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Abstract

Agriculture wastes represent a great problem all over the world and especially in Egypt. The present study deals with agricultural
wastes disposal by eco-friendly manner to the environment and production of valuable products from a cheap and renewable
lignocellulosic wastes. Twenty bacterial strains were isolated from different agriculture wastes [(Rice straw (RS), Wheat straw
(WS), Wheat bran(WB), Bagasse (BA) Corn stover (CS), Potato peal(PP) and Saw dust (SD)]. Bacterial isolates MH2, MH3,
MH5, MH11 and MH15 were selected for their ability to saccharifying agriculture wastes, the highest reducing sugar (7423.26,
3224.82, 2279.34, 1 174.34, and 1581.08µg/l) were produced from the agriculture waste BA, PP, RS, SD and WS respectively.
"Extracellular protein, Carboxy methyl cellulase (CMCase), Filter paperase (FPase), avicelase and xylanase production were
studied for each bacterial isolates with selected substrates, The isolated strain MH5 gave the highest CMCase (726.9U/ml) and
xylanase (1248.9 U/ml) on bagasse , However the isolated strain MH11gave the highest extracellular protein(633.5µg/ml)on rice
straw, while the highest FPase (282.90U/ml)on bagasse, the highest avicelase (169.41 U/ml) were produced by MH3 on rice
straw. The highest cellulases were produced on the agriculture wastes in the order BA>RS>WS>PP>SD. The most potent strain
MH5 was identified as Bacillus flexus.

Keywords: Isolation of bacteria, Agriculture wastes, Enzymes, Identification, Bioethanol production.

1. Introduction

Large-scale production of biofuels offers an
opportunity for certain   developing countries to
reduce their dependence on oil imports. In developed
countries there is a growing trend towards employing
modern technologies and efficient bioenergy
conversion using a range of biofuels, which are
becoming cost-wise competitive with fossil fuels
(Demirbas,  2008).

Bioethanol can be produced from different kinds of
raw materials. The raw materials are classified into

three categories of agricultural raw materials: sucrose-
containing feed stocks (e.g. sugar cane, sugar beet,
sweet sorghum and fruits), starch materials (e.g. corn,
milo, wheat, rice, potatoes, cassava, sweet potatoes
and barley) which represent first generation of
bioethanol production and lignocellulosic materials
(e.g. wood, straw and grasses) which represent second
generation of bioethanol production. Currently, a
focus is on bioethanol production from crops, such as
corn, wheat, sugar cane, as well as on highly abundant
agricultural Wastes (Mojovic et al., 2009).
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However is an increase in the price of the raw
materials, which can highly affect the production costs
of the bioethanol (Yoosin and Sorapipatana, 2007).
Lignocellulosic materials serve as a cheap and
abundant feedstock, which is required to produce fuel
bioethanol from renewable resources at reasonable
costs (Slade et al., 2009).

Lignocellulosic materials are one of the most abundant
natural complex organic carbons in form of plant
biomass, which is highly renewable natural resource in
the World, reaching annually over 150 billion tons on
the earth (Zhu et al., 2006).

Lignocellulose wastes are accumulated every year in
large quantities, causing environmental problems.
However, due to their chemical composition based on
sugars and other compounds of interest, they could be
utilized for the production of a number of value added
products, such as ethanol, food additives, organic
acids, enzymes, and others. Therefore, besides the
environmental problems caused by their accumulation
in the nature, the nonuse of these materials constitutes
a loss of potentially valuable sources (Mishra, and
Thakur, 2015).

Egypt is the largest rice producer in the Near East
region, where rice cultivation area occupies over
1,080,000 feddan with an average farm yield of 4.76
tons/feddan and an approximate straw production of
2.4 tons/feddan (Sabaa and Sharaf, 2000) Currently,
the major practice to eliminate such massive amounts
of post-harvest rice residues is field open air burning.
Although field burning provides effective destruction.
Of weed seeds and pathogenic microbial spores, the
produced black smoke represents a threat to public
health. The burning results in respirator particles of
<10 mm size (PM10. Particulate matter less than 10
mm in diameter), which are a major cause of
respiratory ailments such as asthma emphysema; it
also introduces carbon monoxide and some nitrogen
dioxide, which has statistically significant effect on
asthma morbidity (Schwartz et al., 1993).

