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Abstract Key words 
     In the current research, an eco-biosynthesis method for 
synthesizing silver nanoparticles (AgNPs) is reported using thymus 
vulgaris leaves (T. vulgaris) extracts. The optical and structural 
properties of the nanoparticles were determined using uv-visible,  
x-ray diffraction (XRD) and field emission scanning electron 
microscope (FESEM). In addition, the synthesis factors such as 
temperature, molar ratio of silver nitride and thymus vulgaris leaves 
extract was investigated. The XRD pattern presented higher intensity 
for the five characteristic peaks of silver. FESEM images for same 
samples indicated that the particle size was distributed between 24-
56 nm. The mixtures were used to inhibit two kinds of bacteria which 
are Gram negative (E. coli (and Gram positive (S-aureus) as tested 
for antibacterial activity by agar well diffusion method. The results 
showed the effectiveness of the synthesized AgNPs on inhabitation 
the growing up of the bacteria and their isolates. 
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 المضادة والفعالية الزعتر أوراق خلاصة باستخدام الفضية النانوية للجسيمات الحيوي التخليق

  للبكتيريا

  احمد سلمان عبيد ،جمانه ماھر راكع

  قسم الفيزياء، كلية العلوم، جامعة الانبار

  الخلاصة
النانويѧѧة بطريقѧѧة صѧѧديقة للبيئѧѧة ھѧѧي الطريقѧѧة البيولوجيѧѧة باسѧѧتخدام تم في ھذا البحث تحضѧѧير جسѧѧيمات الفضѧѧة      

وتمت دراسة تأثير عدة عوامل منھا عامل تѧѧأثير درجѧѧة حѧѧرارة التحضѧѧير، وعامѧѧل تѧѧأثير ، مستخلص نبات الزعتر
علѧѧى الخصѧѧائص التركيبيѧѧة نسѧѧبة الخلѧѧط  بѧѧين محلѧѧول نتѧѧرات الفضѧѧة ومحلѧѧول مسѧѧتخلص أوراق نبѧѧات الزعتѧѧر 

-UVوالبصѧѧѧرية لجسѧѧѧيمات الفضѧѧѧة النانويѧѧѧة المحضѧѧѧرة عѧѧѧن طريѧѧѧق مطيѧѧѧاف الاشѧѧѧعة فѧѧѧوق البنفسѧѧѧجية والمرئيѧѧѧة 
Visible ، ينيةѧѧتحليل نمط الاشعة الس(XRD) ،حѧѧي الماسѧѧر الالكترونѧѧوالمجھ(FESEM)  . اتѧѧرت فحوصѧѧاظھ

مѧѧن القمѧѧم التѧѧي تعѧѧود لجسѧѧيمات الفضѧѧة  5الاشѧѧعة السѧѧينية مѧѧن خѧѧلال الحصѧѧول علѧѧى أعلѧѧى شѧѧدة وكѧѧذلك علѧѧى عѧѧدد 
لنفس العينات إلى أن حجم الجسيمات كان ضمن الحجم النانوي ويتراوح بѧѧين  FESEMاوضحت صور . النانوية

لدراسѧѧة اثѧѧر جسѧѧيمات الفضѧѧة فѧѧي عمليѧѧة تثبѧѧيط نѧѧوعين مѧѧن البكتريѧѧا  سѧѧالبة المحلѧѧول تم اسѧѧتخدام . نانومتر 24-56
أظھѧѧرت جسѧѧيمات الفضѧѧة  .Staphylococcus aureusا موجبѧѧة الكѧѧرام و بكتريEscherichia coli ѧѧالكѧѧرام 

باستخدام طريقة ) Staphو  E.coli(في جميع تحليلھا للبكتريا  AgNPsالنانوية منطقة تثبيط واسعة للبكتريا من 
 .  اختبار نشاط مضاد للبكتريا لجسيمات الفضة النانوية بطريقة نشر اجار ضد الكائنات الحية الدقيقة

