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Cellulases have a potential for use in biotechnology and industry such as in
starch processing, alcoholic beverage manufacture, malting and brewing, clarification of
juice, pulp bleaching, textile manufacturing and animal feed production. Thirty one
thermophilic and cellulolytic bacteria were successfully isolated from a southern region
of Saudi Arabia. The phylogenetic analysis of the promising isolate using its 16S rDNA
sequence data showed its highest homology (99%) with Geobacillus stearothermophilus.
The analysis was performed to evaluate cellulase production using untreated and both
alkaline and acid-steam treated date palm wastes as carbon sources. The optimal
conditions for cellulase production consisted of a 2.5% alkaline-treated date palm leaf
base with pH at 7.0 - 7.5, a cultivation temperature at 45-50°C, an agitation rate of 200
rpm, and 0.2% Tween 80 and yeast extract as a best nitrogen source when fermentation
was extended up to 48h. The results indicated that the utilization of date palm waste as
a cheap substrate for the production of cellulases had potential, and could reduce
environment pollution.
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The conversion of low-value agriculture
residues using saccharification and fermentation
processes into valuable commodities, energy,
chemicals and microbial protein is not currently
economically feasible, largely due to the costs of
cellulosic materials and cellulolytic enzymes, as
well as technical problems associated with cellulose
saccharification1. A new approach to reducing the
cost of enzyme production is proposed using
agriculture waste as a carbon source, in addition
to reducing the problems of environmental
pollution. Saudi Arabia (SA) is a major date-
producing country, and is ranked second in the
world as per FAO statistics (2010). The total area

planted with date palm trees in Saudi Arabia was
about 162,000 hectares, with approximately 23
million palm trees made up of more than about 400
varieties2. Date palm trees produce large quantities
of agricultural waste which can be utilized as an
economical source of carbohydrates for the
industrial production of cellulases and glucose
syrup, the main source for the production of high
value products3.

Cellulases are among the industrially-
important hydrolytic enzymes, and are of great
significance in present day biotechnology.
Cellulases are widely used in the food, feed, textile
and pulp industries. The bioconversion of
cellulosic materials is now a subject of intensive
research, as a contribution to the development of
large scale conversion processes beneficial to
mankind4. The industrial demand for thermostable
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cellulase enzymes continues to stimulate the search
for thermophilic microorganisms that can be used
to produce sufficient amounts of these enzymes.
Bacteria which have a high growth rate as compared
to fungi have good potential to be used in cellulase
production5,6,7. The high cost of cellulase
production with low enzyme activities limits its
industrial use. Therefore, efforts are needed to
economize cellulase production by media
optimization8.

Cellulase production has been influenced
by a number of factors including environmental
and nutritional conditions; pH, temperature,
agitation, nitrogen sources, carbon concentration
and surfactants. The relationship between these
variables has a marked effect on the production of
the cellulase enzymes9. The present research will
result in new uses, and in expanding markets for
the inexpensive agricultural residuals of date palm
for the production of important value-added
products and for providing a new method for
reducing the problem of agricultural wastes. The
main objectives of this investigation were the
isolation of thermophilic cellulase-producing
bacteria from the Asser region of Saudi Arabia and
their screening for cellulase production. In addition,
it is hoped to identify promising isolates by 16S
rDNA sequence technique. Furthermore, it is hoped
to optimize the factors affecting cellulase
production using treated and untreated date palm
wastes as inexpensive carbon sources.

MATERIALS   AND  METHODS

Samples collection
Soil samples were collected (April, 2015)

from the Jazan (JA), Abha (AB), Najran (NA), Bisha
(BI), Mahail (MA), Tanoma (TA) and Nammas (NM)
regions of southern Saudi Arabia.
Treatments of date palm waste

Date palm cellulosic waste (leaves, leaf
bases and fibers) were collected from a date palm
plantation in Saudi Arabia, and used as the carbon
substrate in this study. Ground substrates were
treated by two methods: (1) Alkaline pre-treatment:
2N NaOH at 30°C for 48 h10; (2) Acid-steam pre-
treatment: 1% H

2
SO

4
, 120°C for 100 min11. After

treatment, the waste was washed thoroughly with
tap water until neutralization took place, then oven
dried at 70°C and crushed before use.

