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ABRSTRACT

The effects of teff straw (Fragrostis teff) or corn stalk
(Zea mays) on cellulase and biomass production by Trichoderma
sp. BDCC-1, Penicillium sp. BDCC-2 and Cladosporium sp. BDCC-3
were studied and compared with those of cellulosic substrates.,

In Trichoderma sp. both teff straw and corn stalk were
found to be superior to filter paper for inducing B-GDase as
well as for improving fungal biomass production. CMCase and
FPase productions were, however, lower on these substrates than
they were on filter paper. 7

In Cladosporium sp. teff straw and corn stalk were found
to be better than CMC for inducing both CMCase and FPase.
However, no B-GDase activity was detected when only these
lignocellulosics were used in the media. 1It‘s biomass
production was also relatively lower on these substrates as
compared to that it produced on 1% CMC.

Penicillium sp. produced relatively large amounts of
biomass, CMCase, FPase and fB-GDase on 2% corn stalk as compared
to those it produced on 2% CMC.

Lye- and 2% NaOH-pretreatments were generally effective in
improving biomass production in the test fungi. But their
effect on CMCase, FPase and B-GDase production was not similar
for the three fungi. There was, however, no significant
difference between Lye- and 2% NaOH-pretreatment in their
performance on biomass and cellulase production.

65-80% of the polysaccharides of alkali-treated teff straw
and corn stalk were hydrolysed to reducing sugars in 72 hours
using culture filtrate of Trichoderma sp. BDCC-1 which
consisted of 1.7 IU/ml of FPase. The hydrolysates were found to
support good growth of Candida utilis BDCC-25 (16.7-24.8mg dry
wt./100ml) and Saccharomyces cerevisiae BDCC-24 (14.6-15.6mg
dry wt./100ml). The yields of yeast biomass produced on these
hydrolysates were higher than those produced on D-glucose
(0.02%). It was , therefore, concluded that teff straw and corn
stalk could provide cheap substrates for mold biomass
production as well as for single-cell protein production if

they are pretreated with Lye.




1. INTRODUCTION

Lignocellulosic materials comprise the largest portion of

photosynthetic products on earth. They are the most abundant
and continuously produced resources in nature. As a result, man
has already used them for the production of countless
artifacts. Some of them are being used directly for fuel,
construction, cattle feed, paper and fibre production etc. .
Much of them, however, remain buried or burned as agricultural,
industrial and municipal wastes (Anonymous, 1974).
‘ The efficient utilization of such cheap and renewable
materials for the production of protein, chemicals and animal
feed and at the same time combating pollution of the
environment is one among the major objectives of
biotechnological studies.

The conversion of these lignocellulosic materials to
useful products can be done by employing microbial assimilation
and fermentation processes. These processes, however, require
four major steps: Pretreatment, cellulase production, enzymatic
hydrolysis and assimilation or fermentation (Tanaka and
Matsuno, 1985). All these steps involve the expenditure of a
considerable amount of energy, materials and time. Hence, large
scale production of fermentable sugars through these processes
apparently does not seem to be economically feasible due to the
high cost involved during production. Since, most of the
production costs for fermentation products depend on the cost
of the carbohydrate raw material (Dale, 1987), there is still
a claim that lignocellulosic conversion can potentially provide
less expensive fermentable sugars. Thus, a variety of
lignocellulosic materials have been tested world wide as growth
substrates for microorganisms in the production of chemicals
(Flickinger, 1980; Ng et al. 1983; Christakopoulos et al.
1990), cellulase and single~cell protein (SCP) (Spencer-Martin
and van-Uden, 1977; Kristensen, 1978; Tanaka and Matsuno, 1985;
Ghanem et al., 1991).

Some of the lignocellulosic materials that have undergone
solid and 1liquid fermentation by fungi include beet pulp
{(Ghanem et al., 1991), barley straw (Kristensen, 1978}, wheat




straw (Detroy et al., 1980; Margaritis and Merchant, 1986;
Milstein et al., 1981; Agosin et al., 1987; Viesturs et al.,
1981; Szczodrak, 1989; Tangnu et al., 1981), rice straw
(Taniguchi et al., 1982; Tangnu et al., 1981), bagasse (Mishra
et al., 1984; Rodriquez et al.,1993; Dekker, 1983), sugarcane
straw (Ortega et al., 1993), corn stover (Tangnu et al., 1981),
water hyacinth (Ali et al., 1991), wheat bran, rice bran and
jute powder (Roy et al ., 1993), aspen wood {Mes Hartree et
al., 1987a), bermuda and orchard grass (Akin and Rigsby, 1985).

Teff straw (Eragrostis teff) and corn stalk (Zea mays) are
abundantly available and are commonly utilized as cattle fodder
in many parts of Ethiopia. However, there has been little or no
information on the bioconversion of these lignocellulosic
materials. If these materials could be converted biologically
to useful products like single_cell protein (SCP), it would
then be possible to alleviate problems of protein-rich cattle
feed in the country.

Moreover, the quality and the quantity of cellulases
produced have been shown to depend substantially on the type of
inducers used. For instance, the highest levels of C, and
CMCase activities were achieved when Thielvia terrestris was
grown on wheat straw (Margaritis and Merchant, 1986). Teff
straw and corn stalk could probably have the same effect in the
production of cellulases.

Effective utilization of these materials depends, among
other things, on the use of very cheap method of pretreatment.
The soap manufacturing factory (Gulelie Soap Manufacturing
Factory) in Addis-Ababa continuously disposes of an alkaline
solution (lye), which consists of NaOH as the major constituent
of it“s industrial effluents. Using this solution, which would
otherwise be pollutant, as a means of pretreatment would thus
be advantageocus both from the economic and pollution-abatement
point of view.

Therefore, this study has been initiated by and large with
the aforementioned perspective and in particular with the aim
of achieving the following specific objectives :

1. Optimization of cellulase production using untreated




teff straw (Eragrostis teff) and cornstalk (Zea mays)

as carbon and energy sources.

Assessment of the use of lye (spent liquor from soap
manufacturing factory) in the pretreatment of teff
straw and corn stalk,

Determination of mold biomass (biomass of Trichoderma
sp., Cladosporium sp., and Penicillium sp.) produced
ugsing untreated and treated teff straw and corn stalk

ag carbon and energy sources in their growth media.

Evaluation of yeast biomass (biomass of Candida
utilis and Saccharomyces cerevisiae) produced using
the enzymatic hydrolysates of pretreated teff straw

and corn stalk as carbon and energy sources.




2.2.1. Bilological pretreatment

Biological pretreatment is a method used to break the
crystalline structure of cellulose as well as the lignin seal
by enzymes produced by micro-organisms. This method is said to
have the possibility of upgrading the nutritive value of the
substrates for ruminants. Although it is time consuming, it is
generally accepted that it has important advantages to make it
potentially useful, i.e. it is capable of removing the lignin
and making it and other components of the lignocellulosics
vulnerable to microbial attack (Mes-Hartree et al., 1987a;
Agosin et al., 1987).

2.2.2.Chemical pretreatment

The chemical method of pretreatment involves
delignification and transformation of the crystalline cellulose
to amorphous cellulose by using acidic-, alkaline-, or organic-
type solvents (Detroy et al., 1980; Mandels et al., 1974).
However, the method seems to be costly unless a means is sought
to recover the solvents used during the pretreatment process.

2.2.3. Physical pretreatment

Physical pretreatment includes +the wuse of high
temperature, high pressure, milling, radiation, or freezing to
break the crystalline structure. The method, while altering
crystallinity, also alters surface area and makes possible
direct physical contact between the molecules and the substrate
(Mandels et al., 1974; Tanaka and Matsuno, 1985). Nevertheless,
it has also a disadvantage for it demands for a very high

supply of enerqgy.

2,3. Cellulase and its mode of action

Cellulase is an enzyme complex consisting of three classes
of enzymes, namely, exo-1,4-B-glucanase (cellobiohydrolase or
avicelase}, endo-1,4--glucanase (carboxymethylcellulase) and
B-glucosidase (cellobiase or salicinase) (Wood and McCrae,
1972; 1982; Mandels, 1982) which act co-operatively and

synergistically to degrade cellulose.




2.3.1. Cellobiohydrolase

Cellobiohydrolase, also known as Avicelase or C, enzyme,
degrades cellulose by splitting off cellobiose units from the
non-reducing end of the chain (Halliwell and Griffin, 1973).
The enzyme is capable of hydrolysing crystalline cellulose such
as Avicel (microcrystalline cellulose) and cotton. It is often
induced by cellulose or sophorose and strongly inhibited by
cellobiose or glucose (Sasaki,1989). This enzyme is thought to
play a key role in cellulose degradation since it alone can
catalize the hydrolyéis of microcrystalline cellulose up to 80%
(w/w) and of cotton up to 40% (w/w) under a condition where

there is a continuous removal of cellobiose (Petterson, 1975).

2.3.2. Endoglucanase

Endoglucanase, often called Cy-enzyme or
carboxymethylcellulase (CMCase), attacks the internal bonds of
soluble derivatives of cellulose and amorphous cellulose such
as phosphoric acid-swollen cellulose randomly resulting in
shorter chain lengths (cellodextrin, cellcobiose) or glucose
(Sasaki, 1989; Araujo and D‘Souza, 1986). It is also capable of
degrading carboxymethylcellulose (CMC). But it does not
hydrolyse avicel, cotton, and the likes. Endoglucanase can act
on such crystalline cellulosic substrates only when it exists
together with cellobiohydrolase and it is also induced by

cellulose or sophorose (Sasaki, 1989).

2.3.3. B-Glucosidase

B-Glucosidase, also known as cellobiase or salicinase,
hydrolyses cellobiose to glucose (Mullings, 1985). It is also
capable of hydrolysing a variety of B-glucosides such as
methyl-B-glucoside, salicin, phenyl-B-glucoside etc (Sternberg
et al., 1977) and cello-oligosaccharides (Sasaki, 1989).

2.3.4. Synergism
Synergism is an important phenomenon observed during
cellulolysis. As indicated above, endoglucanase does not attack

crystalline cellulose without the participation of exo-




glucanase (cellobichydrolase). The later is also strongly
inhibited by the accumulation of cellobiose. The presence of B-
glucosidase, however, can avoid the problem of cellobiose
accumulation. Therefore, for complete solubilization of
cellulosic materials it is vital to have a mixture of all the
three components in the cellulase system.

