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Fungi have been used as biofactories for synthesis metals oxide nanoparticles because they are easy, 
clean, safe, non-toxic, biocompatible and environmentally acceptable. The present study aimed to 
investigate the biological synthesis, fungal screening protocol, productivity scaling-up and 
characterization of zinc oxide nanoparticles (ZnO Nps) using different fungi isolated from spoilage fruits 
and vegetable. There were nine fungal strains had been obtained and subjected to primary and 
secondary screening to investigate capability of ZnO nanoparticles synthesis by  fungal extracellular 
free-cells filtrate. Aspergillus parasiticus Ap4 was given the peak of ZnO Nps 373nm detected by Uv-
visible spectrophotometry and significantly optimum strain in highest quantity (mean ±S.D) 
0.0137±0.001gm/100ml and smallest average nanoparticles size (mean ±S.E) 73.91±1.4nm at p≤0.05. 
To improve the productivity, the controlling by temperature and initial pH of reaction has been 
accomplished. The final optimum parameters were 45oC in 5.5 pH that given significantly compatible for 
scaling-up in quantity 0.017 ±0.0004 with average size 54.67 ±4.04nm. The ZnO Nps characterized by 
Uv-visible scanning spectrophotometry, Atomic Force microscopy (AFM), X-RD, Scanning electron 
Microscopy (SEM) and Transmission Electron Microscopy(TEM). The final average ZnO Nps was 
56.55nm. The study concluded that there are capability of fungi as eco-friendly and cheaply bio-
nanofactories to manufacture ZnO Nps and easy to improvement the productivity through of some 
reaction factors. 
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INTRODUCTION 
Nanotechnology define in 1974 by Professor 
Norio Taniguchi, as a multidisciplinary science, 
covers a diverse area of research and technology 
in chemistry, physics and biology (Uskokovic, 
2008). Within the range size 1-100nm of material 
particles all properties (chemical, physical and 
biological) changes in fundamental ways of both 
individual atoms/molecules and their 

corresponding bulk (Kaviya et al., 
2011;Ghanbarzadeh and Almasi, 2012). Many 
study indicated to the biological and medicine 
application of different types of nanoparticles 
(Nps). Wu et al., (2010) used Fe-doped calcium 
sulfide nanoparticles with magnetic property for 
cancer hyperthermia. While, Hamza and 
Bashuaib. (2018) showed the biological effect of 
siliverNps, and goldNps in ameliorating diabetic 
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nephropathy induced experimentally through anti-
fibrotic and anti-diabetic effect. ZnO is an n-type 
semiconducting metal oxide (Anbuvannan et al., 
2015) and of all metal oxides, ZnO NPs is of 
maximum interest because their inexpensive in 
production, safe, harmless, and can be 
biologically easily preparation ( Jayaseelan et al., 
2012). In many applications ZnO both bulk and 
Nps used. Bayroodi and jalal. (2016) suggested 
that multidrug resistance bacteria resist to 
antibacterial agents could be reduced by the 
synergistic action of ZnO Nps. Hamid. (2017) 
showed bulk Zn possible utilization as antibiofilm 
in UTI infection. Fungi can be invariably used for 
the synthesis of metal nanoparticles from their 
salts like ZnO Nps (Pantidos and horsfull, 2014). 
Fungus biomass grows faster than other 
microorganisms under the same conditions, easily 
in culturing, simple nutrition requirements, 
obtainable, simpler biomass handling, easy of 
scaling up and downstream processing these are 
important advantages to consider (Pantidos and 
horsfull, 2014;Yadav et al., 2015). Baskar et al., 
(2013) expiloted Aspergillus terreus culture filtrate 
for the extracellular synthesis of ZnO 
nanoparticles with spherical in shape average size 
54.6 to 82.8 nm. The utilization of thermo tolerant 
endophytic fungi Cladosporium sp. Davidiellaceae 
was reported by Sri and Rajagopal, (2016) that 
fabricated ZnO NPs of rod, ellipsoidal shape and 
irregular in shapes within average size 50 to 100 
nm detected by SEM. So, the study aimed to 
select the optimum fungal isolate among local 
fungi to fabricate ZnO Nps with study their 
characteristics. 
 
