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 Abstract: Present study entails the green synthesis of silver doped ZnO nanoparticles (Ag-ZnO) using aqueous plant 
extract of Grangea maderaspatana also commonly known as Madras Carpet. Various techniques such as UV-visible, 
PXRD, FTIR, SEM, and EDS were used for characterization of final synthesized materials and to confirm the 
synthesis of Ag-ZnO. PXRD spectrum suggested high crystallinity of the material and the average crystallite size as 
per Debye Sherer’s formula was 14.52 nm. SEM images revealed the spherical shape of particles and average size of 
49.4 nm. UV-visible spectroscopy revealed the characteristic peak at 379 nm and band gap of 2.21 eV. Additionally, 
antibacterial efficacy of the material was tested against two bacterial strains Listeria monocytogenes and 
Pseudomonas aeruginosa, at the dose concentrations of 100 µg/ml, 200 µg/ml and 300 µg/ml. Significant zone of 
inhibition was observed against both strains, confirming its antibacterial efficacy.  
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Introduction 

Nanotechnology has offered materials with unique 

optical, electronic, and biological properties to 

combat global challenges (Kirubakaran et al., 

2025). With the rapid advancement of 

nanotechnology, metal/semiconductor nano-

composites, consisting of one metal and other 

metal oxide, exhibit synergistic effects that 

surpass the antimicrobial activities of their 
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monometallic counterparts, offering a broad 

spectrum of physiochemical properties and 

diverse mechanisms of action. 

 One of the most explored semiconductor 

nanoparticles (NPs), ZnONPs are a good choice for 

many medicinal applications because of their 

effective anti-bacterial activity against a variety of 

harmful bacteria (Aldeen et al., 2022). One of the 

reason to choose this lies in the fact that it is 

generally recognized as safe (GRAS) by the FDA 

(21 CFR 182.8991)(Shukla et al., 2025). Numerous 

attempts have been made to create nano-

composite structures by doping ZnO with noble 

metals(Pd, Ag, Pt, Au)(Liu et al., 2017). Since Ag is 

most cost effective among other noble metals and 

inherently antimicrobial (Baig et al., 2025), it is 

often chosen as dopant in metal/ZnO nano-

composites (Liu et al., 2017). Depending on their 

intended function, Ag doped ZnO NPs are 

prepared using a variety of chemical and physical 

processes to produce a range of sizes and forms. 

The most popular techniques are sputtering, 

chemical vapour deposition, microwave-assisted 

thermal evaporation, sol-gel, infrared irradiation, 

pulsed laser deposition, and electrochemical 

reactions ( Jose’ Luis et al., 2022; Triphati and 

Pirzadah, 2023). Most of these methods are energy 

intensive and often turn out to be costly 

(Bahramikia and Izadi, 2023). 

 In recent years, there has been growing 

academic attention toward biosynthetic 

approaches, commonly referred to as green 

synthesis (Bahramikia and Izadi, 2023). Compared 

to traditional physical and chemical methods, this 

strategy offers multiple advantages such as 

operational simplicity, cost-effectiveness, environ-

mental compatibility, scalability, and the absence 

of hazardous reagents, resulting in more stable 

and biocompatible nanoparticles (Kandav and 

Sharma, 2024). Among the diverse biosynthetic 

routes reported encompassing bacteria, fungi, and 

enzyme-mediated systems-- plant extract-based 

green synthesis has emerged as the most 

promising and sustainable alternative for 

nanoparticle production  (El-Seedi et al., 2024). In 

many previous reports, Silver doped ZnO 

nanoparticles were synthesized using different 

plant extracts such as Azadirachta indica leaves 

(Iqbal et al., 2021), Ruta chalepensis leaves (Hunde 

Gonfa and Lealem Birhanu, 2024), Moringa 

oleifera extract (Verma et al., 2020), and Vitis 

vinifera leaves (Saravanadevi et al., 2022) for the 

antibacterial activity. 

 In this context, the aqueous extract from 

Madras carpet (Grangea maderaspatana (L.)) has 

been employed for the synthesis of Ag-ZnO NPs. 

Abundant phytochemical constituents and 

medicinal value of Grangea maderaspatana (L.) 

were key motivation choosing this plant (Thanuja 

et al., 2024). Phytochemical investigations of G. 

maderaspatana have revealed the presence of 

several active compounds, including flavonoids, 

terpenoids, steroids, tannins, saponins, and 

phenolics. These metabolites play dual roles as 

reducing and stabilizing agents preventing 

agglomeration and enhancing surface reactivity. G. 

maderaspatana is also renowned for its     

analgesic,  anti-inflammatory, antipyretic diuretic, 

antioxidant, antidiabetic and gastro-protective 

 properties and is traditionally employed in 

Ayurvedic medicine to alleviate ailments such as 

rheumatism, gastrointestinal disturbances, and 

microbial infections ( Thanuja et al., 2024; Deepa 

Rani et al., 2025). In the present study, for 

establishing the antibacterial efficacy of 

synthesized Ag doped ZnO, it was tested against 

two microbial strains L. monocytogenes and P. 

aeruginosa. 

