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Abstract
Due to their easy and low-cost production 

and enhanced properties, noble metal 
nanoparticles are preferred as nano-additives 
in most pharmaceutical compositions. For 
example, silver nanoparticles (AgNPs) and 
gold nanoparticles (AuNPs) possess antiseptic 
and antimicrobial activity and they are 
generally preferred for obtaining antibacterial 
clothing and coatings. In the present study, 
we report a simple, low cost and green 
method for synthesizing AgNPs using 
aqueous extracts of common poppy (Papaver 
rhoeas L). Synthesised silver nanoparticles 
were characterised based on Field Emission 
Scanning Electron Microscopy equipped 
with energy dispersive X-ray spectroscopy, 
Fourier-Transform Infrared Spectroscopy, and 

X-ray diffraction analysis. The synthesised 
AgNPs were also tested for antimicrobial 
activity using the agar well diffusion method. 
Characterisation methods showed that the 
obtained AgNPs were spherical in shape, 
with a particle size ranging from 15 to 40 nm. 
According to the antimicrobial test results, 
AgNPs effectively inhibited the growth of 
various gram-positive and gram-negative 
bacteria. It was concluded that Papaver rhoeas 
L. extract is effective as a reducing agent for 
the preparation of stable and monodispersed 
AgNPs and obtained AgNPs could be useful 
in antibacterial applications in human and 
veterinary medicine.
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Introduction
Nanoparticles (NPs) can exhibit 

unique physical and chemical properties 
because of their high surface area and 
nanoscale size. They are used in various 

fields such as electronics, biosensors, 
medicine, antimicrobial devices (such as 
wound dressings, implantable materials), 
etc. NPs have also been used in drug 
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delivery systems due to their distinctive 
advantages. They can be modified with 
cell-specific ligands and deliver drugs to 
target areas in the optimum dosage. In 
this way, the highest benefit is obtained 
from the drug, and excessive drug use 
and side effects are also reduced (Khan et 
al., 2019). 

NPs can be classified according to their 
physical and chemical characteristics. 
Carbon-based NPs, metal NPs (especially 
noble and alkali metals), ceramic NPs, 
semiconductor NPs, polymer NPs, and 
lipid-based NPs are common in various 
applications. NPs synthesised from 
noble metals (gold, silver, platinum, 
etc.) come to the forefront due to their 
optical properties under light radiation, 
also called localised surface plasmon 
resonance (LSPR) (Khan et al., 2019; 
Pryshchepa et al., 2020). In addition, 
thanks to their easy and low-cost 
production and enhanced properties, 
noble metal NPs are preferred as nano-
additives in most pharmaceutical 
compositions (Khan et al., 2019). Silver 
has low melting and boiling points and 
high electrical and thermal conductivity 
compared to other noble metals. Due to 
the improved characteristics of silver in 
NP form, it is increasingly used in many 
technical and medical fields such as the 
generation and storage of solar energy, 
development of electronic devices, 
enhancement of analytical methods, 
catalytic reactions, environmental 
applications, biomedical imaging, 
antimicrobial applications or cancer 
treatments. Silver is also frequently 
preferred in many studies due to its 
high reactivity and effectiveness against 
various microorganisms (Pryshchepa et 
al., 2020). 

In addition, there are several other 
reasons why silver nanoparticles (AgNPs) 
have received more attention than other 
metallic NPs. For example, gold (AuNPs) 
and platinum NPs (PtNPs) have a high 
production cost, while AgNPs can be 

produced at a much lower cost. The use 
of copper NPs (CuNPs) is not preferred 
due to their high sensitivity to oxidation. 
Zinc oxide (ZnO) or zirconium oxide 
(ZrO2) NPs can be used in antibacterial 
applications instead of AgNPs. 
However, the long-term use of silver for 
antimicrobial purposes and the fact that P. 
stutceri is the only bacteria (lives in silver 
mines) resistant to silver ions increases 
the interest in AgNPs compared to ZnO 
and ZrO2 NPs (Pryshchepa et al., 2020). 

There are many methods for the 
production of NPs. Some of these 
methods require toxic chemicals, and 
others need complex, expensive devices, 
and high energy. Therefore, many studies 
have been performed to develop reliable, 
sustainable, and environmentally 
friendly new production methods of 
NPs. Plants, fungi, and biologically 
active molecules such as amino acids and 
phytochemicals are used in these green 
production methods (Jiang et al., 2018).

Papaver rhoeas L., the common poppy 
in English and gelincik in Turkish, belongs 
to the family Papaveraceae (Dogan 
and Bagci, 2014). P. rhoeas L. contains 
different phytochemicals, such as 
alkaloids, anthocyanins, flavonoids, and 
essential oils. The alkaloid ingredients of 
Papaver species have important biological 
activities and are used for a range of 
health problems, such as diarrhea, 
inflammation, respiratory problems, 
sleep disorder, cough, etc. Poppy extracts 
have been used for their expectorant and 
bronchial calming effects since ancient 
times. The flower parts of poppy contain 
anthocyanin glycosides and isoquinoline 
alkaloids and are used to enhance flavor 
in food coloring and tea compositions. 
In addition, the leaves act as a softener 
and relieve the burning sensation when 
applied to irritated skin (Qiliang et al., 
2018).

