
Journal of Medical Genetics and Clinical Biology Volume 1, Issue 7 | 2024 

 https://journal.silkroad-science.com/index.php/JMGCB  - 176 

 

 

 

 

https://doi.org/10.61796/jmgcb.v1i7.747 

 

ANTIBIOFILM SILVER NANOPARTICLES 

PRODUC BY ESCHERICHIA COLI 

 
Mohammed aqeel abdulrazz 
Department of Biology, College of Education, Qurna University 
of Basrah, Basrah, IRAQ 
 
Ismaal Jmia Abas 
Department of Biology, College of Education, Qurna University 
of Basrah, Basrah, IRAQ 
m7703d@gmail.com 
 

Received: May 22, 2024; Accepted: Jun 10, 2024; Published: Jul 17, 2024; 

Abstract: E. coli bacteria were obtained from the soil near the Euphrates River in the northern region 

of Basra City and cultured on nutrient agar media. The bacterial isolate was subjected to purification 

and thereafter seen under a microscope. The study revealed that E. coli bacteria has the capacity to 

synthesize silver nanoparticles when combined with a 1 mM AgNO3 solution. The synthesis of 

AgNPs was deduced by examining the change in color of the reaction mixture. The UV-vis 

spectroscopy results indicated that the silver nanoparticles exhibited absorbance at a specific 

wavelength of 428 nm. Additionally, the FT-IR analysis revealed the presence of active groups in 

the silver particles, which played a role in maintaining their stability. The SEM and TEM studies 

revealed that the AgNPs exhibited a spherical morphology, with diameters ranging from 47.66 to 

11.68 nm. A cubic crystal structure of silver was confirmed using an X-ray diffraction examination, 

while an EDX test indicated that the final product was silver (Ag). The antimicrobial efficacy of 

silver nanoparticles (AgNPs) against bacteria isolated from diseased patients was evaluated using 

the Well diffusion agar technique. It was shown that nano-silver effectively inhibited the 

development of the bacteria.The study utilized 96 well Microtiter plates to assess the inhibitory 

effect of AgNPs on biofilm development in harmful bacteria. 

Keywords: Biosynthesis of silver nanoparticles, inhibition of biofilm, XRD, EDX, , E. coli and 96 

well microtiter plate 
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Introduction 

The extracellular synthesis method was used in the synthesis of silver nanoparticles from E. 

coli bacteria because this method is less expensive, has high productivity, and has a high percentage 

of purity. In general, the method of biosynthesis using living organisms is considered to have an 

advantage over physical and chemical methods because these methods require The use of highly toxic 

materials to reduce silver nitrate salts to silver nanoparticles requires energy consumption and 

advanced equipment [1]. E. coli bacteria were used in the synthesis of silver nanoparticles because 

they possess reducing factor that contributed to reducing AgNO3 to AgNPs [2]. The nanoparticles 

were characterized by many characteristics and features that distinguished them from other materials, 

as many techniques and devices were used to describe them, as SEM explained. And TEM showed 

that the diameters of the nanoparticles ranged from 1 to 100 nm, and the nanoparticles were 
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characterized by their absorbance at wavelengths (420 to 470 nm) when using UV-visible 

spectroscopy. The active groups attached to the nanoparticles contributed to the stability and 

stabilization of the particles when detected by the FT-IR device. The silver nanoparticles have a cubic 

crystalline structure that distinguishes them from the rest of the materials when using the 

Nanoparticles possessed unique biological properties in addition to their structural rigidity despite 

their atomic structure, high tolerance to high temperatures, the ability to conduct electricity, and their 

large surface area compared to Its size is [3]. Recently, the widespread use of antibiotics has led to a 

decrease in their ability to kill pathogenic bacteria such as Pseudomonas aeruginosa, E. coli, 

Klebsiella pneumonia, and Staphylococcus aureus, so it was necessary to carry out medical 

interventions to reduce this risk [4]. The defense mechanisms found in disease-causing bacterial 

species are efflux pumps and biofilms. The biofilm plays an important role in antibiotic resistance, as 

it gives the bacteria inside the biofilm a thousand times more resistance than those bacteria that are 

free and floating [5]. In addition to the importance of the biofilm in retaining water and nutrients in 

harsh environmental conditions [6], Silver nanoparticles had the ability to penetrate the biofilm and 

adhere to the bacterial cell membrane. The small size of the silver nanoparticles enabled them to pass 

through the biofilm , which leads to changes in the composition of the plasma membrane of the 

bacterial cell and leads to the collapse of the membrane and thus leakage of cell contents and death. 

