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Ö Z

Gümüş (Ag) ilgi çeken özellikleri ile (katalitik etkinlik, antimikrobiyal, vb.) bilinen bir malzemedir. Nano boyuttaki Gümüş 
artan yüzey alanı sebebiyle gelişmiş özellikler sunar. Yeşil üretim görece daha az zararlı malzemelerin kullanılması sebe-

biyle umut veren daha çevre dostu bir malzeme hazırlama/üretme yöntemidir. Bu çalışmada, gümüş nano parçacıkların (Ag 
NP) hazırlanması için bitki özütleri (enginar, ceviz kabuğu tozu) hazırlama ortamı olarak kullanılmıştır. Farklı iki bitki özütüyle 
hazırlanan nano parçacıkların boyutları, sırasıyla ~46 nm ve ~109 nm olmuştur. Hazırlanan Ag NP’ların E.coli and S.aureus 
suşlarına karşı antibakteriyel etkileri belirlenmiş ve minimum etkili yoğunlukları araştırılmıştır.

Anahtar Kelimeler
Gümüş nano parçacık, yeşil üretim, antimikrobiyal etkinlik.

A B S T R A C T

The silver (Ag) is a well-known material with interesting properties (i.e. catalytic activity, antimicrobial, etc.). The nano-
sized particles of silver propose enhanced properties due to having relatively higher surface areas. The green synthesis 

is a promising way of material preparation/production being relatively more environmentally friendly by utilization of less 
harmful materials. In this work, the plant extracts (Cynara & Walnut shell powder) were used as reaction media for the 
synthesis of silver nanoparticles (Ag NPs). The nanoparticles produced via two plant extracts were ~46 nm and ~109 nm in 
size, respectively. The antibacterial activities of the produced silver nanoparticles (against E. coli and S. aureus species) were 
determined and minimum effective concentrations (MIC) for antibacterial activity were investigated.
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INTRODUCTION

Nanoparticles and Green Synthesis
Nanoparticles (NPs) are known as atomic or molecular 
aggregates [1] and/or groups having at least two dimen-
sions from 1 to 100 nm [2, 3]. The definition may differ 
according to application areas [3]. There are diverse 
NPs in different shapes, surface areas, size distributi-
ons [4] and structures [3]. Depending on the properties 
of NPs, they can be used in commercial applications of 
medical products [5]. The high surface area with small 
dimension enables a high contact & reaction possibility 
of NPs at cellular level [3]. The nanoparticles (NPs) are 
generally produced by two different approaches, na-
mely “top-down” and “bottom-up” [6]. In the former 
way, the “top-down” NPs synthesis, the nanoparticles 
(NPs) are produced via diminishing size by several met-
hods (e.g. chemical or laser ablations, sputtering, and 
mechanical milling) after selection of a proper starting 
material [3]. Top-down approach may have less produc-
tion efficiency and may be detrimental to the treated 
vulnerable material and the environment due to using 
relatively harsher treatments. The latter approach, 
called “bottom-up” NPs synthesis incorporates some 
other techniques (e.g. chemical or electrochemical 
precipitation, vapour deposition, atomic or molecular 
condensation, sol-gel and aerosol processes) which ma-
inly builds nanostructures (NPs) from small entities [3, 
7]. This approach is principally based on chemical and 
biological generation/synthesis of the nanomaterial. 

NPs synthesis methods can also be classified as physical, 
biological [8] and chemical methods [9]. While physical 
methods include methods such as ball milling and spray 
pyrolysis, chemical techniques include methods such as 
catalysis, hydrolysis, sol-gel process, photochemical and 
sonochemical [10] methods. Biological methods, however, 
have a single-step bio-reduction, but demand less energy 
and enable eco-friendly synthesis. In the biological met-
hods, enzymes, bacteria, yeast [11], fungi and versatile 
plant tissues [12,13] can be used. The NPs synthesized via 
biological methods are reported to be more biocompatib-
le and better choices for medical applications with the pre-
sence of natural phytochemicals for suspending (capping) 
the NPs instead of synthetic chemicals (surfactants) which 
are hard to degrade, may be hazardous for health and less 
environmentally friendly [3].  It has been reported that dif-
ferent types of silver nanoparticles can be produced from 
different plant tissues [3, 14], more rapid and cost effecti-
ve than the case using microorganisms [6, 15, 16].  

Green chemistry/synthesis with its well-known 12 prin-
ciples listed [17] is aiming to create/renew chemical 
processes in order to protect human health, to decrea-
se the environmental impact and do this in an economi-
cally feasible way to assure sustainability. Biosynthesis 
of NPs via plants (tissues; leaves, roots, shells etc.) can 
be considered as a “green chemistry” or “green synthe-
sis” approach [18, 19, 20], using non-toxic chemicals 
and ecologically benign solvents [16, 21], harmonizing 
nanotechnology and plant biotechnology [22]. At the 
stage of forming metal nanoparticles, bio-reduction oc-
curs with ions coming from the plant. In these bio-reac-
tions, some chemical compounds of plant such as terpe-
nes, alkaloids, sugars, phenolic acids and proteins may 
play a major role in the reduction and stability (capping) 
of the nanoparticles [3, 20, 23]. Produced NPs via green 
synthesis may have versatile applications due to their 
diverse properties like catalytic and antimicrobial acti-
vity [20]. Copper (Cu), silver (Ag), gold (Au) nanopartic-
les are some examples for successfully prepared metal-
lic nanoparticles (Me NPs) via biosynthesis [23].