Isolation and screening for cellulase-producing
thermophilic bacteria

Two protocols were used for the isolation
of thermophilic cellulases producers: (A): Direct
isolation; the collected soil samples were
suspended and serially diluted in sterile distilled
water up to 10-4. 1.0 ml of each dilution and water
sample (without dilution) were spread on agar plates
and incubated at 50°C for 1-2 weeks. The plates
were stained with Congo Red and scored to create
a clear halo surrounding the colony12. (B):
Enrichment producers: Cellulase-producing
thermophilic bacteria were isolated by the
enrichment of water and soil samples using
cellulosic sources. Samples of 5 g soil 5ml-1 water
were added to 250 ml Erlenmeyer flasks containing
95 ml of Bushnell Haas medium (BHM),
supplemented with 5.0% different cellulosic
substrates as the sole carbon source, cellulose,
CMC and cellobiose13. The enrichment cultures
were incubated at 50ºC and 200 rpm for 2-3 weeks.
The BHM medium consisted of: MgSO

4
·7H

2
O, (0.2

gl™1); K
2
HPO

4
, (1 gl™1); KH

2
PO

4
, (1 gl™1); NH

4
NO

3
,

(1.0 gl™1); FeCl
3
·6H

2
O, (0.05 gl™1); CaCl

2
, (0.02 gl™1).

The cultures were diluted in sterile distilled water,
plated on nutrient agar medium, and incubated at
50ºC for 2 d. The purified colonies were screened
for their cellulolytic ability using BHM
supplemented with different substrates as the sole
carbon source. After incubation for 2 d at 50°C, the
plates were flooded with 1% Congo Red for 15-20
mins, and then washed with 1 M NaCl solution. A
clear zone that formed around the growing colonies
of cellulase positive cultures was taken as the
indication of cellulase activity12. Promising colonies
having a significant clear zone in all three media
were selected for further study.
Bacterial genomic DNA extraction

The genomic DNA of each strain was
isolated according to14. Cells were collected from
overnight LB cultures by centrifugation, and re-
suspended in 500 µl TEN buffer. Twenty five µl of
10 mg ml-1 of lysozyme were added, and the tubes
were incubated at 37 oC for 30 mins, followed by
the addition of 75 µl of 10% SDS. The tubes were
then inverted gently several times until complete
lysis. Three µl of 20 mg ml-1 of Proteinase K were
added, and the tubes were incubated at 37oC for
one h. After incubation, 100 µl of NaCl (5M) were
added, followed by 800 µl of phenol/chloroform:
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isoamyl alcohol (24:1). The tubes were then
inverted several times and then centrifuged for 10
min. The upper phase was transferred to a fresh
sterile tube and extracted once with chloroform.
The upper phase was again transferred to a fresh
tube and 0.7 volume of isopropanol was added
and mixed gently and centrifuged for 10 mins. The
supernatant was removed carefully, and the pellets
were washed with 1 ml of 70% ethanol. The pellets
were collected by centrifugation for 5 min. The
DNA was dried and dissolved in 100 µl TE buffer
and stored at -20oC.
Amplification and sequencing of the 16S rDNA
gene

The 16S rDNA gene was amplified by
polymerase chain reaction (PCR) using specific
universal primers15. The sequence for the 16S
primer for 16S1500F was 5'-
AGAGTTTGATCMTGGCTCAG-3' and the
sequence for the 16S primer for 16S1500R was 5'-
AAGGAGGTGWTCCARCC-3'. The PCR mixture
consisted of 30 pico moles of each primer, 10 ng of
chromosomal DNA, 200 µM dNTPs and 2.5 units
of Taq polymerase with 10 µl of polymerase buffer
containing MgCl

2
. The PCR was carried out for 10

min at 94oC, followed by 30 cycles of 94ºC for 1
min, 50ºC for 1 min and 72ºC for 2 min, followed by
a final extension step at 72oC for 10 min. After
completion, a fraction of the PCR mixture was
examined using 1.5% agarose gel in a TBE buffer
(pH 8.5). Electrophoresis was carried out for 20
min at 150 V. The 16S rRNA gene PCR product was
sequenced by MACROGENE, Korea. The
homology of the 16S rRNA gene sequence of the
isolates with reference to 16S rRNA sequences was
analyzed using the BLAST algorithm in Gen Bank
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Production of cellulases using promising isolates
using date palm waste

