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Abstract
Stevia rebaudiana aqueous extract (St) and Pluchea dioscoridis aqueous extract (Pd)
with different volumes (0.2 and 0.4 ml) and (1.0 and 2.0 ml) were used to synthesize
silver nanoparticles (AgNPs) under dark and light, respectively. The color of the
solutions was yellowish to reddish brown. The surface plasmon resonance (SPR) band of
AgNPs synthesized by St (0.2 ml) appeared between 422-565 nm and 437-573 nm in
dark and light conditions, respectively. While, AgNPs formed by St (0.4 ml) gave SPR
band between 439-482 nm in darkness and 442-532 nm in lightness. Also, the maximum
peak of AgNPs synthesized by Pd (1 ml) was around 445.5 nm in dark and 450.5 nm in
light. Furthermore, a broad peak was observed in the result of utilizing Pd (2 ml) which
had a maximum peak at 452 and 450.5 in darkness and lightness, respectively. The broad
peak illustrates that the AgNPs are polydispersed which agrees with transmission
electron microscope (TEM) analysis. All microbial strains (Bacillus subtilis,
Staphylococcus aureus, Escherichia coli and Candida utilis) were inhibited with AgNPs
formed using St in both concentrations and in both light and dark. On the other hand,
AgNPs synthesized by Pd in both concentrations and in both light and dark were had a
high inhibition effect in B. subtilis and E. coli.

1. Introduction
Nanotechnology represents a new technology which refers to the development of
devices, structures, and systems whose size varies from 1 to 100 nanometers (nm) [1].
Novel applications of nanoparticles are growing rapidly on different fields such as
health care, cosmetics, food, environment, mechanics, optics, electronics, catalysis and
energy science applications because of their completely new properties based on size,
their distribution and morphology [2]. Silver nanoparticles (AgNPs) attract more
attention than other metal nanoparticles owing to their surface plasmon resonance
(SPR), where strong absorption is observed in the visible region. In this respect,
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AgNPs can be easily detected by UV–visible
spectrophotometer [3]. Several decades ago silver
nanoparticles were synthesized by using chemical and
physical methods. In the chemical method various toxic
chemicals are used, which are harmful to the health of
living organisms. Subsequently researchers opted
nanoparticles synthesis by using biological methods. This
method is mainly used for reducing the toxicity and
development of green chemistry [4]. A number of
techniques are available for the synthesis of silver
nanoparticles like ion sputtering, chemical reduction, sol
gel, etc. [5]; unfortunately many of the nanoparticle
synthesis methods require using of hazardous chemicals or
high energy, which are rather difficult and including
wasteful purifications [2]. Biosynthesis of nanoparticles via
green route which does not involve toxic chemicals became
as a key branch of nanotechnology and could be an
alternative to chemical and physical methods. It utilizes
sugars, biodegradable polymers, microorganisms, plant
extracts or plant biomass for the production of
nanoparticles in a safe manner [6]. Silver nanoparticles may
accumulate in the bacterial cytoplasmic membrane, causing
increase in permeability and cell death [7]. Using of plant
extracts in the green synthesis methods has been shown to
be more advantageous due to its simple methodology and
eco-friendly nature [8]. AgNPs were synthesized by
reducing of silver nitrate solution using plant powders.
Silver nanoparticles were found to be 53, 41, 52 and 42 nm,
corresponding to Syzygium cumini, Citrus sinensis,
Solanum tricobatum and Centella asiatica, respectively [9].
The genus Stevia belongs to the Asteraceae family and
includes 240 species which contain several potential
sweetening compounds [10]. Stevia rebaudiana extract
showed reducing power ranged between 54.8 - 86% at 0.5 –
3 mg Ex/mL concentration, which clears its ability as a
reducing agent [11]. The genus Pluchea belongs to family
Asteraceae (Compositae) and comprises 80 species
distributed mainly in North and South America, Africa,
Asia and Australia. In Egypt, it occurs mainly in the Nile
region, oases of the western desert, Mediterranean coastal
strip, Eastern Desert and Sinai Peninsula [12]. The aims of
the present study were: 1. Synthesis of AgNPs using Stevia
rebaudiana and Pluchea dioscoridis Leaves with an
ecofriendly way, 2. Evaluation of the effect of time, light
and concentration on the formation of AgNPs, 3.
Characterization of AgNPs using transmission electron
microscope (TEM) and UV–visible spectroscopy. Also,
antimicrobial activities of the pervious AgNPs were
determined.

