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Original Article
Characterization and Antimicrobial Activity of 
Biosynthesized Iron (III) Oxide Nanoparticles Stabilized 
by Luffa cylindrica Extract

Background: The search for environmentally friendly nanomaterials with strong antimicrobial 
activity has generated growing interest in using plants to produce nanoparticles.

Objectives: This study aimed to biosynthesize and characterize iron (III) oxide (Fe2O3) 
nanoparticles stabilized by Luffa cylindrica extract and assess their antimicrobial properties. 

Methods: The biosynthesized Fe2O3 nanoparticles were characterized using ultraviolet–
visible (UV–Vis) spectroscopy, Fourier-transform infrared spectroscopy (FTIR), X-ray 
diffraction (XRD), scanning electron microscopy (SEM), and energy-dispersive X-ray 
spectroscopy to elucidate their optical, structural, morphological, and elemental properties.

Results: The formation of Fe2O3 nanoparticles was confirmed by standard absorbance 
at 370 nm and functional groups attributed to the capping and stabilization observed via 
FTIR. XRD patterns showed a crystalline rhombohedral phase, and SEM images indicated 
that the nanoparticles were uniformly dispersed with diameters of 20-50 nm. Nanoparticle 
efficacy was tested using the agar well diffusion method against a panel of gram-positive 
and gram-negative bacterial strains and fungal pathogens. The results revealed substantial 
dose-dependent antimicrobial activity, with greater inhibitory activity against Staphylococcus 
aureus, Escherichia coli, and Candida albicans, indicating potential broad-spectrum 
antimicrobial activity. 

Conclusion: This study highlights the potential of L. cylindrica-mediated Fe2O3 nanoparticles 
as sustainable and effective antimicrobial agents with potential application in the biomedical, 
pharmaceutical, and environmental fields. 
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Introduction

he emerging global rise in antimicrobial 
resistance has created a pressing need for 
new and sustainable antimicrobial agents. 
Nanotechnology has emerged as a novel, 
promising field over the past few years, 
providing sustainable solutions in the 

form of metal and metal oxide nanoparticles with po-
tent antimicrobial properties. Iron (III) oxide (Fe2O3) 
nanoparticles have attracted significant attention due to 
their cost-effectiveness, magnetic properties, biocom-
patibility, and broad-spectrum antimicrobial efficacy [1, 
2]. Conventional chemical synthesis of nanoparticles 
usually involves high energy consumption, hazardous 
byproducts, and toxic solvents [3]. To overcome these 
disadvantages, green synthesis methods involving 
biological entities, such as plant extracts, have gained 
considerable attention [4]. The green synthetic method 
is an eco-friendly route that leverages phytochemicals 
such as flavonoids, terpenoids, phenols, and alkaloids 
as natural reducing, stabilizing, and capping agents [5]. 
This method not only reduces environmental impact but 
also improves nanoparticle functionality through syn-
ergy with bioactive compounds [6]. Luffa cylindrica, 
commonly known as sponge gourd, is a medicinal plant 
widely distributed in tropical and subtropical regions 
[7], and its extracts are rich in bioactive compounds 
known for pharmacological activities such as antimi-
crobial, antioxidant, and anti-inflammatory activities 
[2, 7–9]. However, the use of this plant as a potential 
bio-template for nanoparticle synthesis remains poorly 
explored. Therefore, exploring its phytochemical pro-
file for the fabrication of nanoparticles could stabilize 
them and improve their bioactivity. This study aimed to 
synthesize and characterize Fe2O3 nanoparticles using 
aqueous extracts of L. cylindrica and to evaluate their 
antimicrobial activity against selected clinically signifi-
cant microbes. The exploration of green chemistry prin-
ciples in nanomedicine contributes to the development 
of biocompatible and eco-conscious nanomaterials with 
favorable therapeutic and industrial applications.

