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ABSTRACT: Considering the antimicrobial properties of silver and its enhanced level  

at nanoscale scale, it can be used to combat the various pathogens and microbial agents. The aim  

of this study was to investigate the antimicrobial effect of silver nanoparticles synthesized  

with Bougainvillea Glabra extract on standard strains of Staphylococcus aureus and Escherichia coli. 

In this study, silver nanoparticles were biosynthesized using the aquatic Bougainvillea Glabra extract 

under optimal conditions. The synthesis of silver nanoparticles was confirmed using UltraViolet-

Visible (UV-Vis) spectroscopy and X-Ray Diffraction (XRD). Based on the X-ray diffraction pattern,  

the silver nanoparticles crystallite size was 21 nanometers. Transmission Electron Microscopes (TEMs) 

and Scanning Electron Microscopes (SEM) showed the synthesis of silver nanoparticles of about  

23 nm in size and spherical morphology. Revitalizing and stabilizing agent groups were identified using 

Fourier-Transform InfraRed (FT-IR) spectroscopy. The mean diameter of the inhibition zone and  

the Minimum Inhibitory Concentration (MIC) were 27.6 mm and 3.12μg/mL for S. aureus and 19.3mm and 

12.5μg/mL for E. coli, respectively. Biological synthesis using Bougainvillea Glabra aquatic extract 

is a very inexpensive and cost-effective method. The ability of Bougainvillea Glabra to synthesize 

silver nanoparticles makes it possible to use this plant as a useful biological source for the synthesis 

of silver nanoparticles with suitable and practical sizes for medical and microbicide applications. 
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INTRODUCTION 

Nanoparticles are solid colloidal particles in the range 

of 1 to 100 nm. In the meantime, silver nanoparticles have 

been widely used because of their anti-bacterial properties. 

These particles are used in different sizes and shapes 

depending on the application, physical properties and  

the engaged living system. Of course, the use of them should  

 

 

 

be in a range that would be ineffective on human cells, 

along with the destruction of microorganisms and foreign 

agents. Nowadays, the desire to produce and use nanoscale 

materials is increasing due to the interesting properties  

of these materials. Hence, there are methods for the 

preparation and manufacture of nanoscale materials,  
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including electric arc, chemical reduction [1], laser 

ablation [2] and microwave [3, 4]. However, nanoparticles 

derived from these methods have potential environmental 

hazards because of the use of hazardous chemicals, 

radiation, reactions in specific conditions (temperature 

 and pressure) and costly materials and time-consuming 

materials [5]. Hence, there is an increasing need for a low-

cost, non-toxic and non-harmful environment. One of the 

methods for producing nanoparticles is biological 

synthesis [6-8]. Green nanoparticle synthesis is a clean, 

non-toxic and environmentally friendly method that is 

related to different organisms, such as bacteria [9], fungi [10] 

yeast and plants [11]. Therefore, both single and multi-cell 

living organisms are used to produce intracellular and 

extracellular nanomaterials. Plants can be widely used due 

to environmental compatibility without causing 

environmental damage. Plants are also considered  

as the best choice for biological manufacture of nanoparticles 

due to the abundance and lack of specific conditions and 

nutrients for growth [12]. So far, biological production of 

silver nanoparticles has been carried out by many plants 

such as Ocimum Sanctum [13] and Piper Longum [14]. 

Silver nanoparticles, in addition to anti-bacterial 

properties, have anti-fungal and anti-inflammatory effects 

and environmentally friendly, non-stimulating and  

non- allergic, lack of resistance to microorganisms,  

heat resistance and high stability properties.  

The main feature of silver nanoparticles is the anti-

bacterial property of these particles. These particles 

shorten the process of wound healing by reducing  

the activity of metalloproteases and increasing the apoptosis 

of neutrophils and make the appearance of the scar natural. 

Moreover, they are effective in improving the collagen 

orientation and mechanical strength. Investigating wound 

dressings has shown that the use of silver for similar uses 

does not create toxicity and has no adverse effects  

on human cells. Recent studies have also shown that  

the use of silver nanoparticles in dermal ointments leads  

to the penetration of silver into the wound, absorption  

by the epidermal margin of the wound, accumulation 

 in the wound's remnants, and ultimately the transfer  

to the blood circulation, which helps wound healing  

and prevents infection [15-18]. 

