
Introduction

Cellulose, hemicelluloses, and lignin are the main 
consistent of the lignocellulosic biomass. Cellulose 
bonds strongly with hemicellulose and lignin [1]. 
Cellulose (C6H10O5) appears as a closely packed dense 

structure when crystallized. It comprises thousands of 
glucose subunits linked by a linear β-1,4-glycosidic 
linkage. The efficient usage of the cellulosic wastes 
products for the economical production of cellulose 
through the development of sustainable systems has 
recently gained interest [2]. Worldwide attention has 
turned to utilize different cellulolytic microorganisms 
for the bioconversion of cellulose into valuable 
products, such as alcohol and sugar. The procedure 
is carried out under high temperature and pressure. 
Cellulases, a category of glycosyl hydrolases, involving 
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Abstract
Worldwide attention has turned to utilize different cellulolytic microorganisms for the bioconversion 

of cellulose into valuable products, such as bioethanol. The aim of this work is to isolate cellulase-
producing bacteria, optimization the growth conditions, production of bioethanol and possible use in 
pharmaceutical industry. Twenty cellulase-producing bacterial isolates (Coded alphabetically from A–T) 
were isolated from Jazan soil. The ‘E’ isolate showed maximum cellulase production. The isolate was 
characterized by 16S rRNA analysis. The gene sequence of E isolate indicated that the DNA sequence 
was 99.6% homologous with 16S rRNA gene sequences of Bacillus albus. The highest cellulase activity 
of B. albus was achieved when the bacterial growth media was at pH 6, supplemented with glucose, 
maltose, Carboxy methyl cellulose (CMC), and lactose (1%, w/v), and inoculated with 3% (v/v) and 
incubated at 35ºC for 96 h. The results indicate the liberation of 2.0 g/l reducing sugar via the DNS 
method. The total reducing sugar produced was 12.4 g/l of ethanol after 72 h, when Saccharomyces 
cerevisiae was used as a fermentation agent. Large scale production of bioethanol is recommended for 
possible use in industry.
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endoglucanase, exoglucanase and β-glucosidase, 
exhibit distinct enzymatic actions on the breakdown of 
cellulose [3].

The cellulase enzyme uses cellulose as a 
substrate and degrades it. Cellulase contains three 
main constituents (i.e., exoglucanases (EC3.2.1.74), 
β-glucosidases (EC 3.2.1.21) and endoglucanases 
(EC3.2.1.4). The paracrystalline and crystalline 
structure of cellulose is easily degraded by cellulases. 
The cellulases obtained from various microbial sources 
display major difference in their stability, catalytic 
capacity and cellulose breakdown rate [4]. Due to 
their adaptability, enormous genetic diversity, ease of 
genetic manipulation along with short doubling time, 
the members of the genus have potential to be used 
in a commercial setup for the synthesis of industrially 
important biomolecules, e.g. the hydrolysis of cellulose 
in various industrial processes [1]. Even though, studies 
conducted on bacterial cellulases and fungal cellulases 
conclude differently based on their ability to degrade 
only the synthetic form of carboxymethyl cellulose [5], 
both target broadly cellulose as a substrate. 

Cellulase can be produced from low-cost feedstock 
such as agricultural wastes e.g a peanut shell, okara, 
sawdust, a banana peel, rice straw, bagasse, a corncob, 
a water hyacinth and a sorghum straw by conventional 
processes. But these conventional processes could lead 
to dangerous environmental pollution [6]. On the other 
hand, process variables including pH value, aeration, 
inoculums size, and presence of inducers, growth time 
and temperature impact on the yield and activity of 
cellulase. It has been reported that cellulose has been 
employed in a variety of industries such as starch 
processing, food, malting and brewing, paper/pulp, 
biofuel production, pharmaceutical, leather industries, 
and textile and alcoholic beverages [2]. According to the 
previous information about cellulase and its potential 
applications in industrial and commercial sectors, this 
study aspires to isolate and optimize the nutritional 
conditions for the production of cellulase from the 
bacterial isolate as well as bioethanol production in co-
culture with yeast. 

Materials and Methods

Collection of Soil Samples

Various samples from soil were gathered from 
Jazan, Sabia and Abu Arish, Jazan, KSA. Pre-sterilized 
Petri dishes were used to isolate cellulase producing 
bacteria. Collected soil samples were stored at 4ºC after 
being dried, crushed, and filtered.

