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Abstract 

Silver nanoparticles (AgNPs) are popular consumer product additives due to their well-known antimicrobial 

properties. Nowadays, their usage has increased after the emergence of green synthesis method with less 

toxicity than conventional methods. In this study, we aimed to reveal the antimicrobial potential of phyto-

synthesized AgNP by Laurus nobilis L. extracts against different Gram-positive, Gram-negative bacteria 

as well as Candida albicans ATCC 10231. Phyto-synthesized AgNPs were characterized by scanning 

electron microscopy, zeta size-potential analysis, UV-Visible spectroscopy and FT-IR analysis. The results 

showed that the size of AgNP was 50 nm and coated by phyto-constituents such as phenolic compounds 

according to FT-IR results. The antimicrobial activity of AgNP was determined by MIC and MBC tests. 

The results pointed that green synthesized AgNPs are effective against various microorganisms. 
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1. Introduction 

Nanoparticles are the materials that their sizes change 

between 1-100 nm in one dimension [1]. Nanoparticles 

drew attention because of their high surface to volume 

ratio and small size. They have altered physical and 

chemical properties (such as mechanical properties, 

catalytic activity, electrical conductivity, etc.) compared 

to bulk form [2]. In the view of their unique features, 

nanoparticles (NPs) have wide range of applications in 

areas like environmental health, cosmetics and health 

care, food and feed, drug-gene delivery, mechanics, 

biomedical sciences, chemical industries, optics, energy 

science, light emitters and nonlinear optical devices, 

photo-electrochemical applications electronics, space 

industries, optoelectronics, catalysis, single electron 

transistors [3,4]. Thus, there has been an increased 

demand for the nanoparticles [5]. Metallic nanoparticles 

are synthesized by various physical and chemical 

methods like vapor deposition, electrochemical 

synthesis, ultra-sonication, microwave-assisted synthesis 

[6]. The chemicals used for these synthesis methods were 

reported as toxic, expensive and non-eco-friendly [7]. 

To feed the demand of less harmful and cost-effective 

nanoparticle production, the biological synthesis 

approach from different natural sources like bacteria, 

fungi, plants has been suggested [8]. The studies 

approved that many enzymes, phenols, vitamins, 

hydroxyl and carboxyl groups from organic compounds 

can be used for green synthesis of nanoparticles instead 

of chemical stabilizing and capping agents [4, 9]. 

Especially, plants have emerged as a predominant source 

for the nanoparticle synthesis due to their low cost and 

straightforward processing potentials. Nowadays, green 

synthesized nanoparticles have drawn a great interest as 

a result of their prospective applications on disease 

management in medicine and agriculture [10]. Starting 

from 20th century, commercial medicinal products of 

silver colloids, such as Collargol, Argyrol, and Protargol 

are on sale and have been sold in markets, pharmacies 

and also used to treat diseases like syphilis and other 

bacterial infections [11]. This study aimed to evaluate the 

effect of phyto-synthesized silver nanoparticles (AgNPs) 

by for the first time using laurel (Laurus nobilis L.) 

extracts on the control of different pathogens. 

2. Materials and Methods 

2.1. Nanoparticle Synthesis and Characterizations 

2.1.1. Plant Extraction 

Laurus nobilis L. leaves (10 g) were powdered and 

extraction was carried out in 60°C for 15 min., the extract 

was filtered. After filtration the extract was centrifuged 

for 15 minutes and the supernatant was used for the 

nanoparticle synthesis.  

2.1.2. Silver Nanoparticle Synthesis 

1 mM silver nitrate (AgNO3) solution was mixed with 

leaf extract by constantly stirring at 90°C. Reaction was 

stopped after 2 hours. The synthesized nanoparticles 
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were then centrifuged, washed 3 times and left to dry in 

the oven overnight at 45°C. 

2.1.3. Nanoparticle Characterizations 

The green synthesized nanoparticles were identified by 

various physicochemical characterization techniques. 

