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ABSTRACT

In recent years, science and industry have increasingly focused on
nanotechnology, particularly the synthesis of nanoparticles. Although
various synthesis methods are available, many are inefficient in terms of
material and energy consumption. Green chemistry offers an alternative,
emphasizing the use of plant-based materials as a reliable, straightforward,
non-toxic, and eco-friendly approach that bridges nanotechnology and
biotechnology. The present study investigated a novel method for
synthesizing silver nanoparticles (AgNPs) using leaf and flower extracts of
feverfew (Tanacetum parthenium L.). When the extract was exposed to
aqueous silver ions, reduction occurred, resulting in the green synthesis of
. AgNPs. Ultraviolet—visible spectroscopy (UV-vis) showed a characteristic
Keywords: absorbance peak at 400 nm, confirming nanoparticle formation. The zeta
AgNPs potential of the AgNPs ranged from —30 to -90 mV, indicating good

stability. Dynamic light scattering (DLS) revealed an average particle size
of 68.6 nm, while field emission scanning electron microscopy (FESEM)
images indicated an average size of 65.7 nm. Energy-dispersive X-ray
analysis (EDX) confirmed the presence of elemental silver, validating
nanoparticle synthesis. X-ray diffraction (XRD) analysis further supported
these findings, showing an average particle size of 67.7 nm. Fourier-
transform infrared (FTIR) spectroscopy identified peaks at 3436, 2929,
1604, 1383, and 1029 cm, corresponding to functional groups involved in
nanoparticle stabilization. In conclusion, these findings demonstrated that
the nanophytosynthesis of AgNPs using T. parthenium extracts is a rapid,
efficient, eco-friendly, and simple alternative to conventional synthetic
methods.
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Introduction

Nanotechnology is rapidly advancing as an
interdisciplinary field with significant contributions
to research, development, and industrial applications
(Valle-Orta et al., 2008; Samadi et al., 2021). In
recent years, nanoparticles have drawn considerable
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attention in modern materials science due to their
unique distribution, size, and morphology (Farshchi
et al., 2018; Yaqoob et al., 2020; Khan et al., 2022).
Among nanomaterials, metal nanoparticles stand out
for their wide range of applications in fields such as
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drug delivery, magnetism, electronics,
optoelectronics, agriculture, and information storage
(Cui and Lieber, 2001; Bhumkar et al., 2007
Tuutijarvi et al,, 2009; Zhang et al, 2010;
Shahhoseini et al., 2020).

Silver nanoparticles (AgNPs), in particular, have
attracted growing interest over the past two decades
due to their broad utility across diverse disciplines
(Srikanth et al., 2001). Metal nanoparticles with
specific dimensions and morphologies can be
synthesized relatively easily using chemical and
physical methods (Sun et al., 2003; Alqudami and
Annapoorni, 2007). However, AgNPs are especially
important in biology and medicine because of their
unique physical and chemical properties (Sondi and
Salopek-Sondi, 2004). Silver is well known for its
antimicrobial activity against a wide range of
microorganisms (He et al., 2012), and in recent
years, AgNPs have emerged as promising
antimicrobial agents (Kaviya et al., 2011; Aziz et al.,
2018). Beyond antimicrobial properties, AgNPs also
exhibit antiviral, anti-inflammatory, anti-platelet,
and anti-angiogenic activities, as well as cytotoxicity
against cancer cells, making them highly valuable for
biomedical applications (Elumalai et al., 2010;
Kalishwaralal et al., 2010).

Green synthesis of AgNPs has become one of the
most dynamic areas within nanotechnology (Shankar
et al., 2004a). Biosynthesis of nanoparticles using
enzymes  (Schneidewind et al, 2012),
microorganisms (Narayanan and Sakthivel, 2010),
and plant extracts (Sulaiman et al., 2013;
Vimalanathan et al., 2013) offers several advantages
over traditional physical and chemical approaches.
These methods are cost-effective, environmentally
friendly, and readily scalable (Vimalanathan et al.,
2013). Moreover, they eliminate the need for high
temperatures, toxic chemicals, and high-pressure
conditions, thereby expanding their potential
medical applications (Kouvaris et al., 2012). Among
biosynthetic approaches, biological reduction is a
fundamental process widely applied in nano-
biotechnology (EI-Sayed, 2001).

