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Abstract
Bioethanol production potential of ethanol-tolerant Bacillus cereus strain GBPS9 using sugarcane bagasse and 

cassava peels as feedstocks was investigated. The Bacillus cereus GBPS9 used in this study was isolated from 
agro-wastes impacted soil and classified based on phylogenetic analysis of its 16S rRNA gene. The sequence of 
the isolate has been deposited in GenBank under the accession number KT318371.1. The isolate was selected 
based on its cellulolytic ability, tolerance to ethanol concentration of 6% (v/v) and ability to ferment sugar to ethanol. 
The substrates employed in the study were cassava peels and sugarcane bagasse. Chemical composition analysis 
showed total carbohydrate and lignin contents (% dry weight) of 69.6 ± 1.2 and 13.9 ± 0.4 for cassava peels and 70.3 
± 1.9 and 16.2 ± 1.2 for sugarcane bagasse, respectively. The feedstocks were subjected to acid, alkali and steam 
explosion pretreatments to increase cellulose content and therefore, reduce lignin content. The best pretreatment 
methods (steam explosion for sugarcane bagasse and acid for cassava peels) increased total carbohydrate contents 
to 85.4 ± 2.33 and 80.4 ± 2.5 for sugarcane bagasse and cassava peels, respectively. The respective lignin contents 
after pretreatment were 4.2 ± 0.44 and 4.8 ± 0.8 for sugarcane bagasse and cassava peels. Cultural conditions 
(pH, temperature, nitrogen source, inoculum size and substrate concentration) of the bacterium were optimized to 
enhance cellulase production. The laboratory scale fermentation of the feedstocks to ethanol was carried out in 250 
mL Erlenmeyer flasks. Gas Chromatography – Mass spectrometry (GC-MS) analysis of the fermentation broth of 
sugarcane bagasse and cassava peels substrates revealed ethanol contents of 18.40 and 17.80 g/L, respectively. 
The study has demonstrated efficient bioethanol production by Bacillus cereus GBPS9 using sugarcane bagasse 
and cassava peels as feedstocks. 

Keywords: Bacillus cereus; Bioethanol, Cassava peels; Simultaneous
saccharification and fermentation (SSF); Sugarcane bagasse; GC-MS

Introduction 
The last two decades have seen increased interest in bioethanol 

as alternative source of energy to fossil fuel [1]. This trend follows the 
adoption of the Kyoto protocol in Kyoto, Japan on the 11th of December 
1997 and its subsequent entry into force on 16th of February, 2005. 
Fossil fuel sources such as coal, oil, natural gas etc. have contributed 
to the drastic increase in the level of greenhouse gases (GHG) in the 
Earth’s atmosphere resulting in the need for alternative energy sources 
that are environmentally friendly, renewable and sustainable [2], a 
fit, bioethanol from lignocellulosics promises to achieve. However, 
the process has several challenges and limitations such as biomass 
transport, biomass handling, efficient pre-treatment methods for 
total delignification of lignocellulosics and appropriate fermentative 
organism [1]. 

Conventionally, ethanol is produced from the processing of starch- 
and sucrose-based feedstocks, utilizing enzymatic liquefaction and 
saccharification; leading to the production of a relatively clean glucose 
pool [3]. However the food and feed crops for energy production 
crisis has prompted the need for bioethanol production from sources 
other than feedstocks with direct food and feed values. This reason has 
informed the interest in the use of lignocellulosics for the production 
of ethanol. 

Agricultural wastes such as sugarcane bagasse and cassava are 
examples of lignocellulosics and have been employed in bioethanol 
production [4,5]. Sugarcane (Saccharum officinarum) is used worldwide 
as a feedstock for ethanol and sugar production [6] and Nigeria is one 
of the most important producers of the crop with a land potential of 
over 500,000 hectares of suitable cane field capable of producing over 
3.0 million metric tonnes of sugarcane [7]. After sugarcane is milled 

for juice extraction, bagasse is obtained as a residue and corresponds to 
about 25% of the total weight; containing 60% to 80% of carbohydrates 
[6]. Cassava is particularly an interesting feedstock for bioethanol 
production especially in Nigeria, considering that it is produced in 
large quantity and that the country remains the largest producer of 
cassava in the world since 2005 [8]. Besides, cassava can be grown in 
arid, marginal soil where other crops, such as, corn, sugarcane and 
sugar beet fail [4,9]. The plant cell wall of agricultural wastes is formed 
by two carbohydrate fractions (cellulose and hemicellulose) embedded 
in a lignin matrix. Lignin is a phenolic macromolecule, resistant to 
enzyme attack and degradation, and thus its content and distribution 
are recognized as the most important factors determining cell wall 
recalcitrance to hydrolysis [10-12].