The promising isolate was further
screened for their cellulase (Endoglucanase,
Exoglucanase and b-glucosidase) production using
treated and untreated date palm waste. A loopfull
of culture from the agar plate was inoculated into a
50 ml tube containing 5 ml of nutrient broth, and
incubated at 50°C/200 rpm. This culture was then
used to inoculate a 250 ml Erlenmeyer flask
containing 50 ml production medium using 1%
treated and untreated date palm waste as the sole
carbon source. The cultures were incubated at 50°C

for 48 h. The cells and insoluble materials were
removed by centrifugation at 10,000 for 10 min and
the cell-free supernatants were used for enzyme
assay. Various process parameters influencing
cellulase production were optimized. The effect of
the fermentation period (up to 96 h), the incubation
temperature (35 to 60°C), the initial pH (pH 6 to 9),
the agitation rate (0-300 rpm) the substrate
concentration (0.5-4%), the nitrogen sources and
the surfactants were investigated.
Enzymes assay

Exoglucanase activity (FPase) was
measured according to16. The reaction mixture
contained 0.5 ml of 50 mM acetate buffer at pH 5. A
0.5 ml culture filtrate and one filter paper strip (1×3
cm) were used as the crystalline cellulose substrate.
The mixture was incubated for 60 min at 50°C.  The
reaction was terminated using the 1 ml DNS (3,5-
dinitrosalicylic acid) method17, boiled for 5 min, and
cooled in water for color stabilization. The optical
density was measured using a double beam UV/Vis
scanning spectrophotometer (Model: Shimadzu,
1601PC) at 540 nm. The cellulase activity was
determined by using a calibration curve of glucose.
One unit of enzyme activity was defined as the
amount of enzyme that released 1µ mole of glucose.

Endoglucanase activity (CMCase) was
measured using the above-mentioned method for
the determination of FPase activity, except that 0.5
ml of 1% carboxymethylcellulose (CMC) solubilized
in 50 mM acetate buffer, pH 4.8 was used as a
substrate. The mixture was incubated for 20 mins
at 50°C. One unit of enzyme activity was defined
as the amount of enzyme that released 1µ mole of
glucose.

β-Glucosidase activity was assayed with
0.02% P-nitrophenyl-β-D-glucopyranoside (PNPG)
as a substrate in 50 mM acetate buffer, pH 5.0. A
reaction mixture containing 10µml culture filtrate
and completed to 1 ml with buffered substrate were
incubated at 50°C. The reaction was terminated
after 10 mins with 3 ml 0.1M NaOH. The absorbance
was measured at 400 nm. One unit of enzyme
activity was defined as the amount of enzyme
required to release 1.0 µM P-nitrophenol18.
Statistical analysis

Analyses of data were done by analysis
of variance (ANOVA) using the MSTATC program.
The Least Significant Difference (LSD) at p d” 0.05
was used to detect differences among treatments.
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RESULTS   AND  DISCUSSION

Isolation and screening of cellulases producing
thermophilic bacteria

The bacterial strains present an attractive
potential for the utilization of cellulases due to their
rapid growth rate, enzyme complexity and extreme
habitat variability19. No cellulases producing
bacteria could be isolated using the direct plating
method without a pre-enrichment step. The same
observation was reported by20. One hundred and
sixteen bacterial isolates were obtained from soil
samples enriched with cellulose, CMC and
cellobiose. The results clearly indicate that the
highest number of bacteria were isolated from soil
samples from the Jazan (28), Najran (25) and Tanoma
(17) regions, while low number of isolates were
collected from soil samples of the Bisha (13),
Nammas (10), Mahail (12) and Abha (11) regions.
The occurrence of isolates in the different localities
may be affected by the prevailing environmental
conditions and nature of the soil.

All different isolates were screened for
their ability to produce extracellular cellulases
using the Congo Red test as reported by20,21.
Seventy-nine isolates showed positive results with
a clear zone around the colonies in one or more
substrates. Only thirty one isolates gave a clear
zone in all media, which indicates their ability to
produce all three enzymes responsible for the
conversion of cellulose to glucose22. The highest
numbers of cellulolytic bacteria were isolated from
soil samples of the Jazan (8), Najran (9) regions,
with low number in samples from the Tanomma (3),
Mahail (1), Bisha (3), Abha (5) and Nammas (2)
regions. The highest cellulolytic ability was
detected in isolate; NA-75 (2.6-3.6 cm) isolated from
the Najran region (Fig. 1). 23reported that

thermophiles are adapted to survive in high
temperature regions. These microorganisms
produce unique biocatalysts that function under
extreme conditions that are comparable to those
prevailing in various industrial processes. Also,
24,1,7 isolated Bacillus sp using cellulosic waste as
a carbon source.
Molecular identification of the selected bacterial
isolate using 16S rRNA gene

