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Abstract

Cellulases are enzymes which act on plant cell wall, cellulolytic microorganisms produce the enzyme
during their growth on cellulosic material. The cellulases enzyme have attracted considerable attention in
recent years due to their great biotechnological and industrial applications. In this study. Fungi were
isolated from Soil, tree leaves and sawdust of tree branches and screened for degradation of cellulose of
some organic materials .The results showed that 36 fungi isolates were obtained included: Aspergillus
niger, Aspergillus awamori, Aspergillus sp. Fusarium solani and Curvularia coimbatorensis. Aspergillus
niger was one of the most frequent isolates with rates of 57%,70% and 70 in soil, twigs and leaves,
respectively, followed by Aspergillus awamori with a frequency rates of 19%, 20% and 12% in soil
samples, twigs and leaves, respectively, whereas Fusarium solani was one of the most frequent fungi 30%
in sawdust samples. To detect the cellulolytic ability of fungal isolates, they were cultured on the
Cellulose Basal medium, Congo red stain method was used to screen the cellulolytic ability of fungal
isolates at different temperatures and pH, Based on the hydrolytic zones formation and cellulase enzyme
production. The results showed that the pH and temperature both had a significant effect on the activity
of the isolates for enzyme production, Fusarium solani isolates showed high and good activity for enzyme
production at pH5 and pH7 under all tested temperatures.

Keywords: cellulose, cellulase enzyme, degradation of cellulose, fungal isolates, organic materials.

Introduction

Cellulose is one of the most important organic materials, such as agro-wastes, municipal

compounds available in nature, where it is
about (15 - 60%) of the plant cell wall
components, gaining them the shape and
hardness (Mahmood er a/, 2006). This

polysaccharide is abundantly available in

wastes, and forest residues. Therefore, the
wastes generated from forests, agricultural fields
and agro industries contain a large amount of
unutilized or underutilized cellulose. (Milala er

al, 2005.) These wastes generally accumulate in
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the environment causing pollution (Abu er af,
2000). Acids can breakdown the long chains in
cellulose to release the sugars through
hydrolysis reaction, but because of their high
specificity, cellulase can achieve higher yield of
glucose from cellulose (Wyman, 2004). The
hydrolysis of cellulosic biomass through
enzymatic reaction is a preferred method over
chemical reaction (Zhang, er al, 2006).
Cellulose, the substrate of cellulase, is the most
abundant polysaccharide present on earth. It is
the main substance in plant materials. Cellulase
catalyzes the decomposition of cellulose
polysaccharide by simply breaking down B—1, 4-
glycosidic bonds. Three major types of enzymes
are generally involved in hydrolyzing cellulose
micro fibrils in the plant cell wall:
endoglucanase,  exoglucanase, and  [-
glucosidase. Complete cellulose hydrolysis is
mediated by the combination of these three
main types of enzymes. A portion of pretreated
biomass can be used by fungi or other
organisms that produce cellulase to release
glucose (Wyman, 2008). Fungi, bacteria, and
actinomycetes are recorded to be efficient
cellulase enzyme producers in the natural
environment. Filamentous fungi which use
cellulose as carbon source possess the unique
ability to degrade cellulose molecules in plant
lignocellulose. Although, a large number of
microorganisms are capable of degrading
cellulose, a few of these organisms produce
significant quantities of cell-free enzymes

capable of completely hydrolyzing crystalline

cellulose in vitro (Immanuel er a/, 2006). Fungi

are the main cellulase producing

microorganisms. Fungal genera like

Trichoderma and Aspergillus are known to be

cellulase  producers and crude enzymes

produced by these microorganisms are
commercially available for agricultural use

(Wainwright, 1992). Their enzyme production

efficiency and the enzyme complex composition

are always diverse from each other. Aspergillus
species attack cellulose producing significant
amount of cell free cellulase capable of
hydrolyzing cellulose into fermentable soluble
sugars such as glucose; an important raw
material in chemical industries (Wainwright,
1992). Aspergillus and Trichoderma sp are well
known efficient producers of cellulases (Peij er
al, 1998). Several studies have been carried out
to produce cellulolytic enzymes from biowaste
degradation process by many microorganisms
including fungi such as Trichoderma, Fusarium
solani, Penicillium and Aspergillus species etc,

(Kuhad, era/,2011).