The mechanism of the synergistic action of the cellulase
components is not yet fully understood. As early as 1950, some
people suggested a possible mechanism for the synergism between
the two componénts of cellulase ({endo-glucanase and exo-
glucanase). According to this early hypothesis C, enzymes
(endo-glucanases) hydrolyse B-1,4 bonds in cellulose molecules
that are activated by the non-hydrolytic factor (so called C,
component). But since other people have identified the ¢,
component as an exo-B-1,4-glucanase, a hydrolytic enzyme that
is capable of removing successive units of cellobiose from the
non-reducing end of the chain, the C,-C; hypothesis of the
mechanism of <cellulose hydrolysis together with its
nomenclature seems no longer to be acceptable (Wood and McCrae,
1972). After years of extensive work, the recognition of the
fact that exo-glucanase (cellobiohydrolase) is the only enzyme
that is capable of degrading crystalline cellulose to a very
high extent (80%) made some people to reconsider other
suggestions, Accordingly, Petterson (1975) proposed a new and
simple scheme for the mechanism of the synergistic action of
the cellulase components as follows:

1. Native cellulose Endo-glucanase -» Cellulose(modified)

2. Cellulose (modified) _Exo-glucanase -~--» Cellobiose.

3. Cellobiose B-gqlucosidase ----+ 2 Glucose.

From the above scheme it is to be understood that

1. Regions of low crystallinity in the cellulose fibre are
attacked by endo-glucanases and free chain ends are
created;

2. Exo-glucanases start the degradation from the chain ends
by hydrolytically removing celloblose units;

3. Cellobiose is hydrolysed to glucose through the action of

f-glucosidase.




Although the above scheme has been proposed as a general
mechanism for the co-operation of endo- and exo-glucanases in
the degradation of pure cellulose, there is no substantial
evidence to show that the endo~-glucanases initiate the

hydrolysis of native cellulose.

2.4, Cellulase production

The complex nature of lignocellulosics necessitates the
use of a lot of cellulase for saccharification. In order to
meet this demand, there has to be an effective method of
improving cellulase production. According to Tanaka and Matsuno
(1985) three methods have contributed to the improvement of
cellulase production, viz., 1. selection and isolation of
micro-organismg 2. optimization of culture conditions and 3.

control of the cellulose fermentation process.

2.4.1. Selection and isolation of micro-organisms

Several mutants of Trichoderma reesei, which produce very
high cellulase specific activities, have been isolated in
United states and Japan (Sasaki, 1989). However, there still
remains much to be done with the isolation and selection of
mutants of fungal species other than Trichoderma reesei and
applying the techniques of genetic engineering to promote

cellulase production to a practical level.

2.4.2. Optimization of culture conditions

Optimization of culture conditions with respect to pH,
nutrient, carbon source, temperature requirements, type, age
and amount of inoculum, stirring, etc, greatly increases
cellulase productivity (Desrochers et al., 1981; Enari and
Markannen, 1977). A particular condition which is optimal for
one organism may not be optimal for another. Moreover, the
addition of different chemicals into the media can have
different effects on the cellulase productivity of different

organisms (Tanaka and Matsuno, 1985).




2.4.3. Control of fermentation processes

Control of fermentation processes to increase cellulase
productivity has been possible by employing any one of the
following fermentation processes : fed-batch culture (Allen and
Andreotti, 1982), continuous culture (Allen and Andreotti,
1982), cell-holding continuous culture (Taniguchi et al,.,
1983), continuous culture with cell recycling (Ghose and Sahai,
1979).

In general, cellulase production would be expected to
improve by employing and further refining the above-mentioned
methods and, on top of that, through the elucidation of the
genetic information on the control mechanism of cellulase
synthesis.

2.5. Kylanases

Xylan polysaccharides are major hemicellulose components
of lignocellulosics. Thus, it would be very important to have
Xylanases together with cellulases for maximum solubilization
of lignocellulosics.

Xylanases, like cellulases, are complex enzymes consisting
of components such as exo- and endo-1,4-8-xylanases, which
cleave the glycosidic linkages in the xylan back bone, B-
xylosidases, which hydrolyse the soluble xylo-oligosaccharides,
and several of other enzymes which cleave the substituents from
the xylan backbone (Biely, 1985). The enzymes are inducible and
produced in good amount when the micro-organisms are grown on
xylans (Dekker and Richards, 1976).

2.6, Ligninases

Ligninase is a collective name for a family of
extracellular isoenzymes produced by fungi that act on lignin.
These enzymes are mostly secreted by fungi, in particular by
some members of the basidiomycetes. Although bacteria of
several genera including Pseudomonas and Arthrobacter and some
actinomycetes are also known to degrade the single-ring
aromatic compounds that build up the lignin macromeolecule

(Zimmermann, 1990; Antai and Crawford, 198l), no counterparts
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of fungal ligninases have been found so far in these micro-
organisms.

Ligninases bring about the dearadation of lignin by
involving a numbexr of biochemical reactions. Some of these
reactions are : cleavage of the intermonomeric linkages,
demethylations, hydroxylations, side chain modifications, and
aromatic ring fission followed by dissimilation of the

aliphatic metabolites produced.

2.7. Pectinolytic enzymes

Pectinolytic enzymes also assist in the degradation of
plant biomass., These enzymes are mostly known to cause tissue
maceration by attacking the a-1,4 glycosidic bonds found in
uronic polymers of pectic substances and by removal of methyl
groups from pectin (Bilgrami and Dube, 1976). The components
that participate in such activities are pectate lyase, pectin
lyase, polygalacturonase, polymethylgalcturonase, and pectin
methyl esterase (Bilgrami and Dube, 1976; Schlemmer et al.,
1987).

2.8. Cellulolytic micro-organisms

Several species of bacteria (Ramasamy et al. 1981; Akin
and Rigsby, 1985; Shiang et al., 1991; Rodriquez et al., 1993}
, actinomycetes (Crawford, 1978; Antai and Crawford, 1981;
Mackenzie et al., 1984; Sasaki, 1989), and fungi (Mandels et al
., 1974; Sternberg et al., 1977; Viesturs et al., 1981; Wood
and McCrae, 1982; Macris, 1984; Sasaki, 1989; Szczodrak, 1989)
are known to grow and elaborate cellulases on lignocellulosic
substrates. However, only a limited number of fungal species
are capable of excreting large amounts of cellulase (Wood,
1985).

Members of the genera, viz., Trichoderma (Mandels et al.,
1974; Herr, 1979; Tangnu et al., 1981; Warzywada et al., 1983),
Penicillium (Mishra et al., 1984; Funaguma et al., 1986),
Aspergillus (Sternberg et al., 1977; Singh et al., 1990},
Sclerotium (Shewale and Sadana, 1978), Cladosporium (Abrha and

Gashe, 1992) and a number of others have been reported to
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produce high cellulase activities. Of all the investigated
fungi, Trichoderma reesei and its mutants are the most powerful
inducers of cellulases (Sasaki, 1989). Although this species is
known to excrete high 1levels of cellulose-solubilizing
activities, the extramycelial yields of fB-glucosidase in the
culture filtrates are low (Sternberg, 1976). Therefore, much
attention is now given to the search for a new and efficient
endo-glucanase, cellobiohydrolase and B-glucosidase
hyperproducing organisms through isolation, mutation and
genetic engineering. In addition to this the production of
other enzymes like xylanases, ligninases and pectinases by such
organisms would be of great importance to enhance and promote
saccharification processes to the 1level of practical
application.

Fortunately many cellulase-producing micro-organisms are
also xylanase and pectinase producers (Harmova et al., 1991;
Stutzenberger, 1991; Bailey and Poutanen, 1989; Dekker, 1983;
Tangnu et al., 1981), which is a very useful property for
maximum wutilization of lignocellulosics wusing enzymatic

hydrolysis.

2.9. Single-cell protein production from lignocellulosics

The sugar syrups produced by enzymatic hydrolysis of
lignocellulosics can be used for single-cell protein (SCP)
production (Tanaka and Matsuno, 1985; Spencer-Martin and van-
Uden, 1977; Taniguchi et al., 1982).

There are two ways of producing SCP: 1. by direct growth
of micro-organisms on pretreated lignocellulosic materials
using either a monoculture or a mixed culture; 2. by the growth
of micro-~organisms, preferentially yeasts, in the sugar
solution obtained by enzymatic hydrolysis of pretreated
lignocellulosic materials (Tanaka and Matsuno, 1985).

The organisms mostly used for SCP production are yeasts.
The reason that they are preferred to other fungi, bacteria or
algae is partly due to cultural bias (Humphrey, 1975) and
partly a consquence of the good nutritional quality of yeast

proteins (Young and Scrimshaw, 1975).
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Some of the common yeast species that have been reported
in SCP production are Candida utilis (Kristensen, 1978;
Taniguchi et al.,1982), Saccharomyces cerevisiae (Taniguchi et
al., 1982), Trichosporon cutaneum {Sandhu and Waraich, 1983;
Taniguchi et al., 1982}, Lipomyces starkeyli and Lipomyces
kononenkoae (Spencer-Martins and van-Uden, 1977), Candida
tropicalis, Torulopsis  xylinus, Candida gquilliermondili
(Taniguchi et al., 1982).
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material was then exposed to Lye or 2% NaOH (w/v)-pretreatment.

Filter paper (Whatman No.l), obtained from the
department’s chemical store, was also pulverized in a similar
manner before use,.

Commercially produced carboxymethylcellulose sodium salt
(CMC, high wviscosity, Sigma), avicel (microcrystalline
cellulose, Merck), salicin (Sigma), xylan (ocat spelt, Sigma),
pectin (citrus pectin, Sigma), polygalacturonic acid (Sigma),
D-glucose (Sigma) were all obtained in powder forms from the
donations of the Bidtechnology project of the Department of
Biology.

3.3.1. Growth substrate for molds

The substrates used as carbon and energy source for
Trichoderma sp., Cladosporium sp. and Penicillium sp. were D-
glucose, carboxymethylcellulose (CMC) or filter paper, and
untreated or alkali-treated teff straw and corn stalk.

3.3.2. Growth substrates for yeasts
D-Glucose and enzymatic hydrolysates of alkali-treated
teff straw and corn stalk were used as growth substrates for

Candida utilis and Saccharomyces cerevisiae.

3.3.3.hnssay substrates
The assay substrates included filter paper, avicel,
carboxymethylcellulose, salicin, xylan, pectin, and

polygalacturonic acid.

3.4, Pretreatment of lignocellulosics

Alkali-pretreatment of lignocellulosics was carried out
using the method described by Mandels et al., (1974) with
slight modification.

Four grams of shredded teff straw or corn stalk were added
to 100 ml of 2% NaOH (w/v) or Lye (spent liquor from soap
manufacturing factory) in a 500 ml capacity Erlenmeyer flask.
The flask was kept in a water bath (Gallenkamp,UK) for 90

minutes at 70°C. The suspension was then washed several times
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with tap water to neutrality and dried in an oven overnight at
g0°C.
3.5. Growth and cellulase induction media

The media used for growth and induction of cellulases were
prepared as previously described by Erxku (1990), Gashe (1992),
and Abrha & Gashe (1992).

