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Abstract: Chemical synthesis of nanoparticles is costly, harmful to the environment, and less 

efficient in terms of materials and energy demand. Therefore, the synthesis of ecologically 

friendly nanoparticles that do not produce harmful waste throughout the manufacturing process 

has piqued the curiosity of researchers. This can be accomplished by using biological synthesis 

procedures that are regarded as safe and environmentally friendly compared to traditional 

physical and chemical methods. Herein, tea (Camellia sinensis) leaf extract was used to 

synthesize the silver nanoparticles (AgNPs). Ultra-violet-visible spectrophotometry (UV-Vis), 

X-ray diffraction (XRD), Zeta potential, Fourier Transform Infrared (FTIR) spectroscopy, 

Field Emission Scanning Electron Microscopy (FESEM), and Energy Dispersive Spectroscopy 

(EDX) were used to characterize the as-synthesized AgNPs. The surface plasmon resonance 

(SPR) peak of AgNPs was observed at 400–500 nm in UV-Vis spectra. The band gap energy 

of 3.605 eV was computed by Tauc’s plot analysis, suggesting the semiconductor applications 

of AgNPs. The size of AgNPs estimated from FESEM was 66.87 ± 16.74 nm. EDX analysis 

confirmed the AgNPs’ purity with a strong silver signal at 3 keV. The evaluation of 

antimicrobial activity of AgNPs against Gram-negative bacterium (Escherichia coli), Gram-

positive bacterium (Bacillus subtilis), and pathogenic fungus (Candida albicans) was carried 

out. The zone of inhibition (ZOI) exhibited against those microbes was respectively 12, 11, and 

10 mm, against the 20 mm ZOI exhibited by the control kanamycin. These corroborating facts 

have led to the conclusion that Camellia sinensis leaf extract is suitable for the environmentally 

friendly synthesis of AgNPs with potential antimicrobial uses. 

Keywords: Camellia sinensis; leaf extract; silver nanoparticles; green synthesis; tauc’s plot; 

antimicrobial actives 

1. Introduction 

Nanoparticle synthesis through conventional chemical and physical methods 

often requires expensive equipment, high energy input, and complex processing steps. 

Furthermore, the majority of chemicals used in these synthetic routes are hazardous, 

toxic, and their improper handling or disposal can pose serious risks to human health 

and the environment. The incorporated toxic residual chemicals during the synthesis 

and processing of nanoparticles can limit their suitability for biomedical and clinical 

applications [1]. Consequently, there is a growing interest in green synthesis methods 

for nanoparticle synthesis, which eliminates or minimizes the use of hazardous 

chemicals and prevents the formation of toxic byproducts. In this respect, the demand 

for “green nanotechnology” seems to be growing [2]. 

The nanoparticles of noble metals such as Palladium, Tin, Copper [3], Silver [2,4], 

and Gold [5] are now receiving considerable interest due to their unique characteristics 
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and applications in various sectors. Among them, AgNPs are one of the most important 

and intriguing nanoparticles having significant biomedical applications. AgNPs can 

be synthesized by the chemical reduction method, such as the reduction of silver ions 

from silver nitrate precursor using hydrazine hydrate as a reducing agent [6]. But 

hydrazine hydrate is a hazardous chemical. The biological approach involves 

nanoparticle synthesis using bacteria, fungi, and plant extracts. Plant extracts have 

often been employed as reducing agents instead of chemical reducing agents in this 

technique. Therefore, there is no need to introduce any hazardous substances, as the 

process is renewable and affordable [7]. 

Silver nanoparticles (AgNPs) find diverse applications in molecular diagnostics, 

therapeutic interventions, antimicrobial applications, and various medical devices due 

to their high surface-to-volume ratio and unique physicochemical properties [8]. 

Besides, AgNPs find their applications in electronics, biosensors, catalysis, photonics, 

and optoelectronics due to their good electrical conductivity and chemical stability [9]. 

