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ABSTRACT

The abundance of cellulose on earth, the need for its biodegradation and the various applications of cellulolytic
enzymes in commercial settings have necessitated unrestrained research for novel cellulase producing
indigenous microorganisms for local production of the enzyme to meet the ever-growing and enormous
demand for it. Soil sample was collected from a cassava processing mill while freshly harvested cassava was
peeled and steeped in water for five days. Cellulase degrading bacteria and fungi were isolated from the cassava
mill soil and the liquid waste (Cassava steeped water) on nutrient agar and potato dextrose agar using pour
plate method under standard laboratory conditions for 48 hours. The isolated bacteria and fungi were identified
using cellular morphology and biochemical characteristics; they were screened for cellulolytic ability on
carboxyl methyl cellulose media supplemented with 0.5% Congo red and incubated for 48 hours. The bacteria
isolated were Escherichial coli, Pseudomonas and Bacillus species while the fungi isolates were Aspergillus
fumigatus, flavus, terreus, niger, Rhizopus species and Trichodermal species. The isolated Pseudomonas
species has the highest cellulolytic ability of (18.00 mm) in terms of diameter of zone of clearance on the
Congo red media among the bacteria, then the Bacillus species (15.00 mm) while the least of 1.00 mm was in
the E. coli isolated. Aspergillus terreus, fumigatus and niger were the isolates with highest cellulolytic ability
with zones of clearance measuring 15.00, 13.00 and 13.00 mm respectively. Conclusively, the isolated
Pseudomonas, Bacillus and Aspergillus species are promising organisms as potential enzyme cellulase

producer.
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INTRODUCTION

Recent discoveries on the use of microorganisms as sources
of industrially relevant enzymes have led to an increase in the
application of microbial enzymes in various industrial
processes (Maravi and Kumar, 2020; Suwannaphan et al.,
2024). The potential of microorganisms as biotechnological
sources of industrially relevant enzymes has stimulated
interest in exploration of extracellular enzymatic activities in
several microorganisms (Buzzini and Martini, 2002).
Microbial enzymes are preferred to those from plants and
animal sources because they are cheaper to produce and their
enzyme contents are more predictable, controllable and
reliable (Oyeleke and Oduwole, 2009; Bautista-Cruz et al.,
2024) and also because of their broad biochemical diversity,
feasibility of mass culture and ease of genetic manipulation
(Abu et al., 2005).

Enzymes have found several important applications in many
industries such as the textile, detergents, food and beverages,
paper mill, bioremediation, pharmaceuticals and medicine,
and leather tanin industries (Asgher et al., 2007; Bautista-
Cruz et al., 2024).

The discovery of enzyme producing microbes rely on
screening a large number of organisms for an enzyme activity
with a specific set of biochemical and physical characteristic
that suit the targeted applications (Miyoko and Henrik, 2000;
Singh et al, 2019; Singh et al., 2021). Traditionally,
microbial screening processes have involved evaluation of
enzymes isolated from environments rich in the substrate of
interest or rich in microorganisms that have a long history of
use in the process of enzyme production (Djoulde, 2004).
Several fungi and bacteria have been used and are still being
use in the process of enzyme production. Such fungi as
Aspergillus, Trichoderma, Penicillium, Fusarium and
Rhizopus have several species that have been used while
several species of Bacillus and Pseudomonas are among

bacteria that have been considered for various enzyme
productions. The selection of microorganisms is a very
critical stage in the screening process and can be quite
subjective especially if the numbers of microorganisms
involved are large Malik and Javed, 2021; Balla et al., 2022)..
Cellulase refers to a group of enzymes which, acting together,
hydrolyze cellulose (Maravi and Kumar, 2020; Suwannaphan
et al., 2024). There are numerous applications of cellulases in
various industries, including food, brewery and wine, animal
feed, pollution treatment, textile and laundry, pulp and paper,
agriculture waste management, protoplast production, genetic
engineering as well as in research and development (Anish et
al., 2006; Bautista-Cruz et al., 2024). Cellulase production
has attracted a worldwide attention due to the possibility of
using this enzyme complex for conversion of abundantly
available renewable lignocellulosic biomass for the
production of carbohydrates for numerous industrial
applications (Hayward et al., 2000).