Cell [7]. 

 

Methods 

2-1: Collecting samples 

 The soil was dug up to a depth of 5 cm. The soil sample was taken from the edge of the river, 

kept in a sterile plastic bottle, and transported to the laboratory. 1 gram of soil was weighed and 

dissolved in 5 ml of distilled water and mixed with a vortex, and a cotton swab was used to spread 

the suspension. on a Petri dish containing the nutrient agar medium [8]. 

 

2-2: Diagnosis of bacterial isolates 

The study utilized the cultural characteristics of E. coli bacteria when grown on nutrient agar 

medium and MacConky agar medium, as well as their phenotypic characteristics when stained with 

the Gram stain and observed under a microscope to determine the shape and arrangement of the cells. 

Additionally, biochemical tests were conducted, and a molecular diagnostic examination was 

performed using PCR with 16SrRNA and DNA size detection by comparing it with a ladder through 

gelelectrophoresis [9]. 

2–3: Prepare a solution of silver nitrate. 

 

A solution of silver nitrate (AgNO3) was prepared at a concentration of 1 mM by dissolving 

42.1 mg in 100 ml of distilled water and stored in a tightly closed, opaque glass box to avoid oxidation 

until used [10]. 

 

2-4: Biosynthesis of silver nanoparticles 

An E. coli bacterial culture was prepared by inoculating isolates of the bacteria into a 250-ml 

conical flask containing 100 ml of nutrient broth medium. The flask was then placed in a shaking 

incubator set at a temperature of 37 °C and a rotation speed of 150 rpm for 24 hours. Following the 

completion of the incubation time, the bacterial culture was subjected to centrifugation at a speed of 

8000 revolutions per minute in order to gather the liquid portion (supernatant) in a glass container. A 

total of 90 ml of the liquid portion of the E. coli bacteria was combined with 10 ml of a solution 

containing silver nitrate. The resulting combination was then placed in a shaking incubator and kept 

at a temperature of 37 °C for a duration of 24 hours, with the rotation speed set at 150 rpm. Following 

the completion of the incubation period, the reaction mixture underwent a color change, which serves 

as the initial sign of the formation of silver nanoparticles [11]. 
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2-5: Characterization of silver nanoparticles 

2-5-1: Change in color 

The change in color of the reaction mixture is the first indication of the formation of silver 

nanoparticles as a result of the reduction of silver nitrate salts to silver nanoparticles,                Ag + 

→ Ag 0 [12]. 

 

2-5-2: UV-visible spectroscopy 

A UV-visible spectrophotometer device with a wavelength of 200–1000 nm) was used to 

detect the absorbance of the silver nanoparticles. The supernatant solution was used to zero the device, 

and the absorbance of the silver nanoparticles was measured, as the silver nanoparticles have a 

wavelength ranging between 420 and 470 nm. [13]. 

 

2-5-3: Fourier transform infrared (FT- IR) spectroscopy 

 

Powdered silver nanoparticles resulting from biosynthesis were used with potassium bromide 

tablets and examined with an FT-IR device to detect the active groups, which contributed to the 

stability of the nanoparticles [14]. 

 

2-5-4: Scanning electron microscope (SEM) and Transmission electron microscope 

(TEM). 

SEM and TEM were used to detect the sizes of the silver nanoparticles formed, to clarify their 

shape, and to know the nature of the AgNPs surface by sending a beam of focused electrons with high 

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

the homogeneity of the examined material [15]. 

