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Gümüş Nanopartiküller: Beyin Kalp İnfüzyon Kültürü Besiyeri Kullanılarak Yeşil Sentezi 
ve Acinetobacter baumannii’ye Karşı Antimikrobiyal ve Antibiyofilm Aktivitelerinin 
Değerlendirilmesi

Introduction: In recent years, the use of nanoparticles (NPs) to eliminate pathogenic bacteria is increasing. The development of biological and 
nontoxic methods for synthesizing NPs is an important topic in nanotechnology to allow the use of these NPs for health and medical purposes. 
This study aimed to synthesize silver NPs (AgNPs) using bacterial culture medium and then evaluated the antibacterial activity of these NPs against 
Acinetobacter baumannii.
Materials and Methods: The synthesis of biocompatible AgNPs was performed by brain heart infusion culture medium. Synthesized NPs were 
observed using ultraviolet-visible spectroscopy and were characterized by Fourier transform infrared spectroscopy (FTIR). Scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM) were conducted to examine the morphology of AgNPs. The minimum inhibitory 
concentration (MIC) was determined to measure the antibacterial effect of AgNPs. Finally, antibiofilm activities of the synthesized AgNPs were 
assessed.
Results: Ultraviolet-visible spectroscopy showed that the highest absorption of the synthesized NPs was at 420 nm. Results of SEM and TEM 
revealed that the morphology of particles was spherical and irregular, and their mean diameter was 26 nm. In addition, FTIR results confirmed that 
the reducing, capping, and stabilizing agents of NPs were proteins. Minimum inhibitory concentration of AgNPs ranged from 1.56 to 12.5 µg/ml, 
and at 2 MIC concentration, the biofilm formation inhibitory activity of NPS increased.
Conclusion: Brain heart infusion medium was successfully applied for synthesizing stable AgNPs, and these NPs showed good antibacterial and 
antibiofilm activity against A. baumannii.
Keywords: Silver nanoparticles, synthesis, antibiofilm, antibacterial, Acinetobacter baumannii

Giriş: Son yıllarda patojenik bakterileri yok etmek için nanopartiküllerin (NP) kullanımı artmaktadır. Nanopartikülleri sentezlemek için biyolojik 
ve toksik olmayan yöntemlerin geliştirilmesi, nanoteknolojide bu NP’lerin sağlık ve tıbbi amaçlar için kullanımına izin vermek için önemli bir 
konudur. Bu çalışma, bakteri kültür ortamı kullanılarak gümüş NP’leri (AgNP) sentezlemeyi ve ardından bu NP’lerin Acinetobacter baumannii’ye karşı 
antibakteriyel aktivitesini değerlendirmeyi amaçladı.
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Introduction

In recent years, the incidence of antibiotic resistance in various 
bacteria has increased. Annually, approximately 700,000 people 
globally die from diseases related to antimicrobial resistant 
pathogens[1]. Acinetobacter baumannii is one of the most important 
pathogens. It is a Gram-negative, strictly aerobic, nonmotile 
coccobacillus, and an opportunistic nosocomial pathogen. This 
bacterium is associated with serious diseases such as urinary 
tract infections, pneumonia, wound infections, septicemia, and 
severe cases of necrotizing fasciitis[2]. Acinetobacter baumannii 
can form biofilms after adhering to abiotic and biotic surfaces. 
As one of the most important virulence factors of A. baumannii, 
the ability to form biofilms plays an important role in the stability 
on different surfaces as well as in the resistance to various 
antibiotics. Therefore, it is difficult to control and eliminate 
infections caused by this bacterium[3].