Isolation and Screening of Cellulase 
Producing Bacteria

The collecting soil samples were cultivated 
on growth media comprising KH2PO4 (10 g/L), 

carboxymethylcellulose (CMC) (3 g/L), (NH4)2SO4 
(0.5 g/L), yeast extract (10 g/L), K2HPO4 (5 g/L), NaCl 
(0.2 g/L), and  MgSO4 (0.1 g/L) in separate vials, 
after that, it allowed to grow at 30ºC for almost 48 h 
[7]. Thereafter, they were isolated by plate-streaking 
methods, plate-pouring, and serial dilution by screening 
on a nutrient agar media supplemented with CMC 
with the following composition [agar (20 g/L), peptone 
(5.0 g/L), CMC (10 g/L) with a pH of 7, NaCl (3 g/L), 
and beef extract (3.0 g/L), Congo red] with a pH of 
7. The plates mentioned before were then incubated 
in a medium of 30ºC for almost 48 h by the methods 
described by Maravi and Kumar [8]. 

The cellulase activity was quantified visually by 
culturing bacteria in the growth media containing Cong 
red dye at pH of 7.0 followed by incubation at 30ºC 
for almost 48 h. The isolate that showed the highest 
cellulose-degrading capability (qualitative method) of 
the dye, was selected for further studies and was named 
the “E isolate”.

Preserving the Isolates

The E isolate exhibiting maximum production of 
cellulase enzyme was preserved after obtaining the pure 
culture on nutritive agar slants and stored at 4ºC for  
2 weeks before being subcultured on new slants.  

Morphological and Molecular Identification 
of the E Isolate

The E isolate was studied for its morphological and 
molecular characteristics to assure its identification. 
The E bacterial isolate was morphologically studied 
by grown bacterial suspension overnight and Gram 
staining has been reported by Aslam et al. [9]. 

Molecular Identification

Genomic DNA was isolated from the cellulase-
producing strain using the protocol from the Gene 
Jet Genomic DNA Purification Kit (Thermo). The 
16SrRNA gene amplification by PCR was done 
by using a 16S rRNA primer pair named 27F’ 
(5’-AGAGTTTGATCMTGGCTCAG-3’), as reported by 
Abada et al. and Anahtar et al. [10, 11]. The PCR product 
was sequenced using an ABI 3730 XL DNA sequencer, 
907R (5’-CCGTCAATTCMTTTRAGTTT-3’) and the 
785F (5’-GGATTAGATACCCTGGTA-3’) primers were 
used for sequencing. The studies on gene homology 
were done by a BLAST search (http://www.ncbi.nlm.
nih.gov/blast/).  

Improving Culture Conditions

During the experiment, the step of improving the 
growth medium and physiological factors, such as 
temperature, carbon sources, pH, nitrogen sources, 
incubation time and inoculums size was carried out 
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with step-by-step amendments for the regulating of the 
cellulase production by the chosen E isolate.

Effect of Inoculums Concentrations

The effects of the various inoculums concentrations 
(e.g. 1%, 2%, 3%, 4% and 5 v/v) of the E isolate were 
also monitored in terms of cellulase activity (IU/ml) 
after 48 h of incubation.

Effect of Incubation Time

The E isolate was grown at different incubation 
times (e.g 24, 48, 72, 96, and 120 h) and the cellulase 
activity was evaluated. 

Effect of Temperature

The E isolate was grown at different temperatures 
(e.g. 20ºC, 30ºC, 35ºC, 40ºC, and 45ºC). 

Effect of pH

In order to study the effect of pH on the cellulase 
activity, the E isolate was grown on different pH values 
(e.g. 4.0, 6.0, 8.0, 10.0, 12.0). 

Effect of Carbon Sources

The effects of carbon sources such as glucose, 
maltose, sucrose, CMC, sesame cake, and lactose on 
the cellulase activity of E isolate were studied. The 
substrate concentration was 1% (w/v). 

Effect of Nitrogen Sources

The growth medium was annexed with different 
inorganic and organic nitrogen compounds, like 
(NH4)2SO4, yeast extract, NaNO3, and peptone 1% 
(w/v) concentrations, to study their effects on cellulase 
activity. 

Enzyme Assay

Carboxymethylcellulose Assay

Carboxymethylcellulose (CMC) was used as  
a substrate at a concentration of 1% that dissolved in 
0.05 M citrate buffer as described by [12]. The amount 
of reducing sugar released due to cellulase activity was 
measured at 540 nm using the DNS method [13]. One 
unit of CMCase activity was calculated as 1 μmol of 
glucose liberated per mL/min. 

