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Abstract 

A high cellulase-producing fungus was isolated from agricultural waste compost, purified, identified genetically as 

Aspergillus fumigatus NRCF-122 (accession no. MT318341), and improved by UV-irradiation for cellulase production 

(named as A. fumigatus mutant-17). Optimal cellulase production conditions were studied using sugar beet pulp “SBP” as the 

substrate of solid-state fermentation "SSF" technique. The optimal conditions were: initial moisture content ratio (1:2 w/v), 

incubation temperature (30°C), initial pH of solid culture (10), incubation period (4 days), aeration area (1:100 ratio ((1%)), 

SBP substrate weight : flask volume of moistened SBP in a 250 mL Erlenmeyer flask, fungal inoculum (seeding) culture age 

(3 days) and inoculum size (20%, v/w). Studies were also involved the effect of different nitrogen sources where urea is the 

best nitrogen source for cellulase production. Concerning the application of bioethanol production from yeast, using rice straw 

cellulose as a source of fermentable reducing sugars, the lingo-cellulosic waste rice straw was first pretreated (with NaOH 

1.5%) to reduce crystallinity of cellulose & removing lignin and other inhibitors, enhancing the subsequent process 

(saccharification) of rice straw cellulose. Then, its cellulose was saccharified enzymatically by cellulases (produced from SBP 

as substrate (under SSF condition) as substrate under the optimum conditions) resulting in reducing sugars. one of the largest 

livestock production operating costs is the feed bill. In our study we evaluated the resulted crude protein content of the 

fermented SBP and the results declared that, the total digest nutrient (TDN) and gross energy performance were increased, 

where as crude fiber, acid detergent fiber ADF & neutral detergent fiber NDF were decreased, thereby upgrading the feed 

quality of biologically treated SBP. 
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1. Introduction 
Cellulose is the abundant and widespread 

biopolymers on Earth [1]. Cellulose is a water-

insoluble polysaccharide that is made up of glucose 

units linked by β-1,4 glycosidic linkages. These 

monomers of glucose can be professionally 

transformed numerous valuable chemicals through 

the commercially presented chemical processes or 

fermentation by microbes [2]. Recently, 

microorganisms have been served as a leading 

producers or catalyst to produce enzymes, food 

ingredients, vitamins, proteins, organic acids, 

antibiotics, and nutraceuticals [3-14]. The agro-

industrial by-products can be used to produce 

commercially essential products as enzymes. 

Enzymes as cellulases have industrial significance 

and broadly used in a variety of applied industries, as 

well as textile, pulp & paper, laundry & detergent, 

food processing, agricultural industries, and bio-

ethanol production [15]. 

Cellulases are inducible enzymes, which are 

synthesized by microorganisms throughout their 

growth on cellulosic supplies. A total cellulase 

scheme consists of three classes of enzymes: Initially 

the endo-glucanases (1,4-β-D-glucan-4-

glucanohydrolase; EC 3.2.1.4) attack the β-1,4 bonds 

in the cellulose molecule randomly, and 

cellobiohydrolases (1,4-β-D-glucan glucohydrolase; 

EC 3.2.1.74) hydrolyse cellobiose as the primary 

structure from the non-reducing end of the cellulose. 

Finally, β-glucosidases (β-D-glucoside 

glucohydrolase; EC 3.2.1.21) convert the cellobiose 
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to glucose. The enzymatic processes to hydrolyze 

cellulosic materials can be accomplished during a 

series of reactions with diverse enzymes. The 

production cost and reaction conditions of the 

correlated enzyme systems considerably influence the 

enzyme-based bioconversion technology application. 

Thus, many searches have been devoted to obtain 

new microorganisms for producing cellulolytic 

enzymes with greater efficiency and higher specific 

activity [16].  

