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Abstract
Nowadays nanoparticles are used in many fields of life all over the world, and there are numerous ways to obtain them:
chemical, physical and biological processes. In recent times, the biological method for the synthesis of nanoparticles
associated with using plant extract is widely spread.
Optimal conditions for synthesis of silver nanoparticles using aqueous seeds extract of Myristica fragrance were highlighted
in this research, such as type of plant extract, weight of extracted plant material, volume ratio of plant extract to AgNO 3 and
temperature of reaction.
The study proved that the optimal status for AgNPs synthesis by using 10 g of M. fragrance seeds powder were added to
100 mL boiled distilled water, then homogenized and filtered after 24 hours. Aliquot of 5 mL of hot aqueous extract were
added to 45 mL of 1*10-3 M AgNO 3 solution in the water bath with a magnetic stirrer for the bio-reduction process at 60 °C.
The biological activity of AgNPs nanoparticles was evaluated by using well diffusion method and biofilm formation for G+
and G- bacteria including Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis and Klebsiella pneumonia,
while the effect of AgNPs nanoparticles on plasmid curing was investigated for Escherichia coli and Staphylococcus aureus
only.
Atomic Force Microscopy (AFM) images proved that Ag particles are in nanometer- size and have granular shape, the size
of silver nanoparticle is (74.55 nm) for the sample taken after 16 min of the reaction.
Nanoparticles of various concentrations have proven effective in inhibiting bacterial growth after antimicrobial activity test,
biofilm formation and plasmid curing as they exhibited a remarkable effect in inhibiting the growth of both Gram-positive
and negative bacteria.
Keywords: silver nanoparticles, green method, biofilm, plasmid curing, Myristica fragrans,

1. Introduction
Nanotechnology today is one of the most interesting
fields of sciences because of its multifunctional properties,
specifically the size range from (1-100) nm (Zia et al.,
2016 and Sithara et al., 2017).
The unique size of nanoparticles allowed using them in
various fields of applications such as medicine, food,
biomedical,
electronics,
mechanical
industries,
biotechnology and environmental because of their many
properties (Ahmed et al., 2016; Khatoon et al., 2017 and
Henríquez et al., 2020). The properties of NPs relay on the
specific parameters like shape, size and surface of
molecules; while achieved nanoparticles quality is based
on their synthesis methods (Kuppusamy et al., 2016 and
Sithara et al., 2017).
Song and Kim (2009) reported on the synthesis of Ag
nanoparticles by the reduction of Ag+ using Pine,
Persimmon, Ginkgo, Magnolia and Platanus leaves broth.
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The time courses of AgNPs synthesis with different
reaction temperatures were studied.
The best reducing agent in the duration of synthesis
rate and diversion to silver nanoparticles was Magnolia
leaf extract, where the AgNPs was synthesized during 11
min of reaction time and a reaction temperature at 95 °C.
Heydari and Rashidipour (2015) studied the effect of
different concentrations of Jaft aqueous extracts (Quercus
infectoria) on the synthesis of silver nanoparticles; the
results showed that increasing the concentration of Jaft
aqueous extract led to synthesize more silver
nanoparticles.
The classical methods for nanoparticles formation are
chemical and physical methods, but they are not ecofriendly because of using many toxic chemical compounds
(Carrillo-Lopez et al., 2016 and Kambale et al., 2020).
Today, the green method includes the use of plant extracts
which is preferable over other methods as they provide
reducing agents of secondary metabolites such as
flavonoids, alkaloids, phenolics, tannins and terpenoids.
Availability of plant sources makes this method easy and
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cost effective (Carrillo-Lopez et al., 2016; Sithara et al.,
2017 and Khan et al., 2018).
The Ag nanoparticles are considered as one of the
important metallic nanoparticles because of their unique
characteristics like catalytic activity, chemical stability and
good conductivity, so it is commonly used as antibacterial, antifungal, anti-viral and anti-inflammatory
(Zhang et al., 2014; Ibrahim, 2015 and Liao et al., 2019).
In this study, Myristica fragrance seeds called nutmeg
belonging to the Myristicaceae family were used for Ag
nanoparticles formation.
This aromatic plant has a wide range of active
phytochemicals such as alkaloids, terpenoids, phenolic,
lignins, tannins, steroids, flavonoids, etc. (Saxena and
Patil, 2012; Bindu and Kumar, 2013 and Gupta et al.,
2013). The aim of this study is to identify the optimal
conditions of AgNPs synthesis such as type of plant
extract, temperature, time and the concentration of Ag
NO 3 to achieve the best concentration of nanoparticles.
R

