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ABSTRACT

Recelved: 30 Jul 2020 [¥5E In recent years, the synthesis of nanoparticles (Ag-NPs) by plants has been done on a larger scale

Accepted: 03 Mar 2022 ¢ because it is faster and cheaper. There is also an increase in pathogenicity caused by antibiotic-resistant
Available Online: 01 Apr 2022 Staphylococcus aureus. In this study, the biosynthesis of silver nanoparticles by using an extract of moun-
: tain pistachio (Pistaciaatlantica) and its antimicrobial properties have been reported.

The extract of Pistaciaatlantica as the reducing agent was used for the biosynthesis
of silver nanoparticles. The formation of nanoparticles was confirmed using a spectrophotometer (UV).
The resulting nanoparticles were analyzed to determine the Z-Average (d.nm) and the dispersion index
(PDI) of the nanoparticles using dynamic light scattering (DLS) and its inhibitory activity and lethality
(MBC) against Staphylococcus aureus (S. aureus) were investigated. The diameter of the aura of bacterial
growth was also measured.

Keywords: [FIEMEE The UV-Vis spectrum shows an absorption band of about 350-450 nm, which represents the
Green synthesis, : biological Ag nanoparticles. Size and morphological properties of nanoparticles were performed by DLS
Silver nanoparticles, which show that hydrodynamic diameter (Z-Average) is 1132 nm and PDI number is 0.373, indicating a
Pistaciaatlantica, DLS, uniform particle size distribution and nanoparticle stability. The inhibitory and lethal properties of Pista-
Minimum inhibitory ~ :  ciaatlantica nanoparticles on S. aureus species (PTCC 1764) are 12.5 micrograms per milliliter. Also, the
and killing concentra- :  diameter of the halo of bacterial growth is 12 mm which was observed at a concentration of 1000 pug/mL.
tions 3 [TTIELRT) Pistaciaatlantica bio-silver nanoparticles had good antimicrobial activity against S. aureus
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Extended Abstract

1. Introduction

anotechnology is the design, character-

ization, production, and application of

materials, tools, and systems by control-

ling the shape and size at the nanometer

scale [1]. Inrecent years, the convergence
between nanotechnology and biology has created a new
field of nanotechnology. Nanobiotechnology is the sci-
ence of using microorganisms in several biochemical and
biophysical processes [2]. This relatively new field focus-
es on the creation, commissioning, and use of nanoscale
materials in advanced biotechnology [3]. Compared to
microorganisms, the use of plants is more efficient due
to the lack of special complex and multi-stage processes
such as purification, preparation, and maintenance of
culture medium [4]. Therefore, the synthesis of nanopar-
ticles by plants is faster and cheaper in comparison to
microorganisms on a larger scale [5, 6]. Attention to the
production of green nanoparticles has begun a compre-
hensive study showing that the use of plant extracts is the
most effective way to produce environmentally friendly
nanoparticles [7, 8]. The plant extract contains active
substances, which are responsible for reducing metal ions
of synthesized nanoparticles [9]. Among the advantages
of using plants in the synthesis of nanoparticles are us-
er-friendliness, biosecurity, non-toxicity, cheapness, and
having a wide variety of metabolites that are involved
in ion reduction [10]. In general, the main properties of
silver nanoparticles include non-toxicity, high stability,
hydrophilicity, thermal resistance, non-development, and
increase of resistance in microorganisms [11]. Numerous
studies have shown that the antibacterial effect of silver
nanoparticles depends on their size and shape [12, 13].
In a study by Espinosa et al., silver nanoparticles showed
strong antibacterial properties against Streptococcus mu-
tans. The results of this study showed that by reducing
the size of silver nanoparticles from 100 nm to 16 nm,
the minimum inhibitory concentration (MIC) is halved,
which means an increase in the antibacterial properties of
smaller silver nanoparticles [14].