Chemical composition of lignocellulosic materials is a
key factor affecting efficiency of biofuel production
during conversion processes. The structural and
composition of lignocellulosic materials is highly
variable because of genetic and environmental
influences and their interactions (Lee et al., 2007).
A typical chemical composition of lingo-cellulosic
materials is 48% wt. C, 6% wt. H, and 45% wt. O, the
inorganic matter being a minor component (Molina-
Sabio, and Rodriguez-Reinoso, 2007).

Lignocelluloses consist mainly of cellulose,
hemicellulose and lignin; these components build up
about 90% of dry matter in lignocelluloses, with the
rest consisting of e.g. extractive and ash (Dehkhoda,
2008). The basic structure of all woody biomass
consists of three basic polymers: cellulose
(C6Hl0O5)x , hemicelluloses such as xylan
(C5H8O4)m, and lignin [C9H10O3(OCH3)0.9-I.7]n.
The proportion of these wood constituents varies
between species, and there are distinct differences
between hardwoods and softwoods. Cellulose and
hemicellulose contents are more in hardwoods
(78.8%) than softwoods (70.3%), but lignin is more in
softwoods (29.2%) than hardwoods (21.7%) (Balat,
2011).

The carbohydrate polymers in lignocellulosic
materials need to be converted to simple sugars before
fermentation, through a process called hydrolysis
(Taherzadeh and Karimi, 2007).

Biochemical conversion of lignocellulosic materials
through saccharification and fermentation is a major
pathway for bioethanol production from biomass.
Bioconversion of lignocellosics to bioethanol is
difficult due to: (1) the resistant nature of biomass to
breakdown; (2) the variety of sugars which are
released when the hemicellulose and cellulose
polymers are broken and the need to find or
genetically engineer organisms to efficiently ferment
these sugars; (3) costs for collection and. storage of
low density lignocellosic materials (Cardona Alzate,
and Sanchez Toro, 2006). The basic process steps in
producing bioethanol from lignoeellulosic materials
are: pretreatment, hydrolysis, fermentation and
product separation/distillation (Abo-state et al., 2014).

Most of our understanding about cellulose degradation
comes from the study of the mesophilic fungi and
anaerobic thermophilic cellulolytic bacteria. Relatively
few aerobic cellulolytic, thermophilic bacteria have
been reported in comparison with anaerobic
thermophilic cellulolytic bacteria (Sukumaran et al.,
2005). Members of the genus Bacillus are producers of
extracellular enzymes including CMCase activity
(Roboson and Chambliss, 1984; Fukumori et al.,
1985; Chan and Au, 1987 and Abo-state et al.,
2013a, b)

The bacterial cellulases have very high activities
against crystalline celluloses like cotton or Avicel
(Johnson et al., 1981) and are also more thermostable
in comparison to fungal cellulases (Rani et al., 2013).
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Cellulases produced by Bacillus subtilis for the
saccharification of wheat straw, rice straw and bagasse
were used(Akhtar et al., 2001).

The present study aimed to isolate bacterial strains
having the ability to saccharifying agriculture wastes
efficiently and determining their enzymes that
hydrolyzing the agriculture wastes to be used for
bioethanol production.

2. Materials and Methods

2.1. Collection and preparation of substrates

Rice straw (RS), wheat straw (WS), wheat bran (WB),
corn stover (CS), potato peal (PP) and saw dust (SD)
was collected from agriculture areas, Elmansoura,
Egypt, while bagasse (BA)was collected from Upper
Egypt . Wastes were dried, cut to 3-5 mm lengths,
grind in an electric grinder and passed through a sieve
to get uniform particles. Substrates were stored in
plastic bags at room temperature until analysis and
treatment were performed.