 

2-5-5 : X-ray diffraction (XRD)   

A X-ray diffraction (XRD) instrument was employed to ascertain the crystalline and structural 

properties of the synthesized silver nanoparticles. The experiment utilized a Shimadzu 600 device 

equipped with a monochromatic copper beam of 0.15406 nm wavelength. The device operated at a 

power of 4 kilovolts and a current of 30 amps. The scanning speed was set at 6.02 degrees within an 

angular range of 2Ɵ. The ray entry hole had a diameter of 0.3 mm. The experiment involved placing 

powdered silver nanoparticles on the surface of a silicon slice in the XRD device [16]. 

2-5-6 : Energy diffraction X-ray (EDX) 

The examination was conducted using EDX to reveal the purity of the silver formed and the 

nature of the elements accompanying the nanomaterial [17]. 

 

2-5-7 : The effect of AgNPs on the growth of pathogenic bacteria 

 

Pathological isolates isolated from acute infections (Pseudomonas aeruginosa, E. coli, 

Klebsiella pneumonia, and Staphylococcus aureus) were cultured, and the Well diffusion method was 

used to detect the diameters of inhibition of silver nanoparticles, where four concentrations were used 

(25, 50, 75, and 100 µg/ml). The bacterial species were grown on Muller-Hinton agar medium, holes 

with a diameter of 6 mm were made, and 200 µl of nanosilver concentrate was added to the holes 

[18]. 

 

2-5-8 : Determine the minimum inhibitory concentration. 

Test tubes were produced, each containing 1.8 ml of nutrient broth medium. For each bacterial 

species (Pseudomonas aeruginosa, E. coli, Klebsiella pneumonia, Staphylococcus aureus), a bacterial 

suspension was introduced to the tubes. Additionally, nanosilver concentrations were also added to 

the tubes. Control tubes were prepared by combining the bacterial suspension with the nutritional 

medium, without the addition of silver nanoparticles. Subsequently, all tubes were placed in the 
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incubator and incubated at a temperature of 37 °C for a duration of 24 hours. Following the completion 

of the incubation time, the level of cloudiness in the control tubes was compared to the tubes that 

included both the bacterial cultures and silver nanoparticles. By monitoring the lowest level of 

cloudiness present in the tubes, the minimum inhibitory concentration was established [19]. 

2-5-9 : The effect of silver nanoparticles on catalase enzyme production in pathogenic 

bacteria 

Eight test tubes containing 1.8 ml of nutrient broth medium were prepared, and the bacterial 

suspension for the pathogenic isolates was added to them. The minimum inhibitory concentration was 

added to four tubes containing the bacterial cultures, and four containers were left on the bacterial 

cultures without adding silver nanoparticles, and they were considered control factor The tubes were 

incubated in the incubator at a temperature of 37 °C for 24 hours, and after the end of the incubation 

period, a few drops of treated and untreated bacterial cultures were taken and placed on the surface 

of a glass slide, and drops of a 3% hydrogen peroxide solution were added to it. It was observed that 

bubbles appeared or did not appear. Its appearance is [20]. 

 

2-5-10 : Inhibition of biofilm formation by silver nanoparticles 

Test tubes containing 5 ml of nutrient broth medium were prepared, and 1 ml of 2% glucose 

solution was added to them. The bacterial suspension of pathogenic bacterial species was added to 

the test tubes and mixed well using a vortex device. 0.1 ml of nutrient broth medium was added to 

the pits of a plate. The calibration was considered a negative control factor, and bacterial cultures 

were added to the remaining pits in an amount of 0.1 ml and were considered a control factor 

Positively, an ELISA device was used, and the absorbance of the positive control pits was compared 

with the negative control pits according to Table 1, where (A) refers to the positive control pit and 

(AC) refers to the negative control pit. The effectiveness of silver nanoparticles against film formation 

was measured. Biotechnology by means of where 0.1 ml of bacterial cultures of the four species were 

added to the pits and it was considered a negative control factor, and 0.08 ml of bacterial cultures 

were added to the remaining pits and nanosilver concentrations (0.02) were added (25, 50, 75, 100 

µg\ ml) and was considered a positive control factor, as the microtiter plate was incubated at a 

temperature of 37 °C. For 24 hours, after the end of the incubation period, the contents of the plate 

were emptied and washed with a PBS solution. The plate was left to dry at room temperature for 10 

minutes, then the crystal violet dye was added and left for 5 minutes. After that, the contents of the 

plate were emptied and washed with a PBS solution. Added to it was glacial acetic acid at a 

concentration of 33%. The intensity of biofilm formation and the inhibition power of AgNPs were 

measured using an ELISA device [21]. The inhibition power of silver nanoparticles on biofilm 

formation was calculated according to the inhibition equation [22]. 

