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To minimize environmental impact, the green synthesis strategy prioritized 
using non-toxic substances, energy-efficient processes, and renewable 
resources. Ficus nitida fruit extract was used to produce Iron oxide 
nanoparticles (Fe2O3 and Fe3O4 NPs) and Iron oxide/cerium oxide 
nanoparticles (Fe2O3 and Fe3O4/CeO2 NPs) for antimicrobial, and 
antioxidant applications. The effective synthesis of these NPs was 
confirmed by X-ray diffraction (XRD), FTIR, UV-visible, and transmission 
electron microscopic (TEM) analyses. The typical crystal diameters, as 
estimated by the Debye–Scherrer equation, were 3.65 nm (Fe2O3 and 
Fe3O4 NPs) and 10.14 nm (Fe2O3 and Fe3O4/CeO₂ NPs). TEM images 
verified that the prepared NPs were spherical, semispherical, and irregular 
in shape. The FTIR spectrum's prominent peaks revealed the elements of 
Fe–Ce nanoparticles. Of all the materials examined, Fe2O3 and Fe3O4 
/CeO₂ NPs synthesized using Ficus nitida fruit extract demonstrated 
promising in vitro antibacterial activity against MRSA (21.0 ± 0.58 mm 
inhibition zone) and E. coli (22.2 ± 0.15 mm), alongside antioxidant 
potential (81.76% free radical scavenging at 1000 µg/mL). These 
preliminary findings merit further investigation to assess toxicity, 
biocompatibility, and in vivo efficacy as potential antibacterial and 
antioxidant agents in advanced applications. 
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INTRODUCTION  
 

Nanoparticles can alter the physicochemical reactions of many chemicals, which 

can significantly affect the biology of existing cells. Given the wide range of sizes and 

shapes of these entities, it is difficult to forecast the positive or negative effects and their 

mechanisms of action in biological systems and the environment (Chen et al. 2020). The 

creation and use of nanotechnology have affected several industries, including the 
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manufacturing of medications and food. To ensure the sustainable and optimal use of these 

items, it is crucial to comprehend their benefits and drawbacks (Abdelghany et al. 2023; 

El-Batal et al. 2023; Amin et al. 2024, 2025; Abd-ElGawad et al. 2025).  

Because of their unique electrical, optical, and magnetic characteristics, 

nanoparticles (NPs) have garnered a lot of interest (Selim et al. 2025). Certain 

physicochemical properties, such as a high surface-to-volume ratio, are produced using 

nanotechnology. Discovering, characterizing, and modifying the special qualities of matter 

at the nanoscale is another goal of nanotechnology, which aims to create new capabilities 

with possible uses in all branches of science, engineering, technology, and medicine. 

Because of their numerous uses in fields including coatings, packaging, electronics, 

cosmetics, and biotechnology, metallic NPs are being researched extensively (Dikshit et 

al. 2021). 

The increasing prevalence of antibiotic-resistant bacteria has become one of the 

most serious challenges in modern medicine. Traditional antibiotics are losing 

effectiveness, which motivates the search for novel antimicrobial agents that are safer, 

more sustainable, and less prone to resistance development. In recent years, combining 

natural products-especially plant extracts-with nanotechnology has emerged as a promising 

strategy, because plant-derived metabolites can act as reducing and capping agents for 

nanoparticle synthesis, while metallic NPs themselves can exert antibacterial effects 

through physical and chemical mechanisms (Radulescu et al. 2023). 

Species in the genus Ficus are known to produce a variety of secondary 

metabolites-flavonoids, phenolic acids, tannins, alkaloids, and terpenoids—that have 

antioxidant, anti-inflammatory, and antimicrobial properties. Although Ficus nitida is less 

frequently studied than other Ficus species, the general bioactivity reported for Ficus plant 

extracts suggests that Ficus nitida may also harbor bioactive compounds capable of 

inhibiting bacterial growth. In green synthesis protocols, extracts from Ficus species have 

potential to reduce and stabilize metal ions into NPs through the functional groups such as 

hydroxyl and carbonyl groups that donate electrons and coordinate metal ions (Shreyash et 

al. 2021; Singh et al. 2023). 

