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	 Iron oxide nanoparticles (IONPs) synthesised via green methods hold immense promise 
for various applications, particularly in biomedicine and environmental remediation. In this 
study, we present a novel approach for the green synthesis of IONPs using butterfly pea flowers, 
Clitoria ternatea (CT), extracted as a reducing and stabilising agent. The physicochemical 
properties of the synthesised nanoparticles were extensively characterised through UV-visible 
spectrophotometry, revealing an absorption peak centred at 297 nm, and Dynamic Light 
Scattering (DLS) analysis resulted in a polydispersity index (PDI) of 0.227 and Z-average of 
68.41 nm respectively, with a zeta potential value of -23.4 mV. Characterisation was performed 
using Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), 
and Energy Dispersive X-ray Fluorescence Spectrometry (EDXRF). Our results demonstrate the 
successful synthesis of IONPs, revealing their stability, morphology, elemental composition, 
and surface functionalization. Furthermore, the antibacterial activity of the synthesised IONPs 
against Escherichia coli (E. coli) was evaluated using the agar diffusion method, which showed 
inhibition of E. coli in a volume-dependent manner in the range 18-26 mm in comparison to 
30 mm (positive control). These findings suggest the potential biomedical applications of these 
nanoparticles, particularly in antimicrobial therapy.
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	 Nanoparticles of metal oxide are of 
significance because of their widespread use 
in medicine, material science, electronics, etc. 
Generally, green synthesis of nanoparticles does 
not employ any hazardous chemicals; hence, it has 
emerged as an important branch of nanotechnology 
which has attracted attention owing to its eco-
friendly nature and potential applications in various 
fields, including biomedicine and environmental 
remediation1,2. Different biological materials such 

as plants, bacteria, fungi, etc. are used as sources 
for ‘green’ synthesis of metal and metal oxides 
NPs 3–5, where it has been revealed that plant-based 
green synthesis is much simpler and easier to use 
than bacteria/fungi mediated synthesis6.
	 For the green synthesis of nanoparticles, 
butterfly pea (Clitoria ternatea), a perennial 
herbaceous plant, is a promising plant owing to 
its rich phytochemical composition7. This plant 
is widely distributed across the tropical and 
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subtropical regions. Clitoria ternatea  also known 
as ‘Aparajita’ in the Indian Ayurveda system 
and used as a nerve tonic8. The plant has a wiry-
look stem, the 2-4 cm blooms are surrounded by 
complex leaves with three to nine elliptical or oval 
leaflets. They are lengthy and contain various blue 
hues9. Plant roots have been used to treat several 
conditions, including constipation, arthritis, eye 
conditions, and indigestion. Additionally, the 
flower has been suggested for snake-bite therapy10 
and used to cure abdominal visceral oedema, 
ascetics, skin issues, and sore throat. In addition 
to its antimicrobial, antiviral, anti-allergic, and 
anti-inflammatory properties, the flower also 
has the capacity to fight diabetes, safeguard the 
cardiovascular system, and offer a host of other 
health advantages11. Flavonoids, glycosides, 
anthocyanins, polyphenols, and flavonols detected 
in flowers are organic antioxidants12,13. CT flowers 
are particularly rich in bioactive compounds, such 
as flavonoids, alkaloids, and tannins, which possess 
inherent reducing and stabilising capabilities, 
making them ideal candidates for the green 
synthesis of nanoparticles14.
	 Iron oxide nanoparticles (IONPs) have 
gained immense interest in biomedical applications, 
particularly as antibacterial agents, because of their 
intrinsic magnetic properties that allow them to 
be readily retrieved from the reaction mixture by 
subjecting them to an external magnetic field. The 
antibacterial efficacy of IONPs is attributed to their 
ability to induce oxidative stress, disrupt bacterial 
membranes, and interfere with cellular processes15 
making them a distinguished biocompatible 
nanoparticle. Moreover, surface functionalization 
of IONPs with natural compounds derived 
from plant extracts can enhance their stability, 
biocompatibility, and antimicrobial activity.
	 In this study, we present the green 
synthesis of iron oxide nanoparticles using Clitoria 
ternatea flowers as a reducing and stabilising agent. 
We aimed to investigate the physicochemical 
properties of the synthesised nanoparticles and 
evaluate their antibacterial activity.

