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The study of the screening and selection of Trichoderma species capable of producing extracellular cellulolytic
enzymes from soil of decaying plant materials and investigation of the optimum conditions for their production
of the enzymes was undertaken in order to obtain organisms with cellulolytic capability. The soil samples were
collected using sealed cellophane bags and a sterile spatula by digging twenty centimetres deep from the soil
surface and fungal isolation was carried out immediately. Isolation and identification of fungal isolates were
performed using standard procedures and then screened for cellulase production. Optimization studies of
enzymes production for selected Trichoderma species were conducted. Five Trichoderma species were isolated from
the soil samples viz: Trichoderma koningiz, T reeses, T. longibrachiatum, T. hargianum and T. viride. Three out of the five
Trichoderma species isolated namely Trichoderma longibrachiatum, T. harzianum and T. viride produced appreciable
amount of cellulase activity and were used for further studies. Maximum production of cellulase was obtained
on the 11" day in all isolates. Commercial carboxymethyl cellulose (CMC) was the best substrate for cellulase
production for all the isolated Trichoderma species giving the highest values of 786.67 reducing sugar equivalent
per minute per millilitre of enzyme (units/ml) for T. longibrachiatum while potassium nitrate (IKNO, was the best
nitrogen compound for cellulase production with T. viride giving the highest value of 846.67 units/ml. Optimum
production of cellulase was attained at a concentration of 10 mg/ml for carboxymethyl cellulose and 1.0 mg/ml
for KNO, for all the three Trichoderma species. The study concluded that T. longibrachiatum, T. hargianum and T.
viride isolated from soil of decaying plant materials produced proteins, which exhibited appreciable cellulase
activity and could be used in producing cellulases for industrial and biotechnological uses.
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ABSTRACT

INTRODUCTION: The proportion of
cellulose in plant tissues ranges from 20 - 45% of
dry weight and to almost over 90% in cotton fibre
(Stephen and Heichel, 1975). It is important to
note that much of the cellulose exist as wastes
such as straw, corn cobs, wood wastes, peat,
bagasse and waste paper (Crueger and Crueger,
1990). Fungi play an important role in plant litter
decomposition in forest ecosystems through
nutrient recycling and humus formation in soil
because they attack lignocelluloses matrix in litter
that other organisms are unable to assimilate
(Swift ez al,, 1979; Kjoller and Struwe, 1982; Cooke
and Rayner, 1984; Osono e¢f al., 2003). During the
process of decomposition, the decomposers
provide food for themselves by extracting
chemicals from the dead bodies or organic wastes;

using these to produce energy (Couteaux ef al,
1995).

The vast amount of plant biomass waste
produced by the agro-technological industry
forms an attractive potential as a renewable source
of energy and basic chemicals (Hahn-Hagerdal ez
al., 2000; Stricker et al, 2008). One of the
bottlenecks in fully exploiting this potential is the
efficient hydrolysis of the cellulose and
hemicellulose fractions to its monomeric
compounds. These monomeric constituents are
mainly sugars such as D-glucose and D-Xylose
(Stricker ez al., 2008). Many microorganisms have
the capacity to degrade plant biomass.

Trichoderma species are fungi that are present in
substantial numbers in nearly all agricultural soil
and in other environments such as decaying
wood, compost or dead mushrooms (Singh ez al.,
2007). Filamentous fungi like Aspergillus niger and
Hypocrea jecorina (Trichoderma reesei) have been
shown to produce a wide spectrum of
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polysaccharide-hydrolytic enzymes. The
tilamentous fungus, Trichoderma species has a long
history in the production of hydrolytic enzymes
widely used in the food and feed industries as well
as textile, pulp and paper industries (Nakari-Setala
and Penttila, 1995).

Among the hydrolases produced by Trichoderma
species is the complete set of cellulolytic enzymes.
Enzymatic hydrolysis of cellulose is an important
reaction in nature for it marks the first step in the
decay of cellulose, the most abundantly occurring
organic material. Cellulase is an enzyme that can
degrade cellulose and its derivatives which are the
basic unit of structural framework of plant cell
wall. Cellulase is produced by a number of bacteria
and fungi though species of Trichoderma and
Aspergillus are most reported (Zaldivar ez al., 2001).
Some thermophilic fungi have been reported to be
strongly cellulolytic (Tansey, 1971) and their role
being of paramount importance in the
colonization and degradation of cellulosic waste.

