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ABSTRACT 

Lignocellulose from plant biomass is the most available organic compound in nature that 

can be used by the microbes for the cellulases production, reducing sugars and 

bioethanol. However, its recalcitrant to hydrolysis and use of lignocellulolytic enzymes to 

convert this plant biomass into fermentable sugars and for biofuel production is 

paramount. Push for clean environment and renewable energy is health concerns 

emanating from fossil fuels The main goal of the study was to to investigate bioethanol 

production by saccharomyces cerevisiae using lignocellulose substrates saccharified by 

fungal isolates from karura forest reserve, nairobi county, kenya. A total of 20 of fungal 

samples were obtained from Karura forest reserve growing on decaying biomass based on 

their morphological variation. Six fungi from collected sample were selected after 

screening using 1% CMC- congo red agar for cellulolytic activities based on zonal 

inhibition and the isolates selected for the study. Characterization by molecular technique 

(ITS1 and ITS4 primers) was used and biological sequences analyzed using BLAST 

algorim and MEGA II software to identify the six isolates, as Xylaria sp. km01, Nemania 

sp. km02, Xylaria sp. km03, Cyathus sp. KM04, Podoscypha bolleana km05 and 

Podoscypha petalodes km06. The phylogenetical analysis revealed divergence of isolated 

fungi and classified them as either ascomycota or basidiomycota. The six isolates were 

cultured for cellulases production and enzymes used for saccharification under SSF 

process. Data obtained were recorded in triplicates and statistically analyzed using one-

way ANOVA at P ≤ 0.05 significant level on R software. Any significant differences in 

the factors affecting enzyme and ethanol production was determined by Tukey's HSD 

Post Hoc test. Effect of time of incubation was investigated and maize cobs substrate 

produced the highest cellulase activity. Xylaria sp.km01 recorded the maximum FPase 

activity at 16.7±0.34 IU/ml on the 9
th

 day of incubation. Xylaria sp. km03 produced the 

highest exoglucanase activity at 8.32±0.23 IU/ml while P. petalodes km06 produced the 

highest endoglucanase activity at 28.7±1.2 IU/ml on the 6
th

 day of incubation. 

Podosycpha boleana km05 produced the highest β-glucosidase activity at 6468±210 IU/g 

on the 12
th

 day of incubation. Effect of pretreatment on substrates was also investigated 

and maize cobs produced the highest cellulase activity. Xylaria sp.km01 produced the 

highest FPase at 20.1±1.31 IU/ml, exoglucanase activity at 9.35±0.77 IU/ml and 

endoglucanase activity 35.8±1.19 IU/ml while P. boleana km05 produced the highest β-

glucosidase activity at 5111±101 IU/g when pretreated with 0.1M HCl at 121
o
c for 15 

min. Saccharification and Fermentation of maize cob substrate of low and high loading 

concentration (4%,8%,18% and 20%). Hydrolysis by cellulase of P. petalodes km06 

recorded the maximum of 10.63±0.70 g/l reducing sugars with 8%, whereas cellulase of 

P. bolleana km05 and Saccharomyces cerevisiae produced higher bioethanol of 

37.3±0.72 g/l with 20% during fermentation period at 72 hours and 96 hours respectively. 

These findings show that both cellulolytic enzymes and bioethanol can be produced from 

local microbes using agro waste and the technology harnessed for creating income. Maize 

cobs, therefore performed as the best substrate for cellulases and bioethanol production
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

Kenya population grows with time and require increasing energy demand with limited 

fossil fuel (oil, coal and gas) reserves to sustainably meet this demand (World Bank, 

2010). The projected depletion of fossil fuels and the increase in global warming have led 

countries to explore the use of non-conventional and natural energy sources (Tuo, 2013; 

Zhao et al., 2016). Non convectional and natural energy sources can be produced from 

wind, solar, and biomass (Park et al., 2012). WHO (2016) estimates over four (4) million 

people lose their live from diseases caused by air pollution from using wood or 

agricultural residues for cooking. Kenya is also facing the threat of environmental 

pollution due to inadequate disposal mechanism of municipal waste (NEMA, 2015). The 

goal of Kenya Vision 2030 is to transform the country into a modern industrial hub that 

provide good quality life for citizens by 2030 in a safe and clean environment (Vision 

2030). Agricultural residues as a result of human activities pose an environmental 

concern, a problem usually aggravated by biomass burning (Iqbal et al., 2013). Biomass 

provides for more than 90% of rural household energy needs in Kenya and accounts for 

68% to the country’s total energy consumption (Government of Kenya. Bioethanol 

Strategy (2010-2013). However, the recalcitrant nature of biomass is hindrance to its full 

utilization. Use of microbial enzymes and pretreatment are key aspects of improving 

saccharification of biomass for biofuel production in solid-state fermentation (Azhar et 

al, 2017). Lignocellulose primarily consists of cellulose, hemicellulose and lignin and form 
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major structural component of plant biomass (Acharya et al., 2010; Deswal et al., 2011; 

Montoya et al., 2012). 

 

Cellulose have glucose molecules linked together by β-(1–4) glycosidic bonds with repeating 

cellobiose units (Sawatdeenarunat et al, 2015). Cellulose hydrolysis catalyticaly by the action 

of three enzymes endoglucanase, exoglucanase and β-glucosidase. Endoglucanase breaks the 

noncovalent bonds in the amorphous structure of cellulose, while exoglucanase cleaves two 

glucose units (cellobiose) from the end of the chain and finally cellobiose is hydrolyzed by β 

- glucosidase (Guimarães et al, 2012). The recalcitrance of lignocellulose to saccharification 

has limited their use for biofuel production (Blaschek and Ezeji, 2010; Parawira and Tekere, 

2011). It is therefore necessary to focus on isolating and characterizing new microorganisms 

from local sources as sources of lignocellulolytic enzymes that hydrolyze lignocellulose 

biomass to reduce the cost and process of producing biofuels, among other products in 

today’s market (Isroi et al., 2011; Kuhad et al., 2011; Sainz, 2011). Cellulosic biomass 

widely used in SSF includes, sugarcane bagasse, wheat (bran and straw), rice (bran, straw, 

and husk) maize bran, soy hull, sawdust, and corncobs among others (Jacob et al 2006). The 

choice of the substrate in a solid-state fermentation is dependent on many factors such as the 

availability and the cost of the substrates. 

 

Different micro-organisms secret cellulolytic enzymes in nature, which can be purified and 

used to breakdown lignocellulose to simple fermentable sugars for biofuels production. 

Trichoderma sp. and Aspergillus sp. are commonly utilized species to source lignocellulases 

(Pandey et al,1999). Despite numerous reports of isolation of lignocellulolytic enzymes from 

microorganisms in other parts of the world, the biotechnological benefit of novel 

lignocellulolytic enzymes from Kenyan microbial communities has not been fully exploited. 
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Plant biomass like agricultural and forestry residues are renewable natural source of organic 

matter that can serve as low cost source of feedstock that could be utilized to produce 

enzymes and alternative fuel among other commodity products. (Acharya et al., 2010). 

 
 

Bioethanol is produced from the sugar component of agro-waste through fermentation 

under controlled environmental conditions releasing carbon dioxide (Sun et al 2002). The 

fermentation process is anaerobically and follows the Embden-Meyerhoff pathway 

(EMP) which is catalyzed by bacterial and fungal enzymes (Sun et al 2002). In SSF 

process, the substrates are first hydrolyzed by chemical means or with cellulase enzymes 

to reducing sugars, followed by fermentation by ethanologenic microorganisms to 

produce bioethanol (Martin et al, 2002). Bioethanol production from corn starch, though 

faces challenges due to the shortage of edible crops, but this can be substituted by using 

non-edible food crops and agro-waste. This would therefore facilitate proper farming for 

food security. 

1.2. Statement of the Problem 

Increasing energy demand with limited fossil fuel (oil, coal and gas) have led to an increase 

in global warming resulting countries to explore the use of non-conventional and natural 

energy sources (Tuo, 2013; Zhao et al., 2016). Push towards clean environment and 

renewable energy is driven by health concerns emanating from fossil fuels and climatic 

change from global warming. Lignocellulosic biomass can be converted into fermentable 

sugars for biofuel production, however its recalcitrant to hydrolysis and use of cellulolytic 

enzymes are currently imported and are expensive. Several fungi utilized lignocellulose as 

source of energy, but only few strains have potential of producing a complex of 
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lignocellulolytic enzymes and biofuel (Carvalho et al., 2008). Despite lignocellulosic waste 

being potential source of raw materials for cellulolytic enzymes production due to its 

availability, degradability and environmentally friendly, the organic waste remains a global 

challenge as well as untapped resource (Zhang, 2011). In Kenya only 10% of the plant 

biomass is utilized for energy, Government of Kenya. Bioethanol Strategy (2010-2013). 

Fungi that degrade lignocellulose are important in degrading the plant biomass into 

fermentable sugars and biofuels. Due to continuously use of fossil fuels, the enzymatic 

degradation of lignocellulose feedstock into residual sugars for clean and cost friendly 

biofuel production is considered as the option due to demand of clean energy (Martinez et 

al.,2008). Despite some progress in fermentation process for enzyme production from 

lignocellulose feedstock, production cost is still a challenge for industrial scaling up 

(Merino et al.,2007). Sourcing of lignocellulolytic enzymes from local microorganisms 

will significantly solve the challenges encountered with high cost of imported enzymes. 

1.3. Justification of the Study 

Bioethanol as a renewable energy source, can contribute to energy security, a resilient 

transportation system, and reduce emissions in the country as envisaged in the Energy Policy 

and Energy Act, and to meeting the country's other national goals covered under Vision 2030 

such as agriculture, health and commerce (Government of Kenya. (2020). Bioethanol 

Strategy (2020-2023). Plant biomass from forest reserves may be source of microorganisms 

that are ideal for producing cellulolytic enzymes for actively degrading decaying materials 

and recycling nutrient in soil (Sailendra et al, 2014) thus, the choice of Karura forest. 

Fermentation conditions optimization for production of cellulase enzymes for higher enzyme 

yield and activity had necessitated the adaptation of solid state fermentation for the 
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cellulolytic enzymes production. Naturally, production of biofuels through non-conventional 

method that is expected to significantly reduce the net CO2 emission (IEA, 2013) is probably 

the next important step. Use of agricultural waste for production of biofuel would establish a 

commercial use for such waste and mitigate the problems caused by environmental 

pollution due to their poor disposal in Kenya. Cultivation of maize crops, eucalyptus and 

cypress trees will be considered as viable farming. 

1.4 Null Hypotheses 

i. Fungi isolated from Karura forest have no relationship with cellulases production 

ii. Time of incubation has no effect on cellulolytic enzymes production from 

selected fungi using eucalyptus, cypress and maize cob substrates under solid 

state fermentation. 

iii. Pre-treatment (alkali and acid) has no effect on cellulolytic enzymes production by 

selected fungi using eucalyptus, cypress and maize cob substrates under solid state 

fermentation. 

iv. Substrate concentration has no relationship with saccharification of maize cob 

into fermentable sugars using cellulolytic enzymes produced by selected fungi. 

v. Saccharified maize cob hydrolysate has no relationship with bioethanol 

production using saccharomyces cerevisiae. 
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1.5 Objectives 

1.5.1 General Objective 

This study was carried out in order ‘to investigate bioethanol production by 

saccharomyces cerevisiae using lignocellulose substrates saccharified by fungal 

isolates from Karura forest reserve, Nairobi county, Kenya’ 

1.5.2 Specific Objectives 

i. To determine the cellulase activities of isolates on 1% CMC - Congo red agar 

ii. To determine the effect of time of incubation on production of cellulolytic 

enzymes using eucalyptus, cypress and maize cob substrates under solid state 

fermentation. 

iii. To determine the effect of pre-treatment of eucalyptus, cypress and maize cob 

substrates for cellulolytic enzyme production by selected fungi under solid state 

fermentation. 

iv. To determine saccharification potential of crude cellulolytic enzymes produced 

by selected fungi to saccharifize maize cobs substrate into fermentable sugars. 

v. To determine bioethanol production potential of saccharifized maize cobs 

hydrolysate using Saccharomyces cerevisiae. 

1.6 Significance of the Study 

Biofuel is an important form of energy for Kenya, contributing 68% of the country's final 

energy demand for diverse needs. It is estimated that biofuel output will significantly 

increase by 2030 targeting the use of renewable energy in the transport sector and in 

clean cooking interventions (Government of Kenya. (2020). Bioethanol Strategy (2020-
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2023). The vision 2030 in Kenya has environmental conservation in its agenda with the 

goal of having a secure, clean and sustainable environment for its citizens by the year 

2030. This research will contribute greatly because it will address possibility of 

producing biofuel locally and thus reducing overdependence on fossil fuel. This study 

will isolate cellulases producing fungi and their potential implication for sustainable 

bioconversion of plant biomass to biofuel using cypress, eucalyptus and maize cobs.
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Lignocellulose 

Lignocellulose residues represent the abundant natural sources of potential carbohydrates 

that could be utilized for fermentation to produce several products like enzymes, reducing 

sugars and ethanol among other commodity products (Poletto et al., 2013; 

Sawatdeenarunat et al., 2015). Lignocellulose mainly composed of cellulose, 

hemicelluloses and lignin which interact to form micro fibrils which are main constituent 

of the plant cell wall (Mussatto and Teixeira, 2010). The lignocellulose composition 

varies with the maturity and different sources of plant (Lopez et al., 2010; Feria et al., 

2011). 

2.1.1. Cellulose 

Cellulose consist of glucose molecules linked together by β-(1-4) glycosidic bond with 

repeating cellobiose units as (Li et al., 2014). Cellulose molecules (about 30 units) are 

packaged into elementary fibrils, which are reassembled into micro fibrils, finally assembled 

to cellulose fibers (Moon et al., 2011). The structure of cellulose conformations (secondary 

and tertiary) and its closely association with hemicellulose, lignin and other adjacent 

elements make it recalcitrant to hydrolysis (Yang et al., 2011). Cellulose is the largest 

organic polymer residue which occur in nature (Poletto et al., 2013). Generally, cellulose 

forms crucial layer in structure of plant cell wall due to its toughness nature making it water-

insoluble material that (Habibi et al., 2010). Insoluble cellulose material is degraded into 

simple sugar units by chemicals and extreme temperature (Tabet and Aziz, 2013). Cellulose 
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polymer is a homopolysaccharide (unbranched) of D-glucose molecules (an hydro) of a high 

molecular weight. The D-glucose molecules have covalent bond between the C4 of one 

glucose ring (with both hemiacetal unit hydroxyl group at each end) due to its directional 

chemical asymmetry (Habibi et al., 2010) and the oxygen bond to the C1 of the adjacent 

glucose ring (Figure 2.1). Each molecule of D-glucose in the chain is rotated at 180° to form 

a long straight chain due to the angle of the bond (Moon et al., 2011; Tabet and Aziz, 2013). 

 

 

 

 

 

 

a) Non reducing end b) Repeating cellulose units                          c) Reducing end 

Figure 2.1 Schematic structure of cellulose (Cave and Walker, 1994). 