2. Materials and Methods
2.1. Preparation of Extracts
The Stevia rebaudiana and Pluchea dioscoridis leaves
were collected from Assiut and Damietta, Egypt. These

leaves were cleaned and washed by tap water followed by
distilled water. Then, they were dried at room temperature
for a week. The dried leaves samples were grinded to
powder, and then 5 g were boiled with 200 ml distilled
water in an appropriate flask for 5 min. The mixture was
filtrated and the filtrate was kept in a refrigerator at 4°C till
further use.
2.2. Synthesis of Silver Nanoparticles
Different volumes from extracts of S. rebaudiana (St)
(0.2 and 0.4 ml) and P. dioscoridis (Pd) (1 and 2 ml) were
added in 100 mL Erlenmeyer flasks. Then, 45 ml from the
aqueous solution of silver nitrate (1 mM) was titrated drop
by drop in every flask for 15 min. The reactions were
carried out in various conditions from darkness and light.
Complete reduction of AgNO3 to Ag was confirmed by the
change in colour from colourless to colloidal reddish brown
[13].
2.3. Characterization of Synthesized Silver
Nanoparticles
UV-Vis spectral analysis was conducted for samples at
different times (0, 4, 8, 16, 30 hrs). UV-Visible absorption
spectrophotometer with a resolution of 0.5 nm between 300
and 600 nm was used. Two milliliters of the sample was
pipetted into a test tube and subsequently analyzed at room
temperature. The particle size and surface morphology of
AgNPs were analyzed using transmission electron
microscopy (TEM).
2.4. Microbial Strains and Maintenance
Four different microbial strains were obtained from Agric.
Microbiology Dept., Fac. of Agric., Damietta University,
Damietta, Egypt. These strains were Bacillus subtilis,
Staphylococcus aureus, Escherichia coli and Candida utilis.
Bacterial strains (the first three strains) were maintained on
Nutrient Agar (NA) medium. While, the fourth one was
maintained on Potato Dextrose Agar (PDA) medium slants at
5°C till use.
2.5. Inoculation, Cultivation and
Antibacterial Activity Determination
All microbial strains were grown on NA or PDA slant at
37 or 25°C, respectively for 24 h. Five ml of sterilized
saline solution (0.09% NaCl) was added to each slants.
The microbial cells were loosened by gently brushing with
a sterile inoculating loop. A vortex mixer (VM-300 power:
220 VAC, 50 Hz, 0.16 A/Made in Taiwan-associated with
Cannic, Inc., USA) was used for one min. to remove all
microbial cells from slant. The antimicrobial activity was
determined by well diffusion methods on Petri dishes
containing about 20 ml of NA or PDA media [4]. All
plates were inoculated with the suitable microbial strains
by using a sterile cotton swab. Subsequently, four small
wells of 6.3 mm in diameter was done by a sterilized cork
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borer. Each well was filled up with 50 µl of tested
substances. Thirteen substances were used, the first one
was silver nitrate (AgNO3). Substances from two to five
were the plant extracts with different volumes of S.
rebaudiana (St) at 0.2 ml and St at 0.4 ml and the plant
extracts of P. dioscoridis (Pd) at 1.0 ml and Pd at 2.0 ml.
The last eight substances were AgNPs synthesized by ST
(0.2 ml) at lightness (S5); ST (0.4 ml) at lightness (S6);
ST (0.2 ml) at darkness (S7); ST (0.4 ml) at darkness (S8);
Pd (1.0 ml) at lightness (C5); Pd (2.0 ml) at lightness (C6);
Pd (1.0 ml) at darkness (C7) and Pd (2.0 ml) at darkness
(C8). The tested substances were sterilized by micro filter
(Flowpore D 0.2µm, Made in Germany). All plates were
incubated at 37 and 25°C according the microbes.
Inhibition zones which appeared around the well were
carefully measured after one days using a digital Vernier
caliper Made in Jiangsu, China. The mean value of three
replicates was calculated.
2.6. Assessment of Antimicrobial Agents
The effect of antimicrobial agents (AgNO3, plant extracts
and AgNPs synthesized by plant extracts) = A-B (mm).
Where A; the diameter of complete clear zone (mm) and B;
the diameter of cork borer (6.35).
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3. Results
3.1. Synthesis of Ag NPs by Stevia

