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The aim of this work is to select filamentous fungal strains isolated from saw dust, soil, and decaying wood with the potential
to produce xylanase and cellulase enzymes. A total of 110 fungi were isolated. Fifty-seven (57) of these fungi were isolated from
soil samples, 32 from sawdust, and 19 from decaying wood. Trichoderma and Aspergillus had the highest relative occurrence of
42.6% and 40.8%, respectively. Trichoderma viride Fd18 showed the highest specific activity of 1.30Umg−1 protein for xylanase,
while the highest cellulase activity of 1.23Umg−1 was shown by Trichoderma sp. F4. The isolated fungi demonstrated potential for
synthesizing the hydrolytic enzymes.

1. Introduction

Xylan is a noncrystalline complex polysaccharide consisting
of a backbone of 𝛽-D-1, 4-linked xylopyranoside units sub-
stituted with acetyl, glucuronosyl, and arabinosyl side chains
[1]. Xylans are the main carbohydrate in the hemicellulosic
fraction of vegetable tissues and form an interface between
lignin and the other polysaccharides. The polysaccharides
are mainly found in secondary plant cell walls, and their
characteristic of adhesion helps to maintain the integrity
of the cellular wall [2]. Cellulose is a linear polymer of
D-glucose units linked by 1, 4-𝛽-D-glucosidic bond and is
crystalline in nature [3]. Cellulose is the main constituent
of plants and thus the most abundant biopolymer on earth
comprising approximately 35–50% of plant dry weight [4].
Hydrolysis of xylan and cellulose are essential steps towards
the efficient utilization of lignocellulosic materials in nature.
Lignocellulosic waste forms a large proportion of solid waste
in our cities, thus constituting an environmental problem.
Studies have shown that conventional waste treatment strate-
gies have failed to ameliorate this problem. The use of
microbial enzymes in lignocellulosic waste treatment has
been shown to be an alternative that is efficient and cost-
effective. Therefore, considering the industrial potentials of
xylanases and cellulases, and their potential use in lignocel-
lulolytic waste treatment, it becomes imperative to obtain

new enzymes and enzyme-producing microbial strains that
produce highly active xylanases and cellulases at low cost.
Chemical hydrolysis of lignocellulose is accompanied with
the formation of toxic components that are toxic to the
environment [5], hence the need to explore the use of
microorganisms and their enzymes, which have high speci-
ficity, mild reaction conditions, negligible substrate loss, and
side product generation and are environmentally friendly
[6], in lignocellulose hydrolysis. Xylanases and cellulases are
widely abundant in nature; they are produced by bacteria,
fungi, protozoa, algae, gastropods, arthropods, nematodes,
and so forth [7].

Filamentous fungi have been reported to be good pro-
ducers of lignocellulolytic enzymes from industrial point of
view due to extracellular release of the enzymes, higher yield
compared to yeast and bacteria, and also the production of
several auxiliary enzymes that are necessary for debranch-
ing of substituted polysaccharides [8]. The application of
xylanases and cellulases has been mainly considered for
the bioconversion of lignocellulosic materials, especially
residues and wastes produced by agriculture and forestry
to produce higher value products such as ethanol fuel and
other chemicals. Other potential applications of the enzymes
include bread making, fruit juice extraction, beverage prepa-
ration, increasing digestibility of animal feed, converting
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Table 1: Relative occurrence (%) of fungi isolated from soil, saw dust, and decaying wood.

Probable identity Source/occurrence
Saw dust Soil Decaying wood Total

Aspergillus sp. 2 (1.8%)∗ 7 (6.4%) 3 (2.7%) 12 (10.9%)
Aspergillus flavus 1 (0.9%) 1 (0.9%) — 2 (1.8%)
Aspergillus fumigatus — 1 (0.9%) — 1 (0.9%)
Aspergillus niger 7 (6.4%) 8 (7.3%) 3 (2.7%) 18 (16.3%)
Aspergillus ustus 6 (5.5%) 4 (3.6%) 2 (1.8%) 12 (10.9%)
Rhizopus sp. 1 (0.9%) 3 (2.7%) — 4 (3.6%)
Trichoderma sp. 7 (6.4%) 9 (8.2%) 6 (5.5%) 22 (20.0%)
Trichoderma harzianum 1 (0.9%) 2 (1.8%) 1 (0.9%) 4 (3.6%)
Trichoderma longibrachiatum 1 (0.9%) 3 (2.7%) — 4 (3.6%)
Trichoderma pseudokoningii — 2 (1.8%) — 2 (1.8%)
Trichoderma viride 5 (4.5%) 7 (6.4%) 3 (2.7%) 15 (13.6%)
Mucor sp. — 6 (5.5%) 3 (2.7%) 9 (8%)
Fusarium sp. 1 (0.9%) 2 (1.8%) — 3 (2.7%)
Penicillium sp. — 2 (1.8%) — 2 (1.8%)
Total 32 (29.0%) 57 (52%) 21 (19.0%) 110 (100%)
∗Figure in parenthesis represent the relative occurrence of the fungi in percentages.