 

Table 1 Shows the Intensity of biofilm formation in pathogenic isolates 

Non-biofilm forming A ≤ AC 

Medium biofilms AC ≤ A ≤ 2 * AC 

Strong biofilms 2 * AC ≤ A 

Inhibition of biofilm = 
Negative control wavelength − positive control Wavelength  

Negative control wavelength
   × 100 

The equation for calculating the biofilm inhibition percentage 

Result and Discussion 

3-1 : Sample collection 

E. coli bacteria were isolated from soil taken from the edge of the Euphrates River in the northern 

Basra city. The soil sample was diluted with distilled water and spread on nutrient agar medium. The 

isolate was purified based on its phenotypic and microscopic characteristics and molecular diagnosis. 

 

3-2 : Appearance characteristics 

Colonies of E. coli bacteria appeared pink in color, solid and dry in consistency, and medium size 
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when grown on MacConky agar medium due to their ability to ferment the sugar lactose, as in Figure 

1 [23]. When grown on blood agar medium, the bacteria showed the ability to decompose blood. The 

β type possesses the enzyme hemolysin [24]. 

 

3-3 : Microscopic diagnosis 

After staining with Gram stain and examining it under microscopy it appeared that the cells were 

single rod-shaped or clustered in pairs and did not form spores, as in Figure 1 [25]. 

 

 

 
Figure 1: Growth of E. coli bacteria on MacConky agar medium and fermentation of lactose 

 

3-4 : Biochemical tests 

E. coli bacteria showed positive results for many tests and negative results for some, as shown in 

Table 2. 

Table 2: Results of biochemical tests for E. coli bacteria 

 

Urease Citrate  Oxidase Catalase MRD Indole Isolate 

+ - + + + + E.coli 

 
3-5 : Molecular diagnostics 

A molecular diagnostic test was conducted for E. coli bacteria by using the 16S rRNA gene to confirm 

the results of the phenotypic and microscopic examination. DNA was extracted from the bacteria, and 

the electrophoresis results showed the appearance of DNA bands on the agarose gel. When the 

bacterial DNA was amplified using the polymerase chain reaction (PCR), the chain reaction using 

primers (F27) and (R1492) showed that the size of the base pairs was 1492 bp when compared with 

the DNA ladder, as shown in Figure 2.. The technique was used Sanker performed a sequencing 

analysis of the resulting amplification of the 16S rRNA gene, where the results showed a 99.87% 

match with the reference sample E. coli in GenBank with serial number MF919600.1, and the sample 

of the current study was registered in GenBank with number PP475417, as in Table 3. 

Table 3: Percentage of identity with the reference sample in GenBank, the serial number of the 

reference sample, and the serial number of E. coli bacteria registered in GenBank 

Present sample Accession NO. GenBank sample Accession No. Identity % 

Escherichia coli PP475416 E.coli MF919600.1 99.87 % 
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Figure 2: DNA amplification of E. coli bacteria compared to the DNA ladder 

 

3-6 : Characterization of AgNPs 

3-6-1: Change in color 

The reaction mixture consisting of 90 ml of the supernatant solution of E. coli bacteria with 10 ml of 

AgNO3 solution at a concentration of 1 mM showed that the color of the reaction mixture changed 

from yellow to brown, which indicates the reduction of silver nitrate salts to silver nanoparticles [26]. 

As in Figure 3.. The reason why the reaction mixture does not appear silvery is due to the phenomenon 

of plasmon resonance that occurs in metals when the diameters of their particles reach nanoscale 

diameters (1–100 nm). [27] 

 

 
 

Figure 3: The bacterial supernatant was treated with 1 mM of AgNO3 before and after incubation 

for 24 h. The biosynthesis was confirmed by changing the color of the reaction as a visual indicator. 

