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A number of soil samples were collected from the escarpment of the Euphrates River, north of the 

city of Basra, by digging the soil by 5 cm, taking a portion of the soil, storing it in a sterile plastic 

cup, and transporting it to the laboratory. The samples were diluted with distilled water and grown 

on nutrient agar medium. They were purified. Bacterial isolates were obtained by taking single 

isolates and cultivating them on the nutrient medium using a planning method. The process was 

repeated until single colonies were obtained. The bacterial isolate was identified as Bacillus 

subtilis by diagnosing it phenotypically, examining it under a microscope, and performing 

biochemical tests, in addition to using a technique. PCR using the 16SrRNA gene. The 

supernatant solution was treated with B. subtilis bacteria  With a solution of silver nitrate at a 

concentration of 1 mM, the color variation of the reaction mixture occurred, which was 

considered preliminary evidence of the formation of silver nanoparticles. The AgNPs were 

characterized by examination with a UV-visible spectroscopy device, and an FTIR device was 

used to detect the presence of active groups that contributed to the stability of the AgNPs. An 

SEM and TEM device were used, and the examination results showed the surface nature and the 

dominant spherical shape, in addition to the size, at a rate of 25 nm. An XRD device was used, 

and the test results showed that the AgNPs had a crystalline form. An EDX device was used, and 

the results revealed the presence of peaks indicating silver. The ability of AgNPs to inhibit the 

growth of pathogenic bacteria represented by Pseudomonas aeruginosa, E. coli, and Klebsiella. 

pneumonia and Staphylococcus aureus Using the etch diffusion method, the results showed that 

the AgNPs had a high ability to inhibit bacterial growth. A test was conducted to detect some 

virulence factors, such as catalase, and the effectiveness of silver nanoparticles in inhibiting them. 

The biofilm was detected by a microtiter plate, and the results showed the ability of the AgNPs to 

inhibit biofilm effectively.  
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1. Introduction 

Many pathogenic bacteria have become a major cause of many dangerous diseases, and with 

bacteria possessing many drug resistance mechanisms, the problem of multidrug resistance 

has been exacerbated by many negative and positive bacteria, due to the excessive and 

unregulated use of antibiotics in treating bacterial infections, which increased the spread of 
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many bacterial strains with multiple resistance and the length of the treatment period, thus 

increasing the death rate [1]. Many studies have shown that medical and industrial materials 

that contain silver have an inhibitory effect against many bacterial strains and against many 

fungi and viruses Many studies have shown that silver nanoparticles eliminate bacteria at 

low concentrations without causing toxic effects on human cells [2]. This is what prompted 

researchers and scientists to take the path of biosynthesis of metals and minerals as 

alternatives to antibiotics for the purpose of reducing the risk of multiple bacterial resistance 

or as anti-virulence agents. Nanotechnology aims to manufacture and apply nano-sized 

materials (1–100 nm), as it has These nanoparticles have many unique chemical, physical, 

and biological properties. . Many studies have proven that AgNPs kill bacteria without any 

toxic effects on human cells, in addition to the fact that silver nanoparticles have the 

characteristic of a large surface area compared to their size, which facilitates their attachment 

to functional aggregates, and their small size has enabled them to be used in many fields as 

anti-cancers and anti-bacterial infections [3] and [4]. Many studies and research have 

demonstrated that AgNPs have the ability to inhibit many virulence factors, such as biofilm, 

and many enzymes produced by bacteria, such as catalase, hemolysin, and proteases [5] and 

[6]. Many methods have been used to manufacture silver nanoparticles, including biological 

methods such as the use of plant extracts [7]. And fungi and many bacterial species 

synthesize nanoparticles from many metals, such as silver and gold [8] and [9]. The use of 

chemical and physical methods to manufacture nanoparticles has been dispensed with 

because they are toxic to the environment and to humans and are economically expensive. 

On the contrary, biological methods have been distinguished in that they are highly 

productive, environmentally friendly, and non-toxic, in addition to being economically 

inexpensive [10]. Components of the cell wall, proteins, and enzymes secreted in the 

supernatant solution of bacteria were used in the biosynthesis process [11]. Many studies 

have proven the ability of Bacillus subtilis to carry out extracellular biosynthesis in its 

bacterial culture supernatant solution [12]. 

