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In recent years, the green synthesis of nanoparticles has become an
environment-friendly method developed significantly. In this method, plant
extract as a reductive and stabilizing agent plays a key role in the synthesis
of nanoparticles. In this study, the optimum conditions for the green
synthesis of ZnO nanoparticles are investigated using the extract of
Tragopogon graminivorous DC edible-medicinal plants. Also, the antioxidant
effect of the plant extract and antibacterial properties of nanoparticles and
extract are evaluated. After preparation of the aqueous extract, its
antioxidant properties were evaluated by the DPPH method. Then,
parameters such as pH, zinc acetate dihydrate concentration, the volume of
plant extract, temperature, and time were optimized. The green
nanoparticles were characterized by UV-Vis, FT-IR, X-ray diffraction, and
scanning electron microscope techniques. Finally, antibacterial properties of
extract and biosynthesized ZnO nanoparticles were investigated. The results
of the DPPH method showed that plant extract can be used as a reductive
agent. Overall, it can be said that the presence of various chemical compounds
that have caused the antioxidant properties of plant extract demonstrate the
ability of the extract as a source of natural antioxidants. Also, plant extract
and nanoparticles can be regarded as antibacterial agents.
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Introduction

In recent years, green synthesis has played a
significant role in nanotechnology and green
synthesis  of and metal oxide
nanoparticles [1]. Nanotechnology is the
science of production and application of
materials on a very small (nanometric) scale.
The importance and attractiveness of the
nanoscale are attributed to the different
properties of materials in this scale compared to
other scales, even micro. Nanoparticles have
various chemical and physical properties due to
their very small size and very high surface-to-
volume ratio. Traces of this emerging science
can be seen in various fields including, food,
medicine, health-cosmetics, agriculture, and
electronic  devices [2].  Synthesis  of
nanoparticles by physical and
methods and using hazardous and toxic
chemicals cause pollution and environmental

metal

chemical

damage. According to previous studies,

nanoparticles, due to their very small size, may
enter the body and digestive system of humans

and other animals through the nose and mouth,
which might result in damaging the tissues [3].
Some researchers have shown that high
concentrations of ZnO nanoparticles
damage kidney tissue [4]. Toxic doses of ZnO
nanoparticles can increase the production of
reactive oxygen species and inhibit the
antioxidant  activity, thereby causing
inflammation and damage to liver tissue [5].
Given the concerns regarding the harm to
human and animal health caused by producing
nanoparticles through chemical methods and
environmental damage, the method of green
synthesis of nanoparticles has received much
attention. In this method, plants and
microorganisms are used to prepare metal and
metal oxide nanoparticles as alternatives to
chemical methods [6—7]. This method, which is
used to produce eco-friendly
nanoparticles, has been the subject of intense

can

safe and
research in the field of nanotechnology. In green
synthesis, plants and microorganisms are used
as reducing agents for the production of
nanoparticles. This reducing agent has a
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significant effect on the morphology of particles
such as size, physicochemical properties, and
shape. Another noteworthy point in this regard
is that morphology affects the properties of
nanoparticles [8, 9].

Carboxylic acid groups, amines, proteins,
carbohydrates, phenols, terpenes, and vitamins
found in the extract of plants play an influent
role in biosorption and bioreduction processes
involved in the synthesis of nanoparticles [10].
Accordingly,
properties of plants may indicate the presence
of phenolic compounds in them. These
compounds demonstrate the plant’s ability to
bioreduction and produce nanoparticles.
Phenolic compounds have numerous biological
effects such as antioxidant, antiviral,
antibacterial, anti-inflammatory, and anti-
allergic properties and suppress the growth of
cancer cells [11]. Different parts of plants and
various microorganisms are used as reducing
agents in the green synthesis of ZnO
nanoparticles [12, 13]. Zinc oxide is used as an
additive in various materials and products such
as plastics, ceramics, glass, cement, ointments,
adhesives, paints, catalysts and foods [14]. In
this research, the ZnO nanoparticles were
synthesized in the presence of an aqueous
extract of the medicinal plant Tragopogon
graminifolius DC. Water
advantage over organic solvents due to their
availability, and non-toxicity.
Tragopogon graminifolius DC is a biennial herb
of 30-125 cm height and is from the family
Asteraceae [15]. This plant, which grows in the
West of Iran, is known as “Sheng”. Tragopogon

evaluation of antioxidant

solvent has an

low price,

is made of two Greek words: tragos (i.e., goat)
and pogon (i.e., beard) [16].
medicine, this plant is used to treat rheumatism,
poisoning, wound healing, skin diseases, gastric
ulcers, and healed severed nerve [17, 18]. The