Processing of agricultural wastes to ethanol follows a general 
procedure for the conversion of lignocellulosics to ethanol. The procedure 
involves three major operations: pre-treatment for delignification, which 
is necessary to liberate cellulose and hemicellulose before hydrolysis; 
hydrolysis of cellulose and hemicellulose to produce fermentable sugars 
(glucose, xylose, arabinose, galactose, and mannose) and fermentation 
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of sugars to ethanol. The non-carbohydrate components of lignin also 
have value-added applications [13]. 

This study was aimed at investigating bioethanol production by an 
ethanol-tolerant Bacillus cereus strain GBPS9 using sugarcane bagasse 
and cassava peels as feedstocks.

Materials and Method
Sugarcane bagasse and cassava collection, processing and 
comminution

The sugarcane bagasse (SB) and cassava peels (CP) used in the 
study were obtained from local sugarcane sellers in Port Harcourt and 
cassava farmers in Nonwa, Tai LGA, Rivers State, Nigeria, respectively. 
The biomass was washed and dried at atmospheric temperature for 3 
days. The dry biomass was further grinded with an electric blender 
(Philips blender HR2001, Japan), filtered with a 60 Mesh (0.250 mm) 
sieve and stored under dry conditions until use.

Chemical analysis of the feedstocks

The method described by Milne et al. [14] was used to determine 
the dry matter, acid detergent fibre (ADF) and neutral detergent fibre 
(NDF) contents of the sugarcane bagasse and cassava peels. Crude 
protein was determined by Kjeldahl method and total carbohydrate by 
Clegg Anthone method as described by Sluiter et al. [15]. The method 
described by Sluiter et al. [16] was used to determine crude fibre and 
total ash. 

Cellulose: The acid detergent fibre (ADF) content was used for the 
estimation of cellulose, employing the standard method described by 
Sluiter et al. [15]. The content of the crucible was covered with cooled 
(15oC) 75% (24 N) H2SO4 and stirred with glass rod to a smooth paste, 
breaking all lumps. Then the crucible was half-filled with acid. After 1 
h when acid was drained off, the crucible was refilled with 72% acid. 
Three hours later, acid was filtered off as much as possible with vacuum; 
the content dried at 100oC overnight and weighed. The loss in weight 
was taken as cellulose and it was calculated using the following formula:

( ) Weight of ADF  Wr. after acid trt. 100
Weight of sample

ADF %  −
×=

Wr.=Weight of dried residue; trt.=Treatment

Hemicellulose: Hemicellulose was determined by the difference 
between neutral detergent fibre NDF (%) and ADF (%).

Hemicellulose (%) = NDF (%)-ADF (%)

Lignin: The residue that remained after determination of cellulose 
was treated with 25 ml KMnO4 buffer for 90 min at 20-25oC. Lignin was 
dissolved leaving cutin and silica as insoluble materials. The contents 
were then filtered through tarred sintered crucible using gentle suction 
and residue was washed with distilled water, then with acetone. Crucible 
and residue were dried in an oven at 100ºC.

Crude protein (CP): Crude protein was determined by Kjeldahl 
method (15). One gram of the processed sample (W) was digested with 
concentrated H2SO4 in the presence of a catalyst mixture containing 
HgSO4 and K2SO4 (1:9). The digested sample was diluted with water 
to a volume of 250 ml; 10 ml of aliquot of diluted sample was mixed 
with 10 ml of NaOH solution (40%). Excess alkaline reaction and 
mixture was distilled with steam in the presence of 50 mg zinc dust 
in the micro-Kjeldahl distillation apparatus. The ammonia so liberated 
was collected in 2% boric acid solution containing few drops of mixed 
indicator (methyl red and methylene blue). The distillate thus obtained 

was titrated against 0.01 N H2SO4. A blank was also run under the 
same conditions. From the actual volume of 0.01 N H2SO4 used, the % 
nitrogen was calculated by equating 1 ml of 0.01 (NH3)2SO4 to 0.00014 
g of nitrogen. To obtain percentage of crude protein, % nitrogen was 
multiplied by 6.25.

( ) X  0.00014 250Nitrogen 100 100
10  W

%  × × ×
×

×
=

CP (%) =Nit % × 6.25

X=ml of 0.01 N H2SO4 used

1 ml of 0.01 N H2SO4=0.00014 g of NH3 nitrogen 

W=Weight of the sample in grams

250=Dilution Factor; 6.25=N to protein conversion factor

Feedstocks pre-treatment

The feedstocks were each subjected to steam explosion, acid and 
alkali pre-treatment methods. 

