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Abstract. The present study reports a simple, rapid, easy, eco-friendly, and cost efficient
method for green synthesis of silver nanoparticles (AgNPs) using pollen extract of rose
flower as reducer and stabilizer. AgNPs synthesis was performed at room temperature in
solutions by reduction rapidly taking place for 15 min; the synthesized AgNPs were stable
for a long time. Moreover, highlights for this method avoid utilizing toxic organic solvents
and using nontoxic water as the solvent for pollen extract from rose flower. Microscopy
and UV-Vis spectroscopy confirmed the formation of nanoparticles as well as the colloid of
silver samples. Surface Plasmon Resonance (SPR) peaks in UV-Vis spectra, observed at
427 nm, indicated the formation of poly dispersive AgNPs using pollen of rose flower. The

synthesized AgNPs were mostly spherical in shape with an average size of 12 nm. It shows
the significant antibacterial efficacy against Staphylococcus aureus (S. aureus), Escherichia
coli (E. coli), Bacillus cereus (B. cereus), and Enterococcus faecalis (E. faecalis) by disk
diffusion method using Mueller-Hinton Agar. From the results, it is suggested that green
synthesized AgNPs could be used effectively in cosmetics, foods, and medicine applications.

(© 2015 Sharif University of Technology. All rights reserved.

1. Introduction

Nanoscience has flourished during the past twenty
years. The progress in this area largely depends on
the ability to synthesize nanoparticles from various
materials in various sizes and shapes.

Silver nanoparticles (AgNPs) have gained much
attention for their unique nature and advantages when
used in various experiments [1,2]. AgNPs are the
most fashionable functionalizing and commercializing
nanoparticles due to their exclusive physicochemical
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properties such as electric, optical, catalytic, and par-
ticularly antimicrobial properties [3,4]. AgNPs showed
potential antibacterial activity and significantly higher
synergistic effect with many antibiotics [5-7]. The
interactions of AgNPs with bacteria are dependent on
the size and structure of the nanoparticles [8,9]. AgNPs
as antibacterial agents are now used extensively in
different fields of medicine such as molecular imaging,
diagnosis, and treatment of cardiovascular diseases and
drug delivery [10].

AgNPs can be synthesized by various methods
such as application of reducing chemicals of hydrazine
hydrate and sodium citrate, sodium borohydride,
formaldehyde, polyethylene glycol, glucose, heating
and electrochemical reduction, ultraviolet irradiation,
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ultrasonic fields, photochemical reduction, etc. [11].
The chemical and physical technologies used for the
synthesis of nanoparticles are fairly expensive and
their by-products and wastes are toxic and harmful
for the environment [11-13]. Scientists propose the
synthesis of nanoparticles using a variety of biological
systems, such as yeast, fungi, bacteria, fruit and plant
extracts as an alternative to the chemical and physical
technologies [14,15]. However, using plant parts is
reasonable, because they are economic, easily available,
and ecofriendly.

Plant extracts are often environmentally and eco-
nomically friendly materials and have been explored
in the synthesis of AgNPs. The reason plant ex-
tracts work so well in the synthesis of nanoparticles
is that they act as reducing agents as well as capping
agents [16]. The use of plant extracts as the production
assembly of AgNPs has drawn attention, because it is
often environmentally and economically friendly and
non-pathogenic, providing a single step method for the
biosynthetic processes. The reduction and stabilization
of silver ions is possible by combination of biomolecules,
such as amino acids, enzymes, polysaccharides, alka-
loids,tannins, phenolics, saponins, terpinoids, proteins,
and vitamins in the plant extracts.

Several plant extracts have been used for extracel-
lular biosynthesis of AgNPs, such as Cassia roxburghii
DC [17], Alternanthera dentate [18], Acorus cala-
mus [19], Tea [20], Pistacia atlantica [21], Centella asi-
atica [22], commercially available plant powders (Syzy-
gium cumini, Citrus sinensis, Solanum tricobatum, and
Centella asiatica) [23], Argyreia nervosa [24], Theve-
tia peruviana [25], Eclipta prostrate [26], Meliadu-
bia [27], Aloe vera [28], Nelumbo nucifera [29], Vitis
vinifera [30], Citrus sinensis [31], and Cocous nu-
cifera [32].