R

2. Materials and Methods
2.1. Preparation of cold, boiling and hot M. fragrance
aqueous seed extracts
M. fragrans seeds were bought from local market in
Baghdad, grinded in electrical grinder for 5-7 min, then
10 g of seeds powder was added to 100 mL of boiling
distilled water to prepare hot aqueous extract, while to
prepare cold aqueous extract, 10 g of seed powder was
soaked in 100 mL distilled water.
A quantity of 10 g of M. fragrans seeds powder was
added to 100 mL distilled water then heated for 1 hour at
95 °C to prepare the boiling aqueous extract. The three
extracts were homogenized by using magnetic stirrer for
3 hours then left overnight at 4 °C. The extracts were
filtered using Whitman paper No.1 then centrifuged at
8000 rpm for 10 min and stored at 4 °C until use (Banerjee
et al., 2014 and Owaid et al., 2018).
2.2. Preparation of silver nanoparticles using plant
extract

FTIR measurements were carried out to identify
various functional groups in M. fragrans extract which are
responsible for reducing and stabilizing the synthesized
AgNps. The samples of AgNPs and M. fragrans extract
were prepared by dropping 3 mL from each sample
directly on a glass slide and left to dry at room
temperature. The dried samples were grinded with KBr
and analyzed on using Shimadzu IR-Affinity-1. (Shanan et
al., 2018 and Fatema et al., 2019).
P

The surface morphology of AgNPs was studied by
using AFM (Angstrom AA2000, contact mode,
atmospheric conditions, USA) images, which clarifying
topological images at high magnification of surface
morphology. Aliquot of 0.5 mL of AgNPs sample was
centrifuged using eppendrof tube for 5 min at 10000 rpm.
A few drops from the sample were placed on the slide, air
dried and characterized by using atomic force microscopy
(Karoutsos, 2009 and Carapeto et al., 2019).
2.4. Identification the optimal conditions for synthesis
silver nanoparticles
2.4.1. Evaluation of the optimal temperature in AgNPs
synthesis
The optimum temperature for synthesis of AgNPs was
determined by added 45 mL of 1*10-3 M AgNO 3 solution
to 5 mL of hot aqueous extract of M. fragrans in a flask
placed in a water bath with continuous stirring at different
temperatures (40, 50, 60 and 70) °C every time, 2 mL was
taken from the reaction mixture every 2 min for 20 min; all
samples were measured using UV spectrophotometer
immediately and after 15 days (Verma and Mehata, 2016).
P

P
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2.3. Characterization of AgNPs
2.3.1. UV spectrophotometer measurement
Preliminary characterization of the AgNPs was carried
out using UV-vis spectroscopy. The UV-vis absorption
spectra of the AgNPs were measured at room temperature
on a spectrophotometer (UV-Spectrophotometer-Shimadzu
UV-1800) in 1 cm optical path quartz cuvette. The optical
behavior of the biosynthesized AgNPs aliquots of samples
were analyzed every 2 min in the range of a wavelength
from 190 - 1100 nm (Jain and Mehata 2017).