UV-Visible spectroscopy (Thermoscientific, UK) was 

used to detect the localized surface plasmon resonance 

peak (SPR) and formation of silver nanoparticles. The 

morphology and size of the prepared nanoparticles were 

determined by scanning electron microscopy. The 

surface potential and size of the nanoparticles were 

determined by zeta sizer-potential analysis (Malvern, 

UK). Organic material identification was performed by 

Fourier transform infrared spectroscopy (FT-IR) 

(Shimadzu, Japan). 

2.2. Antimicrobial Activity Tests 

2.2.1. Minimum Inhibition Concentration (MIC) 

The minimal inhibitory concentrations of AgNP were 

determined by micro-dilutions method against several 

Gram-positive, Gram-negative bacteria as well as one 

yeast strain (Candida albicans ATCC 10239). Gram-

positive bacterial strains included (Listeria 

monocytogenes ATCC 19115, Staphylococcus aureus 

ATCC 25923 and Staphylococcus epidermidis ATCC 

12228). On the other hand, Gram-negative bacterial 

strains included (Escherichia coli ATCC 29998, 

Pseudomonas aeruginosa ATCC 27853 and Salmonella 

typhimurium CCM 5445). The microorganisms tested in 

this study were provided by Ege University, Faculty of 

Science, Department of Basic and Industrial 

Microbiology (Izmir, Turkey).  

The test microorganisms were grown in Mueller Hinton 

Broth till they reached exponential phase after 5h. After 

which the growth was adjusted to 0.5 McFarland 

turbidity standard (OD600=1.0), which corresponds to 

1.5×106 colony-forming units (cfu/ml). 96-well 

microtiter plates containing 80 μl of serially diluted 

AgNPs (3.9–500 mg/mL) were inoculated with 20 μl of 

the standardized bacterial culture. The plates were 

checked for turbidity after incubation at 37°C for 24hrs. 

MIC was defined as the lowest concentration of AgNP 

required to inhibit microbial growth. MIC was 

determined according to CLSI standards [12]. 

2.2.2. Minimum Bactericidal Concentration (MBC) 

Minimum bactericidal concentrations (MBC) of silver 

nanoparticles were evaluated by sub-culturing about 5-10 

µL of wells with concentration equal MIC on Mueller 

Hinton agar plate for microorganisms. MBC was 

determined as the minimal concentration that prevented 

growth. 

3. Results and Discussion 

3.1. Nanoparticle Characterization 

Localized surface plasmon resonance peak (LSPR) is an 

indicator for the formation of metal nanoparticles and it 

consists characteristic patterns for each metal 

nanoparticles [11]. The silver nanoparticles’ LSPR was 

determined by UV/Visible spectroscopy and results 

showed that the highest peak was 435 nm indicating the 

formation of AgNPs (Fig.1a). This result is consistent 

with the data reporting the peak between 350-500 nm as 

an indication for silver nanoparticle formation 

[11,13,14]. In the previous studies it has been mentioned 

that the shape of the particles is spherical at 410–500 nm 

SPR peak range [13] which collaborates with our UV/Vis 

Spectroscopy and SEM results (Fig. 1c). SEM-EDS 

analysis showed that nanoparticle size is 50 nm average, 

spherical in shape and silver content as 94% (Fig. 1d). 

The dispersion and stability of metal nanoparticles in a 

solution is verified by the zeta potential method. The 

overall charge in a solution of the sample is the metal 

nanoparticles’ zeta potential [14]. The green synthesized 

AgNP was negatively charged (zeta value= – 30 mV) and 

the size was equal to 95 nm. Hydrodynamic radii of the 

particles are measured the zeta sizer which includes not 

just the particle itself, but the ions and layers of the 

solvent in the solution [15]. The method is susceptible to 

dispersion/aggregation behavior of the particles [16]. 

