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ackground: Antimicrobial resistance (AMR) has emerged as a significant and pressing public health 

concern, posing serious challenges to effectively preventing and treating persistent diseases. 

Developing new antibiotics with different mechanisms of action is crucial to effectively address 

challenges in treating infections. A lot of work has already been done on mono-metallic nanoparticles to 

address the issue.  

Methods: This study aimed to synthesize multi-metallic iron, silver, and chitosan-embedded nanoparticles 

using a green approach. Iron, silver, chitosan nanoparticles, and a composite of iron–silver–chitosan was also 

synthesized. The synthesized nanoparticles and composites were characterized through X-ray diffraction 

(XRD), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), and Fourier 

Transform Infrared Spectroscopy (FTIR) to evaluate their structural parameters. Their antimicrobial efficacy 

was investigated through MIC (minimum inhibitory concentration), MBC (minimum bactericidal 

concentration), and well-disk diffusion assays against Pseudomonas aeruginosa, Acinetobacter baumannii, 

Staphylococcus aureus,  Staphylococcus epidermidis and Candida albicans.  

Results: The size of the Cu-NPs, Cu-Ag NPs, and Cu-Ag-CS NPs were found to be in the range of 32-40 nm 

size with a spherical shape. The nanocomposites' MIC and MBC were calculated to be 125 μg/mL and 500 

μg/mL, respectively. The nanocomposites exhibited a range of clear inhibition zones, with a minimum 

diameter of 12 ± 0.5 mm and a maximum diameter of 22 ± 0.5 mm.   

Conclusion: The iron–silver–chitosan nanocomposite has been shown to have significant antimicrobial 

effects in the laboratory environment compared to other nanoparticles hence can be applied as potential 

biomedical/biological candidates in future. 
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Introduction 

Antimicrobial Resistance (AMR) is a global threat 

where microorganisms adapt and grow in the presence 

of medications, rendering them ineffective. This poses 

serious challenges to public health systems worldwide. 

Infections with AMR lead to severe illnesses, longer 

hospital stays, increased healthcare costs, and 

treatment failures [1]. Europe spends over nine billion 

euros annually on AMR-related expenses, and the 

United States incurs an additional 20 billion dollars in 

healthcare costs and a productivity loss of around 35 

billion dollars per year [2-4]. Bacterial and fungal 

infections have posed significant challenges to human 

health for centuries and are the leading cause of human 

mortality. The future of healthcare is uncertain as 

infectious diseases become untreatable with 

antibiotics.  Antibiotics have played a crucial role in 

controlling infectious diseases and reducing mortality 

rates [5]. However, the use of antibiotics, whether 

bactericidal or bacteriostatic, has exerted selective 

pressure on bacteria, leading to the development of 

drug resistance in certain pathogens [6-8]. 

Unfortunately, the development of new antibiotics is 

slow, and the existing ones have limitations, 

contributing to the rise of drug resistance and the 

emergence of new multidrug-resistant species [9]. In 

many cases, the resistant bacteria become resistant to 

multiple drugs, making patients more vulnerable to 

infections and resulting in prolonged suffering. 

Therefore, the development of novel antibiotics with 

various mechanisms of action is essential to address 

these challenges. 

Currently, there is a growing focus on developing 

effective chemical treatments and probiotic therapies 

for microbial diseases. In addition to these approaches, 

extensive research has been conducted on the use of 

metal nanoparticles in disease treatment, yielding 

promising outcomes [10,11]. Various types of 

nanoparticles, including silver, copper, iron, graphene, 

zinc oxide, and polymer nanoparticles such as chitosan, 

have been studied in this regard [12-14]. Moreover, 

alloy and silver nanoparticles, iodine, and copper-

based materials have also been investigated for their 

potential effects on various microorganisms [15-17]. 