In traditional

effects of this plant have been also confirmed by
several  studies [18-22]. Tragopogon

graminifolius  DC  extract can  have
hepatoprotective effects [23]. So far, several
studies have been conducted on the properties
of different species the genus Tragopogon [24,
25]. According to these studies, these species
contain flavonoids such as luteolin, isovitexin,
vitexin, and vicenin [26, 27], as well as phenolic
compounds such as p-coumaric acid, catechin,
gallic acid, ferulic acid, and caffeic acid [28].
These acids have antioxidant activity and thus
fight free radicals that cause cancer. In this
research, the green synthesis of ZnO
nanoparticles was performed using the aqueous
extract of Tragopogon graminifolius DC, which
is less reported in another study. To this end,
first, the antioxidant properties of the aqueous
extract of the plant were evaluated to confirm
the presence of a reducing agent. Then, the
factors affecting the synthesis of zinc oxide
nanoparticles such as pH, zinc
concentration, extract concentration,
temperature and time, as well as antimicrobial
properties of the extract and nanoparticles
were investigated.

acetate

Experimental
Materials and methods

Zinc acetate dihydrate, sodium hydroxide,
phosphoric acid, acetic acid, boric acid, and
other chemical materials used in the study were
purchased from Merck Company. Acids and
sodium hydroxide were used to prepare Britton
- Robinson buffer [29] and control pH. The other
devices and their manufacturers used in this
study are as follows: XRD (DS8ADVANCE,
Bruker, Germany); FT-IR (Spectrum RXI, Perkin
Elmer, Germany); V-Visible (Lambda 25, Perkin
Elmer, Germany); SEM (MIRA3 FESEM,
TESCAN, Czech republic); Heater-Stirrer (ARE,
VELP, Italy); Centrifuge (ALC 4232, Italy); Oven
(Binder, Germany). Fresh leaves of Tragopogon



M. Naderi & G. Kouchakzadeh

266

graminifolius DC were collected from some
plains in the south of Khorramabad, Iran.

Preparation of plant leaf aqueous extract

The leaves of Tragopogon graminifolius DC
were washed twice with distilled water and air-
dried at room temperature. Then, the dried
leaves were crushed into small pieces. About 5
g of the dried plant was mixed with 100 mL of
distilled water. The solution was then stirred for
40 min in a batch of water at 40 °C. After cooling
extract, it was filtered through Whatman filter
paper. To separate the plant residues, the
solution was centrifuged at 5000 rpm for 10
min. Finally, the sample was stored in the
refrigerator for later use.

Evaluation of the antioxidant activity of
Tragopogon graminifolius DC extract

The antioxidant activity of Tragopogon
graminifolius DC extract was measured by the
DPPH method to evaluate its scavenging ability
of free radicals. This experiment was performed
following the method proposed by Brand-
Williams [30]. The 2, 2-diphenyl- 1-
picrylhydrazyl Hydrate (DPPH) is a stable free
radical that has the lone pair electron on one of
its nitrogen bridge atoms. To evaluate the
amount of free radical trapping, 0.0634 mM
DPPH solution in 95% methanol was prepared.
First, the absorption of DPPH radical, known as
the control solution, was measured by UV-Vis
spectroscopy alone at a wavelength of 517 nm.
All measurements were performed at room
temperature. About 3.9 mL of the main solution
of DPPH was added to different concentrations
of plant extract (12.5, 25, 37.5, and 50 pg/mL)
and ascorbic acid as a standard sample. The
solutions were kept in a dark place. For all
samples, the decrease in the absorption peak at
517 nm was determined for 30 min and the

antioxidant activity percentage was evaluated
using the Equation 1.
A.— A
% inhibition = A= 49 x 100 (1)
Ac

where Ac and As are the absorbances of a
solution of DPPH at t=0 min and the absorbance
of the sample after 30 min, respectively [31-
33].

Synthesis of ZnO nanoparticles by plant extract

Synthesis of ZnO nanoparticles from
Tragopogon graminifolius DC extraction was
carried out under different conditions. The
effects of pH, the concentration of zinc acetate
dihydrate solution, the volume of plant extract,
temperature, and contact time of zinc acetate
dehydrate solution with plant extract were
evaluated and optimal values were obtained.

The effect of pH on green synthesis of ZnO
nanoparticles

First, 5 mL of 1 mM zinc acetate dihydrate
aqueous solution at different pH levels (2, 5, 7,
9, and 11) were added to 2 mL of plant extract.
Then, the mixture was kept in dark at room
temperature for 3 h. The pH control was
performed using Britton-Robinson buffer. After
3 h, the solutions were centrifuged at 5,000 rpm
for 10 min to separate the precipitate. In the
next step, UV-Vis spectrophotometry was used
in the range of 350-700 nm. The maximum
value of the absorption was observed in pH=11
and it was reported as the optimum pH.