Today, the use of plant extracts in the synthesis of metal
nanoparticles, especially silver, has received more atten-
tion [15]. Different species of Pistaciaatlantica are grown in
the world. In Iran, it grows in the provinces of Ilam, Gilan,
Azerbaijan, Lorestan, Kermanshah, Hamedan, Kurdistan,
Markazi, Kerman, Kerman, Fars, Tehran, Khorasan, and
Sistan and Baluchestan. Extracted from a very light, thick,
and very sticky green Pistaciaatlantica, it has many medici-
nal uses and is used as a strong laxative in the treatment of
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constipation and gastrointestinal disorders [16, 17]. Also,
the identification of compounds, antioxidant activity, anti-
bacterial, and fungal effects of medicinal plants is of great
interest [1]. With the increasing use of common therapeu-
tic antibiotics, we are witnessing the spread of antibiotic-
resistant pathogenic microbial species. Paying attention to
medicinal and native plants with antimicrobial effects can
reduce the problems caused by antibiotics to some extent.
Plant extracts and essential oils as important antimicrobial
agents have been considered by many researchers in the
fields of medicine and food in recent years. Among bacteria,
the genus Staphylococcus belongs to the family of Micro-
coccus. These bacteria are gram-positive, immobile, spore-
free, aerobic, and optional anaerobic [18-20]. Staphylococci
have more than 20 species that are distributed in different
habitats [21]. Bennett showed signs and symptoms of food
poisoning by performing various tests and consuming milk
contaminated with Staphylococcus aureus (S. aureus) [22].
S. aureus is also a causative agent of nosocomial infections
and community-acquired infections, and antibiotic-resistant
S. aureus is one of the problems in the hospital and the com-
munity [23, 24]. Studies have shown that the synthesis of
green silver nanoparticles using Pistaciaatlantica extract is
less well-known. Therefore, this study aimed to synthesize
green silver nanoparticles from the Pistaciaathe tlantica plant
against gram-positive pathogenic bacterium and optional an-
aerobic S. aureus PTCC 1764 resistant to antibiotics.

2. Materials and Methods

All chemicals used were prepared in high purity includ-
ing silver nitrate (AgNO3), hydrochloric acid (HCI), and
sodium hydroxide (NaOH) from the company (MERCK,
Germany). Twice distilled water (Samen Serum Manu-
facturing Company) was used for solution and washing.
In this study, the Pistaciaatlantica plant was collected
from Bajestan city located in Khorasan Razavi province,
and approved by a botanist.

To prepare the aqueous extract, first the Pistaciaatlan-
tica was washed well with the skin with distilled water.
It was then dried at room temperature and then peeled.
Then, 100 grams of peeled Pistaciaatlantica plant were
washed 3 times with distilled water (Samen Serum Com-
pany) for one minute each time. Then, the sample was
disinfected with 70% alcohol (MERCK, Germany) for 2
minutes and finally washed 3 times with distilled water
for 2 minutes each time. To prepare the aqueous extract,
the first 30 g of the studied plant was washed and placed
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at room temperature to dry completely. This amount of
Pistaciaatlantica was then poured into an Erlenmeyer 250
mL and 100 mL of double distilled water (Samen Serum
Company). The mixture was boiled for 10 minutes. The
aqueous extract of Pistaciaatlantica was filtered using fil-
ter paper (Whatman, UK with 25-micron pores), and to
remove suspended particles in the extract, the sample was
centrifuged by centrifuge (DIGICEN21, Spain) at 9000
rpm for 10 minutes. The extract was then refrigerated
(Emerson, Iran) at 4°C for later use [25].