It has been reported that poppy spe-
cies grown in Turkey contain rhoeadin, 
proaporfin, and benzylisoquinoline alka-
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loids. These components have analgesic 
and sedative properties. In addition, they 
are not addictive and do not contain mor-
phine, unlike opium. The flower or pet-
al parts of the poppy are edible, but the 
most widely consumed part is the seeds. 
Since they are rich in protein (about 21%) 
and oil ingredients (about 47%), poppy-
seeds are used in making breads, cakes, 
and in salads (Çoban et al., 2017; Grau-
so et al., 2021). Although there are some 
studies on the biological activities of P. 
rhoeas, to the best of our knowledge, there 
are no reports about AgNPs synthesis us-
ing aqueous extract of P. rhoeas L. 

In this study, a low-cost and green 
bottom-up method was used for the 
synthesis of AgNPs using the plant 
extract of P. rhoeas L., and its antibacterial 
activity on various microorganisms was 
evaluated.

Materials and Methods
Preparation of the plant extract

The aerial parts of P. rhoeas were 
collected from the natural habitats of 
Ondokuz Mayis District, Samsun, Turkey 
(41°29′40″N, 36°04′44″E) and washed to 
remove impurities before the extraction 
process. Poppies were divided into four 
parts: flower (FL), immature seedpod 
(SP), leaves (LEA), and stem (STE). For 
the extraction process, 75 mL deionised 
water was added to each 15 g plant part, 
and the mixtures were heated by stirring 
on a magnetic stirrer. The extracts were 
left to boil for 5 minutes and allowed to 
cool for 10 minutes. The aqueous extract 
was filtered and preserved at 4°C for 
further analysis (Jalilian et al., 2020). 

Synthesis of AgNPs
The method applied by Ahmed et 

al. (2016) was followed to synthesise the 
AgNPs. Briefly, 1 and 3 mM aqueous 
solutions of AgNO3 were prepared and 
mixed with extracts of different plant 
parts (FL, SP, LEA, and STE) to produce 

AgNPs. For each, 1 mL plant part extract 
was added into test tubes containing 1, 
2, 4, 6, 8, or 10 mL aqueous solutions of 
AgNO3 (1 mM and 3 mM). The test tubes 
were incubated for about 50 minutes at 
room temperature (25–30°C). A color 
change of the solution from colorless to 
brown was accepted as the reduction of 
Ag+ to Ag0 and the formation of Ag0 was 
confirmed by UV-Visible spectrometry.

Characterization of AgNPs
Synthesised AgNPs were 

characterised based on UV-visible 
spectroscopy, Field Emission Scanning 
Electron Microscopy (FE-SEM) 
equipped with energy dispersive X-ray 
spectroscopy (EDS), Fourier-Transform 
Infrared Spectroscopy (FTIR), and X-ray 
diffraction (XRD) analysis. 

Wavelengths between 200–1100 nm 
were scanned using a Thermo Array 
Evolution UV-Vis Spectrophotometer 
(USA). The surface morphology of AgNPs 
was studied by using a JEOL-JSM-7001F 
FE-SEM equipped with EDS (Japan). FTIR 
analysis was carried out using Bruker 
Tensor 27 FTIR Spectrometer (USA). The 
synthesised nanocrystalline powder of 
AgNPs was identified by using Rigaku 
Smartlab XRD (Japan).

Antibacterial activity of the AgNPs
Agar well diffusion method was 

used to evaluate the antimicrobial 
activities of the plant extracts and 
AgNPs on seven bacterial species: 
Bacillus subtilis (ATCC6633), Escherichia 
coli (ATCC25922), Klebsiella pneumoniae 
(ATCC700603), Salmonella enterica 
(ATCC13311), Pseudomonas aeruginosa 
(ATCC27859), Listeria monocytogenes 
(NCTC5348), Brevibacillus brevis 
(ATCC35690) and a yeast Candida glabrata 
(ATCC90030). A 100 µL volume of the 
microbial suspension adjusted to 0.5 
McFarland (with a final concentration of 
1x106 CFU/mL) was spread on Mueller-
Hinton agar plates. The holes with 6 mm 
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diameter in agar were filled with 100 
µL AgNPs in different concentrations 
ranging from 30 to 50 µg mL-1. The plates 
were incubated at 37°C for 24 h and 
were examined for the zone of inhibition 
diameters in millimeters. Penicillin (10 
µg/mL) was used as a positive control for 
the experiments (Perez, 1990; Ontong et 
al., 2019).

