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Antimicrobial and antibiofilm activity of green synthesized silver nanoparticles by 
using aqueous leaf extract of Thymus serpyllum 

Fatih Erci*1 Emrah Torlak2 

ABSTRACT 

Recently, metal nanoparticles have attracted the attention of researchers due to their unique properties when 
compared with bulk materials and have become used in many fields of application. In this study, green synthesis of 
Ag nanoparticles (AgNPs) was investigated by using the aqueous extract of T. serpyllum leaves. In addition, 
antimicrobial and antibiofilm activities of the synthesized AgNPs were evaluated in this study. Further, ultraviolet-
visible spectroscopy (UV-Vis), fouirer transform infrared spectroscopy (FT-IR), dynamic light scattering (DLS), 
scanning electron microscopy (SEM) with energy dispersive X-ray (EDX) and transmission electron microscopy 
(TEM) were used for characterization of the green synthesized AgNPs. The UV-Vis spectrum of the synthesized 
AgNPs had a maximum peak at 467 nm. Also, TEM analysis indicated spherical particles with an average size of 
25.2 nm. The synthesized AgNPs have higher stability (zeta potential: -29.5 mV). The antimicrobial activity of the 
green synthesized AgNPs was investigated on both Gram-positive and Gram-negative bacteria, such as Bacillus 
cereus (B. cereus), Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and Salmonella enterica serovar 
Typhimurium (S. Typhimurium) using agar well diffusion assay. According to the results of the study, Gram-positive 
bacteria showed larger inhibition zones compared to Gram-negative bacteria. Finally, the AgNPs were explored for 
the inhibition of S. aureus biofilms. AgNPs at 100 μg/mL concentration showed a high inhibition value of about 73% 
for S. aureus biofilm formation. So, it is concluded that the synthesized AgNPs might be potentially used in many 
applications due to their antimicrobial and antibiofilm properties. 
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1. INTRODUCTION 

Biotechnology and nanotechnology are two of the 21st 
century's most promising technologies. Generally, 
nanotechnology deals with structures with at least one 
dimension ranging from 1 to 100 nanometers [1]. In the 
meantime, biotechnology deals with the metabolic and 
other physiological processes of biological materials. 
Nanobiotechnology is an association between these 
two technologies, and life sciences play an important 
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role in the development and implementation of many 
useful tools and technologies in the related research 
area [2]. Nanotechnology is now widely used due to its 
different properties, depending on the constituent 
elements of nanostructures, regardless of the bulk form 
[3]. Advances in nanotechnology have gained 
momentum with the development of unconventional 
synthesis protocols and characterization methods. 
Traditionally, NPs are synthesized by physical, 
chemical and biological procedures. There are usually 
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two approaches to produce NPs which are called 
bottom-up and top-down methods [4]. In recent years, 
NP synthesis has become a focus of interest by using 
biological methods that are nontoxic, less costly and 
environmentally compatible than physicochemical NP 
synthesis methods [4-6]. Synthesis of NPs under 
completely 'green' principles can be achieved using 
biologically compatible solvent systems with 
environmentally friendly reducing and stabilizing 
agents. Several ways have been developed for the 
biological or biogenic synthesis of NPs from the salts 
of the relevant metals [7, 8]. In terms of simplicity, the 
use of the plant itself, extract or plant tissue to reduce 
metal ions to nanoparticles has received considerable 
attention over the past 30 years [9, 10]. The process for 
synthesizing NPs using plant extracts is easier and has 
the advantage of being less costly than methods based 
on microbial processes or whole plant use [11-13]. The 
reaction temperature, pH, length of the incubation 
period and plant extract concentration can cause 
significant changes in the shape, size, stability and 
nucleation process of synthesized nanoparticles. 

The precise mechanisms of antimicrobial or toxic 
activity of AgNPs are still unknown and have recently 
become one of the most popular topics. Silver must be 
in ionized form to have any antimicrobial properties. In 
its ionized form, silver is inert but releases silver ions 
when it meets moisture [14]. Similarly, AgNPs stop 
bacterial growth by destroying cell membranes and 
DNA, inhibiting vital metabolic enzymes, and 
producing reactive oxygen species (ROS) that destroy 
cellular components [15, 16]. Biofilms can be 
described as an organized organism group of 
microorganisms living in a matrix of self-produced 
polymeric substances attached to various surfaces [17]. 
These microbial collectives appear to be present in 
almost every environment. Biofilms are found on both 
biotic and abiotic surfaces [18].  It has been reported 
that various mechanisms that inhibit biofilm formation 
or cause degradation of biofilms in controlling 
biofilms. Among them, the bactericidal activity of 
nanomaterials provides an opportunity to combat 
bacterial biofilms. Various nanomaterials have been 
shown to exhibit antimicrobial activities [19, 20]. 
Small size and high surface area/volume ratio are 
unique features that allow nanomaterials to interact 
closely with microorganisms [21].  