The objectives of the current study were:

1- Isolation and identification of fungal species
from (soil, tree leaves and sawdust of tree
branches).

2- Detection of the ability of fungal isolates to
produce cellulase enzyme.

3- Determination of the best range of
temperatures and pH to stimulate fungal

isolates to produce cellulase enzyme.
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Materials and Methods

Collection of fungal isolates
Thirty samples of soil and plant parts (10 of soil,
10 of tree leaves and 10 of sawdust of tree
branches) were collected from two different
sites, 15 samples of which were collected from
an orange farm in the South Sebha — Libya and
the rest were collected from the garden and
herbarium of the Faculty of Science at Sebha
University. Soil samples were collected from
depth (0—12 cm) from each site in sterile tubes
using a sterile spoon while the leaves and
sawdust were collected in sterile tubes using a
scalpel and sterile forceps. The samples were
transferred to the microbiology laboratory for
the isolation and identification of the fungi(
Sivaramanan,2014).
Isolation of fungi

The fungi were isolated from the specimens as
described by (Sivaramanan, 2014), using the
Sprinkled method of sawdust samples as well as
leaves after cutting them into small pieces using
sterile scissors. Then spray the samples spaced
out on petri dishes containing the medium of
Potato Dextrose Agar (PDA) which was
prepared from the following ingredients (G\L):
ZOg agar, ZOg Dextrose and 200 gm. Potato.

Purification and identification of fungal

isolates

The fungal isolates were purified identified
using cultural and morphological features such
as colony growth pattern, mycelium and
conidial morphology under a microscope X40,

the data were compared to the identification key

literature such as Fungi Morphologies of
Cultured Fungi and Key to Species (Watanabe,
2010).

Primary screening of cellulose-

decomposed isolates

To examine the ability of fungus isolates to
hydrolyze cellulose, Cellulose Basal medium
(CBM) medium was used, which was prepared
with the following components g/L:
NH4NO3(2g) , KCL(0.5g), KHPO4 ( 1g), MgSo4
(0.5g), FeSO4.7H20(0.01), Cellulose (15g), Agar
(20g) and Peptone(0.2g). It was also prepared
the control medium, which consisted of the
same ingredients as mentioned above, with the
replacement of 15g of cellulose with the same
weight of sucrose sugar. The pH of both
mediums was adjusted at pH7 and pH5 after
sterilizing the media, to which the antibiotic
Chloramphenicol was added at a concentration
of 30 mg/L, After hardening the media in petri
dishes and using a cork borer 5 mm and then
transferring discs from the fungus colony (5
days old) to the center of petri dishes containing
CBM medium (Triplicates) in addition to petri
dishes containing control (Triplicates too) for
each fungus. The dishes were incubated at
different temperatures 18 °C, 25 °C and 30 °C
for 5 days so as to examine the ability of fungal
isolates to produce the enzyme Cellulase at

different temperatures(Bekele, er a/2015).
Examining the dishes and subculture
cellulose-degrading fungi

The fungal colonies were examined and

immersed in a solution of Congo red dye

solution of 0.1%, as the Congo red dye has the
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ability to bind to cellulose and produce a bright
red color if the enzyme is effective for cellulose
analysis where a transparent area (hydrolysis
zone) appears around the fungus growth zone
as evidence of the fungus ability to break down
cellulose and produce the enzyme (Bekele,er af,
2015; Sivaramanan,2014). The dishes were
immersed in the Congo red dye for 15 min. Then
the diameter of the hydrolysis zone around the
colonies was measured. The colonies that were
incubated at a temperature of 30 ° C and had the
largest and most effective hydrolysis zones for
enzyme productions were inoculated and
subculture on the CBM medium. Then after 5
days of incubation at a temperature of 30°C the
colonies were immersed again in the Congo red
dye 0.1% and then the hydrolysis zones were
measured. The most efficient fungal isolates
were selected to produce the cellulase enzyme
based on the diameter of the hydrolysis zone
formed around the fungus colony ( Bekele, er

al,2015).
Measuring the Effectiveness and Activity
of Cellulase Enzyme Using Well Diffusion
Method

First, suspensions of the most efficient fungal
isolates were prepared to produce the Cellulase
enzyme at a concentration of 10° CFU/ml by
using a Spectrophotometer at wavelength
530nm . The CBM medium was used to measure
the effectiveness of the enzyme by making wells
diameter of 5 mm using a cork borer in the
center of the medium and then 60 UL of fungal

suspensions were added to the wells with three

replicates for each suspension, and then the
dishes were incubated at a temperature of 30°C
for 6 days. After the incubation The dishes were
immersed in Congo red dye 0.1% After 15
minutes the dye was discarded and then the
dishes were washed with sodium chloride
solution (1 mol), Finally, the mean diameters of
the hydrolysis zones around the wells was

measured in millimeters (Bekele, er a/, 2015).

