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Abstract 

The present research work reports the successful synthesis of the iron oxide 

nanoparticles (IONPs) through green route, their characterization and their 

application for their antimicrobial and photocatalytic performance. The IONPs 

were prepared using Citrus maxima peel extract through green synthesis method. 

The peel extract was found to contain important phytochemicals such as 

polyphenols, flavonoids, and terpenoids, which facilitate the reduction of metal 

precursors and stabilize metal nanoparticles. This approach offers scalability, 

simplicity, and non-toxicity, making it a notable strategy in green nanotechnology 

for producing nanoparticles. The as-synthesized nanoparticles were applied for 

the antimicrobial and photocatalytic performance. It was found that the as-

synthesized IONPs were excellent photocatalysts for the degradation of 

methylene blue solution with 98.13% degradation within the recorded time of 90 

minutes in the presence of natural sunlight. Moreover, the IONPs demonstrated 

good anti-bacterial activity against Bacillus subtilis and E. coli and good anti-

fungal activity against Candida albicans. 

Keywords: Iron oxide nanoparticles, green synthesis, Citrus maxima peel 

extract, antimicrobial activity, photocatalytic activity 
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Remarkable Photocatalytic and Antimicrobial Activities of Iron Oxide 

Nanoparticles Synthesized through Green Route Using Citrus maxima Peel 

Extract 

Nanotechnology focuses on creating and assembling materials at the scale 

of 1-100 nm (Adhikari et al., 2022). Metal nanoparticles are widely studied due to 

their unique physicochemical properties, including electronic, magnetic, catalytic, 

and antimicrobial activities. The field is advancing rapidly, with applications in 

catalysis, agriculture, electronics, and biomedical analysis (Caldeirao et al., 2021). 

There are two main methods for nanoparticle synthesis: the top-down 

approach, which breaks down larger structures, and the bottom-up approach, 

where materials are built from atomic levels. Various chemical and biological 

methods are used for synthesis, with green synthesis emerging as an eco-friendly 

alternative that avoids toxic agents. Green synthesis uses biological materials like 

plants, bacteria, and fungi, which contain compounds that act as reducing and 

stabilizing agents in nanoparticle formation (Bhuiyan et al., 2020).  

Carbon-based nanoparticles, such as fullerenes and carbon nanotubes, are 

valued for their electrical conductivity and structural properties. Fullerenes are 

globular, while nanotubes are tubular, and both are produced using processes like 

chemical vapor deposition. Green synthesis is seen as cost-effective, simple, and 

environmentally friendly, offering a sustainable approach to nanoparticle 

production without harmful by-products (Kumar et al., 2020; Sapkota et al., 

2019).  

Researchers are exploring plant extracts and other biomaterials to 

synthesize nanoparticles more sustainably. Plant-derived phytochemicals act as 

natural agents in nanoparticle formation, making green synthesis scalable and less 

toxic compared to conventional methods (Anchan et al., 2019). 

Iron Oxide Nanoparticles  
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Iron oxide nanoparticles (IONPs) occur naturally and can be synthesized 

chemically for use in fields such as electronics, biomedicine, and environmental 

remediation. Hematite, maghemite, and magnetite are the most commonly studied 

iron oxides. Hematite is stable and has anti-ferromagnetic properties, making it 

useful in gas sensors and photocatalysts. Maghemite and magnetite are primarily 

employed in drug delivery and energy storage (Adhikari et al., 2022; Bibi et al., 

2019).  

Conventional synthesis methods like sol-gel, chemical vapor deposition, 

and pyrolysis involve toxic solvents and high temperatures, which can degrade 

magnetic properties. Using biological materials, green synthesis offers a cost-

effective and eco-friendly alternative for producing iron oxide nanoparticles with 

desirable properties for biomedical and industrial applications. In this context, a 

greener, bottom-up method was used to create uniformly distributed spherical 

IONPs (Izadiyan et al., 2020; Kirdat et al., 2021).  

The pomelo (Citrus maxima), a Southeast Asian fruit, is known for its 

nutritional and medicinal benefits. It boosts the immune system, helps regulate 

blood sugar, and has anti-aging properties. Different parts of the pomelo offer 

various health benefits, such as using the leaves to treat swelling, the seeds for 

coughs, and the fruit as a cardiotonic and digestive aid.  

