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Abstract

Bacteria that produce cellulase were isolated from rice straw and sugarcane straw and screened using the Congo Red technique.

16S rDNA analysis was used to identify the highly cellulolytic isolates. CH1-Rice has homology with Brevibacillus sp., while CH5Sugarcane has homology with Klebsiella variicol, according to phylogenetic tree analysis of their 16S rDNA gene sequencing
information’s. Bacterial optimum growth conditions were adjusted by manipulating nutritional and environmental parameters
as temperature, pH, cellulose concentration, incubation time, salinity, and different carbon sources. The activity was estimated by
measuring the turbidity of bacteria with a spectrophotometer. In conclusion, Two different bacterial strains were discovered anad

isolated, and the optimal growth conditions for each were identified. These strains might be employed to transform plant waste into
more beneficial substances.
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Introduction

Resource depletion is a result of the desire for non-sustainable

Scientific advancements have provided humans with a variety

alternatives and the expanding global population. In 2015, the

demands of the present without harming future generations’

[7]. Meeting the energy demands of such a burgeoning population

of resources to use in order to improve the standard of living In

order for a development to be termed sustainable, it “meets the
ability to meet their own needs” [16].

The primary cause of the current global energy crisis and

global population was 7.3 billion people, with projections of 33%

growth to 9.7 billion in 2050 and 53% growth to 11.2 billion in 2100
has been identified as one of humanity’s greatest difficulties [22].

The most prevalent biomass and agricultural waste on the earth

deterioration of the environment is the excessive consumption

is called cellulose, and it is a polymer chain consisting of glucose

have been developed as alternative energy to help relieve this

It has a strong bioconversion potential to essential bio-products

of fossil fuels, which are one of the nonrenewable resources and
contribute significantly to greenhouse gas emissions [20]. Biofuels
situation and are receiving a lot of attention because they are
renewable.

units connected by β-1, 4 bonds [14]. The photosynthetic process
produces cellulose waste, which is a large renewable bio-resource.
like ethanol. The ability to produce cheap ethanol will depend on
the identification of new cellulase-producing bacteria [17].
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The usage of cellulolytic and hemicellulolytic enzymes is one of

the requirements for the biological production of industrial outputs

from lignocellulosic wastes [13]. Cellulolytic bacteria (those that

produce cellulase enzymes) can destroy cellulose. Several enzymes

secreted by fungi and bacteria isolated from agricultural wastes
decompose lignocellulosic biomass [3].

Cellulases are enzymes that convert short chains of cellobiose

and glucose molecules into fermentable sugars, breaking down the

insoluble cellulose polymer present in lignocellulosic feedstock
[24].

In addition to increasing yield and economic viability, new

cellulase-producing systems are being created in order to broaden

the use of such systems by shifting toward more industrially
applicable bacterial or fungal production systems. In order to

improve the current method for creating cellulase enzyme, various

enzymatic hydrolysis studies have concentrated on the production
of enzymes with high enzymatic activity [11].

The objective of this study was to isolate bacterial strains that

have the ability to degrade cellulose present in agricultural wastes
such as Sugarcane and Rice straws, and optimize the condition

for bacterial growth to have the best condition for large-scale
production.

Methodology
Cellulose-degrading bacteria isolation and screening from
rice and sugarcane sources

74

Red, agar 15g, and dis water lL and at pH 6.8-7.2) proved their
ability to breakdown cellulose [12].

Extraction of DNA, PCR amplification and 16S rRNA gene
sequencing
The sarkosyl method was used to extract the DNA from the

bacterial isolates [23]. A spectrophotometric analysis was used
to quantify the DNA concentration. RedSafe DNA Stain-stained
1% agarose gels were also used to analyse DNA optically.

Applied Biosystems 2720 thermal cycler was used for PCR

amplification of the 16S rRNA gene (ABI, Foster City, USA). Forward

primer (27F: 5′- AGAGTTTGATCMT GGCTCAG-3′) and reverse
primer (1492R: 5′- TACGGYTACCTTGTTACGACTT -3′) were used
for 16S rRNA gene amplification [8].