Table 2: Reducing sugar (mg/mL) produced during screening of
fungi isolated from decaying logs of wood for cellulase and xylanase
production.

Fungal isolate Substrate/reducing sugar (mg/mL)
Oat-spelt xylan CMC

FF1 0.55 ± 0.00hi 0.20 ± 0.00gh

FF2 1.20 ± 0.14a 0.35 ± 0.07de

FF3 0.50 ± 0.07i 0.10 ± 0.00i

FF4 0.90 ± 0.00bc 0.30 ± 0.00ef

FF5 0.65 ± 0.00fgh 0.28 ± 0.01f

FF6 1.00 ± 0.14b 0.15 ± 0.07hi

FF7 0.90 ± 0.07bc 0.35 ± 0.00de

FF8 0.85 ± 0.00cd 0.30 ± 0.00ef

FF9 0.90 ± 0.00bc 0.60 ± 0.03a

FF10 0.80 ± 0.07cde 0.40 ± 0.04cd

FF11 0.85 ± 0.04cd 0.45 ± 0.07bc

FF12 1.02 ± 0.03b 0.40 ± 0.00cd

FF13 0.35 ± 0.00j 0.10 ± 0.00i

FF14 0.75 ± 0.00def 0.25 ± 0.00fg

FF15 0.60 ± 0.00ghi 0.15 ± 0.00hi

FF16 0.90 ± 0.03bc 0.50 ± 0.03b

FF17 0.60 ± 0.01ghi 0.15 ± 0.03hi

FF18 0.75 ± 0.03def 0.35 ± 0.00de

FF19 0.65 ± 0.00fgh 0.40 ± 0.01cd

FF20 0.70 ± 0.01efg 0.10 ± 0.00i

FF21 0.85 ± 0.00cd 0.45 ± 0.00bc

∗Each value is a mean of two replicates; ± stands for standard deviation
among replicates; means followed by different letters within each column
differ significantly at 𝑃 ≤ 0.05; CMC: carboxymethyl cellulose.

lignocellulosic substances to feedstock, and fibre separation
and in paper and pulp industries.

Therefore, considering the potentials of using xylanases
and cellulases in industries and lignocellulolytic waste treat-
ment, it becomes imperative to obtain enzyme-producing
microbial strains that produce highly active xylanases and
cellulases. Genetic manipulations by classical mutation tech-
niques and by use of recombinantDNA technology have been
used to increase the expression levels of a large number of
microbial enzymes.Theuse ofmodern techniques to improve
the production of metabolites does not invalidate the search
for wild organisms producing useful metabolites. In fact the
screening of naturally occurring microorganisms may be the
best way to obtain new strains and/or enzymes for commer-
cial applications [9]. Due to the need to obtain xylanases and
cellulases with specific processing characteristics, especially
in developing countries with low technological capabilities,
this study was undertaken to screen fungal cultures for
cellulose and xylan degrading enzymes.

2. Materials and Methods

2.1. Isolation of Fungi. Fungi were isolated from soil samples,
decaying logs of wood, and sawdust using a tenfold serial
dilution-plating technique on potato dextrose agar (PDA)
plates into which 30 𝜇g of chloramphenicol was added. This
was incubated at room temperature, that is, 28 ± 2∘C [10].
The culture was observed daily and fungal growth was
subcultured onto fresh plates of PDA until pure isolates were
obtained. The pure cultures were then transferred to PDA
slants and maintained by subculturing every four weeks.

2.2. Identification of Fungi. The isolated fungi were identified
after growth onPDAmediumbyobserving theirmacroscopic
(colour, texture, appearance, and diameter of colonies) and
microscopic (microstructures) characteristics according to
Barnett and Hunter [11], Domsch et al. [12], Lieckfeldt et al.
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Table 3: Reducing sugar (mg/mL) produced during screening of
fungi isolated from saw dust for cellulase and xylanase production.