Different types of microbes produce the cellulase 

enzymes naturally, such as fungi and bacteria. The 

most intensively studied and used for cellulase 

production on commercial scale fungi Trichoderma 

spp. and bacteria Bacillus spp. [2]. Many of fungi and 

bacteria able to utilize cellulose as a carbon source 

were identified. Many reports were studied cellulases 

produced by fungi, such 

as Aspergillus, Rhizopus, and Trichoderma species 

[16]. Strain improvement is generally achieved by 

inducing the random mutation in the microbe through 

mutagenesis via physical mutagens (e.g., UV-rays, X-

rays, ɣ-rays, etc.), or/and chemical mutagens (e.g., 

ethyl methane sulfonate "EMS", nitro-glycerine, etc.).  

Lignocellulosic biomass contains cellulose, 

hemicellulose, lignin, and ash mixed in a complex 

structure. The pre-treatment reduces the crystallinity 

of cellulose, while removing lignin and other 

inhibitors, thereby enabling its enzymatic 

degradation. On the other hand, the pre-treatment 

may increase the surface area of the cellulose thereby 

improving its reactivity with the enzyme and thus its 

transformation. 

Enzymatic hydrolysis of cellulose to the monomer 

soluble sugars makes it accessible as a feedstock for 

alcoholic fermentation, production of single cell 

protein, and other industrial processes. The cellulosic 

biomass utilization for ethanol production is a subject 

of worldwide attention in view of quick exhaustion of 

oil reserves and food shortages [17]. 

The cellulase production using fungi by solid-state 

fermentation (SSF) consider as one of the most 

attractive and cost-effective techniques. SSF is an old 

technique that has been emphasized to be efficient in 

the production of hydrolytic enzymes in which the 

cultivating conditions of the fungi simulate the 

ordinary environment. The choice of the substrate for 

SSF process, which can ease the anchorage of fungi, 

along with given that enough nutrients, still a subject 

of passionate research for several decades. The use of 

rice straw as a carbon source to produce cellulase as 

an alternative of using the refined cellulosic carbon 

source can reduce the whole cost of the enzyme and 

increases its cost-effective viability. The conditions 

of the fermentation processes have a vital result on 

the growth of the microorganisms and their released 

metabolic yield plus the expenditure of the 

production process. For multivariable processes, 

statistical optimization is valuable to save time and 

effort, reduce the required experiments, and 

accordingly, reduce the whole cost of the process. 

Response surface methodology in the past few years 

has been applied in the optimization processes in 

different microbiological and biotechnological fields. 

It has been effectively applied in the optimization of 

the microbial production of cellulase [18]. 

In this study, one strain with high production of 

cellulase was isolated from agricultural wastes 

compost and was identified by the 18S rRNA 

sequence as Aspergillus fumigatus NRCF-122 and 

improved by UV-irradiation for cellulase production. 

Moreover, the optimal conditions for the maximum 

enzyme production were studied. In addition, an 

application of cellulase produced under SSF by A. 

fumigatus NRCF-122 was carried out in 

saccharification and animal feed production. 

2. Experimental  

2.1. Isolation and identification of fungal isolate 

using 18S rDNA  

The fungal strain was isolated from the compost of 

agricultural wastes and identified genetically by 

extraction of DNA and sequencing of the 18S rRNA 

gene. The extraction of the genomic DNA was 

performed using Qiagen DNeasy Mini Kit following 

the manufacturer’s manual. The PCR reaction 

mixture was as follows: {1 µg genomic DNA, 1 µL 

(20 uM of each primer), 10 mM dNTPs mixture, 2 

units of Taq DNA polymerase enzyme and 10 µL 5X 

reaction buffer}. The amplification reactions were 

performed using two primers ITS1 (5`-

TCCGTAGGTGAACCTGCG-3`)/ ITS4 (5`-

TCCTCCGCTTATTG ATATGC-3`) the following 

PCR thermal profiles: denaturation step at 94°C for 5 

min followed by 35 cycles of 94°C for 30 sec., 55°C 

for 30 sec., 72°C for 90 sec, and a final extension step 

of 72°C for 5 min. The amplified products were 

examined by electrophoresis and sequenced in 

Macrogen Companies, South Korea. The sequence 

produced was analyzed by using BLASTN program, 

to study the similarity and homology of the 18S 

rRNA gene sequences with the similar existing 

sequences available at NCBI database. 