One of the important applications of silver 

nanoparticles is the role of these particles as drug and gene 

carriers because nanoparticles, in addition to increasing  

the entry of these compounds into the body, produce 

synergistic effects against microorganisms and increase 

efficiency [19]. The use of silver nanoparticles in 

biosensors is another application. The dielectric properties 

of these particles in the biosensors allow the diagnosis of 

disorders and diseases (such as cancer). The plasmonic 

properties of silver nanoparticles have made them useful 

in medical imaging [20] and plasmonic sensors.  

The mechanism of operation of these sensors is that  

the light interacts with the electrons of the sensor surface 

and oscillates them, eventually the light is absorbed  

and diffused, and it allows detection of viruses and bacteria. 

In addition, the absorption of this light by the conjugated 

cells results in the production of thermal energy and 

destruction of the target cell (cancer cell) [21]. One of  

the most useful applications of these particles is the coating 

of vascular prosthesis and intravenous catheters with silver 

nanoparticles. The use of silver nanoparticles without 

bacterial resistance minimizes cloning and increases 

resistance to infection in prostheses. Therefore, the coating 

of medical tools with a layer of 2 to 20nm silver 

nanoparticle prevents the formation of biofilms and  

the accumulation of bacteria. Since there is a potential  

for volumetric contractions, creation of free space and 

bacterial accumulation after bone cement injections  

to the lesion, it is possible to use the bone cement and 

silver nanoparticle composite and use the anti-bacterial 

activity of these particles. In addition, studies  

on HMWPE cements containing silver nanoparticles 

showed a decrease in wear rate due to the addition  

of silver nanoparticles [22]. 

Studies have shown that 56 percent of the world's 

nanoparticle is allocated to silver nanoparticles [23]. 

Therefore, these particles are widely used in the 

development and improvement of the quality of many 

biological and medicinal products. Since the 

biocompatibility and toxicity of these particles to 

microorganisms and humans have not been fully 

determined, it is important to estimate the ability of 

nanoparticles based on the type of the engaged biological 

system and understand the mechanism of reaction.  

In addition, the nanoscale dimensions in these particles leads 

to the easy passage through the biological membrane and 

the effect (plant, animal, human, and microorganism)  

on cellular physiology. Accordingly, with increasing 

diameter, the contact surface is increased and  
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the penetration of these particles is increased [24]. In addition, 

the size of the nanoparticles is one of the most important 

factors in toxicity and ability to target cells [25].  

The nanoparticle shape will also affect the contact surface 

and silver ion release. Since the tendency for proteins 

to join the sharp edges of is higher, the tendency to 

adhesion to cubic or triangular particles will be higher [26]. 

The above properties have transformed silver 

nanoparticles into a suitable material for medical 

applications. The synthesis of silver nanoparticles  

in optimal operating conditions has not been mentioned  

in similar literature. However, nanoparticle synthesis  

in optimal conditions makes nanoparticles ideal in shape 

and size and shows stronger antibacterial properties. Also 

in previous studies, images from TEM and SEM  

are not accurate, the particle size is not specified  

on the images, and there is no precise criterion for particle 

size measurement [27, 28]. 

Bougainvillea Glabra (Fig. 1) is an indigenous South 

American plant with four to eighteen convolvulus species. 

The purpose of this study was to investigate  

the antimicrobial activity of silver nanoparticles synthesized 

with aqueous extract of Bougainvillea Glabra on standard 

strains of S. aureus and E. coli. 

 

EXPERIMENTAL SECTION 

Materials 

All of the chemicals used in this research had high 

purity. Silver nitrate salt (AgNO3), hydrochloric acid 

(HCl), nitric acid (HNO3), nutrient agar powder, Mueller 

Hinton Agar powder and Mueller Hinton Broth powder 

were purchased from MERCK-Germany. The applied 

microorganisms including S. aureus (ATCC: 6538) and E. 

coli (ATCC:35218) were provided by Microbiology 

Center of Shiraz Agricultural College (prepared from  

the Iranian Research Institute for Scientific Research)  

with specific IDs). Double – distilled water was used  

for distillation and washing. 