Here in, we report an efficient and sustainable route for 
the synthesis of silver nanoparticles and their 
characterization by using different spectroscopic and 
microscopic techniques. The aqueous extract of T. 
serpyllum leaves acts as reducing agent for the silver 
ions present in the solution of silver nitrate. Further we 

evaluated the antibacterial and antibiofilm activity of 
these biologically synthesized nanoparticles. 

 

2. MATERIAL-METHOD 

2.1. Preparation of plant extract 

10 g of the leaves of the plant sample dried under the 
sunlight was taken for extraction and dust was removed 
from the plant material by washing thoroughly three 
times with double distilled water, before the synthesis 
of the nanoparticles. The powdered plant leaves placed 
in 100 mL of Milli-Q water (Millipore, 18.2 MΩ cm, 
USA), were then incubated at 80 °C for 60 minutes and 
then stirred at room temperature (22 °C) for 60 minutes 
in a magnetic stirrer. Finally, the resulting aqueous 
extract was filtered using filter paper (Whatman filter 
paper No. 1) and the filtrate was kept at 4 °C for further 
use.  

2.2. Synthesis of silver nanoparticles 

Silver nitrate (AgNO3, 99.9%) used in the synthesis 
were obtained from Sigma-Aldrich Chemicals (USA). 
And, all other chemicals used were analytical grade. 5 
mL of the aqueous leaf extract of T. serpylum with 100 
mL of 1 mM AgNO3 solution were mixed to initiate the 
synthesis of AgNPs. At room temperature, the reaction 
mixture was stirred at 350 rpm. The color change was 
recorded as the conversion of silver ions to AgNPs. 
Then, the synthesized nanoparticles were centrifuged at 
10,000 rpm for 15 minutes at 4 °C. The resulting pellet 
of nanoparticles was subjected to 2 times washing steps 
using Milli-Q water to eliminate all residues. Finally, 
purified AgNPs were freeze-dried with the aid of a 
lyophilizer and then stored at 4°C. 

2.3. Characterization of synthesized silver 
nanoparticles 

Cary 60 UV–vis spectrophotometer (Agilent) was used 
for analysis UV-Vis. The black-brown colored AgNPs 
were sonicated for a while after dissolving in MilliQ 
water. The absorbance of the nanoparticles and extracts 
in a cuvette were recorded by AgNPs exposure to UV-
visible radiation. FT-IR spectra from nanoparticle were 
collected in the 400–4000 cm−1 range by using Nicolet 
380 ATR FT-IR instrument (Thermo Scientific). FT-IR 
spectroscopic studies were conducted to investigate the 
possible function of the metal reduction in the 
formation of metal nanoparticles. SEM and EDX 
studies were carried out by using SU-1510 SEM 
(Hitachi) associated with EDX analyzer. The result 
obtained by SEM have revealed the nature of AgNPs 
and EDX analysis gives chemical composition of the 
AgNPs that may have a role in their formation. The 
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characterization for size, shape and morphology of the 
synthesized AgNPs were performed by microscopic 
analysis using TEM 1400 (JEOL). 

2.4. Antibacterial activities of the 
synthesized nanoparticles 

Agar well diffusion experiment was used to evaluate 
the antibacterial susceptibility of the synthesized 
AgNPs [22]. Lyophilized cultures of tested bacteria 
(Bacillus cereus ATCC 11778, Staphylococcus aureus 
subsp. aureus Rosenbach ATCC 25923), Escherichia 
coli ATCC 25922 and Salmonella Typhimurium 
ATCC 14028) were obtained from Microbiologics Inc. 
(Saint Cloud, USA). Stock culture of working 
microorganisms were stored in Nutrient Broth (Merck) 
at −18 °C. Working cultures of microorganims were 
grown on Nutrient Agar (Merck) slants and kept at 4 
°C The inoculums were prepared by adjusting the cell 
suspension of microorganisms to 0.5 McFarland 
turbidity standard representing approximately 1.5 x 108 

colony forming units (CFU / mL). 100 µL of the 
inoculums were spread on Mueller Hinton Agar (Lab 
M) plates. With the aid of gel puncture, a well of 
approximately 7 mm in diameter was formed in the 
Muller-Hinton Agar plate. Aliquots of 50 μL of AgNPs 
were added to wells. After incubation at 35 °C for 24 
hours, the diameters (mm) of the inhibition zones 
around the well were measured. The antibacterial 
activity of the AgNPs was determined comparative to 
the standard antibiotic of gentamicin (10 μg discs, BD, 
USA) and the tests were repeated three times. 