Materials and Methods

Collection and preparation of plant material

Dried sponge gourd fruits of L. cylindrica were ob-
tained from Gwada, Nigeria. The plant was identified 
and authenticated at the herbarium unit of the Depart-
ment of Biological Sciences at Ahmadu Bello Univer-
sity, Zaria, Kaduna State, with voucher code ABU0298 
deposited for reference. The gourds were washed to re-

move impurities and air-dried at room temperature for 
about 20 days. The pod was obtained from the dried 
sponge gourds and pulverised. 

L. cylindrica pod extract preparation 

Fresh L. cylindrica pods were thoroughly washed, 
chopped into small pieces, and air-dried for twenty days. 
The pods were obtained from the dried sponge gourds, 
then pulverised, and approximately 2 kg of the dried ma-
terial was cold-macerated in 5 litres of distilled water at 
70 °C for five days. The mixture was filtered using What-
man No. 1 filter paper, and a portion of the filtrate was 
stored at 4 °C until further use. The remaining filtrate was 
concentrated using a rotary evaporator and then dried in 
a water bath to obtain a crude extract.

Phytochemical screening of L. cylindrica extract

Qualitative phytochemical analysis

Phenols: To the filtrate (2 mL), 2–3 drops of freshly 
prepared 5% ferric chloride solution were added. The 
formation of a deep blue, bluish-black, or green color-
ation indicated a positive result for phenolic compounds 
[10]. 

Flavonoids: To 2 g of the extract, 1 mL of 2% sodium 
hydroxide (NaOH) solution was added. The mixture was 
gently shaken and allowed to stand for 2–3 minutes. The 
development of an intense yellow coloration, and a few 
drops of dilute hydrochloric acid (HCl) were added to 
the mixture, the disappearance or fading of the yellow 
color upon acidification indicated the presence of flavo-
noids [7]. 

Terpenoids: To 5 g of the extract, 2 mL of chloroform 
was added in a test tube and mixed thoroughly. Concen-
trated sulfuric acid (H2SO4) (3 mL) was carefully added 
along the side of the test tube to form a separate layer at 
the bottom. The formation of a reddish-brown coloration 
at the interface between two layers indicated the pres-
ence of terpenoids [11].

Saponins: To 3 g of the extract, 10 mL of distilled wa-
ter was added to form a mixture. The mixture was fil-
tered, and 5 mL of the aqueous extract was transferred to 
a test tube, vigorously shaken for 30 seconds, and then 
allowed to stand undisturbed for 15 minutes at room 
temperature. The formation and persistence of a stable 
froth layer lasting for more than 10 minutes indicated the 
presence of saponins [4].

T
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Steroid: To 2 g of the chloroform extract, 2 mL of ace-
tic anhydride was added, followed by the careful addi-
tion of 1–2 mL of concentrated H2SO4 along the side of 
the test tube to form a separate layer. The mixture was 
left undisturbed for 5–10 minutes. The formation of a 
bluish-green coloration at the interface indicated the 
presence of steroids [8].

Tannins: To the aqueous extract (2 mL), 10% lead ac-
etate solution was added. The mixture was gently shaken 
and allowed to stand for 2–3 minutes. The formation of 
a yellowish precipitate indicated the presence of tannins 
[6].

Alkaloids: To the acidified extract (2 mL), a few drops 
of Mayer’s reagent were added. The formation of a 
creamy white (turbidity) indicated the presence of alka-
loids [5].

Quantitative phytochemical analysis

Phenol 

A total of 0.1 g of the extract was dissolved in 10 mL of 
distilled water, to which 2.5 mL of 10% Folin-Ciocalteau 
reagent was added. The resulting mixture was neutral-
ized with 2 mL of 7.5% sodium carbonate solution and 
incubated at 45 °C for 30 minutes. The absorbance of 
the mixture at 765 nm was measured using an ultraviolet 
(UV) spectrophotometer (UV-1800) [12]. 

Flavonoid 

A total of 0.1 mL of 1 M sodium acetate was added 
to 0.5 mL of the extract, followed by 0.1 mL of pure 
methanol, 2.8 mL of distilled water, and 0.1 mL of 10% 
aluminum chloride. The resulting mixture was incubated 
for 30 minutes at room temperature, and the absorbance 
was measured at 415 nm using a UV-1800 [13].

