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Abstract

Nowadays, green synthesis of metal nanoparticles has become a promising synthetic strategy
in nanotechnology and materials sciences. In this research, biosynthesis of silver nanoparticles
(AgNPs) was successfully accomplished in the presence of Prosopis farcta fruit extract as
a reducing agent. Proceeding of the reaction was assessed by using UV—vis spectroscopy.
Characterization of silver nanoparticles was carried out by X-ray Diffraction spectroscopy
(XRD) and transmission electron microscopy (TEM). The influence of process variables such
as temperature, reaction time, and extract concentration was also investigated to optimize the
biosynthesis of silver nanoparticles. The average size of synthesized AgNPs was 12.68 nm
(10.26-14.65 nm). Furthermore, fruit extract and AgNPs were evaluated for total phenolic
and flavonoid contents and were subjected to determine their antiradical scavenging activity
using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and ferric reducing antioxidant power (FRAP)
assay and antimicrobial activity against Staphylococcus aureus, Streptococcus pneumonia,
Escherichia, Salmonella typhi using the disk diffusion method. The total phenols and
flavonoids in AgNPs-containing plant extract were 462.69 (mg GAE/g extract) and 386.94 (mg
QE/g extract) respectively, which were significantly higher than fruit extract. Biosynthesized
AgNPs showed a higher antioxidant and antibacterial activity compared to P. farcta fruit
extract alone. It could be concluded that P. farcta fruit extract can be extensively used in the
production of potential antioxidant and antibacterial AgNPs for biomedical application.

Keywords: Antioxidant activity; Antibacterial properties; Prosopis farcta;, Silver
nanoparticles.

Introduction

Nanotechnology has been emerged as
one of the most active fields of research in
material science over the last decades. The fact
that nanoparticles (NPs) exhibit a number of
interesting and unique properties owing to their
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specific characteristics, such as size, distribution
and morphology, leads themselves to a wide
variety of applications (1). Among noble metal
nanoparticles, silver nanoparticles (AgNPs) have
a wide area of interest since they have too many
applications in difference fields such as in the
fields of dentistry, clothing, catalysis, mirrors,
optics, photography, electronics, and the food
industry. Because of these applications, many
methods for synthesis of AgNPs have been



Evaluation of Antioxidant and Antibacterial Potential of Synthesized silver Nanoparticles using Prosopis farcta

developed. These methods must have capable
to control the size of AgNPs. Therefore, the
AgNPs with small particle size and without
bulking between particles is favorable (2).
Recently, several chemical and physical routes
and green synthesis are known for preparation
of metal nanoparticles (3). However, many of
these routine methods are very costly and toxic
to the environment (4). On the other hand,
the biological method was reported as clean,
non-toxic and environmentally acceptable route
(5, 6). In this regard, the use of plants and its
extracts as reducing agents for the production
assembly of AgNPs is very feasible, cost-
effective, and eco-friendly (7). Biomolecules
like protein, phenols, and flavonoids in plants
not only play a role in reducing the ions to
nano size, but also play an important role in
capping of nanoparticles (8). Fruit extracts
from various plants have been used to produce
AgNPs, such as Nothapodytes nimmoniana (9),
Crataegus douglasii (10), Garcinia mangostana
(11), Averrhoa carambola (12), Lantana camara
(13), Emblica officinalis (14). Prosopis farcta
(Leguminosea family) is a native plant of United
States, northern Africa, and Asia (15). It grows
in southern Iran in the Sistan and Baluchestan,
Hormozgan, Bushehr, Khuzestan and southern
Fars provinces (16). P. faracta is a good source
of phenolic compounds and flavonoids such as
rutin, myricetin and caffeic acid derivatives (17).
P, farcta have been used as a traditional medicine
for the treatment of some diseases and disorders.
Antioxidant capacity (18), antimicrobial (19),
and antitumour activity of this plant (20) have
been reported recently. Hence, in the present
study we have demonstrated biosynthesis of
AgNPs by reduction of aqueous silver nitrate
(AgNO3) using P. faracta aqueous fruit extract
for their potential antioxidant and antibacterial
effects.