The effect of concentration of zinc acetate
dihydrate on green synthesis of ZnO
nanoparticles

Different concentrations of zinc acetate
dihydrate aqueous solution (1, 3, 5, 7, and 8
mM) were prepared considering the optimal
pH. About 5 mL of zinc acetate dihydrate
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aqueous solution with different concentrations
at pH=11 were added to 2 mL of plant extract
and the mixture was kept in dark at room
temperature for 3 h. Then, the solutions were
centrifuged at 5,000 rpm for 10 min to separate
the precipitate. Finally, UV-Vis
spectrophotometry was performed in the range
of 350-700 nm, which revealed the maximum
absorption.  The UV-Vis
spectrophotometry showed that optimal the
concentration of salt is 7 mM.

results of

The effect of the plant extract’s volumes on the
green synthesis of ZnO nanoparticles

To evaluate the effect of different volumes of
Tragopogon graminifolius DC extract (1, 2, 3, 4,
5 mL) on green synthesis of ZnO nanoparticles
with previous optimal conditions, 5 mL of 7 mM
zinc acetate dihydrate aqueous solution at
pH=11 were added to different volumes of the
plant extract. The mixture was kept in dark at
room temperature for 3 h. After centrifuging at
5,000 rpm for 10 min, UV-Vis
spectrophotometry was used in the range of
350-700 nm. The maximum absorption was
observed in the volume of 5 mL.

The effect of temperature on green synthesis Zn0O
nanoparticles

About 5 mL of 7 mM zinc acetate dihydrate
aqueous solution were added to 4 mL of plant
extract. They were kept in dark at different
temperatures (4, 20, 30, 50, and 60 °C) for 3 h.
After centrifuging, UV-Vis spectrophotometry
was used in the range of 350-700 nm, at which
the maximum absorption was obtained. The
optimal temperature was observed at 40 °C.

The effect of time on green synthesis of ZnO
nanoparticles

To study the effect contact time of zinc
acetate dihydrate solution with plant extract on

green synthesis of ZnO nanoparticles with
previous optimal conditions, 5 mL of 7-mM zinc
acetate dihydrate aqueous solution was added
to 5 mL of plant extract. They were kept in dark
at different lengths of time (30-240 min). Then,
the solutions were centrifuged at 5,000 rpm for
10 min and UV-Vis spectrophotometry was
used in the range of 350-700 nm. The optimal
time was found to be 180 min.

The optimal green synthesis of ZnO nanoparticles

After obtaining the optimal conditions in the
experiments, ZnO  nanoparticles
synthesized by Tragopogon graminifolius DC
edible-medicinal plant accordingly. The
synthesized Zn0 nanoparticles were
characterized by UV-Vis, FTIR, XRD, and SEM
techniques. Optimal conditions of biosynthesis
Zn0 nanoparticles included pH=11, AgNOs;
concentration = 7 mM, extract volume = 5 mL,
temperature = 40 °C, and time = 180 min.

were

The study of antibacterial properties of the
extract and nanoparticles

In this step, the antibacterial potential of the
nanoparticles and against
Staphylococcus Aureus (ATCC) and Escherichia
coli (ATCC) was examined. For this purpose,
first, Luria-Bertani (LB)
synthesized and sterilized. Then, different
weights of samples (0.001, 0.01, 0.05, 0.10, and
0.15 g) were added to 10 mL of LB medium and
suspension solutions were prepared with

extract

medium  was

different concentrations of nanoparticles (0.01,
0.1, 0.5, 1, and 1.5%). These media were
sterilized in an automatic autoclave at 121 °C
and a pressure of 15 Ib for 15 min and then were
refrigerated. About 34 g of Mueller-Hinton agar
culture medium in 1 liter of distilled water was
used to prepare fresh culture of Staphylococcus
aureus (S. aureus) and Escherichia coli (E. coli)
bacteria. To prepare the suspension, one loop of
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each microbial strain was incubated in 20 mL of
culture medium in a sterilized flask, and
bacteria were cultivated until the concentration
reached 105 cells/mL. Next, 2 mL of diluted
bacteria was added to the culture medium,
nanoparticles, and plant extract. The same steps
were used to provide positive control but no
nanoparticles were added. Also, a culture
medium without bacterial was considered as
negative control [34]. All samples were grown
for 24 h in an incubator at 37 °C under
continuous shaking at 250 rpm. After this time,
the concentrations of samples that contained
bacterial cells mixed with nanoparticles and
bacterial cells mixed with plant extract were
measured by ODgoo [35, 36].