Figure 1 

Some Phytochemicals Present in Citrus maxima Peel Extract (Zou et al., 2016) 
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According to reports, Citrus maxima peel extract contains significant 

amounts of phenolic acids, coumarin flavonoids, rutin, and terpenoids (Figure 1). 

These substances are regarded as organic antioxidants. Furthermore, they can 

likewise function well as a reducing agent to create IONPs. Thus, IONPs were 

produced from this method are more biocompatible and appropriate for industrial 

and biomedical uses. Plant components (such as leaves, fruits, seeds, and bark) 

include various antibacterial components, such as antioxidants, phenolic 

substances, alkaloids, flavonoids, steroids, terpenoids, etc which is utilized for 

treatment (Yu et al., 2016). Fresh pomelo fruit is eaten, whereas its peel is thrown 

away as biological waste. However, pomelo peel, which can make up to 30% of 

the fruit's weight, is regarded as a good source of important phytochemicals like 

pectin, cellulose, pectinoids, and essential oils. Pomelo peel extract contains 

flavonoids that can convert Fe3+ ions into metallic Fe(0) nanoparticles and 

additional use of other phytochemicals is possible to create films that are 

antibacterial and antioxidant used in medicine or food packaging. 
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It is hypothesized that iron oxide nanoparticles (IONPs) can be 

synthesized using C. maxima peel extract and these synthesized nanoparticles can 

be utilized for the photocatalytic degradation of organic dyes and it can also be 

employed for anti-microbial applications. However, there are still limited 

researches and comprehensive data on the biosynthetic process of synthesizing 

IONPs using C. maxima peel extract are not available. Moreover, limited 

applications have been explored. Some experiments have reported the synthesis of 

IONPs using C. maxima peel extract with applications in biomedical fields, 

catalysis, water purification, photocatalytic degradation of organic dyes and 

hazardous metal detection. However, detailed reports on the multiple applications 

of IONPs are still in high demand. Therefore, this research project will primarily 

focus on the synthesis of IONPs using C. maxima peel extract and their 

subsequent use in anti-microbial applications and photocatalytic degradation of 

dyes with the aid of a UV-visible spectrophotometer. 

Materials and Methods 

The research was conducted entirely through laboratory experiments, and 

the data obtained were analyzed using various spectroscopic techniques. The 

research followed a systematic approach based on objectivity, generality, and 

verifiability, relying on the experimental results. 

Solvents and Chemicals 

The chemicals and solvents used in this research work include Ferric 

chloride hexahydrate (FeC13.6H2O) from Fisher Scientific, ethanol, distilled 

water, Whatman filter paper (No. 40), NaOH, and 30% H2O2 from Fisher 

Scientific. All these materials were obtained from the chemistry laboratory 

without further purification. 

 Plant Extract Preparation 
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C. maxima fruits were bought from the local market in Kathmandu. The 

fruits were washed with tap water and then with distilled water. Then, the peel 

was removed from fruit with the help of a knife and left for drying in sunlight for 

7 days. The dried peels were ground to make a powder using an electrical blender 

and the remaining peels were stored in a polythene bag for future use. About 20 

grams of the fine powder sample was heated in 600 mL of distilled water on a 

magnetic stirrer hot plate at 80°C for 30 minutes. The mixture was then filtered 

through Whatman Filter Paper after cooling and the collected filtrate was finally 

referred to as C. maxima peel extract. The extract was used for the experiments 

and the remaining extract was stored at 4°C in the refrigerator for further use. 

Preparation of Ferric Chloride Hexahydrate (Iron Chloride) Solution 

To maintain a 0.1M concentration of iron chloride solution, 6.8 grams of 

FeCl3.6H2O were dissolved in 250 mL of distilled water. The resulting solution 

was then stored in a dark place away from sunlight. 