 

2.1.2. Hemicellulose 

The second lignocellulose component is hemicellulose representing about 20-35% of 

lignocellulose (Feria et al., 2011). Hemicellulose is a highly branched heteropolymer that 

contains Hexoses (D-Galactose, L-Galactose and D-Mannose), Pentose (D-Xylose and L-

Arabinose) and Uronic acids (D-Glucuronic acid) (Burton et al., 2010). Basically, 

hemicellulose being a complex material work closely with the cellulose material and link 

both cellulose polymer and lignin polymer, to provide rigid cell wall. (Nishiyama, 2009; 

Scheller and Ulvskov, 2010). 

 

Majority of hemicelluloses are alike to cellulose polymer in structure due to the presence 

of (1,4) β-D-pyranosyl residues at their backbone (O'Neill and York, 2003). 
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Hemicelluloses are synthesized in the Golgi apparatus and through surface vesicles 

transported to the cell wall (Cosgrove, 2005). The hemicellulose residue is relatively 

small structural units of about 150 – 200 monomer units as compared to cellulose (Tabet 

and Aziz, 2013). The hemicellulose polymer is a hetero polymeric molecule non 

crystalline in nature with different molecules and several side chains that are branched, 

that, unlike in cellulose (Gurunathan et al., 2015). Due to this nature, it is therefore easily 

broken down by either chemical or enzymatic mean, (O'Neill and York, 2003; 

Guimarães, 2012). 

 

 

 

 

 

 

Figure 2.2 Schematic structure of hemicellulose (Gurunathan et al., 2015). 

2.1.3 Lignin 

Lignin is a heterogeneous 3-dimensional aromatic molecule and amorphous in nature and 

third lignocellulose component. The lignin polymer developed during the secondary plant 

cell wall development, a process referred to as matrix lignification. Structure of lignin 

makes the cell wall strengthened and thus provide support. The lignin structure is 

hydrophobic making it water impermeable acting as a sealant and thus controlling water 

to the cell. It also resists degradation of microorganisms via their cellular enzymes 

(Collinson and Thielemans, 2010; Vanholme et al., 2010). Lignin polymer composed of 

trans-p-coumaryl alcohol, trans-p-sinapyl alcohol and trans-p-coniferyl alcohol which are 



11 

 

derived from p-cinnamic acid synthesized through the phenylpropanoid pathway. The 

precursor molecules have three-carbon side chain with two R group aromatic ring of a 

hydroxyl group (figure 2.3). The composition of these monomers differs from species to 

species (Vanholme et al., 2010). 

 

 

 

 

 

 

 

 

Figure 2.3. Primary precursors molecule of lignin. (Collinson and Thielemans, 2010) 

 

2.2 Fermentation methods of lignocellulose conversion to cellulase enzymes and 

bioethanol 

The two main methods used in most studies are SMF and SSF technologies (Jacob and 

Prema, 2006; Vintilla et al., 2009). 

2.2.1 Submerged Fermentation (SmF) 

Submerged fermentation is a method of fermentation where the enzymes, substrate and 

other materials required for the production of a biomolecule are immersed in a liquid 

nutrient medium. In this method, the microorganisms grow floating on the surface of the 

nutrient medium and form small aggregates in the fermenters to produce useful products 

which may be either intracellularly or extracellularly (Carlile et al., 2001). SmF provides 
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several advantages such as higher productivity and yields, lower labor costs, and lower 

contamination risk. On the other hand, its expensive due to high cost of required media, 

low volumetric productivity, more efflux is generated and oxygen circulation is not so 

effective. In SmF, microorganisms are grown on soluble e.g. xylan, pectin, mannan or 

insoluble substrates like wheat bran, rice bran, wheat straw that are dissolved or 

submerged in liquid media.  

 

In SmF the process parameters like pH, temperature, agitation, aeration and foam are 

very important factors which affect the growth of microorganism and product yield can 

be easily controlled. SmF is primarily used in the extraction of secondary metabolites that 

need to be used in liquid form. SmF technology can be either continuous, fed-batch or 

batch culture systems. (Vaidyanathan et al., 1999). 

2.2.2 Solid State Fermentation (SSF) 

SSF involves the growth of microorganisms on moist particles of solid materials in beds 

in which the spaces between the particles are filled with a continuous gas phase. 

(Archana and Satyanarayana, 1997; Pandey et al., 2004). Advantages in SSF includes, 

less microbial contamination, and easy downstream processing. on the hand, it’s not 

suitable for bacteria that require high moisture content, presence of higher impurity, and 

controlling & measuring of parameters is difficult in solid-state fermentation. The main 

factors affecting SSF include the carbon and nitrogen sources, the particle size of the 

substrate, the moisture and water activity, temperature, aeration and pH of the media as 

well as pretreatment strategy (Pandey et al 2004). 
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2.3 Pretreatment 

Pretreatment primarily aim at disruption of recalcitrant lignocellulose to access to more 

cellulosic materials that could be converted to fermentable sugars. These structures are major 

obstacle in effective utilization of cellulose from lignocellulose biomass due to the resistance 

to hydrolysis. Cellulose has hydrophobic surfaces of thick layer containing water and this 

prevent penetration of enzyme molecules and products degradation. (Matthews et al., 2006). 

Studies reveal a large spectrum of pre-treatment protocols for hydrolysis, however only a few 

of these have been developed and utilized. These pre-treatment processes have been 

investigated for their suitability and efficiency towards lignocellulose biodegradation and 

depends mainly on the biomass choice and selection. 

2.3.1 Chemical pretreatment 

In chemical pretreatment method, the commonly used chemicals include NaOH, 

Perchloric acid (HClO4), Peroxyacetic acid (C2H4O3), H2SO4, HCOOH, freezing with 

ammonia and using solvent like ethylene di-amine and n-butylamine (Weil et al., 1994; 

Martinez et al.,2005). However, different chemicals utilized in the pretreatment 

procedures pose an initial drawback affecting the bioconversion of lignocellulose. Alkali 

pretreatment with 0.1M NaOH was done to dissolves hemicelluloses by destroying the 

links of lignin and other polymers that is recalcitrant (Yamashita et al. 2010). Acid 

pretreatment with 0.1M HCL was done to hydrolyze the cellulose and hemicellulose 

(Khalid, 2010). 
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Figure 2.4. Schematic representation of lignocellulose biomass pretreatment.   

       (Hsu et al., 1980) 

 

2.3.2 Physical pretreatment 

Physical pretreatment methods included milling, grinding and explosion of steam (Weil 

et al., 1994; Smith et al., 1999). Physical pretreatment reduces the size of particles of 

substrate for easy enzyme degradation. Use of heat break the bond attaching the three 

lignocellulose polymers and free them, separating pentose sugar to increase cellulose. 

Pretreatment with heat could produce some inhibitors that interfere with microbial 

degradation of substrate biomass (Hartree et al., 1987). 

2.3.3 Biological method 

Biological delignification is another interesting unconventional pretreatment method. 

One of the application of this method employs fungi that selectively degrades lignin 

content. Research to remove lignin content from sugarcane bagasse, paddy straw, and 

sawdust was attempted with several organisms (Cyathus sp, Streptomyces viridosporus, 

Phelebia tremellosus, Pleurotus Xoridaand Peurotus and cornucopiae strain) (Kuhad and 

Singh, 1993; Chaudhary et al., 1994). Biological delignification method has several 
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merits such as less-energy input, less cost and increased product formation. On the other 

hand, it demerits in that it requires longer time for pretreatment and the risk of degrading 

residual sugars. 

 

Through several research, there is a consensus for the successful pre-treatment should 

optimize the enzymatic convertibility, reduce sugars loss, optimize products formation, 

no addition of toxic chemicals to the fermentation system, reduce energy use, use harmful 

chemicals, low cost equipment and be ease to scale up. Due to recalcitrant nature of 

selected substrates and the need to dissolves hemicelluloses by destroying the links of 

lignin and other polymers and to hydrolyze the cellulose and hemicellulose, this study 

utilized both physical and chemical pretreatment methods. 

2.4 Optimization of cellulase enzymes production 

To optimize cellulase enzymes production, its paramount to screen and evaluate 

nutritional and environmental requirements for production of enzymes. Although, the 

cultural condition enzymes production may differ due differences in organisms used. 

Other factors affecting the activity of enzyme are varying conditions such as pH, 

aeration, nitrogen, substrate specificity and temperature. To characterize enzyme 

production, it therefore requires more information about their optimum level (Bhat, 2000; 

Parry et al., 2002). In this study time of incubation and pretreatment were the only two 

factors optimized for cellulases production. Most fungal isolates exhibit optimal enzyme 

activity on different day of incubation. However, the rate of activity is not a simple linear 

function of the time of incubation. Chemical pretreatment improves the conversion rate and 

production of enzymatic hydrolysis to some extent; however, the high input and low 
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conversion efficiency are still the main challenges encountered by most researchers in 

various countries. 

2.5 Applications of cellulase enzymes 

2.5.1 Biofuel 

Over usage of natural fossil energy on earth could be main obstacle to the realization of 

generational goal. looking for another source of energy that is environmental friendly, 

easy to generate and able to sustain is therefore an ideal strategy to deal with this 

obstacle. Regeneration of bioethanol as biofuel is significantly an integral part in the 

market mainly due to its use in chemical industry as feedstock, additives and primary 

fuel. Bioethanol comprises approximately 99% of biofuels in the USA (Farrell et al., 

2007). 

 

First generation biofuel is from edible feed stocks such as maize cobs and bagasse for 

bioethanol and oil generated from seed such as soybean oil, palm oil, rapeseed oil and 

sunflower oil for biodiesel through chemical processes. However, these biofuels emit 

greenhouse gas making them less beneficial as compared to fossil fuels and need 

significantly more energy from fossil fuels to cultivate and produce (Khan et al.,2021). 

These biofuels pose potential challenges on food commodities due to their production. The 

danger of organic chemicals and materials made it difficult for the choice of bio refinery 

model which should consider environmental conditions. Presently these operate with 

largely limited product materials like cellulose, ethanol, and biofuels (Naik et al.,2010). 

Feedstock that were converted to biofuels are known as first generation feedstock and 

include rapeseed oil, soybean oil, palm oil, sunflower oil, corn, sugarcane, wheat, and 
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sugar beet. Biodiesel are produced from extracted oils via transesterification process 

while bioethanol is produced by direct fermentation (Awogbemi et al.,2021). High oil 

prices in the last decade has contributed cost-competitive liquid biofuels with petroleum-

based fuels. This development has attracted more research and product formation (Naik 

et al.,2010). Biodiesel, bioethanol and biogas are the first commercial used biofuels (Naik 

et al.,2010). 

 

Second generation biofuel are commonly from agricultural residual waste and are carbon 

neutral or negative impact on CO2 production (Naik et al.,2010). These types of biofuels 

are produced from agricultural residues or cellulosic residues such as wood, leaves and 

grass which can be grown on marginal land. These biofuels are produced from cellulose 

conversion into simple sugar units, and then be ultimately fermented to alcohol. Cellulose 

materials that thrives alongside consumable crops could be utilized for biomass. 

However, this agricultural method ultimately competes for nutrients from the soil and this 

would lead to another cost of applying fertilizer. This method is chemically and 

economically costly, time consuming, need for sophisticated equipment and larger-scale 

facilities (Khan et al.,2021). Lignocellulose waste are commonly used as feedstock for 

second generation biofuels. Pretreatment of lignocellulose before conversion is always 

recommended. Through pretreatment process, physical method, biological method and 

chemical method are commonly adopted. After treatment, microbial hydrolysis, 

fermentation process and distillation process are applied for the transforming 

lignocellulose to biofuels (Awogbemi et al.,2021). 
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Third generation biofuel originate from non-edible food feedstock. The biofuels are 

produced from aquatic cultivated feedstock such as algae. Algae are good examples of 

feedstock for third generation biofuels and are subdivided into macroalgae and 

microalgae. Microalgae minute unicellular organisms that obtain their food through 

photosynthesis and generate a lot of substrate than terrestrial plant for industrial 

application (Awogbemi et al. ,2021). Algae have exhibited as potential feed stocks for 

high yield biofuel production and have ability to fix CO2, which is a good way for 

reducing CO2 emissions (Khan et al., 2021). Algae use CO2 emitted through 

photosynthesis, use for growth and releasing oxygen to the environment. Algae has also 

advantage of quick growth in most environmental condition and using it as raw material 

is a way mitigating the reduction of CO2 in the environment. Open pond cultivation, 

photo bioreactors and heterotrophic aerobic fermenters are used to artificially produced 

microalgae and macroalgae biomass. Algal biomass has fast rate to acclimatize to 

environments with potential challenges and therefore widely used as a sustainable biofuel 

feedstock. (Naik et al.,2010; Awogbemi et al.,2021). 

 

Fourth generation biofuel originated from genetically engineered algae, though at its 

advanced modification stage (Awogbemi et al., 2021). These bioengineered 

microorganisms considered for fourth generation biofuel includes algae, yeast, fungi and 

cyanobacteria (Khan et al., 2021). Genetically modified algae easy to cultivate by 

metabolically increasing carbon uptake and producing increased oil contents. There is 

ease in the subsequent processes such as fermentation and harvesting procedures. 

Application of metabolically bioengineered algae in biofuel production have enhanced 

lipid content to some species of algae. Species of algae utilized in this application 
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includes, Botryococcus braunii, Chaetoceros calcitrans, Chlorella species, Isochrysis 

galbana, Nannochloropsis, and Schizochytrium limacinumm (Awogbemi et al., 2021). The 

first generation biofuels have demerit over the second, the third and the fourth generation 

biofuels because of food security, however, still in the experimental phase and not yet 

commercialized (Khan et al.,2021). 

2.5.2 Food processing industry 

Cellulase enzymes have a broad range of potential applications in food processing 

industry. Use of enzymes in fruit and vegetable juices for better extraction, stabilization 

and clarification which is paramount. A complex of enzymes (cellulases, xylanases, and 

pectinases) have significantly been applied to extract fruit and vegetable juices for hgher 

yield (Minussi et al., 2002; Carvalho et al., 2008). β-glucanase is another example use of 

enzyme in brewing industry. This enzyme is used to hydrolyze the glucans in the grain to 

improve the productivity and efficiency during filtration, hence improving the brewed 

product appearance such as beer before starting brewing (Celestino et al., 2006). 

2.5.3 Animal feed industry 

The use of hemicellulases and cellulases in the animal feed is paramount due to their 

ability to enhance value of the animal feed and animal performance (Dhiman et al., 

2002). Enzymatic treatment of fodder and grain by cellulases and xylanases can 

significantly enhance their nutritional value (Godfrey and West, 1996). 

2.5.4 Agriculture industry 

Various enzyme preparations of cellulases with different enzymes combinations have 

latent applications in agriculture industry. Example is the use of hemicellulases and 
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pectinases for healthy crops growth and plant diseases control (Bhat, 2000). Fungal ß-

glucanases have potential of degrading plant pathogen in the cell walls. Many cellulases 

producing fungi such as Trichoderma sp., Geocladium sp., Chaetomium, sp and 

Penicillium sp. can be useful in farming by facilitating rapid growth, improve seed 

viability, enhance flowering, improve rooting and enhancing productivity (Bailey and 

Lumsden, 1998). 