Steam explosion (SE) pretreatment of the feedstocks: SE 
pretreatment method described by Sharma et al. [17] was employed 
for the pre-treatment of the biomasses used in the study with slight 
modification. Ten (10) grams of each biomass was suspended in 90 
ml of distilled water in a conical flask (PYREX Erlenmeyer Flask, 
USA) and placed in an autoclave for 45 min at 121oC. After 45 min, 
the autoclave was forcefully depressurized by spontaneously removing 
the lid. The solid residue was collected and extensively washed with tap 
water until neutral pH was reached. The solid residue was then dried 
at 60oC overnight with a laboratory grade electric oven (Zhengzhou 
Nanbei Instrument Co. Ltd., China) using the method described by Fan 
et al. [18]. The dry hydrolysate was analysed for cellulose, hemicellulose 
and lignin content and stored in sterile polypropylene bags for further 
use prior to simultaneous saccharification and fermentation (SSF).

Acid (H2SO4) pretreatment of feedstocks: Acid pretreatment 
method described by Olanbiwoninu and Odunfa [19] was employed 
for the pretreatment of the sugarcane bagasse and cassava peels. The 
acid used was H2SO4 (Sigma-Aldrich, Germany).

Alkali (NaOH) pretreatment of sugarcane bagasse: Alkali 
pretreatment method described by Olanbiwoninu and Odunfa [19]) 
was employed for the pretreatment of the sugarcane bagasse used in the 
study. The alkali used was NaOH (Oxoid, UK). 

Isolation and screening of cellulolytic bacteria

To isolate cellulolytic bacteria, aliquots from various dilutions 
(10-3-10-6) were plated in duplicate on carboxylmethyl cellulose 
(CMC) agar [20]. The CMC agar comprising (g/L) CMC (Sigma-
Aldrich, Germany), 5; NaNO3 (Lab M, India), 1; K2HPO4 (Applichem, 
Germany), 1; KCl (Lab M, UK), 1; MgSO4 (Sigma-Aldrich, Germany), 
0.5; yeast extract (Sigma-Aldrich, Germany), 0.5; glucose (Oxoid, UK), 
1 and Agar (Sigma-Aldrich, Germany), 17) was prepared by dissolving 
the ingredients in 1 L distilled water. The mixture was heated to a boil 
to homogenize the sample and sterilized in an autoclave at 121oC for 15 
min at 15 psi. The sterile molten CMC agar was thereafter maintained at 
45oC in a water bath. Fifteen to twenty (15-20) millilitres of the molten 
agar was dispensed into sterile petri dish and allowed to solidify. The 
inoculated CMC agar plates were incubated at 40oC for 48 h [20,21]. 

After 48 h of incubation, each of the duplicate plates was screened 
for cellulase activity by flooding the plates with 0.1% Congo red (Sigma-
Aldrich, Germany) solution and left undisturbed for 15-20 min and 
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then destained with 1 M NaCl (Oxoid, UK) [21]. Halo zones around 
the growing cellulolytic bacteria confirmed positive isolates. The ratio 
of the clear zone diameter to colony diameter was measured and the 
highest cellulase and xylanase producers were selected. The largest ratio 
was assumed to contain the highest activity. The selected isolates were 
transferred into minimal CMC agar slants and the slants maintained at 
4oC for further analysis.

Ethanol tolerance test for the cellulolytic bacteria

The isolates that showed high cellulolytic activity were subjected 
to ethanol tolerance test. CMC broths amended with varying 
concentrations of ethanol (Sigma-Aldrich, Germany) ranging from 0 
(the control) to 10% (v/v) were used in the screening procedure. Ten 
microlitre (10 µl) of inoculum from a 24 h broth culture of each isolate 
was used to inoculate the test tubes containing the sterile CMC broths 
with various ethanol concentrations. The inoculated test tubes were 
incubated for 48 h. After 48 h of incubation, the absorbance reading 
at 600 nm and cellulase activity was determined. Isolates with the 
highest OD reading as well as cellulase activity at elevated ethanol 
concentrations were taken for further analysis.