Iron-based nanoparticles, especially iron oxides NPs, are among the promising 

nanomaterials in antibacterial research because of their catalytic and redox properties. They 

can generate reactive oxygen species (ROS), liberate iron ions (Fe²⁺/Fe³⁺), and physically 

interact with bacterial cell surfaces, all contributing to bacterial cell damage or death. The 

antibacterial effectiveness of these NPs typically depends on parameters such as particle 

size, surface charge, morphology, and degree of aggregation. Smaller, well-dispersed 

particles with higher surface area usually present stronger antibacterial action (Nadeem et 

al. 2021; Radulescu et al. 2023). 

Cerium, especially in its oxide form (CeO₂ or mixed metal forms with Fe), exhibits 

unique redox cycling between Ce³⁺ and Ce⁴⁺. This redox flexibility can confer antimicrobial 

behavior: the reversible conversion can mediate oxidative stress, scavenge radicals, and 

disrupt microbial homeostasis. Pure cerium oxide nanoparticles (CeO₂ NPs) have been 

explicitly studied for antimicrobial effects, with observed activity against bacteria such as 

Pseudomonas aeruginosa (Qi et al. 2020; Zamani et al. 2021). 

Using Ficus nitida fruits extract as a bioreducing and capping agent for 

synthesizing Fe and Fe–Ce NPs is expected to yield “green” nanocomposites that combine 

phytochemical-driven bioactivity with nanoparticle-mediated antimicrobial mechanisms. 

The plant extract may support nanoparticle stability, prevent aggregation, and contribute 

additional antimicrobial effects (Vijayaram et al. 2024). 
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In previous reports, iron oxide nanoparticles have been synthesized using extracts 

from other plants, including Ficus carica fruits (Demirezen et al. 2019). In contrast, the 

present study is, to the authors’ knowledge, the first to employ Ficus nitida fruit extract to 

simultaneously synthesize FeO, and FeO/CeO₂ nanocomposites and to systematically 

evaluate their in vitro antibacterial and antioxidant activities, linking the specific 

phytochemical profile of F. nitida fruits to the observed bioactivity. This study advances 

previous work by (i) introducing a new Ficus species (F. nitida) and plant part (fruit) as a 

green reducing and capping agent, (ii) generating a Fe–Ce bimetallic oxide nanohybrid not 

previously reported with this extract, and (iii) focusing on dual antibacterial–antioxidant 

functionality as a basis for future biomedical exploration, rather than single-property 

evaluation. 

 

 

EXPERIMENTAL 
 
Ficus nitida Fruits Extract 

Ficus nitida fruits were collected from the Botanical Garden in Al-Qanater El-

Khyria, El-Qulyubia Governorate, Egypt. After being cleaned with distilled water, the 

fruits were left to air dry for two weeks before being ground into a powder. About 5 g of 

air-dried powder and 100 mL of distilled water were combined, and the mixture was 

sonicated for two hours at 50 °C in a water bath to create the fruit aqueous extract. The 

extract was then filtered through Whatman No. 1 filter paper and the filtrate obtained was 

stored in a refrigerator at 4 °C. 

 

Synthesis of FeO and FeO/CeO NPs 
First, 3 g of ferrous sulphate (FeSO4.7H2O) was added to 100 mL of fruits extract, 

while stirring continuously at 400 rpm. For two hours, a mixture of salt and extract was 

heated at 70 ℃ constantly on a hot plate. The pH of the reaction mixture was found to be 

9. The synthesis of Fe-NPs was verified by a change in liquid color. To separate the NPs 

from the solution, centrifugation was carried out at 3000 rpm for 30 minutes. The NPs 

pellet was cleaned three- or four-times using double-distilled water to remove impurities 

(Yekeen et al. 2025).  The same method used to create bimetallic oxides (FeO/CeO NPs) 

by using 3 g of ferrous sulphate (FeSO4.7H2O) and Ce(NO3)3·6H2O. 