The use of microorganisms as commercial
sources of enzyme production has been a
common practice for decades (Adeleye, 1990,
Adeleye and ILashebikan, 2003). Cellulolytic
enzymes are generally induced by cellulose, but
other inducers of the enzymes are known (Tan ez
al., 1986). These include cellulose derivatives,
cellobiose, sophorose, xylan, pectin and lactose
(Mandels ezal., 1975; Mandels, 1981). Since growth
of fungias well as the enzyme production depends
on the composition of the growth media, water
activity (a,), pH, temperature, light and the
surrounding atmospheric gas mixture;
optimization of culture conditions and culture
medium influences the enzyme production
(Prashanth ez al., 2008). In this study, the ability of
Trichoderma species isolated from decaying plant
materials in a farmland to produce cellulolytic
enzyme will be examined with a view to exploiting
the organisms as potential enzyme source for
industrial purpose.

MATERIALS AND METHODS

Sample Collection, Isolation and Identification of
Fungal Isolates: Soil samples were obtained from
an abandoned farmland using sealed cellophane
bags and a sterile spatula by digging twenty
centimetres deep from the soil surface. Fungal

Awojobi ¢t. al.: The Screening and Selection of Trichoderma Species Capable of Producing Extracellular

isolation was carried out immediately using 10-
fold serial dilution and pour plate technique.
Typical fungal isolates were isolated and identified
on Potato Dextrose Agar (PDA) [Cappuccino and
Sherma, 1996]. Each fungal isolate was identified
with the aid of illustrated handbook of fungi
(Barnettand Hunter, 1972).

Preparation of basal medium for cellulase
synthesis: The basal medium composition for
production of cellulase by submerged
fermentation was prepared based on the modified
medium of Mandels and Weber (1969) as
described by Olutiola (1976) containing: K,HPO,
0.5 g); KNO, (9.9 g), KH,PO, (2.0 g); Biotin
(0.005 mg); Thiamine (0.005 mg); MgSO,.7H,O
(0.1 g) and FeSO,.7H,O (1.0 mg) all dissolved in 1
L of distilled water. Sterile carbon source of
carboxymethyl cellulose (high viscosity) was
added to the sterile basal medium in 250 ml
conical flask at 1% concentration. Each conical
flask contained a final volume of 100 ml of
growth medium.

Enzyme production by submerged fermentation:
Submerged fermentation for enzyme production
was carried out as outlined by Olutiola and
Nwaogwugwu (1982). On daily basis, contents of
each flask was filtered through glass fibre paper
(Whatman GF/A). The filtrate was analyzed for
cellulase activity until the peak of production of
enzyme activity was attained. The filtrate then
served as the crude enzyme preparation.

Optimization of production conditions: The
effects of various nutritional and cultural factors
on enzyme productions were studied. Various
carbon sources (glucose, fructose, maltose,
lactose, sucrose, galactose, CMC and starch) and
different nitrogen sources (NH,CI, NaNO,,
(NH,),SO,, Aspartic acid, Lysine, KNO, and
Glycine) as well as the concentration of Carbon &
Nitrogen were investigated for their effect on
cellulase production. The content of the flasks
was filtered through glass fibre filter paper and

used as crude enzyme source.

Effect of period of incubation on cellulase
production: Conical flasks (250 ml) each
containing 100 ml of growth medium for cellulase
production and was inoculated with 1 ml of
standard spore suspension of fungi. The flasks
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were incubated at room temperature for a period
ranging from 1 to 14 days. The culture flasks were
each analyzed for enzyme activity.

