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Abstract 

The objective of this study was to synthesize silver nanoparticles (AgNPs) utilizing an eco-friendly 

approach with Ocimum lamiifolium leaf extract as a biological reducing agent. The research focused 

on investigating how various experimental conditions influenced the stability and particle size of the 

AgNPs. The characterization of the synthesized nanoparticles involved multiple techniques, 

including X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier-transform infrared 

spectroscopy (FTIR), UV-visible spectroscopy, particle size analysis, Polydispersity Index (PDI), and 

zeta potential measurements. During the reduction process, a noticeable color change from colorless 

to grey indicated successful conversion of Ag+ to Ag°. The UV-vis spectra revealed a maximum 

absorption at 467 nm, confirming nanoparticle formation. The average particle size was found to be 

65.37 nm with a PDI of 0.241, suggesting a relatively uniform size distribution. The zeta potential was 

measured at -29.85 mV, indicating good colloidal stability over time. FTIR analysis identified various 

functional groups associated with phytochemicals, supporting the role of plant compounds in 

reduction and stabilization. XRD patterns confirmed the face-centered cubic (FCC) crystalline 

structure of the AgNPs. Furthermore, antibacterial testing showed increased inhibitory zones with 

higher AgNP concentrations, with the minimum inhibitory zone of 4 mm and maximum of 15.45 mm 

against E. coli. The green synthesis mechanism involved reduction, stabilization, membrane 

disruption, reactive oxygen species (ROS) production, and bacterial cell death. Overall, AgNPs 

produced via Ocimum lamiifolium extract demonstrated enhanced stability and effective 

antibacterial activity, highlighting the potential of plant-based green synthesis methods for 

biomedical applications. 

Keywords: antibacterial activities; particle size; reducing agents; silver nanoparticles; Ocimum 

lamiifolium leaves extract 

 

1. Introduction 

The production of nanoparticles (NPs) employing safe, dependable, non-toxic, and 

environmentally sustainable processing methods has been the focus of substantial research and 

development efforts in recent years [1]. These advancements aim to enhance the utilization of 

nanoparticles and address pressing needs, particularly in the biomedical sector [2]. It has been proven 

that appropriate NPs can be utilized for various chemical and biological applications due to their 

unique physicochemical characteristics [3]. Green synthesis methods, which offer practical 

alternatives to conventional chemical processes, include microbial, enzymatic, and plant-based 

techniques  [4–6]. The integration of NPs with enhanced safety profiles and little environmental 

effect into pharmaceutical and therapeutic applications is made possible by these activities. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2026 doi:10.20944/preprints202601.1646.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.1646.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

Biosensors, water treatment, biotechnology, biomolecules, electronics, medication delivery, 

catalysis, textiles, and bioengineering are just a few of the numerous applications of NPs [7]. NPs are 

classified into various categories, including organic, biological, hybrid, and inorganic materials [8–

12]. Among these, inorganic metallic nanoparticles (MNPs) such as those of silver, gold, nickel, 

platinum, zinc, and iron, as well as their oxide forms, have garnered considerable attention [13]. 

Particularly, since their sizes, forms, and compositions are closely related to their physical, chemical, 

and optical properties, nanoscale materials with a size range of 1 to 100 nm have garnered substantial 

attention across various sectors, from industrial to therapeutic applications [14]. Due to their 

superiority in nanomedicine applications, particularly cancer diagnostics and therapy, silver 

nanoparticles (AgNPs), one of the most important and exciting nanomaterials among the extensively 

researched NPs, have recently drawn a lot of attention [15,16]. AgNPs play a significant role in 

various applications beyond medicine. 

AgNPs have been thoroughly investigated by numerous researchers in recent years for the 

production of antimicrobial textiles, nano-silver-containing polymers, freezers, dishwashing 

machines, plastic films, and the removal of dyes from wastewater. However, regulating the size and 

distribution of the NPs during synthesis is an important step that can be accomplished by selecting 

an acceptable synthesis process, efficient reducing agents, and suitable stabilizers [17,18]. AgNPs 

have been observed in various shapes, including spheres, disks, rods, and prisms, with different sizes. 

AgNPs can be generally produced using three distinct methods: chemical, biological, and 

physical methods [19–21]. However, certain disadvantages of physical approaches have been noted, 

including the need for costly equipment, the need to sustain high temperatures, the need for a large 

amount of space, the lengthy process, and the wide range of sizes and forms of the resultant particles 

[19]. Chemical procedures, another main strategy, are less expensive, but they still require high 

working temperatures and utilize hazardous and toxic substances that are severely harmful to the 

environment [22]. Therefore, it is not difficult to select production conditions that result in 

nanoparticles of the required size. For the reasons outlined above, physical and chemical processes 

are considered irrelevant in terms of their environmentally beneficial qualities [10]. The biological 

technique is receiving a lot of interest from the research community as they hunt for ways to 

synthesize AgNPs that are non-hazardous, non-toxic, rapid, economical, require less temperature, 

cost-effective, biocompatible, ecologically friendly, and sustainable. As a result, the biological 

process, which has been investigated and documented by multiple researchers for the synthesis of 

AgNPs, can be regarded as a green approach [23,24]. Plant-based extracts have been employed as 

reducing agents to prepare AgNPs for biosynthesis. 