 

2. Materials and methods 

1: Collecting and culturing samples 

Soil samples were collected from the edge of the Euphrates River in northern Basra by 

taking a portion of the soil 5 cm deep, storing it in a sterile plastic cube, and transporting it to 

the laboratory. The soil samples were diluted with distilled water by taking 1 g of soil and 

dissolving it in a test tube containing 5 ml. From sterile distilled water, the samples were 

grown on the nutrient medium using a cotton swab and incubated at a temperature of 37°C 

[13]  

2: Diagnosis of bacterial isolates 

Bacterial isolates were diagnosed based on phenotypic characteristics by observing the shape 

of the colonies growing on the nutrient agar plate, in addition to staining them with Gram 

stain and examining them under the microscope to reveal their shape and cell arrangement, 

and biochemical tests were performed [14]. The bacterial isolate was diagnosed using PCR 

technology based on the 16S rRNA gene and detecting the size of the bands formed when 
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the gene was amplified using electrophoresis of the resulting DNA [15]. 

3: Synthesis of silver nanoparticles using B. subtilis 

The method of extracellular synthesis of silver nanoparticles was used. The bacterial 

suspension of B. subtilis bacteria was prepared and inoculated into 250-ml conical flasks 

containing 100 ml of sterile Nutrient Broth Medium. The flasks were incubated in a shaking 

incubator at a rotation speed of 150 rpm. At a temperature of 37°C and for 48 hours, after the 

end of the incubation period, the bacterial cultures were centrifuged at a speed of 8000 rpm 

for 20 minutes, and the supernatant liquid of the bacteria was collected in sterile beakers. A 

silver nitrate solution was prepared by dissolving 0.169 grams of AgNO3. in 1 liter of 

distilled water to obtain a concentration of 1 mM Then, 90 ml of silver nitrate solution was 

mixed with 10 ml of the supernatant solution of the bacterial culture in a 250 ml conical 

flask. The flasks were covered with an opaque material to prevent oxidation due to light, and 

the reaction mixture was incubated in the shaking incubator at a rotation speed of 150 rpm. 

At a temperature of 37°C for 48 hours, the supernatant solution of B. subtilis bacteria was 

incubated without adding silver nitrate solution to it as a negative control agent After the end 

of the incubation period, the color changes of the reaction mixture were observed, which is 

preliminary evidence of the reduction of silver nitrate to silver nanoparticles, which indicates 

the presence of reducing agents in the supernatant solution of bacteria Ag + → Ag 0 [16] 

4: Characterization of silver nanoparticles 

1- Change in The Color 

After the end of the incubation period, the color variation of the reaction mixture was 

observed, which is considered a preliminary indication of the formation of silver 

nanoparticles as the color changes from pale yellow to brown or reddish brown [17]. 

2: UV-visible spectroscopy 

The wavelength of the silver nanoparticles was measured by withdrawing 5 ml of the 

reaction mixture after the color change occurred, then it was exposed to an ultrasound device 

for 15 minutes, then it was measured with a UV-visible spectroscopy device, and the 

supernatant solution of bacteria was used to zero the device, and the measurement was made 

at a wavelength of 200. (1000 nm) [18] 

3: Fourier transform infrared (FTIR) spectroscopy 

This test was conducted using an FTIR device to detect the active functional groups present 

in the supernatant solution of the bacterial cultures responsible for reducing silver ions to 

silver nanoparticles. This was done by mixing the nanomaterial with potassium bromide 

tablets, then transforming it into pellets, which were then entered into the device and 

measured within a range. (400-4000cm) [19] 

3: Scanning Electron Microscope (SEM) 

A scanning electron microscope was used to reveal the surface nature of the formed particles 

by scanning the surface of the sample by sending a precisely focused beam of electrons for 

the purpose of obtaining a microscopic image of the silver nanoparticles while verifying the 

homogeneity of the examined material [20]. 
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4: Transmission Electron Microscope (TEM). 

 This device was used to determine the shape, size, and crystalline phase of silver 

nanoparticles prepared at a voltage of 100 KV [21]. 