MATERIALS AND METHODS 

Chemicals  
Zinc Sulfate heptahydrate(ZnSo4.7H2O)(Analar- 
England), potato dextrose agar(PDA), malt 
extract, peptone, and agar(Himedia– India), 
sucrose, NaOH, HCl, and Chloramphenicol (BDH 
- England ), . All the chemicals and reagents used 
were of analytical grade. 

Fungal isolation 
From infected citrus fruits Orange (Citrus 
aurantium), Lemon(Citrus limon), bitter 
orange(Citrus amara) and Potato(Solanum 
tuberosum) purchased from local market with 
spoiling status morphology.  After surface 
sterilized with cotton soaked in 70% alcohol. They 
were then cut out into small segments (½cm 
diameter) using sterilized scalpel. Next the 

segments (3 on each plates) of infected samples 
were plated on solidified PDA (10gm/ 250ml) 
supplemented with chloramphenicol(25mg/ 
250ml) (Tafinta et al.,2013). Inoculated plates 
were incubated at 29±1oC for six-ten days. From 
the incubated plates the different fungal isolates 
with different colorations observed includes; «i» 
Brown «ii» Black «iii»’ Green «iv» Gray and «v» 
White which signified the occurrence of different 
fungal colonies. The fungal colonies that emerged 
were continuously sub-cultured (picked from the 
edge of an advancing colony with a sterile fine 
tipped needle) in order to obtain a pure culture of 
the fungal isolates. The pure isolated fungi were 
maintained on PDA slant and refrigerated at 4°C 
for further study (Sri and Rajagopal, 2016). 

Identification pure fungal isolates 
The identical pure isolated fungi were identified 
and diagnosed according to the most protocol and 
documented keys in fungal identification (Pitt and 
Hocking.(2009) ;Visagie et al.,2014 ). The fungal 
isolates were subjected to certain morphological 
observation as well as microscopically studies. All 
fungal strains were maintained in slant(universal 
glass tube) two replicate each on malt extract 
agar «MEA» composed of ;( 2% g/l malt extract, 
2% g/l glucose, 0.1% g/l peptone and 1.5% g/l 
agar) as stock cultures at 4-8 °C. These were 
reactivation by regular subculturing   (Ottoni et 
al.,2017). 

Mold biomass and active filtrate preparation    
The biomass of fungal test were grown as 
aerobically batch submerged culture(ABSC) in 
100ml base fortified liquid media(FMYPG) 
composed of; (g/l); 3.0 malt extract,  0.6 yeast 
extracts, 3.0 peptone,  and 10.0 glucose, 
supplemented with 7.0:KH2PO4,; 2.0: K2HPO4,; 
1.0: MgSO4.7H2O,; and 1.0: (NH4)2SO4, at pH=7.0 
in 250 ml Erlenmeyer flasks(Er.f), next incubated 
in shaker incubation with rotary shaking speed 
160 stork per min(Displacement from the center 
by 1.5-2 cm) at 28±1oC for 120hr ( Goswami et 
al.,2013). The harvest of fungal mycelium of all 
isolates achieved by filtering through Whatman 
No.#4 filter paper. Followed by substantial 
washing thrice with distilled deionized water in 
order to remove any medium component from the 
fungal mat, next 15gm«wet weight» of mold mat 
of each isolate re-inoculated with 100ml.deionized 
distilled water(d.d.w) in 250ml Er.f  were 
incubated  in trembling status (shaker incubation) 
140 jerk/ min and adjusted pH=6.0 at 30±1oC for 
96hr. After end incubation period, the filtration 
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through Whatman No.#1 achieved to separate 
fungal metabolic reducing supernatant (broth) 
from other clumps and pellets, this active broth 
was used for biosynthesis of ZnO nanoparticles 
(Mahmoud et al., 2013). 

