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Abstract

The present study reports a cost effective and environment friendly technique for the preparation of silver nanoparticles
(AgNPs) using Thymus algeriensis leaf extract as reducing and capping agent. The effects of reactants ratio, contact time, pH
and temperature on the synthesis of the Ag nanoparticles were investigated. It was found that the rate of formation of silver
nanoparticles enhanced with time at high temperature and alkaline pH. The biogenic AgNPs were characterized by UV—-Vis-
ible spectrophotometer, showing a typical surface Plasmon resonance at about 430 nm which is specific to AgNPs. XRD and
SEM-EDX results reveal that the synthesized nanoparticles have a face centered cubic structure (fcc). TEM images clearly
show that the biosynthesized nanoparticles are mostly spherical with an average particle sizes between 10 and 20 nm. Fourier
transform infrared spectroscopy (FTIR) was used to identify the biomolecules and capping reagents in the 7. algeriensis leaf
extract that may be responsible for the reduction of silver ions and the stability of the bioreduced nanoparticles. The AgNPs
as potential anti-bacterial and anti-fungal agents have been studied on gram negative (P. aeruginos and E. coli), gram posi-
tive (B. cereus, and S. aureus) pathogenic clinical bacteria and pathogenic fungi (Candida albicans). The results showed that
the biologically synthesized AgNPs exhibit interesting anti-bacterial and anti-fungal activity with those clinical pathogens.
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1 Introduction of nanotechnology and nanomedicine within the last dec-

ade due to their excellent catalytic, optical, electrical and

The noble metal nanoparticles, namely silver (Ag), gold
(Au) and platinum (Pt) have received a great deal of atten-
tion due to their interesting and unique properties that allow
attractive applications in various fields such us medicine,
cosmetics, biotechnology, biomedical devices and environ-
mental remediation [1]. The large fraction of surface atoms
and high surface area of metal nanoparticles are responsi-
ble for their unusual properties such us catalytic, electronic
and optical absorption [2]. Among several Noble metals,
silver nanoparticles have gained more attention in the areas
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antifungal/antibacterial applications [3, 4]. Several tech-
niques have demonstrated that AgNPs can be synthesized
using chemical and physical methods [5], but some of them
suffer from their lengthy procedure, time consuming, short
stability and adsorption of toxic chemicals that might lead
to adverse effects in medical applications [6]. Consequently,
there is a need to develop an expedient method that can pro-
vide free stable nanoparticles with low toxicity. To achieve
this goal, many researchers have diverted their interest to the
green chemistry approaches for synthesis of silver nanoparti-
cles by using microorganisms, enzyme or plant extract [7, 8].
The green synthesis of Ag NPs has been recently reported,
where plant extracts such as S. tricobatum, S. cumini, C. asi-
atica, C. sinensis [9], Callicarpa maingayi [10], Momordica
charantia [11], tea [12], neem [13] ulva intestinalis extract
[14] are effective extracts in the biosynthesis of Ag NPs.
Using plant extracts in the green synthesis of nanoparti-
cles is one the cleanest, biocompatible, nontoxic and eco-
friendly methods. It has many advantages such as easily
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available, safe to handle and possess a broad viability of
phytochemicals such as phenolic compounds, flavonoids,
terpenoids, polysaccharides, enzymes and other proteins,
which are responsible for reduction of metal ions and stabili-
zation of nanoparticles [15, 16]. Thymus algeriensis is a very
common traditional medicinal herb abundantly available in
Algeria and the extract of the leaf has traditionally been used
in respiratory and digestive tube disorders and against abor-
tion [17]. Oxygenated monoterpenes, linalool, thymol and
p-cymene were the most abundant reported compounds [18].

In this present study we have investigated the synthesis
of silver nanoparticles in aqueous medium using aqueous
extract of the T. algeriensis as reducing as well as stabilizing
agent. We have also undertaken the study of antibacterial
activity of this as-synthesized AgNPs against two Gram-
positive and two Gram negative human bacterial pathogens.
The antifungal activity of AgNPs has also been investigated.

