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In this work, the cellulolytic enzymes that extracted from endophytic T. harzianum strain SYA.F4 were 
evaluated via submerged fermentation mode by using a variety of agro-lignocellulosic wastes such as 
rice straw, wheat straw, wood chips and sugarcane bagasse that individually used as cellulases inducer 
and nitrogen/carbon sources. Among these wastes, the sugarcane bagasse that treated by using HPAC 
method produced the highest cellulases activities (β-glucanase; 95.5, β-glucosidase; 52.3 and CMCase; 
18.6 IU/ml) at maximum biomass (20.5g/l) after 15 days of the incubation period. The statistical Plackett-
Burman and Box-Behnken experimental designs were applied to study the effects of the medium 
ingredients and the culturing conditions on the SYA.F4 mass weight. Via low-cost production line, the 
maximum biomass production, the highest CMCase, β-glucosidases and β-glucanases activities were 
detected as 159.86 g/l, 237.7, 314.6 and 429.1 IU/ml respectively after ~80 hr of the incubation period. 
Finally, the endophytic T. harzianum strain SYA.F4 may be used as a potential safe candidate for the 
production of cellulolytic enzymes that applied as an anti-phytopathogens agent in vitro.  

Keywords: large-scale strategy, statistical experimental designs, agro-lignocellulosic wastes, endophytic T. harzianum, 
CMC-Zymogram analysis. 

 
INTRODUCTION 

Different phytopathogens cause the 
destruction of natural resources in agriculture, 
specifically phytopathogenic fungi which 
considered as the most aggressive pathogens 
(Kumara, 2016 and El Badawy et al., 2016). 
Recently, there are a great number of fungal 
strains that isolated from soil saprophytic, 
epiphytic and endophytic localities have been 
used to produce various enzyme complexes (El-
Moslamy, 2018, El-Moslamy et al., 2017, 2016 
and Elwakil et al., 2015). But the industrial 
production of some enzyme complexes was 
limited due to the cost of the substrates that used 
as a carbon source and/or enzyme inducer in 
microbial cultivation media since it is estimated 

40% of the total cost (El-Moslamy et al., 2017, 
Kumara, 2016 and El Badawy et al., 2016). The 
cellulase enzyme complexes have a hydrolytic 
potential to break the cellulose chemical bonds. 
Biodegradation of lignocellulosic materials by 
fungal decomposers into fermentable sugars by 
enzymatic hydrolysis requires a specific mix of 
cellulolytic enzymes (endoglucanases, 
cellobiohydrolases, and β-glucosidases) that 
make this bioconversion very expensive process 
and increases the production cost of biocontrol 
agent (Bairagi, 2016, Abdullah et al., 2016, El-
Shishtawy et al, 2015 and Castrillo et al., 2015). 
Nowadays, this conversion can be performed 
proficiently by using Trichoderma spp but the 
main challenge is making the cellulolytic 
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fermentation processes a quicker to reduce its 
cost (El-Moslamy, 2018, El-Moslamy et al., 2017, 
2016 and Abdullah et al., 2016). Endophytes 
considered as potential sources to extract 
promising bioactive metabolites safely. The 
economic potential metabolites were developed 
recently by using different statistical 
biotechnological tools. Recently, industrial 
biotechnological strategies have great attention 
for producing several byproducts by using raw 
materials from agriculture wastes and agro-
industry wastes to obtain natural products, such 
as enzymes, due to high availability and low 
commercial value (El-Moslamy et al., 2017 and El-
Shishtawy et al., 2015). Until now, the 
commercialized production strategy for the safe 
biological control agents are few, so the new 
environmentally safer methods were developed to 
increase the number of promising eco-friendly 
biocontrol agents that prevent the development of 
several soil phytopathogens. So exploration a 
safe and proficient cellulases producer microbe 
that cultivated by using a cheap lignocellulosic 
agricultural waste is an important step in this work 
to reduce the biological control agents production 
cost significantly. The main goal of this work is 
extracting the cellulolytic enzymes as a proficient 
antiphytopathogens agent from endophytic T. 
harzianum SYA.F4 as a safe candidate that 
meanwhile have an professional role in the 
development of the plant growth by using a low-
cost industrial fermentation medium.  
 
MATERIALS AND METHODS 

Collection and pretreatment of the agro-
lignocellulosic wastes: 

 In this work, the used agro-lignocellulosic 
wastes (wood chips, Rice straw, Sugarcane 
bagasse, and Wheat straw) collected from 
different localities in Egypt (El-Sharkia, 
Alexandria, and Kafr El-Sheikh Governorates). 
The air-dried wastes were chopped into small 
pieces with scissors (~2 cm), and ground with an 
electric blender to ~0.5cm then stored in airtight 
bottles to keep it moisture free. The agro-
lignocellulosic wastes were pretreated by using 
the cellulose/organic-solvents (COSLIF) method 
(Bekmuradov et al, 2014) that compared with the 
hydrogen peroxide–acetic acid method (Wi et al., 
2015); to produce the highest micro and macro 
fibrils of cellulose quantities. The chemical 
composition of water-insoluble biomass slurries 
was analyzed according to National Renewable 
Energy Laboratory. 

Cultivation strategies to enhance the 
cellulolytic enzymes productivity:  

The endophytic Trichoderma harzianum strain 
SYA.F4 used as a lignocellulose-degrading 
microbe, which cultivated in Mandels medium 
(Mandel and Weber, 1969). This medium 
consisted of (g/l): (NH4)2SO4 1.4, KH2PO4  2.0, 
protease peptone 10, urea 0.3, yeast extract 0.25,  
water-insoluble agro-lignocellulosic biomass 10, 
Tween-80; 2 ml, and trace element solution 1ml. 
TE solution contained the following ingredients 
(g/l): FeSO4.7H2O 0.05, MgSO4.7H2O 0.3, 
CaCl.2H2O 0.3, COCl2 2.0, MnSO4.H2O 1.6, and 
ZnSO4.H2O 5.0. The medium pH was adjusted to 
4.8 then sterilized at 1210C for 20 min. The 
sterilized medium was inoculated with a prepared 
conidia/spore suspension (1×106/ml) and 
incubated for 120hr at 300C on a rotary shaker 
(200 rpm). Then the samples were withdrawn at a 
regular time interval. These samples centrifuged 
at 10,000 rpm for 20min to prepare the 
supernatant that used as  crude cellulolytic 
enzymes. Endoglucanase (CMCase), β-
glucanases and β-glucosidase activities were 
determined by using 1% CMC, 1% barley β-
glucan and1mM ρ-nitophenyl-β-Dglucopyranoside 
respectively that dissolved in 50mM citrate buffer 
(pH 4.8). The cellulolytic enzymes reactions were 
incubated at 50°C for 30 min. Then the CMCase 
and the β-glucanases reactions were stopped by 
adding 2ml of dinitrosalicylic acid reagent at 
1000C for 5min and measured at 540 nm. But the 
β-glucosidase reaction was stopped by adding 
500µL of 1 M Na2CO3, and the absorbance of 
yellow color (ρ-nitrophenol) was measured at 410 
nm (Wi et al., 2015, Castrillo et al., 2015, and 
Chow & Landhausser, 2004). All enzymatic 
activities were determined colorimetrically that 
defined as the number of cellulolytic enzymes 
units, which is capable of producing one 
micromole of reducing sugars in one minute. 