Estimation of enzyme activity 

Cellulase activity was assayed using dinitrosalisilic acid (DNS) 
reagent (Lab M, India) by estimation of reducing sugars released from 
CMC solubilized in 0.05 M phosphate buffer at pH 8 [22]. Culture broths 
were filtered using Whatman™ Qualitative  Filter Paper (Whatman, 
UK) and the clear supernatant served as crude enzyme source. Crude 
enzyme was added to 0.5 ml of 1% CMC in 0.05 M phosphate buffer 
and incubated at 50oC for 30 min. After incubation, reaction was 
stopped by the addition of 3 ml of DNS reagent and boiled at 100ºC in 
water bath for 5 min. Development of colour was observed after boiling 
and sugars liberated were determined by measuring absorbance at 540 
nm. Cellulase production was estimated by using glucose calibration 
curves. One unit (U) of cellulase activity was expressed as the quantity 
of enzyme, required to release 1 µmole of glucose per min per ml under 
standard assay conditions [21].

Selection of the fermentation bacterial candidates

The best cellulase-producing bacterium (VCE-19) was selected 
based on the cellulase activity, its ability to ferment sugar to ethanol 
and tolerance to ethanol concentration of up to 6% v/v. Pure cultures of 
VCE-19 in triplicate were maintained on CMC supplemented minimal 
agar slant in a refrigerator (Haeir Thermocool, China) for further use.

Inoculum development

Pure cultures of VCE-19 were inoculated in CMC broth medium 
containing in 1 L of distilled water: 7 g K2HPO4; 0.1 g MgSO4; 2 g 
KHPO4 (Applichem, Darmstadt, Germany); 1 g yeast extract; 0.5 g 
Sodium citrate (Lab M, India); 10 g glucose (Sigma-Aldrich, Germany) 
(pH 7) and incubated for 24 h in a rotary shaker incubator (Zhengzhou 
Nanbei Instrument Co. Ltd., China). After 24 h of fermentation period 
the vegetative cells were used as inoculum source.

Optimization of cultural conditions for cellulase and reducing 
sugar production

The effect of temperature on the production of cellulase and 
reducing sugar: The effect of different incubation temperatures (25, 30, 
35, 40, 45, 50 and 60oC) on the production of cellulase by the isolate was 
studied while other parameters were kept constant.

The effect of pH on the production of cellulase and reducing 
sugars: The effect of different pH (5, 6, 7, 8, 9, 10 and 11) on the 
production of cellulase by the isolate was studied by adjusting the pH 
of the culture medium containing the pre-treated bagasse and cassava 
peels with 0.1 M HCl and 0.1 M NaOH. 

The effect of nitrogen sources on the production of cellulase and 
reducing sugars: To determine the effect of different nitrogen sources 
on the production of cellulase by the isolate, each culture medium 
containing the pre-treated bagasse and cassava peels was supplemented 
with 1% (w/v) of each of the following nitrogen sources: NaNO3, casein, 
NH4NO3, peptone, urea and yeast extract. 

Phenotypic and biochemical characterisation of selected 
bacteria

The selected bacterial isolate was subjected to several biochemical 
tests as described by Holts et al. [23]; MacFaddin [24] and Madigan et 
al. [25].

Molecular identification of isolates

DNA extraction, PCR amplification of the bacterial 16S rRNA gene 
and gel electrophoresis of the isolate was carried out at the Molecular 
Biology Laboratory of National Institute for Medical Research (NIMR) 
Yaba, Lagos, Nigeria. The PCR product was sent to GATC Biotech AG 
(European Genome and Diagnostics Centre - Jakob-Stadier-Platz 7, 
78467 Constance, Germany) where the Sanger Sequencing was carried 
out.

Chromosomal DNA extraction: DNA extraction was carried out 
directly from the sample using a Qiagen QiaAMP DNA extraction kit 
according to manufacturer’s instruction. 

PCR amplification of bacterial 16S rRNA gene: The PCR 
amplification of the 16S rRNA gene was carried out using the primer 
set 27F- 5'- AGA GTT TGA TYM TGG CTC AG -3', and 515R 5'- 
TTA CCG CGG CKG CTG GCA C-3'. The reaction was carried out 
according to the method described by Yamada et al. [26] and Katsura et 
al. [27]. Twenty microlitres (20 µl) reaction mixture containing 1X PCR 
buffer (Solis Biodyne, Estonia), 1.5 mM Magnesium chloride (Solis 
Biodyne, Estonia), 0.2 mM of each dNTP (Solis Biodyne, Estonia), 2 U 
Taq DNA Polymerase (Solis Biodyne, Estonia), 20 pMol of each primer 
and sterile water was used to make up the reaction mixture. PCR was 
carried out in an Eppendorf Nexus thermal cycler with the following 
cycling parameters: an initial denaturation step at 95°C for 5 min, 
followed by 30 consecutive cycles of denaturation at 95°C for 30 sec., 
annealing at 55°C for 45 sec. and extension at 72°C for 1 min. After this, 
a final extension at 72°C for 10 min was carried out. 