ZnO Nps fabrication by fungal filtrate 
About 50 ml of one mile-mole Zinc Sulfate 
heptahydrate (dissolved 72mg ZnSo4.7H2O in 
250ml d.s.d.w)  solution of the final concentration 
was mixed with 50ml of activation fungal filtrate in 
an Er.f,  and 250ml at adjusted pH=7.0, addition 
two flasks, one with filtrate (without ZnSo4) and 
other with pure Zinc Sulfate solution (without 
fungal-free filtrate) as positive and negative 
controls respectively, incubated in orbital shaker 
incubator with 150 shake per min at 30oC for three 
days in triplicate each isolate (Gunalan et al., 
2012). White precipitate deposition started to 
occur at the bottom of the flask which indicated 
the transformation process completed and ZnO 
NPs produced which helped to detect the 
synthesis fungi strains for ZnO nanoparticles, 
followed by washed of accumulation thoroughly 
with d.s.d.w to remove all the ions and other 
impurities through Millipore 0.45µm followed by 
0.22 µm filter under vacuum pressure          ( 
Rajan et al., 2016). The white aggregate formed 
at the flask base was separated from the filtrate 
by centrifugation at 10,000 xg for 10 min. Finally 
the participation was drying in vacuum oven at 
105°C. After harvested the ZnO NPs powder 
weighted for next experiments (Baskar et 
al.,2013). 

Primary selection       
The fungal isolates able to fabricate ZnONPs 
selected upon on capability to form the misty and 
turbidity in bioreactor reaction of aqueous mycelial 
extract solution in the beginning. Subsequently 
subjected partial of hazy solution(2ml) to UV-vis 
spectral analysis which conforming withe weave 
length according standard references between 
340-390nm, finally the white precipitations 
deposited at the bottom of bioreactor flasks 
proved on ability of fungal isolate to synthesis of 
ZnO nanoparticles(Ottoni et al., 2017). 
 
The secondary screening 
The highest amount and yield of ZnO nanopowder 
determined by weight, produced by fungal isolates 
selected in primary screening, addition to smallest 
diameter, and average size particles which 
detected by Atomic Force Microscope(AFM). Both 
these two parameters restricted the best isolate 

for more study in nanoparticles manufactured field 
(Mahmood and Mandal, 2017). 

Optimum incubation temperature to improve 
productivity  
Temperature effect on mycosynthesis of zinc 
oxide NPs  from optimum mycocelial isolate was 
studied by incubation of active fungal filtrate and 
zinc sulfate (1mM) at different temperature were 
10, 25, 35, 45and 55,oC triplicate each, 
mycosynthesis process was monitored with the 
incubation at different temperature. The selection 
of optimum temperature achieved as in both 
primary and secondary screening    (Gade et al., 
2013; Sarsar et al., 2015).  

Optimum initial pH reaction to improve 
productivity  
The mycosynthesized ZnONps by optimum fungal 
strain were monitored at different pH. The fungal 
filtrate had the initial pH of 7.0, with the help of 
alkali «1M NaOH» and acid «1M HCl» the 
different pH included 2.5, 5, 7.5,10 and 12.5were 
adjusted. Mycosynthesis process was monitored 
with the incubation conditions. After the end 
incubation time a part of reaction solution (2ml) 
and powder subjected to the same photophysico-
analytical measurements as in optimum 
incubation temperature to determine the optimum 
pH. The experiment was carried out in triplicate 
(Gade et al., 2013; Sarsar et al., 2015). 

