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Abstract. The research was conducted to isolate soil fungi and screen them
for cellulase production using the zone of hydrolysis technique. Several fungi
were isolated and characterised from soil environments of different locations
using conventional microbiological methods. A total of six isolates were
confirmed to be Penicillium chrysogenum, Emericella rogulosus, Aspergillus
terreus, Aspergillus flavus, Aspergillus niger, Aspergillus fumigatus, all coded
as BG1, BG2, BG3, BG4, BG5 and BG6, respectively. Fungal isolate BG5S has
the highest percentage of occurrence (34.30 %), followed by SBG3 (22.86 %).
The isolates were screened for cellulase production using the carboxymethyl
cellulose (CMC) agar plate method. All the fungal isolates demonstrated
cellulase production ability, with fungal isolates BG5 (18 mm) and BG3 (15
mm) having the highest diameter of zone of cellulose hydrolysis. The
research reveals the potentiality of using locally isolated soil fungi for
cellulase production.
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INTRODUCTION

Cellulases hydrolyse B-(1-4) glycosidic bonds in
cellulose. They are produced both by bacteria
and fungi. However, the enzymes produced by
the aerobic fungus Trichoderma reesei are broad-
ly studied for enzymatic hydrolysis of cellulose.
These enzymes constitute non-complexed cellu-
lase systems, i. e. systems based on synergistic
discrete action of individual components rather
than a stable complex [1]. The general structure
of most of the cellulases can be broken down into
two structural parts: the catalytic domain (CD)
and the carbohydrate-binding domain (CBD),
both of which are connected via a flexible linker
peptide. CBD promotes the cellulase’s adsorption
to the cellulosic substrate’s crystalline region and
facilitates hydrolysis by bringing its catalytic do-
main near cellulose chains [1]. The degree of
polymerisation, crystallinity, pH, and tempera-
ture [1, 2].
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Cellulases can be broadly divided into three clas-
ses based on their catalytic action as endoglu-
canases (EC  3.2.14), cellobiohydrolase
(EC3.2.1.91), and B-glucosidase (EC 3.2.1.21).
Endoglucanases randomly attack the amorphous
regions inside the cellulose chains on the surface
of microfibrils and produce oligosaccharides of
varying lengths and create new chain ends for
exoglucanases. Exoglucanases hydrolyse the cel-
lulose chain from ends making cellobioses or two
units of glucose. The hydrolysis of exoglucanases
is restricted to the lots of cellulose chains as their
access to the substrate is hindered by their struc-
ture. B-glucosidase hydrolyses cellobiose units to
form glucose units. The activity of cellulase sys-
tems is greater than the collective sum of indi-
vidual actions, a phenomenon known as syner-
gism. Synergism is a function of multiple forms of
cellulases and cellulose, i. e. amorphous or crys-
talline.
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Cellulase production is a significant area of re-
search globally, with the rejuvenated interest
created due to their applications in lignocellulose
conversion. Several investigators worldwide are
working on some aspect of cellulase [3]. Produc-
tion of low titers of cellulase has always been a
primary concern. Thus, several workers are try-
ing to improve the production titers by adopting
multi-faceted approaches, including using better
bioprocess technologies, using cheaper or crude
raw materials as substrates for enzyme produc-
tion, bioengineering the microorganisms, etc. [1,
3]. A significant portion of research addresses
bioprocess improvement strategies for enhanc-
ing cellulases’ yield and specific activities. Their
review, [3] has discussed the bioprocess technol-
ogies employed for cellulase production using
diverse microorganisms and the future challeng-
es in their study.

The majority of the reports on microbial produc-
tion of cellulases utilise the submerged fermenta-
tion technology (SmF). The widely studied organ-
ism used in cellulase production, Trichodérma
reesei has also been tested primarily on liquid
media. However, in nature, the growth and cellu-
lose utilisation of aerobic microorganisms elabo-
rating cellulases resemble solid-state fermenta-
tion than a liquid culture [2, 4]. During the last
two decades, solid-state fermentation has re-
gained interest due to the high titers of enzyme
production employing fungal cultures [5]. The
lignocellulosic substrate type had the most signif-
icant impact on cellulase secretion. Some of the
substrates significantly stimulated lignocelluloly-
tic enzyme synthesis without supplementation of
the culture medium with specific inducers [6].

Nevertheless, the advantages of better monitor-
ing and handling are still associated with the
submerged cultures [7]. A direct comparison of
the cellulase yields and activities in these reports
is impossible due to the differences in the assay
methods and how the activities are being ex-
pressed even though there is an IUPAC approved
method of assay for cellulase activity determina-
tion [8]. Moreover, there is no way to compare
cellulases produced by SSF and SmF.