Silver (Ag) is a natural antimicrobial agent, and the use of 
nanotechnology and nanoparticles (NPs) has increased its 
efficiency. Thus, AgNPs have more antibacterial properties 
than Ag metal[4-9]. Nanotechnology has a remarkable probable 
to control biofilm-associated infections produced by different 
pathogens[10]. Ag products are used as antimicrobial agents in 
many medical conditions, including traumatic wounds, burns, 
and diabetic ulcers as well as for coating catheters, wound 
dressing, and other devices implanted on or within the body[11]. Ag 
compounds of different concentrations and structures are used 
in clinical practice, e.g., Ag sulfadiazine is the gold standard for 
the treatment of topical burns[12,13]. Acute and chronic burns and 
wounds are treated using dressings containing Ag[11]. In recent 
years, researchers have paid special attention to AgNPs and their 
antimicrobial activity owing to special physical and chemical 
properties, biocompatibility, aqueous solubility, and biodegradable 
nature of these NPs[14]. To date, AgNPs have been used to treat 
injury, wounds, and burns as well as to treat cancer[11,15-17]. One 
study demonstrated the significant antibacterial effects of 
biosynthesized AgNPs against Staphylococcus epidermidis strains 
isolated from patients (pus, blood samples, and catheter tips) 

as well as against other pathogenic strains (Vibrio cholerae, S. 
aureus, Salmonella typhi, and S. paratyphi); in addition, the study 
proved that this antibacterial property against S. typhi increased 
when AgNPs were combined with chloramphenicol[18]. Moreover, 
in several studies, the antibacterial effects of AgNPs against 
different strains of Acinetobacter have been indicated[19-22]. Silver 
NPs can be synthesized using different methods, such as physical, 
chemical, and biobase methods[23-27]. The advantage of biological 
methods over other methods is their eco-friendliness, cost-
effectiveness, easy production ability. Biological methods are 
performed using plants, fungi, or bacteria[28,29]. In these methods, 
the stability and characteristics of NPs are dependent on the 
species of microorganisms used, their genetic properties, and 
the growth conditions of cells[30]. Therefore, extensive research 
is required to overcome these challenges that various methods 
of green synthesis NPs. Thus, the purpose of the present study 
was to synthesize AgNPs by a green method. In addition, the 
study assessed the antibacterial and antibiofilm effects of the 
synthesized AgNPs against A. baumannii.

Materials and Methods

Chemicals and Reagents

Chemicals required for experiments, including brain heart 
infusion (BHI); blood agar; MacConkey’s agar; Triple Sugar Iron 
(TSI); Sulfide, Indole, Motility; were obtained from Hi-media 
(India), and Mueller-Hinton broth (MHB); Luria-Bertani (LB) 
liquid medium; and Ag nitrate, were purchased from Merck 
(Germany).

Study Design and Bacterial Isolates

In this cross-sectional study, a total of 70 clinical isolates of 
A. baumannii were collected from patients hospitalized at 
the teaching Shahid Beheshti hospital in Kashan during April 
to September 2017. Ethics committee approval (IR.KAUMS.
MEDNT.REC.1396.071) was obtained before initiating the study. 
Isolates were recognized according to colony morphologies, 
Gram staining, growth on MacConkey’s agar, TSI test, motility 
test, oxidase, and catalase reaction. For molecular confirmation, 
this method was used based on the presence of the blaOXA-51-

