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ABSTRACT: The current study aimed to synthesize, characterize and determine the antibacterial activity of iron 

oxide (Fe3O4 NPs) and silver nanoparticles (AgNPs) green-synthesized using Fusarium solani. Fungal mass was 

applied to produce NPs, followed by analyzing NPs using scanning electron microscopy, X-ray diffraction, and 

Fourier transform infrared spectroscopy. The antimicrobial test was performed by the agar well diffusion method and 

the microdilution protocol (determining the minimum inhibitory concentration or MIC and the minimum bactericidal 

concentration or MBC) against Staphylococcus aureus, Bacillus cereus, Pseudomonas aeruginosa and Escherichia 

coli. The highest optical densities for produced AgNPs and Fe3O4 NPs were detected at 420 and 215 nm, with a 

spherical shape and size of 27.5-58.3 nm and a cubic-spherical shape and size of 55.3-84.2 nm, respectively. Ag NPs 

had more antibacterial activity than Fe3O4 NPs, but they were not significantly different in most cases. The most 

sensitive and resistant bacteria were S. aureus and P. aeruginosa for both NPs, with the MIC of 10 and 40 μg ml-1 as 

well as the MBC of 20 and 80 μg ml-1 for Ag NPs against S. aureus and P. aeruginosa, respectively. The results were 

weaker for Fe3O4 NPs than for Ag NPs, with the MIC of 20 μg ml-1 for B. cereus and S. aureus, and 40 μg ml-1 for P. 

aeruginosa and E. coli, with the MBC of 40 and 80 μg ml-1, respectively. The antibacterial properties of the produced 

NPs indicated that these antimicrobial agents were highly reactive and prevented the growth of unwanted 

microorganisms.  

 

                           INTRODUCTION 

Nanostructures have recently been considered in various 

advanced industries, such as medicine, water and 

wastewater treatment, antimicrobials, diagnostic 

techniques, pharmaceuticals and food industry, owing to 

their unique properties, including special optical, 

electrical, chemical, magnetic, and mechanical features 

[1].  

Silver (Ag) is widely used in traditional medicine, 

modern medical sciences and pharmaceutical industries 

owing to its antimicrobial and antiseptic potential. 

Numerous Ag properties are improved, including contact 

surface and dispersion during the production of silver 

nanoparticles (AgNP), particularly using green synthesis 

methods, thereby increasing the antimicrobial activity of 

the synthesized fine particles compared to conventional 

silver [2]. Small-sized NPs can be easily directed into 

pathogenic and harmful bacterial cells; this influences 

intracellular processes, such as synthesis of DNA, RNA 

and proteins, and subsequently inhibits microbial growth 

[3]. In addition to AgNPs, iron oxide (Fe3O4) NPs are 

produced due to alterations in electromagnetic properties 

[4]. 

The fabrication of NPs exploiting green methods using 

fungi, bacteria and plants has recently received 
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considerable attention owing to their unique properties, 

such as simplicity, low-cost, controllability, non-toxicity, 

high efficiency and biocompatibility [4, 5 and 6]. In such 

methods, microorganisms exposed to metal ion salts 

regenerate these nano-materials via catalytic mechanisms 

extracellularly or intracellularly [4, 7]. According to the 

antibacterial properties of produced NPs, higher potential 

has been reported for extracellular NPs in impeding 

pathogenic bacterial growth as compared to intracellular 

NPs [7, 8]. Recently, AgNPs have been biosynthesized 

using Fusarium oxysporum to evaluate antibacterial and 

anticancer properties. They reported that the 

nanoparticles produced had a round shape with a size of 

5-13 nm. The produced NPs exhibited inhibitory effects 

against E. coli and Staphylococcus with a minimum 

inhibitory concentration (MIC) of 80 μg cm-3and a 

minimum bactericidal concentration (MBC) of 23.12 μg 

cm-3 [9]. AgNPs in F. oxysporum were also synthesized 

to determine antimicrobial potential. The filtered fungal 

supernatant contained AgNPs with the highest optical 

density (OD) at 440 nm. The results also indicated that 

the produced AgNPs had antimicrobial effects on 

Candida albicans, E. coli, Candida krusei, S. aureus and 

Aspergillus flavus [10]. 