6. X-ray diffraction (XRD)  

The device was used to obtain information about the structural composition of the prepared 

particles and to obtain information about the crystalline structure and shape of the surfaces 

using a device of the Shimadzu 600 type, using a monochromatic copper beam with a 

wavelength of 0.15406 nm in operation (4 kV) and a working current of 30 amps, a scanning 

speed of (0.02 deg), within an angular range of 2ϴ, and an entry hole for rays with a 

diameter of (0.3) mm. The material to be examined was placed in the form of a powder on a 

tape containing a silicon substrate.[22] 

7: Energy diffraction X-ray (EDX) 

measurements This test was conducted using EDX by using an EOL JSM 7600 F to detect 

silver nanoparticles [23]. 

8: The effect of silver nanoparticles on the growth of pathogenic bacteria 

Several concentrations of silver nanoparticles were prepared by dissolving (0.001 g) of 

AgNPs, which were diluted to obtain the concentrations (25 µg\ml–50 µg\ml–75 µg\ml–100 

µg\ml) according to [24]. Four pathogenic bacterial species isolated from pathological cases 

were used to conduct testing on them: P. aeruginosa, E. coli, K. pneumonia, and S. aureus. 

They were grown on Muller-Hinton agar medium, and holes with a diameter of 6 mm were 

made. The concentrations were added to the holes (0.2 ml) and incubated in the incubator at 

a temperature of 37°C for 24 hours. After the end of the incubation period, the diameters of 

inhibition were measured using a numbered ruler [25]. 

9: Prepare the minimum inhibitory concentration (MIC). 

A set of sterile test tubes was prepared containing 1.8 ml of nutrient broth medium, and 0.1 

ml of bacterial suspension was added to it. The concentrations (25 µg \ ml, 50 µg \ ml, 75 µg 

\ ml, and 100 µg \ ml) were added in an amount of 0.1 ml to The tubes were left with four 

tubes containing the culture medium and the bacterial suspension alone, without adding a 

solution of silver nanoparticles. They were considered negative control agents and were 

incubated in the incubator for 24 hours at a temperature of 37°C. After the end of the 

incubation period, the minimum inhibitory concentration was determined by comparing its 

turbidity. Negative control test tubes with test tubes containing bacterial cultures and the 

concentration of silver nanoparticles, where the MIC was determined, which is considered 

the lowest concentration of silver nanoparticles that prevented the appearance of growth in 

the test tubes [26] 

10: Effect of silver nanoparticles on catalase enzyme 

This test was performed by culturing the pathogenic bacterial species P. aeruginosa, E. coli, 

K. pneumonia, and S. aureus in test tubes containing 1.8 ml of nutrient agar broth medium, 

and 0.1 ml of the minimum inhibitory concentration was added to four test tubes. Four test 

tubes containing the culture medium and the bacterial suspension were left as a negative 
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control agent. The tubes were incubated in the incubator at a temperature of 37°C for 24 

hours. After the end of the incubation period, a few drops were taken from the treated and 

untreated bacterial cultures and placed on a glass slide. Sterilized, and a few drops of 

hydrogen peroxide solution (3%) were added to it, and it was observed whether bubbles 

appeared or not [27] 

11: Effect of AgNPs on Biofilm Formation 

Bacterial suspension was prepared for the four bacterial species that form the biofilm: P. 

aeruginosa, E. coli, K. pneumonia, and S. aureus, and they were transferred to test tubes 

containing nutrient broth containing glucose at a concentration of 2%. 0.08 ml of bacterial 

cultures were transferred. To drill a microtiter plate, a group of holes containing only the 

culture medium without the bacterial suspension and without a solution of silver 

nanoparticles were left as negative control factors. To compare the holes containing the 

culture medium and the bacterial suspension to measure the intensity of the biofilm, a group 

of silver nanoparticle concentrations was added. (25 µg\ml – 50 µg\ml – 75 µg\ml – 100 

µg\ml) For the remaining holes, the plate was incubated in the incubator at a temperature of 

37°C for 24 hours. After the end of the incubation period, the microtiter plate was emptied of 

the bacterial cultures and washed with phosphate buffered saline (PBS). and left to dry at 

room temperature for 15 minutes. The holes were dyed with crystal violet dye and left for 15 

minutes. After that, the contents of the holes were emptied and washed with a saline-

phosphate buffer solution. Glacial acetic acid was added at a concentration of 33% and was 

measured with the ELISA device. The intensity of biofilm formation was measured by 

comparing the results of the negative control pits containing the culture medium only with 

the positive control pits containing the culture medium with the bacterial suspension of the 

bacterial samples, where AC symbolizes the negative control pits and A Positive control pits 

are represented by Table 1. The effect of silver nanoparticles on biofilm formation was 

calculated by applying the inhibition calculation equation, where the pits of the plate forming 

the biofilm were considered a negative control factor and the control pits containing silver 

nanoparticle concentrations were considered positive control factors [28]. 

