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Abstract 

 
Quality of Silver Nanoparticles AgNPs biosynthesized from a silver nitrate solution using the oyster Pleurotus ostreatus was assessed and 

the efficacy of silver produced at different concentrations (100, 200, 300, 400, 500 and 600) µg/mL was also evaluated for its effectiveness 

against Candida albicans isolates. The results indicated the efficacy of the fungal filtrate of P. ostreatus in production of silver 

nanoparticles. Findings also confirmed product quality based on Characterization of bio synthesized AgNPs depending on the physical 

characteristics including UV- Spectrophotometer analysis Scanning Electron Microscopy Test (SEM), Energy Dispersive Spectroscopy 

(EDS), X-Ray Diffraction Technology (XRD). The results showed that all the different concentrations of silver nanoparticles (100-600) 

µg/ml did not inhibit the growth of any Candida albicans isolates. Generally, higher concentrations of Nano-silver might be required to 

reduce C. albicans resistance to silver Nanoparticles. 
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Introduction 

As a result of infection with multiple resistance 

pathogens, traditional antibiotics used to treat them have 

become ineffective, which has increased health problems. 

Multiple resistance organisms to antibiotics have become a 

major threat to the safety of human life, and the increased 

rate of disease or death may depend on the most common 

microbial infections. The most important step in eliminating 

resistance is to reduce the use of antibiotics and restrict their 

use to cases of extreme necessity when other treatment 

options fail. Therefore, the use of non-traditional treatments 

in combating resistant microbes has become an alternative to 

the treatments that have caused resistance. However, these 

alternatives are required to be non-toxic, safe and effective 

and may be used against pathogens of multiple resistance 

(Franci et al., 2015). 

Recently, many properties have been discovered in the 

metals nanoparticles that have proven in many types to be 

effective in treating diseases caused by multiple resistance 

pathogens (Tomar et al., 2014). Nowadays, nanoparticles are 

occupied high interest in scientific fields and considered a 

viable antibiotics alternative because of their ability to reduce 

problems related to multiple antibiotic resistance (Franci et 

al., 2015). The use of non-microscopic fungi (Macro-Fungi), 

especially mushroom fungi, in silver Nano-particles synthesis 

is a new method with broad prospects for producing larger 

quantities of Nano-materials and in relatively short time 

periods. 

Pleurotus is one of the most edible oyster mushrooms. 

All species of this species are edible and most of them have 

been commercially produced and developed as the third 

largest fungus cultivated in the world. It is one of the healthy 

foods rich in proteins and polyunsaturated fats is low in 

calories, and it contains keratin and a group of vitamins B 

which are Thiamin (B1), Riboflavin (B2), Niacin (B5), 

Pyridoxine (B6) and Biotin (B7) as it is an important source 

of minerals And breaking enzymes of lignins and phenols. In 

fact, mushroom fungi produce significant amounts of 

proteins and external enzymes that are involved in reduction 

process of nitrate silver mainly during the process of forming 

nanoparticles. In addition, mushrooms are among the most 

easy to propagate and cultured fungi under laboratory 

conditions or in industrial farms with high level of 

production (Al-Bahrani et al., 2017). The study aimed to 

biosynthetically produce silver nanoparticles from AgNO3 

salts using the oyster Pleurotus ostreatus and to evaluate the 

antimicrobial activity of the resulting silver nanoparticles 

against different isolates of Staphyllococcus aureus and 

Pseudomonas aeruginosa. 

Materials and Methods 

Oyster fungal filtrate was prepared using 0.5 cm disk 

from the fungal colony after being cultured on PDA medium 

and incubated for 7 days. The disk was placed in 250 ml 

Potato Dextrose Broth medium in a 1000 ml glass beaker, 

incubated in dark conditions at 27 ± 1 C°. for 21 days 

(Mutlaq et al., 2017). After incubation, fungal biomass was 

removed while the liquid was centrifuged at 4000 rpm for 10 

minutes and filtered through Whatman No.1 filter paper.  The 

filtrate was sterilized using the 0.45µm Millipore Filter 

System, and the resulting filtrate was used to synthesize 

silver nanoparticles (Al-Askar et al., 2013). 

For the production of silver nanoparticles, silver nitrate 

solution was mixed with oyster mushroom filtration and the 

mixture was incubated for 24 hours (Al-Askar et al., 2013). 

A solution of silver nanoparticles was prepared at a 

concentration of 300µg/ml by dissolving 0.03 g of purified 

and dried nanoscale silver in 20 ml of distilled water and 

subjected to an ultrasound water bath for 30 minutes. Then 

30 ml of distilled water was added and the mixture was also 

exposed to ultrasound for 30 minutes, after which the volume 

was completed to 100 ml. The final solution was applied to 

the ultrasound machine for half an hour to ensure the spread 

of the Nano-powder and avoid any sediment formation 

(Pradhan et al., 2016). 