Various colors, shapes, and sizees (diameters of 6
t0 200 um) have been observed for Pollen grains. Pollen
grains have very hard porous outer shells (sporoderm),
(Figure 1), allowing the pollen to germinate and also
provide material removal. Pollen contains compounds
like sugars (up to 50 percent), such as glucose, fructose,
sucrose, pectin, cellulose, lignin, and starch (up to 18
percent). Pollen is a source of many enzymes and
all kinds of essential amino acids for humans (over
40 percent), such as phenyalanine, leucine, valine,
arginine, histidine, lysine, and tryptophan [33].

The present study aims to synthesize AgNPs by
a green biological route, using pollen extract of rose
flower, and characterize the synthesized nanoparticles,
utilizing UV-Visible spectroscopy, Transmission Elec-
tron Microscope (TEM), X-Ray Diffraction (XRD),
and Fourier transform infrared spectroscopy (FT-IR)
analyses. The present work has focused on the de-
velopment of easy synthesis of silver nanoparticles by
an environmentally friendly procedure. Besides, the

Figure 1. SEM image of pollen grain of rose flower.

antibacterial activity of synthesized AgNPs against
pathogenic bacteria of Staphylococcus aureus (S. au-
reus), Escherichia coli (E. coli), Bacillus cereus (B.
cereus), and Enterococcus faecalis (E. faecalis) was
investigated.

2. Experimental

2.1. Apparatus and reagents

The UV-Vis spectra were recorded on a (Cintera 6GBC
Australia) UV-Vis spectrophotometer. The Fourier
transform infrared spectra were obtained on a (JASCO
FT/IR-4200) FTIR spectrometer with the samples
as KBr pellets. The morphology of nanoparticles
was analyzed using the image obtained with a trans-
mission electron microscope (Phillips Em208 90 kv).
All chemicals were of analytical grade and used as
received without further purification. Silver nitrate
(AgNO;) used for the synthesis of silver nanoparticles
was purchased from Merck. The pollen was provided
of rose flower stamens available on the campus of
Payame Noor University of Sirjan. All of the other
solutions were freshly made for the whole experimental
procedure. Ultrapure water was used throughout the
study, and all glassware was cleaned and rinsed with
ultrapure water prior to use.

2.2. Synthesis of silver nanoparticles

We separated the stamen of rose flowers carefully and
0.012 g of them was added to 10 mL of ultrapure water
at room temperature. The mixture was allowed to
stand for 30 min. Whatman filter paper (No. 40) was
used for filtration of material to prepare the aqueous
pollen extract. The filtrate was used as reducing
agent and stabilizer. Then, 3 mL of the mentioned
extracted pollens was added to a vigorously stirred
0.1 mL aqueous solution of AgNO3z (0.1 mol L™!) into a
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Figure 2. Pollen extract (a) before and (b) after addition
of aqueous solution of 1.0 x 1072 mol L™ AgNOj3 at
1 min.

10 mL volumetric flask and ultrapure water was added
up to the mark. The obtained solution was stirred
well for 15 min at room temperature. Reduction takes
place rapidly as indicated by the golden yellow color
(Figure 2). The reduction of silver ions was monitored
by measuring the absorbance of the reaction mixture
in a range of wavelength from 300 to 800 nm by using
a UV-Vis spectrophotometer to find the absorbance
peak. The effects of reaction conditions, such as the
extract concentration, metal ion concentration, pH,
reaction time, and reaction temperature, were also
studied. The AgNPs was used for antibacterial assay
without further purification.

3. Results and discussion

Figure 3 represents the UV-Vis spectra of aqueous
component as a function of time variation of pollen
solution containing 1.0 mmol L= AgNOjz. There are
free electrons in the metal nanoparticles, which result
in Surface Plasmon Resonance (SPR) absorption band,
due to the combined vibration of electrons of metal
nanoparticles in resonance with light waves. After
15 min, changes in color were observed from colorless to
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Figure 3. Change in SPR absorption spectra resulted
from the different concentrations of silver ions.

pale with the sharp bands of silver colloids at 427 nm.
The intensity of absorption band increases with time
period of aqueous component and the following color
changes are observed from pale to reddish yellow up to
5 hours, and then, subsequently, only slight variations
can be observed. This characteristic color change is due
to the excitation of SPR in the metal nanoparticles.