2.4. Evaluation of antibiofilm activity of 
nanoparticles 

Staphylococcus aureus subsp. aureus Rosenbach 
ATCC 35556 strain was used as a strain for the biofilm 
assay and inoculated into a total of 10 mL Muller 
Hinton Broth (Lab M)) followed by incubation at 37 ° 
C for 24 hours. The bacterial suspension was then 
diluted 1: 100 with fresh Muller Hinton Broth and 0.2 
ml of dilution was added to 96-well microplates. 10 μL 
of bacteria and 10 μL of AgNPs solution at various 
concentrations were added to 180 μL working medium 
of the final volume. Only sterile Muller Hinton Broth 
was used as the blank. After incubation, the wells were 
washed four times with 0.2 mL phosphate buffered 
saline (PBS) (pH 7.2). The remaining biofilms in the 
wells were mixed with 2% sodium acetate (Sigma-
Aldrich S2889) and stained with 0.1% crystal violet 
(Sigma-Aldrich C3886). Then, the excess dye was 
washed with deionized water and the wells were left to 
dry. After drying, 200 μL of 95% (v / v) ethanol was 
added to the wells. And, the optical density was 
measured at 620 nm in an ELISA microplate reader and 

the average OD values were assessed in the biofilm 
inhibition activity calculation based on the following 
formula. 

The assessment was made in the following way: 

% biofilm inhibition

= 1 −
OD620 (cells treated with AgNPs)

OD620 (negative control)
 𝑥 100 

          (1) 

3. RESULTS 

The results show that the synthesis of the AgNPs by 
using T. serpyllum leaf extract is easy and reliable 
within 12 hours at room temperature; which does not 
require toxic chemicals or energy inputs. The clear 
peaks at 467 nm were obtained by UV-Vis spectra of 
the leaf extract-AgNO3 mixture after 12 hours (Figure 
1A). Surface plasmon resonance (SPR) bands were 
consistent with the previous studies for AgNPs [23].  

 

Figure 1. A. UV–visible absorption spectra of AgNPs 
synthesized by leaf aqueous extract of T. serpyllum at 

different reaction time, B. FT-IR spectra of synthesized 
AgNPs 

 The spectra of FT-IR were recorded for both AgNPs 
(Figure 1B). The intensive bands relating the functional 
groups were determined by comparing with the 
standards. Bands at 3334.44, 2358.57, 1635.51 and 
599.81 cm-1 in the region of 400-4000 cm-1 were 
detected on AgNPs (Figure 1B). The band at 3334 cm-

1 shows O-H stretching vibration. The peak at 2358 and 
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1635 cm-1 characterizes the N-H stretching vibrations 
of the amides and the C═C stretching vibrations of the 
alkenes or the C═O stretching vibrations of the amides, 
respectively [6]. The functional groups estimated 
according to the FTIR results may have significant 
roles in the green synthesis of AgNPs as both reducing 
and stabilizing agents. However, the possible 
mechanism which takes a role in the synthesis of the 
AgNPs is still unclear and needs further research. 

SEM imaging analysis enabled to examine the 
morphology of AgNPs [24]. The results showed the 
synthesized AgNPs have a relatively spherical shape 
(Figure 2 and 3).   

 
Figure 2. SEM micrographs of synthesized AgNPs using 

aqueous leaf extract of T. serpyllum 

The EDX spectrometer spectrum obtained from SEM 
reveals a strong signal at about 3 keV in the silver 
region and confirms the formation of AgNPs. In 
general, metallic AgNPs exhibit a typical optical 
absorption peak at about 3 keV due to their surface 
plasmon resonance [25].  

 
Figure 3. EDX analysis of AgNPs 

Diameter measurements of the nanoparticles from 
TEM images showed the AgNPs diameter distribution 
ranged from 12 to 36.4 nm with an average particle 
diameter of 25.2 nm (Fig. 4). The morphology of 
AgNPs is almost spherical. 