Since ancient times, metallic silver as well as other silver compounds have been well-

recognized for their antimicrobial properties and have been used in burns, wounds, 

and antibacterial infections [10]. Nevertheless, those applications opened the windows, 

but their efficiencies were measurable. So in the modern society, AgNPs has been 

reported to use to induce apoptosis (a programmed cell death) more strongly than 

necrosis in cancer cell lines [11], which has also been reported against different cell 

lines: gastric cancer cells [12], human breast cancer cell (MCF-7), and human colon 

carcinoma cell (HCT-116) [13]. AgNPs show antimicrobial, antifungal [14], 

antioxidant [15], anti-diabetic [16], and anti-inflammatory effects, making them 

promising candidates for the development of novel and cost-effective pharmaceutical 

drugs [17]. The AgNPs synthesized using the green approach can exhibit good activity 

against isolated dermatophytes, which can be utilized to develop drug-resistant, broad-

spectrum antibiotics and aid in treating various types of wounds and burns [18]. 

Additionally, they possess the ability to act in oral rehydration solutions and 

disinfectants. AgNPs have been shown to improve and prolong the performance of 

drugs and targeted drug delivery systems [18]. In addition, silver nanoparticles are 

essential in the pharmaceutical industry because they serve as antibacterial agents with 

minimal toxic effects [19]. 

Antibiotic resistance is one of the world’s greatest health risks, and microbial 

resistance grows faster than the current rate of discovering new and effective 

medicines. To counter these antibiotic-resistant microorganisms, metal-based 

antimicrobial substances such as AgNPs with readily adjusted physicochemical 

characteristics can be prepared. AgNPs have a broad antibacterial impact as they can 

damage the extracellular membrane and intracellular components of bacteria. The 

AgNPs used as antimicrobial agents in the medicinal field release silver ions, and those 

ions primarily exhibit antibacterial and antifungal properties [20]. 

Green synthesis is the creation of nanoparticles using environmentally friendly 

components obtained from bacteria, fungi, and plants, and they are free of the 

drawbacks that come with traditional synthetic techniques [21]. It has been reported 

that extracts obtained from yeast, bacteria, actinomycetes, fungi, algae, and plants can 

be used to synthesize AgNPs [22]. The secondary metabolites, like alkaloids, 

flavonoids, terpenoids, steroids, amino acids, phenolics, saponins, polysaccharides, 
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etc., present in plant extract, are responsible for the reduction of metal ions to metallic 

nanoparticles [23] and serving as a capping agent. Despite numerous studies reporting 

on AgNPs synthesis by the green synthesis route, there are still some lacunae in the 

identification of suitable phytochemicals. A core challenge is compounded by the 

difficulties in scaling up synthesis due to variable plant cultivation conditions, diverse 

chemical profiles, and flexible extraction parameters. For this, extensive research must 

be done in this area. 

Previous experiments have explored the possibility of synthesizing AgNPs using 

Camellia sinensis extract, demonstrating some good antimicrobial activities [24], 

photocatalytic activities [25], antioxidant and anti-inflammatory properties [26]. Some 

of the researchers have also studied the effect of pH, temperature, and time on the 

extraction of phytochemicals from Camellia sinensis [27]. Nevertheless, experiments 

have been done, but the origin of phytochemicals strongly varies based on the climate, 

altitude, and soil texture. The phytochemicals have the principal role in the synthesis 

of AgNPs. So, this study explores the green synthesis of AgNPs using the aqueous 

extract of Camellia sinensis leaves of Nepali origin. Camellia sinensis, a plant native 

to Southeast Asia of the Camellia genus, is now at the forefront of being used in the 

synthesis of nanoparticles [28]. Camellia sinensis is a perennial shrub that helps to 

stabilize steep mountain slopes, mitigating erosion and fostering microhabitats for 

flora and fauna in anthropogenic landscapes of Ilam, Nepal. Culturally, it sustains 

traditional agrarian practices and serves as the centerpiece of communal rituals 

(masala tea blends). Indigenous groups have long harnessed the polyphenol-rich 

leaves to soothe digestive discomfort and reduce inflammation, aligning with broader 

Himalayan ethnomedicinal traditions. Camellia sinensis leaves contain polyphenolic 

chemicals that include epigallocatechin, caffeine, tannins, catechin, and epicatechin, 

which protect plants from dangerous infections in addition to free-radical scavenging 

and antioxidant activities. Such types of phytochemicals can be used as simultaneous 

reductants as well as capping agents for AgNPs synthesis. 

