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A B S T R A C T   

In the present study, a simple, cheaply and environmental friendly method was evaluated for the synthesis of 
silver nanoparticle via Cupressus sempervirens L. (CSPE) pollen extract as reducing and stabilizing agent. Various 
parameters such as volume of CSPE, temperature and reaction time on AgNPs formation were investigated 
spectrophotometrically to optimize reaction conditions. The electrochemical behavior of the biosynthesized 
AgNPs were investigated by cyclic voltammetry and square wave voltammetry techniques. An electrosensor 
based on AgNPs modified glassy carbon electrode were constructed and tested on electro reduction of hydrogen 
peroxide in phosphate buffer medium. The prepared electrosensor could detect the H2O2 in the range of 5.0 μM - 
2.5 mM with a detection limit of 0.23 μM. In addition, the antioxidant activity of biosynthesized AgNPs were 
evaluated against DPPH free radical. Results obtained from the antioxidant study suggested that CSPE mediated 
AgNPs exhibit a good antioxidant effect.   

1. Introduction 

Nanotechnology has emerged behind the process of manipulating 
and controlling individual atoms and molecules, in which nano-sized 
materials have been obtained in size ranging from 1 to 100 nm. Nano-
technology has gained great attention as a science field because of 
combining the knowledge of related science such as physics, chemistry, 
biology, health and materials science [1]. Reducing the particle size of 
the materials conclude with unique and improved properties such as 
surface to volume ratio, physical, chemical, optic and electronic prop-
erties [2]. The peerless properties of nanoparticles are liable to gain 
multifunctional properties, and leading to their widespread applications 
as catalyst [3], electrical conductors [4], sensors [5,6], antioxidant and 
antimicrobial agents [7,8]. 

Monometallic, metal oxide or composite nanoparticles are generally 
synthesized by physical and chemical methods. Physical methods 
require high temperature, pressure and energy [9], in the event of 
chemical reduction, chemicals known to be toxic and dangerous to both 
human and aquatic life are used [10]. Additionally, nanoparticles syn-
thesized with chemical method requires capping agent for their stability. 

All these inconvenient factors have delimitated the utilization of nano-
particles synthesized via these methods. To overcome aforesaid prob-
lems, it is necessary to develop an alternative synthesis route which is 
safe and does not use toxic chemicals. Currently, there is an intense 
interest in the use of plant extract for nanoparticle production. 
Plant-extract mediated reactions provide improved conditions such as 
safe, easy carry out, cost-effective, eco-friendly and size control [11]. 
The plant extracts are specified to consist of various phytochemicals 
such as terpenoids, flavonoids, phenol derivatives which responsible for 
reduction of metal ions and stabilize the synthesized nanoparticles [12]. 
So far, a large number of plant extracts which belong to different fam-
ilies have been used for biosynthesis of metal/metal oxide nanoparticles 
and nanocomposites [13–16]. 

It has been reported that pollens, which are a part of the biological 
system, contain carbohydrates, proteins, amino acids, lipids, vitamins 
and significant amounts of polyphenolic flavonoids [17]. Azizi et al. 
performed the biosynthesis of ZnO nanoparticles using plant pollen for 
biomedical applications [18]. Al-Yousef et al. reported the usability of 
pollen bee extract for preparation of AgNPs and evaluation of their 
anti-cancer and anti-bacterial activities [19]. As an important 
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nanomaterial, silver nanoparticles (AgNPs) have gained much attention 
because of their catalytic properties [20], biocompatibility, chemical 
stability, antibacterial, antifungal and antioxidant activities. Its anti-
microbial properties provide a wide range of use in healthcare such as 
dental materials, medical devices, surgical masks, contact lenses [21]. 
Karimi and co-workers reported the green synthesis of silver nano-
particles using rose flower pollen extract and evaluated their antibac-
terial activity [22]. In another study, pine pollen was used to 
biosynthesis of silver nanoparticles and the biosynthesized nano-
particles reported to have a strong antifungal effect [23]. 

Cupressus sempervirens (L.), known as Mediterranean or common 
cypress, is a medium-sized evergreen coniferous tree characterized by a 
very variable crown shape, from columnar to spread, dark green foliage 
and small ovoid brown cones [24,25]. The cypresses are monoecious 
wind-pollinated plants. The male flower is cylindrical, 3–5 mm long, 
yellow when ripe. Pollination occurs from mid-winter to early spring 
(2). The genus Cupressus comprising twelve species, is distributed in 
North America, the Mediterranean region and subtropical Asia at high 
altitudes [26]. In recent years, many researchers have been focused on 
antimicrobial, antioxidant activities and phenolic contents of honey and 
bee pollen due to their good biological efficacy [27–29]. 