Numerous plant extracts have been investigated thus far as biological reducing agents for the 

preparation of AgNPs.  Cinnamomum camphora, banana peel, Caccinia macranthera, Rosmarinus 

officinalis leaf extract, Artemisia kopetdaghensis, Chenopodium murale, Gmelina arborea, and 

Capsicum annuum L. were found to be noteworthy for acting as potential reducing agents to produce 

NPs, according to other studies. Although extracts from Aloe vera, Salvia spinosa, aqueous saffron, 

Cynodon dactylon leaves, Streptomyces sp., Camellia sinensis, Vernonia amygdalina, Azadirachta 

indica aqueous leaf extract, and Acalypha indica leaf were used to make AgNPs [25,26]. Flavonoids, 

polyphenols, proteins, alkaloids, phenols, amino acids, saponins, steroids, triterpenoids, glycosides, 

and tannins are among the metabolites found in extracts from various parts of these plants that are 

primarily responsible for the reduction of metallic ions into MNPs. In the case of AgNPs, a redox 

reaction has occurred, reducing Ag+ to Ag0. In addition, the plant extract serves as a capping agent 

for the biosynthesized nanoparticles [27,28]. AgNPs become more stable as a result of these 

phytochemicals. 

Ocimum lamiifolium is an erect, hairy, perennial, vigorous branching shrub or herb that can reach 

a height of 3 m. It is a member of the genus Ocimum within the family Lamiaceae. It thrives in 

grasslands between 1,200 and 2,900 m, near roads and streams, in wilderness areas, and on the edge 

of forests. Ocimum lamiifolium has long been utilized in traditional medicine across the globe. It is 

used to treat conditions like dropsy, asthma, gastric ulcers, hepatitis, and gonorrhea. The plant is 
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commonly known as "dama-kassie" in Ethiopia. Crushed Ocimum lamiifolium leaves are used to stop 

nose bleeding, while fresh leaves are pressed and inhaled to cure colds and coughs and as an eye 

rinse for eye infections. Additionally, it is used to treat infections and inflammatory diseases as well 

as illnesses like pyrexia, eye disease, cough, cold, cutaneous leishmaniasis, headache, and herpes 

(kusil). Traditional methods of treating Mich include squeezing and sniffing fresh Ocimum lamiifolium 

leaves [29]. The Ethiopian Ocimum lamiifolium crude leaf extract was shown to be rich in many 

phytochemicals, including alkaloids, tannins, saponins, flavonoids, terpenoids, cardiac glycosides, 

anthraquinones, and phenols, according to the GC-MS data for the antibacterial impact, based on the 

research have done by Sahalie, Abrha [30]. In light of this, no research was done to examine the 

synthesis of AgNPs utilizing extract from a variety of Ethiopian Ocimum lamiifolium leaves for the use 

of antibacterial activities. Furthermore, XRD, FTIR, dynamic light scattering (DLS), Zeta potential, 

ultraviolet-visible (UV-Vis) spectroscopy, and antibacterial activity were used to characterize the 

produced AgNPs. 

2. Materials and Methods 

2.1. Materials and Chemicals  

In this experiment, distilled water and silver nitrate (AgNO3, 98.5%) were purchased from 

UDYOG (India), and Whatman filter paper (No.1, 90 mm, UK). Bio and Emerging Technology 

Institute (BETin) provided barium chloride and Mueller-Hinton agar. The Ethiopian Public Health 

Institute provided the gram-negative E. coli (ATCC 25972) bacteria. The Akaki, Ethiopia, provided 

the fresh leaves of the Ocimum lamiifolium plant. Ocimum lamiifolium leaves were cleaned with distilled 

water and shade-dried for a week in order to prepare the extract. 

2.2. Synthesis of AgNPs Using Ocimum lamiifolium Extract 

AgNPs were produced using a biological reduction process using a modified version of the Asif, 

Yasmin [31] and Tessema, Gonfa [25]. Ocimum lamiifolium leaf extract was used to make the AgNPs. 

The leaves were first cleaned with distilled water and allowed to dry in the shade for a week. A coffee 

grinder was then used to grind the dried leaves. Next, 20 g of the leaf powder and 200 mL of distilled 

water were added to a 250 mL conical flask, which was then heated for 20 minutes at 90 + 5 °C. The 

solution was then vacuum-filtered through Whatman filter paper (No. 1, 90 mm, UK) and kept in a 

refrigerator at 4 °C until the AgNPs were synthesized. ` Ocimum lamiifolium leaf extract (10 mL) was 

added to four flasks containing 100 mL of distilled water and varying concentrations of AgNO3 (1.5, 

3, 6, and 9 mM) in order to synthesize AgNPs. The flasks were set on a hot plate, and the water in the 

vessel was continuously stirred magnetically for 15 minutes to maintain a temperature of 65 + 5 °C. 