Non-biofilm forming A ≤ AC 

Medium biofilms AC ≤ A ≤ 2 * AC 

Strong biofilms 2 * AC ≤ A 

Table 1 Shows the intensity of biofilm formation. 

Inhibition of biofilm = 
Negative control wavelength − positive control Wavelength  

Negative control wavelength
   × 100 

Biofilm inhibition equation 

 

3. Results and discussion 

1. Collecting samples 

Soil samples were collected from areas north of the city of Basra, on the edge of the 

Euphrates River. The samples were preserved in a plastic cube and transported to the 
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laboratory. They were diluted with distilled water by weighing 1 gram and dissolving them 

in 5 ml of sterile distilled water. They were grown on nutrient agar medium, where Bacillus 

subtilis bacteria were isolated and purified by repeated cultivation until pure colonies were 

obtained. 

2: Appearance characteristics of the colonies 

Bacterial colonies appeared on the nutrient agar medium in a relatively large, circular shape 

with a smooth, rounded edge that turned into a lobed edge over time. The diameter of the 

colony ranged from 1.5 to 3.5 mm and was characterized by its white to brown color, as in 

The results Figure ( 1 )  were consistent with [29] 

 

Figure ( 1 )  showing the growth of Bacillus subtilis bacteria on nutrient agar medium 

3: Microscopic diagnosis 

The results of staining the bacterial colonies with Gram stain and examining them under the 

microscope showed that the bacterial cells had a rod-like shape of medium length and were 

positive for Gram stain. The results were consistent with [30]. 

4: Biochemical tests 

Biochemical tests were performed on Bacillus subtilis bacteria, as shown in Table 2 , and the 

results were consistent with [31] and [32]. 

Urease Citrate  Oxidase Catalase MRD Indole Isolate 

+ + + + - - Bacillus  

Table 2 Results of biochemical tests for Bacillus subtilis 

5: Molecular diagnosis 

The molecular diagnosis of Bacillus subtilis bacteria was carried out using 16SrRNA. The 
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extraction results showed the appearance of DNA bands on the agarose gel. The results of 

DNA amplification through the PCR polymerase chain reaction showed that the size of the 

base pairs was (1500 bp ) Figure ( 2 ) and ( 3 ) when using primers. Genes (F 27) and (R 

1492), when comparing the size of the package with the DNA ladder as shown in Image (3), 

The Sanker technique was used to analyze the amplification product of the 16SrRNA 

diagnostic gene for the bacterial isolate studied, and after conducting a BLAST search on the 

National Center for Biotechnology Information website, it appeared. The study isolate was 

96 % identical to the species  It is available in GenBank, and the sequences of the particular 

bacterial isolate studied were recorded under the number PP273436 . Table (3) [33] [35] 

Table (3)Accession NO And the ancestry and matching percentage of the study sample 

 

Figure (2) 

Identity E 

Value 

Accession 

NO . 

Strain Closed blast 

match 

96.40 % 0.0 PP273436 M1Q1 16S ribosomal 

RNA 

Bacillus 

subtilis 
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Figure (3): DNA amplification of the current study sample 

 

4. Characterization of AgNPs 

1: changing the color 

After the end of the incubation period, the color variation of the reaction mixture consisting 

of 10 ml of B. subtilis bacterial suspension and 90 ml of AgNO3 solution was observed. 

