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The endophytic isolate that produced the highest CMCase, FPase, β-endoglucanase, and β-glucosidase 
activities was isolated from Egypt and identified as the endophytic Aspergillus fumigatus strain EAF102. 
By using, proficient tools for scaling-up biomass production like Plackett-Burman and Box-Bahnken 
designs the maximum fungal mass weight, and cellulases enzymes by using low-cost medium 
ingredients can be increased more than 6.98 times compared with the basal condition. In addition, a 
large-scale production was studied by calculating the microbial kinetics via batch fermentation mode. 
Since the maximum FMW, (Xmax) recorded as 153.34 g/l after 65hr that increased more than 20.45 times 
compared with cultivation in the shack flask. In addition, the maximum cellulases enzymes were 
calculated kinetically as CMCase (275.59 IU/ml) at 70hr, Fpase (279.04 IU/ml) at 48hr, β-endoglucanase 
(480.74 IU/ml) at 72hr, and β-glucosidase (373.24 IU/ml) at 54hr that increased more than 26.86, 22.21, 
21.59, and 21.5 times respectively compared with the basal condition via shack flask. Finally, bio-
application of the crud enzymes as antiphytopathogens agent was applied and the highest antagonistic 
effect recorded against A. pasteurianus, 52.6mm followed by F. solani 40.6mm. So EAF 102 was 
reported as a promising cellulolytic hydrolyzer strain via low-cost industrial batch fermentation system.  
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INTRODUCTION 

The phytopathogens caused significant 
damage in many economically crops and 
vegetables (Syed et al., 2013, Bhat, 2000, Luo et 
al., 1997, Bhat and Bhat, 1997). Therefore, the 
discovering of eco-friendly products are the only 
solution to control these pathogens without 
increasing the production cost (Abrão et al., 2017, 
Tasia and Melliawati, 2017, Naseeb et al., 2015). 
There are some publications studied the 
antagonistic strains such as Paenibacillus 
ehimensis, Trichoderma reesei, Aspergillus niger, 
and Aspergillus fumigatus that produced high 
chitinase, cellulase, glucanase, protease β-

glucosidase and xylanase against 
phytopathogens (Sarkar and Aikat, 2014, Robl et 
al., 2013, Srividya et al., 2012, Kluczek-
Turpeinen, 2005). Endophytic fungi are defined as 
the fungal cells that inhabit inside the healthy 
plant tissues (EL-Moslamy, 2018, Bomtempo et 
al., 2017, EL-Moslamy et al., 2017). These fungal 
cells produced promising new bioactive 
metabolites (enzymes, antibiotics, and 
phytohormones) that applied in medicine and 
agriculture industries (Uday et al., 2017, 
Bagewadi1 and Ninnekar, 2015, Yehia and Saleh, 
2012, Lee et al., 2011). Since these metabolites 
have a significant effect as antimicrobial and 
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fertilizer agents with negligible side effects to 
manage the plant diseases and to promote the 
plant growth (Hong et al., 2015, Suwannarangsee 
et al., 2014, Naing et al., 2014, de Almeida, 2011). 
Little bioactive metabolites that extracted from 
endophytic fungi were used as biocontrol agents 
by applying bioprocessing strategies in Egypt (Lin 
et al., 2017, Diogo et al., 2015, Zhang et al., 2012, 
Vimalashanmugam and Viruthagiri, 2012, Mishra 
et al., 2012).   Therefore, in this work, the 
Plackett-Burman, Box-Bahnken designs were 
applied to the scale-up production of high rate, 
easy handle, and low-cost production of 
endophytic fungal biomass to extract the 
CMCase, Fpase, β-endoglucanase, and β-
glucosidase that applied as antiphytopathogen 
agents. 