  

Methods   

Preparation of Bougainvillea Glabra extract 

For this purpose, a certain amount of Bougainvillea 

Glabra was collected. Flower samples were washed twice 

for a specific period with double-distilled water twice  

a day to remove surface dust. To prepare Bougainvillea 

Glabra extract, 20 g of the sample was washed and dried  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Bougainvillea Glabra. 

 
and boiled in 200 ml double-distilled water at 80 °C for 30 min. 

The resulting mixture was cooled and filtered with 

Whatman filter paper#1 and stored in a refrigerator at 6 °C 

for further tests. 

 
Effect of pH on the synthesis of silver nanoparticles  

by the extract of Bougainvillea Glabra  

Several previous studies have addressed to the effect of 

pH on the formation of nanoparticles [24-28]. Reports 

indicate that reaction pH does not have significant effect 

on the shape of nanoparticles, and only significantly 

affects their size. According to literature, the most 

optimum pH in bio-synthetic nanoparticles is between 7 

and 8.5. This pH value is related to double distilled water. 

Since the external functional groups such as -OH  

are introduced into the medium by increasing pH, which 

affects the reduction and synthesis process, our 

experiments were performed at pH 7-8.5, for double 

distilled water. 

 
Effect of extract volume on synthesis of silver 

nanoparticles by extract of Bougainvillea Glabra  

Volumes of 2, 4, 6, and 8 ml of extract of Bougainvillea 

Glabra and 95 ml silver nitrate 0.003 M were first poured 

in Erlenmeyer flasks. The flasks were then placed  

on a Magnetic stirrer-Heater device at 70 °C and 150 rpm 

for 30 min. Their absorption was ultimately measured  

by a UV-Vis absorption spectrometer at a wavelength  

of 300 to 800 nm (Fig. 2). The desired volume of extract 

was selected according to the results. 
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Fig. 2: Effect of extract volume on the synthesis of silver 

nanoparticles by Egyptian Bougainvillea Glabra extract 

(medium pH = 7.5, silver nitrate concentration = 0.003 mol, 

temperature = 70 °C, contact time = 30 min, speed = 150 rpm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Effect of concentration of silver nitrate on the synthesis 

of silver nanoparticles by Egyptian Bougainvillea Glabra 

extract (pH = 7.5, extract volume = 4 ml, temperature = 70 °C, 

contact time = 30 min, speed = 150 rpm). 

 

Effect of concentration of silver nitrate on the synthesis of 

silver nanoparticles by Bougainvillea Glabra extract 

First, 95 ml of silver nitrate in concentrations of 0.01, 

0.001, 0.003 and 0.027 M and 4 mL of extract were poured 

in flasks. The flasks were then placed on a Magnetic 

stirrer-Heater device at 70 °C and 150 rpm for 30 min. 

Finally, their absorption was measured by a UV-Vis 

absorption spectrometer at a wavelength of 300 to 800 nm 

(Fig. 3). The desired concentration of silver nitrate  

was selected according to the results. 

 

Effect of temperature on the synthesis of silver nanoparticles 

by the extract of Bougainvillea Glabra extract 

Initially, 95 ml of silver nitrate with the concentration 

of 0.01 M and 4 ml of Egyptian Bougainvillea Glabra 

extract were poured into several flasks. The flasks  

were then placed at different temperatures of 30, 45, 55, 65 

and 85 °C at 150 rpm on a Magnetic stirrer-Heater device 

for 30 min. Their absorption was finally measured  

by a UV-Vis absorption spectrometer at a wavelength of 

300 to 800 nm (Fig. 4). According to the results, optimum 

temperature was selected for synthesis of nanoparticles. 