Fungal isolate Substrate/reducing sugar (mg/mL)
Oat-spelt xylan CMC

FD1 ∗0.75 ± 0.00gh 0.35 ± 0.01gh

FD2 0.90 ± 0.00e 0.40 ± 0.01fg

FD3 0.80 ± 0.03fg 0.40 ± 0.00fg

FD4 0.90 ± 0.00e 0.85 ± 0.00a

FD5 0.33 ± 0.02lm 0.01 ± 0.01n

FD6 0.90 ± 0.01e 0.50 ± 0.01de

FD7 1.25 ± 0.00bc 0.85 ± 0.07a

FD8 0.65 ± 0.00ij 0.05 ± 0.01mn

FD9 0.65 ± 0.00ij 0.25 ± 0.00ij

FD10 0.85 ± 0.17gh 0.15 ± 0.00kl

FD11 0.80 ± 0.00fg 0.60 ± 0.03c

FD12 1.20 ± 0.03c 0.55 ± 0.01cd

FD13 0.80 ± 0.00fg 0.40 ± 0.01fg

FD14 0.70 ± 0.00hi 0.75 ± 0.03b

FD15 0.45 ± 0.07k 0.20 ± 0.03jk

FD16 1.00 ± 0.00d 0.35 ± 0.03gh

FD17 0.75 ± 0.00gh 0.35 ± 0.00gh

FD18 1.30 ± 0.00ab 0.85 ± 0.07a

FD19 0.60 ± 0.00j 0.35 ± 0.00gh

FD20 0.50 ± 0.01k 0.10 ± 0.00lm

FD21 0.75 ± 0.06gh 0.30 ± 0.01hi

FD22 0.65 ± 0.65ij 0.30 ± 0.00hi

FD23 1.00 ± 0.00d 0.10 ± 0.00lm

FD24 0.70 ± 0.00hi 0.05 ± 0.00mn

FD25 1.00 ± 0.00d 0.10 ± 0.00lm

FD26 1.35 ± 0.00a 0.70 ± 0.00b

FD27 0.85 ± 0.03ef 0.45 ± 0.00ef

FD28 0.15 ± 0.00n 0.10 ± 0.00lm

FD29 0.25 ± 0.00m 0.10 ± 0.00lm

FD30 0.35 ± 0.01l 0.15 ± 0.07kl

FD31 0.75 ± 0.01gh 0.30 ± 0.04hi

FD32 0.85 ± 0.07ef 0.28 ± 0.04i

∗Each value is a mean of two replicates; ± stands for standard deviation
among replicates; means followed by different letters within each column
differ significantly at 𝑃 ≤ 0.05; CMC: carboxymethyl cellulose.

[13], and Jaklitsch et al. [14]. Smears of the isolated fungi
were prepared in Lactophenol cotton blue and examinedwith
the X40 objectives of a compound binocular microscope for
microscopic appearance.

The relative occurrence of the fungi was determined by
the following formula:

Relative occurrence (%) =
𝑇
𝑜

𝑇
𝑖

× 100, (1)

where 𝑇
𝑜

is the total number of occurrence of a particular
fungus and 𝑇

𝑖

is the total number of isolates of all fungi [15].

Table 4: Reducing sugar (mg/mL) produced during screening of
fungi isolated from soil for cellulase and xylanase production.