2 Experimental
2.1 Materials and Methods

Thymus algeriensis leaf was collected from the Forest area in
Tlemcen, northwestern Algeria in April 2013. Silver nitrate
(AgNO;) was supplied by Sigma Aldrich. The clinical iso-
lates of bacterial strains of Staphylococcus aureus ATCC
25923, Pseudomonas aeruginosa ATCC 27853, Escheri-
chia coli ATCC 25922, Bacillus cereus ATCC 10876 and
Candida albicans ATCC 10231 were kindly donated by the
Laboratory of Biology of Microbial Systems (LBSM, Ecole
Normale Supérieure of Kouba, Algier, Algeria.). Ultra-pure
deionized water was used in all the experiments. All the
chemicals used were of analytical grade. The glasswares
used for experimental purposes were properly washed, sani-
tized and autoclaved.

2.2 Plants Extract Preparations

Collected fresh leaves were cut into small pieces, and thor-
oughly washed under running tap water followed by double-
distilled water. Aqueous extract of the plant was obtained by
soaking 10 g of dried leaves in 200 mL of distilled water and
heated at a temperature between 70 and 80 °C for 15 min. It
was then allowed to cool and filtered with Whatman Filter
Paper No. 1. The filtrate obtained was stored at 4 °C for
further experiments.

2.3 Synthesis of Silver Nanoparticles
AgNPs were synthesized by dropwise addition of the aque-

ous plant extract to the silver nitrate solution of known con-
centration in an Erlenmeyer flask under stirring for 24 h,

which resulting in a brown color solution indicating the
formation of AgNPs. The obtained nanoparticles were sub-
jected to washing (thrice) with double distilled water and
analyzed by UV—-Vis spectrophotometer. The pH effect on
nanoparticle synthesis was determined by maintaining pH
with the 1 N NaOH, and 1 N HCI of the reaction mixture to
pH 3.0, 5.0, 7.0, 9.0, 11.0, and 13. To determine the effect
of temperature and reaction incubation time on AgNPs syn-
thesis, reactions were performed at different temperatures
(12, 30 and, 60 °C) and different time intervals (10-360 min)
respectively. The impact of silver nitrate concentration on
the synthesis of AgNPs was also determined by using dif-
ferent concentration of AgNO; (1-5 mM). The reactions
was conducted at 1:9 ratio of plant extract and AgNO; solu-
tion Thereafter, absorbance of the AgNPs suspension was
obtained using UV-Vis spectrophotometer.

2.4 Characterization of AgNPs

Surface plasmon resonance (SPR) of AgNPs was monitored
using UV-Vis spectrophotometer (Halo DB-20 Dynamica
double beam spectrophotometer) at regular time interval.

The functional groups in the synthesized silver nanopar-
ticles and plant extracts were recorded using Agilent Cary
640 FTIR spectrophotometer in the range of 400-4000 cm™!
at a resolution of 4 cm™' at room temperature.

The morphology of the nanoparticles was determined
using COXAM scanning electron microscope coupled with
EDX (SEM-EDX). The equipment was operated at 25 kV
acceleration voltage with a magnification of x 30,000.

The AgNPs were also characterized using Transmission
electron microscope (TEM) model Zeiss EM 900 instru-
ment. Prior to TEM analysis, the samples were sonicated for
an hour and a drop of the AgNPs solution placed on carbon
coated copper grids, dried by evaporation and analyzed at
an accelerating voltage of 80 k'V.

XRD analysis was recorded by Philips (PW 1710) Dif-
fractometer using CuKa radiation (A=1.5406 10\), with a 20
range from 20=10°-80°. To identify the structure and the
crystallinity of the silver nanoparticles.

To appraisal the particle size distribution and zeta poten-
tial of silver nanoparticles was calculate using Zetasizer
Nano Instrument (Malvern) and the analysis were taken at
25 °C with 90° angle.