Saponins 

The extract (0.5 g) was dissolved in 20 mL of 1 N HCl 
and heated in a water bath for 4 hours. This solution was 
transferred to a conical flask to which 6 mL ferrous sulfate 
and 2 mL H2SO4 were added, followed by 5 mL of ace-
tone-ethanol (1:1) mixture, and was allowed to stand for 
10 minutes, and then allowed to evaporate, and later an 
absorbance of 490 nm was measured with a UV-1800 [8].

Tannins

A total of 0.2 g of the extract was dissolved in 20 mL of 
50% methanol, wrapped with parafilm, and heated in a 

water bath at 80 °C for 1 hour. The mixture was then fil-
tered, and to it were added 20 mL of deionized distilled 
water, 10 mL of sodium carbonate, and 2.5 mL of Folin 
reagent. This was followed by shaking the mixture well 
and leaving it to turn bluish-green in 20 minutes, and 
then an absorbance of 760 nm was measured with a UV 
spectrophotometer (UV-1800) [14].

Alkaloids

The extract (0.5 g) was diluted in 5 mL of a 1:1 mix-
ture of 96% ethanol and 20% H2SO4, and then filtered 
through Whatman No. 1 filter paper. The filtrate was 
then diluted to 1 mL with 5 mL of 60% H2SO4 and left to 
stand for 5 minutes. It was then left at room temperature 
for 3 hours after 5 mL of 0.5% formaldehyde was poured 
after 5 minutes, and then the absorbance at 565 nm was 
measured by a UV-1800 [15].

Green synthesis of Fe2O3 nanoparticles

The green synthesis of Fe2O3 nanoparticles was 
achieved using L. cylindrica pod extract as a bio-reduc-
tant and stabilizing agent. First, twenty millilitres of 1 
M ferric nitrate Fe(NO3)3 solution as precursor was in-
troduced into 500 mL of freshly prepared plant extract 
under continuous stirring using a magnetic stirrer for 30 
minutes at room temperature, after which 1 M NaOH so-
lution was added gradually in dropwise to adjust the pH 
of the reaction mixture to neutral (pH 7.0). The reaction 
mixture was aged at room temperature (25–28 °C) over-
night (12–16 hours) to permit complete reduction and 
nucleation of Fe³⁺ ions into iron oxide nanoparticles. The 
supernatant was carefully decanted, and the precipitated 
nanoparticle-rich lower layer was filtered using a What-
man No. 1 filter paper. The precipitate was thoroughly 
washed multiple times with distilled water until a clear, 
colorless filtrate was obtained, indicating the removal 
of unreacted precursors and soluble impurities. Subse-
quently, the washed residue was oven-dried at 80 °C for 
3 hours to obtain dry F2O3 nanoparticles. The resulting 
Fe2O3 nanoparticles were stored in an airtight container 
for characterization [5, 6, 16] (Equation 1).

1. 

2Fe(NO3)3 + Plant Extract + H2O
Room temp

pH=7
Fe2O3

(aq) (l) (s)
+ Biomolecules 6HNO3+

2Fe(NO3)3 + Plant Extract + H2O
Room temp

pH=7
Fe2O3

(aq) (l) (s)
+ Biomolecules 6HNO3+
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Characterization of iron oxide nanoparticles

Ultraviolet–visible (UV–Vis) spectrophotometry

The optical properties of the biosynthesized Fe2O3 
nanoparticles were characterized using UV–Vis spec-
trophotometry to investigate the surface plasmon reso-
nance (SPR) behavior, which is indicative of nanopar-
ticle formation and stability. The analysis was performed 
using a double-beam UV–Vis spectrophotometer (Shi-
madzu UV-2600, Shimadzu Corporation, Kyoto, Japan) 
equipped with a 1.0 cm quartz cuvette. The instrument 
was operated at room temperature under ambient labora-
tory conditions. The nanoparticle suspension was diluted 
with deionized water to prevent signal saturation and en-
sure spectral accuracy. The UV–Vis absorption spectra 
were recorded over 200–700 nm at a scan rate of 400 
nm/min and a spectral resolution of 1.0 nm. Baseline cor-
rection was performed using deionized water as a blank 
to eliminate background interference. The characteristic 
absorbance peak, typically associated with the SPR of 
Fe2O3 nanoparticles, was identified and monitored to 
confirm successful nanoparticle synthesis [17, 18]. 