The antimicrobial properties of iron have been 

studied. Ismail's study in 2015 revealed that magnetic 

iron oxide nanoparticles effectively hindered the 

growth of both Gram-positive bacteria (specifically 

Staphylococcus aureus) and Gram-negative bacteria 

(including Escherichia coli, Pseudomonas aeruginosa, 

and Serratia marcescens) [18]. Similarly, Pal in 2014 

demonstrated the toxic effects of iron oxide 

nanoparticles on Bacillus subtilis and Escherichia coli 
[19]. Pal's research indicated that modifying the 

nanoparticle surface with chitosan reduced its toxicity 

[19]. In a separate study conducted by Mohan in 2019, a 

comparison was made between iron oxide 

nanoparticles synthesized through biological and 

chemical methods [20]. Silver nanoparticles, often 

referred to as silver, predominantly consist of silver 

oxide because of a high proportion of silver atoms on 

the surface compared to bulk. Subject to the desired 

application, various forms of nanoparticles can be 

produced, with spherical silver nanoparticles being 

commonly employed. These silver nanoparticles have 

demonstrated significant antibacterial characteristics 

against both Gram-positive and Gram-negative 

bacteria [21,22], and fungi such as Candida albicans 

[23]. Chitosan nanocomposites have shown promise as 

antimicrobial agents. Chitosan, a biopolymer derived 

from chitin, possesses inherent antimicrobial 

properties due to its cationic nature. When 

incorporated into nanocomposites, chitosan can 

enhance its antimicrobial activity and expand its 

applications [12,24]. Chitosan nanocomposites can be 

prepared by incorporating various antimicrobial agents, 

such as metal nanoparticles (e.g., silver, copper), metal 

oxides (e.g., zinc oxide), or other organic antimicrobial 

agents [12,25,26]. These agents can be dispersed within 

the chitosan matrix or deposited onto its surface, 

resulting in enhanced antimicrobial properties. The 

antimicrobial activity of chitosan nanocomposites is 

attributed to multiple mechanisms. The cationic amino 

groups of chitosan interact with the anionic microbial 

cell membranes, resulting in the membrane disruption 

and leakage of intracellular components [14]. Hence, 

the development of novel antibiotics with alternative 

mechanisms of action holds the potential to address 

these challenges effectively. In the broader context, 

iron, silver, and chitosan nanoparticles have 

demonstrated significant biological activities, offering 

promising applications in medicine and biotechnology. 

Exploring the biological properties of these 

nanoparticles is crucial for advancing the development 

of innovative therapeutic approaches for the treatment 

of bacterial and fungal infections, cancer, and other 

diseases. 

Most of the study is being carried out using 

monometallic nanoparticles and their use in biological 

efficacy. Hence, considering the importance of the 

subject, this study aimed to synthesize some green 

multi-metallic novel nanoparticles that can offer cost-

effectiveness and high-performance biological 

efficacies. We synthesized chitosan-embedded iron and 

copper nanoparticles, and their structural parameters 

were evaluated using various techniques such as SEM, 

XRD, EDX, and FTIR. Furthermore, the biological 

applications of the characterized nanocomposites, 

including their antibacterial, and antifungal activities, 
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were investigated to evaluate the efficacy for biological 

applications. 

Methods 

Synthesis of Iron NPs 

Iron nanoparticles were prepared by the chemical 

precipitation of Fe (II) and Fe (III) ions through urea for 

which 0.02M solution of FeCl2.4H2O (99%) and 0.05% 

FeCl3.6H2O (99%) solution were made in distilled water 

to main the 1:2 molar ratios between the two ions. 

20mL of both solutions were mixed in a container and 

99% urea (NH2CONH2) solution as a precipitating agent 

was added into the reaction mixture in a 1:2 molar ratio 

with the mixture. The mixture solution was kept under 

constant stirring for 12 hours at room temperature. The 

precipitates were filtered out, washed in ethanol, and 

dried [27]. 

Synthesis of Silver NPs 

The silver nanoparticles were synthesized through the 

chemical reduction of AgNO3 using NaBH4 as a 

reducing agent. 40mL of AgNO3 solution was made in 

the distilled water and kept under vigorous stirring. 