Statistical analysis

To measure the efficiency of fungal isolates for
cellulase production, statistical analysis was
performed using one-way analysis of variance
(ANOVA) to study the differences between
more than two groups by SPSS Version (23) at a
probability value of 0.05.

Results and discussion
Isolation and identification of fungal

isolate

Based on the macroscopic and microscopic
characteristics of the different isolate, these
isolates were classified into 5 fungal genera
including three genera of Aspergillus:
Aspergillus  niger,  Aspergillus  awamori,
Aspergillus sp., Curvularia combatorensis and

Fusarium solani ( Table 1).
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Table 1. macroscopic and microscopic characteristics of fungi isolates on PDA medium:

Fungiisolates Collection site

macroscopic characteristics on

the PDA medium

microscopic characteristics

Aspergillus niger Orange farm
And herbarium
Aspergillus awamori ~ Orange farm
And herbarium
Aspergillus sp. Orange farm
Fusarium solani Orange farm

and herbarium

Curvularia c Orange farm

Fast-growing with transparent
white fluff interspersed with
black spots and the back of a
plate appears yellow

Colonies of greenish-gray
color, the fungal mycelium is

dense and highly branched

Small colonies are white, but
in the next two days the

culture became black.

Fungal mycelium white to
creamy color on the PDA

medium, the colony texture is

cotton and its edges are
regular
Wool-like  colonies, fast-

growing, the color of the
colony is at the beginning
white to gray and then the
mycelium turns to black gray
with a look similar to coarse
hair with a brown background

to black

The conidiophore has thick walls
and is yellow in color. The
Conidia are Spherical in shape,
with black in colour, separate,
simple, or branched, and binary

It  has colorless  vertical
sporophores and spores arise at
its apex with a basal succession
and the spores are spherical to
elliptical in shape

mycelium are divided into cells
from  which  conidiophores
branch out and end with heads

with tails that carry conidia

externally
macro  conidia spores  are
relatively wide, while small

conidian spores are oval or renal
in shape and may be undivided or
divided by one or two barriers.

mycelium is divided by septa,

ending with pear-shaped
conidian spores curved or
elliptical, and  divided by

transverse se pta.
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The frequency and percentage of fungal

species in the samples.

The results of fungal species frequency showed
that the fungal isolates differed according to the
percentage of their appearance in the three
sources (soil, tree leaves and sawdust of tree
branches), (Fig1), where Aspergillus niger
appeared at a rate of from 57% to % 70 in all
samples, followed by Fusarium solani with an
appearance rate of 6-30%, while the appearance
rate of Aspergillus awamori was 19-20%, and
Aspergillus sp. 12%, the lowest genus was
Curvularia combatorensis, with percentage of 6
to 10%, This result is similar to those conducted

for the production of cellulase enzyme from

some local fungal isolates by (Abdul-Hadi,
2011). The study demonstrated the effect of
some cultural conditions, as it showed
Aspergillus niger is the fungi with the highest
percentage Compared to fungi of other genera,
the reason for the predominance of this fungus
is due to its wide spread in the environment,
which comes from its ability to form many
asexual reproductive units resistant during the
inappropriate environmental conditions. The
species of the genus Aspergillus niger are
characterized by growing in a range of

temperatures between (5-45) °C (Silva er al,

2015).

70% 70%

- 70%

~ 60%

- 50%

- 40%

mA

mB

20%19% [ 30%

- 20%

Lv—v—v—f - 0%

10%

Percentage of fungi frequency

A= soil samples, B= sawdust samples, C= leaf samples.

Figure 1. Percentage of fungi frequency.