Gereç ve Yöntem: Biyouyumlu AgNP’lerin sentezi beyin kalp infüzyonu (BHI) kültür ortamı ile gerçekleştirildi. Sentezlenen NP’ler, ultraviyole-
görünür spektroskopisi kullanılarak gözlendi ve Fourier transform kızılötesi spektroskopisi (FTIR) ile karakterize edildi. Gümüş NP’lerin morfolojisini 
incelemek için taramalı elektron mikroskobu ve transmisyon elektron mikroskobu (TEM) kullanıldı. Gümüş NP’lerin antibakteriyel etkisini ölçmek için 
minimum inhibitör konsantrasyon (MIC) belirlendi. Son olarak sentezlenen AgNP’lerin antibiyofilm aktiviteleri değerlendirildi.
Sonuçlar: Ultraviyole-görünür spektroskopisi, sentezlenen NP’lerin en yüksek absorpsiyonunun 420 nm’de olduğunu gösterdi. Taramalı elektron 
mikroskobu ve TEM sonuçları, parçacıkların morfolojisinin küresel ve düzensiz olduğunu ve ortalama çaplarının 26 nm olduğunu ortaya çıkardı. Ek 
olarak, FTIR sonuçları, NP’lerin indirgeyici, örtücü ve stabilize edici ajanlarının proteinler olduğunu doğruladı. Gümüş NP’lerin MIC değeri 1,56 ila 
12,5 µg/ml aralığındaydı ve 2 MIC’de, NPS’nin biyofilm oluşumunu inhibe edici aktivitesi arttı.
Sonuç: Stabil AgNP’lerin sentezlenmesi için BHI ortamı başarıyla uygulandı ve bu NP’ler A. baumannii’ye karşı iyi antibakteriyel ve antibiyofilm 
aktivitesi gösterdi.
Anahtar Kelimeler: Gümüş nanoparçacıklar, sentez, antibiyofilm, antibakteriyel, Acinetobacter baumannii
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like carbapenemase gene. Clinical isolates were maintained in 
trypticase soy broth with glycerol (30%) at -70 °C[31].

Biological Synthesis of AgNPs and Ultraviolet–visible Spectra 
Analysis

Brain heart infusion medium was used for the reduction and 
synthesis of AgNPs. In the first stage, 37 g of BHI was dissolved 
in 1 L distilled water, and the solution was sterilized in the 
autoclave. Then, 10 ml of BHI medium was added to 10 ml of 
0.5 mM Ag nitrate solution. The solution was then subjected 
to mechanical shaking at 22 °C for at least 24 h. Subsequently, 
the solution was kept of head-on small desk lamp at all time. A 
change in the color of the aqueous solution from light yellow 
to yellowish-brown indicated the formation of AgNPs. In the 
next step, reduction of Ag+ ions in the final yellowish-brown 
Ag nitrate solution was monitored by recording the ultraviolet-
visible (UV-vis) spectrum between 300 and 800 nm using a 
spectrophotometer (Jenway, England).

Silver Nanoparticles Purification

The final solution was transferred to 2-ml sterile microtubes for 
centrifugation at 12,000 rpm for 15 min. After removal of the 
supernatant, pellets were collected. Then, the precipitate was 
carefully rinsed thrice with sterile distilled water. Subsequently, 
the pellets were rinsed twice with 96% ethanol. Purified pellets 
were dried to obtain a powder. The powder was then collected 
for final confirmatory tests to produce NPs.

Final Characterization of Synthesized AgNPs

Silver NPs were confirmed using several methods. Initially, 
Fourier transform infrared spectroscopy (FTIR) was conducted 
to assess the functional groups in synthesized AgNPs. Using 
an FTIR spectrophotometer (Nicolet, USA), a spectrum was 
obtained in the range of 4000-400 cm−1. To evaluate the 
crystalline structure of AgNPs, X-ray diffraction (XRD) scanning 
was conducted in the 20°-60° range. Then, to study the shape 
and size of the synthesized AgNPs, images of NPs were obtained 
using a transmission electron microscope (TEM) (Leo, Germany) 
at accelerating voltages in the excess of 300 kV. In scanning 
electron microscopy (SEM), TESCAN BRNO-Mira3 LMU (Czech 
Republic) was used to confirm of the surface morphology of 
NPs. Images of AgNPs were obtained at an accelerating voltage 
of 10 kV. Energy-dispersive X-ray analysis (EDX) was used to 
identify the elemental composition of NPs. For this analysis, EDX 
Tescan device (Czech Republic) was used.