 

Characterization of the FeO and FeO/CeO NPs   
The X-ray diffraction (XRD) patterns of the FeO and FeO/CeO NPs were examined 

using Cu Kα radiation (λ=1.5406 Å) with a range of 2θ° from 20° to 80° at a scanning rate 

of 0.02° in a Bruker D8 Discover X-ray diffractometer. Transmission electron microscopy 

(TEM) images of these NPs were obtained using a JEM-2100 PLUS electron microscope 

(JEOL, Japan) running at 200 kV with a LaB6 source. The functional groups that are shared 

in the production of NPs are identified using FTIR spectra. UV-Vis was used to monitor 

the synthesized FeO NPs and FeO/CeO NPs in the 100 to 900 nm range. A UV-Visible 

Jasco V-550 spectrophotometer was used to record the UV-visible spectra (Selim et al. 

2025 a,b)   

 

Antimicrobial Activity 

The antibacterial potential of the plant extract, Fe-NPs and Consortium (Fe/Ce NPs) 

were evaluated using the agar well diffusion method. Multidrug resistant Bacterial strains 
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tested included MRSA, Bacillus cereus, Staphylococcus aureus, Klebsiella pneumoniae, 

Escherichia coli, and Acinetobacter baumannii. Wells were filled with 100 µL of each 

sample (1 mg/mL concentration). Erythromycin disk 15 µg was used as a standard 

antibiotic control. Plates were incubated at 37 °C for 24 h, and the zones of inhibition (mm) 

were measured. Each test was performed in triplicate, and results were expressed as mean 

± SE. (Sharaf et al. 2021). 

 

Determination of Minimum Inhibitory Concentration (MIC) 
MIC values of Fe-NPs and Consortium (Fe/Ce NPs) were performed against 

MRSA, Bacillus cereus, Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, 

and Acinetobacter baumannii, following the method of El-Didamony et al. (2024).  

 

Antioxidant Activity 
DPPH assay 

Antioxidant activity of Fe-NPs and consortium (Fe/Ce NPs) were carried out using 

DPPH (2, 2-diphenyl-1-picrylhydrazyl) method according to El-Sayed et al. (2023) with 

minor modifications. DPPH assay was performed following standard protocol (0.1 mM 

DPPH in methanol, 100 µL NP samples at 31.25-1000 µg/mL). To minimize nanoparticle-

specific artifacts including Mie scattering, optical interference at 517 nm, and metal ion 

interference with DPPH chromophore, samples were centrifuged (10,000 × g, 10 min) prior 

to reading to remove suspended NPs while retaining soluble antioxidant metabolites in 

supernatant. Absorbance was measured at 517 nm. Percentage inhibition was calculated 

relative to methanol-blank. The NPs supernatant blanks were corrected to account for 

baseline absorbance. Ascorbic acid served as the standard control, although its mechanism 

differs significantly from that of metal oxide nanoparticles. 

 

Statistical Analysis 
Minitab 18 was used for statistical calculations at the 0.05 level of probability. 

Quantitative data having parametric distribution was examined using one-way ANOVA, 

post hoc Tukey's test, and analyses of variance. 

 

 

RESULTS and DISCUSSION 
 
Characterization of FeO and FeO/CeO NPs 
TEM and UV spectrum 

In this study, the synthesis of biogenic Fe NPs and Fe/Ce NPs using Ficus nitida 

fruits extract was demonstrated by a shift in the color of the solution, which served as both 

a capping and reducing agent. The plant extract appeared pale in color; it turned dark brown 

(Fe NPs) and red (Fe/Ce NPs). In accordance with the UV-Vis. Studies have shown that 

the Fe NPs are tiny and visible at 261 and 284 nm, while the Fe/Ce NPs are visible at 