Fungal isolate Substrate/reducing sugar (mg/mL)
Oat-spelt xylan CMC

FS1 ∗0.30 ± 0.00k 0.05 ± 0.00k

FS2 0.70 ± 0.00gh 0.20 ± 0.00hi

FS3 1.30 ± 0.07a 0.35 ± 0.03ef

FS4 0.10 ± 0.00m 0.15 ± 0.04ij

FS5 0.90 ± 0.03cde 0.30 ± 0.01fg

FS6 0.94 ± 0.04cd 0.35 ± 0.01ef

FS7 1.15 ± 0.21b 0.45 ± 0.00cd

FS8 0.80 ± 0.00efg 0.25 ± 0.01gh

FS9 0.70 ± 0.00gh 0.40 ± 0.00de

FS10 1.00 ± 0.00c 0.45 ± 0.00cd

FS11 0.85 ± 0.07def 0.30 ± 0.04fg

FS12 0.60 ± 0.00hi 0.20 ± 0.00hi

FS13 0.85 ± 0.06def 0.35 ± 0.03ef

FS14 0.55 ± 0.00i 0.15 ± 0.00ij

FS15 0.40 ± 0.00j 0.20 ± 0.07hi

FS16 0.20 ± 0.00l 0.15 ± 0.03ij

FS17 0.10 ± 0.03m 0.05 ± 0.00k

FS18 0.50 ± 0.00ij 0.10 ± 0.00jk

FS19 0.50 ± 0.00ij 0.10 ± 0.01jk

FS20 0.95 ± 0.07cd 0.30 ± 0.00fg

FS21 0.95 ± 0.00cd 0.20 ± 0.03hi

FS22 0.90 ± 0.00cde 0.45 ± 0.07cd

FS23 0.55 ± 0.03i 0.15 ± 0.03ij

FS24 0.70 ± 0.00gh 0.20 ± 0.00hi

FS25 0.80 ± 0.01efg 0.35 ± 0.00ef

FS26 0.50 ± 0.00ij 0.35 ± 0.04ef

FS27 0.80 ± 0.00efg 0.35 ± 0.03ef

FS28 0.60 ± 0.00hi 0.20 ± 0.00hi

FS29 0.70 ± 0.03gh 0.25 ± 0.00gh

FS30 0.80 ± 0.01efg 0.40 ± 0.03de

FS31 0.60 ± 0.00hi 0.30 ± 0.03fg

FS32 0.75 ± 0.00fg 0.65 ± 0.07a

FS33 0.70 ± 0.01gh 0.30 ± 0.03fg

FS34 1.20 ± 0.14b 0.55 ± 0.00b

FS35 1.00 ± 0.00c 0.10 ± 0.00jk

FS36 0.40 ± 0.00j 0.35 ± 0.00ef

FS37 0.70 ± 0.00gh 0.35 ± 0.00ef

FS38 0.50 ± 0.03ij 0.10 ± 0.00jk

FS39 0.90 ± 0.00cde 0.55 ± 0.03b

FS40 0.75 ± 0.00fg 0.25 ± 0.00gh

FS41 0.70 ± 0.00gh 0.50 ± 0.01bc

FS42 0.60 ± 0.00hi 0.40 ± 0.03de

FS43 0.50 ± 0.03ij 0.20 ± 0.03hi

FS44 0.70 ± 0.00gh 0.10 ± 0.00jk

FS45 0.35 ± 0.00l 0.40 ± 0.00fg

FS46 0.75 ± 0.00gh 0.10 ± 0.00lm

FS47 0.75 ± 0.03c 0.60 ± 0.00bc
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Table 4: Continued.

Fungal isolate Substrate/reducing sugar (mg/mL)
Oat-spelt xylan CMC

FS48 1.20 ± 0.00a 0.75 ± 0.00a

FS49 0.60 ± 0.00de 0.50 ± 0.00bc

FS50 1.00 ± 0.01b 0.30 ± 0.00fg

FS51 0.50 ± 0.07f 0.55 ± 0.14b

FS52 0.65 ± 0.00d 0.15 ± 0.07ij

FS53 0.50 ± 0.00f 0.50 ± 0.00bc

FS54 0.55 ± 0.03ef 0.30 ± 0.14fg

FS55 0.20 ± 0.00h 0.50 ± 0.00bc

FS56 0.65 ± 0.03d 0.10 ± 0.00lm

FB57 0.35 ± 0.00g 0.30 ± 0.00c

∗Each value is a mean of two replicates; ± stands for standard deviation
among replicates; means followed by different letters within each column
differ significantly at 𝑃 ≤ 0.05; CMC: carboxymethyl cellulose.

2.3. BasalMedium for EnzymeProduction. Thebasalmedium
composition for production of enzyme by submerged fer-
mentation was based on a modified previous medium [16]
containing (gL−1): 1.4 (NH

4

)
2

SO
4

, 2 KH
2

PO
4

, 0.3 CaCl
2

, 0.3
MgS0

4

⋅7H
2

0, 2 CoCl
2

, and 1mL trace elements. The compo-
sition of the trace element solution was (gL−1) MnSO

4

⋅H
2

O,
1.56; FeSO

4

⋅7H
2

O, 5; ZnSO
4

⋅7H
2

O, 1.4. The carbon source,
carboxymethyl cellulose (CMC) (Sigma Chemical Co.) for
cellulase production, was added to the basal medium at 1%
concentration and then sterilized at 121∘C for 15min. 1mL of
sterilized trace elements was then added to the medium after
cooling. Oat-spelt xylan (Sigma Chemical Co.) was used as
carbon source instead of CMC in the medium for production
of xylanase.