 
MATERIALS AND METHODS 

Isolation and screening the cellulolytic 
hydrolyzer strains of endophytic fungi: 

 In this work, fresh healthy Zea mays tissues 
(roots, leaves, and stems) that collected El-
Shahrqia government were used for endophytic 
fungi isolation step. Firstly, the plant surfaces 
were sterilized by immersion these parts 
sequentially in absolute ethyl alcohol for 3 min 
and 1.3M sodium hypochlorite for 2min then 
evenly washed with sterilized distilled water and 
dried (EL-Moslamy, 2018, EL-Moslamy et al., 
2017a). The sterilized plant parts were mixed with 
sterilized distilled water then squeezed and 
grinded by using mortar. From this suspension, 
serial dilutions were prepared and evenly spread 
in sterile Czapex dox medium that amended with 
Streptomycin to eliminate other microbial growth. 
Czapex dox medium contained (g/l): 2x10 cm 
Whatman No.1 filter paper as the sole carbon, 3.0 
NaNO3, 0.5 MgSO4.7H2O, 0.5 KCl, 0.01 FeSO4, 
and 1.0 KH2PO4 (Abdel-Azeem et al., 2016, Buyer 
et al., 2001, Bradner et al., 1999, Dahot and 
Noomrio, 1996). These plates were incubated at 
300C for 4-8 weeks.  The grown fungi were 
purified onto Potato dextrose agar (PDA) medium. 
The highly cellulolytic hydrolyzer fungal isolate 
was selected via CMCase plate assay by using 
CMC medium that contained (g/l): 6.5 NaNO3, 3.0 
MgSO4.7H2O, 6.5 KCl, 6.5 K2HPO4, 0.3 yeast 
extract, 10.0 CMC and 20.0 agar. These plates 
were incubated at 300C for 3-5 days, and then re-
incubated at 500C for 18hr. Then these plates 
were stained with 1% Congo red for 1hr and 
destained with 1M NaCl for 30 min (EL-Moslamy 
et al., 2017a&2016, Setewart and Parry, 1981). 

Finally, the total CMCase, FPase, β-
endoglucanase and β-glucosidase activities were 
observed and calculated  according to the 
international union of pure and applied chemistry 
commission of biotechnology (Bradner et al., 
1999, Ghose 1987, Setewart and Parry, 1981). In 
this study, antimicrobial activity was screened 
against phytopathogens by using well diffusion 
method (EL-Moslamy et al., 2017a&2016). The 
tested phytopathogenic fungi (Fusarium solani, 
Fusarium moniliforme, Fusarium semitectum, 
Fusarium oxysporum, Helminthosporium sp., 
Botrytis sp., and Phytophthora arenaria) were 
collected from Zagazig University, Faculty of 
Agriculture, and El-Sharkia, Egypt. The tested 
phytopathogenic bacteria (Clavibacter 
michiganensis, Erwinia carotovora, 
Xanthomonas oryzae and Acetobacter 
pasteurianus) that 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. 

Molecular identification of the endophytic 
cellulase producer:  

By using ITS ribosomal gene sequence, the 
phylogenetic analysis was carried out to identify 
the highly cellulosic hydrolyzer isolate. Genomic 
DNA was prepared and the ITS regions were 
amplified by using universal ITS primers via PCR 
(EL-Moslamy et al, 2017a).  The purified PCR 
product was sequenced via DNA sequencer 
(Model 3130, Genetic Analyzer, Applied 
Biosystems, Hitachi, Japan), and analyzed by 
using NCBI BLAST website. The resulted 
sequence was aligned by using ClustalW via 
BioEdit software (Hall, 1999), and a phylogenetic 
tree was constructed by using MEGA6 software 
(EL-Moslamy et al., 2018&2017a).   

Bioprocessing strategies for optimizing the 
endophytic fungal biomass production: 