Fourier-transform infrared spectroscopy (FTIR)

FTIR was employed to identify the bioactive functional 
groups present in the Fe2O3 nanoparticles reduced, stabi-
lized, and capped by L. cylindrica pod extract. The analysis 
was conducted using a PerkinElmer Spectrum Two FTIR 
spectrometer (PerkinElmer Inc., Waltham, MA, USA) 
equipped with a deuterated triglycine sulfate detector and a 
KBr beam splitter. The dried plant extract and dried Fe2O3 
nanoparticle powders were each finely ground and homog-
enized with spectroscopic-grade potassium bromide (KBr) 
at approximately 1:100 (sample: KBr w/w), then pressed 
into transparent pellets using a hydraulic press at ~10 tons 
for 2 minutes. Each pellet was scanned over a spectral range 
of 4000–400 cm⁻¹ with a resolution of 4 cm-1, and 32 con-
secutive scans per sample were averaged to enhance signal-
to-noise ratio [19, 20].

X-ray diffraction (XRD)

The crystalline structure and phase purity of the biosyn-
thesized Fe2O3 nanoparticles were determined using the 
XRD method derived from [21] and [1]. The analysis was 
performed with a PANalytical X Pert PRO diffractometer 
(Malvern PANalytical, Almelo, The Netherlands), which 
was operated at 40 kV and 30 mA with Cu-Kalpha mono-
chromatized radiation of 1.5406 Å wavelength. The dried 
nanoparticle powder was uniformly sprinkled onto a sam-
ple holder and scanned over 10–80° with a scanning speed 

of 0.02°/s and a step size of 0.02°. Data were collected 
and interpreted using the X'Pert HighScore Plus software, 
and the patterns obtained were compared with interna-
tional standard reference data in the joint committee on 
powder diffraction standards (JCPDS) database to con-
firm the crystalline phase and the formation of Fe2O3. The 
nanoparticles' size was measured in an average of crystal-
lite dimension (D) using the Debye Scherrer (Equation 2):

2. D= 
K λ

βCOSθ

Where:

D is the average crystallite size (in nm), K is the Scher-
rer constant (typically 0.9), λ is the X-ray wavelength 
(1.5406 Å), β is the full width at half maximum of the 
most intense diffraction peak (in radians), and θ is the 
Bragg angle (in degrees).

Scanning electron microscopy (SEM) analysis

SEM was used to determine the surface morphology 
and microstructural characteristics of the biosynthesized 
Fe2O3 nanoparticles. Imaging was performed with a 
Zeiss EVO 18 scanning electron microscope (Carl Zeiss 
Microscopy GmbH, Jena, Germany), operated under 
high-vacuum conditions. A total of 0.05 g of the dried 
nanoparticle powder was gently sprinkled onto carbon 
adhesive tape affixed to a standard aluminum stub. The 
sample was coated with a thin conductive layer of gold-
palladium alloy (Au: Pd; 60:40) using a Quorum T150Y 
sputter coater (Quorum Technologies Ltd., UK) for 
5 minutes at a current of 20 mA under an argon atmo-
sphere to improve conductivity and minimize charging 
during imaging [13].

Energy-dispersive X-ray (EDX) analysis

The elemental compositions of the synthesized 
nanoparticles were determined using EDX spectroscopy. 
EDX spectra were collected over the energy range 0–20 
keV, with a live acquisition time of 60 seconds to obtain 
an accurate signal. Elemental analysis was quantitatively 
assessed using vendor-developed modern software with 
conventional ZAF (atomic number, absorption, and flu-
orescence) matrix corrections. The peaks in the X-ray 
spectra (Fe (Kalpha ~6.4keV) and oxygen (Kalpha 0.53 
keV) confirmed the iron oxide nature of the nanopar-
ticles. The percentages of element-weights were calcu-
lated from the data provided as Mean±SD from three 
independent spectral acquisitions representing the differ-
ent areas of the sample to evaluate constituent dispersion 
over the sample surface [13, 22].
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Antimicrobial activity assay