Agarose gel electrophoresis: After the PCR reaction, the PCR 
product was separated on a 1.5% agarose gel (Solis Biodyne, Estonia). 
One hundred base pair (100 bp) DNA ladder (Solis Biodyne, Estonia) 
was used as DNA molecular weight marker. Electrophoresis was done 
at 80 V for 1 h 30 min and the gel was viewed under UV light after 
staining with ethidium bromide (Solis Biodyne, Estonia). 

Sequence analysis: The sequence generated by the sequencer 
was visualized using Chromaslite for base calling. BioEdit was used 
for sequence editing, before performing a Basic Local Alignment 
Search Tool (BLAST) using NCBI (National Centre for Biotechnology 
Information) database (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 
Similar sequences were downloaded and aligned with ClustalW and 
phylogenetic tree drawn with MEGA 6 software [28].
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Bioethanol production through SSF of pre-treated sugarcane 
bagasse and cassava peels using the VCE-19: SSF was carried out 
on pretreated bagasse and cassava peels by VCE-19 according to the 
method described by Kamble and Jadhav [29]. The optimized medium 
was used for the fermentation. Four percent (4% w/v) of pre-treated 
bagasse and cassava peels in 250 ml Erlenmeyer flask containing 200 
ml of the fermentation medium was used. The medium was autoclaved 
at 121°C for 20 min at 15 psi. After cooling to room temperature, 4% 
v/v of the inoculum from a 24 h broth culture of VCE-19 was added to 
the suspension of the biomass and incubated at 40oC. The fermentation 
broth was monitored for seven days.

Estimation of fermentation products using gas 
chromatography-mass spectrometry 

Chemicals and reagents: HPLC-grade acetone, ethanol, 
n-propanol, isobutanol, acetic acid and ethylacetate (Sigma-Aldrich, 
Germany) were used. Stock solutions of acetone, ethanol, n-propanol, 
isobutanol, acetic acid and ethylacetate were prepared at concentrations 
of 0, 20, 40, 60 and 80 g/L, respectively in distilled water. A series of 
solutions of each analyte was prepared with isobutanol as internal 
standard (IS; 6 g/L) for the construction of calibration curves. 

Preparation of sample for analysis: The fermentation broth 
samples were centrifuged (Centrifuge 5804R, Eppendorf, Hamburg, 
Germany) at 13,000 g at 4oC for 3 min to separate sediments and the clear 
liquid was analysed for the presence of fermentation products. Before 
injection into the GC instrument, clarified samples and standards were 
filtered through 0.45 mm Whatmann nylon filter (Whatmann,  UK) 
to remove insoluble materials that could block the column. All clear 
filtrate samples were kept frozen in sealed vials to maintain the stability 
of volatile components until they would be analysed. Chromatographic 
samples were prepared with Isobutanol as the IS (6 g/L) in 2 mL screw-
cap septum vials, which were then loaded into the autosampler. 

Chromatographic conditions: The experiment was performed 
as described by Lin et al. [30] using a GC system (Agilent 7890, Santa 
Clara, CA) equipped with an MS. 

Statistical analysis

The results were compared by one-way analysis of variance (one-
way ANOVA) and multiple range tests to find the differences between 
the measurement means at 5% (0.05) significance level using IBM® 
SPSS® Statistics Version 20.0 (Gailly and Adler, US).

Results and Discussion
Chemical analysis of sugarcane bagasse and cassava peels

The proximate composition analysis before and after pre-treatment 
of the biomass used in this study is given in Tables 1 and 2. The results 
indicated that the total available carbohydrate of the bagasse and cassava 
peels before pretreatment were 70.3 ± 1.9 and 69.6 ± 1.2 respectively. 
The result revealed that the total available carbohydrate for bagasse and 
cassava peels increased to 85.6 ± 2.33and 81.5 ± 5.8 respectively. While 
the lignin content reduced from 19.2 ± 1.2 to 4.2 ± 0.44 for sugarcane 
bagasse and 13.9 ± 0.4 to 4.8 ± 0.8 for cassava peels. The results obtained 
showed that steam explosion and acid pre-treatment methods were the 
best methods for bagasse and cassava peels.