3-6-2 : : UV-visible spectroscopy 

The results of the examination using UV-Vis spectrophotometer analysis showed the appearance of 

an absorption peak at the wavelength (428 nm), which is evidence of the formation of silver 

nanoparticles, as in Figure 4.. The results agreed with [28] in using the supernatant solution of E. coli 

bacteria in the reduction of silver nitrate salts. 
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Figure 4 shows the UV-vis absorption curve of the reaction mixture after incubation. The maximum 

absorption peak of the surface plasmon of AgNPs is present at 428 nm. 

 

3-6-3 : Fourier-transform infrared spectroscopy (FT-IR) 

The FT-IR examination showed the appearance of many active groups that contributed to the 

reduction of AgNO3 silver nitrate salts into silver nanoparticles. The infrared device showed the 

appearance of different peaks for the active groups, as a peak appeared at 3305.39 cm-1, which 

expresses the N-H bond present in the aliphatic primary amine group, and another peak appeared at 

2360.44 cm-1, which indicates the O=C=O bond present in the carbon dioxide group, while the peak 

at 1643.05 cm-1 indicated the presence of the C=C is located in the alkene group 

A peak appeared at 663.393 cm1, indicating the presence of the C-Cl bond present in the group of halo 

compounds, as shown in Figure 5.. These compounds contributed to the reduction of silver nitrate 

salts and their conversion into silver nanoparticles, in addition to their role in encapsulating AgNPs 

and preventing the oxidation process of these particles [29]. 
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Figure 5 FT-IR of silver nanoparticles formed by E. coli supernatant. The spectrum of FTIR 

identified the unique peaks at 3305.39 cm-1, 2360.44 cm-1, 1643.05 cm-1, and 663.393 cm-1. 

 

3-6-4 : Examination using SEM and TEM 

The SEM results showed that the nanoparticles formed had spherical shapes and sizes ranging 

between 11.68 and 47.66 nm and an average of 23.88 nm. The TEM results confirmed that the 

nanoparticles appeared in a spherical shape that prevailed among the particles and that the sizes 

ranged between 13.17 and 40.01 nm at a rate of 27.57 nm, as shown in Figure 6.. The results of the 

current study agree with [30]. 

 

 
 

Figure 6 TEM and SEM Pictures of AgNPs synthesized by E. coli (A) SEM and (B) TEM show an 

aspherical shape. The average size in TEM was 27.57 nm, and in SEM it was 23.88 nm. 

 

 

3-6-5 : X-ray diffraction (XRD) 

An X-ray diffraction examination was conducted for silver nanoparticles synthesized using E. coli 

bacteria to detect the crystalline pattern of the formed particles. The silver particles were examined 

with an XRD device, and the data generated from the device was processed using the X'Pert 

HighScore program to obtain the crystalline form of nanosilver, the examination result showed the 
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appearance of peaks (111, 200, 220, 311) that corresponded to pool reflections from angles of 2Ɵ 

(38.11°, 44.27°, 64.42°, 77.47°), respectively, when compared with the JCPDS card. The same 

number (00-004-0783) is in the X-ray diffraction database. These results indicated the presence of 

silver nano Ag and its possession of a cubic crystal pattern (Cubic) .When examining the other peaks 

obtained, it was found that angles (26.65°, 32.79°, 47.07°, and 65.44°) appeared at the peaks (110, 

111, 211, 220, 311) when compared with the JPCDS card number (00-041-1104). The results 

indicated the presence of silver nanoparticles with a cubic crystal pattern, as shown in Figure 7  [31]. 
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Figure 7  XRD of silver nanoparticles formed by E. coli supernatant. The XRD patterns at 2 θ 

values of 38.11 °, 44.27 °, 64.42 °, and 77.47 ° indicated the reflections of Ag, and 26.65 °, 32.79 °, 

47.07 °, and 65.44 ° indicated the reflection of AgO 

 

3-6-6 : Energy Dispersive X-ray Spectroscopy (EDX ) 

A test utilizing energy dispersive X-ray analysis was performed to identify the chemical composition 

of silver nanoparticles that were generated biologically by the extracellular manufacturing technique. 