The color of the solution changed from colorless to light gray, indicating the production of AgNPs. 

The flasks were taken off the heating plates after the color shift was seen.  The flasks were kept under 

a magnetic stirrer while the solutions cooled to room temperature in order to prevent AgNPs from 

clumping together. The samples were then subjected to ultrasonic waves (Sonorex Digiplus 

DLUltrasonic Baths, Bandelin, Germany) for 15 minutes after being chilled at 4 °C for 24 h. The 

AgNPs reduction process was successful when the solutions were cooled and agitated until they 

turned into a light grey colloidal solution [32]. AgNPs synthesis using plant leaf extract is a more 

cost-effective, dependable, and ecologically friendly method. The detailed procedure for making leaf 

extract, which is used to create silver nanoparticles, is shown in Figure 1. As shown in panel (a), the 

process begins with gathering fresh Ocimum lamiifolium leaves. After a thorough washing to remove 

any dirt or contaminants, the leaves are dried and then ground into a fine powder, as shown in panel 

(b). As shown in panel (c), this leaf powder is further processed by grinding to expand the surface 

area, enabling effective extraction of bioactive chemicals. Utilizing the phytochemicals found in 

Ocimum lamiifolium leaves, this extract acts as a natural reducing and stabilizing agent in the synthesis 

of silver nanoparticles. 
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Figure 1. Preparation of leaf extract for the synthesis of silver nanoparticles. (a)  Leaf of Ocimum lamiifolium. (b) 

Leaf powder. (c) Grounded leaf. (d) Packed in PE bag (e) Leaf Extract, and (f) Synthesis of AgNPs, respectively. 

2.3. Characterization of Synthesized AgNPs  

2.3.1. Droplet Size and Distribution 

The size distributions of AgNPs were determined using dynamic light scattering (DLS ZEN3600, 

United Kingdom). After centrifuging the mixture for 15 minutes at 10,000 rpm, the diameters of the 

colloidal AgNPs in the suspension were measured. 

2.3.2. UV-Vis Spectroscopic Analysis 

UV-Vis spectroscopy (Jasco V-770, UV-Vis-JASCO Co., Tokyo, Japan) was used to measure the 

absorption spectra of colloidal AgNPs in the 200–800 nm range with a resolution of 1 nm. Using the 

technique described by Dehnavi, Raisi [33] and Tessema, Gonfa [25], UV-Vis spectroscopy was used 

to track the reduction of the silver ions (from Ag+ to Ag°). AgNPs colloidal spectrum analysis was 

conducted using distilled water as a control.  

2.3.3. Zeta Potential 

Through emulsion characterization utilizing zeta potential analysis, the electrostatic stability of 

the generated emulsions containing AgNPs based on Ocimum lamiifolium leaf extract and various 

emulsifiers was evaluated. Zeta potential (ZEN3600, United Kingdom) measurements using 

electrophoretic light scattering were used to determine the surface charge of the emulsion droplets; 

larger absolute values indicate stronger electrostatic repulsion and, consequently, greater stability 

against coalescence and phase separation. This measure is crucial for assessing how effectively 

combinations of emulsifiers and natural extracts maintain emulsion integrity over time [34]. In order 

to determine the ideal formation of AgNPs that result in maximum stability.  

2.3.4. Fourier Transform Infra-Red Spectroscopy Analysis 

FTIR spectra frequently offer details about the colloidal AgNPs that were synthesized. The data 

was recorded in the wavenumber range of 4000–400 cm-1 using an FTIR spectroscopy device (Thermo 

Scientific FTIR, IS50). The AgNPs-containing solutions were dried at 90 + 5 °C for 12 h. Additionally, 

the dried powders were subjected to FTIR spectroscopy analysis using the attenuated total reflection 

Leaf powder Grounded leaf  

Packed in PE 

bag  

AgNPs  

(b) 

  

(c) 

  

(d) 

  

(f) 

  

Leaf of Osmium 

lamiifolium 

(a) 

  

Leaf Extract 
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technique. In this investigation, a known amount of dried AgNPs was placed on a copper grid, and 

the FTIR peaks were used to analyze the functional groups. 

2.3.5. X-Ray Diffraction Studies 

A CuK emission of acceleration voltage at 40 kV and current at 44 mA was examined using XRD 

analytical equipment (Model-Ultima-IV) from a scan range of 3 to 80° of 2θ at a speed of 10.0 

degree/min. The colloidal AgNPs were dried out for 12 h at 90 + 5 °C before XRD scanning was 

performed. One gram of dry powder sample was mashed in a mortar and pestle to create a fine, 

homogenous mixture. The powders of AgNPs made using both techniques of tri-sodium citrate and 

Ocimum lamiifolium leaf extract as a reducing agent were then scanned by XRD spectrometry.  