Results
Synthesis and characterisation of AgNPs

The monodispersed NPs were 
prepared using 1 and 3 mM aqueous 
solutions of AgNO3. During the 
biosynthesis of AgNPs, color changes 
were observed in the solutions, which 
indicate the reduction of silver ions 
Ag+ to Ag0 by the plant extract. The 

formation of AgNPs was monitored 
based on the localised surface plasmon 
resonance (LSPR) peak in the UV-visible 
spectroscopy. The highest peak intensity 
was observed in the 1:1 ratio (VSP/
VAgNO3), 1:1 ratio (VFL/VAgNO3) for the 
SP and FL extracts, respectively, at 1 mM 
AgNO3 (Figure 1). For 3 mM AgNO3 the 
highest peak intensity was seen in the 1:4 
ratio (VLEA/VAgNO3), 1:2 ratio (VSTE /
VAgNO3), 1:1 ratio (VSP/VAgNO3), 1:1 
ratio (VFL/VAgNO3) for the LEA, STE, SP 
and FL extracts, respectively (Figure 2).

The size and shape of AgNPs were 
determined by using SEM images. Figure 
3 shows that the AgNPs were spherical in 
shape, with a particle size ranging from 
15 to 40 nm. The EDS detector combined 
with the SEM instrument was used for 
the elemental analyses of AgNPs. EDS 

Figure 1. UV-Vis spectra of AgNPs synthesised by seedpod extract (a) and flower extract (b) using 1 mM 
AgNO3 (The numbers 1-1, 1-2, 1-4, 1-6, 1-8 and 1-10 indicate the volume fraction of the plant extract 
and AgNO3 solution)
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results that include strong silver signals 
at 3 keV confirmed the presence of AgNPs 
(Devaki et al., 2014), as seen in Figure 4.

The infrared spectrums were 
recorded in the range of 4000–500 cm-1 at 
4 cm-1 resolutions with an FTIR. The FTIR 

Figure 2. UV-Vis spectra of AgNPs synthesised by leave extract (a), stem extract (b), seedpod extract 
(c) and flower extract (d) using 3 mM AgNO3 (The numbers 1-1,1-2, 1-4, 1-6, 1-8 and 1-10 indicate the 
volume fraction of the plant extract and AgNO3 solution)

Figure 3. SEM images of the AgNPs synthesised  
from leaf extract (a), stem extract (b), seedpod 
extract (c) and flower extract (d) of common 
poppy using 3 mM AgNO3

Figure 4. EDS spectrum of the AgNPs synthesised  
using seedpod extract
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spectra of the AgNPs showed strong 
vibration bands as shown in Figure 5. 

AgNPs were characterised using Cu 
Kα radiation in the 2θ range from 20° to 
80°. The crystalline nature of the AgNPs 

was proved by the XRD spectrum shown 
in Figure 6. 

Antibacterial activity of AgNPs
The zones of microorganism growth 

inhibition of AgNPs were highest against 
B. subtilis (10.5±2.1 mm), E. coli (10.0±0.0 
mm), S. enterica (12.0±2.8 mm), P. 
aeruginosa (13.0±2.8 mm), K. pneumoniae 
(12.0±2.8 mm), L. monocytogenes (10.5±0.7 
mm), B. brevis (11.0±1.4 mm) and C. 
glabrata (11.0±1.4 mm) as shown in 
Figure 7. The plant extracts did not 
show an inhibitory effect on the studied 
microorganisms. It was observed that 
the AgNPs synthesised using different 
parts of P. rhoeas L. exhibited different 
antimicrobial activities. The maximum 
zone of inhibition diameters of the 
AgNPs synthesised using different 
concentrations of AgNO3 and plant parts 
are also shown in Table 1.

Figure 5. FTIR spectrum of the seedpod extract (a), AgNPs obtained from seedpod extract (b), flower 
extract (c) and AgNPs obtained from flower extract (d)

Figure 6. XRD pattern of the AgNPs obtained 
from the seedpod extract
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Discussion
Green synthesis methods using 

bacteria or plants are non-toxic, 
biocompatible, inexpensive, fast, 
and one-step processes. The extracts 

prepared using plant materials with 
different solvents play a critical role 
in reducing silver ions and stabilizing 
AgNPs by surrounding them due to their 
phytochemical ingredients. Also, NPs 

Figure 7. Antimicrobial activity of the AgNPs obtained using 3 mM AgNO3 (a) and 1 mM AgNO3 (b)

Table 1. Maximum zone of inhibition diameters of AgNPs synthesised using different concentrations 
of AgNO3 and plant parts. 