This research aims to develop an eco-friendly, cost-effective synthesis strategy 

for AgNPs using Camellia sinensis leaf extract as both a reducing and stabilizing agent, 

as a sustainable alternative to conventional AgNPs synthesis approaches that rely on 

hazardous chemicals and incur high production costs. The study further seeks to 

systematically characterize the physicochemical properties of the leaf extract-

mediated AgNPs and evaluate their antimicrobial efficacy against a panel of Gram-

positive, Gram-negative bacteria, and pathogenic fungi. Collectively, these 

investigations are designed to assess the potential of biosynthesized AgNPs for dual 

applications in semiconductor and antimicrobial fields, thereby expanding the 

practical utility of green-synthesized nanomaterials for industrial and biomedical use. 

2. Experimental section 

2.1. Sample collection and experimental site 

Tea (Camellia sinensis) leaves were collected from Ilam, Nepal, in March 2022. 

The scientific name of the plant was ensured by the Department of Botany, Amrit 

Campus, Tribhuvan University, Kathmandu, Nepal, by the herbarium matching 
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method. The synthesis of AgNPs was carried out in the Chemistry Research 

Laboratory of Amrit Campus. 

2.2. Preparation of Camellia sinensis extract 

Tea (Camellia sinensis) leaves were cleaned and dried in the shade to eliminate 

any remaining water on their surface. Then, 10 g of finely cut dry tea leaves were 

heated at 60 °C for 15 min in 100 mL of distilled water in a beaker. Whatman filter 

No.1 paper (cellulose filters, 90 mm diameter, pore size 11 μm) was used to filter the 

supernatant solution. The light-brown transparent solution was obtained, which was 

labeled as an aqueous extract and then kept at 4–8 °C in freeze. 

2.3. Green synthesis of AgNPs 

In a conical flask, 10 mL of freshly prepared extract was taken, and 100 mL of 

0.1 M AgNO3 was added dropwise from the burette to the extract on a continuous 

stirring mode in the magnetic stirrer. The drop rate was so adjusted that the addition 

of the whole solution to the flask took 30 min. The solution mixture was stirred 

constantly on a magnetic stirrer for an hour at room temperature. During the time of 

stirring, a reddish-brown-colored suspension was obtained. The formation of AgNPs 

was noticed as a color change in the solution appeared. After the formation of the 

suspension, it was centrifuged for 10 min at 12,500 rpm, and the supernatant liquid 

was discarded, whereas the residue was washed with distilled water followed by 

ethanol. Centrifugation and decantation, followed by a washing process, were repeated 

to remove possible impurities. The obtained mass was dried to obtain the AgNPs in 

solid form. 

2.4. Physicochemical characterization 

The formation of AgNPs was monitored by observing the color change of the 

solution as well as by recording absorbance spectra using a double-beam UV-vis 

spectrophotometer (Labtronics, LT-2802) in the wavelength range of 300–700 nm at 

a scan interval of 5 nm. Fourier Transform Infra-red (PerkinElmer 10.6.2) 

spectrometer in attenuated total reflectance (ATR) mode was used to study the 

functional group of phytochemicals in the range of 500–4000 cm1. The zeta potential 

measurements of the AgNPs were carried out using a Nanopartica nanoparticle 

analyzer (SZ-100V2, Horiba Scientific) at Nepal Academy of Science and Technology 

(NAST), Nepal. Zeta potential measurements were conducted at 25 °C using an 

aqueous dispersion of the particle at pH 6.78. An X-ray diffractometer (Rigaku, Japan, 