 

2.2. Sugar Beet Pulp (SBP) and sugar cane 

molasses. 

Sugar beet pulp (SBP), a by-product of beet sugar 

industry, was obtained from Abo-Korkas Sugar 

Factory, El-Minia, Egypt.  
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2.3. Mutation of wild type by UV irradiation. 

Dilutions of mother fungal isolate suspension 

obtained from fungal culture on potato dextrose agar 

(PDA) slants after 3 days incubation at 30oC crushed 

in 10 ml sterilized water then introduced in 100ml 

capacity conical flask, and diluted to be 106-7 

spores/ml. After, distributed into 9cm diameter 

sterilized Petri dishes occupied by 4ml from above 

culture spores. These were exposed to UV radiations 

for different times ranging from 20 to 120 minutes in 

UV chamber keeping the distance of UV source at 

15cm. After UV radiation, they were kept in dark for 

stabilization. Parent type and UV treated fungal spore 

suspensions of 0.1 ml was inoculated into 5cm 

diameter Petri plate containing PDA medium and 

incubated at 30oC. After 96 hrs, the fungal growth 

was crushed in 10 ml sterilized water and used as 

inoculum. 

2.4. Solid state fermentation (SSF) using sugar 

beet pulp (SBP) as Substrate. 

The experiments were carried out in 250 ml 

Erlenmeyer flask containing 5g of SBP moistened 

with distilled water at solid: liquid ratio 1:2 and 

sterilized for 15 min at 121℃. After cooling, the 

flasks were inoculated with tested culture and 

incubated at 30℃ for 4 days. 

 

2.5. Optimization of cellulase production under 

SSF cultivation condition using SBP as substrate. 

The optimization of physico-chemical parameters 

was done to reach the maximal production of 

cellulase by the selected mutant of A. fumigatus 

NRCF-122 (mutant-17). These parameters were the 

moisture content (50-80% v/w, where v and w 

represent water and (water + dried-SBP), 

respectively), incubation temperature (24-36℃), pH 

of solid culture (3-12), incubation time (2-7 days), 

aeration area (2.5-10g) of moistened SBP in a 250mL 

Erlenmeyer flask, age of inoculum (2-4 days), and 

inoculum size (20-80%, v/w). Studies were also 

involved the effect of nitrogen sources i.e. (urea, 

ammonium sulfate, di-ammonium phosphate and 

NH4NO3 % w/w).  

Experiment was carried out at 30℃ for 4 days with 

SBP initial solid; liquid ratio 1:2, which was 

inoculated with 20% (v/w) of a 4-day-old seeding 

culture. Each experiment was performed in 

triplicates.  

 

2.6. Extraction of crude cellulases. 

The moldy SBP developed after 4 days of 

fermentation was mixed with distilled water at a 1:20 

(w/v) ratio. The mixture was shaken at 30℃ for 30 

minutes in an orbital shaker operating at 140 rpm. 

The supernatant obtained by filtration was used as 

crude enzyme. 

 

2.7. Enzymes assay 

Exoglucanase (FPase): Exoglucanase (Filter 

paperase) activity was estimated according to the 

method described by Bai et al. [19]. Briefly, 1.3 ml 

of 0.05 M phosphate buffer, (pH 7) and 1×6 cm filter 

paper followed by addition of 0.2 ml of diluted 

cellulase was incubated at 40°C for 10 min. Then the 

reaction was stopped by addition of 1.5 ml 

dinitrosalicylic acid (DNS) reagent [20]. All 

reactions were boiled for 5 min and finally diluted 

with 2 ml of H2O. The absorbance at 540 nm was 

measured. One unit of cellulase activity was defined 

as the amount of enzyme releasing 1 μmole of 

reducing sugar from filter paper (FPU) per ml per 

min.  