 

Effect of contact time on the synthesis of silver 

nanoparticles by Bougainvillea Glabra extract 

First, 95 ml of silver nitrate with the concentration of 

0.01 M and 4 ml of Egyptian Bougainvillea Glabra extract 

were poured into several flasks. The flasks were then 

placed at a temperature of 65 °C in 150 rpm on a Magnetic 

stirrer-Heater device at 10, 30, 60, 90 and 120 min. Finally, 

their absorption was measured by a UV-Vis absorption 

spectrometer at a wavelength of 300 to 800 nm (Fig. 5). 

According to the results, the optimum contact time  

was selected for synthesis of nanoparticles. 

 

Synthesis of silver nanoparticles 

In this study, silver nanoparticles were synthesized  

in optimum conditions. Optimum conditions for synthesis 

of nanoparticles were determined by examining the extract’s 

volume, silver nitrate solution’s concentration, synthesis 

temperature and contact time. According to the results,  

95 mL of silver nitrate solution at a concentration of 0.01M 

in double- distilled water was contacted with 4mL 

Bougainvillea Glabra extract on a shaker at 150 rpm at 

65°C for 120 min. After completion of the solvent contact 

time, it was covered with paraffin with specific holes  

and placed at room temperature until complete evaporation, 

drying, and determining silver nanoparticles’ 

precipitations.  

 

Characterization of synthesized silver nanoparticles 

The synthesis of silver nanoparticles was investigated 

using a UV-vis 1280 Ultraviolet Spectrophotometer made 

by Shimadzu Corporation in the range of 300 to 800 nm 

X-ray diffraction was performed using the XRD-D8-

Advance Bruker device with an λ = 0.15406 nm radiation 

at an angle 2θ from 20 to 80 degrees. Using SEM-

TESCAN-Vega3 scanning electron microscope and TEM-

Philips-LEQ906E transmission electron microscopes,  

the morphology, size and image of the synthesized  
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Fig. 4: Effect of temperature on the synthesis of silver 

nanoparticles by Egyptian Bougainvillea Glabra extract  

(pH = 7.5, extract volume = 4 ml, concentration of silver nitrate 

= 0.01 M, contact time = 30 min, speed = 150 rpm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Effect of time on the synthesis of silver nanoparticles by 

Egyptian Bougainvillea Glabra extract (pH = 7.5, extract 

volume = 4 ml, concentration of silver nitrate = 0.01 M, 

temperature = 65 °C, and speed = 150 Rpm). 

 

nanoparticles were studied. The Fourier Transform 

Spectrometry Test was performed using an FT-IR-

PerkinElmer-Spectrum RXI to investigate the resilient and 

stabilizing foundations in an extract obtained from 

Bougainvillea Glabra in a range of 400 to 14000 cm [29]. 

 

MICROBIAL STRAINS AND ANTIBACTERIAL 

EFFECTS OF SYNTHESIED SILVER 

NANOPARTICLES 

Microbial strains of S. aureus (ATCC: 6538) and  

E. coli (ATCC: 35218) were provided by Microbiology 

Center of Shiraz Agricultural College (prepared from  

the Iranian Research Institute for Scientific Research) with 

specific IDs) and prepared according to their respective 

instructions. 

Antibacterial effect of bio-synthesized nanoparticles 

was investigated using agar well diffusion and minimum 

inhibitory concentration (MIC) was measured by micro 

dilution method. 

 

Agar well diffusion test 

A- Preparation of nutrient agar culture medium 

First, 20 g of nutrient agar powder (Merck Germany) 

is added to 1000 ml of distilled water, and heated until  

it reaches the boiling point and complete solution so that the 

solution becomes completely transparent. The solution 

was then placed in an autoclave at a temperature of 121 °C 

for 15 minutes so that it is completely sterilized.  

The culture medium was used for bacterial test after cooling 

down.  

B- Preparation of the Mueller Hinton Agar culture 

medium 

First, 34 g of Mueller Hinton Agar (Merck Germany) 

powder is added to 1000 mL of distilled water, and heated 

until it reaches the boiling point and complete solution  

so that the solution becomes completely transparent.  

The solution was then placed in an autoclave at a temperature 

of 121 °C for 15 minutes so that it is completely sterilized. 