Statistical optimization for cellulolytic 
enzymes production from endophytic T. 
harzianum SYA.F4: 

 The culture medium components and 
microbial culturing conditions that influenced on 
the microbial growth should be studied to improve 
the cellulolytic enzymes production. Therefore, 
statistical experimental designs were applied for 
studying the independent variables that affecting 
the SYA.F4 biomass production and hence the 
cellulolytic enzymes production. Firstly, statistical 
Plackett-Burman experimental design (fractional 
factorial design) used to screen the medium 
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components hence select the significant variables 
that affected on biomass production (EL-Moslamy 
et al., 2017 and 2016). Secondly, Box-Behnken 
design (response surface methodology) applied to 
study the interactions among the significant 
variables to achieve the optimization strategy for 
the SYA.F4 biomass productivity (Mohamed et al., 
2017, El Baz et al., 2016 and El-Sheekh et al., 
2016). 

Plackett-Burman experimental design: 
 A fraction of a two-level factorial design 

allows screening a large number of factors with a 
smaller number of experimental runs than those 
required by the classical one-factor-at-a-time 
approach (OFAT) (EL-Moslamy, 2018, EL-
Moslamy et al., 2016 and 2017). The Plackett-
Burman matrix was designed for 11 independent 
variables via 12 experimental runs. Each 
independent variable was investigated at a high 
(+1) and a low (-1) level. All the experiments were 
performed in triplicate and the average of biomass 
production was used as a response. The main 
effect was calculated by using the Eq.(1). Also, p-
value, errors, and the significant variable were 
determined via Eq. 2, Eq. 3 and Eq.4 respectively. 
The Variables, which showed more than 95% 
confidence level, were optimized for further 
optimization step (Box–Behnken design). 

𝑬(𝑿𝒊)

=
𝟐(∑ 𝒀𝒊

+ − 𝒀𝒊
−)

𝑵
                                                        (𝟏) 

Where, E (Xi) is the main variable effect, and 
Yi

+ and Yi
- are the responses (biomass 

production) of trials at which the parameter was at 
its higher and lower levels, respectively; N is the 
total number of trials.  
𝑽

=
𝟐 ∑(𝑬)

𝑵
                                                                            (𝟐) 

Where, V is the variance; E is the main effect 
of dummy variables; N is the number of dummy 
variables.  

    𝒕(𝑿𝒊)

=
𝑬(𝑿𝒊)

𝑺𝑬
                                                                     (𝟑) 

Where, E is the effect of variable (Xi). 
𝒀
= 𝜷𝟎

+  ∑ 𝜷𝟏𝑿𝒊                                                               (𝟒) 

 Where, Y is the response (biomass 
production), β0 is the model intercept, β1 is the 
linear coefficient and Xi is the level of independent 
variable. 

Box–Behnken experimental design: 
 The next step in the optimization strategy 

was employed to detect the optimum 
concentration of the significant variables that used 
for enhancing the highest biomass production. 
Statistical analysis was calculated by using these 
three independent variables at three different 
levels; namely; low (-1), medium (0) and high (+1). 
SPSS version 17.0 was used to evaluate the 
variance analysis at a confidence interval (p < 
0.05). The 2ed  polynomial model (Eq. 5) was fitted 
to predict the optimal conditions that produced the 
maximum biomass. The optimal concentrations 
were determined to verify the accuracy of the 
predicted model (EL-Moslamy, 2018, EL-Moslamy 
et al., 2017, 2016, Rajpara et al., 2016 and Liu et 
al., 2016). Finally, the biomass production was 
estimated and compared with the predicted 
values. 

𝒀 =  𝜷𝟎 + ∑ 𝜷𝒊 

𝑲

𝒊=𝟏

𝑿𝒊 + ∑ 𝜷𝒊𝒊𝑿𝒊𝒊
𝟐

𝑲

𝒊=𝟏

+ ∑ ∗

𝑲

𝒊=𝟏,𝒊<𝑗

∑ 𝜷𝒊𝒋𝑿𝒊𝑿𝒋

𝑲

𝒋=𝟐

+ 𝜺                       (𝟓) 
Where, Y is the predicted response, β0 the 

intercept, βi the linear coefficient, βij the quadratic 
coefficient, βii is the linear-by-linear interaction 
between Xi and Xj regression coefficients and Xi Xj 
are input variables that influence the response 
variable Y. 

Fermentation strategy for endophytic T. 
harzianum SYA.F4 biomass production: 

 Batch fermentation mode is a closed system, 
in which there is no input or output of the nutrient 
components. Since the fungal population cell, 
density and its secreted metabolites were 
increased constantly with exhaustion of all nutrient 
components over the time (EL-Moslamy, 2018, 
EL-Moslamy et al., 2017 and Kumara, 2016). In 
this study, upstream and downstream processing 
steps for biomass production via industrial batch 
fermentation strategy were performed by using 
the following procedures:  

Inoculum preparation:  
The spore suspension (1.5 x 108sp/ml) was 

prepared by using sterilized 1% (w/v) NaCl 
solution. One hundred ml of spore suspension 
was inoculated into a 1000 ml bottle containing 
400ml of the optimized medium that cultivated for 
72hr at 30°C an orbital shaker to prepare the pre-
inoculum for batch fermentation.  
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Cultivation in the bioreactor:  
Bio Flo 310 fermenter (New Brunswick 

Scientifc Co., USA) that equipped with automatic 
control of temperature, pH, agitation rate (Rushton 
impeller), and airflow rate was used for biomass 
production via industrial batch fermentation mode. 
The pre-culture (400ml) was inoculated in 4600 ml 
of sterilized culture medium. The temperature, pH, 
and the airflow were adjusted at 28±2°C, 4.8, and 
0.5vvm respectively. The dissolved oxygen 
concentration was maintained at above 30% of air 
saturation by changing the agitation speed. The 
ranges of temperature, agitation, pH, aeration, 
and foaming were automatically monitored 
through the run via BioFlo 310 software. Samples 
were withdrawn periodically each 12hr. The 
supernatant (crude extract) was prepared to 
determine the cellulatic enzyme activities, protein 
measurements and the concentrations of residual 
sugars. In addition, the solid fraction (pellet) was 
used in the determination of its biomass 
production. The residual reducing sugars 
concentration was determined analytically by 
using dinitrosalicylic acid reagent (Chow and 
Landhausser, 2004). The soluble proteins were 
quantified by using the commercial Bio-Rad 
colorimetric protein assays kit based on the 
Bradford method using bovine serum albumin as 
a standard. Total soluble sugars were determined 
as described by Chow and Landhausser (2004).  