Test pathogens AgNO3 concentration Plant part Maximum zone of 
inhibition (mm)

B. subtilis 1 mM Flower 10.5±2.1 

S. enterica 3 mM Flower 12.0±2.8 

P. aeruginosa 1 mM Leaves 13.0±2.8 

E. coli 3 mM Flower, Seedpod 10.0±0.0

K. pneumoniae 1 mM Flower 12.0±2.8

L. monocytogenes 3 mM Flower 10.5±0.7

B. brevis 3 mM Flower 11.0±1.4

C. glabrata 3 mM Stem 11.0±1.4
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are wrapped with an organic matrix, in 
an attempt to obtain safer nanostructures 
by reducing the toxicity of metallic NPs. 
Jalilian et al. (2020) investigated plant-
mediated synthesis of AgNPs using 
aqueous extract of Allium ampeloprasum, 
and it was found that this extract could 
be used in various applications in the 
medical field due to its antioxidant and 
antibacterial effects, and acceptable level 
of cytotoxicity on cervical cancer cells. 
Sriranjani et al. (2016) used Clerodendrum 
phlomidis L. leaves for preparing AgNPs. 
The synthesised AgNPs showed 
anticancer and antioxidant activity 
(Sriranjani et al., 2016).

In this study, a green synthesis 
method was performed to synthesise 
AgNPs from different parts of P. rhoeas L. 
The monodispersed NPs were obtained 
using 1 and 3 mM aqueous solutions 
of AgNO3. Although increasing the 
AgNO3 concentration contributes to the 
formation of large amounts of NPs, it 
is recommended not for concentrations 
to exceed 5 mM to ensure the 
monodispersion of nanoparticles (Nayak 
et al., 2011).

Color changes of the solutions 
indicated the reduction of silver ions 
Ag+ to Ag0 by the plant extract. In 
addition, the synthesis of the AgNPs was 
shown with the LSPR peaks in the UV-
visible spectroscopy. LSPR is caused by 
the interaction of free electrons in the 
conduction and valence bands, which are 
very close to each other on the surface 
of metal NPs, with the light coming 
to the surface. Free electrons oscillate 
collectively in resonance with the light 
wave (Wu et al., 2015). The LSPR bands 
were found between 450 and 500 nm 
and confirmed the formation of the 
AgNPs. Also, an increase in absorbance 
intensities was observed due to the 
increase in the number of formed NPs 
(Valli and Vaseeharan, 2012). Optimum 
volume ratios with the highest number 
of particles were determined using 

the highest absorbance intensities. The 
highest peak intensity was observed in 
different ratios of SP, and FL extracts at 
1 mM AgNO3, and in the LEA, STE, SP, 
and FL extracts at 3 mM AgNO3. It was 
thought that when 1 mM AgNO3 solution 
was used in the synthesis, the decrease in 
AgNPs formation also caused a decrease 
in the absorption values. 

The size, shape, and surface area are 
the main properties of the NPs and have 
important effects on biological systems 
(Zhou et al., 2006). A large surface area of 
small particles can cause significant toxic 
effects. The increase in the dissolution rate 
of particles with dimensions less than 10 
nm causes an increase in the number of 
silver ions released into the environment. 
In this case, toxic effects and damages are 
observed in organs such as liver, spleen, 
lung, and kidney (Wei et al., 2015). SEM 
uses a high-energy beam of electrons, 
lenses, magnets, and detectors to scan 
and monitor the surface morphology of 
solid substances. In the present study, 
SEM images showed that the AgNPs 
were spherical, and that particle size 
ranged from 15 to 40 nm. Also, EDS 
results showed strong silver signals at 
3 keV and confirmed the presence of 
AgNPs (Devaki et al., 2014).

FTIR analysis was used to determine 
the functional groups of bioactive 
molecules present in the aqueous plant 
extracts and AgNPs suspensions. These 
functional groups are involved in 
forming and stabiliaing NPs by wrapping 
around them (Bankar et al., 2010). In this 
study, the FTIR spectra of the AgNPs 
showed strong vibration bands. The 
broad absorption bands between 3500 
and 3100 cm-1 demonstrate the stretching 
vibrations of hydroxyl (-OH) groups of 
phenolic compounds and alcohols. A 
vibration band appearing at 2930 cm-1 
is due to the methyl (-CH) stretching 
vibration. The band at 1630 cm-1 is 
attributed to the stretching vibration 
of the carboxyl group (-C=O) and can 
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be attributed to stretching of the CO-
(NH) group. The bands in the 1450 and 
1200 cm-1 range indicate the presence of 
aromatic rings. The band at 1074 cm-1 
showed the presence of an ether linkage 
(C-O-C). The presence of groups such 
as -OH, -NH, and -CH in FTIR results of 
AgNPs showed the involvement of these 
groups in the production of AgNPs. As a 
result, alkaloids and flavonoids acting as 
reducing and stabilising agents played an 
essential role in synthesising the AgNPs 
(Parveen et al., 2016). 