When the color of the reaction mixture was compared with the color of the negative control 

flask that contained only the supernatant solution of the bacteria, as shown in Figure (4) It 

was observed that the color changed from yellow to brown, and this is a preliminary 

indication of the formation of silver nanoparticles, as stated in [35]. The appearance of the 

color of the reaction mixture in a color other than the bright silver color is due to surface 

plasmon resonance, which occurs due to the diameters of the particles reaching nano-sized 

diameters [36] 
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Figure (4)  The bacterial supernatant was incubated with 10% of the supernatant and 1 mM 

of AgNO3 before and after incubation for 48 h. The biosynthesis was confirmed by changing 

the color of the reaction as a visual indicator. 

2: Characterization of AgNPs: UV-Vis spectrophotometer analysis 

The results of the UV-Vis spectrophotometer analysis showed the appearance of an 

absorption peak at the wavelength (456 nm), as shown in Figure(5) and. Figure (6)   The 

image and figure showed the amount of absorbency of the silver nanoparticles, as the 

enzymes present in the supernatant solution of the bacteria played an important role in 

reducing silver ions and converting them into silver nanoparticles [37]. 

 

Figure 5 is an absorption spectrum of silver nanoparticles in a device. UV-Vis 

spectrophotometer 
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Figure (6 ) UV–vis absorbance curve 

3: Fourier transform-infrared (FT-IR) spectroscopy 

The active groups contained in the supernatant solution of bacteria, which are responsible for 

reducing silver nitrate salts to silver nanoparticles, were detected. The results showed the 

appearance of an absorption peak at a wavelength of 2923.56 cm -1, which indicates the 

presence of a C-H carboxyl bond in the alkane groups and a peak. Another peak at the 

wavelength of 1542.77 cm -1 indicates the presence of the N-O bond found in nitro 

compounds, in addition to another peak at the wavelength of 1396.21 cm -1, which indicates 

the presence of the O-H hydroxyl bond found in carboxylic acids, and a peak at 1056.21 cm -1 

indicates the C-O bond of carbon monoxide. Figure ( 7 ) shows the absorbance peaks in FT-

IR. These results indicate the role played by the extracellular active groups present in the 

supernatant solution of the bacteria that participated Reducing AgNO3 and converting it into 

silver nanoparticles and preventing the oxidation process of these particles, in addition to 

their encapsulating and stabilizing action, which contributed to the stability of the particles in 

the long term [38]. 
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Figure (7 )  FTIR of silver nanoparticles 

4: Examination using SEM and TEM 

The results of the examination using SEM showed that the silver nanoparticles had multiple 

shapes, with the spherical shape predominant, and the diameters of the particles ranged from 

37.38 to 14.66 nm with an average of 26.31 nm. The TEM result also showed that the 

spherical shape was dominant among the shapes, with sizes (42.72–13.77 nm) and a rate of 

25.29 nm, as shown in Figure (8). The results were consistent with many studies using 

theupernatant solution of bacteria to create silver nanoparticles. [ 39 ] 
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Figure (8). The results of the examination using SEM showed that the silver nanoparticles 

had multiple shapes, with the spherical shape predominant, and the diameters of the particles 

ranged from 37.38 to 14.66 nm with an average of 26.31 nm. The TEM result also showed 

that the spherical shape was dominant among the shapes, with sizes (42.72–13.77 nm) and a 

rate of 25.29 nm , The results were consistent with many studies using the floating solution 

of bacteria to create silver nanoparticles. 

6: Energy Dispersive X-ray Spectroscopy (EDX ) 

The result of the EDX examination showed that the silver nanoparticles were created by the 

supernatant solution of B. subtilis bacteria. The examination result showed that the powder 
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of the silver nanoparticles contained the element silver at a percentage of 45.48 out of a total 

of 81.62, in addition to the elements C and O, where the percentage of each of them reached 

12.24 and 11.11, respectively. Respectively, the reason for the presence of O and C is due to 

the exposure of silver nanoparticle powder to atmospheric conditions in the laboratory. As 

for the rest of the elements, the reason for the presence of some of them may be due to the 

nature of biosynthesis, as the supernatant solution of the bacteria originally contains these 

elements, in addition to the presence of some elements in the water that was used to wash the 

extract of silver nanoparticles after extracting them from the reaction mixture, as shown in 

Figure 9 [40]. 