Green Synthesis of Iron Oxide Nanoparticles  

In the biosynthesis process, 50 mL of C. maxima peel extract was slowly 

added drop by drop to 50 mL of FeCl3.6H2O in a 1:1 molar ratio at a temperature 

of 80°C on a magnetic stirrer hot plate. The mixture was stirred for one hour on a 

magnetic stirrer at a constant speed of 850 rotations per minute. The formation of 

a black-colored solution confirmed the synthesis of iron oxide nanoparticles 

(IONPs) as the color change was attributed to the surface plasmon resonance 

(SPR) effect and the conversion of Fe+3 ions to Fe2O3 NPs by the aqueous C. 

maxima peel extract. The initial yellow color was mainly due to the C. maxima 

peel extract which gradually faded away and turned black as the concentration of 

IONPs increased. Subsequently, 1M NaOH was added to the reaction mixture 

until the pH reached 11, as measured by a pH meter. The formation of 

nanoparticles was confirmed using a UV-visible spectrophotometer which 

exhibited a characteristic maximum peak at a wavelength of 368 nm. The 
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synthesized IONPs were then stored in the refrigerator for further uses in 

separation, purification and characterization. 

Purification and Separation of Iron Oxide Nanoparticles 

The synthesized IONPs were separated and purified through centrifugation 

at 8000 rpm for 10 minutes. The resulting pellet was washed 2-3 times with 

distilled water and then with ethanol to remove impurities. Finally, the 

nanoparticles were dried in a hot air oven at 80°C for 24 hours before being stored 

in a sealed container for subsequent characterization and applications.  

Characterization of IONPs  

Characterizing IONPs is a crucial step in identifying and understanding 

the properties of the nanoparticles. Various analytical techniques were employed 

to determine the nanoparticles’ size, shape, structure, morphology, surface 

chemistry, surface charge, surface area, and disparity. UV-visible spectroscopy 

was employed to affirm the formation of IONPs from the precursor. Fourier 

Transform Infrared (FTIR) spectroscopy was used to confirm the presence of 

different functional groups attached to IONPs that were derived from 

phytochemicals. X-ray diffraction (XRD) analysis was employed for the study of 

phase structure and crystallinity of the as-synthesized nanoparticles.  

Results and Discussions 

The formation of IONPs was confirmed through the UV-vis spectroscopic 

analysis, FTIR spectroscopy and X-ray diffractometric analysis.  

Formation of Iron Oxide (α-Fe2O3) Nanoparticles 

The addition of 50 mL of C. maxima peel extract to a 50 mL solution of 

0.1M FeCl3.6H2O in a 1:1 ratio resulted in the formation of IONPs, as evidenced 

by the change in color from brown to a darker shade. Such color change is 

attributed to the surface plasmon resonance (SPR) phenomenon typically 

observed in iron oxide nanoparticles and the conversion of Fe+3 ions to Fe0 

nanoparticles facilitated by the aqueous C. maxima peel extract. The optical 
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absorption spectrum of metal nanoparticles is influenced by factors such as 

particle size, shape, aggregation state, and the surrounding dielectric medium. 

Initially, the brown color is primarily attributed to the C. maxima peel extract, 

which gradually fades while undergoing magnetic stirring at 80 °C for 1 hour, 

resulting in a darker color as the concentration of IONPs increases. To maintain 

an appropriate pH for IONPs synthesis, the reaction mixture was adjusted to pH 

11 using 1M NaOH, monitored by a pH meter, and confirmed by observing the 

absorbance of IONPs using a UV-visible spectrophotometer (Bhuiyan et al., 

2020; Mahlaule-Glory et al., 2022; Adhikari et al., 2022). 

Analysis of Optical Properties of IONPs by UV-visible Spectroscopy 

Based on the UV-visible spectra provided in figure 2, the presence of a 

distinctive UV absorption peaks at 337 nm and 353 nm at pH 11 confirms the 

formation of IONPs. Among the various IONPs mixtures, the sharp and intense 

peak observed at pH 11 indicates the presence of a maximum surface plasmon 

resonance (SPR) band centered at 353 nm. This observation suggests the 

reduction of Fe+3 ions to Fe0 nanoparticles (Somchaidee et al., 2018; Win et al., 

2021).  