 Firstly, the identified strain (5 agar blocks) 
was pre-cultured in Potato dextrose broth for 48hr 
at 300C with shaking at 150rpm. The extracellular 
cellulases enzymes were produced by inoculating 
the endophytic fungal cells into 250ml conical 
flasks containing 50ml of the Modified Mandels 
and Sternburg’s basal medium. This medium 
consisted of (g/l): 1.4 (NH4)2SO4, 2.0 KH2PO4, 0.3 
Urea, 0.3g CaCl2, 0.3 MgSO4.7H2O, 0.005 FeSO4, 
0.002 MnSO4, 0.014 ZnSO4.7H2O, 0.005 CoCl2, 
10ml (10% v/v) of Tween 80, 0.75 Peptone and 
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5.0 carbon source (crystalline cellulose, L-
arabinose, D-Xylose, Dextrose, milled sugarcane 
bagasse, corn straw or rice straw) that used a 
separately. Then these flasks incubated for 72hr 
at 300C under shaking condition (150 rpm). The 
culture aliquots were centrifuged at 10,000rpm at 
40C for 20min to prepare the crude enzymes 
(CMCase, FPase, β-endoglucanase, and β-
glucosidase) and the dried biomass then 
measured the enzyme activities and fungal mass 
weight. In this work, experimental design 
approaches (Plackett-Burman and Box-Bahnken 
designs) were applied to determine the optimal 
condition for fungal biomass. Firstly, all factors 
that affected the biomass production were 
screened by using Plackett-Burman design (2-
level factorial design). Fifteen independent factors 
were tested at low (-1) and high (+) levels at 16 
different experimental conditions that generated 
via Minitab® 15 Statistical Software (Minitab Inc., 
State College, PA, USA). Secondly, the most 
significant factors were selected for the next 
optimization step to determine the optimal 
conditions and to study the interactions among 
factors by using the response methodology 
approach. The Box-Behnken design was applied 
by using three factors at three levels (high, 
middle, and low). Fungal biomass dry weight was 
served as the response for the multiple regression 
analysis that fitted to a second-order polynomial 
equation (EL-Moslamy et al., 2018, Uday et al., 
2017, Zhang et al., 2012, Vimalashanmugam and 
Viruthagiri, 2012). Then the final data were 
generated via 3D plot and the predicted conditions 
for maximum biomass production were verified.  

Scaling-up strategy for fungal biomass 
production via batch fermentation mode: 

 From the statistical optimization step, the final 
optimized conditions were used for scaling-up 
fungal biomass production. Firstly, the spore 
suspension was prepared to inoculate the pre-
culture medium and incubated for 72hr at 280C 
under shaking condition (150 rpm), EL-Moslamy 
et al. (2018).  In this experiment, A 7.0 L BioFlo 
310 stirred bioreactor (New Brunswick Scientific 
Co., USA), that equipped with automatic control of 
temperature, agitation, aeration, and pH was 
inoculated with the prepared pre-Inoculum. During 
this batch fermentation mode, samples (10 ml) 
were removed periodically to determine the time 
course of biomass and enzymes production as 
described previously. The fungal growth kinetic 
relationship was affected by  biomass yield 
coefficient (YX/S), maximum fungal biomass weight 

(Xmax), maximum enzyme activities (Pmax), and 
maximum specific growth rate (μmax) so the 
behaviour of fungal growth can be described 
kinetically via this cultivation mode by using 
different equations (EL-Moslamy et al., 2018, 
Uday et al., 2017, and Zhang et al., 2012). Finally, 
the antimicrobial activities were determined also 
against some phytopathogens (F. solani, F. 
moniliforme, F. oxysporum, P. arenaria, C. 
michiganensis, E. carotovora and A. pasteurianus, 
and X. oryzae) via well diffusion method (EL-
Moslamy et al., 2018, Uday et al., 2017, 
Vimalashanmugam and Viruthagiri, 2012).  

Statistical analysis:  
The significant differences (P>0.05) between 

replicates were studied by using analysis of 
variance (ANOVA). Since the least significant 
difference teast (LSD) was used to determine 
where the differences occurred.   
 
RESULTS AND DISCUSSION 

Screening of the endophytic cellulolytic 
hydrolyzer isolates as antimicrobial agent: 

 In this work, a total 6 isolates of endophytic 
fungi were isolated from fresh healthy Zea mays 
tissues (roots, leaves, and stems). Then these 
endophytic isolates were tested as cellulolytic 
hydrolyzer candidates by calculating the total 
CMCase, FPase, β-endoglucanase and β-
glucosidase activities.  The endophytic isolate that 
coded as EF5 produced the highest CMCase 
(10.26 IU/ml), FPase (12.56 IU/ml), β-
endoglucanase (22.36 IU/ml) and β-glucosidase 
(17.36 IU/ml) activities as shown in Figure 1.  