 

The demand of cellulases is therefore increasing which has high activity and specific 

activity, due to the wide industrial application. Research on cellulase system in microbes 

should therefore be investigated. From these findings, this study was therefore designed 

to screen the native fungi isolates and hyper cellulases producer and better substrate for 

cellulase production 

2.6 Substrates 

Lignocellulose plant biomass (agricultural residues) are the substrates used for enzymes 

and bioethanol production. The ability of Lignocellulose plant biomass to have 

significant soluble sugars and substances to enhance fungal growth make it an attractive 

choice (Sun et al., 2004; Rosales et al., 2005; Kachlishvili et al., 2006; Winquist et al., 

2008; Elisashvili et al., 2009). Agro-wastes use as source of raw material in fermentation 

process could significantly save cost and reduce environmental pollution. Researches 

revealed that fungi species that degrade lignocellulose are the potential candidates for 

producing enzymes. They are reported to produce significantly high enzyme activity as 

compared to those cultured on commercially defined substrate (Bollag and Leonowicz, 

1984; Elisashvili et al., 2006; Songulashvili et al., 2007). Maize cobs, cypress and 
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eucalyptus sawdust are three of these agricultural wastes considered for the study due to 

their predominance. 

2.6.1 Maize cobs 

Maize cobs are waste products potential source of feedstock for biofuels production. Corn 

plant consist of approximately 50% of corn stover residues and is commonly used biomass as 

feedstock in fermentation process. From this corn stover, more than 66% of reducing 

sugars could be obtained from portions of cellulose and hemicellulose which account for 

about 38% and 28% respectively (Graham et al., 2007). Scaling up ethanol production  

 

was achieved and became promising when using corn stover hydrolysates (Blaschek and 

Ezeji, 2010). 

Table 2.1. shows dry matter (DM) composition in corn stover which was done after 

harvesting. Proper consideration should be done for the removal of corn stover after 

harvesting due to depletion of limited available nutrients (Follet, 2001; Wilhelm et al., 

2004). The harvesting of corn stover should therefore be considered due to the merits and 

demerits of the crop on agricultural (Wilhelm et al., 2004). 

Table 2.1. Dry Matter (DM) Distribution in Corn Residue (Myers & Underwood, 

1992) 

 Corn residue (%) Moisture (%) Residue DM basis (%) 
    

 Stalk 70-75 50 

 Leaf 20-25 20 

 Cob 50-55 20 

 Husk 45-50 10 
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2.6.2 Sawdust (cypress and eucalyptus) 

Sawdust is a complex waste material due to its heterogeneity in structural and compositional 

conformity. The three polymers of sawdust contain approximately 90-98% of cellulose 

materials, hemicellulose polymer and lignin polymer. The remaining portions are ash content 

and extractives (Fengel, and Wegener, 1989). Sawdust material differ both in plant species 

and within same plant due to genetic and climatic conditions. Plant cell wall have lumen in 

innermost, a primary wall connected to neighboring cells via middle lamella and three 

secondary walls to form multi-layer system. These layers have different relative amount of 

cellulose content and micro fibrils orientation as well as hemicellulose and lignin 

contents. 

2.6.2.1 Differences between softwood (cypress) and hardwood (eucalyptus) 

There exist physiological and chemical differences between both hardwood and 

softwood. The resistance to microbial attack is due to these variations. Softwood consist 

of long and slender cells referred to as tracheid which account for approximately 90-95% 

(Fengel and Wegener, 1989). Tracheid remain intact and give softwood tree its structural 

appearance. Hemicellulose in softwood have more mannan sugar that contains fewer 

acetyl groups and therefore require strong treatment. Lignin content is more in softwood 

compared to hardwood, however it could differ in distribution. The interaction between 

lignin and other components (cellulose and hemicellulose) could also differ. Due to these 

variations, its more complicated to degrade softwood than hardwood (Grethlein, 1984; 

Ramos et al 1992). 
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On the other hand, hemicellulose in hardwood contains more xylans (Grethlein, 1984; 

Ramos et al 1992). Hardwood contains open pores referred to as vessels which aids in 

heat transfer, transport of enzymes and other molecules through the matrix. Due to 

presence of these vessels, its easily rendered to degradation than softwood (McMillan, 

1994). 

2.7 Cellulase producing organisms 

The occurrence of active cellulase systems is well distributed within the fungi and 

bacteria (aerobic and anaerobic). Cellulase enzymes are either extra-cellularly produced 

in aerobic fungi or as a complex structure (cellulosome) that is bound to the cell 

membrane in anaerobic bacteria (Clostridia). Fungal strains are mostly used in cellulase 

production studies. It is because of their capacity to produce a larger amount of 

extracellular cellulases while growing in selected substrate (Maki et al., 2009). 

 

Fungi isolates, Xylaria s p. isolates, Nemania sp. isolate, Cyathus sp., P. bolleana strain 

and P. petalodes are well characterized to produce cellulases. Xylaria sp and Nemaniasp 

are genus of ascomycetes fungi commonly found growing on decaying plant biomass. 

Cyathus sp. and Podoscypha sp are genus of fungi in the family bascomycetes with 

widespread distribution in tropical regions (Kirk et al 2008). These organisms grow 

naturally in decaying plant tissues. Product characteristics and development of 

fermentation process are considered when selecting the preferred organisms. 

 

Generally, fungi are well-known agents for decomposing organic matter (Carlile et al., 

2001). Cellulose degrading microbes (both aerobic bacteria and fungi) degrade cellulose 

https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Tropical
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to produce significant cellulase enzymes extracellularly and are easily recovered from 

substrate (Rapp and Beerman, 1991; Schwarz, 2001). In some cases, cellulases presented 

together in the microbial cell, although they act individually and work synergistically 

need during hydrolysis (Bond and Stutzenberger, 1989; Wachinger et al., 1989). 

2.8 Cellulolytic enzymes  

Cellulase enzymes are a class of enzymes that work synergistically to breakdown 1, 4-

glycosidic bonds to produce glucose units from cellulosic residues (Ezekiel et al., 2010). 

Cellulose degradation synergistically is done through the catalytic action of the three 

enzymes, endoglucanase, exoglucanase and beta glucosidase (Sawatdeenarunat et al., 

2015). 

2.8.1 Endo β-glucanase (carboxymethyl cellulases) 

Endo β-glucanase cleave randomly in the internal D-glycosidic linkages preferentially in 

the amorphous units of the cellulose, to easily rendering cellulose more prone for exo-

glucanase cleavage to form free ends chain (Guimarães, 2012). 

2.8.2 Exo, 4-β-glucanase (Cellobiohydrolase – CBH) 

CBH hydrolyze cellulose to produce cellobiose units. CBH I cleave cellulose from the 

reducing end while CBH II cleaves from the non-reducing end. The presence of 

cellobiose, byproduct of substrate breakdown will however prevent the activity of 

cellobiohydrolase (Nachiyar, 2011). 
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2.8.3 β-glucosidase (Cellobiase) 

β-glucosidase catalyze the breakdown of cellobiose and oligosaccharides into glucose 

monosaccharides (Xie et al., 2007; Kumar et al., 2008). However, the production or 

presence of glucose competitively inhibit β-glucosidase activity (Guimarães, 2012). 

 

 

 

 

 

 

 

 

Figure 2.5. Mechanism of cellulase action (Sukumaran,2008) 

2.9 Enzymatic saccharification of maize cobs 

Saccharification is a process of enzymatic hydrolysis of cellulosic materials into simple 

sugars. This project main objective is producing bioethanol from maize cobs in a 

saccharification process by cellulase enzymes of fungal isolates and subsequently 

fermentation by microorganisms such as Saccharomyces cerevisiae. However, several 

technical challenges hinder saccharification process due to presence of recalcitrant materials 

in plant cell-wall and to degrade this cell wall by both microbial enzymes and mechanical 

means is a major concerned. This is a big challenge to produce residual sugars from 

cellulose substrate (Carpita et al., 2001). Increasing the rates of cellulose hydrolysis, 

various bottlenecks effect need to be elucidated.  

 

https://www.researchgate.net/profile/Rajeev-Sukumaran
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Other than product inhibition, other factors that contribute to substrate conversion 

decreasing rates are highlighted in the existing models. These includes, cellulose 

adsorption, hydrolysis susceptible bond location on substrate surface, enzyme substrate 

complex formation, cellobiose units formed after hydrolyzing bond, cellobiose units 

repetitive cleaving until desorption and cellobiose hydrolysis into separate glucose units. 

There are experimental studies these models based on above factors and their sensitivity 

in depicting the hydrolysis kinetics accurately (Bansal, 2009). Maize crop is an important 

crop, and more than 40% of the agricultural land is planted with maize crop which is an 

important staple food for Kenyans. (BASF SE –Kenya agricultural solutions, 2020). 

Furthermore, maize cobs are used as fuel alternative in most households in rural areas in 

Kenya. Bioethanol production from agro waste has been done with different sources of 

enzymes from different organisms for lignocellulose saccharification and fermentation 

(EkenSaracoglu and Arslan, 2000; Ohgren et al., 2006). 

 

2.10 Bioethanol production from maize cobs 

In this process the maize cobs are first hydrolyzed by cellulase enzymes to residual 

sugars, followed by fermentation by Saccharomyces cerevisiae under controlled 

temperature to degrade residual sugars into reducing sugars to produce bioethanol. 

(Martín et al., 2002). Bioethanol production from corn cob, though faces challenges due 

to the shortage of edible crops, but this can be substituted by using non-edible food crops 

and agro waste. This would therefore facilitate proper farming for food security. Serious 

environmental concern posed by fossil fuels can be overcome by substituting bioethanol 

production from agricultural wastes. 
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CHAPTER THREE 

 

MATERIALS AND METHODS 

3.1 Collection of samples 

3.1.1 Sampling area 

The sampling area for the present study was Karura forest reserve, located north of 

central Nairobi (-1.250916S 36.845914 E) along Kiambu road. The reserve is an ideal 

geographical site of indigenous tree with many tree species. 

 

 

 

 

 

 

 

 

Figure 3.1: Map of Karura Forest Reserve 

(source:https://www.google.com/maps/search/karura+forest+coordinates+ma

p/; accessed 15 June 2016) 

3.1.2 Sampling technique 

A total of 20 fungal samples from unidentified decaying plant biomass were collected from 

different sites in the forest. The distribution of the sample units was carried out selectively by 

locating the sites with fungal species found growing on decaying plant biomass with good 

morphological variation. The fruit bodies that includes all parts of the fungus, representing a 

range of developmental stages, were carefully selected, collected and placed into sample 
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envelopes and labelled before transporting them to the Microbial Biotechnology 

Laboratory, Department of Biochemistry, Microbiology and Biotechnology in Kenyatta 

University. 

3.2 Experimental design 

Locally available substrates (cypress, eucalyptus and maize cobs) for production of 

cellulase enzymes by the six isolates were used. To examine their performance, a 

multifactorial experimental design was used in the study. The tests were done in 

triplicates for reproducibility. The three independent variables for this study were the six 

isolated fungi, three substrates and four pretreatment methods while the dependent 

variables were cellulase enzymes and ethanol. 

3.3 Screening and isolation of cellulase producing fungi 

3.3.1 Preparation of 1% CarboxyMethyl Cellulose (CMC) agar 

Carboxymethylcellulose agar preparation was done according to the protocol developed 

by legodi et al., 2019. One (1 g/l) of Carboxymethyl cellulose powder, 1(g/l) of glucose, 

15(g/l) of agar powder and 0.1 (%) Congo red solution were put in volumetric flask and 

filled up to one litre with distilled water. The agar was sterilized at 121
o
c for 20 minutes. 

After cooling 2.5 ml of gentamycin antibiotic solution (100mg/l) was added before 

dispensing into sterile petri dishes. 

3.3.2 Screening and isolation of fungal isolates 

The fruiting body and hyphae of the fungi were cut into 0.5 mm by 0.5 mm in size and 

sterilized with 1.5% sodium hypochlorite for 30 second, rinsed 5-7 times with sterile distilled 
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water before culturing on screening media (Tilay 2012). Selected fungi based on their 

morphological variations were cultured on 1% CMC-Congo red medium at 25
o
C for 7 days 

and monitored daily to visualize the hydrolysis zones. (Sukesh, 2010; Tilay 2012). Zone of 

inhibition also known as a zone of clearing or a halo assay, refers to the clear zone 

surrounding the fungal growth. If the observed zone of inhibition was greater than or equal to 

the size of the standard zone, the isolate was considered to be positive. Conversely, if the 

observed zone of inhibition was smaller than the standard size, the isolate was not 

selected. Six cultures with large clearing zones were selected for fermentation 

3.3.3 Preparation of Potato Dextrose Agar (PDA) 

PDA was used for sub culturing and culture maintenance. PDA was prepared according to 

Amadi, 2021. 200mg of irish potato were chopped into small sizes and put into 1-liter conical 

flask, 500 ml of distilled water was added and the flask covered with aluminum foil, then 

boiled on hot plate. After boiling the broth was decanted into a clean conical flask and 20g of 

dextrose and 15g of agar powder added. The agar was sterilized at 121
o
c for 20 minutes. 

After cooling 2.5 ml of gentamycin antibiotic solution (100mg/l) was added before 

dispensing into sterile petri dishes. 

3.3.4 Culture maintenance 

Six fungal isolates were preserved on PDA medium at room temperature and their 

viability checked after every 14 days during. After study the fungal isolates were stored 

at low temperature, at 4°C for future studies. 



30 

 

3.4 Molecular identification of fungi 

Selected fungi with cellulolytic activity were sub-cultured in PDA medium and identified 

using molecular techniques. Molecular characterization was based on the PCR 

amplification of the conserved nucleotide sequence of ribosomal internal transcribed 

spacer (ITS) using gene coding for the 18S, 5.8S, and 28S rRNA. 

 

3.4.1 Fungal genomic DNA extraction 

Mycelia of the six fungal strains was used for genomic DNA isolation by Graham method 

(Graham et al. 2010). Fungal mycelia were scraped out with the help of a fine sterile scalpel 

followed by freezing in liquid nitrogen and put in about 100 μl of extraction buffer solution 

[100mM Tris-HCl, pH 8.0, 60mM EDTA, pH8.0] in a sterile mortar and pestle and 

ground into fine powder. The powder was placed in 2000ul microcentrifuge tubes and 

about 400 μl of lysis buffer [400mM Tris-HCl, pH 8.0, 60mM EDTA, pH 8.0, 150mM 

NaCl, 1% SDS] added and the contents left at 25
o
c for 10 minutes. This was followed by 

adding 10 μl of Proteinase K [20mg/ml], mixed gently and incubated at 65
o
c for 15 

minutes in a water bath. An equal volume of chloroform: isoamyl alcohol (24:1 v/v) was 

added and centrifuged at 13,200 rpm for 5 minutes at 4
o
c.Then the supernatant was 

transferred to a fresh tube and an equal volume of 3M Sodium acetate and isopropyl 

alcohol was added. The tubes were briefly mixed by invasion. The tubes were centrifuged 

at 13,200 rpm for 10 minutes, and the supernatant was discarded. The resultant DNA 

pellet was washed with 300 μl of 70% ethanol by spinning at 10,000 rpm for 1 minutes, 
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the supernatant was discarded. The DNA pellet was air dried and dissolved in 50 μl of 1 x 

Tris-EDTA, pH 8.0. The quality of DNA was checked on 1% agarose gel. 