Then, 1.5mL of ice-cooled NaBH4 solution (0.8 mol/L) 

was added dropwise to the AgNO3 solution, and 

stirring was continued. After adding NaBH4, the 

solution turned bright yellow immediately upon the 

formation of silver NPs. Precipitates were separated, 

washed, and dried in open air [28]. 

Synthesis of Nanocomposites  

Two composites of iron NPs were made, one 

incorporating silver NPs and the other with the 

inclusion of silver and chitosan. To prepare iron-silver 

nanocomposite, the above-prepared salt solutions were 

mixed in 9:1 for iron and silver respectively. The 

mixture solution was heated at 95°C under constant 

stirring until the precipitates were formed which were 

separated, washed, and dried. To prepare the chitosan 

NPs, 2.5 g of pure chitosan was dissolved in the 250 mL 

of 1% acetic acid and 10mL of aq. solution of NaNO2 

was added to it to depolymerize the polymeric structure 

of chitosan. The mixture solution was kept under 

vigorous stirring for 1 hour and a solution of sodium 

hydroxide was added to precipitate the chitosan NPs 

which were centrifuged and washed with the distilled 

water various times. The obtained chitosan NPs were 

freeze-dried and kept in a dry place.  

To investigate the effect of chitosan and silver 

addition on the morphology, size, and phase 

composition of iron NPs, a composite of iron, silver, 

and chitosan was synthesized. To prepare the 

nanocomposite, the above-prepared solution of iron 

chloride and silver chloride was mixed with the 

chitosan acetic solution in a certain ratio for 10 h under 

constant mixing. The mixture solution was subjected to 

heat at 8095°C and continuously stirred until the 

resultant NPs were precipitated out. The precipitates 

were filtered out, washed, and dried for further use [29]. 

Pathogenic Bacteria and Fungal Strains  

Pseudomonas aeruginosa (P. aeruginosa),  

Acinetobacter baumannii  (A. baumannii, 
Staphylococcus aureus (S. Aureus) ,  Staphylococcus 
epidermidis (S. epidermidis), Candida albicans(C. 
albicans) were obtained from Microbiology Laboratory, 

Department of Biology, King Abdulaziz University, 

Jeddah, KSA. 

Susceptibility of Pathogenic Bacteria to Nanoparticles     

Minimum Inhibition Concentration (MIC)  

To determine their lowest inhibitory concentration, 

samples of nanoparticles (Fe-NPs, Fe–Ag NPs, and Fe–

Ag-CS NPs) that demonstrated antimicrobial activity 

during antibacterial screening underwent additional 

testing. Mostly, 96-well microtiter plates are utilized in 

micro-broth dilution tests to estimate the MICs. To 

calculate the MICs of NPs against the examined 

bacteria, the MICs were done using the micro-diluted 

broth approach as outlined by NCCLS (Wikler 2006). At 

37°C, the incubation was carried out for 24 hours. 5 μl 

of Resazurin sodium salt dye solution (R7017 Sigma-

Aldrich) was added to each well after incubation. 

Column 11, which only contains media, attests that 

there was no plate contamination through dish 

preparation. Column 12 represents a positive control 

that only has cultivated strains. In contrast, columns 1 

through 10 represent the serial dilution of NPs with 

media from 1mg/ml to 0.0019 mg/ml. This method 

assists in producing precise MIC values while 

overcoming significant issues with color and solubility 

that could obstruct growth evaluations for several 

substances [30]. 

Estimation of Minimal Bactericidal Concentration 

(MBC)  

The minimal bactericidal concentrations (MBC) are the 

lowest concentration of the samples treated with Fe-

NPs, Fe–Ag NPs, and Fe–Ag-CS NPs at which 

inoculated bacteria were killed. Then, spreading 10 μl 

of medium from the MIC's microplate contents, which 

showed no bacterial growth, and it was re-inoculated 

on nutrient agar plates followed by incubation at 37°C 

for 24 hours. The first well with colony counts of <5 was 

considered negative for growth and reported as the 

MBC [31] 