Effect of temperature on the activity of
isolates to produce cellulase enzyme at
pH7

In this study, the Congo red staining method was

used to examine the ability of fungal species

isolated from soil, plant leaves and sawdust to

produce cellulase enzyme( Sazci er a/,1986).The
effect of the pH of the medium and temperature
on the ability of fungal isolates to produce the
cellulase enzyme and their impact on the
efficiency of this enzyme was tested. The results
showed that the temperatures at pH7 had a

significant and varying impact on the ability of
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fungal species to produce Cellulase enzyme. At a
temperature of 30°C most fungal species did not
have the ability to produce the enzyme except
for the genus F. solani. where some of its isolates
had the ability to produce The cellulase enzyme
at 30°C as the average diameters of the
hydrolysis zone were 40 mm and 36.6 mm
around the growth discs of F.solani1 and
F.solani2 respectively (Fig 2,3). These results are
somewhat harmonized with those of a study
(Abdulhadi, 2011) which showed that the
enzymatic activity of the F.solani was 52.71 mm
at PH6 and a temperature of 28+1. The
temperature of 25°C had a different effect and
variation from the temperature of 30°C on all
fungi, where some fungi had an average ability
to produce cellulase enzyme with average
diameters of the decomposition (35, 31.6, 33.3,
35mm)  of fungi  genera  A.awamoril,
A.awamori2,  Aspergillus  sp.1,  F.solani3
respectively ( Fig 2,3). This corresponds to a
study (Naher et al., 2021) where A.awamori
fungi isolates isolated from herbal leaves were
effective for producing cellulase enzyme at a
temperature of 27°C. While fungi F.solani1 and
F.solani2 had a weak ability to produce cellulase
enzyme, with average diameters of the
hydrolysis zone (8.33 and 10 mm) respectively.
The rest of the isolates did not have the ability to
produce the enzyme at pH7 and 25°C. The
enzymatic activity of fungi at a temperature of
18°C and pH 7 was between medium to weak as
well, and some isolates did not have the ability
to produce the enzyme while others showed

medium activity represented by the fungi of

A.awamoril and A.awamori2 with mean
diameters of the decomposition zone (26.67 and
25 mm) respectively, on the other hand the
fungal isolates A.awamori3, Aspergillus.sp.1 and
F.solani2 exhibited a weak enzymatic activity,
which is consistent with the study of
(Reanprayoon and Pathomsiriwong, 2012),
which shows in his study of the efficiency of
some tropical soil fungi that Aspergillus sp.
isolates were more efficient for cellulose
production than the fungi Curvnlaria lunata and
Fusarinm sp, which showed lower efficiency in
producing the enzyme at 25°C.As for A.niger
fungi isolates (9 isolates from soil, 7 from
sawdust and 7 from leaf plants) they had no
ability to produce cellulase enzyme at pH7 at
temperatures (30 — 25 and 18 °C). The inability
of some isolates such as Aspergillus sp.2 and
C.combatorensis, or the weakness of most of
them to produce cellulase enzyme could be
attributed to the age of colony or PH level or
the incubation period may be insufficient to
stimulate the isolates to form cellulose, as well
as the difference in the ability of the isolates to

exploit the culture medium (Abdulhadi,2011).

T
E—

W -

S S

Mean diameters of hydrolysis

Figure 2. Average diameters of cellulose

hydrolysis zones of fungal isolates at pH7.
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Figure 3. The ability of the isolates to produce the enzyme at pH7 through the appearance of the

hydrolysis zone around the fungi disc(A) Fusarium solani1 (B) Aspergillus awamori1 (C). Aspergillus sp.1

Effect of temperature on the effectiveness
of isolates to produce cellulase enzyme at
pHS5

The pH has a significant impact on the growth of
microorganisms as well as on the production
and activity of enzymes. This was clearly
demonstrated in the results of the effect of
different temperatures on the ability of fungi to
produce cellulase enzyme at pH5, Whereas, with
the exception of the A.awamori1 isolate, which
showed a high ability to produce the enzyme at
a temperature of 30°C with an average diameter
of 84 mm, and for all F.solani isolates, all other
isolates tested were unable to produce the
enzyme at pH5 and under the influence of
different temperatures (Fig. 4) which can be
explained by the inability of these isolates to
exploit the culture medium and the breakdown
of cellulose substance present in the nutrient
medium. The appropriateness of the pH of
media affects their efficiency on the production
of the enzyme, and this was confirmed by the
study of (Mangnt and Mandahr, 1998), and the

effectiveness of cellulase enzyme production

varies according to different strains (Naher er al,
2008).