3.4.2 PCR amplification 

The internal transcribed spacer of ITS region of 5.8S rRNA was amplified using ITS4 (R) 

5’TCC TCC GCT TAT TGA TAT GC 3’for reverse strand and ITS 86 (F) 5’ GTG AAT 

CAT CGA ATC TTT GAA 3’ for forward strand (Tony et al., 2009). Amplification was 

done in 22 μl reaction mixture (3μl of fungal DNA template, 0.4 μl Taq polymerase, and 

4.0 μl buffer with dNTPs and MgCl2, 4 μl of both primers and 10.6ul of PCR H2O). The 

themocycler was initiated with denaturation process at 95
o
C for 3 minutes, followed by 

32 cycles of second denaturation at 95
o
C for 30 seconds, annealing at 55

o
C for 2 minutes 

and elongation at 72
o
C for 1 minute. Final elongation was carried out at 72

o
C for 10 

minutes before maintaining at 4
o
C (Delgado-Serrano et al., 2016). The quality of 

amplicons was viewed on 1.2 % agarose gel. 

3.4.3 Sequencing of PCR amplicons 

The amplified DNA samples were packed in 1.0 ml micro centrifuge tubes and sent to 

Microgen Inc. in Netherlands for sequencing using the Sanger deoxy chain termination 

method. The method involves 3 basic steps, chain termination PCR, size separation of 

DNA fragments by gel electrophoresis and interpreting sequencing data (Delgado-

Serrano et al., 2016). 
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3.4.4 Phylogenetic analysis 

Phylogenetic analysis of 5.8S rRNA region of fungal isolates were inferred using the 

Neighbor-Joining method and the distance computed using p-distance method, Nei M. 

and Kumar S. (2000). The bootstrap values are represented by figures at the nodes with 

sequences of related strains obtained from NCBI BLAST were included in MEGA11 

software package, Tamura et al. (2013). The phylogenetic tree was created to a matrix of 

pairwise distances estimated by the Neighbor-Joining method (Saitou and Nei, 1987). 

The percentage of replicate trees in which the associated taxa clustered together in the 

bootstrap test (500 replicates) are shown next to the branches (Felsenstein, 1985). 

3.5 Solid State Fermentation (SSF) for cellulase enzymes production. 

SSF was used to produce cellulase enzymes from four cellulolytic fungi using three 

locally available substrates as carbon sources. 

3.5.1 Preparation of substrates 

Maize cobs, eucalyptus and cypress sawdust were used as substrates (carbon source) for 

production of cellulase enzymes. These substrates were dried, then grounded into fine 

powder by an electric mill and sieved with using SA3-2 sieve. The fine powder obtained was 

used in SSF. Five (5) g of each substrate powder was weighed and dispensed into 350 ml 

bottles and 10 ml basal salt solution (1.25 g/l NaNO3, 1.0 g/l KH2PO4, 0.05 g/l CaCl2. 6H2O, 

0.1 g/l MgSO4.7H2O, 0.1g/l NaCl) was added to each bottle. The bottles were covered with 

cotton wool and sterilized at 121
o
 C for 15 minutes. 
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3.5.2 Preparation of inoculum and inoculation 

Inoculum was prepared from fungal cultures grown on PDA medium for seven (7) days. 

Spores were suspended in 20 ml of 5% D-glucose solution at pH 4.8. The number of 

spores were determined using Neubauer chamber with 0.4% trypan blue stain (Alfenore 

et al., 2002). The yeast cells loading concentration used in the 20 ml of medium was 

adjusted to 1.0 x 106 cells / ml. For fungal that did not sporulate, mycelium was scrapped 

from PDA plate and blended in a sterilized blender for 30 seconds. The resulting 

mycelium extract was used as inoculum. Two (2) mls of the spore suspension or mycelia 

extract was transferred into each bottle in a biosafety cabinet, then thoroughly mixed with 

substrates and incubated at room temperature. 

3.5.3 Effect of time of incubation on cellulase enzyme production 

SSF process was done for 15 days of fermentation period to determine the effect of time 

of incubation on cellulase enzyme production. Samples were taken at 3 days’ intervals 

and of cellulase enzyme activity determined as described in section 3.8. All assays were 

carried out in triplicates. 

3.5.4 Effect of substrate pretreatment on cellulase enzyme production 

Maize cobs, cypress and eucalyptus sawdust were pretreated using 0.1M NaOH (w/v) and 

0.1M HCl (v/v) at 60
o
C for 2 hours and at 121

0
C for 15 minutes. After pretreatment, the 

substrates were washed severally with distilled water until the neutral pH. The substrates 

were then dried at 70
o
C until constant weight. The pretreated substrates were inoculated 

with the six cellulolytic fungi as described in section 3.5.2 and after 5 days of 

fermentation, samples were analyzed as described in section 3.8. 
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3.6 Lignocellulose composition determination 

The amount of lignocellulose composition in cypress, eucalyptus and maize cobs 

substrates were estimated as proposed by Yang et al. (2006) modified method. 

3.6.1 Extractives 

Determination of the amount of extractives (materials that are not part of the cellular 

structure) in substrate was done using acetone. 60 mL of acetone was used in 1 g/w of 

substrate and boiled at 55 °C for 2 h. The sample was filtered with muslin cloth and dried 

in an oven at 110 °C to obtain constant weight. The amount of dried sample was 

measured to determine the amount of extractives. 

3.6.2 Hemicellulose 

The amount of hemicellulose in substrate was extracted using 18% (w/v) Sodium Hydroxide. 

100ml of Sodium Hydroxide solution was put to 1 g/w of free extractives substrate and 

boiled at 80 °C for 2 h. The sample was thoroughly rinsed with deionized water to free 

sodium ion up to pH 7. Filtered sample with muslin cloth was placed in an oven at 110 °C 

to obtain constant weight. The amount of dried sample was measured to determine the 

amount of hemicellulose. 

3.6.3 Lignin 

The amount of lignin in biomass was extracted using 98 % (v/v) sulphuric acid. 30ml of 

H2SO4 (sulphuric acid) solution was put in 1 g/w of free extractives and left at ambient 

temperature for 24 h. The biomass sample was then boiled at 80 °C in a fume hood for 1 

h. Filtered sample with muslin cloth was thoroughly washed with deionized water to 

remove sulfate ion in the solid residue. 10 % of Barium chloride solution was used to test 
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the presence of sulfate ion through the process of titration. The solid residue was placed 

in an oven at 110 °C to obtain constant weight. The amount of dried sample was 

measured to determine the amount of lignin content. 

3.6.4 Cellulose 

Total lignocellulose component of the biomass sample used in this study was 1 g. The 

amount from the difference between the initial weight of the sample with the weight of 

others three component, was measured to determine the amount of cellulose content. 

3.7 Enzyme extraction 

The extracted of crude enzyme was done by adding 50ml of 50mM citrate buffer pH 4.8 

to all bottles. Culture bottles were vigorously shaken and left to stand at RT for 2 hours. 

The mixture was sieved through muslin cloth and the filtrate collected, centrifuged for 10 

minutes at 10,000 rpm. A total of 50ml of crude enzyme was collected a plastic bottles 

from each 350 ml fermentation bottle and stored in a freezer under -20
o
c. 

3.8 Cellulase enzyme assays 

3.8.1 Preparation of DNS reagent 

10g/w of 3,5-Dinitrosalicylic acid, 0.5g/w of sodium sulfite, 10g/w of sodium hydroxide 

and 2g/w of phenol were dissolved in 1000 ml distilled water was added. The solution 

was completely dissolved before was stored in a room temperature. 
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3.8.2 Preparation of Potassium Sodium Tartrate (PST) solution 

Four hundred (400g) of potassium sodium tartrate powder was measured and transferred 

in a clean 1000 ml conical flask and dissolved in 1000ml distilled water. The solution 

was completely dissolved before was stored in a room temperature. 

3.8.3 Preparation of standard glucose stock solution 

To a 100ml conical flask, 20 g glucose was dissolved in 100ml of distilled water. The 

mixture was stirred using magnetic stirrer to dissolve completely. A linear serial dilution 

of glucose solutions (0.2, 0.4, 0.6, 0.8 and 1.0) was prepared from stock solution. 

3.8.4 Preparation of standard 1mM p-nitrophenol (pNP) stock solution 

To make 1mM p-nitrophenol (pNP) standard curve stock solution, to a 10ml conical flask 

0.0139 g of pNP was dissolved in 10 ml of Tris buffer, pH 7. A linear serial dilution of p-

nitrophenol solutions (10, 20, 30, 40 and 50) was prepared from stock solution. 

3.8.5 Total cellulase activity (FPase) 

A piece of Whatman’s filter paper (1x6cm
2
) approximately 50mg was placed in a 2000 ul 

microcentrifuge tube. Five hundred (500) ul of 5mM citrate buffer pH 4.8 was added 

followed by adding 500 ul of crude enzyme extract in 50mM citrate buffer, pH4.8 and then 

incubated at 50ºC for 1 hour. The reaction was terminated by adding 700 ul 3,5-

Dinitrosalicylic acid (DNS) reagent after incubation, tubes were boiled for 5 minutes 

followed by adding 300 ul sodium potassium tartrate after cooling. Reducing sugars 

produced during the reaction were assayed in triplicates using spectrophotometer at 540 nm 

and calculated using a standard glucose curve y꓿ a + bx (Guimarães, 2012; Mafe et al., 

2014). One unit of FPase was defined as the amount of enzyme that required to release 
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1μmol of glucose (reducing sugar equivalents) per minute per unit. Formulae for 

calculating FPase activity in International units (IU) (Rahnama et al 2014) 

 

 

 

Where c = intercept, m = slope obtained from glucose standards 

3.8.6 Endo-glucanase assay 

Five hundred (500) ul of crude extract was added to a solution of 500 ul 2% CMC in a 

2000 ul microcentrifuge tube, then the reaction mixture was incubated at 50ºC for 30 

minutes. After incubation, about 700ul DNS reagent was added to terminate the reaction, 

boiled for 5 minutes followed by adding 300 ul sodium potassium tartrate after cooling. 

Reducing sugars produced during the reaction were assayed by the DNS method at 540 

nm in triplicates and estimated by a standard glucose curve (Guimarães, 2012; Mafe et 

al., 2014). One unit of endo-glucanase activity was defined as the amount of enzyme 

releasing 1 μmol of glucose (reducing sugar equivalents) per minute per unit. Formulae 

for calculating endoglucanase activity in International units (IU) (Rahnama et al 2014) 

 

 

Where c = intercept, m = slope obtained from glucose standards 

3.8.7 Exo-glucanase assay 

Five hundred (500) ul of the crude extract was added to solution of 500 ul of 1.25% 

microcrystalline (Avicel) solution in 100 mM sodium acetate buffer pH 4.8 in a 2000 ul 
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microcentrifuge tube, the reaction mixture was incubated at 50°C for 2 hours. About 700ul 

DNS reagent was added to terminate the reaction, boiled for 5 minutes followed by adding 

300 ul sodium potassium tartrate after cooling. Reducing sugars produced during the reaction 

was assayed by the DNS method at 540 nm in triplicates and estimated by a standard glucose 

curve (Guimarães, 2012; Mafe et al., 2014). One Unit of exoglucanase activity was defined 

as the amount of enzyme required to release one µmol of glucose (reducing-sugar 

equivalents) per minute per unit. Formulae for calculating exoglucanase activity in 

International units (IU) (Rahnama et al 2014) 

 

 

Where c = intercept, m = slope obtained from glucose standards 

3.8.8 β glucosidase assay 

One hundred (100) ul crude enzyme was added to a solution containing 100 ul of 5 mM para-

nitro phenol-β-Gl-D-glucopyranoside (pNPG) and 400ul of 100 mM sodium acetate buffer, 

pH 4.8 solution in a 2000 ul microcentrifuge tube, the reaction mixture was incubated at 

50°C for 15 minutes. 800ul ml glycine buffer, pH 10.8 was added to terminate the 

reaction (Guimarães, 2012; Mafe et al., 2014). The amount of para-nitrophenol produced 

was measured at 420 nm in triplicates and quantified using a standard Para-nitrophenol 

curve (Mafe et al., 2014). One unit of β-glucosidase activity was defined as the amount of 

enzyme required to release 1ul mol of para-nitrophenol per minute per unit under assay 

condition. Formulae for calculating β-glucosidase activity in International units (IU) 

(Rahnama et al 2014) 
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Where c = intercept, m = slope obtained from para-nitro phenol standards 

3.9 Bioethanol production 

Bioethanol was produced from lignocellulosic maize cobs through saccharification using 

FPase crude enzymes from fungal isolates followed by the fermentation with 

Saccharomyces cerevisiae. Effect of time of incubation and substrate loading 

concentration were determined to optimize both reducing sugars and bioethanol yields. 

3.9.1 Production of cellulase enzymes for saccharification of maize cobs 

Total cellulase enzyme (5 IU/ml FPase) was utilized for saccharification process from 

already harvested crude enzymes stored in freezer under -20
o
c on both pretreated and 

untreated maize cobs substrate. 

3.9.2 Concentration of crude enzymes 

Freeze-drying is a process in which water is sublimated by the direct transition of water from 

solid (ice) to vapor, thus omitting the liquid state, and then desorbing water from the “dry” 

layer Typically, the process involves 3 steps: (1) freezing: to convert water into ice; (2) 

primary drying: to remove ice via sublimation; and (3) secondary drying: where unfrozen 

water is removed via desorption (Nowak et al 2020). Crude enzyme from maize cob 

substrate with high enzyme activity was concentrated five-fold by freeze drying and used 

for saccharification process on maize cobs substrate. 
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3.9.3 Saccharification of maize cobs 

Enzymatic hydrolysis of maize cobs with low (4% and 8%) and high (18% and 20%) loading 

substrate concentration was carried out in 50 ml Falcon tube with total volume of 20 ml 

containing crude enzyme extract, 50 mM sodium citrate buffer, pH 4.8, 1 ml of both 

gentamycin (2mg/50ml) and Griseofulvin (500 mg/50 ml) to inhibit microbial contamination 

for all six fungi. The crude enzyme concentration of FPase 5 IU/g was used for 

saccharification. The saccharification was done for 72 hours at room temperature using a 

shaker at 150 rpm. Commercial cellulase enzymes (5 IU/g of Fpase) were used as control 

during the saccharification process. During this process, 500 ul from the reaction mixture 

were withdrawn from the SSF medium at every 12 hours’ intervals (12,24,36,48,60 and 72) 

and the supernatant analyzed by DNS method to evaluate the effect of incubation time and 

substrate loading concentration on reducing sugar yield. 

3.9.4 Estimation of reducing sugar by DNS Method (Miller, 1959) 

The reducing sugars produced during saccharification were determined by DNS method. 

The solution mixture with 500 ul of crude enzyme and 500 ul of DNS reagent in 2 ml 

micro centrifuge tubes was boiled at 100
o
C for 5 minutes. 300 ul of sodium potassium 

tartrate was added to the mixture after cooling and the absorbance read at 540 nm. 

