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Abstract 

Metal nanoparticles with a diameter of less than 100 nm have had a significant influence on a 

variety of biological applications throughout the past several decades. In this article, the eco-

friend method of preparing silver nanoparticles (Ag-NPs) utilizing Lactuca sativa leaves 

extract as a stabilizer and AgSO4 salt as a precursor is described. The Ag-NPs are then used 

as antibacterial agents. The product's characteristics were assessed using UV spectroscopy, 

FE-SEM, TEM, and XRD. Ag-NPs' size was determined by UV-vis analysis to be 13.7 nm. 

An analysis using X-ray diffraction (XRD) revealed that the silver nanoparticles had a size of 

34 nm. Different sizes, shapes of silver nanoparticles were revealed by FE-SEM images. 

Additionally, utilizing the agar-well diffusion method, the antibacterial properties of Ag NPs 

nanoparticles at 100 and 200 μg/mL concentrations were evaluated against a variety of 

harmful bacteria, including Bacillus licheniformis, Acinetobacter baumani, Escherichia coli, 

and Staphylococcus aureus. 
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Introduction 

Nanomaterials and nanotechnology have grown in importance in modern research. The term 

"nanoparticles" describes particles in at least one of the three possible dimensions that are in 

the size range of 1 nm to 100 nm. Individual atoms, molecules, and the corresponding bulk 

materials have properties that are very different from the physical, chemical, and biological 

properties of nanoparticles in this size range. Nanoparticles may be made from a wide variety 

of chemical materials, but the most widely utilized ones include metals, metal oxides, silicates, 

non-oxide ceramics, polymers, organics, carbon, and biomolecules.[1-3] Nanoparticles come in 

a variety of shapes, such as tubes, spheres, cylinders, and platelets.[4] Water disinfectants, 

electronics, household appliances, cosmetics, odor-resistant clothes, food supplements, and 

packaging materials.  One of the materials utilized in nano formulation is nano silver. Due to 

its antibacterial properties, silver has also been utilized in drinking water and swimming pool 



Volume 2, Issue 4, April - 2024  ISSN(E): 2938-3773 

 

34 | P a g e  

 

filters.[5] Metallic silver has been reduced to ultrafine particles using a number of processes, 

including electrochemical reduction, spark discharge, solution irradiation, and chemical 

synthesis, to synthesis nano silver. Twenty to fifteen thousand silver atoms make up the bulk 

of silver nanoparticles, which are smaller than 100 nm.[6]  Adding silver nanoparticles to objects 

is a typical use since silver is a soft white exotic metal. However, the development of nano 

silver compounds is primarily driven by their highly effective antibacterial characteristics.[7] 

Silver nanoparticles are among the most promising products in the nanotechnology industry.[8] 

Modern nanotechnology research is primarily concerned with creating dependable processes 

for the synthesis of silver nanoparticles.[9] In this regard, efficient in vitro techniques have been 

established recently for the bio-reduction of metal ions from their nanoparticles using plant 

extracts. Extracts from a range of plant parts, such as leaves, flowers, seeds, bark, and roots, 

have been utilized to create Ag-NPs.[10,11] Plant extracts may serve as capping and reducing 

agents in the synthesis of Ag-NPs. Aslam et al. reported that Ag-NPs were made with a plant 

aqueous extract of S. procumbens.[12] A range of techniques, such as UV-Visible, FT-IR, SEM, 

XRD, and EDX, were successfully used to characterize the produced Ag-NPs.[13] Since a wide 

range of tiny organisms have been shown to be poisonous to silver (Ag), silver-based 

combinations have been extensively used for their antibacterial properties. [14] As bactericidal 

agents, a few salt forms of Ag and their subclasses are commercially useful. Silver particles 

have a very noteworthy bactericidal effect on microorganisms; in any event, the bactericidal 

mechanism is still not fully understood. Research findings indicate that Ag+ ions form a strong 

bond with the thiol (-SH) linkages of essential molecules, thereby disabling them. [15] 

