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Abstract
In this research, “Tragopogon collinus” extract was used for synthesis of silver nanoparticles and their biological properties 
were studied. Based on this, the extract of the plant was prepared and the synthesis of silver nanoparticles under different 
conditions were investigated. The best conditions for the synthesis of nanoparticles were 0.0025 M of silver nitrate, tem-
perature of 40 °C, pH  10 and 20 cc of the extract, which the formation of the nano particles were confirmed by UV–Vis, 
TEM, XRD, FT-IR analysis. Average size of the particles were obtained 7 nm and the formation of the nano silver crystals 
was proved. The synthesized silver nanoparticles showed inhibition zone for both Gram-positive and -negative bacteria and 
Staphylococcus aureus has better result compared to Escherichia coli.
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1  Introduction

Nanoparticles are a special group of materials with unique 
properties [1–4]. Nanoscale metal particles are among the 
important nanotechnology products. These particles have 
attracted interest due to their unique optical properties, cata-
lytic nature and electromagnetic applications [5]. Although 
various chemical and physical methods are commonly used 
for production of nanoparticles, they come with disadvan-
tages such as use of hazardous chemicals, production of 
wastes that pollute the environment, high energy consump-
tion and low efficiency. Hence, scientists are looking for 
new methods for production of nanoparticles, among which 
biosynthesis of nanoparticles has attracted great interest due 
to its compatibility with the environment and its economic 
advantages [6, 7]. Plants, algae, fungi, yeast, bacteria and 
viruses can be used in biosynthesis of nanoparticles [3, 
5, 8–11]. Numerous natural plants and plant products are 
available that can be easily used to facilitate biosynthesis 
of nanoparticles, because they have the compounds include 
alkaloids, tannins, steroids, phenols, saponins and flavonoids 
in their structure which can help in reduction of silver ions 
to silver nanoparticles by various functional groups such as 
hydroxyl, ketone and aldehydes [10, 12, 13]. Silver nanopar-
ticles have many research applications in medical engineer-
ing, pharmacy, etc. [3, 14]. Chemical nanoparticles cause 
environmental hazards and toxicity and, of course, are costly. 
However, biological nanoparticles are not hazardous to the 
environment given that they are produced from plants [6]. 
Moreover, increasing antibiotic resistance raises treatment 
costs, increases recovery period and leads to antibiotic treat-
ment failure. Therefore, it is necessary to manufacture new 
antibiotic agents, use more novel and comprehensive treat-
ment methods to control infections and prevent the spread 
of antibiotic-resistant pathogens [15, 16]. Moreover, occur-
rence of dangerous and fatal complications such as anaphy-
lactic shock and liver and kidney failure in some patients 
necessitates the use of new antibacterial materials. Appli-
cation of nanoparticles in medicine as antibacterial mate-
rials is expanding with the advancement of nanoscience, 
easier production of silver nanoparticles, and proof of their 
antimicrobial properties [15, 16]. Silver nanoparticles have 
been developed as an antibacterial, antiviral and anti-decay 
agent [17, 18]. These particles act as an effective lethal agent 
against a wide range of Gram-positive and Gram-negative 
bacteria and even against antibiotic-resistant strains [19, 20].

So many articles have been published on producing sil-
ver nano particles using green method and plant extract. 
Some of them are: banana peel [21], Azadirachta indica 

leaf extract [14], Neem leaves [22], Carob leaf [23], Olive 
leaf [24], Ocimum tenuiflorum leaf extract [25], Salanum 
tricobatum [25], Urtica dioica Linn.[26], Datura Stramo-
nium [27], Combretum erythrophyllum [28], Shikakai [29], 
Sida cordifolia [30], Zataria multiflora [31], Megaphrynium 
macrostachyum [32], Embelia ribes [33], Enico stemma axil-
lare [34], Green tea (Camellia sinensis) [35], Azadirachta 
indica leaf extract [36], Ocimum Sanctum leaf extract [36], 
green Coffee bean [37], Coffee extract [38], Givotia moluc-
cana [9].