Result and Discussion

The synthesis of nanoparticles is a very
interesting field of research regarding their
unusual chemical and electrical properties.
Metal nanoparticles such as zinc oxide have
attracted the attention of researchers because
of their antibacterial properties, chemical
stability, and high catalytic activity, as well as
their ability to absorb and reflect ultraviolet
rays. These nanoparticles were used in the
cosmetics and ceramics industries and in
producing wound adhesives. Physical methods
of synthesis of nanoparticles are expensive and
chemical techniques usually performed using
toxic reagents. In comparison, the green
synthesis of nanoparticles is very low cost and
can be used as a replacement for physical and
chemical methods [33, 37-39].

Evaluation of antioxidant properties

Different parts of most plants are rich in
phenolic compounds, which are widely used by
the plant itself and in industrial products [11,
40, 41]. Usually, plant extracts that contain
phenolic compounds have good antioxidant

properties. Plants are natural antioxidants that
play an effective role in human health. When an
imbalance occurs between the generation and
diminution of reactive oxygen species, these
species cannot be eliminated by the
antioxidants [42], thereby antioxidants are
effective in preventing diseases [24]. Because
living organisms have different
mechanisms against free radicals, cancer, heart
attack, and nerve damage
antioxidant defenses are inadequate. In this
research, DPPH free radicals were used to
evaluate the antioxidant properties of plant
extract. According to Figure 1, the maximum
DPPH free radical scavenging for aqueous
extract of Tragopogon graminifolius DC is 25

ug/mL.

80
60 -
M plant extract
M positive control
20 -
0 . — i
125 250 375 50.0
|

ug/m

defense

can occur if

% inhibition
B
o

Figure 1. Demonstration of DPPH free radical
scavenging activity by Tragopogon
graminifolius DC extract compared to a positive
control (ascorbic acid)

The percentage of DPPH free radical
scavenging at high concentrations declines
relative to ascorbic acid. The aqueous extract of
Tragopogon
antioxidant properties is a donor molecule.
Also, the plant extract denotes a hydrogen atom
to DPPH free radical, and the color of the
mixture DPPH free radical and extracts change
from purple to yellow. In this respect, the

graminifolius DC that has
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wavelength of the mixture decreases and it is
radically reduced to DPPH-H molecule [43, 44].
Figure 2 presents the conversion of DPPH free
radical to a DPPH-H. Therefore, it can be said

DPPH radical

Tragopogon graminifolius DC aqueous extract
at medium concentration can be a good
reducing agent.

O,N O2N
. \ / H
N—N NO, > N—N NO,
Antioxidant activity
O,N OoN

Figure 2. Schematic representation of DPPH free radical scavenging and its conversion to DPPH-H

The structure of flavonoids
Tragopogon has been predicted in previous
studies [26, 27]. The flavonoids in Tragopogon
graminifolius DC extract play a role of capping
agent. The synthesis mechanism of ZnO
nanoparticles using flavonoids has been
proposed in Figure 3. The results of previous

in genus

studies have been considered in proposed
mechanism [45-47]. Figure 3 shows zinc ions
are capped by secondary metabolites of
Tragopogon graminifolius DC extract. Then they
were hydrolyzed to remove flavonoids. In this
mechanism, ZnO nanoparticles were produced
by heating of Zn(OH); intermediates [48].

OH
HO, o O +  Zn(CH;COO0),
)
OH
HO ¢
Flavonoid of Tragopogons (FT) H,0
Hydrolysis A
T ZH(OH)zl —» 7Zno

Figure 3. Proposed mechanism of synthesized ZnO nanoparticles by Tragopogon graminifolius DC

extract
Optimization of ZnO bionanoparticles

Optimization of nanoparticles influences
their properties and morphology. Therefore, in
this research, of different
parameters of ZnO

optimization

of green synthesis

nanoparticles was evaluated. In the green
synthesis of ZnO nanoparticles, pH
influence the formation of nanoparticles. In
[49], it was reported that ZnO nanoparticles are

can

usually soluble well in low pH ranges while they
segregate partially in high pH levels. Because pH
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can affect the electrical charge of biomolecules,
it may change the reduction ability of these
molecules and the growth of nanoparticles [50].
The UV-Vis spectrum in Figure 4 shows a strong
bandwidth in the range of 330-450 nm.
According to Figure 4, pH can affect the size of
Zn0 nanoparticles, leading to the shift of the
main peak [51]. According to the mentioned
points, in low pH ranges such as 2 and 5, the
main peak was not observed in the range of
330-450 nm. The main bandwidth peak
appeared at pH=7-11, but its location is shifted
with chanting the pH.

