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Abstract  

The biosynthesis of nanoparticle-mediated pigments has been widely used as an antimicrobial 

agent against microorganisms.In order to study the effect of ferric oxide (Fe2O3) nanoparticles on 

Candida albicans, they were biosynthesized by using pyocyanin pigment produced from 

Pseudomonas aeruginosa. Fe2O3NPs were characterized by using atomic force microscopy 

(AFM), Fourier transform-infrared spectroscopy (FTIR), Field Emission Scanning Electron 

Microscope (FE-SEM), Energy Dispersive X-ray Spectroscopy (EDX), and UV-Visible 

spectroscopy. From December 2022 to July 2023, a total of 48 samples of C. albicans were 

collected from burns, wounds, and urine from private labs and Al-Kindy hospital; only 19 were 

identified as C. albicans isolates according to the cultural and morphological characteristics and 

VITEK-2 system. For the antimicrobial effect, they were cultured on Mueller Hinton agar using 

the agar well diffusion method.The results provided evidence that the diameter of the inhibition 

zone was directly proportional to the concentration; at 0.1 μg/ml, the diameter of the inhibition 

zone was 30 mm, while at 0.0125 μg/ml, the diameter was 14 mm.The study confirms the 

concentration-dependent antifungal effect of Fe2O3 nanoparticles synthesized by biological 

methods, suggesting potential applications in antifungal therapy. 

Keywords: Ferric oxide, nanoparticles, Candida albicans, pyocyanin, biosynthesis, 

Pseudomonas aeruginosa 

 

1. Introduction 

Nanotechnology encompasses the scientific, technical, and technological activities that occur 

at the nanoscale. A wide range of scientific fields, from chemistry and biology to physics and 

materials science to engineering, can benefit from it. Nanoparticles (NPs) are substances 

characterized by having two or more dimensions, often with a diameter falling within the range 

of 1-100 nm (1). Ex vivo (out of the living) synthesis of NPs is becoming increasingly popular 

for various uses, including medical treatments, industrial production and incorporation into 

materials such as cosmetics or clothing. Increased reactivity and possible biochemical activities 
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result from the high surface-to-volume ratio of NPs. However, the underlying chemical 

mechanisms of how NPs interact with biological systems are mainly undiscovered (2). 

Antifungals are used as a treatment for invasive candidiasis. Nevertheless, prolonged or 

exaggerated use of these medications caused the development of resistant organisms and 

treatment failure, which is why it is crucial to identify alternative antifungal medicines with 

fewer adverse effects (3). 

Part of  hospital-acquired infections are caused by the genus Candida, which is a yeast that can 

cause opportunistic infections in immunocompromised hosts like those with HIV/AIDS, cancer, 

major surgery, and transplant recipients on immunosuppressive therapy; over 90% of invasive 

candidiasis infections are caused by Candida albicans and non-albicans C. spp., including C. 

lusitaniae, C. krusei, C. tropicalis, C. glabrata, and C. parapsilosis(3). C.albicans are 

considered a normal flora in humans and reside in the alimentary canal, respiratory tract, and 

female genital system, as well as on the skin (4). 

 

2.  Materials and Methods 

2.1 Isolation and Identification of Candida albicans 

Samples from wounds, burns, and urinary tract infections were obtained from patients in private 

labs and Al-Kindy hospital, then were cultured on chromogenic agar for detection and 

identification of C.albicans. The duration of the trial was from December 2022 to July 2023. 

2.2 Morphology Characteristics 

Yeast cells were stained with Gram stain or lactophenol cotton blue and examined under the 

microscope to determine the identity of Candida species and other yeast colonies grown on UTI 

chromogenic agar (Figure 1). 

 
Figure 1. Candida on Chrom agar 

 

2.3 Identification by VITEK -2 system 

Candida albicans was identified, sensitivity was tested, and colonies were counted using the 

Vitek-2 technique. Solutions were prepared, samples were incubated before application, cards 

were sealed and incubated, the optical system was adjusted, test reactions were applied, and 

analytical techniques were used per the company's regular manufacturing guidelines (5). 
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2.4 Preparation of Ferric Oxide Nanoparticles (Fe2O3 NPs) 

The first step in nanoparticle preparation is preparing a flask that contains 150 ml of chloroform 

containing pyocyanin and 15 g of ferric chloride. The flasks were placed intermittently in a 

sonicator (every 30 sec.) for 15 minutes, then placed in a shaker for 48 hours. After 48 hours of 

shaking, both of the solutions in each flask were poured into plain tubes, about 5 ml in each tube, 

The tubes were placed in a centrifuge for 5000 rpm for minute, washed with DDW, and placed 

again in the centrifuge for 5000 rpm/10 minute then washed and centrifuged again. The solution 

was placed in a petri dish and left to dry in an incubator(6). 