Silver Nanoparticles (Ag NPs)
Silver has been used as a disinfection preventing/hea-
ling material since ancient times before the utilization 
of antibiotics (e.g. silver sulfadiazine salt) [3]. Metallic 
nanoparticles (Me NPs) (e.g. Ag NPs) may have distincti-
ve physical, optical, electronic and chemical properties, 
in comparison to metal in block form, which enables 
utilization of them for different applications in vario-
us fields (e.g. nanomedicine, electronics) [24, 25]. Dif-
ferent parts of the plants can be used as raw material 
(e.g. leaves, roots, fruits and/or seeds) for the prepa-
ration of nanoparticles [6, 26]. The utilization of plant 
parts for preparation of Me NPs via green synthesis was 
reported to be advantageous since the process is eco-
friendly, less time-consuming and cost effective [6, 25]. 
It has been reported that many different plant extracts 
can successfully be used for the production of silver na-
noparticles (Ag NPs) via the “green synthesis” method. 
Some reported plants used for formation of silver na-
noparticles (Ag NPs) are: Curcuma longa [27], Bryonia 
laciniosa [28], Nardostachys jatamansi [29], Ocimum 
sanctum [30], and more mentioned in the literature [3, 
6, 31, 32, 33]. 
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Silver nanoparticles are reported to have possible di-
verse pharmacological applications like applications 
demanding antimicrobial effect on bacterial strains [34, 
35], cancer therapy [3, 25, 31, 36] and antifungal prac-
tices [37, 38]. The preparation of metallic nano partic-
les for cancer therapy via green synthesis makes them 
more reliable in terms of minimizing the possible side 
effects and less threatening the patient’s health [3]. The 
Ag NPs are reported to be used in preparation of me-
soporous filters for water purification [19]. The Ag NPs 
were also investigated for developing wound dressing 
biomaterials with antibiotic property against anti-biotic 
resistant microorganisms especially for patients with 
diabetic ulcer for whom the infection on wounds may 
lead limp amputation [39]. The research on using Ag 
NPs for preparing antimicrobial catheters resulted in an 
efficient antimicrobial activity [40]. Thanks to their anti-
bacterial property utilization of biogenic Ag NPs for pre-
paration of gels for treating the burn wounds were also 
investigated [41]. The biogenic Ag NPs as catalysts were 
investigated and reported to be an effective catalyst for 
degradation of synthetic dyes [42, 43]. Another possible 
application of green synthesized Ag NPs was reported 
as insecticide (larvicidal effect on mosquitos) reported 
to be more effective than sole plant extracts [44]. Ha-
ving potential applications for many purposes, the pre-
paration (green synthesis) and possible antimicrobial 
activity of Ag NPs is a focus of interest in the current 
research. 

Characterisation of AgNPs
The presence and characteristics of the nanoparticles 
produced via green synthesis can be done via various 
methods/equipment like FTIR, DLS, UV-visible spect-
rophotometer, TEM, SEM, XRD, XPS, AFM in order to 
characterize them with respect to surface chemistry, 
size, size distribution, shape, particle morphology and 
particle composition [37]. The presence and the size 
properties of the synthesized nanoparticles can be de-
termined either using microscopic techniques (e.g. SEM, 
TEM, etc.) or light scattering techniques (e.g. DLS (dyna-
mic light scattering)). The DLS technique, considering 
relatively a higher number of nanoparticles during the 
analysis at once, has the advantage of presenting infor-
mation on particle size distribution without any extra 
effort to consider different zones/portions of the samp-
le as for the microscopic techniques.  

The aim of this study was to investigate the possibility 
of green synthesis of silver nanoparticles (Ag NPs) using 
the aqueous extracts of different plant origin raw ma-
terials, namely Cynara sp. leaves (as was reported for 
other plant leaves in literature [46]) and walnut shell 
powder (very probably for the first time in the literatu-
re) and determine the possible differences in their pro-
perties.  The antimicrobial activity of silver nanopartic-
les (Ag NPs) produced by green synthesis via these two 
plant extracts was also investigated via antimicrobial 
assays to determine their potential for antimicrobial 
practices.

MATERIALS and METHODS

Preparation of the plant extracts
Cynara sp. was obtained from a local market in Kayseri 
(Turkey). To prepare Cynara aqueous extract, initially 
fresh plant leaves were thoroughly washed by distil-
led water, then allowed each of them to dry at room 
temperature. Dried leaves were cut into pieces and a 
portion of 5 grams were taken and mixed into 25 ml dis-
tilled water. The mixture was placed on magnetic stirrer 
and boiled for 15 minutes being partially sealed to pre-
vent to excess evaporation of water. After cooling the 
extract was filtered through Whatman No.2 filter pa-
per. The extract was centrifuged (5,000 rpm, 5 minutes, 
Hettich Rotina 380) to remove undesirable rough plant 
fragments.  Then 2.5 ml of light yellowish supernatant 
was taken and stored at 4°C. Unlike plant leaves, walnut 
shell was first grounded as a fine powder (<400 micron) 
via ball milling (Retsch MM400). 3 grams of powder was 
mixed into 15 ml distilled water and as for the leaves 
it was boiled while stirring. Then 2.5 ml of the extract 
supernatant was taken and stored at 4°C.

Biosynthesis of AgNPs
In order to synthesize Ag NPs, 2.5 ml of plant extracts 
individually were added to 1 M 22.5 ml aqueous soluti-
on of silver nitrate (AgNO3, Sigma 85228). The addition 
of the plant extract to the silver nitrate solution, being 
stirred, was performed dropwise. The mixture was kept 
stirring until the colour change from light yellowish co-
lour to amber (more brownish) colour either at room 
temperature or elevated temperature. The silver ions 
(Ag+) in the reaction medium were reduced by the elect-
rons donated by chemical species in the plant extract 
(phytochemicals like flavonoids, phenols, tannins, etc. 
depending on the plant) to form metallic silver (Ag0). 
This reaction results in a colour change in the sample 
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from yellowish to brownish (i.e. amber). This colour 
change was also reported in the literature as the sign 
of metallic Ag NPs formation, having surface plasmon 
resonance activity which results in colour formation [16, 
25, 41]. The colour change was observed in order to mo-
nitor the progress of the reaction forming metallic silver. 
It took place spontaneously in general and if not, the 
samples were heated and kept at elevated temperature 
stirring for some minutes to complete the amber colour 
formation. The yellowish and amber colour samples are 
shown in Figure 1.  The Ag NP suspensions were stored 
at 4° C for antimicrobial assays.