To the best of our knowledge, C. sempervirens pollen has not been 
utilized on a platform for the green synthesis of silver nanoparticles so 
far. In this study, we aimed to synthesize and characterize AgNPs using 
pollen extract. In order to optimize reaction conditions, the effect of 
pollen extract volume, temperature and reaction time on the formation 
of AgNPs were evaluated. The nanoparticles synthesized under optimum 
conditions were evaluated in electrochemical determination of 
hydrogen peroxide for the first time. Moreover, we also investigated the 
usability of synthesized nanoparticles as antioxidants. 

2. Materials and methods 

2.1. Chemicals 

All chemicals are of analytical grade and are used as received 
without further purification. Silver nitrate, 1,1-diphenyl-2-picryl 
hydrazyl (DPPH), potassium hexacyanoferrate(III), potassium hex-
acyanoferrate(II) trihydrate, potassium chloride and hydrogen peroxide 
were purchased from Merck. Sodium phosphate monobasic, sodium 
phosphate dibasic, dopamine hydrochloride, uric acid, ascorbic acid and 
glucose were obtained from Sigma-Aldrich. C. sempervirens pollen grains 
were collected at Mersin University, Ciftlikkoy Campus (Collection sta-
tions: Mersin University, Ciftlikkoy Campus, maquis degraded areas, 
100–150 m) in February–March 2019. The voucher specimens are 
deposited in the Biology Herbarium, at Mersin University, Mersin, 
Turkey. Contact lens solution was purchased from local pharmacy in 
Mersin, Turkey. 

2.2. Characterization techniques and instrumentations 

The formation of the AgNPs was tracked by monitoring colour 
change using UV–Vis spectrometer (Shimadzu 1800 spectrophotom-
eter). The crystallinity nature of the nanoparticles was identified by X- 
ray powder diffraction pattern (XRD) (Rikagu diffractometer with CuKα, 
λ = 1.5406 Å). FT-IR spectroscopy (PerkinElmer Specrtum 100 ATR), 
Scanning electron microscopy (SEM) (Zeiss), Transmission electron 
microscopy (TEM) (JEOL JEM 1011 Megaview III Camera iTEM Soft-
ware), Energy-dispersive X-ray spectroscopy (EDX) and Dynamic light 
scattering (DLS) were applied in order to determine the morphology, 
composition, the size and the stability of the AgNPs, respectively. Cyclic 
voltammetry, a conventional three-electrode system, was used for the 
electrochemical investigations (CV) (CHI 660E electrochemical work-
station). Glassy carbon electrode (ca. 3 mm) or modified glassy carbon 
electrode was used as a working electrode, a platin wire as a counter 
electrode and Ag/AgCl as a reference electrode. 

2.3. Preparation of plant extract 

The collected C. sempervirens male cone were dried in the shade for 
10 days at room temperature. The pollen was obtained by gentle shaking 
the male cone. The obtained pollen was sieved to get fine and homo-
geneous powder (Fig. 1). The fine powder (5 g) was placed into 250 mL 
round bottom flask and boiled for 30 min in 100 mL of ultra pure-water. 
After that, the solution was cooled to room temperature, filtered with 
Whatman No.1 and filtrate was kept at 4 ◦C prior to use. 

2.4. Optimization of green synthesis of AgNPs 

For green synthesis AgNPs an amount of AgNO3 (1 mM, 25 mL) and 
CSPE were placed into conical flask and stirred vigorously at room 
temperature. To optimize the formation reaction, the volume of the 
extract, temperature and reaction time were investigated. The volume of 
the extract was varied from 5 to 20 mL (40 mg/mL), while the temper-
ature was varied from room temperature to 100 ◦C. The progress of the 
reaction was monitored for various time periods up to 150 min. 
Throughout optimization studies, the colour change and the formation 
of the AgNPs were monitored by UV–Vis spectroscopy. 

After the reaction was complete, the solution was centrifugated at 
13,000 rpm for 10 min and separated. Lastly, the obtained pellet was 
washed three times with distilled water, centrifugated and stored at 
60 ◦C for overnight. 