In addition, the antimicrobial activities were 
observed and calculated by using some 
phytopathogens as recorded in Table 1.  EF5 
endophytic isolate showed the highest inhibition 
zones against all tested pathogens especially 
against Acetobacter pasteurianus (4.05±0.09 cm) 
and Erwinia carotovora (3.95±0.04 cm) followed 
by Helminthosporium sp. (3.85±0.97 cm) and 
Fusarium solani (3.25±0.05 cm). ITS primers used 
to identify this promising endophytic isolate and 
the nucleotide sequence was recorded around 
707pbs. The multiple sequence alignment 
revealed 97-99 % identity to the sequences of 
Aspergillus fumigatus. So endophytic Aspergillus 
fumigatus strain EAF102 has been deposited in 
NCBI gene bank (Accession Number no. 
MF429776). Finally, the phylogenetic tree was 
constructed by using the neighbor-joining method 
as shown in Figure 2.  
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Figure (1): The comparative study among isolated endophytic fungi hat coded as (EF1, EF2, EF3, 

EF4, EF5, and EF6) by calculating the maximum cellulolytic enzymes. 
 

Table (1): Antimicrobial activities of the crude cellulases enzymes extracted from isolated 
endophytic fungi against some phytopathogens measured by calculating the inhibition zone (cm). 

 

Antimicrobial activities EF1 EF2 EF3 EF4 EF5 EF6 

P
h

y
to

p
a

th
o

g
e

n
ic

 

fu
n

g
i 

Fusarium solani 1.5±0.36 0.5±0.03 0.56±0.04 0.89±0.03 3.25±0.05 1.02±0.65 

Fusarium moniliforme 0.36±0.04 1.23±0.96 1.29±0.36 0.96±0.05 2.36±1.3 1.09±0.69 

Fusarium semitectum 1.36±0.58 0.96±0.04 1.35±0.06 1.85±0.65 2.85±0.58 0.89±0.02 

Fusarium oxysporum 0.98±0.34 1.06±0.08 1.25±0.59 1.47±0.58 3.09±1.36 0.98±0.04 

Helminthosporium sp. 1.48±0.78 1.25±0.59 1.04±0.58 2.03±1.09 3.85±0.97 0.94±0.46 

Botrytis sp. 0.25±0.04 0.48±0.3 1.26±0.05 1.09±0.35 2.14±0.57 1.06±0.81 

Phytophthora arenaria 1.23±0.56 1.15±0.36 1.26±0.0 0.36±0.0 2.52±0.36 0.49±0.00 

P
h

y
to

p
a

th
o

g
e

n
ic

 

b
a

c
te

ri
a
 

Clavibacter 
michiganensis 

2.36±1.36 2.45±0.21 1.25±0.01 1.85±0.06 3.08±0.0 0.79±0.01 

Erwinia carotovora 2.31±0.04 1.84±0.04 1.45±0.08 1.89±0.01 3.95±0.04 2.09±0.04 

Acetobacter 
pasteurianus 

1.75±0.08 2.56±1.0 2.89±0.03 1.69±0.05 4.05±0.09 3.08±0.05 

Xanthomonas oryzae 2.09±1.2 1.78±0.05 2.12±1.09 1.72±0.04 3.78±0.06 0.75±0.01 

 
There are little publications reported the 

endophytic Aspergillus fumigatus as cellulolytic 
hydrolyzer candidate by using so wide a substrate 
range and applied as anti phytopathogens agent 
(Lin et al., 2017, Diogo et al., 2015, Zhang et al., 
2012, Mishra et al., 2012). Since these secreted 
enzymes like CMCase, FPase, β-endoglucanase, 
and β-glucosidase were digested, the pathogenic 
cell wall components and inhibited its growth 
(Abdel-Azeem et al., 2016, Buyer et al., 2001, 
Bradner et al., 1999, Dahot and Noomrio, 1996).  
These results were supported by the previous 

publications that described the ability of 
endophytic fungi to produce cellulases enzymes 
as antimicrobial agents (Lin et al., 2017, Diogo et 
al., 2015, Zhang et al., 2012, Buyer et al., 2001, 
Bradner et al., 1999, Dahot and Noomrio, 1996). 