The present study evaluated the green synthesis of 

AgNPs and Fe3O4 NPs using Fusarium oxysporum to 

determine their qualitative and antibacterial properties. In 

terms of novelty, our eco-friendly metal nanoparticles 

can serve as promising bio-alternatives to reduce or 

eliminate microbial contaminants, especially bacteria, 

and to avoid additional consumption of environmentally 

harmful chemicals, particularly chlorine. The high 

reactivity of metal NPs, even in much lower amounts, 

can reduce the microbial load of indicator bacteria in 

water. 

MATERIALS AND METHODS 

Preparation of iron oxide and silver nanoparticles 

In our study, lyophilized Fusarium solani obtained from 

the microbial collection of the Iranian Research 

Organization for Science and Technology (IROST) was 

frozen at -18°C. The fungal mass was applied to produce 

NPs, thus 2 g of biomass was added to 100 ml of a 2-mM 

silver nitrate solution and mixed in a dark place at 28°C 

and 150 rpm for 72 h (pH=7). Next, the solution color 

changed from yellow to dark brown, demonstrating the 

initial confirmation of AgNPs. A control sample was 

considered to be a 2-mM silver nitrate solution without 

fungal mass; the color of the control sample remained 

yellow and unchanged at the end of the storage period. 

To fabricate Fe3O4 NPs, 2 g of the fungal biomass was 

added to 50 ml of a 2-mM iron oxide (Fe2O3) solution, 

followed by adjusting pH to 7.5. The samples were 

incubated in a dark condition at 28°C and 150 rpm for 5 

days. The solution color changed from brick red to black, 

indicating the initial confirmation of Fe3O4 NPs; the 

control sample was considered to be a 2-mM iron oxide 

solution without fungal biomass [4, 11]. The produced 

AgNPs and Fe3O4 were separated by centrifugation at 

6000 rpm for 6 min and at 7000 rpm for 15 min, 

respectively. The resulting supernatant was collected (to 

evaluate the extracellular production of nanoparticles) 

and filtered using a 0.22-micron filter, followed by 

drying at 45°C [11].  

Spectrophotometry was used to confirm the NP 

production. For this purpose, the OD values of the 

samples were read before the suspension containing NPs 

in the range of 300-500 nm and 200-300 nm for AgNPs 

and Fe3O4 NPs, respectively. Initially, 200 μl of NPs 

were separately diluted into 1 L of distilled water to read 

their OD at an ambient temperature. Untreated silver 

nitrate and iron oxide suspensions in distilled water were 

also utilized as blanks [4, 12]. 

A scanning electron microscope (SEM) determined the 

morphological characteristics of the generated NPs. First, 

a determined volume of NPs was centrifuged at 10,000 

rpm for 10 min. After discarding the supernatant, the 

resulting precipitate was added with distilled water and 

re-centrifuged in triplicate. A certain amount of ethanol 

96% was poured onto the final precipitate, and 

centrifugation was repeated similar to the previous steps. 

The supernatant was discarded, and the precipitate was 

dried at 40°C for two days and prepared for SEM 

imaging. Then, the average size of nanoparticles was 

measured by calculation, and its shape was recorded [4, 

12]. 
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Characterization of antibacterial potentials 

AgNPs and Fe3O4 NPs were evaluated for antibacterial 

activity on the standard bacteria of Staphylococcus 

aureus (PTCC 1112), Bacillus cereus (PTCC 1015), 

Pseudomonas aeruginosa (PTCC 1074) and Escherichia 

coli (O157H7) from the IROST. 

The agar well diffusion method was performed to 

measure the antibacterial activities. Thus, 20 μl of the 

studied bacterial suspension (with 1.5 × 108 CFU ml-1 

equivalent to 0.5 McFarland standard turbidity) was 

cultured onto the Mueller Hinton agar (MHA) medium. 

