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Abstract Developing low cost and environmentally

friendly methods for metallic nanoparticles is an increasing

need. Using plants towards synthesis of nanoparticles are

beneficial with the presence of bio-molecules in plants,

which can act as capping/stabilizing and reducing agents.

In the present attempt, we describe rapid biosynthesis of

silver nanoparticles by Satureja intermedia C. A. Mey

(Lamiaceae) aqueous extract. Synthesized nanoparticles

were characterized by UV–Visible spectroscopy, X-ray

diffraction (XRD), transmission electron microscopy

(TEM) and the chemical groups in plant extract were

detected by Fourier Transform Infra-Red (FT-IR) spec-

troscopy. The XRD study showed crystalline nature and

face cubic center shape for nanoparticles. TEM study

showed that the mean diameter and standard deviation for

the silver nanoparticles were 29.29 ± 28.18 nm. Total

phenolic and flavonoid contents and radical scavenging

activity of the aqueous extract and SNPs/extract mixture,

were also evaluated in this study. It can be concluded that

the aerial parts of S. intermedia is a good source of phe-

nolic compounds, a potent antioxidant and a valuable

choice for bio-reduction and biosynthesis of silver

nanoparticles.
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Phenolic compounds � Flavonoids � Radical scavenging
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Introduction

Nanotechnology is one of the most fascinating research

areas in modern material science. In general, particles with

a size less than 100 nm are referred to as nanoparticles.

Entirely novel and enhanced characteristics such as size,

distribution and morphology have been revealed by these

particles in comparison to the larger particles of bulk

material [1]. Nanoparticles are gaining importance in the

fields of biology, medicine and electronics owing to their

unique physical and biological properties [2]. Among the

metallic nanoparticles, Silver has been enormously utilized

for its diverse applications in the fields of bio-labeling, opt

biosensors, polarizing filters, electrical batteries, cancer

cell imaging, drug delivery systems etc. [3]. Silver has long

been recognized as having an inhibitory effect toward

many microorganisms [4] while it is not toxic to human

cells in low concentrations [5]. The most widely used and

known applications of silver and silver nanoparticles are in

the medical industry; for example, in topical ointments to

prevent infection of burns or open wounds and also in

medical devices and implants [6].

Many techniques of synthesizing silver nanoparticles

(SNPs) have been reported in the literature; and chemical

reduction is the most commonly used method for the

preparation of SNPs [7]. Reducing agents commonly used

in chemical reduction are borohydride, citrate, ascorbate,

and elemental hydrogen [8]. Most of these methods are

extremely expensive and also involve the use of toxic and

hazardous chemicals, which may pose potential environ-

mental and biological risks. Since noble metal nanoparti-

cles are widely applied to areas of human contact, there is a

growing need to develop environmental friendly processes

for nanoparticle synthesis that do not use toxic chemicals

[9].
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Nowadays, green synthesis of nanoparticles from plants

is an utmost emerging field in nanotechnology. Previously,

noble nanoparticles were synthesized by using various

plant materials like: Mentha piperita [10]; Ipomoea pes-

caprae [11]; Ocimum sanctum [12]; Amaranthus dubius

[13] etc. The exact mechanism of SNPs synthesis mediated

by plant extracts is not yet fully understood. It is expected

that plants with higher reducing capacity are more potent in

reducing metallic ions to metallic nanoparticles [14].

Phenolic compounds are the major constituents of antiox-

idants of most plant species and their antioxidant activity is

mainly due to their redox properties. As a result, they can

act as reducing agents in neutralizing free radicals [15, 16]

and the reduction of metallic ions to metallic nanoparticles

[17].

In this study, we evaluated total phenolic and flavonoid

contents in aqueous extract of Saturaja intermedia C.

A. Mey (Lamiaceae). Results showed that the extract is

rich of these biomolecules and the plant can be a good

choice for bio-reduction processes. So we investigated

biosynthesis of SNPs mediated by the aqueous extract of S.

intermedia and found an easy and rapid procedure for this

purpose. Anti-oxidant activity of the extract and the SNPs/

extract mixture, were also evaluated in this study.

Experimental

Chemicals

1, 1-Diphenyl-2-picrylhedrazyl (DPPH) and Gallic acid

were prepared from Sigma-Aldrich (US). Quercetin, Folin-

Ciocalteu reagent, Aluminum chloride, Sodium bicarbon-

ate, Sodium acetate, Butylated hydroxyl toluene (BHT),

Silver nitrate and all the solvents were purchased from

Merck (Germany).

Instrumental

UV–Visible spectrophotometer (CECIL, CE 7800, UK);

X-Ray diffractometer (Intel, EQUINX -3000, France); FT-

IR spectrophotometer (Perkin-Elmer, Spectrum100, Ger-

many); Transmission electron microscope (TEM)

R1GMAVP, Zeiss, Germany); Ultrasonic (Elma, S15H,

Germany); Centrifuge (EBA20, Hettich, Germany).