Due to concerns over high energy requirements
(Horwat et al., 2011), toxic byproducts (Hoag et al.,
2009), and the complexity of equipment and
synthesis conditions (Baruwati et al., 2009), green
synthesis methods are increasingly replacing
conventional techniques. Their eco-friendly nature,
economic viability, and potential for large-scale
production make them a promising strategy for
developing advanced nanomaterials (Kouvaris et al.,
2012).

Recently, plant extracts have been recognized as rich
sources of bioactive constituents capable of reducing
metal ions and stabilizing nanoparticles. Researchers
worldwide are therefore focusing on biomolecules in
plant extracts to control the size, shape, and stability
of synthesized nanoparticles (Kumar and Yadav,
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2009). Several plant species have already been
studied for AgNPs biosynthesis, including Magnolia
kobus and Diospyros kaki (Song et al., 2009a),
Gliricidia sepium (Vilchis-Nestor et al., 2008;
Rajesh et al., 2009), Geranium (Shankar et al., 2003),
Sorbus aucuparia (Dubey et al., 2010), Acalypha
indica (Kalishwaralal et al., 2010), Coriandrum
sativum (Sathyavathi et al., 2010), Cinnamomum
camphora (Huang et al., 2007; Yang et al., 2010),
Azadirachta indica (Neem) (Shankar et al., 2004a),
and Aloe vera (Chandran et al., 2006).

Tanacetum parthenium L. belongs to the Asteraceae
family and is a perennial medicinal plant (Dobelis,
1986). The name of this plant is derived from the
Latin word febrifugia, which means reducing fever
(Rajesh et al., 2009). In the first century, the Greek
physician Discorides prescribed this herb to treat “all
hot inflammations” (JE). The active compounds in
feverfew consist of terpenoids, flavonoids, and
sesquiterpene lactones, with parthenolide being the
most  significant.  Parthenolide  (sesquiterpene
lactone) with quercetin and luteolin (flavonoids)
account up to 85% of the whole sesquiterpene
contents in this plant. Due to its active ingredients, it
possesses pain-relieving and anti-inflammatory
features, making it a famous remedy for migraines
and other types of headaches (Heptinstall et al.,
1992). As far as we know, there is no report on the
synthesis of AgNPs using feverfew leaf and flower
extracts. Therefore, this study aims to explore the
potential of this extract in synthesizing AgNPs while
evaluating its properties for various applications.

Materials and Methods

Preparation of feverfew extract

Fresh flowers and leaves of feverfew were collected
in spring from the experimental farm of Ferdowsi
University of Mashhad, Iran. The plant material was
thoroughly washed and shade-dried for 10 days. For
extraction, 100 g of dried material was powdered and
mixed with 500 mL of distilled water, followed by
extraction at 40 °C using a rotary evaporator
(Heidolph, Schwabach, Germany). The resulting
extract was filtered to remove plant residues (Araghi
et al., 2019) and stored in a cool, dark place to
preserve its bioactive compounds. This method is
widely recognized for producing high-quality herbal
extracts while maintaining the plant’s beneficial
properties.

Synthesis of AgNPs

A 0.001 M aqueous solution of silver nitrate was
prepared in an Erlenmeyer flask. To this, 5, 10, or 20
mL of feverfew extract was added separately, and the
total volume was adjusted to 100 mL with distilled
water at room temperature (Figure 1). The flasks
were covered with aluminum foil and stirred
continuously for 10 min. Rapid bioreduction of silver
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ions occurred, indicated by a visible color change to
brownish-yellow, confirming AgNP formation.

After 24 h, the nanoparticle suspension was
centrifuged at 15,000 rpm for 10 min (Z-326 K,
Hermle Labortechnik GmbH, Germany), and the
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pellets were dried in a vacuum oven at 60 °C for 24
h (Balashanmugam, 2015). The purified AgNPs
were collected and stored in clean bottles for
subsequent characterization.

Fig. 1. (a) Photograph of T. parthenium leaf and flower; (b) Blend of T. parthenium extract and silver nitrate immediately
after mixing; (c) Synthesized silver nanoparticles (AgNPs) after 24 h (A, B, and C indicate 5, 10, and 20 mL of feverfew
extract with 95, 90 and 80 mL of 0.001 M silver nitrate aqueous solution, respectively).