CuKa = 1.5406 Å) was used to collect the diffraction pattern of AgNPs within 10–80° 

diffraction angle and scan of 5°/min at 0.02° steps. Likewise, the surface morphology 

and elemental analysis were carried out using FESEM (Hitachi, Tokyo, Japan) 

equipped with energy dispersive X-ray spectroscopy (EDX), and transmission electron 

microscopic measurement (HR-TEM, JEM-2200, JEOL, Japan). Antibacterial and 

antifungal tests were carried out at the Himalayan Research Institute, Nepal. 
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2.5. Antibacterial test of the synthesized AgNPs 

Clinical isolates of Escherichia coli, Bacillus subtilis, and Candida albicans were 

tested. Mueller Hinton agar medium was used to incubate the single colony of each 

test strain in a temperature-controlled shaker at 37 °C overnight. An autoclaved petri 

dish and agar medium where microbial culture has been made were used to determine 

the zone of inhibition (ZOI) by the disc diffusion method. Three separate plates for 

each microbe in agar media were taken, and two discs in each plate were fixed at equal 

distances. The 50 μg of AgNPs as powder in the first disk and 50 μg of reference 

antibiotic kanamycin in the second disk were loaded. These plates were then incubated 

overnight at 37 °C. After incubation, the ZOI was measured and compared. Water was 

used as a negative control, and triplicate measurements were carried out to ensure 

reproducibility. 

3. Results and discussion 

3.1. Visual observation 

The appearance of a reddish-brown color in the solution mixture of precursor and 

aqueous extract observed indicates the bio-reduction of silver ions to silver 

nanoparticles. The progressive change in color of different mixtures from the 

beginning is shown in Figure 1a–d. The color change was observed with the increase 

in stirring time. The color change further indicated that the plant started to reduce the 

silver nitrate solution. Hence, the tea extract was effective in reducing the silver nitrate 

solution, and silver nanoparticles were obtained. Studies also reported that the 

phytoconstituents in tea leaves extract, like phenolics, flavonoids, terpenoids, 

polysaccharides, etc., can reduce Ag+ to Ag0 [28,29]. 

 

Figure 1. Visual observation of silver nanoparticle formation: (a) tea leaves boiled 

in distilled water, (b) aqueous extract, (c) mixture of an aqueous extract with the 

precursor, (d) after formation of AgNPs. 

3.2. UV-visible spectra and Tauc plot 

The absorption spectra of colloidal dispersion of AgNPs in ethanol (Figure 2a) 

show the absorption peak maxima at 425 nm, which is the characteristic peak of 
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AgNPs and is associated with its surface plasmon resonance (SPR) absorbance. The 

broad spectrum of AgNPs synthesized using Camellia sinesis extract at 436 nm is also 

reported by Loo et al. [30]. The broad peak at 425 nm with a large half-width of the 

AgNPs and hump around 450 nm may be either large-sized or agglomerated AgNPs 

[25]. 

 

Figure 2. UV-VIS spectra and band gap study: (a) UV-visible spectra of AgNPs and (b) band gap calculated from the 

Tauc plot. 

Monitoring of the formation of AgNPs was carried out by recording absorbance 

spectra at regular time intervals in the range of 200–600 nm, where the increase in the 

absorbance intensity at 425 nm indicated the formation of AgNPs. Similar results, 

including a color transition from a light yellow to brown color and a well-defined 

absorption peak at 438 nm for the use of O. basilicum, and 439 nm for the use of 

Camellia sinensis, have been reported in the literatures [31,32]. In a similar work, the 

synthesized AgNPs exhibited an absorption peak at 416 nm using Annona reticulata 

[33]; 430 nm using Origanum vulgare [34]; 435 nm using Givotia moluccana leaf 

extract [35]; 430 nm using Artemisia vulgaris leaf extract [36]. The optical band gap 

of as-synthesized AgNPs was determined by extrapolation of the linear portion of the 

Tauc plot of (αhν)2 over a limited range of photon energies hν, as shown in Figure 2b. 