Tragopogon collinus is a wild plant of the Asteraceae 
family and one of the edible native plants in Iran. This plant 
is a stomach tonic and topical application of its root is effec-
tive in treating severe poisoning, infections and ear drainage. 
So, attending to the benefits, in this research silver nano 
particles was produce from T. collinus extract. Different con-
ditions (Time of the reaction, quantity of extract, tempera-
ture, pH of the solution and concentration of silver nitrate 
solution) were investigated and the produced nano particles 
were characterized by UV–Vis spectrophotometry, FT-IR, 
XRD and TEM analyses. Furthermore the achieved silver 
nano particles was tested for antibacterial activities as well.

2 � Experimental Section

2.1 � Materials

AgNO3 (100%), Ethanol (99%), Methanol (99%), HCl 
(37%), NH3 (25%), Na2CO3 (99.9%), Muller- Hinton-Agar 
and Muller-Hinton-Broth were from Merck chemical com-
pany, Folin–Ciocalteu reagent and Gallic Acid was from 
Sigma-Aldrich Company.

2.2 � Instrumentation

The UV–Vis spectra was recorded using 530 Jasco (Japan) 
spectrophotometer, XRD patterns was performed using 
X-Ray analyzer model SCIFERT-3003 PTS, the FT-IR 
spectra was obtained by Thermo Nicolet Nexus 870 FT-IR 
spectrometer and the surface morphology of the synthesized 
nano particles has been studied using Transmission electron 
microscopy (Model: JSM 2010).

2.3 � Preparation of the Plant Extract

Tragopogon collinus plants were bought in spring from 
the local market in Iran and washed and dried in the dark 
and kept in a cool place away from sunlight. Two solvents 
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(ethanol and methanol) and two methods (soaking and boil-
ing) were tried to select the suitable solvent and extraction 
method. After extraction, the best method was selected to 
continue the experiment. In the boiling method, 5 g of dried 
plants was rinsed again with distilled water and then boiled 
in 100 ml of 30% ethanol for 20 min. The same procedure 
was carried out with 30% methanol. For extraction by the 
soaking method, 2.5 g of the dried and washed plant was 
added to 50 ml of ethanol and placed on a stirrer for 24 h to 
obtain the extract. The same method was used to prepare the 
extract by methanol. In all of these methods, the obtained 
solutions were passed through filter paper and centrifuged 
at 9000 rpm for 15 min to separate the suspended particles 
and obtain the pure extracts. Fresh extracts were prepared 
for each experiment and stored in a refrigerator during the 
experiment.

2.4 � Measurement of the Total Phenolic Content

To measure the total phenolic content, the method of Sid-
diqui et.al was used with a little modification [39]. For this 
purpose, 0.1 g of the extract was added to 10 ml of 50% etha-
nol and 100 μl of this solution was added to 2.5 ml of 0.5 M 
Folin solution and 2 ml of 10% sodium carbonate solution. 
The mixture was kept in the dark for 1 h and then absorb-
ance was read with a spectrophotometer at a wavelength 
of 760 nm. Standard Gallic acid solutions were prepared 
at 10, 40, 70, 100, 150, 300 and 400 ppm. The absorbance 
was plotted against concentration to obtain the calibration 
curve. The observed absorbance was converted to concen-
tration using the linear equation obtained from the standard 
Gallic acid solutions. The total phenolic content was calcu-
lated as mg Gallic acid per gram extract using the following 
equation:

where C is the total phenolic content as mg/g Gallic acid 
equivalents (GAE), C1 is Gallic acid concentration obtained 
from the standard curve, V volume of the extract in ml and 
m is the weight of the plant in g.

