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ABSTRACT

This research examines the biological synthesis of Fe-Os nanoparticles (NPs). The synthesis of Fe,O; nanoparticles was carried out
using saussurea obvallata pant extract, employing biological approach while following the conventional co-precipitation method. The
synthesized Fe.Os nanoparticles' structural and morphological characteristics were examined utilizing Fourier-transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD), Scanning electron microscopy (SEM), Energy-dispersive X-ray spectroscopy (EDX),
and Transmission electron microscopy (TEM),Ultraviolet spectroscopy (UV).The antibacterial activity of the biogenically synthesized
Fe20; NPs was also evaluated, demonstrating excellent antimicrobial efficiency in response to both Gram-positive and Gram-negative
bacteria. The synthesized nanomaterials was exhibited excellent antimicrobial activity against bacterial strains Staphylococcus aureus
(NCIM-2654), Bacillus cereus (NCIM-2703), Pseudomonas aeruginosa (NCIM-5032) and Proteus vulgaris (NCIM-2813). This study
highlights the potential of plant-mediated green synthesis as an eco-friendly and sustainable approach for fabricating Fe.Os NPs with

promising biomedical applications.

INTRODUCTION

The increasing global issue of antimicrobial resistance impacts a
range of pathogens, including bacteria, viruses, and fungi. It poses
serious threats to both individual health and the worldwide
economy.[1] Recent statistics suggest that bacterial antimicrobial
resistance (AMR) is responsible for nearly 4.95 million fatalities
annually. [2] Nanotechnology offers a promising solution to the
challenges of antimicrobial resistance by introducing innovative
methods for synthesizing nanoparticles (NPs) with antimicrobial
properties.[3] Nanoparticles have attracted considerable gained
focus in recent years because of their distinctive characteristics,
various fabrication techniques, and extensive range of
applications.[4] On the other hand, green synthesis approaches
utilize biological sources such as bacteria, fungi and plant offering
more environmentally friendly as well as sustainable option.
These methods rely on biological molecules to facilitate the
decreases of metal ions as well as the stabilization related to
nanoparticles, improving their biocompatibility, stability, and
biological effectiveness [5,6] The use of medicinal plants, which
contain substances that affect living things, has been one of the
oldest human achievements in treating most diseases. Throughout
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the development of human civilizations, there has always been a
close relationship between man and plants [7]. Bioactive
nanoparticles gain great attention due to their wide range of
applications, antibacterial activity and medical application [8].
Nanotechnology has recently gained significant attention in
biomedical fields, including areas like biosensors [9], cytotoxicity
[10], magnetic resonance imaging [11] and drug delivery [12]. It
is also explored for uses in catalyst support [13], and various
biomedical applications such as magnetic carriers for bio
separation [14], and the immobilization of enzymes and proteins
[15].

In last decade the use of leaf extract for the biosynthesis of
nanomaterials has gained significant attention due to its eco-
friendly and cost-effective nature [16]. Bacteria have the ability
to produce nanoparticles (NPs) through two primary mechanisms:
by accumulating metal ions inside their cells or by utilizing their
metabolic byproducts to convert these ions into NPs.[17] This
method serve as a sustainable alternative to traditional chemical
reduction and physical synthesis techniques. Leaf extract is reach
in phytochemicals that act as reducing stabilising agents facilating
the formation of nanoparticles without the need of for toxic
chemicals additionally, these green synthesis approach aligns with
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the principles of green chemistry promoting sustainability in
nanomaterial production. The production of metal nanoparticles
utilizing leaf extracts, fruit extracts, tree-derived gums, and fungi
is a sustainable and eco-friendly method. The bioactive and
phytochemical mixture present in these essences function as both
minimizing and stabilizing agents, facilitating the development
and synthesis of designed metal nanoparticles [18,19]
Considering these observations and aligning with our ongoing
commitment to advancing green eco-friendly synthetic
methodologies.[20,21] In this study we synthesize Fe:03 by
utilizing co-precipitation method and saussurea obvallata leaf
extract functioning as a reductant. The development related to
nanoscale iron oxide nanoparticles with outstanding
characteristics, including shape- and size-dependent properties,
is crucial for applications in medicine, biosensors.[22] its
conventional applications, spiritual importance in Hindu
mythology, and contribution to the formulation of Ayurvedic
remedies.[23]

2.Methodology procedure :

2.1 Formulation of saussurea obvallata leaf extract:

Seven grams of Saussurea obvallata leaves were gathered and
placed inside a clean beaker. The leaves were rinsed twice with
deionized water and dried by exposure to air at room temperature
for 48 hours in the experiment laboratory. Once dried, they were
cut into small pieces using a small bag. These pieces were then
boiled in 250 mL of deionised water at 100°C to ensure complete

extraction of the essence, following the Soxhlet method for five
cycles. The resulting pale greenish solution was filtered using
Whatman filter paper. The extract was then left to chill for two
hours in a beaker before being preserved in a storage vessel for
future use.