UV-visible spectral analysis

The synthesis of AgNPs was confirmed by sampling
the aqueous component at different time points
(Song et al., 2009b; Aziz et al., 2018). The maximum
absorption was then scanned using an Epoch
microplate spectrophotometer (BIOTEK, USA)
within the wavelength range of 300-700 nm.

Zeta potential distributions

Zeta potential gives information about the surface
charge and stability of nanoparticles. This potential
is an important parameter in the design of
nanoparticles for various applications. Zeta potential
values were measured by busing Nanopartica
(HORIBA). The measurements were conducted at a
temperature of 25 °C in deionized water.

Dynamic light scattering (DLS) analysis

DLS is a widely used method for measuring particle
size in solutions. When a monochromatic light beam,
such as a laser, is directed at spherical particles
undergoing Brownian motion, a Doppler shift occurs
as the light interacts with the moving particles,
altering the wavelength of the incident light. This
shift is directly related to particle size. Using DLS, it
is possible to calculate the distribution of particle
sizes and characterize particle dynamics in the
medium by determining the diffusion coefficient
through the autocorrelation function.
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Field emission scanning electron microscopy
and energy dispersive X-ray analysis

The morphology of AgNPs was examined using a
ZEISS SUPRA 55 Field Emission Scanning Electron
Microscope (FESEM). The images showed a
uniform distribution of nanoparticles with no
significant agglomeration, indicating good stability
of the synthesized AgNPs. High-resolution imaging
further revealed surface irregularities and nanoscale
features, which may enhance the reactivity and
functional performance of the nanoparticles in
various applications. Elemental composition was
investigated using Energy Dispersive X-ray (EDX)
analysis coupled with FESEM. Elemental mapping
confirmed the distribution of elements within the
sample, providing valuable insights into its
composition and uniformity. Overall, the combined
FESEM-EDX analysis verified both the morphology
and elemental makeup of the synthesized AgNPs.

X-ray diffraction studies

X-ray diffraction analysis was performed on drop-
coated AgNPs films to detect the presence of Ag
nanoparticles. The analysis was conducted using an
X-ray diffractometer Bruker B8-advance at 40 kV
voltage and 30 mA current (Unisantis XMD-300,
Swiss). Diffraction intensities were recorded over 26
angles spanning from 10° to 80°. The diffraction
pattern was produced utilizing Cu-Kal radiation
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with a wavelength of 1.5418 A° in the 20 range of
10° to 80° at a rate of 0.02° min~t, with a 2s time
constant.
Fourier transform infrared
analysis

Further evaluations using FT-IR spectroscopy were
conducted to identify potential biomolecules
generating silver cations (Ag*) and to examine the
coating of reduced AgNPs produced by the feverfew
extract. The silver nitrate powder was obtained after
centrifugation (10,000 rpm) for 15 min.
Subsequently, the resultant pellet was dispersed in
sterile double distilled water thrice to eliminate non-
specific biological impurities such as free amino
acids and proteins/enzymes that had not bound to the
AgNPs ligand. Finally, the obtained AgNPs were
gathered, oven-dried at 60 °C, milled with KBr
pellets, and analyzed using an AVATAR 330 FTIR
spectrometer in wide reproduction mode with a
resolution of 4 cm x1.

spectroscopy

Results

UV-visible spectroscopy analysis

UV/Vis spectroscopy is an effective technique for
confirming both the stability and structure of AgNPs.
The synthesis of AgNPs was validated by assessing
two parameters: (1) changes in solution color and (2)
the UV/Vis spectrum of the reaction medium. Upon
adding feverfew extract to an aqueous solution of
AgNOs at 60 °C, the color gradually changed from
yellowish to brownish. The UV-vis spectra of AgNP
solutions prepared with varying extract amounts
(samples A, B, and C) are shown in Figure 2, with
the inset highlighting color changes and
corresponding shifts in SPR relative to extract
concentration. For samples A, B, and C, the
absorption peaks were primarily observed between
400440 nm, with distinct surface plasmon
resonance peaks at 416, 407, and 400 nm,
respectively. Based on these results, sample C was
selected for subsequent confirmation tests of AgNP
synthesis.
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Fig. 2. UV-visible absorbance spectrum of silver nanoparticles (AgNPs) with varying amounts of T. parthenium extract after
30 min. (A, B, and C indicate 5, 10, and 20 mL of Feverfew extract with 95,90, and 80 mL of 0.001 M silver nitrate aqueous
solution, respectively).