2.5 � Synthesis of Silver Nanoparticles

A specific concentration of silver nitrate was first prepared 
and 20 ml of the extract was added to 60 ml of this silver 
nitrate solution in an Erlenmeyer flask. The Erlenmeyer flask 
was placed on a shaker at 220 rpm in the dark. The change of 
color to dark brown indicated that silver nanoparticles were 
formed. Samples were taken from the solution inside the 
Erlenmeyer flask at different times and studied the absorb-
ance with a spectrophotometer at 300–700 nm. Presence of 
a peak in the range of 370–500 nm indicated synthesis of 

(1)C = C1 × V∕m

silver nanoparticles. Different values of the variables such 
as time (30, 90 and 150 min), quantity of extract (5, 10, 20, 
30 and 40 ml), reaction medium temperature (40, 60, 70 and 
80 °C), pH of the solution (7, 8, 9, 10 and 11) and different 
concentrations of silver nitrate (0.001, 0.0025, 0.005, 0.01 
and 0.05 M) were used to find the optimum conditions for 
silver nanoparticles synthesis. The obtained silver nano par-
ticles by T. collinus extract were separated from the solution 
by centrifuging at 15,000 rpm, then dispersed in distilled 
water and centrifuged again to get rid of any pollutant. This 
action repeated for three times and after the last one, the 
clean particles dried in oven at 60 °C.

2.6 � Antibacterial Properties of the Extract

To study the biological properties of the extract, standard 
well agar diffusion method was carried out. For this aim, 
100 µl of Staphylococcus aureus (S. aureus PTCC 1112) 
and Escherichia coli (E. coli PTCC 1270) suspensions were 
prepared and poured into plates and cultured. A well was 
then made in each plate and filled with the extract and Eryth-
romycin and Ampicillin disks were placed beside it for com-
paring the antibacterial activities. The plates were put in an 
incubator at 37 °C for 24 h and then the zones of inhibition 
were measured.

2.7 � Study of the Antibacterial Properties of Silver 
Nanoparticles

The biological properties of the synthesis silver nano parti-
cles was studied using standard well agar diffusion method. 
At first different concentrations of silver nanoparticles (6000, 
7000 and 8000 μg/ml) were prepared. On the other hand, 
100 μl of E. coli and S. aureus bacteria was then poured into 
the prepared culture medium and uniformly spread using 
sterile cotton swab. Next, a pasture pipette was used to make 
3 wells in each plate and the culture medium was removed 
from the wells. The wells were then filled with silver nano-
particles and the plates were placed in an incubator at 37 °C 
for 24 h. Finally, the zones of inhibition were measured.

3 � Results and Discussion

3.1 � Investigation of Total Phenolic Acid

Figure 1 shows the standard curve for Gallic acid in differ-
ent concentration and Table 1 shows the amount of total 
phenolic compounds which calculated using Eq. 1. As it can 
be seen by using 30% Ethanol (v/v) as the extraction solvent 
and boiling the solution, extraction of phenolic compounds 
has the highest returns, so this method was used to continue 
the experiment.
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3.2 � Initial Synthesis of the Silver Nanoparticles 
Using Tragopogon collinus Extract

After the addition of extract to the aqueous solution of silver 
nitrate, the color of the solution changed to dark brown, indi-
cating successful synthesis of silver nanoparticles. Figure 2 
shows the color of the solution before and after the synthe-
sis of the nanoparticles. The spectra of the solution were 
acquired using a UV–Vis spectroscopy and the maximum 
absorbance was observed within the 300–700 nm range. It 
was noticed that the synthesized silver nanoparticles had 
their maximum absorbance at 400 nm. Since the extract and 
the silver nitrate solution were lack of absorbance at this 
wavelength, the observed absorption spectrum was only 
caused by the presence of silver nanoparticles.

3.3 � Effect of Reaction Time on the Synthesis 
of Silver Nano Particles

Figure 3 shows the effect of the reaction time on the synthe-
sis of the silver nano particles. As it can be seen, duration 
of synthesis also had a considerable effect on the synthesis 
and stability of nanoparticles [40].