2.2 Synthesis belonging to Fe:03 nanoparticles:

Entire chemicals employed were of analytical grade and were
used lacking further purification. Iron oxide nanoparticles were
prepared using a straightforward co-precipitation method.
Initially, 10gm of feso4.7H.0 was dissolved in 150 ml of pure water
while continuously stirring at room temperature. Next 6 ml of
NH4OH solution was slowly introduced dropwise into the stirring
the mixture at room temperature at a rate of 1 ml per minute.
The pH level was regulated at 11 throughout the synthesis
process. The resulting black dispersion was stirred continuously
for 1 hour at room temperature, followed by heating at 80°C for 2
hours facillate evaporation, ultimately yielding a brown powder.
The obtained product it was left to reach room temperature and
then calcinated within 500°C for 4 hours all samples were analysed
without undergoing any washing or purification.

The size, composition and surface characteristics of the as-
synthesized and annealed Fe;0; nanoparticles where
characterized. An X-ray diffractometer (XRD) was utilized for
determine the crystalline phase as well as estimate the crystal
size.

Fig no.1 (a) Ferrous sulphate heptahydrate solution, (b) saussurea obavallata \eaf,

(c) prepared leaf extract, (d) Fe:03

nanoparticles

3.Characterization :
3.1 UV-visible spectrophotometer:
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Fig no.2 UV-Spectrophotometer of Fe203




The UV-visible spectrophotometer was used to examine the
optical characteristics of the synthesized nanoparticles (UV-2600i
Shimadzu Japan) within the wavelength range of 800 nm

3.2 Powder x-ray diffraction evaluation:

X-ray diffraction (XRD) evaluation was conducted using a Perkin
Elmer X-ray diffractometer within the 26 range of 20° to 80° to

investigate the well-ordered structure of Fe203 nanoparticles
synthesized utilizing Saussurea obvallata leaf extract. The
obtained spectrum displayed prominent diffraction peaks
associated with specific (hkl) values (220), (311),(440), (4
22),(551),(400).
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3.3 FTIR spectral analysis:

The Fourier transform infrared analysis of Fe20: nanoparticles
synthesized using Saussurea obvallata |leaf extract was conducted,
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The broadband observed at 553cm-1, 568cm-1,580 cm-1 can be
attributed to Fe-O vibrational mode functional group of and 1114
cm-1 assigned to functional group of C-O stretching. The presence
of Fe-O nanoparticles was verified by the prominent absorption
peak in the spectrum 553 cm™' for Fe;0s.[24]

3.4 SEM, EDX, TEM analysis:

The surface build of iron oxide nanoparticles synthesized using
Saussurea obvallata leaf extract was examined through SEM
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Fig no. 3 EDX synthesized Fe;0;3
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as shown in Figure 4. The chemical constituents in the leaf extract
influenced the bonding characteristics of the functional groups.
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Fig no.4 The FTIR synthesized Fe203
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analysis. The particle distribution appeared irregular, with tiny
round shaped structures dispersed across the recorded spectrum.
The interaction between phytochemical compounds from the leaf
extract and the starting material influenced the nanoparticle
shape, resulting in the formation of accumulated particles
observed in the sample. [25]




Fig no.5 SEM image synthesized Fe20s

The elemental composition of the synthesized nanoparticles was weight percentage of iron and oxygen in the samples was
analyzed using the EDX spectrum. Distinct peaks corresponding to determined, maintaining a specific ratio, with no detectable
iron (Fe) and oxygen (O) were identified, showing variations in impurities in the EDX spectrum. The SEM image and EDX spectrum
intensity. The successful synthesis of iron oxide nanoparticles of Fe203 nanoparticles synthesized from Saussurea obvallata leaf
utilizing Saussurea obvallata leaf extract was confirmed. The extract were examined.
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Fig no.6 EDX Spectrum Fe;0s3
The HR-TEM results are shown in inset Fig.7 TEM images revel that nanoparticles (IONPs) additionally, HR-TEM images confirm the
the particles are arranged in a specific pattern, likely due to structure of iron oxide nanoparticles (IONPs) calcinate at 500°C.

