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                                             ABSTRACT 

       This study presents a simple green synthesis of Fe3O4-NPs and their nanohybrids (Ag/ 

Fe3O4and S/ Fe3O4) with the aid of Brassica napus leaf extract acting as a bioreducing and 

capping agent. The stabilization of the nanoparticles by the presence of plant phytoconstituents, 

especially phenolics, flavonoids and proteins, was determined using FTIR spectroscopy. The 

XRD analysis confirmed the presence of phase-pure magnetite NPs that crystalize in a cubic 

spinel structure with an average particle size of about 6.26 nm. TEM analysis showed quasi-

spherical-shaped Fe₃ O₄  NPs with an average particle size of ~7.5 nm with a narrow size 

distribution, whereas the FESEM studies showed particle sizes to be ~10.7 nm, which further 

increased to ~16.7 nm and ~19.18 nm for Ag/Fe₃ O₄  and S/Fe₃ O₄ , respectively, thus 

validating the successful synthesis of nanohybrids and modification of Fe₃ O₄  NPs surfaces. 

Evaluation of the biological activity was carried out using antioxidant (DPPH) and antibacterial 

assays. Ag/Fe₃ O₄  NPs displayed significant enhancement in antioxidant activity (88.32% 

scavenging ability, IC₅ ₀  value = 199.10 µmol/L) compared to Fe₃ O₄  (IC₅ ₀  value = 422.12 

µmol/L) and S/Fe₃ O₄  NPs (IC₅ ₀  value = 420.11 µmol/L), respectively, due to a synergistic 

effect. The antibacterial assay demonstrated that Ag/Fe₃ O₄  NPs are more effective, with an 

inhibition zone of 18 mm and 19 mm with E. coli and S. aureus, respectively, as compared to 

other samples. The high surface reactivity, potential of electron transfer and synergistic effect of 

the physicochemical properties of the nanohybrids make them highly active. These results 

clearly show that green synthesized Ag/Fe₃ O₄  nanohybrids are an excellent candidate for a 

variety of multifunctional platforms with sophisticated biomedical and antimicrobial uses. 

 

Keywords: Green synthesis; Ag/Fe₃ O₄  nanohybrids; Brassica napus; Antioxidant activity; 

Antibacterial activity. 

 

 

   Green synthesis in nanochemistry 

has gained much attention owing to 

replacing toxic reducing agents and/or 

stabilizers with renewable biological 

resources. Green synthesis has not 

only reduced toxicity and confirmed 

biocompatibility, but it has also 

produced other significant products. In 

addition, the green synthesis of 

nanoparticles is consistent with the 

tenets of sustainable chemistry [1,2,3]. 

In plant-mediated methods of 

synthesis, the presence of bioactive 

compounds, such as phenols, 

flavonoids, sugars, amino acids, 

proteins, and other redox-active 

phytochemicals, can simultaneously 

reduce metal ions and cap newly 

formed nuclei. These compounds offer 

excellent stability and control levels of 

particle growth and aggregation that 

might occur within the system [4,5]. 

This is particularly important for 

nanosystems purportedly for 

biomedical applications, where 

substrate chemistry strongly 

influences colloidal equilibrium, 

cellular interactions, and organic 
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performance [6]. Recently, silver 

nanoparticles (Ag-NPs) have been 

very popular because they have a wide 

range of antimicrobial properties. Iron 

oxide nanoparticles (especially 

magnetite, Fe₃ O₄ , and related 

oxides) are also very useful because 

they can be recovered magnetically, 

are chemically stable, and can perform 

multifunctionality [7]. Ag-NPs' 

biomedical interest stems from their 

capacity to target two bactericidal 

mechanisms.  

     Recent studies indicate that green-

synthesized silver nanoparticles (Ag-NPs) 

can disrupt bacterial membranes, alter 

permeability, generate reactive oxygen 

species (ROS), and infiltrate biofilms, 

offering crucial multi-targeted mechanisms 

to overcome conventional antibiotic 

resistance [8–12]. Plant-derived Ag-NPs 

also exhibit antioxidant and anticancer 

activities, driven by the bioactivities of the 

generated phytochemical corona [13]. For 

precise analytical characterization, 

techniques such as UV-Vis, FTIR, XRD, 

SEM, TEM, EDX, and DLS are commonly 

employed to ensure structural 

reproducibility and stability [14,15]. 

Similarly, plant-based iron oxide 

nanoparticles (Fe_3O_4mical traits 

including magnetism, low ductility, high 

surface area, and eco-friendliness—with 

potent bactericidal actions mediated via 

oxidative stress and biofilm inhibition, while 

facilitating magnetic recycling [16–17]. 

Recent literature confirms that these iron 

oxide nanomaterials possess plant-regulated 

antioxidant and anticancer properties [18]. 

Consequently, hybrid systems based on 

Fe_3O_4 are highly attractive; specifically, 

Ag-modified magnetite (Ag-Fe_3O_4) 

nanohybrids have shown enhanced 

antibacterial efficacy against pathogens such 

as E. coli and S. coli [19-20]. 

Building on these concepts, the current 

research utilizes Brassica napus leaf extract 

as a biological engine for synthesis. 