Researchers studying about the synthesis of silver nano-
particles by using different plant species observed different 
optimum synthesis durations. This resulted from different 
laboratory conditions in the production of the nano parti-
cles [24]. The change in the color of the solution containing 

nanoparticles indicated changes in the surface resonance of 
the nanoparticles [41, 42]. If a solution containing nano-
particles maintains its color range for a long time, it indi-
cates that the nanoparticles are uniformly dispersed and no 
agglomeration occurs [43]. In addition, absorption intensity 
is also an important criterion for the extent of nanoparticle 
formation so that higher absorption intensities indicate pres-
ence of more nanoparticles in the solution. As it can be seen 

Fig. 1   Standard curve for Gallic Acid

Table 1   Phenolic content using different methods

Method/solvent Total phenolic 
content (mg/g)

Ethanol/soaking 47.8
Ethanol/boiling 359
Methanol/soaking 160.7
Methanol/boiling 63.167

Fig. 2   Color change of the solution after 90 min. a The plant extract, 
b after synthesis of silver nanoparticles

Fig. 3   Effect of the reaction time on the synthesis of silver nano par-
ticles
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in Fig. 3 nanoparticle formation improved with increases in 
synthesis duration [25], but after 90 min the peak intensity 
declined due the agglomeration of nanoparticles due to their 
large size. Therefore, the optimum time for the synthesis of 
the nanoparticles was obtained to be 90 min. Furthermore 
the symmetry of the curve implied that the nanoparticles 
were synthesized homogeneously and had almost the same 
size.

3.4 � Effects of pH on the Synthesis of Silver 
Nanoparticles

Reports indicate that the pH of the reaction medium consid-
erably affects the shape and size of the nanoparticles. As pH 
is capable of altering the charge of macromolecules, it can 
affect their stability [22].

Figure 4 shows the effect of different pH on the synthesis 
of the particles. Absorption by the solution improved sub-
stantially with gradual increases in pH values. This resulted 
from the increase in the quantity of synthesized silver nano-
particles. A sharp and symmetric peak was observed at pH 
values of 9 and 10, whereas absorption declined at a pH of 
11. This can be attributed to hydrolysis of silver ions caus-
ing production of stable types of hydroxide and preventing 
their entry into the bioreduction reaction. With increases 
in the pH value, the reduction reaction rate increased and 
hence the color change took place rapidly so that the color 
of the solution turned deep brown within a few minutes [23]. 
The shift in the maximum absorption peak indicated that the 
broadening of the absorption spectra at higher pH values 
resulted from the increase in the size of the silver nanoparti-
cles [24, 44]. As the diameter of the nanoparticles increases, 
the energy required to excite the electrons at surface plasmon 
resonance decreases, consequently causing the absorption 
peak to shift toward longer wavelengths [22, 42]. In addition, 
at acidic pH values, nanoparticle growth stopped whereas 

it improved at higher pH values, of course in some cases, 
for example synthesis of silver nano particles using banana 
peel extract, acidic pH was more suitable for the synthesis 
than alkali pH [21]. However, in this research, a pH of 11 
caused the nanoparticles to experience an instability that 
could end up in their agglomeration if the pH remained at 
this value for a long time. This phenomenon was observed 
in other researches as well [22]. Compared to pH values of 
7 and 8, the intensity of the peaks and hence the number of 
formed nanoparticles increased at pH values of 9, 10, 11 
which was observed by using other types of plant extracts in 
previous works [24, 32, 41]. Therefore, compared to higher 
pH values, the maximum absorption reached the 396 nm 
wavelength at a pH of 10, indicating the synthesis of smaller 
and more homogeneous nanoparticles. Therefore, a pH of 10 
was selected as the optimum pH value.

3.5 � Amount of Extract Concentration 
on the Synthesis of Silver Nano Particles

To determine the optimum amount of the extract, 5, 10, 20, 
30 and 40 ml of it was added to 50 ml AgNO3 0.0025 M 
solutions and the pH of the solutions was adjusted to 
10. After 90 min, the spectra were obtained from all the 
solutions using a UV–Vis spectrophotometer. As shown 
in Fig. 5, peak intensities increased by increasing in the 
amounts of the extract, which indicated an increase in the 
number of synthesized nanoparticles, because the number of 
functional groups reacting with the silver salt rose by using 
larger amounts of the extract [18]. Therefore, the number of 
synthesized nanoparticles increased, consequently improv-
ing the absorption intensity. In biosynthesis of nanoparticles 
using plants, the plants play the role of the agent that reduces 
metal ions and also stabilizes the synthesized nanoparticles 
[22]. Since T. collinus extract contains phenolic and flavo-
noid materials, these compounds play an important role in 

Fig. 4   Effect of pH on the synthesis of silver nano particles
Fig. 5   Effect of the variable concentration of the extract on the syn-
thesis of silver nano particles



2931Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:2926–2936	

1 3

the reduction of metal ions to metal atoms with nanomet-
ric dimensions and also in the stabilization of the synthetic 
nanoparticles.