 
Introduction 
     Nanotechnology, as a general rule, 
is adapted to obtain a high degree of 
precision in the functions, sizes and 

forms of materials. Controlling the 
reaction or directing the involved 
molecules and atoms in the reaction 
will refine the traditional materials in 
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addition to a decrease of the 
consumption of energy [1]. American 
Society for Testing and Materials 
ASTM defined nanoparticles as the 
particles of two or three dimensions 
ranged from 1 to 100 nM [2]. The 
chemical and biological properties of 
the nanoparticles depend on the 
individual atoms or molecules that 
consteuct the nanoparticles. The 
nanoparticles chemical and biological 
properties vary corresponding to the 
atoms/individual molecules and the 
materials. Generally, nanoparticle 
exhibits new or modified properties in 
the term of size,  distribution and  
morphology [3]. Nanoparticles are 
potentially applicable to be used for 
electronical, optoelectrical magnetic, 
and storage devices [4]. Among 
nanoparticles, silver nanoparticles 
(AgNPs) have unique properties that 
can be adopted in many applications 
such as antimicrobial material, 
biological sensors, fiber-composite 
materials and electronic devices. Silver 
nanoparticles are reported to be 
synthesised by many physical and 
chemical methods [5]. The 
nanoparticles can be synthesized in 
different types via adopting the proper 
protocol to meet the requirements of 
various nanoparticle applications. 
Those protocols can be divided into 
top-down path and bottom-up path 
categories [6]. The bottom-up path 
technique forms the nanoparticles via 
accumulation from the bottom, while 
top-down path produces the 
nanoparticles by breaking down the 
bulk material [7]. Consequently, the 
biosynthesis method is a bottom-up 
approach which includes oxidation-
reduction of the reactants. 
Microorganisms and plant extracts are 
utilized in nanoparticles synthesizing 
(green synthesis) [8]. Green synthesis 
or phytosynthesis is an emerging 
synthesizing approach in nanoscience 
and nanotechnology [9]. green 

synthesis of nanomaterials includes 
three mechanisms that use different 
plants and solvents to extract the 
effective compound from the plant 
[10]. The main mechanism is the 
phytochemical reduction (in) the plant. 
The phytochemicals include many 
compounds such as terpenoids, 
ketones, aldehydes, amides, flavones, 
and carboxylic acids. The function of 
flavones, organic acids, and quinone’s 
are the immediate reduction of silver 
ions. Phytochemicals directly reduce 
the ions and release hydrogen to form 
silver nanoparticles [11]. Green 
synthesis is an eco-friendly process 
(bottom-up approach) that includes the 
use of microorganisms (bacteria, yeast, 
fungi, algae and viruses) and plants or 
their extracts [12, 13]. Adopting plants 
in the synthesis of AgNPs has drawn 
the attention of researchers due to the 
rapid, ecofriendly, economical protocol 
and non-pathogenic. In addition, it is a 
single step biosynthetic process [14]. A 
large number of plants are reported to 
facilitate silver nanoparticles.  
     Many types of bacteria are causes 
infections and different types of 
diseases for human. Among them, 
Staphylococcus aureus, and 
Escherichia coli are popular types [15]. 
Their increased resistance into the 
bactericides and antibiotics has been 
reported recently because of the 
development of resistant strains. In 
addition, some antimicrobial agents are 
reported to be irritant and toxic. This 
increases the need to create ways to 
formulate new, safe and cost-effective 
types of biocidal materials. In 
literature, it has been reported            
the antimicrobial efficiency of 
nanoparticles as bactericidal materials 
[16, 17]. More recent, Klabunde and 
co-workers stated that highly reactive 
metal oxide nanoparticles excellently 
present a biocidal action toward Gram-
positive and Gram-negative bacteria 
[18]. In this work, silver nanoparticles 
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biosynthesis were used as bacteria 
inhibition method without any side 
effects. 

Experimental work 
1. Synthesis of the plant extract 
     Thymus vulgaris leaves were 
vigorously washed with distilled water 
then dried using oven. After drying, 
the leaves were grinded using electrical 
miller and stored in nylon bags at room 
temperature for future use. In order to 
produce the plant extract, 10 g of the 
dried leaves powder was mixed with 
100 ml of distilled-water in 
Erlenmeyer glass flask using magnetic 
stirrer for 1 hour at room temperature. 
0.4 micron bacterial filters were used 
for sterilization of the extract. Then the 
pure filtered solution was dried at 
35˚C. After which, in order to prepare 
10000 ppm of stock solution of the 
extract, 1 g of the dried extract was 
mixed with 100 ml of distlled-water 
under magnetic stirring for 15 min for 
full  dissolve  of the extract which can 
be  used later to prepare  different 
concentrations. 
 