3.5.1. Media for Trichoderma sp.

The media contained the following ingredients (g/100 ml)
: KH,PO,, 0.62; Mgs0,.7H,0, 0.05; KCl, 0.05; FeSO,, 0.005; KNO,,
1.0; yeast extract, 0.2; Tween-80 (to increase porosity), 2%
(v/v); 2 ml of trace mineral solution whose composition was
(ug/100 ml): HBO,, 0.5; CaCO,, 10.0; Cus0,.5H,0, 1.0;
FeSO,(NH,),S0,, 50; KI, 1.0; MnSO,, 2.0; MoO,, 1.0 and ZnS0,,7H,0,
5.0.

3.5.2. Media for Cladosporium sp. and Penicillium sp.

The growth and cellulase induction media of Cladosporium
sp. and Penicillium sp. consisted of all ingredients of the
medium of Trichoderma sp. except for KCl and 0.2% Tween-80.
These were replaced with 0.059 of CaCl, and 0.1% Tween-80
(v/v), respectively.

All media, including those of Trichoderma sp., were
autoclaved at 121°C and 15 lbs./sqg.in. for 15 minutes before
use. These were then aseptically inoculated and incubated for
6-30 days, at room temperature in an orbital shaker
(Gallenkamp, UK) operating at 150 RPM.

3.5.3. Media optimization

In addition to the above-mentioned mineral medium, carbon
sources of wvarying quality and quantity, viz., 0.5% filter
paper (for Trichoderma sp.), 1% or 2% carboxymethylcellulose
(for Cladosporium sp. and Penicillium sp., respectively), 0.5-
3% untreated or alkali~treated 1lignocellulosics, and
cellulosics (filter paper or carboxymethylcellulose)
supplemented with 0.5-3% untreated or alkali-~treated

lignocellulosics, were used to find the optimum concentration
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4. RESULT

4.1. Production of extracellular enzymaes by Trichoderma sp.,

Cladosporium sp. and Penicillium ap.

Trichoderma sp., Cladosporium sp. and Penicillium sp.,
which were grown on different media containing cellulosics,
lignocellulosics or cellulosics supplemented with
lignocellulosics as carbon and energy sources, produced various
extracellular degradative (hydrolytic) enzymes that were active
against various components of plant parts (Table 1).

As can be seen from the table, all the test fungi were
able to excrete cellulase({endoglucanase, exoglucanase and fA-
GDase), xylanase, and polygalacturonase into the culture media.
With the exception of Cladosporium sp., all were also capable
of releasing pectinase into the media. 1In comparison
Trichoderma sp. produced the highest cellulase, xylanase and
polygalacturonase activities while Penicillium sp. produced the
highest pectinase activity under the specified culture
conditions.

In all cases, when three of the components of the
cellulase were compared with each other, it was found that the
activities of CMCase were much higher than those of B-GDase and
Avicelase. In Trichoderma sp. the activity of Avicelase was
slightly higher than that of the B-GDase. But in Cladosporium
sp. and Penicillium sp. the activities of PB-GDase were much
greater than those of the avicelase (Table 1).

The activities of FPase were generally lower than those of
the above three components of the cellulase for all fungi
studied.

Time course studies on the production of cellulase by the
three fungi revealed that the components of cellulase (CMCase,
avicelase and B-GDase) show different optima at different
periods of growth (Fiqures 1~3}. The patterns of the enzyme
production were, however, similar for all components of the
cellulase system.

In Trichoderma sp. production of all three components of

the cellulase started on the 6*" day of incubation and reached
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Table 1: Detection of extracellular enzymes from Trichoderma

ap'., Cladosporium sp’. and Penicillium ep’. growth media,

ACTIVITY GROWTH
ORGANISM ENZYME (1U/ml) SUBSTRATE
Trichoderma sp. cellulage:
CHCape 75 Fp!
B-GDase 3,15 PP
Avicelase
FPage 3.6 FP
Xylanase 2.9 FP
Pactinase 1.51 LTCTS? (2%)
Polygalacturonase 0.20 LTCTS (2%)
0.37 LTCTS (2%)
Cladosporium sp. | ¢cellulase:
CHCase 20.4 CMC? (1%)
A-Gbase 2.6 CMC (1%)
Avicelase
FPage 0.9 CHC (1%)
Xylanase 0.7 CMC (1%)
Pectinase 0.47 LTCTS (2%}
Polygalacturonase 0 LTCTS (2%}
0.11 LTrTS (2%)
Penicillium sp. Cellulase:
CHcase 16.7 CHMC (2%)
B-cbase 2.0 CMC (2%)
Avicelase
Fpase 0.5 CMC (2%)
%ylanase 0.4 CMC {2%)
Pectinase 1.04 LTrTS {2%)
Polygalacturonase 0.29 LTrTS (2%)
0.28 LTrTS (2%)

Filter paper

Lye-treated teff straw

3carboxymethylcellulose

‘Growth was allowed to proceed for

temperature, before activity was determined.
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Figure-1.

Figure-2.

Figure-3.

Figure-4.

Note :

The effect of filter paper (2%) on the production
of cellulase by Trichoderma sp..

= CMCase |+ AVase X FPase © B-GDase

The effect of CMC (1%) on the production of
cellulase by Cladosporium sp..

—+- CMCagse —t AVase ¥ FPase -~ g-GDass

The effect of CMC (2%) on the production of

cellulase by Penicillium sp.

—— CMCase —+ AVage —% FPase —© @-GDase

The effect of alkali-pretreatment of teff straw on
the production of : A. CMCase B. FPase and C. B-
GDase by Trichoderma sp.

== 2% UnTS  —+- 2% LTrTS % 2% NTITS

See Tables 1-12 for abbreviations.
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their peaks on the 16 to 18*" day of incubation (Fig. 1).

In Cladosporium sp. and Penicillium sp., however, the
release of these enzymes were detected on the 4' day of
incubation. Apart from these, the time needed for optimum
production of all components of cellulase in the later two

fungi was shorter than that required for Trichoderma species.

4.2. The effects of untreated and alkali-treated
lignocellulosics on the production of CMCase, FPase

and B-glucosidase by Trichoderma sp., Cladosporium sp.

and Penicillium sp.

The effects of using varying concentrations of untreated
and alkali-treated lignocellulosics or cellulosics supplemented
with lignocellulosics, as carbon and energy sources, on the
synthesis and excretion of CMCase, FPase and f-~glucosidase by
Tichoderma sp., Cladosporium sp. and Penicillium sp. are shown
on Tables 2-12.

When filter paper and CMC (cellulosics) were used as
carbon and energy sources, optimum production of CMCase, FPase
and B-GDase occurred at 0.5% filter paper for Trichoderma sp.,
1% CMC for Cladosporium sp. and 2% CMC for Penicillium sp.. The

values for the enzyme activities are shown in Tables 2 - 12.

4,.2.1. The effect of untreated teff straw on CMCase, FPase and
B-GDase production by Trichoderma sp.

Table 2 shows the effect of varying concentrations of
untreated teff straw (i.e. 0.5%, 1%, 2% and 3%) on CMCase,
FpPase and B-GDase production by Trichoderma sp..

At 0.5% concentration of untreated teff straw the amounts
of CMCase, FPase and f#-GDase wexre 23, 0.7 and 2.0 IU/ml
respectively. Increasing the concentration of the straw to 1 or
2% brought about improvements in CMCase, FPase and B-GDase
activities. The activities of CMCase were increased by 67% and
107% and those of FPase were increased by 57% and 129%,
respectively. Similarly, B-GDase activities were improved by
65% and 175% when using 1% and 2% untreated teff straw,

respectively. Concentrations higher than 2% did not bring about
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Table 2: CMCase, FPase and B-GDase production by Trichoderma
sp.’ grown on varying concentrations of untreated
teff straw and on filter paper supplemented with
different concentrations of untreated teff straw.

SUBSTRATE- ENZYME ACTIVITY (1U/ml)
CMCase FPase B-GDhase
0.5% Fp! 75 2,9 3.15
UnTS? alone,
0.5% 23 0.7 2.0
1% 38.5 1.1 3.3
2% 47.5 1.60 5.5
3% 49.3 1.60 5.3
0.5% FP Plus,
0.5% UnTS 36.3 0.9 5.0
1% UnTS 54 1.4 7.25
2% UnTSs 44 0.9 5.9

'Filter paper
*Untreated teff straw
* ~Growth was allowed to proceed for 8 to 26 days, at room

temperature, before activity was determined.
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by 34% and 7% respectively (Table 3). Similarly, NaOH-
pretreatment increased the quantities of FPase and f3-GDase by
about 44% and 26%, respectively. Neither lye- nor NaOH-
pretreatment helped in improving CMCase production. The amount
of CMCase was rather decreased by 21% and 11% by pretreating
teff straw with lye and NaOH, respectively.

Maximum production of CMCase, FPase and 0B-GDase was
observed at a much earlier period in the growth of the test
organism when alkali-treated teff straw was used as the sole
carbon and energy source (Figures 4A-C) and as a supplement to
filter paper (Figures 5A~C), Both lye and NaOH pretreatments
reduced the time required for maximum production of CMCase by
12 and 10 days and that required for B-GDase by 20 and 18 days
' iespectively (Fig. 4A & C). Similarly, the time of maximum
production of FPase was also shortened by 4 and 2 days by lye-
and NaOH-pretreatment, respectively (Fig. 4B}.

4.2.3, The effect of untreated corn stalk on CMCase, FPase and
B-GDase production by Trichoderma sp.

Four levels of concentrations (0.5%, 1%, 2% and 3%) of
untreated corn stalk were used as carbon and enerqgy sourxces for
the growth of Trichoderma sp..

At 0.5% level of concentration of untreated corn stalk
there was no detectable quantity of CMCase, FPase and B-GDase
in the culture medium {Table 4). Increasing the concentration
of untreated corn stalk to 1% or 2% resulted in the production
of very small quantities of CMCase, FPase and [-GDase. The
activities of CMCase and B-GDase generally increased with
increase in the concentration of the growth substrate (i.e.
CMCase and f3-GDase activities increased by about 309% and 175%,
respectively, when the concentration of untreated corn stalk
was 1increased from 1% to 2%). But FPase was detectable only
when the concentration of untreated corn stalk was =z 2% in the
medium. Concentrations higher than 2% did not significantly
improve the activities of CMCase, FPase and B-GDase. Therefore,
2% untreated corn stalk, being the optimum concentration, was

used for pretreatment studies.
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Table 4: CMCase, FPase and f-GDase production by Trichoderma

sp.’

grown on varying concentrations of untreated corn

stalk and on filter paper supplemented with different

concentrations of untreated corn stalk.