Materials And Methods

Reagents and chemicals
	 Anhydrous Ferric Chloride (FeCl3) and 
Sodium Hydroxide (NaOH) were obtained from 

SRL India. Ethanol was obtained from Merck 
(Darmstadt, Germany). Hydrogen peroxide (H2O2) 
solution (10%) and DMSO were procured from 
HiMedia (Mumbai, India). Milli-Q water was 
obtained from a Lab Link Water System.
Preparation of Clitoria ternatea flower extract
	 In March, fresh flowers of Clitoria 
ternatea were harvested from various locations 
and regions of Gandhinagar, Gujarat. They were 
then meticulously washed with distilled water to 
eliminate extraneous matter. The flowers were 
then carefully placed in an airtight container and 
subjected to shade drying for a duration of three 
days to reduce their moisture content. Following 
desiccation, the flowers were finely ground into 
powder. A predetermined amount of this powder 
(5 g) was dissolved in 100 ml of distilled water to 
form an aqueous extract. To facilitate the extraction 
of bioactive compounds, the extract was heated 
in a water bath at 70 °C for 30 min. During this 
process, the flask containing the solution was 
shielded from light exposure by wrapping it with 
aluminum foil, thereby minimising the degradation 
of light-sensitive compounds. After heating, the 
extract was filtered using Whatman filter paper no. 
41 to remove insoluble particulate matter, yielding 
a clear solution. Finally, the filtered extract was 
stored in a refrigerator maintained at 4°C. This 
methodology adhered to established scientific 
protocols for the extraction of phytochemicals from 
botanical sources13,16.
LCMS characterization of the flower extract
	 Analysis of the extract was performed 
using a combined system consisting of Shimadzu 
ultrafast liquid chromatography LC-30A and 
triple quadrupole mass spectrometer LCMS-8040. 
Separation was performed using a Shimpack GIST 
C18 column (4.6×150 mm, 5µm). The flow rate 
was maintained at 0.5 mL/min and the column 
temperature was 40°C. A gradient elution program 
was set with mobile phase A (aqueous solution 
with 0.1% v/v formic acid) and mobile phase B 
(methanol), where the time program proceeded 
from 0 to 3 min with solvent B linearly increasing 
from 0 to 40%; from 3 to 8 min, the percentage of 
solvent B linearly increased to 60%; from 8 to 10 
min, solvent B percentage linearly increased to 
90% and remained constant up to 14 min. From 
14 to 14.5 min the concentration of B decreased 
to 0% and was maintained for up to 20 min. The 
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injection volume was 20µL. After optimisation, 
the heat-block temperature was set to 350°C in 
positive-ion mode with a capillary voltage of 6 
kV. Nitrogen gas was used as nebulizer gas and 
drying gas at flow rates of 2.8 L/min and 11 L/min 
respectively. Argon gas was used as collision gas. 
MRM mode was used for detection. 
Green synthesis of iron oxide nanoparticles
	 Nanoparticles were synthesised following 
the method described by Bhuiyan17 with slight 
modifications. A freshly prepared solution of 0.1 M 
FeCl3 was added dropwise to 100 mL of the flower 
extract under gentle but continuous agitation. 
Subsequently, the pH of the solution was adjusted 
to 8 by using 1 M NaOH. The discernible change 
in the colour of the resultant solution from violet 
to black indicates the successful synthesis of iron-
oxide nanoparticles16,18,19. The reaction mixture 
was agitated on a rotary shaker for 24 h, followed 
by centrifugation at 9500 rpm for 15 min. The 
resulting precipitate was thoroughly washed with 
deionised water and ethanol and subsequently air-
dried in a hot-air oven at 80 °C for 1 h. The resultant 
material was finely ground using a mortar and 
pestle and stored for subsequent characterisation.
Character iza t ion  o f  the  synthes ized 
nanoparticles
	 Molecular spectroscopy was performed 
using a UV-visible spectrophotometer (Thermo 
Evolution 201) by scanning the aqueous dispersion 
of nanoparticles in the region of 200-800 nm. 
Dynamic Light Scattering (DLS) measurements 
were carried out to measure the polydispersity index, 
particle size, and zeta potential of the synthesised 
IONPs using a Zetasizer Nano S90 dynamic 
light scattering instrument (Malvern Instruments 
Ltd., UK). Twenty measurements were taken 
and averaged at a constant temperature of 25 °C. 
Data were processed using the Malvern Zetasizer 
Software 7.11. Before DLS characterisation, 
the nanoparticles were thoroughly diluted using 
Milli-Q water, sonicated for 15 min, and filtered 
using a 0.22µm membrane filter. FTIR was used 
to determine the feature peaks for iron oxide 
nanoparticles and is denoted as a percentage of 
transmittance (%) on the y-axis and as wavenumber 
(cm-¹) on the x-axis. FTIR spectrum acquired with 
a range of wavenumbers from 4000 to 400 cm-¹. 
SEM was performed to analyse the morphology of 
the IONPs using a Jeol JSM 6010 LA apparatus. 