The band gap was found to be 3.605 eV, indicating that the AgNPs exhibit a quantum 

confinement effect. The higher band gap energy indicates not only antimicrobial 

activity of the AgNPs but also suggests their potential applicability in optoelectronic 

devices. A similar band gap energy value was also reported in the literature elsewhere 

[37]. 

3.3. FTIR studies 

FTIR spectra of AgNPs obtained by the green synthesis method with the extract 

of Camellia sinensis have been recorded and presented in Figure 3. The peak at 3267 

cm−1 is attributed to -OH vibrational stretching of polyphenols (catechins and tannins) 

[4,38,39]. The strong absorbance peak at 1621 cm−1 is attributed to the C=O/C=C 

stretching, particularly the carbonyl group or amide I band or conjugated carbon [40]. 

A band observed at ~1191 cm−1 corresponds to the C-O stretching of alcohol, phenol, 
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or ester group present in phytochemicals [38]. From the FTIR analysis, the bands 

observed at 597, 667, 1191, 1339, 1501, 1621, and 3267 cm−1 in the pure extract are 

also observed in the AgNPs, with reduced intensity indicating the presence of capping 

and stabilizing biomolecules adsorbed on the surface of AgNPs. Additionally, these 

findings indicate that the hydroxyl (–OH) and carbonyl (C=O) functional groups play 

a significant role in the green synthesis of silver nanoparticles. Hydroxyl groups 

basically contribute to the reduction of silver ions to silver, while carbonyl groups are 

mainly involved in the stabilization and capping of the synthesized silver nanoparticles. 

Similar features were detected in previous reports on AgNPs synthesis observed by 

FTIR, indicating the contribution of capping agents as functional groups involved in 

the stabilization of AgNPs [32,33]. 

 

Figure 3. FTIR spectra of the extract and AgNPs. 

3.4. Stability of AgNPs 

The zeta potential of the silver nanoparticles (AgNPs) was measured to determine 

their surface charge and colloidal stability, and is shown in Figure 4. The AgNPs 

exhibited a zeta potential value of –43.04 mV, with a narrow single peak. The negative 

value indicates the negative surface charge of the silver nanoparticles. As the 

magnitude value of zeta potential is well above ± 30 mV threshold, strong electrostatic 

repulsion exists among the AgNPs, effectively preventing their aggregation. 

According to the Derjaguin-Landau-Verwey-Overbeek (DLVO) theory, the high 

negative zeta potential value indicates that the electrostatic repulsive forces dominate 

over the weak van der Waals’ attractive force, resulting in a stable nanoparticle 

dispersion [41]. Furthermore, the narrow peak suggests a relatively homogeneous 

particle population with a uniform surface charge, implying effective and consistent 

surface functionalization or capping. The strong negative charge is likely attributed to 

plant-derived polyphenols and deprotonated surface functional groups like -COO– and 

-OH–, etc. 
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Figure 4. Zeta potential of Ag NPs prepared using C. sinensis extract. 

3.5. X-ray diffraction (XRD) spectroscopic studies 

The crystallographic orientation of the AgNPs was determined by recording an 

X-ray diffraction pattern, as shown in Figure 5. Diffraction angles corresponding to 

2θ = 38.1°, 44.3°, 64.5°, and 77.3° were reflection planes (111), (200), (220), and 

(311), respectively (JCPDS No 87-0720) of the face-centered cubic (FCC) crystal of 

AgNPs. The results of these crystal planes proved that AgNPs were formed as a result 

of the reduction of Ag+ ions from the precursor solution. The highly intense peak at 

38.1° corresponds to the (111) plane of the FCC of AgNPs [42]. The sharp and intense 

peaks of different crystal planes of the AgNPs showed that the synthesized NPs were 

highly crystalline and of high purity. The Debye-Scherrer equation was used to 

calculate the average grain size of the AgNPs using full width at half maximum 

(FWHM). The crystallite size estimated from the most intense peak was found to be 

20.62 nm and varied up to 11.74 nm for different peaks, as given in Table 1. A similar 

crystallite size was reported by Singh et al. [43]. Similar diffraction peaks of the FCC 

crystal of AgNPs using Annona reticulata extract were reported at 37.56, 43.25, and 

64.10°, corresponding to (111), (200), and (220), respectively. Similar findings were 

also reported by other researchers [34,44]. 