2.4. Enzyme Production by Submerged Fermentation. Sub-
merged fermentation for enzyme production was performed
as previously described [17]. Twenty millilitres (20mL) of
the sterile basal medium prepared as earlier described (with
the appropriate carbon source) in a 50mL conical flask was
inoculatedwith 1mL of standardized fungal spore suspension
(1 × 107 sporesmL−1).

After statically incubating the conical flasks for 6 days at
30∘C the content of each flask was filtered throughWhatman
filter paper no.1. The supernatant solutions were stored at
4∘C for subsequent use as crude enzyme preparations. The
experiments were performed in duplicate for all the fungal
isolates.

2.5. Xylanase Activity Assay. Xylanase activity was deter-
mined by incubating 0.1mL of culture filtrate with 0.9mL of
1% (w/v) oat-spelt xylan (SigmaChemical Co., St. Louis,Mo.)
in 0.05M citrate buffer, pH 5.0 at 50∘C for 30min [18]. The
reaction was terminated by adding 1mL of dinitrosalicylic
acid (DNSA) reagent. The reaction mixture was then placed
in a boiling water bath at 100∘C for 5min and thereafter
cooled to room temperature [19]. Absorbance was read at
540 nm using a PYE UNICAM SP6-250 visible spectropho-
tometer. Xylose (Sigma Chemical Co., St. Louis, Mo.) was
used as standard. Xylanase activity was expressed as 1 𝜇mol

of reducing sugar (xylose equivalent) released per minute per
milliliter of enzyme solution.

2.6. Carboxymethyl Cellulase Activity. Carboxymethyl cel-
lulase (CMCase) activity was measured by determining
the amount of reducing sugar released from low viscosity
carboxymethyl cellulose (CMC) (Sigma chemical Co., St.
Louis, Mo.). The reaction mixture consisted of 0.9mL 1%
(w/v) CMC in 0.1M citrate buffer, pH 5.0, and 0.1mL culture
filtrate [20]. After incubation at 50∘C for 30min the reaction
was stopped by addition of 1mL DNSA acid followed by
boiling in a water bath at 100∘C for 5min [19]. After cooling
the reaction mixture to room temperature, the absorbance
values were read at 540 nm using a PYE UNICAM SP6-250
visible spectrophotometer. Glucose (Sigma Chemical Co., St.
Louis, Mo.) was used as standard. One unit (U) of CMCase
activity was expressed as 1𝜇mol of reducing sugar (glucose
equivalent) released per minute per milliliter of enzyme
solution.

2.7. Protein Assay. Protein estimation was carried out by the
method of Lowry [21].

3. Results and Discussion

3.1. Fungal Isolates. A total of 110 fungi were isolated from
saw dust, soil, and decaying wood (Table 1). The fungi with
the highest relative occurrence are Trichoderma sp. (20.0%),
Aspergillus niger (16.3%), Trichoderma viride (13.6%), and
Aspergillus sp. and Aspergillus ustus (10.9%). The relative
occurrence of members of the genera Trichoderma and
Aspergillus was 42.6% and 40.8%, respectively, thereby mak-
ing them the fungi most isolated. The fungi of lowest
incidence was A. fumigatus (0.9%), followed by A. flavus,
T. pseudokoningii, and Penicillium sp. (1.8%). The highest
occurrence of fungi was recorded from soil samples (52%),
followed by saw dust (29%), and least was in decaying wood
(19%). Fungi from all six genera observed were isolated
from the soil samples. A. fumigatus, T. pseudokoningii, and
Penicillium sp. were isolated from soil samples only, and not
from the other samples. A. flavus, Fusarium sp., Rhizopus sp.,
and T. longibrachiatum were isolated from sawdust and soil
samples only. Aspergillus sp., A. niger, A. ustus, Trichoderma
sp., and T. viride were isolated from all the three different
types of samples used for the isolation of the fungi.Mucor sp.
was not isolated from saw dust samples.This finding is in line
with previously reported studies [22–26] that members of the
genera Aspergillus and Trichoderma were the dominant fungi
in forest and agricultural soils. Fungi have many different
functions in soils, which include either active roles, such as
the degradation of dead plantmaterial, or inactive roleswhere
propagules are present in the soil as a resting stage [27].