Characterization of Ag NPs
The nanoparticles were characterized by determining 
their particle size distribution using the dynamic light 
scattering (DLS) technique (Nano ZS, Malvern Co., UK, 
He-Ne laser with wavelength: 633 nm). The nanopartic-
les (Ag NPs) performing Brownian motion in the suspen-
sion scatters the laser light while passing through the 
laser beam, with respect to their sizes, and the intensity 

of the scattered light was used in Schmoluchowsky Equ-
ation to determine the particle size distribution (PSD) 
and the average (hydrodynamic) diameter (i.e. average 
particle size, APS) for the nanoparticles in the suspensi-
on. The utilization of DLS techniques for particle size de-
termination has the advantage of considering relatively 
higher number of particles (which are passing through 
the laser light path during analysis), in comparison to 
microscopic techniques in which relatively fewer static 
particles can be considered in the restricted area of in-
terest. 

The scanning electron microscope with energy disper-
sive X-ray spectroscopy device (SEM-EDX, Zeiss Gemini) 
was used for taking micrographs and elemental analy-
sis of biosynthesized Ag NPs. The samples for SEM-EDX 
analysis were prepared by addition of some drops of Ag 
NP suspensions on Carbon tape on a stab and drying at 
room temperature. 

Figure 1. Heat treated (B) and untreated (A) Ag NP suspensions prepared via walnut shell powder (WNSP).
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Preparation of Bacteria Culture and Antimicrobial Tests
The dehydrated TSA (Tyriptic soy agar, Oxoid CM 0131, 
40g/L) medium was dissolved in 400 mL of distilled 
water, as 16 g/L, by heating on a magnetic stirrer. TSB 
(Tyriptic soy broth, Oxoid CM 0129, 30 g/L) medium 
was similarly dissolved in 400 mL of distilled water as 12 
g/L. Both prepared mediums have clear and yellowish-
brown colour.

0.9% NaCI solution was prepared (1.8 g in 200 mL) for 
dilution and absorbance measurement. It was shared to 
10 mL glass tubes. All utensils, NaCI solutions and medi-
ums were sterilized by autoclaving at 121° C for 15 min. 
After autoclaving TSA medium was poured into sterile 
petri dishes in a biosafety cabinet (Faster, SafeFast Elite), 
cooled till TSA solidifies. 

E. coli is a bacterium normally present in the intestines 
of animals. S. aureus is one the most common causative 
agent of many of human infections. The antimicrobial 
tests were performed via E. coli (ATCC 25922) and S. au-
reus (ATCC 25923) strains. The freshly incubated coloni-
es were transferred to the NaCl solutions (preparation 
was described above) to have an absorbance value of 
0.1 at a wavelength of 620 nm (Shimadzu UV-1800). The 
necessary inoculations and dilutions were performed 
by using these stock bacteria suspensions. 

Antibacterial activity assay of Cynara leaf and walnut 
shell powder (WNSP) extracts mediated Ag NPs was 
performed against the selected bacterial pathogens 
by disc diffusion method. For this method, Whatman 
no.2 filter paper was punched in disc form to have a 
diameter of 6 mm. 5 μL of each sample (Ag NPs formed 
in extracts) was added on these discs in the biosafety 
cabinet and dried before placing on the inoculated TSA 
petri dishes. The petri dishes were fragmented into dif-
ferent regions and coded. Then they were inoculated 
using fresh bacteria suspension (with 0.1 Abs. at 620 nm 
wavelength), the discs with and without Ag NPs were 
placed on the coded regions and bacterial growth was 
monitored while incubating at 37° C for 48 hours (Mem-
mert, INE 400). 

The MIC (minimum inhibitory concentration) assay was 
performed via 96 well-plate. The different dilutions of 
Ag NPs prepared either by using walnut shell powder 
(WNSP) or Cynara were prepared in 15 mL sterile co-
nical tubes with TSB. The inoculum was 20 μL and the 
total volume per well was 2 mL. The analysis was done 

with a pair of wells for each concentration. Last two co-
lumns were left with no bacteria inoculation as control 
groups. The growth in the wells after incubation at 37° 
C for 24 hours was determined by measuring the absor-
bance via a plate reader (Varian).

RESULTS and DISCUSSION

Particle Size Distribution (PSD) analysis
Particle size measurements of nanoparticles in soluti-
ons were performed by Malvern Nano ZS. The average 
particle size (APS) for heat treated (amber) nanopartic-
le solution prepared via walnut shell powder (WNSP) 
was determined as 109.3 nm (polydispersity index 
(PDI): 0.204). The APS for the similar solution without 
heat treatment (light colour) was 92.9 nm (polydisper-
sity index (PDI): 0.083). The reduction reaction of silver 
seems to affect the APS of Ag NPs (in ionic or metallic 
form) slightly. The particle size distribution of Ag NPs 
via WNSP extract with or without heat treatment can 
be seen in Figure 2.

The average particle size (APS) for heat treated (amber) 
Ag NPs via Cynara extract was 46.3 nm (polydispersity 
index (PDI): 0.364), of which particle size distribution 
can be seen in Figure 3.