Screening and ethanol tolerance test

Out of the 45 bacterial isolates from agricultural waste soils screened 
for cellulase production, 27 showed varying zones of clearance. One 

cellulase-producing isolate (VCE-19) with the capacity to ferment 
glucose to ethanol and grow at 6% ethanol concentration was selected. 
The zones of clearance obtained for VCE-19 was 2.75 ± 0.02 while 
optical density readings of 0.4729 ± 0.03 for the ethanol tolerance tests. 
The result showed that the selected isolate was able to grow at ethanol 
concentration of 6% (v/v).

Optimization of cultural conditions for the production of 
cellulase 

Effect of temperature: The effect of different incubation 
temperatures on the production of cellulase by VCE-19 using different 
agricultural wastes is presented in Figure 1. Using bagasse as substrate, 
the maximum cellulase production of 532.18 ± 5.17 U/ml was obtained 
at 40oC. When cassava peels was used as substrate the maximum 
cellulase production was 570.84 ± 4.64 U/ml obtained at 40oC. These 
results showed that VCE-19 produced the highest cellulase at incubation 
temperature of 40oC while utilizing both bagasse and cassava peels.

Component Cassava peels % dry 
weight

Sugarcane bagasse % 
dry weight

Total carbohydrate 69.6 ± 1.2 70.3 ± 1.9
Cellulose 38.2 ± 1.3 42.1 ± 2.4

Hemicellulose 31.4 ± 1.1 28.2 ± 2.2
Total lignin 13.9 ± 0.4 19.2 ± 1.2

Ash 9.5 ± 0.7 4.3 ± 0.5
Crude protein 4.8 ± 0.3 3.8 ± 0.1

Fat 0.9 ± 0.02 0.6 ± 0.04

Table 1: Baseline chemical composition of the biomass used in the study.

Treatment Total carbohydrate 
(% dry weight)

Lignin 
(% dry weight)

Sugarcane Bagasse
•	 Alkali pretreatment 79.8 ± 4.6 6.9 ± 1.6
•	 Alkali pretreatment 80.21 ± 3.0 6.82 ± 0.83
•	 SE pretreatment *85.4 ± 2.33 4.2 ± 0.44

Cassava Peels
•	 Acid pretreatment *80.4 ± 2.5 4.8 ± 0.8
•	 Alkali pretreatment 78.1 ± 3.18 5.2 ± 1.1
•	 SE 80.1 ± 2.56 5.4 ± 0.9

Legend: SE=Steam Explosion
Table 2: Total carbohydrate and lignin content of biomass after pretreatment.
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Figure 1: Effect of temperature on cellulase production by B. cereus GBPS9 
(VCE-19) using sugarcane bagasse and cassava peels as substrates. (SB 
(Sugarcane bagasse); CP (Cassava peels)).
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Effect of pH: Optimum cellulase production by isolate VCE-19 
incubated at pH of 5, 6, 7, 8, 9, 10 and 11 were 53.15 ± 0.76, 197.31 ± 
3.21, 420.77 ± 5.55, 332.31 ± 3.66, 279.23 ± 5.22, 255.64 ± 1 and 127.85 
± 2.18 U/ml respectively, when bagasse was used as the substrates. 
Meanwhile using cassava peels as a substrate, the incubation pH that 
yielded the highest cellulase enzyme was 7, with a cellulase production 
of 399.15 ± 4.15 U/ml. The results showed that the optimal pH for the 
production of cellulase by isolate VCE-19 using the different substrates 
was 7 (Figure 2).

Effect of nitrogen source: Figure 3 shows the effect of different 
nitrogen sources (casein, NH4NO3, Urea, NaNO3, peptone and yeast 
extract) on the production of cellulase by VCE-19 using sugarcane 
bagasse and cassava peels as substrates. Maximum cellulase production 
of 398.49 ± 4.28 and 498.1 ± 6.29 U/ml were obtained with bagasse 
and cassava peels as the substrates when yeast extract was used as the 
nitrogen source. The results showed that the optimal nitrogen source 
for the different substrates.

Identification of isolate VCE-19

Biochemical characteristics of the isolate (VCE-19) are presented in 
Table 3. Phylogenetic analysis based on 16S rRNA gene classified VCE-

19 as Bacillus cereus GBPS9. The sequence has been deposited at the 
GenBank under the accession number KT318371.1. Figure 4 shows the 
phylogenetic tree analysis of the isolate.

Bioethanol production through SSF of pre-treated sugarcane 
bagasse and cassava peels 

The chromatograms of the products obtained from the GC-MS analysis 
of the fermentation broths containing sugarcane bagasse and cassava peels 
substrate fermented by B. cereus GBPS9 is presented in Figures 5 and 6.