Ten milliliters of the prepared Pistaciaatlantica extract
was mixed with 90 ccs of 1 mM silver nitrate solution and
the solution was placed on a magnetic stirrer for 24 hours
at room temperature. To observe the color changes, the
absorbance of the solution was examined using a spec-
trophotometer (Uv-Vis) model CT-5700 made in Taiwan
in the range of 700-300 nm. The solution containing the
nanoparticles was centrifuged at 12,000 rpm for 15 min-
utes (DIGICEN21, Spain) and then the supernatant was
discarded [25]. The color of the solution changes to dark
brown after the nanoparticles are produced. This change
is a sign of the production of silver nanoparticles. After
observing the color change, the bioproduced nanopar-
ticles were examined for better detection and charac-
terization by other methods [15]. To reduce the number
of silver ions (Ag+) and confirm the formation of silver
nanopatrticles, after adding 1| mM silver nitrate solution
to the extract and observing discoloration, 0.2 mL of the
sample was taken and mixed with 2 mL of sterile distilled
water and adsorbed. It was read by an ultraviolet-visible
spectrometer at wavelengths of 700-300 nm [25].

The standard microbial strain of S. aureus PTCC 1764
was prepared by the Iran Food Science and Technology
Research Institute.

To determine the antibacterial properties of the aqueous ex-
tract of Pistaciaatlantica, S. aureus lyophilized bacterium with
PTCC code 1764 was first inoculated on Miiller Hinton Broth
(Merck, Germany), and microbial culture was incubated for
24 hours in an incubator at 37°C was placed. The above sus-
pension was used after the vortex to prepare 0.5 McFarland.
Thus, the suspension was poured into special coats of the
spectrophotometer and their light absorption was determined.
To produce an opacity of 0.5 McFaland, the light absorption
at a wavelength of 620 nm must be 0.08-0.1, which is equiva-
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lent to colony units per milliliter of the bacterium. Then 100
uL of microbial suspension was spread on the plate containing
Miiller Hinton agar medium and in the next step, the extract
disk with a concentration of 1000 pg/mL was placed in the
plate containing culture medium. A disk containing gentami-
cin antibiotic (10 micrograms) made by PadtenTeb Company
was used as a positive control and a disk containing a solution
of deionized distilled water was used as a negative control.
The plates were kept at 37°C for 24 hours and the diameter of
the growth inhibition zone was measured in millimeters with
a caliper and the average was recorded [26].

In this study, the microdilution broth method was used
to determine the minimum inhibitory concentrations. The
minimum concentration at which the extract inhibits the
growth of the microorganism was tested (the concentra-
tion of the last well in which no turbidity was created).
Thus, the bacterial strain of S. aureus was prepared in
Miiller-Hinton medium with a turbidity of 0.5 McFarland
equivalent to colony unit (per ml) and after dilution, a sus-
pension with a concentration of colony unit (per mL) was
obtained. Also, from the aqueous extract of Pistaciaatlan-
tica with a concentration of 100 pg/mL, successive dilu-
tions were prepared in broth and 100 pL of different dilu-
tions of the extract was poured into the microplate of 96
houses. Then, 95 pL of broth culture medium and 5 pL of
bacterial suspension were added. This test was performed
in three replications. Also, wells containing 200 uL of
broth culture medium with bacteria were considered as
a positive control, and one well-containing culture medi-
um, bacteria, and antibiotic (gentamicin) were considered
a negative control. The microplates were then boiled and
incubated at 37°C for 24 hours. After 24 hours, the tur-
bidity at a wavelength of 630 nm was read with the help
of CHROMATE model 4300 ELIZARIDER made in the
USA and the results were recorded and then the MIC was
calculated from it (Figure 1) [27, 28].

After determining the MIC, the test for determining the
MBC was performed. For this purpose and to determine
the minimum lethal concentration of the extract against
bacteria, clear tubes in which growth was inhibited were
used for culture and 50 pL of wells were removed and
cultured in plates containing a solid Miiller Hinton cul-
ture medium. These plates were incubated at 37°C for 72
hours, after which the lack of bacterial growth showed the
minimum lethal concentration of the extract [29].
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Figure 1. Image of 96 house plate microtiter used in microdilution
technique

In this study, the average size and size distribution of sil-
ver nanoparticles synthesized using ZS eutacizerDYNAMIC
Light Scattering, (England Malvern) was determined as the
Zen 3600 model. At this stage, the heterogeneity index (PDI)
is determined, which indicates the degree of homogeneity of
the size of nanoparticles in the solution [30].