Cellulose is the most abundant biopolymer avail-
able in nature since it is one of the major compo-
nents of most plants’ cell walls [9]. It is a homo-
polymer of anhydroglucose, with the glucose res-
idues linked in a 23-1,4 fashion [10]. Cell walls of
plant cells attribute their mechanical strength to
cellulose. Cellulose owes its cellulose structural
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properties because it can retain a semi-
crystalline state of aggregation even in an aque-
ous environment, which is unusual for a polysac-
charide [11].

As far as cellulose-based products are concerned,
paperboard and paper are the most commonly
used [12]. Smaller amounts of cellulose, when
processed under appropriate conditions, can be
converted to a wide variety of derivatives. These
can manufacture a few commercial products like
cellophane and rayon. Since cellulose is a homo-
polymer of a glucose derivative. It is an excellent
source of fermentable sugar. It is cultivated in
energy crops to produce ethanol, ethers, acetic
acid, etc. Besides energy requirements, the indus-
trial demands of cellulose are fulfilled by wood
pulp and cotton crops [13].

Soil fungi are microscopic plant-like cells that
grow in long threadlike structures or hyphae that
make mycelium mass. The mycelium absorbs nu-
trients from the colonised roots, surface organic
matter or the soil. It produces special hyphae that
create reproductive spores. Some fungi are sin-
gle-celled (e. g, yeast). Fungi have many different
structures, but they can act in similar ways and
thus are not as plant-specific in their needs as
some soil bacteria such as Rhizobia [14].

Fungi are very successful soil inhabitants due to
their high plasticity and capacity to adopt various
forms in response to adverse or unfavourable
conditions [15]. Due to their ability to produce a
wide variety of extracellular enzymes, they can
break down all kinds of organic matter, decom-
posing soil components and thereby regulating
the balance of carbon and nutrients [16]. Fungi
convert dead organic matter into biomass, car-
bon dioxide, and organic acids. Many species of
fungi possess the ability to act as an effective bio-
sorbent of toxic metals such as cadmium, copper,
mercury, lead, and zinc by accumulating them in
their fruiting bodies. However, these elements
may inhibit their growth and affect reproduction
[17]. The diversity and activity of fungi are regu-
lated by various biotic (plants and other organ-
isms) and abiotic (soil pH, moisture, salinity,
structure, and temperature) factors [18, 19].
Fungi can be found in almost every environment
and live in a wide range of pH and tempera-
ture [20].

Fungal populations are strongly influenced by
the diversity and composition of the plant com-
munity and affect plant growth through mutual-
ism, pathogenicity and their effect on nutrient
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availability and cycling [21, 22, 23]. Moreover,
fungi participate in nitrogen fixation, hormone
production, biological control against root patho-
gens and protection against drought [24, 25, 26].
They also play an essential role in stabilising soil
organic matter and decomposing residues [27].

Fungi are an essential part of microbial ecology.
Most fungi decompose the lignin and the hard-to-
digest soil organic matter, but some fungi con-
sume simple sugars. Fungi dominate in low pH or
slightly acidic soils where soils tend to be undis-
turbed. Fungi break down the organic residues
so that many different microbes can start de-
composing and process the residues into usable
products. Approximately 80 to 90 percent of all
plants form symbiotic mycorrhizae fungi rela-
tionships by creating hyphae networks. The hy-
phae are about 1/60 the diameter of most plant
root hairs and assist the plant in acquiring nitro-
gen, phosphorus, micronutrients and water in
exchange for sugar produced by the plant. This
mutually beneficial relationship is called a my-
corrhizae network [28].

Fungi prefer slightly acidic conditions, low dis-
turbance soils, perennial plants, internal nutrient
sources directly from the plant, highly stable
forms of organic residues with high carbon to
nitrogen (C:N) values and slower recycling time.
Bacteria dominate in highly disturbed ecosys-
tems with fast nutrient recycling, low C:N values,
prefer annual plants, and external nutrient addi-
tions outside the plant. Bacteria are single-celled
organisms and need a film of water to survive,
while fungi are multi-celled organisms that pro-
liferate and in great lengths in the soil (feet or
meters). This allows fungi to bridge gaps in the
soil to transport nutrients relatively far distances
back to the plants [29]

MATERIALS AND METHODS

Six soil samples were collected from different lo-
cations in the Department of Microbiology Botan-
ical Garden ATBU. The six samples (10 g each)
were separately collected from each area at a dis-
tance of 30 meters and 5-10 cm depth. Each piece
was packaged into a sterile bottle using a hand
trowel and labelled appropriately. The soil sam-
ples were brought to the Microbiology Research
Laboratory, Department of Biological Sciences,
Abubakar Tafawa Balewa University Bauchi.