Brassica species are rich in bioactive 

phytochemicals, including polyphenols and 

glucosinolates, with recent evidence 

validating the strong antioxidant and 

antimicrobial potential of both B. rapa and 

B. napus matrices [28,29]. 

     The abundance of phytochemicals in the 

B. napus leaf extract is why it is viable as a 

reducing agent and capping medium of the 

nanohybrid formation; furthermore, the 

biomolecules that are left on the surface of 

the oxide nanoparticle could be the reason 

why it is antibacterial and antioxidant, 

respectively [21].  The application of leaf 

extracts instead of synthetic reagents also 

offers costs in terms of sustainability, as leaf 

biomass is renewable and underutilized on a 

regular basis. To this end, B. napus-

mediated synthesis, in addition to being the 

most convenient inexperienced chemistry 

option, is also a sensible 

biofunctionalization strategy [22]. Ag-

Fe₃ O₄  and S-Fe₃ O₄  nanohybrids in this 

sense can be considered possible related 

design platforms. The Ag-Fe₃ O₄  systems 

of silver and Fe₃ O₄  of iron, respectively, 

confer strong antimicrobial and magnetic 

separability and structure-function 

conformation scaffolds [23,24]. Interfaces 

with sulfur-containing interfaces in sulfur-

associated Fe₃ O₄  hybrids allow 

coordination, dispersion and biomolecule 

interactions to be efficiently controlled (e.g., 

phytochemical stabilization). The 

functionality is enhanced by hydration, and 

the performance is enhanced by hydration, 

though the effects on biology will be 

dependent on size, crystallinity, oxidation 

state, surface charge, and capping chemistry. 

Sulfur nanoparticles: Antimicrobial activity 

based on the preparation methods [25]. 

Thus, the untested synthesis of Ag-Fe3O4 

and S-Fe3O4 nanohybrids with the aid of 

Brassica napus leaf extract contributes to 

the sustainable and biodegradable design, 

and the biological activity of the green 

synthesized nanohybrids is assessed using 

antioxidant and antimicrobial tests. 

MATERIAL AND METHODS 
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       Collection of plant 

           Brassica napus leaves were amassed from 

the Abu Ghraib area of Baghdad, Iraq, in 

April and May 2025. The plant material is 

diagnosed and categorized via the Desert 

Studies Center at Anbar University. After 

elimination of contaminants, the leaves were 

dried in a shaded location at a consistent 

temperature until their weight stabilized, 

then ground into a fine powder. The 

prepared plant fabric was changed into 

stored in hermetic, opaque bins until 

delivery. 

      Chemicals 
    The experiment utilized (Fe 

(NO₃ )₂ ·6H₂ O), and 25% (NaOH) from 

Fluka. Deionized water (DI) was used 

throughout the study. Utilization of 

(AgNO₃ ) at 98% analytical purity. 

Utilization of Sodium Sulfide (Na₂ S2) at 

98% analytical purity. Chemicals were 

supplied by the Sigma-Aldrich company 

 

Preparation of the crude Extract from 

Brassica napus 
     The plant extract was obtained out of 

Brassica napus leaves. These leaves are 

accrued, rinsed, dried and ground into a 

powder using an electric mixer. Sieving 

eliminated all the suspended solids. To a 

beaker containing 10 g of powder, add 200 

mL of deionized water. The mixture was 

stirred with a magnetic stirrer. The mixture 

should be heated at 80°C for 30 min to 

obtain the brown extract, after which it 

should be cooled. Solution filtration 

followed. The plant extract was kept in a 

tumbler vial in the refrigerator until it was 

needed [26]. 

 

Green synthesis of iron oxide nanoparticles 

(Fe3O4) 

     This experiment was conducted with 

moderate changes, as described in some 

other place. Using a magnetic stir bar, 

dissolve 2.2 g of Fe(NO₃ )₂ ·6H₂ O in 200 

mL of deionized water in a beaker. Then, 

upload the prepared 20 mL of plant extract 

carefully,  Thereafter, the extract is added 

periodically, drop by drop, and the solution 

is continued to be stirred at 20°C. Then, 

increase the solution temperature to 80°C 

and adjust the pH by adding 1 M NaOH. 

This technique will lead to the formation of 

a brown precipitate, as demonstrated in the 

description given below. Let the precipitate 

cool to room temperature, then centrifuge at 

1,200 rpm to remove any leftover fibre. 

Filter it through a Whatman No. 1 and wash 

3 times in DI and absolute ethanol to 

remove impurities and dry in an oven at 60 

°C for 2 hrs [27,28]. 
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Figure 1: Schematic diagram of green synthesis and characterization of Fe3O4 (SPIONs) 

Preparation of Ag/Fe3O4 and S/Fe3O4 

Nanoparticles                            

     The preparation of nanocomposites is 

carried out as defined by Okaieto et al. [29], 

who have outlined the use of the 

impregnation technique with moderate 

modifications with AgNO₃  or Na₂ S₂  to 

obtain Ag and S nanoclusters, respectively. 

A 5-M ratio of AgNO₃  or Na₂ S₂  with 1 g 

of Fe₃ O₄  nanoparticles (green synthesis) 

was added to 50 mL of DI water. The 

aggregate was stirred in the dark at 80°C. 