Endogluganse (CMCase): Endogluganse (Carboxy 

Methyl Cellulase "CMCase") was determined 

according to [21]. The reaction mixture containing 1 

mL of 1% carboxymethyl cellulose "CMC" in 0.5 M 

phosphate buffer (pH 7.0) and 0.5 mL crude enzyme 

filtrate. The reducing sugar produced, after incubated 

at 40°C for 10min, was determined according to [20]. 

The absorbance of released sugars was determined at 

540nm. One unit (IU) of CMCase activity was 

defined as the amount of enzyme releasing 1 μmole 

of reducing sugar per min. 

Cellobiase activity: It was determined by mixing 

0.8 mL of 1% cellobiose in 0.05 M phosphate buffer 

(pH 7.0) and 0.2 ml of diluted enzyme. The reaction 

mixture was incubated at 40°C for 10min, and then 

the glucose produced was determined using an 

analysis kit based 

on the enzyme’s glucose oxidase and peroxidase, 

according to Blake and McLean [22]. Xylanase 

activity: It was measured according to Bailey et al. 

[23] using 1 % oat xylan as the substrate. Diluted 

enzyme (0.1 mL) and 0.5 mL of the substrate 

dissolved in 0.05 M phosphate buffer (pH 7.0), were 

incubated for 10 min at 40°C. The reaction was 

terminated by boiling for 10 min. The supernatant 

was analyzed for reducing sugar by DNS reagent and 

the absorbance was read at 540 nm. A standard curve 

of d-xylose was used as reference. Each unit of 

xylanase activity (U) was the amount of activity, 

which released 1 μmol d-xylose min-1. 

 

2.8. Pretreatment of rice straw  

Crushed rice straw was pre-treated with 1.5% 

sodium hydroxide at solid: liquid ratio 1:20 at 121oC 

for 30 min. after cooling the alkali was neutralized 

with 2.5% HCl to pH 6. The solid treated substrate 

was filtered through cheese clothes, washing several 
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times with water, and finally dried in oven at 70oC 

[18]. 

 

2.9. Enzymatic saccharification of rice straw to 

produce Fermentable Reducing Sugars  

 

Aspergillus fumigatus mutant-17 crude enzyme 

was used to hydrolyze alkali treated rice straw as 

follows: 5g rice straw in 250 ml conical flask was 

mixed with 60 ml citrate buffer pH 7.0, and crude 

enzyme was added at 2ml /g substrate. Then the total 

volume of the mixture was increased by citrate buffer 

pH 7.0 to 100ml. One drop of toluene was added to 

prevent contamination. These flasks were incubated 

in water shaking bath adjusted at 40oC and 75 rpm. 

One ml of the reaction mixtures withdrawn at 

different time intervals, to determine the released 

reducing sugars. The percentage saccharification was 

calculated according to the equation of Spano et al. 

[24] as follows: Total reducing sugars divided by 

weight of substrate multiply by 0.9*100.  

 

2.10. Chemical analysis of dry matter of SBP                   

To determine dry matter (DM) loss, the difference 

between dry weight before and after fermentation 

was calculated and designated as a percentage of 

initial weight. Acid detergent fiber (ADF) and neutral 

detergent fiber (NDF) were estimated by the 

detergent system method. Hemicellulose contents 

were estimated as the difference between NDF and 

ADF, while the difference between acid detergent 

fiber ADF and acid detergent lignin ADL was 

represented the cellulose content. Ash was carried out 

on dried sample at 105°C by ignition three samples 

each 50 g in muffle furnace at 800°C for 5 h, and the 

residual ash was calculated as a percentage (%) from 

the dried initial weight according to AOAC (1970) 

[25]. 