257nm (Fig. 1c and d). The HR-TEM image (Fig. 1a, b) showed the spheroidal and 

semispherical shapes and had a typical size between 42.52 and 83.10 nm for Fe NPs and 

between 27.17 and 74.17 nm for Fe/Ce NPs.  
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Fig. 1. TEM image (a,b), and UV spectrum (c,d) of Fe-NPs and Fe/Ce NPs respectively 

 
FTIR analysis 

Figures 2a and 2b show the different functional groups of fruit extract used in NPs 

synthesis. The IR chart suggests that the bioactive molecules, including hydroxyl, carbonyl 

amides, and amines, found in the plant extract remain attached or coated on the surface of 

NPs, enhancing their stability. FT-IR measurements were conducted to complement the 

materials characterization (Figs. 2c, 2d).  

 

 
Fig. 2. FTIR analysis of FeO NPs (a); and FeO/CeO NPs (b) 
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The spectrum of Fe-NPs and Fe/Ce NPs showed bands at 522 and 617 cm-1 

attributed to vibrations of the symmetric stretching of Fe–O bond (Sriram et al. 2022). The 

Ce-O vibrations were identified by a band at 863 cm-1 in the Fe/Ce NPs spectra, while the 

peaks at 1337 and 1436 cm-1 are associated with CeO2 (Rego et al. 2021). According to 

Basu et al. (2013), these groups help produce the bimetallic oxyhydroxides (Ce–O–Fe), 

which are a feature of the synthetic metal oxides Ce–OH and Fe–OH seen at 1106 cm-1.  

Aromatic C–H bending, allene C=C=C stretching, or alkyne C–C stretching may be 

associated with the intensity and appearance or disappearance of peaks between 2268 and 

2038 cm–1 (Salih et al. 2023). The O–H bending carboxylic acid group is shown by a peak 

at 1357 cm–1 (Mohamed et al. 2022). Some functional compounds such as amine (-NH₂), 

carboxyl (-COOH), or hydroxyl (-OH) groups operate as capping agents to improve the 

stability of nanoparticles against aggregation (Pedroso‐Santana and Fleitas‐Salazar 

(2023)).  

 
XRD analysis 

The crystallography of nano- FeO synthesized from plants was examined via X-ray 

diffraction (XRD). The XRD chart (Fig. 3a) shows that the various Bragg diffraction peaks 

of (012), (030), (104), (025) (110), (024), and (214) emerged at 2θ° values of 23.3°, 29.57°, 

32.05°, 34.04°, 35. 6°, 38.95°, 48.23°, and 62. 8°, respectively. The results confirmed that 

the produced FeO-NPs were crystalline with a face-centered cubic structure based on the 

JCPDS No.  01-078- 6916(Fe2O3) and 01-071-6336 (Fe3O4). The detection of some peaks 

in the XRD chart indicates slight impurities associated with the scattering of plant-coated 

agents.  

 
Fig. 3. XRD analysis of FeO NPs (a); and FeO/CeO NPs (b) 

 
In Fig. 3b, new peaks related to CeO2 NPs appeared at 2θ° values of 28.6° (111), 

32.3° (200), 47.9° (220) (Balaji et al. 2020). Peaks also appeared at 2θ° values of 25.2°, 

51.9°, and 71.5°, which may be related to bimetallic Fe/Ce NPs. The Debye–Scherrer 

equation was utilized to determine the average crystallite size of nano-FeO based on XRD 

analysis. Analysis of the data revealed that the average crystallite size was 17.65 nm for 

iron oxide NPs (Fe2O3+ Fe3O4) and 22.14 nm iron/cerium NPs (Fe2O3+ Fe3O4/ CeO2). In a 

similar study, the average nano-FeO crystallite size generated using Egeria densa extract 

ranged between 16.3 to 25.2 nm (Yekeen et al. 2025). A common cause of the discrepancy 

between XRD-derived crystallite sizes and TEM-observed particle sizes (tens of nm) is 
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that the particles are polycrystalline aggregates. A crystallite’s size is measured by XRD, 

whereas the coherent scattering domain is measured by TEM. Aggregation, surface strain, 

polycrystalline structure, or amorphous layers are the causes of differences (Biehler and 

Abdel-Fattah (2025). 