The particle size distribution was not in a wide range 
as indicated with low PDI (polydispersity index) values. 
The PDI values can be in the range of 0 to 1. The lower 
PDI values indicate the homogeneity of the particle size 
distribution, i.e. having most of the particles in a smaller 
size range (with similar sizes). The prepared Ag NPs are 
all with low PDI values ensuring the particles in the sus-
pension have similar sizes. The APS for Ag NPs prepared 
with Cynara extract was around half of the APS of Ag 
NPs prepared via walnut shell powder (WNSP), 46 nm 
vs. 109 nm, respectively, with applied synthesis para-
meters. The PDI values were not high for both samples 
(0.204 and 0.364) showing the nanoparticles have mo-
nodisperse, relatively homogeneous size distribution 
(i.e. having relatively similar sizes). The PDI value befo-
re formation of metallic Ag from ionic Ag was found to 
be smaller (0.083 vs 0.204, respectively) indicating the 
formation of metallic Ag results formation of NPs with 
wider size distribution.  

SEM-EDX Analysis
The exemplified SEM (scanning electron microscope) 
micrograph is shown in Figure 4 which is for Ag NPs 
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prepared via Cynara extract. The Ag NPs were within 
a particle size range of around 7 to 44 nm in diameter 
having sphere-like shape.  This result is in accordance 
with previous records in the literature, where different 
size ranges (e.g. 30-40 nm, 50-150 nm) and shapes (e.g. 
spherical, quasi-spherical, triangular) were reported 
[5, 7, 14, 21, 32, 45]. The results of SEM analysis are in 
accordance with the results of PSD (particle size distri-
bution) analysis via DLS (dynamic light scattering, APS: 
46 nm). The slightly higher values for PSD analysis via 
DLS may be a result of possible partial coagulation of Ag 

NPs resulting determination of relatively larger particles 
during DLS analysis. 

The EDX (energy dispersive X-ray spectroscopy) analy-
sis was performed to confirm the presence of metallic 
Ag in the form of nano particles and result is shown in 
Figure 5. The formation of Ag NPs was confirmed with 
the characteristic Ag peak around 3 keV. There is a con-
siderable C peak due to the Carbon tape holding the Ag 
NPs on the metal stab.

Figure 2. The PSD graph for Ag-NPs via walnut shell powder (WNSP) before heat treatment (light colour) (upper graph) and after heat 
treatment (amber colour) (lower graph).
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Antibacterial Activity Tests 

Disc Diffusion Assay
Slight zone formations were observed for the discs, which 
were with Ag NPs suspension addition. It was more evi-
dent for petri dishes with Ag NPs via walnut shell powder 
(WNSP) as shown in Figure 6. The loaded amount of the 
Ag NP suspension on the discs may be the main parameter 
effecting the zone formation (zone size) without bacterial 
growth.

Minimum Inhibitory Concentration (MIC) Assay
The results of MIC assay are given below in Figure 7. 
For two samples (via Cynara and walnut shell powder 
(WNSP) extracts) containing 25 % (volumetric) extract 
with nanoparticles for E. coli, the absorbance is almost 
zero; bacteria development was obviously inhibited. 
Growth of S. aureus at these concentrations was un-
hindered. The MIC for E.coli can be calculated as 375 
ng Ag / mL for both samples via Cynara and WNSP. This 
concentration is far more lower than the concentration 
reported by Nayak, et al. [31] which was 12.5 to 25 µg / 
mL (i.e. 12,500 to 25,000 ng / mL) and also by Jadhav, et 
al. [41] which was 0.99 to 7.93 µg / mL (i.e. 990 to 7,930 
ng / mL). Nakkala, et al. investigated the bacteriostatic/
bactericidal effect of biogenetic Ag NPs prepared by 
using Ficus religiosa leaf extract against E. coli by follo-
wing growth kinetics in the presence of different Ag NPs 
concentration, and reported that the concentrations of 
10 & 30 µg / mL were bacteriostatic (postponing the lo-
garithmic growth) and only 60 & 100 µg / mL were bac-
tericidal (preventing the growth) [25]. These values are 

also higher than the values determined as MIC for the 
Ag NPs suspensions prepared in the current research 
(via Cynara or walnut shell powder (WNSP)). The con-
siderable difference may be a result of different bacte-
ria strain & initial bacterial load (initial CFU) for varying 
research, but also it may possibly indicate a synergistic 
effect of biomolecules (which were not washed away) 
in the present research for a better antibacterial effici-
ency, which should be further investigated. The possib-
le synergistic effect of co-presence of some phytoche-
micals (like essential oils) with Ag NPs on microbial cell 
interruption and cell leakage was reported [32]. Ahmad, 
et al. [46] reported the possible effect of surface cha-
racteristics of Ag NPs on their antibacterial activity. The 
surface of biogenic Ag NPs was modified by chitosan 
to have different surface characteristics leading better 
interaction between Ag NPs and the microorganism, 
and lower MIC values. The MIC values for E.coli were 25 
µg / mL via biogenic Ag NPs, which decreased to 6.25 
µg / mL after surface modification of the nanoparticles 
with chitosan. The phytochemicals not washed away in 
the current research (from WNSP & Cynara) may also 
have influenced the surface characteristics (mainly zeta 
potential), which may be another possible explanation 
for lower MIC values. Chahar et al. also reported hig-
her antimicrobial activity for Ag NPs via green synthesis 
(via various phytochemicals) than the ones prepared 
via synthetic chemical stabilizers (e.g. PVA, PVP), may 
probably indicating the positive contribution of phytoc-
hemicals [35].

Figure 3. The PSD graph for Ag-NPs via Cynara after heat treatment (amber colour).
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Figure 4. SEM micrograph of biosynthesized Ag NPs (prepared via Cynara extract, after heat treatment (amber colour)) at 30k & 100k 
magnifications.
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Figure 5. The EDX analysis for Ag NPs (prepared via Cynara extract, after heat treatment (amber colour)).