SUBSTRATE ENZYME ACTIVITY (IU/ml)
CMCase FPase B~GDase
0.5% FP! 75 2.9 3.15
UnCs? alone,
0.5% 0 0 0
1% 2.2 0 0.4
2% 9.0 0.5 1.1
3% 10.5 0.6 0.9
0.5% FP plus,
0.5% UnCs 0 0 0
1% UnCs 0.7 0 0.2
2% UnCs 1.9 0.2 1.1
3% UncCs 1.7 0.2 1.0

Filter paper

Untreated corn stalk.

* ~Growth was allowed to proceed for 8 to 14 days, at room

temperature, before activity was determined.
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However, the amounts of CMCase, FPase and B-GDase produced
in 2% untreated corn stalk were much less than those produced
in 0.5% filter paper. The activities of CMCase, FPase and B-
GDase were decreased by 88%, 83% and 65% respectively.

When filter paper was supplemented with varying
concentrations of untreated corn stalk the amounts of CMCase,
FPase and j-GDase still declined much more than they did in
media containing only untreated corn stalk as carbon and energy
source (Table 4}.

No trace of CMCase, FPase and B-GDase was deteéted at 0.5%
concentration of untreated corn stalk added to filter paper.
When, however, 1% or 2% untreated corn stalk was added to
filter paper very small quantities of CMCase and B-GDase were
detectable in the culture medium. The highest activity was
detected when 2% untreated corn stalk was added to filter
paper. RB-GDase activity was detected only in filter paper
supplemented with z 2% untreated corn stalk. Therefore, 2% was
congidered as the optimum concentration for supplementing
filter paper. Nevertheless, the yield of CMCase and FPase
obtained from media containing filter paper supplemented with
2% untreated corn stalk was much lower than that obtained from
media containing only 2% untreated corn stalk. Thus, the
supplemented medium was not used for pretreatment studies.

As compared to media -containing only filter paper, filter
paper supplemented with 2% untreated corn stalk was found to be
a very poor substrate for the production of CMCase, FPase and
B-GDase. Supplementation, generally, reduced the activities of
these enzymes by 98%, 93% and 65%, respectively (Table 4).

4.2.4. The effect of alkali-pretreatment of corn stalk on
CMCase, FPase and B-GDase production by Trichoderma
8p.

Tremendous improvements were observed in CMCase, FPase and
B-Gbase production when alkali-pretreated corn stalk was used
as the sole carbon and energy source (Table 5). DLye-
pretreatment improved the amounts of CMCase, FPase and f-GDase
by 278%, 160% and 355% —respectively. Likewise, NaOH-
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Figure-=5. The effect of supplementation of filter paper with
alkali-treated teff straw on the production of: A.
CMCase B. FPase and C. $B-~GDase by Trichoderma sp..

~ EP + 1% UnTS + FP + 1% LTrTS X FP + 1% NTrTS

Figure-6. The effect of alkali-pretreatment of corn stalk on
the production of: A. CMCase B. FPase and C. f-
GDase by Trichoderma sp..

00, UnCS 2% LTrCS X 2% NTrCS

Note: See Tables 1-12 for abbreviations
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pretreatment increased the levels of these enzymes by 231%,
140% and 355%, respectively. Moreover there was a 4 days
reduction in the time required for maximum production of both
CMCase and FPase by pretreating corn stalk with either lye or
NaOH (Fig. 6A & B). The time for maximum production of B-GDase
was also reduced by about 2 days in media containing only lye-
treated or NaOH-treated corn stalk.

4.2.5. The effect of untreated teff straw on CMCase, FPase and
B-Ghase production by Cladosporium sp.

Cladosporium sp. was grown in media containing different
concentrations of teff straw and in media containing 1% CMC
supplemented with varying concentrations of untreated teff
straw.

When 0.5% untreated teff straw was used as a single carbon
and energy source, the amounts of CMCase and FPase excreted
into the culture media were 42.2 and 0.9 IU/ml, respectively
(Table 6). Increasing the concentration of the untreated teff
straw to 1% improved their activities by 30% and 33%,
respectively. Further increase in concentration, however, did
not improve the activities of CMCase and FPase. [-GDase
activity was not detected at all in any of the concentrations
of the straw used. Thus, 1% untreated teff straw was found to
be the optimum concentration with which further studies could
be made on the effect of alkali-pretreatment on CMCase, FPase
and B-GDase production by Cladosporium sp..

The amounts of CMCase and FPase produced in media
containing only untreated teff straw were generally higher than
those produced in media containing CMC as a single carbon and
energy source., In CMC-containing media Cladosporium sp.
produced 20.4 and 0.7 IU/ml of CMCase and FPase, respectively
(Table 6). When CMC was replaced with 1% untreated teff straw
the activities of CMCase and FPase were increased by 233% and
71% respectively. However, B-GDase was detectable only when CMC
was used as a single carbon and energy source but not in media
containing untreated teff straw,

Supplementing CMC with varying concentrations of untreated
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Table 5: CMCase, FPase and B-GDase production by

Trichoderma sp.' grown on alkali-treated corn stalk.

ENZYME ACTIVITY (IU/ml)
SUBSTRATE CMCase FPase B-GDhase
0.5% FP? 75 2.9 3.15
2% UnCs? 9.0 0.5 1.1
2% LTrCs? 34 1.3 5.0
2% NTrCs! 29.8 1.2 5.0

'Filter paper

*Untreated corn stalk

‘Lye-treated corn stalk

‘NaOH-treated corn stalk

* -Growth was allowed to proceed for 6-14 days, at room
temperature, before activity was determined.
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Table 6: CMCase, FPase and B-GDase production by Cladosporium
8p.’ grown on varying concentrations of untreated teff
straw and on CMC supplemented with different
concentrations of untreated teff straw.

ENZYME ACTIVITY (IU/ml)
SUBSTRATE
CMCase FPase B-GDase
1% CMC? 20.4 0.7 2.6
uUnTS® aleone, 0.5% 42,2 0.9 0
1% 68 1.2 0
2% 30.4 0.8 0
1% CMC plus,
0.5% UnTS 25.2 0.7 2.0
1% UnTS 25.2 0.7 2.0

!Carboxymethylcellulose

Untreated teff straw

* —Growth was allowed to proceed for 10 to 20 days, at room
temperature, before activity was determined.
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teff staw did not improve CMCase, FPase and B-GDase production
by Cladosporium species. When 0.5% untreated teff straw was
added to 1% CMC the amounts of CMCase and FPase released into
the media were more or less similar to those released when CMC
was used as a single carbon and energy source (Table 6).
Increasing the concentration of untreated teff straw added to
CMC to 1% or 2% did not improve their activities, Furthermore,
A-GDase activity was not improved in any of the concentrations
of untreated teff straw added to CMC. In media containing only
CMC as carbon and energy source, the activity of B-GDase was
2.6 IU0/ml. When CMC was supplemented with 2% untreated teff
straw its activity was decreased by about 8% (Table 6). Thus,
no supplemented medium was used for further study on the effect
of pretreatment of teff straw on CMCase, FPase and B-GDase

production by Cladosporium species.

4.2.6. The effect of alkalil-pretreatment of teff straw on

CMCase, FPase and B-GDase production by Cladosporium

sp.

When 1% teff straw was pretreated with lye and used as
carbon and energy source for Cladosporium sp., the amounts of
CMCase and FPase excreted into the culture medium were found to
decrease by about 15% and 25% respectively (Table 7). Simlarly,
pretreatment with NaOH also resulted in a decrease in the
quantities of CMCase and FPase by 34% and 42%, respectively
(Table 7). Furthermore, neither lye- nor NaOH-treated teff
straw were able to induce the release of B-GDase into the
media.

The time for maximum production of CMCase was reduced by
2 and 4 days when using lye-treated and NaOH-treated teff
straw, respectively, in place of untreated teff straw (Fig.
7A) . Similarly, there was a 4 and 6 days reduction in time for
maximum production of FPase by replacing untreated teff straw
with Lye-treated and NaOH-treated teff straw, respectively
(Fig. 7B).
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Table 7: CMCase, FPase and B-GDase production by Cladosporium

sp.’ grown on alkali-treated teff straw and corn stalk.

ENZYME ACTIVITY (IU/ml)
SUBSTRATE CMCase FPase A-GDase
1% CMC 20.4 0.7 2.6
1% UnTS 68 1.2 0
1% LTxTS 58 0.90 0
1% NTxTS 45 0.7 0
1% UnCS 43 0.9 0
1% LTxCS 46.5 1.2 0
1% NTrCs 48.2 1.3 0
Note:

- Abbreviations for substrates are as in Tables 1-6.
* ~Growth was allowed to proceed for 8-22 days, at room

temperature, before activity was determined.
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4,2.7. The effect of untreated corn stalk on CMCase, FPase and
B-GDase production by Cladosporium sp.

Varying concentrations of untreated corn stalk (0.5%, 1%
and 2%) were used either as supplement to CMC or as single
carbon and energy source for growth of Cladosporium species, At
0.5% level of concentration of corn stalk the activities of
CMCase and FPase were 37% and 0.7% IU/ml respectively (Table
8). Increasing the concentrations to 1% improved the activities
by 16% and 29%, respectively. Further increase in concentration
of untreated corn stalk did not impréve CMCase and FPase
production. Although it was possible to harvest relatively
large quantities of CMCase and FPase there was no trace of f-
GDase activity detected in any of the concentrations of
untreated corn stalk used.

Since 1% was the optimum concentration for maximum
production of CMCase and FPase this level of concentration of
untreated corn stalk was used in the study of the effect of
prtreatment on enzyme production.

The amount of CMCase and FPase produced in 1% untreated
corn stalk were generally higher than the amounts produced in
1% CMC. However, CMC was superior to untreated corn stalk in
inducing the release of B-GDase.

When CMC was supplemented with different concentrations of
untreated corn stalk, the production of CMCase and FPase was
kept as low as that of the medium containing CMC as a single
carbon and energy source. At the level of 0.5% concentration of
untreated corn stalk added to CMC the activities of CMCase and
FPase were 22.7 and 0.7 1IU/ml, respectively (Table 8).
Increasing the concentration of the substrate added to CMC to
1% increased their activities slightly by about 15% and 14%,
respectively. Further increase to 2% did not improve their
activities.

A-GDase activity was also detected in all the
concentrations of untreated corn stalk added to CMC. The level
of its production was increased with increase in concentration
of untreated corn stalk added to CMC. However, the activities

were still much less than those produced in 1% CMC used as a
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Table 8: CMCase, FPase and B-GDase production by Cladosporium
sp.’ grown on varying concentrations of untreated corn
stalk and on CMC supplemented with different

concentrations of untreated corn stalk.