The antimicrobial efficacy of the biosynthesized 
Fe2O3 nanoparticles was evaluated in vitro against se-
lected pathogenic microorganisms, including two bacte-
rial strains, Staphylococcus aureus (ATCC 25923), and 
Escherichia coli (ATCC 25922), and a fungal strain, 
Candida albicans (ATCC 10231). The assay was con-
ducted using the agar well diffusion method, a widely 
adopted technique for preliminary screening of antimi-
crobial agents [23].

Preparation of test microbial inocula

Fresh colonies of each microbial strain were inoculated 
into nutrient broth (for bacteria) and Sabouraud dextrose 
broth (for C. albicans) and incubated at 37 °C for 18–24 
h (bacteria) or 28 °C for 48 h (fungus). The turbidity of 
each culture was adjusted to match a 0.5 McFarland 
standard (approximately 1×10⁸ CFU/mL for bacteria and 
1×10⁶ CFU/mL for C. albicans).

Agar well diffusion method

Sterile mueller–hinton agar plates (for bacterial strains) 
and sabouraud dextrose agar plates (for fungal strains) 
were prepared and allowed to solidify. Each standard-
ized microbial suspension was evenly spread over the 
agar surface using a sterile cotton swab to ensure uni-
form growth. Wells of 6 mm diameter were punched 
aseptically into the agar using a sterile cork borer. The 
Fe2O3 nanoparticle suspension at concentrations of 200, 
400, 600, 800, and 1000 mg/mL was prepared in sterile 
distilled water. Aliquots (100 µL) of each concentration 
were introduced into the respective wells. The plates 
were incubated at 37 °C for 24 hours (bacteria) and 28 °C 
for 48 hours (fungus) under aerobic conditions. Standard 
antibiotics, ciprofloxacin (10 mg/mL) for bacteria [24] 
and amphotericin B (25 mg/mL) for C. albicans, were 
used as controls, and after incubation, zones of inhibition 
around the wells were measured in millimeters (mm) us-
ing a digital caliper.

Statistical analysis

The values obtained from all experiments were con-
ducted in triplicate and presented as Mean±SD. To eval-
uate significant differences among treatments, one-way 
analysis of variance followed by Tukey’s post hoc test 
was performed using SPSS software, version 26. The 
significance level was set at P<0.05.

Results

Percentage yield of L. cylindrica pod extract

The L. cylindrica pod extract was subjected to prelimi-
nary physical evaluation to assess its yield, consistency, 
and visual appearance. The result revealed a brownish, 
solid mass, weighing 552 g, which corresponded to a 
percentage yield of 27.6% in Table 1.

Discussion 

Percentage yield and phytochemical screening

L. cylindrica pods extract yielded a solid brown mass 
with a distinct yellow color, weighing 552 g, corre-
sponding to a 27.6% yield (Table 1). This yield suggests 
a relatively efficient recovery of phytochemicals under 
the employed extraction conditions, consistent with pre-
vious reports on cucurbitaceous plants known for their 
resinous and phenolic content. This study was compared 
with [11], which reported yields of 25–30% from La-
genaria siceraria, confirming that the genus is rich in 
extractable secondary metabolites. Table 2 presents the 
qualitative phytochemical screening for the presence of 
key bioactive groups, such as phenols, flavonoids, sa-
ponins, tannins, and alkaloids. Although terpenoids and 
steroids were absent, this composition provides an in-
sight into the therapeutic potential of the extract, particu-
larly due to the synergy often reported among phenolic 
and flavonoid compounds in antioxidant and antimicro-
bial actions [8]. The turbidity and frothing observed in 
the saponin test confirmed the presence of these com-
pounds and are consistent with earlier observations in 
Luffa species [24]. Terpenoids and steroids were absent, 
which may be attributed to the part of the plant used or 
to the polarity of the extraction solvent because previous 
studies have documented their presence predominantly 