2.4. Antibacterial Performance Evaluation of AgNPs Mixed with the Leaf Extract 

The process involved preparing bacterial suspensions and culture medium for testing. 38 grams 

of brain-heart infusion broth were autoclaved after being dissolved in 1,000 mL of sterile distilled 

water. To reach the exponential phase, E. coli cultures were cultivated in this medium for 24 h at 37 

°C. After that, the cells were collected, centrifuged for 5 minutes at 10,000 rpm, rinsed with sterile 

water, and then centrifuged one more time. They were subsequently resuspended in sterile water. A 

solution of 1% H2SO4 and 1% barium chloride dihydrate was used to create a 0.5 McFarland standard 

to standardize the bacterial concentration, which was calculated to be roughly 1.5 × 108 CFU/mL. In 

addition, 38 g of Mueller-Hinton agar was combined with 1,000 mL of sterilized distilled water to 

create agar plates, which were then incubated in a biosafety cabinet. After 24 h, 100 µL of E. coli was 

extracted from the growth plates for testing. To create the test solutions, the bacterial culture was 

resuspended in sterile distilled water, sonicated, and autoclaved after different amounts (0.5, 1, 2, 4, 

and 8 mL) of crude. Similar studies were conducted by Magnani [35], indicating that this research 

builds upon or relates to prior work in the field.  

Zone of Inhibition Test for E. coli  

The experiment was conducted in accordance with the Clinical and Laboratory Standards 

Institute's (CLSI M100) guidelines, with minor adjustments made to accommodate the specific 

experimental conditions [36]. For 24 h, 100 µL of E. coli was cultured in the medium. Next, the 

synthesis of AgNPs with the range of (0.5, 1, 2, 4, and 8 mL) was done. The method described 

somewhere was used to sonicate and autoclave the solution [37]. The samples were placed in an 

autoclave, where the medium underwent autoclave sterilization for 15 min at 121 °C, followed by a 

shaking incubator at 150 rpm at 37 °C. Then, the sterilized medium (20 mL) was aseptically poured 

onto sterile, 90 mm-diameter petri dishes, cooled to a molten state, and then allowed to cool to room 

temperature in the sterile setting in the biological safety cabinet (BIOBASE, Chia). The bacterial strain 

was sub-cultured in brain-heart infusion broth for 24 h at 37 °C, and then suspended in sterile 

nutritional broth with the 0.5 MacFarland standard adjusted. 

Sterile cotton swabs were used to swab the designated test microorganisms (100 µL each) into 

sterile plates containing Mueller-Hinton agar. The Mueller-Hinton agar was swabbed and then dried. 

Blue tips were used to punch 8-mm-diameter wells into the inoculated agar medium. Add 100 µL of 

each sample (0.5, 1, 2, 4, and 8 mL in solution) to the wells within 15 minutes. Similarly, the same 

amount of gentamycin and distilled water were pipetted for the positive and negative controls, 

respectively. Before being incubated at 37 °C for 24 hours for both bacterial strains, all dishes were 

pre-incubated at room temperature for 2 h to enable uniform diffusion of the sample solution into the 

agar medium. The diameter of the bacterial growth inhibition zone was measured in millimeters in 

order to assess the antibacterial activity [38]. Each experiment was carried out three times.  

3. Results and Discussion 

3.1. Particle Size Distribution Result Analysis Using DLS 
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The colloidal silver nanoparticles (AgNPs) produced with Ocimum lamiifolium leaf extract as a 

natural reducing agent are shown in Fig. 1f. During the synthesis procedure, 10 mL of the leaf extract 

was added to a 100 mL aqueous solution of silver nitrate (AgNO₃) at a concentration of 3 mM. 

Initially, this mixture was stored at room temperature. It was then heated on a hot plate while being 

continuously stirred by a magnetic stirrer. For around fifteen minutes, the solution was heated in a 

water bath kept at 65 ± 5 °C. AgNPs were formed at this time, as evidenced by a noticeable color shift 

from colorless to light gray. To ensure homogeneous particle production and stabilization, the 

mixture was then allowed to cool gradually to room temperature while still being agitated. The 

average size of the produced AgNPs was about 65.37 nm, according to Dynamic Light Scattering 

(DLS) analysis presented in Figure 2a. The size distribution showed a very narrow distribution 

centered on a modest particle size, ranging from as little as 1 nm to 99.2 nm. These findings imply 

that the phytochemicals in the leaf extract of Ocimum lamiifolium efficiently promoted the reduction 

of silver ions and regulated the growth of nanoparticles, resulting in the creation of AgNPs with 

appropriate size properties. Furthermore, Table 1 provides a comparative overview of the AgNPs 

obtained in this study with those reported in other research works, which employed both chemical 

and biological synthesis methods. This comparison highlights the influence of different synthesis 

strategies on nanoparticle size, distribution, and overall characteristics, emphasizing the potential of 

plant-based green synthesis for producing stable and moderately sized AgNPs. Similar studies were 

conducted by Gildas, Parfait [39]. Several natural sources, including fructose, Caccinia macranthera 

seed extract, Ocimum lamiifolium, Vernonia amygdalina leaf extract, and Cynodon dactylon leaves, were 

used to reduce AgNPs. Several methods were used to characterize the produced nanoparticles, and 

the results were in good agreement with those found in the literature. This study employed natural 

sources as efficient and sustainable reducing agents for the manufacture of silver nanoparticles 

[25,40]. The phytochemicals in the plant extract have an impact on nucleation and growth processes 

during synthesis, as evidenced by the average particle size and distribution pattern seen in this 

instance. Overall, these findings show how the manufacturing method used affects the size and 

distribution of nanoparticles, which may have an impact on their stability and biological activity. 