The calculated inhibitory zone diameter (ZOI) 

concentrations were 50 and 100 μg cm-3of AgNPs and 

Fe3O4 NPs, which were sonicated at 40 kHz for half an 

hour to prepare a homogeneous suspension and poured 

into 7-mm wells embedded in the medium. The 

ampicillin (as a gram-positive bacterium) and gentamicin 

(as a gram-negative bacterium) were regarded as a 

positive control and 4% dimethyl sulfoxide (DMSO) as a 

negative control. The samples were incubated at 35°C for 

24 h, and the ZOI diameter was measured in millimeters 

[11, 13 and 14]. 

The minimum inhibitory concentration (MIC) and the 

minimum bactericidal concentration (MBC) were 

determined by the microdilution method. Initially, the 

main stocks of AgNPs and Fe3O4 NPs were prepared; 1 

mg of NPs was added to 10 ml of normal saline and 

sonicated at 40 kHz for half an hour (equivalent to 100 

μg ml-1). Subsequently, the serial dilutions were created 

in different tubes as 2.5, 5, 10, 20, 40 and 80 μg ml-1, 

respectively. After adding 20 μl of the pre-prepared 

bacterial suspension and 1 ml of the Tryptic Soy Broth 

(TSB) medium to each tube, the incubation was 

performed at 35°C for 24 h. The positive control was a 

medium without AgNPs or Fe3O4 NPs and with bacteria, 

as well as the negative control was a medium with 

AgNPs or Fe3O4 NPs and without bacteria. The lowest 

concentration of the nanoparticle suspension without 

turbidity was considered the MIC value. The MIC 

dilutions of 10 μl or more were cultured onto the TSB 

medium and incubated at 35°C for 24 h. The lowest 

concentration capable of decreasing the bacterial growth 

by 99.99% exhibited the MBC value [11, 13, 15]. 

 

 

The collected data were analyzed by the SPSS Version 

20 software. One-way analysis of variance (ANOVA)  

test was conducted to assess the fabrication of AgNPs 

and Fe3O4 NPs and their antimicrobial activity. The mean 

comparison was performed by Duncan's test at a 

significance level of 5%. All data were reported as the 

mean ± standard deviation (SD), and analyses were 

conducted in triplicate. 

RESULTS AND DISCUSSION 

The produced NPs were confirmed by two methods of 

spectrophotometry and SEM imaging. The maximum 

OD values for AgNPs and Fe3O4 NPs were determined at 

420 and 215 nm, respectively, confirming the production 

of NPs. AgNPs and Fe3O4 NPs were produced using the 

Erodium cicutarium plant extract, and the highest 

wavelengths were read at 420 and 230 nm, respectively, 

being consistent with our study results.  

Fe3O4 NPs were fabricated with uniform dispersion in F. 

solani, and achieved the greatest OD values at 250-350 

nm [4]. According to our study, it was the highest 

wavelength for AgNPs at 430 nm [11]. In addition, a 

wavelength of 420 nm was observed for AgNPs 

produced in marine bacteria [16]. The highest OD value 

read for Fe3O4 NPs was 220 nm in one study conducted 

by Ghani et al., being in line with the current study 

results [17]. 

According to the SEM images, the produced AgNPs 

exhibited a uniform spherical morphology; however, 

other shapes were also observed sporadically. The mean 

size was 27.5-58.3 nm for AgNPs, with 80% in this 

range (Figure 1a). The produced Fe3O4 NPs were in 

spherical and cubic shapes, as well as in other irregular 

shapes sporadically. Some produced particles were 

accumulated in the microscopic view; however, there 

was no direct contact between the particles due to their 

relative stability. The produced nanoparticle stability was 

due to the production of secondary metabolites 

originating from the bacterial protein coating the 

nanoparticles. The mean size was 55.3-84.2 nm for 

Fe3O4 NPs (Figure 1b). Some researchers provided 

reports suggesting similar results, and the particle size 

was less than 100 nm, and the produced NPs had 
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different ranges depending on the used microbial strains. 

The particle shapes in these  

 

studies were mostly spherical to cubic forms [4, 16-17]. 