The analysis revealed a significant concentration of silver, along with trace amounts of other metals. 

The EDX test findings revealed a prominent peak suggesting a significant presence of silver and a 

substantial overall quantity. The cumulative weight of the items featured in the test. Furthermore, a 

set of components was seen, including carbon, which is believed to be present due to its occurrence 

in the biomass and its existence in the bacteria's supernatant solution. The examination results 

indicated the presence of elements such as aluminum, magnesium, silicon, sodium, and nickel in small 

proportions relative to the total weight of the sample. These elements were found to be remnants from 

previous samples that had adhered to the silicon chip of the SEM device used for examination. Figure 

8 displays the proportion of silver and other elements. The findings of the present investigation are 

consistent with the results reported in reference [32]. 
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Figure 8 EDX analysis shows the percentage of formation of silver, carbon, oxygen, chlorine, 

silicon, phosphorus, and sulfur. 

 

3-6-7 : Effect of silver nanoparticles on bacterial growth 

The inhibitory ability of AgNPs on P. aeruginosa, E. coli, K. pneumoniae, and S. aureus bacteria was 

examined using the etch diffusion method, where silver nanoparticles synthesized from E. coli 

bacteria showed that they have the ability to inhibit bacterial growth when concentrations are used 

(25, 50, 75, 100 µg\ml), where the concentration (25 µg\ml) gave an inhibition diameter of (14.5, 14, 

12, 15mm), while the concentration (50 µg\ml) gave diameters of inhibition (15, 15, 13, 18mm). On 

bacterial species, respectively, the concentration (75 µg\ml) gave diameters of inhibition (17, 16, 15, 

19 mm), and the concentration (100 µg\ml) gave diameters of inhibition (18, 17, 16, 21mm) on the 

bacterial species. Respectively, the test results showed that AgNPs have the ability to inhibit the 

growth of pathogenic bacteria with different diameters of inhibition, as the diameters of inhibition 

increased at high concentrations, and the results showed a clear increase in the diameters of inhibition 

when concentrations increased. The results showed that there is a difference between the diameters 

of inhibition between the pathogenic bacterial isolates, which is attributed to the difference in the 

structure of the cell wall and the physiology of the bacterial cells, in addition to the cellular 

metabolism of the bacteria through the enzymes that the bacteria possess [33]. Figure 9 and Chart 1 

show the inhibition diameters of silver nanoparticles, and the results of the current study were 

consistent with [34] 

    
Figure 9  shows the diameters of inhibition on bacteria 1 (P. aeruginosa), 2 (E. coli), 3 (K. 

pneumoniae), and 4 (S. aureus) on Muller-Hinton agar medium using concentrations. ( 25 µg\ml , 

50 µg\ml , 75 µg\ml , 100 µg\ml ) 
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Chart 1 shows the percentages of inhibition on bacterial species when using AgNPs produced from 

E. coli bacteria. 

 

3-6-8 : Determine the minimum inhibitory concentration. 

The results showed that silver nanoparticles reached a minimum inhibitory concentration on bacterial 

species of about 25µg/ml, as in Table (4) and Figure (10). The thickness of the biofilm of bacterial 

cells plays an important role in determining the percentage of inhibitory concentration, as the passage 

of nanoparticles The throughput of the plasma membrane depends on the thickness of the plasma 

membrane [35]. 

 

 

Table 4 shows the minimum inhibitory concentration for the bacterial species P. aeruginosa, E. coli, 

K. pneumoniae, and S. aureus. 

Types of bacteria Minimum inhibitory concentration 

P. aeruginosa 25µg\ml 

E.coli 25µg\ml 

K.pneumoniae 25µg\ml 

S.aureus 25µg\ml 

 

 
Figure 10 shows the percentage of turbidity in the negative control agent for bacterial cultures not 

treated with silver nanoparticles compared to the positive control agent containing bacterial cultures 

with silver nanoparticles to determine the minimum inhibitory concentration. 
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3-6-9 : The effect of silver nanoparticles on the production of the catalase enzyme 