2.5. Preparation of electrode 

In order to electrochemical detection of hydrogen peroxide (H2O2), 
glassy carbon electrode (GCE) was modified with CSPE mediated AgNPs. 
Before modification, the surface of glassy carbon electrode (GCE) was 
polished using 1.00, 0.30 and 0.05 mm alumina slurry and then ultra-
sonicated in 1:1 (v:v) nitric acid, acetone and deionized water for 5 min, 
respectively. The polished glassy carbon electrode was modified by 
drop-casting. Briefly, 5 mg of nanoparticle was dissolved in 1 mL 
deionized water, magnetically stirred for 24 h and then ultrasonicated 
for 30 min to get homogeneous paste. This paste was carefully cast on 
the freshly polished GCE. A small beaker was covered over the electrode 
and the solvent was evaporated at room temperature. Lastly, the 
modified surface was covered by dropping 5 μL Nafion® 5% (in alcohol) 
solution. 

2.6. Antioxidant assay 

DPPH is a stable free radical that has been used to evaluate the free- 
radical scavenging activity of antioxidants. The antioxidant activity of 
the biosynthesized AgNPs on the stable radical 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) was determined using modified Kumar methods [30]. 
Antioxidant activity investigations were achieved in three replicate. 
Briefly, 1 mg of biosynthesized AgNPs were dissolved in ethanol (1 mL) 
to prepare stock solution. The solution of DPPH (1 mM) in ethanol was 
freshly prepared. Various concentrations of the stock solutions (62.5, 
125, 250, 500 and 1000 μg/mL) were mixed with an equal volume 
(3 mL) of ethanolic DPPH solution. All samples kept in dark for 30 min at 
room temperature. Afterward, the absorbance of the solution was 
recorded at 517 nm. Ascorbic acid was used as a control group. The 
radical scavenging activity of samples were calculated according to the 
formula; 

 Radical  Scavenging  Activity,  %=
Acontrol −  Asample

Acontrol*100
(1)  

where, Acontrol and Asample are absorbance of control and sample, 
respectively. 
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3. Results and discussion 

The formation of AgNPs was primarily observed by colour change of 
reaction mixture from light yellow to dark brown and a characteristic 
absorption peak located at 440 nm (Fig. 2a). The observed colour change 
is due to some chemical compounds in plant extract like alkaloids, fla-
vonoids, steroids, tannins, etc. These compounds found in plant content 
are thought to be responsible for reducing the Ag+ to Ag0. 

3.1. Optimization of biosynthesis of AgNPs 

In order to optimize the biosynthesis condition, various parameters 

such as the volume of pollen extract, reaction temperature and time 
were examined and investigated their effect on green synthesis of 
AgNPs. Along with optimization studies, the formation and progress of 
the AgNPs were tracked by thr enrollment of UV–Vis spectra. 

3.1.1. The effect of pollen extract volume 
The volume extract used in the synthesis of nanoparticles plays a 

crucial role. The effect of extract volume was tested with miscellaneous 
amount of pollen extract varying from 5 to 20 mL containing 1 mM Ag+

(25 mL) solution. UV–Visible spectra of synthesized AgNPs using 
different extract volumes were introduced in Fig. 2b. As seen in Fig. 2b, 
increasing pollen extract volume concluded with increasing absorbance 

Fig. 1. (a) C. sempervirens general habitus, (b) male cone and (c) pollen powder.  

Fig. 2. (a) UV–Vis spectrum of pollen extract, Ag+ and AgNPs, (b) UV–Vis spectra of AgNPs synthesized with various pollen extract volumes, (c) UV–Vis spectra of 
AgNPs synthesized at different temperature and (d) biosynthesis of AgNPs as a function of reaction time at temperature of 80 ◦C and 15 mL extract volume. 
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up to 15 mL and then decreased. The observed increase in the absor-
bance up to 15 mL is because of increasing of functional groups or 
phytochemicals in pollen extract. Above 15 mL of extract, a decreasing 
trend in absorbance was observed may be due to binding of more 
phytochemical on the surfaces of AgNPs [31]. So, it was concluded that 
15 mL pollen extract was optimum value for the biosynthesis of AgNPs. 

3.1.2. The effect of temperature 
Temperature has a key role in the synthesis of nanoparticles. The 

effect of temperature on AgNPs synthesis was studied at various tem-
peratures ranging from 20 to 100 ◦C using magnetic stirrer maintaining 
reaction conditions constant as 1 mM Ag+ and 15 mL of extract volume. 
With increasing the temperature from 20 to 100 ◦C, a rapid change in the 
colour of reaction mixture was occurred and observed an intense ab-
sorption band up to 80 ◦C (Fig. 2c). As the temperature was further 
increased, only slightly increase in intensity of absorption band was 
observed with a blue shift from 440 to 430 nm. A similar result was 
reported by Aadil et al. [32]. As a result, the reaction temperature was 

fixed to 80 ◦C in order to reduce energy consumption. 