P

R

R

R

R

2.4.2. Evaluation of the ratio of hot aqueous plant extract
to AgNO 3 solution in AgNPs synthesis
R

R

Different volumes of hot aqueous plant extracts and
AgNO 3 solution were used in synthesis of AgNPs by
adding 45, 25 and 5 mL of 1*10-3 M AgNO 3 to (5, 25 and
45) mL of hot aqueous plant extract respectively. All the
samples were placed in a water bath at 60 °C with
continuous stirring then measured using UV
spectrophotometer (Ibrahim, 2015 and Ahmed et al.,
2016).
R

P

P

P

2.3.3. Atomic Force Microscopy (AFM) measurement

R

AgNPs was synthesized by adding 45 mL of 1*10-3 M
of AgNO 3 (Sigma-Aldrich) solution in a dark flask placed
in a water bath with stirring continuously till the
temperature stabilized at 60 °C then 5 mL of seed extract
was added (AL-Azawi et al., 2018), 2 mL was taken from
the reaction mixture every 2 and 5 min for 20 and 30 min
respectively. All samples were measured using UV
spectrophotometer; gradually, the change of color to dark
brown from light yellow was observed after 2-3 days.
R

2.3.2. Fourier Transforms Infrared Spectrophotometer
(FTIR) measurement

P

R

R

2.4.3. The effect of difference in plant material weight on
the preparation of M. fragrans hot aqueous extract in
AgNPs synthesis
The hot aqueous extracts of M. fragrans were prepared
using different weights of seeds powder (6, 8 and 10) g
then extracted in 100 mL of boiling distilled water. AgNPs
was synthesized by adding 45 mL of AgNO 3 solution to
5 mL of plant extract every time of reaction as mentioned
above; 2 mL was taken from the reaction mixture every
5 min for 20 min then all samples were measured using
UV spectrophotometer (Sithara et al., 2017).
R

R

2.5. Biological activity
2.5.1. Antimicrobial activity
The antimicrobial activity of silver nanoparticles was
investigated using the well diffusion method on MuellerHinton agar (MHA) (Merck). The inhibition zones were
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reported in millimeter (well size was 6 mm) against
various sorts of bacteria like gram negative bacteria
(Escherichia coli, Klebsiella pneumoniae) and gram
positive bacteria (Staphylococcus aureus, Staphylococcus
epidermidis).
MHA agar plates were inoculated with bacterial strain
under aseptic conditions and wells were filled with 50 μL
at various concentrations of AgNPs (100, 75, 50 and 25) %
and incubated at 37 °C for 24 hours. After the incubation
period, the inhibition zones were measured (Ibrahim,
2015).

carried out according to the Green and Sambrook, (2012)
method.

2.5.2. Determination of minimum inhibitory concentration
(MIC)

At the beginning of the reaction between M. fragrance
extract and AgNO 3 solution, the reaction mixture was
transparent, but over time the solution changed to light
yellow and then to light brown. The chromatic change in
the solution indicates the formation of AgNPs (Pirtarighat
et al., 2019). After about two weeks, the color of the
solution turns dark brown with increasing color intensity
as shown in Figure 1.
Increasing incubation time of the solution enhanced the
growth of silver nanoparticle, and this result corresponds
with the result of Ibrahim, 2015. Also, the presence of
secondary metabolites in the plant extracts such as
alkaloids and flavonoids that provide the electronic
capacity of reduction Ag+ to Agº as mentioned by Sharma
et al., 2014; Verma and Mehata, 2016; Izah et al., 2018
and Khan et al., 2018.