Results

The method of green synthesis of silver nanoparticles
was performed using the reduction of silver ions by Pis-
taciaatlantica extract. The first sign of the production of
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Figure 2. Discoloration of pistaciaatlantica extract and silver ni-
trate after 2.5 hours. The color change of the reaction solution in-
dicates the formation of silver nanoparticles.

silver nanoparticles is a change in the color of the solu-
tion. The aqueous extract of the Pistaciaatlantica plant
was white in color, which began to change color after 2.5
hours after the addition of silver nitrate solution and ex-
posure to ambient temperature indicating a high reaction
rate. The dark brown color after 22 hours indicates the
production of silver nanoparticles in the solution, which
was consistent with the sources. The appearance of a dark
brown color after a reaction with silver ions is a clear in-
dicator of the reduction of metal ions and the formation of
silver nanoparticles in the environment (Figure 2).

uarterly of
he Horizon of Medical Sciences

Figure 3. Spectrophotometric spectrum of solution containing silver nanoparticles produced by pistaciaatlantica extract
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Figure 4. S. aureus growth aura

When discoloration is associated with sediment forma-
tion, the formed nanoparticles are large in particle size, and
when discolored and sediment is not formed, the synthe-
sized nanoparticles are very small in part and are at their
best. Sediment was not formed in any of the nanoparticle
solutions produced with Pistaciaatlantica extract which
indicates the appropriate particle size of Pistaciaatlantica
nanoparticles. The results of ultraviolet-visible spectrosco-
py of Pistaciaatlantica extract after the synthesis of silver
nanoparticles showed that the maximum absorption peak
of the curve is in the range of 350 to 450 nm, which indi-
cates the synthesis of silver nanoparticles (Figure 3) [10].

Microbial tests of silver nanoparticles

The results of disk diffusion (diameter of growth inhibi-
tion zone) were measured in millimeters with a caliper
and the average was recorded. As can be seen from the re-
sults, the diameter of the S. aureus growth inhibition zone

Figure 6. Analyzer particle size diagram
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around the gentamicin antibiotic disk is 17 mm, and the
diameter of the S. aureus growth inhibition zone around
the disk impregnated with aqueous extract of nanopar-
ticles of Pistaciaatlantica with a concentration of 1000 pg/
mL 12 mm was observed. This means that the aqueous
extract of Pistaciaatlantica nanoparticles can well inhibit
the growth of S. aureus (Figure 4 and Table 1).

The minimum inhibitory concentration (MIC) and the low-
est bactericidal concentration (MBC) of nanoparticles and
Pistaciaatlantica extract were determined on S. aureus. As
shown in Table 1, in this study, the lowest inhibitory nanopar-
ticles and extracts for Staphylococcus were 12.5 pg/mL and
the lowest bactericidal concentrations of nanoparticles and
extracts were determined to be 12.5 pg/mL (Figure 5).

DLS analysis results

DLS is a fast, non-destructive physical method used
to determine the particle size distribution in solution and

Quarterly of
The Horizon of Medical Sciences
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suspension and to study the diffusion behavior of macro-
molecules in solution. In this study, this test was used to
determine the following parameters:

The results of the DLS test can be used as a comple-
mentary method for analytical studies and as a tool for
the study of scattering models using the hydrodynamic
radius. The diameter obtained by this method corresponds
to a sphere with a transfer coefficient equivalent to the
measured particle.

The transfer coefficient depends on the particle size,
surface structure, concentration, and type of ions in the
environment, which means that the size obtained with
this method can be larger than the amount obtained by
electron microscopy. The diffusion coefficient or diffu-
sion coefficient is concentration-dependent and should be
measured at different concentrations, as a standard opera-
tion, reaching infinite dilutionDO_.

D, is important and very useful in determining other hy-
drodynamic parameters. For example, the hydrodynamic
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radiusR, can be obtained using the well-known Stokes-
Einstein equation (equation 1).