2.2. Isolation and purification of bacterial isolates.

According to Abo-State et al. (2010), ten grams of
lignocellulosic wastes (RS),(WS), (WB), (BA),(CS),
(PP) and (SD) were added under  aseptic conditions to
90 ml sterile saline (8.5 g/L NaCl) in 250 ml conical
flasks. The flasks were shaken at 200 rpm for 60 min.
The agriculture waste suspension was then subjected
to serial dilutions (10 fold dilutions) and cultured on
L.B agar plates (Kirimura et al. 2001).Then the plates
were incubated at 30oC for 48 h. The well growing
colonies were picked up, streaked on sterile L.B agar
plates for purification. Pure separated single colonies
were maintained on sterile L.B agar slants at 4oC for
further investigation, and these slants were sub-
cultured monthly. The isolates were preserved in
micro-tubes containing 1:1(v/v glycerol: pure broth
culture of each isolate in L.B. medium) at -4oC.

2.3. Screening for the ability of Bacterial isolates to
saccharify of different agriculture wastes.

According to Abo-State et al. (2013a, b) the
agriculture wastes (RS, WS, WB, B, CS, PP and SD)
were used as cheap substrate to test the ability of the
bacterial isolates for saccharification of different
agriculture wastes. Five grams of (RS, WS, WB, B,
CS, PP and SD) were used as substrate. Five grams of
each substrate were put in 250 ml conical flasks and
moisted with 10 ml of distilled water. The moisted

flasks were sterilized by autoclaving at 121°C for 30
minutes. The sterilized flasks were inoculated with
different bacterial isolates 10.0 ml (3.0×107CFU/ml).
Three replicates were used for each substrate. The
inoculated flasks were incubated at 30°C for 48 h.
After incubation period, 50 ml of distilled water were
added to each flask and shaked for 60 minutes on
shaker (200 rpm). All the content of the flask was
filtered in a clean dry flask through muslin cloth on a
glass funnel. The filtrates were centrifuged by cooling
centrifuge (Sigma, model, 3k30, Germany) at 8000
rpm for 10 minutes. The supernatants were used to
determine the total reducing sugars (TRS) and
enzymes assay.

2.4. Determination of reducing sugar (Miller,
1959).

According to Abo-State et al. (2010a,b) an aliquot (1
ml) of DNS reagent was added to the tubes containing
1ml of sugar solution and the tube containing 1ml of
water as a blank. The tubes were placed in boiling
water bath for 10 minutes and then cooled to room
temperature. Four ml Distilled water was added to
each tube. The change in intensity of yellow to orange
color was determined at 540 nm.  Glucose was used as
a standard.

2.5. CMCase assay.

Endoglucanase, carboxymethyl cellulose(CMCase)
activity was determined according to Wang, et al.
(1988) one gram of Carboxmethyl Cellulose (CMC)
(Sigma, St. Loius, USA) was added to 100 ml sodium
acetate buffer, pH 5.0. In a clean dry tube an aliquot of
1ml of the supernatant (enzyme) was mixed with 1 ml
of 1% CMC in acetate buffer. The tube was incubated
at 630C for 30 min., then the librated reducing sugar
was measured by DNS method described by Miller
(1959), the absorbance was measured at 540 nm. The
blank was 1ml of distilled water instead of 1ml of
supernatant (enzyme).

The concentration of the resulted reducing sugar was
determined using glucose standard curve. One unit of
CMCase, is the micromole of glucose librated per ml
of culture filtrate per minute.

2.6. FPase assay.

The total  cellulose (FPase) activity was determined
according to Gadgil, et al. (1995) In a clean dry tube
an aliquot of 1ml of the supernatant (enzyme) was
mixed with 2ml of 0.1M citrate buffer pH 4.8
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containing 0.05g. Filter paper (Whatman No.1).The
tube was incubated at 500C for 1hour. Then the
librated reducing sugar was measured by DNS
method, described by Miller (1959). The absorbance
was determined at 540 nm. The blank was 1ml of
distilled water instead of enzyme. The concentration
of the resulted reducing sugar was determined using
glucose standard curve. One unit of FP ase, is the
micromole of glucose librated per ml of culture filtrate
per minute.

2.7. Avicellase assay.

Avicellase activity was determined according to Li
and Gao (1997) Avicel (2.0 grams)(Sigma / Aldrich,
USA) was added to 100ml phosphate buffer pH 6.6 In
a clean dry tube an aliquot of 1ml of the supernatant
(enzyme) mixed with 1ml of 2% Avicel in phosphate
buffer. The tube was incubated at 400C for 2hours.
Then the librated reducing sugar was measured by
DNS method, described by Miller (1959), the
absorbance was determined at 540 nm. The blank was
1ml of distilled water. The concentration of the
resulted reducing sugar was determined using glucose
standard curve. One unit of Avicelase is the
micromole of glucose librated per ml of culture filtrate
per minute.