2.5 Characterization techniques 

1. Atomic force microscopy (AFM) analysis (Angstrom advanced, USA) 

2. FTIR (Fourier Transform Infrared Spectroscopy) (SHIMADZU, Japan) 

3. Field Emission Scanning Electron Microscope (FESEM) (Tescan Netherlands) 

4. Energy-dispersive X-ray spectroscopy (Panalytical, Almelo, Netherlands), 

5. UV–VIS spectral analysis pyocyanin (SHIMADZU, Japan) 

2.6 Antimicrobial activity of prepared nanoparticles 

The antimicrobial efficacy of Fe2O3NPs was examined using agar well diffusion method to 

determine the minimum inhibition concentration of Fe2O3 nanoparticles for the test 

microorganism(7), a stock solution was prepared of 1 gram of Fe2O3NPs then dilute the stock 

solution 1:10 to obtain a concentration of 0.1 CFU/mL, dilute the 0.1 CFU/mL solution 1:2 to 

obtain a concentration of 0.05 CFU/mL, dilute the 0.05 CFU/mL solution 1:2 to obtain a 

concentration of 0.025 CFU/mL, dilute the 0.025 CFU/mL solution 1:1.4 to obtain a 

concentration of 0.014 CFU/mL and finally dilute the 0.014 CFU/mL solution 1:1.25 to obtain a 

concentration of 0.0125. Muller- Hinton agar medium (25mL) was sterilized, cooled, and then 

the liquid was carefully transferred into sterilized Petri plates and afterwards left undisturbed to 

harden at the room temperature. Sterile cotton swabs were used to transfer and spread the 

overnight growth of test microorganisms onto the agar medium according to McFarland (1.5*10
8
 

CFU/ml). Wells were made in agar by using cork borer and filled with various concentrations 

test (0.1,0.05, 0.025, 0.014, and 0.0125 μg /ml) of Fe2O3 nanoparticles CFU/mL.as well as using 

control of ferric oxide, Placed in incubator for 24hr at 37 C°. 

 

3.  Results  

3.1 Morphological tests result 

Morphologically, the hyphae were constricted at regular intervals, giving them the appearance of 

sausage links, and budding yeast forms (blastoconidia) were commonly seen. The yeast was 

germ tube positive as evidenced by the development of a cylindrical filament from the 

blastoconidium without constriction at the location of origin and without apparent swelling along 

the length of the filaments (8). 

3.2 Identification by  Vitek-2 system  

Isolates were confirmed as being Candida albicans by using Vitek-2 system as the Figure (2).  
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Figure 2. Identification of Candida albicans by Vitek-2 system 

 

3.3 Characterisitcs of nanoparticles  

3.3.1 Atomic force microscopy (AFM) analysis 

Atomic force microscopy (AFM) was used to determine the size and surface morphology of 

ferric oxide NPs nanoparticles, testing the contact forces between the tip and surface (9). Figures 

(3) and (4). illustrates two and three dimensional AFM of ferric oxide NPs which were all the 

same shape and size. Also, the average size of biosynthesized Ferric oxide NPS by pyocyanin 

according to Table (1) was 39.26 nm. 

 

Table 1. The Cumulation size of Ferric Oxide Nanoparticles Biosynthesized by pyocyanin by AFM technique. 

Avg.Diameter:39.26 nm <=10% Diameter: 18:00 nm 

<=50% Diameter:36.00 nm <=90% Diameter: 60:00 nm 
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Figure 3. The biosynthesized Ferric oxide NPs (A)(B) 2D and 3D AFM of ferric oxide NPs. 

 

 
Figure 4. Chart Granularity Distribution of ferric oxide NPs 

 

The result is in correlation with (1) AFM result which showed that the average Ferric oxide  

nanoparticles size was in a range from 20-40 nm. 