Figure 6. Disc diffusion assay for Ag NPs via walnut shell powder with S. aureus. The (+) sign indicates the disc was with added on Ag 
NPs, while (-) sign indicates the absence of Ag NPs.
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A higher concentration of Ag NPs may also be effective 
on S. aureus. The thick peptidoglycan layer present at 
Gram positive bacteria membrane may be acting as a 
stronger barrier demanding a higher concentration of 
Ag NPs for cell growth inhibition [31]. The MIC values 
for S. aureus were reported to be higher than E. coli in 
other works using different plant sources, e.g. 99.26 µg 
/ mL vs. 28.43 µg / mL, 31.2 µg / mL vs. 7.8 µg / mL, 125 
µg / mL vs. 15.63 µg / mL, respectively [32], supporting 
the idea a higher concentration as MIC is necessary for 
S. aureus.

Conclusion
Green synthesis is an efficient route to synthesize Ag 
NPs in an environmentally friendly [47-53], relatively 

simple and cost-efficient procedure. Ag NPs, which have 
an important place in nanotechnology [54-57], finding 
applications in many fields such as physics, chemistry, 
electronics, food, health and biomedicine, were prepa-
red via green synthesis. Silver nanoparticles, which are 
found in the group of metallic nanoparticles and exhi-
bit antibacterial properties, are used in food shelf-life 
extension, food packaging, medical, biomedical and 
cosmetic industries. In the last ten years in the world, 
comprehensive studies have been focused on the an-
timicrobial properties [58] of nanoparticles, especially 
metal nanoparticles (Me-NPs) of iron and silver [23, 59]. 
Nowadays, Ag NPs having strong antimicrobial activity 
are also used in combination with antimicrobial agents 
to increase their activity [58, 60]. 

Figure 7. The normalized absorbance values pathogens incubated at various concentrations of Ag-NP suspensions via walnut shell 
powder (WNSP) and Cynara extracts.
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In this study, the biogenic Ag NPs, successfully prepa-
red via green synthesis using the extracts of Cynara 
and walnut shell powder (WNSP) (for the first time in 
the literature), showed considerable antibacterial ef-
fect against E.coli, and also observed to be potentially 
effective on S.aureus at higher concentrations. Thick 
and more durable cell wall of S. aureus, could be a re-
ason for the necessity of higher concentrations of Ag 
NPs. The MIC for E. coli was determined as 375 ng silver 
ions per mL, while it is expected to be a higher value for 
S. aureus. The results show possibility of using the pre-
pared Ag NPs for biomedical applications demanding 
antibacterial properties (e.g. burn wound treating gel, 
wound dressings, etc.). The gained resistance of patho-
genic microorganisms against current antibiotics which 
is threatening the public health may be overcome by 
utilization of Ag NPs with necessary concentration [56, 
58, 61]. The nosocomial infections by biofilm forming 
pathogenic microorganisms are responsible for consi-
derable health problems and expenditures [62]. These 
infections mainly related with usage of medical devices 
(e.g. catheters [40], wound dressings) may be partially 
decreased with surface modification/treatment of devi-
ces with biogenic Ag NPs.

The plant extracts used (Cynara and walnut shell pow-
der (WNSP)) were effective on preparation of Ag NPs 
with different average particle sizes (APS 46 nm and 
109 nm, respectively) that may affect the kinetics for 
activity/efficiency of Ag NPs, which should be further 
investigated. These particles were prepared relatively 
uniform in size (having low PDI (polydispersity index) va-
lues, 0.204 and 0.364, respectively) making the prepa-
ration procedure promising for further utilization. One 
possible utilization of the prepared Ag NPs (with relati-
vely uniform APS) may be for selective inactivation of 
cancerous cells in which the particle" size may be a con-
siderable parameter. The utilization of different plant 
extracts and process parameters of green synthesis of 
Ag NPs (e.g. ratio of silver nitrate and plant extract) and 
their possible effects on average particle size should 
be further investigated for the applications in which 
the average particle size is crucial. The phytochemicals 
responsible for the reduction of silver and also possible 
higher antimicrobial activity can further be investigated 
by using HPLC analysis and/or other methods to reveal 
the possible mechanisms and the contribution of the 
components in the plant extracts to these mechanisms.

Acknowledgements
The very special acknowledgement should be to Mert SUDAĞI-
DAN (Konya Food and Agriculture University, Konya-TR) for his 
kind support about antimicrobial activity tests, and specialist 
Şeyma DADI for her support at AGU Analytical Laboratory and 

AGU-CRF for SEM analysis.

R e f e r e n c e s

1.	 L. Marchiol, A. Mattiello, F. Poscic, C. Giordano, R. Musetti, 
In vivo synthesis of nanomaterials in plants: location of silver 
nanoparticles and plant metabolism, Nanoscale Res. Lett., 9 
(2014) 101:1-11.

2.	 S.J. Klaine, P.J.J. Alvarez, G.E. Batley, T.F. Fernandes, R.D. 
Handy, D.Y. Lyon, S. Mahendra, M.J. McLaughlin, J.R. 
Lead, Nanomaterials in the environment: behavior, fate, 
bioavailability, and effects, Environ. Toxicol. Chem., 27 
(2008) 1825-51.

3.	 P. Vaid, P. Raizada, A.K. Saini, R.V. Saini, Biogenic silver, gold 
and copper nanoparticles - a sustainable green chemistry 
approach for cancer therapy, Sustain. Chem. Pharm., 16 
(2020) 100247:1-16.

4.	 J.R. Peralta-Videa, L. Zhao, M.L. Lopez-Moreno, G. de la 
Rosa, J. Hong, J.L. Garrea-Torresday, Nanomaterials and 
the environment: a review for the biennium 2008-2010, J. 
Hazard. Mater., 186 (2011) 1-15.