Disk Diffusion Method 

Mueller Hinton Agar Media (MHA) was utilized as the 

growth medium, and it was inoculated with bacterial 

strains at the concentration of 106 colony-forming 
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units per milliliter (CFU/mL). Subsequently, 7-mm 

paper filter discs were impregnated with Fe-NPs, Fe–Ag 

NPs, and Fe–Ag-CS NPs at a concentration of 1mg/ml, 

which was then placed on the agar. As a negative 

control, sterile distilled water (SDW) was used. The 

nanoparticles were subjected to diffuse into the 

medium at room temperature for 30 minutes. Plates 

were then incubated for 24h at 37 °C. The average and 

standard deviation (SD) of three independent trials 

were calculated to determine the zone of inhibition. 

Results 

Characterization of NPs 

Powder X-Ray Diffraction (PXRD) Analysis  

Powder XRD patterns of iron and its nanocomposites 

(iron-silver and iron-silver-chitosan) were analyzed to 

find out the phase composition, crystallite sizes, and 

defect levels in the powders. For recording the powder 

patterns, materials were grounded to the powder form, 

and data obtained was enlisted in Table 1. The powder 

XRD intensities at corresponding 2θ angles were given 

in PXRD patterns of the synthesized materials shown in 

Fig. 1.  

 
Figure 1: Powder XRD Pattern of Iron, Iron-Silver and Iron-
Silver-Chitosan NPs Indicating Potential Crystal Planes. 

The parameters like nanoparticle size, volume, 

dislocation densities, and microstrain were analyzed 

for iron and its nanocomposites from PXRD (Table 1). 

The crystallite size was calculated using the Debye 

Sherrer formula [32] given in Eq. 1 as follows: 

Crystallite Size (D) = 0.91λ/βcosθ          (1) 

Where D is nanoparticle size, λ is the wavelength of 

1.54Å Cu-Kα X-ray beam, the cos θ is the angle of 

diffraction and β is the value at full-width at half-

maximum. The dislocation density (δ) was calculated 

by following Eq. 2. As follows: 

Dislocation Density (𝛿) =  
1

𝐷2                     (2) 

Eq. 2 talks about the dislocation densities which 

determine the extent of defects in the synthesized NPs 

[33]. The volume (V) of synthesized nanocomposites 

and iron was calculated by following Eq. 3. 

Volume (V)= D3                          (3) 

Microstrain levels in the materials are calculated by 

following Eq. 4 as follows: 

Microstrain (𝜀) =  
𝛽

4𝑡𝑎𝑛𝜃
                    (4) 

Samples Average 

Crystallite 

Size (nm) 

Volume 

V=D3 

Dislocation 

Density 

(nm)-2 (δ) 

Micro 

Strain 

(ε) 

EDX 

Composition 

(%) 

Iron 32.67±4 34869 1.53 𝖷 104 0.027 Fe (99.62) 

Iron-Silver 40.84±3 68117 1.22 𝖷 104 0.014 Fe (99.08), 

Ag (0.20) 

Iron-Silver-

Chitosan 

35.86±5 46113 1.39 𝖷 104 0.017 Fe (98.94), 

Ag (0.31) 

Table 1: Powder XRD Parameters i.e. Crystallite Size, Volume, 
Dislocation Density, Microstrain, and EDX Composition of 
Synthesized NPs. 

Elemental Analysis by EDX 

Elemental composition was analyzed by EDX for iron 

and its nanocomposites. The obtained percentages of 

the individual elements are reported in Table 1 and 

EDX images are depicted in Fig. S1 of supplemental 

data.  

Scanning Electron Microscopic (SEM) Analysis 

The surface morphological characters of the 

nanocomposites of iron were evaluated using SEM 

analysis and spectrographs obtained are shown in Fig. 

2.  

 
Figure 2: SEM Images of Iron-Silver, and Iron-Silver-Chitosan 
NPs Indicating Surface Morphology and Size.   

FTIR Analysis  

To evaluate the molecular interactions among 

chitosan, iron, and silver, FTIR analysis was carried out 

and the spectra obtained are depicted in Fig. S2 of 
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supplemental data. All the FTIR frequencies obtained 

are enlisted in Table 2.  