50 ng of extracted DNA, 2μl of primer mix (10 μM of each

primer), 1.5 μl of (25 mM) MgCl2, 5μl of (5X) PCR buffer, 0.5 μl

of (10 mM) dNTPs, 0.5 μl of (50 unit/μl) By using nuclease-free
water, the final volume was reduced to 25 μl and GoTaq® Flexi DNA
Polymerase, Promega, USA, Cat. No. M8297.

Initial denaturation for 3 minutes at 95°C, followed by 35 cycles

of denaturation for 30 seconds at 95°C, annealing for 30 seconds at

53°C, extension for 90 seconds at 72°C, and a final extension step
for 7 minutes at 72°C. To resolve PCR results, 1% agarose gels dyed
with RedSafe DNA Stain were utilized.

Purification of PCR products was performed using the QIA

For cellulolytic bacteria isolation, the various agricultural

quick PCR purification kit (QIAgen Inc., USA) according to the

the Supernatent on the isolation media called basal salt media

an ABI 3730XL genetic analyzer (Applied Biosystems, Foster City,

sources were physically crushed and immersed in distilled

sterilized water for 72 hours before being injected by 0.5 ml from

with composition (KH2PO4 2g, NaNO3 2.5g, NaCl 0.2g, MgSO4 0.2g,

CaCl26H2O 0.1g in a litre). Colonies that appear on the isolation

media were recultured on the identification media were incubated
in static incubator (Red Line/RL-15-17848) for 7 days at 37°C.
Utilizing cellulose agar media with a composition of (cellulose 2g,

KH2PO4 0.5g, MgSO4 0.25g, gelatin 2g, agar 15g, and dis water lL
and at pH 6.8-7.2). Bacterial colonies capable of using cellulose

as their sole source of carbon were selected for further analysis.
Striking bacterial isolates on cellulose Congo-Red agar medium

(KH2PO4 0.5g, gelatin 2g, MgSO4 0.25g, cellulose 2g, 0.2g Congo-

manufacturer’s instructions. The forward 16S rRNA primer was
used to sequence purified PCR products at Macrogene, Inc., using
USA) (Seoul, South Korea).

The NCBI database was used to BLAST search partial 16S rDNA

gene sequences [1]. The MEGA7.0 software was used to perform
phylogenetic analysis on incomplete gene sequences [15].
Optimization of bacterial growth conditions

By culturing bacterial isolates at various physiological

parameters

such

as

temperature,

pH,

salinity,

different

concentrations of Cellulose, variable carbon source utilization, and
incubation times, the optimal conditions for Cellulose usage by
bacteria as a sole carbon source were investigated.
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In this study bacterial isolates are selected that exhibit

biodegradation ability to degrade cellulose, that exhibit greater

biodegradability are employed to improve the conditions for
cellulose’s biodegradation rate.

Effect of different Temperature degrees
By transferring 20 ml of Cellulose liquid medium into 100 ml

Erlenmeyer flasks containing Cellulose as the only source of carbon

and energy then inoculating the flasks with two bacterial isolates,

individually, and incubating them 20, 30, 40 and 50oC in a shaker

75

Effect of different carbon sources

Carbon sources (1% w/v concentration) (glucose, fructose,

sucrose, maltose) were introduced to the medium individually.
Bacterial isolates were introduced to 20 ml cellulose liquid medium
in a 100 ml Erlenmeyer flask. The flasks were incubated at 30°C.

and 150 rpm. The growth of several carbon sources was measured
using a spectrophotometer with a wave length of 650 nm.
Effect of different incubation periods degrees

Cellulose medium containing Cellulose was distributed among

incubator (biobase biodustry (china)/DC20171101-2) at 150 rpm.

100 ml Erlenmeyer flasks, each with 20 ml of media and two

Effect of different initial pH degrees

of incubation, the growth was measured using the turbid metric

The growth was measured using a spectrophotometer and the
turbidmetric technique at 650 nm.