The temperature should be maintained for 2 

hr for complete synthesis. Thereafter, that, 

the colloidal aggregate is centrifuged at 

1200 rpm for 15 min at 20°C, and the 

supernatant is collected for UV-vis 

evaluation. The pellet was dispersed in DI 

water and washed three times to remove 

impurities brought by Ag/NPs and S/NPs. 

Thereafter, the purified Ag/NPs and S/NPs 

were oven-dried at 60°C overnight, and the 

samples were ground with a mortar and 

pestle to harvest the powder.  

CHARACTERIZATION 

     The main aim of such measurements was to 

know the shape, morphology and structure of the 

synthesized nanomaterials. The colour change of 

the reaction mixture was observed visually, as this 

change indicates that nanoparticles have formed. 

The identification of the functional groups present 

in Fe₃ O₄ -NPs and nanocomposites in the 400–

4000 cm⁻ ¹ range was done using FTIR 

spectroscopy [36]. The X-ray diffraction (XRD; 

Panalytical X’Pert Pro) was used to investigate the 

crystalline structure of the as-synthesized samples 

using Cu-K alpha radiation (40 keV) and 15 mA, 

with scans being collected over a 2-theta range of 

10-80°. The size and shape of the synthesized 

Fe₃ O₄ -NPs were determined using transmission 

electron microscopy (TEM) that operated at 200 

kV. Besides, field-emission scanning electron 

microscopy (FESEM; JEOL-JSM-7600F) was 

used in the study of the morphology and surface 

topography of the biosynthesized nanoparticles 

and nanocomposites. [30].  

Study of the biological activities of Fe3O4, 

Ag/Fe3O4 and S/Fe3O4 (nanohybrids) 

     Two isolates of microorganisms were involved 

in this study, including Gram-positive 

Staphylococcus aureus and Gram-negative 

Escherichia coli. These microorganisms were 

used as test organisms to determine the inhibitory 

zone of Fe₃ O₄  and nanocomposites, such as 

Ag/Fe₃ O₄  and S/Fe₃ O₄  (green synthesis). It 

would be interesting to understand the origin of 

the microorganisms to be used in determining the 

inhibitory zone of these specific isolates. 

Antioxidant Activity OF Fe₃ O₄  Ag/Fe3O4 and 

S/Fe3O4 samples. 

     The efficacy of nano-iron as an antioxidant 

was assessed using the DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical-scavenging assay to 

determine its ability to eliminate free radicals, as 

described in [38]. To obtain each concentration, 

50 mg of the synthesized nano-iron sample was 

dissolved in 50 mL of ethanol, and the volume 

was then adjusted to 10 mL using ethanol to 

obtain final concentrations of 100, 200, 300, 400, 

and 500 µg/mL. A typical solution of ascorbic 

acid was prepared by dissolving 10 mg of ascorbic 

acid in 25 mL of distilled water, resulting in a 

final concentration of 10 mg/mL. Thereafter, the 

60 µL of the standard ascorbic acid solution and 

the sample of iron nanoparticles were put in 

separate tubes. Each of the tubes was then 

incubated in darkness at room temperature (25°C), 

and 3 ml of DPPH solution was added to each 

tube and thoroughly mixed using a vortex mixer, 

and then the tubes were incubated in the dark for 

30 minutes. Absorbance was determined at 517 

nm, and the percentage of the DPPH radical 

inhibition was calculated using the following 

equation:  

Inhibition percentage (% DPPH) = (A0 - A1 / 

A0 × 100) 

where A0 is the absorbance of the control 

sample, and A1 is the absorbance of the 

reaction mixture. 
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Evaluation of the sensitivity of microbes to 

Fe₃ O₄  Ag/Fe3O4 & S/Fe3O4 samples 

     To determine the effectiveness of the 

nanoparticle mixtures to stop the growth of 

bacteria, a test known as the well diffusion 

method was employed. The sample was 

prepared on a special plate, which is known 

as a Petri dish. The test helped determine 

whether the mixtures would be able to block 

the spread of some types of bacteria. 

Preparation of nanohybrids wells by 

diffusion technique 

     Table 1 were used to prepare the 

concentrations of the nanocomposites, 5, 10, and 

25 µg/mL, where each of the above concentrations 

were prepared as follows: It was autoclaved at 15 

min and then 1 mL of the above solutions was 

added to a well and mixed using a mixer so that 

the material would be distributed evenly using the 

diffusion technique. The wells were dried by 

putting them in an incubator at 40 C during 24 hrs. 

(Antibiotic DA 10) -10 μg was the control sample. 

This test has been conducted in line with Kirby-

Bauer. [31,32]. 

 

Muller-Hinton agar: 

     Mueller-Hinton agar is commonly believed to 

be the most effective medium that can be used to 

determine the sensitivity of bacteria to different 

drugs. The medium used in this investigation was 

Hi-Media, prepared according to the 

manufacturer's instructions. We combined 38 

grams of Mueller-Hinton agar with 1 L of DI 

water to make the medium. Then the mixture was 

heated and stirred at certain intervals until all the 

powder was dissolved. We then autoclaved it for 

15 min at 121°C and 1.5 psi. We then inoculated 

20 mL of sterile medium in each Petri dish and 

allowed it to harden at room temperature. We 

incubated the dishes at 37°C for 24 hrs to ensure 

the environment was clean and to eliminate any 

excess moisture. When we were finished with the 

dishes, we put them in the fridge. For testing how 

sensitive bacteria are to different medications, this 

technique is crucial. These stages are also very 

important to follow precisely in order to obtain the 

appropriate findings.[33]

. 