Carboxymethyl cellulase activity: Cellulase activity
was determined by estimating amount of
reducing sugars released in a reaction mixture
containing 1 mlof 0.6% (w/v) CM-cellulose in 0.1
M citrate phosphate buffer (pH 4.5) and 0.5 ml of
the crude enzyme solution. The control tube
contained the same amount of substrate and 0.5
ml of the enzyme solution heated at 100°C for 15
minutes. The experimental and control tubes were
incubated in a water bath at 35°C for 1 h. The
amount of reducing sugars released during the
reaction was measured by the modified
dinitrosalicyclic acid reagent method of Miller
(1959) and Olutiola (1983). The absorbance was
taken at 540nm. Standard dilutions of glucose
were used to plot a standard graph and the
unknown values of the reducing sugars in the
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samples were extrapolated from the standard
curve. One unit of cellulase activity was defined as
the amount of enzyme in 1 ml of the reaction
mixture that liberated reducing sugar equivalent
to 10 pg glucose per minute under the specified
conditions of the reaction.

RESULTS AND DISCUSSION

Five Trichoderma species namely Trichoderma
longibrachiatum, T. harzianum, T. viride, 'T. reesei and
T, koningii were isolated and identified based on
their cultural and morphological characteristics
from soil samples of decaying plant materials in a
farmland. Three of the isolates namely
Trichoderma longibrachiatum (designated as T10); T.
harzgianum (designated as T12) and T. wiride
(designated as T'15) produced appreciable amount
of cellulase activity (Fig. 1) and were later used for
further studies. The least enzyme activity of 3.33
units/ml was produced by T. reese/ while the
highest activity of 1130 units/ml was produced by
T. Viride.

T6 T7

T10

T12 T15

Trichoderma isolates

Figure 1: Production of Cellulase by Trichoderma Species Isolated from Decaying Plant Materials in a
Farmland. TG, T. koningiz; T7, T. reeses; T10, T. longibrachiatunr, T12, I. hargianuns, T15, T.
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The results as presented in Fig. 2 showed the time
course of cellulase production by the three
isolates. The amount of enzyme produced
increased up to the maximum level and then
declined. Maximum production of cellulase was
obtained on the 11" day in all the isolates while
minimum was noted for all the isolates on the 5"
day (Figure 2). Further incubation after this did
not show any increment in the level of enzyme
production probably due to increase in toxic
unwanted wastes and depletion of nutrients in the
medium which leads to decreased growth and
enzyme (Haq ez /., 2005). Similar time course has
been reported for xylanase production where the
maximum production was observed after 6 days
(Kavya and Padmavathi 2009) and for cellulose
production by Baci/lus lichenifornis MVS1 and B. sp
MVS3 where maximum cellulases production by
both isolates was detected after 60 h incubation
period using wheat and rice straw (Acharya and
Chaudhary, 2012). Pothiraj e al., (2006) recorded
maximum FPase activity (0.46 IU/ml after 10 days
of incubation period by Rhizopus stolonifer on
Cassava waste).

The effect of different carbon sources on cellulase
enzyme production by the three isolates showed
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that carboxymethyl cellulose (CMC) was the best
substrate for cellulase production for all the three
isolates while lactose and sucrose produced no
detectable cellulase activity in the three isolates
(Fig. 3). The result was in accordance with the
work of Guatam ez al., 2010 who reported that
good cellulose production can be obtained in
CMC followed by cellulose for production of
cellulose. Similar induction by 4. niger in the
presence of CMC substrates had been reported
(Corel et al, 2002). Likewise the results of
Narasimha e @/, (2006) and Niranjane et al.,
(2007) revealed that CMC was best carbon source
followed by cellulose for cellulose production.
Low level of cellulolytic enzyme in the presence
of glucose in this study could be attributed to
repression of synthesis of cellulolytic enzymes
involved in the utilization of cellulose by easily
metabolisable carbon glucose that was
demonstrated in many organisms (Suto and
Tomita 2001; Ahmed ezal., 2009).

The effect of different nitrogen compounds on
cellulase production by the three fungal isolates is
presented in Fig. 4. Aspartic acid, potassium
nitrate and sodium nitrate gave high cellulase yield
with KNO, giving the highest value of 846.67
units/ml in T. viride. 'The least cellulase yield of

——T10
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—4e=T15

5 b 7 g

9 10 11 12

Incubation period {days])

Figure 2: Effect of Incubation Period on Cellulase Production by Trichoderma Species Isolated from
Decaying Plant Materials in a Farmland. T10, T. longibrachiatuns, T12, T. harzianunz, T15, T.