Experimental

Chemicals

Silver  nitrate  (99.98%), ammonium
hydroxide (25%), hydrochloric acid (37%)
and nitric acid (70%) were purchased from
Merck Company (Darmstadt, Germany).
1,1-diphenylpicrylhydrazyl (DPPH) was
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purchased from Sigma Aldrich. All chemical
materials were of analytical grade and were used
without any further purification. All solutions
were freshly prepared using double distilled
water and were kept in darkness to avoid any
photochemical reactions. All glass ware which
were used in the process, were washed with
acetone, and then with double distilled water
and dried before use.

Plant extract

Biosynthesis of silver nanoparticles

P farcta fruits were collected in June 2015,
from Zabol, Sistan, and Baluchestan province,
Iran. The fresh fruits were thoroughly washed
with deionized water for several times and then
dried. 2.5 g of fruit was added to 100 mL of
distilled water and boiled in for 30 min. The
prepared suspension was filtered by Whatmann
No. 40 filter paper. The resultant solution was
centrifuged at 4000 rpm for 30 min in order to
remove impurities. 9 mL of 0.001 M aqueous
solution of silver nitrate (AgNO,) was prepared
in a stoppard erlenmeyer flask and then different
volumes (100, 110, 120, 130, or 140 uL) of
fruit extract (2.5 g/100 mL) was added to the
flask at room temperature in darkness. To study
the influence of temperature on nanoparticle
synthesis, the reaction mixtures were incubated
in a rotary shaker at 150 rpm at 50, 60 or 70
°C for a period of time. After the reaction was
completed, the mixture was centrifuged for 20
min at 15000 rpm. The precipitate was washed
with distilled water and centrifuged several
times in order to remove impurities like starting
material or natural products which still remained
from extract. The influence of reaction time was
evaluated by incubating the reaction mixtures
with optimum composition for 25 or 45 min.

Optimization study

In order to optimize the synthesis of AgNPs,
the influence of every variable on the reaction
process including reaction temperature, extract
concentration (volume) variation, and the
reaction time were evaluated separately, as one
variable held constant and the others varied.

Influence of extract concentration
Different volumes of aqueous fruit extract of
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P. farcta (100, 110, 120, 130 and 140 pL) were
selected after preparing the extract by boiling
freshly cut fruits in deionized water for 2 min.
Then, AgNO, (0.001 M) solution was added and
incubated for 4 h in rotatory shaker at 150 rpm.

Influence of reaction temperature

In order to find the influence of reaction
temperature on the biosynthesis of silver
nanoparticles, different concentrations of
aqueous fruit extract of P. farcta at different
reaction times were investigated for three
temperatures of 50, 60, and 70 °C separately.

Characterization

UV-vis analysis

The absorption spectrum of the reaction
mixture was recorded at room temperature by
using UV-vis spectrophotometer (Rayleigh,
UV-2100) at the resolution of 1 nm.

XRD analysis

The structure of silver nanoparticles was
determined by X-ray diffraction using the
Bruker — D8 Advanced (Germany) instrument.
A wavelength (1) 0.15418 nm was used for these
analyses. The XRD patterns were recorded at the
scan speed of 2° min'.

TEM analysis

Transmission electron microscopy (TEM)
(Jeol JSM 2010) was recorded on a JEM-2100
with an accelerating voltage of 200 kV equipped
with a high resolution CCD Camera. To prepare
the samples for TEM analysis, a grid was first
covered by a gold film and a small amount of
the sample was dispersed in 20 mL of ethanol
by sonication for 20 min, and then the grid was
treated with the solution.