 

 

 
 

 

 

 

 

 

Figure1. SEM images of (a) silver NPs, and (b) iron oxide NPs synthesized by Fusarium solani 

 

Figure 2 presents the X-ray diffraction (XRD) pattern of 

the prepared samples. Analysis of the XRD results of 

AgNPs synthesized by Fusarium solani confirmed the 

crystalline nature of AgNPs and demonstrated some 

characteristic peaks at 28.53°, 32.03°, 40.83°, and 45.58° 

two theta (2θ) values corresponding to (210), (113), 

(141), and (124) plans of silver NPs, respectively [16]. 

As Figure 2b shows, the four main peaks observed for 

the orthorhombic phase of Fe3O4 NPs synthesized by 

Fusarium solani at 31.78°, 38.33°, 45.63°, and 56.63° 2θ 

values corresponding to (220), (311), (400), and (511) 

plans of Fe3O4 NPs, respectively [12]. Thus, iron oxide 

and silver nanoparticles with well-defined dimensions 

could be synthesized by reduction of metal ions due to 

the fungal extract of Fusarium solani. 

 

 

Figure 2. XRD pattern of (a) silver NPs, and (b) iron oxide NPs synthesized by Fusarium solani. 

Figure 3a (dashed line) depicts the Fourier-transform 

infrared (FTIR) spectra of synthesized silver NPs. FTIR 

measurement was performed to identify possible 

biomolecules of the Fusarium solani fungal extract 

responsible for the formation and stabilization of silver 

NPs. It was used to identify the characteristic functional 

groups involved in the formation of AgNPs. The FTIR 

spectral peaks appeared near 3462.79 cm−1 assigned to 

the hydroxyl (–O-H) and amine (–N-H) stretching due to 

the presence of amines and water [13]. Peaks at 2925.88 

cm−1 are due to vibrations of the C-H stretching of 

alkanes associated with flavonoid molecules. The 

absorption peak at 1637.46 cm-1 can be assigned to the 

C–O-H carboxylic group stretching in carboxylate. A 

peak at 1082.47 cm−1 is due to vibrations of the C-O 

stretching of alcoholic groups. The peak near 1000 cm−1 

was assigned to C=CH2, and the peaks at 619.44 cm−1 

and 525.99 cm−1 were attributed to the CH out of plane 

bending vibrations, which were substituted ethylene 

systems –CH=CH [15]. Therefore, the bioreduction of 

silver (I) into Ag NPs may be attributed to the presence 

of phenols, flavonoids, amino groups, alkanes, and 

alkenes present in Fusarium solani. 
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Figure 3. FTIR spectra of (a) silver NPs, and (b) iron oxide NPs synthesized by Fusarium solani. 

Figure 3b presents the FTIR spectra of synthesized iron 

oxide NPs using Fusarium solani. Peaks at 3399.01 cm-1 

are assigned to the O-H stretching of alcohols and 

phenols. A peak near 2929.56 cm-1 indicates the presence 

of CH stretching groups. The absorption peak at 1638.46 

cm-1 can be assigned to the C–O-H carboxylic group 

stretching in carboxylate. In addition, the peak near 

1405.72 cm-1 may be assigned to the presence of 

carboxylate ions (COO-), being responsible for the 

formation of iron oxide NPs. The formation of Fe3O4 

NPs is characterized by the absorption band near 539.43 

cm-1 corresponding to the Fe–O bond [12]. 

 

 

 

Evaluation of antibacterial activity 

Measurement of the ZOI diameter  

Table 1 shows the results of the analysis of antimicrobial 

effects by the agar well diffusion method for AgNPs 

produced by F. solani. As Table 1 shows, there is a 

significant difference in antimicrobial effects between 

the selected antibiotics and AgNP (P <0.05).  