rebaudiana
S. rebaudiana aqueous extract (St) with various volumes
(0.2 and 0.4 ml) under different conditions from dark and light
reduced AgNO3 to AgNPs. The change in the colour of the
solution to yellowish to reddish brown into all the beakers
containing of silver nitrate inicates the formation of AgNPs. In
this respect, SPR band of AgNPs synthesized by St (0.2 ml)
appeared between 422-565 nm and 437-573 nm in dark and
light conditions, respectively. While, AgNPs formed using St
(0.4 ml) gave SPR band between 439-482 nm in darkness and
442-532 nm in lightness. U.V-Visible analysis shows that
AgNPs synthesized with 0.2 ml St in darkness gave the
broadest band. While, AgNPs with 0.4 ml St at the same
conditions had the narrowest band in comparison with others.
On the other hand, an obvious increase was mentioned in
absorbance values of SPR band of AgNPs created with 0.4 ml
St in light comparing to the same mixture in darkness. Figures
1, 2, 3 and 4, show that, the intensity of the SPR peak
increased as the concentration of St and reaction time
increased. This increase indicates the augmentation of AgNPs
and the continued reduction of silver ions. Shoulder peaks
were also observed for all of the samples at 350 nm.
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Figure 1. UV-Visible absorption spectra of Ag NPs synthesized by St (0.2ml) at 4, 8, 16 and 30 h in darkness.
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Figure 2. UV-Visible absorption spectra of Ag NPs synthesized by St (0.2ml) at 4, 8, 16 and 30 h in lightness.
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Figure 3. UV-Visible absorption spectra of Ag NPs synthesized by St (0.4ml) at 4, 8, 16 and 30 h in lightness.
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Figure 4. UV-Visible absorption spectra of Ag NPs synthesized by St (0.4ml) at 4, 8, 16 and 30 h in darkness.

Transmission electron microscopy (TEM) has been used to
identify the size, shape and morphology of AgNPs. It shows
that the AgNPs are well dispersed and predominantly
spherical in shape which conforms to the shape of SPR band
in the UV-visible spectrum. While some of the AgNPs were
found to be having structures of irregular shape as shown in

Figures 5, 6, 7 and 8. AgNPs synthesized using 0.4 ml St in
darkness have average diameter of around 15 nm. AgNPs
formed with 0.2 ml St at the same conditions were around 17
nm. On the other hand, AgNPs created with 0.2 ml and 0.4
ml St in light gave average diameter of around 17 nm and 19
nm, respectively.

Figure 5. TEM image of Ag NPs synthesized by St (0.2m l) at 30 h in darkness.
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Figure 6. TEM image of Ag NPs synthesized by St (0.2ml) at 30 h in lightness.

Figure 7. TEM image of Ag NPs synthesized by St (0.4ml) at 30 h in darkness.

Figure 8. TEM image of Ag NPs synthesized by St (0.4ml) at 30 h in lightness.
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3.2. Synthesis of Ag NPs by Pluchea

dioscoridis
Also, P. dioscoridis aqueous extract (Pd) with various
volumes (1.0 and 2.0 ml) in darkness and lightness changed
the colour to yellowish to reddish brown into all the containers.
This change confirms the formation of AgNPs. This analysis
showed that the maximum peak of AgNPs formed using Pd (1

ml) was around 445.5 nm in dark and 450.5 nm in light which
was specific for AgNPs as shown in Figures 9 and 10.
Furthermore, a broad peak was observed in the result of
utilizing Pd (2 ml) which had a maximum peak at 452 and
450.5 in darkness and lightness, respectively as shown in
Figures 11 and 12. The broad peak illustrates that the AgNPs
are polydispersed which agrees with TEM analysis.
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Figure 9. UV-Visible absorption spectra of Ag NPs synthesized by Pd (1.0ml) at 4, 8, 16 and 30 h in darkness.
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Figure 10. UV-Visible absorption spectra of Ag NPs synthesized by Pd (1.0ml) at 4, 8, 16 and 30 h in lightness.

61

Nabil Azzaz et al.: Antimicrobial Activities for Green Synthesis of Silver Nanoparticles Using
Stevia rebaudiana and Pluchea dioscoridis Leaves

D4h
D8h
D16h
D30h

5.0
4.5
4.0

Absorbance

3.5
3.0
2.5
2.0
1.5
1.0
0.5
350

400

450

500

550

600

Wavelength
Figure 11. UV-Visible absorption spectra of Ag NPs synthesized by Pd (2.0ml) at 4, 8, 16 and 30 h in darkness.
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Figure 12. UV-Visible absorption spectra of Ag NPs synthesized by Pd (2.0ml) at 4, 8, 16 and 30 h in lightness.

TEM analysis shows that the AgNPs are well dispersed as shown in Figures 13, 14, 15 and 16. AgNPs with spherical shape
were mostly observed as an account of adding Pd (2.0 ml) at darkness and lightness in the size range of 10-38 and 11-28 nm as
shown in Figures 15 and 16. TEM micrographs of the AgNPs created by adding 1 ml in both dark and light showed structures
of spherical and irregular shape as shown in the size range of 16-48 and 8-39 nm in Figures 13 and 14. The previous results
were compatible with the SPR bands in the UV-visible spectrum.
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Figure 13. TEM image of AgNPs synthesized by Pd (1.0ml) at 30 h in darkness.