Materials and Methods 

Materials  

All the chemicals were purchased from standard 

chemical suppliers and been used without any 

additional purification. Zinc acetate dihydrate 

((CH3.COO)2 Zn.2H2O), 98.5%) (Product Code: 

Q28755 and CAS No. 5970-45-6) and Silver Nitrate 

(AgNO3, 99.8 %) (Product code 27462 and CAS No. 

7761-88-8) was used as host and dopant metal 

precursors. Distilled water was used throughout 

the experiment. 
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Plant collection and extract preparation 

Madras carpet plant was collected from a dried 

pond floor close to the M.L.K. P.G. College campus.  

To ensure they were completely free from any 

impurity and other plant, these were periodically 

washed with running tap water and closely 

inspected before subjecting it to drying overnight 

at 50 °C in an oven.  After that, the dried pants 

were ground into a fine powder using a home 

mixer.  Following that, it was kept for later use in 

an airtight container. 20 g of this plant powder 

was added to 100 ml of distilled water and heated 

to 60°C while maintaining continuously to 

produce the extract for 1 h, while being constantly 

stirred. Afterwords, this concoction was filtered 

using 40 GSM Whatman Filter paper. The solution 

was also centrifuged at 5000 rpm to further 

sediment the bigger particles. The decanted 

extract solution was filtered again using filter 

paper and stored in a reagent bottle in the 

refrigerator. 

Synthesis of Ag-ZnO 

0.01 M AgNO3 and 1 M Zinc acetate solution, 50 ml 

of each is dropwise added simultaneously in a 

flask containing 20 ml aqueous plant extract with 

continuous stirring. After 30 min temperature was 

turned on to facilitate the reaction and was 

maintained at 60 °C for 90 min. The synthesis was 

confirmed by the onset of visible precipitate 

formation. This precipitate was separated by 

subjecting this solution to centrifugation at 7000 

rpm. Then collected material was thoroughly 

washed multiple times using distilled water to 

remove any impurity and placed in a hot air oven 

for drying. After complete drying, the material was 

crushed and ground to fine powder using mortar 

pestle. This powder was then stored in an airtight 

sample plastic sample container for 

characterization and analysis. 

Characterization 

Functional groups present on the nanoparticle 

surfaces were characterized using a Fourier 

Transform-Infrared Spectrometer (Model: Nicole 

6700, Make: Thermo-Scientific, USA) equipped 

with an Attenuated Total Reflectance (ATR) 

accessory. The optical properties of the 

synthesized Cu NPs were analyzed using a Hitachi 

UH5300 double-beam spectrophotometer in the 

wavelength range of 300-800 nm. The surface 

morphology and elemental composition of the NPs 

were analyzed using a JEOL JSM 6490 Scanning 

Electron Microscope equipped with an OXFORD 

Instruments INCA x-act EDS detector. Crystallinity 

and phase identification of the synthesized NPs 

were determined using an X-ray diffractometer 

(Model: D8 Advance Eco, Make: Bruker, Germany). 

Antibacterial Activity 

The antibacterial activity of Ag/ZnO@MC was 

evaluated against two bacterial strains: 

Pseudomonas aeruginosa (P. aeruginosa) and 

Listeria monocytogenes (L. monocytogenes). These 

strains were consistently maintained and 

propagated on Mueller Hinton Agar (MHA). The 

antimicrobial activity of Ag/ZnO@MC was 

subsequently determined using the well diffusion 

method. For the preparation of the Mueller Hinton 

Agar (MHA) medium, 38 g of the MHA powder 

were precisely dissolved in 1 L of distilled water. 

This mixture was then subjected to sterilization by 

autoclaving at 121°C and 15 psi for 15 min. 

Following the sterilization process, the molten 

MHA was aseptically poured into sterile glass Petri 

dishes, with 25 ml dispensed per plate, under 

strictly controlled laminar airflow conditions, and 

subsequently allowed to solidify. Once the MHA 

plates had solidified, each plate was uniformly 

inoculated with a 24 h bacterial culture using a 

sterile cotton swab, ensuring the formation of an 

even bacterial lawn across the entire agar surface. 