2.8. Xylanase assay.

Xylanase activity was determined according to
Chaplin (1996) Birch wood xylan (2.0 grams) (Sigma,
St. Loius, USA). was added to 100ml acetate buffer
pH 5.5. In a clean dry tube an aliquot of 1ml of the
supernatant (enzyme) mixed with 1ml of 2% xylan in
acetate buffer. The tube was incubated at 500C for 30
min. Then the librated reducing sugar was measured
by DNS method, described by Miller (1959), the
absorbance was determined at 540 nm. The blank was
1ml of distilled water. The concentration of the
resulted reducing sugar was determined using xylose
standard curve. One unit of xylanase is the micromole
of xylose librated per ml of culture filtrate per minute.

2.9. Protein determination.

Extracellular protein have been determined according
to Lowry, et al. (1951) five ml of the reaction solution
was added to 1ml of supernatant of the fungal filtrate
and 1ml distilled water was used as a blank. The
mixture was allowed to stand at room temperature for
10 min.

After that 0.5 ml of Folin reagent (Sigma / Aldrich,
USA) was added. The reaction tubes were incubated at
room temperature for 20 min. The absorbance was
determined at 720 nm. To determine the concentration
of the protein in the samples, a standard curve of
Bovin serum albumin (BSA)(Sigma, St. Loius, USA)
was determined.

2.10. Molecular identification of the most
promising bacterial strain.

An analysis of 16S rRNA was performed to
taxonomically characterize the isolate strain (Sigma
Scientific Services Co., Egypt).The cells of the
bacterial strain were harvested through the enrichment
medium up to 2x109 bacterial cells. DNA was
extracted using protocol of Gene Jet genomic DNA
purification Kit (Thermo K0721) (Sigma Scientific
Services Co., Egypt). To amplify the16S rDNA genes,
a polymerase chain reaction (PCR) was performed
using (5'-AGA GTT TGA TCC TGG CTCAG-3')(5'-
GGT TAC CTT GTTACG ACTT-3') as forward and
reverse primer respectively.

PCR was cleaned up to the PCR product using Gene
JET™ PCR Purification Kit. A 45μl of Binding Buffer
was added to the completed PCR mixture. The mix
was then thoroughly transferred from step 1 to the
Gene JET™ purification column. The mixture was
then centrifuged for 30–60 s at > 12,000xg, then the
flow was discarded. A 100μl wash buffer was added to
the Gene JET™ purification column, centrifuged for
30–60s, discarded the flow-through and place the
purification column back into the collection tube. The
mixture was centrifuged at empty purification column
for an additional 1 min to completely remove any
residual wash buffer. The purification column was
transferred to a clean 1.5 ml micro centrifuge tube. A
25μlof elution buffer were then added to the center of
the column membrane which then centrifuged for 1
min, discard the column and store the purified DNA at
20°C.

Following purification of the PCR products, the DNA
sequence of the positive clone was subjected to a
similarity search BLAST on the NCBI web-site
(http://www.ncbi.nlm.nih.gov), and deposited into
GenBank. Many relevant 16S rRNA gene sequences
with validly published names were selected as
references from the Gen-Bank. The ladder used is
(1 kbp plus). Also, the obtained sequence used to
building phylogenetic tree with closely related strains
with sequence MH5 in gene bank, bioinformatics
program is Mega 4 software 2015.
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3. Results and Discussion

3.1. Isolation of Different Microbial Isolates

The aim of this study was to isolate strains of bacteria
with improved cellulases production and agriculture
waste hydrolysis, Twenty bacterial isolates were
isolated from different agriculture wastes (RS), (WS),
(WB), (BA), (CS),(PP) and(SD).The purified bacterial
isolates were used on different agriculture wastes
using solid state fermentation.