 

Figure 5. XRD pattern of AgNPs. 
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Table 1. d-spacing value, crystallite planes, FWHM, and crystallite size (D) of the synthesized AgNPs. 

Plane 
2θ 

(in degree) 

θ 

(in degree) 

dhkl = nλ/2 sin θ in Å 

n = 1 and λ = 1.54Å 
β (FWHM, in degree)  

D = 0.9λ/βcosθ 

(in nm) 

111 38.1 19.05 2.36 0.4258 20.62 

200 44.3 22.15 2.04 0.7632 11.74 

220 64.5 32.25 1.44 0.5876 16.70 

311 77.3 38.65 1.23 0.6456 16.47 

3.6. Surface morphology and elemental study 

Surface morphological evidence of AgNPs was recorded using FESEM, and 

elemental mapping was carried out using EDX. The FESEM images of AgNPs 

captured at different magnifications are given in Figure 6a–d. The images show that 

the AgNPs are homogeneously formed with a narrow size distribution. This is 

evidenced by the measurement of the size of silver nanoparticles using ImageJ 

software. The result shows the particle size of 66.86 ± 16.73 nm. The silver 

nanoparticles are formed in nanorange. The particle sizes calculated via the Debye-

Scherrer formula and SEM image analysis are 20.62 nm and 66.87 ± 16.74 nm, 

respectively. This significant difference is because the Debye-Scherrer formula only 

gives the crystallite size, but not the particle size of amorphous particles and 

agglomerated particles. However, the SEM image analysis gives the morphological 

size of the amorphous as well as agglomerated particles, but not crystallite size. The 

synthesized AgNPs get agglomerated so quickly, even in the presence of inhibitor 

molecules. This leads to a difference in the size of AgNPs, which is determined via 

XRD and SEM. 

 

Figure 6. Field Emission Scanning Electron Microscopy (FESEM) of AgNPs at Different Magnification; (a) 

(×10,000) in 5 μm scale bar, (b) (×20,000) in 2 μm scale bar, (c) (×400,000) in 1 μm scale bar, (d) (×70,000) in 500 

nm scale bar, (e) size histogram of AgNPs counted from SEM image, (f) 3D mapping of AgNPs, and (g) TEM image 

of synthesized AgNPs. 

The study was found to be consistent with the literature [45]. Figure 6e shows 

the size histogram of AgNPs counted from the SEM image. Figure 6f shows the 3D 

image of the AgNPs in 500 nm (×70,000), and the frequency of FESEM size 

distribution of AgNPs was determined in this scale, with the particle size ranging from 
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28–74.42 nm. The average diameter of the synthesized AgNPs was calculated by 

measuring the particles in random fields of FESEM. Similarly, the TEM image of the 

AgNPs was recorded to confirm the size of the nanoparticle, and it is found in the nano 

range, as in Figure 6g. These results are in agreement with the findings of the FESEM 

image and grain size calculated using the Debye-Scherrer equation. Similar results 

were reported in other literature [46]. 

Elemental mapping of the AgNPs was performed using FESEM equipped with 

EDX, which is shown in Figure 7. The result predominantly shows a silver 

nanoparticle with some oxygen and carbon. As the XRD report supports the formation 

of silver nanoparticles but not silver oxide nanoparticles, the presence of carbon and 

oxygen is due to the presence of organic moieties from the aqueous extract of Camellia 

sinensis. The most intense and sharp peak at 3.0 keV in the EDX spectra indicates the 

presence of metallic Ag. Likewise, other peaks around 0.3 and 0.5 keV are those of C 

and O, respectively, which are obtained from the tea leaves extract. From the study, 

the optical absorption peak at 3 keV indicated the presence of silver nanoparticles with 

excellent purity, as reported in the literature [45,46]. 