Viride
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Figure3: Effectof Different Carbon Sources on Cellulase Production by Trichoderma Species Isolated
from Decaying Plant Materials in a Farmland. T10, T. longibrachiatuns; T12, T. harzianun,
T15,T. Viride
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Figure 4: Effect of Different Nitrogen Sources on Cellulase Production by Trichoderma Species Isolated
from Decaying Plant Materials in a Farmland. T10, I longibrachiatuns; T12, T harzianuns; T15, T
Viride
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Production of microbial enzymes is dependent
upon various nutritional and cultural parameters
such as pH, temperature, carbon and nitrogen
sources. These parameters have been studied in
order to optimize the production of cellulolytic
enzymes by selected fungal isolates. When these
organisms were grown on basal medium lacking
carboxymethyl cellulose (cellulase inducer) but
containing either glucose, fructose, maltose,
lactose, starch, sucrose or galactose as sole carbon
source, all the Trichoderma species investigated
released no appreciable quantities of cellulase.
This showed that T. longibrachiatum, T. hargianum
and T. viride could produce cellulase when a
cellulosic material was present in the culture
medium. This indicates that cellulase productions
in these fungi are inducible and not constitutive. It
has been reported that inducible enzymes are
produced only in small amounts in the absence of
inducers because the repressor system will not
function as an absolute block, thus allowing
constitutive production of cellulase which could
easily yield soluble hydrolytic products (Eriksson,
1993). The soluble products of hydrolysis could
then enter the cells and function as inducers
because cellulose itself cannot enter the cell and
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act as an inducer as a result of its large size and
complexity (Eriksson, 1993; Beguin ezal, 1977).

The effect of different concentrations of
carboxymethyl cellulose (CMC) showed that
cellulase production was highest at a CMC
concentration of 10 mg/ml for all the isolates and
was least at a CMC concentration of 2 mg/ml
(Fig. 5). In all the isolates, cellulase activity
increased with increase in CMC concentration
until a CMC concentration of 10 mg/ml beyond
which enzyme activity decreased gradually. Similar
results was obtained in the work of Guatam e# 4/.,
2010 who reported growth increased with
increase in concentration of cellulose up to 1%
(w/v) and further increase in cellulose
concentration did not result in proportionate
increase in yield of fungal biomass and cellulase
production.

The amount of enzyme produced increased with
increase in the concentration of potassium nitrate
(KNO,). However, optimum activity occurred at
KNO, concentration of 1.0 mg/ml beyond which
there was a gradual decrease in enzyme activity in
all the isolates (Fig. 0).
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Figure 5: Effect of Different Concentrations of Carboxymethyl Cellulose (CMC) on Cellulase
Production by Trichoderma Species Isolated from Decaying Plant Materials in a Farmland.
T10, T longibrachiatuns, T12, T harzianuns; T15, T. 1Viride
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Figure 6: Effect of Different Concentrations of Potassium Nitrate (KINO,) on Cellulase Production by

Trichoderma Species Isolated from Decaying Plant Materials in a Farmland. T10, T.
longibrachiatum; T12, T harzianum; T15, T. Viride
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The result of these investigations showed that T.
longibrachiatum, T. hargianum and T viride
synthesized proteins which exhibited appreciable
cellulase activity.

REFERENCES

Acharya, S. and Chaudhary, A. 2012. Optimization
of fermentation conditions for cellulases
Production by Bacillus licheniformis MVS1
and Bacillus sp. MVS3 isolated from Indian
Hot spring. Bragilian Archives of Biology and
Technology 55(4):497-503

Adeleye, 1. A. 1990. Production and control of
extracellular alpha amylase in Micrococcus
varians. Journal of Basic Microbiology 30(10):
723-727.

Adeleye, L. A. and Lashebikan, C. M. 2003.
Pectinase production by wood degrading
fungi isolated from some Nigerian woods.
Science Focus 5:12-14.

Ahmed, A.; Bashir, H.; Saleem. M. Saadid; A.
Jamil. 2009. Pakistan Journal of Botany
41(3):1411-1419

Barnett, H. I.. and Hunter, B. B. 1972. /ustrated
Genera of Imperfect Fungi. 3 Edition.
Minnesota, Burges Publishing Company,
pp. 241.