Cassava, (Manihot esculenta), is extensively cultivated as an
annual crop in tropical and subtropical regions for its edible
starchy tuberous root, a major source of carbohydrates.
Cassava is the third largest source of carbohydrates food in
the tropics, after rice and maize (Akinrele et al., 2009).
Cassava is one of the most important food crops in tropical
developing countries and is consumed by many people as
major staple (Akinrele et al., 2009). Cassava starchy storage
roots are rich in carbohydrates but lack proteins. In some areas
of Africa, it constitutes over 50% of the daily diet of the
people (Kobawila et al., 2005). Nigeria is the world's largest
producer of cassava (Akinrele et al., 2009).The consumption
of cassava and other commercial utilization results in
generation of tons of cassava waste in term of solid waste and
effluents from the industries and individual usage. The waste
is very rich in cellulose and could serve as organic carbon rich
substrate for heterotrophic microorganisms to utilize in the
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production of cellulase. This will enhance waste management
and mitigate the challenge of pollution and the cost of
managing solid waste. The abundance organic carbon in the
cassava peel and the waste water discharged into the soil make
such environment natural repository for fungi and bacteria
with cellulolytic ability and could be sought for such
(Nwogwugwu et al., 2018). Therefore, cassava processing
mill soil and effluents can be a source of fungi and bacteria of
industrial importance. Screenings for microorganisms with
higher cellulase activities could therefore, facilitate the
discovery of novel cellulase producing organisms suitable to
new industrial applications. The challenges in cellulase
production involve identifying high cellulase producers.
Discovery of local novel cellulase producers to will go a long
way in enhancing production of this industrially important
enzymes and in no small measures alleviate the challenge of
the cost of importing the enzyme. Thus, the growth and
expansion of local cellulase utilizing industries will be
strengthened (Ezeagu et al., 2023). Previous authors have
isolated cellulolytic bacteria and fungi from various
agricultural wastes but there is need to explore the
environments for more of these microbes to be able to cope
with the ever increasing demand for this enzyme and the need
to properly managed cassava tones of cassava waste generated
in the country annually. This research was therefore aimed at
isolation and screening for cellulase producing fungi and
bacteria from steeped cassava (Manihot esculenta) and soil of
cassava processing mill.

MATERIALS AND METHODS

Collection of samples

Some tubers of cassava were uprooted from cassava farm very
early in the morning. They were collected in polythene bags
and transported to the laboratory immediately for further
studies. Soil sample from cassava processing mill was
collected in sterile polythene bag at the depth of 5 cm below
the surface with the aid of a sterile hand trowel and
transported to the laboratory immediately for further studies.

Preparation of samples

The cassava tubers were peeled and then washed to remove
dirt. The washed tubers were cut in halves and transferred into
clean container. Water was poured to cover the bulbs. The
cassava tubers were allowed to remain inside the water for
five days. During this five-day period the cassava bulbs
underwent fermentation by microorganisms and enzyme
action. On the fifth day the water was gently decanted from
the cassava tubers into a sterile universal bottle, used to
prepare serial dilution.

Isolation of fungi and bacteria from the soil and water
samples

The pour plate method was used to isolate fungi from the soil
and the water samples from the steeped cassava. One gram of
soil and one ml of the water sample was used in ten folds serial
dilution repeatedly for five times. One milliliter of each
appropriate dilution was pipetted into sterile Petri dishes,
thereafter molten Potato Dextrose and Nutrient Agar media
were poured and the Petri dishes were gently swirled for even
distribution. The PDA was fortified with 4% Streptomycin
sulfate to prevent the growth of bacteria. These plates were
allowed to set, inverted, and incubated at 30 and 37 °C for 48
and 24 hours respectively to allow for the growth of fungi and
bacteria. Distinct colonies were sub-cultured repeatedly until
pure cultures were obtained. The pure cultures were
transferred to agar slants for 72 hours, before they were stored
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in the refrigerator at 4 °C for further use (Aneja, 1996;
Cappuccino and Sherman, 2002).