25

Absorbance

05

330 380 430 480 530 580 630

wavelength (nm)

Figure 4. The effect of different pHs on the
synthesis of ZnO nanoparticles by Tragopogon
graminifolius DC extract

When pH increases from 5 to 11, the main
peak shifts to a larger wavelength, and the
formation rate of nanoparticles can increase. As
a result, coarser nanoparticles can form [49].
According to other studies [52, 53], in a neutral
and alkaline environment, hydroxyl groups may
present on the sample surface and intermediate
molecule Zn(OH), may form. The optimal pH
depends on the stabilizing agent. Spectroscopic
observations show the optimal pH for the
biosynthesis of 7ZnO nanoparticles by
Tragopogon graminifolius DC edible-medicinal
plantis pH=11.

Another factor influencing the biosynthesis
of ZnO nanoparticles is the concentration of zinc
acetate dihydrate. The concentration of salt can
control the rate of nucleation. The UV-Vis
spectrum in Figure 5 shows the variations of
absorbance versus concentration of the zinc
acetate dihydrate. According to this figure, it can
be claimed that at high salt concentration, the
formation of ZnO nanoparticles is reduced. At
high zinc acetate concentrations, due to a large
amount of Zn2+ ions, the zinc complexes such as
Znz(OH)3* and Zn(OH)s* may form [54]. Also,
despite a large number of acetate ions, zinc ions
may be extremely attracted by these anions,
leading to the formation of zinc alkoxide [55].
According to Figure 5, different concentrations
of zinc acetate dihydrate (1, 3, 5, 7, and 8 mM)
can change the main peak condition. When the
salt concentration increased from 1 mM to 7
mM, the rate of reduction increased, as well. But
for 8 mM zinc acetate, the main peak decreases
strongly. As mentioned earlier, the presence of
other species in solution can affect the peak
intensity of ZnO nanoparticles. Therefore, the
optimal concentration of zinc acetate dihydrate
in biosynthesis ZnO nanoparticles was 7 mM.

Absorbance

330 380 430 480 530 580
wavelength (nm)

Figure 5. The effect of different concentrations
of zinc acetate dihydrate on the synthesis of ZnO
nanoparticles by Tragopogon graminifolius DC
extract
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In this study, the effect of different volumes
of Tragopogon graminifolius DC extract (1, 2, 3,
4, and 5 mL) was evaluated. As seen in Figure 6,
by increasing the volume of plant extract, the
rate of reduction was increased. Certainly, with
increasing the volume of plant extract, the main
peak slowly shifted to a larger wavelength. Due
to the concentration effect of plant extract on
optical transmittances, the color of solutions
becomes darker [56]. According to another
study [56], at the high concentrations of plant
extract, there is an agglomeration possibility of
nanoparticles; therefore, high concentrations of
the extract were not used. Moreover, studying
the antioxidant properties of Tragopogon
graminifolius DC extract indicated that at a
medium concentration of extract, the amount of
antioxidant properties is higher than ascorbic
acid (Figure 6). Tragopogon graminifolius DC
extract is a good reducing agent at medium
concentrations. The optimal volume of plant
extract in biosynthesis ZnO nanoparticles was 5
mL.

2% e 1 | eXtract

w2 m| extract

3 ml extract

&4 m| extract
15 -

= e = 5 mlextract

Absorbance

05 -

330 380 430 480 530

wavelength (nm)

Figure 6. The effect of different volumes of the
plant extract on the biosynthesis of ZnO
nanoparticles

Temperature is another important factor
with an effective role in the biosynthesis of ZnO

nanoparticles. In this research, by increasing
temperature from 4 to 40 °C, the reduction rate
of metal ions increased, as well (Figure 7). At
higher temperatures, Zn(OH), can be easily
converted to ZnO [54]. It is of note that the
reaction rate depends on the temperature. Here,
the reaction rate has reduced at 50 and 60 °C,
suggesting that plant extract as a reducing agent
may become unstable at high temperatures
[49].

Absorbance

330 380 430 480 530 580

Wavelength (nm)

Figure 7. The effect of different temperatures
on the synthesis of ZnO nanoparticles by
Tragopogon graminifolius DC extract

The contact time of plant extract as reducing
agent and zinc acetate dihydrate aqueous
solution is another influencing factor. When
plant extract was added to 7 mM zinc acetate
dihydrate aqueous solution, the color of the
solution containing nanoparticles changed. The
change in the color was from light brown to
dark brown. When the color of solutions
containing nanoparticles remains unchanged
for a long time, it suggests the dispersion of ZnO
nanoparticles without agglomeration [25].
According to Figure 7, absorption intensity
increases as temperature rises. The high
absorption expresses that
nanoparticle improves  with
increasing the synthesis time from 30 min to 90

intensity
formation
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min. The absorption intensity is the same in 90
min and 120 min and for 180 min and 240 min.
The optimal time for the biosynthesis of ZnO
nanoparticles was 180 min (Figure 8).