The qualitative measurements of cellulolytic 
enzymes activity: 

 The cellulolytic enzymes activities were 
screened via well diffusion method by using 
carboxymethylcellulose agar plates that 
composed of 50 mM citrate buffer (pH 4.8) 1L, 
CMC sodium salt 2g, and agar 17g. Then these 
plates were incubated at 500C for 2hr and flooded 
with 0.1 % Congo red solution for 30 min then 
washed by using 5% NaCl solution for 15min. The 
developed clear zone diameters were recorded to 
calculate the average values (Muhammad et al., 
2016, Naser et al., 2016, Elgharbawy et al., 2016 
and Kaur et al., 2015).   

Estimation the kinetic parameters for 
bioprocessing of the fungal cells:  

The behavior of T. harzianum growth can be 
described kinetically by using batch cultivation 
mode (Chow and Landhausser, 2004 and 
Muhammad et al., 2016). Therefore, the growth 
kinetic relationship is affected by many 
parameters such as biomass yield coefficient 
(YX/S), maximum biomass (Xmax), and maximum 

specific growth rate (µmax). The logistic equation 
(Eq.6) and the Monod equation (Eq.7) were used 
to calculate the maximum biomass dry weight 
(Xmax) and the specific growth rate (µ) 
respectively. Yield coefficient was calculated 
depending on the amount of consumed sugar and 
the growth yield (Eq.8). 

𝒅𝑿

𝒅𝒕
= 𝝁𝒎𝒂𝒙𝑿 (𝟏 −

𝑿

𝑿𝒎𝒂𝒙

)                    (𝟔) 

Where, X is the biomass dry weight (g/L); t is 
incubation period (hr); µmax is the maximum 
specific growth rate (h−1); and Xmax is the 
maximum biomass dry weight (g/L). 

𝝁 = (
𝝁𝐦𝐚𝐱  𝑺

(𝑲𝒔 + 𝑺)
)                                       (𝟕) 

Where; μ is the specific cell growth rate (hr-1), 
μmax is the maximum specific cell growth rate (hr-

1), S is the substrate concentration (g/l), KS is the 
Saturation constant (g/l) = S when μ = 1/2 μmax. 

𝒀  =  
∆𝑿

∆𝑺
 =  

𝑿 − 𝑿𝟎

𝑺𝟎 − 𝑺
                                    (𝟖) 

Where: Y is the biomass yield coefficient, X is 
the biomass concentration, X0 is the Initial 
biomass concentration, S is the Substrate 
concentration, S0 is the Initial substrate 
concentration.  

Determination of the cellulolytic enzymes 
molecular weight via SDS-PAGE and 
zymography analysis: 

 Briefly, SDS-PAGE buffers (monomer, 
resolving, stacking, treatment and tank buffer) 
were prepared according to Laemmli et al., 
(1970). The Monomer solution was prepared by 
dissolving 29.29g acrylamide and 0.89g N-N-bis-
methylene acrylamide in 100ml distilled water. 
Resolving solution consisted of 18.15g Tris base 
and 100ml distilled water (pH 8.8). Stacking 
solution was prepared by dissolving 6g Tris base 
in 100ml distilled water (pH 6.8). Treatment 
solution (6X) was prepared by mixing 4ml distilled 
water, 1ml 0.5M tris-HCl, 0.8ml glycerol, 1.6ml 
10%SDS, 0.4ml β-mercaptoethanol, 0.2 ml 0.05% 
(w/v) bromophenol blue and 1% ammonium 
persulfate solution. Finally, the tank buffer (5X) 
was prepared by dissolving 15g tris base, 72g 
glycine and 5g SDS in 1L distilled water. The 
SDS-PAGE and zymography protein gels were 
set-ups by using 4% stacking gel and a 10% 
resolving gel as the following:  

SDS-PAGE electrophoresis:  
Crude extracted protein was fractionated by 

using the Mini-Protean Tetra model (BioRad®). To 
visualize the protein bands, the gel was stained by 
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using stain solution (0.1% Coomassie blue R-250, 
40% Methanol and 10% Glacial acetic acid) under 
a low stirring condition for 3hr. Finally, this gel was 
washed successive times with de-staining solution 
(100 ml glacial acetic acid, 400 ml methanol, and 
500 ml distilled water). 

Zymography analysis: 
 The crude extracted proteins were 

concentrated (30-25 fold) by using a vacuum 
rotary evaporator at 450C under 760 mmHg 
negative pressures. The concentrated proteins 
were prepared for zymography analysis without 
adding β-mercaptoethanol or subjecting to the 
heating treatment. After fractionation step, the gel 
was incubated at 40C for 3hr in 50mM acetate 
buffer (pH 4.8) and 2.5 % Triton X-100 (v/v). Then 
the gel washed several times with distilled water. 
To visualize the hydrolyzed zones, the gel soaked 
with 50mM acetate buffer (pH 4.8). Then 
incubated at 50˚C for 1hr and stained with 0.5% 
Congo red (Sigma, St. Louis, EUA) for 30min and 
finally distained by 1M NaCl for 10 min. Bands 
corresponding to CMCase appeared as clear 
zones against a dark background after de-staining 
step which followed by treating the gel with 5% 
(v/v) acetic acid solution. 