Characterization ZnO nanoparticles of final 
production 
The wet precipitation was dried further at ambient 
condition and mixed with KBr powder. After that 
was made into pellets at high pressure using 
hydraulic press, and then scanned between 4000 
to 400 cm-1 at a resolution of 4cm1 for functional 
group analysis by infrared spectroscopy (Rajan et 
al., 2016). The structural characterization 
analyzed in order to obtain information about 
particle size, crystal structure and surface 
morphology using X-Ray Diffraction, by 
diffractometer  recorded in the range of 20 ≤ 2ɵ ≤ 
90  angles and uses Cu- Kα as an anode (Baskar 
et al.,2013) . The average crystallite size can be 
calculated using Debye Scherrer equation 
(Bayroodi and Jalal, 2016):  
 
 
 
 
The surface of the prepared and annealed ZnO 
nanopowders was scanned by Scanning Electron 



Issa et al.,                                                                Fabrication of ZnO nps using Aspergillus Parasiticus 

 

    Bioscience Research, 2018 volume 15(3): 2159-2170                                                             2162 

 

Microscopy(SEM-112544/ Angstrom Advanced-
USA) to record the micrograph images of 
synthesized ZnO-NPs with investigate the 
homogeneity of the nanopowder (Elkady et 
al.,2015) . Also to measure and conform the 
dimensional nanostructures of  ZnONPs powders’ 
architectural morphology  synthesized by the 
different fungi isolates (Shamsuzzaman et 
al.,2013). For transmission electron microscope 
(TEM)( CM10/ Philips- Holland) measurements, a 
drop of solution containing as-synthesized ZnO 
nanoparticles was placed on the carbon coated 
copper grids and kept under vacuum desiccation 
for overnight before loading them onto a specimen 
holder. TEM micrographs were taken by analyzing 
the prepared grids on TEM instrument using low 
voltage (100 kV) in College of medicine- Al-
Nahrain university- Iraq. 

Statistical analysis 
The experiments done in triplicate and the result 
values were calculated as mean ±S.D or S.E. The 
Statistical Analysis System- SAS (2012) 
program(Version 9.1) was used to detected the 
least significant difference (LSD) test through of 
analysis of variance(One- Way ANOVA) at ≤ 0.05 
was observed as significant. 
 
RESULTS AND DISCUSSION 

Identification fungal isolates  
The results of identification  had been reveal 

there were nine fungal isolates of four genus, with 
different species, Table (1) shown the fungal 
isolates from different isolating sources. 
Table(1): Fungal isolates obtained from 
different isolated sources. 

Isolate code Fungus isolate 
Source of 
isolation 

An1 Aspergillus niger Lemon 

Af2 Aspergillus flavus orang 

Af3 Aspergillus flavus 
bitter 

orange 

Ap4 Aspergillus parasiticus 
bitter 

orange 

Pd5 Penicillium digitatum orang 

Pd6 Penicillium citrinum 
bitter 

orange 

Rs7 Rhisopus stolonifer orang 

Rs8 Rhisopus oryza potato 

Fo9 Fusarium oxysporum potato 

 
The results showed that Aspergillus, Penicillium, 
Rhisopus, and Fusarium were the four genera and 
their variety species which obtained from different 
damaged and corrupt fruits and had been 
identified precisely in identical pure colonies for 

ZnO Nps synthesis. The study resultants were 
compatible with what Akintobi et al., (2011) found 
that these genera were the most causes fruits 
decay. 