To evaluate the effect of time on the peaks generated
by sample C, UV-vis spectra were recorded at six
intervals over a 24 h period. As shown in Figure 3,
the spectra ranged from 360 to 440 nm, with a
prominent SPR band at 400 nm. The broadening of
the peaks indicates uniform nanoparticle size. AgNP
formation began after 30 min and increased
significantly up to 24 h. No further color change was
observed beyond 24 h, suggesting the completion of
the nanoparticle synthesis process.

The synthesis of AgNPs started approximately 10
min after the combination mixing the feverfew
extracts with the silver nitrate solution, showing
significant enhancement until 24 h. Beyond this
timeframe, while the mixture was still on the shaker,
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no alteration occurred in color, suggesting the
finalization of the nanoparticle synthesis process.

Zeta potential measurement shape

The zeta potential measurement of AgNPs reveals
insights into their stability and surface charge.
Biogenic AgNPs exhibit lower zeta potential values
in smaller extract quantities and higher values in
larger quantities. Sample C displayed a zeta potential
range of -30 to -90 mV, indicating enhanced stability
of the AgNPs (Fig. 4).

DLS analysis

Dynamic Light Scattering (DLS) is a widely used
technique for measuring particle size distribution in
solution. By analyzing variations in light scattering
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intensity caused by the Brownian motion of particles,
DLS provides valuable information about their size
and distribution. Figure 5 shows the particle size

distribution (PSD) of bioinspired AgNPs measured
using a Zetasizer (Malvern). The PSD ranged from
64 to 82 nm, with an average particle size of 68.6 nm.
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Fig. 3. The absorbance spectrum of silver nanoparticles (AgNPs) synthesized by T. parthenium extract at time intervals.
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Fig. 4. Zeta potential analysis of silver nanoparticles (AgNPs) synthesized by T. parthenium extract.
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Fig. 5. Dynamic light scattering (DLS) spectrum of silver nanoparticles (AgNPs) synthesized using T. parthenium

extract.
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FESEM and EDX analysis

After successfully synthesizing AgNPs, FESEM
analysis was carried out (Fig. 6a). The image
revealed the formation of nearly spherical
nanoparticles with an average size of 65.7 nm. The
particles were uniformly dispersed and consistent in
size, demonstrating the effectiveness of the feverfew
extract in the synthesis process. FESEM results
suggest that the reducing agents present in plant-
mediated synthesis play a key role in nanoparticle
formation. Using medicinal plants for AgNP
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synthesis not only enables control over particle size
and shape but also imparts antimicrobial properties
from the plants to the nanoparticles.

For EDX analysis, the AgNPs were dried and drop-
coated onto a carbon film. The analysis was
performed using a thermal energy X-ray analyzer
(EDX) coupled with FESEM. The resulting EDX
spectrum of AgNPs synthesized from feverfew
extract is shown in Figure 6b. The tallest peak
corresponds to silver, confirming the presence of
AgNPs in the sample.
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Fig. 6. (a) Field emission scanning electron microscopy (FESEM) images and (b) energy dispersive X-ray (EDX) analysis of
biosynthesized silver nanoparticles (AgNPs) produced using T. parthenium extract.
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XRD analysis

The AgNPs structure and crystalline size were
analyzed via XRD. Figure 7 shows a typical XRD
pattern of the AgNPs synthesized using T.
parthenium extract after conversion of Ag* cations to
Ag°. Four diffraction peaks at 20 values of 38.05,
44.12, 67.48, and 77.15° correspond to the planes
(111), (200), (220), and (311), respectively. The
crystalline size of AgNPs was determined using

Debye-Scherrer’s formula employed in XRD
analysis to estimate the average grain size of the
crystallite in the material. It connects the grain size
(D) to the X-ray wavelength (L) and the diffraction
peak full width at half maximum (B). The equation is
expressed as:
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Fig. 7. X-ray diffraction (XRD) profiles of silver nanoparticles (AgNPs) at different quantities of T. parthenium extract. The
additional peaks indicated with * may be due to the bio-inorganic compounds and proteins present in the extract.