 

3. Results and discussion   

3.1. Genetic identification of the fungus  

The isolated fungal strains NRCF122 was 

identified genetically by DNA extraction, 

amplification and sequencing using 2 primers. The 

sequence of 18S rRNA gene for the fungal strains 

NRCF122 was identified and aligned with other 

existed sequences available in the GeneBank 

database using BLAST tool 

(http://www.blast.ncbi.nlm.nih.gov/Blast), to identify 

the similarity score. The results confirmed a very 

close similarity of the obtained gene sequence for 

NRCF122 with 95.53% homology with Aspergillus 

fumigatus strain VV11. The phylogenetic tree for the 

NRCF122 strains was constructed using the 

neighbor-joining method (Fig. 1) by MEGA 7 

program according to Kumar et al. [26]. Based on 

the DNA sequence analysis, the NRCF122 strain was 

identified as Aspergillus fumigatus isolate NRCF122, 

and the sequences was deposited in GenBank under 

the accession no. MT318341.  

 
Fig. 1. Constructed phylogenetic tree for Aspergillus fumigatus 

isolate NRCF-122 

 

3.2. UV-Mutagenesis for A. fumigatus NRCF-

122 alkaline cellulase enhancemen 

Mutagenesis using UV as a physical method for 

enhancement enzymes production from different 

fungal strains was studied by many workers in 

scientific field [27-29]. Fig (2) showed that UV-

mutagenesis play a critical role in alkaline cellulase 

production enhancement. After the exposure of the 

fungus spore to UV for 1hr the enzyme activity 

reached 1.4-fold more than the mother-isolate. The 

alkaline cellulase activity of the mutant strain was 

54.6 IU/g, compared to 30 IU /g for the mother 

isolate. Many authors applied UV irradiation to 

induce mutagenesis for upgrading cellulase 

production by fungi [30]. Jafari et al. [31] found 

that, cellulase production by A. niger enhanced by 

two-fold when the fungus subjected to UV source at 

distance 9cm for 220 seconds. On the other hand, Vu 

et al. [30] reported that alkaline cellulase production 

by Aspergillus sp. SU14-M15 increased 2.2-fold than 

the wild type after UV-mutagenesis.  
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Fig. 2. Effect of UV subjected time on the production of cellulase 

by A. fumigatus NRCF-122 cultivated on sugar beet pulp after 4 

days under solid-state fermentation solid: liquid ratio 1:2, initial 

pH 7.0 and temperature 30oC. 

 

3.3. Optimization of alkaline 

cellulase production by A. fumigatus mutant-17, 

using Sugar beet pulp “SBP” as the substrate of 

solid-state fermentation "SSF" technique 

 

3.3.1. Effect of pH on alkaline cellulase 

production by A. fumigatus mutant-17 

One of the most important factors influencing the 

fungal strain growth, enzyme production and 

transport of nutrients through the cell membrane is 

the pH of the medium [32]. Some enzymes produced 

in a narrow range of pH, others released in wide 

range of pH. The obtained results in this study 

revealed that, A. fumigatus mutant-17 cellulase 

produced in a pH ranged from 7-10, maximized at pH 

10 (56.6 IU/g substrate) (Fig. 3a). The obtained 

results confirmed the alkalophilic nature of produced 

cellulase. Recently, several reports have described the 

important application of alkaline cellulase in many 

fields such as detergents, textile, paper pulping and 

scarification of lignocelluloses wastes. The maximum 

FPase production by A. niger was seen at pH 9, while 

FPase production was achieved by a mutant of the 

same strain at pH 10. Another example of alkaline 

cellulase was from a mutant strain of Trichoderma 

asperellum RCK2011 developed through UV-

irradiation was at pH range, 4–10 [33]. 