3.3.2 Fourier Transform Infrared Spectroscopy (FTIR) 

The bond vibration frequencies can be calculated using FTIR spectrographic investigation. In 

addition, the synthesized Fe2O3 nanoparticles' infrared-optimized band value was supported by 

the chemical functional group of Fe2O3 nanoparticles. The existence of Fe2O3 bonding was 

verified by FTIR as in Table (2). 
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Table 2. FTIR of Fe2O3 nanoparticles 

Type of compound 
Frequency of Absorption 

(cm
-1

 
Bonds 

Compound class of 

Functional Groups 

 

 

 

Pyocyanin 

3421.48-3406.05 O-H stretching Alcohol 

2954.74-2854.45 

 

O-H stretching (strong 

broad), 

O-H stretching (weak 

broad), 

N-H stretching, 

C-H stretching 

Carboxylic acid, alcohol, 

amine salt, 

alkane 

1110.92-1033.77 C-F stretching Fluoro compound 

 

 

 

 

 

 

Pyocyanin +Ferric sulphate 

3433.06 O-H stretching alcohol 

2925.81-2854.45 

O-H stretching 

 

N-H stretching 

C-H stretching 

O-H stretching 

carboxylic group, 

alcohol 

amine salt 

alkane 

intramolecular bonded 

1629.74 

C=C stretching 

 

N-H bending 

cyclic alkane, conjugated 

alkene 

amine 

1490.87-1433.01 C-H bending alkane 

1083.92-1029.92 

C-F stretching 

C-N stretching 

 

fluoro compound 

amine salt 

 

536.17-426.24  Metal oxide 

 

 

 

Ferric sulphate 

3390.63-3367.48   

1677.95-1649.02 
C-H bending 

C=N stretching 

aromatic compound 

imine \oxime 

1091.63 

 

C-O stretching 

 

C-N stretching 

C-F stretching 

aliphatic ether, 

secondary alcohol 

amine 

fluoro compound 

671.18-526.53 C-Br stretching halo compound 

 

 

 

Fe2O3 NPs 

3541.06-3253.69 O-H stretching alcohol 

1650.95-1622.02 
*C-H bending, 

C=C stretching 

Aromatic compound, 

conjugated alkene 

1103.21 

C-O stretching, 

 

C-F stretching, 

C-N stretching 

Aliphatic ether, 

secondary alcohol Fluoro 

compound, amine 

613.32 C-Br stretching *halo compound 

 

3.3.3 Field Emission Scanning Electron Microscope (FESEM) 

The FE-SEM image in Figure (5) reveals that ferric oxide NPs are both uniformly distributed 

and almost perfectly spherical in shape. The average particle size is about 38.01 nm, and there 

are some NPs that have a hexagonal form. 
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Figure 5. Field emission scanning electron microscopy images of Ferric Oxide NPs. 

 

The result is in line with study which (10)  revealed that the biosynthesized ferric oxide NPs had 

spherical shape and showed less aggregation of particles with diameters about 20-60 nm. 

3.3.4 Energy-dispersive X-ray spectroscopy 

The EDX plot of the SEM images used to determine the elemental composition of the Fe2O3NPs 

is depicted in Figure (6). High purity for the synthesized ferric oxide NPs was verified by the 

EDX spectra, which show that the necessary phases of Fe and O are present in the samples, as 

shown in Table (3). 

 

Table 3. Elemental composition of the Fe2O3 NPs. 

Element Atomic % Atomic % Error Weight % Weight % Error 

C 21.7 0.4 15.7 0.3 

O 72.4 0.5 69.7 0.5 

S 3.8 0.0 7.3 0.1 

Fe 2.2 0.0 7.3 0.1 

 

 
Figure 6. Diagram of elements analysis of Fe2O3 nanoparticles by using Energy-dispersive X-ray spectroscopy. 
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3.3.5 UV–VIS spectral analysis Ferric oxide 

The biosynthesis Fe2O3 is characterized by scanning with UV-visible spectrophotometer 

(Shimadzu, Japan) to detect the maximum absorption. The result showed that biosynthesized 

Fe2O3NPs exhibited a maximum absorption peak at 250 nm as shown in Figure (7). 

 

 
Figure 7. using the UV–Vis spectrophotometter for detecting the maximum absorption of Ferric oxide 

nanoparticles. 

 

The absorption spectra at 370 nm indicate the formation of ferric oxide nanoparticle (11).The 

outcome was similar to a study by (12),which demonstrated that the Iron oxide NPs show 

absorbance 330-450 nm. Additionally, consistent with (13) investigation, which recorded that 

UV absorption band is observed in the region 330–450 nm 

3.3.6 Determination of highest resistance isolates 

The selection of the multi-drug resistant isolate was based on the outcomes obtained from the 

VITEK-2 system. The findings indicated that a significant proportion of isolates (85%) exhibited 

multidrug resistance, demonstrating resistance to a minimum of three distinct categories of the 

antibiotics that were tested.. 