Some previous studies showed that several
types of genus Aspergillus sp such as
Afamigatus, Aterreus and Aflavus had the
highest ability to produce cellulase enzyme at
pH5.8 and temperatures ranging from 40-50°C
(Barapatre er al, 2020). The fungus A.niger was
effective in producing cellulase enzyme at pH5-6
and pH4 at temperatures ranging from 35°C-
50°C (Gautam er a/, 2011; Sohail et al., 2009).
F.solani isolates gave efficiency ranging from
high to medium in the breaking down of
cellulose (Fig 4,5) the diameter of the hydrolysis
zone of the isolate F.solani1 at temperatures (30,
25 and 18 °C) reached (56, 42, and 58.6 mm),
respectively, while the diameter of the
hydrolysis zone of isolate F.solani2 ranged
between (47.3, 51.6, 17.6 mm) at temperatures
(30, 25. 18°C) respectively. The F.solani3 isolate
showed efficiency between medium to high to
the production of cellulase enzyme with an
average diameter of the hydrolysis zone (28.3,
60.6, 58.3 mm) at temperatures (30, 25, 18 °C)

respectively, and this corresponds to a study
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(Abdulhadi, 2011). Where the isolation of
F.solani gave an enzymatic activity of 52.77mm,
where this value represents a high efficiency in
the production of the enzyme compared to the
ability of the isolates to produce the enzyme at
pH7 and pHS5, It was observed that the isolates
A.awamoril, A.awamori2, A.awamori3,
Aspergillus.sp.1 were effective in producing the
enzyme at pH7, while the isolates of F.solani
increased their ability to produce the enzyme at
PH5 compared to their activity at pH7, and this
can be explained by the fact that the neutral pH
may cause a change in the triple and secondary

structure of the cellulase enzyme and disruption

of the site and the active part in it, which affects

its ability to break down the cellulose in the

medium (Sulyman eral, 2020).
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Figure 4. Average diameters of cellulose

hydrolysis zones of fungal isolates at pH 5.

Figure 5. The ability of the isolates to produce the enzyme at PH5 through the appearance of the

hydrolysis zone around the fungi disc (A) Aspergillus awamori1 (B) Fusarium solani3(C). Fusarium

solani.
The most effective fungal isolates for

cellulase enzyme production

Among the 9 isolates of fungi isolated from
different sources, 7 of them showed medium,
good and high efficiencies for the production of
cellulase enzyme at different temperatures and
pH. Therefore, confirmatory tests were carried
out according to the method (Bekele, 2015)
under a temperature of 30°C and pH7 and the

average diameter of the hydrolysis zone were

compared. Through the test, it was found that
the F.solani fungi isolates were one of the most
effective isolates for the production of cellulase
enzyme, where the isolates of this fungus were
able to grow and produce the enzyme with an
efficiency ranging between medium, good and
high under all temperatures and the degree of
hydrogen on concentration tested, Figure (6), as
it was found by comparing the average

diameters of the hydrolysis zone that the
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F.solani1 fungi isolates, F.solani2, F.solani3
were remarkably effective for enzyme
production at a probability value of 0.05 which
is consistent with the findings of Gunathilake er
al, (2013), which indicates that soil and tree
branches are a good source of cellulose-
degrading fungi that can be used in various

industrial applications.
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Figure 6. Average diameters of cellulose
hydrolysis zone of the most effective isolates for

the production of the Cellulase enzyme.

Conclusion
Through this study, which was conducted to
isolate fungi from the different sources included
(soil, tree branches and decomposing plant
leaves), the result showed the isolates of fungus
Aspergillus niger were the most frequent in
testing samples, followed by Aspergillus
awamori and Fusarium solani .During testing the
effect of different temperatures and pH degree
on the variation in the ability of isolates to
produce cellulase enzyme at pH7 and (pH5) it
was found that Fusarium solani fungus is highly

efficient and good for the production of Enzyme

at pH5 and pH7 at different temperatures.

References

Abdlhadi, S.Y. 2011. Determining the efficiency
of some local fungal isolates in cellulase
enzyme production. Tikrit Journal of Pure
Sciences, 16, (2), 168-174.