Saccharification and Fermentation 
by Co-culture Technique

To initiate the saccharification process, the 
cellulose-degrading bacteria were grown in cellulose 

basal medium at the optimum fermentation conditions 
with mixing at 120 rpm for 72 hours. The culture was 
centrifuged, and the supernatant was conditioned for 
co-culturing with a pure culture of Saccharomyces 
cerevisiae (Kindly provided by Dr. Nadeem 
El-Husseiny, National Research Center, Cairo, Egypt). 
The concentration of ethanol was determined using  
gas chromatography (Shimadzu-2014, Shimadzu 
Co. Ltd., Tokyo, Japan) using a packed column 
(Gaskuropack 5460/80; GC-2014 Glass ID:3:2φ X  
2:1 m, GL Science Co. Ltd., Tokyo, Japan) as reported 
by [14].

Results and Discussion

A total of 20 isolates were collected from various 
soil locations in Jazan regions. Initially, the isolates 
were examined by Congo red dye, as an indicator 
for the ability to hydrolyse of cellulose, it appears as  
a clear zone. Out of all the isolates, just 5 isolates 
showed cellulase activity (Fig. 1). The highest cellulase 
activity showed the largest clear zone on Congo red dye 
was chosen for further study and named temporarily as 
‘E isolate’. 

Cellulase research has primarily focused on fungi 
but there is growing attention in the production of 
cellulase by bacteria due to their higher rate of growth, 
alkali-stable, and thermo-stable properties [15].

A similar technique has been employed previously 
to select the bacterial isolates that are able to produce 
cellulase on the basis of clear zone diameter [13]. 
A variety of cellulolytic microorganisms have been 
isolated from different environments, such as soil [16]. 
It has been reported for Bacillus sp. was isolated from 
molasses [17], Bacillus subtilis, isolated from the cotton 
industry showed the highest zone of inhibition as well 
as enzyme activity [18]. 

Fig. 1. Cellulase activity by Bacillus albus grown on basal 
medium contains Congo red dye. The clear zone is an indication 
of cellulose degradation.
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Molecular Identification of the E Isolate 

According to both morphological and molecular 
studies, the maximum cellulase producing isolate 
was identified. The selected E isolate acquired on a 
CMC agar plate was circular, a white-colored, raised 
and smooth. When carrying out the Gram staining 
experiment, the results showed that the E isolated 
was Gram-positive bacilli when observed under the 
microscope with an oil-immersion lens. By 16S rRNA 
gene analysis, the genomic DNA was separated, 
purified, and identified. While the gene sequence of the 
E isolate was studied to identify similar sequences in 
the databases (http://www.ncbi.nlm.nih.gov/blast/). The 
gene sequence alignment of the E isolate indicated that 
the DNA sequence was 99.6 % homologous with the 
16S rRNA gene sequences of Bacillus albus. Thus, the 
E isolate was identified as Bacillus albus, as indicated in 
the phylogenetic tree (Fig. 2). The 16S rRNA sequence 
has submitted to gene bank under accession number 
(MN755587). Molecular characterization by 16S rRNA 
of Bacillus sp. has been reported by Aslam et al. [19]. 
Based on 16S rRNA sequencing, 60 rhizosphere-
associated bacterial isolates belonging to 10 different 
bacterial genera have been identified (Pseudomonas, 
Serratia, Hafnia, Enterobacter, Stenotrophomonas, 
Micrococcus, Bacillus, Xanthomonas, Staphylococcus 
and Klebsiella) [20]. Although research on Cellulase has 
been focused on fungi, cellulase production by bacteria 
has attracted much worldwide attention due to its great 
growth rate and thermo- and alkali-stable features [21]. 
Bacillus cellulosilyticus has significant commercial and 
industrial applications because of its high capability to 
create alkaline enzymes, such as cellulase [22].

Improving Culture Conditions 
for Celluase Production

It was observed that Bacillus albus was the best 
isolate producing maximum cellulase. To maximize 
the production of cellulase, many media and culture 
conditions, such as temperature, nitrogen source, pH, 
incubation time, carbon source and inoculum size, were 
improved. The improvement of the media is a powerful 
parameter in developing fermentation technology, 
whereas a cost-effective media achieves subsequent cost 
reductions of the enzymes.

Effect of Incubation Time

The best incubation time with maximum CMCase 
activity (24 IU/mL) was at 96 h (Fig. 3). Cellulase 
activity was reduced after 96 h because of the reduction 
of nutrients or the accumulation of other harmful 
metabolites in the growth media, that decreasing 
cellulase activity. It has been reported that the highest 
cellulase activity of 2.818 μg/mg/min; from Bacillus sp. 
was achieved after 96 h [23]. Also, it was shown that 
the increments in cellulolytic activity were obtained by 
of B. amyloliquefaciens-ASK11 for 96 h [24].