3. Results and Discussion
Differences in physical and chemical conditions such
as type of extraction, temperature, reaction period, weight
of plant material and reactants concentration significantly
affected the form, size and the morphology of Ag
nanoparticles.
2.6. Visual observation of AgNPs

R

AgNPs was used to determine MIC for planktonic cells
of E. coli, K. pneumonia, S. aureus and S. epidermidis
bacteria. MIC test was conducted in 96- well microtiter
plate; each test well was filled with 100 µL Trypton soya
broth (TSB) (Merck) + 1% w/v glucose (BHD). Aliquot of
100 µL of AgNPs was added to the first test well then
mixed well to prepare a double series of dilutions across
the plate.
Aliquot of 10 µL of bacterial suspension was placed in
each well plate to achieve a final inoculum size of 4x105
CFU / mL. The positive control was achieved by adding
TSB and bacterial inoculum without adding AgNPs to the
well. Negative control was achieved by adding AgNPs
without inoculum. After incubation for 18- 24 h at 37 °C,
the microbial growth in the well was examined by
turbidity. The MIC value was described as the lowest
AgNPs concentration inhibits 80% of microbial growth,
relative to the negative and positive controls (Christensen
et al., 1995).

R

P

P

A

2.5.3. Biofilm activity
Biofilm formation test was achieved by using 96- well
microtiter plate (Sánchez et al., 2016). E. coli, K.
pneumonia, S. aureus and S. epidermidis bacteria were
cultured in Trypton soya (TS) broth for 24 h then the
resulting culture was diluted to 1:100 TSB (Merck) + 1%
w/v glucose (BHD). Each well of microplate was loaded
with 100 µL of TSB and 100 µL of AgNPs produced from
12 and 16 min except the control well without AgNPs,
then microplate, was incubated at 37 °C for 24 h, and each
concentration was carried out in triplicate.
The planktonic bacteria were removed by washing the
microtiter plate with sterile distilled water for 3 times;
subsequently, 0.1% w/v crystal violet solution was added
to each well then left to stain for 10 min at 25 °C. The
crystal violet dye was removed by immersing the plate in a
water tray, then inverting on paper towels to remove
excess liquid and left to air dry. The plate was treated with
ethanol 96% for 10-15 min at 25 °C to solubilize the dye
bound, and then absorbance was measured at 630 nm (ALAzawi et al., 2019).
2.5.4. Plasmid curing
The bacterial DNA plasmid was extracted by using
alkaline lysis method. The pathogenic bacteria E. coli and
S. aureus were inoculated into 5 mL Nutrient broth
(Merck) tubes after being treated with different
concentrations (0.5, 1, 3 and 6) % of silver nanoparticles
of the samples 12 and 16. All the tubes were incubated for
24 hours at 37 °C with shaking except the control tubes
(without AgNPs). The extraction of plasmid DNA was

Figure1. The change in color of AgNPs solution over time after
adding M. fragrance seeds extract to 10-3M AgNO 3 (A) Left:
10-3M aqueous silver nitrate. Right: AgNO 3 with M. fragrance
seed extract forming AgNPs after two weeks. (B) Left: M.
fragrance seeds aqueous extract 100 g/L. Right: 10-3M AgNO 3
with the seed extract forming AgNPs after two months.
P

P

P

P

R

R

R

R

P

P

R

R

152

© 2022 Jordan Journal of Biological Sciences. All rights reserved - Volume 15, Number 1

2.7. Characterization of AgNPs biosynthesis and the
effect of reaction time on the formation of silver
nanoparticles
2.7.1. UV–vis spectrophotometric analysis was carried out
as first identify for AgNP formation.
Different components may contribute to the reduction of
Ag ions during AgNPs biosynthesis by using plant extract.
Figure 2 shows the visible spectrum of ultraviolet radiation
for AgNPs obtained from the reaction of M. fragrance hot
extract and 10-3M AgNO 3 recorded 200 to 800 nm at
regular intervals every two minutes. The maximum
absorption observed and represented the extreme energy is
416 nm as obtained by Sharma et al., 2014 and Ibrahim,
2015 showing that the synthesized of AgNPs are smaller
with steady size distribution. It is noted from Figure 2 the
absorption spectra due to the rapprochement of reaction
time.

Figure 2. Absorption spectra of silver nanoparticales at various
reaction time intervals of 10-3M AgNO 3 with M. fragrance seed
extract.