 

 

elements [wt.%] [at.%] [wt.%] 

Ag 45.48 40.74 8.4 

C 12.24 9 .84 70.07 

O 11.11 9.95 13.83 

Cl 9.44 8.45 5.3 

S 0.99 0.89 0.62 

P 0.63 0.56 0.4 

Al 0.6 0.54 0.45 

Mg 0.43 0.39 0.36 
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Na 0.43 0.38 0.37 

Si 0.28 0.25 0.2 
  

Total 100 

Figure 9  shows the EDX spectrum recorded from a film after the formation of silver 

nanoparticles. Different X-ray emission peaks are labeled. 

7: X-ray diffraction (XRD) 

Silver nanoparticles by B. subtilis prepared by were examined using an XRD device within 

an angular range of (2) (80–10) to detect the crystalline and structural properties of 

nanomaterials, the results showed that silver nanoparticles have X-ray diffraction represented 

by peaks (111), (200), (202), and (311) at angles (38.2°), (46.6°), (65.2°), and (77.47°) 

Respectively, when compared with the JCPDS card 00-00-40783, the results show that the 

silver nanoparticles have a face-centered cubic shape, as in Figure 10 [41 ] 
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Figure 10 XRD of silver nanoparticles formed by Bacillus subtilis  . supernatant. The XRD 

patterns at 2 θ values 38.2°–46.6°–65.2°- 77.47° indicated the reflections of metallic silver. 

8: Antimicrobial activity of AgNPs 

The results of the current study showed that biosynthetic silver nanoparticles have an 

effective effect on the growth of pathogenic bacteria, as AgNPs gave varying diameters of 

inhibition when using different concentrations. They gave the largest diameter of inhibition 

on P. aeruginosa bacteria, as the diameter of inhibition reached 21 mm at 100% 
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concentration. The smallest diameter of inhibition was for E. coli bacteria, reaching 12 mm 

at a concentration of 25%. The results showed that silver nanoparticles in their different 

concentrations have the ability to inhibit the growth of pathogenic bacteria in different 

proportions, as shown in Table 4 and. Image 7  The results of the table showed that 

inhibition of bacterial growth occurred clearly at high concentrations, and the results showed 

that there were differences between the diameters of inhibition between the bacterial isolates, 

which is due to the difference in the composition of the bacterial wall, cell physiology in 

general, and genetic makeup, in addition to the enzymes that play an important role. In 

cellular metabolism Table Figure  11  [42], 

 

Pathogenic 

bacteria 

 

Inhibition zone (mm) on Pathogenic Bacteria 

 

concentration 

25 µg \ ml 

concentration 

50 µg \ ml 

concentration 

75 µg \ ml 

concentration 

100 µg \ ml 

P. aeruginosa 14.5 mm 15.5 mm 19.5 mm 21 mm 

E.coli 12 mm 12.75 mm 14 mm 14.5 mm 

K. pneumonia 13.25 mm 14.5 mm 15.5 mm 17 mm 

S. aureus 14 mm 15 mm 15 mm 16 mm 

Table 4: Inhibition Zone (mm) on Pathogenic Bacteria 

 

S. auerus                      K.pneumonia                         E. coli 

 

P. aeruginosa 

Figure  11 Effect of AgNPs on pathogenic bacteria A-P. aeruginosa; B-E. - E.coli C- K. 

pneumonia D- S. aureus with concentrations (25–50 - 75–100 µg/mL) 
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9: Minimum inhibitory concentration (MIC) 

The MIC results for P. aeruginosa E. coli K. pneumonia bacteria showed that it was 25 

µg\ml while it was 50 µg\ml for S. aureus bacteria, as in the Figure (12). [43] 

 

Figure12 : The minimum inhibitory concentration (MIC) 

10: Inhibition of catalase 

The results of the examination showed that silver nanoparticles with varying concentrations, 

as shown in Table 4, had the ability to inhibit the production of the catalase enzyme in 

pathogenic bacteria, which is one of the virulence factors in bacteria, as the bacteria use it as 

one of the virulence factors, as this enzyme works to decompose hydrogen peroxide into 

oxygen and water. This enzyme plays an important role in protecting cells from oxidative 

stress resulting from the formation of reactive oxygen species (ROS), as the catalase enzyme 

works to overcome oxidative stress and silver nanoparticles work, due to their small size and 

positive charge, to penetrate bacterial cells and interfere with biological molecules, thus 

leading to a reduction and absence of catalase production  and Table 5 Figure13 [44]. 
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Figure13 Inhibition catalase 