A Shimadzu EDX-7000 was employed for Energy 
Dispersive X-ray Fluorescence Spectrometry 
(EDXRF), which allowed the determination of the 
composition of elements present in the synthesised 
IONPs20.
Evaluation of Antibacterial Activity 
	 The antibacterial action of IONPs made 
from Clitoria ternatea flower extract was tested 
using the agar diffusion method. The bacterial 
Strains used for the evaluation were obtained from 
the Toxicology Laboratory, NFSU. The synthesised 
NPs were used to test the antibiotic susceptibility 
profile of Escherichia coli (E. coli OP 50 strain). 
Mueller Hinton Agar (MHA), was employed in 
the subculture of pure bacterial cultures21. The 
wells on the Mueller Hinton Agar (MHA) plates 
had a diameter of 10 mm. Sterile cotton swabs 
were used to uniformly distribute the strain over 
each plate. The plates were then covered with 
discs impregnated with 100µL, 200µL and 300µL 
of IONPs at a concentration of 10 mg/mL. After 
24 h of incubation at 37 °C, the bacterial zone of 
inhibition was measured.

Results And Discussion

LCMS characterization of the flower extract
	 LC-MS/MS characterisation of the flower 
extract resulted in the detection of delphinidin-
3-o-glucoside (m/z 303) and cyanidin 3-(63 
-malonylglucoside) (m/z-287), consistent with 
previous reports22. The corresponding mass spectra 
are shown in Figure 1 and 2. Previous studies have 
suggested that these phytochemicals in the flower 
extract act as reducing and capping agents, leading 
to green synthesis of nanoparticles23,24.
Synthesis of IONPs
	 In the synthesis, a combination of iron 
precursor FeCl3 and Clitoria ternatea flower extract 
served as the primary reaction mixture. A diverse 
array of compounds present in floral extracts, such 
as glycosides, polyphenols, tannins, and flavonoids, 
function as reducing and stabilising agents during 
the formation of nanoparticles (NPs)25. The 
formation of black-coloured precipitates arises 
from the interaction between phytochemicals and 
metal ions, thereby facilitating the formation of Fe‚ 
Oƒ  nanoparticles17. The conversion of oxidation 
states, such as delphinidin and cyanidin derivatives, 
facilitated the conversion of oxidation states. These 



752Kachhawaha et al., Biomed. & Pharmacol. J,  Vol. 18(1), 749-759 (2025)

Fig. 1. Mass spectrum of delphinidin-3-o-glucoside

Fig. 2. Mass spectrum of cyanidin 3-(63 -malonylglucoside)

molecules possess strong antioxidant properties 
which contribute to the reduction of Fe0 and further 
oxidation of the metal core, leading to the formation 
of Fe2O3 nanoparticles26,27.  
Characterisation of Iron Oxide Nanoparticles
UV-Vis Spectrophotometry
	 The formation of nanoparticles was 
initially inferred from the observable shift in 
solution colour to black and subsequently validated 
through analysis using a dual-beam UV-visible 
spectrophotometre. Figure. 3 presents the UV 
spectrum of Fe‚ Oƒ  NPs, revealing an absorption 
peak centred at 297 nm. The synthesis of iron-

oxide nanoparticles is facilitated by the dual roles 
of plant polyphenols and flavonoids, which serve 
as reducing and capping agents, respectively. 
Consequently, UV-Vis analysis indicated that the 
Fe‚ Oƒ  nanoparticles exhibited a strong absorbance 
at <“297 nm, suggesting the photosensitive nature 
of the synthesised particles within the UV spectral 
region28. 
Dynamic Light Scattering
	 Zeta  potent ia l  and par t ic le  s ize 
experiments were conducted to evaluate the 
stability and hydrodynamic dimensions (size) of the 
synthesised iron oxide nanoparticles (IONPs). The 
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Fig. 3. UV-Vis spectrum of synthesized IONPs