KgT
61 Ry,

1.Dg

R, is the hydrodynamic radius of the particle,K, the
Boltzmann constant, 1 is the viscosity of the solvent
which is temperature-dependent and not related to the
density and pressure of the system, and T is the absolute
temperature and diffusion coefficient [31].

If the PDI value is less than 0.05, the particles have an
excellent uniform distribution. If the PDI value is great-
er than 0.7, it indicates that the sample has a very wide
size distribution and is probably not suitable for the DLS
method, and in general, if the size of this index is between
0.1 and 0.5, the particles have a good uniform distribution
[32]. The hydrodynamic diameter size and PDI number
of the sample are given in Table 2. As the DLS result
shows, the hydrodynamic diameter of the nanoparticles is
1132 nm. The PDI value is 0.373, which indicates that the

Table 1. Mean diameter of stunted growth halo on s. aureus studied in millimeters

The Concentration of Aqueous Extract (mg/mL)
Gentamicin 1000

17 12/00 +50

The concentration

S. aureus

uarterly of
he Horizon of Medical Sciences

Table 2. Results of mic and mbc study generated by silver extract and nanoparticles produced by green method on s. aureus strain

Nanoparticles Produced by Aqueous Extract of Pistaciaatlantica Test Bacterial Strains
12/50 MIC(ug/mL) S. aureus
12/50 MBC(ug/mL) ATCC 1764
uarterly of

Table 3. Results of sample dls analysis

he Horizon of Medical Sciences

Latitude(nm) Reaction Temperature(C°) Hydrodynamic Diameter(d.nm) PDI Sample
0.844 25 1132 0.373 Nanoparticles
uarterly of

he Horizon of Medical Sciences
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nanopatrticles are in a stable state (PDI>0.7>0.1) and the
particle size distribution is appropriate (Table 3).

Accurate measurement of nanoparticle size by zetaizer:
The particle size analyzer results showed that the size of
the synthesized nanoparticles is 1132 nm. The diagram
shows two peaks of 1132 nm and 4707 nm (Figure 6).

The diagram shows the size distribution of nanoparticles
synthesized in the optimal experiment, based on which
the average of the smallest particles is 1132 nm.

Discussion

Nanosilver technology has revolutionized antibacterial
materials, which are the main focus for the development
of nano-silver products and have many advantages over
chemicals [33]. One of the disadvantages of chemical
methods for the production of nanoparticles is the low
production rate and high energies during the reaction pro-
cess [34]. However, in the green synthesis method, plant
compounds are used without the need for surfactants, spe-
cial conditions, and other stabilizing agents [35]. There-
fore, in this study, silver nanoparticles were produced
using aqueous extracts of the Pistaciaatlantica plant by
bioremediation method, and its antibacterial effects were
investigated. The basis of the synthesis of nanoparticles is
the reduction of their salt ions and the neutralization of the
electric charge. In this study, this process was completed
within 22 hours at room temperature indicating the high
speed of this method and its need for high temperatures to
form silver nanoparticles, which is similar to the results
of research by Sivaraman et al. And Sathyavath et al [36,
37].

Pistaciaatlantica extract with high flavonoids, alkaloids,
triterpenoids, and saponins has a high potential to reduce
silver nanoparticles [38]. Oxidation of functional groups
such as hydroxyl, carbonyl, and aldehyde can reduce
silver ions, resulting in the production of silver nanopar-
ticles [39, 40].

In Figure 2, the discoloration observed to dark brown in
Pistaciaatlantica extract was a clear sign of the formation
of reactive silver nanoparticles [41] that was quite similar
to the results of Reddy and Gandhi’s research [42].

As shown in Figure 3, the peak formed at a wave-
length of 400 to 450 nm indicates the formation of silver
nanopatrticles related to the surface plasmon resonance of
silver nanoparticles, which is attributed to the induction
of free electrons in the nanoparticles [43]. Hydrodynamic
droplet size (Z-Average) and particle size distribution
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(PDI) were measured by the DLS method. The results
showed that the size of nanoparticles synthesized using a
zeta sizer is 1132 nanometers.