Calibration was done with standard glucose solutions as discussed in subsection 3.7.3 ((y 

= a + bx), (R 2
 = 0.998)). Where a = intercept b = slope obtained from glucose standard 

and R 2 = degree of freedom 
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3.9.5 Preparation of Saccharomyces Cerevisiae inoculum 

Saccharomyces cerevisiae, is the most widely utilized to metabolizes glucose to ethanol in 

industrial application as commercial baker’s yeast in the fermentation. The activation of the 

yeast was done using 1g of baker’s yeast inoculated on 5% malt extract broth plate at 25
o
C 

for 48 h to activate the yeast. Pure yeast colony was inoculated in the PDA agar plate. 

Colonies were multiplied by culturing in a sterile 50 ml of 5% malt extract broth and 

incubated at 25
o
c in a shaker at 150 rpm for 24 h Suh et al. (2007). The total viable yeast 

cells were then determined using Neubauer chamber with 0.4% trypan blue stain (Alfenore et 

al., 2002). The yeast cells loading concentration used in the 20 ml of maize cobs hydrolysate 

was adjusted to 1.0 x 10
6
 cells / ml. 

3.9.6 Saccharification and fermentation of maize cobs 

The crude enzyme extracts from the six fungal isolates was used to saccharify maize cobs 

to produce residual sugars to produce ethanol in 50 ml falcon tubes as described in 

section 3.9.4. 200 ul of baker’s yeast was transferred to each 50 ml tubes containing 20 

ml of maize cobs substrate devoid antifungal agent. The tubes were then incubated at 

37
o
C under stationary environmental conditions for 96 hours. During fermentation 

period, 500ul samples was withdrawn at 12 h intervals for four days 

3.10 Determination of bioethanol 

3.10.1 Preparation of acidified potassium dichromate 

For 1000 ml of potassium dichromate(VI) solution, 20 g of potassium dichromate(VI) 

was dissolved in 800 ml distilled water, in a conical flask. 100 ml of absolute sulfuric 
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acid was slowly added to the solution, with cooling. Distilled water was filled to the 1000 

mark. 

3.10.2. Preparation of ethanol standards 

Ethanol standards were prepared from 2% v/v ethanol stock solution. 2 ml of absolute 

ethanol was dissolved in 100 ml distilled water in a conical flask. Different concentrations 

were then prepared (0.2, 0.4, 0.8, 1.2, 1.6, and 2.0) from stock solution. 

3.10.3 Determination of bioethanol by acidified dichromate (Mushimiyimana and 

Tallapragada, 2016) 

After fermentation, the maize cobs hydrolysate was sieved with muslin cloth, then the 

supernatant centrifuged at 10,000 rpm for 10 minutes. 500 ul acidified potassium 

dichromate reagent was added into 500 ul of hydrolysate in 2 ml micro centrifuge tube 

and heated at 60
o
C for 5 min. after cooling 200 ul of sterile distilled water was added to 

the mixture and the absorbance read at 600 nm. Calibration was performed using ethanol 

standard solutions as discussed in subsection 3.10.2 ((y = a + bx), (R 2
 = 0.998)). Where 

a = intercept b = slope obtained from ethanol standard and R 2 = degree of freedom. 

3.11 Data management and statistical analysis 

Molecular data analysis by comparing isolates sequences with the sequences in the 

nucleotide database (NCBI) using the BLAST technique. The MEGA software version X 

program was used for phylogenetic analysis and multiple alignment using CLUSTAL W 

(Kumar et al 2018). UV-Spectrophotometry data of enzyme activity and ethanol yield 

obtained was entered into an excel spreadsheet. Enzymes activity was converted into 
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international enzyme units. The data was imported in R software version 3.5.1 (R. Core 

Team, 2018) Data were statistically analyzed using one-way ANOVA at P ≤ 0.05 

significant level. Any significant differences in the factors affecting enzyme and ethanol 

production was determined by Tukey's HSD Post Hoc test. 
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CHAPTER FOUR 

 

RESULTS 

 

4.1 Cellulase activity of isolated fungi 

This study successfully isolated 20 fungal isolates from decaying plant biomass. The 

cellulolytic activities of these isolates were tested based on the clear zone formation on 

the minimal media containing 1% CMC- Congo red agar (Figure 4.1). The result of the 

screening showed that six isolates had cellulolytic activities indicated by large clear zone 

formation around the colony (Table 4.1). The dimension of the clear zone ranged from 

0.580 cm
2
 to 0.700 cm

2
. Six isolates which were most potential as cellulase producers 

were Xylaria sp. km01, Nemania sp. km02, Xylaria sp. km03, Cyathus sp. km04, P. 

bolleana km05 and P. petalodes km06 respectively. 

Xylaria sp. km01 Nemania sp. km02 Xylaria sp. km03 

 

 

 

 

 

 

 

 

Cyathus sp km04        P. bolleana km05                        P. petalodes km06

Figure 4.1 Cellulase activity of isolated fungi 
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Table 4.1 Clear zone dimension of cellulolytic activity of fungal isolates 

Isolate code Isolate name Clear zone dimension (cm
2
) 

Km01 Xylaria sp 0.630 

Km02 Nemania sp 0.580 

Km03 Xylaria sp 0.640 

Km04 Cyathus sp 0.700 

Km05 Podoscypha bolleana 0.595 

Km06 Podoscypha petalodes 0.590 
 

4.2 Molecular identification 

4.2.1 Gel electrophoresis 

Figure 4.2 show gel electrophoresis separation results of Xylaria sp. km01, Nemania 

sp.km02, Xylaria sp. km03, Cyathus sp. km04, P. bolleana km05 and P. petalodes km06 

amplified ITS region of 5.8S rRNA fragments according to their sizes of ~650 bp. DNA 

samples were loaded into wells (indentations) at one end of a gel, and an electric current 

applied to pull them through the gel. 

 

 

 

 

 

Figure 4.2 Photographic image of an agarose gel indicating the amplification of the  

       ITS target 

4.2.2 Phylogenetic analysis 

Figures 4.3, show general phylogenetic trees generated with sequences of isolates 

obtained from the amplification of the ITS region of 5.8S rRNA and some sequences 

from the NCBI GenBank database for comparison using BLASTN. The outcome of the 
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submitted sequences affirmed that km01, km02 and km03 speciess belonged to 

ascomycota species and km04, km05 and km06 to basidiomycota. Based on the analysis 

of ITS gene sequence, the isolates km01, km02, km03, km04, km05, and km06 were 

identified as Xylaria sp., Nemania sp., Xylaria sp., Cyathus sp., P. bolleana and P. 

petalodes. The result of phylogenetic analysis (figure 4.3) showed that two strains of 

Xylaria sp. (km01 and Xylaria sp. km03) and of Podoscypha sp. (P. bolleana km05 and 

P. petalodes km06) were in one group (sister taxa), however Xylaria sp. are closely 

related to Nemania sp. km02, while Cyathus sp. km04 was not closely related with the 

isolates. 

 

Figure 4.3 Phylogenetic tree for Xylaria sp. km01, Xylaria sp. km03, Nemania sp.

 km02 Cyathus sp. Km04, Podoscypha bolleana km05 and Podoscypha

 petalodes km06 

 

Phylogenetic tree showing the relationships among the isolates of Xylaria sp. Km01, 

Nemania sp. Km02, Xylaria sp. Km03 Cyathus sp. Km04, Podoscypha bolleana km05 
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and Podoscypha petalodes km06 based on the ITS rRNA gene. Cerrena unicolor isolate 

CFCC was used as an outgroup. 

4.3 Effect of time of incubation on cellulase production 

The effect of fermentation period on total cellulase activity (FPase), exoglucanase, 

endoglucanase and β-glucosidase activity was investigated on the six cellulase producing 

fungi. Fermentation process was done at 25
o
c using cypress, eucalyptus and maize cobs 

substrates under SSF process. The crude enzyme was extracted on different days 

(3,6,9,12 and15) during fermentation and bioassays carried out for cellulase activity. 

4.3.1 Effect of time of incubation on total cellulase activity (FPase) 

Figure 4. 4 shows the total cellulase activity (FPase) of Xylaria sp. KM01, Nemania sp. 

KM02 Xylaria sp. KM03, Cyathus sp. KM04, P. bolleana KM05 and P. petalodes KM06 

cultured on cypress, eucalyptus and maize cobs substrates for 15 days and samples taken 

at 3 days’ interval for analysis. There was a significant effect of time of incubation on 

Fpase activity of the six cellulase producing fungi cultured on three substrates. The 

highest Fpase activities for Xylaria sp. KM01, Nemania sp. KM02, Xylaria sp. KM03, 

Cyathus sp. KM04 and P. bolleana KM05 were recorded on the 3
rd

 day of incubation on 

cypress and eucalyptus substrates which were significantly higher than Fpase recorded on 

the remaining days of incubation. Cyathus sp. KM04 and P. bolleana KM05 recorded the 

highest Fpase activities on the 3
rd

 day and the 15
th

 day of incubation on maize cobs. The 

highest Fpase activities for Xylaria sp. KM01, Nemania sp. KM02 Xylaria sp. KM03 

were recorded on the 9
th

 day of incubation on maize cobs. 
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The highest Fpase activity for P. petalodes KM06 was recorded on the 3
rd

 day of 

incubation on cypress and maize cobs substrates and on the 9
th

 day of incubation on 

eucalyptus. Fpase activity for Xylaria sp. KM01 cultured on the three substrates were not 

significantly different on the 3
rd 

day of incubation, but were significantly higher on 

maize cobs substrate on the 6
th

, 9
th

, 12
th

, and 15
th

 days of incubation compared to those 

recorded for cypress and eucalyptus substrates. Nemania sp. KM02, Xylaria sp. KM03, 

Cyathus sp. KM04, P. bolleana KM05 and P. petalodes KM06 recorded significantly 

higher Fpase activities on maize cobs substrate compared to cypress and eucalyptus 

substrates over the 15-day incubation period.
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E F

Figure 4.4 FPase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, (C) Xylaria sp. km03, (D) Cyathus sp. km04, (E)

 Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on untreated cypress, eucalyptus and maize

 cob substrates. Values are means of three replicates ± SEM.
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4.3.2 Effect of time incubation on exoglucanase activity 

Figure 4.5 shows the exoglucanase activity of Xylaria sp. KM01, Nemania sp. KM02 Xylaria 

sp. KM03, Cyathus sp. KM04, P. bolleana KM05 and P. petalodes KM06 cultured on 

cypress, eucalyptus and maize cobs substrates for 15 days and samples taken at 3 days’ 

interval for analysis. 

 

There was a significant effect of time of incubation on exoglucanase activity of the six 

cellulase producing fungi cultured on three substrates. The highest exoglucanase 

activities for Xylaria sp. KM01 was recorded on the 3
rd

 day of incubation on cypress and 

eucalyptus substrates. Exoglucanase activity of Xylaria sp. KM01 cultured on maize cobs 

peaked at 6.47±0.28 IU/ml, recorded on the 9
th

 day of incubation which however was 

only significantly higher than that recorded on 15
th

 day of incubation. 

 

The exoglucanase activity recorded on cypress and eucalyptus substrates was 

significantly higher than that recorded on the remaining days of incubation, while on 

eucalyptus substrate was only significantly higher than that recorded on the 6
th

 day of 

incubation. Xylaria sp. KM03, Cyathus sp. KM04, P. bolleana KM05 and P. petalodes 

KM06 were recorded on the 3
th

 day of incubation on cypress and eucalyptus substrates 

and for Nemania sp. KM02 recorded on 3
rd

 day of incubation on maize cobs substrate. 

 

On cypress and eucalyptus substrates, the highest exoglucanase activities for Xylaria sp. 

KM01, Xylaria sp. KM03, Cyathus sp.KM04 and P. bolleana KM05 and P. petalodes 
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KM06 were recorded on the 3
rd

 day of incubation. Significantly higher exoglucanase 

activity for Nemania sp. KM02 was recorded on the 6
th

 day of incubation on cypress and 

on the 9
th

 day of incubation on eucalyptus respectively. Higher exoglucanase activity for 

P. bolleana KM05 was recorded on the 3
rd

 day of incubation in cypress and on the 15
th

 

day of incubation in eucalyptus respectively. Exoglucanase activities for Xylaria sp. 

KM01, Xylaria sp. KM03, Cyathus sp. KM04 and P. bolleana KM05 cultured on the 

cypress and maize cobs substrates were not significantly different on the 3
rd

 day of 

incubation, but significantly higher on maize cobs substrate on the 6
th

, 9
th

, 12
th

, and 15
th

 

days of incubation compared to those recorded on cypress and eucalyptus substrates. 

Nemania sp. KM02 and P. petalodes KM06 recorded significantly higher exoglucanase 

activities in maize cobs substrate compared to cypress and eucalyptus substrates over the 

15-day incubation period. 
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Figure 4.5 Exoglucanase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, (C) Xylaria sp. km03, (D) Cyathus sp.

 km04, (E) Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on untreated cypress,

 eucalyptus and maize cob substrates. Values are means of three replicates ± SEM. 
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4.3.3 Effect of time of incubation on endoglucanase activity 

Figure 4.6 shows the endoglucanase activity of Xylaria sp .KM01, Nemania sp. KM02, 

Xylaria sp. KM03, Cyathus sp. KM04, Podoscypha bolleana KM05 and Podoscypha 

petalodes KM06 cultured on cypress, eucalyptus and maize cobs substrates for 15 days 

and samples taken at 3 days’ interval for analysis. 

 

There was a significant effect of time of incubation on endoglucanase activity of the six 

cellulase producing fungi cultured on three substrates. The highest endoglucanase 

activities for Xylaria sp. KM01 and Xylaria sp. KM03 were recorded on the 3
rd

 day of 

incubation on cypress and eucalyptus substrates, but on maize cob substrate they 

recorded highest on the 9
th

 day and on the 6
th

 day of incubation respectively. Cyathus sp. 

KM04 recorded the highest endoglucanase activity on the 3
rd

 day of incubation for all 

three substrates. Nemania sp. KM02 recorded the highest endoglucanase activity on the 

3
rd

 day of incubation on maize cobs and eucalyptus substrates, but on the 9
th

 day of 

incubation on cypress sawdust. 

 

The highest endoglucanase activities for P. bolleana KM05 and P. petalodes KM06 were 

recorded on 6
th

 day and 15
th

 day of incubation on maize cobs and eucalyptus substrates, 

but on the 3
rd

 day and 15
th

 day on cypress sawdust respectively. Endoglucanase activities 

for Xylaria sp. KM01, Nemania sp. KM02 and Xylaria sp. KM03 cultured on the three 

substrates were not significantly different on the 3
rd

 day of incubation, but significantly 
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higher on maize cobs substrate on the 6
th

, 9
th

, 12
th

, and 15
th

 days of incubation 

compared to those recorded on cypress and eucalyptus substrates. Cynthus sp. KM04, P. 

bolleana KM05 and P. petalodes KM06 recorded significantly higher endoglucanase 

activities on maize cobs substrate compared to cypress and eucalyptus substrates over the 

15-day incubation period. 
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Figure 4.6 Endoglucanase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, (C) Xylaria sp. km03, (D) Cyathus

 sp. km04, (E) Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on untreated cypress,

 eucalyptus and maize cob substrates. Values are means of three replicates ± SEM. 
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4.3.4 Effect of time of incubation on β-glucosidase activity 

Figure 4.7 shows the β-glucosidase activity of Xylaria sp. KM01, Nemania sp. KM02, 

Xylaria sp. KM03, Cyathus sp. KM04, Podoscypha bolleana KM05 and Podoscypha 

petalodes KM06 cultured on cypress, eucalyptus and maize cobs substrates for 15 days 

and samples taken at 3 days’ interval for analysis. There was a significant effect of time 

of incubation on β-glucosidase activity of the six cellulase producing fungi cultured on 

three substrates. The highest β-glucosidase activities for Xylaria sp. KM01 and Cyathus 

sp. KM04 were recorded on the 9
th

 day of incubation and those for Xylaria sp. KM03 

and P. petalodes KM06 were recorded on the 12
th

 day of incubation on the three 

substrates. Nemania sp.KM02 recorded the highest β-glucosidase activity on the 6
th

 day 

on eucalyptus substrate, the 9
th

 day on cypress substrate and the 12
th

 day on maize cob 

substrate. 