Antagonistic potential of cellulolytic enzymes 
against phytopathogens in vitro:  

In this study, the tested phytopathogenic fungi 
(Fusarium solani, Fusarium moniliforme, 
Helminthosporium sp.) were collected from 
Zagazig University, Faculty of Agriculture, and El-
Sharkia, Egypt. The tested phytopathogenic 
bacteria (Clavibacter michiganensis, Erwinia 
carotovora and Acetobacter pasteurianus) were 
collected from Bioprocess development, Genetic 
Engineering and Biotechnology Research 
Institute, City of Scientific Research and 
Technology Applications, Universities and 
research center district New Borg El-Arab City, 
Alexandria, Egypt. The antagonistic potential of 
cellulolytic enzymes against phytopathogens was 
studied by using well diffusion method (Leelavathi 
et al., 2014). The cellulolytic enzymes mixture was 
sterilized by using 0.22-micron syringe filter 
(CAMEO®, GVS, Italy). The plant pathogenic 
fungal cells were cultivated in the Czapek medium 
which contained NaNO3, 3.0 g; K2HPO4, 1.0 g; 
MgSO4∙7H2O, 0.5 g; KCl, 0.5 g; FeSO4∙7H2O, 
0.01 g; agar, 15 g and distilled water, 1L (pH 4.8). 
The plates were incubated at 28±2˚C for 5 - 14 
days. The fungal spore suspension was prepared 
at the concentration of 3×106sp/ml then 100µl of 

fungal inoculum was swapped on the Czapek 
plates. The sterilized cellulolytic enzymes (50µl) 
were loaded into wells (0.5 mm). The plates were 
cultivated aerobically at 28±2˚C for 6 days. The 
phytopathogenic bacteria were cultivated in 
nutrient agar medium that composed of (g/l): 
peptone 5, sodium chloride 5, beef extract 1.5, 
yeast extract 1.5, and agar 15 (pH 7.0). Then the 
inoculated plates were incubated at 300C for 48hr. 
The bacterial spore suspension (2×108CFU/ml) 
was prepared and a 100µl aliquot was spread 
uniformly onto the nutrient agar plates. Then the 
wells (0.5mm) were filled with 50µl of the sterilized 
cellulolytic enzymes mixture and the plates were 
incubated at 30ºC for 24-72hr. All experiments 
were conducted in triplicates through three 
independent trials. The inhibition of the 
phytopathogens growth was monitored by 
recording the diameter of the inhibition zone 
(mm). Data were statistically analyzed by analysis 
of variance (ANOVA) and least significant 
difference (LSD) test at (P-value <0.05) level of 
significance. 
 
RESULTS AND DISCUSSION 

The organic farming strategy aims to produce 
a crop with a high nutritional value without using 
the harmful pesticides and fertilizers. This 
cultivating strategy is not a new manner (ancient 
method); it was being practiced by using organic 
wastes (farmyard manure) and other biological 
materials to achieve higher crop sustainable 
yields in a pollution-free environment (Elgharbawy 
et al., 2016 and Leelavathi et al., 2014). Recently, 
green biotechnologies were applied to increase 
farmers’ sales and profits via improvement of the 
industrial pesticides production, but some modern 
farming practices affect the environment. In 
today's time, organic farming researcher priorities 
are creating a robust organic farming program to 
improve soil quality by enhancing biodiversity and 
reducing toxic chemical exposure risk (Mandal & 
Ghosh 2016a and Onofre et al., 2014). Therefore, 
this work aimed to produce a low cost and 
appreciable biocontrol agent by using 
nonpathogenic microbe via eco-friendly 
commercial production techniques. There are 
different kinds of phytodiseases that produced by 
phytopathogens infections appeared on the crops 
at all farming stages. To facing this problem by 
using eco-friendly solution, cell-wall-degrading 
enzymes that play a major role in biocontrol 
activity against a wide spectrum of plant 
pathogens will be produced through this study by 
using endophytic T. harzianum strain SYA.F4 that 
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cultivated on agro-lignocellulosic biomass.  

Cellulolytic enzymes productivity:  
In this work, pretreated agro-lignocellulosic 

biomass (Wood chips, Rice straw, Sugarcane 
bagasse, and Wheat straw) was screened as 
cellulases inducer and nitrogen/carbon sources 
that used for faster fungal cellular growth by using 
submerged fermentation system to produce the 
highest cellulolytic enzymes yield. Lignocellulosic 
biomass is a complex structure contains polymers 
of cellulose, hemicelluloses, and lignin (Mandal & 
Ghosh 2016a and Onofre et al., 2014). There are 
several pretreatment methods used to extract 
these components from a lignocellulosic structure 
(Wi et al., 2015, El-Shishtawy et al., 2014, 
Castrillo et al., 2015 and Bekmuradov et al., 
2014). The success of pretreatment method will 
depend on the simple pretreatment strategies that 
effectively delignify various lignocellulosic 
materials without using high temperatures or 
pressure (Abdullah et al., 2016, Wi et al., 2015, 
El-Shishtawy et al., 2014, Castrillo et al., 2015 
and Bekmuradov et al., 2014). COSLIF and HPAC 
pretreatment methods considered as the more 
efficient and simple pretreatment methods that 
published recently (Wi et al., 2015 and 
Bekmuradov et al., 2014).  

In these investigations, these pretreatment 
methods were applied to fractionate the tested 
lignocelluloses biomass into the highest 
amorphous cellulose and hemicelluloses 
quantities. Since the resulted cellulose and 
hemicelluloses polymers were used as cellulolytic 
enzymes inducer and the fermentable molecules 
were used as nitrogen and carbon sources for 
endophytic T. harzianum strain SYA.F4 biomass 
production. Table (1) showed that sugarcane 
bagasse that treated by using HPAC pretreatment 
method has the highest protein, cellulose and 
hemicellulose contents compared with the other 
agro-lignocellulosic biomass that treated by using 
COSLIF pretreatment method. This result was 
confirmed by culturing endophytic T. harzianum 
strain SYA.F4 in treated agro-lignocellulosic 
biomass medium. Figure (1) showed that the 
sugarcane bagasse that treated by using HPAC 
pretreatment method produced the detectable 
amounts of all cellulolytic enzymes (β-glucanase; 
95.5, β-glucosidase; 52.3 and CMCase; 18.6 
IU/ml) and biomass production (20.5 g/l). 

Finally, sugarcane bagasse that treated by 
using HPAC pretreatment method was selected 
as inexpensive cellulases inducer and 
nitrogen/carbon sources that achieved the highest 

cellulolytic enzymes activities and the highest T. 
harzianum strain SYA.F4 mass weight. These 
results agreed with Robl et al., (2013) that 
produced cellulolytic and hemicellulytic enzymes 
from endophytic fungi by using pretreated 
sugarcane bagasse that used as the carbon 
source in the industrial production medium. 