Determination of total phenol content

Total phenolic content was measured with
the Folin—Ciocalteu (21). 0.1 mL of extract at
appropriate dilutions was added to a mixture of
0.5 mL of Folin—Ciocalteu reagent and 0.4 mL
of 7% Na2CO3 solution. The absorbance was
measured at 765 nm, after incubation for 30
min in dark. The results were expressed as mg
Gallic acid equivalents per gram of dry weight
(mg GAE g extract dry weight) through the
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standard curve with Gallic acid.

Total flavonoid content was measured
according to the aluminum chloride colorimetric
method as described by Chang et al., 2002 (22).
500 pL of aquous extract, 1.5 puL of methanol
(80 %), 10% aluminum chloride (0.1 mL), 1 M
potassium acetate (0.1 mL) and distilled water
(2.8 mL) were mixed and incubated at room
temperature for 40 min. Then, the absorbance was
measured at 415 nm using spectrophotometer.
Quercetin was used as a standard. The content of
total flavonoids was expressed based on the mg
quercetin per gram of extract dry weight.

Determination of antioxidant activity

DPPH radical scavenging activity

The biosynthesized AgNPs and the aqueous
fruit extract were tested for their antioxidant
activity by DPPH method (23). Each extract
(0.2, 0.4, 0.6, 0.8 or 1 mg/mL) was mixed with
3 mL of methanolic solution containing DPPH
radicals (0.1 mM). After 30 min, absorbance was
determined at 517 nm. The percent inhibition
of activity was calculated as [(Ao _ Ae)/
Ao] * 100 (Ao = absorbance without extract;
Ae = absorbance with extract). The results were
expressed as IC50 which is the concentration of
the sample required to inhibit 50 % of DPPH
concentration.

Ferric reducing antioxidant power (FRAP)
assay

FRAP assay was performed as previously
described (24). The method is based on the
ability of antioxidants to reduce Fe®™ to Fe™
in the presence of TPTZ (2, 4, 6-tripyridyl-s-
triazine), forming an intense blue Fe”> — TPTZ
complex. FRAP solution (3 mL) mixed with 100
pLof the plant extract and incubated at 37 °C for
10 min. te Absorbance was measured at 593 nm
for different concentrations (0.2, 0.4, 0.8 or 1
mg/mL) of AgNPs and extract in FRAP reagent.
The absorbance of the samples was compared
to a FeSO, standard curve and the FRAP values
were expressed as mmol Fe (II)/mg extract.

Antibacterial activity

Antibacterial activity of the prepared fruit
extract and AgNPs was evaluated using disk
diffusion method (25) against common Gram
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Figure 1. Photograph of the reduction of Ag” to Ag in the presence of fruit extract of P. farcta during 12 h.

positive bacteria, i.e., Staphylococcus aureus
(Britol A9596), Streptococcus pneumoniae
(NCTC 7465) and Gram-negative bacteria, i.e.,
Escherichia coli (ATCC 25922), Salmonella
typhi (PTCC 1609). The pure bacterial cultures
were cultured on nutrient broth. The plates were
left overnight at room temperature to allow any
contamination to appear. Sterile paper disks were
placed on Muller Hinton agar plates inoculated
with each of the mentioned microorganisms.1
mg/mL and 5 mg/mL of Ag-NPs and fruit
extracts were placed on inoculated agars. The
test plates were incubated at 37 °C for 24 h. The
zones of inhibition were measured and numbers
reported in average (Table 3). Gentamicin was
used as an antibacterial standard against all
pathogens.