Where K is a dimensionless shape factor usually
close to 0.9. This equation offers a straightforward
yet useful method for researchers to ascertain the size
of crystalline domains in a material using XRD data
(Cullity, 1956). The average diameter of the
synthesized nanoparticles was determined by XRD
line expanding, which was approximately well
aligned with those acquired from FESEM and DLS.
From XRD, DLS and FESEM, the average sizes of
particles were determined to be almost 67.7, 68.6,
and 65.7 nm, respectively.

FTIR spectrum analysis

FTIR spectroscopy is useful for analyzing the
potential interactions of AgNPs with different
functional groups. Figure 8 displays the FTIR spectra
of T. perthenium extract alongside bio-reduced
AgNPs that reveals reveal the different functional
groups groups’ presence at different positions. The
synthesized AgNPs solution contained numerous
molecules, which some molecules adsorbed on the
surface of AgNPs (Tripathy et al., 2010). Several
prominent absorbance bands were detected at
approximately 3207, 1515, 1245, 1123, 1082, 792,
595, and 534 cm®. The peaks for AgNPs were
detected at 3436, 2929, 1604, 1383, and 1029 cm™.
The peaks observed in the spectrum suggest the
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presence of functional groups associated with the
AgNPs. The peak at 3436 cm™ suggested the
presence of O-H stretching vibration, while the peak
at 2929 cm™ correlated with to C-H stretching
vibrations.

Discussion

Plant-mediated synthesis offers a sustainable
approach for producing AgNPs, as plant materials
are readily available, environmentally friendly,
renewable, and cost-effective (Hamouda et al., 2019;
Aboyewa et al., 2021b). Phytochemicals present in
plant extracts—derived from roots, stems, and
leaves—yplay a vital role in this process (Karmous et
al., 2020). These extracts are rich in molecules
containing functional groups such as carboxyl,
amino, carbonyl, hydroxyl, and phenol, which enable
the reduction of metals like silver (Rafique et al.,
2017), gold (Aboyewa et al., 2021a), and platinum
(Fahmy et al., 2020). Antioxidants act as both
reducing and capping agents, with flavonoids (e.g.,
flavonols, flavan-3-ols), phenolic acids (e.g.,
benzoic, hydroxycinnamic, and ellagic acids)
(Khodadadi et al., 2017), and anthocyanins (Simon
et al., 2021) playing particularly important roles.
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In many cases, a color shift to brown or yellow
indicates AgNP formation, corresponding to the
surface plasmon resonance (SPR) of silver
nanoparticles (Shankar et al., 2004b). The brown
coloration arises from free electron oscillation
(Mulvaney, 1996). While phytochemicals are
primarily responsible for the bioreduction of metal
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UV-Vis spectroscopy is commonly used to confirm
AgNP formation (Nanda and Saravanan, 2009).
Studies show that increasing extract concentration
often produces smaller particle sizes, consistent with
previous reports (Aromal and Philip, 2012; Zayed
and Eisa, 2014). In the present work, UV-Vis spectra
exhibited a distinct SPR band at 400 nm, confirming
AgNP synthesis, which aligns with earlier findings
in the 350-450 nm range (Ashokkumar et al., 2014).
The absence of further color change after 24 h
indicated completion of the synthesis process,
consistent with reports on Lippia citriodora, where
AgNPs formed within 24 h also displayed bound
plant compounds and functional groups (Cruz et al.,
2010; Ebadi et al., 2017).

The synthesized AgNPs demonstrated strong
stability, with zeta potential values ranging from —30
to —90 mV. Values between —40 and -50 mV indicate
good stability (Salopek et al., 1992), while more
negative values suggest increased interparticle
repulsion and reduced aggregation, further
enhancing nanoparticle stability (Kotakadi et al.,
2013). The average particle size of 68.6 nm also
supports the stability of the synthesized AgNPs (Patil
et al., 2012), a value that reflects the hydrodynamic
sizes typical of nanomaterials (Gurunathan et al.,
2009).