For biodegradation of Cellulose by bacterial isolates, several

initial pH degrees are adjusted before autoclaving to (3, 5, 7,
and 9) using a pH metre and solutions of HCL and NaOH with

concentrations of 1N and 0.1N. Bacterial isolates were introduced
to 20 ml cellulose liquid medium in a 100 ml Erlenmeyer flask,
individually. The flasks were incubated at 30oC and 150 revolutions

per minute. The turbid metric approach was used to determine the
growth at various initial pH values using a spectrophotometer with
a wave length of 650 nm.

Effect of different salt concentration (NaCl)
By employing Cellulose as a carbon and energy source, the effect

of varied sodium chloride concentrations on the biodegradation
rate of Cellulose was investigated. Cellulose medium with various

salt concentrations (0.1%, 1%, 5%, and 10%) were prepared.

Bacterial isolates corresponding to 0.01 OD620 were inoculated 20
ml cellulose liquid medium in 100 ml Erlenmeyer flasks. The flasks

were incubated at 30oC and 150 rpm. The growth rate at various

salt concentrations was measured using the turbid metric method
with a spectrophotometer at 650 nm.

Effect of different concentration of Cellulose
Bacterial isolates were introduced to 20 ml cellulose liquid

medium in a 100 ml Erlenmeyer flask at (pH 7) supplemented with

different concentrations of Cellulose (0.1%, 0.2%, 0.3%, 0.4%). The
flasks were incubated at 30°C and 150 rpm in a shaker incubator,
and the growth at various concentrations of Cellulose was

measured using a turbid metric method using a spectrophotometer
at 650 nm.

bacterial isolates inoculated. Shaker incubators were used to
incubate the flasks at 30°C and 150 rpm. After 2, 4, 6, and 8 days
method with a spectrophotometer at wave length 650 nm.

Results and Discussion

Cellulose-degrading bacteria isolation and screening from
rice and sugarcane sources
Almost all of the microbial species in the environment have

ability to grow on the basal salt media. Most of worldwide
bioethanol is produced from sugarcane and remaining bioethanol
produced from other crops such as sugarbeet, sorghum, wheat, rice

[5]. By sampling from Agricultural waste samples from different
soil source in Egypt, seven strains of bacterial species were isolated

in regarding to their higher growth rate on culture media, all seven
bacterial isolates sub cultured on Cellulose agar media that have
only Cellulose as carbon source, only two strains of bacterial
isolates showed best growth on Cellulose media, the two isolates

sub-cultured on Cellulose agar media with Congo Red to confirm
the ability of degradation by clear zone appearance.

Molecular identification by 16S rDNA sequencing
After isolation of genetic material and molecular identification

of the two isolates. The NCBI database was used to BLAST search

partial 16S rDNA gene sequences [1]. The MEGA7.0 software

was used to perform phylogenetic analysis on incomplete gene
sequences [15].

Sample name

Scientific name

Accession No.

CH1-Rice

Brevibacillus sp.

OP002026

CH5-Sugarcane

Klebsiella variicola

OP001638

Table 1: Illustrate the analysis data and identified bacterial
sample with accession number according to data base.
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Optimization of bacterial growth conditions
Effect of different temperature degree

76

pH. Most heterotrophic bacteria and fungi prefer a neutral pH
[27]. Obtained data confirmed the findings reported by [19]

who mentioned that pH 7 - 7.5 more suitable for optimization of
cellulase production by Bacillus subtilis and B. circulans.
Effect of different salt concentration

Figure 1: Effect of different temperature degrees on the growth
of two bacterial isolates grown in cellulose broth media as sole
carbon and energy source.

Cellulose biodegradation occurs at a wide range of temperatures,

and cellulose degradation normally slows as the temperature

drops. The results revealed that two bacterial isolates, CH1-Rice
and CH5-Sugarcane, degraded cellulose efficiently at a moderate

Figure 3: Effect of change in NaCl concentration on the growth
of two bacterial isolates grown in cellulose broth media as sole
carbon and energy source.

The obtained results revealed that the breakdown of cellulose

temperature of 30 ̊°C. similar with [6], Because metabolic activity,

with two bacterial isolates is optimal when the medium is free

Also These results are similar to those of [2] who found that the

due to reduced metabolic activity; substrate availability to

diffusion, and mass transfer were all promoted, biodegradation

rates were much higher at moderate temperatures (15-30°C).

cellulase produced by Pseudomonas fluorescence was activated at
30 to 35ºC and the optimum temperature at 35ºC.
Effect of different pH degree

Figure 2: Effect of different pH values on the growth of two

bacterial isolates grown in cellulose broth media as sole carbon
and energy source.