For the synthesis of AgNPs employing reducing agents extracted from Ocimum lamiifolium 

leaves, the observed PDI (Polydispersity Index) of 0.241 shows a comparatively narrow size 

distribution, indicating a homogenous population of nanoparticles. For stable emulsions, a PdI of less 

than 0.3 is often preferable; nevertheless, for many applications, a value of 0.289 is an acceptable 

homogeneity. The findings were consistent with other studies, such as Khiavi, Heshmati [35], who 

investigated the use of Rosa canina and Heracleum persicum extracts in the production of 

mayonnaise enriched with encapsulated extracts and Tween 80 as a surfactant. The results 

demonstrated that the PDI of 0.258 [41], and Jain and Pandey [42] produced from nano emulsion gel 

containing Prosopis cineraria, Aerva javanica, and Fagonia indica extracts with a PDI of 0.259. This low 

PDI value indicates that the synthesis procedure was carefully managed, producing nanoparticles 

with uniform sizes—a critical component for guaranteeing dependable antibacterial action. In 

addition to providing a sustainable and environmentally friendly method, using Ocimum lamiifolium 

leaves as a natural reducing agent enhances the biocompatibility and efficacy of AgNPs.  
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Figure 2. (A) Particle size and (B) zeta potential of Ocimum lamiifolium leaf extract based AgNPs synthesis. 

3.2. UV-Vis Spectroscopy Analysis 

Previous studies have demonstrated that silver ions can be reduced into AgNPs when subjected 

to reducing agents such chemicals or plant extracts, and a color shift can show this [43]. Figure 3 

displays the prepared AgNPs' energy gap and UV-vis absorption spectra.  The UV-vis absorption 

spectra of the colloidal AgNPs solution made for this investigation are shown in Figure 3a. The 

greatest absorption peak of the generated AgNPs was observed at 452 nm. These peaks show the 

creation of variously shaped and sized AgNPs. Table 1 displays the average particle size, the 

spectrum at which maximal absorption was detected, the energy gap (eV) of the current AgNPs, and 

the values reported for earlier studies. This outcome was in line with research on other reducing 

agents, including fructose, Cynodon dactylon leaves, Vernonia amygdalina leaf extract, and Caccinia 

macranthera seed extract. AgNPs with comparable absorption peaks were also generated by these 

agents [25,44]. After two months, there was no discernible change in the prepared AgNPs' stability. 

The outcome demonstrates that the stability of the current AgNPs is superior to that of the chemically 

generated AgNPs [16]. Figure 2(b) illustrates the large energy difference in the biosynthetic processes 

used to create NPs, as revealed by the findings. The changes in AgNPs' crystal structure brought on 

by plant extract may be the source of the bandgap value shift [45]. Equation 1 was used to compute 

the band gap energy. 

AgNPs  

(a) 

(b) 
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Figure 3. AgNPs made sustainably are shown in (a) in the UV-vis absorption spectrum and (b) in the energy 

bandgap. 

  (𝑎ℎ𝑣)𝑛

= 𝐴(ℎ𝑣 − 𝐸𝑔)                                                                                           (1) 

               

where a represents the E absorbance coefficient and hv (eV) is the gap band energy. As seen in Figure 

3, the bandgap energy (Eg) of AgNPs was estimated by projecting the linear portion of the plot of 

(h)2 versus h (eV) (a and b) to the x-axis. A is an integer constant, and n is the bandgap energy, which 

varies depending on whether the transition is direct (n = 2) or indirect (n = 0.5).  

The average particle diameters, wavelengths at which maximum absorption was detected, and 

energy gaps of the produced silver nanoparticles (AgNPs) utilizing different green reducing agents 

across several experiments are compared in Table 1. AgNPs with an average size of 65.37 nm, 

maximal absorbance at 467 nm, and an energy gap of 5.344 eV were produced in the current study 

using Ocimum lamiifolium leaf extract. Previous works reported smaller or comparable particle sizes, 

such as Vernonia amygdalina leaves extract producing particles around 63.08 and  70-90 nm with a 

maximum absorption at 452 and 480 nm and a slightly higher energy gap of 5.34 eV [25,46]. A wider 

range of particle sizes have been shown in other studies using green synthesis techniques, ranging 

from 8–10 nm and an absorbance of 451 nm with Cynodon dactylon leaves [47] and a wider particle 

size range 37 nm to larger sizes up to 89 nm with Caccinia macrantherase seed extract, which showed 

a clear maximum absorption at 663 nm and an energy gap of 3.1 eV [45]. Overall, these results 

demonstrate the variation in nanoparticle properties depending on the plant extract utilized, and the 

present study provides important information on the synthesis of AgNPs with particular optical and 

electrical characteristics. 