Evaluation of parameters affecting endophytic 
T. harzianum SYA.F4 biomass production: 

 The newest trend in industrial bioprocessing 
development is statistical experimental designs 
that used as tools in microbial optimization 
strategy to reduce the production line cost (Robl 
et al., 2013 and Mabrouk et al., 2012). To produce 
the maximum cellulase activity by using a living 
system that cultivated in suitable and cheap 
medium, the best combination of physical and 
chemical parameters should be studied and 
characterized such as nutrient requirement, 
medium pH, temperature, inoculums size, 
presence of inducers and mode of culturing 
(aeration, agitation, growth time, etc). The 
statically optimized medium that used for the 
production of microbial cellulases by using 
different microorganisms was reported previously 
by using different mathematical statistical models 
(Mabrouk et al., 2012 and Mandal & Ghosh, 
2016b). Nutritional requirement for microbial cells 
(carbon, nitrogen, phosphorous, potassium and 
trace element sources) can be manipulated by 
statistical methods that have several advantages 
such as giving rapid and reliable results, saving 
time, glassware and chemicals', shorting the 
significant nutrients and ingredients lists. Standard 
mathematical statistical techniques were initiated 
by designing the experiments matrix, screening of 
the ingredients to study the significance of their 
effect on the biomass production through 
Plackett–Burman experimental design. The next 
step was studying the role of each controllable 
variable and their complex interactions to 
calculate the optimal conditions for the maximum 
biomass production through Box–Behnken 
experimental design. 
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Table (1): Chemical composition of the agro-lignocellulosic wastes that treated by using the 

cellulose/organic-solvents        (COSLIF) and the hydrogen peroxide–acetic acid (HPAC) 
pretreatment methods. 

 

Chemical 
composition 

COSLIF pretreatment (% w/w) HPAC pretreatment (% w/w) 

Wood 
chips 

Rice 
straw 

Sugarcane 
bagasse 

Wheat 
straw 

Wood 
 dust 

Rice  
straw 

Sugarcane 
bagasse 

Wheat 
straw 

Cellulose 42.36±1.3 37±2.5 40.1± 1.2 38.6±4.6 45±4.2 52.3±1.5 66± 2.3 45.6±4.5 

Hemicellulose 32.3±2.6 28±0.5 35.3± 1.4 33.4±1.4 39.6±0.5 28.7±2.1 22± 0.9 34.6±2.3 

Lignin 9.6±0.36 22±1.3 12.4± 0.4 10.6±0.5 4.6±1.5 8.8±0.2 4.3± 0.6 8±0.25 

Protein 10±1.3 - 3.9±0.56 2.9±1.2 5.5±0.56 3.8±0.22 5.2±0.32 4.5±0.36 

Ash 4.2±0.5 10±0.6 2.9± 1.1 12.3±1.9 3±2.3 4.2±1.4 1.5± 0.4 5.8±0.45 

Moisture 1.5±0.3 3±0.3 5.4± 0.1 2.2±0.5 2.3±1.2 2.2±0.52 1± 0.2 1.5±0.05 

 
 
 

Figure. (1): The comparative study among different agro-lignocellulosic wastes (wood chips, Rice 
straw, Sugarcane bagasse, and Wheat straw) that treated by using the cellulose/organic-solvents 
(COSLIF) and the hydrogen peroxide–acetic acid (HPAC) pretreatment methods. The treated agro-
lignocellulosic wastes used as a carbon source to cultivate the endophytic T. harzianum strain 
SYA.F4 then the maximum biomass production and cellulolytic enzymes activities 
(Endoglucanase (CMCase), β-glucanases and β-glucosidase) were calculated and represented. 
 

A statistical Plackett-Burman design:  
The medium gradients and environmental 

culturing conditions are affected by the biomass 
dry weight and hence the cellulolytic enzymes 
quantities (EL-Moslamy et al., 2017). Therefore, a 
statistical method was applied for studying these 
factors to improve the cellulolytic enzymes 
production. Plackett-Burman design was carried 
out to screen 11 different medium components 
and environmental factors with two level of 
concentration for each independent variable that 
affecting on the SYA.F4 biomass production 
according to the experimental matrix that 
represented in the Table (2). The maximum 
biomass production (35.5 g/l) was achieved in trial 
3, while the minimum one (22.2 g/l) was observed 
in trial 6. The model thoroughness was checked 
by using regression statistics and ANOVA 

analysis. By checking of the predicted model 
under a numerical method, the determination 
coefficient (R2) was calculated to be 0.96, 
indicating that the model could explain up to 96% 
of the independent variables responses and only 
less than 4% of the total variance could not be 
explained by this model. The main effects of the 
examined variables were calculated.  

The independent variables were screened by 
using P-value and confidence level. When 
independent variable shows significance at 
confidence level≥ 95 %, it is considered as the 
effective independent variables for the fungal 
biomass production as shown in the Table (3). 

In this experiment, Agitation, pH, and 
sugarcane bagasse concentration that gave 
confidence level at ≥95 % could be considered as 
significant independent variables but others that 
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Table (2): Plackett–Burman design matrix and the experimental variables (A): TES, (B): Urea, (C): (NH4)2SO4, (D): Proteose Peptone, (E): 
KH2PO4, (F): Yeast extract, (G): Tween-80, (H): Agitation rate, (I): Sugarcane bagasse, (J): pH and (K): Inoculum age that used for 
screening of the significant factors which affecting on the endophytic T. harzianum SYA.F4 biomass production. 

 

Runs A(ml/l) B(g/l) C(g/l) D(g/l) E(g/l) F(g/l) G(ml/l) H(RPM) I(g/l) J K(hr) Biomass(g/l) 

1 1(2) 1(0.5) 1(0.5) 1(0.5) 1(3) 1(0.5) 1(0.3) 1(400) 1(50) 1(7) 1(96) 22.57 

2 -1(0) 1(0.5) -1(0) 1(0.5) 1(3) 1(0.5) -1(0) -1(200) -1(20) 1(7) -1(24) 31.34 

3 -1(0) -1(0) 1(0.5) -1(0) 1(3) 1(0.5) 1(0.3) -1(200) -1(20) -1(5) 1(96) 35.53** 

4 1(2) -1(0) -1(0) 1(0.5) -1(1) 1(0.5) 1(0.3) 1(400) -1(20) -1(5) -1(24) 28.26 

5 -1(0) 1(0.5) -1(0) -1(0) 1(3) -1(0) 1(0.3) 1(400) 1(50) -1(5) -1(24) 30.12 

6 -1(0) -1(0) 1(0.5) -1(0) -1(1) 1(0.5) -1(0) 1(400) 1(50) 1(7) -1(24) 22.22* 

7 -1(0) -1(0) -1(0) 1(0.5) -1(1) -1(0) 1(0.3) -1(200) 1(50) 1(7) 1(96) 25.76 

8 1(2) -1(0) -1(0) -1(0) 1(3) -1(0) -1(0) 1(400) -1(20) 1(7) 1(96) 25.46 

9 1(2) 1(0.5) -1(0) -1(0) -1(1) 1(0.5) -1(0) -1(200) 1(50) -1(5) 1(96) 29.08 

10 1(2) 1(0.5) 1(0.5) -1(0) -1(1) -1(0) 1(0.3) -1(200) -1(20) 1(7) -1(24) 29 

11 -1(0) 1(0.5) 1(0.5) 1(0.5) -1(1) -1(0) -1(0) 1(400) -1(20) -1(5) 1(96) 33.28 

12 1(2) -1(0) 1(0.5) 1(0.5) 1(3) -1(0) -1(0) -1(200) 1(50) -1(5) -1(24) 32.6 

 
 Table (3): Statistical analysis of Plackett–Burman design results showing regression coefficient and corresponding t-values, P-
values and confidence levels for each variable that used for screening of significant factors which affecting the endophytic T. 
harzianum SYA.F4 biomass production via Plackett–Burman design. 