Figure 5 indicates that the absorption by silver nanopar-
ticles greatly increased when larger amounts of the extract 
were used. Increases in the quantity of the extract increased 
the quantity of secondary compounds in the solution as 
well as the synthesis of nanoparticles, following which 
absorption improved [25]. As it can be seen the absorb-
ance was increased by increasing the quantity of the extract 
until it reaches to a volume of 40 ml of the extract and then 
decrease. At less than the optimum concentration of the 
extract, the metal ions are not completely reduced, giving 
rise to the production of lower amounts of nanoparticles. 
Considering the shift in �

max
 towards shorter wavelengths, 

which indicated presence of smaller nanoparticles, addition 
of 20 ml of the extract led to the synthesis of finer nanopar-
ticles as shown by the shift in the wavelength to 414 nm, so 
volume of 20 ml was chosen as the optimum quality.

3.6 � Effect of Silver Nitrate Concentration 
on the Synthesis of Silver Nano Particles

To investigate the effect of silver nitrate on the synthesis of 
silver nanoparticles, silver nitrate concentrations of 0.001, 
0.0025, 0.005, 0.01, 0.02 M were prepared and 20 ml of the 
extract was added to each one. After adjusting the pH of the 
solutions to pH 10, they were placed on a shaker for 90 min 
and their absorbance was read by UV–Visible spectropho-
tometry and the results showed in Fig. 6. As it can be seen, 
absorption improved with increases in the concentration of 
silver ions due to the increase in the amount of metal ions 
and hence the possibility of reduction of a larger number of 
silver ions [26, 32]. Consequently, more silver nanoparticles 
were synthesized and surface plasmon absorption intensity 
increased, leading to improved absorption. This increase in 
absorption continued up to the 0.0025 M concentration but 

declined at higher concentrations due to the agglomeration 
of nanoparticles [27] and, hence, synthesis of larger nano-
particles. Therefore, the 0.0025 M concentration of silver 
nitrate solution increased absorption and also caused forma-
tion of finer nanoparticles by shifting �

max
 to shorter wave-

lengths. Therefore, this concentration was selected as the 
optimum one.

3.7 � Effect of the Temperature on the Synthesis 
of Silver Nano Particles

Another important factor in the synthesis of silver nanopar-
ticles is temperature. Figure 7 shows the absorption spec-
trum of silver nanoparticles at 40, 60, 70, and 80 °C. It is 
expected that at higher temperatures, silver nitrate reduc-
tion took place more rapidly and the color change happened 
faster [22], but increases in temperature from 40 to 80 °C did 
not considerably affect the synthesis of silver nanoparticles. 
Moreover, temperatures from 60 to 80 °C did not cause any 
tangible increase in peak intensity to indicate an increase 
in the number of synthesized nanoparticles. The lack of 
increase in absorption intensity under these conditions indi-
cated that there was no change in the size or shape of the 
nanoparticles. Considering the increase in peak intensity at 
40 °C, this temperature was selected as the optimum value, 
this result is against with the result obtained by [21, 24].

3.8 � FT‑IR Analysis of the Synthesized Silver Nano 
Particles

FT-IR spectra of the synthesis silver nanoparticles was 
obtained and the result shows in Fig.  8. The peak at 
3385 cm−1, was attributed to the OH stretching vibra-
tion of hydroxyl group which shows the presence of phe-
nolic and alcoholic compounds in the extract. The peak at 
2921 cm−1 is associated with the NH stretching vibration 