Table 1. Average particle size, wavelength at which maximum absorption was observed and energy gap the 

present AgNPs and values reported for previous works. 

Reducing agents Methods  Average 

particle 

size (nm)  

UV-vis 

analysis  

Energy 

gap 

(eV) 

References  

(a) 

AgNP

(b) 
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Ocimum lamiifolium leaves extract Green 

 

65.37 467 

 

5.344 Current 

research 

work 

Vernonia amygdalina leaves extract Green 63.08 452 5.234 [25] 

Vernonia amygdalina leaves extract Green  70-90 480 - [46] 

Chenopodium murale leaf Green 30-50 440 - [48] 

Caccinia macranthera seed extract Green 37-89  663  3.1 [45] 

Cynodon dactylon grass leaf extract Green 78.66 417  [49] 

Vernonia amygdalina leaves extract Green  34 450 - [50] 

Cynodon dactylon leaves Green  8-10 451 - [47] 

Azadirachta indica leaves extract Green  - 455  [51] 

Azadirachta indica fruit pulp extract Green 36.8 400–475  - [52] 

Table 1 illustrates how the effective synthesis of AgNPs is influenced by the concentration of the 

precursor solution (silver nitrate), the type of reducing agent utilized, and the quantity of that agent. 

Furthermore, a biological approach using Ocimum lamiifolium leaf extract proved to be reliable, 

economical, and environmentally beneficial in comparison to the chemical process. 

3.3. Zeta Potential  

Figure 2b illustrates the dispersion of zeta potential values in an AgNPs synthesis employing 

leaf extract from Ocimum lamiifolium. The zeta potential, which was measured up to 60 days after 

storage, showed that the particles in the colloid had a significantly negative surface charge. In this 

study, the final zeta potential result was -29.85. The strong electrostatic repulsion between the 

particles, which prevents dispersed droplets from aggregating and coalescing and increases the 

stability of the colloid, is indicated by these high negative zeta potential values. The limited range of 

zeta potential values, which are focused around a peak near -30 mV and represent a homogeneous 

charge distribution, further supports a stable colloid system. Similar studies conducted by  Khiavi, 

Heshmati [41] investigated the use of Rosa canina and Heracleum persicum extracts in the production 

of mayonnaise enriched with encapsulated extracts and Tween 20 as a surfactant. The results 

demonstrated that the zeta potential of these emulsions ranged from approximately -33.2 mV to -29.2 

mV. These values indicate a strong negative surface charge on the emulsion droplets, which is 

essential for maintaining stability by providing electrostatic repulsion that prevents droplet 

aggregation [41]. Because well-dispersed nanoparticles with the right surface charge may effectively 

cling to and penetrate bacterial cells, disrupting their functions and resulting in microbial death, this 

stability is essential for maximizing the antibacterial activity of the AgNPs. Overall, zeta potential 

study correlates with the potential for increased antibacterial activity and validates the successful 

manufacture of stable AgNPs utilizing leaf extracts from Ocimum lamiifolium. 

3.4. Fourier Transform Infra-Red Spectroscopy 

A popular technique for determining a material's functional groups is FTIR spectroscopy. In this 

work, the AgNPs produced by Ocimum lamiifolium leaf extract were examined using FTIR. The 
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AgNPs samples' FTIR spectra revealed many peaks between 3224 and 430 cm-1, suggesting the 

presence of active functional groups. Figure 4 shows the FTIR spectrum of AgNPs made with Ocimum 

lamiifolium leaf extract as a reducing agent. The hydrogen-nitrogen [53,54] Alcohol and phenol 

groups' stretching vibration, which produces absorption bands at 3224 cm-1 [55]. Nevertheless, 

hydroxyl groups, alkanes, and aldehydes hydrocarbon groups were found in biologically produced 

AgNPs. The peaks formed at 2887-2924 cm-1 because these groups were linked to C-H symmetrical 

stretching [56]. The functional groups of esters, methyl-symmetrical C-H bending, and carbohydrates 

are represented by the peaks at 1255, 1334, and 1361 cm-1, respectively. These groups show how the 

plant extract stabilizes and caps the AgNPs. There was also another peak at 1573–1599 cm-1, which 

might be caused by the stretching vibration of C=N bonds in amides or C=C bonds in aromatic rings 

[57]. The band at 1361 cm-1 revealed the nitro compound's N=O symmetry stretching feature, whereas 

the band at 1042 cm-1 was ascribed to the proteins' C-N of amines stretch vibration [58]. The C-O 

stretching vibrations of the phenolic and alcoholic functional groups are represented by the two 

significant peaks in the spectra that are located between 821 and 828 cm-1. These peaks indicate that 

the sample contains hydroxyl groups bonded to aliphatic or aromatic carbon atoms [56]. When the 

alkynes had a range of 630–770 cm-1, the acetylenic C–H bend displayed comparable characteristics 

to the other connections. This suggested a potential relationship between the bond strength of the C–

H bend and the alkyne frequency [59]. Amines, which include alkaloids, phenols, flavonoids, amino 

acids, glycosides, anthraquinones, saponins, and tannins, are among the common phytochemicals 

found in the production of AgNPs from plant extracts. These substances can affect the size and form 

of AgNPs by binding to their surface and donating electrons. 