Effect of Inoculums Concentrations

The optimum inoculum concentration for 
maximizing cellulase production of Bacillus albus 
was 3% (v/v), with a maximum CMCase activity of  
19 IU/mL, respectively (Fig. 4). The enzyme activity 
decreased when added with higher inoculums 
concentration. The microbial growth slowed, because 
of the competition for nutrients and oxygen amongst 
the cells. The previously mentioned factors likewise 
affect the longevity of the stationary phase that leads 
to a decrease in enzyme activity because of the 
accumulation of secondary metabolites and toxic 
products. It has been reported similar results regarding 
maximum cellulase production at an inoculum size 
of 3% (v/v). The maximum CMCase activity was  
19 IU/mL from Bacillus cereus [25]. It has been shown 
that the inoculums size of 3% was best for cellulase 

Fig. 2. Phylogenetic tree (Neighbor-joining method) of the 16SrRNA sequence result of Bacillus albus.

Fig. 3. Effect of incubation time on cellulase production by 
Bacillus albus.
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production by Bacillus sp. [26]. Also, inoculums size of 
3% has been proofed for maximum cellulase production 
by Bacillus subtilis [27]. On the contrary to our results, 
Bacillus subtilis BY-2 showed maximum cellulase 
production with inoculums size of 4%. [28].

Effect of Temperature

The temperature has a significant role in the 
enzyme activity and physiology of microorganisms. 
Accordingly, different temperatures ranging between 
(20ºC and 45ºC) were used for the incubation of Bacillus 
albus cells for 96 h to study the effect of temperature 
on enzyme activity. It was noticed that the maximum 
CMCase activity of 6 IU/mL at 35ºC, which was partly 
decreased to 4IU/mL at 45ºC (Fig. 5). By increasing 
the temperature was increased above the 35ºC, the 
enzyme activity was reduced due to the denaturation 
of the enzyme; therefore, the lowest enzyme activity 
was achieved above 45ºC. Comparatively, the cellulase 
of Bacillus pumilis showed the highest activity when it 
has grown at 35ºC [29]. Recently, it was demonstrated 
that the best temperature for chitinase production by 
Bacillus laterosporus was at 35ºC [30]. Our results 
disagree with those of Radulovic et al. [31] as they 
found the maximum temperature for cellulase activity 
was 30ºC.

Effect of pH

To study the effect of different pH values on the 
cellulase activity of Bacillus albus, different pH 
ranged from 4.0 to 12.0 were used. The optimum pH 
for highest cellulase activity was achieved at pH 6 
with CMCase activity of (18 IU/mL); while the lowest 
CMCase activity of 6 IU/mL at pH 4. (Fig. 6). pH is 
necessitated to preserve the 3D- shape of the catalytic 
sites of the enzyme, and a variation in pH values results 
in alterations in its ionic bonding due to the loss of 
functional shape. The optimal pHs of Clostridium 
thermocellum was 5.7 to 6.1 [32]. Also, cellulase of 
Bacillus cellulosilyticus showed optimum pH of 5.0 as 
reported by Sreena and Sebastian [33]. Moreover, the 
optimum pH of purified cellulase of Bacillus sp. was pH 
6.0 [34].

Effect of Carbon Sources

It was observed that the best environment to grow 
cellulolytic Bacillus albus was at 35ºC for 96 h in a 
growth media with a pH of 6 including K2HPO4 (5 g/L), 
(NH4)2SO4 (0.5 g/L), yeast extract (10 g/L), KH2PO4 
(10 g/L), NaCl (0.2 g/L) and MgSO4 (0.1 g/L) with a 
pH of 6 in combination with different carbon sources, 
like glucose, lactose, maltose, sucrose, CMC and 
sesame cake with concentration of 1% (w/v) to study 
their effect(s) on cellulase activity of Bacillus albus. 
The addition of glucose, maltose, CMC, and lactose to 
medium helped in achieving the maximum CMCase 
activity (132 IU/mL) (Fig. 7). Similar results [32] 
mentioned that lactose was the best carbon source for 
the ideal cellulose production for B. subtilis. Bushra et 
al. [35] concluded that CMC played an important role in 
the cellulase activity of Bacillus sp., while Teodoro et 
al. [36] found that maltose was the best carbon source 
for Bacillus sp. Thus, the past studies didn’t find an 
ideal carbon source for the production of cellulases for 
the given set of culture conditions.

Fig. 4. Effect of inoculums concentration on cellulase production 
by Bacillus albus.

Fig. 6. Effects of initial pH of the media on cellulase production 
by Bacillus albus.