XRD is an analysis technique used to 
investigate the crystallographic structure 
and chemical composition of materials 
(Selvan et al., 2021). The AgNPs were 
characterised using Cu Kα radiation in 
the 2θ range from 20° to 80°. The XRD 
spectrum verified the crystalline nature 
of the AgNPs. The peaks observed at 
2θ values (38.35°, 43.84°, 65.48°, 77.22°) 
correspond to the (1 1 1), (2 0 0), (2 2 0) 
and (3 1 1) planes, respectively, which are 
characteristic for Ag. The XRD spectra 
showed the synthesised AgNPs were 
face-centered cubic structure in nature 
(Kharat and Mendhulkar, 2016; Parveen 
et al., 2016, Araújo et al., 2017; Paulkumar 
et al., 2017). 

Various hypotheses have been 
proposed to explain the antibacterial 
activity of AgNPs. Particle contact, release 
of silver ions, and formation of reactive 
oxygen species (ROS) are associated 
with antibacterial activity. NPs enter 
the microorganism by destroying the 
membrane structure and forming ROS, 
which cause the inactivation of proteins 
such as respiratory enzymes and DNA 
damage. The immune system cells easily 
eliminate these damaged microorganisms 
(Das et al., 2017).

In the present study, AgNPs 
synthesised from different parts of P. 
rhoeas were found to be effective on 
both Gram-positive and Gram-negative 
bacteria as well as yeast C. glabrata. The 
highest zones of microorganism growth 

inhibition were observed against B. 
subtilis (10.5±2.1 mm), E. coli (10.0±0.0 
mm), S. enterica (12.0±2.8 mm), P. 
aeruginosa (13.0±2.8 mm), K. pneumoniae 
(12.0±2.8 mm), L. monocytogenes (10.5±0.7 
mm), B. brevis (11.0±1.4 mm) and C. 
glabrata (11.0±1.4 mm). 

Many studies have focused on the 
antibacterial activities of AgNPs. Zhang 
and Jiang (2020) prepared a composite 
film (CS/TP-AgNPs) composed of 
chitosan, tea polyphenols (TP), and 
AgNPs. In addition to its antioxidant 
properties, TPs acted as reducing agents 
in the conversion of silver ions into NPs 
and as crosslinkers in the composite. 
It was stated that the TP-AgNPs 
added composite has antibacterial and 
antioxidant properties and can be used 
in food packaging (Zhang and Jiang, 
2020). Vijayakumar et al. (2019) used 
an aqueous garlic extract to prepare 
AgNPs. The obtained AgNPs inhibited 
the growth of methicillin-resistant 
pathogens (S. aureus and P. aerigunosa) at 
a concentration of 100 µg mL−1. The zones 
of inhibition were measured as 17.4 and 
19.2 mm for S. aureus and P. aerigunosa, 
respectively. Masurkar et al. (2011) 
synthesised AgNPs using the leaf extract 
of lemongrass (Cymbopogan citratus) and 
investigated the antibacterial activity 
of the AgNPs against E. coli, S. aureus, 
P. mirabilis, S. typhi, and K. pnuemoniae. 
The diameters of the inhibition zones of 
the AgNPs ranged from 13 to 16 mm for 
tested pathogens and 15 to 18 mm for 
tested fungus, C. albicans.

The costs and toxic effects of antibiotics 
and chemotherapeutic drugs used in 
cancer treatment have led researchers to 
work on alternative medications. AgNPs 
synthesised using biological sources are 
being tested as an alternative to many 
drugs or in combination with drugs 
due to their high efficiency, low cost, 
and low toxic effects. Mohammed et 
al. (2018) investigated the antibacterial 
activities of AgNPs synthesised from 
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the extract of Ferula asafetida, Phoenix 
dactylifer, and Acacia nilotica against some 
pathogenic microorganisms and their 
effects on the suppression of growth in 
colon cancer cells. Cytotoxic potentials 
of AgNPs against LoVo cell lines were 
evaluated with the MTT test. It has been 
concluded that the AgNPs can be used to 
produce antibiotics and anticancer drugs 
(Mohammed et al., 2018).

Selvam et al. (2017) synthesised 
AgNPs using Tinospora cordifolia, and the 
antibacterial activity of the AgNPs was 
determined against K. pneumoniae and 
B. subtilis. The diameter of the inhibition 
zones was 12.3 mm for K. pneumoniae 
and 10.5 mm for B. subtilis at 10 µg mL-1 
(Selvam et al., 2017). Arokiyaraj et al. 
(2017) used Rheum palmatum as a biosource 
for the production of AgNPs and tested 
the AgNPs against P. aeruginosa. The 
NPs exhibited the maximum bactericidal 
effect against P. aeruginosa with an 
inhibition zone of 13 mm at 30 µg mL-1 
(Arokiyaraj et al., 2017). Ontong et al. 
(2019) investigated the antibacterial 
potential of AgNPs synthesised from 
aqueous Senna alata bark extract. The 
AgNPs displayed inhibitory activity 
against the bacterial species E. coli (13.12 
mm) and K. pneumoniae (12.75 mm) at a 
concentration of 50 µg/well (Ontong et 
al., 2019).