5%
m— 30 min
7 . — 60 Min
" s 90 MiN
§1.5 : m— 120 min
% w180 Min
o
21- e 240 M
05~
7_\;"“—'-%_

330 380 430 480 530 580 630
wavelength (nm)

Figure 8. The effect of different times on
synthesis of ZnO nanoparticles by Tragopogon
graminifolius DC extract

Characterization of ZnO green nanoparticles

After optimizing the parameters, ZnO
nanoparticles were synthesized in optimal
conditions by Tragopogon graminifolius DC
extract. Figure 9 shows UV-Vis spectra of these
nanoparticles and aqueous extract. The
absorbance for  synthesized
nanoparticles was observed at 380 nm. The
color change of the solution indicates the
formation of nanoparticles. This color change
was due to the surface plasmon resonance of
ZnO nanoparticles, which is one of the

maximum

distinguishing properties of nanoparticles from
large-scale materials. The surface plasmon
resonance occurs when light entering a
nanoparticle with a specific frequency equals
the surface plasmon frequency [25].

XRD spectrum of ZnO nanoparticles is
presented in Figure 10. The XRD pattern of

synthesis of ZnO nanoparticles indicates a
hexagonal structure in agreement with the Joint
Committee on Powder Diffraction Standards
(JCDS) database (card No. 36-1451) [57-58].
The sharp and intense peaks of this XRD pattern
demonstrate that the ZnO nanoparticles were
synthesized by plant extract and almost have
spherical shapes.

2 == Plantextract

= Zn0 nanoparticles

157

Absorbance
[

0.5 1

330 380 430 480 530 580 630

Wavelength (nm)

Figure 9. The UV-Vis spectrum of ZnO
nanoparticles synthesized from Tragopogon
graminifolius DC extract

The peaks of synthesized green
nanoparticles appeared at 26 angles of 31.7°,
34.6° 36.4°, 47.75°, 57.7°, 63.9°, 66.9°, 67.1°,
68.1°, 72.55°, and 76.85°, which correspond to
(100), (002), (101), (102), (110), (103), (200),
(112), (201), (004), and (202) planes,
respectively. The average crystallite size was
estimated using the Debye-Scherrer formula, as
follows:

092
~ B cosH

(2)

Where D is the average crystallite size, A, 3,
and 0O is the wavelength of X-ray used
(1.5405984), the angular peak width at half
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maximum,
respectively.
ZnO nanoparticles are important materials
because of their optical
properties. These nanoparticles
semiconductor crystals that have a wide
bandgap and large excitation energy. Therefore,

and Bragg’'s diffraction angle,

and electrical

are

300 (100) (10D

200 ' i
T

Intensity (counts)

100

Zn0 nanoparticles are used in UV absorption,
UV light emitters, and as photocatalyst [57, 58].
The average size of ZnO nanoparticles was
11.15 nm, which was calculated from the width
of peak (101) reflection. At low angles, a wide
peak appeared which can be related to the
phase of plant extract.

(110

40 50
20 (°)

Figure 10. The XRD pattern of ZnO nanoparticles synthesized from Tragopogon graminifolius DC

extract

SEM is applied to examine the surface
morphology and estimates the shapes of
nanoparticles [59]. The SEM images of
synthesized ZnO nanoparticles are presented in
Figure 11. Using Tragopogon graminifolius DC

SEM HV: 30.0 kV WD: 5.97 mm
View fleld: 1.18 pm Det: SE
SEM MAG: 234 kx  Date(m/dly): 12/27/19

MIRA3 TESCAN|
200 nm

Kurdistan University

extract as a reducing agent, we obtained a
heterogeneous powder with an average size of
3.2-23.2 nm, suggesting that the morphology of
ZnO nanoparticles changes from spherical
particles to big polyhedral particles [59].