Experiments have demonstrated that when Ag-based particles are administered to 

microorganisms, the DNA's ability to replicate itself is lost. Various assessments have 

confirmed fundamental changes in the cell layer and the distribution of small electron-thick 

granules formed by sulfur and silver.[16] When compared to other salts, Ag NPs have superior 

bactericidal qualities because of their larger surface area, which promotes better microbe 

interaction. It has been noted that Ag NPs frame a low sub-atomic weight within the bacterial 

cell when they penetrate the cell membrane. [17] As a result, the bacteria group together to 

protect the DNA from the Ag NPs. As a result, Ag NPs target the respiratory system in their 

optimum fashion, causing longer-lasting cellular division and subsequent cell death.[18] The 

goal of the current work was to create silver nanoparticles using extracts from the medicinal 

plant Lactuca sativa, describe the finished product, and assess the antibacterial properties of 

the particles. 

 

Experimental part 

Biosynthesis of Ag NPs: In 50 milliliters of deionized water, AgNO3 (0.00588 mol) was 

dissolved to create the salt solution. After three days, the extract solution was progressively 

added to salt solution at room temperature. Silver nanoparticles, or Ag-NPs, were then obtained 

by filtering the mixture, collecting the precipitate, and washing it with ethanol and deionized 

water (see figure 1). 
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Fig.1. Using an extract from Lactuca sativa leaves, silver nanoparticles (Ag NPs) is 

produced. 

 

Preparation the Culture Media   

Muller Hinton agar was made by dissolving 38 grams in 1.0 liter of distilled water, autoclaving 

it at 121 degrees Celsius and 15 pounds of pressure for 15 minutes, and then pouring the sterile 

mixture onto sterile plates and storing it in the refrigerator until it was needed.(see figure 2) 

 
Fig.2. Muller Hinton agar 

 

Assessing Antimicrobial Activity using the Agar Well Diffusion Method 

To prepare the suspended bacteria and place them in tubes containing brain heart infusion broth 

to activate the bacteria, many bacterial colonies have been transferred by loop. The tubes were 

incubated at 37 °C for 18–24 hours. The suspended bacteria were compared to the usual 

MacFarland solution (1.5×108) cells/mL. Subsequently, the bacteria were distributed using a 

sterile swab and placed on Muller-Hinton agar plates. The plates were then allowed to air-dry 

for some time. Using a sterilized cork borer, a 5 mm-diameter hole was cut in the culture 

medium. 100 µL of the substance (concentration 100, 200 mg/mL) was introduced to each hole 

separately using a micropipette. Subsequently, incubate the dishes at 370 °C. The 

concentrations of piperacillin (100 µg), tetracycline (100 µg), ciprofloxacin (100 µg), and 

Staphlococcus aureus (100 µg) were arranged in the center of the petri dishes containing 

Acinetobacter baumani, Escherichia coli, Staphlococcus aureus, and Bacillus licheniformis. 

These concentrations were chosen in accordance with the Clinical and Laboratory Standards 
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Institute. The diameter of the inhibition zone surrounding each hole was measured in order to 

assess the efficacy of each concentration and antibiotic. 

 

Result and Discussion 

Characterization of synthesized silver nanoparticles: XRD, FE-SEM, EDX, and UV spectra 

of the resonance band at about 300–450 nm were used to examine the synthesis of silver 

nanoparticles, which were made using a method utilizing NaOH solution as a precipitation 

agent. One of the distinctive characteristics of metal nanoparticles is their surface plasmon 

resonance, which has been used in optical spectroscopy to calculate the size of these 

nanoparticles using the Haiss equation.[19] 

 

d= ln (λSPR - λ°)/L1/L2 

 

Where d represents the Ag-NPs' particle diameters, λSPR and λ° denote the wavelengths of 

maximum and minimum absorption, respectively, and L1 and L2 are parameters equal to 6.53 

and 0.0216.  The UV-Vis spectra reveal characteristic absorption peak of the Ag-NPs at  shown 

in figure 3. 

 

 

 

Fig. 3.  Absorbance spectra of synthesized Ag- NPs using Lactuca sativa leaves extract plant. 