Quality of the produced silver Nano-particles 

 Quality characteristics of the bio-synthesized AgNPs 

were evaluated depending physical characterizing tests, 

including  UV-Spectrophotometer analysis (Trepathi,2014),  

Scanning Electron Microscopy Test (SEM) for determining 
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and evaluating silver particle size, particle surface texture, 

permeability, distribution and uniformity (Palmqvist, 2017; 

Caroling et al., 2013). Energy Dispersive Spectroscopy 

(EDS) was also nano-particles component analysis (Smuleac 

et al., 2013). Some other characteristics of the produced 

silver Nano-particles were also evaluated including particle 

structure, crystallization, particle size and some other 

physical characters using X-Ray Diffraction Technology 

(XRD) (Castillo-Michel et al., 2017). 

Cultures for the 5 fungal isolates were purified and 

propagated by spreading 0.02 ml of the fungal suspension 

(106cell/ml) on sprout dextrose agar medium in 9 cm Petri 

dishes. Three holes were made in each plate on the medium 

using a 9 mm diameter cork-borer. The holes were then filled 

with a solution of nanoparticles at concentration of 100, 200, 

300, 400, 500 or 600µg/ml. After 24-hour incubation period 

at 37C°, the plates were examined for measuring the diameter 

of the inhibitory zone due to the diffusion silver nanoparticle 

solution. The inhibition zone was calculated by subtracting 

the total inhibition zone from the diameter of the hole. As for 

the control treatments, the holes were filled with non-

ionizing distilled water, the fungal filtrate or a mixture of 

silver nitrate solution and fungal filtrate without incubation 

period. 

Results and Discussion 

The results of the visual examination showed the ability 

of P.ostreatus to bio-synthesize the silver nanoparticles, as 

the color of the reaction mixture (solution of the fungus 

mixed with silver nitrate) changed from pale yellow to 

yellowish brown and then to dark brown color continuously 

during the incubation period (Figure 1). This is an indication 

of the biological reduction of silver ions due to the filtrate 

components and the formation of nanoparticles. 

 
Fig. 1 : Color reaction of the mixture (P. ostreatus filtrate and silver nitrate solution) before (A) and after (B) 3 days 

incubation 

Characterization of Biosynthesized Nanoparticles 

Results of the produced silver analysis using UV-

Spectrophotometer analysis at the wavelength range 200-800 

nm after 24-hour incubation showed that the absorption 

intensity gradually increased to the highest peak point at the 

wavelength of 400 nm. This indicates the continuous 

decrease in the concentration of AgNO3 salts and the 

formation of nanoparticles in the reaction mixture and their 

increased concentration (Figure1). 

The wavelength of 400 nm falls within the range 

associated with the surface of the silver metallic particles 

(Wani et al., 2010; Vidhu et al., 2011) and the appearance of 

brown and yellowish solutions gave the absorbance intensity 

above the highest peak of the solutions of a dark brown color 

at the same wavelength of the radiation Ultraviolet (Owaid et 

al., 2017). This indicates an increase in the concentration of 

nanoparticles in solutions (Verma and Mehata, 2016). 

Ragunath et al. (2017) also found the highest UV absorption 

peak for nanoparticle silver particles manufactured by P. 

florida was at 410 nm indicating that a spectroscopic 

characterization study based on the UV absorption scale of 

nanoparticle silver manufactured by some types of 

mushrooms (Trametes) , Gonoderma, Pleurotus) lies within 

the wave range (430-420) nm. 

As for Scanning Electron Microscopy using different 

magnification forces, the analysis showed the presence of 

different sizes and shapes of nanoscale silver particles 

manufactured using the ostrich mushroom P.ostreatus. 

Generally, the majority of the particle shape is spherical, 

homogeneous in size with dimensions 59-36 nm, distributed 

evenly with little agglomeration (Figure2). The particles 

produced at pH (6.8) were larger than the ones manufactured 

at pH (9). The spherical shape is also considered one of the 

desirable properties and specifications in the form of 

nanoparticles for its important role in the way it relates to the 

cell membranes of microorganisms (Al-Khzai, 2019). Several 

studies using scanning electron microscopy have indicated 

that nanoparticles are spherical in sizes between (50-40) nm 

(Devika et al., 2012). Balashanmugam et al. (2013) showed 

that the average size of spherical nanoparticles produced 

using mushrooms was 40 nm. The results of the study 

showed that the particle size of the Nano-silver was within 

the average in previous studies and was 20 nanometers (Kaur 

et al., 2018), or (50-20) nanometers (Ragunath et al., 2017), 

or (70-10) nanometers produced Using the fungus A. 

biosporus (Banerjee and Rai, 2018). 