3.1.3. The effect of reaction time 
The effect of reaction time on biosynthesis of AgNPs was also 

examined. Under optimized reaction conditions as said above, the bio-
information of AgNPs was monitored by UV–Vis spectra recorded at 
various times (Fig. 2d). As seen in Fig. 2d, the intensity of the absorption 
peak of the synthesized AgNPs increased with increasing reaction time 
with almost no absorption band shift. Beyond 150 min of reaction time, 
it was observed that there was no significant increase in peak intensity. 
So, 180 min reaction time was chosen as an optimal reaction time for 
biosynthesis of AgNPs. 

3.2. SEM/EDX and TEM analysis 

SEM analysis was carried out to identify the morphology of AgNPs 
synthesized and Cupressus sempervirens pollen extract. As depicted in 
Fig. 3a, SEM images demonstrate that AgNPs have a spherical. Fig. 3b 

Fig. 3. SEM images of (a) biosynthesized AgNPs, (b) Cupressus sempervirens pollen, (c) orbicule structure, (d) EDX profile of biosynthesized AgNPs, (e) TEM images 
of biosynthesized AgNPs, (f) XRD patterns of biosynthesized AgNPs, (g) size distribution and particle size, (h) zeta potential of biosynthesized AgNPs. 
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also shows the morphology of the pollen. From Fig. 3c, orbicule struc-
tures were observed on the pollen surface. Orbiculate produces by 
tapetum cells and, reported to consist of neutral polysaccharides, un-
saturated lipids, proteins [33]. 

For the purpose of identifying the composition of biosynthesized 
nanomaterial, EDX analysis was performed. From the results, it can be 
seen clearly that the synthesized nanomaterials composed of Ag, sug-
gesting that nanoparticles had been synthesized successfully. EDX 
analysis results show that the carbon (C), oxygen (O) and nitrogen (N) 
element are residues originating from the pollen extract (Fig. 3d). The Pt 
signal is also due to coating of the sample. 

TEM analysis was performed to deeply screen the morphologies of 
AgNPs (Fig. 3e). Fig. 3e illustrates the TEM images with different 
magnification. The enhancement of magnitude made the images more 
obviously and the shapes of AgNPs can be seen expressly. It is observed 
AgNPs shows spherical, oval and triangle but mostly in spherical in 
shape. 

3.3. X-ray diffraction (XRD) analysis 

X-ray diffraction analysis was performed to identify the crystallinity 
of AgNPs synthesized via C. sempervirens pollen extracts. The XRD pat-
terns demonstrated that biosynthesized AgNPs exhibited obvious 
diffraction peaks (Fig. 3f). The diffraction peaks located at 2θ 38.04◦, 
44.35◦, 64.41◦ and 77.29◦ corresponds to (111), (200), (220) and (311) 
planes of AgNPs (ICCD card number of 00-001-1164), respectively. XRD 
data was also utilized to determine the crystallite size of biosynthesized 
AgNPs. The crystallite size of the biosynthesized AgNPs can be deter-
mined from XRD spectra using Scherrer’s equation. The sharp peak 
located at 38.04◦ corresponds to (111) lattice plane and the average 
crystallite size was calculated to be 11.55 nm [34]. 

3.4. Particles size and zeta potential analysis 

The size distribution and particle size of the biosynthesized AgNPs 
was determined by dynamic light scattering (DLS) analysis (Fig. 3g). The 
DLS analysis revealed that AgNPs had an average particle size of 
18.37 nm. Polydispersity index (PDI) describes the degree of uniformity 
and homogeneity of nanoparticles. The single peak demonstrate the 
uniform distribution of nanoparticles. The PDI value of 0.359 derived 
from DLS confirms the homogeneous distribution of the nanoparticles 
[35]. The size distribution graph also shows the size variation of 
bio-synthesized AgNPs ranging from 11.70 to 24.36 nm and about 65% 
of particles were within 15.69 and 21.04 nm. 

Further, zeta potential analyzes were performed to determine the 
stability of the nanoparticles and it was found to be − 27.6 mV (Fig. 3h). 
Negative zeta potential value indicates that the components such as 
flavonoid, phenolic and tannin in the plant act as capping agent. The 
aforementioned components form repulsive forces among the nano-
particles which are responsible for preventing aggregation and 

stabilizing nanoparticles in the solution [36]. 