 
Antimicrobial Activity 

The antibacterial activities of Ficus nitida extract, Fe-NPs, and Fe/Ce NPs were 

determined using the agar well diffusion method. Results are presented as mean inhibition 

zones (mm ± SE) in Table 1. 

 

Table 1. Antimicrobial Activity of Ficus nitida Fruit Extract, Fe NPs, and Fe/Ce NPs  
 

Microorganism 
Ficus nitida Fruit 

Extract 
Fe NPs Fe/Ce NPs Erythromycin 

LSD 
(5%) 

MRSA 12.5 ± 0.29c 18.5 ± 0.29b 21.0 ± 0.58a 0 2.32 

B. cereus 11.0 ± 0.58c 15.5 ± 0.29a 16.0 ± 0.58a 13.8 ± 0.29b 1.65 

S. aureus 12.8 ± 0.29b 12.7 ± 0.29b 15.8 ± 0.29a 13.0 ± 0.58b 2.15 

K. pneumoniae 13.0 ± 0.58c 19.0 ± 0.58b 20.8 ± 0.44a 0 0.65 

E. coli 0 19.8 ± 0.29b 22.2 ± 0.15a 0 1.19 

A. baumannii 0 15.8 ± 0.29b 20.0 ± 0.58a 0 2.05 

Significant differences are shown by different lowercase letters within a column that contain the 
same species (P≤0.05). 

 

Both Gram-positive and Gram-negative bacterial strains, such as Staphylococcus 

aureus, Bacillus cereus, MRSA (Methicillin-resistant Staphylococcus aureus), 

Escherichia coli, Klebsiella pneumoniae, and Acinetobacter baumannii, were tested for the 

antibacterial activities of Ficus nitida fruit extract, Fe NPs, and bimetallic iron–cerium 

nanoparticles (Fe–Ce NPs). For statistical accuracy, Minitab software was used to compute 

the mean inhibition zones and standard errors (SE). The outcomes demonstrated distinct 

variations in sensitivity between the bacterial species studied. 

The Fe–Ce NPs exhibited the highest antibacterial efficacy among all tested 

materials (Fig. 4), followed by Fe NPs and then Ficus nitida extract. The superior efficacy 

of Fe–Ce NPs likely results from synergistic Fe-Ce interactions that, as reported in recent 

literature, promote reactive oxygen species (ROS) generation and oxidative membrane 

damage (Radulescu et al. 2023; Manohar et al. 2024). 

Among Gram-positive bacteria, MRSA and Staphylococcus aureus demonstrated 

strong sensitivity to Fe–Ce NPs, while Bacillus cereus showed comparatively lower 

inhibition zones. The significant inhibition observed against MRSA is particularly notable, 

as it indicates the potential of Fe–Ce NPs to combat multidrug-resistant pathogens that 

commonly evade conventional antibiotic treatment. The ROS produced by Fe–Ce NPs can 

bypass the classical β-lactam resistance mechanism by damaging the bacterial cell 

membrane directly and interfering with vital metabolic pathways. These findings highlight 

the capacity of Fe–Ce NPs to offer an alternative approach in managing resistant Gram-

positive infections (Zhang and Miao 2024). 

In the case of Gram-negative bacteria, Acinetobacter baumannii exhibited slightly 

lower inhibition zones than Escherichia coli and Klebsiella pneumoniae, consistent with 

its robust outer membrane and active efflux pump systems. However, the activity of Fe–

Ce NPs against Acinetobacter remained significant, demonstrating their ability to generate 

oxidative stress, damage the bacterial envelope, and inhibit vital enzymatic functions. This 

suggests that Fe–Ce NPs can be effective even against difficult-to-treat nosocomial 
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pathogens such as A. baumannii, which pose major challenges in clinical environments 

(Kaushik et al. 2023; Al-Shimmary et al. 2025). 