2.5 Antibacterial and Antifungal Study

The antibacterial activities of AgNPs was investigated by
standard agar-well diffusion method against gram nega-
tive (P. aeruginosa and E. coli) and gram positive (B.
cereus, and S. aureus) pathogenic clinical bacteria and
pathogenic fungi (Candida albicans). Afterward, 100 pL
of the suspension containing 100 CFU mL™! of the test
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microorganisms were swabbed uniformly on nutrient agar.
Two circular wells, for 6 mm diameter were made using
a sterile cork-borer. The first well was loaded with a leaf
extract as a negative control and the other well was loaded
with 40 pL AgNPs (20 pg mL~!). The inoculated plates
were incubated at 37 °C overnight in an incubator for 24 h.
The measurement of the diameter of inhibition zone indi-
cates the inhibitory action of the samples on the growth
of the bacteria.

3 Results and Discussion
3.1 FTIR Characterization of T. algeriensis

FTIR spectrum of T algeriensis leaf extract (Fig. 1) shows
very broad band centred at 3350 cm™! corresponds to OH
stretching vibrations of phenol/carboxylic group pre-
sent in extract [19].The medium bands at 1404 cm™' and
1568 cm™! corresponds to amide arising due to carbonyl
stretch in proteins. The strong peak at 1105 cm™' corre-
sponds to C-N stretching vibration of the amine (Fig. 2).

3.2 UV-Vis Characteristics

The elaboration of silver nanoparticles by the leaf extract
of thymus was monitored by UV-Visible spectra. The
transformation of silver nitrate into silver nanoparticles
was noticed by the change in the color of the solution. The
aqueous solution changes from yellow to brown due to the
optical properties of silver nanoparticles. This phenom-
enon is called surface Plasmon resonance (SPR). The peak
of silver nanoparticles is sensitive with high absorbance in
wavelength at 430 nm and that’s confirmed the formation
of AgNps [20].
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Fig. 1 FTIR spectra representing the functional groups of 7. algerien-
sis leaf extract
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Fig.2 UV-Vis spectra of AgNps at different ratio of leaf extract

3.2.1 Effect of Ratio of Plant Extracts and Silver Nitrate
Solution

The reaction was performed by varying dosage of T. alge-
riensis leaves extract (v/v) from 10 to 50% keeping other
parameters constant at 60 min of exposure time and 1 mM
AgNO; concentration. It was found that at 10% inoculum
dose a consistent increase in the intensity of the surface
plasmon peak absorbance for AgNPs was found in UV-Vis
spectrum. Thereafter the band intensity decreased with
increase in T. algeriensis from 20 to 50% [21].

3.2.2 Effect of pH

The pH of the solution is an important parameter which
affects the formation of nanoparticles. The change in pH
affects the shape and size of the particles, as pH has the
ability to change the electrical charges of biomolecules,
which might affect their capping and stabilizing abilities
and subsequently the growth of the nanoparticles.

Figure 3 shows change in peak absorption wavelength
and intensity on varying the pH of the solution. As the
pH increases from 3 to 11, the colorless AgNO; solution
changed to reddish-brown (pH 9) and dark brown (pH 11)
after 1 h of reaction. It must be remarked that the absorp-
tion peak shifted towards lower wavelength (from 425 nm
to 418 nm) indicating a decrease in the size of synthesized
AgNPs [22].However, there was no color change observed
for AgNO; solutions at a lower pH (pH 3 and 5). In addi-
tion to the spectral shift, the absorption intensity increases
with increasing pH. This indicated that the alkaline pH
environment enhanced the reducing and stabilizing capa-
bility of the antioxidants in the T. algeriensis leaf extract.
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Fig.3 UV-Vis spectra of AgNps at different pH
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Fig.4 UV-Vis spectra of AgNps as different function of time at
room temperature

3.2.3 Effect of Contact Time

Figure 4 shows the UV-Visible spectra of Ag nanoparticles
as function of time after addition of 1 mL T. algeriensis leaf
extract to 9 mL of 107> M AgNOj solution. The synthesis of
AgNPs was observed after 40 min. The solution turned from
light yellow to brown in color indicating reduction of silver
ions. It was also noted that with an increase in time the peak
becomes sharper and intense. The increase in intensity could
be due to increasing number of nanoparticles formed as a
result of reduction of silver ions presented in the aqueous
solution. The reaction was performed till 360 min and the
AgNPs showed characteristic peak around 430 nm.