3.5. FT-IR analysis 

FT-IR analysis were performed for the purpose of to ensure the in-
formation about the functional groups that responsible for formation 
and stabilization of the nanoparticles. As seen in Fig. 4a, FT-IR spectrum 
of C. sempervirens a broad band at 3313 cm− 1 correspond to the O–H 
stretching vibration. The peaks located at 2922 and 2852 cm− 1 belong to 
the aliphatic C–H stretching. The C––O stretching and C–O bending vi-
brations are observed at 1703 and 1242 cm− 1, respectively. The peak at 
1606 cm− 1 can be ascribed to the alkenyl C––C of aromatic group 
stretching vibration and the peak at 1417 cm− 1 is due to the asymmetric 
C–H deformations in –CH3 and –CH2–. The peak located at 1036 cm− 1 is 
assigned to C–O–C bending [37,38]. These characteristic peaks in the C. 
sempervirens spectrum verify the presence of phytochemicals that may 
act as reducing as well as stabilizing agents. 

The characteristic peaks obtained in the spectrum of biosynthesized 
AgNPs is given in Fig. 4b. After formation of AgNPs, a shift in wave-
number values and a decrease in their intensities were observed 
compared to the spectrum of C. sempervirens. These observed differences 
between the FT-IR spectra of the C. sempervirens and AgNPs point to the 
interaction, like chelate, of the Ag+ and phytochemicals of pollen 
extract. These finding verify the binary role of the pollen extract as 
reducing and capping agent in the biosynthesis of AgNPs [39]. 

3.6. Electrochemical characterization 

It is well known that the amount of the modifier significantly affects 
the electrochemical performance of electrodes. In order to evaluate the 
effect of the modified electrode toward H2O2, various amounts (4–10 μL) 
of 5 mg mL− 1 of AgNPs was fastened to the electrode surface. As shown 
in Fig. 5a, the reduction current increases up to 8 μL of AgNPs and then 
remains approximately constant. The maximum current was obtained 
on electrode modified with 8 μL of AgNPs (Fig. 5b). Therefore, the best 
electrode with an amount of 8 μL AgNPs was chosen for further 
experiments. 

Electrochemical characterization of nanoparticles modified elec-
trode was studied by cyclic voltammetry (CV). CV is a well-known 
electroanalytical technique for examining the property of surface- 
modified electrodes. Here, CV has been employed to specify the 
mounting process of the modified electrode. The electrochemical 
behavior of the bare and modified GCE in 0.1 M KCl containing 1.0 mM 
[Fe(CN)6]3-/4- are given in Fig. 5c. As seen in Fig. 5c, bare GCE shows a 
well-defined redox peak with a peak-to-peak separation of 94 mV while 
AgNPs-GCE exhibits a quenched redox peak with a large peak-to-peak 
separation. This finding indicates that CSPE mediated AgNPs has been 
fastened to the electrode surface. 

With a view to study the electrochemical feature of the modified 
electrode as a H2O2 sensor, cyclic voltammograms were recorded to 

Fig. 4. FT-IR spectra of (a) C. sempervirens and (b) biosynthesized AgNPs.  
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evaluate the electrocatalytic activity of AgNPs-GCE in 0.1 M phosphate 
buffer solution (PBS). From Fig. 5d, it is clearly seen that AgNPsGCE 
demonstrates substantial current response compared to bare GCE. 
Moreover, the reduction potential of H2O2 has shifted to a more positive 
value. 

With a view to identifying the electrocatalytic activity of AgNPsGCE, 
a cyclic voltammogram was carried out in the presence of various H2O2 
concentrations under optimized conditions. Fig. 6a indicates that the 
reduction current intensity increases with increasing H2O2 concentra-
tion ranging from 0.5 to 5.0 mM and a linear trend was obtained be-
tween reduction current and concentration (Fig. 6b). Hence, it can be 
said that AgNPsGCE could be evaluated as a sensor for the determination 
of hydrogen peroxide. 