ENZYME ACTIVITY (IU/ml)
SUBSTRATE
CMCase FPase 3-GDase
1% CMC 20.4 0.7 2.6
UnCS alone,
0.5% 37 0.7 0
1% 43 0.9 0
2% 33 0.8 0
1% CMC plus,
0.5 UnCs 22.7 0.7 0.7
1% UnCs 26,1 0.8 0.9
2% UnCS 25.9 0.7 1.1

Note:
- BAbbreviations for substrates are as in Tables 4 and 6.
* -Growth was allowed to proceed for 8 to 18 days, at room

temperature, before activity was determined.
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Figure-7. The effect of alkali-pretreatment of teff straw on

Figure-8.

the production of: A. CMCase and B. FPase by

Cladosporium sp.

~— 1% UnTS + 1% LTrTS % 1% NTrTS

The effect of alkali-pretreatment of corn stalk on
the production of: A. CMCase and B. FPase by
Cladosporium sp.

=~ 1% UnCS 1% LTrCS 1% NTrCS

NMote: See Tables 1-12 for abbreviations
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single carbon and energy source.

In general, supplementing CMC with untreated corn stalk
was not better than either 1% CMC or 1% untreated corn stalk
used as single carbon and energy sources in inducing CMCase and
FPase. Moreover, the amount of B-GDase was severely reduced by
the addition of untreated coxrn stalk to CMC. Thus, none of the
corn stalk-supplemented media was used for further study (i.e.
study on the effect of pretreatment of corn stalk on CMCase,

FPase and f-GDase production}.

4,2.8., The effect of alkali-pretreatment of corn stalk on
CMCase, FPase and B~GDase by production Cladosporium
Bp.

Pretreatment with lye and NaOH improved CMCase production
by 8% and 12% and FPase production by 33% and 44%, respectively
(Table 7). But it showed no improvement in B-GDase production
(L.e. there was no trace of B-GDase activity in the culture
medium containing alkali-treated corn stalk).

Slight changes were also observed in the time required for
maximum production of CMCase and FPase (Fig. 8A & B). The time
for maximum production of CMCase was shortened by 4 and 2 days
when wusing lye-pretreated and NaOH-pretreated corn stalk,
respectively. Likewise, maximum production of FPase occurred 2
days earlier in the alkali-treated corn stalk than in the

untreated one.

4.2.,9. The effect of untreated teff straw on CMCase, FPase and
#-GDase production by Penicillium sp.

Penicillium sp. was grown either in media containing only
CMC or in media containing varying concentrations of untreated
teff straw as the sole carbon and energy source. It was also
grown in media containing CMC supplemented with different
levels of concentrations of untreated teff straw.

When CMC was replaced with varying concentrations of
untreated teff straw there was a sharp decline in the amounts
of CMCase, FPase and B-GDase (Table 9). At 0.5% concentration
of untreated teff straw only low levels of CMCase (1.5 TIU/ml)
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Table 9: CMCase, FPase and B-GDase production by Penicillium

sp.’ grown on varying concentrations of untreated teff

straw and on CMC

supplemented

concentrations of untreated teff straw.

with

different

ENZYME ACTIVITY (IU/ml)
SUBSTRATE
CMCase FPasge B-GDhase
2% CMC 16.7 0.4 2.0
UnTS alone,
0.5% 1.5 0 0
1% 4,8 0 0.4
2% 9.6 0 1.1
1% 11.2 0 0.8
2% CMC plus,
0.5% UnTs 15.2 0.2 2.0
1% unTs 16,2 0.4 3.0
2% UnTs 14.8 0.4 3.0

Note:

- Abbreviations are as in Table 6.

* -Growth was allowed to proceed for 6 to 14 days, at room

temperature, before activity was determined.




were detected in the culture medium. There was no trace of
either FPase or [B-GDase activity at this 1level of
concentration. Increasing the concentration of the straw up to
2% improved the production of CMCase and B-GDase. The
activities were improved from 1.5 IU/ml to 9.6 IU/ml and from
zero to 1,1 IU/ml, respectively. However, FPase activity was
not detected in any of the concentrations of untreated teff
straw used. Further increase in concentration of the untreated
teff straw (= 2%) did not bring about any significant
improvement in the production of CMCase, FPase and B-GDase.
Thus, 2% untreated teff straw was taken as the optimum
concentration for maximum production of CMCase and B-Gbhase,
with which further studies were made on the effect of alkali-
pretreatment on enzyme production by Penicilljium species.
Supplementing 2% CMC with varying concentrations of
untreated teff straw did not improve the production of CMCase,
FPase and B-GDase. However, the activities obtained in these
media were far more better than those obtained when untreated
teff straw was used as a single carbon and energy source. When
0.5% untreated teff straw was added to 2% CMC the amounts of
CMCase, FPase and B-GDase were 15.2, 0,20 and 2.0 IU/ml
respectively (Table 9). Increasing the concentration of the
substrate (untreated teff straw) added to CMC to 1% improved
the activities of CMCase, FPase and B-GDase by 7%, 100% and 50%
respectively. Further increase in concentration of untreated
teff straw, however, did not improve their activities. Thus,
studies on the effect of pretreatment of teff straw on CMCase,
FPase and B-GDase production by Penicillium sp. were made using
this level of concentration, i.e. 2% CMC supplemented with 1%

untreated teff straw.

4,2.10, The effect of alkali-pretreatment of teff straw on
CMCase, FPase and A-GDase production by Penicillium
8p.
Alkali-pretreated teff straw was either used as a single
carbon and energy source or as a supplement to CMC for growth

of Penicillium species.
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Lye- and NaOH-pretreatment of teff straw generally were
found to improve CMCase, FPase and B-GDase production by
Penicillium sp.(Table 10).

As can be seen in the table, in media containing only teff
straw, the amounts of CMCase, FPase and B-GDase were improved
from 9.6, 0, and 1.1 IU/ml to 14.0, 0.2 and 1.9 IU/ml as a
result of lye-pretreatment (a 46 - 73% improvement). Similarly,
NaOH-pretreatment improved the quantities of these same enzymes
from 9.6, 0, and 1.1 IU/ml to 15.5, 0.3 and 2.3 IU/ml,
respectively (a 62 -~ 109% improvement).

There was also slight improvement in the time required for
maximum production of CMCase and B-~GDase. Alkali-pretreatment
generally reduced the time of maximum production of both
enzymes by 2 days (Fig. 9a & C).

In media containing CMC supplemented with teff straw,
pretreatment with lye improved the quantities of CMCase, FPase
and fA-GDase by about 24%, 25% and 7%, respectively. Likewise,
pretreatment with NaOH improved these enzymes by 61%, 75% and
47%, respectively (Table 10). Apart from these alkali-
pretreatment shortened the time of maximum production of CMCase
and FPase by about 2 days (Fig.l0A & B). The time for maximum
production of N-GDase was also reduced by 4 and 2 days as a
result of lye and NaOH-pretreatment, respectively (Fig.10C).

Enzyme production, particularly production of FPase and -
GDase, was relatively higher in the supplemented media than in
media containing only teff straw. Therefore, the supplemented
media, i.e. CMC plus 1% alkali-treated teff straw, were
selected for the study of fungal biomass production (i.e. for

growth of Penicillium sp.).

4.2,11, The effect of untreated corn stalk on CMCase, FPase and
B-GDase production by Penicillium sp.

Penicillium sp. was found to grow and elaborate CMCase,
FPase and f~GDase when grown in media containing untreated corn
stalk.

The amount of CMCase, FPase and fB-GDase produced from a

medium containing optimum concentration of untreated corn stalk
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Table 10: CMCase, FPase and B-GDase production by Penicillium
sp.’ grown on alkali-treated teff straw and on CMC

supplemented with alkali-treated teff straw.

ENZYME ACTIVITY (IU/ml)
SUBSTRATE CMCase FPase B-Ghase
2% CMC 16.7 0.4 2.0
2% UnTS 9.6 0 1.1
2% LTrTS 14.0 0.2 1.9
2% NTrTS 15.5 0.3 2.3
2% CMC + 1% UnTS 16.2 0.4 3.0
2% CMC + 1% LTrTS 20 0.5 3.2
2% CMC + 1% NTCTS 26 0.7 4.4
Note:

- Abbreviations are as in Table 7.
* -Growth was allowed to proceed for 6-14 days, at room

temperature, before activity was determined.
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Figure-9.

Figure-10.

Note:

The effect of alkali-pretreatment of teff
straw on the production of: A. CMCase B.

FPase and C. B-GDase by Penicillium sp.

99, UnTS — 2% LTrTS K 2% NTITS

The effect of supplementation of CMC with
alkali-treated teff straw on the production
of: A. CMCase B. FPase and C. B-GDase by
Penicillium sp.

= CMC + 1% UnTS T CMC + 1% LTrTS ¥ CMC + 1% NTITS

See Tables 1-12 for abbreviations.
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As can be seen from Table 11, the amounts of CMCase and
FPase produced in 2% CMC supplemented with 1% untreated corn
stalk were about the same as those produced in 2% CMC. Only the
release of B-GDase seemed to be slightly improved (a 50%

improvement) by supplementing CMC with untreated corn stalk.

4.2.12. The effect of alkali-pretreatment of corn stalk on
CMCase, FPase and B~GDase production by Penicillium
8p.

The amounts of CMCase, FPase and BA-GDase produced from
media containing alkali-treated corn stalk were comparea with
those produced from media containing untreated corn stalk
(Table 12).

In media containing only corn stalk, lye- and NaOH-
pretreatment improved the gquantities of CMCase by about 84%
and 120%, respectively (Table 12). FPase activity, which was
not detected in media containing untreated corn stalk, was
produced relatively in large quantities. Nevertheless, alkali-
pretreatmént had no effect on the activity of B-GDase (Table
12) and on the time required for maximum production of CMCase,
FPase and B-GDase (Fig. 11A-C).

In the supplemented media, alkali-pretreatment of corn
stalk did not show much improvement in enzyme production.
CMCase was only slightly improved by about 6% and 15% with lye-
and NaOH-pretreatment of corn stalk (Table 12). But there was
very little or no effect in the production of FPase as well as
B-GDase by pretreating corn stalk with alkali. In addition to
these, neither lye-pretreated corn stalk nor NaOH-pretreated
corn stalk was shown to reduce the time required for maximum
production of CMCase, FPase and f-GDase by Penicillium sp.
(Fig. 12A-C).

However, media containing only alkali-treated corn stalk
were better than the supplemented media for inducing CMCase and
FPase., Therefore, these media were used for fungal biomass

production studies.
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Table 12: CMCase, FPase and f~-GDase production by Penicillium
sp.’ grown on alkali-treated corn stalk and on CMC
supplemented with alkali-treated corn stalk.