Plant material

The aerial parts of Satureja intermedia C. A. Mey (in-

cluding leaves, stems and flowers), was collected during

flowering stage from Gardaneh Almas (2350–2400 m),

between Astara and Ardabil, (Iran), on June 2014. Voucher

specimen (No: 83139) has been deposited at the Herbarium

of Research Institute of Forests and Rangelands (TARI),

Tehran, Iran.

Preparation of the extracts

Dried and powdered aerial parts of Satureja intermedia

(20 g) were soaked in de-ionized water (200 mL) and

boiled for 10 min. After filtration, the extract was con-

centrated to 1/3 initial volume and then centrifuged at

4000 rpm for 15 min and kept in a dark bottle at 22 �C for

further uses.

Total phenolic contents

Determination of total phenolic contents was carried out

following the Folin-Ciocalteu method by Singleton and

Rossi [18]. Briefly, 100 lL of the extract (20 mg/mL)

was mixed up with 0.75 mL of Folin-Ciocalteu reagent

(previously diluted 10-fold with distilled water) and

allowed to stand at room temperature (22 �C) for 5 min.

Then 0.75 mL of sodium bicarbonate (60 mg/mL) solu-

tion was added and mixed thoroughly. Finally, the

sample was measured spectrophotometrically at 765 nm

after 90 min at room temperature. The experiment was

also repeated for the mixture including synthesized sil-

ver nanoparticles and the plant extract. A calibration

curve was plotted for the standard solutions of Gallic

acid (0–100 ppm) with the standard curve equation ðY ¼
0:0105X þ 0:0138;R2 ¼ 0:9955). Total phenolic contents

of the samples were expressed in terms of Gallic acid

equivalent (mg/L and or mg/g). Experiments were per-

formed in triplicate and expressed as mean ± standard

deviation (SD).

Total flavonoid contents

Total flavonoid contents were determined by aluminum

chloride colorimetric method which is based on the for-

mation of a complex flavonoid-aluminum having the

maximum absorption at 415 nm [19]. Briefly, 0.5 mL of

the extract and the mixture including extract and silver

nanoparticles (20 mg/mL) were dissolved in methanol

(1.5 mL) separately, and then 10 % aluminum chloride

(0.1 mL) and 1.0 M sodium acetate (0.1 mL) were added

to the samples. Finally, distilled water (2.8 mL) was added,

and the solutions were incubated at room temperature.

After half an hour the absorbance of the reaction mixtures

was measured at 415 nm by a UV–Visible spectropho-

tometer. The calibration curve was plotted by employing

the same procedure for the standard solutions of quercetin

(0–100 ppm) with the standard curve equation
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(Y ¼ 0:0673X þ 0:0051;R2 ¼ 0:9961Þ. Flavonoid contents

of the extract and SNPs/extract mixture were expressed in

terms of quercetin equivalent (mg/L and or mg/g). Exper-

iments were performed in triplicate and expressed as

mean ± standard deviation (SD).

Synthesis of silver nanoparticles

A 100 mL aliquot of a 0.01 M solution of AgNO3 was

gradually added to 20 lL of the aqueous extract of Sa-

tureja intermedia. The mixture was kept in an ultrasonic

during the addition, and then was stirred in a magnetic

stirrer (500 rpm) at room temperature for 48 h. Silver

nanoparticles were gradually obtained during the reaction.

The solution turned light yellow after 2 h and then a dark

brown color appeared, indicating the formation of SNPs.

The synthesized nanoparticles were filtered with a mem-

brane filter paper (0.2 lm) and washed by de-ionized

water. Finally, SNPs were dried for one hour in an oven at

100 �C and kept at room temperature for further

evaluations.

DPPH radical scavenging assay

Electron donation ability of the extract, SNPs/extract mix

and BHT as a standard were measured from the bleaching

of the purple-colored methanol solution of DPPH. To

determine the radical scavenging ability, the method

reported by Bondet et al. was used [20]. Briefly, 2.5 mL of

DPPH solution in methanol (40 lg/mL) (freshly prepared),

was added to 10 lL of the samples. After 30 min incuba-

tion in dark, absorbance of the test tubes, were taken by a

spectrophotometer at 517 nm. The percentage of scav-

enged DPPH was calculated using the following equa-

tion:%I ¼ 100 Ac�AS

Ac

h i
, where Ac is the absorbance of

control (containing all reagents except the test samples),

and As is the absorbance of sample. Experiments were done

in duplicate and the average was calculated for the absor-

bance of each test tube.