Further investigation was employed to determine the effect of scan 
rate on the electrocatalytic reduction of H2O2. The cyclic voltammogram 
of AgNPsGCE in 0.1 M PBS (pH = 7.0) comprising 1.0 mM H2O2 at 
different scan rate varying from 25 to 400 mV s− 1 was shown in Fig. 6c. 
As depicted in Fig. 6c, the cathodic peak current increased linearly with 
increment of scan rate and reduction potential shifts to more negative 
region with increasing scan rate. Fig. 6d portrays the linear relationship 
of the reduction peak currents with the square root of scan rate, which 
indicates that the electroreduction of hydrogen peroxide is a diffusion- 
controlled process. In order to verify this hypothesis, a function of log-
arithmic peak current (log i) versus logarithmic scan rate (log ν) was 
constituted. It is well-known that, linear relation between log i and log ν 
gives important information about electrochemical process [40]. As 
attested from Fig. 6e, a linear trend was achieved between log i and log ν 
with a regression equation of;  

log i = 0.4559⨯log ν + 0.6815 (R2 = 0.9929)                                        (2) 

A slope value close to 0.5 is considered to be diffusion controlled 
process. The slope value of 0.4559 indicates that electroreduction of 
hydrogen peroxide is diffusion control. 

Furthermore, taking into consideration of Laviron equation (3) for 
cathodic process the number of transferred electron (n) and electron 
transfer coefficient (α) can be determined [16,41]. 

Ep =E0 − 2.303
RT
αnF

logν (3) 

As seen in Fig. 6f, the variation of peak potential (Ep) with log ν is 
linear and has an equation of y = 0.092⨯ - 0.020 (R2 = 0.991). From the 
slope of the equation, αn is calculated to be 0.64. The calculated αn 
(0.3 < αn < 0.7) value infers that one electron takes place in the electro- 
reduction of hydrogen peroxide [42,43]. In the light of these calcula-
tions, the likely electroreduction mechanism of H2O2 can be stated as 
follows:  

2AgNPs + H2O2 → 2AgNPs—OHad                                                  (4)  

AgNPs—OHad + H+ + e− → AgNPs + H2O                                      (5) 

Amperometric study was carried out at − 0.3 in a well-shuffled 0.1 M 
PBS solution (pH = 7.0). Amperometric response of the AgNPs-GCE to 
the successive addition of H2O2 was presented in Fig. 7. As seen in Fig. 7, 
the reduction current was significantly increased with a successive in-
jection of H2O2 and the current reached steady-state within 3s, indi-
cating that AgNPs-GCE exhibits swift electrochemical response to H2O2. 

3.7. Choice of electroanalytical techniques 

The type of electroanalytical techniques used in sensor applications 
plays an important role in determination of biomolecules sensitively. In 
this study, various electroanalytical techniques were performed to 
appraise their sensitivity in the electrocatalytic reduction of hydrogen 
peroxide. For this purpose, square wave voltammetry (SWV) and dif-
ferential pulse voltammetry (DPV) were applied in electrochemical 
determination of H2O2. Fig. 8 demonstrates the electrochemical 
response of the applied voltammetric techniques for solution of 

Fig. 5. (a) Cyclic voltammograms of 1.0 mM H2O2 on the surface of GCE coated with various amount of AgNPs suspension, (b) the variations of the peak current 
versus the modifier amount at scan rate 50 mV/s, in 0.1 M PBS pH = 7.0, (c) cyclic voltammograms of bare GCE and AgNPs-GCE in 1.0 mM [Fe(CN)6]3-/4- containing 
0.1 M KCl at scan rate of 100 mV/s and (d) cyclic voltammograms of 1.0 mM H2O2 on the surface of bare GCE and AgNPs-GCE, in 0.1 M phosphate buffer solution 
with pH = 7.0 at scan rate of 50 mV/s. 
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1.0 mM H2O2 comprising 0.1 M PBS. As can be seen clearly that both 
techniques maintained a well analytical signal for the electrochemical 
reduction of H2O2. However, SWV ensures high current response 
compare to DPV. Therefore, SWV was chosen as an appropriate method 
for determination of H2O2. 

3.8. SWV determination of H2O2 on the modified electrode 

Under the optimized circumstances before-mentioned, SWV was 
chosen to delicately determine of hydrogen peroxide at AgNPs-GCE. 
Fig. 9a depicts the square wave voltammograms of the electro-
reduction of H2O2 at various concentrations in 0.1 M PBS (pH = 7.0). 
The inset represents the magnification of the voltammograms at lower 
concentrations. The SWV response indicated that reduction peak current 
increased with increasing concentration of H2O2 in the range of 5.0 μM 
to 2.5 mM linearly with a regression equation of I(μA) = 27.648⨯C(mM) 
+ 10.638 (R2 = 0.997) (Fig. 9b). The detection limit (LOD) was calcu-
lated to be 0.23 μM which shows superior performance to some of those 

electrodes beforehand publicated studies (Table 1). 