Table 1: Bacterial Types Used to Determine the Zone of Inhibition 

No.    Bacterial isolates Gram dye Source 

1 Escherichia coli       G
-
 Al-Ramadi Educational 

Hospital 2 Staphylococcus aureus      G
+
 

 

Spread of wells 

     The nanohybrids were carefully placed in 

the wells. There was at least 24 mm of space 

between each well. This procedure was done 

to ensure that the inhibition areas did not 

interfere with each other's ways. The dishes 

were inverted and maintained at a 

temperature of 37°C for a duration of 24 hrs. 

Measurement of the inhibition zone: 

     Using a millimeter ruler, we measure the 

diameter of each well cautiously. The 

measured area includes the entire clear area 

surrounding the antibiotic well and the well 

itself. The clear area shows how well the 

antibiotic is stopping bacteria from growing 

as it spreads. 

 

 

RESULT AND DISCUSSION  

    The (FTIR) spectra of magnetite 

(Fe₃ O₄ ) nanoparticles and their 

nanohybrids (Ag/Fe₃ O₄  and 

S/Fe₃ O₄ ). A wide absorption band 

between 3475 and 3415 cm⁻ ¹ is due to 

O–H stretching vibrations. This shows 

that phenolic compounds and flavonoids 

are present and are acting as reducing and 
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stabilizing agents. This is in line with 

recent progress in the synthesis of 

nanoparticles using plants [34]. The 

peaks at 16351616 cm⁻ ¹ are either 

because of the stretching of C=O bonds 

in amides or vibration of C=C bonds in 

aromatic rings. This implies that the 

proteins and polyphenols are sticking to 

the surface of the nanoparticles, forming 

a stable layer that covers the 

nanoparticles. When these molecules 

stick to the surface of the nanoparticle, 

they seem to form this layer, which is 

called a bio-capping layer [35]. The band 

at a position of 1558 cm⁻ ¹ is designated 

to the N-H bending (amide II), thus 

showing that nitrogen-based 

biomolecules are used to stabilize 

nanoparticles. The peaks between 1382 

and 1338 cm⁻ ¹ are due to C-N stretching 

or O-H bending, and the peaks between 

1109 and 1067 cm⁻ ¹ are because of C-O 

stretching vibrations. This implies that 

alcohol and polysaccharides exist and 

assist in maintaining the stability of the 

colloids. Extra bands in the 999--850 cm 

-1 range indicate that the structure has 

altered due to 

the addition of 

silver and its 

reaction with the Fe₃ O₄  matrix. This is 

in line with recent research on metal–

magnetite nanocomposites [36]. The 

strong absorption bands seen in the low 

wavenumber range (628–470 cm⁻ ¹) are  

which show that crystalline magnetite has 

formed. Notably, slight changes in the 

positions and intensities of the peaks in 

the nanohybrids compared to pure 

Fe₃ O₄  show that surface 

functionalization and interfacial 

interactions have worked, especially in 

the S/Fe₃ O₄  system. This study follows 

the recent reports, which put a lot of 

emphasis on the role of surface 

engineering in enhancing the 

performance of nanoparticles. These 

results prove the efficiency of green 

synthesis using Brassica napus to 

produce stable and functional 

nanostructures with promising 

applications in nanotechnology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FTIR spectrum of Fe3O4 (SPIONs) synthesized from Brassica napus (green 

synthesis), Ag/Fe3O4, and S/Fe3O4 nanohybrids 
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analysis 
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have been synthesized indicate that the 

green synthesized Fe₃ O₄ -NPs are quasi-

spherical in shape and are tightly clustered 

together. This aggregation can be mostly 

explained by the high surface energy and the 

strong magnetic dipole-dipole interactions 

of magnetite nanoparticles. Phytochemicals, 

including polyphenols, flavonoids and 

proteins, are reducing and capping agents in 

green synthesis systems, and their 

stabilization effect is generally weaker than 

that of synthetic surfactants, which is one of 

the factors that has contributed to the partial 

aggregation of the micrograph [37]. 

Although the observed agglomeration was 

noted, the primary particles remained 

uniform and nanoscale, confirming that the 

green synthesis method provided good 

control over nucleation and growth. The 

corresponding histogram shows that the 

mean size of the particles is approximately 

7.5 nm, and the standard deviation of the 

sizes is also 1.09 nm, which means the size 

distribution is rather narrow. The red 

Gaussian fitting curve indicates that the 

particle sizes are distributed in a near-

normal way, which is understandable in 

terms of the high reproducibility and well-

controlled synthesis conditions. This level of 

uniformity is generally linked to optimized 

parameters of synthesis (pH, temperature, 

and extract concentration) that affect the 

reduction kinetics and particle stabilization 

[38].  