5.	 A.K. Mittal, Y. Chisti, U.C. Banerjee, Synthesis of metallic 
nanoparticles using plant extracts. Biotechnol Adv, 31(2) 
(2013) 346-56.

6.	 H.D., Beyene, A.A. Werkneh, H.K. Bezabh, T.G. Ambaye, 
Synthesis paradigm and applications of silver nanoparticles 
(AgNPs), a review. Sustainable Mater. Technologies, 13 
(2017) 18-23.

7.	 K.N. Thakkar, S.S. Mhatre, R.Y. Parikh, Biological synthesis of 
metallic nanoparticles. Nanomedicine, 6(2) (2010) 257-62.

8.	 L. Gan, S. Zhang, Y. Zhang, S. He, Y. Tian, Biosynthesis, 
characterization and antimicrobial activity of silver 
nanoparticles by a halotolerant Bacillus endophyticus SCU-L. 
Prep. Biochem. Biotechnol., (2018) 1-7.

9.	 S. Iravani, H. Korbekandi, S.V. Mirmohammadi, B. Zolfaghari, 
Synthesis of silver nanoparticles: chemical, physical and 
biological methods. Res. Pharm. Sci., 9(6) (2014) 385-406.

10.	 M. Ndikau, N.M. Noah, D.M. Andala, E. Masika, Green 
Synthesis and Characterization of Silver Nanoparticles Using 
Citrullus lanatus Fruit Rind Extract. Int. J. Anal. Chem., 2017 
(2017) 8108504:1-9.

11.	 H. Korbekandi, S. Mohseni, R.M. Jouneghani, M. 
Pourhossein, S. Iravani, Biosynthesis of silver nanoparticles 
using Saccharomyces cerevisiae. Artif. Cells Nanomed. 
Biotechnol., 44(1) (2016) 235-9.

12.	 H. Korbekandi, M.R. Chitsazi, G. Asghari, R.B. Najafi, A. Badii, 
S. Iravani, Green biosynthesis of silver nanoparticles using 
Quercus brantii (oak) leaves hydroalcoholic extract. Pharm. 
Biol., 53(6) (2015) 807-12.

13.	 S. Iravani, B. Zolfaghari, Green synthesis of silver 
nanoparticles using Pinus eldarica bark extract. Biomed. Res. 
Int., 2013 (2013) 639725:1-5.

14.	 P. Kuppusamy, M.M. Yusoff, G.P. Maniam, N. Govindan, 
Biosynthesis of metallic nanoparticles using plant derivatives 
and their new avenues in pharmacological applications - An 
updated report. Saudi Pharm. J., 24(4) (2016) 473-84.



İ. Erdem and Ş. Çakır / Hacettepe J. Biol. & Chem., 2022, 50 (4), 335-347346

15.	 C. Dong, C. Cao, X. Zhang, Y. Zhan, X. Wang, X. Yang, K. Zhou, 
X. Xiao, B. Yuan, Wolfberry fruit (Lycium barbarum) extract 
mediated novel route for the green synthesis of silver 
nanoparticles. Optik, 130 (2017) 162-170.

16.	 J.R. Nakkala, R. Mata, K. Raja, V.K. Chandra, S.R. Sadras, 
Green synthesized silver nanoparticles: catalytic dye 
degradation, in vitro anticancer activity and in vivo toxicity 
in rats. Mater. Sci. Eng. C, 91 (2018) 372-381.

17.	 P.T. Anastas, M.M. Kirchoff, Origins, current status, and 
future challenges of gereen chemistry, Acc. Chem. Res., 35 
(2002) 686-694.

18.	 K. Vijayaraghavan, S.P.K. Nalini, N.U. Prakash, D. 
Madhankumar, Biomimetic synthesis of silver nanoparticles 
by aqueous extract of Syzgium aromaticum, Mater. Lett., 75 
(2012) 33-35.

19.	 T. Jasrotia, S. Chaudhardy, A. Kaushik, R. Kumar, G.R. 
Gaudhardy, Green chemistry-assisted synthesis of 
biocompatible Ag, Cu, and Fe2O3 nanoparticles, Mater. 
Today Chem., 15 (2020) 100214:1-12.

20.	 P. Gomez-Lopez, A. Puente-Santiago, A. Castro-Beltran, 
L.A.S. do Nascimento, A.M. Balu, R. Luque, C.G. Alvarado-
Beltran, Nanomaterials and catalysis for green chemistry, 
Curr. Opin. Green and Sustainable Chem, 24 (2020) 48-55.

21.	 V.K. Sharma, R.A. Yngard, Y. Lin, Silver nanoparticles: Green 
synthesis and their antimicrobial activities. Adv. Colloid and 
Interface Sci., 145(1-2) (2009) 83-96.

22.	 K. Parveen, V. Banse, and L. Ledwani, Green Synthesis of 
Nanoparticles: Their Advantages and Disadvantages. 2nd 
International Conference on Emerging Technologies: Micro 
to Nano 2015 (ETMN-2015), (2016) 1724:1-7.

23.	 V.V. Makarov, A.J. Love, O.V. Sinitsyna, S.S. Makarova, 
I.V. Yaminsky, M.E. Taliansky, N.O. Kalinina, “Green” 
nanotechnologies: synthesis of metal nanoparticles using 
plants. Acta Nat., 6(1) (2014) 35-44.

24.	 M. Rai, A. Yadav,  A. Gade, Silver nanoparticles as a new 
generation of antimicrobials. Biotechnol. Adv., 27(1) (2009) 
76-83.