3.2.4 Effect of Temperature

To determine the effect of reaction temperature, the reac-
tions were run at different temperatures (12, 30 and 60 °C).
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Fig.6 UV-Vis spectra of AgNps at different concentration of AgNO;

Figure 5 shows the progress of Ag NPs formation monitored
by UV-Vis spectroscopy. A time-dependent relationship of
Ag NPs concentration is observed, as the absorption inten-
sity steadily increases while time elapses. Furthermore, a
slightly blue shift occurred from 425 to 418 nm at higher
temperature (60 °C) indicating a larger amount of small par-
ticle size AgNPs was formed.

3.2.5 Effect Concentration of Silver Nitrate

Figure 6 shows the UV-Visible spectra of AgNPs at differ-
ent AgNO; concentration. Increasing AgNO; concentration
resulted in gradual increasing of absorbance peak between
417 and 437 nm for (1, 2, 3, 4 and 5) mM AgNO; which are
the characteristic of Ag nanoparticle, due to its surface plas-
mon resonance absorption band. Interestingly, as the concen-
tration of the AgNOj; increases, a red shift of the plasmon
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Fig.7 XRD pattern of AgNps synthesized using 7. algeriensis leaf
extract

resonance bands occurred from 417 at 1 mM to 437 nm at
5 mM, indicating that AgNPs grew larger.

3.3 X-ray Powder Diffraction
To further confirm the formation of nanoparticles, XRD pat-

terns were also recorded in the range of 30°-70° at 26 angles
for the monometallic Ag. Figure 7 showed the XRD pattern

Fig.8 SEM analysis of biosyn-
thesized Ag Nps

Fig.9 TEM micrograph of
silver nanoparticles

@ Springer

of AgNPs synthesized by the reaction of aqueous silver salt
with T. algeriensis leaf extract. The high-intensity peaks of
AgNPs were observed at around 38°, 44°, 64° and 77.34°
corresponding to (111), (200), (211) and (311) Bragg’s
reflections of the face-centered cubic crystalline structure
of metallic nanoparticles, respectively. Similar results were
reported previously for silver nanoparticles [23, 24].

3.4 Scanning Electron Microscopy (SEM)

Figure 8 showing SEM image of silver nanoparticle. The
SEM technique was used to calculate the topography and
morphology of silver nanoparticles. AgNPs has spherical
size with the average (10-20 nm) that were showed by TEM.

3.5 Transmission Electron Microscopy and Energy
Dispersive X-ray Analysis

The suitability of the T. algeriensis extract in the synthesis
of Ag-NPs was proved by direct observation of TEM. Fig-
ure 9 shows the transmission electron microscopy charac-
terization of a sample solution of Ag-NPs synthesized by T.
algeriensis leaf extract. From Fig. 9 it could be seen that the
nanoparticles had a spherical shape and the average size of
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nanoparticles was around 14-20 nm in size, which was in a
relatively good agreement with the crystallite size of XRD
patterns. The EDX analysis was employed to determine the
composition of silver nanoparticles. As shown in Fig. 10,
only a strong signal of Ag peak was observed approximately
at 3 keV. No other elements could be detected, indicating the
high purity of as-obtained AgNPs. This result was in good
agreement with XRD analysis.