Figure 2 

UV-visible Spectra of IONPs and Plant Extract 
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FTIR Analysis of C. maxima Peel Extract and IONPs 

Fourier Transform Infrared Spectroscopy (FTIR) was utilized to detect the 

functional group present in the plant extract and the resulting nanoparticles. The 

study revealed that the reaction between phytochemical and metal ions indicated 

the formation of iron oxide nanoparticles. It was found that the phytochemicals 

reacted with the iron ions, leading to the formation of the nanoparticles, rather 

than reducing Fe3+ to Fe0. The presence of biomolecules acting as capping agents 

confirmed the involvement of natural compounds in the synthesis and stability of 

IONPs. The FTIR analysis of the synthesized sample confirmed the synthesis of 

IONPs and the presence of various reducing agents, represented by the functional 

groups present in the C. maxima peel extract (Somchaidee et al., 2018; Sundari et 

al., 2017; Win et al., 2021). 
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Figure 3 

FTIR spectra of IONPs and Plant Extract 

 

 

Polyphenols, present in the C. maxima peel extract as major constituents, 

play a significant role in the reduction of ferric ions into metallic nanoparticles 

due to their abundant –OH group, which release electrons to conveniently reduce 

Fe3+ to Fe0 nanoparticles upon absorption of visible light. During the reduction 

process, charge transfer occurs, and the initial chelation of Fe3+ ions by the 

aldehyde groups C=O in the Citrus maxima peel extract leads to the formation of 

ferric protein chain (HO-.…Fe3+….) bonds and the subsequent formation of 

suspended ferric hydroxide, Fe(OH)3. Over time, the ferric hydroxide core 

undergoes dehydration (-H2O) and transforms into black-colored α-Fe2O3 

nanoparticles. The protein chain in the Citrus maxima peel extract acts as a 

capping agent on the α-Fe2O3 surface through the chelation of COO-……Fe3+. By 

adjusting the pH to 11 with the addition of 1M NaOH solution to the reaction 

mixture, any remaining Fe3+ ions that were not converted to Fe2O3 nanoparticles 
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form suspended ferric hydroxide, Fe(OH)3, contributing to the formation of α-

Fe2O3 (commonest form of Fe(III) oxide) nanoparticles. 

The FTIR spectra of IONPs and C. maxima peel extract as shown in figure 

3 exhibit distinct peaks corresponding to characteristic functional groups at 

specific wavelengths ranging from (400-4000 cm-1). These functional groups 

existed in plant extracts act as reducing and stabilizing agents in the nanoparticle 

synthesis. The peaks observed at 477.28 cm-1, 553.11 cm-1 and 639.95 cm-1 

indicate the presence of Fe-O bond in the sample. The peak observed at 3358.45 

cm-1 represents O-H bond stretching (H-bonded) which may be phenolic groups 

present in polyphenolic compounds. The peak at 2927.58 cm-1 is due to the C-H 

stretching vibration present in fatty acids. Again, the stretching vibration of C=O 

at 1640.60 cm-1 represents the aldehydes and ketones indicating the presence of 

phenolic acids and terpenoids. The C-O stretching vibration at 1277.58 cm-1 

suggests the presence of secondary alcohol in the plant extract. Likewise, the 

peaks observed at 1380.25 cm-1 and 1024.07 cm-1 represents the C-H bending 

vibration and C-N stretching vibration respectively indicating the presence of 

phenols and aliphatic amines. Therefore, the shift in peak position in the range of 

400-4000 cm-1 suggests that these functional groups containing compounds 

present in the plant extract are bound to the iron oxide surface (Bhuiyan et al., 

2020; Mahlaule-Glory et al., 2022; Adhikari et al., 2022).  

X-Ray Diffractometric Analysis  

The analysis of the X-ray diffraction (XRD pattern reveals distinct peaks 

at specific 2θ values: 31.63°, 45.52°, 56.47°, 75.44° and 83.98° corresponding to 

the lattice plane values of (311), (400), (511), (440) and (533), respectively 

(Figure 4). These peak positions indicate the cubic crystalline structure of the 

synthesized IONPs, which resembles the crystals formed in the previous 

researches (Adhikari et al., 2022; Somchaidee et al., 2018). Therefore, based on 
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the XRD pattern, it is confirmed that the IONPs synthesized with the assistance of 

C. maxima are crystalline. These finding are consistent with previously reported 

results (Qasim et al., 2020; Somchaidee et al., 2018). Furthermore, utilizing the 

Scherrer equation and the full width at half maximum (FWHM) value, the average 

crystallite size was calculated to be 8.70 nm. In addition to these, there are 

additional smaller peaks observed in the XRD pattern, which could be attributed 

to the presence of the crystalline bio-organic phase (capping agent) on the surface 

of the IONPs.  