Biofilm Formation Assay

Microtiter plate examination for the quantitative detection 
of biofilm was conducted using a microtiter plate method, as 
explained previously[32]. In brief, A. baumannii isolates were 
cultured in LB medium and incubated at 37 °C for 24 h. The 
cultures were diluted (1:100) in fresh LB. Then, 200 ml of the 
diluted microbial solution was poured to the wells of a 96-well 

polystyrene microtiter plate. The plate was then incubated at 
37 °C overnight. In the next stage, wells were carefully washed 
three times with 200 µl of phosphate-buffered saline (pH: 7.4). 
Then, biofilm structures were fixed by methanol for 20 min and 
then dried at ambient air and room temperature. Wells were 
stained with 200 µl of 2% crystal violet for 5 min. Subsequently, 
all wells were washed with distilled water and dried at room 
temperature. Afterward, 200 ml of acetic acid containing crystal 
violet was added to the wells. Lastly, the optical density (OD) 
of each well was calculated at 570 nm using an enzyme-linked 
immunosorbent assay reader (Awareness Technology, USA). 
The OD cut-off was determined as the mean OD of negative 
control + 3 × standard deviation of the negative control. The 
formation of biofilms by isolates was analyzed and arranged 
based on the absorbance of crystal violet-stained linked cells 
(Table 1). Staphylococcus epidermidis ATCC 35984 was used as 
a as reference strain of high-slime biofilm producer.

Evaluation of Antimicrobial Susceptibility of AgNPs in A. 
baumannii

The antimicrobial susceptibility of AgNPs against 46 of a total 
of 70 A. baumannii isolates was determined by the broth 
microdilution method according to guidelines of the Clinical 
and Laboratory Standards Institute (CLSI)[33]. The following 
concentrations of AgNPs were used: 200, 100, 50, 25, 12.5, 6.25, 
3.12, 1.56, and 0.78 µg/ml. Microplates were incubated at 37 
ºC in ambient air for 18-20 h. Briefly, bacterial inoculums in 
MHB medium were adjusted to 0.5 McFarland standard (1.5×108 

CFU/ml). Then, this suspension was diluted (1:20) to yield a 
concentration of 106 CFU/ml. Ten microliter of each inoculum 
was added to wells containing 100 µl of MHB and AgNPs. 
Final test concentration of the microbes was 5×105 CFU/mL. 
Microplate containing suspension and NPs were incubated at 
37 ºC for 18-24 h. Acinetobacter baumannii ATCC 19606 strain 
was used as a quality control strain for susceptibility testing.

Evaluation of Minimum Inhibitory Concentration of AgNPs 
on Planktonic Form of A. baumannii

The minimum inhibitory concentration (MIC) of AgNPs against 
46 planktonic forms of A. baumannii was determined using the 
microdilution assay. Serial dilutions of AgNPs were prepared 

Table 1. Categorization to produce biofilms in A. baumannii
Biofilm 
formation 
abilities

Mean of OD values 
results

Cut-off value 
calculation

None OD ≤ 0.059 OD ≤ 0.059

Weak 0.059 < OD ≤ 0.118 ODc < OD ≤ 2 × ODc

Moderate 0.118 < OD ≤ 0.236 2 × ODc < OD ≤ 4 × ODc

Strong OD > 0.236 OD > 4 × ODc

OD: Optical density
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based on the CLSI guideline. The wells containing AgNPs in MHB 
medium and strains at 105 CFU/ml were incubated at 37 ºC. The 
MIC was determined after incubation for 24 h.

Evaluation of Biofilm Inhibition Activity of AgNPs 

The microtiter assay was used to determine the biofilm inhibition 
activity, as previously described[21].

Statistical Analysis

All tests were replicated thrice. Results were analyzed using 
the Statistical Package for the Social Sciences 16 software 
and Kolmogorov-Smirnov test, Kruskal-Wallis test, and Mann-
Whitney test. Results with p≤0.001 were regarded as statistically 
significant. 