Isolate Inhibition concentration catalase 

 

P. aeruginosa 50 µg\ ml 

E.coli 25 µg \ ml 

K. pneumonia 25 µg \ ml 

S. aureus 50 µg \ ml 

Table 5  Concentrations of AgNPs on pathogenic bacteria inhibition catalase 

11: Biofilm formation by pathogenic bacteria in a microtiter plate 

The intensity of biofilm formation in pathogenic bacteria was calculated by comparing the 

absorbance result of the negative control hole (control -) AC, which contains the culture 

medium only, with the absorbance result of the positive control hole (control +) A, which 

contains the culture medium with the bacterial suspension of the biofilm-forming bacteria. 

The results showed that all bacterial isolates isolated from disease cases formed a biofilm to 

a high degree, and Table 6 and Figure14 show the intensity of biofilm formation [45]. 

Isolates Biofilm Formation Biofilm response 

P. aeruginosa 2 * AC ≤ A 2 * 0.071 ≤ 1.135 strongly biofilm 

E.coli 2 * AC ≤ A 2 * 0.070 ≤ 0.881 strongly biofilm 

K. pneumonia 2 * AC ≤ A 2 * 0.068 ≤ 1.484 strongly biofilm 
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S. aureus 2 * AC ≤ A 2 * 0.066 ≤ 0.962 strongly biofilm 

Table 6 Calculating the intensity of biofilm formation in pathogenic bacteria 

 

Figure14 shows the intensity of biofilm formation on the microtiter plate. 

12: Effect of silver nanoparticles on biofilm formation in a microtiter plate 

The inhibition force of AgNPs on the biofilm was calculated by applying the equation for 

calculating the inhibition force. The pits forming the biofilm were considered negative 

control pits, and the rest of the pits containing AgNP concentrations were considered 

positive control pits. When the equation was applied, it was shown that the highest 

percentage of inhibition found on S. aureus was 93.40% at a concentration of 100 µg/ml, and 

the lowest percentage of inhibition found on S. aureus was 83.47% at a concentration of 25 

µg/ml with a probability level of 0.05, as shown in Table 7 and the Figure15  The results 

were consistent with [46]. 
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Types of 

bacteria 

 

 

Concentrations of silver nanoparticles 

 

 

Average 

type of 

bacteria 

 

Average 

effect of 

silver 

nanoparticles 25 µg \ 

ml 

50 µg \ 

ml 

75 µg \ 

ml 

100 µg \ 

ml 

P. aeruginosa 86.80   % 87.77  % 88.10 % 88.53 % 87.80 88.05 

E.coli 91.07 % 89.40 % 90.03 % 91.00 % 90.38 89.79 

K. pneumonia 90.87 % 91.30 % 91.80 % 92.57 % 91.63 90.49 

S. aureus 83.47 % 90.70 % 92.03 % 93.40 % 89.90 91.37 

LSD 2.253  bacteria 

 

LSD 2.253  silver nanoparticles 4.506 Bilateral interference 

Table (7): Inhibition rates of silver nanoparticles and significant differences between the 

concentrations used to inhibit biofilm 

 

Figure15 groups (1, 2, - 3) containing negative and positive control factors. 
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5. Conclusion 

The silver nanoparticles synthesis capability of Bacillus subtilis bacteria was shown in the 

work of the current study as the best choice. The analysis involved in characterizing the 

silver nanoparticles showed that they were obtained in different forms, with the majority 

being of spherical shape, and the sizes of silver nanoparticles varied between 14 to 42 nm 

with a central measure of 25 nm. Researching the way silver nanoparticles are used against 

pathogenic bacteria revealed that it has very high efficacy in inhibiting the growth of the 

pathogenic bacterial isolates. Research on the application of silver nanoparticles for the 

inhibition of biofilm formation and catalase production in bacterial isolates achieved that 

silver nanoparticles has a very high efficacy in inhibiting catalase production and biofilm 

Thus silver nanoparticles could be applied for the manufacture of effective anti-infectious 

agents against drug-resistant bacteria in the future. 
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