 

The small particle size (<10 nm) suggests 

that the Fe₃ O₄  nanoparticles are 

probablysuperparamagnetic, which is a 

property desirable in biomedical 

applications such as targeted drug delivery, 

magnetic resonance imaging (MRI), and 

hyperthermia therapy. The noted structural 

features, small size, quasi-spherical 

geometry and acceptable dispersion are 

compatible with earlier reported green-

synthesized magnetite nanoparticles and 

confirm the appropriateness of this 

technique in the production of functional 

nanomaterials [39]. Overall, the 

combination of TEM and particle size 

analysis proves the successful synthesis of 

the Fe₃ O₄  nanoparticles using a green 

approach, which resulted in the relatively 

homogeneous, ultrasmall nanoparticles with 

minor aggregation, which is inherent to 

magnetic nanomaterials

.

 

 

 

Field emission scanning electron microscopy 

(FESEM) analysis 
 

The particle size of the green-synthesized 

Fe₃ O₄ -NPs using Brassica napus extract 

(mean ≈ 10.7 nm, SD ≈ ±2.8 nm) gives a 

useful point of reference in understanding the 

structural changes that occur following the 

hybridization of Ag and S. The mean size is 

relatively small, and the standard deviation is 

moderate, which means that the green 

synthesis route encouraged the efficient 

nucleation and controlled growth, but the 

observed dispersion suggests the inherent 

variability of phytochemical-mediated 

reduction. Bioactive compounds include 

phenolics, flavonoids and proteins found in 

plant extracts such as Brassica napus and 

may act as reducing agents and capping 

agents but with weaker stabilization 

properties than synthetic surfactants, so some 

partial aggregation and moderate 

polydispersity should be expected [39].  

     When the size of Fe₃ O₄ -NPs is 

compared with the size of the nanohybrid 

results, it is clear that there was a systematic 

increase in the size of the particle, reaching 

16.7 nm (SD 4.3 nm) in the case of the 

Ag/Fe₃ O₄  and 19.18 nm (SD 4.46 nm) in 

the case of the S/Fe₃ O₄ . This tendency 

facilitates effective surface alteration and 

hybrid formation, as the addition of secondary 

components is bound to shift the behaviour of 

nucleation and growth as well. The Ag 

nanoparticles deposited on the surface of 

Fe₃ O₄  in Ag/Fe₃ O₄  form decorated or 

core/shell-like morphologies. The Ag⁺  ions 

present in the synthesis may have added more 

nucleation sites and forced heterogeneous 

growth, leading to particle enlargement and a 

wider size distribution [48]. Moreover, silver 
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atoms may reduce the energy differences on 

the surfaces and encourage the partial 

coalescence of neighboring particles. In the 

case of the S/Fe₃ O₄  nanohybrid, the rise in 

the average size to approximately 19.18 nm, 

with a slightly higher standard deviation, 

suggests a greater impact of the addition of 

sulfur in the particle assembly. Sulfur species 

can extensively interact with iron oxide 

surfaces through FeS bonding and adsorption, 

and thus promote interparticle bridging and 

cluster formation and also generate larger 

apparent particle sizes in SEM micrographs 

[40]. Additionally, the sulfur modification can 

change the charge of the surface and decrease 

the electrostatic repulsion, which will lead to 

increased aggregation resulting in less 

uniform growth compared to the Ag-modified 

system. By comparing these results to the 

previously discussed SEM images, it is clear 

that there is a morphological progression  

from Fe₃ O₄  → Ag/Fe₃ O₄  → S/Fe₃ O₄ : 

[41] (i) Initially small nanoparticles with 

moderate aggregation (10.7 nm), (ii) 

increased size and improved surface 

decoration in Ag/Fe₃ O₄  (16.7 nm), and (iii) 

[51] more pronounced aggregation and larger 

clusters in S/Fe3O4 (19.18 nm). The 

underlying causes of this development 

include the surface chemistry modification, 

secondary phase deposition, and interparticle 

interactions. Notably, even with this size 

increase, all systems are at the nanoscale (<20 

nm), which is favorable to superparamagnetic 

behaviour and high surface area the latter of 

which are favorable to catalysis, antimicrobial 

activity, and biomedical applications. The 

observed size evolution and morphology are 

consistent with previous work on green-

synthesized iron oxide nanohybrids, where 

hybridization generally leads to an increase in 

particle size and a change in aggregation due 

to altered surface energetics and reaction 

pathways [42]. 

 

 

 

Figure 3: Field emission scanning electron microscopy (FESEM) analysis 
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X-ray diffraction (XRD) analysis 
 

 In figure 4 the (XRD) pattern of the green-

synthesized Fe₃ O₄  nanoparticles clearly 

shows a set of well-defined diffraction peaks 

at approximately 2θ 30, 35, 43, 57, and 62 

degrees, which can be indexed to the 

crystallographic planes (220), (311), (400), 

(511), and (440), respectively. This is in 

excellent agreement with the standard 

magnetite phase (JCPDS card No. 19-0629), 

which confirms the successful synthesis of 

Fe₃ O₄  with a cubic inverse spinel 

structure. High phase purity and crystallinity 

have been widely reported with green-

synthesized Fe₃ O₄  nanoparticles with 

similar positions of the peak and indexing 

[53,54]. The strongest peak of diffraction 

found at the (311) plane indicates a 

favourable orientation and strong 

crystallographic order in the nanoparticles. 