The results showed that two bacterial strains, CH1-Rice and

CH5-Sugarcane, accelerated breakdown at natural PH. Cellulose

biodegradation is influenced by environmental factors such as

of salt or slightly salty, and that the rate of Cellulose degradation

falls as salinity increases. The decreased degradation rate is
microorganisms in saline environments should be lower than in
non-saline environments [10].

Effect of different concentration of cellulose

Figure 4: Effect of different concentration of cellulose on the

growth of two bacterial isolates grown in cellulose broth media
as sole carbon and energy source.

The concentration of Cellulose owing to induction is another

factor that can alter the biodegradation rate. The degradation

efficiency of Cellulose by two bacterial isolates, CH1-Rice and CH5-
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Sugarcane, was investigated in this study at different concentrations.

compounds do not grow on them as sole carbon sources, so the

increased, obtained data confirmed the findings reported by [18]

polymers.

It was discovered that the degradation of Cellulose by two bacterial
isolates rose gradually when the concentration of Cellulose was
which state that cellulose was the best carbon source for utilization

by organisms and by altering in the concentration the degredation

organisms capable of degrading these compounds must obtain

energy from other sources and cometabolize these recalcitrant
Effect of different Incubation period

rate increase until 1%.

Effect of different Carbon source on cellulase activity

Figure 5: Effect of different Sugar source on the growth of two
bacterial isolates grown in cellulose broth media.

In this investigation, glucose proved to be the most effective

carbon source for the synthesis of cellulase. Our findings diverged
from those of [21] who found that lactose was the ideal carbon

source for B. subtilis, a bacteria obtained from cow manure, to
produce cellulase at its highest level. Maltose was discovered by

[25] to be the most effective carbon source for Bacillus sp. However,

according to [4]. CMC is essential for Bacillus sp. to produce
cellulase. The best carbon source varies depending on the research
project. This could be because of the studied strain, the carbon

sources, or the isolation habitat. Utilization of carbon source beside

Figure 6: Effect of different incubation period on the growth of
two bacterial isolates grown in cellulose broth media.

The incubation periods were also investigated in this study by

growing the two bacterial isolates CH1-Rice and CH5-Sugarcane
in medium supplemented with Cellulose as a carbon and energy

source, and the bacterial isolates were incubated for 8 days at a

rotatory shaking condition of 150 rpm, with the optical density
measured at different incubation period intervals (2, 4, 6, and 8)

days. The results indicated that the two bacterial isolates were
capable of demonstrating rapid growth during brief incubation

periods and utilising the cellulose, and the data obtained supported

the findings previously reported by [26] which state that the

highest endoglucanase production in saccrification occurred after
192 hours.

the Cellulose is another crucifer properties for the degradation, it

Conclusion

carbon source, and glucose considered as the best source.

the majority of which have not been isolated. We isolated two

was found that the degradation was been higher when sugar was

added in the medium compared to medium free from any another
The compound is converted by the microorganisms through

metabolic or enzymatic reactions. It is based on two processes:
growth and cometabolism, which is defined as the metabolism

of a chemical when a growth substrate, which serves as the main
source of carbon and energy, is present [9]. There is some evidence

that the degradation of these high molecular weight compounds

can be accelerated by the addition of another carbon source, such
as sugars. It is generally accepted that high molecular weight

Agricultural wastes contain a wide range of cellulolytic bacteria,

bacteria with remarkable degredation activity and identified
them using 16S rDNA and biochemical assays. Isolates have been

recognised as CH1-Rice Brevibacillus sp., and CH5-Sugarcane
Klebsiella variicola.

The isolated bacterial culture CH 5-Sugarcane shows result

better than that isolated from Rice straw. Utilizing these ideal
conditions, the two strains can be utilised in several industrial

applications. Additional research on large-scale culture is required,
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as well as improvements in other factors such inoculum size,
inducer presence, and medium additives.
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