 

Figure 4. FTIR spectra of AgNPs produced using Ocimum lamiifolium leaf extract. 

3.5. X-Ray Diffraction Analysis 

Figure 5a displays the XRD patterns of the dried AgNPs made using Ocimum lamiifolium leaf 

extract as reducing agents. With distinct peaks, the XRD examination verified that the AgNPs were 

crystalline. The peaks line up with the silver face-centered cubic structure's (111), (200), (220), and 

(311) planes [54]. At 2 theta values of 29.56, 32.34, 33.94, 38.22, 41.32, 44.34, 46.32, 54.92, and 77.46°, 

the AgNPs showed a diffraction peak that corresponded to the (104), (006), (110), (111), (202), (200), 

(018), (211), (220), and (311) planes of the AgNPs FCC structure. With minor differences in the lattice 

parameters, the diffraction angles for the present AgNPs samples showed a comparable crystalline 

structure [60]. For synthesized AgNPs, the prominent diffraction peaks are shown at 2° of 38.22°. The 

face-centered cubic lattice plane (111) of pure silver AgNPs is represented by these peaks. The (111) 

AgNPs  
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facets and planes are preferentially aligned parallel to the substrate's surface [61]. The crystalline size 

of AgNPs was determined using the Scherrer equation in Equation 2, and it was 29.18 nm for greenly 

produced NPs. 

𝐷(𝑛𝑚) =
𝑘 ∗ 𝜆

𝛽 ∗ 𝑐𝑜𝑠𝜃
                                                                      (2) 

where, FWHM (Full width at half-maximum), k = 0.90, λ is 0.154 nm, and 𝜃 angle.  

 

Figure 5. XRD pattern (a) and SEM (b) of synthesize AgNPs using silver nitrate solution and Ocimum lamiifolium 

leaf extract. 

3.6. Scanning Electron Microscopy 

A high-magnification scanning electron microscopy (SEM) micrograph illustrating the 

morphology of biosynthesized silver nanoparticles (AgNPs) produced by Ocimum lamiifolium leaf 

extract-mediated synthesis is presented Fig.  5b. Because the natural capping agents from the plant 

extract stabilize the particles and prevent excessive growth or agglomeration, the nanoparticles 

appear as roughly spherical or near-spherical, rounded and uniform in form, irregular, granular, and 

aggregated clusters, which is typical of biologically generated metallic nanoparticles. Individual 

nanoparticles most likely measure in the nanometer scale, which is normally between 20 and 70 nm. 

The scale bar shows that the particles are in the size range of a few micrometers. These outcomes 

closely match with the work of  Khan, Shaheen [62] and Tailor, Yadav [63]. From this work have 

been confirmed the larger silver particle size may be due to the aggregation of the smaller size [62,63]. 

Similarly reported by Yerragopu, Hiregoudar [64] due to the rough surface area of AgNPs a greater 

roughness value was obtained. This is because of AgNPs tend to cluster together when they are 

deposited on surfaces [64]. The prepared AgNPs made using a green approach where the 

nanoparticles appear to be produced fairly uniformly and to have an almost spherical morphology, 

despite the fact that their dimensions are so small. The high porosity of our product was further 

demonstrated by the absence of agglomerated nanocomposites in the SEM pictures [45,58,65–67]. 

AgNPs prepared using green method compared with a reducing agent of trisodium citrate. From 

these results shows AgNPs prepared using green method was free in aggregation, spherical shape 

and looking porous particle AgNPs prepared using the chemical method. 

3.7. Zone of Inhibition Results 

Synthesizing AgNPs then tested their antibacterial effects on E. coli at different concentrations 

(0.5, 1, 2, 4, and 8 mL). Then, using the zone of inhibition method, the bactericidal activity was 

evaluated against bacterial cultures with a density of 1.5ⅹ108 CFU/mL. Figure 6 show the average 

(a) (b) 
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size of the inhibitory zone (in mm) around the various pellets for each bacterial strain. From the 

experiments, we observed that all AgNPs concentrations inhibited of E. coli effectively. In this 

experiment, we used gentamycin as a positive control and sterilized distilled water as a negative 

control. 