 

P. bolleana KM05 recorded highest β-glucosidase activity on the 9
th

 day on cypress 

substrate and on the 12
th

 day on eucalyptus and maize cob substrates. β-glucosidase 

activity for Cyathus sp. KM04 cultured on the three substrates were not significantly 

different on the 9
rd

 day of incubation, but significantly higher on maize cobs substrate on 

the 6
th

, 9
th

, 12
th

, and 15
th

 days of incubation compared to those recorded on cypress and 

eucalyptus substrates. All the six fungi recorded significantly higher endoglucanase 
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activities on maize cobs substrate compared to cypress and eucalyptus substrates over the 

15-day incubation period. 
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Figure 4.7 β-glucosidase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, (C) Xylaria sp. km03, (D) Cyathus sp.

 km04, (E) Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on untreated cypress,

 eucalyptus and maize cob substrates. Values are means of three replicates ± SEM. 
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4.4 Effect of substrates pretreatment on cellulase production 

The six cellulase producing fungi were studied to determine the effect of pretreatment on 

total cellulose activity (Fpase), exoglucanase, endoglucanase and beta glucosidase 

activity. The pretreatment was carried out at 60
o
C and 121

o
C using 0.1M HCl and 0.1M 

NaOH on cypress, eucalyptus and maize cob substrates under SSF process. The crude 

enzyme was extracted on 5
th

 day during fermentation and bioassays carried out for 

cellulase activity. 

4.4.1 Effect of substrates pretreatment on Total cellulase activity(FPase) 

Figure 4.8 shows total cellulase activity (Fpase) of Xylaria sp .KM01, Nemania sp. 

KM02, Xylaria sp. KM03, Cyathus sp .KM04, P. bolleana KM05 and P. petalodes 

KM06 cultured on cypress, eucalyptus and maize cobs substrates pretreated with 0.1M 

HCl at 60
o
C and 121

o
C and 0.1M NaOH at 60

o
C and 121

o
C. The six fungi were cultured 

for 5 days and crude enzyme extract analysis. There were significant effects of substrate 

pretreatment on total cellulase activities (Fpase) recorded for the six cellulase producing 

fungi. Significantly higher fpase activities were recorded on untreated and pretreated 

maize cobs substrate as compared to untreated and pretreated cypress and eucalyptus 

sawdust (P ≤ 0.05) except for Nemania sp. KM04. Xylaria sp. KM01 recorded the highest 

Fpase activity on untreated cypress sawdust which however was not significant from that 

recorded on cypress sawdust pretreated with 0.1M HCl at 121
o
C for 15 minutes. On 

eucalyptus the highest Fpase activity was recorded when pretreated with 0.1M NaOH at 
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121
o
C for 15 minutes which was only not significant when pretreated with 0.1M HCl at 

60
o
C for 2 hours. While on maize cobs recorded the highest Fpase activity when 

pretreated with 0.1M HCl at 121
o
C for 15 minutes which was only not significant when 

pretreated with 0.1M HCl at 60
o
C for 2 hours. Nemania sp. KM02 recorded the highest 

Fpase activity on pretreated maize cobs with 0.1M HCl at 121
o
C for 15 minutes which was 

only not significant with untreated substrate. While on eucalyptus the highest Fpase activity 

was recorded when pretreated with 0.1M NaOH at 60
o
C for 2 hours which was only not 

significant to that pretreated with 0.1M NaOH at 121
o
C for 15 minutes. 

 

On cypress, Nemania sp. KM02 and Xylaria sp. KM03 recorded highest Fpase activity 

was recorded when pretreated with 0.1M NaOH at 60
o
C for 2 hours which was not 

significant to other treatments. Xylaria sp. KM03 recorded the highest Fpase activity on 

pretreated maize cobs with 0.1M NaOH at 121
o
C for 15 minutes which was only not 

significant to that pretreated with 0.1M HCl at 121
o
C for 15 minutes. While on 

eucalyptus the highest Fpase activity was recorded when pretreated with 0.1M NaOH at 

121
o
C for 15 minutes which was only not significant to that pretreated with 0.1M NaOH 

at 60
o
C for 2 hours. 

 

Cyathus sp. KM04 recorded the highest Fpase activity on pretreated substrates with 0.1M 

HCl at 121
o
C for 15 minutes which was significant as compared to the other 
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pretreatments. P. bolleana sp. KM05 recorded the highest Fpase activity on pretreated 

cypress and maize cobs with 0.1M HCl at 121
o
C for 15 minutes which was only not 

significant to that pretreated with 0.1M HCl at 60
o
C for 2 hours. While on eucalyptus the 

highest Fpase activity was recorded when pretreated with 0.1M 0.1M HCl at 60
o
C for 2 

hours which was significant as compared to other pretreatments. P. petalodes sp. KM06 

recorded the highest Fpase activity on pretreated cypress and maize cobs with 0.1M HCl 

at 121
o
C for 15 minutes which was only not significant when pretreated with 0.1M 

NaOH at at 60
o
C and 0.1M HCl at 60

o
C for 2 hours respectively. 
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Figure 4.8 FPase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, and (C) Xylaria sp. km03, (D) Cyathus sp. 

 km04, (E) Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on pretreated cypress, 

 eucalyptus and maize cob substrates. Values are means of three replicates ± SEM. 
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4.4.2 Effect of substrates pretreatment on exoglucanase activity 

Figure 4.9 shows exoglucanase activity of Xylaria sp. KM01, Nemania sp. KM02, 

Xylaria sp. KM03, Cyathus sp. KM04, P. bolleana KM05 and P. petalodes KM06 

cultured on cypress, eucalyptus and maize cobs substrates pretreated with 0.1M HCl at 

60
o
C and 121

o
C and 0.1M NaOH at 60

o
C and 121

o
C. The six fungi were cultured for 5 

days and crude enzyme extract used to determine the exoglucanase activity. 

 

There were significant effects of substrate pretreatment on exoglucanase activity recorded for 

the six cellulase producing fungi. Significantly higher exoglucanase activities were recorded 

in untreated and pretreated maize cobs substrate as compared to untreated and pretreated 

cypress and eucalyptus sawdust (P ≤ 0.05) except P. bolleana KM05. Xylaria sp. KM01 

recorded the highest exoglucanase activity on pretreated eucalyptus and maize cob with 0.1M 

HCl at 60
o
C and 121

o
C, however not significant when pretreated with 0.1M HCl at 121

o
C 

and 60
o
C respectively. While on cypress the highest exoglucanase activity was recorded 

when pretreated with 0.1M NaOH at 121
o
C for 15 minutes. Nemania sp. KM02 recorded the 

highest exoglucanase activity on pretreated cypress with 0.1M NaOH at 121
o
C for 15 

minutes which was not significant when treated with 0.1M NaOH at 60
o
C while on 

eucalyptus the highest exoglucanase activity was recorded when pretreated with 0.1M NaOH 

at 60
o
C which was significant to other pretreatments. Xylaria sp. KM03 recorded the 

highest exoglucanase activity on pretreated and maize cob with 0.1M HCl at 121
o
C for 

15 minutes which was not significant as compared when pretreated with0.1M HCl at 
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60
o
C for 2 hours. On cypress and eucalyptus, the highest exoglucanase activities were 

recorded when pretreated with 0.1M NaOH at 121
o
C for 15 minutes which were not 

significant as compared when pretreated with 0.1M HCl at 121
o
C for 15 minutes. 

 

Cyathus sp. KM04 recorded the highest exoglucanase activity on pretreated cypress with 

0.1M NaOH at 60
o
C for 2 hours which was not significant to other pretreatments. While 

on eucalyptus the highest exoglucanase activity was recorded when pretead with 0.1M 

HCl at 121
o
C for 15 minutes which was not significant as compared to that pretreated 

with 0.1M HCl at 60
o
C and 0.1M NaOH at 121

o
C. 

 

P. bolleana sp. KM05 recorded the highest exoglucanase activity on pretreated cypress 

and eucalyptus with 0.1M HCl at 60
o
C for 2 hours, however it was only significant when 

pretreated with 0.1M NaOH at 121
o
C for cypress while on eucalyptus it was significant 

as compared to other pretreatments. While P. petalodes sp. KM06 recorded the highest 

exoglucanase activity on pretreated cypress and eucalyptus with 0.1M HCl at 60
o
C for 2 

hours, however it was only not significant when eucalyptus was pretreated with 0.1M 

HCl at 121
o
C and on cypress it was significant as compared to other pretreatments.
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Figure 4.9 Exoglucanase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, and (C) Xylaria sp. km03, (D) Cyathus

 sp. km04, (E) Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on pretreated cypress,

 eucalyptus and maize cob substrates. Values are means of three replicates ± SEM. 
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4.4.3 Effect of substrates pretreatment on endoglucanase activity 

Figure 4.10 shows endoglucanase activity of Xylaria sp. KM01, Nemania sp. KM02, 

Xylaria sp. KM03, Cyathus sp. KM04, P. bolleana KM05 and P. petalodes KM06 

cultured on cypress, eucalyptus and maize cobs substrates pretreated with 0.1M HCl at 

60
o
C and 121

o
C and 0.1M NaOH at 60

o
C and 121

o
C. The six fungi were cultured for 5 

days and crude enzyme extract used to determine the endoglucanase activity. There were 

significant effects of substrate pretreatment on endoglucanase activity recorded for the 

six cellulase producing fungi. 

 

Higher endoglucanase activity was recorded by Xylaria sp. KM01 when pretreated maize 

cobs 0.1M HCl at 121
o
C for 15 minutes which was significant compared to other 

pretreatments. On pretreated cypress the highest endoglucanase activity was recorded 

with 0.1M HCl at 121
o
C for 15 minutes which was only significant to that pretreated 

with 0.1M NaOH at 60
o
C for 2 hours. While on eucalyptus the highest endoglucanase 

activity was recorded with 0.1M NaOH at 121
o
C for 15 minutes which was not 

significant to other pretreatments. 

 

Nemania sp. KM02 recorded the highest endoglucanase activity on pretreated maize cobs 

with 0.1M HCl at 121
o
C for 15 minutes which was only significant that pretreated with 

0.1M NaOH at 60
o
C for 2 hours. On cypress and eucalyptus, the highest endoglucanase 

activities were recorded with untreated substrates, however on cypress it was significant 
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compared to other pretreatment while on eucalyptus it was only significant when 

pretreated with 0.1M HCl at 121
o
C for 15 minutes. Xylaria sp. KM03 recorded the 

highest endoglucanase activities on pretreated maize cobs and cypress with 0.1M NaOH 

and 0.1M HCl at 121
o
C for 15 minutes respectively and were significant compared to 

other pretreatments. 

 

Cyathus sp. KM04 recorded the highest endoglucanase activity on pretreated cypress and 

eucalyptus with 0.1M HCl at 121
o
C for 15 minutes, however on cypress was significant 

compared to other pretreatments while on eucalyptus it was only significant to that 

pretreated with 0.1M HCl at 60
o
C for 2 hours. 

 

The two strains of Podoscypha sp. recorded the highest endoglucanase activity on pretreated 

maize cobs with 0.1M HCl at 121
o
C for 15 minutes which was not significant as compared to 

that pretreated with 0.1M HCl at 60
o
C for 2 hours and untreated substrate for P. bolleana sp. 

KM05. On cypress and eucalyptus, P. bolleana sp. KM05 recorded the highest 

endoglucanase activities when pretreated with 0.1M NaOH at 121
o
C for 15 minutes and 

0.1M HCl at 60
o
C for 2 hours respectively which were significant compared to other 

pretreatments. P. petalodes sp. KM06 recorded the highest endoglucanase activity on 

pretreated cypress with 0.1M HCl at 121
o
C for 15 minutes which was significant as 

compared to that pretreated with 0.1M NaOH at 121
o
C for 15 minutes while eucalyptus 
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recorded the highest endoglucanase activity when pretreated with 0.1M HCl at 60
o
C for 2 

hours which was significant compared to other pretreatments. 
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Fig. 4.10 Endoglucanase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, and (C) Xylaria sp. km03, (D) Cyathus sp.

 km04, (E) Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on pretreated cypress, eucalyptus

 and maize cob substrates. Values are means of three replicates ± SEM. 
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4.4.4 Effect of substrate pretreatment on β-glucosidase activity 

Figure 4.11 shows β-Glucosidase activity of Xylaria sp. KM01, Nemania sp. KM02, 

Xylaria sp. KM03, Cyathus sp. KM04, P. bolleana KM05 and P. petalodes KM06 

cultured on cypress, eucalyptus and maize cobs substrates pretreated with 0.1M HCl at 

60
o
C and 121

o
C and 0.1M NaOH at 60

o
C and 121

o
C. The six fungi were cultured for 5 

days and crude enzyme extract used to determine the β-glucosidase activity. 

 

There were significant effects of substrate pretreatment on β-glucosidase activities recorded 

for the six cellulase producing fungi. Significantly higher β-glucosidase activity was recorded 

in pretreated maize cobs as compared to cypress and eucalyptus sawdust. Xylaria sp. KM01 

recorded significantly higher β-glucosidase activity on pretreated maize cobs with 0.1M HCl 

at 121
o
C for 15 minutes. On cypress the highest β-glucosidase activity was recorded when 

pretreated with 0.1M NaOH at 121
o
C for 15 minutes, which was only not significant to that 

pretreated with 0.1M HCl at 121
o
C for 15 minutes. While on eucalyptus the highest β-

glucosidase activity was recorded when pretreated with 0.1M NaOH at 60
o
C for 2 hours, 

however not significant to that pretreated with 0.1M HCl at 60
o
C for for 2 hours and 

untreated substrate. 

 

Nemania sp. KM02 recorded the highest β-glucosidase activity on pretreated maize cobs 

with 0.1M HCl at 60
o
C for 2 hours which only significant to that pretreated with 0.1M 

NaOH at 121
o
C for 15 minutes. On cypress the highest β-glucosidase activity was 
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recorded when pretreated with 0.1M HCl at 121
o
C for 15 minutes which was only not 

significant to that pretreated with 0.1M NaOH at 121
o
C for 15 minutes. While on 

eucalyptus the highest β-glucosidase activity was recorded with untreated substrate which 

was not significant as compared to the pretreated substrate. 