The culture medium was used for bacterial test after 

cooling down. 

The bacteria were first cultured in nutrient agar 

medium and Mueller Hinton Agar medium was used  

to culture microorganisms in a plate. In each plate, a bacterial 

suspension with concentration of 0.5 McFarland prepared 

by nutrient agar medium (equivalent to a concentration of 

1.5 × 108 bacteria), was cultured in a Mueller Hinton Agar 

culture medium using swap in three directions. Then, using 

the end of the sampler head, three wells were created  

at a depth of 4 mm at specified intervals. 0.03 mL of silver 

nanoparticles, silver nitrate solution and plant extract  

was poured into the wells and placed at 37 °C for 24 hours.  

In the end, the diameter of the inhibition zone of the bacteria 

was measured by the caliper and the mean diameter  

of the well was calculated. 

 

Minimum Inhibitory Concentration test (MIC) 

A- Preparation of Mueller Hinton Broth medium 

First 21 g of Mueller Hinton Broth powder (Merck 

Germany) powder is added to 1000 mL of distilled water 

and dissolved thoroughly. The solution was then placed  
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an autoclave at a temperature of 121 °C for15 minutes  

so that it is completely sterilized. The culture medium  

was used for bacterial test after cooling down. 

The minimum inhibitory concentration is defined  

as the concentration of an antibiotic that can inhibit bacterial 

growth in vitro. For this purpose, the bacterial strains 

mentioned in the above test were used. In this test, 96-well 

microplates were used (micro dilution method). At first, 

different concentrations of silver nanoparticles were 

prepared (0.78, 1.6, 3.2, 6.25, 12.5, 25, 50 and 100 μg/mL). 

Then, from each of the prepared concentrations,  

70 microliters were poured into eight wells of microplate. 

Then, amount of 70 μL of Mueller Hinton Broth medium 

of Merck Germany plus 70 μL of bacterial suspension  

at a concentration of 0.5 McFarland (equivalent  

to a concentration of 1.5×108 μg of bacteria) was added to eight 

microplates wells containing nanoparticles. Accordingly, 

the final volume in each microplate was 210 μL.  

In addition to eight wells, a well with culture medium and 

nanoparticles without inoculation of bacteria  

was considered as a negative control to consider the turbidity 

of silver nanoparticles and a well with culture medium  

and bacteria without inoculation of nanoparticles  

was considered as a positive control. Accordingly the effect 

of nanoparticles on the growth of the tested bacteria  

was compared with the turbidity of this well. Samples  

were kept at incubator for 24 hours at 37 °C. The first well 

(microtitre) without turbidity was reported as inhibitory 

concentration in μL /mL. 

 

RESULTS AND DISCUSSION 

Synthesis of silver nanoparticles 

Silver nanoparticles were synthesized by 

Bougainvillea Glabra extract from a silver nitrate solution 

under optimum conditions. Fig. 6 shows the color change 

of the extract from pink to dark brown, which indicates  

the formation of nanoparticles. 

 

4.2. UV-Visible spectroscopy 

Absorption spectroscopy makes it possible to track  

the production of silver nanoparticles in the media due to 

surface plasmon resonance of particles in the medium. Fig. 7 

shows the UV-Visible absorption for Bougainvillea 

Glabra extract, which indicates the existence of silver  

in the range of 420 nm. Fig. 8 also shows UV-Visible 

standard absorption in the range of 300 to 800 nanometers  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Color change of Bougainvillea Glabra extract after the 

formation of silver nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: UV-Visible absorption spectrum of silver nanoparticles 

by Bougainvillea Glabra extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Standard UV-Visible absorption spectrum of silver 

nanoparticles. 