The diameter of the inhibitory zone against E. coli was measured in order to assess the 

antibacterial activity of AgNPs. The results showed that the inhibitory zone increased with the 

increase in AgNPs concentration; for the same bacterial concentration, the minimum inhibitory zone 

diameter was 4 mm, and the maximum inhibitory zone diameter was 15.45 for E. coli. The results of 

this study demonstrated that the AgNPs had good antibacterial activity against E. coli, which may be 

related to the bacteria's outer membrane that acts as a barrier to AgNPs [68]. Therefore, the AgNPs 

could be considered a promising material for antibacterial applications against E. coli. A green 

reducing agent and a straightforward microwave irradiation procedure were used by Dahlous, Abd-

Elkader [69] to create AgNPs immobilized on silica particles in an environmentally acceptable 

manner. They assess the AgNPs' initial antimicrobial efficacy against the prevalent pathogenic 

bacteria, E. coli. According to the study's findings, AgNPs has outstanding antibacterial efficacy, 

preventing bacterial growth by over 90%. The AgNPs had greater antibacterial activity against E. coli 

(15.45 mm), which is consistent with this investigation. AgNPs immobilized on silica can be prepared 

using their straightforward, economical, and eco-friendly technique for a variety of uses in 

nanomedicine, catalysis, and sensing [69]. The antibacterial activity of Ocimum lamiifolium leaf extract 

based synthesis of AgNPs was compared with earlier described AgNPs synthesized using Azadirachta 

indica  fruit pulp extract [52], Cynodon dactylon grass leaf extract [49], Vernonia amygdalina leaves 

extract [46],  and Leaf extract of Ficus hispida Linn.f  [70], which presented zone of inhibition test of 

15-16, 12,  8.46-9.85, 12-14 mm, respectively. This study's findings align with previous research using 

different plant extracts for AgNP synthesis (Table 2), suggesting consistent antibacterial activity 

across different synthesis methods. 

Table 2. AgNPs made using several documented techniques exhibit antibacterial action. 

Plant source 
Tested 

pathogen 

Zone of inhibition 

(mm) 
References 

Ocimum lamiifolium leaves extract E. coli 15.45 Current 

research work 

Azadirachta indica fruit pulp extract E. coli 15 

[52] S. aureus 16 

Streptococcus  16 

Cynodon dactylon grass leaf extrac E. coli 12 [49] 

Vernonia amygdalina leaves extract S. aureus 8.46-9.85 [46] 

Leaf extract of Ficus hispida Linn.f E. coli 14 
[70] 

Bacillus subtilis 12 
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Figure 6. Zone of inhibition for the synthesis of AgNPs, a (4 mL), and b (8 mL) of E. coli. 

3.8. Proposed Mechanisms of AgNPs  

The Figure 7 has presented how Ocimum lamiifolium leaf extract are used as environmentally 

friendly reducing and stabilizing agents in the green synthesis of silver nanoparticles (AgNPs) for 

antibacterial activity. Flavonoids, alkaloids, tannins, proteins, and sugars are examples of 

phytochemicals found in plant extracts that convert silver ions (Ag⁺) from silver nitrate (AgNO₃) into 

elemental silver (Ago0) nanoparticles while also stabilizing them to avoid aggregation. By adhering 

to the cell membrane, enhancing membrane permeability, and entering the cell, the generated AgNPs 

interact with bacterial cells [63], although the precise mechanism underlying this activity is still 

unknown. Once internalized, AgNPs damage proteins and DNA, interfere with respiratory enzymes, 

produce reactive oxygen species (ROS), and block vital metabolic pathways. The efficacy of green-

synthesized AgNPs as non-toxic, economical, and ecologically friendly antibacterial agents is 

demonstrated by their combined actions, which cause membrane rupture, oxidative stress, and 

eventually bacterial cell death. According to a study by Ali, Karam [71], reactive oxygen species 

produced by plant-based silver nanoparticles interfere with bacterial physiology. These ROS cause 

oxidative damage and hinder vital biological processes by attacking proteins, lipids, and DNA. By 

successfully weakening antibiotic-resistant microorganisms, this technique improves antibiotic 

efficacy against multidrug-resistant infections and offers environmentally friendly treatment 

possibilities.  

(a) 

  

(b) 
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Figure 7. The green synthesis of AgNPs using Ocimum lamiifolium leaf extract is depicted in the mechanism, 

emphasizing the processes of reduction, stabilization, membrane rupture, ROS production, and bacterial cell 

death. 

4. Conclusions 

The study aimed to investigate the potential of biological synthesis of AgNPs using the reducing 

agents of Ocimum lamiifolium leaf extract and silver nitrate. These biologically prepared AgNPs were 

found to be more stable, with a homogenous nature and require less temperature. The prepared 

AgNPs using the green method exhibited maximum UV-Vis absorption at a wavelength of 467. The 

average diameter of the resulting AgNPs was determined to be 65.37 nm for the biologically 

produced AgNPs. The largest crystal peak in this case corresponded to (111), which has been 

validated by the XRD crystallinity of the product. FTIR analysis of the dried powdered AgNPs 

samples revealed several functional groups and phytochemical characteristic agents. Additionally, 

the antibacterial activities of AgNPs result in an increased inhibitory zone with increasing AgNP 

concentration. For the same bacterial concentration, the minimum inhibitory zone diameter was 4 

mm, and the maximum inhibitory zone diameter was 15.45 mm for E. coli.  In a nutshell, the 

biological properties of Ocimum lamiifolium leaf extract were found to be well supported for stability 

throughout storage, offering a straightforward procedure, a cost-effective, quick green chemistry 

technique, as well as attaining the excellent property of AgNPs.  
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