Time represents an important factor in the formation of
silver nanoparticles. Figure 3 represents the absorption
spectra of silver nanoparticles at 60 °C and at various
reaction time intervals, every 5 min which was measured
after 7 days of reaction. No visible peaks were obsereved.

Figure 4. Absorption spectra of AgNPs at various reaction time
intervals of M. fragrance hot aqueous extract and 10-3M AgNO 3 at
60 °C after 15 days of reaction.

From the UV-VIS analysis, in Figure 5 that showed an
increase in the absorbance with time indicating an increase
in the forming of AgNPs a broad-spectrum bell-shaped
curve was obtained in the range 350-550 nm. A Distinct
peak at 416 nm showed a sharp surface plasmon resonance
(SPR), which was specified for silver nanoparticles
(Mahendran and Kumari, 2016; Owaid et al., 2018 and
Pirtarighat et al., 2019).

Figure 5 . Absorption spectra of silver nanoparticales and M.
fragrance hot aqueous extract.

The effect of using different plant extraction methods in
AgNPs synthesis
The results in figure 6 show increasing synthesis rate of
AgNPs by using the hot aqueous extract of M. fragrance,
then the boiling and cold plant extract. The extraction
method may be the reason for this behavior which is due to
the ionization of secondary compounds existing in aqueous
extract and responsible for the reduction of silver salt to
silver ions as a reducing agent, specially the essential oil
and phenolic compounds found in nutmeg in large
quantities (Raphael et al., 2010; Enabulele et al., 2014).

Figure 3. Absorption spectra of AgNPs at various reaction time
intervals of M. fragrance hot aqueous extract and 10-3M AgNO 3 at
60 °C after 7 days of reaction.

Ten days after the reaction, we observe the appearance
of absorption spectra of nanoparticles and for all reaction
times. The UV-vis data in Figure 4 shows a distinct peak at
416 nm is observed at all times of reaction (5-30 ) min.
The figure also shows that the peaks at all times are
identical with each other and similar to the absorption
spectra in Figure 1. This indicates the formation of silver
nanoparticles at all reaction times, and this is consistent
with the results of Song and Kim, 2009; Verma and
Mehata, 2016 and Sithara et al., 2017.

Figure 6 . Absorption spectra of AgNPs obtained from different
aqueous extract methods for M. fragrance seeds with 10-3M
AgNO 3 .
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It is observed (Figure 6) that nanoparticles are formed
clearly by using the three different aqueous extracts of M.
fragrance seeds after interaction with silver salt (Sharma et
al., 2014; Verma and Mehata, 2016).
The effect of using different temperatures on AgNPs
synthesis
The reaction mixture was exposed to different
temperatures varying from 40 ºC to 70 ºC. The varying
temperatures with the variation in absorbance of AgNPs
synthesis were observed (Figure 7) indicating that
temperature has altered the rate of AgNPs reaction. The
highest rate of spectra value was at 60 ºC then 40 ºC but
the lowest rate of spectra was at 50 ºC and 70 ºC.
The optimum temperature for AgNPs formation was
recorded at 60 ºC, indicating that small Ag nanoparticles
are formed at this temperature (Zia et al., 2016). As the
temperature of reaction increased, both the rate of
synthesis and the ﬁnal conversion of silver nanoparticles
increased (Song and Kim, 2009 and Ibrahim, 2015).
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The effect of using different volumes of aqueous hot broth
on AgNPs synthesis
Another important variable that determines the optimal
volume of the extract reacts with silver salt to produce
nanoparticles. Figure 9 shows the UV-visible spectra of
nanoparticales obtained from the reaction of three different
quantums of M. fragrance seeds hot extract and 10-3M
AgNO 3 .
When increasing the volume of seed extract to silver
nitrate to the ratio 45:5, 25:25 mL, no absorption band was
observed. While decreasing the volume in the reaction
mixture to 5:45 mL, the absorption was observed at 416
nm, indicating the enhancement in the synthesis of silver
nanoparticles (Heydari and Rashidipour, 2015).
P

R

P
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Figure 9. Absorption spectra of AgNPs at various volumes of M.
fragrance hot aqueous extracts and 10-3M AgNO 3 (25:25, 45:5,
5:45) mL.
P

P

R
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2.7.2. FTIR spectroscopy analysis
Figure 7. Absorption spectra of AgNPs prepared at different
reaction temperatures of 40, 50, 60 and 70 ºC.