Fig. 6   Effect of silver nitrate concentration on the synthesis of silver 
nano particles Fig. 7   Effect of temperature on the synthesis of silver nano particles
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of amine groups in the extract. The characteristic peak was 
observed at 1640 cm−1 due to the C–O stretching vibra-
tion of amide I and the one at 1413 cm−1 associated with 
bending vibrations of NH2 group in amide II. Since the 
CO group in the amino acids tends to attach to the nano-
particles, this peak indicates that the silver nanoparticles 
are bonded to the proteins present in the extract. Also, the 
absorption band at 1046 cm−1 is related to the stretching 
vibrations of the C–C group in sugar and fat. The presence 
of these functional groups indicates that the extract exhib-
its both specific regeneration and stabilizing properties, 
thus preventing the particles from adhering and agglom-
erating [45, 46]

3.9 � Identification of Silver Nanoparticles Using 
X‑ray Diffraction Patterns

Figure 9 shows the XRD patterns of the synthesized sil-
ver nano particles. Considering the positions of the peaks 
occurring within the 2θ angles of 38.67°, 44.01°, 64.67° 
and 76.4° that correspond to the cubic crystallographic 
planes (311), (220), (200) and (111), respectively, it was 
proved that silver nanoparticles were synthesized. Pres-
ence of sharp peaks indicated a high degree of crystal-
linity. Since impurity peaks were not observed, the syn-
thesized nanoparticles were of high purity. Use of the 
Debye–Scherrer equation showed that the size of the silver 
nanoparticles was about 7 nm.

3.10 � TEM Images of Silver Nanoparticles

Figure 10 shows TEM images of the synthesized nano par-
ticles. According to the TEM images, the silver nanopar-
ticles were spherical and ranged in size from 7 to 18 nm. 
The particles were well dispersed and no particle adhesion 
or agglomeration was observed. The small size of the par-
ticles was due to selection of suitable reaction condition 
and the different size of the synthesized nano particles 
might be due to the presence of more than one reducing 
agent in the plant [6].

Fig. 8   FT-IR spectra of synthe-
sized silver nano particles

Fig. 9   XRD patterns of the synthesized silver nano particles
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Table 2 shows the size range of the synthesized silver 
nano particles using green method by the researchers. Syn-
thesis of silver nano particles using T. collinus extract pro-
ducing fine nano particles in the range that many researchers 
have reported.

3.11 � Study of Biological Properties 
of the Synthesized Silver Nano Particles

Images related to antibacterial properties and zones of inhi-
bition in the presence of T. collinus extract alone, AgNO3 
solution and synthesized silver nanoparticles by T. collinus 
plant extract at concentrations of 6000, 7000 and 8000 μg/
ml in the vicinity of S. aureus and E. coli are presented in 
Fig. 11. The diameter of inhibition zone was reported in 
Table 3 as well. As shown if Fig. 10 while the Ampicillin 
disk (IPM in the picture a and b) shows a relatively large 
inhibition zone for both types of the bacteria, the T. collinus 
extract has no antibacterial effect. Furthermore silver nitrate 

solution has no antibacterial properties in both of the culture 
moieties as well. It can be inferred from Table 3 that the 
synthesized nanoparticles exhibited antibacterial properties 
for both Gram positive and Gram negative types of bacteria 
and the diameter of the zone of inhibition was larger at a 
nanoparticle concentration of 8000 μg/ml. The diameter of 
the zone of inhibition was the largest and the antibacterial 
property of the nanoparticles is the highest in the presence 
of S. aureus. Better performance of synthesized silver nano 
particles to prevent S. aureus bacteria growth is in good 
agreement with previous reports [9, 10, 14, 24–26, 28, 47]. 
On the other hand several papers reported that zones of inhi-
bition for E. coli was larger than S. aureus using silver nano 
particles [11, 21, 23, 27, 48].

Nanoparticles obtained by chemical methods cause drug 
toxicity and environmental problems. These risks can be 
mitigated by green synthesis and through application of 
plant extracts as reducing agents. The results of antibacterial 
activity of the synthesized silver nanoparticles on the studied 
bacteria and comparison of their antibacterial activities with 
those of antibiotics indicated that these nanoparticles had 
more antibacterial activity against Gram-positive bacteria 
than against Gram-negative bacteria.