Discussion
This study was carried out to produce bioethanol from sugarcane 
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Figure 2: Effect of pH on the production of cellulase by B. cereus GBPS9 
(VCE-19) using bagasse and cassava peels as substrates. (SB (Sugarcane 
bagasse); CP (Cassava peels)).
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Figure 3: The effect of different nitrogen sources on the production of cellulase 
by B. cereus GBPS9 (VCE-19) using bagasse and cassava peels as substrates. 
(SB (Sugarcane bagasse); CP (Cassava peels)).

Figure 4: Neighbor-joining phylogenetic tree of isolate VCE-19. (Bootstrap 
values of >50% (based on 1000 replicates) are given in the nodes of the tree. 
NCBI accession numbers are given in parentheses). 

Isolate code VCE-19 
Gram’s Stain + (rods)
Endospore +
Citrate +
Motility +
Oxidase -
Catalase +
Indole -
Urease -
MR -
VP +
TSI

Slant
Butt
H2S

K
A
-

Starch hydrolysis +
Gelatin hydrolysis +
Sugar Fermentation

Maltose
Glucose
Lactose
Mannitol
Sucrose

+/A
+/A

-
-

+/A
Probable genus Bacillus

Legend: +=positive; -=negative; K=alkaline; A=acid; MR=Methyl Red; VP=Vogues 
Proskauer; TSI=Triple Sugar Iron.

Table 3: Biochemical characteristics of the isolate used in the study.
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Figure 5: GC-MS chromatogram of sugarcane bagasse fermented by B. cereus GBPS9.

Acetone              2.01

Ethyl acetate 3.91

Ethanol 17.62

n-propanol 3.62

Isobutanol 2.01

Acetic acid 4.96

Figure 6: GC-MS chromatogram of cassava peels fermented by B. cereus GBPS9.

bagasse and cassava peels using B. cereus strain GBPS9. This bacterium 
is a unique candidate for bioethanol production because it was able 
to tolerate ethanol concentration of 6% v/v, carry out hydrolysis and 
fermentation of the hydrolysate. The qualities have the advantage of 

making the ethanol production process more economical. Sugarcane 
bagasse and cassava peels are examples of agricultural wastes and can 
be converted to bioethanol [1,31]. Chemical analysis before and after 
comminution of the sugarcane bagasse and cassava peels showed the 
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feedstock’s capacity for ethanol production. Moreover, it has been 
reported that minor differences in the chemical composition of bagasse 
between the different varieties of sugarcane exist [32]. Amores et al. 
[5] reported a total carbohydrate of 65% dry weight for sugarcane 
bagasse used in ethanol production. El-Tayeb et al. [33] reported total 
carbohydrate composition of 86.9% w/w for bagasse. The result of the 
compositional analysis for the raw cassava peels used in the study is 
similar to that obtained by Marx and Nquma [34]. A total carbohydrate 
percentage dry weight of 67% was reported by Marx and Nquma [34] 
for cassava peels used in bioethanol production. The choice of cassava 
as a feedstock for bioethanol production is particularly interesting 
especially in Nigeria. This is because cassava is produced in large 
quantity and Nigeria remains the largest producer of cassava in the 
world since 2005 [8]. In addition, arid, marginal soil where other crops, 
such as, sugarcane and sugar beet fail can easily support cassava growth 
[4,9]. The high cellulose contents of the feedstock made them suitable 
for ethanol production.

Pre-treatment is a necessary step in the use of lignocellulosics for 
bioethanol production. Joshi et al. [35] described pre-treatment as the 
most important rate limiting step in the overall bioethanol production 
process. Pre-treatment was carried to break the lignin-hemicellulose-
pectin complex, disrupt/loosen-up the crystalline structure of cellulose 
and increase the porosity of the biomass used in the study. When 
these changes are achieved, enzymatic saccharification becomes easier, 
resulting in higher fermentable sugar levels [36-38]. The pre-treatment 
methods employed achieved high delignification of the different 
agricultural biomass. The pretreatment method was also necessary 
to reduce the cyanide content of the cassava peels. This is necessary 
because cyanide is a toxic chemical to most bacteria and is a constituent 
of cassava peels. The presence of cyanide can significantly reduce the 
efficiency of the fermenting bacterium to produce bioethanol [11].