3.2 Screening for the ability of Bacterial isolates to
saccharify different agriculture wastes.

Bacterial isolates showed different ability to
saccharify (RS), (BA) and (WS) as indicated in Table
(1) and (SD), (CS), (WB) and (PP) as indicated in
Table (2). Bacterial isolates (MH2), (MH3), (MH5),
(MH11) and (MH15) were selected for further study
for their ability to saccharify different agriculture
wastes, the highest reducing sugar (7423.26,3224.82,
2279.34, 1174.34,and 1581.08µg/l) were produced on
the agriculture waste BA. PP, RS, SD and WS
respectively.

Table (1): Total reducing sugars (TRS) from rice straw, bagasse and wheat straw saccharify by
different bacterial isolates.

Total reducing sugars  (µg/l)
Isolate code

Wheat strawBagasseRice straw

963.377150.372117.21MH1

928.067026.682250.05MH2

710.267022.941346.11MH3

619.147051.291186.37MH4

963.286861.52279.34MH5

228.621984.34533.99MH6

210.692532.52696.25MH7

577.282863.061302.72MH8

290.063591.7779.09MH9

482.313494.961001.78MH10

1174.345638.931862.13MH11

1022.416710.6955.59MH12

585.377243.62978.14MH13

781.676470.241272.4MH14

749.917423.261740MH15

350.15847.16818.07MH16

353.756550.34748.7MH17

400.487163.161023.5MH18

733.447090.12834.11MH19

805.527142.621522.71MH20
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Table (2): Total reducing sugars (TRS) from saw dust, corn stover, wheat bran and potato peel saccharify by different
bacterial isolates.

Total reducing sugars  (µg/l)Isolate code
Potato peelWheat branCorn stoverSaw dust

1532.862146.16493.79840.8MH1
1670.662692.28463.32915.53MH2
3224.824426.21515.15874.37MH3
464.65718.25449.37613.69MH4

2963.691613.9513.62702.94MH5
383.51210.1145.12261.21MH6
307.2776.75197.54272.86MH7

271.373108.810648.7MH8
759.792840.90513.91MH9

1652.343571.985.38535.7MH10
894.464138.22449.191581.08MH11
515.181508.98223.09743.32MH12
284.441268.14276.08449.58MH13
1871.34234.69270.46719.22MH14

6041459.45239.46587.02MH15
140.591749.94149.95364.09MH16
135.31213.57161.04454.17MH17

112.241137.73283.19603.55MH18
284.133890.63145.67952.8MH19
640.983124.34383.62753.32MH20

3.3. Determination the best substrate for ccllulases
production by solid- state fermentation.

Extracellular protein as indicated in Figure (1),
Carboxy methyle cellulase (CMCase) Figure (2), Filter
paperase (FPase), Figure (3), Avicelase, Figure (4) and
Xylanase production ,Figure (5) were studied for each
bacterial isolates with selected substrates, the isolated
strain MH5 gave the highest CMCase (726.9U/ml) and

xylanase (1248.9 U/ml) on bagasse , However the
isolated strain MH l1 gave the highest extracellular
protein (633.5 µg/ml) on rice straw, while the highest
FPase (282.90U/ml) on bagasse ,the highest avicelase
(169.41 U/ml) were produced by MH3 on rice straw,
So, the highest cellulases were produced on the
agriculture wastes in the order BA>RS> WS> PP>
SD.

Figure (1): Extracellular protein produced by different bacterial isolates on different agriculture wastes.
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Figure (2): Carboxymethyle cellulase produced by different bacterial isolates on different agriculture wastes.

Figure (3): FPase enzyme produced by different bacterial isolates on different agriculture wastes.

Figure (4): Avicellase enzyme produced by different bacterial isolates on different agriculture wastes.
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Figure (5): Xylanase enzyme produced by different bacterial isolates on different agriculture wastes.

From the previous results, it was found that bagasse
supported the production of different cellulases
followed by rice straw followed by wheat straw
followed by potato peel and at the last was saw dust.
The ability of microorganisms to produce cellulases
considered to be critical step in the microbial
hydrolysis of agriculture wastes.

In fact, the comparisons of cellulase activities
produced by different laboratories is not readily made
in quantitative manner as no standard conditions of
cellulase activity assay have been adopted by (Gao et.
al., 2008). Also the difficulty in comparison between
cellulose(s) activities depends on the difference
between strains used in production, condition of
production (SmF or SSF), assay determination and
other physical factors.