 

3.3.2. Effect of incubation temperature on 

alkaline cellulase production by A. fumigatus 

mutant-17 

Another important factor is the incubation 

temperature. Several reports demonstrated that 

incubation temperature is strongly affecting the SSF 

process, which varies according to the microorganism 

applied in fermentation process. Any change in the 

incubation temperature, even slight changes can 

affect the enzyme production. The low temperature 

may slow the growth of fungus and high temperature 

could make thermal inactivation of the enzyme. The 

optimum temperature for the highest production level 

of A. fumigatus NRCF-122 cellulase was recorded at 

30℃ with 61.2 IU/g (Fig. 3b). Cellulase production 

was decreased at temperatures above and below 

30oC. Many authors stated that 30oC is the suitable 

temperature for producing cellulase from A. oryzae 

ITCC-4857.01 after 7 days of incubation [34]. 

Another study showed that, the highest cellulase 

production level by Fusarium dimerum and Rhizopus 

oryzae was at 35oC [33]. 

 

3.3.3. Effect of moisture content of the SSF 

substrate (SBP) on alkaline cellulase production by 

A. fumigatus mutant-17 

The effect of moisture content on the cellulase 

production by A. fumigatus mutant-17 was studied. 

The results represented in Fig. (3c) revealed that the 

most suitable initial moisture ratio was 1:2 (w/v, 

substrate: water). This ratio was the best ratio as it 

greatly enhanced the production FPase with enzyme 

activity reached 61.2.4 IU/g. Increasing or decreasing 

the moisture level in SSF may lead to undesirable 

results for enzyme production. The fact behind this is 

that, the moisture cause swelling of the substrate and 

facilitates utilization of the nutrients by the 

microorganisms. At low moisture level, this led to 

incomplete dissolving of nutrients in the substrate, 

while higher moisture content lead to reduction in the 

substrate porosity, thereby decreased the availability 

of oxygen for fungus and as a result decrease the cell 

growth and metabolism and inhibit the enzyme 

production. Abdullah et al. [36] reported that, the 

optimum moisture content for cellulase production by 

SSF Aspergillus niger ITBCCL74 was 80%, 70% and 

60% when cultivated on rice straw, water hyacinth 

and corn cobs, respectively. Vu et al. [37] obtained 

the maximum cellulase production by A. 

terreus AUMC10138 and its mutant on corn Stover at 

initial moisture ratio 1:3 [38]. On the other hand, the 

maximum FPase production by Trichoderma 

asperellum RCK2011 and its mutant SR1-7 was seen 

at a substrate: moisture ratio 1: 2.5 [33]. 
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Fig. 3. Effect of initial pH (a), temperature (b), moisture 

content (c) and age of the fungal seed (d) on the production of 

alkaline cellulase by A. fumigatus mutant-17 cultivated on sugar 

beet pulp. 

 

3.3.4. Effect of fungal inoculum age on alkaline 

cellulase production by A. fumigatus mutant-17 

Fig. (3d) shows the enzyme activity of the A. 

fumigatus mutant-17 alkaline cellulase at different 

fungal inoculum ages. The results demonstrated that, 

the maximum cellulase activity was achieved when a 

seeding culture age is 3 days with enzyme activity 

(78.8 U/g). Using seeding cultures more than 3-day 

old displayed a remarkable decrease of cellulase 

yield. These results were in agreement with Isaac 

and Abu-Tahon [17]; they achieved the best 

cellulase enzyme production by 

thermohalophilic Aspergillus terreus AUMC 10138 

by inoculation of the fermentation medium with 3 

days fungal seeds.  

 

3.3.5. Effect of fungal inoculum size (20-80%) on 

alkaline cellulase production by A. fumigatus 

mutant-17 

Fig. (4a) illustrates that inoculum size is an 

important factor for the success of fermentation 

process and for efficient enzyme production. The 

maximum level for cellulase (as FPase) production 

was seen when inoculum size was 20% v/w with 

enzyme activity 78.8 U/g. As the inoculum size 

increased, the enzyme production was decreased 

sharply due to the decrease of available oxygen 

amount in the fermentation medium. The quantity of 

moistened SBP per flask volume of culture 

remarkably affected amount of oxygen presence that 

can be utilized by the fungus mycelia.  

