Bacillus cereus strain CR19 16S ribosomal RNA gene partial sequence
100

MW?774274.1:816-1415 Bacillus cereus strain WHX1308 16S ribosomal RNA gene partial sequence

(a)

100l— MW523035 1:500-1100 Bacillus velezensis strain 3SME 16S nbosomal RNA gene partial sequence I

100 ; MZ831871.1:688-1187 Bacillus velezensis strain S BV2 16S ribosomal RNA gene partial sequence

MZ831869.1:687-1186 Bacillus velezensis strain S BV1 16S ribosomal RNA gene partial sequence

MZ827472.1:829-1328 Bacillus velezensis strain FQ-G4 16S ribosomal RNA gene partial sequence

MW036408 2:813-1312 Bacillus sp. (in: Bactena) strain AM N P1.17 16S ribosomal RNA gene partial sequence

MZ769308 1 829-1328 Bacillus sp. (in' Bacteria) strain D-3-7 16S ribosomal RNA gene partial sequence

MZ768634.1:796-1295 Bacillus sp. (in: Bacteria) strain AM14 16S ribosomal RNA gene partial sequence

MZ749736.1:811-1310 Bacillus velezensis strain J2 16S nbosomal RNA gene partial sequence

MZ749456 1:808-1307 Bacillus velezensis strain D-1 16S nbosomal RNA gene partial sequence

MZ734274 1 841-1340 Bacillus velezensis strain HT-9 16S nbosomal RNA gene partial sequence

100 —— MZ642486 1 617-1116 Bacillus velezensis strain PDW356 16S ribosomal RNA gene partial sequence
100 —i: MZ642485.1:603-1102 Bacillus velezensis strain PDW335 16S ribosomal RNA gene partial sequence
10 MZ642484 1 602-1101 Bacillus velezensis stran PDW332 16S ribosomal RNA gene partial sequence

(b)

Fig. 1 Phylogenetic tree based on 16S rRNA sequences of B. cereus 3SME (a), and B. velezensis 3SME (b)

transform infrared spectroscope was used to capture the infra-  information on the shape distribution of particles in the obser-
red spectra. The ATR crystal (2 mm/sec) was utilized with ~ vation, low magnification photographs were obtained. After
resolutions of 4 cm™!, the spectral range is 4000 to 400 cm™!. that, greater magnification was used to focus on common sur-

faces. The SEM photographs illustrate how the raw structure
Scanning Electron Microscopy (SEM) Analysis can be expanded throughout the treatment.

A scanning electron microscope (SEM FEG Quanta 250
Czech) was used to investigate the surface morphology of
bagasse that operated at 20 kV without any need for gold
sputtering coating at a ratio of 56x-3000X. Firstly, to gain
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Table 2 Composition of lignocellulose components in various agricultural byproducts

Agricultural components  Corn stalk Bagasse Wheat bran Rice straw Corn cob
(%)

Moisture 7.93 5.31 11.42 4.14 5.75
Ash 7.61 1.23 6.09 14.51 1.20
Protein 9.14 8.24 12.53 3.89 8.90
Lipid 6.57 8.86 4.60 9.79 6.62
Cellulose 46.44 34.55 33.40 26.31 37.35
Hemicellulose 20.00 21.69 22.17 21.20 26.31
Lignin 10.24 20.12 9.79 20.16 13.87

Table 3 Enzymatic activity of the bacterial strains on different Agricultural wastes (3 days)

Agricultural residues ~ Microbial code Protein ~ Total fermentable Enzyme activity (U/g waste)
(mg/g) sugars (mg/g waste) - -
CMC-ase FP-ase Xylanase Cellobiase p-glucosidase

CMC media B. velezensis 3SME ~ 0.03 0.30 17.64* 5.13% 5.71%* 6.09%* n.d

B. cereus 3SME 0.02 0.87 10.79* 3.88*%  10.40% 4.13* n.d
Bagasse B. velezensis 3SME  0.33 26.57 32.19 7.80 18.90 17.80 24.50

B. cereus 3SME 0.31 27.98 56.39 11.10 19.20 32.40 16.90
Corn stalk B. velezensis 3SME ~ 0.33 4.95 40.80 56.00 60.70 175.70 n.d

B. cereus 3SME 0.30 5.21 62.90 57.00 34290 175.50 n.d
Corn cob B. velezensis 3SME ~ 0.29 16.02 116.40 81.10 19.30 40.20 12.40

B. cereus 3SME 0.25 9.23 20.50 73.10  100.20 17.50 22.40
Rice straw B. velezensis 3SME ~ 0.34 2.59 35.20 56.80 86.70 42.10 n.d

B. cereus 3SME 0.35 7.50 37.80 61.60 93.50 58.00 n.d
Wheat bran B. velezensis 3SME  0.35 14.67 25.50 131.30  130.20 46.60 53.80