4. Screening of Fungal Isolates for
Enzymatic Activities

Cellulolytic and xylanolytic activities of the isolated fungi
were determined by estimating the amount of reducing
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Table 5: Specific activities of xylanase produced by fungal isolates.

Fungal isolates Xylanase (UmL−1) Protein (mgmL−1) Specific activity (Umg−1 protein)
FS3 ∗338 ± 2.83ab 380 ± 0.00dc 0.89 ± 0.00def

FS7 300 ± 8.28dc 310 ± 4.14de 0.97 ± 0.01cd

FS10 260 ± 0.00e 400 ± 13.14 0.65 ± 0.03h

FS34 312 ± 6.97bcd 420 ± 8.28abc 0.74 ± 0.00g

FS35 260 ± 2.43de 288 ± 1.31e 0.90 ± 0.01def

FD7 330 ± 7.07abc 270 ± 7.07e 1.22 ± 0.01a

FD12 312 ± 6.97bcd 288 ± 8.28e 1.08 ± 0.03b

FD16 260 ± 4.14e 305 ± 1.21de 0.85 ± 0.03ef

FD18 338 ± 1.31ab 261 ± 4.14e 1.30 ± 0.03a

FD23 260 ± 4.14e 282 ± 5.66e 0.94 ± 0.03de

FD25 260 ± 7.07e 410 ± 0.00abc 0.63 ± 0.01h

FD26 352 ± 4.14a 400 ± 7.07 0.88 ± 0.11def

FF2 312 ± 0.00bcd 460 ± 1.21ab 0.68 ± 0.03gh

FF6 260 ± 2.83e 480 ± 9.90a 0.54 ± 0.03i

FF12 265.2 ± 0.00e 395 ± 7.07bc 0.67 ± 0.03gh

FS48 318 ± 8.49abcd 298 ± 2.83e 1.05 ± 0.07bc

FS50 260 ± 0.00e 310 ± 2.83de 0.84 ± 0.03f
∗Each value is a mean of two replicates; ± stands for standard deviation among replicates; means followed by different letters within each column differ
significantly at 𝑃 ≤ 0.05.

sugar released by the fungi when grown in carboxymethyl
cellulose (CMC) and oat-spelt xylan, respectively. Isolates
FF2, FF12, and FF6 from decaying logs of wood produced
significantly high amount of reducing sugar (1.20mgmL−1,
1.02mgmL−1, and 1.00mgmL−1, resp.). The lowest value
of 0.35mgmL−1 reducing sugar from oat-spelt xylan was
observed in isolate FF13. A significantly high amount of
reducing sugar (0.60mgmL−1) from CMC was given by
isolate FF9 and the least (0.10mgmL−1) was given by isolates
FF3, FF13, and FF20 (Table 2).

Table 3 shows the amounts of reducing sugar produced
during screening of isolated fungi from saw dust for cellu-
lase and xylanase production. Isolates FD26 (1.35mgmL−1)
and FD18 (1.30mgmL−1) produced the highest amount of
reducing sugar when grown on oat-spelt xylan. Other high
reducing sugar producing isolates from oat-spelt xylan were
FD7 (1.25mgmL−1), FD12 (1.20mgmL−1), FD16, FD23, and
FD25 (1.00mgmL−1). The lowest amount of reducing sugar
was produced by isolate FD28 (0.15mgmL−1) acting on
oat-spelt xylan. Isolates FD4, FD7, and FD18 produced the
highest amount of reducing sugar from CMC. Isolates FD14
(0.75mgmL−1) and FD26 (0.70mgmL−1) were also high
reducing sugar producers from CMC. The lowest amount of
reducing sugar (0.01mgmL−1) from CMC was produced by
isolate FD5.