Figure 14. TEM image of Ag NPs synthesized by Pd (1.0ml) at 30 h in lightness.

Figure 15. TEM image of Ag NPs synthesized by Pd (2.0ml) at 30 h in darkness.
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Figure 16. TEM image of Ag NPs synthesized by Pd (2.0ml) at 30 h in lightness.

3.3. Antimicrobial Activity Determination
Table 1 showed that, the highest effect of AgNO3 on the
microbial strains was in the case of C. utilis where the
inhibition zone was 18 mm, followed by S. aureus (7 mm).
AgNO3 had no effect on B. subtilis and E. coli. Also, Table 1.
showed that, the effect of S. rebaudiana aqueous extract (St) in

both concentration (0.2 and 0.4) took the same pattern of
AgNO3. Where St had no effect on B. subtilis and E. coli. But
the inhibition zones were 7 and 12 mm in both concentrations
of St, respectively. P. dioscoridis aqueous extract (Pd) with
different volumes (1.0 and 2.0 ml) had no effects of microbial
strains except S. aureus being 6 mm in both concentrations.

Table 1. The effect of silver nitrate and the aqueous extract of Stevia rebaudiana and Pluchea dioscoridis on the microbial growth.
Antimicrobial agents
AgNO3
St at 0.2 ml*
St at 0.4 ml
Pd at 1.0 ml**
Pd at 2.0 ml

Microorganism and the inhibition zone diameter (mm)
Bacillus subtilis
Staphylococcus aureus
0
7
0
7
0
12
0
6
0
6

Escherichia coli
0
0
0
0
0

Candida utilis
18
7
12
0
0

*aqueous extract of Stevia rebaudiana (St); ** aqueous extract of Pluchea dioscoridis (Pd)

Table 2 and Figures 17 and 18 showed that, Ag NPs
synthesized by St (0.2 ml) in the light appeared a high effect
of the microbial growth compared with the aqueous extract.
There were a slight increase in the inhibition growth when
Ag NPs synthesized by St (0.4 ml) was used. Ag NPs
synthesized by St in both concentration took the same pattern
of Ag NPs synthesized by St (0.4 ml). Generally, all
microbial strains were inhibited with Ag NPs synthesized by

St in both concentrations and in both light and dark. The
effect of Ag NPs synthesized by the aqueous extract of Pd on
S. aureus (Figure 19) had a markedly increased compared
with the aqueous extract of Pd (see Table 1). But it had the
same effect in the case of C. utilis which was no effect. On
the other hand, Ag NPs synthesized by the aqueous extract of
Pd in both concentrations and in both light and dark were had
a high inhibition effect in B. subtilis and E. coli (Figure 20).

Table 2. The effect of Silver nanoparticles (Ag NPs) synthesized by the aqueous extract of Stevia rebaudiana and Pluchea dioscoridis on the microbial growth.
Ag NPs synthesized by
St (0.2 ml) at lightness (S5)*
St (0.4 ml) at lightness (S6)
St (0.2 ml) at darkness (S7)
St (0.4 ml) at darkness (S8)
Pd (1.0 ml) at lightness (C5)**
Pd (2.0 ml) at lightness (C6)
Pd (1.0 ml) at darkness (C7)
Pd (2.0 ml) at darkness (C8)

common Shapes
of Ag NPs
Irregular
Irregular
Spherical
Spherical
Irregular
Irregular
Spherical
Spherical

Average Ag
NPs Size (nm)
17
19
17
15
28
21
38
25

Microorganism and the inhibition zone diameter (mm)
Bacillus subtilis Staphylococcus aureus Escherichia coli
6
16
10
9
17
12
8
16
9
6
17
9
6
13
6
9
12
9
12
13
7
9
13
13

*aqueous extract of Stevia rebaudiana (St); ** aqueous extract of Pluchea dioscoridis (Pd)

Candida utilis
8
13
12
18
0
0
0
0
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Figure 17. The effect of Ag NPs synthesized by the aqueous extract of Stevia
rebaudiana (St) on Staphylococcus aureus growth.
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Figure 20. The effect of Ag NPs synthesized by the aqueous extract of
Pluchea dioscoridis (Pd) on E. coli growth.
Where: S5 means St (0.2 ml) at lightness; S6 means St (0.4 ml) at lightness;
S7 means St (0.2 ml) at darkness; S8 means St (0.4 ml) at darkness; C5
means Pd (1.0 ml) at lightness (C5)** Pd (2.0 ml) at lightness (C6) Pd (1.0
ml) at darkness (C7) Pd (2.0 ml) at darkness (C8)

4. Discussion

Figure 18. The effect of Ag NPs synthesized by the aqueous extract of Stevia
rebaudiana (St) on E. coli growth.