Figure 4 displays the XRD of Ag-NPs that was prepared using a Lactuca sativa extract leaves. 

Ag-NPs have been seen to have a cubic structure, with an average crystalline size of 34.27 nm. 

The large peaks that are seen signify the creation of the silver nanocrystalline phase.  

 
         Fig.4. XRD pattern of Ag-NPs synthesized by Lactuca sativa leaves extract 
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Silver nanoparticles morphology was investigated by FE-SEM and TEM  techniques which has 

used to visualize the size and shape of the nanoparticles. FE-SEM micrographs of silver 

nanoparticles have given in figure 5. Figure 5 shows the FE-SEM image of the synthesized 

silver nanoparticles (Ag NPs) with spherical in shape and average size about 93.15 nm. 

  
Fig.5. FE-SEM image of silver nanoparticles synthesized using Lactuca sativa leaves extract 

The transmission electron microscope (TEM) picture of the Ag nanoparticles is shown in 

Figure 6. Silver nanoparticles were broadly spherical and tube-shaped forms and were between 

10 and 14 nm in size. 

 
Fig.6. TEM image of silver nanoparticles synthesized using Lactuca sativa  leaves extract 
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The Antibacterial Activities 

Using the disk diffusion method, the biological activity of artificially created silver 

nanoparticles derived from plant extract was investigated against four pathogenic bacterial 

isolates found in the Baqubah Teaching Hospital. These isolates included two gram-positive 

bacteria (Staphlococcus aureus and Bacillus licheniformis) and two gram-negative bacteria 

(Acinetobacter baumani and Escherichia coli). 

Some synthetic compounds' biological activity as antibacterial agents were tested against a 

variety of identified and isolated bacteria, including two gram-positive isolates (Gr +ve) of 

Staphlococcus aureus and Bacillus licheniformis and two gram-negative isolates (G –ve) of 

Acinetobacter baumani and Escherichia coli, which were chosen due to their significance in 

the development of antibiotics and medical drugs. The study of the synthesized silver 

nanoparticles' antibacterial activity at two concentrations (100 and 200 mg/mL) was presented 

in Table 1; the results indicated moderate to good activity when compared to standard 

antibiotics (ciprofloxacin, Tetracycline, and piperacillin). The biological activity can be 

explained as follows. 

 

Table 1. Result for synthesized Ag nanoparticles against Gr+ve and Gr-ve bacteria 

Comp. Bacterial inhibition diameter measured in millimeters 

Staphlococcus aureus Bacillus licheniformis Acinetobacter baumani Escherichia coli 

100% 200% 100% 200% 100% 200% 100% 200% 

Ag NPs 41 53 36 48 29 33 21 30 

DMSO N.A N.A N.A N.A 

ciprofloxacin 19 28 12 9 

Tetracycline N.A N.A N.A N.A 

piperacillin N.A N.A N.A N.A 

 

At concentrations of 100 and 200 gm/mL, the activity of silver nanoparticles derived from plant 

extract Lactuca sativa leaves is evaluated against Staphlococcus aureus, Bacillus licheniformis, 

Acinetobacter baumani, and Escherichia coli bacteria. Table 1 presents the findings of the 

comparison of moderate to good activities with drug usage.   

 

Conclusion 

In this work, the aqueous extract of Lactuca sativa leaves was effectively used as a reducing 

and stabilizing agent in the green production of silver nanoparticles. Green technologies, which 

are less harmful and more cost-effective, were successfully used to synthesis pure silver 

nanoparticles, or Ag-NPs. Ag nanoparticles' crystalline size was estimated by UV spectroscopy 

to be around 13.7. Ag-NPs were synthesized in the cubic phase, as validated by XRD 

measurement, with an average crystalline size of around 34.27 nm. The morphology of silver 

nanoparticles was examined using FE-SEM and TEM methods, yielding sizes of 93.15 nm and 

10–14 nm with spherical and tube-shaped morphologies, respectively. After being exposed to 

antibacterial activities, the prepared silver nanoparticles, or Ag-NPs, had a moderate to good 

influence on the chosen bacteria.  
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