Abu, E. A; P. C. Onyenekwe, D. A. Ameh, A. S.
Agbaji and S. A. Ado, 2000. Cellulase
(E.C.3.21.3) production from sorghum bran by
Aspergillus niger SL 1: An assessment of
pretreatment methods. Proceedings of the
International Conference on Biotechnology:
Commercialization ~and Food  Security,
(ICBCFS'00), Abuja, Nigeria, pp: 153-1594

Barapatre, S.; Savita, M . R. and Nandal. M. 2020.
Isolation of fungi and optimization of PH and
temperature for cellulase production. Nature
Environment and pollution Technology, 19(4),
1729-1735.

Bekele, A, AbenaT; Habteyohannes, A;
Nugissie, A.; Getie, T.; Kelel, M. and Berhanu,
A. 2015. Isolation and characterization of
efficient cellulolytic fungi from degraded
wood and industrial samples.African Journal
of Biotechnology,14 (48), 3228-3234.

Gautam,S. P; Bundela, P. S.; Pandey, A. k.; Khan,
). Awasthi, M. K. and Sarsaiya, S. 2011.
Optimization for the production of cellulase
enzyme from municipal. Solid wast residue by
two novel cellulolytic fungi. Biotechnology
Research International,2011, 1-8.

Gunathilake, KM., Ratnayake, R. R.; Kulasooriya,
S. A. and Karunaratne, D. N. 2013. Evaluation
of cellulose degrading efficiency of some fungi
and bacteria and their biofilms ). Natl. Sci.

Foundation. Sri Lanka, 41(2): 155-163



Mabrouka I. Abuzeid et al.,

Immanuel, G.; R. Dhanusha, P. Prema and A.
Palavesam, 2006. Effect of different growth
parameters on endoglucanase enzyme activity
by bacteria isolated from coir retting effluents
of estuarine environment. Int. J. Environ. Sci.
Technol., 3: 25-34.

Kuhad, R. C; Gupta, R; Singh, A. Microbial
cellulases and their industrial applications.
Enzyme Res. 2011, 2011, 280696.

Mahmood, k; Wei-jun, Y.; Nazir, K; Igbal,R. Z.
and Arijo, A. G. 2006. Study of cellulolytic soil
fungi and two nova species and new medium.
J. Zhejiang Univ Science B, 7 (6( : 459-466.

Mangat, M. K. and Mandahr, C. L. 1998. Effect of
cultural conditions on the produstion of
cellulases by Helminthosporium teres. Res.
Bull. Punjab university Sci. 46 (1-4),139-145.

Milala, M. A;; A. Shugaba, A.; Gidado, A. C,; Ene
and J. A. Wafar, 2005. Studies on the use of
agricultural wastes for cellulase enzyme
production by Aspergillus niger. Res. ]. Agric.
Biol. Sci., 1: 325-328.

Nabher, L.; Fatin, S. N.; Sheikh, M .A .H.; Azeez, L.
A Siddiquee, S.; Mdzain, N.; Omojasola, P. F;
Jilani, O. P. and Ibiyemi, S. A. 2008. Cellulose
production by some Fungi cultured on
pineapple wastes. Nature and science. 6(2).
64-78.

Peij, N.; M. M. C; Gielkens, R. P.; Verles, K.; Visser
and L. H. Graff, 1998. The transcriptional
activator XInR regulates both xylanolytic and
endoglucanase gene expression in Aspergillus
niger. Applied Environ. Microbiol., 64: 3615-
3617.

Reanprayoon, P. and Pathomsiriworg, W. 2012.
Tropical soil Fungi producing cellulase and
Related Enzymes in Biodegradation. Journal of
Applied Sciences, 12(8), 1909-1916.

Sazci, A.; Radford, A. and Erenter, K. 1986.
Detection of cellulolytic fungi by using congo
red as an indicator: a comparative study with
the dinitrosalicyclic acid reagent method .
Journal of Applied Bacteriology. 61, 559-562

Silva, F. C; Chalfoun, S. M.; Batista, L. R.; Santos,
C. and Lima, N. 2015. Use of polyphasic
approach including MALDI-TOF MS for
identification of Aspergillus section Flavi
strains isolated from food commodities in
Brazil. Ann Microbiol. 65,2119—2129.

Sivaramanan, S. 2014. Extraction of cellulolytic
Fungal enzymes from isolated fungi and
evaluate their use in bio pulping bio bleaching
and degradation of paper wastes JAIR , 2,8-17.