 

3.3.6. Effect of aeration on alkaline cellulase 

production by A. fumigatus mutant-17 

The maximum cellulase enzyme activity (as 

FPase) was 92.4 IU/g when ratio substrate-weight: 

flask-volume was 1:100 (Fig. 4b). Vu et al. [30] 

noted that substrate weight 3% is the most suitable 

percent when he used wheat bran to produce cellulase 

from Aspergillus niger . Fadel and Kahil [38] 

reported that 2% was the best, they used alkali treated 

cotton stalks for producing cellulose and 

hemicelluloses degrading enzyme by A. niger F-93 

[39], as well as the same ratio was found by Fadel 

[39] when he produced xylanase from fermented 

sorghum flour by Trichoderma harizinum 418. 

 

3.3.6. Effect of nitrogen source on alkaline 

cellulase production by A. fumigatus mutant-17 

Nitrogen from organic or inorganic source is a 

vital element for protein construction of the enzyme, 

as well as the form of nitrogen is limiting factor for 

enzyme production efficiency by a specific fungus. 

Fig. (4c) illustrated, the effect of different nitrogen 

sources on FPase enzyme activity. The more 

promising activity was achieved using urea with 

activity reached 98.2 U/g solid SBP substrate. The 

obtained result can be discussed on the fact that urea 

maintains pH of the medium stable during the 

incubation period. Different nitrogen sources, as urea, 

were used as a nitrogen source for production of 

cellulase by Penicillium funiculosum, using a 

sequential experimental design methodology [40]. 

(NH4)2SO4 was used for cellulase production under 

solid state and submerged cultures from culturing 

many fungal strains i.e. Trichoderma harizianum, 

Penicillium funiculosum, Aspergillus niger, Fusarium 

dimerum and Rhizopus oryyzae [35, 38, 39, 41]. 

3.3.7. Incubation period 

The incubation period for production of any 

enzyme usually depends on the growth rate of the 

microorganism, substrate, and enzyme production 

pattern. Fig. (4d) illustrates that the cellulase (FPase) 

expressed the highest activity (98.2 IU/g) by the A. 

fumigatus mutant-17 after 4 days under the optimum 

above conditions included moisture level 65%, pH 

10, and temperature 30oC. Several reports studied the 

effect of incubation time on cellulase production 

under SSF. The highest cellulase production level by 
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Fusarium dimerum and Rhizopus oryzae under 

optimum conditions was after 9 and 11 days, 

respectively [35]. Jafari et al. [31] achieved 

maximum cellulase From UV mutant of A. niger after 

10 days. Raghuwanshi et al. [33] recoded maximum 

FPase after 4 days by Trichoderma 

asperellum RCK2011 and mutant strain SR1-7 under 

SSF. The same results were obtained by Gao et al. 

[42] who reported that the maximum FPase activity 

was after 4 days by A. terreus M11. 

 
Fig. 4. Effect of inoculum size (a), Aeration (b), nitrogen source (c) 

and incubation period (d) on alkaline cellulase production by A. 

fumigatus mutant-17 cultivated on sugar beet pulp. 

3.4. Lignocelluloses degrading enzymes in A. 

fumigatus mutant-17 SBP culture  

After delignification of lignocellulosic waste by 

pretreatment of the main two components (cellulose 

and xylan hemicelluloses), the cellulases enzymes; 

endoglucanase "CMCase" and exo-glucanase 

(FPase), in combination with adequate amount of 

cellobiase are necessary for hydrolyzing of 

biopolymer cellulose to its mono monomers glucose 

(Fig. 5). On the other hand, xylanase is responsible for 

the degrading of hemicellulose to xylose. Data 

presented in Table (1) showed the lignocelluloses 

degrading enzymes measured in the fungal culture 

filtrate.   