 

Figure 7. Elemental Maps based on Energy-Dispersive X-ray measurements. 

3.7. Antimicrobial study 

The antimicrobial activity exhibited by the synthesized AgNPs was comparable 

to that of the standard antibiotic. The ZOI calculation for the Gram-negative bacterial 

samples of E. coli (aqueous cultures), Gram-positive bacterial samples of B. subtilis, 

and the fungus of Candida albicans was determined by treating with concentrations 

of 50 µg of AgNPs for 24 h.  

From the experimental evidence in Table 2, the ZOI shown by AgNPs for E. coli 

was 12 ± 0.009 mm, for B. subtilis was 11 ± 0.02 mm, and for the fungus was 10 ± 

0.01 mm, indicating that the synthesized AgNPs are more effective for Gram-negative 

bacteria in comparison to others. It can be concluded that AgNPs obtained using tea 

extract have good antibacterial potential [31]. The ZOI shown by the AgNPs against 

three different microbes is shown in Figure 8. Similar results were observed where 

bacterial strains of E. coli, S. aureus, and P. aeruginosa also indicated the distinct 

antimicrobial potential of AgNPs. In some literatures, the effectiveness of AgNPs for 

E.coli was found to be higher than S. aureus, where AgNPs were synthesized using 

Berberis vulgaris leaf and root extract [31], whereas leaf extract of neem and tea-

mediated AgNPs were more effective against Gram-positive bacteria than against 

Gram-negative ones.  
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Table 2. Zone of Inhibition shown by AgNPs for selected bacteria observed after 24 h exposure test (Mean ± SD, n = 

3). 

Microorganisms 

test organism (ATCC) 
Reference culture Type 

Zone of inhibition (ZOI) (mm) 

AgNPs (+ve Control) 

Bacillus subtilis ATCC 6633 Gram-positive Bacteria 11 ± 0.02 20 ± 0.003 

Escherichia coli ATCC 25922 Gram-negative Bacteria 12 ± 0.009 20 ± 0.002 

Candida albicans ATCC 10231 Gram-positive fungus 10 ± 0.01 18 ± 0.004 

 

   

Figure 8. Zone of Inhibition Observed when Bacterial Strains are treated with AgNPs. 

The antimicrobial activity of Camellia sinensis leaf extract-mediated AgNPs 

against E. coli, B. subtilis, and C. albicans demonstrates efficacy relative to state-of-

the-art biosynthesized AgNPs, with the added advantage of a sustainable, low-cost 

synthesis route free of toxic reagents. A direct comparison with prior literature reveals 

notable consistency and competitiveness, as shown in Table 3. 

Table 3. Antimicrobial activity of the synthesized AgNPs with some recent literature. 

Source of extract Size of AgNPs (nm) Microbial strains ZOI (mm) Reference 

Indigofera barberi leaf 5–20 
B. subtilis 

E. coli 

11.2 

9.8 
[47] 

Mentha piperita leaf 20–70 E. coli 12.6 ± 0.78 [48] 

Ocimum sanctum leaf 4–98 E. coli 17 [49] 

Adina cordifolia leaf 10–45 
B. subtilis 

E. coli 

12 ± 3 

13 ± 3 
[50] 

Punica granatum peel 10–30 B. subtilis 11–6 [51] 

Callistemon citrinus flower 20–70 C. albicans 9.5–17 [51] 

Alchemilla vulgaris leaf 

 

E. coli 

B. subtilis 

C. alibcans 

0, 0, 10 

[52] Melissa officinalis leaf 12, 22, 16 

Foeniculum vulgare seed 0, 10, 10 

Rosmarinus officinalis leaf 10-33 
E. coli 

C. albicans 

7–9 

11–17 
[53] 

Camellia sinensis leaf 66.87 ± 16.74 

E. coli 

B. subtilis 

C. alibcans 

12 ± 0.009 

11 ± 0.02 

10 ± 0.01 

This study 



Characterization and Application of Nanomaterials 2026, 9(1), 8340. 
 