Fig. 5. Effect of temperature on cellulase production by Bacillus 
albus.
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Effect of Nitrogen Sources

The effects of different nitrogen sources, such as 
yeast extract, NaNO3, (NH4)2SO4, and peptone each 
at 1% (w/v) concentrations in the media, were studied 
on cellulase production, at 96 h of incubation. The 
maximum CMCase activity of 5 IU/mL for the media 
supplemented with yeast extract. For the optimum 

cellular growth and utilization of nutrients, it is 
necessary to supplement an external nitrogen source in 
the fermentation media throughout extracellular enzyme 
production (Fig. 8). Furthermore, it was concluded that 
the use of organic nitrogen sources is more suitable 
for maximum cellulase production compared with 
inorganic sources [37, 38]. It has been reported that the 
maximum cellulase activity of Bacillus subtilus MUS1 
was achieved with yeast extract [39]. Some organic and 
inorganic compounds present in the yeast extract will 
possibly induce the production of extracellular enzyme 
production [40].

Production of Bioethanol via the Saccharification 
and Fermentation by Co-culture Technique

The saccharification process liberated 2.0 g/l of the 
reducing sugars, as measured by the DNS method (data 
not shown). The bioethanol was produced using a co-
culture of Saccharomyces cerevisiae and Bacillus albus 
in the optimized fermentation medium. An analysis 
of the fermentation medium via GC-MS revealed the  
12.4 g/l content of ethanol (Fig. 9). 

Our results indicated a higher concentration 
of ethanol was obtained, when Bacillus albus was 
used to degrade CMC, suggesting a higher substrate 
conversion to reducing sugars. It is worth mentioning 
that enzymatic hydrolysis is done by cellulase enzymes 
that are highly substrate-specific. The obtained ethanol 
yield can be compared with that of the yield acquired by 
other wild-type bacteria as reported by Banerjee et al. 
[41]. The maximum obtained ethanol concentration of 
3.5 g/l was found by the wild-type Caldicellulosiruptor 
DIB 004C as assured by Svetlitchnyi et al. [42]. 
Whereas other studies demonstrate that an optimized 
medium helps in increasing a bioethanol production 
of 4 g/l by the wild-type Clostridium thermocellum 
strain I-1-B and optimizing it to 23.6 g/l ethanol yield 
by the same strain [43]. It was found that the bioethanol 
yield achieved in their study was higher compared with 
the yield (7.5 g/L) acquired from the fermentation of 

Fig. 7. Effect of different carbon sources (1%, w/v) on cellulase 
production by Bacillus albus.

Fig. 8. Effect of different nitrogen sources (1%, w/v) on cellulase 
production by Bacillus albus.

Fig. 9. Chromatogram of ethanol produced by co-culture of Bacillus albus and Saccharomyces cerevisiae.
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sugarcane bagasse hydrolysate using Pichia stipitis 
DSM 3651. Additionally, It was mentioned that the yield 
of the co-culture was lower compared with the reported 
yield of the banana pseudostem (17 g/l) [44]. 

Possible Application of Bioethanol 
in Pharmaceutical Products

Ethanol is used in oral, parenteral, and topical 
(including inhalational) prescription and nonprescription 
drug products as an active ingredient. While it is 
mainly used to help solubilize several drugs due to its 
solvent properties, it also has many pharmacological  
concentration-dependent actions, including sedative, 
carminative, cooling, antipyretic, rubefacient, washing, 
and antiseptic properties. Concentrations of 40% or 
more could be found in various oral preparations, thus 
resulting in patients consuming a significant amount 
of alcohol through the course of the day. Also, alcohol 
can be found in a wide range of cosmetic products 
such as body lotions, after shave or fragrances. 
Heren, we strongly recommend large sacle production 
of bioethanol by fermentation of microorganisms to be 
used in pharmaceutical industry.

Conclusion

To enhance cellulose enzyme production, the 
bacterial growth conditions were optimized. Our 
results indicated that the cellulase activity of Bacillus 
albus was improved by optimizing the different growth 
and cellulase production parameters. In addition, 
the maximum concentration of ethanol produced in 
the fermentation medium was (12.3 g/l), after 72 h, 
estimated by GC–MS analysis, when a co-culture of 
Saccharomyces cerevisiae and Bacillus albus was 
employed. To the best of our knowledge, our study  
is the first to demonstrate the efficient production  
of bio-ethanol by applying a co-culture strategy 
involving the continuous fermentation and 
saccharification of CMC from the Jazan region. Our 
results strongly recommend large sacle production of 
bioethanol by ferementation of microorganisms to be 
used in industry.
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