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Abstract
Biosynthesis of nanoparticles from various parts of plant extracts is meeting
tremendous interest due to their plentiful accessibility and a wide spectrum of
bioactive reducing agents. The strength of biomolecules exist in plant extracts
to reduce metal ions to NPs in a single-step green synthesis process is very
important. In this study, we have investigated the synthesis of silver
nanoparticles by reducing the silver ions exist in the solution of silver nitrate
by the cell free aqueous extract of Artemisia vulgaris L leaves. Silver
nanoparticles (AgNPs) were effectively synthesized utilizing A. vulgaris L
extract and the synthesized nanoparticles were characterized by UV-Vis
spectroscopy, transmission electron microscopy (TEM), Fourier transform
infrared spectroscopy (FTIR). The UV-visible spectra of the synthesized
AgNPs showed characteristic peak at 430 nm suggesting the formation of
growing number of silver nanoparticles. TEM images exhibited good
agreement with selected area electron diffraction pattern which suggests the
polycrystalline nature of AgNPs, the spherical nature of the AgNPs was also
present by the TEM with average diameter ranging 2. 90 -200 nm.The
antimicrobial effect of AgNPs produced was studied using gram negative
bacteria, (Escherichia coli, and Pseudomonas aeruginosa) as well as gram
positive bacteria (Staphylococcus aureus, and Bacillus cereus). From the disc
diffusion results, the synthesized silver nanoparticles showed an excellent
antibacterial property against the tested pathogens. It could be concluded that
Artemisia vulgaris L leaf extract can be used successively in the synthesis of
powerful antimicrobial AgNPs for mercantile application. Eventually we can
declare this study is first time carriet out for Artemisia vulgaris L species
leaves extract in Saudi Arabia universities, thus from this point it pick up its
important.
Keyword: Silver Nanoparticle; Antimicrobial activity; Biosynthesis;
Artemisia vulgaris L; TEM; FTIR.

22

Abdulaziz Ali Alomari

INTRODUCTION
Plant-mediated synthesis of nanomaterials has been evolutionarily gaining
propagation due to its eco-friendly nature and cost performance. Nanoparticles
perform a particle with a nanometer size of 1–100 nm. The nanoscale substance has
new, unparalleled, and preferable physical and chemical properties confronted to its
bulk structure, attributed to an increase in the ratio of the surface area per volume of
the material/particle [1]. Nanoparticles exhibit multiple implementations such as
environmental, food, optics, healthcare, chemical industries, etc. Nanobiotechnology
is a part of nanotechnology and multidisciplinary in nature which investigates the use
of nanoparticles in the biological systems. Nanobiotechnology supply a decisive
technique for the growth of a fair, nontoxic, and environment-friendly process for
metal nanoparticles synthesis which has the power to reduce metals by specific
metabolic discipline. Nanoparticles offer specific features as compared to large
particles such as their morphology, size, and allocation [2].
The search of metallic nanoparticles involve silver (Ag), gold (Au), platinum (Pt)
and palladium (Pd) [1]. Ag nanoparticle is an important metal to be investigate,
especially in the domain of health and medicine. Ag is a powerful antibacterial and
also toxic to cells. Ag has the strength to damage bacterial cell walls, prevents
bacterial cell evolution, and deactivate cell metabolism due to the interaction between
Ag ions with macromolecules in cells, such as proteins and deoxyribonucleic acid
(DNA). Ag ions that interacts with the cell inhibit protein synthesis, in addition to
decreases the membrane porosity, and lastly leads to cell damage [1]. The
mechanisms for AgNPs-induced toxicity include cell membranes, mitochondria and
genetic material. When the silver ions enter the bacterial cell, the DNA molecule
transforms into a intensify form and miss out its reproduction power leading to
bacterial cell death[3]. Some authors have confirmed that heavy metals inhibit the
proteins by attaching to the thiol group [4].
The use of medicinal plants as traditional remedies have been distributed widely in
the treating various illnesses [5]. One common and important medicinal plant in
South Saudi Arabia (Albaha area) is Artemisia vulgaris (commonly known as birk).
The aerial parts of A. vulgaris are being used as an anthelminthic, an antispasmodic,
an antisepticand for various disorders including hepatosis [6]. All parts of the plant
are characterized by antispasmodic, anti inflammatory and women growls. Artemisia
vulgaris is used in treatment of asthma, worms, assist digestion and diabetes [7]. The
major active constituent in the essential oil of A. vulgaris were Thujone,
caryophyllene oxide , α-thujone , 1.8 cineole, trans-caryophyllene and linalool [8]. In
another research, fifteen phenolic compounds were determined from A. vulgaris
leaves by Melguizo-Melguizo et al (2014). Researchers emphasized that these
compounds were mainly chlorogenic acid derivatives or flavonoids, among other
minor phenolic compounds[8].
The synthesis of silver nanomaterials or nanoparticles extensively studied by using
chemical and physical methods, but the development of reliable technology to
produce nanoparticles is an important aspect of nanotechnology. Biological synthesis