Samples Wavenumber (cm-1) Vibration 

Iron 3436.54 O-H stretching 

1550.59 N-H bending 

1359.67 C-O-C stretching 

913.61 Fe-O stretching 

527.18, 444.03 Fe-O stretching 

Iron+Silver 3436.52 O-H stretching 

1556.02 N-H-bending 

1383.93 C-O-C stretching 

913.16 Fe-O stretching 

526.85, 443.59 Fe-O stretching 

Iron+Silver+Chitosan 3497.69 O-H stretching 

1546.47 N-H-bending 

1364.24 C-O-C stretching 

917.31 C-H bending  

527.55, 445.27 Fe-O stretching 

Table 2:  The Wavenumber and Corresponding FTIR Vibrations 
of Iron, Iron-Silver, and Iron-Silver-Chitosan NPs. 

Antibacterial Activity 

In this study, the researchers aimed to explore the 

antibacterial effects of three types of nanoparticles: 

Iron-Silver-Chitosan NPs. These nanoparticles have 

shown potential in exerting antibacterial activity 

against a range of pathogens. The specific pathogens 

targeted in this study included P. aeruginosa, A. 
baumannii, S. aureus, S. epidermidis, and C. albicans  . 
Both qualitative and quantitative methods were 

employed to assess the antibacterial efficacy of the 

nanoparticles. The researchers also analyzed 

quantitatively by determining the MIC and MBC in (Fig. 

S3 of supplemental data). The MIC is the lowest 

concentration of a substance (in this case, the 

nanoparticles) that can effectively inhibit bacterial 

growth.  The bacterial growth was assessed by visually 

inspecting the turbidity of the broth after the addition 

of Resazurin dye. Results of MIC and MBC activities are 

presented in Fig 3 and 4. 

 
Figure 3: Determination of MIC for Bacterial Pathogens Treated 
with Fe-NPs, Fe-Ag NPs, and Fe-Ag-CS NPs. 

Antibacterial Test Using Agar Disk Diffusion Assay 

The disk-diffusion assay was used to evaluate the 

antimicrobial activity of different nanoparticles, 

namely Fe–Ag-CS NPs, against a range of pathogenic 

microbes including Pseudomonas aeruginosa, 

Acinetobacter baumannii, Staphylococcus aureus, 
Staphylococcus epidermidis, and Candida albicans (Fig. 

S4 of supplemental data). The results are presented in 

Fig. 5. 

 
Figure 4: Determination of MBC for Bacterial Pathogens Treated 
with Fe-NPs, Fe–Ag NPs, and Fe–Ag-CS NPs. 

 
Figure 5: Inhibition Zone (mm) of Cu-NPs, Cu–Ag NPs, and Cu–
Ag-CS NPs by Agar Disk Diffusion Method Against Bacterial 
Tested. 

Discussion 

In, powder XRD patterns, the iron has shown 

diffraction peaks at 33.70, 36.20, 49.85, and 54.68 2𝜃 

values in its PXRD pattern. The iron-silver composite 

has shown PXRD peaks at 33.79, 36.33, 54.40, 63.23, 

and 64.61 2𝜃 values. While iron-silver-chitosan showed 

peak intensities at 33.49, 35.97, 49.85, 54.42, and 64.35 

2𝜃 values. The comparison of obtained powder XRD 

patterns of materials was made with the literature-

reported standard powder patterns of Fe, Ag, and 

chitosan-based nanocomposites. Iron was found to be 

present as a major phase as most of the peak intensities 

corresponded to Fe NPs which can also be found 

through elemental composition of materials through 

EDX. For iron-silver and iron-silver-chitosan 

nanocomposites, slight peak shifts were observed 

which possibly ascribed to silver incorporation in the 

iron lattice planes and organic embeddedness of 

chitosan structure. The diffraction spectra of iron and 

its nanocomposites with silver and chitosan were 

compared with the standard powder patterns (JCPDS 

card, file No. 77-1545) [34] which shows an inverse 
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cubic spinel structure having (220), (400), (311), (422), 

(440), (511), and (533) lattice planes corresponds to 

iron based oxides crystal appeared in both bare and 

chitosan-based nanocomposites [35].   