Beguin, P, Elsen, H. and Reupas, A. 1977. Free
and cellulose bound cellulases in a
Cellulomonas species.  Journal of General
Microbiology101:191-196.

Cappuccino, J. G. and Sherma, N. 1996.
Microbiology A Laboratory Manual. 4" Edn.
Califonia, Benjamin/Cummings
Publishing Co. Inc., pp. 477.

Cooke, R. C. and Rayner, A. D. M. 1984. Ecology of

Saprotrophic Fungi. ,London, Longman, pp.

415.

G.; Anikan, B.; Unaldi, M. N. and

Guvenmez, H. 2002. Some properties of

crude carboxymethylcellulase of

Aspergillus  niger 210 wild type strain

TUBITAK?26:206-213.

Couteaux, M. M., Mousseau, M., Celener, M. L.
and Bottner, P. 1995. Increased
atmospheric CO, and litter quality.

Corel,

Decomposition of sweet chestnut leaf
litter with animal food webs of different
complexities. Ozkos 61: 54-64.

Crueger, W. and Crueger, A. 1990. Biotechnology, A
Texcthook of Industrial Microbiology. 2™ ed.

Awojobi ¢t. al.: The Screening and Selection of Trichoderma Species Capable of Producing Extracellular

USA, Science Technology Publishers, pp.
357.

Eriksson, K. E. L. 1993. Conclusion remarks
Where do we stand and where are we
going to? Lignin biodegradation and
practical utilization.  Journal of Bacteriology
30:149-158.

Gautam, S. P; Bundela, P. S; Pandey, A. K
Awasthi, M. K. and Sarsaiya, S. 2010.
Effect of different carbon sources on
production of cellulases by _Aspergillus
niger.  Journal of Applied Sciences in
Environmental S anitation 5(3): 295-300

Hag, I. U,; Hameed, K.; Shahzadi, M. M.; Javed, S.
A. and Qadeer, M. A. 2005. Cotton
Saccharifying activity of Cellulases by
Trichoderma  harzianum UM-11 in shake
flask. International Journal of Botany1:19-22

Hahn-Hagerdal, B., Galbe, M., Gorwa-
Granslund, M. E, Liden, G. and Zacchi,
G. 2006. Bioethanol-the fuel of
tomorrow from the residues of today.
Trends in Biotechnology 24: 549-556.

Kavya, V. and T. Padmavathi 2009. Optimization
of growth conditions for Xylanase
production by Aspergillus nigerin solid state
termentation. Polish Journal of Microbiology
58(2): 125-130.

Kjoller, A. and Struwe, S. 1982. Microfungi in
ecosystems: fungal occurrence and
activity in litter and soil. Ozkos 39: 389-
422.

Mandel, M. and Weber, J. 1969. The production
of cellulases. Advances in Chemistry Series
95:394-414.

Mandels, M. 1981. Enzymatic conversion of
cellulosic biomass: a viable alternative to
ethanol from grain. American Society of
Microbiology News 47:174-178.

Mandels, M., Sternberg, D. and Andreotti, R. E.
1975. Growth and cellulase production by
Trichoderma In: Bailey, M., Enari, T. and
Link. M. (eds) Symposium on enzymatic
hydrolysis of cellulose. Finland Technical
Research Centre, pp. 81-110.

Miller, G. L. 1959. Use of Dinitrosalicyclic acid
reagent for determination of reducing
sugar. Analytical Chemistry 31: 426-428.

Nakari-Setala, T. and Penttila, M. 1995.
Production of Trichoderma reesei cellulases
on glucose containing media. Applied and



Awojobi ¢t. al.: The Screening and Selection of Trichoderma Species Capable of Producing Extracellular

Environmental Microbiology 61(10): 3650-
3655.

Narasimha, G.; Sredevi, A.; Viswanath, B,
Chandra, S. M. and Reddy, R. B. 2006.
Nutrient effects on production of
cellulolytic enzymes by _Aspergillus niger.
Alfrican Journal of Biotechnology 5(5): 472-476

Niranjane, A. P.; Madhou, P. and Stevenson, T. W.
2007. The effects of carbohydrate carbon
sources on the production of cellulase by
Phiebia ~ gigantean. Enzyme and Microbial
Technology 40(1): 1464-1468.