12 
 

3.8. Mechanism of antimicrobial activity of AgNPs 

The antimicrobial efficacy of C. sinensis-mediated AgNPs is driven by a 

synergistic mechanism, which is facilitated by their physicochemical properties and 

surface-functionalized bioactive molecules. Synthesized AgNPs exhibit robust, broad-

spectrum antimicrobial activity through a combination of membrane disruption, ion-

mediated intracellular toxicity, and synergistic interactions with plant-derived 

functional groups, offering a sustainable alternative to conventional antimicrobial 

agents for biomedical and environmental applications, as shown in Figure 9. 

 

Figure 9. Schematic representation of the mechanism of antimicrobial activity of AgNPs. 

The synthesized AgNPs get adsorbed on the membranes of bacteria and fungi, 

which either disrupt the cell membrane and lead to cell lysis [41,54–56] or the AgNPs 

gradually release Ag+ ions into the microbial environment. These ions penetrate the 

cell cytoplasm and interfere with key metabolic pathways: they bind to thiol groups (-

SH) of essential enzymes, inhibiting their catalytic activity [57], they interact with 

DNA, inducing double-strand breaks and preventing replication/transcription [58]; 

and they disrupt the mitochondrial electron transport chains, leading to the 

overproduction of reactive oxygen species (ROS) (e.g., O2
, H2O2) [54]. The 

accumulation of ROS further exacerbates lipid peroxidation, protein denaturation, and 

cellular damage [59]. Meanwhile, the polyphenolic compounds adsorbed on the 

AgNPs surfaces enhance antimicrobial activity independently and synergistically. 

They chelate essential microbial metal ions (e.g., Fe2+, Zn2+) necessary for microbial 

growth [53] and inhibit microbial enzyme activity [41]. This synergism enhances the 

overall antimicrobial efficacy, distinguishing biosynthesized AgNPs from chemically 

synthesized counterparts, which lack such natural adjuvants. The schematic diagram 

for the mechanism of antimicrobial activity of AgNPs is shown in Figure 9. 
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4. Conclusions 

Camellia sinensis leaf extract effectively mediates the reduction of silver ions to 

metallic silver and exerts a stabilizing effect on the formed nanoparticles in their 

nanosizes. The UV-Vis spectral analysis of the synthesized AgNPs revealed a strong 

absorption band at 425 nm, which indicates the formation of AgNPs. The Tauc plot 

yielded an optical band gap of 3.605 eV, showing the potential application of these 

AgNPs as semiconductor materials. The XRD patterns exhibited an intense diffraction 

peak corresponding to the lattice plane of metallic silver, which verified the crystalline 

nature of the AgNPs with an average crystallite size of 20.62 nm (111). In contrast, 

the average particle size was 66.87 ± 16.74 nm from FESEM micrographs. EDX 

Analysis showed a sharp and intense peak of 3.0 keV, confirming the metallic silver. 

The antimicrobial activity assay of AgNPs exerted a concentration-dependent 

inhibitory effect on the tested microbes: the maximum ZOI was 12 mm for Escherichia 

coli, followed by 11 mm against Bacillus subtilis and 10 mm against Candida albicans. 

When compared to the positive control (Kanamycin), these results validate the potent 

antimicrobial activity of the synthesized AgNPs. Collectively, these findings 

underscore that the green synthesis techniques of AgNPs using plant extracts are seen 

as a promising option that aids the elimination of hazardous reducing agents. However, 

this study lacks the compound-specific extraction and the optimization of 

environmental conditions for better synthesis of AgNPs. Future research could focus 

on the isolation of key phytochemicals involved in AgNPs synthesis as well as 

optimization of environmental parameters to narrow the particle size distribution and 

enhance long-term stability. 
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