Results

Characterization of AgNPs Synthesized in Brain Heart 
Infusion Medium

Ultraviolet-visible Spectroscopy and XRD Pattern

Visual observation of the BHI medium incubated with AgNO3 
showed a color change from light yellow or from colorless to 
yellowish-brown, clearly indicating the formation of AgNPs 
(Figure 1A). The formation and stabilization of AgNPs in aqueous 
solutions were studied using UV-vis spectroscopy. Figure 1B shows 
a sharp peak at 420 nm in UV-vis spectrum that is attributed to 
the formation of AgNPs and the surface resonance. The exact 
nature of AgNPs can be deduced from the XRD spectrum of the 
sample, which is presented in Figure 2. The phase variety, grain 
size, and crystalline nature of NPs were determined by XRD 
studies. The diffraction peaks at 2θ values of 27.28°, 32.23°, 
46.24°, 54.82°, 57.49°, and 67.46° were assigned to the (111), 
(200), (220), (311), (222), and (400) planes, respectively, of AgNPs. 
The peak at 38.07° was attributed to the diffraction of the (111) 
plane of metallic Ag.

Fourier Transform Infrared Spectroscopy

The FTIR spectrum identified the biomolecules responsible for 
capping and stabilization of AgNPs. Fourier transform infrared 
spectroscopy spectrum in the range of 400 to 4000 cm−1 showed 
absorption peaks at 3428.75, 1639.43, and 1384.36 cm−1. The 
peaks at 3400-3500 cm−1 and 1560-1640 cm−1 indicated a 
stretch for N-H bond, and the peak at 1350-1520 cm−1 indicated 
a stretch for N-O bond (Figure 3). Thus, the synthesized AgNPs 
were capped by proteins and a nitro compound.

Scanning Electron Microscopy and EDX Analyses

The SEM images showed that the AgNPs had an irregular 
shape, with a mean particle size of 26 nm (Figure 4A). In 
addition, EDX analysis measured the elemental structure of the 
synthesized powder. As shown in Figure 4B, the EDX spectrum 
had the highest peak at around 3 keV, followed by that at 
approximately 2.6 KeV, which indicated that Ag and chlorine 
atoms, respectively, were the main elements. Furthermore, the 
EDX spectrum revealed that the weakest peaks corresponded to 
carbon and nitrogen. As shown in Figure 4C, TEM image of the 
AgNPs indicates spherical morphology with a size of 26 nm. The 
particle distribution diagram is shown in Figure 4D.

Antibacterial Activity of AgNPs

Among all A. baumannii isolates that were characterized by 
the phenotypic method and were confirmed by polymerase 
chain reaction of the blaOXA-51-like gene, a single band of 
the right size was obtained as shown in Figure 5. Of 70 clinical 
isolates of A. baumannii, 46 could form biofilms, of which 98% 
formed strong biofilms and 2% formed moderate biofilms. The 
antibacterial effect of AgNPs against 46 isolates of A. baumannii 
was determined, and the MICs was in the range of 1.56-12.5 µg/
ml.

Antibiofilm Activity of AgNPs

Silver NPs have also been assayed for antibiofilm activity 
against biofilm-forming A. baumannii. The assay revealed 
that the biosynthesized AgNPs inhibited biofilm formation 
by A. baumannii, relative to the negative control used in the 
experiment. Figure 6 shows that 2 MIC, MIC, and 1/2 MIC 
concentrations of AgNPs inhibited biofilm formation of 46 
isolates by 74.53%, 64.98%, and 58.27%, respectively.

Discussion

Biofilm formation is one of the important mechanisms that 
bacteria use to avoid accumulation of antimicrobial compounds 
and protect against them[34]. As a hospital opportunistic pathogen, 
A. baumannii has the ability to form biofilms on living and 
nonliving surfaces such as internal catheters[35]. Nanotechnology 
has been recently used to remove resistant bacteria and biofilm 