Bioprocessing strategies for optimizing the 
biomass production of the endophytic 
Aspergillus fumigatus strain EAF102:  

The endophytic microorganism’s especially 
endophytic fungi have a promising capacity to 
extract a large variety of different bioactive 
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metabolites (Bomtempo et al., 2017, EL-Moslamy 
et al., 2017a). In addition, these metabolic 
activities were extremely sensitive to the culturing 
conditions and the nutrient ingredients via 
fermentation process (Abrão et al., 2017, Tasia 
and Melliawati, 2017, Uday et al., 2017, Naseeb 
et al., 2015, Bagewadi1 and Ninnekar, 2015, 
Yehia and Saleh, 2012, Lee et al., 2011). So, the 
statistical optimization strategy was considered as 
an essential step for the overproduction of 
biomass and bioactive metabolites (EL-Moslamy, 
2018, Bomtempo et al., 2017, EL-Moslamy et al., 
2017a). The production cost of bioactive 
metabolites could be using low-cost carbon and 
nitrogen sources or growth reducers (Hong et al., 
2015, Suwannarangsee et al., 2014, Naing et al., 
2014, de Almeida, 2011). There are some 
carbons and nitrogen sources were published as 
a proficient an energy source to induce the 
cellulases enzymes production (Lin et al., 2017, 
Diogo et al., 2015, Zhang et al, 2012, 
Vimalashanmugam and Viruthagiri, 2012, Mishra 
et al., 2012). Therefore, the primary screening 
was studied in this work by using different 
nitrogen/carbon sources such as L-arabinose, D-
Xylose, Dextrose, Crystalline cellulose, 
Sugarcane bagasse, Corn straw, and Rice straw. 
Figure 3 showed the crystalline cellulose as the 
excellent carbon source that produced the 
maximum fungal biomass weight (7.5 g/l), 
CMCase (15.56 IU/ml), FPase (14.26 IU/ml), β-
endoglucanase (25.89 IU/ml), and β-glucosidase 
(19.75 IU/ml). In this stage, the advanced 
statistical medium optimization strategies were 
applied to overproduce the endophytic Aspergillus 
fumigatus strain EAF102 biomass production by 
using low-cost medium. 

Since, application of the statistical 
experimental designs published recently as 
proficient tools for scaling-up biomass production 
by using low-cost medium ingredients. Firstly, the 
fires-order model Plackett-Burman design was 
used to select the significant variables. Then, the 
second-order Box-Bahnken design was applied to 
measure the optimal level and to study the 
interactions effects among the tested factors.  
Table 2 showed the tested factors that 
represented at two levels (low and high). The 
maximum FMW (22.9 g/l) was recorded in the trail 
no. 3, while the minimum value (5.0 g/l) was 
achieved in the trail no.1, as shown in Table 3. 
The relationship among independent factors and 
FMW was determined via multiple-regression 

model. The main effects of the tested factors were 
calculated and represented in Figure 4A. In 
addition, the p-value and confidence levels (%) 
were determined by using ANOVA analysis as 
shown in Figure 4B 

These results indicated three factors from the 
fifteen independent factors were recorded as the 
significant factors that named crystalline cellulose 
(F1), KH2PO4 (F2), and Tween 80 (F3).  These 
factors were used for the further optimization step 
via the Box-Behnken design. Table 4 showed the 
total fifteen experimental Box-Behnken designs 
matrix, the factors levels, and the final FMW. 
ANOVA analysis was used to check the model 
adequate via fisher’s statistical analysis.  The 
model F-value of 25.69 (P model > F 0.00115) 
implies the model significance. In addition, the 
analyzed data revealed that the tested factors and 
the interaction effects increased the final biomass 
production as shown in Table 5. The 3D-
dimensional response surface curves of the raw 
data were illustrated to show the effect of all 
factors for maximizing the biomass production 
(Figure 5). Finally, to evaluate the relationship 
between the factors and response a second-order 
polynomial model was set-up to calculate the 
optimum levels that produced the maximum FMW 
as follows: 