Primary screening   
According to analysis of UV-visible peaks and 
formation of hazy filtrate with white precipitation 
deposited. The primary detection among fungal 
isolates had been   performed to select the strains 
which could be able to reduce ZnSO4.7H2O to 
ZnO Nps. The results showed that only 
Aspergillus parasiticus Ap4, Penicillium digitatum 
Pd5, and Rhisopus stolonifer Rs7 were given the 
compatible peaks with rang of ZnO Nps(320-
390nm) that 373 ±2.3nm, 372 ±2.1nm, and 354 
±1.7nm respectively, as same as these results 
agreed with . Also these strains were able to form 
the foggy status in filtrate reaction and in the end 
the white nanopowder had been deposited. Some 
strains were given ZnO Nps peak but could not 
able to appear the misty form and deposit white 
powder as in Aspergillus niger An1 and Fusarium 
oxysporum Fo9 whereas the other strains were 
incapacitate to fabricate  ZnO Nps Table(2) and 
Figures(1-a ,b, and c). These results compatible 
with Chauhan et al., (2015) the wavelength of 
ZnO NPs was synthesis by yeast Pichia  
fermentans JA2 374nm Chauhan et al., (2015). 
But the results of this study did not come close 
with wavelength peak of zinc nanoparticles 
manufactured by Aspergillus terreus in the 
investigation of Baskar et al., (2013) that was 
340nm.  
Table (2): Primary screening among fungal 
strains to synthesis ZnO Nps.   

Fungal strain Mean 
±S.D of 
position 
peak(nm) 

Mistiness 
formation 

Presence  
Of white 
precipitate 

Aspergillus 
niger An1 

366 ±1.5 - - 

Aspergillus 
flavus Af2 

- - - 

Aspergillus 
flavusAf3 

- - - 

Aspergillus 
parasiticus 
Ap4 

373 ±2.3 + + 

Penicillium 
digitatum Pd5 

372 ±2.1 + + 

Penicillium 
citrinum Pc6 

254 ±2.4 - - 

Rhisopus 
stolonifer Rs7 

368 ±1.7 + + 

R. oryza Ro8 231±2.8  - - 

Fusarium 
oxysporum 
Fo9 

377 ±1.3 + - 
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Figure 1. UV-visible peak plots in primary screening of; a- Penicillium citrinum Pc6, b- Aspergillus 
flavusAf3, and c- Aspergillus  parasiticus Ap4 

(+) Positive result and (–) negative result. 

254nm, Penicillium citrinum Pc6 

a 

373nm Aspergillus  parasiticus Ap4 

c 

Not peak detected, Aspergillus flavusAf3 

 

b 
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The variations in the diversity scope capability of 
ZnO NPs manufacturing among fungal strains 
which had been revealed in the recent study due 
to many reasons; i-sources of isolation, ii- 
diversity types of microorganisms (fungi)strains in 
both levels genus or species (Singh et al., 2016), 
iii- potential to utilize substrate and nutrients in 
bioreactor culture, iv- Biomolecules responsible 
for biosynthesis such as NADH, NADPH, FAD 
(Khandel and Shahi, 2016). 

The secondary screening 
The three fungi strains which were succeeded in 
primary screening and have able to synthesis ZnO 
PNs would be  subjected to secondary screening, 

so through the  analysis of their nano powder and 
based on which one of among strains that 
produced the highest in amount with nanoparticles 
have the smallest average size through of 
analysis via AFM, Figure(2)  as in the study of 
Moosa et al., (2015)  , will be dependent on that 
and selecting it to be the optimum isolate among  
of the other strains and use it's ZnO NPs for more 
studies. The results summarized in table (3) that 
showed there was significant difference among 
fungal strains in quantity and quality of ZnO Nps 
fabrication for benefit of A. parasiticus Ap4 that 
considered the optimum strain for further studies 
of productivity improvement. 

 
 

Table (3): Secondary screening among fungal strains to synthesis ZnO Nps. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

 
 
 

 

 

Figure 2: Secondary screening of distribution chart, and surface roughness analysis of ZnO NPs 
manufactured by Aspergillus parasiticus Ap4 

 

Fungalstrain 
Mean of Sum(gm/100ml). 