Figure 1. A) Aqueous solutions of (I) silver nitrate without 
addition of brain heart infusion (BHI) medium, (II) silver 
nanoparticles synthesized with BHI medium. B) Ultraviolet-vis 
spectrophotometric analysis of silver nanoparticles
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produced by them. Nanoparticles of metals are being proposed as 
new antimicrobial agents. Today, numerous NPs and nanocarriers 
are available as antimicrobial compounds[22,36,37]. The present study 
is the first to succeed in synthesizing AgNPs using a bacterial 
culture medium, and the method of synthesis was patented. The 
synthesized NPs were assessed using various methods, including 
UV-vis spectrophotometry, SEM, EDX, TEM, XRD, and FTIR 

spectroscopy. Then, antibacterial and antibiofilm activities of the 
synthesized NPs were assayed. Studies have reported on the role 
of Ag ions as antimicrobial agents in clinical cases[38,39]; however, 
the clinical use of these ions is limited owing to high toxicity, 
low stability, and the formation of complexes with salts and 
precipitation[40]. Thus, the clinical use of Ag compounds is subject 
to cytotoxicity studies in human cell lines as well as laboratory 

Figure 2. X-ray diffraction of silver nanoparticles

Figure 3. Fourier transform infrared spectroscopy analysis of silver nanoparticles



 

Solouki et al. 
Synthesis of Silver Nanoparticles and Antimicrobial and Antibiofilm Activity

Mediterr J Infect Microb Antimicrob
2021;10:50

animal models[11,41,42]. To overcome these limitations, AgNPs were 
awarded Ag ions. Silver NPs have been used in clinical cases owing 
to properties such as wide contact surface, surface plasmon 
resonance (SPR), and different physical, chemical, and mechanical 
properties[43]. There are several methods for synthesizing AgNPs 
and their derivatives, including chemical, physical, and biogenic 
methods. Biogenic methods are preferred to chemical and physical 
methods as they are economically viable, consume less energy, 
biocompatible, and environmentally friendly[43]. These include 
the use of plants, bacteria, and fungi in the synthesis of AgNPs. 
These methods are also associated with limitations such as the 
requirement of specific conditions for the production, collection, 
and storage of NPs[44]. In our study, AgNPs were synthesized using 
the BHI broth culture medium (green method), which is simple 
and inexpensive compared to other methods. The use of this 
method also led to the synthesis of good quality NPs in a short 
time. Notably, AgNPs were synthesized by the addition of 10 ml 
of BHI medium to 10 ml AgNO3 solution. Color change of the 
solution to yellowish-brown indicates a special reaction between 
the compounds in the BHI medium with Ag ions, indicating the 
reducing power of BHI compounds and the formation of AgNPs. 

We used UV-vis spectrophotometry to continuously monitor 
the synthesis of AgNPs. Ultraviolet-visible spectroscopy is an 
established method for the study of metal NPs. In our study, the 

Figure 4. A) Scanning electron microscopy analysis of synthesized silver nanoparticles (AgNPs). B) Energy-dispersive spectroscopy 
spectrum of AgNPs. C) Transmission electron microscopy analysis of synthesized AgNPs. D) Size distribution of silver nanoparticles

Figure 5. Polymerase chain reaction amplification of the blaOXA-
51-like gene
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highest absorption was noticed at 420 nm, which is the peak 
range characteristic for AgNPs. This characteristic and specific 
peak is attributed to the SPR of the particles, a characteristic 
that has been extensively established and recognized for various 
metal NPs in the 2-100 nm size range[45]. The absorption peak of 
AgNPs was clearly detected because of the combined vibration of 
AgNP electrons in resonance with the specific light wavelength. 
Notably, Mohanta et al.[46] synthesized AgNPs using medicinal 
plant extracts. Observation of the color showed a change to dark 
brown owing to the reducing power of plant extracts. Ultraviolet-
visible spectrophotometry also showed a broad peak within the 
420-430 nm range, indicating the formation of AgNPs. Similar 
results to our study have been reported in several studies on the 
synthesis of AgNPs[47-49]. The XRD pattern showed four peaks at 
2θ values of 32°, 44°, and 52°. The XRD analysis indicated that 
the size of NP crystals was 28 nm. SEM and TEM measurements 
revealed that NPs were spherical, with sizes in the range of 16-35 
nm. More than 60% of the particles were approximately 26 nm in 
size. This difference in particle size may lead to the formation of 
NPs at different time intervals. In this study, we used AgNPs we 
used AgNPs with extremely small size so more efficient other than 
similar study. Although irregular shapes were also observed in the 
spherical NPs, most of them had a spherical structure. Owing to 
the increased contact surface, smaller NPs are more effective than 
larger NPs. Nanoparticles function via binding to the cytoplasmic 
membrane of bacteria, impairing membrane permeability, and 
disrupting other cellular activities[5]. In a study by Shaker and 
Shaaban[50], AgNPs of 37-168 nm were synthesized by microbial 
methods. They stated that synthesized AgNPs are capable of 
inhibiting and eradicating biofilms made by multidrug-resistant 