Two peaks can be seen in the diagram (Figure 6), the
larger peak indicates agglomeration due to the surface
load between particles. The particle size distribution was
0.3, which indicates that the nanoparticles are in a stable
state (PDI>0.7>0.1) and the particle size distribution is
appropriate. As shown in the sample particle size distribu-
tion curve in Figure 6, the absence of large peaks in the
sample probably indicates that the nanoparticles did not
form in the bulk solution implying that the nanoparticles
formed well, which is consistent with the results of the
research by other researchers [44, 45].

The main mechanism of the antibacterial properties of
silver nanoparticles is the release of silver ions. Some of
the main mechanisms of action of silver ions are as fol-
lows: Damage to cell membranes, production of reactive
oxygen species and cell attack of silver ions (or even sil-
ver nanoparticles due to membrane cavities), and further
damage to ATP products and inhibition of DNA replica-
tion. In many studies, damage to the cell membrane by
silver ions has been reported. These reports are mainly
based on the observation of large cavities or holes in the
bacterial membrane by TEM analysis. Silver ions may
interact with sulfur-containing membrane proteins (eg,
respiratory chain protein thiols) to cause physical damage
to the membrane [46].

The presence of strong antimicrobial effects in plant
products is of particular importance because today one of
the major problems of medical science is the development
of resistance to antibiotics in many common pathogens
[47]. Growing antibiotic resistance increases the cost of
health care due to the length of treatment (including hos-
pitalization) and recovery, along with the failure of antibi-
otic treatment, the need to develop new antibiotic agents,
the use of more serious methods, and wider control of in-
fection to prevent the spread of antibiotic-resistant patho-
gens. With the advancement of nanotechnology and the
creation of silver nanoparticles and the proven antimicro-
bial properties of these nanoparticles, their use in medi-
cine and related sciences has increased dramatically [48].

The combination of these uses with antibiotic therapy
could be an important incentive for researchers to study
to find, purify, and standardize effective herbal nanoprod-
ucts (which have better selective toxicity than antibiotics)
such as Pistaciaatlantica. So far, many studies have been
conducted to investigate the antimicrobial properties of
Pistaciaatlantica gum extract. Panahi et al. investigated
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the effect of Pistaciaatlantica gum essential oil on the anti-
microbial and antioxidant properties of starch edible film.
According to the findings of this study, Pistaciaatlantica
gum essential oil can be added to biodegradable films as
a natural preservative [49]. Alizadeh et al. investigated
the physical and antimicrobial properties of chitosan oral
film containing Pistaciaatlantica gum essential oil and the
results of this study showed that Pistaciaatlantica gum es-
sential oil as a natural antimicrobial substance has a high
potential for the production of antimicrobial films [50].

However, few studies on the antibacterial and antifungal
properties of Pistaciaatlantica extract, especially the effect
of nanoparticles produced using the extract of this plant
on the bacterium S. aureus have been reported. Also, due
to the high abundance of S. aureus in food, the role of this
microorganism as one of the causes of poisoning should
not be ignored. Since the enterotoxins of this bacterium
are resistant to heat and protease and are not destroyed in
the process of heating and cooking, the high prevalence
of enterotoxin genes in this study indicates the potential
role of this bacterium in causing food poisoning. The
increasing prevalence and resistance to other antibiot-
ics in CA.MRSA food-isolated strains can be a serious
public health problem. Therefore, serious decisions must
be made to prevent food contamination and increase the
level of hygiene [51].

The results of the study of MIC and MBC of this type
of nanoparticle on S. aureus indicate that this nanopar-
ticle has a growth inhibitory effect and a lethal effect on
S. aureus. By examining the growth or non-growth of
bacteria in the culture medium containing nanoparticles,
the minimum inhibitory concentration was determined. A
comparison of the antibacterial effect of biosynthesized
nanoparticles with the extract shows that the antibacte-
rial effect of biosynthesized nanoparticles with Pista-
ciaatlantica extract on this bacterium is very effective. It
is expected that the good antibacterial properties of the
nanopatrticles synthesized in this study are due to the sta-
ble state of the formed nanoparticles (PDI> 0.7> 0.1) and
the appropriate size distribution of the Pistaciaatlantica
nanoparticles [44].