Results and Discussion

Reduction of Ag" into silver nanoparticles
during exposure to the P farcta fruit extract
could be observed by the color change. The
color of fresh prepared fruit extract of P. farcta
was yellow. After the addition of AgNO, to the
extract and incubation for 6 h in a rotary shaker at
150 rpm, the extract color was turned dark brown
(Figure 1). Color changes in aqueous solutions
are due to the surface plasmon resonance
phenomenon (25). The results were shown that
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the fruit extract of P. farcta is a good potential
reducing agent for Ag" ions. In accordance with
the results of Shameli et al. (26), plausible
chemical equations for the biosynthesis of silver
nanoparticles are followings:

Ag' T P farcta  —[Ag (P, farcta)]”
Equ.1

[Ag (P, farcta)] * + R-CHO—[Ag (P. farcta)]
+ R-COOH
Equ.2

After dispersion of silver ions in the aqueous
fruit extract of P. farcta (Equ. 1), the complex
of [Ag (P. farcta)] © was reacted with aldehyde
groups present in the natural products structure
to obtain [Ag (P. farcta)] due to the reduction
of silver ions via oxidation of aldehyde to
carboxylic acid groups (Equ. 2).

Optimization study

Influence of extract concentration

The formation process of AgNPs was detected
and followed by measuring the surface plasmon
resonance (SPR) of P. farcta extract and Ag/ P.
farcta suspensions over the wavelength range of
250 to 700 nm at 50, 60 and 70 °C at 25 and 45
min (Figures 2, 3). SPR bands are affected by
the composition, morphology, shape, size and
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Figure 2A. UV-vis spectra of different volumes of P. farcta fruit extract with aqueous solution of 0.001M AgNO, at three different
temperatures at 25 min.
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Figure 2B. UV-vis spectra of different volumes of P. farcta fruit extract with aqueous solution of 0.001M AgNO; at three different

temperatures at 45 min.
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Figure 3A. UV-vis spectra of different reaction times of P. farcta fruit extract with aqueous solution of 0.001M AgNO,; at three different

temperatures and five different extract volumes at 25 min.

dielectric environment of prepared nanoparticles
(27, 28). It was proven that spherical silver
nanoparticles contribute to the absorption bands
around 425-475 nm in the UV-visible spectra
(29). UV—visible spectra of nanoparticles were
obtained on varying the P. farcta fruit extract
volumes at 25 min reaction time. On increasing
the volume from 100 pL to 130 pL at 50 °C,
A, was increased from 425 to 438 nm with
an increase in the absorbance from 0.721 to
1.111. On further increasing the concentration
to 140 pL, a decreasing in A to 425 nm
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with decreasing in the absorbance to 0.647 was
observed. Therefore, for further experiments,
the volume of 130 pL of P. farcta fruit extract
at 25 min was selected. The size of silver
nanoparticles depends on the ratio of Ag" and
reducing stabilizing agent. The slight variations
in &, values signify changes in particle size
owing to the change in concentration ratios
between P. farcta fruit extract and Ag*. Similar
evaluation was accomplished at 45 min reaction
time. On increasing the volume from 100 pL to
130uL at 50 °C, A was increased from 430
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Figure 3B. UV-vis spectra of different reaction times of P. farcta fruit extract with aqueous solution of 0.001M AgNO, at three different

temperatures and five different extract volumes at 45 min.

to 438 nm with an increase in the absorbance
from 0.857 to 1.146. On further increasing the
concentration to 140 pL, a small change in A__
to 431 nm was observed with decreasing the
absorbance to 0.978.

XRD analysis

XRD as a powerful nondestructive technique
for characterizing crystalline materials provides
information on structures, phases, preferred
crystal orientations, and other structural
parameters, such as average grain size,
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crystallinity, strain, and crystal defects. XRD
pattern clearly exhibited the presence of silver
nanoparticles (Figure 4). XRD pattern showed
four distinct diffraction peaks at 38, 44, 64.3, and
77.1 which were pertained to (111), (200), (220),
and (311) of AgNPs, respectively. All these
diffraction peaks can be perfectly indexed to the
face-centered cubic (FCC) crystalline structure
of Ag, not only in peak position, but also in their
relative intensity of the characteristic peaks. The
average crystallite size of silver nanoparticles
was obtained using Scherrer’s Equation:
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In which, D is the crystallite size, k is the
shape factor that assumes a value of 0.89 for
Ag, A is the X-ray wavelength (1.5406 A°),
is the half height width of XRD peak and 0 is
the diffraction angle. The diameters of silver
nanoparticles were estimated to be at the range
10.26-14.65 nm for all samples.