Conclusion
This study presents an eco-friendly 

biosynthesis of AgNPs using P. 
rhoeas extracts as a bio-reductant. The 
phytochemicals of the plant served 
as capping and stabilising agents 
in the synthesis of AgNPs. UV–Vis 
spectrometer, FTIR, and SEM-EDS 
suggested that suitable AgNPs were 
obtained, with spherical particles in the 
size range of 15 to 40 nm. Bio-reduced 
AgNPs showed considerable growth 
inhibition against bacterial species, and 
higher effectiveness was found against P. 

aeruginosa, S. enterica, and K. pneumoniae. 
It was concluded that the obtained 
biogenic, low cost, and biocompatible 
AgNPs could be applied in antibacterial 
applications’ in human and veterinary 
medicine, such as wound dressing and 
drug delivery. 

References
1. AHMED, S., A. M. SAIFULLAH, B. L. SWAMI 

and S. IKRAM (2016): Green synthesis of silver 
nanoparticles using Azadirachta indica aqueous 
leaf extract. J. Radiat. Res. Appl. Sci. 9. 1-7. 10.1016/j.
jrras.2015.06.006

2. ARAÚJO, J. N., A. TOFANELLO, V. M. DA SILVA, 
J. A. P. SATO, F. M. SQUINA, I. L. NANTES and 
W. GARCIA (2017): Photobiosynthesis of stable 
and functional silver/silver chloride nanoparticles 
with hydrolytic activity using hyperthermophilic 
β-glucosidases with industrial potential. Int. J. Biol. 
Macromol. 102, 84-91. 10.1016/j.ijbiomac.2017.04.001

3. AROKIYARAJ, S., S. VINCENT, M. SARAVANAN, 
Y. LEE, Y. K. OH and K. H. KIM (2017): Green 
synthesis of silver nanoparticles using Rheum 
palmatum root extract and their antibacterial activity 
against Staphylococcus aureus and Pseudomonas 
aeruginosa. Artif. Cells Nanomed. Biotechnol. 45, 
372-379. 10.3109/21691401.2016.1160403

4. BANKAR, A., B. JOSHI, A. R. KUMAR and S. 
ZINJARDE (2010): Banana peel extract mediated 
novel route for the synthesis of silver nanoparticles. 
Colloids Surf A Physicochem Eng. Asp. 368, 58-63. 
10.1016/j.colsurfa.2010.07.024

5. ÇOBAN, I., G. G. TOPLAN, B. OZBEK, Ç.U. 
GÜRER and G. SARIYAR (2017): Variation of 
alkaloid contents and antimicrobial activities 
of Papaver rhoeas L. growing in Turkey and 
Northern Cyprus. Pharm Biol. 55, 1894-1898. 
10.1080/13880209.2017.1340964

6. DAS, B., S. K. DASH, D. MANDAL, T. GHOSH, S. 
CHATTOPADHYAY, S. TRIPATHY, S. DAS, S. K. 
DEY, D. DAS and S. ROY (2017): Green synthesized 
silver nanoparticles destroy multidrug resistant 
bacteria via reactive oxygen species mediated 
membrane damage. Arab. J. Chem. 10, 862-876. 
10.1016/j.arabjc.2015.08.008

7. DEVAKI, S. J., R. K. NARAYANAN and S. 
SAROJAM (2014): Electrically conducting silver 
nanoparticle-polyacrylic acid hydrogel by in situ 
reduction and polymerization approach. Mater. 
Lett. 116, 135-138. 10.1016/j.matlet.2013.10.110

8. DOGAN, G. and E. BAGCI (2014): Essential oil 
composition of Papaver rhoeas L. (Corn poppy) 
(Papaveraceae) from Turkey. Hacettepe J. Biol. & 
Chem. 42, 545-549.

9. GRAUSO, L., B. DE FALCO, R. MOTTI and V. 
LANZOTTI (2021): Corn poppy, Papaver rhoeas 
L.: a critical review of its botany, phytochemistry 



Green synthesis of silver nanoparticles using common poppy (Papaver rhoeas L.) and evaluation of their potential antibacterial activity
„Zelena“ sinteza nanočestica srebra uporabom maka turčinaka (Papaver rhoeas L.) i procjena njihovog potencijalnog antibakterijskog učinka