Table 1. Yield of L.cylidrical pod extract in percentage

Colour Appearance Weight (g) Yield (%)

Yellow Solid brown mass 552 27.6
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in the leaves and roots of L. cylindrica under methano-
lic or hexane extraction protocols [25]. The quantitative 
phytochemical screening in Table 3 showed that phenols 
(34.78 mg/100 g) were the most abundant phytochemi-
cal, constituting 30.16% of the total phytochemical com-
position, followed by saponins (30.1 mg/100 g; 26.1%), 
flavonoids (24.2 mg/100 g; 20.99%), tannins (18 mg/100 
g; 15.61%), and alkaloids (8.23 mg/100 g; 7.14%). The 
values were significantly different (P<0.05), indicating 
that phenolics dominate the biochemical profile of the 
pod extract. The high phenolic and flavonoid content in 
L. cylindrica pod extract indicates strong antioxidant po-
tential, as both classes are well documented for their rad-
ical-scavenging abilities and protective roles in oxidative 
stress-related pathologies [26]. Saponins were over a 
quarter of the total phytochemical load; their membrane-
permeabilizing effect contributes significantly to anti-
microbial activity [27]. Although the amounts of both 
tannins and alkaloids were low, their antimicrobial, cyto-
toxic properties, microbial growth inhibition, and apop-
tosis induction in cancer cells have been studied [28].

Characterization of biosynthesized Fe2O3 nanopar-
ticles

The optical differences between the bulk and biosyn-
thesized Fe2O3, as observed in the figure, were evident 
in UV-Vis absorption spectra and indicated variations in 
particle size, surface chemistry, and electronic structure. 
In bulk Fe2O3, a relatively broad and less intense absorp-
tion profile was observed with a maximum absorbance 
centered around 490–500 nm, which is consistent with 
ligand-to-metal charge transfer transitions from O²⁻ to 
Fe³⁺ within the hematite lattice. This broader band with 
less pronounced features characterizes larger, micron-
sized particles with a low surface area-to-volume ratio 
and limited quantum confinement [29]. In contrast, the 
UV-Vis spectrum of the biosynthesized Fe2O3 nanoparti-
cles (Figure 1), showed a distinct and sharper absorption 
peak in the range of 390–400 nm, with a blue shift in the 
absorption edge compared to the bulk counterpart. This 
shift can be linked to the quantum confinement effect 
associated with reduced particle size at the nanoscale 
[30]. Enhancements in peak sharpness and intensity 

Table 3. Quantitative phytochemical screening

Phytochemicals 
Mean±SD

(%)
Results (mg/100)

Phenols 34.78±0.01e 30.16

Flavonoids 24.20±0.04c 20.99

Saponins 30.10±0.02d 26.10

Tannins 18.00±0.01b 15.61

Alkaloids 8.23±0.00a 7.14

Note: Values with different superscript letters (a–e) within the same column are significantly different at P<0.05.
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Phytochemical Observation Inference

Phenols Red-brown colour +

Flavonoids Yellow colour +

Terpenoids Reddish-brown colour -

Saponins Froth emulsion +

Steroids Blue to dark-blue colour -

Tannins Yellowish precipitate +

Alkaloids Turbidity present +

(-): Absence; (+): Present.�
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were observed, further reflecting improved electronic 
transitions due to higher surface reactivity and reduced 
agglomeration, probably stabilized by the phytochemi-
cals present in L. cylindrica pod extract [31]. These bio-
active compounds could have contributed to modifying 
surface states, enhancing additional electronic interac-
tions, and tuning the optical bandgap [32]. Therefore, the 
spectral sharpening and blue shift observed in the Fe2O3 
nanoparticle confirmed the successful synthesis at the 
nanoscale with a changed band structure that provided 
these nanoparticles with potent antimicrobial properties.