25.	 J.R. Nakkala, R. Mata, S.R. Sadras, Green synthesized nano 
silver: synthesis, physicochemical profiling, antibacterial, 
anticancer activities and biological in vivo toxicity. J. Colloid 
Interface Sci., 499 (2017) 33-45.

26.	 S. Islam, B.S. Butola, A. Gupta, A. Roy, Multifunctional 
finishing of cellulosic fabric via facile, rapid in-situ green 
synthesis of AgNPs using pomegranate peel extract 
biomolecules. Sustainable Chem. and Pharm., 12 (2019) 
100135:1-8.

27.	 K. Shameli, M.B. Ahmad, A. Zamanian, P. Sangpour, P. 
Shabanzadeh, Y. Abdollahi, M. Zargar, Green biosynthesis of 
silver nanoparticles using Curcuma longa tuber powder. Int. 
J. Nanomed., 7 (2012) 5603-10.

28.	 A. Balkrishna, N. Sharma,  V.K. Sharma, N.D. Mishra, C.S. 
Joshi, Green synthesis, characterisation and biological 
studies of AgNPs prepared using Shivlingi (Bryonia laciniosa) 
seed extract. IET Nanobiotechnology, 12(3) (2018) 371-375.

29.	 M.S. Muthuraman, S. Nithya, V.V. Kumar, L.R. Christena, V. 
Vadivel, N.S. Subramanian, S.P. Anthony, Green synthesis 
of silver nanoparticles using Nardostachys jatamansi 
and evaluation of its anti-biofilm effect against classical 
colonizers. Microb. Pathog., 126 (2018) 1-5.

30.	 R. Sood, D.S. Chopra, Optimization of reaction conditions to 
fabricate Ocimum sanctum synthesized silver nanoparticles 
and its application to nano-gel systems for burn wounds. 
Mater. Sci. Eng. C, 92 (2018) 575-589.

31.	 D. Nayak, S. Ashe., P.R. Rauta, M. Kumari, B. Nayak, Bark 
extract mediated green synthesis of silver nanoparticles: 
Evaluation of antimicrobial activity and antiproliferative 
response against osteosarcoma. Mater. Sci. Eng. C, 58 
(2016) 44-52.

32.	 S. Fahimirad, F. Ajalloueian, M. Ghorbanpour, Synthesis and 
therapeutic potential of silver nanomaterials derived from 
plant extracts. Ecotoxicol. Environ. Saf., 168 (2019) 260-278.

33.	 F. Öztürk Küp, S. Coşkunçay, F. Duman, Biosynthesis of silvr 
nanoparticles usig leaf extract of Aesculus hippocastanum 
(horse chestnut): Evaluation of their antibacterial, 
antioxidant and drug release system activities, Mater. Scie. 
Eng. C, 107 (2020) 110207:1-11.

34.	 W.R. Li, T.L. Sun, S.L. Zhou, Y.K. Ma, Q.S. Shi, V.B. Xie, X.M. 
Huang, A comparative analysis of antibacterial activity, 
dynamics, and effects of silver ions and silver nanoparticles 
against four bacterial strains. Int. Biodeterioration 
Biodegradation, 123 (2017) 304-310.

35.	 V. Chahar, B. Sharma, G. Shukla, A. Srivastava, A. Bhatnagar, 
Study of antimicrobial activity of silver nanoparticles 
synthesized using green and chemical approach. Colloids 
Surf., A, 554 (2018) 149-155.

36.	 P. Palaniappan, G. Sathishkumar, R. Sankar, Fabrication of 
nano-silver particles using Cymodocea serrulata and its 
cytotoxicity effect against human lung cancer A549 cell line, 
Spectrochim. Acta, Part A, 138 (2015) 885-890.

37.	 X.F. Zhang, Z.G. Liu, W. Shen, S. Gurunathan, Silver 
Nanoparticles: Synthesis, Characterization, Properties, 
Applications, and Therapeutic Approaches. Int. J. Mol. Sci., 
17 (2016) 1534:1-34.

38.	 E. Ediz, G. Kurtay, B. Karaca, İ. Büyük, F.Ş. Gökdemir, S. Aras, 
Green synthesis of silver nanoparticles from Phaseolus 
vulgaris L. extracts and investigation of their antifungal 
activities, Hacettepe J. Biol. Chem., 49(1), (2021), 11-23.

39.	 B.S. Anisha, R. Biswas, K.P. Chennazi, R. Jayakumar, Chitosan-
hyaluronic acid/ silver composite sponges for drug resistant 
bacteria infected diabetic wounds, Int. J. Biol. Macromol., 62 
(2013) 310-320.

40.	 A. Ravindran, P. Chandran, S.S. Khan, Biofunctionalized silver 
nanoparticles: advances and prospects, Colloids Surf., B, 
105 (2013) 342-352.

41.	 K. Jadhav, D. Dhamecha, D. Bhattacharya, M. Patil, 
Green and ecofriendly synthesis of silver nanoparticles: 
characterization, biocompatibility, studies and gel 
formulation for treatment of infections in burns. J. 
Photochem. Photobiol., B, 155 (2016) 109-115.

42.	 V.K. Vidhu, D. Philip, Catalytic degradation of organic dyes 
using biosynthesized silver nanoparticles, Micron, 56 (2014). 
54-62.

43.	 A. Rajan, V. Vilas, D. Philip, Catalytic and antioxidant 
properties of biogenic silver nanoparticles synthesized 
using Areca catechu nut, J. Mol. Liquids, 207 (2015) 231-236.

44.	 R.T.V. Vimala, G. Sathishkumar, S. Sivaramakrsihnan, 
Optimization of reaction conditions to fabricate nano-
silver using Couropita guianensis Aubl. (leaf & fruit) and its 
enhanced larvicidal effect, Spectrochim. Acta, Part A, 135 
(2015) 110-115.