Fig. 4. Hydrodynamic radii of IONPs

mean hydrodynamic radii (r.nm) were employed to 
assess particle accumulation in aqueous media29. 
Our experimental findings yielded particles with a 
polydispersity index (PDI) and Z-average of 0.227 
and 68.41 nm respectively (Figure. 4). Consistent 
findings from previous studies30 supported the 
negative potential values indicative of reasonably 
high stability. The particle size of IONPs and 
negative zeta potential of -23.4 mV indicate the 
formation of agglomerated and structurally stable 
nanoparticles. This formation may be attributed 
to the electrostatic forces, weak van der Waals 
interaction, and particles held by strong chemical 

bonds31. In our study, the stable IONPs exhibited 
a zeta potential of -23.4 mV (Figure. 5). This 
elevated negative potential value may be attributed 
to the capping of polyphenolic components present 
in plant extracts32. The negative zeta potential 
values also indicate their stability over prolonged 
periods in solution. The repulsive forces between 
negatively charged nanoparticles contribute to their 
stability and high dispersity within the solution.
Scanning Electron Microscopy (SEM)
	 The structural analysis of the synthesized 
nanoparticles was performed using scanning 
electron microscopy (SEM). As shown in Figure.6, 
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Fig. 5. Zeta potential of the IONPs

Fig. 6. SEM images of IONPs at X750 magnification

Fig. 7. FTIR spectrum of synthesized IONPs

the SEM images depict the presence of iron oxide 
nanoparticles produced using Clitoria ternatea 
extract. The images reveal the formation of partially 
rhombic-shaped agglomerated IONPs. In a similar 
work, Farooq and co-workers reported rhombic-
shaped IONPS using Corymbia citriodora33. 
Nanoparticle agglomeration could be attributed to 
several factors including the constituents of distinct 
bioactive reduction agents, the diminished capping 
efficacy of the floral extract, and the hydrogen 
bonding interactions associated with bioactive 
chemicals34. Agglomeration can be also observed 
in particles due to electrostatic interactions 
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Table 1. Quantitative result of the elements present in IONPs

Quantitative Result
Analyte	 Result	 Std.Dev.	 Calc.Proc	 Line	 Intensity

Fe	 92.724 %	 [0.124]	 Quan-FP	 FeKa	 2249.281
Cl 	  5.080 %	 [0.113]	 Quan-FP	 ClKa	 6.8743
P 	  0.992 %	 [0.083]	 Quan-FP	 P Ka	 0.1208
Mn	  0.305 %	 [0.006]	 Quan-FP	 MnKa	 7.1594
S	  0.241 %	 [0.029]	 Quan-FP	 S Ka	 0.1046
Ca	  0.192 %	 [0.009]	 Quan-FP	 CaKa	 0.3740
Zn	  0.177 %	 [0.006]	 Quan-FP	 ZnKa	 2.6561
K	  0.121 %	 [0.014]	 Quan-FP	 K Ka	 0.1331
Sm	  0.114 %	 [0.020]	 Quan-FP	 SmLa	 0.7490
Cu	  0.055 %	 [0.007]	 Quan-FP	 CuKa	 0.6938
Li2B4O7	  0.000  : 1	 [——]	 Flux	 ———	 ———
Li2B4O7	  0.000  : 1	 [——]	 Flux	 ———	 ———

Table 2. Zone of inhibition of IONPs synthesized from CT flower extract

Bacteria			   Zone of Inhibition (mm)
	 100 µL	 200 µL	 300 µL	 Positive	 Negative

E.coli	 18mm	 20mm	 26mm	 30mm	 -

Fig. 8. Antibacterial activity of synthesized IONPs

between layers of nanoparticle surfaces which was 
previously reported in a study35.
FTIR
	 According to FTIR Spectrum, IONPs 
are synthesized by the bioactive substances found 
within the CT flower extract. The peaks at 2948 cm-

1, 2902 cm-1, 2839 cm-1 are regarded as an indication 
of carboxylic acid, and the peaks at 3367 cm-1 and 
3272 cm-1 suggest the stretching of the -OH bond 
from the aqueous phase. The peaks at 2902 cm-1, 
2839 cm-1, and 2749 cm-1 additionally illustrate the 
stretching of the C-H group in the alkene group of 
the plant extract. The stretching of the Ca”C bond 
of the alkyne is attributed to the peaks at 2188 cm-1, 