0

MIRA3 TESCAN|

- sl L4

500 nm

SEM HV: 30.0 KV WD: 5.81 mm
View field: 2.67 pm Det: SE
SEM MAG: 104 kx  Date(m/dly): 12/27/19

Kurdistan University

Figure 11. The SEM images of ZnO nanoparticles synthesized by Tragopogon graminifolius DC

extract
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FT-IR spectrum is used to identify effective
bonds and biomolecules that may be able to
produce ZnO nanoparticles by Tragopogon
graminifolius DC extract. Figure 12 depicts the
FT-IR spectrum of biosynthesized ZnO
nanoparticles and Tragopogon graminifolius DC
extract. This spectrum was obtained in the
range of 4000 to 400 cm L. The peak in the range
of 561 cm-is due to ZnO nanoparticles [59-61].
The other peaks at 3438, 3290, 3185, 2930,
1595, 1419, and 1044 cm- correspond to the
FT-IR of Tragopogon graminifolius DC extract.
In the FT-IR of Tragopogon graminifolius DC
extract, the absorption band in the range of
3436-3273 cm is due to the O-H stretching

160

vibration. The peak in the range 3185 cm'!
probably corresponds to the C-H stretching
vibration or C = C band, which is related to the
presence of flavonoids. The peaks obtained at -
1592 cm'! can belong to the C = O band. The
absorption band between 1600-1405 cm-! may
be indexed to the C = C bending vibration, which
can be due to the presence of terpénes. The
peaks around 767-669 cm-! can correspond to
rings [60, 61]. FT-IR analysis
indicated that ZnO nanoparticles could be
surrounded by biomolecules. Comparing two
spectra in Figure 11 indicates that plant extract
plays a role in reducing agents for synthesizing
nanoparticles [49].
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Figure 12. The FT-IR spectrum of ZnO nanoparticles synthesized by Tragopogon graminifolius DC

extract
Optical properties of ZnO nanoparticles

Semiconductors have a forbidden band,
although with low energy. Therefore, thermal
energy, even at room temperature, can transfer
some of the electrons and create a limited
amount of electrical conductivity [62].

The optical bandgap of synthesized ZnO
nanoparticles at different
temperatures can be determined using Figures
7 and 8. This bandgap can be compared with the
direct bandgap of ZnO (Ax376 nm; 3.3 eV) [61-
64]. Figure 13 shows the absorption edge
different

times and

wavelengths  at times and
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temperatures. The optical band gap (Eg) was
calculated as:

h.c 1241
Eg (eV) = ~ 3

Aabsorption Aabsorption

—F )

— ) =

—]() @
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Where E;is expressed in eV, Aapsorption iS the
absorption wavelength of synthesized ZnO
nanoparticles that shows the absorption edge
wavelength in nm, and h and c are Planck’s
constant and the velocity of light, respectively
[64—-67].
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Figure 13. Estimation of the absorption edge wavelengths

The value of bandgap ZnO changes with the
type of synthesis, preparation conditions, and
particle dimensions. The results of the optical
bandgap calculations are presented in Table 1.

In this table, the results of the optical band gap
are given only for different temperatures and
times. Optimal conditions of synthesis have
been considered, as well.

Table 1. The bandgap value estimated for different temperatures and times

Time (min) Eg (eV)
30 2.727
60 2.613
90 2.298
120 2.298
180 2177
240 2.177

Temperature (°C) Eg (eV)
4 2.886
20 2.876
30 2.876
40 2.879
50 2.889
60 2.889

According to the results of Table 1, the values
of Eg are a function of the reaction time rather
than the reaction temperature. The range of
bandgap at different temperatures is almost
constant, while it varies at different times. All of
these values are different from the direct
bandgap of ZnO. According to Figure 7, the main
absorption peak has shifted to a higher
wavelength. This redshift may be attributed to
the presence of foreign materials in the lattice
that affect the bandgap [64]. As can be seen

from Table 1, when reaction time increases, the
bandgap decreases accordingly. Also, the
decrease in bandgap may be due to the presence
of crystal defect and the quantum confinement
effects. In this work, the presence of the plant as
a reducing agent may have led to the redshift.
Several researchers reported that the size of
nanoparticles also attributes to bandgap [62,
63] and reaction time [61].

Evaluation of antibacterial properties
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Several studies have shown the antibacterial
activity of metal oxides. This activity is
attributed to their stability at high
temperatures and pressures [67]. In this regard,
ZnO nanoparticles were known as strong
antibacterial agents [68-72]. Also, several
studies have reported antibacterial properties
of the genus of Tragopogon [15, 19, 25]. In this
research, previous  studies,
synthesized nanoparticles with Tragopogon
graminifolius DC extract were expected to have
antibacterial properties. Also, we investigated
the antibacterial potential of the nanoparticles
and extract against Gram-positive bacteria
Staphylococcus aureus (S. aureus) and Gram-
negative bacteria Escherichia coli (E. coli). The
results showed the good antibacterial
properties of the samples against these two
bacteria. When the concentration of samples
increases, the bactericidal property also
increases against the bacteria strain (Figure
14). Time-kill assay [71] was performed using
bacterial suspensions by adding different
concentrations of  plant
biosynthesized ZnO nanoparticles (0.01, 0.1,
0.5, 1, and 1.5%). Figure 13 shows that most of
S. aureus bacteria were killed in the presence of
plant extract after 24 h. In this experiment, the
plant extract performance seems slightly better
than that of the Dbiosynthesized ZnO
nanoparticles. In most studies reported, the
bactericidal ability of extracts was attributed to