Sohail, M; Siddiqi, R.; Ahmed, A. and Rhan, S. A.
2009. Cellulase production from Aspergillus
niger MS82: effect of temperature and PH.
New Biotechnology, 25(6), 437-441.

Sulyman, A. O; Iguhnu, A. and Malomo, S. O.
2020. Isolation, purification and
characterization of cellulase produced by
Aspergillus  niger Cultured on Arachis
hypogaea shells. Heliyon,6 (2020),1-1.

Wainwright, M., 1992. An introduction to fungal
Biotechnology, Wiley Biotechnology Series.
John Wiley and Sons, Toronto, NY., pp: 280-
284.

Watanabe, T. 2010. Pictorial Atlas of Soil and
Seed Fungi .3rd Ed. Taylor and Francis Group
LLC.



Efficacy of cellulase enzyme produced by some fungal ....

Wyman, C. E. 2004. Ethanol Fuel. In: Zhang Y. H. P.; Himmel M. E;; Mielenz ). R. 2006.
Encyclopedia of Energy, C. Cleveland, (Ed.). Outlook for cellulase improvement: screening
Elsevier, St. Louis MO., pp: 541 and selection strategies. Biotechnology

Wyman, C. E. 2008. Cellulosic ethanol: A unique Advances. 24(5):452—481.

sustainable liquid transportation fuel. MRS doi: 10.1016/j.biotechadv.2006.03.003

Bull., 33: 381-382. Direct Link |



Aol A8y Lyl aglald 2l alell
37-28 :2025 (2) saad! :(30) alxll

Jsdebe M3 @ dphasll c¥sall amy daulys pull aeulad! @uss) duleld
Lganall slell Lan
dace (ldzme Sl el i 5155 ¢ Bnie gl s A il e 385 10
" e G meny
Lol Lo Aasl ¢ aglall 2,08 45,8001 sLs'W) - 1
Ol3gaadl Bzl Baalar ¢ Auelyll aglall 208 ¢ allly 2yl agle o -2
Lose! Lo Zaal ¢ 2Lyl 208 ¢ sLlls 2l agle o - 3

sl

aaly Aelilud! slsll e lagas £ LT Al Adsdl Hlus @ 2adull ) sl e 1355 ssulad) Slasss)
s § Aawlsll Apelivally Lgpmll iz oloiSll dilagdasl Blai 55%1 cilgiadl § S alazals jolebadl @uss) Jas
eloetd Lyt ciamdy lrd¥ Glatd coasdl 5,Lads 5led¥ Ghls AUl oo wlslad asy cdie )l
Aspergillus : cdods clyhaall e aie 36 e Jgvazdl mludl oyldsl Com gl sloll (any § 5eldudl
e s Eos> niger, Aspergillus awamori, Aspergillus sp., Fusarium solani and Curvularia coimbatorensis
9 5la¥ olad! Al Slue 3770 9770 ¢ 157 Lpud cidly G [LADT ¥l AST (e Aspergillus niger
Al sle § 712 9720 ¢ 719 41,55 Jaass Aspergillus awamori jlaall el « 1l (e alleall sladl 31!
Byliad cliye § Blakl wbylaall AST (e Fusarium solani Jhas ¢ Lay adleil) oladl Gl 9 5les¥ olat!
Sokeedl ag (e Ly @3 ¢ Bpaall cifiall e duep3ll Cag lall (amy il 2alyads 730 Zads sl ¥ Ot
Laliseo Lbga> 9 Byly> Gilays wie phadll c¥jall pamal sl pamdl 4236801 Lo Aasyb cuodseiuly ¢ gaelal!
U39 Guz el (¥ 0 IS O bl cplal s deuldl @u3s) 7 Ll UL el lolio (9SG e 5Ly
sy ey Wle bLas Fusarium ci¥fie ool LS o oYl z oy a¥zall blas de Goine il Led 5,1,)
Awlyll sda § 8aasell 8yl ol ilarys ages s pH7 9 pHS e @u3s]

Ageaallslell e ayhaall e¥iall ¢ Selddl dls o daudadl i) ¢ el s Liall o LS

Olagad! 83l danla « uely3ll aglall 208 ¢ sldly Ll agle wud « JSGb Guadlias 5153 JLas™U
nazarbabiker@hotmail.com : _jig ASIY! aun! +218915571405 :asla
2025/12/15 E)Lb R 2025/5/15 :&)LI.! Ceoliw!