(Sangkharak, et. al., 2011) report that Five novel
cellulase-producing bacteria were isolated and
identified through 16S rRNA sequence as
Cellulomonas sp. The activity of enzymes (mainly
xylanase and endoglucanase) produced from isolated
strains was almost present extracellularly and the
production of enzyme was dependent on cellulosic
substrate (xylan, rice straw and wastepaper) used for
growth. Cellulomonas sp. Strain TSU-03 produced the
highest activity of xylanase and endoglucanase at
1860.1 and 388.5 U mg-1 protein, respectively.

Five Aspergillus spp. and standard strain Trichoderma
viride were grown on the agriculture wastes and
CMCase. FPase, Avicelasc and soluble protein were
determined. T. viride produces the highest CMCase on
WS (555U/ml).while the highest FPase (141U/ml) and
Avicelase (46U/ml) were produced on WB. The
isolated strain Aspergillus MAM-F35 gave the highest
CMCase (487U/ml), FPase (701 ml) and Avicelase
(35U/ml) on WS. However, the isolated strain
Aspergillus MAM-F23 gave the highest CMCase
(309U/ml) on RS, while the highest Avicelase
(45U/ml) on WS. So, the highest cellulases were
produced on the agriculture wastes in the order WS>
WB> RS> CC. (Abo state el. al, 2010a).

3.4. Identification of the most potent bacterial
isolate.

Agarose gel electrophoresis of PCR product indicated
a sharp band in 1500 bparea as shown in figure (6)
The most potent bacterial isolate (MH5) was identified
using molecular identification performed by
amplifying and sequencing the 16S rRNA gene
sequences, Figure (7) showed that the (MH5) bacterial
isolate belong to the Bacillus flexus with in similarity
98% comparing with others Bacillus strains as showed
in alignment with gene bank. Depending on the above
discussion phylogenetic tree established (construct
phylogenetic tree using maximum parsimony) using
Mega 4 program software. That is proof isolate MH5
is Bacillus species specifically subspecies flexus

.
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Figure (6): DNA agarose gel electrophoresis of PCR amplified 16S rDNA of bacterial strain MH5.

Figure (7): Phylogenetic tree of bacterial strain MH5.
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Akhtar et al. (2001) report that  Cellulases produced
by Bacillus (B.) subtilis were used for the
saccharification of wheat straw, rice straw and
bagasse. Pretreatment of these substrates with 2%
NaOH was found to be more effective for increasing
the saccharification. The saccharification rates of 33.0,
25.5 and 35.5% were obtained with 2% NaOH
pretreated wheat straw, rice straw and bagasse,
respectively. The saccharification of wheat straw was
33, 26 and 16.9% after 20 h at 50ºC when 4, 6 and
10% substrate was used, respectively.

Bacterial strain Bacillus subtilis (CBTK 106), isolated
from banana waste is able to production of filter paper
enzyme, carboxymethyle cellulose and cellobiase. The
optimal filter paper activity (FP Ase) of 2.8 IUgds−1,
CMCase activity of 9.6 IUgds−1 and cellobiase activity
of 4.5 IUgds−1 were obtained at 72 h incubation with
media containing banana fruit stalk (autoclaved at
121°C for 60 min, particles of 400 μm size), with
optimal moisture content of 70%, pH of 7.0,
incubation temperature of 35°C, with minerals, and
additional nutrients of (NH4)2SO4 or NaNO3 or
glucose at 1.0% (w/w) and an inoculum to substrate
ratio of 15% (v/w) (Shah et. al., 2015).

Generally sacchaification step is carried out by
commercially available cellulase enzymes which are
very expensive. Bacterial isolates (MH2, MH3, MH5,
MH1land MH15) in this study offer a good prospect
for cellulolytic enzyme production and this method
can be applied as a part of bioethanol process using a
cheap and renewable source such as agriculture wastes
(bagasse, rice straw, wheat straw and saw dust). Five
cellulolytic bacterial strains were isolated from
agriculture wastes. All isolated strains showed the
great ability to hydrolyzed cellulosic compound and
produced endoglucanase (CMCase). total cellulase
(FPase), exoglucanase (Avicelase), extracellular
xylanase and protein by solid state fermentation.
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