 

 
 

Fig. 4.  Antimicrobial activity of (Ficus nitida fruit extract, Fe NPs, and Fe/Ce NPs) P = Ficus 
nitida fruit extract, Fe = FeNPs, Fe-Ce = Fe/Ce NPs, D = DMSO, E = Erythromycin 15 µg) 

 

The comparison between Fe NPs and Fe–Ce NPs further demonstrates the 

importance of cerium addition. While Fe NPs alone exert antibacterial effects through 

Fenton-type reactions that produce hydroxyl radicals, the inclusion of Ce enhances the 

redox cycling capacity, prolonging ROS generation, and increasing stability. This 

combined mechanism explains the broader and more potent antibacterial activity observed 

for Fe–Ce NPs, particularly against MRSA and A. baumannii. The incorporation of Ce also 

reduces aggregation and enhances surface reactivity, further improving nanoparticle 

performance (Manohar et al. 2024). 

The Ficus nitida fruit extract alone exhibited moderate antibacterial activity, 

attributed to the presence of phenolic compounds, flavonoids, and tannins capable of 

interacting with bacterial proteins and membranes. However, its role as a reducing and 

stabilizing agent in the green synthesis of NPs significantly enhanced antibacterial activity. 

The phytochemicals in the extract contribute to nanoparticle biofunctionalization, 

improving their stability, dispersity, and reactivity, thus increasing their effectiveness (El-

Sayed et al. 2014; Rashed et al. 2018). 

Overall, the findings confirm that green-synthesized Fe–Ce NPs using Ficus nitida 

extract are highly effective antibacterial agents against both Gram-positive and Gram-

negative bacteria, including multidrug-resistant strains such as MRSA and Acinetobacter 

baumannii. Their strong antibacterial potential results from a combination of ROS 

generation, ion release, and bio functional surface interactions. Therefore, Fe–Ce NPs can 
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be proposed as promising candidates for future antimicrobial coatings, wound dressings, 

and pharmaceutical formulations designed to control resistant pathogens. 

 

Determination of Minimum Inhibitory Concentration  
Table 2 presenting the minimum inhibitory concentrations (MIC) of Fe NPs and 

Consortium (Fe/Ce NPs). Based on the provided data, the MIC values differ across 

bacterial strains (Fig. 5). 

 

Table 2. Determination of MIC of Fe NPs, and Fe/Ce NPs against Multidrug 
Resistant Bacteria 
 

Microorganism Fe NPs Fe/Ce NPs 

MRSA 250 µg/mL 250 µg/mL 

B. cereus 250 µg/mL 250 µg/mL 

S. aureus 250 µg/mL 250 µg/mL 

K. pneumoniae 250 µg/mL 125 µg/mL 

E. coli 500 µg/mL 500 µg/mL 

A. baumannii 250 µg/mL 250 µg/mL 

Significant differences are shown by different lowercase letters within a column that contain the 
same species (P≤0.05). 

 

In this experiment (Table 2, and Fig. 5), the MIC of Fe NPs and Fe/Ce NPs against 

multidrug-resistant bacteria was determined. As shown in the Table 2, the effect of both 

Fe-NPs and Fe/Ce NPs was tested against six different bacterial strains. The results indicate 

that Fe NPs and Fe/Ce NPs had similar effects against several bacterial strains, with MIC 

values of 250 µg/mL for MRSA, B. cereus, S. aureus, and A. baumannii. However, it was 

observed that Fe/Ce NPs had a stronger effect against K. pneumoniae, where the MIC value 

was lower at 125 µg/mL, compared to Fe-NPs, which showed a MIC value of 250 µg/mL. 

For E. coli, both Fe-NPs and Fe/Ce NPs showed higher MIC values of 500 µg/mL, 

indicating that this bacterium may be more resistant to these materials compared to the 

others in the study. These results suggest that the addition of Ce to Fe-NPs may improve 

their efficacy against certain bacterial strains, particularly K. pneumoniae, potentially due 

to the interaction between Fe and Ce that enhances antibacterial effects. 