The effect of using different plant weights on AgNPs
synthesis
For complete reduction of Ag ions to silver
nanoparticles, three different weights of M. fragrance
seeds were used to prepare the hot aqueous extract then
mixed separately with a fixed volume of 10-3M AgNO 3 .
The outcome in Figure 8 shows that at high concentration
of 10 g / 100 mL of hot extract led to synthesizing more
silver nanoparticles better than 6 and 8 g / 100 mL
(Heydari and Rashidipour, 2015), which indicates there is
a direct interconnection between the extract concentration
and the synthesis of silver nanoparticles.
P
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FTIR measurement was carried out to identify various
functional groups in M. fragrans seed extract and
predicting their role in the synthesis of Ag NPs. The FTIR
spectra of nutmeg extract and AgNps is shown in Figure
10 (a), (b) and (c) showing strong and broad range peak at
3441 cm-1, that assigned for OH stretching in alcohols and
phenolic compounds (Sharma et al., 2014 and Sivaprakash
et al., 2019).
Shifting to the lower frequency 3442 cm-1 and 3439
-1
cm for silver nanoparticles at 12 and 16 min respectively
may indicate the involvement of the O-H functional group
in the synthesis of nanoparticles. The absorption peak at
1627 cm-1 could be assigned to the ʊ C=N stretching in the
amide group in the seeds extract. The shift in this peak
from 1627 cm-1 to 1635 cm-1 and 1637 cm-1 of AgNps that
synthesized at 12 and 16 min respectively indicates the
possible involvement of amide group in M. fragrans seed
extract in nanoparticle synthesis.
The peak at 1066 cm-1 may attributed to the C-O group
in crude seeds extract which shifted to 1062 cm-1 and 1060
cm-1 in silver nanoparticles at 12 and 16 min respectively
after the reduction of silver. The FTIR results displayed
that the biological molecules performed dual functions of
synthesis and stabilization of AgNPs in the aqueous broth
(Erjaee et al., 2017; Khan et al., 2018).
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Figure 8. Absorption spectra of AgNPs at different weights of M.
fragrance seeds extracts and 10-3M AgNO 3 .
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The increase in extract concentration leads to rising in
the rate of secondary compounds and thus increasing the
reduction of silver salt to silver ions.

P

P
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Many shapes of ANPs appeared after synthesis by
using the green method, like spheres, plates, rods and
needles. The form of silver nanoparticles depends on the
kind of plant and the concentration of plant broth, the rate
of adding the plant extract and silver salt to the reaction,
time of reaction, temperature, pH, etc.( Fatema et al.,
2019).
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Figure 10.FTIR spectra of (a) M. fragrans aqueous extract (b)
AgNPs in 12 min (c) AgNPs in 16 min.

2.7.3. Atomic Force Microscopy (AFM) analysis
AFM analysis is used to study the surface morphology
of nanoparticles (Shkryl et al., 2018). AFM images can
determine the size, conglomerate, and surface roughness of
silver nanoparticles (Majeed et al., 2015 and Fatema et al.,
2019). The circumstances of an experiment are highly
influence nanoparticles distribution and differences in size,
and capability for aggregation.