Variables Coefficients Standard Error t Stat P-value Confidence level (%) 

TES -0.94 0.46 -2.06 0.13 86.82 

Urea 0.46 0.46 1.02 0.38 61.55 

(NH4)2SO4 0.43 0.46 0.95 0.41 58.60 

Proteose Peptone 0.20 0.46 0.44 0.69 30.99 

KH2PO4 0.84 0.46 1.83 0.16 83.53 

Yeast extract -0.60 0.46 -1.31 0.28 71.99 

Tween-80 -0.23 0.46 -0.50 0.65 34.78 

Agitation* -1.78 0.46 -3.90 0.03* 97.01* 

Sugarcane bagasse* -1.71 0.46 -3.74 0.03* 96.67* 

pH* -2.71 0.46 -5.93 0.01* 99.04* 

Inoculum age -0.15 0.46 -0.34 0.76 24.26 

 
df SS MS F Significance F 

Regression 11 190.86 17.35 

6.92 0.068 Residual 3 7.51 
2.50 

Total 14 198.37 

Multiple R 0.98, R Square 0.96, Adjusted R Square 0.82, and Standard Error 1.58
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showed confidence level at < 95% were 
considered insignificant in the study. The 
calculated p-value suggested that the coefficient 
for the linear effect of agitation, pH, and 
sugarcane bagasse concentration were most 
significant, while others can be neglected and 
eliminated from the model (EL-Moslamy, 2018). 

 The first order polynomial describes the 
correlation between the independent variables 
and the response was presented in the Eq. (9). 

 
Where, Y: the T. harzianum strain SYA.F4 

biomass production (A): TES, (B): Urea, (C): 
(NH4)2SO4, (D): Proteose Peptone, (E): KH2PO4, 
(F): Yeast extract, (G): Tween-80, (H): Agitation 
rate, (I): Sugarcane bagasse, (J): pH and (K): 
Inoculum age.  

Validation experiments were carried out under 
the predicted conditions. The optimal 
concentrations for each variable were estimated 
as TES (0g/l), Urea (0.5g/l), (NH4)2SO4 (0.5g/l), 
proteose peptone (0.5g/l), KH2PO4 (3g/l), Yeast 
extract (0g/l), Tween-80 (0 ml/l), Agitation rate 
(200 rpm), Sugarcane bagasse (20g/l), pH (5) and 
Inoculum age (24hr).  

The biomass production that obtained by 
using the optimized conditions was 36.5 g/l which 
is higher than the one obtained from the basal 
conditions (20.5 g/l) by 1.8 times. In confirmatory 
additional experiments, set of trials in triplicate 
were studied to evaluate the Plackett-Burman 
formulated medium without adding the following 
variables: (NH4)2SO4, protease peptone, and urea. 
These experiments yielded the highest biomass 
production (40.5 g/l) at all. The response surface 
methodology (Box–Behnken experimental design) 
was employed in the next step to study the 
interaction among the significant variables (pH, 
Agitation and Sugarcane bagasse concentration) 
and determine their optimal levels. 

Box–Behnken experimental design:  
This design was planned to obtain a quadratic 

model consisting of 15trials and three levels of 
concentration coded as (-1), (0), (1) for each 
independent factors (Agitation rate (F1), 
Sugarcane bagasse concentration (F2) and pH 
(F3). In order to study the interactive effects 
among these factors that affected on the biomass 
production, the experiments matrix were designed 
by using different combinations (Table 4). The 
analysis of variance was calculated for each 

response to determine the significant 
combinations. The coefficient of determination 
(R2) which used for the checking of the predicted 
model under a numerical method was calculated 
to be 0.99, indicating that the model could explain 
up to 99% of the independent factor responses. 
The adjusted R2 = 0.97 also confirmed the 
significance of the model. The statistical 
significance was evaluated by F-test ANOVA 
(Table 5). Since the models F-value implies the 
model is significant and the values of significance 
F less than 0.05. By applying the mathematical 
multiple regression analysis on the experimental 
data, the 2nd polynomial regression equation was 
providing the predicted biomass production (Eq. 
10). 

 
Where, Y is the biomass production (g/l). F1, 

F2, and F3 are agitation rate (RPM), sugarcane 
bagasse concentration (g/l), and pH respectively.  

The calculated P-values indicated the 
interactive effects of each factor, which used for 
checking of the significance of each coefficient. 
The regression of all the linear term (F1, F2 and 
F3), quadratic coefficients of F1

2, F2
2 and F3

2 and 
an interactive effect (F1F2, F1F3, F2F1and F2F3) 
which was evident from P-value less than 0.05 
were significant for biomass production. The 
interactive effects among these factors F2F2, F1 F2 
and F2 F3 have a large positive coefficient of linear 
effect on the biomass production, while the rest 
factors and its quadratic coefficients showed a 
negative coefficient. F1, F2, F1 F2, F1F1, F2F2, F1 F3 
and F3 were highly significant, according to their 
p-values (p <0.001) followed by F2 F3 (p = 0.1), F1 
F2 (p = 0.3) and F3F3 (p = 0.6). The calculated 
response surface showed that the dependency of 
the maximum biomass production on lower level 
of agitation rate, sugarcane bagasse and medium 
pH. Finally, the optimum medium ingredients and 
culturing conditions are agitation (150 RPM), 
Sugarcane bagasse concentration (14.5 g/l), pH 
(4.8), and KH2PO4 (3 g/l). The predicted optimal 
concentrations for the tested variables are found 
to be within the applied design values so this 
model explains correctly the influence of these 
chosen variables on the final biomass production. 
The validity of the predicted results was 
confirmed. Then they obtained the maximum 
biomass production (74.8 g/l) that closed to the 
predicted value (73.5 g/l). After optimization 
strategy by using statistical design of experiment, 
the maximum biomass production, CMCase, β-

Y = (54.5) – (11.5F1) – (3.8F2) – (2.2F3) – (9.6F1F1) + 

(12.4F2F2) – (0.7F3F3) + (1.2F1F2) – (3.8F1F3) + (2.2F2F3)                                                     

(10) 