 

Xylaria sp. KM03 recorded significantly higher β-glucosidase activity on pretreated 

maize cobs with 0.1M NaOH at 121
o
C for 15 minutes. On cypress, it also recorded 

significantly higher β-glucosidase activity was recorded when pretreated with 0.1M HCl 

at 60
o
C for for 2 hours. While on eucalyptus the highest β-glucosidase activity was 

recorded when pretreated with 0.1M NaOH at 121
o
C for 15 minutes which was not 

significant as compared to the other pretreatments. 

 

Cyathus sp. KM04 recorded the highest β-glucosidase activity on pretreated maize cobs with 

0.1M HCl at 121
o
C for 15 minutes which was only not significant to that pretreated with 

0.1M HCl at 60
o
C for for 2 hours. On cypress the highest β-glucosidase activity was 

recorded when pretreated with 0.1M NaOH at 121
o
C for 15 minutes, however not 

significant to that pretreated with 0.1M HCl at 121
o
C for 15 minutes and 0.1M NaOH at 

60
o
C for for 2 hours. While on eucalyptus the highest β-glucosidase activity was 

recorded when pretreated with 0.1M NaOH at 121
o
C for 15 minutes which was not 

significant as compared to the other pretreatments. 
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P. bolleana KM05 recorded significantly higher β-glucosidase activity on pretreated maize 

cobs and cypress with 0.1M HCl at 121
o
C for 15 minutes. While on eucalyptus the highest β-

glucosidase activity was recorded when pretreated with 0.1M HCl at 60
o
C for 2 hours which 

was not significant as compared to the that pretreated with both 0.1M HCl and 0.1M NaOH 

at 121
o
C for 15 minutes. 

 

P. ptalodes KM06 recorded significantly higher β-glucosidase activity on pretreated 

maize cobs with 0.1M HCl at 121
o
C for 15 minutes. On cypress the highest β-

glucosidase activity was recorded with untreated substrate which was only significant to 

that pretreated with 0.1M HCl at 60
o
C for 2 hours. While on eucalyptus the highest β-

glucosidase activity was recorded when pretreated with 0.1M NaOH at 121
o
C for 15 

minutes which was only not significant as compared to the untreated substrate.
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Fig. 4.11 β-glucosidase activities of (A) Xylaria sp. km01, (B) Nemania sp. km02, and (C) Xylaria sp. km03, (D) Cyathus sp.

 km04 (E) Podoscypha bolleana km05 and (F) Podoscypha petalodes km06 cultured on pretreated cypress,

 eucalyptus and maize cob substrates. Values are means of three replicates ± SEM. 
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4.4.5 Effect of pretreatment on chemical composition of maize cobs, cypress and 

 eucalyptus substrates 

The results in table 4.2 show the pretreatment effect on substrates with dilute acid and 

alkali on the composition of maize cobs, cypress and eucalyptus substrates. The chemical 

treatment of the substrates with 0.1M HCl at 121
o
C lead to a significant reduction of 

lignin and hemicellulose of the three substrates as compared to that of untreated substrate, 

while the amount of cellulose in the three substrates significantly increased as compared 

to that of untreated (control). Pretreatment of the three substrates with 0.1M NaOH at 

60
o
C resulted in no significant change in cellulose, hemicellulose and lignin as compared 

to untreated biomass. Pretreatment of maize cobs substrate with 0.1M HCl at 121
o
C lead 

to a significant decrease of lignin content and hemicellulose content as compared to that 

of untreated maize cobs substrate and lead to a significant enhanced cellulose content as 

compared to that of control. Pretreatment of the three substrates with 0.1M NaOH at 

121
o
C resulted in a significant change in amount of cellulose in eucalyptus and maize 

cobs substrates whereas the use of 0.1M NaOH at 60
o
C resulted in a significant reduction 

in hemicellulose in maize cobs compared to untreated biomass 
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Table 4.2 Effect of pretreatment on chemical composition of maize cobs, cypress and 

eucalyptus substrates 

Substrate Biomass HCl_121
o
c HCl_60

o
c NaoH_121

o
c NaoH_60

o
c Control 

 contents      

 (%w/w)      

Cypress Extractives 8.33±0.58
a 

6.67±0.58
b 

7.33±0.58
ab 

6.67±0.58
b 

6.33±0.58
b 

 Cellulose 47.89±2.76
a 

45.89±2.03
ab 

44.78±1.99
bc 

43.0±1.99
c 

42.33±2.0
c 

 Hemicellulose 22.0±1.0
b 

23.33±0.58
ab 

24.33±1.53
ab 

24.67±0.58
a 

25.67±0.58
a 

 Lignin 22.0±1.0
b 

23.33±0.58
ab 

24.33±1.53
ab 

24.67±0.58
a 

25.67±0.58
a 

Eucalyptus Extractives 8.0±1.0
a 

6.67±0.58
ab 

6.67±0.58
ab 

5.67±0.58
b 

5.0±1.0
b 

 Cellulose 47.0±1.0
a 

46.0±1.0
a 

44.67±0.5
ab 

42.67±1.53
bc 

40.67±0.58
c 

 Hemicellulose 23.0±1.0
d 

24.33±0.58
cd 

25.25±0.5
bc 

27.0±1.0
ab 

29.0±1.0
a 

 Lignin 22.0±22.0
b 

22.67±0.58b 22.67±1.53
ab 

23.33±0.58
ab 

25.33±0.58
a 

Maize-cobs Extractives 12.0±1.0
a 

11.0±1.0
a 

11.33±0.58
a 

10.0±1.0
a 

10.33±0.58
a 

 Cellulose 51.33±0.58
a 

48.2±1.0
b 

47.0±1.0
b 

46.67±1.0
bc 

44.67±0.58
c 

 Hemicellulose 30.0±1.0
b 

33.67±0.58
b 

32.67±0.58
b 

33.67±0.58
b 

35.33±0.58
a 

 Lignin 20.67±0.58
b 

22.0±2.0
b 

22.67±1.53
ab 

23.33±0.58
ab 

25.33±0.58
a 

Values are means of three replicates ± SEM and are expressed as (% w/w). Means expressed with different superscript 

small letter in the same row are significantly different at P ˂ 0.05 
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4.5 Bioethanol production from maize cobs substrate 

4.5.1 Saccharification of maize cobs with cellulases of isolated fungi 

The results show the amount of sugars produced during 72 hours of the fermentation 

period (Figure 4.12). Maize cob hydrolysis by crude cellulases of isolated fungi produced 

higher reducing sugars. Significantly higher reducing sugars were produced at 8% 

substrate loading. cellulase of P. petalodes KM06 yielded the highest amounts of sugar at 

10.63±0.70 mg/ml, P. bolleana KM05 produced yields of 10.37±0.84 mg/ml, Xylaria sp. 

KM03 yielded amounts of sugar at 10.17 ± 0.37 mg/ml, Cyathus sp. produced amounts of 

KM04 9.63±0.40 mg/ml, Xylaria sp. KM01 produced yields of 9.48 ± 0.13 mg/ml, 

whereas Nemania sp. KM02 produced 9.41 ± 0.27 mg/ml respectively after 72 h of 

fermentation period. It was observed that the sugar yields increased steadily reaching the 

peak after 72 h of fermentation at all the concentrations. Significantly higher reducing 

sugars were produced by commercial cellulase (positive control), however, low level of 

sugar recorded in negative control. 
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Figure 4.12 Reducing sugars yield (mg/ml) produced by saccharomyces cerevisiae using untreated maize cob hydrolysate at 

  different concentration by cellulases of (A) Xylaria sp. km01, (B) Nemania sp. KM02, (C) Xylaria sp. KM03 (D) Cyathus

 sp. km04, (E) Podoscypha boleana km06, and (D) Podoscypha petalodes. Values are means of three replicates ± SEM. 



78 

 

4.5.2 Production of bioethanol from maize cobs by simultaneous hydrolysis and 

fermentation processes. 

Figure 4.13 shows the amount of ethanol yield (mg/ml) produced from untreated maize 

cobs hydrolysate of different concentrations with simultanoues fermentation by 

Saccharomyces cerevisiae during the fermentation period (Table 2). Hydrolysis of maize 

cobs by cellulases of Xylaria sp. KM01, Nemania sp .KM02, Xylaria sp. KM03, Cyathus 

sp. KM04, P. bolleana KM05 and P. petalodes KM06 recorded higher amounts of 

ethanol after 96 h of fermentation. At 8 % concentration, cellulases of Xylaria sp. KM03 

produced the higher amounts of ethanol at 28.59 ± 1.58 mg/ml, Nemania sp. KM01 

produced yields of 28.72 ± 3.82 mg/ml, Xylaria sp. KM02 produced amounts of 25.75 ± 

0.21 mg/ml, whereas Cyathus sp. KM04 recorded lower yields at 23.22±0.98 mg/ml 

respectively after 96 h of fermentation period. At 20% substrate loading, cellulases of, P. 

bolleana KM05 produced highest amounts of ethanol at 37.30±0.72 mg/ml, while P. 

petalodes KM06 recorded yields at 24.42±0.35mg/ml. It was observed that there was a 

steady increase in ethanol yield with the maximum produced after 96 h of fermentation at 

all the concentrations. 
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Figure 4.13 Ethanol yield (mg/ml) produced by saccharomyces cerevisiae using untreated maize cob hydrolysate at different

 concentration by cellulases of (A) Xylaria sp. km01, (B) Nemania sp. KM02, (C) Xylaria sp. KM03 (D) Cyathus sp. km04,

 (E) Podoscypha boleana km06, and (D) Podoscypha petalodes. Values are means of three replicates ± SEM. 
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CHAPTER FIVE 

 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Discussion 

5.1.1 Screening and isolation (CMC- Congo red), and maintenance of cellulase 

producing fungi on PDA 

In this study, three methods were used to screen for cellulolytic activity of the fungal isolates, 

fungal growth on carboxy methyl cellulose, clearing of carboxy methyl cellulose zone in agar 

(hydrolysis zone) and production of reducing sugars. Six fungal isolates exhibited cellulase 

activity. The result of cellulolytic activity screening based on the clear zone dimension on the 

CMC media showed that six isolates, namely: Xylaria sp. KM01, Nemania sp.KM02, Xylaria 

sp. KM03, Cyathus sp. KM04, P. bolleana KM05 and P. petalodes KM06 had the highest 

cellulolytic activities. These findings were similar to that recorded by Naik et al. (2012); 

Zakpaa et al., (2009). 

5.1.2 Molecular identification and phylogenetic analysis of cellulase producing fungi 

Molecular identification was based on the detection of conserved sequences in the 5.8S 

rRNA region and the amplification of the ITS2 region (Tony et al., 2009). ITS4 R and 

ITS86 F primers were used to identify these fungal isolates by comparing sequences to 

those in NCBI databases using BLAST with accuracy ranging from 98 % to 100 %. 

Xylaria sp. KM01; Genebank accession number: ON679521, Nemania sp.KM02; 

Genebank accession number: ON678279, Xylaria sp. KM03; Genebank accession 

number: ON704639 belong to ascomycetes and Cyathus sp. KM04; Genebank accession 
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number: ON651648, P. bolleana KM05; Genebank accession number: ON678260, and 

P. petalodes KM06: Genebank accession number: ON678280 belong to basidiomycetes 

(ncbi.nlm.nih.gov/blast) 

5.1.3. Cellulases production and optimization 

The optimal time of incubation for cellulase production depends on the type of substrate 

used and the fungal species involved (Ilyas et al., 2012). In this study, time of incubation 

significantly affected cellulase activities from the 3
rd

 day of incubation. The highest 

FPase activity by all six fungal isolates were recorded on maize cob. Xylaria sp. km01 

produced the highest activity (16.7 ± 0.034 IU/ml), Nemania sp. km02 yielded (15.4 ± 

0.01 IU/ml), followed by Xylaria sp. KM03 (15.2 ± 0.11 IU/ml) on the 9th day of 

incubation respectively. Cyathus sp. km04 and P. bolleana km05 recorded (15.1±0.39 

IU/ml and 13.8±0.25 IU/ml) on the 3
rd

 day respectively. However, P. petalodes km06 

recorded (12.2±0.11 IU/ml) on 15
th

 day of incubation. These results were similar to 

Gautam et al., 2011 findings on Aspergillus niger which showed the highest cellulase 

activities were recorded after 5 days of incubation period cultured on a corn cob. 

However, contrary when they recorded a trend in which cellulase activities by 

Trichoderma viride cultured on corn cob peaked on the 3rd day of incubation and 

decreased afterward. 

 

Exoglucanase activity produced by the six isolates also recorded higher yields on maize cob. 

Xylaria sp. km03 produced the highest activity (8.3 ± 0.23 IU/ml) and P. petalodes km06 

yielded (7.79±0.26 IU/ml) on the 6
th

 day of incubation. Nemania sp. km02 produced (7.16 ± 
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0.89 IU/ml) on the 3
rd

 day of incubation. P. bolleana km05 recorded (6.89±0.2 IU/ml) on 6
th

 

whereas, Xylaria sp. km01 recorded (6.47 ± 0.28 IU/ml) on the 9th day of incubation. 

Cyathus sp. km04 produced lower level (5.69±0.17 IU/ml) on 6
th

 of incubation. These results 

were similar to Gautam et al., 2011 findings on Aspergillus niger which showed the highest 

exoglucanase activity, was recorded after 5 days of incubation and a similar trend in which 

cellulase activities by Trichoderma viride peaked on the 3rd day of incubation when cultured 

on a corn cob. Exoglucanase activity by Xylaria sp. km03 recorded a steady decrease after 

3rd day of incubation on cypress and eucalyptus substrates. This could be attributed to 

fungal species and substrates used for growth (Yadav et al., 2016). 

 

Endoglucanase produced by the six fungal strains recorded higher activity on maize cob. P. 

petalodes km06 recorded highest (28.7±1.2 IU/ml) on 6
th

 day of incubation. Nemania sp. 

km02recorded (28.0 ± 2.12 IU/ml) on the 3
rd

 day of incubation. Cyathus sp. km04 recorded 

(26.4±1.04 IU/ml) on 3
rd

 day of incubation while P. bolleana km05 26.3±0.89 IU/ml) on 6
th

 

Xylaria sp. km01 (25.3 ± 0.52 IU/ml) on the 9th day of incubation. Xylaria sp. km03 yielded 

(25.1± 0.1 IU/ml) on the 6
th

 day of incubation. These results were similar to Gautam et al., 

2011 findings on Aspergillus niger which showed the highest cellulase activities were 

recorded after 5 days of incubation period cultured on a corn cob. However, endoglucanase 

activities by Xylaria sp. km01 and km03 recorded a steady decrease after 3rd day of 

incubation on cypress and eucalyptus substrates. This could be attributed to fungal species 

and substrates used for growth (Yadav et al., 2016). High viscosity of the substrate, 
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decreases the oxygen supply to the organisms. It could also be inhibitory effects of 

accumulated cellobiose generated by the action of cellulases (Yue et al., 2004). 

 

The highest level of β-glucosidase activity was produced on maize cobs by the six studied 

fungi. P. bolleana km05 recorded highest (646.8±21.0 IU/ml) on 12
th

 day of incubation. 

