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Abstract

Plant extract could be an alternative to traditional chemical methods for the production of metallic
nanomaterials in a clean, nontoxic and ecologically sound manner. In the present study, we aimed to
develop a rapid ecofriendly method for the synthesis of both silver and gold nanoparticles using
pomegranate peel extract (PPE). The bioactive constitutes and the potential antioxidant capacity of
pomegranate (Punica granatum L.) extract seems to play a role in the production of metal
nanoparticles. Biosynthesis of metal nanoparticles using PPE gives high yield of nanoparticles. The
resulted nanoparticles provided high monodisperse character with an average particle size 50 nm for
gold nanoparticles and 20 nm for silver nanoparticles. Moreover, rapid biosynthesis of silver
nanoparticles occurred only at alkaline media. The production of nanoparticles by this method is

extremely fast, ecofriendly and stable for several weeks with no additional surfactants.
Keywords: Nanoparticles; biosynthesis; plant extract; silver; gold; polyphenols.
1. Introduction

Metallic nanoparticles have been synthesized using different chemical methods, producing hazardous
materials. Environmental issues of nanotechnology are becoming increasingly prominent area of

research; therefore there is a need to synthesize nanoparticles that are safe and environmental friendly.
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Biosynthesis of nanoparticles could be an alternative to traditional chemical methods for the production
of metallic nanomaterials in a clean, nontoxic and ecologically sound manner [1-3].

Recently, biosynthesis of nanoparticles using plant extract has emerged an easy and viable alternative
to traditional chemical and physical methods. Synthesis of nanoparticles using plants can provide more
biocompatible nanoparticles than chemical synthesis. Whereas chemical synthesis may lead to the
presence of some toxic chemical species on the surface of nanoparticles that may have undesirable
effects in biomedical applications[4]. Several studies have demonstrated that biomolecules identified
from biological organisms can be used to control the nucleation and development of the inorganic
nano-structures[5]. Preparation of gold and silver nanoparticles by living plants were firstly reported by
Gardea-Torresdey et al., 1999[6]. The use of plant extract for the synthesis of nanoparticles could be
advantageous over other environmentally benign biological processes by reducing the complicated
methods of maintaining cell cultures[7].Previously it was reported that plant extracts that contain
different constitutes like polysaccharides, antioxidant metabolites, phenolic compounds and flavonoids

[8-10] have been used for the biosynthesis of nanoparticles.

Pomegranate (Punica granatum L.) is a wide fruit that cultivated throughout the mediterranean regions.
Numerous studies were reported on the antioxidant properties of pomegranate constituents[11]. It was
reported that pomegranate contains some species of flavonoids and anthocyanidins, and shows potent
antioxidant activity[12]. In particularly, the most essential constituents of pomegranate peel are
phenolic compunds; gallic acid and other fatty acids; flavonols; flavones, flavanones; and

anthocyanidins [11].

After all of the above, the question raised is whether pomegranate can reveal efficiency in the
biosynthesis of metal nanoparticles? This question prompted us to investigate the effect of
“pomegranate peel extract” in the biosynthesis of metal nanoparticles. However, the use of
pomegranate peel extract for the biosynthesis of metal nanoparticles has not been reported yet.
Therefore, in the current study, we evaluate the biosynthesis of both silver and gold nanoparticles from

pomegranate pericarp extract.

2. Materials and Methods
2.1. Materials

All chemicals were used without further modification or purification. All solutions of reacting
materials were prepared in deionized water prepared with a Milli-Q water purification system. All the
glass containers were washed with aqua regia (HCI: HNO3; = 3:1 (v/v)) and then with Milli-Q water.
Double distilled (d.d) water was used in all experiments. Silver nitrate (AgNQOs;), chlorauric acid
(HAuCl,) and sodium hydroxide were purchased from (Sigma Aldrich). A stock solution of
tetrachloroauric acid (100 mM) were prepared by dissolving a carefully weighed quantity of HAuCl, in

d.d water, in a conical flask. By the same way, a stock solution of silver nitrate (10 mM) was prepared.

2.2. Preparation of Pomegranate pericarps Extract
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Thirty grams powder of dried pomegranate peel was soaked in 400 ml of deionized water. In this
process, extraction is done by incubating the flask on an orbital shaker at the room temperature and
agitating at 90 rpm for 24 hours. After the extraction, the aqueous solution was filtrated through
Whatman filter paper number one. The reddish brown extract was kept in a dark bottle in the

refrigerator at low temperature until use.

2.3. Biosynthesis of Metallic Nanoparticles

The biosynthesis reactions were performed (in volume of 10 ml) in sterile tubes containing double
distilled water. Different volumes from the previously prepared pomegranate extract (30, 50,100, 150,
200&500puL) were added to the reaction tubes. The effect of pH was examined by adjusting the pH of
the reaction tubes to different values 4, 7 and pH 10 using HCI and NaOH 1M solutions. Then 1ml
from (10 mM) stock solutions of both tetrachloroauric acid and silver nitrate were added separately to

the reaction tubes to obtain the final concentrations 1 mM.