Figure 19. The effect of Ag NPs synthesized by the aqueous extract of
Pluchea dioscoridis (Pd) on Staphylococcus aureus growth.

It is an efficient, safe and rapid method, which attracted
the interest of many researchers who worked with other plant
systems [8, 14 and 15]. Excitation of surface plasmon
vibrations in Ag NPs was the main reason for change in the
colour [16]. UV–Visible spectrophotometer was used to
characterize shape and size in aqueous Ag NPs suspensions.
It is well known that spherical Ag NPs display a SPR band
around 400– 450 nm, depending on its size [17]. Broadening
of peak indicates that the Ag NPs are polydispersed (various
size and shape) [18]. These peaks refer to the existence of
bulk silver in the Ag NPs suspension [19]. Nanoparticles are
generally characterized by their size, shape, surface area, and
dispersity. Homogeneity of these properties is important in
many applications [20]. Absorbance change during 30 h
indicates the slow reduction of the AgNO3 by the aqueous
extract of Pluchea dioscoridis Pd-AE. The variation in the
rates of bioreduction observed may be due to the differences
in the activities of the enzymes present in the plant root
extracts [14]. A single SPR band resembles to the spherical
nanoparticles, whereas two or more SPR bands correspond to
the anisotropic molecules. In this study, two SPR bands
reveal the cubic shape (with Oh symmetry) of the Ag NPs
[21]. The intensity of the SPR peak increased with reaction
time which indicates the increasing of Ag NPs concentration.
The reduction was attributed to the steroids, terpenoids,
alkaloids, carbohydrate and phenolic compounds present in
the extracts [22].
The finding of authors [3, 22, 23 and 24] could explained
the effect of AgNPs. They reported that, the properties of
AgNPs vary according to their size and shape. The sizes of
AgNPs play an important role in their antimicrobial activity.
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A higher antimicrobial activity was observed only when
AgNPs between 20 to 25 nm but not in 80 to 90 nm. AgNPs
with a diameter 13.5 ± 2.6 nm are effective against yeast.
AgNPs have a bioactivity role because of their large surface
area and high reactivity. AgNPs metal particles exhibit
remarkable physical, chemical, and biological properties. On
the other hand, fungi have been used to biosynthesize AgNPs.
Verticullium sp., Trichoderma asperellum, A. fumigatus and
Fusarium oxysporum could produced AgNPs with a diameter
37, 25, 18 and 5 nm, respectively. In addition to microbial
organisms, plant extracts can be used in the biosynthesis of
metallic nanomaterials. Depending on the pervious findings,
AgNPs synthesized by the aqueous extract of Pd-AE which
had no effect on C. utilis, because the diameter of AgNPs
were higher than 20 nm. More over the highest effect of
AgNPs were in the case of the lower diameter size being 15
nm in the case of C. utilis when ST-AE (0.4 ml) at darkness
(S8) was used. Similar results were obtained by [25], who
reported that, Silver nanoclusters were more effective against
Gram- negative bacteria. Staphylococcus aureus, Bacillus
cereus and Micrococcus luteus have higher resistance against
Agn(SG)m than gram-negative bacteria (P. aerginosa, E. coli
and S. marcescens). Also, they reported that, Ag NPs inhibit
the growth of gram-negative (E. coli O157:H8) at lower
concentrations than they inhibit gram-positive S. aureus. In
addition, the bactericidal action of synthesised silver
myconanoparticles (myco-AgNPs) were studied against
pathogenic bacteria. The formulated myco-AgNPs were
spherical in shape, with a size in the range of 50 nm and DLS
at an intensity of 107.8 nm. The myco-AgNPs showed
effective antimicrobial properties against Staphylococcus
aureus, Bacillus subtilis and Escherichia coli at high
concentrations [26].

5. Conclusion
The green Ag NPs synthesize S. rebaudiana and P.
dioscoridis were tested for its physical and chemical
properties. The broad peak illustrates that the green Ag NPs
are polydispersed and it agree with transmission electron
microscope (TEM) analysis. A higher antimicrobial activity
was observed when the diameters of green AgNPs was
between 20 to 25. All tested microorganisms were inhibited
by green Ag NPs. Also, spherical of AgNPs were more
effective against microorganisms, than irregular particles.
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