TEM analysis

To investigate the morphology and the
particle size of AgNPs, TEM image was taken
(Figure 5). A good correlation between the
particle size obtained from Scherrer equation
and TEM image was observed.

Total phenolic and flavonoid content
The results of total phenolic content (TPC)
of fruit extract alone or plus AgNPs showed that

Figure 5. TEM image of biosynthesized silver nanoparticles.
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Table 1. Total phenolics and flavonoid contents of synthesized AgNPs and fruit extract of P. farcta.

Samples Total phenolics (mg GAE/g extract) Flavonoids (mg QE/g extract)
AgNPs 462.69 + 3.42 386.94 £3.24
Fruit extract 366.21 +£3.03 283.33 +3.09

TPC was higher in plant- AgNPs (462.69 + 3.42
mg/g GAE) compared to the aqueous fruit extract
alone (366.21 + 3.03 mg/g GAE) (Table 1). The
results also revealed that total flavonoids were
higher in plant-AgNPs compared to those found
in the fruit extract alone (Table 1). Compounds
such as phenolics, flavanoids, terpenoids, and
soluble proteins have been reported to act as
capping agents (30). Similar to our results,
Abdel-Aziz et al., (2014) and Sultana et al.,
(2015) (31, 32) reported a higher total phenol
and flavonoid content in synthesized AgNPs
compared to the Chenopodium murale and
Houttuynia cordata leaf extract respectively.
The antioxidant activity of synthesized
AgNPs and aqueous fruit extract was determined
by using DPPH free radical and FRAP assay.
DPPH is a stable compound which can be
reduced by accepting the hydrogen or electrons
and has been widely used to evaluate the
antioxidant activity (33). The lower IC50 value

indicates a stronger ability of the extract to act as
a DPPH scavenger, while the higher IC50 value
indicates a lower scavenging activity. The effect
of different concentrations of AgNPs on DPPH
radical antioxidant activity is shown in Table
2. Our results revealed that the aqueous fruit
extract and synthesized AgNPs are free radical
scavengers. However, the AgNPs exhibited
more scavenging activity of DPPH than aqueous
fruit extract. The DPPH activity of the AgNPs
and fruit extract was found to increase in adose-
dependent manner. At concentrations 0.2—1 mg/
mL, AgNPs showed ascavenging activity ranging
from 43% to 63% with average IC50 value, 0.70
+ 0.08. The antioxidant activity was lower than
that of standard ascorbic acid at 1 mg/mL (74%)).
In FRAP assay, the ability of AgNPs to reduce
Fe** to Fe?* was also significantly higher than
that of P. faracta extract at concentrations 0.2—1
mg/mL (Figure 6).

There are few reports onthe antioxidant

30 1
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mmol Fe(ll)/mgextrac
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Figure 6. FRAP antioxidant activity of synthesized AgNPs and crude fruit extract of P. farcta. Gentamicin (10ug/mL) was used as a
positive control. Each value represents the mean + standard error of three replicates per treatment.
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Table 2. DPPH radical scavenging activity of P. farcta fruit extracts, AgNPs and Ascorbic acid.