B. cereus 3SME 0.33 12.49 53.50 69.00 12.00 14.50 22.50

* Activity (U/ml)

Determination of Surges Content by Using HPLC

Sugars caused by the enzymatic actions of the B. cereus 3SME
and B. velezensis 3SME strains for bagasse were determined
using high-performance liquid chromatography (HPLC) after
one millimeter of bagasse extraction was filtered through a
double-layered wet cloth by squeezing (HPLC). Each sample
was filtered via 0.22 um Millipore membranes in a separate
aliquot. An Agilent model 1100 Series (Agilent, USA) high-
performance liquid chromatography equipped with a qua-
ternary pump, refractive index detector, and Sim-pack SCR-
101 N (300 mm L.x7.9 mm L.D., 10 um). The mobile phase
was deionized water, degassed under vacuum in an ultrasonic

bath. The flow rate was 0.7 ml/min at a temperature of 40 °C.
The quantification was achieved by comparison with analytical
curves using sugars standards from Supelco.

Results and Discussion

Cellulase Enzymes Production Isolation and Screening
Based on the different morphological characteristics that
appeared on a basal medium total of 89 and 68 fungal and

bacterial isolates, respectively, were obtained from vari-
ous decayed soil samples from Egypt. Screening of the
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Fig. 2 Effect of the incubation (a) 40
period (a), incubation tem- ==@==Bacillus cereus 3SME  ==@==Bacillus velezensis 3SME
perature (b), different pH values
(¢), inoculum size (d) medium
volume in 50 ml conical flask
(e), and steep liquor concerta-
tion (f) on total fermentable
sugars by B. cereus 3SME and
B. velezensis 3SME strains
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cellulase-producing bacterial and fungal isolates was carried ~ similar to another study that reported that after a certain
out on a CMC agar plate using an iodine solution appeared  time of incubation, clearing zones around microbial growth
HII5 and Sz5 bacterial isolates were selected. Our finding  colonies showed their ability to produce cellulases [24, 25].
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Fig. 2 (continued) 60
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Bacterial Isolates Identification

The morphological, culture, and biochemical in Table 1 iso-
late Sz5 negative for starch hydrolysis, nitrate reduction, and
citrate utilization while positive for oxidase, catalase, and
Voges-Proskauer test. For isolate HII5 for starch hydrolysis
test, oxidase test, and catalase test, nitrate reduction, and
Voges-Proskauer test were positive, whereas the citrate test
was negative and they were proven to be Bacillus species.
The partial 16STDNA sequence was evaluated in comparison
to databases in the GenBank. Bacillus cereus 3SME and

25 50 75 100
Nitrogen (%)

Bacillus velezensis 3SME were identified as the isolates and
Gene Bank accession numbers MW522550 and MW523035,
respectively, were given to the 16S rRNA sequences. Using
the neighbor-joining approach, a phylogenetic tree was cre-
ated (Fig. 1). Several investigations with cellulases produc-
tion from bacteria had been used the molecular technique for
their identification. The phylogenetic tree based on differ-
ent species of Bacillus was constructed using the neighbor-
joining method similar to Kanmani et al. [26] that isolated
52 bacteria from sediment and water samples.
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Fig. 3 FTIR for bagasse spectra without inoculation (black line),
after inoculation with B. velezensis 3SME (red line), and after inocu-
lation with B. cereus 3SME (blue line) (color figure online)

Enzymatic Activity of the Bacterial Strains

Samples of agricultural residues such as corn stalk, wheat
straw, corn cobs, bagasse, and rice straw were collected from
Egyptian farms. Table 2 presents their chemical contents
determination. The promising 2 strong positive microbial
isolates B. cereus 3SME and B. velezensis 3SME were
selected for growing on different five agricultural residues
and CMC media were utilized as substrate for the cellulases
production under solid-state fermentation without using any
chemical pretreatment and the microbial isolates were inocu-
lated. Results in Tables 3 indicated that the two bacterial
isolates are the best hydrolysis of the bagasse residues and
the total fermentable sugars by using B. cereus 3SME and
B. velezensis 3SME were 26.57 and 27.98 mg/g of bagasse
after 3 days, respectively. Similar that Namnuch et al. [3]
was reported that lignocellulosic residues bagasse, rice
straw, sawdust, rice bran, and commercial xylan and CMC
substrates used in submerged fermentation for Aspergillus
flavus KUB2 cultivation. In addition, the B. subtilis CD001
was discovered to hydrolyze the bagasse [11].