The test results showed that silver nanoparticles had the ability to inhibit catalase production in 

pathogenic bacterial isolates when a concentration of 25 µg/mL was used. The test results showed 

that bacterial cultures not treated with silver nanoparticles showed bubbles when hydrogen peroxide 

was added at a concentration of 3%, which is evidence of the production of the catalase enzyme, as 

the catalase enzyme is the most common enzyme in bacteria, as it works to decompose hydrogen 

peroxide into oxygen and water, while bacterial cultures treated with silver nanoparticles did not show 

bubbles when hydrogen peroxide was added, which tends to inhibit the production of the catalase 

enzyme, as in Figure (11). The results of the current study agree with [36]. 

 

    
Figure (11) shows the production of catalase in bacterial cultures not treated with silver 

nanoparticles and bacterial cultures treated with silver nanoparticles in which catalase was not 

produced. 

3-6-10 : Measuring the intensity of biofilm formation using a microtiter plate 

The results of the ELISA device showed that when comparing the absorbance of the control pits AC 

containing the culture medium only with the pits containing the bacterial culture A, it was found that 

the biofilm formed in the bacterial isolates was of high intensity, as the pit containing the bacterial 

culture P. aeruginosa (A) showed Absorbance (1.098), while the absorbance of the control pit (AC) 

was (0.087), and the pit containing the bacterial culture E. coli (A) showed an absorbance of (1.433), 

while the absorbance of the control pit (AC) was (0.078), and the pit containing the bacterial culture 

showed K. pneumonia (A) absorbance (1.175), while the absorbance of the control hole (AC) was 

(0.097), and the examination showed the absorbance of the hole containing the S. aureus bacterial 

culture (A) (1.288), while the absorbance of the control hole (AC) was (0.098). Table 5  and Figure 

12  show the intensity of biofilm formation in bacterial isolates, and the results agree with [37]. 

Table (5) shows the intensity of biofilm formation in pathogenic bacterial isolates. (AC) negative 

control pits containing the culture medium only. (A) control pits containing biofilm-forming 

bacterial cultures. 

Isolates Biofilm Formation Biofilm response 

P. aeruginosa 2 * AC ≤ A 2* 0.088 ≤ 1.098   strongly biofilm 

E.coli 2 * AC ≤ A 2* 0.087 ≤ 1.433   strongly biofilm 

K. pneumonia 2 * AC ≤ A 2* 0.097 ≤ 1.175   strongly biofilm 

S. aureus 2 * AC ≤ A 2* 0.098 ≤ 1.288   strongly biofilm 
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Figure (12) Microtiter plate containing the bacterial cultures forming the biofilm (AC), the negative 

control hole (A), and the positive control hole forming the biofilm 

 

3-6-11 : Effect of silver nanoparticles against biofilm formation by microtiter plates 

The effectiveness of silver nanoparticles formed by E. coli bacteria against biofilm formation was 

determined using a microtiter plate. The results showed, when applying the inhibition equation, that 

the highest rate of inhibition reached (92.27%) on K. pneumonia bacteria at a concentration of 

100µg/ml, even if it was less. The inhibition rate reached 82.80% on P. aeruginosa bacteria at a 

concentration of 25 µg/ml,, as in Table (6) and Figure (13), and the results were consistent with [38]. 

 

Table 6: Biofilm inhibition rates in biofilm-forming bacterial isolates using silver nanoparticles 

using concentrations (25 µg/mL, 50 µg/mL, 75 µg/mL, and 100µ g/mL) 

 

Types of bacteria 
Nanosilver concentrations 

25µg\ml 50µg\ml 75µg\ml 100µg\ml 

P. aeruginosa 82.80 88.03 89.27 89.97 

E.coli 87.43 89.40 90.50 91.93 

K. pneumonia 88.03 89.73 91.50 92.80 

S. aureus 83.47 89.10 90.33 91.27 
 

 
 

Figure 13 shows a microtiter plate containing cultures of biofilm-forming bacterial isolates and 

the rates of biofilm inhibition using silver nanoparticles formed by E. coli 
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