VETERINARSKA STANICA 54 (1), 47-58, 2023. 5757

and pharmacology. Phytochem Rev. 20, 227-248. 
10.1007/s11101-020-09676-7

10. JALILIAN, F., A. CHAHARDOLI, K. SADRJAVADI, 
A. FATTAHI and Y. SHOKOOHINIA (2020): Green 
synthesized silver nanoparticle from Allium 
ampeloprasum aqueous extract: Characterization, 
antioxidant activities, antibacterial and cytotoxicity 
effects. Adv. Powder Technol. 31, 1323-1332. 
10.1016/j.apt.2020.01.011

11. JIANG, Q., S. YU, X. LI, C. MA and A. LI (2018): 
Evaluation of local anesthetic effects of Lidocaine-
Ibuprofen ionic liquid stabilized silver nanoparticles 
in Male Swiss mice. J. Photochem. Photobiol. B 178, 
367-370. 10.1016/j.jphotobiol.2017.11.028

12. KHAN, I., K. SAEED and I. KHAN (2019): 
Nanoparticles: Properties, applications and toxicities. 
Arab. J. Chem. 12, 908-931. 10.1016/j.arabjc.2017.05.011

13. KHARAT, S. N. and V. D. MENDHULKAR (2016): 
Synthesis, characterization and studies on antioxidant 
activity of silver nanoparticles using Elephantopus 
scaber leaf extract. Mater. Sci. Eng. C Mater. Biol. 
Appl. 62, 719-724. 10.1016/j.msec.2016.02.024

14. MASURKAR, S. A., P. R. CHAUDHARI, V. B. 
SHIDORE and S. P. KAMBLE (2011): Rapid 
biosynthesis of silver nanoparticles using 
Cymbopogan Citratus (Lemongrass) and its 
antimicrobial activity. Nanomicro Lett. 3, 189-194. 
10.1007/BF03353671

15. MOHAMMED, A. E., A. AL-QAHTANI, A. AL-
MUTAIRI, B. AL-SHAMRI and K. F. AABED 
(2018): Antibacterial and cytotoxic potential of 
biosynthesized silver nanoparticles by some plant 
extracts. Nanomaterials (Basel) [Internet]. 8(6). 
10.3390/nano8060382

16. NAYAK, R. R., N. PRADHAN, D. BEHERA, K. 
M. PRADHAN, S. MISHRA, L. B. SUKLA and 
B. K. MISHRA (2011): Green synthesis of silver 
nanoparticle by Penicillium purpurogenum NPMF: 
the process and optimization. J. Nanopart. Res. 13, 
3129-3137. 10.1007/s11051-010-0208-8

17. ONTONG, J. C., S. PAOSEN, S. SHANKAR and 
S. P. VORAVUTHİKUNCHAI (2019): Eco-friendly 
synthesis of silver nanoparticles using Senna alata 
bark extract and its antimicrobial mechanism 
through enhancement of bacterial membrane 
degradation. J. Microbiol. Methods 165, 105692. 
10.1016/j.mimet.2019.105692

18. PARVEEN, M., F. AHMAD, A. M. MALLA and S. 
AZAZ (2016): Microwave-assisted green synthesis 
of silver nanoparticles from Fraxinus excelsior leaf 
extract and its antioxidant assay. Appl. Nanosci. 6, 
267-276. 10.1007/s13204-015-0433-7

19. PAULKUMAR, K., G. GNANAJOBITHA, M. 
VANAJA, M. PAVUNRAJ and G. ANNADURAI 
(2017): Green synthesis of silver nanoparticle and 
silver based chitosan bionanocomposite using stem 
extract of Saccharum officinarum and assessment 
of its antibacterial activity. Adv. Nat. Sci. Nanosci. 
Nanotechnol. 8, 035019. 10.1088/2043-6254/aa7232

20. PEREZ, C. (1990): Antibiotic assay by agar-well 
diffusion method. Acta Biol. Med. Exp. 15, 113-115.

21. PRYSHCHEPA, O., P. POMASTOWSKI and B. 
BUSZEWSKI (2020): Silver nanoparticles: Synthesis, 
investigation techniques, and properties. Adv. Colloid 
Interface Sci. 28, 102246. 10.1016/j.cis.2020.102246

22. QILIANG, J., Y. SHASHUANG, L. XINGWANG, 
M. CHUANGEN and L. AIXIANG (2018): 
Identification and metabolite profiling of alkaloids 
in aerial parts of Papaver rhoeas by liquid 
chromatography coupled with quadrupole time-
of-flight tandem mass spectrometry. J. Sep. Sci. 41, 
2517-2527. 10.1002/jssc.201701402

23. SELVAM, K., C. SUDHAKAR, M. 
GOVARTHANAN, P. THİYAGARAJAN, A. 
SENGOTTAİYAN, B. SENTHİLKUMAR and T. 
SELVANKUMAR (2017): Eco-friendly biosynthesis 
and characterization of silver nanoparticles using 
Tinospora cordifolia (Thunb.) Miers and evaluate 
its antibacterial, antioxidant potential. J. Radiat. 
Res. Appl. Sci. 10, 6-12. 10.1016/j.jrras.2016.02.005