strains isolated from individuals with uropathogenic infections. In 
our study, antibacterial analysis on planktonic and biofilm forms 
of 46 isolates of A. baumannii were conducted using synthesized 
AgNPs. The results indicated that AgNPs had an inhibitory effect on 
the planktonic and biofilm forms of A. baumannii. The range of MIC 
based on CLSI was 1.56-12.5 µg/ml, and at a 2MIC concentration, 
AgNPs had greater inhibitory activity against biofilm formation of 
46 isolates. Similar to our study, a previous study analyzed AgNPs 
synthesized by green method and demonstrated the maximum 
optical absorption of NPs by UV-vis spectrophotometry at 454 nm. 
In addition, electron microscopy analysis revealed that the shape 
of NPs was oval and the size was 10-20 nm. Minimum inhibitory 
concentration range of this nanocomposite was 40-60 μg/ml for 
Listeria monocytogenes, S. aureus, S. saprophyticus, Escherichia 
coli, and Pseudomonas potida[51]. In 2017, de Jesús Ruíz-Baltazar et 
al.[52] synthesized AgNPs using Melissa officinalis leaf extract. The 
spherical shape of AgNPs was determined by TEM analysis, and the 
average size of the synthesized NPs was reported as approximately 
12 nm. The antibacterial effect of these NPs on E. coli and S. 
aureus was investigated, and the diameter of the growth inhibition 
zone was 6-11.5 mm. In another study by Chauhan et al.[53], the 
antibacterial effect of Ag/AgCl NPs (size, 68 nm) produced by 
Streptomyces spp. JAR1 was measured by the disk diffusion method 
against E. coli. The diameter of the bacterial growth inhibition zone 
was approximately 12 mm. Biosynthetic and nontoxic synthesis, 
maximum light absorption at 420 nm, and the stability of produced 
NPs are some of the similarities between this study and our work. 
Overall, it can be concluded that the synthesis of AgNPs using the 
BHI broth culture medium, which was performed for the first time, 
can be a useful and effective method for the production of AgNPs. 
The advantage of this method over chemical and physical methods 
is low toxicity and time and cost savings. In addition, AgNPs that 
are synthesized in laboratory, chemically and physically tend to be 
unstable and accumulate; thus, they require a stabilizer. However, 
in our method, synthesis and stability are both achieved in one 
step by the culture medium. In addition, this culture medium, 
owing to its specific protein composition, can form a coating for 
AgNPs, which imparts stability to the NPs. Another advantage of 
this method over other methods, such as bacterial and fungal plant 
methods, is that it is simpler and takes less time to synthesize NPs. 
In addition, this method I not association with limitations such 
as collecting, maintaining, and creating optimal conditions. One 
of the limitations of this study was that as AgNPs could not be 
appropriately synthesized by existing methods, we invented a new 
method for the extraction of NPs via trial and error.

Conclusion

Brain heart infusion medium was successfully applied for 
the synthesis of stable AgNPs, and these NPs showed good 
antibacterial and antibiofilm activities against A. baumannii. 

Figure 6. Antibiofilm activity of silver nanoparticles against A. 
baumannii

MIC: Minimum inhibitory concentration, AgNPs: Silver nanoparticles
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Overall, results of the antibacterial and antibiofilm tests suggest 
that AgNPs may serve as effective antimicrobial and antibiofilm 
agents against infections caused by A. baumannii.
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