The amount of reducing sugar produced when screen-
ing fungal isolates from soil for hydrolytic enzyme activ-
ity is shown in Table 4. The highest amount of reduc-
ing sugar was produced by isolate FS3 (1.30mgmL−1)
when grown in oat-spelt xylan. Three other high reducing
sugar producing isolates from oat-spelt xylan were FS34
and FS48 (1.20mgmL−1), FS7 (1.15mgmL−1), FS10, FS35,

and FS50 (1.00mgmL−1). Isolate FS4 produced the least
amount of reducing sugar (0.10mgmL−1) from oat-spelt
xylan. When the isolated fungi were grown in CMC, isolate
FS48 (0.75mgmL−1) was the highest reducing sugar pro-
ducer, followed by isolates FS47 (0.60mgmL−1) and FS39
(0.55mgmL−1). Isolate FS17 (0.05mgmL−1) was the lowest
reducing sugar producer on CMC.

Seventeen [17] fungal isolates that produced high amount
of reducing sugar (≥1.00mgmL−1) when grown on oat-
spelt xylan were selected for further screening. The protein
content of the culture filtrates obtained after growing the
selected fungal isolates in basal medium containing oat-
spelt xylan was determined and the specific activity of the
enzyme produced by the organisms calculated. The result is
presented in Table 5. The selected fungal isolate with highest
specific activity of 1.30Umg−1 protein was isolate FD18. The
xylanase specific activities of isolate FD18 and isolate FD7
(1.22Umg−1) were significantly better (𝑃 < 0.05) than that
of the other isolates. This was followed by isolates FD12 and
FS48 with specific activities of 1.08 and 1.05Umg−1 proteins,
respectively. The isolates with low specific activities were FF6
(0.54Umg−1 proteins), FD25 (0.63Umg−1 proteins), FS10
(0.65Umg−1 protein), and FF2 (0.68Umg−1 proteins).

The result of the specific activities of seven selected
fungal strains that produced high reducing sugarwhen grown
in CMC is shown in Table 6. The isolate FD4 produced a
significantly higher (𝑃 ≤ 0.05) specific activity of 1.23Umg−1
proteins. The lowest specific activity (0.61 Umg−1 proteins)
was obtained by isolate FD26.

The fungal strains that gave specific activities of ≥1.0
in Tables 5 and 6 were chosen for further studies of
their enzymatic potentials. The strains were identified as
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Table 6: Specific activities of cellulase produced by fungal isolates.

Fungal isolates Cellulase (UmL−1) Protein (mgmL−1) Specific activity (Umg−1 protein)
FS48 ∗195 ± 2.83b 298 ± 2.83a 0.65 ± 0.01cd

FD4 221 ± 0.00a 180 ± 2.83d 1.23 ± 0.01a

FD7 221 ± 2.83a 260 ± 2.83b 0.85 ± 0.04b

FD11 156 ± 8.49c 210 ± 2.83c 0.74 ± 0.01c

FD14 195 ± 7.07b 270 ± 2.83b 0.72 ± 0.03c

FD18 221 ± 8.49b 261 ± 8.49b 0.85 ± 0.07b

FD26 182 ± 2.83b 298 ± 3.83a 0.61 ± 0.01d
∗Each value is a mean of two replicates; ± stands for standard deviation among replicates; means followed by different letters within each column differ
significantly at 𝑃 ≤ 0.05.

Aspergillus ustus Fs48, Trichoderma sp. Fd4, Trichoderma sp.
Fd7, Aspergillus ustus Fd12, and Trichoderma viride Fd18.

Aspergilli are known to produce an extensive range of
plant cell wall degrading enzymes. Many species of the genus
have been identified to possess all component of the cellulase
complex [28]. Trichoderma has been listed as a common
and effective cellulase producer [25, 29–32]. There are many
reports on isolation of cellulose and xylanase producing fungi
from soil, lignocellulosic waste from the vinegar industry,
waste paper, cotton waste, bagasse, and leaf litters [32]. Fungi
are well known agents of decomposition of particularly xylan
and cellulose containing organic matter. The decomposition
of xylan and cellulose is of significance in the biological
carbon cycle. Xylan and cellulose degrading enzymes have
been used in food processing, detergent formulation, textile
production, feed preparation, production of wine, beer, and
fruit juice, and in bioconversion of lignocelluloses to fuel
ethanol [31, 33].

In this study, Trichoderma and Aspergillus had a higher
relative rate of occurrence in saw dust, log of wood, and
soil.The organisms also produced xylanase and cellulase with
high specific activities compared to the other isolates. The
fungal cultures will be further studied for their enzymatic
potentials in the bioconversion of lignocellulosic waste to
useful products.
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