24. SELVAN, G. A., S. RACHEL and T. GAJENDRAN 
(2021): Several assorted characterization methods of 
nanoparticles. In: Nanomaterials. Elsevier; pp. 301-
308. 10.1016/B978-0-12-822401-4.00040-4

25. SRIRANJANI, R., B. SRINITHYA, V. 
VELLINGIRI, P. BRINDHA, S. P. ANTHONY, A. 
SIVASUBRAMANIAN and M. S. MUTHURAMAN 
(2016): Silver nanoparticle synthesis using 
Clerodendrum phlomidis leaf extract and 
preliminary investigation of its antioxidant and 
anticancer activities. J. Mol. Liq. 220, 926-930. 
10.1016/j.molliq.2016.05.042

26. VALLI, J. S. and B. VASEEHARAN (2012): 
Biosynthesis of silver nanoparticles by Cissus 
quadrangularis extracts. Mater. Lett. 82, 171-173. 
10.1016/j.matlet.2012.05.040

27. VIJAYAKUMAR, S., B. MALAIKOZHUNDAN, K. 
SARAVANAKUMAR, E. F. DURÁN-LARA, M-H. 
WANG and B. VASEEHARAN (2019): Garlic clove 
extract assisted silver nanoparticle - Antibacterial, 
antibiofilm, antihelminthic, anti-inflammatory, 
anticancer and ecotoxicity assessment. J. 
Photochem. Photobiol B. 198, 111558. 10.1016/j.
jphotobiol.2019.111558

28. WEI, L., J. LU, H. XU, A. PATEL, Z. S. CHEN and 
G. CHEN (2015): Silver nanoparticles: synthesis, 
properties, and therapeutic applications. Drug Discov. 
Today 20, 595-601. 10.1016/j.drudis.2014.11.014

29. WU, C., X. ZHOU and J. WEI (2015): Localized surface 
plasmon resonance of silver nanotriangles synthesized 
by a versatile solution reaction. Nanoscale Res Lett. 10, 
1058. 10.1186/s11671-015-1058-1

30. ZHANG, W. and W. JIANG (2020): Antioxidant and 
antibacterial chitosan film with tea polyphenols-
mediated green synthesis silver nanoparticle via a 
novel one-pot method. Int. J. Biol. Macromol. 155, 
1252-1261. 10.1016/j.ijbiomac.2019.11.093

31. ZHOU, W., R. APKARIAN, Z. L. WANG and D. 
JOY (2006): Fundamentals of scanning electron 
microscopy (SEM). In: Scanning Microscopy for 
Nanotechnology. New York, NY: Springer New 
York; pp. 1-40. 10.1007/978-0-387-39620-0_1



CIGDEM DIKBAS, OGUZHAN YAVUZ, HILAL AY and MUBERRA ANDAC

VETERINARSKA STANICA 54 (1), 47-58, 2023.5858

Zahvaljujući njihovoj jednostavnoj i jef-
tinoj proizvodnji i pojačanim svojstvima, 
nanočestice plemenitih metala preferirani su 
nano-aditivi u većini farmaceutskih spojeva. 
Na primjer, nanočestice srebra (AgNP) i na-
nočestice zlata (AuNP) posjeduju antiseptič-
ka i antimikrobna svojstva i općenito se pre-
feriraju u proizvodnji antibakterijske odjeće 
i premaza. U ovoj studiji donosimo jedno-
stavnu, jeftinu i zelenu metodu sintetiziranja 
AgNP čestica uporabom vodenih ekstrakata 
maka turčinaka (Papaver rhoeas L.). Sintetizi-
rane nanočestice srebra okarakterizirane su 
na temelju pretražne mikroskopije emisijom 
elektrona primjenom polja (Field Emission 
Scanning Electron Microscopy) opremljene 
energetski disperzivnom RTG spektroskopi-
jom, infracrvenom spektroskopijom s Fou-

rierovom transformacijom i rendgenskom 
difrakcijskom analizom. Sintetizirane AgNP 
čestice ispitane su i na antimikrobnu aktiv-
nost uporabom metode difuzije u agaru. Me-
tode karakterizacije pokazale su da su dobi-
vene AgNP čestice sfernog oblika, a veličina 
čestica kretala se između 15 i 40 nm. Prema 
rezultatima antimikrobnih ispitivanja, AgNP 
čestice učinkovito su spriječile rast različitih 
gram-pozitivnih i gram-negativnih bakterija. 
Zaključeno je da je ekstrakt Papaver rhoeas L. 
učinkovit kao reducens za pripremu stabil-
nih i monodisperziranih AgNP čestica, a do-
bivene AgNP čestice mogle bi biti korisne za 
primjene u humanoj i veterinarskoj medicini 
kada je potreban antibakterijski učinak.
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