Among the studied bacteria, S. aureus and P. aeruginosa 

were the most sensitive and resistant bacteria, 

respectively. Overall, gram-positive bacteria were more 

sensitive to antimicrobials than gram-negative bacteria 

were; this can be attributed to the existence of 

lipopolysaccharide and lipid layers in the structure of the 

gram-negative bacterial cell wall; this is not always true, 

and gram-positive bacteria can also be more resistant in 

some cases. 
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Table 1. Inhibitory effects of silver nanoparticles synthesized with Fusarium solani cell mass on the indicator bacteria using agar well diffusion 

method 

Bacteria 50 μl 100 μl Ampicillin Gentamicin Silver nitrate 

Staphylococcus aureus 17±0.1cA 23±0.1bA 30±0.5a - 10±0.2dA 

Bacillus cereus 10±0.2cBC 13±0.4bB 26±0.2a - 10±0.1dA 

Pseudomonas aeruginosa 7±0.2cD 10±0.3bBC - 18.5±0.3a 7±0.2cAB 

Escherichia coli 11±0.3cBC 13±0.2bCD - 24±0.2a 9±0.1dA 

Different capital and lowercase letters in each row and column show a significant difference in the data (P<0.05) 

 
Table 2 shows the antimicrobial test results exploiting 

the agar well diffusion method for Fe3O4 NPs produced 

by F. solani. There was a significant difference in the 

antimicrobial effects between the selected antibiotics and 

Fe3O4 NPs (P<0.05). Among the tested bacteria, S. 

aureus and P. aeruginosa were the most sensitive and 

resistant bacteria, respectively. Based on the findings, the 

antimicrobial effects of AgNPs were stronger than those 

of Fe3O4 NPs. The silver nitrate is currently employed as 

a common antimicrobial agent, since it has bacteriostatic 

and bactericidal activity on most pathogenic and 

indicator bacteria. The antimicrobial potential of AgNPs 

fabricated from silver is increased owing to its very high 

reactivity and higher contact surface. Normally, iron 

oxide has no antimicrobial effect, but in the form of 

nanoparticles, it can achieve antimicrobial properties and 

inhibit the further growth of indicator bacteria. Hence, 

higher activity of AgNPs in bacterial growth inhibition is 

due to the intrinsic antimicrobial capacity of silver metal, 

which doubles after converting into NPs [18-21]. 

Table 2. Inhibitory effects of iron oxide nanoparticles synthesized by Fusarium solani cell mass on the indicator bacteria using agar well diffusion 

method 

Bacteria 50 μl 100 μl Ampicillin Gentamicin Iron oxide 

Staphylococcus aureus 12±0.3cB 15±0.2bB 30±0.5a - 0 

Bacillus cereus 10±0.3cB 12.5±0.2bCD 26±0.2a - 0 

Pseudomonas aeruginosa 7±0.1cD 10±0.4bE - 18.5±0.3a 0 

Escherichia coli 9±0.3cBC 12.5±0.2bCD - 24±0.2a 0 

Different capital and lowercase letters in each row and column show a significant difference in the data (P<0.05) 

 
Determination of MIC and MBC values  

Tables 3 and 4 show the MIC and MBC values obtained 

for AgNPs and Fe3O4 NPs against indicator bacteria. The 

results indicated the highest and lowest MIC values of 

AgNPs for S. aureus and P. aeruginosa as 10 and 40 μg 

ml-1, respectively. Furthermore, the MBC values of 

AgNPs for these two bacteria were 20 and 80 μg ml-1, 

respectively; this, similar to the results of the agar well 

diffusion method, demonstrated the high resistance of P. 

aeruginosa and the sensitivity of S. aureus to the 

concentrations of AgNPs used. The results revealed that 

the bacteriostatic and bactericidal effects of Fe3O4 NPs 

on indicator bacteria were weaker than those of AgNPs, 

so that the MIC of 20 μg ml-1 was detected for B. cereus 

and S. aureus as well as 40 μg ml-1 for P. aeruginosa and 

E. coli, with the MBC values of 80 and 40 μg ml-1, 

respectively. 