3.6 Dynamic Light Scatterings (DLS)

The DLS technique was used to determine the hydrodynamic
size distribution of the particles. In this process, the size is
measured by illuminating the particles in Brownian motion
by laser beam. The scattered light from the particles is then
analysed by the auto-correlator. The mean particle hydro-
dynamic size of the AgNPs was found to be 100 nm which
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Fig. 10 EDX image of biosynthesized silver nanoparticles using T.
algeriensis leaf extract
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is larger than that observed under TEM. The Zeta potential
of —10 mV (Fig. 11), shows that the AgNPs are capped
by negatively charged groups, and were dispersed in the
medium and proving that they are stable.

3.7 Antimicrobial Activity

During the study, the prepared AgNPs have shown signifi-
cant antibacterial activity against both Gram-negative and
Gram-positive bacteria. The strong inhibitory action was
noted against S. aureus and E. coli with maximum zone
of inhibition of 18 and 16 mm respectively, least zone of
inhibition was shown around 12 mm for P. aeruginosa and
15 mm B. cereus. These results agree with those presented
by researchers which have reported that E. coli (gram nega-
tive bacteria) is less susceptible to the silver nanoparticles
compared with S. aureus (gram positive bacteria [25-27].
however, Kim et al. showed that S. aureus was less affected
by AgNps compared with E. coli even in high concentra-
tions. This could be due to the characteristics of certain bac-
terial species [28].Several studies propose the mechanism(s)
of the bactericidal action of AgNps. Shrivastava et al. [29]
suggested that AgNps may anchor or penetrate the bacterial
cell and subsequently modulate cellular signal by dephos-
phorylating putative key peptide substrates on tyrosine resi-
dues (Figs. 12, 13).

In this present test the fungi Candida albicans ATCC
10231 show sensitivity against silver nanoparticles synthe-
sized. Its displayed strong antifungal activity with highest
zone of inhibition (> 20 mm).

Table 1 shows the result of antibacterial and antifungal
activity for biosynthesized AgNPs and aqueous extract of 7.
algeriensis. Clear zone around the disc was considered as
the inhibitory effect. It should be pointed out that the nega-
tive control (7. algeriensis leaf extract) showed no activity
towards any of the organisms. Present study findings are in
agreement with previous studies against different bacterial
strains [30].
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Fig. 11 DLS of silver nanoparticles synthesized using 7. algeriensis leaf extract
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Fig. 12 Zeta potential of silver
nanoparticles synthesized using
T. algeriensis leaf extract
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Fig. 13 Antimicrobial activity determined by disc diffusion technique against pathogenic bacteria and fungi

Table 1 The result of

. . o Sample Pathogenic bacteria Fungi
antimicrobial activity for
biosynthesized AgNPs Gram + Gram —
S. aureus B. cereus P. aeruginosa E. Coli C. albicans
ATCC 25923 ATCC 10876 ATCC 27853 ATCC 25922 ATCC 10231
Ag Nps 18 mm 15 mm 12 mm 16 mm >20 mm
Leaf extract ~ No activity No activity No activity No activity No activity
of plant

4 Conclusions

In conclusion, we have developed, for the first time, an
eco-friendly and convenient green protocol for the synthe-
sis of silver nanoparticles via in situ reduction of AgNO;
in T. algeriensis leaf extract as capping and reducing
agents. Synthesis conditions were optimized and resultant

@ Springer

nanopowder was characterized using UV—Visible spectros-
copy, TEM, DLS and XRD. UV-Vis peak was observed
for AgNPs at 430 nm. The crystalline nature of AgNPs
was evidenced through XRD and found to be face-cen-
tered cubic in nature with spherical shape. A zeta potential
result was recorded at — 10 mV, which indicates stability
of synthesized Ag NPs without addition of any capping
agent. Functional groups of plant extract were confirmed



Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:2126-2133

2133

by FTIR. The synthesised AgNPs showed good antifun-
gal and antibacterial activities against both Gram positive
and Gram negative pathogenic bacteria. Finally, the green
synthesis of silver nanoparticles using plant extract was
found to be safe, eco-friendly and it could be a suitable
for biomedical applications.
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