For bacterial identification, the genomic
DNA was subjected to PCR amplification using
universal primers. These primers were able to
amplify about 1500 bp from the 16S rRNA gene.
The 1500 bp PCR product was purified from the
agarose gel and subjected to DNA sequencing.
The DNA nucleotide sequence obtained was
analyzed using DNA Blast search (NCBI). The
results revealed the isolate NA-75 as Geobacillus
stearothermophilus with a similarity of 99%.

Fig. 1. Cellulose hydrolysis using promising bacterial
isolate, NA- 75.

Fig. 2. Phylogenetic tree for Geobacillus
stearothermophilus strain Y-1 and related species
constructed by the neighbor-joining method based on
16rRNA gene sequences. Segments corresponding to an
evolutionary distance of 0.1 are shown with bars.
Accession numbers for sequences are as shown in the
phylogenetic tree

Cellulases production by Geobacillus
stearothermophilus using treated and untreated
date palm cellulosic wastes as carbon sources

To investigate the possibility of reducing
cellulolytic enzymes production cost, the effect of
1% untreated and both alkaline and acid-steam
treated date palm waste in the form of leaves, leaf
bases and fibers as inducing materials and carbon
sources were studied. The enzyme production was
carried out for 48h at 50°C, 200 rpm and pH 7. The
results of CMCase, FPase and b- glucosidase
production bacterial isolate were as illustrated in
Fig. (3). The results indicate that the cellulases
produced using pretreated waste was significantly
higher than that using untreated ones. The most
efficient carbon source for cellulase production
was the alkaline treated leave base with the
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maximum enzymes production being 5.03 Uml-1

CMCase, 3.56 Uml-1FPase and 1.82 Uml-1b-
glucosidase.

The alkaline pre-treatment of lignocellulosic
materials caused the swelling of cellulose, leading to
an increase in the internal surface area, a decrease in
crystallinity, the separation of structural linkage
between lignin and carbohydrates, and the disruption
of the lignin structure25,26. The same trends in terms
of results were also observed using treated and
untreated date palm fibers. As mentioned in Fig. (2),
untreated leaves were an optimum carbon source for
FPase production, amounting to 1.49 Uml-1.
Furthermore, alkaline-treated date palm leaves were
the best carbon source for CMCase and b-
glucosidase production. This variation may be
attributed to the chemical nature and nutrient
availability of the substrates used. These findings
were in agreement with those reported by27. They
found that the delignified materials were not as
efficient as the non-delignified substrates. This
implies that lignin content does not inhibit cellulase
production. The inhibitory effect of delignification
on the cellulae production may be explained by
structural changes in the cellulose during
pretreatment, thereby reducing the availability of the
materials as a carbon source.
Effect of fermentation period on cellulases
production

The fermentation process was carried out
up to 96 h and cellulases production was measured

at 12 h intervals. The results illustrated in Fig (4)
revealed that the most significant increase of
enzymes production was obtained at 48 h yielded
3.50 Uml-1 FPase, 5.11 Uml-1 CMCase and 1.74 Uml-

1 b-glucosidase, respectively. Maximum cellulases
production was consistent with the growth trend;
enzymes production was low during the lag phase
to the mid-logarithm phase of growth, while the
peak of enzymes production significantly occurred
at the beginning of stationary phase. Similar
findings have been reported28,29,30,31. The
decreasing of cellulases production after optimum
period may be due to nutrient exhaustion which
stressed the microbial physiology resulting in the
inactivation of secretary machinery of the enzymes
and autolysis of microbial cells as reported by32.
On the other hand, 33explained the reduction in
cellulase production by glucose produced in a
culture medium which caused an inhibitory effect
in terms of feedback inhibition of the enzyme
activity.
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Fig. 3. Cellulase production by Geobacillus
stearothermophilus using treated and untreated date palm
waste as carbon sources  (UTL: Untreated leaves, ATL:
Alkaline treated leaves, ASTL: Acid-steam treated leaves,
UTLB: Untreated leaf base, ATLB: Alkaline treated
leaf base, ASTLB: Acid-steam treated leaf base, UTF:
Untreated fibrous, ATF: Alkaline treated fibrous, ASTF:
Acid-steam treated fibrous).
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Fig. 4. Effect of fermentation period on cellulase
production