[solation of cellulose-degrading fungi from the
soil sample was carried out using a serial dilution
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method. One was obtained by shaking vigorously.
Then 1 ml sample of the above dilution was asep-
tically transferred into 9 ml sterile distilled water
and then shaken vigorously, and 102, 103 and
104 dilution was obtained. After that, 0.1 ml of
each dilution was pipetted out and spread into
Berg’s media containing 2 g NaNOs, 0.5 g MgS0s4,
0.005 g K2HPO4, 0.01 g FeS04, 0.02 g CaClz, 0.002
g MnSO4 and 15 g agar supplemented with 5 g
CMC in 11 of distilled water. The Medium was
supplemented with streptomycin to inhibit bac-
terial growth. The inoculated plates were then
incubated at 28 °C for 3-7 days. Sub-culture of
isolated fungi was done based on their different
morphologies on potato dextrose agar medi-
um [30].

Carboxymethyl-cellulose (CMC) acts as a good
indicator of cellulolytic ability. Isolated fungal
isolates were screened by activity zone technique
using Congo red dye. Congo red dye is a meta-
chromatic dye that can react with cellulose. The
CMC was stained red to deep pink. After the
treatment of CMC with cellulase enzyme, the ex-
cess dye was washed gently with NaCl, and it was
observed for substrate utilisation zone around
the colony. Unstained areas indicated where the
CMC has broken down to -1, four glucans that
contained fewer glucose residues [31].

Isolated cellulolytic fungi were identified based
on their cultural characteristics and the mor-
phology of their sporulating structures. Using the
light microscope, the morphology of the fungi
was studied by staining with lactophenol cotton
blue [31].

RESULTS AND DISCUSSION

All three sites presented a fungal diversity as six
isolates were confirmed to be fungi (Table 1).
The six isolates obtained were Penicillium chrys-
ogenum, Emericella rogulosus, Aspergillus terreus,
Aspergillus flavus, Aspergillus niger, Aspergillus
fumigatus, all coded as BG1, BG2Z, BG3, BG4, BG5
and BG6, respectively.

Table 1 - Distribution of Fungal species according to
Sample location

Number of
[solate | soil samples | Fungal species isolated
source | collected (coded)
(n=6)
BGA 02 Aspergillus terreus,
Aspergillus flavus,
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Number of
[solate | soil samples
source | collected
(n=6)

Fungal species isolated
(coded)

Aspergillus niger,
Aspergillus fumigatus,
Emericella rogulosus,
Penicillium chrysogenum

BGB 02 Aspergillus terreus,
Aspergillus flavus,
Aspergillus niger,

Aspergillus fumigatus

BGC 02 Aspergillus terreus,
Aspergillus flavus,
Asperygillus niger,
Aspergillus fumigatus,
Emericella rogulosus,
Penicillium chrysogenum

Fungal species are the essential sources of cellu-
lase because of their high capability to hydrolyse
cellulose and have been used frequently for en-
zyme production by solid-state fermenta-
tion [32].

Out of the six fungal isolates screened for cellu-
lase production, BG5 from BGA had the highest
zone of cellulose hydrolysis (18 mm) on carbox-
ymethyl cellulose media (CMC), followed by BG3
(15 mm) also from the BGA. The rest of the iso-
lates also showed considerate levels of cellulose
hydrolysis, as shown in Table 3.

Table 3 - Cellulase Production by the various fungal
Isolates

Notes: BGA - Botanical Garden A; BGB - Botanical
Garden B; BGC - Botanical Garden C

Among the isolates, BG5 (Aspergillus niger) was
found to have the highest rate of occurrence
(34.3 %), followed by 22.9 % of BG3 (Aspergillus
terreus) (Table 2).

Table 2 - Frequency of Fungal isolates from the vari-
ous Soil samples

Isolates Diameter of Zone of
Fungal Isolates | Cellulose Hydrolysis
code
(mm)
BG1 Penicillium 3.0
chrysogenum
BG2 Emericella 5.0
rogulosus
BG3 Aspergillus 15.0
terreus
BG4 Aspergillus 11.0
flavus
BG5 Aspergillus niger 18.0
BG6 Aspergillus 9.0
fumigatus

[solates |Frequency % Fungal species
code (n=35) Isolated
BG1 04 11.4| Penicillium

chrysogenum
BG2 03 8.5 |Emericella
rogulosus
BG3 08 22.9 | Aspergillus terreus
BG4 03 8.7 |Aspergillus flavus
BG5 12 34.3 | Aspergillus niger
BG6 05 14.3 | Aspergillus
fumigatus

Notes: n - total number of occurrences; BG — Botani-
cal Garden

This fungal diversity might be due to the richness
in the organic matter content of the humic soil
from decayed leaves in the Botanical Garden,
which might favour the growth of different spe-
cies of fungi. This agrees with the findings of [16],
who reported a higher isolation rate (50 %) from
organically-rich soil than from nutrient-deficient
soil (20 %).
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Notes: BG=Botanical Garden

CONCLUSION

The research has shown that fungi can be isolat-
ed from soil rich in humus and used for cellulase
production. It was found that the genus Aspergil-
lus have a high frequency of occurrence in the
soil. The study also confirmed that fungi contrib-
ute immensely to cellulosic materials’ biodegra-
dation in the soil.
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