 
Figure 4. TEM analysis of AgNPs 

DLS also known as photon correlation spectroscopy, 
used to analyze the average particle size, size 
distribution and polydispersity index (PDI) of AgNPs 
in the suspension. DLS studies have revealed that the 
average particle size distribution of the AgNPs was 
30.5 nm, and the PDI was 0.261. The size difference 
observed between TEM and DLS may be due to the 
existence of bioactive molecules of plants on the 
surface of AgNP or by reason of the aggregation during 
the sample preparation [6, 26]. In addition, AgNPs 
dispersed in Milli-Q water showed zeta potential values 
of -29.5 mV for AgNPs (Figure 5B). The Zeta potential 
is also considered as an important parameter to 
determine the stability and dispersion of metal 
nanoparticles, while at the same time it indicates the 
total charge held by the nanoparticles in the solution. 
The results indicate that silver nanoparticles are coated 
with negatively charged biomolecules and that the 
electrostatic repulsion interaction between these 
nanoparticles prevents possible aggregation Also, this 
negative value may be responsible for the long-term 
stability of the AgNPs [27]. 
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Figure 5. (A) DLS and (B) Zeta potential analysis of 

AgNPs 

Antibacterial activity of selected Gram-positive 
bacteria (B. cereus and S. aureus) and Gram-negative 
bacteria (E. coli and S. Typhimurium) to 
biosynthesized AgNPs was determined by agar well 
diffusion test. The diameter (mm) of the zone around 
the wells containing AgNPs is shown in Figure 6. 
According to the results obtained, the inhibition zone 
of AgNPs against B. cereus was 12.23 ± 0.54 while 
inhibition zone for S. aureus treated with AgNPs was 
observed to be 13.86 ± 0.58 mm.  The inhibition zone 
diameters of AgNP for E. coli and S. Typhimurium 
were 9.98 ± 1.02 and 10.60 ± 0.53, respectively. In this 
study, The Gram-positive bacteria showed larger zones 
of inhibition, compared with the Gram-negative 
bacteria. These findings agree with previous studies 
that examined antibacterial activity of AgNPs 
synthesized by using aqueous extract of different plant 
leaves [6]. This may be due to the structural difference 
in the cell wall composition of Gram-positive and 
Gram-negative bacteria. The Gram-negative cell wall 
is covered with an outer lipid membrane that is more 
negatively charged than Gram-positive. As evidenced 
by the Zeta value in Figure 5B, the synthesized AgNPs 
have also negatively charge and electrostatic repulsion 
between the AgNPs and the Gram-negative bacteria, 
which inhibits particle attachment and entry into the 
cell [28]. It is also known that AgNPs can cause 
oxidative damage by producing reactive oxygen 
species (ROS). This results in irreversible damage to 
DNA replication by damaging the enzymes and 
proteins involved [29]. 

 
Figure 6. Zone of inhibition of silver nanoparticles against 

various microorganisms. A, B, C and D represent B. cereus, 
S. aureus, E. coli and S. Typhimurium, respectively 

The results in Figure 6 show the inhibition of 
concentration-dependent biofilm formation of AgNPs. 
The data show percentages of biofilm inhibition after 
24 hours of application of AgNPs at concentrations 
ranging from 6.25 and 100 μg/mL. 

 
Figure 7. Antibiofilm activity of AgNPs 

AgNPs showed the highest inhibition value around the 
73% for the formation of biofilms formed by S. aureus 
at 100 μg / mL. At 6.25 μg / mL, inhibition value was 
found as 44.88 ± 3.47 %. The overall results show that 
the antibiofilm activity was significantly affected with 
increased concentrations of AgNPs. 
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4. CONCLUSIONS 

The green synthesis of AgNPs was carried out using the 
leaves of T. serpyllum extract. This type of plant 
extract-mediated synthesis is more advantageous than 
traditional physical and chemical methods, as it is cost-
effective, environmentally friendly and easy to use. It 
is estimated that the bioactive compounds existing in 
leaf extract of T. serpyllum play a role in the reduction 
and stabilization of AgNPs. These nanoparticles 
showed potent bacteriostatic effects against Gram-
positive bacteria and showed significant inhibition 
effect on S. aureus biofilms. More studies on the 
mechanism of synthesis of AgNPs and their 
antimicrobial and antibiofilm activity mechanisms are 
needed to improve the biomedical properties of silver 
nanoparticles. 
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