(b)
Figure 11. AFM topography for Ag nanoparticles (a) 2D & 3D
AFM images of AgNPs that synthesized at 60 ºC after 12 min of
reaction. (b) Granularity distribution of AgNPs that synthesized at
60 ºC after 12 min of reaction.
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nanoparticles and the kinds of bacteria under consideration
have a great effect on the inhibition zone size. Figure 13 a
shows that AgNPs sample (12) at the concentrations 100,
75, 50 and 25% caused the highest inhibition effect against
S. epidermidis bacteria, and these results are compatible
with the results of Netala, et al., (2014) while the lowest
inhibition effect for silver nanoparticles in all
concentrations was against S. aureus. Both E. coli and K.
pneumoniae bacteria achieved almost the same inhibition
zone against using the nanoparticles in all its
concentrations. Figure 13 b displays AgNPs sample 16 at
100% concentration exhibiting the highest inhibition effect
against E. coli bacteria, and this is consistent with the
results of Paul and Sinha, (2014). While S. epidermidis
bacteria showed the highest inhibition zone when treated
with silver nanoparticles at the concentrations 75, 50, and
25%, then E. coli bacteria at the same concentrations.
While K. pneumoniae and S. aureus resulted in the same
inhibition effect when tested in the presence of AgNPs
sample 16 in all the concentrations.

(a)

(b)
Figure 12. AFM topography for Ag nanoparticles (a) 2D & 3D
AFM images of AgNPs that synthesized at 60 ºC after 16 min of
reaction. (b) Granularity distribution of AgNPs that synthesized at
60 ºC after 16 min of reaction.

AFM images in Figure 11 (a) and 12 (a) show that Ag
particles are in nanometer- size and granular shape. The
size of silver nanoparticles were 87.71 nm and 74.55 nm
for the samples taken after 12 min and 16 min of reaction
as shown in Figure 11 (b) and 12 (b) respectively. The
grain size rate decreasing with increasing the reaction time
by increasing the silver salt reduction due to the ionization
of secondary compounds as stated by AL-Azawi et al.,
(2018).
2.8. The biological activity results
2.8.1. Antimicrobial activity of Ag NPs samples
Antibacterial activity of AgNPs samples a (12) and b
(16) was studied against gram negative bacteria
(Escherichia coli, Klebsiella pneumoniae) and gram
positive bacteria (Staphylococcus aureus, Staphylococcus
epidermidis). The results show that the size of the

Figure 13. The effect of Ag NPs samples a (12) and b (16) on
biological activity of pathogenic bacteria by using different
concentrations (1) 100%, (2) 75%, (3) 50%, (4) 25% from silver
nanoparticles.

2.8.2. Estimation of AgNPs effect on the biofilm formation
inhibition by pathogenic bacteria
The influence of Ag nanoparticles on biofilm formation
inhibition was clear for gram negative and positive
pathogenic bacteria. The results confirm that there was an
inverse relationship between the concentration of
nanomaterials and the inhibitory effect of biofilm
formation.
The lower the silver concentration, the more inhibiting
effect on bacteria biofilm formation. The results also
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proved that the lowest size of Ag nanoparticles sample (b)
16 (74.55) nm had a better inhibition effect on all bacterial
strains than Ag nanoparticles sample (a) 12 (87.71) nm. It
was observed that the highest effect of the biofilm
inhibition for both nanoparticle samples 12 and 16
belonged to K. pneumoniae as shown in Figure 14.

Figure 14. The effect of AgNPs samples a (12) and b (16) on
inhibition of biofilm formation by pathogenic bacteria using
different concentrations (1) (control) normal growth of pathogenic
bacteria without AgNPs (2) 100%, (3) 75%, (4) 50%, (5) 25%
from silver nanoparticles.