Figure 4 

XRD Pattern of Iron Oxide Nanoparticles 

  

It is also possible that the characteristic peaks arise from the partial 

oxidation of iron, resulting in the observed features.  

Photocatalytic Degradation of Methylene Blue 

The methylene blue of 10 ppm concentration has intense blue color before 

adding IONPs and H2O2. After the addition of 0.2 mL H2O2 and 10 mg of IONPs, 

the blue color of the MB solution fades away to some extent (Adhikari et al., 

2022). After 90 minutes, it became a colorless solution as shown in the figure 5. 
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The objective of this experiment was to assess the effectiveness of synthesized 

IONPs for the oxidative degradation of MB. The UV-vis spectrum of the MB 

solution, in the presence of IONPs and H2O2, was recorded at various time 

intervals while continuously stirring on a magnetic stirrer in sunlight. Small 

samples were taken at specific time intervals to measure the absorbance of the 

solution.  

Figure 5 

Photographic Image of the MB Dye Degradation Photocatalytically at Different 

Intervals of Time by Plant-mediated Synthesized IONPs 

 

Initially, the SPR band of MB was observed at 663 nm with an absorbance 

of 0.594 nm accompanied by a hump at 620 nm, which is attributed to π → π* 

and n → π* transitions. Over time, the SPR band gradually decreased from its 

maximum value of 0.594 at 664 nm due to continuous exposure to sunlight, 

resulting in a fading of the intense blue color of MB. The decline in the SPR band 

of the solution, as depicted in the figure 6, continued until 1.5 hours, and 

eventually, the solution became colorless after 1.5 hours.  

Figure 6 

Photocatalytic Degradation of MB at Different Intervals of Time by 5 mg Dose of 

IONPs 
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The complete degradation of methylene blue (MB) was confirmed by the UV-visible 

spectrophotometer, which exhibited an intense peak at 664 nm. The degradation 

efficiency of the dye was calculated using the following formula: 

Efficiency (%) = (A0 – At) / A0 x 100 

Where, efficiency (%) represents the degradation efficiency of the dye, A0 

corresponds to the absorbance of the dye solution at the beginning (zero time), 

and At represents the absorbance of the dye solution in suspension after time t.  

The reactions involved in the degradation process are as follows: 

Fe2+ + H2O2 → •OH + Fe3+ + OH− ……………………….. (i)  

Fe3+ + H2O2 → Fe2+ + •OOH + H+ ……………………….. (ii) 

Fe2+ + •OH → Fe3+ + OH− ……………………………….. (iii) 

H2O2 + hv → •OH + OH- ……………………..………….. (iv) 

Fe3+ + H2O  
   ௩     
ሱ⎯⎯ሮ Fe2+ + •OH + H+ ……………………….. (v) 
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Equations (i) and (ii) demonstrate that the reaction is initiated by hydrogen 

peroxide, resulting in the generation of hydroxyl radicals that attack and degrade 

methylene blue (MB). These hydroxyl radicals also target the bonds in MB 

whether they are in solution or adsorbed on the surface of IONPs. Previous 

literatures (Shafreen et al., 2017; Wanakai et al., 2019) indicates that H2O2 alone 

does not cause significant degradation. However, when IONPs are combined with 

H2O2, the color of MB disappears with an efficiency of 90.06%, 98.31% and 

93.08% for 5 mg, 10 mg and 20 mg of IONPs respectively, after 90 minutes. No 

significant changes are observed beyond 90 minutes. Incubating MB in an 

aqueous solution of IONPs and H2O2 for 5 minutes results in a red shift of the 

spectral band from 620 nm to 664 nm, which can be attributed to MB protonation 

(Shahwan et al., 2011). 