Y = 43.6 -8.65*F1 -2.517*F2 -1.68*F3-
7.162*F1F2+ 10.55*F1F3-1.049*F2F3+ 2.087*F1F1-
3.06*F2F2+1.720*F3F3      

The final results indicated the maximum FMW 
(52.4 g/l), CMCase (75.236 IU/ml), Fpase (82.016 
IU/ml), β-endoglucanase  (92.296 IU/ml), and β-
glucosidase  (59.296 IU/ml) can be increased 
more than 6.98, 7.3,  6.5, 4.13, and 3.41 times 
respectively compared with the basal condition. 
Finally the optimized medium consisted of (g/L): 
1.4 (NH4)2SO4, 3.25 KH2PO4, 0.3 Urea, 0.3g 
CaCl2, 0.3 MgSO4.7H2O, 0.005 FeSO4, 0.002 
MnSO4, 0.014 ZnSO4.7H2O, 0.005 CoCl2, 4.45ml 
(10% v/v) of Tween 80, 0.75 Peptone and 7.5 
Crystalline cellulose.  

Batch fermentation strategy for scaling-up of 
the endophytic Aspergillus fumigatus strain 
EAF102 biomass production: 

 In this experiment, a large-scale production of 
the biomass and hence the cellulases enzymes 
was studied by calculating the microbial kinetics 
via batch fermentation mode. 
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Figure 2. Phylogeentic tree of the isolated endophytic fungi based on combined Internal 
Transcribed Spacer (ITS). The scale bar indicates nucleotide substitutions per position. 

 
Figure (3): Different carbon/nitrogen sources that used to produced the maximum biomass 
production and its cellulolytic enzymes activities by using the endophytic Aspergillus 
fumigatus strain EAF102.  

 
Table 2. Factors that tested in Plackett-Burman design and their levels for optimizing the biomass 

production of the endophytic Aspergillus fumigatus strain EAF102.  
 

Codes Factors Unit 
Low value High value 

(-1) (+1) 

X1 (NH4)2SO4 g/l 1 4 

X2 * KH2PO4 g/l 2 6 

X3 * Crystalline cellulose g/l 4 10 

X4 CaCl2 g/l 0.2 0.5 

X5 * Tween 80 v/v 5ml 15ml 

X6 FeSO4 g/l 0.001 0.005 

X7 MnSO4 g/l 0.001 0.005 

X8 ZnSO4.7H2O g/l 0.014 0.05 

X9 CoCl2 g/l 0.005 0.01 

X10 MgSO4.7H2O g/l 0.05 0.2 

X11 Peptone g/l 0.5 2 

X12 Urea g/l 0.5 2 

X13 Agitation rpm 50 250 

X14 Inoculum concentration Spore/ml 2x105 5x105 

X15 Initial pH  4 7 
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Table (3): Plackett-Burman design matrix and their levels that used for optimizing the biomass 
production of the endophytic Aspergillus fumigatus strain EAF102. 

 

Trail X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 FMW (g/l) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 

2 -1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 6.5 

3 -1 -1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 22.9 

4 1 -1 -1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 11 

5 1 1 -1 -1 1 -1 -1 1 1 1 1 -1 1 -1 1 8 

6 -1 1 1 -1 -1 1 -1 -1 1 1 1 1 -1 1 -1 13.3 

7 -1 -1 1 1 -1 -1 1 -1 -1 1 1 1 1 -1 1 21.58 

8 -1 -1 -1 1 1 -1 -1 1 -1 -1 1 1 1 1 -1 10 

9 -1 -1 -1 -1 1 1 -1 -1 1 -1 -1 1 1 1 1 11 

10 1 -1 -1 -1 -1 1 1 -1 -1 1 -1 -1 1 1 1 15 

11 -1 1 -1 -1 -1 -1 1 1 -1 -1 1 -1 -1 1 1 12 

12 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 1 -1 -1 1 20 

13 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 1 -1 -1 13 

14 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 1 -1 16 

15 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 1 10 

16 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 -1 15 

           Significance F= 0.0012, R Square= 0.96, Adjusted R Square= 0.89, Standard Error= 1.55 
 