The PXRD parameters were calculated which enlisted 

in Table 1. The average crystallite size calculated for 

synthesized NPs at corresponding intensities was 

32.67, 40.84, and 35.86 for iron, iron-silver, and iron-

silver-chitosan respectively. The volume of the 

materials was found to be decreased when silver was 

incorporated and further decreased upon the addition 

of chitosan. The microstrain values in iron and its 

nanocomposites are ascribed to the strain-induced 

broadening in the crystals due to defectiveness and 

distortion in structural characteristics [36]. The values 

of microstrain and dislocation densities were found to 

be very low which shows very low defect value, higher 

stability, and very insignificant 

distortion/imperfections in synthesized NPs.  

EDX results depicted the percentages of individual 

elements. In Fe nanoparticles, 99.62% iron was 

calculated indicating its presence as a major phase (as 

depicted by PXRD results) whereas, in the iron-silver 

nanocomposite, 99.08% of iron and 0.20% of silver 

were present. In the iron-silver-chitosan 

nanocomposite, 98.91% of iron and 0.31% of silver 

were present confirming the little incorporation of 

silver into the lattice structure of iron NPs. The EDX 

results were following the PXRD findings.  

The SEM images of the iron-silver nanocomposite 

have shown not-so-elongated octahedral shapes with a 

relatively small number of nanoparticles having 

cuboidal morphology. The cubo-octahedral shape is 

more commonly known with iron oxide compounds 

reported by literature reports [27]. The 

iron+silver+chitosan nanocomposite has shown a short 

rod-like straw shape with little agglomeration among 

them which can be due to the chitosan interlinked 

structure. The iron and silver metal ions are supposed 

to be attached and embedded inside the chitosan 

polymer chains causing the change in morphology of 

the nanocomposite [37]. The width of iron-silver and 

iron-silver-chitosan varies from 28-49.5nm and 25.50-

45.37nm respectively.   

The FTIR spectra of iron and its nanocomposites have 

shown a characteristic broad band between 3436-3497 

cm-1 that is ascribed to the axial deformation of -OH 

and the -NH stretching vibrations to overlap [28]. This 

peak intensity for all of the synthesized 

nanocomposites is ascribed to the overlap of O-H and 

N-H stretching vibration due to chitosan structural 

interaction [38]. All synthesized NPs have shown peaks 

in the range 525-527 cm-1 and 442-445 cm-1 which 

corresponds to the Fe-O stretching in all of the NPs. 

The chitosan structure also shows an N-H-bending in 

the range of 1546-1550 cm-1 and C-O-C stretching 

modes in the region of 1359-1383 cm-1 confirming the 

incorporation of chitosan polymeric matrix in 

synthesized nanocomposites [13]. The bands were not 

visible for silver incorporation in the FTIR spectra due 

to the low dopant concentration of silver in the crystal 

lattice planes of iron. 

The minimum inhibitory concentration (MIC) values 

of Iron-Silver-Chitosan NPs against the studied 

pathogenic microbes ranged from 31 to 500 µg/mL (Fig. 

S3 of supplemental data). Antimicrobial activity of iron 

nanoparticles was not observed against pathogenic 

microorganisms. On the other hand, Fe–Ag 

nanoparticles exhibited the lowest MIC of 250 µg/mL 

against S. aureus, C. albicans, and A. baumannii, while 

the highest MIC observed was 500 µg/mL against S. 
epidermidis and P. aeruginosa (Fig. 3). The MBC of Fe–

Ag nanoparticles was twice the MIC value, indicating 

their greater potency in killing the microorganisms 

(Fig. 3). In the case of Fe-Ag-Ch nanoparticles, the 

lowest MIC recorded was 31 µg/mL against S. aureus, 

followed by S. epidermidis and C. albicans at 62 µg/mL, 

while the highest MIC observed was 125 µg/mL against 

P. aeruginosa and A. baumannii (Fig. 6). Fe–Ag-CS 

nanoparticles, the MBC was higher than the MIC, 

suggesting that the nanoparticles can effectively 

eliminate bacteria at higher concentrations (Fig. 4). 