Effect of initial pH on cellulases production
The initial pH of the medium influences

many enzymatic systems and the transport of
several enzymes across the cell membrane. The
effect of pH was determined by adjusting the initial
pH in the range of pH 6.0 to 9.0. The results show
that the cellulase production was dependent on
the pH values Fig (5). Maximum levels of FPase
(4.36 Uml-1) and CMCase (6.11 Uml-1) were achieved
significantly at 7.5, while a peak of β-glucosidase
(1.80 Uml-1) production, without significant effect,
was obtained at pH 7.0. Beyond these pH values,
cellulase production was markedly decreased.
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These results were in the range reported
by30. He reported that pH 7.0 was more suitable for
endoglucanase production by Geobacillus
stearothermophilus using sugarcane bagasse, and
that it exhibited good pH stability between “5-8”
and “4-9”, for UntSCB and TSCB, respectively.
Also, 34reported that Bacillus sp. SM3M8 gave
maximum cellulase production at pH 7.0.
Furthermore, 35recorded that at pH 6.5, Bacillus
subtilis and Erwinia spp recorded optimal yields
of cellulases, while Serratia spp and Clostridium
cellobioparum recorded the same cellulolytic
activities at pH 7.0. Moreover, 36,37reported that
the optimum pH for cellulase production by
Cellulomonas flavigena and Bacillus pumilus was
pH 6. Also, 38,39reported that the cellulase
production from Streptomyces sp. and S. ruber
was active over a pH range of 5-7 with maximum
activity at pH 6. In contrast, 40found that maximum
cellulolytic activities were recorded at pH 8 for
Bacillus circulans and B. megaterium.

cellulase production by Streptomyces T3-1,
Bacillus subtilis and Bacillus agaradherens JAM-
Ku-23; and Geobacillus stearothermophilus
respectively. In addition, 38found that the maximum
CMCase activity of Streptomyces sp. was recorded
at 60°C with no significant difference between 50
and 60°C.

Many researchers have reported different
temperatures for maximum cellulase production,
suggesting that the optimal temperature depends
on the strain variation of the microorganism.
35reported that the cellulolytic activities of tested
bacterial isolates peaked at 38.6°C although there
was no significant difference among the individual
values recorded. They reported that at 35°C,
Serratia spp, Bacillus subtilis and Bacillus
circulans recorded optimal cellulolytic activities,
while Clostridium thermocellum however attained
optimal cellulolytic activity at 50°C. Also, 34reported
that the Bacillus sp. SM3M8 gave maximum
cellulase production and activity at a temperature
of 45oC, while 35,39reported that 40°C was optimal
for the endoglucanase activity of Bacillus spp and
Streptomyces ruber. Furthermore,40recorded
maximum cellulolytic activities of Bacillus
circulans and B. megaterium at 30°C. On the other
hand, 43,36recorded that maximum cellulase activity
of Bacillus pumulus EB3 and Cellulomonas
flavigena were at 37°C and 55°C, respectively.
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Fig. 5. Effect of initial pH on cellulases production.

Effect of incubation temperature on cellulases
production

To determine the effective temperature for
cellulase production, a fermentation process was
carried out at 5°C intervals in the range of 35 to
60°C (Fig. 6). The results indicate a significant
relationship between enzyme production and
incubation temperature up to 45-50°C, followed by
a gradual decrease. The cellulase activity at 55°C
was also comparable; it lost 18.6%, 11.56% and
26.66% for FPase, CMCase and β-glucosidase
activity, respectively. These results were in
agreement with those reported by41,42,30. They
recorded 50°C as the optimal temperature for
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Fig. 6. Effect of incubation temperature on cellulase
production

Effect of agitation rate on cellulase production
The effect of agitation rate on cellulase

production was investigated at 0.0, 100, 150, 200,
250 and 300 rpm. The results illustrated in Fig (7)
showed a significant increase in cellulase
production due to agitation. Maximum cellulase
production was significantly elucidated at 200 rpm,
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respectively over a control medium which was
significant when compared to other inorganic
sources. The superior effect of complex organic
nitrogen compounds could be due to the presence
of growth promoters in sufficient amounts to cover
the requirements of microbial growth and enzyme
production. The same observations were reported
by48,37. Various inorganic nitrogen sources have
been optimized by different workers for cellulase
production49,50.

which may be due to the increase in the aeration
ratio. Furthermore, increasing the agitation rate
above an optimum value was unfavorable for
cellulase production except for the CMCase which
insignificantly maintained their good production
value up to 250 rpm. Under static conditions, the
enzyme production decreased to 18.30%, 30.16%
24.29% for FPase, CMCase and b-glucosidase,
respectively.