3.1. Optimization of conditions

3.1.1. Effect of metal ion concentration

SPR spectra for AgNPs were obtained at 427 nm
with golden yellow color under the natural constant
pH and temperature conditions and various metal ion
concentration (Figure 3). In the case of AgNPs, the
peak absorbance were increased with Ag' addition in
the concentration ranges of 5.0 x 107% t0 1.0 x 10~3 mol
L~!. The solution color in low concentration of metal
ion was yellow, but in higher concentrations turned to
black and then precipitated.

3.1.2. Effect of time duration of the formation of
AgNPs

AgNPs synthesis was also evaluated at different contact

times taking the absorbance with UV-Vis spectroscopy.

The nanoparticles formed after 1 minute and increased

with time. It was also observed that by increasing the

collision time, peaks become sharper (Figure 4).

3.1.8. Effect of pH

The effect of pH was studied under the constant
concentration of metal ion at room temperature and
various solution pHs (pHs 6 to 10). There is an
enhancement in the absorbance with increasing the
solution pH and also at the higher pHs; the solution
color quickly changes into darker color (Figure 5).
The other hand, inset indicated that the difference
between the absorption spectrum of solution without
adjusting the pH and that with the pH adjusted to 7.5
is negligible. Therefore, in order to provide simplicity
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Figure 4. Effect of time duration on the formation of
AgNPs at the room temperature. The concentration of

AgNOs3 is 1.0 x 1072 mol L1,
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Figure 5. Effect of pH on the formation of AgNPs in
solution containing 1.0 x 1072 mol L™! AgNO3 at the
room temperature.
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Figure 6. Effect of reaction temperature on AgNPs
synthesis. AgNOj concentration is 1.0 x 1072 mol L™,

of the work procedure, the raw materials were used
without pH adjustment.

8.1.4. Effect of temperature

Production of AgNPs in a water bath at different
temperatures of 16 to 54°C and the SPR spectra
were studied. According to Figure 6, the highest
absorption was observed at 32°C and a further increase
in temperature leads to a decrease in the absorption
peak as a consequence of dissolution of the precipitate
in solution. Since the absorption of the solution at
room temperature (27°C) was acceptable, for the sake
of simplicity, this temperature was used.

3.2. Characterization of AgNPs

The size and morphology of the prepared AgNPs form
this method were monitored by TEM (Figure 7). The
spherical nanoparticles clearly have a narrow particle
size distribution with the largest having a diameter of
38 nm and average size of 12 nm.

30 nm
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Figure 7. TEM image of synthesized AgNPs.
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Figure 8. FTIR spectrum of synthesized AgNPs by

pollen extract from rose flower.

FTIR measurements were carried out to identify
the bio-molecules for capping and efficient stabilization
of the AgNPs synthesized by pollen extract. The
FTIR spectrum of AgNPs is shown in Figure 8. The
band of 3419 cm~! corresponds to O-H stretching H-
bonded alcohols and phenols. The peak of 2918 cm ™!
corresponds to C-H stretch. The assignment at
1629 cm~! corresponds to C=C and C=N bands. The
peak at 1052 cm™! corresponds to C-O-H and C-O-C
stretching alcohols, carboxylic acids, and ethers. The
peaks presented at 1425, 1052, 875, and 557 cm™!
correspond to C-C, C-N, and C-O. Therefore, the
synthesized nanoparticles were surrounded by sugars
and amino acids having functional groups of alcohols
and carboxylic acids.

3.3. X-ray diffraction

X-Ray Diffraction (XRD) pattern of dry nanoparticles
powder was obtained using X'Pert Pro MPD (PANalyt-
ical) X-ray diffractometer with CuKa radiation (A =
1.54 A). The experimental powder diffraction (XRD)
pattern of the prepared AgNPs is shown in Figure 9.
In the XRD pattern of AgNPs, diffraction peaks at
38.13°, 44.21°, 64.45°, and 77.47° are assigned to face-
centered cubic (fcc) metallic silver corresponding to
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Figure 9. X-ray diffraction pattern of synthesized AgNPs
by pollen extract from rose flower.

the (111), (200), (220), and (311) facets of the silver
crystals.