Table 3. Results of the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of silver nanoparticles 

produced by Fusarium solani against indicator bacteria using the microdilution method 

Bacteria MIC (μg ml
-1

) MBC (μg ml
-1

) 

Staphylococcus aureus 10 20 

Bacillus cereus 20 40 

Pseudomonas aeruginosa 40 80 

Escherichia coli 20 40 

 

 

 



M. Sasani et al / Journal of Chemical Health Risks 13(1) (2023) 95-104 

101 
 

Table 4. Results of the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of iron oxide nanoparticles 

produced by Fusarium solani against indicator bacteria using the microdilution method 

Bacteria MIC (μg ml
-1

) MBC (μg ml
-1

) 

Staphylococcus aureus 20 40 

Bacillus cereus 20 40 

Pseudomonas aeruginosa 40 80 

Escherichia coli 40 80 

 
It was reported that the MIC values of Fe3O4 NPs and 

AgNPs produced in the Cicutarium erodium plant extract 

against S. aureus and E. coli were 399.53 and 397.38 μg 

ml-1, respectively. They found that the antibacterial 

activity of Fe3O4 NPs was slightly greater than that of 

AgNPs. The MIC value of NPs produced in the plant was 

much higher than that of our study [12].  AgNPs 

synthesized from Fusarium have antimicrobial potential 

and affect the growth of Candida albicans, E. coli, 

Candida krusei, S. aureus and Aspergillus flavus [10]. 

The effects of AgNPs produced in the present study were 

stronger than those of the above study, so that the 

diameter of ZOI was more evident in S. aureus and E. 

coli. Begam (2016) found that 30 μl of AgNPs had more 

antibacterial effects than 15 μl of AgNPs, with 

Salmonella typhimurium being the most sensitive 

bacterium (with the ZOI diameter of 15 mm) and 

Klebsiella pneumoniae being the most resistant 

bacterium [16]. 

Higher antimicrobial effects of NP iron nitrate were 

observed; however, no antimicrobial activity was noticed 

for iron nitrate alone; further, P. aeruginosa and E. coli 

had more sensitivity than bacterial strains, according to 

the current study [17]. The MIC and MBC test results 

were the same as the findings of the ZOI test, with the 

values of 0.015 and 0.008 mg L-1 against P. aeruginosa 

and E. coli, respectively, but 0.031 mg L-1 against B. 

cereus and S. aureus, being inconsistent with our results. 

ZOI test results were reported for the Fe3O4 NPs 

fabricated by Alternaria similar to our study, so that P. 

aeruginosa was the most resistant bacterium, and B. 

cereus was the most sensitive bacterium [11]. It was 

reported that the antibacterial and antitumor properties of 

AgNPs synthesized from F. oxysporum, and found that 

80 μl of AgNPs had inhibitory effects against E. coli and  

 

S. aureus [9]; however, the results were much weaker 

than those of the present study (at both 50 and 100 μl 

concentrations). In general, smaller AgNPs exhibited 

greater inhibitory effects due to higher contact surface, 

and gram-positive bacteria were more sensitive than 

gram-negative bacteria [22-30].  Recently, it has been 

reported that AgNPs synthesized from Aspergillus have 

inhibitory effects on methicillin-resistant Staphylococcus 

aureus [25]. Due to the high contact surface, the 

antibacterial effects of AgNPs were higher than those of 

pure silver ions [31-40]. It has been found that the 

combination of AgNPs and some antibiotics significantly 

increases antibacterial effects [25].  

CONCLUSIONS 

According to the present study results, Fusarium solani 

could prepare both iron oxide and silver nanoparticles, 

with the maximum wavelengths ranging from 215 to 420 

nm, respectively. The scanning electron microscope 

images displayed a smaller size and a spherical shape for 

silver nanoparticles, but exhibited larger size and 

spherical to cubic shapes for iron oxide nanoparticles. 

Overall, silver nanoparticles showed better antibacterial 

activity than iron oxide nanoparticles did. 

Staphylococcus aureus and Pseudomonas aeruginosa 

were the most sensitive and resistant bacteria, 

respectively. In this work, Escherichia coli and Bacillus 

cereus were intermediate. The antimicrobial properties of 

these nanoparticles suggest that iron oxide and silver NPs 

can act as bio-alternatives and eco-friendly agents to 

reduce microbial contaminants, especially indicator 

bacteria in water to promote the health and food safety of 

different societies.  
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