Characterization of silver nanoparticles

UV–Visible absorbance spectroscopy of synthesized SNPs

was performed. The sample was prepared by diluting

50 lL of the mixture (collected at the end of reaction) in

3 mL of de-ionized water. The wave length was ranged

from 200 to 800 nm and de-ionized water was used as

blank. Fourier-Transform Infra-Red (FT-IR) spectra was

carried out by KBr pellet method to identify the possible

chemical functional groups and bonds in the synthesizing

medium containing the plant extract responsible for the

reduction and capping SNPs. Crystalline nature of metallic

silver nanoparticles was examined using an X-ray diffrac-

tometer, equipped with Cu Ka radiation source using Ni as

filter at a setting of 30 kV/30 mA. Transmission electron

microscopy (TEM) was performed for the determination of

morphology, size and crystalline nature of the synthesized

SNPs.

Results and discussion

Total phenolic and flavonoid contents of the aqueous

extract of S. intermedia and SNPs/extract mix were eval-

uated (Table 1). As it is seen the plant is rich in flavonoids

(21.123 ± 0.0698 mg/L; 2.006 ± 0.0087 mg/g) and phe-

nolic compounds (25.289 ± 0.0698 mg/L; 2.398 ±

0.0028 mg/g). Total flavonoids and phenolic compounds in

silver suspension were found (3.758 ± 0 mg/L; 0.357 ±

0 mg/g) and (5.352 ± 0.078 mg/L; 0.507 ± 0.0031 mg/g),

respectively. Each sample had three replicates and data

were shown as mean ± standard deviation (SD).

In the next part of our study, green synthesis of silver

nanoparticles through S. intermedia aqueous extract was car-

ried out. The appearance of pale yellow to dark brown col-

oration of the reaction mixture indicated the biosynthesis of

silver nanoparticles (Fig. 1). It is well known that silver

nanoparticles exhibit striking colors (light yellow to brown)

due to the excitation of surface Plasmon vibrations in the

particles [21].

Table 1 Total phenolic and flavonoid contents of Satureja intermedia aqueous extract and silver nanoparticles/extract mixture

Phenolic contents (mg/L)a Phenolic contents (mg/g)b Flavonoid contents (mg/L)c Flavonoid contents (mg/g)d

Extract 25.289 ± 0.0698 2.398 ± 0.0028 21.123 ± 0.0698 2.006 ± 0.0087

SNPs/extract 5.352 ± 0.078 0.507 ± 0.0031 3.758 ± 0 0.357 ± 0

Values are expressed as mean ± SD, n = 3
a Total phenolic content in terms of Gallic acid equivalent (mg of Gallic acid/L of the extract and or SNPs/extract mixture)
b Total phenolic content in terms of Gallic acid equivalent (mg of Gallic acid/g of dried plant material)
c Total flavonoid content in terms of quercetin equivalent (mg of Quercetin/L of the extract and or SNPs/extract mixture)
d Total flavonoid content in terms of quercetin equivalent (mg of Quercetin/g of dried plant material)
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Fig. 1 Color changes before

(a) and after (b) biosynthesis of
SNPs by Satureja intermedia

C.A. Mey (c) aqueous extract

Fig. 2 UV-Vis absorption spectra of a Satureja intermedia C. A. Mey and b SNPs/Satureja intermedia extract mixture
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UV–Visible spectra analysis

UV–Vis spectrum of SNPs showed a strong surface Plas-

mon resonance centered at 475 nm (Fig. 2) confirmed the

nanocrystalline character of the particles [22]. It is gener-

ally recognized that UV–Vis spectroscopy could be used to

examine size and shape-controlled nanoparticles in aque-

ous suspensions [23]. Silver nanoparticles have free elec-

trons, which give rise to an SPR absorption band due to the

combined vibration of electrons of metal nanoparticles in

resonance with the light wave [24, 25].

XRD analysis

X-ray diffraction analysis was carried out to confirm the

nature of nanoparticles (Fig. 3). The high intense peaks at

2h degrees of 38.18, 44.54, 64.86, 77.55 and 81.54 can be

attributed to the (111), (200), (220), (311) and (222) Bragg

reflections, respectively, which confirm the face centered

cubic (FCC) structure of SNPs. The intensity of peaks

reflected the high degree of crystallinity of the silver

nanoparticles. However, the diffraction peaks are broad

which indicating that the crystallite size is very small.

Apart from these, there were also few other sharp peaks,

which might be due to the existence of the organic phy-

tochemicals in the mix [26]. The average size of SNPs was

calculated 25.05 nm, according to Debye–Scherrer equa-

tion: ðD ¼ Kx=b cos h). The equation uses the reference

peak width at angle h, where x is the X-ray wavelength

(1.540560 Å), b is the width of XRD peak at half height

and K is the shape factor with value 0.9.