Recently, applications have expanded to include the
characterization of various nanomaterials and their
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cations, other plant metabolites, including proteins

and chlorophyll, contribute to nanoparticle
stabilization ~ (Srikar et al., 2016). Key
phytochemicals involved in reduction include

aldehydes, ketones, flavones, sugars, terpenoids,
carboxylic acids, and amides (Singh et al., 2018).
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Fig. 8. Fourier transform infrared spectroscopy (FTIR) spectrum of synthesized silver nanoparticles (AgNPs) by
T. parthenium extract.
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properties (Das et al., 2014). The working principle
of X-ray diffraction is based on Bragg’s law (Waseda
et al., 2011). The broadening of Bragg’s peaks
indicates the nanoscale dimensions of the particles,
confirming nanoparticle formation. As mentioned
earlier, diffraction peaks for AgNPs were observed
at 20 values of 38.05, 44.12, 67.48, and 77.15°.
Additionally, reports indicated that AgNPs are
crystalline in nature and exhibit a face-centered cubic
(FCCQ) structure (Kharat and Mendhulkar, 2016; Ren
et al., 2019). This XRD pattern provides valuable
insights into the structural properties of the
synthesized AgNPs, highlighting their potential for
various applications in nanotechnology and related
fields (Temgire and Joshi, 2004). FESEM imaging
revealed synthesized AgNPs with an average size of
65.7 nm, consistent with hydrodynamic sizes
reported in other research cases (Gurunathan et al.,
2009). These results suggest potential nano-medicine
applications for biocompatible, biologically active
nanoparticles (Tippayawat et al., 2016). The EDX
spectrum of AgNPs exhibited a strong silver signal,
as confirmed by an emission peak around 3 keV,
indicating silver as the primary component
(Sathishkumar et al., 2009). XRD analysis had
revealed crystalline silver nanoparticles, with peaks
at 38.05, 44.12, 67.48, and 77.15° consistent with
Anuradha et al. (2010). This aligns well with the
expected nanoscale dimensions. (Anuradha, 2010).
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FTIR spectra of bio-reduced AgNPs revealed peaks
at 1604 cm?® (C=C stretching), 1383 cm?® (C-N
stretching), and 1029 cm (C-O stretching) (Khalil
et al., 2012), indicating the presence of amide (1)
groups, aromatic amines, secondary alcohols, and
phenolic groups. These functional groups likely
acted as reducing agents during AgNP synthesis.
Furthermore, phytochemicals appear to stabilize the
nanoparticles by  preventing  aggregation,
contributing to long-term stability (Borchert et al.,
2005).

Conclusion

In the present study, silver nanoparticles (AgNPs)
were successfully synthesized using an aqueous
extract of Tanacetum parthenium (leaf and flower).
The method proved to be efficient, cost-effective,
rapid, and environmentally friendly.
Characterization studies confirmed the successful
formation of nanoparticles with a narrow size
distribution and good stability. Comprehensive
analyses of nanoparticle structure, morphology, and
size using zeta potential, DLS, FESEM, EDX, and
XRD, along with chemical composition studies via
FT-IR and UV-Vis spectroscopy, confirmed the
presence of AgNPs. FT-IR and FESEM results
further suggested that flavonoids and proteins in the
extract formed a protective coating on the AgNPs,
aiding in their stabilization and preventing
agglomeration. These findings highlight the potential
of T. parthenium extract as a sustainable green
synthesis route for nanoparticle production. The
presence of diverse functional groups in the plant
extract contributes to both nanoparticle formation
and stability. Importantly, this approach provides a
safe and eco-friendly alternative to conventional
methods that often rely on hazardous materials. In
conclusion, phytosynthesis of metal nanoparticles
such as AgNPs offers a convenient, scalable, low-
cost, and environmentally friendly process compared
to traditional synthesis methods. The successful use
of T. parthenium extract not only demonstrates the
feasibility of sustainable nanomaterial production
but also opens new opportunities for applications in
medicine,  agriculture, and  environmental
remediation. With its efficiency, scalability, and
cost-effectiveness, this method presents a promising
pathway for the large-scale production of diverse
nanomaterials.
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