3.9. Interference effect 

The selectivity of the developed electro sensor is very important. In 
order to appraise the selectivity of the AgNPs-GCE sensor towards H2O2, 
miscellaneous interfering species such as glucose, ascorbic acid, uric 
acid and dopamine were consciously appended (Fig. 10). As depicted in 
Fig. 10, it is clearly seen that the AgNPs-GCE sensor has no remarkable 
response to foreign substances excepting H2O2. 

3.10. Reproducibility and stability 

Reproducibility and stability have a significant effect on the usability 
of the sensor. Reproducibility of the proposed sensor was tested by cyclic 
voltammetry for five detached electrodes in solution of 0.1 M PBS con-
taining 1.0 mM H2O2. The relative standard deviation of current 
response to 1.0 mM H2O2 was calculated to be 3.4%. On the other hand, 

Fig. 6. (a) Cyclic voltammograms for various concentrations of H2O2 at AgNPs-GCE in 0.1 M phosphate buffer solution with pH = 7.0 (from top to down 0.5, 1.0, 1.5, 
2.0, 2.5, 3.0 and 5.0 mM, respectively), scan rate 50 mV/s, (b) variation of peak current versus concentration, (c) cyclic voltammograms of AgPdNPs-GCE in 0.1 M 
PBS containing 1.0 mM H2O2 at variable scan rates (from top to down 25, 50, 75, 125, 100, 150, 175, 200, 250, 300, 350 and 400 mV/s, respectively), (d) the plot of 
cathodic peak currents versus the square root of the scan rate, (e) the variation of logarithmic current via logarithmic scan rate and (f) linear regression of cathodic 
peak potential (Ep) versus logarithmic scan rate. 
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the stability of the recommended sensor was also determined by 
measuring the current response of the modified electrode in 
1.0 mM H2O2 for two weeks (Fig. 11). During the two-week period, the 
modified electrode was observed to maintain 86% of the initial current. 
Based on these results, it can be said that the AgNP modified electrode 
has good reproducibility and shows long-term stability. 

3.11. Determination of H2O2 in real samples 

With a view to practical implement of AgNPs-GCE, the electro-
chemical determination of H2O2 in contact lens cleaning solution was 
examined. An amount of contact lens solution (CLS) was added to 
10.0 mL of 0.1 M PBS (pH = 7.0) and the standart concentrations of 
H2O2 were spiked into the real sample system. Square wave voltam-
mograms obtained for real samples were given in Fig. 12. The concen-
tration of H2O2 was calculated by the standart calibration curve of 

Fig. 7. Amperometric response curves of H2O2 at AgNPs-GCE with successive 
addition of H2O2 at − 0.3 V. 

Fig. 8. Voltammetric response of different electroanalytical techniques for 
1.0 mM H2O2 in 0.1 M PBS at AgNPs-GCE. pH = 7.0. 

Fig. 9. (a) Square wave voltammograms of AgNPs-GCE in different concentrations of H2O2 in 0.1 M PBS (pH = 7.0). Inset is the amplification of voltammograms with 
the lower concentration region. (b) The calibration curve of SWV current and H2O2 concentration. 

Table 1 
Comparison of the performance of some silver nanoparticle-based modified 
electrodes reported in the literature.  

Electrode Linear range LOD (μM) Reference 

GCE/rGox/AgNPs 2 μM - 20 mM 0.73 [44] 
AgNPs/NCNFs 20 μM - 20 mM 0.15 [45] 
AgNPs/DNA/GCE 2.0 μM - 2.5 mM 0.6 [46] 
Ag/MnOOH/GCE 5.0 μM - 12.8 mM 1.5 [47] 
Fe3O4–Ag/GCE 1.2 μM - 3.5 mM 1.2 [48] 
SWCNTs-PDA-AgNPs/GCE 50 μM - 1.75 mM 0.6 [49] 
CS/Au–Ag NTs/GCE 8 μM - 1.3 mM 3.18 [50] 
Ag–MnO2-MWCNTs/GCE 5 μM - 10.4 mM 1.7 [51] 
PEI/AgNCs-GCE 10 μM - 1.44 mM 1.8 [52] 
Ag/Cu2O/GCE 2 μM - 13 mM 0.7 [53] 
Ag/boehmite nanotubes/rGO/GCE 0.5 μM - 10 mM 0.17 [54] 
AgNPs/Ox-pTTBA/MWCNT/GCE 10 μM - 0.26 mM 0.24 [55] 
Nf/Pd@Ag/rGO-NH2/GCE 2 μM - 19.5 mM 0.7 [56] 
GRO/Pt-AgNPs/GCE 

AgNPs/GCE 
5 μM - 1.5 mM 
1 μM - 300 μM 

0.04 
0.5 

[57] 
[58] 

AgNPs/GCE 5 μM - 2.5 mM 0.23 This work  

Fig. 10. Amperometric response of AgNPs-GCE with successive addition of 
H2O2 and interfering substances. Applied potential is − 0.3 V. 