magnetic properties of biological synthesizes iron oxide [26]

Fig no.7 TEM image of Fe203 20 nm size and SAED image
4.Experimental details: The microbial inoculums were prepared using sterile saline water.
4.1 Antimicrobial activity: Nutrient agar plates served as the growth medium for bacterial
cultures. Strains of S. aureus, B. cereus, P. aeruginosa, and P.
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vulgaris were evenly spread on sterile nutrient agar plates. Wells,
each measuring 7 mm in diameter, were created using a sterile
cork borer. A green-synthesized nanomaterial (100 pg/mL) and a
standard antibiotic were dissolved in sterile dimethyl sulfoxide
(DMSO) and dispensed using a micropipette. The plates were then
incubated at 37°C for 24 hours to assess antibacterial activity
4.2 Result and Discussion:

a) Antimicrobial activity :
The antimicrobial activity of chemically synthesized Fe:0;
nanoparticles (Fe20s Nps) was evaluated using the agar well
diffusion method. Dimethyl sulfoxide (DMSO) was used as the
negative control. The antimicrobial potential of the Fe203 Nps
was tested against both gram-positive bacterial strains
Staphylococcus aureus (S. aureus) and Bacillus cereus (B. cereus),
as well as gram-negative strains Pseudomonas aeruginosa (P.

aeruginosa) and Proteus vulgaris (P. vulgaris). Streptomycin was
used as a positive control in these experiments.

The results showed that the synthesized Fe20: nanoparticles
present in the agar wells inhibited the growth of all four bacterial
strains (S. aureus, B. cereus, P. aeruginosa, and P. vulgaris).
However, the antimicrobial activity was more pronounced against
the gram-positive bacteria (S. aureus and B. cereus) compared to
the gram-negative strains (P. aeruginosa and P. vulgaris). The
data are presented as the mean + standard error of the mean
(SEM) from three replicate experiments. [27]

Chart Caption:1

Table: 1 Zone of inhibition of 1) Fe203 NPs, 2) Antibiotic and 3)
Control Antibacterial effects against human disease-causing
microorganisms

Antibacterial activity
Gram + Ve Gram -Ve
Entry . . .
Staphylococcus aureus Bacillus cerus Pseudomonas aeruginosa Proteus vulgaris
(NCIM-2654) (NCIM - 2703) (NCIM 5032) (NCIM - 2813)
1-Fe,O; NPs 17.33 £ 0.57 16.33 £ 0.57 11.00 = 1.00 12.33 £ 0.57
2-Antibiotic 23.66 £ 0.57 21.00 + 1.00 17.66 + 0.57 21.66 £ 0.57

1 The Staphylococcus aureus NCIM (2654) is gram positive nature.
2 The Bacillus cereus NCIM (2703) is gram positive nature.

3 The Pseudomonas aeruginosa NCIM (5032) is gram negative nature.

4 The Proteus vulgaris NCIM (2813) is gram negative nature.

\

Fig.no.8(a) Antimicrobial activity on the Staphylococcus aureus (NCIM -2654), Bacillus cerus (NCIM 2703), Pseudomonas aeruginosa (NCIM
5032) and Proteus vulgaris (NCIM - 2813) zone of inhibition for 1- Fe;03 NPs, 2-Antibiotic and 3-Control
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Fig.no. 8(b) The statistical analysis of Fe203 NPs and standard antibiotic against bacterial human pathogens

CONCLUSION

The study successfully synthesized Fe203 nanoparticles through
biological methods and examined their structural and
antimicrobial properties. Structural analysis confirmed the
formation of nanosized Fe20: with distinct morphological
characteristics influenced by the synthesis approach. The
antimicrobial assessment revealed notable effectiveness against
various pathogenic microorganisms, with biologically synthesized
nanoparticles demonstrating superior activity, likely due to the
presence of bioactive compounds. These findings emphasize the
potential of Fe203 nanoparticles as efficient antimicrobial agents
and support biological synthesis as an environmentally friendly
alternative.

Furthermore, the study confirmed that biologically synthesized
Fe203 nanoparticles exhibited significant antimicrobial activity,
particularly against Gram-positive bacteria (S. aureus and B.
cereus), compared to Gram-negative bacteria (P. aeruginosa and
P. vulgaris). The results, obtained through the agar well diffusion
method and validated with three replicates, reinforce the
potential of Fe203 nanoparticles as effective antibacterial agents.
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