4 

 
3.5 

 
3 

 
2.5 

 
2 

 
1.5 

 
1 

 
0.5 

 
0 

A
b

so
r
b

a
n

c
e 

300             400              500             600              700             800 

Wavelength (nm) 

4 

 
3.5 

 
3 

 
2.5 

 
2 

 
1.5 

 
1 

 
0.5 

 
0 

A
b

so
r
b

a
n

c
e 

300             400             500             600             700             800 

Wavelength (nm) 



Iran. J. Chem. Chem. Eng. Antimicrobial Effect of Silver Nanoparticles ...  Vol. 40, No. 2, 2021 

 

Research Article                                                                                                                                                                  401 

for silver nanoparticles. Since various plants with different 

reduction properties can be used in the synthesis of silver 

nanoparticles through biological approaches, the shape 

and size of nanoparticles will be different, so any plant 

species can show a different range of wavelengths.  

The silver nanoparticle absorption ranges between 420 and 

580 nm, which will vary based on the shape and size of 

nanoparticles in the wavelength range. There are several 

peaks in the standard form of silver nanoparticles ranged 

from 450 to 500 nm due to the diversity of the synthesized 

particles in terms of shape and size, and each of these 

particles applies its own absorption and peak. 

 

X-ray diffraction 

X-ray diffraction analysis was used for further 

investigation and study of the crystalline structure of 

synthesized silver nanoparticles. According to Fig. 9, 

Miller indices at (111), (200), (220) and (311), 

respectively, which are related to 38.3043°, 44.2739°, 

64.6300° and 77.4877° in silver nanoparticles synthesized 

with Bougainvillea Glabra extract are proof of  

the successful synthesis of silver nanoparticles and presence 

of spherical silver nanocrystals in the extract. The presence 

of sharp peaks in patterns shows a high degree  

of crystallinity for nanoparticles. Also, the difference  

in the width of the peaks in the XRD spectra shows  

the variety of crystalline grain sizes. The size of the synthesized 

crystalline grains was estimated as 21nm for Bougainvillea 

Glabra extract by the Debye-Scherrer relation, which  

was in good agreement with the results of electron 

microscopy images. 

 

TEM and SEM imaging 

In order to compare the size, morphology and 

uniformity of the nanoparticle distribution, the TEM and 

SEM were used (Figs. 10 and 11). Using TEM  

the formation of spherical silver nanoparticles with a mean 

size of 23 nm was proven. The size of the silver 

nanoparticles in the current study was estimated to be 

between 21 and 53 nm, while in a similar study in 2016 [28], 

the size of the nanoparticles was up to 83 nm. 

 

FT-IR Spectroscopy of synthesized silver nanoparticles 

The FT-IR spectra of the biosynthesized silver 

nanoparticles are shown in Fig. 12. The FT-IR spectrum 

shown that the silver nanoparticles have layers of  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9: XRD spectrum of silver nanoparticles synthesized with 

Bougainvillea Glabra extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10: Image of biosynthesized silver nanoparticles by TEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11: Image of biosynthesized silver nanoparticles by SEM. 

70 

 
60 

 
50 

 
40 

 
30 

 
20 

 
10 

 
0 

L
in

 (
co

u
n

ts
) 

20             30            40             50            60             70            80 

2 (scale) 



Iran. J. Chem. Chem. Eng. Momeni M. et al. Vol. 40, No. 2, 2021 

 

402                                                                                                                                                                  Research Article 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Overlap of FT-IR spectra of Bougainvillea Glabra 

extract and silver nanoparticles biosynthesized by the 

Bougainvillea Glabra extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 13: Antibacterial test on S. aureus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 14: Antibacterial test on E. coli. 

the compounds in the extract that can both reduce the silver 

ions and contribute to stabilize the biosynthesized 

nanoparticles. Considering the similarity of the spectral 

pattern for the Bougainvillea Glabra extract and the silver 

nanoparticles, it can be concluded that the nanoparticles 

contain the compounds present in the extract, which 

usually surround nanoparticles in a layer around. Common 

bands in the FT-IR spectrum of the extract and 

nanoparticles are as follows: Band 3399 for stretching 

vibration of type I amine of functional group N-H  

and alcoholic stretching vibration of functional group O-H; 

band 2975 for aliphatic stretching vibration of functional 

group C-H; band 2278 for isocyanate stretching vibration 

of functional group N=C=S; band 1583 for stretching 

vibrations of functional group C=C; band 1384 for bending 

vibration of functional group C-H; bands 1019, 1102 and 

1156 for stretching vibrations of functional group C-O;  

and band 661 for bending vibration of functional group C-C. 