This proved to be difficult to determine with dried 

solutions from microscopic data like SEM and causes the 

difference between SEM and zeta size results for 

nanoparticle size. Previous studies have reported that 

electrostatic repulsions of negatively charged particles 

confer the suspension stability [7]. The aqueous extract 

of Laurus nobilis leaves showed major bands at wave 

number 3300, 2160 and 650 cm-1 in that corresponding 

silver nanoparticles which showed some degree shift 

(Fig. 1b). These peaks may be associated with –OH 

stretching vibration of phenolic compounds, C=C=C and 

C-Br stretching in polyphenolic compounds respectively 

[10]. The observed peaks in green synthesized AgNP 

shows C-Br stretching at 600 comes from laurel extract 

while C=C bending at 665 and 790 cm-1 indicate alkene 

compounds. A peak at 3271 cm-1 also shows the shift 

compared to the laurel extract (Fig. 1b). According to 

these results AgNPs are capped with phyto-constituents 

according to FT-IR results. 

3.2. Antimicrobial Activities of Green Synthesized 

AgNP 

Antimicrobial activity of green synthesized AgNPs 

against the microorganisms were assessed upon checking 

the wells that revealed turbidity. MIC for all of the 

organisms except P. aeruginosa were found as 250 

mg/mL and MBC as 500 mg/mL. The MIC value for P. 

aeruginosa was observed as 500 and its MBC value was 

1000 mg/mL which was higher than other organisms. 

There are numerous reports that shows the antimicrobial 

activities of silver nanoparticles [10,11,17,18].  
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Figure 1. a) UV–Vis spectra b) FT-IR spectra c) SEM images and d) EDS results of green synthesized AgNPs 

 

 

Table 1. MIC and MBC values of AgNP for different microorganisms. 

Bacteria MIC (mg/mL) MBC (mg/mL) 

Eshcerichia coli ATCC 29998 250 500 

Staphylococcus aureus ATCC 25923 250 500 

Staphylococcus epidermidis ATCC 12228 250 500 

Salmonella typhimurium CCM 5445 250 500 

Listeria monocytogenes ATCC 19115 250 500 

Pseudomonas aeruginosa ATCC 27853 500 1000 

Candida albicans ATCC 10239 250 500 
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Rolim et al. [19] found that MIC and MBC values of 

Salmonella enterica were 7 and 15 μg/mL green 

synthesized AgNP from green tea extract, respectively. 

In contrast, they mentioned Klebsiella pneumoniae had 

the 250–500 μg/mL MIC and MBC values [19]. In the 

study of Siddiqui et al., it was reported that the % growth 

of Bacillus subtilis and Bacillus cereus were totally 

suspended at concentration 200 μL/ 2mL (or 0.1 

mL/mL), and for Escherichia coli and Staphylococcus 

aureus were determined as 300 μL/ 2 mL (i.e., 0.15 

mL/mL). Moreover, they reported that a good reduction 

in growth ratio of Bacillus subtilis was seen at 200 μL/2 

mL [20]. In another study, MIC of green synthesized 

AgNPs from Delphinium denudatum root extracts 

against the bacterial strains Staphylococcus aureus, 

Bacillus cereus, Escherichia coli and Pseudomonas 

aeruginosa were 250 µg, 500 µg, 500 µg and 250 µg, 

respectively. The presence of plant biomolecules i.e. 

phenolic compounds, flavonoids and terpenoids in the 

extract may increase the antimicrobial activities of green 

synthesized silver nanoparticles [21]. The exact 

mechanism about the antimicrobial activity of AgNP has 

not been enlightened yet [20]. Previous studies suggested 

that AgNP can cause cellular leakage by changing 

membrane permeability, which consequently effects 

replication ability that inhibits cell growth, and 

eventually leads to cell death. These studies also showed 

that the different properties especially the size of AgNPs 

changed the MIC and MBC values. 

4. Conclusion 

The antimicrobial potential of green synthesized AgNP 

has been proved by this study and in the future the 

application of these nanoparticles under in vivo 

conditions will be possible. 
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