The lack of other peaks associated with 

other secondary phases, such as hematite 

(Fe₂ O₃ ) or maghemite (γ-Fe₂ O₃ ), is yet 

another confirmation that the material 

synthesized is phase-pure magnetite, 

commonly obtained in controlled systems of 

green synthesis due to the stabilizing effect 

of plant phytochemicals [56]. Further, the 

apparent expansion of the diffraction peaks 

is a sign of the nanoscale size of the 

particles. The Debye Scherrer equation was 

used to determine the crystallite size. 

  
     

     
 

   The determined crystal sizes of the 

crystallites lie between 4.6 and 7.3 nm with 

an average size of 6.26 nm. This is small in 

relation to green-synthesized Fe₃ O₄  

nanoparticles, which are dependent on the 

synthesis conditions [55]. Comparing these 

XRD results with TEM and SEM results, a 

definite and scientifically coherent trend can 

be observed. The XRD crystal size (~6 nm) 

is smaller than the crystal size measured by 

TEM (~10.7 nm) and SEM (~16-19 nm). 

This difference is predicted and can be 

attributed to the inherent differences 

between the methods. XRD determines the 

size of the coherent crystalline domains, 

whereas TEM determines the actual particle 

size, which can be several crystallites. SEM, 

in contrast, can be the manifestation of 

larger agglomerated structures because of 

the clustering of the particles. Additionally, 

the observed increase in particle size 

between the TEM and SEM analyses can be 

attributed to the organic capping agents 

present in the plant extract used for green 

synthesis [44]. 
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Figure 4:  shows the XRD pattern of Fe₃ O₄  nanoparticles (green synthesis). It has unique 

diffraction peaks that correspond to different crystallographic planes. This confirms that a spinel 

cubic structure has formed. (JCPDS card 19-0629) 

 

In vitro biological studies 

Antioxidant efficacy testing (DPPH test) 

       Nanotechnology, based on transition 

metals, namely magnetite (Fe₃ O₄ ), is an 

essential area in developing modern 

antioxidants. This analysis aims to interpret 

the findings of the DPPH free radical 

scavenging assay of three compounds : pure 

iron oxide (Fe₃ O₄ ), silver-doped iron 

oxide (Ag/Fe₃ O₄ ) and sulfur-modified 

iron oxide (S/Fe₃ O₄ ). Based on the IC₅ ₀  

and redox activity ratio, the DPPH assay 

aims to measure the compounds' ability to 

inhibit stable DPPH free radicals, thus 

highlighting their potential as bio-

antioxidants. The best one is the Ag/Fe₃ O₄  

compound, which has the highest 

scavenging efficiency (88.32%) and the 

lowest IC₅ ₀  (199.10 μmol /L), which 

means it is better. This phenomenon occurs 

because combining Fe₃ O₄  with the silver 

nanoparticles creates a synergistic effect that 

enhances their superiority. The silver 

nanoparticles amplify the reactive surface 

area and enhance the compound's ability to 

donate electrons to DPPH free radicals and 

thus increase its antioxidant activity. This 

finding corresponds with other studies that 

have been conducted recently with silver 

being used as an antioxidant enhancer. 

Although the S/Fe₃ O₄  compound shows a 

good activity, slightly higher than that of 

pure Fe₃ O₄ , the sulfur modification is 

thought to either add functional groups (S 

groups) or provide good surface coverage to 

the formation of particles or the 

enhancement of activity.  

     The sulfur groups are rather inactive in 

terms of antioxidant activity or transition 

metal filtering, which contributes to a slight 

augmentation of antioxidant action in 

comparison to pure iron nanoparticles. 

While Fe₃ O₄  shows reasonable activity 

(IC₅ ₀  = 422.12 μmol/L), closely related to 

the sulfur compound, the activity of the 

magnetic iron oxide nanoparticles can be 

explained by their ability to react with free 

radicals through surface redox reactions or 

by surface radical stabilization. Statistical 

and theoretical variations show that the 

silver addition was not a mere addition but a 

synergistic alteration that seemingly boosted 

the activity of the compound by a very 

significant margin. This ability is credited to 

the fact that silver nanoparticles (Ag/NPs) 

catalyze and facilitate the transfer of 

electrons to the stable DPPH radical. The 

presence of magnetite (Fe₃ O₄ ) gives it 

structural support and increases the reactive 

surface area, leading to an oxidation 

capacity that greatly exceeds the product of 

the efficiencies of the two elements, 

individually. The approximate values of IC50 

of the sulfur (420.10) and pure iron (422.12) 

mixtures show that the sulfur modification 

produced only a slight increase in the 

stability instead of a radical improvement of 

the quenching mechanism. The length of the 

sulfur compound is probably limited by 

depleting agglomeration and maintaining an 

optimal distribution of nanoparticles, and 

therefore, the anti-ageing properties of the 

Fe₃ O₄  surface are more likely to be 

retained over a longer period. The oxidation 

rate (88.32%), which is the rate at which an 

oxidant combats the antioxidants, was found 

to be very high in the iron and silver 

nanoparticle composite (88.32%), which 

was many times higher than the reference 

standard (ascorbic acid), a reference 

standard used to measure the antioxidant 

strength of a substance. This outcome will 

categorize the composite as a material with 

greater antioxidant activity, and thus, it is 

highly promising for future therapeutic 

applications. All the composites exhibited a 

progressive reduction in the ability to 

scavenge free radicals with a decrease in 

concentration, which is one of the important 
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characteristics to verify the validity of test 

results. The outcomes of the oxidative 

strength-based analysis show a successful 

model of nanoparticle surface engineering, 

generated by introducing silver 

nanoparticles into Fe₃ O₄  particles, aimed 

at improving biological performance. The 

low IC50 value of the Ag/Fe₃ O₄  composite 

is a promising platform where the magnetic 

strength (of Fe₃ O₄ ), which is useful in 

therapeutic targeting, combines with the 

high antioxidant strength (of silver), which 

makes it an ideal candidate to be used in 

biotechnology applications (such as 

oxidative stress treatment or drug delivery). 