2174 cm-1, 2146 cm-1, and 2111 cm-1. The stretching 
of the C-H bond of the aromatic group contained in 
the plant extract was demonstrated by the bands at 
1864 cm-1, 1674 cm-1, and 1624 cm-1. The stretching 
of the N-O bond of nitro compounds, aromatic 
amines, the -OH bond of carboxylic acid, the C-O 
bond of aryl alkyl ether, and the alkyl halide are 
displayed by peaks at 1530 cm-1, 1463 cm-1, 1391 
cm-1, 1275 cm-1, and 1251 cm-1. The C-O bond of 
esters could be observed in the peaks at 1180 cm-1 
and 1118 cm-1. The C-N bond of aliphatic amines 
was demonstrated by the peak at 1052 cm-1. The 
primary and secondary amines are indicated by 
the peak at 869 cm-1. Alkene’s C=C bond has been 
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demonstrated by the peak on 849 cm-1. Different 
varieties of iron oxide nanoparticles may be present 
in the bands at 699 cm-1, 632 cm-1, 611 cm-1, 527 
cm-1, and 509 cm-1 (Figure. 7)36.
Energy dispersive X-ray analysis
	 Energy Dispersive X-ray Spectroscopy 
(EDS) was employed to ascertain the elemental 
composition of Iron Oxide Nanoparticles (IONPs), 
revealing iron as a prominent metallic constituent. 
The presence of iron (Fe), chlorine (Cl), phosphorus 
(P), manganese (Mn), sulfur (S), calcium (Ca), 
potassium (K), and zinc (Zn) was confirmed by 
EDS analysis of the sample material, as shown 
in Table 1. Quantitative analysis, revealed that 
the EDX spectrum contained intense peaks of 
Fe (92.24%) and Cl (5.080%), in addition to 
minor peaks of P, Ca, S, Zn, K, and Mn. The 
Fe and Cl peaks may have originated from the 
FeCl3 precursors used in the fabrication of these 
nanoparticles. These minor peaks are likely 
attributable to the presence of polyphenols in the 
CT extract28. These observations offer valuable 
insights into the elemental composition of IONPs, 
emphasising the predominant presence of Fe along 
with trace constituents.
Antibacterial Activity
	 E. coli was utilized to investigate the 
anti-bacterial efficacy of green synthesized IONP. 
The results showed that IONPs exhibited a higher 
zone of inhibition in a concentration dependent 
manner. The highest inhibition zone was observed 
as 26mm at 300µL as shown in Figure. 8(e). 
The measurements are shown in Table 2 and 
inhibition zones were measured by the Kirby-
Bauer disk diffusion test37. These findings support 
the hypothesised mechanism of the antibacterial 
activity of FeNPs, which involves particle 
aggregation via the cytosol. The capacity of a 
nanoparticle to enter and accumulate inside the wall 
of a bacterial cell increases with decreasing size. 
Nanoparticles cause the bacterial cell membrane 
to break and the cellular content to leak out. The 
emergence of ROS, such as hydroxyl radicals and 
singlet oxygen, inside bacterial cells, is another 
theory for the antibacterial efficacy of FeNPs. 
The Fenton reaction between Fe and the metabolic 
products of bacterial cells causes ROS to form 
substances, such as hydrogen peroxide. Oxidative 
stress results in ROS production, which causes 
bacterial cell death. Although the antibacterial 

mechanism of action of FeNPs is unknown, it 
is known that these nanoparticles may serve as 
antimicrobial agents38.

Conclusion

	 Iron oxide nanoparticles (IONPs) were 
effectively synthesised using a green synthesis 
approach with the flower extract of Clitoria 
ternatea. LC-MS characterisation studies were 
performed using UV-Vis spectrophotometry, 
EDXRF, FTIR, SEM, DLS, and a Zetasizer. The 
synthesised NPs have significant antibacterial 
efficacy at a concentration of 10 mg/ml and a 
volume of 300 µl on E. coli strain, making them 
potential for biomedical and pharmaceutical 
applications. This study reveals the versatility and 
efficiency of iron oxide nanoparticles as materials 
with numerous uses in science and technology. 
The findings of this study could have a substantial 
impact on the development of ecologically 
friendly and sustainable strategies for nanoparticle 
synthesis. Future research could concentrate on 
optimising the production method and investigating 
photocatalytic dye degradation using these 
nanoparticles. Furthermore, the anticancer activity 
of the synthesised nanoparticles can be investigated 
to assess their potential use in cancer treatment.
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