45.	 F. Erci, R. Cakir-Koc, I. Isildak, Green synthesis of silver 
nanoparticles using Thymbra spicata L. var. spicata (zahter) 
aqueous leaf extract and evaluation of their morphology-
dependent antibacterial and cytotoxic activity. Artif. Cells 
Nanomed. Biotechnol., (2017) 1-9.



İ. Erdem and Ş. Çakır / Hacettepe J. Biol. & Chem., 2022, 50 (4), 335-347 347

46.	 A. Ahmad, Y. Wei, F. Syed, K. Tahir, A.U. Rehman, A. Khan, 
S. Ullah, Q. Yuan, The effects of bacteria-nanoparticles 
interface on the antibacterial activity of green synthesized 
silver nanoparticles. Microbial Pathogenesis, 102 (2017) 
133-142.

47.	 I.M. Krishna, G.B. Reddy, G. Veerabhadram, A. Madhusudhan, 
Eco-friendly green synthesis of silver nanoparticles 
using salmalia malabarica: synthesis, characterization, 
antimicrobial, and catalytic activity studies. Appl. Nanosci., 
6(5) (2016) 681-689.

48.	 M.P. Patil, G.D. Kim, Eco-friendly approach for nanoparticles 
synthesis and mechanism behind antibacterial activity of 
silver and anticancer activity of gold nanoparticles. Appl. 
Microbiol. and Biotechnol., 101(1) (2017) 79-92.

49.	 K. Selvam, C. Sudhakar, M. Govarthanan, P. Thiyagarajan, A. 
Sengottaiyan, B. Senthilkumar, T. Selvankumar, Eco-friendly 
biosynthesis and characterization of silver nanoparticles 
using Tinospora cordifolia (Thunb.) Miers and evaluate its 
antibacterial, antioxidant potential. J. Radiat. Res. and Appl. 
Sci., 10(1) (2017) 6-12.

50.	 R.S. Vijayan, S. Joseph, B. Mathew, Eco-friendly synthesis of 
silver and gold nanoparticles with enhanced antimicrobial, 
antioxidant, and catalytic activities. IET Nanobiotechnology, 
12(6) (2018) 850-856.

51.	 E.F. Aboelfetoh, R.A. El-Shenody, M.M. Ghobara, Eco-
friendly synthesis of silver nanoparticles using green algae 
(Caulerpa serrulata): reaction optimization, catalytic and 
antibacterial activities. Environ. Monit. Assess., (2017) 189-
349.

52.	 O. Ahmadi, H. Jafarizadeh-Malmiri,  N. Jodeiri, Eco-friendly 
microwave-enhanced green synthesis of silver nanoparticles 
using Aloe vera leaf extract and their physico-chemical and 
antibacterial studies. Green Process Synth., 7(3) (2018) 231-
240.

53.	 B. Ajitha, Y.A.K. Reddy, H.J. Jeon, C.W. Ahn, Synthesis of 
silver nanoparticles in an eco-friendly way using Phyllanthus 
amarus leaf extract: Antimicrobial and catalytic activity. Adv. 
Powder Technol., 29(1) (2018) 86-93.

54.	 E. Navarro, C.  Bonafos, A. Pugliara, M. Bayle, P. Benzo, A. 
Mlayah, K. Makasheva, M.C. Sancho, Y. Echegoyen, G. 
Benessayag, B. Pecassou, R. Carles, B. Wagner, R. Behra, 
The use of biosensors for improving the development of 
nanotechnology under realistic-use scenarios: applications 
for cheaper and more effective silver nanoparticles and 
nanostructured surfaces. 2016 IEEE Nanotechnology 
Materials and Devices Conference (NMDC), (2016) 1-2.

55.	 I. Ocsoy, M.L. Paret, M.A., Ocsoy, S. Kunwar, T. Chen, M. 
You, W. Tan, Nanotechnology in Plant Disease Management: 
DNA-Directed Silver Nanoparticles on Graphene Oxide as 
an Antibacterial against Xanthomonas perforans. ACS Nano, 
7(10) (2013) 8972-8980.

56.	 M. Singh, S. Singh, S. Prasad, I.S. Gambhir, Nanotechnology 
in medicine and antibacterial effect of silver nanoparticles. 
Digest J. Nanomater. Biostructures, 3(3) ( 2008) 115-122.

57.	 T. Tani, Nanoparticles and nanotechnology in silver halide 
imaging. J. Dispers. Sci. Technol., 25(4) (2004) 375-388.

58.	 P Prasher, M. Singh, H. Mudila, Silver nanoparticles as 
antimicrobial therapeutics: current perspectives and future 
challenges. 3 Biotech, 8 (2018) 411:1-23.

59.	 E.Z. Gomaa, Iron Nanoparticles α-Chitin Nanocomposite 
for Enhanced Antimicrobial, Dyes Degradation and Heavy 
Metals Removal Activities. J. Polym. Environ., 26(9) (2018) 
3638-3654.

60.	 A. Özgen, S. Gürkan Aydın, E. Bilgiç, Enhancing the 
antibacterial activity of the biosynthesized silver 
nanoparticles by “püse“, Istanbul J. Pharm., 50(3), 2019, 
245-250.

61.	 A. Özgen, E. Bilgiç, S. Gürkan Aydin, M. Nizamlıoğlu, 
Characterization of biosynthesized silver nanoparticles 
using Hypericum perforatum leaf and determination of their 
antibacterial activity, Med. Sci., 8(3), (2019), 503-507.

62.	 M. Sudağıdan, İ. Erdem, C. Çavuşoğlu, M. Çiftçioğlu, 
Investigation of the surface properties of Staphylococcus 
epidermidis strains isolated from biomaterials. Bull. 
Microbiol., 44 (2010) 93-103.


	_GoBack