Identification of bacterial isolates

Pure cultures of bacterial isolates were used for identification
studies. Each isolate was identified on the basis of its
morphological, biochemical and physiological
characteristics. Bacteria were identified based on the
taxonomic descriptions given in Bergey’s Manual of
Determinative Bacteriology.

Gram’s Reaction

Gram staining technique was employed to determine the
Gram reaction of each of the pure colonies obtained on the
streak culture plates (Fawole and Oso, 2004).

Motility Test

Test tubes were labeled with the code on the stock culture.
Semi solid media containing peptone was poured into the test
tubes and allowed to set. Using a sterile wire loop a colony of
bacteria was stabbed into the semi-solid agar media down to
the base and incubated at 25°C for 24 hours. The test tubes
were examined for a black precipitate along the line of
inoculation or stabbing (Fawole and Oso, 2004).

Catalase Test

The isolates were picked with a flamed wire loop and
emulsified in a drop of 6% hydrogen peroxide solution on a
clean glass slide. The production of gas bubbles after 10
seconds indicated a positive catalase test (Fawole and Oso,
2004).

Indole Test

Test tube containing sterile tryptone water inoculated with a
loop full of the isolate from the Petri dishes containing the
bacteria culture after which it was incubated for 48 hours at
37°C, after incubation, 0.5ml of Kovac’s reagent was added
and stirred and allowed to stand for few minutes. If a red ring
forms, it indicates organism is positive, but if there is no ring
red colors it means that the organism is negative (Fawole and
Oso0, 2004).

Identification of fungal isolates

Wet preparation of each fungal isolate was made on clean
microscope slides. A drop of sterile distilled water was put
onto the surface of a microscope slide using a sterile wire
loop. The wet loop was dried by flaming until red hot and
allowed to cool at room temperature. After cooling, the loop
was used to pick a small portion of the fungal colony from the
plates and mixed with a drop of water to form a smear on the
surface of the microscope slide. Three drops of lactophenol
blue solution were deposited on the smear for 2 minutes. A
clean cover slip was carefully placed on the smear so that no
air bubbles were trapped. Excess stain was drained off. The
slides were examined under the microscope for cellular
characteristics. Pure cultures of fungal isolates stored on PDA
slants at 4°C were used for identification studies. The isolates
were identified on the basis of their morphological and
cultural characteristics. The taxonomic schemes described by
De Hoog et al. (2000) were used to identify the fungal
isolates.

Screening for cellulase producing ability of the isolated
microorganisms

Screening was done as described by Gupta et al. (2012) and
used by Maravi and Kumar (2020); Bahatkar et al. (2023).
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Carboxymethyl cellulose (CMC) agar was prepared by adding
2 % carboxymethyl cellulose (CMC) (w/v) into Potato
Dextrose agar as carbon source and supplemented with 4 %
streptomycin sulfate. The same process was repeated for
Nutrient agar without the addition of streptomycin. Bacterial
and fungal isolates were individually inoculated on CMC agar
plates and incubated for 1 and 2 days at 37 and 30 © C for
bacteria and fungi respectively. The plates were flooded with
0.5 % Congo red adjusted to pH 7.0-7.2 for 20 minutes and
washed with 1 M NaCl for 15 min. The clear zone formed by
the isolates indicated their ability to hydrolyse cellulose. The
clearance zone was measured with the aid of transparent ruler
in millimeters.

RESULTS AND DISCUSSION

Identification of microorganisms from the cassava
processing mill soil and steeped water

Results in Tables 1 and 2 show the identities of the
microorganisms isolated from steeped cassava and cassava
processing mill soil. The microorganisms were identified by
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comparing their cultural, morphological and biochemical
characteristics with those of known taxa.

Frequency of occurrence of the fungal and bacterial
species

The frequency of occurrence of each bacterial and fungal
species is shown in Table 3. The percentage of the occurrence
was also indicated.

Cellulolytic ability of Isolated Bacteria and Fungi

The cellulolytic ability of the isolated microorganisms is
presented in Figure 1 and Plate 1. Pseudomonas species
isolated was the best cellulolytic bacteria with a zone of
cellulose hydrolysis of diameter of 15.00 mm while the least
diameter of zone of clearance of 1.00 mm was recorded by the
Escherichia coli isolated. Aspergillus tereus, fumigatus and
niger has the highest cellulolytic ability with zones of
clearance of 15.00, 13.00 and 13. 00 mm respectively.