Samples Concentration in mg/mL Scavenging ability in % IC,, value in mg/mL
0.2 20.29+0.79
0.4 21.89+0.64
Aqueous plant extract 0.6 25.59+1.95 1.64+0.09
0.8 31.74+1.81
1 41.11+2.03
0.2 43.39+2.16
0.4 46.99+2.13
Synthesized AgNPs 0.6 52.69+3.84 0.70+0.08
0.8 55.894+2.26
1 63.56+2.41
0.2 50.79+1.08
0.4 61.89+0.60
Ascorbic acid (Standard) 0.6 64.29+0.30 0.26+0.09
0.8 66.99+0.30
1 74.49+1.20

[Data are presented as mean + SD (P < 0.05). IC, : Concentration of the aqueous extract
and synthesized nanoparticles causing 50% DPPH radical scavenging ability].

activity of the biosynthesized AgNPs. AgNPs
synthesis, characterization and antioxidant
activities, was reported in Fraxinus excelsior leaf
extract (34), Terminalia species leaf extract (35),
Elephantopuss caber (36), Cleistanthus collinus
[37]. Our result showed that P. faracta is a good
source of phenolic compounds and flavonoids.
Phenolic and flavonoids have been reported to be
the most important phytochemicals responsible
for the antioxidant capacity (38). In this research
the nanoparticles synthesized using fruit extract
of P. faracta showed antioxidant activity due to
capped phenolic compounds. Phenolic group
facilitates the conversion of silver nitrate to
AgNps due to its electron donating ability (39).

Antimicrobial activity

The antibacterial effect of biosynthesized
AgNPs (1 & 5 mg/mL) was investigated against
various pathogenic organisms such as S. typhi,
E. coli, S. aureus and S. pneumoniae. AgNPs
showed the significant antibacterial activity on all
the four bacterial strains tested when compared
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to the fruit extract (Figure.7). Moreover, AgNPs
exhibit effective zone of inhibition against gram-
negative bacteria (S. #yphi, E. coli) compared
to the gram-positive bacteria (S. aureus and
S. pneumoniae). Among the various tested
bacterial the highest zone of inhibition (17.33
+ 0.58 mm) was recorded by S. #yphi and least
zone of inhibition (11 = 1 mm) was recorded
with S. pneumoniae (Table 3). Saravanakumar et
al., (2015) also reported Cassia tora AgNPs had
higher bacterial activity against gram-negative
bacteria compared to the gram-positive bacteria
(40). The potential reason for the antibacterial
activity of silver is that AgNPs may attach to
the surface of the cell membrane disturbing
permeability and respiration functions of the cell.
It is also possible that AgNPs not only interact
with the surface of the membrane, but can also
penetrate inside the bacteria. The higher AgNPs
antibacterial activity against gram negative
bacteria is due to their thinner peptidoglycan
layer which can easily enter in to cell wall to
denature or kill bacteria (41).
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Table 3. Antibacterial activity of synthesized AgNPs and fruit extract of P, farcta against the human pathogenic bacterial strains.

Concentration(mg/mL)
Fruit extract AgNPs AgNPs Fruit extract
Culture Standard
1mg 1mg Smg Smg

S. aureus (BritolA9596) 14.66+2.51 - 12+1 14+2.5 -

S. pneumonia (NCTC7465) 18.66+2.08 - 11+1 13.33+0.58 -

E. coli (ATCC25922) 28+2.64 - 13.33+£3.51 15+2.65 -

S. typhi (PTCC1609) 29.33+3.78 7.66+0.57 15+1.73 17.33+0.58 8.5+0.5

STphi

& Awrcus

E Coli

5 Puenmoniae

Teat Standard (Ampicillin and Water)

Figure 7. Antibacterial activity of biosynthesized Ag-NPs against human pathogens. Antibacterial effects of biosynthesized Ag-NPs
evaluated by the disk diffusion method in petri plates.
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Conclusion

The current study revealed that silver
nanoparticles can be synthesized in a simple
method using P. farcta fruit extract. The TEM
analysis showed that the sizes of the synthesized
AgNps ranged from 10.26 to14.65 nm. The total
phenolic compounds and total flavonoids were
higher in plant-AgNPs compared to the plant
extract alone. Plant-AgNPs showed a higher
antioxidant and antibacterial activity compared
to P, farcta fruit extract alone.
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