 

 
Figure 4: (A) column chart sowed the calculated main effect. (B) The column chart represents the 
p-value and confidence level of the tested factors that affected on the biomass production of the 
endophytic Aspergillus fumigatus strain EAF102 
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Table (4): Box-Behnken experimental design matrix of tested three factors that named crystalline 
cellulose (F1), KH2PO4 (F2), and Tween 80 (F3) at three levels  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table (5): Regression statistical analysis for Box-Behnen design that used for optimizing the 
endophytic Aspergillus fumigatus strain EAF102 biomass production 

 

 Significance F= 0.0012, R Square= 0.98, Adjusted R Square= 0.94, Standard Error= 2.5 
 

 
 
Figure 5: Three dimensional response surfaces representing the produced the endophytic Aspergillus 
fumigatus strain EAF102 biomass production via Box-Behnen design. 

Exp # F1 F2 F3 FMW (g/l) 

1 0 0 0 43.2 

2 -1 -1 0 58.2 

3 0 1 1 50.5 

4 0 -1 1 52 

5 0 0 0 42.4 

6 1 1 0 40 

7 1 0 1 20.4 

8 1 0 -1 29.5 

9 -1 1 0 51.3 

10 -1 0 1 47.4 

11 0 1 -1 50 

12 0 -1 -1 59.9 

13 -1 0 -1 44.2 

14 0 0 0 45.2 

15 1 -1 0 40.2 

Levels Unit (g/l)  

-1 10 2 2  

0 15 4 4 

1 20 6 6 

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

Intercept 43.6 1.428953 30.51186 7.10E-07  

*F1 -8.6517765 0.887826 -9.7449 0.000193 99.98 

F2 -2.5174235 0.887826 -2.83549 0.036439 96.36 

F3 -1.6876 0.875051 -1.92857 0.111694 88.83 

*F1F1 -7.1626235 1.296753 -5.5235 0.002665 99.73 

*F2F2 10.550176 1.296753 8.135838 0.000455 99.95 

F3F3 -1.0493765 1.296753 -0.80923 0.455149 54.49 

F1 F2 2.0876471 1.273387 1.639445 0.162046 83.8 

F1 F3 -3.06 1.237509 -2.47271 0.056343 94.37 

F2 F3 1.7201882 1.20056 1.432821 0.211347 78.87 
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In batch fermentation system, the optimized 
medium inoculated with the endophytic 
Aspergillus fumigatus strain EAF102 spores into 
7L stirred bioreactor, all culturing parameters 
controlled at the zero time then the final product 
was harvested at the end of this run (EL-Moslamy, 
2018, Lin et al., 2017, Diogo et al., 2015, Mishra 
et al., 2012). The behaviour of this microbial cells 
was described kinetically via many parameters 
like biomass yield coefficient (YX/S), maximum 
fungal biomass weight (Xmax), maximum enzyme 
activities (Pmax), and maximum specific growth 
rate (μmax). Since the substrate was consumed 
completely after, 48hr and the maximum FMW, 
(Xmax) recorded as 153.356 g/l after 65hr that 
increased more than 20.447 times compared with 
cultivation in the shack flask. In addition, the 
maximum cellulases enzymes were calculated 
kinetically as CMCase (275.59 IU/ml) at 70hr, 
Fpase (279.04 IU/ml) at 48hr, β-endoglucanase 
(480.74 IU/ml) at 72hr, and β-glucosidase (373.24 
IU/ml) at 54hr that increased more than 26.86, 
22.21, 21.59, and 21.5 times respectively 
compared with the basal condition via shack flask. 
Due to the controlled conditions in stirred 

bioreactor such as agitation, airflow and pH the 
reported fermentation data could be increased 
than the cultivation system by using shack flask.  