ENZYME ACTIVITY(IU/ml)

SUBSTRATE CMCase FPase B-GDase
2% CMC 16,7 0.4 2,0
2% UnCs 30.7 0 3.5
2% LTICS 36.7 0.9 2.85
2% NTICS 33.2 0.7 2.5
2% CMC + 1% UnCS 17.2 0.5 3.0
2% CMC + 1% LTrCS 18.3 0.5 3.0
2% CMC + 1% NTrCS 19.7 0.4 3.0

Note:

- Abbreviations are as in Table 7.
* -Growth was allowed to proceed for 10-18 days, at room

temperature, before activity was determined

55




Figure-1ll. The effect of alkali-pretreatment of corn
stalk on the production of: A. CMCase B.
FPase and C. B-GDase by Penicillium sp.

= 29% UnCS 1T2% LTrCS % 2% NTrCS

Figure-12. The effect of supplementation of CMC with
alkali-treated corn stalk on the production
of: A. CMCase B. FPase and C. B-GDase by

Penicillium sp.

“CMC + 1% UnCS T CMC + 1% LTrCS X CMC + 1% NTrCS

Note: See Tables 1-12 for abbreviations.
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4.3. Mold biomass production

The amounts of cell mass and the crude protein produced as
a result of the growth of Trichoderma sp., Cladosporium sp. and
Penicillium sp. on different growth substrates are shown on
Tables 13 - 15. In addition to these, the tables also include
the calculated values of the percentage protein and the

percentage conversion of substrate to protein.

4.3.1, Biomass production by Trichoderma sp.

Table 13 shows the biomass produced in the form of
Trichodermal cell mass when lignocellulosics, filer paper or D~
glucose were used as growth substrates,

The highest biomass was produced in 1% D-glucose-
containing medium (610 mg/ml medium at 6 days of growth).

When filter paper (0.5%) was used as the sole carbon and
enerqgy source, only 217 mg of mold biomass/100 ml growth medium
was obtained. Supplementing filter paper with 1% untreated teff
straw resulted in a slight improvement in biomass production.
Addition of lye- oxr NaOH-pretreated teff straw (1%) to filter
paper-containing medium, howevex, improved the yield of mold
biomass greatly (305 mg and 341 mg/100 ml growth medium for
Lye-treated and NaOH-treated teff straw, respectively).

Untreated corn stalk was generally a poor substrate for
growth of Trichoderma sp. (31 mg of cell mass/100 ml growth
medium was produced on untreated corn stalk).

Pretreatment of corn stalk with lye or NaOH, however,
considerably improved the amount of Trichodermal cell mass
production.

The highest crude protein content was also produced from
D-glucose-containing medium (218.2 mg/100 ml medium} and the
lowest was from filter paper-containing medium (79.7 mg/100 ml
medium).

The percent protein of Trichoderma sp. remained more or
less the same for the fungus when grown on different growth
substrates. It ranged from 35.2% to 39.6%.

The pexcent conversion of substrate to protein was highest

for D-glucose (21.8%) and lowest for lignocellulosics or for

58




Table 13: Biomass production by Trichoderma sp. on different

growth substrates.

PARAMETERS
GROVITH
Protein Protein | Conversicn Biomass Relative
" SUBSTRATE (mg/100ml) (%) (%) (mg/100ml) | Biomass
(%)

1% D- 218.2 36 21.8 609.9 100
Glucose!
0.5% FP? 79.7 36.7 15.9 217 35.8
0.5% FP +

1% UnTs? ND ND ND 237 39.1
0.5% FP +
1% LTrTs? 107.3 35.2 9.3 305 50.3
0.5% FP +
1% NTrTS? 130.5 38.3 11.6 341 56.2
2% UnCs? ND ND ND 31 5.1
2% LTrCs? 137 39.6 8.4 346 57
2% NTrCs? 138.5 37.3 8.5 371 6l.1

!Growth was allowed to proceed for 6 days before biomass was

determined.

*Growth
days.,
Note:

- ND = Not determined

- Qther abbreviations are as in Tables 1-12.
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filter paper supplemented with lignocellulosics (8.4%-11.6%).

4.3.2 Biomass production by Cladosporium sp.

The highest biomass (822.5 mg/100 ml medium) was produced
in 1% D~glucose-containing medium (Table 14}.

The next preferred substrate was carboxymethylcellulose
(CMC). In this medium alcone it was possible to harvest more
than 82% of the biomass produced from 1% D-glucose-containing
medium.

The lignocellulosics, particularly the pretreated ones,
were nearly as good as CMC for the growth of Cladosporium sp..

Pretreatment with lye and NaOH improved the biomass
production for teff straw by about 18-22%. Similar
pretreatments for corn stalk also showed improvements (40-~45%
improvement for lye and NaOH-treated corn stalk) in biomass
production.

The highest crude protein was produced from D-glucose-
containing and the lowest from alkali-treated corn stalk (246.2
mg and 178.7 mg or 203.6 mg/100 ml medium on D-glucose and on
lye-treated or NaOH-treated corn stalk, respectively)}. CMC and
alkali-treated teff straw gave more or less comparable values
of crude protein.

It’s percent protein was also more or less the same for
the mycelia produced on different substrates. The percentage
protein generally ranged from 32% to 36.7%.

The percentage conversion of substrate to protein was also
highest for lye- and NaOH-treated teff straw followed by D-
glucose.

CMC and lye-treated corn stalk showed the lowest

percentage conversion values (23% and 21.7%, respectively}.

4.3.3., Biomass production by Penicillium sp.

Penicillium sp. produced the highest biomass in 1% D-
glucose~-containing medium (Table 15).

It showed very poor growth on CMC-containing media. It’s
growth was not significantly improved by supplementing CMC with

untreated teff straw.
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Table 14: Biomass production by Cladosporium sp. on different

growth substrates.

GROWTH PARAMETERS

SUBSTRATE ] ] . . .
Protein Protein converslion Biomasgs Ralative
(mg/100ml) (%) (%) (mg/l00ml} | biomass

(%)

1% D- 264.2 32 26.4 822.5 100

Glucose!

1% CMC? 230 33.8 23 680 82.7

1% UnTS? ND ND ND 515 62.6

1% LTrTs? 224 36.7 34.5 610 74,2

1% NTrTS?2 231.2 36.7 37.1 630.1 76.6

1% UnCs? ND ND ND 417 50.7

1% LTrCs? 178.7 30.6 21.7 584 71

1% NTrCs? 203.6 33.7 25 605 73.6

'Growth was allowed to proceed for 6 days before biomass was

determined.

*Growth on these substrates was allowed to proceed for 8-18

days.
Note:
.-.ND:

- Other abbreviations

Not determined
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Table 15: Biomass production by Penicillium sp. on different

growth substrates.

GROWTH PARAMETERS
SUBSTRATE . , . . .
Protein Protein | Conversion | Biomass Relative
{mg/100 ml) (%) (%) (mg/100ml) biomass
(%)
1% D-
Glucose! 234.6 27.5 23.5 851.8 100
2% CMC? 42.8 26.5 2.1 161.7 19
2% CMC +
1% UnTS? ND ND ND 174.1 20.4
2% CMC+
1% LTrTS? 74.2 26 2.8 285 33.6
2% CMC +
1% NTrTS? 89.8 29.1 3.4 309 36.3
2% UnCs? ND ND ND 272,.3 32
2% LTrCs? 123.3 30.6 7.5 403 47.3
2% NTrCs? 136.2 30.6 8.4 445 52.2

!Growth was allowed to proceed for 6 days before biomass was

determined.

’Growth was allowed to proceed for 8-12 da&s.

Note:

- ND = Not determined

- Other abbreviations are as in Tables 1-12.




Supplementation of CMC with lye- or NaOH-treated teff
straw showed, however, major improvements (a 76% and 91%
improvement, respectively) in biomass production over CMC,

Penicillium sp. seemed also to have more preference for
corn stalk than for teff straw. This can be seen from the fact
that it produced about half of the biomass that was produced in
1% D~glucose-containing medium (Table 15). Even the untreated
corn stalk was far more better than 2% CMC for it’s growth.
It*s biomass was further increased by pretreating corn stalk
with Lye or NaOH (a 48% and 63% increase, respectively).

The highest and the lowest crude protein were produced on
D-glucose and on CMC-containing media, respectively (234.6 mg
and 42.8 mg/100 ml medium, respectively). Supplementing CMC
with alkali-pretreated teff straw improved it‘s crude protein
content on average by about 203%., However, the values were
still lower than those obtained from alkali-treated corn stalk.

It‘s percentage protein ranged from 26% to 36.6%. The
highest was obtained from alkali-pretreated corn stalk.

The percentage conversion of substrate to protein by this
organism was highest for D-glucose and lowest for CMC (23.5%
and 2.1%, respectively). Alkali-pretreated corn stalk was next
to D-glucose in being the best converted substrate to protein
{(7.5% and 8.4% conversion for lye- and NaOH-pretreated corn

stalk, respectively).

4.4. Hydrolysis of teff straw and corn stalk using crude
enzyme cbtained from Trichoderma sp.

Figure 13 shows the hydrolysis of alkali-pretreated teff
straw and corn stalk over a range of time. The susceptibility
of these lignocellulosics to enzymatic attack was also compared
with that of avicel (microcrystalline cellulose).

0f the three tested substrates, teff straw was the most
degradable substrate by the crude enzyme from Trichoderma
species.

Under the specified assay conditions 36% of avicel, 64.8%
of lye-treated corn stalk, 74.8% of NaOH-treated corn stalk,
69.3% of lye-treated teff straw, 80.3% of NaOH-treated teff
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Figure-13.

Hote:

Time course of the hydrolysis of Avicel,
alkali-treated teff straw and corn stalk
using crude enzyme (which contained 1,7 IU/ml
of FPase) of Trichoderma sp.

- Avicel T LTITS X NTrTS < LTrCS < NTrCS

See Tables 1-16 for abbreviations.
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straw , as polysaccharides, were hydrolysed to give reducing
sugars in 72 hours.,

As shown from the figure, over 65% of the polysaccharides
contained in both the alkali-treated teff straw and corn stalk
were hydrolysed while only 30% of the cellulose in avicel was
hydrolysed in 72 hours.

Considering the amount of reducing sugar produced in 72
hours from NéOH-treated lignocellulosics as 100%, over 87.7% of
these sugars can be obtained from corn stalk and teff straw
pretreated with lye alone.

The hydrolysis data also showed that more than 76.6% of
the reducing sugars were obtained in 24 hours time (i.e. 91,7%,
76.6%, 83.6%, 88.9% and 90% for avicel, lye-treated corn stalk,
NaOH-treated corn stalk, lye-treated teff straw, and NaOH-

treated teff straw, respectively).

4.5. Yeast biomass production using enzyme hydrolysates of
teff straw and corn stalk as carbon and energy sources
Table 16 shows the biomass of Saccharomyces cerevisiae and

Candida utilis produced from the enzyme hydrolysates of teff

straw and corn stalk. For comparison, the yeasts were also

grown in media containing D-glucose whose concentrations were
equal to those of the reducing sugars in the hydrolysates.