Figure 2 shows the FTIR spectrum of the biosynthe-
sized Fe2O3 nanoparticles, which exhibited character-
istic absorption bands indicating both the presence of 
iron oxide and functional groups, derived from L. cy-
lindrica pod extract. A broad absorption band observed 
approximately 3400 cm⁻¹ corresponds to O–H stretch-
ing vibrations, probably arising from hydroxyl present 
in polyphenols, or saponins present in the plant extract 
[33]. Peaks around 2900–2800 cm⁻¹ were observed and 
assigned to aliphatic C–H stretching vibrations, indicat-
ing the presence of long-chain organic molecules cap-
ping the nanoparticle surface [34]. A prominent band 

Figure 1. U-Vis spectrum for bulk Fe2O3 and biosynthesized Fe2O3 nanoparticles

Figure 2. FTIR spectrum of biosynthesized Fe2O3 nanoparticles
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at ~1700 cm⁻¹ corresponds to C=O stretching, suggest-
ing the presence of carbonyl functional groups, such as 
flavonoids, in the plant extract [35]. The region around 
1600 cm⁻¹ showed a moderate band ascribed to C=C 
stretching of aromatic systems [21], which further sup-
ports the involvement of phytochemicals in nanoparticle 
stabilization. Essentially, a strong Fe–O stretching vibra-
tion at 589 nm, as also reported by [36], is characteristic 
of the metal–oxygen bond in α-Fe2O3. These findings 
confirm the successful formation of Fe2O3 nanoparticles 
and demonstrate the role of phytochemicals from the L. 
cylindrica extract as both reducing and capping agents 
during the green synthesis process.

In Figure 3, the XRD patterns showed distinct diffrac-
tion peaks at 2θ values of approximately 25.1°, 33.2°, 
35.6°, 49.8°, 54.7°, 62.4°, and 64.9°, which correspond 
to the (012), (104), (110), (113), (024), (116), and (214) 
crystallographic planes respectively. These reflections 
are characteristic of a hematite (α-Fe2O3) rhombohedral 

crystal structure and agree with JCPDS Card No. 33-
0664. Both sharp and intense peaks were present, con-
firming the crystalline nature of the synthesized nanopar-
ticles; however, the broadening of the peaks observed 
suggested nanoscale dimensions and possible lattice 
strain induced by capping agents from the L. cylindrica 
pod extract [37]. The XRD pattern did not reveal addi-
tional peaks indicating phase purity, with no detectable 
impurities or secondary iron phases, such as maghemite 
(γ-Fe2O3) or magnetite (Fe2O3). The calculated crystal-
lite size of 34.5 nm using the Debye–Scherrer equation 
confirmed the nanocrystalline nature of the sample and 
highlights the effectiveness of the green synthesis route 
in producing stable, phase-pure α-Fe2O3 nanoparticles.

Figure 4 shows the surface morphology and elemental 
composition of the green-synthesized Fe2O3 nanopar-
ticles determined using SEM attached with EDX. The 
micrographs obtained from SEM show that the nanopar-
ticles revealed quasi-spherical to slightly irregular mor-

Table 4. Zone of inhibition of biosynthesized Fe2O3 nanoparticles compared with controls

Test Microorgan-
isms

Mean±SD

Concentration Standard Antibiotics

200 mg/mL 400 mg/mL 600 mg/mL 800 mg/mL 1000 mg/mL Ciprofloxacin Amphotericin B

Staphylococcus 11.1±0.01a 12.1±0.1a 16.2±0a 20±0.01a  31.6±0.1b 16.2±0.2b 2.3±0.02a

E. coli 12.3±0.02b 14.5±0.03b 17.4±0.01b 22.1±0.02b 50.2±0.3c 20±0.02c 3±0.1b

C. albicans 13.2±0.01c 15.3±0.02c 19.1±0.04c 24±0c 25.2±0.01a 5.8±0a 20.2±0c

Note: Values with different superscript letters (a–e) within the same column are significantly different at P<0.05.