Energy Dispersive X-Ray Spectroscopy (EDX) 

Analysis showed the percentage weight of the constituent 

weight of the nanoscale silver particles produced by the 

oyster mushroom P. ostreatus was 78% for the silver and 

(7.8, 6.2, 4.3, 2.3, 1.2)% for each of the elements (C, Si, Ta, 

S, Al) respectively (Figure 3). This indicates dominant silver 

structure of nanoparticles and silver atoms that make up the 

nanoparticle. 
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Fig. 2 : Scanning Electron Microscopy analysis for silver Nanoparticles Bio-produced by oyster mushroom 

P.ostreatus. Silver particles structure and distribution shown at different magnification forces at measurement scale 

of (A) 2, (B) 5, (C) 10 and (D) 20 µm. 

It was observed that the peak optical absorption was at 

about 3KeV, which indicates the presence of pure silver 

nanoparticles and that silver where the energy level of 3KeV 

represents the highest absorption level for the primary silver 

(Hytham, 2015; Elgorbana et al., 2016). Although the 

mechanism for creating nanoparticles using fungi has not 

been clearly defined yet, a number of researchers have 

reported that some proteins produced by fungi in the outer 

cellular filtrate can play a role in the synthesis and stability of 

nanoparticles (Mukherjee et al., 2001). 

 

 
Fig. 3 : Energy Dispersive X-Ray Spectroscopy (EDX) Analysis for silver 

Efficiency of Pleurotus ostreatus in bio-synthesis of silver nano-particles and product efficacy  

against Candida albicans isolates  
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Nanoparticles Bio-produced by Oyster fungus P.ostreatus 

On the other hand, the results of X-Ray Diffraction 

(XRD) showed that the highest peaks of diffraction are (111) 

and (200) at angles of 38.59 and 44.51, respectively (Figure 

4). These values are close to the angles mentioned in the 

JCPDS card File No. (04-0783) attributed to the Face 

Centered Cubic (FCC) silver multi-phase crystallized cubic 

structure (Velusamy and Ggopinath, 2013). From Figure (4) 

it appears that the top (111) is more and higher than the top 

(200), and this shows that the AgNPs produced by reducing 

the Ag + silver ions by the filtrate of P. ostreatus are of a 

crystalline nature. Also, the absence of other peaks shows 

that the silver produced material is free from any bundles of 

silver oxides, which indicates the role of the filtrate leachate 

components in the synthesis and the reduction of most silver 

ions in the reaction mixture and its role in stability and 

chemical stability of the nanoparticles (Gajendran et al., 

2014). 

 

 

Fig. 4 : X-Ray Diffraction (XRD) Analysis for silver Nanoparticles Bio-produced by Oyster fungus P. ostreatus 

 

The expansion of the bundles of peaks (111) and (200) 

indicates that the produced particles have nanoscale 

dimensions, and some unknown peaks that are less intense 

than the crystal tops of the nanoscale silver may appear due 

to the presence of some organic and biological filtrate 

components that surround a massive surface Nanofunding 

(Anandalakshmi et al., 2016). 

The results in Gajendran et al. (2014) showed Nano-

scale silver particles produced using oyster mushrooms P. 

djamor resulted in peak 111 that stronger and higher than 

those of 200 and 220, while the particles made using P. 

ostreatus were more crystallized in which 4 peaks appeared 

at level 111 (Devika et al., 2012). This is mostly due to the 

amount of filtrate used and pH conditions that generally 

affect the dimensions and properties of the produced 

nanoparticles (Remya et al., 2015). 

         In case Antifungal Activity of Silver Nanoparticles, the 

results (Figure5) showed that all the different concentrations 

(100-600) µg/ml of silver nanoparticles used did not inhibit 

the growth of the pathogenic fungal isolates used. Which, 

means that all of them were resistant to the particles 

produced in this stud 

 
 

  

 

Fig. 5 : Silver Nano-particles bio-synthesized using P. ostreatus at different concentrations (100-600 µg/ml) did not affect 

growth Candida albicans 

A B 
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Some studies have indicated that AgNP activity 

depends not only on its concentration and size but also on its 

shape. E. coli bacteria were found to respond better to triple 

nanoparticles and were inhibited at low concentrations (Lin 

et al., 2014). Pal et al. (2007) showed that triple 

nanoparticles are more qualitatively effective, because the 

triangular shape gives a greater positive charge to the 

nanoparticles, ensuring greater activity than rod and spherical 

shapes. 
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