Olutiola, P. O. 1976. Some environmental and
nutritional factors affecting growth and
sporulation of Aspergillus tamarii,
associated with mouldy cocoa beans in
Nigeria. Physiologia Plantarum 57: 309-312.

Olutiola, P. O. 1983. Cell wall degrading enzymes
associated with deterioration of cocoa
beans by Penicillinm steckir. International
Biodeteroriation Bulletin 19(1): 27-306.

Olutiola, P. O. and Nwaogwugwu, R. I. 1982.
Growth, sporulation and production of
maltase and proteolytic enzymes in
Aspergillus — aculeatus.  Transactions of  the
British Mycological Society 78(1): 105-113.

Osono T., Fukasawa, Y. and Takeda H. 2003. Roles
of diverse fungi in Larch needle Litter
decomposition. Mycologia 95(5): 820-826.

Pothiraj, C.; Balaji, P; and Eyini, M. 20006.
Enhanced production of cellulases by
various fungal cultures in solid states
fermentation of cassava waste. African
Journal of biotechnology. 5(20): 1882-
1885.

Prashanth, S., Mani, M. and Narayanasamy, M.
2008. Biosynthesis of cellulolytic enzymes
by Tricothecium rosenm with citric acid
mediated induction. African  Journal of
Biotechnology7(21): 39173921.

Ray, A. K.; Bairagi,.A.; Ghosh, K. S. and Sen, S. K.
2007. Optimization of fermentation
conditions for cellulase production by
Bacillus subtilis CY5 and Bacillus circulans
TB3 isolated from fish gut. Acta
Iehthyologica E'T Piscatoria 37(1): 47-53.

271

Sasi, A,; Ravikumar, M. and Manthirikani, S. 2012.
Optimization, production and
purification of cellulase enzyme from
marine A. flavus. African  Journal of
Microbiology Research. 6(20): 4214-4218

Singh, A., Srivastava, S. and Singh, H. B. 2007.
Effect of substrates on growth and shelf
life of Trichoderma harzianum and its use in
biocontrol of diseases. Bioresource
Technology 98(2): 470-473.

Sreeja, S. J.; Jeba Malar, P. W; Sharmila Joseph, F.
R.; Steffi Tiburciu, S.; Immanuel, G. and
Palavesan, A. 2013. International Journal of
Advancements in Research and Technology 2(4):
401 -406

Stephen, G. R and Heichel, G. H. 1975.
Agricultural and forest products as
sources of cellulose. Biotechnology
Bioengineering Symposinm 5: 27-42.

Stricker, A. R., Mach, R. L.. and de Graaff I.. H.
2008. Regulation of transcription of
cellulases and hemicellulases-encoding
genes in Aspergillus niger and Hypocrea
Jecorina (Trichoderma reesei). Applied
Microbiology and Biotechnology 78: 211-220.

Suto, M. and Tomita, F. 2001. Induction and
catabolite repression mechanisms of
cellulase in fungi. Journal of Bioscience and
Bioengineering. 92: 305-311.

Swift, M. J., Heal, O. W. and Anderson, J. M. 1979.
Decomposition in  Terrestrial Ecosystems.
Oxford, UK, Blackwell Scientific
Publications, pp. 372.

Tan, T. K., Yeah, H. H. and Paul, K. 1986.
Cellulolytic activities of Trichoderm
hamatum grown on different carbon
substrates. Mircen Journal2: 467-472.

Tansey, M. R. 1971. Agar-diffusion assay of
cellulolytic ability of thermophilic fungi.
Archives of Mikrobiology77:1-11.

Zaldivar, M., Velasquaz, J. C., Contraras, 1. and
Perez, L. M. 2001. Trichoderma anreoviride 7 -
121, a mutant with enhance production of
Iytic enzymes: its potential use in waste
cellulose degradation and/or biocontrol.
Electronic Journal of Biotechnology 4(3): 567-
609.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