3.4. Size and shape of AgNPs

A large number of plants, reported to facilitate AgNPs
syntheses, are mentioned in Table 1. Table 1 shows
a comparison of the proposed method with some
other reported methods for extracellular biosynthesis
of AgNPs. It could be seen that the obtained values
for average size of AgNPs for the proposed method are
as or better than those of some previously reported
methods.
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3.5. Ewvaluation of the antibacterial effect of
AgNPs

Antibacterial activity of AgNPs to penetrate the Kirby-
Bauer against Gram-positive bacteria, including S.
aureus (PTCC1431) and Gram-negative bacteria in-
cluding E. coli (PTCC1394), B. cereus (PTCC1015),
and E. faecalis (PTCC1237), was investigated [7,34,35].
Whatman filter paper discs with a diameter of 5 mm
were placed in a solution of AgNPs for 24 hours to drive
the nanoparticles penetrate. The discs on Mueller-
Hinton agar plates, containing bacterial suspensions of
the desired concentration before 106 to 107 CFU mL~*,
were uniformly distributed on the surface they were
placed on. The discs impregnated with tetracycline, as
antibiotics, were placed on the plate. The disc drenched
in pollen extract was used as blank. Plates containing
discs were cultured for 24 hours at 35°C. The average
diameter of the area around the discs that stops the
growth of bacteria (Zone of inhibition) was measured
with a ruler (Figure 10). The diameter of inhibition
zone (mm) around each well with AgNPs solution is
represented in Table 2. As the results show, the highest
antimicrobial activity of synthesized AgNPs by pollen
extract were 13.0, 13.0, 11.0, and 0.6 against E. coli,
S. aureus, B. cereus, and E. faecalis, respectively.
The mechanism of inhibitory action of AgNPs
on microorganisms is partially known. AgNPs have

Table 1. Comparison of the sizes and shapes of the synthesized AgNPs by the proposed method with some other reported

methods for extracellular biosynthesis.

Plants Plant’s part Size (nm) Shape References
Cassia rozburghii Flower 5-360 Triangular [17]
Alternanthera dentate Leaves 10-50 Spherical [18]
Acorus calamus Rhizome 31 Spherical [19]
Tea Leaves 20-90 Spherical [20]
Pistacia atlantica Seeds 10-50 Spherical [21]
Centella asiatica Leaves 30-50 Spherical [22]
Syzygium cumini Leaf 53 Triangular [23]
Citrus sinensts Leaf 41 Triangular
Solanum tricobatum Leaf 52 Triangular
Centella asiatica Peel 42 Triangular
Argyreia nervosa Seeds 20-50 — [24]
Thevetia peruviana Latex 10-30 Spherical [25]
Eclipta prostrata Leaves 30-60 Triangles, Pentagons, Hexagons [26]
Meliadubia Leaf 35 Spherical [27]
Aloe vera Leaves 50-350 Spherical, Triangular [28]
Nelumbo nucifera Leaves 25-80 Spherical, Triangular [29]
Vitis vinifera Fruit 30-40 — [30]
Clitrus sinensis Peel 10-35 Spherical [31]
Cocos nucifera Inflorescence 22 Spherical [32]
Rose flower Pollen 12 Spherical This work
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Figure 10. Comparative study of inhibitory zones of (a)
E. coli, (b) S. aureus, (c) B. cereus, and (d) E. faecalis
bacteria with (A) pollen extract from rose flower (blank),
(B) synthesized AgNPs by pollen extract from rose flower,
and (C) tetracycline antibiotic on Mueller-Hinton Agar
plates after incubation at 35°C for 24 h. Conditions:

30.0 ug/disc of tetracycline; 1.0 x 10™* mol L™' AgNPs;
1.2 mg mL ! pollen extract.

Table 2. The zone of inhibition of synthesized AgNPs by
pollen extract from rose flower against various pathogenic
bacteria. Conditions: 30.0 ug/disc of tetracycline;

1.0 x 1072 mol L™ AgNPs; 1.2 mg mL ™! pollen extract.