Researchers [5,39] have reported different pre-treatment methods 
for sugarcane bagasse. In this study the selected pre-treatment method 
for bagasse was steam explosion. The use of steam explosion pre-treated 
bagasse is supported by several studies. Ferreira-Leitão et al. [39] and 
Amores et al. [5] have reported steam explosion pre-treatment for 
bagasse used as feedstock for ethanol production. Martin et al. [40] 
reported bagasse pre-treatment by steam explosion using different 
impregnating agents. Acid pre-treatment was the choice pre-treatment 
method used on cassava peels in this study. The dilute H2SO4 pre-
treatment employed achieved up to 65% delignification of the cassava 
peels. This is similar to the work done by Olanbiwoninu and Odunfa 
[19]; they studied the enhancement of reducing sugars production 
from cassava peels by different pre-treatment studies and obtained the 
highest reducing sugar with acid (H2SO4) pre-treatment. Similar results 
had been reported by Kongkiattikajorn and Yoonan [41].

The isolate used in this study was identified as Bacillus cereus strain 
GBPS9 based of the phylogenetic analysis of the 16S rRNA gene. The 
sequence generated have been deposited in the GenBank under the 
accession number KT318371.1. There are reports on the production 
of cellulase by Bacillus cereus strains and consequently their potential 
in the production of bioethanol. This organism showed high potentials 
for cellulase and bioethanol production at the stationary phase of 
its growth with all the biomass used. The production of cellulase by 
Bacillus cereus strains is supported by many researchers [21,42]. In 
order to achieve maximum cellulase production the cultural conditions 
of the incubation medium of the bacterium was optimized. The effects 
of pH, temperature and nitrogen on the production of cellulase by B. 
cereus were studied. The results obtained showed significant difference 

(p<0.05) in effect of all these parameters on cellulase production. 
Immanuel et al. [43] reported that cellulose quality, temperature, 
aeration, carbon sources, incubation period, medium additives, pH 
of the medium and presence of inducers are important parameters 
for the optimized production of cellulase enzymes. Other researchers 
[21,44-46] have also reported cellulase production enhancement by the 
optimization of cultural conditions. 

The optimum temperature, pH and nitrogen source for cellulase 
production were 40oC, 7 and yeast extract for both substrates. This 
finding is similar to the result obtained in other studies. Fagade and 
Bamigboye [47] reported optimum cellulase activity for three Bacillus 
species when incubated at temperature of 40oC. Incubation temperature 
is a critical factor in enzymatic productivity [48]. Maximum enzyme 
production is achieved at optimum temperature and the decrease 
in enzyme production at lower or higher temperatures may be due 
to the facts that at these temperatures, growth of the organisms was 
inhibited, causing a decrease in the synthesis of the enzymes [49]. In 
addition, production of more activity at optimum temperature may 
be due to the faster metabolic activity and increase in protein content 
and extracellular enzyme production in culture supernatant. At very 
low temperatures, membranes solidify and high temperatures damage 
microorganisms by denaturing enzymes, transport carriers and other 
proteins thus lowering enzyme activity [50]. Fagade and Bamigboye 
[42] reported optimum cellulase activity at pH of 7 for Pseudomonas 
putida, Bacillus subtilis and B. lichenformis I grown on corn cob. High 
cellulolytic activity is essential for optimal bioethanol production [1]. 

The ethanol yield obtain from this study is higher than the result (7.5 
g/L) obtained from the fermentation of sugarcane bagasse hydrolysate 
using Pichia stipitis DSM 3651 as reported by Canilha et al. [51] and 
17.1 g/L as reported by Ingale et al. [52] from banana pseudo stem. 
However, the yield is lower than the reported [53] ethanol maximum 
yield of 58.6 g/L from soybean molasses by Saccharomyces cerevisiae. 
This yield obtained can by compared with the yield by other wild type 
bacteria. Svetlitchnyi et al. [54] reported maximum ethanol yield of 3.5 
g/l from the wild type bacterium Caldicellulosiruptor DIB 004C. Sato 
et al. [55] reported ethanol production of 4 g/l by wild type Clostridum 
thermocellum strain I-1-B and an improved 23.6 g/l ethanol by the same 
strain when grown in optimized medium. The fermenting bacterium 
B. cereus GBPS9 used in this study was able to also produce other 
important fermentation products (acetone, ethyl acetate, n-propanol, 
isobutanol and acetic acid). These products could have reduced the 
ethanol production quality of the isolate. For commercial production 
of ethanol from the strain, the production of these fermentation 
products that accompanied ethanol production, should be regulated 
for enhanced ethanol yield.

Conclusion
The study has demonstrated efficient bioethanol production by 

Bacillus cereus GBPS9 using sugarcane bagasse and cassava peels as 
feedstocks. It was also observed that cultural conditions affected the 
ability of the isolate to produce cellulase.
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