
ASIAN JOURNAL OF CHEMISTRYASIAN JOURNAL OF CHEMISTRY
http://dx.doi.org/10.14233/ajchem.2014.17693

INTRODUCTION

There is great growth in the metal nanoparticles (MNPs)

fabrication1. They are widely applied in the field of science

and technology. Recently, silver nanoparticles (AgNPs ) have

drawn thorough attention because of their low-cost and unique

properties which lead to great applications in industrial fields2-4.

Currently, a large number of physicochemical and biological

methods used to synthesize of MNPs5. To overcome the toxicity

problem in synthesis, environmentally green methods have a

major role for nanoparticles production6. Numerous methods

have been used for the green synthesis of NPs using micro-

organisms, micro-fluids and plant extracts7. Using either

microorganisms or plant extracts have researchers attention.

It is an economic, simple and eco-friendly method8. Using

microorganisms9 is time consuming for microorganisms

maintenance while plant extract need less time. Plant extracts

are readily available, easy to handle, cost effective, and have

been well explored for the green biosynthesis of MNPs10.

Furthermore, the biologically active molecules in the plant

extract act as functionalizing ligands, making these nano-

particles more appropriate for biomedical requests11.

Spinach (Spinacia oleracea) is an edible flowering plant

in the family of Amaranthaceae. It is one of the most important

antioxidative vegetables, usually consumed after boiling either

fresh or frozen leaves. Freshly cut spinach leaves contain

approximately1,000 mg of total flavonoids per kilogram. The
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possible presence of flavonoid-like compounds in spinach was

first reported2 in 1943, but nearly after 20 years before the

structure of the flavonol isolated from spinach leaves was estab-

lished as patuletin (3,5,7,3',4'-penthahydroxy-6-methoxy-

flavone) and the presence of spinacetin was confirmed3. In

addition, the existence of several flavonol glycosides in a

methanolic extract of spinach leaves was reported4,5. The

occurrence of atleast 10 flavonoid glycosides has now been

reported in spinach.

Hence, the present study was designed to prepare silver

nanoparticles using bio-green method with aqueous extract

of Spinacia oleracea. The formed AgNPs were characterized

using UV-visible spectroscopy. Understanding of the in situ

particle stabilization mechanism are reported in this study.

EXPERIMENTAL

All chemicals and reagents used in the present study are

of high purity and are obtained from Sigma and Merck. All

glasswares were washed with nitric acid, distilled water and

dried in oven. Spinacia oleracea were collected from were

collected from local market of Riyadh, Saudi Arabia.

Preparation of Spinacia oleracea extract: The fresh

plant leaves (Fig. 1) were washed several times with running

tap water and then with distilled water. 20 g of dried leaves

were weighed and boiled for 15 min in 100 mL Milli-Q water

and then the extracts were filtered through Whatmann filter

paper No. 1. The filtered extract was stored in refrigerator at 4 °C.
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Fig. 1. Spinacia oleracea leaves

Bio-green synthesis of silver nanoparticles: The synthesis

of nanoparticles by bio-green method was carried by adding

10 mL of aqueous extract of Spinacia oleracea (Fig. 2a) to

50 mL of 1 mM silver nitrate solution and kept for incubation

at room temperature for 2 h. The overall reaction process was

carried out in dark to avoid unnecessary photochemical

reactions. The color change of the silver nitrate solution from

colourless to brownish yellow was observed by naked eye

(Fig. 2b) and the bio reduced sample component was con-

firmed by UV-visible spectroscopy. The obtained Spinacia

oleracea AgNPs were purified through repeated centrifugation

at 11,500 rpm for 20 min and washed with distilled water. The

Spinacia oleracea AgNPs were collected and redispersed in

deionized water for characterization.

Fig. 2. Biosynthesis of AgNP susing Spinacia oleracea leaves visible

observations: (a) plant extract (b) silver nanoparticles

UV-visible spectroscopy: Formation of AgNPs was

monitored by measuring the UV-visible spectra of the respec-

tive solutions after diluting it 20 times with deionized water.

The spectrum was measured by using UV-1700 Shimadzu UV-

visible spectrophotometer from 300 to 600 nm. Deionized

water was used as the blank.

RESULTS AND DISCUSSION

Preparation and characterization of silver nanopar-

ticle: AgNPs formation of silver nitrate and Spinacia oleracea

water extract can be easily seen by the color change of the

mixture from green to yellowish brown color which is specific

to AgNPs as seen in Fig. 2. This color arises from excitation

of surface plasmon vibrations in the metal nanoparticles12,13

due to collective oscillation of free electrons present in the

reduced AgNPs14. Such visual observations on a change color

due to the synthesis of gold nanoparticles have been reported

earlier15.

Due to, surface plasmon resonance (SPR) phenomenon,

UV-visible spectroscopy is is used in characterization of meta-

llic nanoparticles16. Fig. 3 shows the UV-visible absorption

spectra of the Ag nanoparticles at different time intervals (10,

20, 30, 60 and 90 min). The obtained absorption peak is

centered on 420 nm. Typical AgNPs having λmax values in the

visible range of 400-500 nm17. This observation obviously

shows the successful reduction of Ag using Spinacia oleracea

water extract. Surface Plasmon peak observed confirms the

effect of aqueous Spinacia oleracea extract in reducing Ag+

ions to Ag nanoparticles. The formation of Ag-nanoparticles

was found to rise with reaction time from 10 to 90 min. The

broad spectra formed at short reaction time due to the presence

of particles with a wide size distribution. The slight shift in

the peak to shorter wavelength with time observed may be

attributed to slight modification in the size and shape of nano-

particles18. As the time increases, the absorption peak becomes

sharp. This due tothe formation of the poly dispersed Ag-

nanoparticles originally that become mono-dispersed spherical

nanoparticles with increasing reaction time. Therefore, mixing

time is an important factor in determining the size distribution

of Ag- nanoparticles inferred at room temperature.

A
b
s
o

rb
a

n
c
e

2.000

1.800

1.600

1.400

1.200

1.000

0.800

0.600

0.400

0.200

0.000
200 250 300 350 400 450 500 550 600

Wavelength (nm)

10 min

20 min

30 min

60 min

90 min

Fig. 3. UV-visible spectra of AgNPs synthesized by Spinacia oleracea

leaves at different time intervals
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Mechanism of the formation of silver nanoparticle:

Spinacia oleracea water extract, containing different phyto-

chemicals, including flavonoids, exhibit antioxidative, anti-

proliferative that considered as active components and have

antiinflammatory properties in biological systems. Phenolic

acids are other large family of secondary metabolites having

hydroxyl benzoic or hydroxyl cinnamic structures. They possess

hydroxyl and carbonyl groups which are able to bind to metals19.

Phenolic compounds may inactivate ions by chelating. Due to

the high nucleophilic character of the aromatic rings rather

than to specify chelating groups in the structure of these mole-

cules.

Conclusion

We introduce a simple, fast and economical biological

procedure to synthesize silver nanoparticles using Spinacia

oleracea water extract as reducing and capping agents. UV-

visible techniques confirm the reduction of silver ions, exposed

to this plant extracts, to silver nanoparticles. The presence of

phenolic compounds may be the key factors for the formation

of silver nanoparticles. Biological synthesized AgNPs could

be of immense use in the medical field for their efficient anti-

microbial function. Moreover, this study can be extended to

prepare similar other metal nanoparticles also.
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