based on

extract and

aromatic and saturated molecules such as
phenolic compounds, flavonoids, terpénes, and
some other materials [68, 73]. In the present
work, the mentioned compounds were reported
based on the results of the FT-IR spectrum in
the plant extract. These compounds are
assumed to have the ability to inhibit bacterial
growth and destroy their cell membranes by
forming complexes with proteins [68].
Certainly, biosynthesized ZnO nanoparticles
have also significant bactericidal ability. High
surface area and small particle size of
nanoparticles are two factors that inhibit
bacterial growth [69, 74]. According to optical
density (OD) analysis, the maximum amount of
the bactericidal property was evaluated at a
1.5% concentration of biosynthesized ZnO
nanoparticle and plant extract so that about
97.8% of the bacteria were destroyed. Tables 2
and 4 and Figure 15 illustrate the changes in the
optical density of biosynthesized ZnO
nanoparticles and plant extract. Based on
Tables 3 and 5, it can be stated that the
antibacterial ability of plant extract is slightly
higher ability of
biosynthesized ZnO nanoparticles. Also,

than the antibacterial

biosynthesized ZnO nanoparticles and plant
extract had a greater effect on Gram-positive
bacteria S. aureus. These results are consistent
with the research of Ahmar Rauf and colleagues
[75].

Figure 14. S. aureus bacteria in contact with biosynthesized ZnO nanoparticles and plant extract: a)
Control group for ZnO nanoparticles, b) in the presence of biosynthesized ZnO nanoparticles, c)
Control group for extract, and d) In the presence of plant extract
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Figure 15. The effect of different concentrations of ZnO nanoparticles and plant extract on S. aureus
and E. coli bacteria

Table 2. The changes in the optical density of the examined bacteria at different concentrations of
biosynthesized ZnO nanoparticles

Bacteria Control 0.01% 0.1% 0.5% 1% 1.5%
S. aureus 1.421 0.331 0.291 0.0485 0.0394 0.0305
E. coli 1.401 0.331 0.3025 0.048 0.0405 0.0305

Table 3. The changes in the optical density of the examined bacteria at different concentrations of
Tragopogon graminifolius DC extract

Bacteria Control 0.01% 0.1% 0.5% 1% 1.5%
S. aureus 1.521 0.356 0.305 0.051 0.046 0.0321
E. coli 1.452 0.3356 0.296 0.049 0.0425 0.0315

Table 4. The lethality of biosynthesized ZnO nanoparticles compared to the control group

Bacteria 0.01% 0.1% 0.5% 1% 1.5%
S. aureus 74.95 79.52 96.58 97.73 97.85
E. coli 76.37 78.41 96.57 97.11 97.82

Table 5. The lethality of Tragopogon graminifolius DC extract compared to the control group
Bacteria 0.01% 0.1% 0.5% 1% 1.5%
S. aureus 76.59 79.95 96.64 96.97 97.89
E. coli 76.89 79.61 96.62 97.07 97.83




M. Naderi & G. Kouchakzadeh

278

Conclusions

In recent years, the synthesis of green
nanoparticles has emerged as an eco-friendly
nanotechnological method. Plants can act as
reducers and stabilizers in the process of green
synthesis because of their special compounds.
In this research, a simple method is proposed to
biosynthesize Zn0 nanoparticles by
Tragopogon graminifolius DC extract, which is
antioxidant. The pH, the
concentration of zinc acetate dihydrate
solution, the of plant extract,
temperature, and contact time of zinc acetate
dihydrate solution with plant extract were
demonstrated as factors controlling the
biosynthesis of ZnO nanoparticles. The
synthesized nanoparticles were characterized
by UV-Vis, XRD, FT-IR, and SEM techniques.
Optical analysis of the ZnO nanoparticles
spectrum demonstrates their optical properties
and thus the necessity of investigating their
photocatalytic properties. ZnO nanoparticles
and plant extract have potential bactericidal
activity against S. aureus and E. coli. The
antibacterial activity can be due to interaction
nanoparticles or plant extract with the cell
membrane of bacteria. Finally, it can be said that
Tragopogon graminifolius DC extract is an
effective agent for the synthesis of ZnO
nanoparticles that can also be used for the
preparation of other metallic nanoparticles.
Overall, it is hoped that the use of green
nanoparticles can prevent the spread of some
bacteria.
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