For antibacterial test using agar disk diffusion assay, 

the results revealed varying inhibition zones, 

indicating the extent of antimicrobial efficacy exhibited 

by the nanoparticles. The inhibition zones ranged from 

a minimum of 12 ±0.5 mm to a maximum of 22 ±0.5 

mm, providing valuable insights into the potency of the 

nanoparticles against the tested pathogens. The 

maximum antimicrobial activity was observed against 

A. baumannii and C. albicans, with inhibition zones 

measuring 22 and 21 mm, respectively. This suggests 

that the nanoparticles exhibited strong inhibitory 

effects on these particular pathogens. S. epidermidis 

and S. aureus also displayed relatively high inhibition 

zones, measuring 18 mm and 16 mm, respectively (Fig. 

5). On the other hand, the lowest inhibition zone of 12 

mm was observed against P. aeruginosa, indicating a 

comparatively weaker antimicrobial activity of the 

nanoparticles against this particular pathogen.  

In recent years, infections caused by pathogenic 

microbes like Pseudomonas aeruginosa, Acinetobacter 
baumannii, Staphylococcus aureus, Staphylococcus 
epidermidis, and Candida albicans have gained 

significant importance [39-41]. Over the past few years, 

there has been an observed increase in the resistance of 

microbial species to antimicrobial agents. The 

restricted selection of antibacterial and antifungal 

drugs has become a significant concern when it comes 

to treating microbial diseases. The commonly 
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prescribed antimicrobial drugs have varying side 

effects, including lack of specificity and diminished 

efficacy in cancer patients undergoing chemotherapy, 

probiotic therapy, or taking anti-diabetic medications. 

Different research groups have created and examined 

different kinds of NPs, including various metal and 

metal-oxide-based nanoparticles. Examples of these 

nanoparticles are silver AgNPs, gold-oxide, ZnO, TiO2, 

CuO, magnesium oxide (MgO), silver oxide (Ag2O), 

(CaO), (SiO2), and iron oxide [42-44]. 

In this study, nanocomposites with a size range of 

approximately 32 to 40 nm were examined for their 

antimicrobial properties. The results demonstrated that 

the compound consisting of iron-silver and chitosan 

(Fe-Ag-CS NPs) exhibited the strongest synergistic 

effect as a potential anticaries agent against P. 
aeruginosa, A. baumannii, S. aureus, S. epidermidis, 
and C. albicans, primarily due to their low minimum 

inhibitory concentration (MIC) values. 

These findings demonstrate the antimicrobial 

potential of Fe–Ag-CS NPs against the studied 

pathogenic microbes. The variation in MIC values 

suggests differences in the susceptibility of the 

microbes to the different nanoparticle formulations. 

Additionally, the higher MBC values suggest that the 

nanoparticles possess bactericidal properties at 

concentrations higher than the MIC, indicating their 

potential for effective bacterial eradication. Numerous 

studies have investigated the antimicrobial properties 

of iron nanoparticles (Fe-Ag-CS NPs) against various 

bacteria and fungi [19,45,46].  

Recently, bacteria have developed drug resistance, 

making the treatment of infections unsuccessful with 

limited treatment options. Therefore, this study 

highlights the potential of nanocomposites, specifically 

the Iron-silver-chitosan nanocomposite, as an 

emerging drug for combating drug-resistant pathogens. 

With the rise of bacterial drug resistance and limited 

treatment options, the antimicrobial activity of 

nanocomposites provides a promising alternative. The 

study's results indicate that the iron-silver-chitosan 

nanocomposite exhibited superior antimicrobial effects 

against pathogenic microbes, demonstrating a 

synergistic effect that resulted in significant 

antibacterial and antifungal properties. These findings 

emphasize the potential of nanocomposites as a 

valuable tool in the fight against drug-resistant 

infections. 
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