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Green synthesis and characterization of silver
nanoparticles from Tagetes erecta flowers
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Nanotechnology is emerging as a rapidly growing field with its application in Science and Technology to produce new
materials. In this study, silver nanoparticles were synthesized using an aqueous extract of Tagetes erecta L. flowers. The
development of silver nanoparticles (AgNPs) was identified by spectral (UV-Vis absorption, FTIR, EDX, and XRD), and
microscopic (SEM) analyses. The formation of AQNPs was confirmed by the appearance of the absorption peak at 422 nm.
In addition, SEM analysis displayed the spherical-shaped nanoparticles. The crystalline nature of AgNPs was revealed by

XRD analysis with an average size of 80.10 nm.
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1. Introduction

Aromatic and medicinal plants play an important role
in drug discovery and development due to the bioactive
compounds they contain [1-6].

Nanoparticles (NPs) are considered the basic building
blocks of nanotechnology. The range of nanotechnology is
the most dynamic research area in materials science, and
the synthesis of nanoparticles (NPs) is increasing
significantly worldwide. NPs show completely new or
improved properties, taking into account certain properties
such as size (1-100 nm), shape, and structure. There is an
increasing demand for noble metal (Au and Ag) NPs as
they have various applications. Silver nanoparticles
(AgNPs) have a significant specific surface area that
results in considerable biochemical reactivity, catalytic
activity, and atomic behavior compared to larger particles
of the same chemical composition. AgNPs received a
significant interest due to a large variety of applications
such as biomedicine, information storage, energy
generation, catalysis, biological sensors, optoelectronics,
DNA sequencing, biological activity [7-10]. The silver
nitrate solution and a natural reducing agent are key
requirements for the green synthesis of AgNPs. The
biomolecules such as vitamins, polysaccharides, alkaloids,
amino acids, proteins, saponins, terpenes, phenolics are
used for silver ion reduction and stabilization to synthesize
the silver nanoparticles. [11]. The synthesis of AgNPs has
become an important research area due to their diverse
applications in industrial, pharmacological, and medical
fields as they exhibit good antifungal, anti-inflammatory,
anticoagulant,  antibacterial,  antioxidant, antiviral,
thrombolytic, cytotoxic, and photocatalytic properties [12,
13].

AgNPs were synthesized from Taxus baccata extract
that revealed the considerable anticancer activity on MCF-
7 cells [14]. In addition, it was reported that AgNPs
synthesized from Helicteres isora stem bark extract
displayed significant antimicrobial, antioxidant, and
anticancer activity [15].

Traditional methods for producing NPs are expensive,
toxic, and non-environmentally friendly. Hence, naturally
occurring sources have been employed for the synthesis of
nanoparticles to overcome these problems [16, 17]. Green
synthesis can be classified as usage of a) microorganisms
such as fungi, yeasts, bacteria, and prokaryotes, b) plants,
c) templates such as membranes (thylakoid membranes,
lymphocyte cell membranes), DNA, viruses and diatoms
[18, 19] to obtain metal nanoparticles. The plant-based
synthesis of nanoparticles is considered the best method
[20].

The genus Tagetes has 122 species belonging to the
Asteraceae family. Tagetes erecta Linn., an ornamental
flower, is commonly known as Marigold [21]. T. erecta
has been used in folk medicine to treat various illnesses
such as colds, bronchitis, and rheumatism. In addition, it is
known that the juice obtained from flowers and leaves has
aphrodisiac, diaphoretic, emetic, antipyretic, muscle
relaxant, liver tonic, edema reliever, and healer of
menstrual irregularity properties [22]. Phytochemical
investigation on T. erecta flowers revealed the presence of
carotenoids such as lutein, and zeaxanthin [23]. Lutein
palmitate is found in T erecta flowers as a major pigment
[24]. Lutein, the chief carotenoid found in T. erecta
flowers was reported to have a protective effect against
some illnesses such as muscular diseases, cardiovascular
diseases, cancer, oxidative damages. Furthermore, the
extracts of T. erecta flowers revealed antimicrobial,
antimutagenic, antiviral, anti-inflammatory, antitumor,
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anti-immunostimulating, insecticidal, nematocidal, and
analgesic activities [25].

In the previously reported work, T. erecta flowers
extract was obtained by boiled distilled water for the
synthesis of silver nanoparticles. Hexane and acetone,
toxic chemicals were used for extraction as well. The
extraction with boiled water can lead to the decomposition
of some secondary metabolites. So, the extraction protocol
of our study was completely different from the reported
study [26]. Hence, the secondary metabolites in the extract
that reduced silver ions were completely different in our
study compared to the previous study.

In this study, nanoparticles were synthesized from T.
erecta flowers, and spectroscopic methods such as UV-
Vis, FTIR, XRD, and EDX were used to identify the green
synthesized silver nanoparticles; the morphology was
evaluated by SEM analysis. The secondary metabolites in
the T. erecta flowers are responsible for the reduction of
silver ions.

2. Experimental
2.1. Plant material

Tagetes erecta L. flowers were collected from the
Aromatic and Medicinal Plant Field of Tokat
Gaziosmanpasa University (Turkey) during the harvesting
stage in 2020.

2.2. Synthesis of silver nanoparticles

Tagetes erecta (50 g) was powdered and heated in
distilled water (200 mL) at 80°C for 3 hours. After
filtration, this mixture was reacted with AgNO; solution
(36.8 mM, 200 mL) at 70°C for 2 hours while connecting
the condenser to the reaction flask. The colour change
from yellow to dark brown revealed the formation of silver
nanoparticles. After centrifugation at 15000 rpm for 30
minutes, the formed silver nanoparticles were washed with
distilled water. Then, the AgNPs were dried thoroughly by
lyophilization [27].