The presence of these bands can be a reason  

for the presence of proteins in the structure of nanoparticles. 

The presence of these materials in layers around  

the nanoparticles will also increase their stability. 

 

Antibacterial effects 

Agar well diffusion test results 

As shown in Figs. 13 and 14, the nanoparticles 

produced by the Bougainvillea Glabra extract produced  

an antimicrobial effect on both bacteria. The results  

were different for gram-positive and gram-negative bacteria. 

Silver nanoparticles penetrate into the bacteria  

by connecting to the membrane, destroying it and disrupting 

its activity. The inhibition zone in S. aureus bacteria  

is more than E. coli bacteria, which can be explained  

by the difference in the structure and composition  

of the membrane of gram positive and gram-negative 

bacteria. As shown in Table 1, the mean diameter  

of the inhibition zone was measured in nanoparticles 

produced from Bougainvillea Glabra extract with three 

replications (S. aureus, 27.6 mm, and E. coli 19.3 mm). 

 

Minimum inhibitory concentration (MIC) 

The results of MIC test on strains of S. aureus and  

E. coli are presented in Table 2. The size and shape of  

the silver nanoparticles are major contributors to their 

antibacterial properties, so that reducing the size  

of the particles results in proper engagement with bacteria 
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Table 1: Agar well diffusion test results of silver nanoparticles, Bougainvillea Glabra extract and silver nitrate. 

Sample             Bacterial Strain                   inhibition zones (mm)                              Average zone of inhibition (mm) 
First iteration   Second iteration   Third iteration 

Paper Flower            S.                    5                          5                          5                                    5 

Extract          aureus 

Silver                  S.                   23                      30                        30                                   27.6 
Nanoparticles     aureus 

Silver                      S.                        14                      17                        17                                     16 
Nitrate                  aureus 

Paper Flower          E.                         5                      5                          5                                         5 

Extract               coli 

Silver                 E.                        21                    20                        17                                       19.3 
Nanoparticles        coli 

Silver                      E.                       17                    17                        14                                        16 
nitrate                    coli 

 

increases this property. Reducing the size of silver 

particles increases the release of silver from the surface 

and provides more antibacterial properties. In different 

sources, the antibacterial effect of silver nanoparticles  

is attributed to destabilizing membrane potential and  

the reducing cell adenosine triphosphate levels, binding  

to functional groups of proteins and the loss of the main 

properties of proteins and enzymes, intrusion into cells and 

producing hydrogen peroxide and finally, the death of 

bacteria. Particle shape is also effective on antibacterial 

effect, and spherical morphology has the ability to engage 

with bacteria and ultimately to destroy bacteria [30]. 

Researches show that the best silver nanoparticles’ 

morphologies to prevent bacterial growth are angled 

amorphous nanoparticles, spherical nanoparticles and 

nano rods , because they have the ability to more engage 

with bacteria, respectively [31, 32]. Therefore,  

the appropriate antibacterial properties of silver nanoparticles 

synthesized with Bougainvillea Glabra can be attributed 

to their small size and sphericality. 

 
CONCLUSIONS 

In the present study, the effects of silver nanoparticles 

on standard strains of E. coli and S. aureus were 

investigated. It was found that silver nanoparticles 

synthesized with Bougainvillea Glabra extract have 

significant antibacterial properties. According to this 

study, the mean diameter of the inhibition zone of bacteria 

and the minimum inhibitory concentration were 27.6mm 

and 3.12μg/ml for S. aureus and 19.3mm and 12.5μg/mL 

for E. coli respectively. According to the results  

for two bacteria of E. coli and S. aureus, the nanoparticles 

synthesized in the present study had an antimicrobial 

activity higher than those of the same studies. Therefore,  

it can be concluded that these nanoparticles can be used  

as an effective disinfectant for disinfection of hospital wastes, 

sterilization of the operating room environment and  

any other activity that needs to be controlled against pathogens. 
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