Figure 7 

Photocatalytic Degradation of MB at Different Intervals of Time by 10 mg Dose of 

IONPs 

 

Consequently, MB undergoes oxidation and decolorization through a 

Fenton-like reaction, facilitated by IONPs providing ferrous ions. Similar findings 
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have been reported by Adhikari et al., (2022), who synthesized IONPs using the 

sol-gel method and have demonstrated the potential of green-synthesized IONPs 

for organic dye degradation. Therefore, the synthesized IONPs can be utilized as 

heterogeneous Fenton-like oxidants for the degradation of MB in an aqueous 

medium.  

Figure 8 

Photocatalytic Degradation of MB at Different Intervals of Time by 20 mg Dose 

of IONPs 

 

Degradation Kinetics of Methylene Blue  

The estimation of dye photodegradation's kinetic constants is commonly 

done by utilizing equations that represent pseudo-first-order and second-order 

reaction rates (Eq. (vi) and (vii)). The equations for the reaction rate are as 

follows: 

ln(A0/At) = K1 t ……………………….  (vi) 

1/A0 - 1/At = K2 t ……………………..... (vii) 
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In these equations, t represents the reaction time in minutes, A0 is the 

initial concentration, At is the concentration at time t, and K1 (hr-1) represents the 

first-order reaction rate constant. The rate constant (K) of the first-order reaction 

is determined by plotting ln(A0/At) against the reaction time, t. The slowest 

degradation rate was observed at 30 minutes for a sample, with a rate constant of 

0.00634 min-1, 0.0151 min-1 and 0.02751 min-1 for 5 mg, 10 mg and 20 mg of 

IONPs, respectively. This rate increased to 0.01172 min-1, 0.0185 min-1 and 

0.03157 min-1 for 5 mg, 10 mg and 20 mg of IONPs at 90 minutes due to redox 

reactions occurring between IONPs (Iron Oxide Nanoparticles) and MB 

(Methylene Blue), resulting in the generation of oxidative free radicals that bind 

with photocatalysts and trap the molecules of MB, ultimately removing them from 

polluted water.  

Figure 9 

Rate of Degradation of Methylene Blue by Different Doses of IONPs at Different 

Time Intervals 

 

 

This indicates that the reaction rate is significantly higher at different time 

intervals with a slope of 0.01172 min-1, 0.0185 min-1 and 0.03157 min-1 for 5 mg, 

10 mg and 20 mg of IONPs, respectively. The dye degradation reached half of its 
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initial value within 45 minutes, corresponding to a reaction rate of 0.00922 min-1, 

0.01298 min-1 and 0.03626 min-1 for 5 mg, 10 mg and 20 mg of IONPs, 

respectively. The relative degradation kinetics of IONPs has been reported in 

published researches (Bhuiyan et al., 2020; Adhikari et al., 2022). Ultimately, 

within 90 minutes, 90.06%, 98.31% and 93.08% of MB dye degradation was 

achieved using 5mg, 10 mg and 20 mg of IONPs which continuously produce 

hydroxyl radicals (OH-) under sunlight radiation, along with H2O2. These 

compounds are responsible for the degradation of the MB dye and a probable 

degradation percentage is given in the figures 6, 7 and 8.  

Figure 10 

Degradation Efficiency Different Doses (5 mg, 10mg & 20 mg) of IONPs 

 

In general, when nanoparticles (NPs) are irradiated by sunlight, an 

electron (e-) and a hole (h+) pair are generated (Varadavenkatesan et al., 2019). 

The electron is excited from the valence band to the conduction band, leaving the 

hole (H+) in the valence band. These holes are responsible for the conversion of 

water into hydroxyl radicals, which then oxidatively degrade the dye. On the other 

hand, the electron combines with molecular oxygen to form a superoxide radical. 

The superoxide radical further converts into a hydroxyl radical, a strong oxidizing 
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agent that degrades the dye into harmless end products (Kamaraj et al., 2019). 

Additionally, the highly oxidizing holes generated by NPs, after absorbing 

sunlight, directly oxidize the dyes and release H+ ions, which then combine with 

water to produce reactive oxygen species and OH- ions. These species contribute 

to the degradation of the dye. Furthermore, the various biomolecules present in 

plant extract and even in the NPs surface act like catalysts to boost the 

photocatalytic activity and the subsequent enriched degradation of dye molecules 

(Haritha et al., 2016). 