Table 1: Grams reaction and biochemical characteristics of bacterial isolates

Isolates Shape Gram Catalase Indole Motility Pigmentation Organisms
B1/BSC 1 Rod negative  positive Positive Motile Cream Escherichia coli
B2/BSC3 Rod negative  positive Negative motile Green Pseudomonas sp.
B3/BSC 2 Rod positive  Positive Negative Motile Cream Bacillus sp.
Table 2: Identification of fungal isolates
Isolates Texture Surface colour Reverse Hyphae Conldlophore/ Organisms
colour Sporangiophore
F1/FSC4 Powdery Black Pale yellow  Septate Conidiophore Aspergillus
niger
F2/FSC3 Powdery Beige Pale yellow  Septate Conidiophore Aspergillus
terreus
F3/FSC5 Wooly Gray green yellow Septate Conidiophore Aspergillus
fumigatus
F4/FSC6 Wooly White with green Pale Septate Conidiophore Trichoderma spp
patches
F5/FSC2  Wooly Olive Cream Septate Conidiophore Aspergillus flavus
F6 powdery Gray Yellow Septate Conidiophore Aspergillus spp
F7/FSC1 Cotton Gray Pale Aseptate Sporangiophore Rhizopus spp

Table 3: Percentage occurrence of isolated fungal and bacterial species

Fungal/Bacteria species Soil Water from steeped cassava Percentage (%)
Aspergillus fumigatus + + 20
Aspergillus flavus + + 20
Rhizopus sp, + + 20
Aspergillus terreus + + 20
Trichoderma sp. + + 20
Aspergillus niger + + 20
Aspergillus sp. + - 10
Bacillus sp. + + 20
Escherichia coli + + 20
Pseudomonas sp. + + 20

Key: + present
_absent
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Organisms

Pseudomonas
Bacillus sp.
Escherichia coli
Aspergillus fumigatus
Aspergillus flavus
Rhizopus spp
Aspergillus terreus
Trichoderma spp
Aspergillus spp

Aspergillus niger

0 5 10 15 20

Cellululolytic ability of the isolates as indicated by zones of clearance (mm)

Figure 1: Cellulolytic activity of fungal and bacterial isolates as depicted by zones of clearance (mm)

Plate 1: Cellulolytic ability as depicted by zone of clearance around Pseudomonas species on congo red supplemented medium
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Discussion

A total of 10 bacteria and 7 fungal species were isolated from
cassava processing mill soil and waste water from the steeped
cassava. Organisms isolated were mostly fungi and few
bacterial species (Tables 1 and 2). Fungi are mostly involve
in biodegradation of cellulosic and hemicellulosic materials
and are considered to be more efficient than bacteria in cases
of degradation of these organic polymers (Ezeagu et al.,
2023). Filamentous fungi utilize their hyphae for growth and
nutrient absorption when in direct contact with the substrate
upon which they are growing. This saprotrophic mode of
fungal growth, ensures that the interwoven network of
mycelia enter into the matrices of their substrate which is
broken down through secretion of extra cellular enzymes.
These unique features identifies fungal species as the major
decomposers in forests soil and generally all ecological
systems and environment (Maravi and Kumar, 2020;
Suwannaphan et al., 2024).