Finally, Table 6 summarized the maximum 
biomass and cellulase enzymes during the small 
and large scale bioprocessing strategies. 
Antimicrobial activity of the diluted crude enzyme 
mixes (0.25X) against phytopathogens (F. solani, 
F. moniliforme, F. oxysporum, P. arenaria, C. 
michiganensis, E. carotovora, A. pasteurianus, 
and X. oryzae) was calculated via measuring the 
inhibition zones (mm). The highest inhibition 
zones were recorded against phytopathogenic 
bacteria (A. pasteurianus, 52.6mm and C. 
michiganensis 48.5mm) followed by 
phytopathogenic fungi (F. solani 40.6mm, P. 
arenaria 36.5mm, and F. oxysporum 35.6mm) as 
shown in Figure 6. The reported results are in 
accordance with previous results where the 
production of the endophytic Aspergillus 
fumigatus strain EAF102 biomass production and 
cellulase enzymes was improved by using 
experimental designs (Abrão et al., 2017, Tasia 
and Melliawati, 2017, Naseeb et al., 2015). 

 
 

Table (6): Summary for the scaling-up production of the endophytic Aspergillus fumigatus strain 
EAF102 biomass, CMCase, Fpase, β-endoglucanase, and β-glucosidase  during the application of 

statistical experimental designs and batch fermentation mode compared with basal condition. 
 

Parameters 
Basal       

conditions 
Plackett-

Burman design 
Box-Behnken 

design 
Batch 

fermentation mode 

Biomass (g/l) 7.5 12.7 52.4 193.356 

CMCase (IU/ml) 10.26 20.007 88.236 220.59 

Fpase  (IU/ml) 12.56 24.492 108.016 270.04 

β-endoglucanase  (IU/ml) 22.36 43.602 192.296 480.74 

β-glucosidase  (IU/ml) 17.36 33.852 149.296 373.24 

 
 

 
 

 
Figure (6): The chart shows the inhibition zones (mm) that produced against some 

phytopathogens 
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Nevertheless, the highly efficient production in 

this study was different to that previously 
concluded, where low levels of biomass and 
hence cellulase enzymes were recorded after 
optimization step (EL-Moslamy, 2018, and EL-
Moslamy et al., 2017a). Finally, these results 
suggested the endophytic Aspergillus 
fumigatus strain EAF102 as a promising fungus to 
produce cellulases enzymes as 
antiphytopathogens by using industrial low-cost 
medium via submerged fermentation system.  

CONCLUSION 
In this work, a total 6 isolates of endophytic 

fungi were isolated from fresh healthy Zea mays 
tissues as cellulolytic hydrolyzer candidates. The 
endophytic isolate that produced the highest 
CMCase, FPase, β-endoglucanase, and β-
glucosidase activities was identified as the 
endophytic Aspergillus fumigatus strain EAF102. 
By using, statistical, experimental designs the 
maximum FMW, and cellulases enzymes can be 
increased more than 6.98 times compared with 
the basal condition. Also, a large-scale production 
was studied by calculating the microbial kinetics 
via batch fermentation mode. Since the maximum 
FMW, (Xmax) recorded as 153.356 g/l after 65hr 
that increased more than 20.447 times compared 
with cultivation in the shack flask. In addition, the 
maximum cellulases enzymes were calculated 
kinetically as CMCase (275.59 IU/ml) at 70hr, 
Fpase (279.04 IU/ml) at 48hr, β-endoglucanase 
(480.74 IU/ml) at 72hr, and β-glucosidase (373.24 
IU/ml) at 54hr that increased more than 26.86, 
22.21, 21.59, and 21.5 times respectively 
compared with the basal condition via shack flask. 
The highest inhibition zones were recorded 
against phytopathogenic bacteria (A. 
pasteurianus, 52.6mm and C. michiganensis 
48.5mm) followed by phytopathogenic fungi (F. 
solani 40.6mm, P. arenaria 36.5 mm, and F. 
oxysporum 35.6mm). Finally, these results 
suggested the endophytic Aspergillus 
fumigatus strain EAF102 as a promising fungus to 
produce cellulases enzymes as 
antiphytopathogens by using industrial low-cost 
medium via submerged fermentation system.  
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