As can be seen from the table, Saccharomyces cerevisiae
and Candida utilis were able to grow in both D-glucose- and
hydrolysate~containing media.

Both of the yeasts were more efficient in converting the
hydrolysates than the D-glucose to cell biomass. When compared
with each other, however, Candida utilis was found to be more
efficient than Saccharomyces cerevisiae in converting these
substrates to cell biomass. It’s efficiency was exceedingly
increased when it was grown in the hydrolysate of alkali-
treated lignocellulosics, particularly in the hydrolysate of
lye~ and NaOH-treated teff straw.
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Table 16: Comparison of the yeast® biomass production from enzymatic hydrolysates of alkali-trea

lignocellulosics and from D-glucose.

ENZYME HYDROLYZATES
D-Glucose LTrTs* NTrrs* LTrcs* NTrcs*
YEAST

Biom.! | Yileld? Biom. Yield Biom. Yield | Biom. Yield | Biom. Yield
Saccharomyces
cerevisiae 11.80 | 0.58 15.20 | 0.76 | 15.60 | 0.78 | 14.6 | 0.73 |15.3 | 0.77
Candida
utilis 15.2 0.78 24.8 1.24 27.7 1.39 16.7 0.83 18.9 0.85

‘Biomass (mg/100 ml)
*vyield (g/g)

*Abbreviations are as in Table 8.

‘Growth was allowed to proceed for 48

determined.

hours,

at room temperature,
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5. DISCUSSION

The three fungi (Tichoderma sp., Cladosporium sp. and
Penicillium sp.) were found to elaborate extracellular enzymes
(Table 1) that are capable of degrading a variety of
substrates. The ability of these fungi to excrete =xylanase,
pectinase and polygalacturonase enables them to efficiently
utilize heterogenous substrates (lignocellulosics). This
suggests that the culture filtrates of such micro-organisms
can be directly used in fermentation processes to get maximum
saccharification of lignocellulosics.

Incubation time studies on the production of these
enzymes (CMCase, FPase and B-GDase) showed similar patterns
for the test fungi (Tables 1-3). Although the values obtained
vary, the patterns observed in this work were similar to those
demonstrated earlier by these same organisms (Erku, 1990;
Gashe, 1992; Abrha & Gashe, 1992).

In all cases, CMCase levels exceeded those of FPase,
Avicelase and B-GDase. CMCase is believed to be the first
component of the cellulase enzyme system to act during the
hydrolysis of cellulose by cleaving the B-glycosidic bonds
randomly in the non-crystalline regions of cellulose fibrils
(Petterson, 1975). CMCase may, therefore, be synthesized in
relatively large quantities to facilitate initiation of
cellulose hydrolysis.

In Trichoderma sp. the production of relatively low
quantities of Avicelase as compared to the quantity of it’s fA-
GDhase suggests that there has been an accumulation of
cellobiose in the culture medium ( in the medium containing
only filter paper as carbon and energy source). High
concentration of cellobiose in the culture medium of fungi is
known to repress cellulase induction (Mandels & Reese, 1960).
It is therefore possible that the organism’s full potential of
cellulase production in filter paper~medium probably has not
been attained due to repression resulting from cellobiose
accumulation.

CMCase, FPase and B-GDase production was generally higher
in Trichoderma sp. than in Cladosporium sp. and Penicillium
sp.. The values obtained were even higher than those reported
for Trichoderma reesei 9414 (grown on avicel for 7 days, at
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28°C) and Thermoascus aurantiacus A-131 (grown on walseth‘s
cellulose or avicel for 4 days, at 45°C) (Kawamori et al.,
1987).

The type of growth substrate is known to affect both the
quality and the quantity of cellulases produced by fungi
(Norkrans, 1967; Olutiola, 1976). In this work, significant
differences (at 5% level of significance) were found between
cellulosics ( filter paper or CMC) and lignocellulosics in
their inducing abilities. Pure cellulose was the most
effective substrate for inducing CMCase and FPase while
untreated or alkali-treated lignocellulosics (teff straw and
corn stalk) were the most effective ones for inducing B-GDase
in Trichoderma species (Tables 2-5). Similar results were also
reported for Trichoderma koningi (Halliwell and Lovelady,
1981) and Chaetomium globosum (Lakshmikant et al., 1990).
Since organisms differ in the nature of the enzymes they
produce, they will also differ in their response to various
kinds of substrates (Reese et al., 1969). The results in this
work showed that pure cellulose cannot necessarily be the best
inducer of cellulase production for all fungi. In Cladosporium
sp. and Penicillium sp. it was the lignocellulosics rather
than the cellulosics (CMC) that were found to induce the
production of relatively large quantities of CMCase and FPase.
Similarly, the 1lignocellulosics were able to induce the
release of high levels of B-GDase in Trichoderma sp. and
Penicillium sp. while they failed to do so in Cladosporium
species. Thus, the data indicate that the ability of a
substrate to 1induce a particular enzyme is dependent on
species difference.

The activities of CMCase and FPase were shown to decrease
when filter paper was supplemented with either teff straw or
corn stalk. This may be related, perhaps, to the presence of
hemicellulose in the lignocellulosics. The hemicellulosic
fraction of lignocellulosics has been shown to affect
cellulase production by Trichoderma harzianum (Mes-Hartree et
al., 1987a). These workers observed that the cellulase
production was higher in the steamed aspen wood, in which most
of the pentosan has been removed during a water extraction

step, than in the pentosan rich biologically delignified aspen
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wood. The hemicellulose content (e.g. xylan) which may be
sufficiently easily hydrolyzed to cause catabolite repression
of cellulase production was probably responsible for the
observed low activity of cellulase produced in media
containing filter paper supplemented with lignocellulosics.

Comparisons between untreated and alkali-treated
lignocellulosics showed that alkali-pretreatment generally
improves, significantly (at 5% level of significance), mold
biomass production (Table 13), 5-GDase, CMCase and FPase
production (Table 3 & 5) and the duration of the incubation
period for maximum enzyme production (Fig. 4-7) by Trichoderma
species., However, there were some exceptions. Alkali-
pretreatment of teff straw had no significant effect on the
production CMCase and FPase by Trichoderma sp. eventhough it
showed a significant improvement in fungal biomass production.
Obviously it would have been very unlikely to get very high
fungal biomass production without a concommitant production of
increased levels of cellulase. This suggests that the real
(actual) values of CMCase and FPase activities had not been
determined in media containing alkali-pretreated teff straw
probably due to adsorption of the enzymes on the surfaces of
the lignocellulosics. This was supported by findings from
previous works. Viesturs et al., (1981} have demonstrated that
enzyme adsorption can be increased by pretreatment. Several
other workers have also reported the adsorption of fungal
cellulases on lignocellulosica (Mes-Hartree et al., 1987b;
Hogan and Mes-Hartree, 1990), and cellulosic materials
(Hagerdal et al.,1983; Soundar & Chandra, 1988; Ooshima et
al., 1990).

The increase in biomass production by the molds on
pretreated teff straw and corn stalk, as compared to that on
the untreated ones, was undoubtedly the result of the increase
in the degradability of the lignocellulosics due to the
removal of the lignin barrier and the increased available
surface area for enzymatic attack. Such an increase in the
biodegradability of lignocellulosics has been previously
reported by Patros et al., (1983).

There was no statistically significant difference {(at 5%

level of significance) between the performance of 1lye-
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pretreatment and NaOH-pretreatment with respect to cellulase
production and biomass production by the three fungi. Lye can,
therefore, be utilized in place of 2% NaOH for pretreating
lignocellulosics and using them as growth substrates for
cellulolytic molds. However, the performance of lye was
slightly lower than that of 2% NaOH in the hydrolysis of teff
straw and corn stalk. Although no statistical analysis was
done for the hydrolysis data the differences between
pretreatments can be seen clearly from figure 13. The low
performance of lye in the hydrolysis of lignocellulosics may
be due to the fact that lye is highly rich in fatty acids and
other ingredients which may interfere with the accessibility
of the cellulose to cellulase attack. But since no supporting
literature has been available so far, further investigation
needs to be done in this respect to draw valuable conclusions.

Trichoderma’s biomass was higher on teff straw or corn
stalk than on filter paper-containing media. The synthesis
(release) of cellulase was, however, more on filter paper than
was on the lignocellulosics. One would expect to find more
biomass in media producing large quantities of cellulase. But
the result was quite the opposite. The degree of crystallinity
is a major factor in the hydrolysis of c¢ellulosic and
lignocellulosic materials (Mandels et al., 1974). Alkali-
treated 1lignocellulosics are less crystalline than filter
paper ({Sasaki, 1989). The less crystalline materials would
thus be expected to be degraded extensively resulting in a
relatively large cell mass production. Apart from these the
presence of other enzymes such as xylanase, pectinase and
polygalacturonase (Table 1) and may be others, for which
attempt has not been made to detect their presence in the
culture filtrate, suggests that other readily utilizable
sugars (such as the pentoses), in addition to glucose, may
have been released into the media and contributed to the
relatively high growth of the fungus in lignocellulosic-
containing media.

An important factor to be considered for the economic
exploitation of a species is also the time required to reach
the optimum cellulase production. In the present work it

varied from 6 to 26 days (Fig. 1-12). Although the maximum
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CMCase and FPase production in Trichoderma sp. was obtained in
filter paper=-containing medium, the time required for maximum
production of these enzymes was relatively longer than in any
of the alkali-treated lignocellulosic-containing media (Fig.
4-7). For example, maximum CMCase activity was attained on the
24*" day of incubation in filter paper-containing media whereas
in the pretreated corn stalk- or teff straw-containing media
the time was shortened by more than 50%. Similar results were
observed in Trichoderma reesel grown on untreated and treated
wheat straw (Mahesewari et al., 1993). The data indicate,
therefore, that the pretreated teff straw and corn stalk can
be useful and promising for biomass and cellulase production
because of the added advantage of a shorter incubation period
to the observed high B-GDase-inducing ability.

Cladosporium sp., which had been previously reported to
have elaborated large quantities of CMCase in media containing
only CMC (Abrha & Gashe, 1992), was found to excrete CMCase
and FPase in teff straw- or corn stalk-containing media better
than it did in the former (Tables 1-4). This fungus was found
to show many important features when grown in 1% teff straw.
The biomass production, total crude protein production and the
percentage conversion of substrate to protein by this organism
were much more than those procduced by Trichoderma sp. and
Penicillium species. Particularly, it’s CMCase production in
1% untreated teff straw was greater than the CMCase produced
by Trichoderma sp. grown on alkali-treated teff straw or corn
stalk. However, Cladosporium sp. was not able to release it'’s
B-GDhase in both the untreated and alkali-treated
lignocellulosics. It was not easy to explain why B-GDase
activity was completely absent in media containing only
lignocellulosics when it was found that the organism is
capable of excreting it in media containing only CMC or CMC
supplemented with lignocellulosics.