Y = (28.42) - (0.94A) + (0.46B) + (0.43C) + (0.20D) + 

(0.84E) - (0.60F) - (0.23G) - (1.78H) - (1.71I) - (2.71J) 

- (0.15K)                  (9) 
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glucosidases, and β-glucanases activities were 
increased by 3.6, 2.95, 2.23, and 2.7 fold 
respectively compared to basal medium 
conditions. Our reported results higher than that 
concluded by Al-Taweil et al., (2009) that used a 
statistically designed medium for maximizing the 
production of T. viride biomass in batch mode. 
Since this work concluded that, the industrial 
medium should to be rich in carbon and limited 
nitrogen sources. In addition, their identified 
optimal medium (45g/l glucose, 0.35g/l (NH4)2SO4, 
300C Temp, 175 rpm and pH 6) yielded 13.6g/l of 
T. viride biomass within 5days. On the other hand, 
the combination of (NH4)2SO4 and wheat bran was 
reported for optimum cellulase production by T. 
koningii (Mandal & Ghosh, 2016b, Robl et al., 
2013, Mabrouk et al., 2012, and Al-Taweil et al., 
2009). Others reported that the nitrogen 
enrichment medium (NaNO3, (NH4)2HPO4, 
NH4NO3) that used for cellulase production by 
using T. harzianum showed reduction in the 
enzyme yield in comparison to the medium that 
having sole nitrogen source (Robl et al., 2013, 
Mabrouk et al., 2012, and Al-Taweil et al., 2009). 
Other suggested that adding urea with other 
nitrogen sources into the medium also reduced 
cellulase yield (Mabrouk et al., 2012 and Al-Taweil 
et al., 2009). Finally, the proficient Trichoderma 
spp medium and its cultivation conditions cannot 
be generalized for optimum cellulase production. 

Batch fermentation system for large-scale 
biomass production:  

There are insufficient investigations about the 
effect of agitation speed, aeration rate, and 
dissolved oxygen concentration on endophytic T. 
harzianum biomass production to produce the  

highest cellulolytic enzymes. Since the 
agitation, speed and aeration depended upon the 
resistance of the microbial cells, medium pH, and 
other conditions. Hence, each of the microbial 
fermentation system has its own optimum 
agitation speed and aeration rate that give the 
highest spore production (EL-Moslamy, 2018, EL-
Moslamy et al., 2016 and 2017). In this study, 
SYA.F4 biomass production was affected 
significantly by using high levels of agitation 
speed, so the dissolved oxygen concentration was 
controlled via the rate of aeration. Endophytic T. 
harzianum strain SYA.F4 was cultivated in the 
statistical optimized medium. The cultures were 
characterized by using biomass production, 
consumption of the reducing sugar and soluble 
protein production. The exponential phase was 
started from 5 to 72hr of the incubation period that 
followed by the stationary phase (72-76hr). The 
maximum SYA.F4 biomass production (Xmax) was 
detected as159.86g/l and the yield coefficient was 
9.18 at late stage of the exponential phase. Total 
soluble protein and reducing sugar concentrations 
were increased gradually until the early stationary 
phase (48 -72 hr) and the maximum value were 
detected as 3900 mg/m and 62U/ml respectively. 

Table (4): Box-Benken design matrix and the experimental variables: Agitation rate (F1), 
Sugarcane bagasse concentration (F2) and pH (F3) with experimental and predicted values of 
endophytic T. harzianum SYA.F4 biomass production as a response. 

Exp # F1 (g/l) F2 (g/l) F3 Actual Biomass (g/l) Predicted Biomass (g/l) 

1 0(200) 0(20) 0(5) 54.03 54.50 

2 -1(50) -1(10) 0(5) 72.688 73.86 

3 0(200) 1(30) 1(6) 63.064 62.54 

4 0(200) -1(10) 1(6) 64.52 65.63 

5 0(200) 0(20) 0(5) 53.95 54.50 

6 1(300) 1(30) 0(5) 44.44 43.27 

7* 1(300) 0(20) 1(6) 25.52* 26.74 

8 1(300) 0(20) -1(4) 36.92 38.73 

9 -1(50) 1(30) 0(5) 64.16 66.03 

10 -1(50) 0(20) 1(6) 59.22 57.39 

11 0(200) 1(30) -1(4) 62.56 62.38 

12* 0(200) -1(10) -1(4) 74.88* 74.47 

13 -1(50) 0(20) -1(4) 55.3 54.08 

14 0(200) 0(20) 0(5) 56.5 54.50 

15 1(300) -1(10) 0(5) 50.24 48.37 
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Table (5): Statistical analysis of Box-Benkhen design showing regression coefficient and 
corresponding t-values, P-values and confidence levels for each variable and their combination 
that affecting on the endophytic T. harzianum SYA.F4 biomass production. 

 

 Coefficients Standard  Error t Stat P-value Confidence level (%) 

*F1 -11.50 0.84 -13.67 0.0000375* 99.996 

*F2 -3.79 0.84 -4.51 0.0063274* 99.367 

*F3 -2.17 0.83 -2.62 0.0472212* 95.278 

*F1F1 -9.60 1.23 -7.82 0.0005492* 99.945 

*F2F2 12.42 1.23 10.11 0.0001620* 99.984 

F3F3 -0.66 1.23 -0.54 0.6117543 38.825 

F1 F2 1.24 1.21 1.03 0.3494952 65.050 

*F1 F3 -3.83 1.17 -3.26 0.0223561* 97.764 

F2 F3 2.25 1.14 1.98 0.1048423 89.516 

 
df SS MS F Significance F 

Regression 9 2322.846 258.094 46.97335 0.00026 

Residual 5 27.47238 5.494477 

Total 14 2350.318  

               
Multiple R, 0.99, R Square, 0.99, Adjusted R Square, 0.97, and Standard Error, 2.34 
The CMCase, β-glucosidases, β-glucanases 
activities were increased gradually, and the 
maximum activities were recorded at the early 
exponential phase. The maximum CMCase, β-
glucosidases and β-glucanases activities were 
calculated and recorded as 237.7, 314.6 and 
429.1 IU/ml respectively. In this study, the 
maximum SYA.F4 biomass weight and the 
highest cellulolytic enzyme activities quantities 
were detected at 45-75hr. Therefore, to confirm 
the cellulolytic enzyme activities, the SDS-PAGE 
analysis, the zymographic assay, and CMC agar 
plates were performed by using these samples. 
The active multi-cellulolytic complexes pattern 
presented at different molecular weights that 
around 23-42 KDa but the distinct molecular mass 
weight was detected at 36.2 KDa as shown in 
fig.2 (A). This electrophoretic profile was very 
close to molecular weight of cellulases enzymes 
of T. viride and T. harzianum that detected 
previously source (Abdullah et al., 2016, Robl et 
al., 2013, Mabrouk et al., 2012, and Al-Taweil et 
al., 2009). CMC-Zymogram also indicated the 
high cellulolytic activities around 34 KDa (fig.2B) 
that could correspond to the cellulose-binding 
domain, which is compatible with other studies of 
T. harzianum source (El-Shishtawy et al., 2015, 
Mabrouk et al., 2012 and Al-Taweil et al., 2009). 
Also agar plate-based clearing assay method was 
used to detect the visible halos around all wells 
that filled with the cellulolytic enzymes by using 

0.1% CMC agar plates as shown in Fig. (2 C). 