TEM study

A typical transmission electron microscope (TEM) image

of the nanoparticles formed is presented in Fig. 4. The

result showed narrow particle size distributions with

diameters in range of (1.11–57.47) nm. Result was estab-

lished base on 429 individual measurements. The mean

diameter and standard deviation of silver nanoparticles

were found 29.29 ± 28.18 (nm).

FT-IR analysis

Fourier transform infrared spectroscopy (FT-IR), is a

technique which is used to analyze the chemical

Fig. 3 X-ray diffraction spectrum of silver nanoparticles synthesized by Satureja intermedia C. A. Mey aqueous extract
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composition of many organic chemicals. FT-IR spectrum

of plant extract before and after synthesis of SNPs was

carried out to identify the possible bio molecules respon-

sible for the capping and stabilization of nanoparticles

(Fig. 5). The broad peak at about 3400 cm-1 corresponds

to stretching vibrations of O–H bonds in alcohols, phenols

and N–H bond of amides. The strong band at 1620 cm-1 is

attributed to the C=C stretch in aromatic rings attributed in

polyphenols and also may correspond to C=O stretch in

amides. The bonds at 1000–1300 corresponds to C–C, C–O

and C–N stretching vibrations in alcohols, phenols, esters,

carboxylic acids and amides. This suggests that flavonoids,

Fig. 4 TEM images and

corresponding size of SNPs

synthesized by Satureja

intermedia C. A. Mey extract

Fig. 5 FT-IR analysis of a SNPs/Satureja intermedia C.A. Mey

extract mixture and b Satureja intermedia aqueous extract
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Phenolic compounds and proteins present in aqueous

extract of the plant species could be responsible for the

reduction of silver ions and for the stabilization of the

phythosynthesized SNPs.

DPPH scavenging assay

Radical scavenging effect of the aqueous extract and SNPs/

extract mixture, were evaluated by DPPH scavenging

assay. As shown in Fig. 6 the aqueous extract of S. inter-

media exhibited higher scavenging activity in concentra-

tions 2 and 0.2 (lg/mL) compared to SNPs/extract mixture

and DPPH (as a standard). By reducing the concentration to

0.02 lg/mL and lower, BHT was more effective than the

aqueous extract and the mixture of SNPs/extract. We can

observe a correlation between the concentration of the

extract and radical scavenging effect. It means that by

reducing the concentration, hence reducing the level of

biomolecules in the extract, the antioxidant activity will

drop. Total antioxidant capacity of aqueous plant extract

defines the electron supplying capacity of the extract. It

could be related to SNPs formation rate, since SNPs for-

mation relies on the reduction of Ag? in which the electron

is supplied by the molecules in the extract.

There are many reports in the literature which shows the

relation between phenolic content, antioxidant activity and

potent in green synthesis of SNPs. Goodarzi et al. evalu-

ated the antioxidant potential, total reducing capacity and

SNPs synthetic potential of methanolic leaf extracts of

seven plant species. They revealed that plants with high

antioxidant potentials also showed higher total phenolic

contents and total reducing capacity. In fact, the order of

the plants reducing capacity was similar to that of their

antioxidant potential [14]. Subramanian et al. demonstrated

that the stem bark extract of Shorea roxburghii contain

high level of total phenolic compounds and radical scav-

enging activity. They also revealed that the plant extract

could be used as an efficient green reducing agent for the

production of SNPs [27]. Ahmad et al. reported that the

phenolic compounds in pineapple, exhibit excellent

antioxidant activity and these phenols can react with a free

radical to form the phenoxy radicals. Therefore, the use of

natural antioxidants for the synthesis of SNPs seems to be a

good alternative which can be due to its benign composi-

tion [28].

Although it is still under dispute, various biomole-

cules existing in aqueous plant extracts such as

polyphenols, polysaccharides, proteins, etc. have been

proposed to take role in SNPs formation [29, 30]. A

majority of such biomolecules known as antioxidants

[31, 32] are, in fact, successfully employed in the

chemical synthesis of SNPs.

Conclusion

High amounts of flavonoids and phenolic compounds and a

high potent of radical scavenging activity were evaluated

for S. intermedia aqueous extract. A simple green synthesis

of stable silver nanoparticles using Satureja intermedia

aqueous extract was also reported in this study. These

nanoparticles were synthesized with an average size of

29.29 ± 28.18 and spherical in shape and were character-

ized by XRD, TEM, UV–Visible and FT-IR spectroscopy.

This eco-friendly method could be a competitive alterna-

tive to the conventional physical/chemical methods used

for synthesis of silver nanoparticles. Plants with high

antioxidant and reducing capacities are not only useful for

the green synthesis of metallic NPs, but also for the pre-

vention or reduction of the harmful effects of reactive

oxygen species (ROS), generated during normal cellular

metabolism of plants and animals.
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