In Cladosporium sp., although alkali~-pretreatment
improved the biomass production and reduced the time required
for maximum production of CMCase and FPase, it didn’t help to
improve the activities of these enzymes as expected. It rather
decreased the activities of CMCase and FPase (Table 7). Here

again, adsorption is believed to have been responsible for the
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reduced activities of the enzymes in media containing alkali-
treated lignocellulosics, for it’s cellulase has been
previously known to adsorb on cellulosic substrates {Abrha &
Gashe, 1992).

The other important aspect of Cladosporium sp. is that it
did grow and elaborate cellulases (CMCase and FPase) on
untreated lignocellulosics such as corn stalk, on which growth
and cellulase production by the highly cellulolytic fungus,
i.e. Trichoderma sp., were found to be extremely low (Table
4). Such an ability is a desirable characteristic in the
selection of a cellulolytic micro-organism for it helps to
reduce the cost of enzyme production.

In media containing only CMC, the biomass of Cladosporium
sp. was relatively high and its cellulase production was low
as compared to that produced in a medium containing only teff
straw, The non-crystalline cellulosic substrate, i.e. CMC,
which is obviously an easily degradable substrate (Mandels et
al., 1974) must have enabled a good growth for Cladosporium
sp. and thus accounting for the high biomass produced in this
medium.

In comparison, the lignocellulosics (teff straw and corn
stalk) are superior to and nearly as good as CMC for CMCase
and fungal biomass production by Cladosporium sp.,
respectively. Therefore, it can be safely concluded that
these substrates as well as the organism (Cladosporium sp.)
are potentially useful for the preparation of protein-enriched
material and endoglucanase.

In Penicillium sp., alkali-pretreatment of teff straw was
effective in improving the release of CMCase, FPase and [-
Ghase, However, the quantiies of these enzymes were as low as
those produced on 2% CMC. Supplementing CMC with alkali-
pretreated teff straw resulted in a better yield of CMCase and
B-GDase. Therefore, the results suggest that alkali-treated
teff straw can be used either as a supplement to or as a
replacement for 2% CMC in the induction of CMCase and [~GDase
by Penicillium species.

Although pretreatment of corn stalk with alkali did not
show any significant change in CMCase and B-GDase activities,
it brought about a significant improvement in the amounts of
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FPase. The pretreatment was also effective in improving the
fungal biomass production (biomass of Penicillium sp.). Thus,
it can be said that either the CMCase and B~GDase produced on
the alkali-pretreated corn stalk had been adsorbed or the
improved levels of FPase had been sufficient enough to account
for the relatively high fungal biomass produced on this
substrate.

Compared to teff straw, the alkali-treated corn stalk
was, in general, a good substrate for growth and induction of
CMCase, FPase and B-GDhase by Penicillium species. This
substrate was found to be even much better than 2% CMC which
had been reported earlier to be the best substrate for the
production of cellulases by Penicillium sp. (Erku, 1990).

Considering the less costly means of pretreatment and the
relatively high CMCase, FPase and B-GDase production, crude
protein production and the better percentage conversion of the
substrate to protein than those recorded in media containing
only CMC as well as in CMC supplemented with alkali~-treated
teff straw, the medium containing only lye-~treated corn stalk
in particular seems to be a good medium for growth and
induction of cellulase by Penicillium species. However, it’s
over-all performance was found to be much lower than those of
Trichoderma sp. and Cladosporium species.

The percentage crude protein of Trichoderma sp. and
Cladosporium sp. grown on alkali-treated teff straw or corn
stalk (30.6-39.6%) were higher than those reported for
Trichoderma reesei (25.2%), Trichoderma longibranchiatum
(22%), Scytalidium lignicola (21.6%), Sporotrichum
pulverulentum (20.8%) and Talaromyces vermiculatus (20.2%)
which were all grown on sludge of paper mills, at 28°C (Royer
and Nakas, 1987); Penicillium funiculosum (26.6%), Myrothecium
verrucaria (21.86%), Aspergillus niger (27.33%) grown for 7
days on apple pulp, at 28-30°C and pH 5 (Kuzmanova et al.,
1991) and favourably compare with that repoted for Trichoderma
reeseil (34%) grown in a medium containing beet pulp, at 28°C
(Ghanem et al., 1991); A. niger grown (35%) for 4 days in an
optimized medium containing grape waste, apple pulp and beet
pulp, at 28-=30° *dP¥3 (Kuzmanova et al., 1991). Particularly

the percentage conversion of the lignocellulosics to protein

74




by Cladosporium sp.{Table 14} was much more than that reported
for Trichoderma reesei (15% and 18% as reported by Royer and
Nakas, 1978 Ghanem et al., 1991). This finding together with
their relatively high ability of cellulase and biomass
production can qualify these two molds as well as the two
lignocellulosics as potential candidates to produce and use
them in a large scale as feed supplement. Especially, the
fungal biomass together with the residual teff straw or corn
stalk can be directly used as a feed if thorough studies for
the presence of toxic compounds are made prior to use. Mycelia
of Trichoderma viride (Peiterson, 1975), Sporotrichum
pulverulentum (Thomke et al., 1980) and Trichoderma
branchiatum (Sidhu and Sandhu, 1980), for instance, have been
shown to be suitable feed sources in animal feeding trials. It
is also possible that Trichoderma sp. BDCC-1 and Cladosporium
sp. BDCC-3 could be useful in the preparation of animal feed.
Such a feed, if devoid of toxic compounds, will have an
advantage in two ways: 1. it becomes highly enriched with
quality protein (microbial protein); 2. the degradability of
the 1lignocellulosic will be increased for it has been
subjected to combined pretreatments (pretreatment with alkali
as well as with fungal cellulase, xylanase, pectinase,
polygalacturonase, etc.).

The alkali~treated teff straw and corn stalk were shown
to be effectively hydrolysed by the c¢rude enzyme of
Trichoderma sp. to the extent of 50-72% in 24 hours (Fig. 13).
This was, however, lower than that reported by Szczodrak
(1989) for the hydrolysis of chemically modified wheat straw
in 24 hours (77.8 - 87.9%) using Trichoderma reesei F-522 and
Trichoderma reesei F~522-V-7 cellulase preparations. The
differences might have been attributed to the differences in
the composition of the 1lignocellulosics. But the most
important factors that were responsible for the lower degree
of hydrolysis in teff straw and corn stalk as compared to that
in the wheat straw of Szczodrak (1989) were probably the assay
conditions and the pretreatment methods employed. In this work
relatively mild pretreatment, weak cellulase and low
temperature were employed in the hydrolysis experiment.

The time course study of the hydrolysis of avicel,

g
"a




alkali-treated teff straw and corn stalk, using the same
enzyme source, showed a levelling-off in activity beyond 24
hours of incubation. Similar results were observed in the rate
of saccharification of filter paper by Trichoderma reesei
{Soundar and Chandra, 1988). Such results can happen due to
the inhibitory effect of the end products. Sternberg et al.,
{1977) have demonstrated, experimentally, the inhibition of j3-
GDase by glucose accumulation. The inhibition of B-GDase leads
again to an accumulation of cellobiose which can result in
product inhibition of the exoglucanase and a retardation in
the rate of cellulase saccharification.

The data also show that teff straw and corn stalk were
more easily degradable than avicel (microcrystalline
cellulose) (Fig. 13). The use of such lignocellulosics, which
are commercially inexpensive, will reduce the cost of enzyme
production which accounts, according to Ryu and Mandels
(1980), for 50% of the cost of glucose production from
cellulose, in addition to alleviating the problem of single-~
cell protein production, fuel alcohol etc..

Many pretreatments involve harsh reaction conditions and
toxic chemicals which are likely to reduce the fermentability
of cellulose hydrolysates (Chahal et al., 1982). In this work
efforts have been made to test the growth of yeasts on the
hydrolysates of pretreated teff straw and corn stalk. The
results show that the hydrolysates support good growth for
both Saccharomyces cerevisiae and Candida utilis,
Interestingly, these two yeasts were found to grow better than
they did in media containing comparable quantities of D-
glucose (Table 16). This indicates that either the
hydrolysates were consisting of additional non-reducing
carbohydrates in solution ox the yeasts may have preferred
some compounds in the hydrolysates to D-glucose.

The results, in this work, favourably compare with those
reported for Sacchéromyces cerevisiae grown on wheat bran and
rice bran by Roy et al., (1993).

Comparison of the biomass yield of the two yeasts showed
that Candida utilis produced more cell mass than Saccharomyces
cerevisiae (Table 16). The ability of Candida species to

utilize a variety of compounds has been documented in
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literature (Peppler, 1978). Candida utilis is , for example,
capable of wutilizing pentose sugars (e.g. xylose) while
Saccharomyces cerevisiae lacks this ability. It is, therefore,
this ability that has allowed Candida utilis to vigorously
grow in the hydrolysates.

RECOMMENDATIONS

1. Teff straw and corn stalk performed better than filter
paper in inducing B-GDase in Trichoderma sp. BDCC-1. It
is possible that these lignocellulosics could even be
made to induce high levels of CMCase and FPase if the
presumed catabolite repression can be stopped. One way to
do this is by continually removing the end product from
the culture medium using selected strains of yeasts. It
is, therefore, recommended that the simultaneocus
saccharification and fermentation of teff straw or corn
stalk be studied using Trichoderma sp. BDCC-1 and Candida
utilis BDCC-25.

2. Lye has been shown to be as effective as 2% NaOH for
pretreating teff straw and corn stalk (with respect to
cellulase and biomass production). Generally, it was
found to improve fungal biomass production., However, in
most cases, it showed little or no effect in improving
CMCase and FPase production, particularly when using
pretreated teff straw. Adsorption is assumed to be the
main factor responsible for not getting increased levels
of CMCase and FPase as expected. Therefore, 1t 1is
suggested that further investigation be done in this area
before lye can be used in the cellulase production
processes, In addition to this, the effect of fatty acids
and other compositions of lye on the production of

cellulase should also be studied prior to use.

3. Pretreated teff straw and corn stalk have been shown to
be valuable for mold biomass production. It is possible

to increase the feed values of these substrates by
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growing the molds on them using solid state fermentation
processes. Most fungi, however, are known to produce
toxic metabolites. It is not known whether these molds
produce such toxic compounds or not, Therefore,
recommendations are also made to assess the toxicity of

their mycelia to use them as a feed supplement.

"It is also recommended that the economic assessment of

the feasibility of wusing teff straw and corn stalk
hydrolysates as growth substrates for single-cell protein

production be made.

It is also interesting to know what actually prevents the
release of B-GDase in Cladosporium sp. when it was grown
on teff straw or corn stalk. Therefore, studies should
also be conducted in this direction to make these

lignocellulosics industrially valuable.
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