Table 1 Lignocelluloses degrading enzymes involved in fungal 

culture filtrate of A. fumigatus mutant-17 cultivated on sugar beet 

pulp after 4 days under solid-state fermentation, solid: liquid ratio 

1:2, initial pH 10.0, inoculum size 20 % v/v and temperature 30oC 

and urea as sole nitrogen source. 

Enzyme IU /ml 

FPase 4.6 

CMCase 5.4 

Cellobiase 8.6 

Xylanase 22.8 

 
Fig. 5. Sacharification of alkali pretreated rice straw by culture 

filtrate of A. fumigatus NRCF-122 mutant-17 cultivated on sugar 

beet pulp after 4 days under solid-state fermentation, solid: liquid 

ratio 1:2, initial pH 10, inoculum size 20%, v/v and temperature 

30oC and urea as sole nitrogen source. 

3.7. Feed evaluation of fermented substrate 

(SBP) after enzyme elution. 

Table (2) showed a comparison study between the 

chemical composition of sugar beet pulp after and 

before fermentation. The data displayed a valuable 

upgrading in feed quality of SBP after fermentation 

process for lignocellulosic degrading enzymes 

production. The improvement included increasing of 

crude protein from 9.4% to 16.3%, increasing in total 

digestible nutrient TDN from 66.4 to 69.2%, and 

increasing growth energy performance from 3995 to 

4384 kilocalories/Kg. On the other hand, decreasing 

of crude fiber such as ADF and NDF. Biologically 

treated sugar beet pulp (SBP) by fungi was evaluated 

as feed mixture rations for growing sheep, goats and 

large animals, lactating cows, lambs dairy buffalo 

ration, beef cattle was studied [43. 44]. Biologically 

treated sugar beet pulp led to upgrading crude protein 

to about 19% [45]. They found that feed conversion 

and cost of feed/kg gain were the best for ration 

contained 25% biologically treated SBP. The results 

indicate that the introducing of biologically treated 

sugar beet pulp at rate of 25% of the concentrate feed 

mixture could improve feed conversion of growing 

lambs and was economical. 

Table (2) Chemical composition of sugar beet pulp after and 

before fermentation 

Component Before 

fermentation 

After 

fermentation 

Dry mater (%) 90.0 92.4 

Aflatoxin (%) Nil Nil 

Crude protein (%) 9.4 16.3 

Crude fiber (%) 22.4 15.2 

ADF (%) 26.6 20.8 

NDF (%) 44.2 35.2 

Ash (%) 5.4 5.8 

Cellulose (%) 36.6 32.6 

Gross energy (kilocalories / Kg) 3795 4384 

Total digest nutrient “TDN” (%) 66.4 69.2 
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4. Conclusion  

Fungal cellulase production was optimized by 

studying different parameters such as (biological, 

chemical & physical). The optimal conditions were: 

initial moisture content ratio (1:2 (w/v, substrate 

weight :water volume)), incubation temperature 

(30°C), initial pH of solid culture (10, high wide 

range 7-10), incubation period (4 days), aeration area 

(1:100 ratio ((1%)), SBP substrate weight : flask 

volume) of moistened SBP in a 250 mL Erlenmeyer 

flask, fungal inoculum (seeding) culture age (3 days), 

and inoculum size (20%, v/w). Studies were also 

involved the effect of nitrogen sources (urea, 

ammonium sulfate, di-ammonium phosphate and 

NH4NO3, % w/w) revealed that urea is the best 

nitrogen source for cellulase production. As for 

another application (animal feed production); after 

fermenting of SBP for cellulase production, its crude 

protein content, TDN (Total digest nutrient) and 

Gross energy performance were increased, where as 

crude fiber, ADF & NDF were decreased, upgrading 

the feed quality of biologically treated SBP. 
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