Synthesis of Silver Nanoparticles of Aqueous Extract of Medicinal Plant)…

23

process provides a wide range of environmentally acceptable methodology, low cost
production and minimum time required. At the same time the biologically synthesized
silver nanoparticles has many applications includes catalysts in chemical reactions
[9].
There are two methods employed for the nanoparticle synthesis such as "Top down"
and "Bottom up" process. Generally in the "Top down” process all materials are
broken down into tiny particles at the nanoscale with various techniques like grinding,
milling that means the nanoparticles are produced by size reduction from a row
material. In "Bottom up" process the nanoparticles are prepare by uniting atoms,
molecules and finer particles [10].
In the present study the aim is to synthesized Ag nanoparticles using aqueous extracts
of the dried ground leaves of medicinal plant Artemisia vulgaris L . Followed by
characterization and evaluation of their antimicrobial activity, in addition to
discussion of the effect of different environmental factors in the nature of the
constituents and their antimicrobial activity. For our information, this is the first time
that the Artemisia vulgaris L medicinal plant in Albaha area/ Saudi Arabia has been
subjected to study for its nanoparticles characteristics.
MATERIALS AND METHODS
Chemicals and Plant Material Collection.
All the reagents purchased were of analytical grade and used without any further
purification. Silver nitrate (AgNO3) was purchased from Sigma-Aldrich with a
≥99.5% purity. Fresh leaves of Artemisia vulgaris L were collected from the
surroundings of Almukhwah region, air dried in the shade at room temperature for 7
days . The samples then ground to fine powder and kept in closed bottles for further
use.
Preparation of leaf extract
Five grams (5g) of powdered leaves of Artemisia vulgaris L were boiled in 100 ml
distilled water. After 20 min. The prepared solution was initially filtered through
normal filter paper mesh so that the leafy materials could be filtered out; then the
extract was filtered through Whatman filter paper No. 1. The filtered extract was
stored in the refrigerator at 4 0C. This extract was used as the reducing and stabilizing
agent.
Synthesis of silver nanoparticles
30 ml of 0.01M aqueous solution of silver nitrate was taken in Erlenmeyer flask; then
3, and 6 ml of A. vulgaris leaf extract was added separately to it at room temperature.
After 15 min, the solution was turned to dark brown, indicating the formation of silver
nanoparticles [11,12].
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Characterization of silver nanoparticles
Formation of AgNPs was confirmed by Ultraviolet-visible spectral analysis. The
absorbance spectra were recorded using Ultraviolet-visible spectroscopy (UV-1800
Shimadzu UV spectrophotometer) at a wavelength of 300- 600 nm. Fourier Transform
Infrared Spectroscopy (FTIR) was performed on Thermo scientific™Nicolet iS™50
FTIR Spectrometer to detect the possible functional groups in biomolecules present in
the plant extract. The surface morphology and size of the AgNPs were examined
using Transmission electron microscope (TEM). The samples were prepared for TEM
analysis. The TEM analysis was carried out using Cu- Coated Grid, Cu- carbon
coated Grid High Res –Tem Model Jeol – 2100, Made in Japan..
Antimicrobial activity
Bacterial strains of Bacillus subtilis (ATCC 6051), Staphylococcus aureus (ATCC
12600), Bacillus cereus (ATCC 14579), Escherichia coli (ATCC 11775),
Pseudomonas aeruginosa (ATCC 10145), and Neisseria gonorrhoeae (ATCC 19424)
in addition to Candida albicans (ATCC 7102) and Aspergillus flavus (ATCC 9643)
were used in this study for antimicrobial activity test.
Antimicrobial activity of the tested samples was determined using a modified KirbyBauer disc diffusion method [15]. Briefly, 100 µl of the test bacteria/fungi were
grown in 10 ml of fresh media until they reached a count of approximately 108
cells/ml for bacteria or 105 cells/ml for fungi [16]. 100 µl of microbial suspension was
spread onto agar plates corresponding to the broth in which they were maintained.
Isolated colonies of each organism that might be playing a pathogenic role should be
selected from primary agar plates and tested for susceptibility by disc diffusion
method [17]. Plates inoculated with filamentous fungi as Aspergillus flavus at 25oC
for 48 hours; Gram (+) bacteria as Staphylococcus aureus, Bacillus subtilis; Gram (-)
bacteria as Escherichia coli, Pseudomonas aeuroginosa they were incubated at 3537oC for 24-48 hours and yeast as Candida albicans incubated at 30oC for 24-48
hours and, then the diameters of the inhibition zones were measured in millimeters
[18]. Standard discs of Ampicillin (Antibacterial agent), Amphotericin B (Antifungal
agent) served as positive controls for antimicrobial activity but filter discs
impregnated with 10 µl of solvent (distilled water, chloroform, DMSO) were used as
a negative control. Blank paper disks (Schleicher & Schuell, Spain) with a diameter
of 8.0 mm were impregnated 10 µ of tested concentration of the stock solutions.
When a filter paper disc impregnated with a tested chemical is placed on agar the
chemical will diffuse from the disc into the agar. This diffusion will place the
chemical in the agar only around the disc. The solubility of the chemical and its
molecular size will determine the size of the area of chemical infiltration around the
disc. If an organism is placed on the agar it will not grow in the area around the disc if
it is susceptible to the chemical. This area of no growth around the disc is known as a
“Zone of inhibition” or" Clear zone". For the disc diffusion, the zone diameters were
measured with slipping calipers of the National Committee for Clinical Laboratory
Standards [19]. Agar-based methods such as E test and disk diffusion can be good
alternatives because they are simpler and faster than broth-based methods [20].
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RESULT AND DISCUSSION
UV–vis adsorbance spectroscopy analysis
The bioreduction of silver nitrate (AgNO3) to AgNPs was monitored periodically by
UV–vis spectroscopy (Shimazu 2401PC) after the dilution of the samples with
deionized water [13]. A UV–vis spectrograph of the silver and nanoparticles was
listed by using a quartz cell with water as blank. The synthesis of the AgNPs in
aqueous solution was monitored by recording the absorption spectra at a wavelength
range of 300- 600 nm [14].
The UV-visible spectra of synthesized AgNPs (Figure1) exhibited characteristic peak
at 431 nm suggesting the formation of growing number of silver nanoparticles. The
peak at 431 nm was detected to be a characteristic of variant metabolites and proteins
present in the Artemisia vulgaris L extract, which have a vital role in the silver ions
reduction into synthesized nanoparticles. Our findings are in agreement with the
results obtained by Sagar et al. [21] and com in accord with the result obtained by
Ahmed et al and Sinha et al [22, 23]. Rasheed et al reported that the peak was
detected at 420 nm for the AgNPs synthesized of aqueous extract of A.vulgaris L
[34]. This difference in the wave length may be attributed to the nature of the
reducing agents and their identities in the plant extract.
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Fig1: UV–Vis absorption spectra of silver nanoparticles (a) For AgNPs prepared of 3ml
extract / 30 ml AgNO3 (b) For AgNPs prepared of 6 ml of the extract / 30 ml AgNO3.