±S.d 
†Mean size by AFM(nm) 

±S.E 

A. parasiticus Ap4 0.0137±0.001 73.91 ±1.40 

P. digitatum Pd5 0.004±0.0007 146.03 ±2.20 

R. stolonifer Rs7 0.0065±0.0006 103.00 ±8.10 

LSD value 0.0022* 9.41* 

*(P<0.05) 

b  a  
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Effect of reaction temperature  
Optimization of ZnO nanoparticles was carried out 
under diver conditions of reaction temperatures, 
Table (4).  Among the different temperatures there 
were just 25oC, 35oC and 45oC had given a 
correct (mean ±S.E) range of peaks within ZnO 
NPs detection by UV-visible scanning detection as 
primary selection were 373±1.2, 378±1.5, and 
376±1.1 respectively. The other temperatures 
were failed to give target peak as indicator for 
ZnO NPs formation. 
Table (4): Effect different reaction 
temperatures on ZnO Nps synthesis by A. 
parasaticus Ap4. 

Tem.oC 
Mean ±S.E 
of position 
peak(nm) 

Mistiness 
formation 

presence of 
white 

precipitate 

15 - - - 

25 373 ±1.2 + + 

35 378 ±1.5 + + 

45 376 ±1.1 + + 

55 246 ± + - 

65 - + - 

(+) = positive result, (-) =Negative result. 
 
Table(5): Effect different reaction temperature 
on scaling-up and characterization of ZnO NPs 
synthesized by A. parasiticus Ap4. 
 

 
 
The secondary screening of temperature 
effectiveness throughout quantity of ZnO NPs 
powder and average size measured by both AFM. 
So the results appeared that 45oC there was 
increased and decreased significantly according 
LSD-values at p<0.05 in quantity and average 
size respectively among other temperatures. So, 
the optimum temperature for fungal filtrate 
reaction was 45oC. The outcome of this study 
disagreement with what was found by Gade et al., 
(2013) for Ag NPs manufactured by  Phoma. 
sorghina showed better synthesis at 25 and 90oC. 
Also, incompatible with Nagarajan and 
Kuppusamy, (2013) found that 80oC was the best 

temperature for fabrication of ZnO NPs by 
seaweeds. This is due to the different among 
utilized organisms in the production. 
 
Impact initial pH reaction 
The second important parameter that can uses to 
control in nanoparticles scaled up and 
manipulated of scope size is initial pH reaction. 
The free cells filtrate of Aspergillus parasiticus 
Ap14 subjected to various initial pH to select the 
preferable one given highest quantity and smallest 
nanoparticles size than others. All pH reaction had 
given both indicators peaks within target region of 
ZnO Nps absorption and white precipitate 
formation except pH 2.5 to be unsuccessful 
Table(6). The resultant of this study compatible 
with Sangappa and Thiagarajan, (2012) which pH 
6 was optimum for giving the peak of silver 
nanoparticles manufactured by solution of 
Aspergillus niger isolated from soil. Besides, 
agreement with Nagarajan and 
Kuppusamy,(2013) found that absorption peak at 
pH 8 indicated the total reduction of zinc nitrate to 
zinc nanoparticles by algae. 
 
Table(6): Effect different initial pH reaction on 
ZnO NPs manufactured by A. parasiticus Ap4. 
 

pH 
Mean ±S.E  
of position  
peak(nm) 

Mistiness 
formation 

presence of 
white precipitate 

2.5 - - - 

4.5 382 ±1.5 + + 

5.5 377 ±1.2 + + 

6.5 372 ±1.4 + + 

5.5 377 ±1.2 + + 

10.5 365±1.7 + + 

 
 
The secondary screening accomplished 
depending on which pH was suitable with 
optimum temperature (45oC) to produce 
appropriate quantity and smallest size of ZnO 
nanoparticles. Table (8) revealed that pH; 4.5, 5.5, 
6.5, and 8.5 able to fabricate ZnO NPs powder but 
in diversity in both yielding and quality of size. 
There was a significant differences in LSD- values 
among diversified pH at p<0.05 and the pH 5.5 
was the highest yield (0.017 ±0.0004 mg/100ml) 
of ZnO NPs and with smallest average in 
nanoparticles size (54.72 ±1.1 nm) Figure (3). 
This average nanoparticles size is mean ±S.E 
detected by both AFM and X-RD (Scherrer’s 
equation) through of (FWHM) Figure (4). 
Therefore; it’s obvious that pH 5.5 was the most 
harmonious with optimum temperature (45oC) to 

(+)=positive result, (-)=Negative result 
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reduce the substrate (ZnSO4. 7H2O) to ZnO 
nanoparticles and have been given the best in 
both characteristics the quantitatively and the 
qualitatively. 
 