Complex organic matters are broken down into simple
elements through enzymatic action for the fungal organism’s
growth and metabolic activities (Oboh, 2005; Ezeagu et al.,
2023).The Fungal isolates belongs to the genera Aspergillus
(A. niger, flavus, terreus, fumigatus, and an unidentified
species), Trichoderma, and Rhizopus (Figure 1). The
predominance of Aspergillus species in this study is in
conformity with the work of Abu et al. (2000); Nwogwugwu
et al., 2018; Ezeagu et al., 2023). Aspergillus species
especially terreus exhibited high cellulolytic ability in this
study, All species of Aspergillus have been reported for their
abundance in the soil and enormous ability to produce
different kinds of enzyme for biodecomposition in the soil,
their ability to produce enzyme distinguishes them as novel
organism for industrial enzyme production. The Aspergillus
species are mostly considered for enzyme and organic acid
production (Maravi and Kumar, 2020). Bhat (2000);
Thygesen et al. (2003) documented similar findings during
their research. This observation is also similar to previous
studies carried out by Arotupin (2007), who stated that
Aspergillus niger is a soil saprobe ubiquitously found in the
environment, and capable of secreting wide array of
hydrolytic and oxidative enzymes involved in the breakdown
of plant lignocelluloses. Cellulolytic ability of Trichoderma
and Rhizopus has also been reported by Arotupin (2007) as a
result of the possession of a genetic composition of a
hydrolytic enzyme complex. The Rhizopus sp isolated
demonstrated medium cellulase activity, this is in line with
the work of Maravi and Kumar (2020). The bacteria isolates
also demonstrated cellulase production ability at various
levels, Pseudomonas was found to be the best while Bacillus
was following closely. Pseudomonas. sp (Plate 1) and
Bacillus sp. were observed to have high ability for cellulase
production and they compete favourably with A. terreus and
niger in this research. Arotupin (2007) confirmed that,
Pseudomonas and Bacillus species isolated from steeped
cassava exhibited a high capability to produce cellulase in
large amounts. This might be attributed to the fact that
Pseudomonas is a known bacteria with a complex enzyme
system and ability to grow in many environment as well as
produce many types of enzymes to enhance its survival in
such ecosysyem (Maravi and Kumar, 2020; Suwannaphan et
al., 2024). Bacillus species are another group of versatile
bacteria of soil origin with high ability for enzyme production.
Different species of this genus have been engaged and are still
engaged in enzyme production especially cellulase. Previous
authors isolated similar organisms to those reported in this
study especially the bacteria species and most of the fungal
isolates Nwogwugwu et al., 2018). The bacterial species were
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mostly able to ferment the hydrolysable sugar in the waste and
soil of the cassava mill through the production of the celluase
for growth and metabolism (Uzochukwu et al., 2001). In
addition, species of Bacillus, Aspergillus, Trichoderma, and
Pseudomonas have been reported to stand out as producers of
cellulases (Haki and Rakshit, 2003; Oboh, 2005;
Nwogwugwu et al., 2018).The poor cellulolytic activity
observed with Escherichia coli might be due to the fact that
the organism might not be authoctonous in the soil mill and
waste environment but a contaminant of human origin.
Cassava waste was reported to contain hydrolysable sugar,
minerals, acid and or cyanogenic glucosides which might
inhibit the growth of E. coli (Oboh and Akindahunsi, 2003).
The bacteria and fungi isolated during this research
demonstrated higher cellulolytic ability as shown by the
diameter of zones of clearance than those reported by
Nwogwugwu et al. (2018), this suggests that the isolates are
more likely to be able to produce the cellulase for the local
industries if they are considered for such. The differences
obtained might be due to factors such as environmental
variability, potential strain-specific challenges, or limitations
in the experimental design. These factors can however be
optimized in further research to enhance cellulase production.

CONCLUSION

The findings in the present study showed that cassava
processing mill soil, and steeped cassava can be a very good
source of industrially important organisms because of the
ability as demonstrated in this research. The findings obtained
in the present study as presented in Figure 1 strongly suggests
the suitability of these species as good candidate for cellulase
production. These bacterial and fungal species can be further
exploited in the future for enzyme production. By harnessing
the cellulolytic activity of native microbial population we
could produce enough quantity of cellulase which will
become a boom for our industries that are utilizing these
enzymes for a number of processes (Ezeagu et al., 2018).
However, limitation could exist under different experimental
condition and genetic composition of strains.

RECOMMENDATIONS

From the findings in this research, it could be recommended
that isolated strains of Aspergillus terreus and Pseudomonas
be further explored for use in industrial enzyme production in
microbiology base research firms. Furthermore, cassava
waste water could be considered as potential source of
important enzymes and hence could be converted into
economic value through the development of technology for
the safe collection of the waste water. Optimizing production
processes, exploring genetic engineering, or conducting pilot
studies for industrial application can further enhance the
usability of these organisms.
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