Plants Pollen AgNPs Tetracycline
extract

Escherichia coli 0 13.0 13.0

Staphylococcus aureus 0 13.0 14.0

Bacillus cereus 0 11.0 19.0

Enterococcus faecalis 0 0.6 0.7

positive charge; it will attach to the negative charged
microorganisms by the electrostatic attraction in the
cell wall membrane [36]. AgNPs are associated with
thiol groups of cell wall resulting in the generation of
reactive oxygen species and disrupting the cell [37].
AgNPs’ binding with bacteria depends on the surface
area for the interaction. Smaller particles affect the

larger surface area of the bacteria; thus, they have more
bactericidal activity than the larger sized nanoparti-
cles [38]. The AgNPs are synthesized in this way to
prevent more than 97% of bacteria. Our experimental
results showed that the AgNPs, synthesized by pollen
extract, have a significant inhibitory effect on the
growth of microorganisms; so, they can be used to
prevent the growth and propagation of microbes in
different environments.

3.6. Determaination of minimum inhibitory
(MIC) and Minimum Bactericidal
Concentration (MBC)

The ability to inhibit bacterial growth for synthesized
AgNPs by pollen extract was determined by standard
dilution micro method, determining the MIC leading
to inhibition of bacterial growth. AgNPs, synthesized 2
to 8 times, were diluted with 100 pL of Mueller-Hinton
broth solution, and the lowest concentration, causing
inhibition of bacterial growth, can be measured by the
bacteria concentration of 10 to 107 CFU mL~'. The
MBC is the lowest concentration that causes death in
99.9% of bacteria and AgNPs are measured in bath
culture studies. In this study, at first, 10 uL of bacteria
was added into diluted AgNPs and then placed in
an incubator at 37°C. After 24 hours, each of the
solutions was grass cultured in Mueller-Hinton Agar
plates, separately. Then, all of them were placed in
incubator for 24 hours for their MIC and MBC to be
determined (Table 3). Figure 11 also shows the plate
of every bacteria, separately.

The inhibitory effect of AgNPs may also depend
on the CFU bacteria used in this experiment. As
the results show, the highest and lowest resistance
was observed for E. coli and E. faecalis, respectively.
Future research is required to evaluate the number of
parameters, such as optimum concentration of AgNPs,
needed for the inhibitory effect on bacteria and size
and shape of the AgNPs to understand the relationship
between these parameters and antibacterial activity.

4. Conclusions

This research is new, easy, fast, and compatible with
the environment to produce AgNPs. This method does
not require the use of complex physical and chemical

Table 3. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of AgNPs for

various microorganisms. Conditions: 30.0 ug/disc of tetracycline; and 1.2 mg mL™! pollen.

MIC (ug mL™")

MBC (pg mL™")

Culture Strain no.
Staphylococcus aureus PTCC1431
Escherichia coli PTCC1394
Bacillus cereus PTCC1015
Enterococcus faecalis PTCC1237

21.0 42.0
10.5 21.0
21.0 42.0
41.0 84.0
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E. faecalis |, !

Figure 11. Bacteria grow on the agar plates at different
concentrations of AgNPs. The concentrations of AgNPs,
used against every bacteria of E. coli, S. aureus, and B.
cereus, were (a) 5.2, (b) 10.5, (c¢) 21.0, and (d)

42.2 pgmL~Y; but for E. faecalis bacteria, these
concentrations were (a) 10.5, (b) 21.0, (c) 42.0, and (d)
84.2 ug mL~'. Conditions: 30.0 ug/disc of tetracycline,
1.2 mg mL ! pollen extract.

processes as well as harmful chemicals of silver ions
to reduce their stability. Spherical silver nanoparticles
were synthesized with the help of rose flower pollen
extract and the resulting nanoparticles were stable in
water. The synthesized nanoparticles, having antibac-
terial properties against both Gram Gram-positive
bacteria (S. aureus) and Gram-negative bacteria (F.
coli, B. cereus and E. faecalis), were examined and were
found to be effective in inhibiting the growth of bacteria
used in the medical field applications.
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