2.3. X-ray diffraction (XRD) analysis

The structure of AgNPs was evaluated by X-ray
diffraction (XRD) analysis. Empyrean, Malvern
Panalytical diffractometer was used to record the XRD
pattern. The operation voltage was fixed as 45 kV at a 40
mA with Co-kal radiation (A = 1.54 A). The diffracted
intensity was recorded in the region of 26 from 20° to 90°
at 0.02°/min. The particle size was assessed by Dynamic
Light Scattering (DLS) on a DelsaNano C instrument.

2.4. Scanning Electron Microscopy (SEM) Analysis

SEM analysis revealed the nanoparticles morphology.
The particles were powdered in an agate mortar to make
the uniform distribution. Later, the nanoparticles were
spread on strap with carbon band and gold plated under

vacuum. SE (Secondary electron) mode with high vacuum
was applied for analysis. The elemental analysis was
carried out by EDAX detector and EDX (Energy
Dispersive X-Ray Analyzer). All these analyses were
carried out on Quanta 450 Field Emission Gun (FEG).

3. Results and discussion

Tagetes erecta flowers extract was treated with silver
nitrate to form the AgNPs by the reduction of Ag* into
Ag’. The colour change from light yellow to the dark
brown of the reaction mixture displayed the formation of
AgNPs (Fig. 1).
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Fig. 1. Visual observation of biosynthesized AgNPs (A) vs.
Tagetes erecta flowers extract (B) (color online)

As mentioned, the reduction of Ag* to Ag® was firstly
confirmed by the colour change of the reaction mixture
from light yellow to dark brown. In addition, monitoring
the reaction progress by UV-Vis absorption spectroscopy
supported the formation of AgNPs (Fig. 2). The UV-Vis
spectrum of Tagetes erecta mediated synthesis of AgNPs
have a strong band in the visible region (350-550 nm),
with a maximum absorption peak (SPR band) at 422 nm.
Furthermore, the presence of a single SPR band in the UV-
Vis spectrum in the region of 410-500 nm supported the
formation of spherical AgNPs [28, 29].
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Fig. 2. UV-Vis absorption spectra of Tagetes erecta extract
(A) and AgNPs (B) (color online)
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FTIR analysis (Fig. 3) was performed for extract and
AgNPs to elucidate the plausible natural products
responsible for surface coating and efficient stabilization
of AgNPs. The slight differences between the extract and
AgNPs could be due to the oxidation of some molecules in
extract by the reduction of silver ions. Table 1 shows the
FTIR band assignment for “green” synthesized AgNPs.
The functional groups displayed in Table 1 belong to
biomolecules (polyphenols, proteins, ethers, and esters)
arising from T. erecta extract, which are responsible for
silver ions reduction and for AgNPs capping.
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Fig. 3. IR spectrum of extract (A) and AgNPs (B) (color online)

Table 1. FTIR bands assignment of AgNPs synthesized from T.
erecta flowers

FTIR Bands Attribution Ref.
(cm?)
3212 OH bending and [30]
stretching vibrations
in the phenolic
compounds.
2928 Asymmetric [31]
stretching of C-H
bonds.
1587 Amine, NH bending | [32]
1383 Phenol, OH bending | [33]
1257 Aromatic ester, CO | [34]
stretching, alkyl aryl
ether, CO stretching

The crystalline nature of AgNPs was evaluated by X-
ray diffraction analysis (Fig. 4). XRD patterns at 38.1°,
44.3°, 64.4° and 77.4° corresponding to the Miller indices
of the reflecting planes (111), (200), (220) and (311),
respectively, could be indexed to the face-centred cubic
(fcc) crystalline structure of silver (JCPDS No. 87-0720)
[35]. The size of silver nanoparticles was calculated by the
Debye-Scherrer formula:

D=09A/PBcosb Q)

in which D is the average crystalline size (nm), A is the X-
ray wavelength (nm), B is the full width at half maximum
intensity (FWHM) of the diffraction peak of the sample
(radian) and 0 is the Braggs angle (deg). The average size
of AgNPs was calculated as 80.10 nm.
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Fig. 4. XRD pattern of the obtained AgNPs in this study (color online)

Furthermore, the morphology of obtained AgNPs was
studied by SEM image (Fig. 5) also presented the
dispersion of agglomerated clusters which were distributed
with a large random of empty space.

The energy-dispersive X-rays analysis of (EDX)
supported the AgNPs formation. In addition, intense peaks
in EDX spectrum at around 3 and 3.5 keV proved the
presence of AgNPs structure. The carbon and gold peaks
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appearing in EDX spectrum were due to the experimental
condition (Fig. 5).
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Fig. 5. SEM image (A), and EDX spectrum (B) of AgNPs (color online)

4. Conclusion

Efficient, low-cost, precise, eco-friendly biosynthesis
of silver nanoparticles was achieved using an aqueous
extract of Tagetes erecta L. flowers. This vegetal extract
proved to be a good material for the biosynthesis of
AgNPs with a fast and convenient method. The
biosynthesis of AgNPs using Tagetes erecta flowers
provided an important point of view to the nanotechnology
for medicine, this plant being used efficiently in traditional
medicine, due to the content of bioactive compounds in its
flowers. AgNPs synthesized from this plant can be useful
in biomedical applications as well as in the field of further
research in nanobiotechnology.
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