 

 

Table 2: Comparison of the effectiveness of modified nano-free radical scavenging at different 

concentrations, and the value of IC50. 

 

Scavenging (%)  Concentration 

(µL ml
−1

) Fe3O4-NPs Ag /Fe3O4-

nanohybrid 

S/Fe3O4-

nanohybrid 

77.65
a
 ± 0.2 88.32

a
 ± 0.23 81.03

a
 ± 0.22 500 

76.01
b
 ± 0.4 81.01

b
 ± 0.24 76.02

b
 ± 0.33 400 

72.34
c
 ± 0.54 73.12

c
 ± 0.11 70.44

c
 ± 0.12 300 

58.53
cd

 ± 

1.44 

54.13
cd

 ± 2.98 59.85
cd

 ± 2.56 200 

51.542
d
 ± 

0.30 

51.53
d
 ± 0.38 51.542

d
 ± 0.38 100 

422.12 199.10 020.11 IC50 

  

                                           77.07
dc

   Ascorbic 

(10mg.ml
-1

) 

1.432  2.54 LSD0.05 

 

     The functional specificity of iron oxide 

nanoparticles (Fe3O4) is due to their high 

capability of scavenging free radicals (like 

DPPH). Research has shown that the 

concentration and efficiency of inhibition 

have a direct relationship, with a range of 

29% to 74% [45.46]. The adoption of "green 

manufacturing" techniques has further 

enhanced the reduction capacity of these 

particles (SPIONs) to over 80%, an 

efficiency approaching that of ascorbic acid. 

These findings are consistent with the study 

by Al-Ani and Altameme (2023) on Ag-Fe 

hybrid systems, where the combination of 

silver and iron creates a synergistic effect 

that enhances chemical stability and 

provides additional active sites for electron 

exchange.[59] These particles, in a 

mechanistic way, act as nanozymes, which 

mimic the activity of catalase and 

peroxidase enzymes. This helps in the 

breakdown of hydrogen peroxide and 

prevents cellular components from 

undergoing programmed oxidative stress 

[47,48]. It has also been shown that these 

particles are highly efficient as green 

nanocatalysts in the synthesis of highly 

potent oxazole derivatives, which are used 

as antioxidants in comparison with the 

standard compounds. Modification of 

surfaces is a key factor in promoting 

performance; organic coatings or reactive 

groups (including phenols) promote the 

donation of protons or electrons to 

neutralize free radicals [49].  A special 

synergy is also found between mineral core 
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and a biosphere rich in phytochemicals in 

biosystems prepared using plant extracts 

[50].  

     Ag-Fe hybrid systems provide a high-

quality model of the biological activity; the 

silver coating, rich in flavonoids, increases 

the concentration of O-H groups that can 

interact [63,64]. The research establishes the 

superiority of these hybrid systems as 

systems which concentrate and amplify the 

activity of antioxidant bonds. In the context 

of environmental applications, the study by 

Yildiz (2024) demonstrated that these 

particles, at a concentration of 1.5%, 

completely inhibit the growth of brown rot, 

highlighting their potential as wood 

preservatives. These nanoenzymes are 

strategically important because they are 

highly stable, reusable, and can be targeted 

to a specific point using magnetism [65]. 

Nevertheless, there is still a need to carry 

out intensive scientific research on the 

issues of biosafety and tissue distribution to 

ensure the safe implementation of these 

technologies in the laboratory, clinical, and 

industrial applications [66]. 

Inhibition of Some Bacterial Isolates by 

Fe₃ O₄ -NPs and nanohybrids 

 

     Table 3 presents the results of a 

comparative study on the effectiveness of 

three nanoparticles (pure iron, iron-silver, 

and iron-sulfur) in inhibiting the growth of 

two bacterial strains, Escherichia coli and 

Staphylococcus aureus. The iron-silver 

nanoparticle had the highest values of 

inhibition zones as compared to the other 

prepared nanoparticles, reaching 18 ± 1.2 

mm against E. coli and 19 ± 1.0 mm against 

S. aureus. This result is due to the 

synergistic effect of silver with iron 

nanoparticles, which have been shown to 

have synergistic effects in bactericidal 

processes that include the release of ions 

that interact with DNA and disrupt cellular 

metabolism proteins [67]. They also cause 

oxidative stress in the bacterial cell, 

destruction of the cell membrane, and 

programmed cell death. [68]. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 3: The effect of different treatments of nano-iron and combined elements on some 

bacterial isolates, inhibition diameters are measured in mm. 