2.4. Characterization of nanoparticles

The shape and size of the nanoparticles (Nps) were determined by transmission electron microscopy
(TEM). Analyses were performed using a JEOL 2010F field-emission gun operating at 120 kV. A drop
of highly diluted sample solution was deposited on an amorphous carbon-copper grid and left to
evaporate at room temperature. For absorption measurements, aliquots (200 pl) of the resulting
nanoparticles were transferred in 96-well plates, and absorptions were recorded within scan range of
350:750nm using UV-visible Power wave microplate reader spectroscopy (Biotech, USA). Data points

represent mean values of at least three independent experiments.

3. Results & Discussion

In terms of the environmental concerns, green methods for the synthesis of nanoparticles are
heightened to overcome the massive amount of hazards associated to the conventional methods.
Biosynthesis of nanomaterials from plant extract offers a valuable contribution to nanobiotechnology.
Recently, bio-reduction of metallic ions based on plant extracts are being attempted due to the ease of
synthesis and greater stability of nanoparticles [2,13]. It was found that, by adding PPE to the aqueous
solution of HAUCI,, the color of the reaction mixture changed immediately from pale yellow to red.

Increase in the amount of added PPE changed the color gradually to dark red.

Based on the absorption spectra, the biosynthesized AuNps with different values of pomegranate
extract showed surface plasmon resonance (SPR) bands at about 540 nm as shown in Figure 1. These
bands arise due to the surface plasmon-oscillation modes of conduction electrons, which are coupled,

through the surface to external electromagnetic fields [14]. The single symmetrical SPR band
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suggested that the synthesized AuNps were almost spherical shape [15], which confirmed by the TEM
image. Moreover, the increase in the amount of added PPE induces an increase in the absorption

intensity without any shift in SPR.
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Fig. 1. UV-visible spectra of gold nanoparticles. Gold nanoparticles prepared from different
values of pomegranate extract (30, 50, 100, 200,500uM).

TEM showed that the average particles size is 50 nm, (Figure 2,A) and the selected area electron
diffraction pattern (Figure 2,B) indicated that the synthesized AuNps are single crystal. AuNps was
observed immediately at neutral pH as reported previously [16]. By the same way, addition of PPE to
the aqueous solution of silver nitrate, changed the color of the reaction mixture from pale yellow to
brown, indicating the formation of AgNps [8,17].

The synthesized AgNps show a single SPR at 410 nm (Figure 3). TEM of the synthesized AgNps
showed average particles size at 20 nm, (Figure 4,A) and the selected area electron diffraction pattern
(Figure 4,B) showed that the synthesized AgNps are single crystal. It was observed that AgNps could
be synthesized only at pH (10.5), whereas the reducing ability of bio-molecules is significantly
increased at alkaline condition [18]. In absence of the hydroxide ion, the time taken for reduction of
Ag" ions was longer[19,20].
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Fig. 2. Transmission electron microscopy (TEM) images of gold nanoparticles. (a) ; TEM of the
biosynthesized gold nanoparticles & (b); selected areas electron diffraction pattern corresponding to a.
Gold nanoparticles were prepared from pomegranate extract (100uM) with HAuCl, concentrations
ImM.
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Fig. 3. UV-visible spectra of silver nanoparticles. Silver nanoparticles prepared from different values of
pomegranate extract (30, 100, 150uM).
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(a) (b)

Fig. 4. Transmission electron microscopy (TEM) images of silver nanoparticles. a; TEM of the
biosynthesized silver nanoparticles & b; selected areas electron diffraction pattern corresponding to a.

Silver nanoparticles were prepared from pomegranate extract (150uM).

At the time being, mechanism leading to the biosynthesis of metal nanoparticles is not yet fully
understood. However, phenolic compounds that considered as one of the most essential constituents in
PPE [11,21] could play a vital role in the reduction of metal ions (M") to metal nanoparticles (M°)
[2,22].

The resulted nanoparticles were stable for several weeks without addition of any surfactants. This
stability could be due to the presence of flavonoids in PPE [11,12,23], which could cover the surface of
nanoparticles. It was stated that, flavonoids in plant extract are surface active molecules that play a

vital role in covering or capping the surface of metal nanoparticles [24,25].

In general, by increasing the amount of added PPE, the intensity of SPR of the resulted metal

nanoparticles increased. The highest value of the biosynthesized AuNps was obtained after addition of
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100pL PPE (Figure 1) while that for AgNps was 150uL (Figure 3). In addition, no more increase in

intensity of SPR was observed even by increasing the amount of added PPE.

4, Conclusion

The production of metallic nanoparticles from pomegranate extract is a rapid, easy and clean way
providing an innovative methodology to Nanobiotechnology. Nanoparticles synthesized by this process
were stable for several weeks. Therefore, biosynthesis of metal nanoparticles using pomegranate
extract will be a better alternative method to traditional, physical, and chemical and even the microbial

synthesis.
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