FTIR spectra analysis
FTIR analysis was performed to identify the strength of biomolecules responsible for
the reduction of Ag+ ions and the stability of the bioreduced silver nanoparticles to
avoid nanoparticles aggregation and coating in the aqueous medium Al-Zubaidi et al.
[24]. The FTIR analysis has offered a peak range from 400 to 4000 cm-1. Strong peaks
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at 3732, 3773, 3424, 1642, 1513, 1391 , 1040, 543, and 416 cm-1 Table2 and (Figure
2, A, B, C) were conformable to different functional groups and proven the presence
of protein stabilizing agents. The peaks at 3742 and 3674 cm-1 were corresponding
to O-H stretching of alcahol. Intense absorption peaks at 3323cm−1 showed N-H
stretching vibration of hydrogen-bonded conformable to N-H stretching of the
secondary amide of the protein and O-H phenolic- group [24].The peak at 1642 cm-1
was related to stretch vibration of -C=C- [25] (distinguishing of amino acids
containing NH2 groups, amide I band), which is supposed for the amide I bond of
proteins [26]. The band at 1513 cm-1 in the spectra coincide to C-N and C-C
stretching (armatic) denoting the existence of proteins (Prakash et al., 2013) [27] this
findings comes in agreement with our results. The bands at 1391 cm-1 and 1040 cm-1
were designating for N-H and C-N (amines) stretch vibration of the proteins
respectively. The peak and 1040 cm-1 can be attributed to C-OH of the phenols,
bolstering the reduction of Ag+ into Ag0 through the sharing of polyphenols, such as
flavanoids and triterpenoids, this results come closer to the findings of (Litvin et al)
[35]. The peak at 416 may correspond to formation Ag – O confirms the formation of
AgNPs (Table:2), this bond was absent in the plant extract Table2, (Fig2: A). The
reduction of silver ions Ag+ into nano size silver particles Ag0 could be attributed to
the existence of extracellular proteins in the Artemisia vulgaris L leaves extract. These
proteins have a tremendous capacity to link silver nanoparticles, acting as covering
agents and hence supply the stability to them. These results are consistent with the
earlier reports for synthesis of AgNPs ( Rafie et al) [36]. FTIR analysis detect that
polyphenols could act as bioreducing agents, whereas proteins could function a
bilateral role as bioreducing and stabilizing agents.
Table2: The FTIR analysis of A. Vulgaris leaves extract and AgNPs in wave number cm-1.
Position of the peak in cm-1
Peak number
1
2
3
4
5
6
7
8
9
10
11