Both E. coli and S. aureus exhibited a convergent
inhibition effect, while S. epidermidis bacteria showed the
lowest inhibition effect compared with the control. AgNPs
at the concentration 25% achieved the highest inhibition
effect to biofilm formation among all the pathogenic
bacteria, while the concentration 100% showed the lowest
inhibition effect to biofilm formation among all pathogenic
bacteria.
The best inhibiting biofilm effect of K. pneumoniae
bacteria by using AgNPs was at the concentrations 25, 50,
75 and 100% respectively compared with the control while
S. epidermidis showed less inhibition effect to biofilm
formation at all the concentrations of AgNPs. The effect of
AgNPs on Gram negative bacteria was better than the
effect on Gram-positive bacteria. The mechanism of
AgNPs activity occurs due to the correlation of AgNPs to
the bacteria cell wall and then generating the free radicals
(Pirtarighat et al., 2019). Silver nanoparticles bind to the
cell membrane, forming pores that increase membrane
permeability and cause cell death (Netala et al., 2014;
Verma and Mehata, 2016 and Pirtarighat et al., 2019).
2.8.3. Estimation the effect of AgNPs on plasmid curing of
pathogenic bacteria
The AgNPs samples (12 and 16) displayed a clear
inhibition effect on both Gram positive and negative
bacteria as antiplasmid DNA activity shown in Figure 15.
S. aureus bacteria exhibited the highest inhibition effect
for the entire concentrations (0.5, 1, 3 and 6) % for both
samples 12 and 16 of silver nanoparticles compared with
the control. E. coli bacteria followed the same behavior

after being treated with the AgNPs samples 12 and 16 in
all concentrations except 0.5% from sample 12 which
displayed less effect as anti plasmid.

Con 0.5

(12)
1

3

6%

(16)
Con 0.5 1

Con 0.5
3

6%

Figure 15. Agarose gel electrophoresis profile of plasmid DNA
for E. coli and S. aureus bacteria after being treated with different
concentrations (0.5, 1, 3 and 6) % from 12 and 16 samples of
AgNPS, left: E. coli bacteria, right: S. aureus bacteria.

The results also proved that the lowest size of Ag
nanoparticles sample (b) 16 (74.55) nm caused a better
inhibitory effect as antiplasmid on pathogenic bacteria
strains than Ag nanoparticles sample (a) 12 (87.71) nm.
3. Conclusion
The green synthesis of nanoparticles by using a green
reduction agent is an ecofriendly, cheap, and effective
method. In this study, AgNPs nanoparticles were
synthesized by using the hot aqueous extract of M.
fragrance. The chromatic change in the solution confirmed
the formation of silver nanoparticles.
UV–vis spectra displayed a special peak for silver at
416 nm which was conformable to the surface plasmon
peak of Ag nanoparticles; in addition, formation of silver
nanoparticles occurred at all reaction times. The use of hot
aqueous extract of M. fragrance increased the synthesis
rate of Ag nanoparticles, especially after using 10 g / 100
mL from plant seeds to prepare the hot aqueous extract.
The convenient temperature for AgNPs formation was
60 ºC, which indicates that a small Ag nanoparticle was
formed at this temperature. While the optimal volume of
the extract that reacts with silver salt to produce
nanoparticles was 5:45 ml.
The FTIR results showed that the biological molecules
are forming dual functions of synthesis and stabilization of
AgNPs in the aqueous broth. AFM images prove that Ag
particles were nanometer-size and had a granular shape.
The grain size rate decreased with increasing the time
of reaction, the size of silver nanoparticle was 74.55 nm
for the sample taken after 16 min of the reaction. The Ag

(12)
1
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nanoparticles in the samples 12 and 16 in all
concentrations showed the highest inhibition effect as
antibacterial against S. epidermidis bacteria.
The influence of Ag nanoparticles on biofilm formation
inhibition showed that the lowest size of AgNPs sample 16
(74.55) nm caused a better inhibition effect on all bacterial
strains, while the highest effect of the biofilm inhibition
for both nanoparticle samples 12 and 16 belonged to K.
pneumoniae. The results proved that the lowest size of Ag
nanoparticles sample (b) 16 (74.55) nm had a better
inhibitory effect as anti plasmid on S. aureus bacteria
strains than Ag nanoparticles sample (a) 12 (87.71) nm.
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