Optimization for Hydrolysis of Sugarcane Bagasse

To improve enzyme production and make the process
cost-effective, process parameters must be optimized. The
media optimization technique for Bacillus species such as
B. amyloliquefaciens SAS, B. megaterium BMS4, and B.
subtilis BTN7 had shown that pH-7.0 is the best for cel-
lulase production [27]. B. cereus 3SME and B. velezensis
3SME were exposed to a variety of culture conditions to
determine the most effective parameters for cellulase pro-
duction. The incubation time was gradually increased from
24 to 48 h, resulting in a significant increase in cellulase
activity. Following that, a decrease in enzyme synthesis as
the incubation time was extended above 2 days, as shown

@ Springer

Fig. 4 SEM of bagasse without bacterial inoculation (a), after B.
cereus 3SME cultivation (b) and B. velezensis 3SME cultivation (c¢)

in Fig. 2a. The maximum total fermentable sugars after
2 days for B. cereus 3SME and B. velezensis 3SME were
recorded at 33.42 and 30.08 mg/g, respectively. For the bac-
teria in this study, the maximum total fermentable sugars
for both bacteria were 33.42 and 30.08 mg/g, respectively,
at 37 °C in Fig. 2b and the production of enzymes was low-
ered as the temperature increased. The two strains in Fig. 2c
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showed the maximum total fermentable sugars were 42.19
and 36.94 mg/g at pH 6 and pH 6.5, respectively. Figure 2d
shows the maximum total fermentable sugar productivity
was 48.15 and 48.21 mg/g from B. cereus 3SME and B.
velezensis 3SME, respectively, at inoculum sizes of 250 pl
and 300 pl. The observed results are similar to B. subtilis
SV1 cellulase production [28] and B. subtilis M-11 [29].
Figure 2e shows the best total fermentable sugars productivi-
ties were 56.48 and 51.25 mg/g for B. cereus 3SME and B.
velezensis 3SME, respectively, at 0.25 g of bagasse in 50 ml
Erlenmeyer flasks, and Fig. 2f for nitrogen source using dif-
ferent concentrations of corn steep liquor as cheap nitrogen
instead of peptone and yeast extract (25, 50, 75, 100%) the
results as the same so using the corn steep liquor as cheap
nitrogen source.

Sugarcane Bagasse Structural Change

After two days of bacterial cultivation, the SEM and FTIR
spectroscopy studies were carried out to analyze the major
structural changes induced by the catalytic enzymatic actions
of the B. cereus 3SME and B. velezensis 3SME strains in
bagasse. To determine the qualitative of lignocellulose
materials, FTIR is a well-known approach. Peaks that are
correlated with lignin, hemicellulose, and cellulose showed
the p-glycosidic linkage at peak 898 cm™!, crystalline cel-
lulose at 1098 cm™, in lignin and xylan, syringyl ring and
C-O expanding at 1266 cm™!, lignin aromatic skeleton vibra-
tions at peak 1515 cm™!, Stretching of CH2 deformation in
lignin and xylan at peak 1457 cm™, and the unconjugated
C=0 in xylan at peak 1730 cm™' [3, 30]. Figure 3 shows the
FTIR spectral results of the spectra analysis corresponding
to lignin, cellulose, and hemicellulose substrates changes
without bacterial inoculation compared with bacterial culti-
vation. Similar FTIR results studied by Namnuch et al.[3] for
sugarcane bagasse hydrolysis by A. flavus KUB2. Figure 4
shows SEM scans of bagasse structure morphology after
cultivation with B. cereus 3SME and B. velezensis 3SME
strains, as well as bacterial inoculation compared with bac-
terial cultivation. The surface of the control bagasse was
smooth and flat. Bagasse, on the other hand, developed fis-
sures and a large number of visible holes after culture with
the B. cereus 3SME and B. velezensis 3SME strains as well
as bagasse without any inoculation as a control the results
similar to pore formation in the bagasse after culture with
A. flavus KUB2 after 21 days of solid fermentation was
recorded by Namnuch et al.[3].

Determination of Surges Content by Using HPLC

HPLC analysis of bagasse inoculated by the B. cereus 3SME
and B. velezensis 3SME strains and the two extracts com-
posed of glucuronic acid, fructose, glucose, and xylose with
a relative molar ratio of 1:2.6:2.1:2.3 for B. cereus 3SME
and 0.3:1.5:1:6.2 for B. velezensis 3SME. similar to the pre-
vious sugarcane bagasse enzymatic hydrolysis indicated that
composed of glucose 40-51% and xylose 26-33% [9, 10].

Conclusions

B. cereus 3SME and B. velezensis 3SME isolated from
Egyptian soil were found to be potential producers of cel-
lulolytic enzymes. After two days of fermentation, sugar-
cane bagasse proved to be a potential source of carbon for
submerged culture resulting in high enzyme activity. Using
bagasse as an inexpensive carbon source and corn steep lig-
uor as a supplement source, variables in the process were
improved, resulting in a considerable increase in fermentable
sugars yield.
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