Anti-microbial Activity of IONPs 

The disc diffusion method was used to investigate the antibacterial effects 

of IONPs against both Gram-positive (Bacillus subtilis) and Gram-negative 

(Escherichia coli) bacteria. The IONPs synthesized through biosynthesis 

exhibited superior antibacterial activity, as evidenced by larger zones of 

inhibition, against B. subtilis and E. coli. A comparison between B. subtilis and E. 

coli demonstrated that the green-synthesized IONPs displayed effective 

antibacterial activity, with a zone of inhibition measuring 15 mm for B. subtilis 

and 7 mm for E. coli (Figure 11 and 12). These findings suggest that the 

biosynthesized IONPs can convert dissolved oxygen molecules into superoxide 

radical anions (O2¯) (Das et al., 2020; Ismail et al., 2015), resulting in the 

production of free radicals such as ⸱O2 and OH−. These radicals can depolymerize 

polysaccharides, induce DNA strand breaks, initiate lipid peroxidation, and 

deactivate enzymes, ultimately leading to cell death. Additionally, it is plausible 

that the interaction between nanoparticles and cell membrane proteins through 

electrostatic interactions, as well as the accumulation of nanoparticles in the 

cytoplasm or periplasmic region, disrupts cellular function and causes membrane 

disruption and disorganization (Rufus et al., 2016). 
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Figure 11 

 Antimicrobial Performance of IONPs against the bacterial strains: (a) B. 

Subtilis, (b) E. coli, and (c) fungal strain C. albicans 

 

The antifungal activity of IONPs against Candida albicans was evaluated 

using the Agar Well Disc Diffusion method. The green-synthesized IONPs 

exhibited notable antifungal activity against C. albicans, with a zone of inhibition 

measuring 6 mm (Figure 11 and 12). These findings align with previously 

published results (Seddighi et al., 2017). Previous research has proposed two 

possible mechanisms for the interaction between nanoparticles and bacteria/fungi. 

One mechanism involves the increased production of reactive oxygen species 

(ROS) such as hydroxyl radicals (⸱OH), singlet oxygen (●O2), and hydrogen 

peroxide (H2O2) (Caldeiro et al., 2021). When IONPs with defects are activated 

by UV or visible light, electron-hole pairs are formed. The resulting holes can 

split H2O molecules into OH− and H+. Additionally, the addition of electrons 

converts dissolved oxygen molecules into superoxide radical anions (O2¯). These 

free radicals are consistent with results reported elsewhere (Das et al., 2020; 

Rufus et al., 2016).  
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Figure 12 

 Effectiveness of IONPs against Microbes in Comparison to Antibiotic Controls  

   

 

The anti-microbial activity of synthesized IONPs was carried out at 

Himalaya Research Institute of Biotechnology Pvt. Ltd., Srijananagar, Bhaktapur, 

Nepal.  

Conclusions 

Green synthesis of iron oxide nanoparticles using C. maxima peel extract 

was completed and confirmed by the color change and surface plasmon resonance 

(SPR) spectra of the solution. The maximum absorption peaks were in the range 

of 337 and 353 nm in the UV-vis spectra. It was affirmed that the C. maxima peel 

extract has the special property to reduce Fe+3 ion to Fe0, the IONPs, and the 

average size of IONPs was calculated to be 8.70 nm from the most intense XRD 

peak using Scherrer’s equation. FTIR spectra of the as-synthesized IONPs assured 
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that the reducing and capping agents are polyphenolic compounds present in the 

extract.  

The as-synthesized IONPs were found to play a vital role in the 

degradation of harmful organic dyes like methylene blue from polluted water 

photocatalytically in 90 minutes with 90.06%, 98.31% and 93.08% efficiency by 

the dose of 5 mg, 10 mg and 20 mg of IONPs per 100 mL of 10 ppm dye solution, 

respectively. Such results can be crucial in the field of industry for commercial 

use. Likewise, in vitro study of the IONPs also demonstrated good anti-bacterial 

activity against Bacillus subtilis and Escherichia coli and good anti-fungal 

activity in vitro against Candida albicans demonstrating the possibility for topical 

administration against these bacterial and fungal infections. Furthermore, the 

green synthesis of IONPs using peels of C. maxima may be helpful in the field of 

nanotechnology which has a potential contribution to the field of research and the 

protection of the environment. 
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