Figure 3. XRD pattern of biosynthesized Fe2O3 nanoparticles
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phologies, as well as agglomeration. This character in 
biosynthesized nanomaterials is attributed to hydrogen 
bonding and van der Waals interactions among surface-
bound phytochemicals [38]. The grain sizes of the Fe2O3 
nanoparticles were predominantly within the range of 
20–50 nm, with an average of 35 nm, which is consistent 
with nanoscale dimensions. This size is consistent with 
the dimensions reported by [39]. The capping agents 
present in L. cylindrica pod extract likely contributed to 
the relatively uniform size and smooth surface textures 
observed. Clustered nanoparticle arrangements were ob-
served in some areas, possibly due to organic residues 
acting as a mild binder or secondary aggregation during 
drying. Figure 5 confirmed the elemental composition; 
the matching EDX pattern corresponds to the nanoma-
terial synthesized, showing strong peaks for iron (Fe) 
and oxygen (O), validating the formation of iron oxide. 
Remarkably, the Fe-to-O atomic ratio was equal to the 
stoichiometry of Fe2O3, supporting the phase identity 

indicated by XRD analysis. Weak signals for other ele-
ments, such as carbon, potassium, and nitrogen, although 
insignificant, were detected and could be attributed to re-
sidual phytochemicals from L. cylindrica. 

Antimicrobial activity of biosynthesized Fe2O3 
nanoparticles

The biosynthesized Fe2O3 nanoparticles exhibited mea-
surable inhibition zones against S. aureus, E. coli, and 
C. albicans (Table 4). This activity aligns with recent 
reports on green-synthesized iron oxide nanoparticles 
showing notable antimicrobial effects [1, 6]. Mecha-
nistically, the antimicrobial effect is likely due to the 
induction of oxidative stress via reactive oxygen spe-
cies (ROS), disruption of cell membrane integrity, and 
DNA damage. Such effects have been documented in 
green-synthesized hematite (α-Fe2O3) nanoparticles [6]. 
Notably, gram-positive S. aureus was more susceptible 

Figure 5. EDX spectrum of biosynthesized Fe2O3 nanoparticles

A B

Figure 4. A) SEM micrographs of biosynthesized Fe2O3 nanoparticles, B) A graph of Fe2O3 nanoparticles size distribution
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than gram-negative E. coli, consistent with prior obser-
vations that gram-positive bacteria are generally more 
vulnerable to Fe2O3 nanoparticle action due to their dif-
fering cell wall architecture [1]. In a further study, [39] 
demonstrated that α-Fe2O3 nanoparticles synthesized 
via microbial routes exhibited potent antibacterial, anti-
biofilm, and anti-virulence properties against pathogenic 
bacteria. A similar study by [40], who evaluated iron ox-
ide nanoparticles synthesized with Melia azedarach leaf 
extract, observed strong antimicrobial activity against 
diarrheagenic pathogens, with low cytotoxicity [41-43]. 
reported that alginate-stabilized Fe2O3 nanoparticles ex-
hibited strong inhibitory activity against various clinical 
isolates, including S. aureus, Bacillus subtilis, and C. 
albicans, confirming antimicrobial potency, which was 
consistent with this study. These studies consistently at-
tribute part of the enhanced activity to phytochemical 
capping agents that confer stability [44, 45] and bioac-
tive synergy to the nanoparticles [46-48]. A clear con-
centration-dependent increase in antimicrobial efficacy 
was observed, indicating that higher nanoparticle con-
centrations yield proportionately larger inhibition zones. 
This dose–response trend reflects increased nanoparticle 
availability and uptake, similar to previous works ob-
served by other researchers [49-51].

Conclusion 

This study reported the green synthesis and stabilization 
of Fe2O3 nanoparticles using L. cylindrica pod extract 
as an eco-friendly and sustainable alternative to tradi-
tional chemical methods. The characterized nanoparti-
cles revealed desirable properties, such as functional 
group interactions attributed to bioactive compounds 
in the extract, crystallinity, and nanoscale morphology. 
Moreover, biosynthesized Fe2O3 nanoparticles showed 
broad-spectrum antimicrobial activity against both 
gram-negative and gram-positive bacterial strains, with 
a dose-dependent inhibitory effect. However, further 
studies, including determination of minimum inhibitory 
concentrations, minimum bactericidal concentrations, 
and time-kill kinetics, are recommended.
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