Aqueous
extract
of plant
3419
2928
1634
1418
1265
1081
602
-

AgNPs
(3/30 ml)

AgNPs
(6/30 ml)

AgNPs

3859
3742
3674
3424
1642
1513
1391
1040
543
416

3859
3742
3674
3425
1642
1513
1046
674
415

3859
3743
3674
3425
1642
1539
1391
1042
620
512

Synthesis of Silver Nanoparticles of Aqueous Extract of Medicinal Plant)…

27

D
C
B

4000

3000

2000
1000
Wavenumber (cm-1)

416

543

1040

1513
1391

1642

2928

%T

A

0

Fig2: FTIR spectra of phytosynthesized AgNPs. (A) For A.Vulgaris aqueous extract
only (B) For AgNPs prepared of 3ml extract / 30 ml AgNO3 (C) For AgNPs prepared
of 6 ml of the extract / 30 ml AgNO3 (D) For AgNPs
TEM microscopy
TEM was used to view the morphology and size of silver nanoparticles. The TEM
image illustrated that silver nanoparticles were spherical in shape (Fig:3). The
spherical shape of silver nanoparticles had a size between 2.90 and 200 nm,(Fig:3)
thereby confirming the presence of the nanoparticles. The capping with dark shades
on the surface of nanoparticles showed the presence of secondary materials. This
could be attributed to the biocompounds present in the leaf extract. It should be noted
that the biocomponents can result in the efficient reduction of silver salts to
nanoparticles and serve as an appropriate capping agent, thereby inhibiting them from
aggregation [28].
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Fig 3: Transmission electron microscopy images (TEM) of AgNPs particles,
(A) AgNPs prepared of 3ml extract / 30 ml AgNO3 the particles size in 100nm
(B) AgNPs prepared of 6ml extract / 30 ml AgNO3 the particles size in 100nm
(C) AgNPs prepared of 6ml extract / 30 ml AgNO3 the particles size in 200nm
(D) AgNPs prepared of 6ml extract / 30 ml AgNO3 the particles size in the range 2.9 100 nm.

The transmission electron microscopy (TEM) provided further insight into the
morphology and size details of the synthesized AgNPs. The TEM images at different
magnifications and selected area electron diffraction patterns are depicted in the Fig3.
The spherical nature of the AgNPs was also attended by the TEM with average
diameter ranging 2. 90 -200 nm. The results as described in the TEM images
exhibited good agreement with selected area electron diffraction pattern which
suggests the polycrystalline nature of AgNPs. These findings were agreed with that
reported by (Jyoti et al) [29]. It should be noted that these biocomponents can result in
the effective reduction of silver salts to nanoparticles and render as convenient
capping agent, thereby inhibiting them from aggregation.
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Antibacterial activity
The antibacterial activity of Ag nanoparticles of A. vulgaris L leaf extract was studied
against Gram-negative (Escherichia coli, Pseudomonas aeruginosa), Gram-positive
(Staphylococcus aureus, Bacillus cereus) bacteria and fungi (Candida albicans and
Aspergillus flavus) . The results were presented in Table1, Fig:4. Generally, A.
vulgaris L leaf extract did not show any clear microbial inhibition zone, whereas
AgNPs synthesized by A. vulgaris L extract and AgNO3 exhibited distinctive
microbial inhibition zones against all four test bacteria in the disc diffusion method
(Fig4: a, b, c, and d). Many studies have reported that AgNPs can be an effective
bactericidal agent [28]. There is a significant variation (P<0.01) in the behavior of
AgNPs synthesized by A. vulgaris L extract against various microorganisms tested,
according to the findings in Table 1.
Table1: Antimicrobial activity of silver nanoparticles of Artemisia vulgaris leaves
aqueous extract
Inhibition zone diameter (mm/mg Sample)
Bacterial species
Fungal species
G+