2. Synthesis of silver nanoparticles 
2.1 Changing of temperature factor 
     Silver nanoparticles were 
synthesized by changing the synthesis 
temperature. Typically, 10 ml of 
AgNO3 of 1mM was mixed with 1 ml 
of T. vulgaris at different temperatures 
of 20˚C, 60˚C and 80˚C, respectively. 
 
2.2 Changing AgNO3/ extract mixing 
ratio 
     Silver nanoparticles were 
synthesized by changing the mixture 
ratio of AgNO3 to extract. Where      
10 ml of AgNO3 of 1mM was mixed 
with T. vulgaris extract to produce 
mixing ratio of AgNO3: extract 2:10, 
3:10 and 4:10.  
 
 
 

     The colloidal nanoparticles were 
characterized  with  a  UV-visible 
spectrophotometer  (Shimadzu UV-Vis 
1800 spectrophotometer using a double 
beam UV-visible spectrophotometer 
(PD-303 UV)) in order to detect the 
surface Plasmon resonance property 
(SPR) of AgNPs, at room temperature.  
The structural evolution of colloidal 
nanoparticles was executed using               
X-ray diffractometer [Shimadzu            
XRD-6000, AS (3k.NOPC)] using         
Cu-Kα-radiation of wavelength 
(λ=0.15418 nm) operating at 40 kV 
and 30 mA. Debye-Scherrer formula 
(D=kλ/βcos θ), where D is the 
diameter of the particle, k is a 
constant= 0.94, λ is wavelength of      
X-ray source, β is the full width at half 
maximum (FWHM) and θ is the Bragg 
angle) was used to measure the 
average crystallite size. The field effect 
scanning electron microscope 
(FESEMtype Jeol JSM-6460 LV 
microscope) was used to study the 
morphology and microstructure of the 
colloidal nanoparticles. 
 
3. Effect of AgNPs on the bacteria   
     The activity of bacterial inhibition 
on the two types of bacteria (E.coli) 
and (S-aureus) (provided from the 
Biology department, University of 
Anbar) was carried out using well 
Agar diffusion method. The bacterial 
suspension was prepared and diffused 
on the surface of Neutrian ager using a 
swab and then it was left for 30 min at 
room temperature. Each Petri dish of 
the ager contains 5 holes of 6 mm 
diameter. One of these holes contains 
the bacterial suspension while the 
others contain  diluted suspension. In 
addition, each hole was incorporated 
with 75 μl of the diluted suspension of 
AgNPs.  The  Petri dishes were   left at 
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Fig.7: FESEM images of AgNPs which synthesized by changing the mixing ratio. 
 
2. Inhibiting activity of the bacteria 
     The Agar well diffusion method 
was used to evaluate the antimicrobial 
activity of Ag nanoparticles. The 
results showed high inhibition against 
Gram-positive bacteria of S-aureus and 
against Gram-negative bacteria of 

E.coli. Table 1 and Fig.8 show the 
mean of inhibition of S-aureus bacteria 
and the diameter of inhibition area for 
the synthesized AgNPs at 60 ˚C and 1 
mM for the mixing ratio of 1:10, 2:10, 
3:10 and 4:10. 
 

 
Table 1: Inhibition rate of Staphylococcus aureus bacteria with respect to mixing ratio. 

Diluting % 
100 80 65 50 30 Average 

Mix. ratio 
1:10 18 18 17.5 16.5 16 17.2 
2:10 17 17 16.5 16 16 16.5 
3:10 17 17 16.5 16 15 16.2 
4:10 17 16.5 15 15 14.5 15.7 

     It has been observed that the 
inhibition rate of the bacteria was 
highly related to the particle size of the 

Ag nanoparticles. The smaller the 
nanoparticle size (high surface area), 
the larger the number of particles 

2:10 
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correlated with the metal                      
ion concentration, where low 
concentrations produce smaller AgNPs 
size. The results of UV-Vis 
spectroscopy stated that the surface 
Plasmon resonance of AgNPs is 
located at the wavelength of 550 nm, 
while FESEM analysis reveals the well 
dispersion of AgNPs with a spherical 
shape and of average particle size 
distributed between 18-22 nm. The 
synthesized AgNPs showed to exhibit 
inhibition activity toward Gram-
positive S.aureus and Gram-negative 
E.coli bacteria. The highest inhibition 
was recorded for the solvent of silver 
nitride of 1:10 ratio.  
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