Evaluation of the antagonistic potential of 
cellulolytic enzymes against some 
phytopathogens in vitro: 

 Trichoderma spp. is being the major source 
of many commercial natural products that used as 
biopesticides and/or biofertilizers (EL-Moslamy et 
al., 2017 & 2016, Abdullah et al., 2016 and El-
Shishtawy et al., 2015). So these candidates 
considered agriculturally and industrially as 
promising tools that used to increase the crop 
production without using chemical pesticides 
(Bairagi, 2016, Abdullah et al., 2016, El-Shishtawy 
et a.l, 2015 and Castrillo et al., 2015). There are 
many mechanisms of the biocontrol action 
involved the mycoparasitization of 
phytopathogens by Trichoderma harzianum, 
directly by producing the hyphae of T. harzianum 
coil tightly around the hyphal pathogens. Other 
mechanisms also reported, including a complex 
set of extracellular lytic enzymes that produced by 
Trichoderma spp are probably responsible for 
hyphal lysis via the digestion of major cell wall 
components (EL-Moslamy et al., 2017  Abdullah 
et al., 2016 and El-Shishtawy et al., 2015). Other 
mechanisms also exist; however, more knowledge 
of these mechanisms of action is needed to 
explain chemically and physiologically to improve 
the biocontrol agent's performance (EL-Moslamy 
et al., 2017 & 2016, Abdullah et al., 2016 and 
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Castrillo et al., 2015). In the present experiments, 
the antagonistic activity of the cellulolytic enzymes 
was screened and detected against some 
phytopathogenic fungi and bacteria as shown in 
Fig. (3). 

The produced zones of inhibition against 
tested the phytopathogenic fungi were detected 
around 23-60mm, whereas, others that detected 
against phytopathogenic bacteria were recorded 
around 43-50mm. The cellulolytic enzymes were 
showed the highest antagonistic activities against 
Helminthosporium sp. (60mm), followed by 
Acetobacter pasteurianus (50mm), Clavibacter 

michiganensis (45mm), Erwinia carotovora 
(43mm), Fusarium solani (42 mm), and Fusarium 
moniliforme (23mm). In this study, there is strong 
evidence that endophytic T. harzianum SYA.F4 
may be a potential safe candidate for production 
of mixture of cellulolytic enzymes with low 
production cost that applied in vitro as biological 
control agent and should be subjected to further in 
vivo experiments in order to evaluate its potential 
for more practical use. 

 
 
 

 
 

Figure. (2): Poly acrylamide gel electrophoresis reveal the protein patterns of cellulolytic enzyme 
samples that prepared by using the endophytic T. harzianum strain SYA.F4 (supernatant fraction) 
which resulted from submerged batch fermentation mode. (A): native SDS-PAGE, (B): PAGE 
Zymogram analysis. Lane M: Protein molecular weight marker, Sizes of standard proteins were 
shown on the left. Lanes 1, 2, 3: replicates of crude cellulase protein samples, Lane 4, 5, 6: 
replicates of concentrated native proteins samples. Black arrow indicates the molecular weight of 
cellulolytic enzymes. (C): Congo red plate assay (1% CMC, pH 5.5 agar plates, incubated at 50°C, 
for 2hr) for all tested samples (1, 2, 3, 4, 5, and 6) to indicate the activity of the cellulolytic enzyme.  
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Figure. (3): Detection of antimicrobial activity for the mixture of cellulolytic enzymes (100 μl) that 
extracted from endophytic T. harzianum strain SYA.F4 by using well diffusion method against 
some phytopathogenic fungi and bacteria. (1) Fusarium solani, (2) Fusarium moniliforme, (3) 
Helminthosporium sp. (4) Clavibacter michiganensis, (5) Erwinia carotovora and (6) Acetobacter 
pasteurianus.  

CONCLUSION 
Nowadays a known pesticide no longer 

controls all the plant diseases, so 
phytopathogenic fungi reduce different crops 
production or crop quality. To reduce the use of 
chemical pesticides, farmers and scientists are 
searching for the applicable biopesticide products 
that used as alternative control methods, which 
need to be as part of Integrated Pest 
Management. But, the rate of biopesticides 
production is very slow and expensive compared 
to chemical pesticides that hinder the 
commercialization of biopesticide products. Due to 
the microbial cultivation media that used to 
produce the bioactive metabolites since it is 
estimated 40% of the total biopesticide products 
cost. Exploration a safe and proficient cellulases 
producer microbe that cultivated by using a cheap 
lignocellulosic agricultural waste is an important 
step in this work to reduce the biological control 
agents production cost significantly. The culture 
medium components and microbial culturing 
conditions that influenced on the microbial growth 
should be studied to improve the cellulolytic 
enzymes production. Endophytes considered as 
potential sources to extract several promising 
bioactive metabolites safely, such as enzymes, by 
using different statistical biotechnological tools. 
So, statistical experimental designs were applied 

for studying the independent variables that 
affecting on the endophytic T. harzianum SYA.F4 
biomass production and hence the cellulolytic 
enzymes production. In this work, the cellulolytic 
enzymes (cell-wall-degrading enzymes) that 
extracted from endophytic T. harzianum strain 
SYA.F4 were evaluated via submerged 
fermentation mode by using sugarcane bagasse 
that treated by using HPAC pretreatment method. 
As the batch fermentation process was scaling up 
by using the optimal fermentation medium in 7L 
large-scale bioreactor, then the maximum 
biomass production (Xmax), the highest CMCase, 
β-glucosidases and β-glucanases activities were 
detected as 159.86g/l, 237.7, 314.6 and 429.1 
IU/ml respectively after ̴ 80hr of the incubation 
period. Finally, the endophytic T. harzianum strain 
SYA.F4 may be used as a potential safe 
candidate for the production of cellulolytic 
enzymes that applied as a proficient 
antiphytopathogens agent in vivo. Until now, the 
commercialized production strategy for the safe 
biological control agents are few, so the new 
environmentally safer methods were developed in 
this study to increase the number of promising 
eco-friendly biocontrol agents that prevent the 
development of several soil phytopathogens. 
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