 

Escherichia coli 
G

- 
Staphylococcus aureus 

G
+

 

Concentrations 

µg.ml
-1

 

Treatment 

11±1.9 13±1.4 5  

Fe304-NPs 

 
14±1.7 16±1.0 10 

15±0.4 16±0.1 25 

14±1.0 17±1.4 5  

Ag/ Fe3O4 

 
16±1.5 17±1.0 10 

19±1.0 18±1.2 52 

9±0.0 9±1.0 5  

S/Fe3O4 11±1.0 12±1.0 10 

15±1.0 13±1.0 25 
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The statistical analysis and research findings 

demonstrated that bimetallic (Ag-Fe) 

nanoparticles, which were prepared using 

the techniques of "green manufacturing", are 

superior in their inhibitory effects on 

bacterial isolates in comparison with 

monometallic systems and traditional 

antibiotics (DA10). The research discovered 

that the attaching ability of sulfur can 

diminish the inhibitory activity of Gram-

positive bacteria because of the covering of 

active functional groups. There was also 

data to confirm the principle of dose-

dependent response in antimicrobial activity 

with respect to strain susceptibility. S. 

aureus (Gram-positive) was found to be 

more susceptible than E. coli (Gram-

negative).  

     This phenomenon is due to the structural 

differences seen in the cell wall, where the 

lack of a complex outer membrane in Gram-

positive bacteria facilitates the penetration 

and interaction of the nanoparticles with the 

thick peptidoglycan layer. The paper shows 

that the polyphenol-rich plant extracts can 

be used as reducing and coating agents, 

thereby providing the particles with 

chemical stability and inhibiting 

aggregation, which in turn increases the 

effective surface area of the particles. High 

capacity to scavenge free radicals (DPPH) 

and induce the formation of reactive oxygen 

species (ROS), which cause oxidative stress, 

resulting in cell membrane rupture and 

damage to the DNA of pathogens and 

cancer cells, demonstrates the biological 

mechanism of action of these compounds.  

     The research finds that silver 

nanoparticle modification is an ideal 

approach towards the development of 

promising agents to combat microbial 

infections and tumours as the rate of 

antibiotic resistance is ever-increasing. 

 

 

 

 

 
Figure 5: Inhibition zones of 25 µg.ml

-1
 (Ag/Fe3O4) nanohybrid right for S.  aureus and left for 

E. coli. 

 

 

13±1 15±1  Antibiotic 

(DA 10) 

+ control 

 

0.05 

 

 

0.0001 

 

 P value  

Between 

tested groups 

and control 

0.073 0.082  LSD 5% 
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Figure 6: Antibacterial activity and inhibition zones of bimetallic (Ag/Fe3O4) nanohybrid at a 

concentration of 25 µg/ml against S.  aureus and E.  coli. 

   

 

CONCLUSION 

 

     This study has successfully developed an 

environmentally friendly green synthesis 

route to the preparation of Fe₃ O₄  

nanoparticles and their Ag- and S-based 

nanohybrids using Brassica napus leaf 

extract. The dual role of the phytochemical 

constituents of the extract as reducing and 

stabilizing agents played a key role in the 

formation of well-defined, nanoscale 

structures. Successful surface modification 

was demonstrated by structural 

characterization (the successful formation of 

phase-pure magnetite with high 

crystallinity) and morphological analyses 

(systematic increase in particle size upon 

hybridization, i.e., between ~10.7 nm with 

Fe₃ O₄  and ~16.7 nm with Ag/Fe₃ O₄  and 

S/Fe₃ O₄ , respectively). Biological studies 

showed that adding silver greatly improved 

both the antioxidant and antibacterial 

properties. The highest free radical 

scavenging activity and the lowest IC₅ ₀  

value were found in the Ag/Fe₃ O₄  

nanohybrid, which had the best antibacterial 

activity against the Gram-positive and 

Gram-negative bacteria. Such an increased 

activity is also explained by the synergistic 

effect of the magnetic core of Fe₃ O₄  and 

the bioactive silver constituent, which 

enhances surface reactivity and electron 

transfer processes. In general, the results 

indicate that green-synthesized Ag/Fe₃ O₄  

nanohybrids are a promising multifunctional 

tool to be used in advanced biomedical 

applications. Future research ought to 

address the toxicity, in vivo testing, and 

scaled studies to help them become practical 

medical and environmental applications. 

 

LIMITATIONS 
 

Although it is a useful study to provide 

information about the antibacterial 

properties of Brassica napus Fe₃ O₄ -NPs 

and nanohybrids, it is limited to in vitro 

studies. Further studies are needed to 

confirm their efficiency under working 

conditions and to understand the possible 

harmful effects of these nanocomposites. 

Furthermore, the study did not cover the 

whole spectrum of microbial strains. 

Further research may extend the study to a 

broader range of pathogens to fully 

evaluate the antimicrobial efficacy of the 

nanocomposites. 
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RECOMMENDATIONS 
 

  The results suggest that additional 

controlled experiments, especially on 

living organisms, are needed to assess the 

efficiency of the synthesized Brassica 

napus Fe₃ O₄  NPs and nanohybrids as 

potential antibacterial agents. Further 

studies could be done to use these 

nanocomposites in real time, like in 

mouthwash to fight Escherichia and 

streptococcal bacteria. Moreover, further 

investigation is recommended for the 

durability, longevity, and real-world uses 

of the nanocomposites. 
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