Xylaria sp. km01 produced (629.7 ± 20.2 IU/ml) on the 9th day of incubation. Xylaria sp. 

km03 produced (597.2 ± 29.7 IU/ml) on the 12th day of incubation. P. petalodes km06 

yielded (544.1±55.6 IU/ml) on 12
th

 day of incubation. Cyathus sp. km04 produced 

(466.3±47.3 IU/ml) on 9
th

 day of incubation and Nemania sp. km02 recorded (455.9 ± 28.7 

IU/ml) on the 12th day of incubation. Gautam et al., 2011 recorded similar findings in which 

cellulase activities by Trichoderma viride cultured on corn cob peaked after the 5
th

 day of 

incubation and decreased afterward. These differences could be due to the difference in 

the type and composition of substrates (Bhat et al., 2015). It could be also attributed to 

the maximum metabolic activity of the fungus attributed to the genetic make-up of the 

fungal strains as a result of adaptations to different habitats, and the concentration of 

soluble sugar in the substrate (Yoon et al.,2014). The low cellulase activities could be a 

result of an inhibitory effect of accumulated cellobiose (Yue et al., 2004). 

 

The effect of pretreatment on FPase production from different investigations on various 

substrates has been done. In this study, highest FPase activity was recorded on pretreated 

maize cobs; Xylaria sp km01 (20.1 ± 1.31 IU/ml), Cyathus sp. km04 (17.1 ± 1.40 IU/ml), 

Nemania sp. km02 (16.9 ± 0.85 IU/ml), P. bolleana km05 (16.9 ± 0.34 IU/ml) and P. 

petalodes km06 (14.9 ± 2.05 IU/ml) when pretreated with 0.1M HCl at 121
o
C for 15 
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minutes. Lee et al.2011 reported similar findings when corn stover was pretreated with dilute 

HCl at 121
o
C for 20min with the highest glucose conversion. This was contrary with Xylaria 

sp km03 (19.8 ± 0.33 IU/ml) recorded the maximum activity when pretreated with 0.1M 

NaOH at 121
o
C for 15 minutes. Similar finding was reported by Ojumu et al., 2003 where 

cellulase activity by Penecillum decumbens recorded significantly higher on corn cob pre-

treated with the dilute NaOH at 121
o
C for 20min. 

 

The highest exoglucanase activity was produced on pretreated maize cobs; Xylaria sp. km01 

(9.35 ±0.77 IU/ml), Xylaria sp. KM03 (9.28 ± 0.44 IU/ml), Nemania sp. km02 (8.52 ± 0.96 

IU/ml), Cyathus sp. km04 (7.62 ± 0.39 IU/ml), P. petalodes km06 (7.41 ± 0.84 IU/ml) and P. 

bolleana km05 (7.21± 0.59 IU/ml) when pretreated with 0.1M HCl at 121
o
C for 15 minutes. 

Similar finding was reported by Ojumu et al., 2003 where cellulase enzyme produced by 

Penicillum decumbens recorded significantly higher when corn cob pre-treated with the 

dilute HCl. Pretreatment increased exoglucanase activity to about 40 % higher by Penicillum 

decumbens. 

 

The highest endoglucanase activity was produced on pretreated maize cobs; Xylaria sp 

km01 (35.8 ± 1.19 IU/ml), Nemania sp. km02 (32.6 ± 3.4 IU/ml), P. bolleana km05 (29.7 

± 1.91 IU/ml), Xylaria sp km03 (28.0 ± 1.85 IU/ml), P. petalodes km06 (27.1 ± 3.61 

IU/ml) and Cyathus sp. km04 (27.6 ± 0.80 IU/ml) recorded the maximum activity when 

pretreated with 0.1M HCl at 121
o
C for 15 minutes. Similar finding was reported by 

Ojumu et al., 2003 where cellulase produced by Penicillum decumbens recorded 

significantly higher on corn cob pre-treated corn cob with the dilute HCl. 
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Higher β-glucosidase enzyme activity was recorded on pretreated maize cobs; Xylaria sp. 

km03 (588.6 ± 64.2 IU/ml) recorded the maximum activity when pretreated with 0.1M 

NaOH at 121
o
C for 15 minutes. P. bolleana KM05 (511.1 ± 10.1 IU/ml), Cyathus sp. 

km04 (421.7 ± 55.7 IU/ml), Xylaria sp km01 (4157 ± 294 IU/g) and P. petalodes km06 

(379.2± 14.7 IU/ml) recorded the maximum activity when pretreated with 0.1M HCl at 

121
o
C for 15 minutes. Nemania sp. KM02 (418.7 ± 44.9 IU/ml) recorded the maximum 

activity when pretreated with 0.1M HCl at 60
o
C for 2 hours. Similar finding was reported 

by Ojumu et al., 2003 where β-glucosidase produced by Penicillum decumbens recorded 

significantly higher on corn cob pre-treated corn cob with the dilute HCl. 

 

This differences could be due to difference in pretreatment conditions. (Forrest et al., 

2010; Gao et al., 2013; Ma et al., 2010; Timung et al., 2015; Yan et al., 2015). 

Pretreatment, disrupt the biomass increasing the surface area between the biomass and 

enzymes, thus dissolution of hemicellulose to initiate the loosening of the lignin complex 

structure of lignocellulose (Ma et al., 2010; Xia et al., 2013). 

 

The concentration of substrate (4%, 8%, 18% and 20%) influenced the yields of reducing 

sugar and ethanol. High yield of reducing sugars was optimized on substrate loading with 8% 

at 72 hours of saccharification for all the six fungi in this study. The amounts of reducing 

sugars recorded by Podoscypha petalodes km06(10.63±0.84 g/l), Podoscypha bolleana 

km05 (10.37±0.84 g/l), Xylaria sp. km03 (10.17±0.37 g/ml), Cyathus sp. km04 (9.63±0.4 

g/l), Xylaria sp. km01 (9.48±0.13 g/l) and Nemania sp. km02 (9.41±0.27 g/l) were the 
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maximum in 72 hours of saccharification period. Liming and Xuelang, 2004 and Ouyang 

et al., 2009 reported similar studies with records of 90.4 % glucose and 49.99 % glucose 

respectively by Trichoderma reesei when grown on corn cobs at different substrate 

loading. Vyas et al. (2005) also reported a significant higher yields with corn cob 

substrate concentration ranging from 1 to 5% from isolated A. niger. Filtrates. Similar 

finding had recorded an increased yield of 19.4 g/l reducing sugars on untreated corn cob 

at 8%, Ogunbayo et al., (2016). Saliu and Sani, 2012 recorded a yield of 7.63 mg/ml of 

reducing sugar produced on hydrolysis of corn cob with cellulases of A. niger within 48 

h. The maximum yield of reducing sugars was as a result of successful saccharification 

process from cellulose biomass and fungal species (Saliu and Sani, 2012) 

 

High yield of ethanol was optimized on substrate loading with 8% and 20% at 96 hours 

of fermentation for all the six fungi in the study, with the highest produced by P. bolleana 

km05 (37.3±0.72 g/ml) at 20%, Nemania sp. km02 (28.72±3.82 g/ml), Xylaria sp. km03 

(28.59±1.58 g/ml), Xylaria sp. km01 (25.75±0.21 g/ml) all at 8%, P. petalodes km06 

(24.51±1.23 g/ml) with at% and Cyathus sp. km04 (23.22±0.98 g/ml) at 8% respectively. 

 

High yield of ethanol was due to time of incubation and substrate loading optimization 

during fermentation period. Lawford and Rousseau, (2003) also recorded similar trend. 

The presence of fermentable sugar in negative control also recorded low ethanol yield. 

However, yeast believed to use residual sugars from the media and produced other 

products. Furthermore, residual sugars became used up for ethanol production (Nester et 

al 2001).  The bioethanol yield generally increases during the fermentation period with 

maximum bioethanol production at 96 hours of incubation. As ethanol level increases, it 
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reduces the pH that favours Saccharomyces cerevisiae to converts the reducing sugars to 

ethanol in the medium and also provides acidic environment to wade off bacterial 

contamination during fermentation process.  

 

Nester et al 2001 recorded similar results, however, the fermentation did not proceed 

after 96 hrs., the projection was a decreases afterwards as the yeast assume to consumes 

the nutrients from the medium and reduces the amount of reducing sugar as the 

fermentation proceeds. Yeast could also be affected by slow hydrolysis of glucose. 

Similar finding was recorded with a fibrous residues of 5% dry matter loading and with 

liquid material of 7.5% substrate loading which fermented well. This demonstrated that 

the fibrous material has high negative effect than liquid media (Lemaresquier 1987; 

Narendranath 1997). 

5.1.4 Limitation of the study 

i. Feedback inhibition of cellulase biosynthesis due to formation of cellobiose 

ii. Cost of production 

5.2 Conclusions 

From this study it can be concluded that, 

i. Xylaria sp. km01, Nemania sp.km02, Xylaria sp. km03, Cyathus sp. km04, P. 

bolleana km05 and P. petalodes km06 can be used to produce cellulase enzymes. 

ii. Cypress, eucalyptus and maize cobs substrates can be used to produce cellulase 

enzymes at different optimum period of time 
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iii. The use of 0.1M HCl for pretreatment on cypress, eucalyptus and maize cobs 

substrates can be used to produce cellulase enzymes by the six fungi isolates 

iv. Cellulase enzymes by six fungal isolates can be used to hydrolyzed maize cobs to 

fermentable sugars (10.63±0.84 g/ml by Podoscypha petalodes km06) 

v. Saccharified maize cobs can be used to produce ethanol by saccharomyces 

cerevisiae. (37.3±0.72 g/ml by P. bolleana km05) 

5.3 Recommendations 

5.3.1 Recommendations from the study 

i. Maximum level of cellulase activity can be achieved from the 3
rd

 day of 

incubation by the six isolates 

ii. Maize cobs as substrates can be more preferred than cypress and eucalyptus to 

produce cellulase 

iii. Use of 0.1M HCl pretreatment on cypress, eucalyptus and maize cobs substrates 

can be used to achieve higher cellulase production by the six fungi isolates. 

 

iv. Saccharification of maize cobs by cellulase of Podoscypha petalodes km06 can 

produce higher reducing sugars yields than other isolates 

v. Relatively higher ethanol yields by saccharomyces cerevisiae can be achieved by 

hydrolysis of maize cobs by cellulase of Podoscypha bolleana km05 

5.3.2 Recommendations for future research 

From this study, further research suggestions include: 
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i. Reduction in the cost of cellulase production and the improvement of the 

performance of cellulases to make them more effective, so that less enzyme is 

needed. 

ii. Research to produce other lignocellulolytic enzymes like xylanase and lignin 

modifying enzymes 

iii. Optimizing growth conditions or processes for cellulase and bioethanol 

production 

iv. Purification of cellulose enzymes to assess the effect of protease inhibitors on 

cellulase activity and stability. 

v. Protein engineering and microbial genetics to improve the properties of the 

cellulases is probably an area to focus to advance in more research in cellulase 

technology. 
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APPENDIX 

Appendix I:  Sequences of the isolates  

 

> ON679521.1 Xylaria sp. isolate km01  

ttgtgaatca tcgaatcttt gaacgcacat tgcgcccatt agtattctag tgggcatgcc tgttcgagcg tcatttcaac cctcaagccc ccgttgcttg 

gtgttgggag cctacggggt cacccgtagc tcctcaaagt tagtggcgga gtcggttcgc actctagacg tagtagattt tcacctcgcc tgtagtgccg 

gaccggtccc ctgccgtaaa acacccctta ttccaaaggt gacctcggat catgtagct 

 

> ON678279.1 Nemania sp. isolate km02 

gtgaatcatt cgaatctttg aacgcacatt gcgcccatta gtattctagt gggcatgcct gttcgagcgt catttcaacc cttaagccct tgttgcttag 

cgttgggagc ctacggcacc gtagctcccc aaagtcagtg gcggagtcgg ctcacactct agacgtagta atttctcacc tcgcctatag ttggaccggt 

cccttgccgt aaaacgccct agttttaaaa ggtgacct 

 

> ON704639.1 Xylaria sp. isolate km03 

tttttgtgaa tcatcgaatc tttgaacgca cattgcgccc attagtattc tagtgggcat gcctgttcga gcgtcatttc aaccctcaag cccccgttgc 

ttggtgttgg gagcctacgg ggtcacccgt agctcctcaa agttagtggc ggagtcggtt cgcactctag acgtagtaga ttttcacctc gcctgtagtg 

ccggaccggt cccctgccgt aaaacaccc 

 

> ON651648.1 Cyathus sp. isolate km04 

tttgtgaatc atcgaatctt tgaacgcacc ttgcgctctt tggtattccg aagagcatgc ctgtttgagt gtcattaaat tctcaaccca ctacatttgt 

ttatcaagtg aagtgcgtgt tggatgtggg ggttgcgggc ttcatttagt tgaggtcggc tcctttgaaa tgcattagcg ggaatctttg ttgtgccgct 

tctattgggt gtgataatta tctacgccta ggaaggtggc tgacactagg gtttggcaac aaaccggggt tctgcttcta atcgtccatt cacttggacg 

taagacatct atacggatga ccgcacg 

 

> ON678260.1 Podoscypha bolleana isolate km05 

tttctgtgaa tcatcgaatc tttgaacgca ccttgcactc cttggtattc cgaggagtat gcctgtttga gtgtcatggt attctcaatt ctaataactt ttgttatcgg 

aattggactt ggaggttttt tgccggtgct tcggcggctg gctcctctta aatgcattag tgtgaatcaa gttacacatt actcagtgtg ataattatct 

gcgctgtgtt tcaatgttga ctttataagt gttcatgctt ataacccgtc tgttgactca gacactttac tatgaaatct gacctcaaatcatgtagaca 

cgcagtccct 

 

> ON678280.1 Podoscypha petalodes isolate km06 

attcttttgt gaatcatcga atctttgaac gcaccttgca ctccttggta ttccgaggag tatgcctgtt tgagtgtcat ggtattctca attctaataa cttttgttat 

cggaattgga cttggaggtt ttttgccggt gcttcggcgg ctggctcctc ttaaatgcat tagtgtgaat caagttacac attactcagt gtgataatta 

tctgcgctgt gtttcaatgt tgactttata agtgttcact gcttataacc cgtctgttga ctcagacacg tatgaac 

 

> MT712199.1 Cerrena unicolor isolate CFCC 

gggctatgat ttatggcaga gttgtagctg gccccaatcg ggtatgtgca cactttgttc attccattct catacacctc tgtgcacttt tcataggttt 

agttatggat gaggcacttt tatagtgtct tggaagtgac tatcctatgt attttacaaa cgcttcagtt ttagaatgtc attcgcgtat aacgcaataa 

atacaacttt cagcaacgga tctcttggct ctcgcatcga tgaagaacgc agcgaaatgc gataagtaat gtgaattgca gaattcagtg aatcatcgaa 

tctttgaacg caccttgcgc cccttggtat tccgaggggc atgcctgttt gagtgtcatg gtattctcaa taccctaaat ctttgcggat gagggtgtat 

tggatttgga ggtttttgca ggcaatattc attgtcagct cctcttaaat acattagcag agatattact gctactctcc agtgtgataa ttgtctacac 

tgttagtagt gcggtataat caaagtcttt gcttctaatc gtcttcggac aattctttga catctgacct caaatcaggt aggactaccc gctgaactta 

agcatatcaa aaggggggag gaaa 
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