 

Antioxidant Activity of NPs 
The DPPH assay demonstrated a clear concentration-dependent antioxidant activity 

for all tested samples, including Fe/Ce bimetallic NPs, Fe-NPs, and the reference 

antioxidant ascorbic acid (Fig. 6). As expected, ascorbic acid showed the highest 

scavenging activity across all concentrations, reaching 95.8% at 1000 µg/mL and 

maintaining strong activity even at the lowest concentration (49.6% at 7.81 µg/mL). Fe/Ce 

NPs showed moderate but significant activity, with maximum inhibition of 81.8% at 1000 

µg/mL, gradually decreasing to 12.4% at the lowest concentration. The Fe NPs exhibited 

the lowest performance, starting at 79.2% inhibition at 1000 µg/mL and declining to 6.4% 

at 7.81 µg/mL. 
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Fig. 5. MIC values of Fe-NPs, and Fe/Ce NPs on (E. coli, K. pneumonia, S. aureus, B. cereus, 
MRSA, and A. baumannii) plates after 24 h in Mueller Hinton (MH) broth resazurin assay [pink color 
indicates growth and blue means inhibition of growth, +Ve control (MH broth + bacterial suspension 
+ indicator) without compounds; -Ve control = Sterility control (MH broth + sterile distilled water + 
indicator) without bacteria. 

 

Overall, the order of antioxidant activity across all concentrations was: ascorbic 

acid > Fe/Ce NPs > Fe NPs. The superior antioxidant activity of ascorbic acid is consistent 

with its well-established role as a potent electron donor, rapidly quenching DPPH radicals 

through hydrogen-atom transfer mechanisms. In comparison, the enhanced performance of 

Fe/Ce NPs over Fe-NPs can be attributed to the synergistic redox properties of cerium, 

particularly the Ce³⁺/Ce⁴⁺ redox pair known for its catalytic radical-scavenging capacity. 

This explains why Fe/Ce NPs maintained higher inhibition values than Fe-NPs at every 

concentration tested (Peera and Kim 2025). The Fe-NPs’ reduced activity could be 

attributed to their lack of cerium-mediated regeneration cycles and more restricted surface 

reactivity. These results are in line with other studies that show enhanced antioxidant 

effectiveness in metal-oxide nanocomposites because of their larger surface area and 

capacity for multi-valence electron transfer. Therefore, adding Ce to Fe-NPs significantly 

increases their capacity to scavenge free radicals, yet neither formulation is as effective as 

ascorbic acid (Shah et al. 2017). 
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Fig. 6. Antioxidant activity of Fe NPs, and Fe/Ce NPs at different concentrations using DPPH 
method. Significant differences are shown by different lowercase letters within a column that 
contain the same species (P ≤ 0.05). 

 
 

CONCLUSIONS 
 

1. Ficus nitida fruit aqueous extract successfully mediated green synthesis of FeO and 

FeO/CeO₂ nanoparticles (NPs) for the first time. 
 

2. Synthesized NPs exhibited antibacterial activity against multi-drug resistant (MDR) 

clinical isolates and concentration-dependent antioxidant potential. 
 

3. Transmission electron microscope (TEM) analysis confirmed irregular, spherical, and 

agglomerated morphologies for both FeO and FeO /CeO nanoparticle samples.  
 

4. FeO/CeO₂ NPs demonstrated superior antibacterial efficacy (inhibition zones: 21.0 ± 

0.58 mm vs. MRSA; 22.2 ± 0.15 mm vs E. coli) and DPPH scavenging 81.8% 

maximum at 1000 µg/mL and gradually decreasing to 12.4% at the lowest 

concentration. 
 

5. The enhanced antibacterial performance of FeO/CeO₂ NPs suggests synergistic Fe-Ce 

interactions that may contribute to improved activity against certain MDR strains. 

Future studies should investigate Ce³⁺/Ce⁴⁺ redox cycling mechanisms, mammalian 

cytotoxicity, and in vivo efficacy to validate biomedical potential. 
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