These results were in agreement with
those reported by44,45,46. They found that the
cellulolytic enzymes in static conditions were not
significant and that the high concentration of
carbon source results in an increased viscosity of
the medium, that affects the availability of oxygen
needed for microbial growth. They also reported
that agitation is important for proper oxygen
transfer and for the homogenous mixing of
nutrients in the fermentation system. A study of
cellulase production in a bioreactor by47 concluded
that agitation maintains a concentration gradient
between the interior and exterior of the cell,
allowing a better diffusion of nutrients to the cells.
They found also that enzyme deactivation
increased with an increase in agitation speed.
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Fig. 7. Effect of agitation rate on cellulase production.

Effect of nitrogen sources on cellulase production
To evaluate the effect of alternative

nitrogen sources on cellulase production,
ammonium nitrate was replaced by organic and
inorganic nitrogen sources in such amounts that
the final nitrogen concentration in the media
remained unchanged. The results illustrated in Fig
(8) revealed that all nitrogen sources stimulated
cellulase production. Optimum cellulase
production was significantly obtained using yeast
extract as a nitrogen source. The most significant
increase of FPase, CMCase and b-glucosidase
production were 36.51%, 32.80% and 53.75%,
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Fig. 8: Effect of nitrogen sources on cellulase production

Effect of alkaline treated date palm leaf base
(ATLB) concentration on cellulase production

Cellulases are relatively costly enzymes,
and a significant reduction in cost will be important
for their commercial uses. For an economic point
of view, there is a need to increase cellulase
production by using cheaper substrates such as
agriculture waste13. The different concentrations
of a selected carbon source, alkaline-treated date
palm leaf base (ATLB), was examined to identify
the best for maximal cellulase production. As shown
in Fig. (9), the bacterial isolate has an ability to
metabolize the cellulosic substrate for growth by
expressing cellulolytic enzyme activities. The
cellulose production was increased gradually in
proportion to an ATLB concentration of up to 2.5%
which gave significant production in the form of
7.54 Uml-1 FPase, 11.13 Uml-1 CMCase and 3.71Uml-
1 β-glucosidase. The enzyme activity decreased to
about half of the maximum at 3%.

The decreasing cellulase production at
higher substrate concentrations can be explained
by lignin inhibition and an increase in mass transfer
resistance as reported by26. Also, 51reported that
the reduction of cellulase production at high
substrate concentrations may be due to the
production of reducing sugars, which significant
inhibits the enzyme activity during cellulose
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hydrolysis. Agricultural waste at different
concentrations have been used for cellulase
production. 39found that 30 gl-1 rice straw was the
most suitable concentration for maximum cellulase
production using Streptomyces ruber. Furthermore,
28,52used acid-hydrothermal treated oil palm empty
fruit bunch fibers and corncobs as carbon sources
at 10 g L-1 for cellulase production. Also, 30revealed
that the presence of 60 and 50 g L-1 sugarcane
bagasse supported maximal avicelase production
for both strains of Geobacillus
stearothermophilus, UntSCB and TSCB,
respectively.

On the other hand, 53reported that the Tween 80
increased the activities of amylase, protease,
CMCase and xylanase to different extents, while
rhamnolipid only had an obvious stimulatory effect
on xylanase production by Streptomyces badius.

CONCLUSION

Thermophilic cellulase producing
bacteria, Geobacillus stearothermophilus was
isolated from the Najran region of Saudi Arabia.
Maximum cellulase production was obtained using
2.5% alkaline treated date palm leaf base as a carbon
source, and yeast extract as the best nitrogen
source. Optimum cellulase production was
achieved when the fermentation period was
extended to 48 h at an initial pH value (7.0 -7.5) and
incubation temperature (45-50 °C) with a 200 rpm
agitation rate and 0.2% Tween 80. The results of
this work indicate that date palm cellulosic waste
can be used as a cheap carbon source for the
isolation and production of cellulase enzymes.
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