Bacillus subtilis

Staphylococcus
aureus

Escherichia
coli

Pseudomonas
aeruginosa

Aspergillus
flavus

Candida
albicans

Sample

G-

Birk 30/3

13

15

13

13

0.0

0.0

Birk 30/6

11

11

12

12

0.0

0.0

The highest activity of the AgNPs(synthesized of the concentration 3 ml of the
extract / 30 ml 0.01M AgNO3) was observed against S. aureus (inhibition zone of 15
mm), followed by E. coli , Bacillus subtilis and Pseudomonas aeruginosa (13 nm
inhibition zone for each) and the lowest activity of AgNPs (prepared of 6 ml of the
extract / 30 ml AgNO3) was against S. aureus and B. subtilis (11 mm). The fungi
showed high resistance towards AgNPs (0.00 inhibition zone) (Fig4: e). Our finding
were considerably differ from that found by Kumararaja et al [30] as those authors
confirmed a good antifungal activity of AgNPs prepared of A. vulgaris L leaf extract
whereas in our finding Candida Albicans and Aspergillus flavus were not responded
towards the synthesized AgNPs of the plant extract. This may be due to the effect of
the environment in the nature of the active ingredients and their concentration in the
plant. Researchers have proposed different mechanisms accounting for the
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antibacterial effect of silver nanoparticles, however the mechanism showing the
action of AgNPs is still unclear. Also, it should be noted that the antimicrobial activity
of nano silver depends on particle size [31], preparation method, etc. The method
employed for the preparation of silver nanoparticles can lead to the formation of
different sized and shape particles, therefore contributing in changes of antimicrobial
activity. Prior studies have shown that the sizes of AgNPs synthesized by plant extract
extend from 2 to 4000 nm, whiles shapes range from spherical to hexagonal.

b

a

c

d

e

Fig4: Antibacterial activity of silver nanoparticles of A. Vulgaris leaves extract
against (a)Staphylococcus aureus, (b) Bacillus subtilis, (c) Pseudomonas aeruginosa,
(d) Escherichia coli, and (e) Candida albicans.
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Eventually, the AgNPs with smaller size and spherical shape can achieve pronounced
antibacterial activity [28]. The results presented in this study exhibited that AgNPs
produced by extracellular biosynthesis were spherical and varied from 2.9 to 200 nm
in diameter. Morones et al. have notified that the smaller size of AgNPs with a larger
surface area provides a stronger bactericidal effect than the larger size particles [32].
Also, the investigations confirmed that, the antimicrobial activities of biologically
synthesized AgNPs against gram negative and gram positive bacteria revealed that
gram negative bacteria were more responded than gram positive bacteria, this due to
the differences in membrane structures and compositions [33]. Subsequently, the
higher susceptibility of gram negative bacteria may be attributed to this difference.
The results in Fig4: revealed that antimicrobial activity of nanoparticles was recorded
to be improved with their increasing doses. Notably, the activity was not significantly
dif-ferent from the activity of plant extract. The powerful activity of silver and gold
nanoparticles documented previously supported our results in the present study [34].
CONCLUSION
The biosynthesis of nanoparticles is handy, peaceful, inexpensive and quickly, it
supply wonderful proper findings without any risky chemicals interference. In this
study, A. vulgaris L Ag nanoparticles were synthesized using their leaves extract.
AgNPs were analyzed using UV – Vis spectrophotometer, FTIR,and TEM. The TEM
analysis showed that the sizes of the synthesized AgNps ranged from 2.9 to 200 nm
and they are spherical in shape. The biomedical perspective of newly synthesized
nanoparticles was demonstrated by their pronounced antibacterial activity. The
biosynthesized silver nanoparticles were proved to have excellent antibacterial
performance against gram negative bacteria, (Escherichia coli, Pseudomonas
aeruginosa) as well as against the gram positive bacteria(Staphylococcus aureus,
Bacillus cereus). A. vulgaris extract potentially valuable for various pharmaceutical
and biomedical applications. which undoubtedly would establish its commercial
viability in medicine
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