E. Turunc et al.                                                                                                                                                                                                                                  



Analytical Biochemistry 621 (2021) 114123

9

Fig. 9b and the results were given in Table 2. As seen in Table 2, the 
recovery of H2O2 in CLSs were 95.8, 97.3 and 97.5%, respectively. The 
persuasive recovery of H2O2 in CLS demonstrates the practical usability 
of the recommended sensor. 

3.12. Antioxidant activity 

Antioxidants are substances that can be effective in reducing or 
preventing free radicals produced in the human body as well as food 
spoilage or environmental pollutants. 

DPPH radical has a dark purple colour. The DPPH radical is a stable 
compound and accepts hydrogen or electrons from AgNPs or pollen 
phytochemicals. When DPPH accepts of H+ atoms given by an agent 
having an antioxidant property such as nanoparticle or pollen (plant) 
phytochemicals, the colour of DPPH dark purple turn to colorless or light 
yellow. 

In this study, we investigated the antioxidant activity of the pollen 
extract mediated AgNPs and crosschecked to that of the pollen extract of 
C. sempervirens and ascorbic acid as control agent (Fig. 13). As seen in 
Fig. 13, biosynthesized AgNPs displayed a good antioxidant activity. 
From the results it was observed that the percentage inhibition of 
AgNPs, pollen and ascorbic acid increased from 44% to 2.2%, 33.3%– 
60% and 75%–96.7%, respectively in concentration range of 
62.5–1000 μg/mL. It was clearly seen that AgNPs exhibited good activity 
as free radical scavenger compared to the C. sempervirens pollen extract. 

Similar results were reported by Kokila et al. [59]. In another study, 
Varadavenkatesan and co-workers searched the antioxidant activity 
Vigna mungo assisted AgNPs at concentration range of 10–60 μg/mL. It is 
reported that maximum percent inhibition was obtained as 75.53% at 
concentration of 60 μg/mL [60]. The increased antioxidant activity of 
biosynthesized AgNPs can be attributed to the presence of phytochem-
ical residues in the pollen content acting as a capping agent [61]. 
Thereof, it could be finalized that biosynthesized AgNPs via C. semper-
virens pollen extract can be evaluated as a potential antioxidant agent. 

3.13. Passible mechanism of AgNPs formation 

Plants are known to contain a variety of phytochemicals like ter-
penes, polyphenols, alkaloids, phenolic acids. It has been suggested that 
a wide variety of phytochemicals extracted from plants are responsible 
for the formation of nanoparticles (Scheme 1) [62,63]. 

4. Conclusions 

In the present work, C. sempervirens pollen extract was used for green 
production of AgNPs for the first time. The biosynthesized AgNPs were 
immensely dispersed, stable and electrochemically active for electro-
catalytic implementation. The effect of some parameter such as the 
volume of pollen extract, temperature and reaction time were investi-
gated in order to optimized the biosynthesized AgNPs conditions. The 
optimize conditions of the biosynthesis of AgNPs were determined as 
15 mL extract volume, 80 

◦

C reaction temperature and 180 min reaction 
time, respectively. The formation of nanoparticles via pollen extract was 
substantiated by UV–Vis, XRD, FT-IR, SEM-EDX, TEM and DLS tech-
niques. AgNPs synthesized under optimize conditions was used as 
modifier agent for the sake of create an electrosensor for electrocatalytic 
application. To this end, AgNPs modified glassy carbon electrode 
(AgNPs-GCE) was created and tested on electroreduction of H2O2. The 
results showed that AgNPs-GCE exhibited a superior electrocatalytic 
activity towards H2O2 with a low detection value of 0.23 μM in the 
concentration range of 5.0 μM to 2.5 mM. Furthermore, antioxidant 
performance of the biosynthesized AgNPs was evaluated towards DPPH. 
The antioxidant investigation showed that AgNPs had a considerable 
DPPH free radical scavenging performance. In the light of these findings, 
it could be said that AgNPs have superior electrocatalytic activity and 
significant antioxidant performance. 
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