3.4 Efficiency of nanoparticles against Candida albicans 

Ferric oxide nanoparticles have exhibited antibacterial properties against Candida albicans.The 

impact of various concentrations (0.1, 0.05, 0.025, 0.014, 0.0125 μg/ml) of Fe2O3NPs on fungal 

cell viability was examined using Muller Hinton agar. The findings revealed that there is an 

inverse relationship between the concentration and the inhibition zone as shown in Figure (8) 

and Table (4). The higher the concentration, the greater the inhibtion. The strongest inhibition 

zone was about 30mm at 0.1 μg/ml while the weakest inhibition zone was 14 mm at 0.014 μg/ml 

(Figure 9). 

The results were in excellent agreement with previous studies demonstrating the minimum 

inhibitory concentration of Fe2O3NPs (14). 

The utilization of green-synthesized ferric oxide nanoparticles exhibits promising promise as an 

antibacterial agent for the treatment of bacterial-induced illnesses. The utilization of green 

synthesis presents some notable benefits in comparison to alternative methodologies. The 

approach employed in this study is environmentally sustainable and offers compatibility with 

biological systems in several fields, such as pharmaceuticals, biomedicine, and cosmetics, as it 
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avoids the use of hazardous chemicals during the synthesis process. The cost-effectiveness of 

green synthesis has also been demonstrated. 

 

 
Figure 8. The relationship between concentrations and inhibition of Fe2O3NP 

 

Table 4. The statistical analysis for this study 

Dependent variable correlation  

Equation R Square F dfI df2 Sig. constant B1 

linear 0.644 5.419 1 3 0.102 7.325 264.897 

logarithmic 0.816 13.292 1 3 0.036 61.812 12.420 

 

 
Figure 9. The inhibition zones of ferric oxide nanoparticles on Candida albicans growing on nutrient agar. 

 

4. Discussion 

This study demonstrated that biosynthesized ferric oxide (Fe2O3) nanoparticles exhibit potent 

antifungal activity against Candida albicans, with a clear concentration-dependent relationship 

between nanoparticle dosage and inhibition zone size. The highest inhibitory effect was observed 

at 0.1 μg/mL, while lower concentrations showed progressively reduced zones of inhibition. 

These findings support the potential of Fe2O3 NPs as a viable alternative to traditional antifungal 

agents, particularly against resistant C. albicans strains. 
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The antimicrobial effect of ferric oxide nanoparticles may be attributed to their small size and 

large surface area, which facilitate easier penetration of microbial cell walls (15, 16). Once inside 

the cells, they may cause oxidative stress, disrupt membrane integrity, or interfere with essential 

intracellular pathways (17, 18). These mechanisms have been reported in other studies 

investigating metal oxide nanoparticles, which similarly confirmed size- and shape-dependent 

antimicrobial properties (10, 14, 19). 

A significant strength of this study is the green synthesis approach using pyocyanin pigment, 

which avoids toxic chemicals and enhances biocompatibility. This synthesis method is 

environmentally friendly and cost-effective, making it suitable for large-scale application in 

biomedical fields (20, 21). 

However, the study has certain limitations, such as the absence of in vivo validation, the lack of 

long-term toxicity data, and reliance on a single fungal species. Moreover, while the VITEK-2 

system provided a robust profile of resistance patterns, broader antifungal panels and clinical 

correlation would strengthen the findings. 

Comparative analysis with previous research revealed consistent results in terms of nanoparticle 

size, morphology, and UV-Vis absorbance, supporting the reproducibility of the synthesis 

method. The antifungal effectiveness aligns with studies on other metal-based nanoparticles like 

ZnO and CuO, though Fe2O3 offers a safer toxicity profile (22, 23, 24, 25). 

In conclusion, biosynthesized Fe2O3 nanoparticles represent a promising antifungal candidate, 

especially for drug-resistant fungal infections. Future research should explore in vivo efficacy, 

optimize delivery methods, and assess long-term safety to facilitate clinical translation. 

 

5. Conclusion 

     The use of ferric oxide nanoparticles has demonstrated significant antifungal properties 

against C.albicans, suggesting their potential as a novel therapeutic approach. The pyocyanin 

serves as a valubale and effecctive tool in producing nanoparticles with potential application in 

various field. 
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