In the present study, in the results obtained from the test
of the average diameter of the stunted halo at a concen-
tration of 1000 ug of Pistaciaatlantica nanoparticles on
Staphylococcus, the diameter of the stunted halo was 12
mm indicating the antimicrobial properties of this plant
extract. Hamelian et al. investigated the synthesis of sil-
ver nanoparticles and their antioxidant, cytotoxicity, and
antibacterial effects under in vitro conditions in Pistacia
atlantica leaf extract mediated showing that Ag NPs pre-
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vented the growth of all bacteria at 1-7 ug/mL concentra-
tions and removed them at 3-15 pg/mL concentrations.
Finally, synthesized Ag NPs revealed non-cytotoxicity,
antioxidant, and antibacterial activities in a dose-depend-
ed manner [2].

Sadeghi et al. investigated the facile green synthesis of
silver nanoparticles using seed aqueous extract of Pistacia
atlantica and its antibacterial activity. The results suggest
that the synthesized Ag-NPs act as an effective antibac-
terial agent. It is confirmed that Ag-NPs are capable of
rendering high antibacterial efficacy and hence have great
potential in the preparation of used drugs against bacterial
diseases [3].

In general, gram-positive bacteria are more sensitive to
plant extracts and essential oils than gram-negative bac-
teria. Since gram-negative bacteria have an outer layer
around their cell wall and act as a barrier and limit access
to hydrophobic compounds, they have less sensitivity.
The findings of this study were consistent with the results
of other researchers [52]. Because of the availability of
studied plants in Iran and the possibility of preparing it at a
lower cost than other drugs and also due to the antibacteri-
al properties of nanoparticles biosynthesized with extracts
of these plants, the results of such research may be of in-
terest to researchers, experts, and manufacturers of drugs
and can be used to combat infections caused by these bac-
teria. Among nanoparticle production methods, the green
production method is clean, cheap, low-risk, and envi-
ronmentally friendly. The silver nanoparticles produced
by this method have the potential to be used in industries
related to human health due to the absence of hazardous
chemicals. Therefore, a combination of the mentioned fac-
tors has caused the silver nanoparticles obtained by using
the extract of this plant to have good inhibitory effects on
S. aureus.

According to previous studies, it can be concluded that
due to its high nutritional and medicinal properties, the
Pistaciaatlantica plant can be considered a suitable op-
tion in the production of nanoparticles by green method
and its application in human health-related industries such
as food hygiene and treatment. The results of this study
showed that Pistaciaatlantica extract in a short time can
reduce silver ions in the form of nanoparticles with a suit-
able and stable particle size distribution, which has good
inhibitory and lethal properties on S. aureus. Therefore,
studying the potential of Pistaciaatlantica extract can be a
solution for its effective use and a cheap and biocompat-
ible way to produce nanoparticles.

Moradi E, et al. Synthesis of Silver Nanoparticles of Plant Extract Mountain pistachio and their Antibacterial Effects. Intern Med Today. 2022; 28(2):244-263
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Suggestions: According to the results obtained in this
study and the good antimicrobial effect of Pistaciaat-
lantica nanoparticles on S. aureus, methods of reducing
the particle size of Pistaciaatlantica silver nanoparticles
and their evaluation with other methods of measuring
nanoparticles and their antimicrobial effect are recom-
mended for other gram-positive bacteria to find more
information and make optimal use of this unique plant.
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2. Pistacia Atlantica

3. AgNO3
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7. Minimum Inhibitory Concentration (MIC)

8. Minimum Bactericidal Concentration (MBC)
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6. Diffusion Disk
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9. Dispersion Index Number (PDI)
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