Since these nanoparticles make the plasma membrane 
unstable, they reduce the levels of adenosine triphosphate 
(ATP) in the cells. This action targets bacterial cell mem-
branes and kills the bacteria. Silver nanoparticles disrupt the 
inhibitory components present in the outer membranes of the 
bacteria and cause exponential release of molecules such as 
lipopolysaccharides (LPSs) and purines outside of the cyto-
plasmic membranes. Not only do silver nanoparticles adhere 
to the surface of bacterial cell membranes but also penetrate 
into the bacterial cells, inactivate their enzymes and kill the 
bacteria by producing hydrogen peroxide. Therefore, these 
factors are the reasons for inhibition of bacterial growth by 
silver nanoparticles [2, 16, 49].

It has been suggested that when in a free state, DNA mol-
ecules can replicate efficiently, while they lose their ability 
to replicate when they are in a concentrated state. Therefore, 
when silver ions penetrate into the microbial cell, the DNA 
molecules change into the concentrated state and lose their 
ability to replicate, which results in the death of the cell. 
It has also been reported that heavy metals react with pro-
teins by binding to thiol groups and inactivate them. Silver is 
inherently an antimicrobial and antibacterial substance, but 
silver nanoparticles exhibit effective antimicrobial properties 
compared to other salts due to their substantial high surface 
area, which allows better contact with microorganisms [16, 
49].

In this research, silver nanoparticles were synthesized 
using a green biosynthesis method applied to the T. collinus 
extract, a native plant in Iran with therapeutic properties. 
Nanoparticles synthesis by plants extract can be used for 

Fig. 10   TEM images of the synthesized silver nano particles

Table 2   The size of the green synthesized silver nano particles

Plant extract Size (nm) References

Givotia moluccana 30–40 [9]
Artemisia vulgaris 25 [10]
Cinnamomum tsoi 10 [18]
Melissa officinalis 12 [11]
carob 40 [23]
olive 15–30 [24]
Datura stramonium 15–20 [27]
Combretum erythrophyllum 13.62 [28]
Shikakai 20–40 [40]
Sida cordifolia 3–6 [30]
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various applications such as drug delivery. Advantages of 
these methods include their simplicity and low cost as well 
as the possibility of producing nanoparticles with differ-
ent shapes and identical sizes. The range of changes in the 
nanoparticle size can be solved by various methods such as 
changes in pH and in extract volume and use of different 
salt solution concentrations and reaction duration to obtain 
optimal conditions. In this study, the optimum conditions 
for the synthesis of silver nanoparticles were temperature of 
40 °C, extract volume of 20 ml, silver nitrate concentration 
of 0.0025 M and pH   10. Ultraviolet–visible spectrophoto-
metric analysis confirmed the presence of silver nanoparti-
cles. TEM images and X-ray diffraction analysis showed that 

Fig. 11   Antibacterial proper-
ties and zones of inhibition 
in the presence of extract (a, 
b), AgNO3 solution (c, d) and 
synthesized silver nanoparticles 
(e, f) at concentrations of 6000, 
7000 and 8000 μg/ml in the 
vicinity of S. aureus (a, c, e) 
and E. coli (b, d, f)

Table 3   Zones of inhibition in the presence of synthesized silver nan-
oparticles at different concentration

Bacteria type Concentration (µg/ml) Inhibi-
tion zone 
(mm)

S. aureus 6000 2
7000 5
8000 10

E. coli 6000 4
7000 7
8000 8
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the prepared nanoparticles were spherical and their average 
size was 7–18 nm. Moreover, the presence of OH, NH, and 
CO functional groups in the FT-IR spectrum indicated the 
reducing power and the stabilizing property of the extract. 
The compounds in the extract attached to the nanoparticles 
and prevented agglomeration of the nanoparticles and their 
adhesion to each other.

Results of the antibacterial properties indicated that the 
synthetic nanoparticles had antibacterial nature against 
both Gram-positive and Gram-negative bacteria, but they 
were more active against the gram-positive S. aureus and 
the inhibiting bacterial growth was achieved at a concentra-
tion of 8000 μg/ml of the prepared silver nano particles. 
Since chemicals were not used in this synthesis, the prepared 
nanoparticles can be used as an antibacterial substitute for 
antibiotics.
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