 
 
 
 
 

Table (7): Effect different initial pH reaction on scaling-up and characterization of ZnO NPs 
produced by filtrate of A. parasiticus Ap4.           

pH 
Mean of Sum(gm)per 

100ml. ±S.d 
†Mean size by 
AFMnm ±S.E 

†Mean size by X-
RDnm ±S.E 

Mean Average size(nm) 
of AFM and X-RD ± S.E 

2.5 - - - - 

4.5 0.013  ±0.0006 65.31±1.8 53.97 ±0.27 59.64 ±5.67 

5.5 0.017  ±0.0004 58.71 ±1.9 50.64±0.86 54.67 ±4.04 

6.5 0.011  ±0.0006 67.46 ±1.2 63.84 ±1.1 63.65 ±3.81 

8.5 0.008 ±0.0003 80.13 ±1.3 78.30±1.0 79.22 ±0.9 

10.5 - - - - 

LSD value 0.0071* 7.541* 7.049* 8.332* 

*(P<0.05) 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 3. The final form and yield of ZnO NPs powder synthesis by Aspergillus 

parasiticus Ap4 in pH=5.5 at 45oC 

202 112 110 102 

101 

002 
100 

Figure 4. XRD pattern of biosynthesized ZnO NPs by extracellular free cells filtrate by 

Aspergillus  parasiticus PA4 at 45oC in pH of 5.5.  
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Analysis ZnO Nps by SEM and TEM 
The conformation of final product of the ZnO Nps 
morphology comes from the analysis of SEM and 
TEM micr-graphs. By micrograph of SEM(Fig.5) 
the average size between 55 and 60nm. On the 
other hand TEM analysis showed there was 
diversity geometrical crystalline shapes in 
morphology of ZnO nanoparticles and with 

average size of 50-65nm represented in (Fig.5), 
this result agreed with Rajan et al.,(2016) found 
the average of ZnO Nps synthesis by Aspergillus 
fumigatus JCF was 60-75nm due to the same 
fungal genus . These results are somewhat close 
to the result value calculated by the X-ray 
diffraction analysis.  
 

 

 
 
 

Figure 5. SEM and TEM images of different shapes ZnO NPs of A. parasaticus Ap14. 
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Therefore, taking into account the values obtained 
from AFM, X-RD, SEM, and TEM, the final size of 
the nanoparticle particles manufactured by 
Aspergillus parasiticus Ap4 at optimum conditions 
of 45oC in pH 5.5 will be approximately 56.55nm. 
The resultant of the recent study was incompatible 
with Shamsuzzaman et al., (2013) which detected 
average size of ZnO Nps manufactured by 
Candidia albicans by SEM and TEM were 15-
20nm and ~ 20 nm respectively, this may be due 
to different in type of  microorganisms utilization. 
 
CONCLUSION 
The current study is the first regional  report in its 
content on the use of Aspergillus parasiticus in 
synthesis ZnO nanoparticles which concluded that 
the extracellular reduction by free-cells filtrate of 
Aspergillus parasaticus Ap4 the best among other 
fungal strains and a convenient protocol to 
fabricate ZnO nanoparticles were characterized 
by different complementary techniques UV-visible, 
AFM, X-RD, SEM and TEM. The approach 
provides an eco-friendly, simple scaling –up, 
cheaply and efficient technique for the 
manufactuer of well-structured shaped of ZnO 
nanoparticles 
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