Subsequent to inoculation, wells were precisely 

created in the inoculated agar using a sterile cork 

borer, each designed with an appropriate 

diameter to accommodate the test solutions. For 

the evaluation of antibacterial activity, 35 μl of 

Ag/ZnO@MC was carefully loaded into these 

wells. Ag/ZnO@MC was evaluated across three 

distinct concentrations: 100 μg/ml (designated as 

C1 well), 200 μg/ml (C2 well), and 300 μg/ml (C3 

well).    To   ensure   experimental   validity,   both 
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Fig. 1: UV Spectrum of Ag/ZnO@MC and Tauc Plot of the same (inset). 

positive and negative controls were incorporated 

into each experiment. Ciprofloxacin (10 μl of a 200 

ppm solution) served as the positive control, 

demonstrating expected inhibition, while 10 μl of 

sterile distilled water was utilized as the negative 

control to confirm the absence of inherent 

antimicrobial activity from the solvent. After the 

application of Ag/ZnO@MC and controls, the 

plates were meticulously sealed with paraffin to 

prevent any desiccation and then incubated at 

37°C for a period of 24 h. Following this 24 h 

incubation, the plates were examined for the 

presence of clear zones around the wells. The 

diameter of these zones of inhibition was 

measured in millimeters (mm) using a ruler. 

Triplicate run for all assays were performed to 

ensure reproducibility. 

Results and Discussion 

UV-visible Analysis 

The optical properties of the biosynthesized 

Ag/ZnO@MC material were investigated using UV-

visible absorption spectroscopy (Fig. 1). The 

absorption spectrum exhibited a prominent peak 

at 379 nm, which corresponds to the intrinsic 

band-edge excitation of ZnO. This peak is 

consistent with previously reported values for 

ZnO nanoparticles and Ag-ZnO composites, which 

typically show absorption edges in the range of 

375-380 nm.  

 To estimate the optical band gap energy ( ), 

the Tauc plot method was employed, based on the 

relation: 

  

 Where  is the absorption coefficient,  is 

the photon energy,  is a constant,  is the band 

gap energy, and  characterizes the nature of the 

electronic transition (here,  for a direct 

allowed transition typical of ZnO). The Tauc plot 

was constructed by plotting  versus photon 

energy , and the extrapolation of the linear 

region to  yielded an estimated band 

gap of 2.21 eV (inset of Fig. 1). 

 The observed reduction in band gap relative to 
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Fig. 2: FTIR spectrum of Ag/ZnO@MC. 

bulk ZnO (~3.2 eV) is attributed to the 

incorporation of Ag nanoparticles in the lattice of 

ZnO.  

FTIR 

Fourier-transform infrared (FTIR) spectroscopy 

was conducted to probe the functional groups 

involved in the biosynthesis and stabilization of 

the Ag/ZnO nanocomposite mediated by Grangea 

maderaspatana (MC) plant extract. The spectra of 

the pure plant extract and the biosynthesized 

Ag/ZnO@MC composite were recorded with 32 

scans each as shown in Figure 2. 

 Characteristic absorption bands from the plant 

extract were assigned to phytochemicals 

participating in the green synthesis, including a 

broad O–H stretching vibration around 3400 cm⁻¹, 

indicative of hydroxyl groups from phenolics and 

alcohols; C–H stretching vibrations near 2920 and 

2850 cm⁻¹ corresponding to aliphatic groups; and 

a strong C=O stretch near 1630 cm⁻¹, associated 

with carbonyl groups in flavonoids and other 

biomolecules (Pandey et al., 2025). In the 

Ag/ZnO@MC nanocomposite spectrum, notable 

shifts and intensity changes of these peaks 

indicated involvement of hydroxyl and carbonyl 

groups in the capping and nanoparticle 

stabilization (Shreema et al., 2021). The peaks at 

1581 cm-1, 1411 cm-1, 1048 cm-1, 909 cm-1 

corresponds to the C=O asymmetric and 

symmetric stretching vibrations, C–O stretching, 

and C–H bending modes, respectively (Rathika and 

Irine, 2022). The Zn–O stretching vibrations are 

typically observed as strong absorption bands 

near 430–490 cm-1. For example, peaks at around 

466 cm-1 are commonly assigned to Zn–O bonds, 

confirming the formation of ZnO nanostructures 

(Atherton et al., 1971; Pandey et al., 2025). 

SEM and EDS 

As per SEM micrographs, the composite displayed 

a generally spherical-like and some random 

shapes which is common in green synthesized 

nanocomposites (Fig. 3a, b, d). 

 Individual particle diameters were measured 

using ImageJ, and these data points were used to 

generate a particle size distribution curve. The 

resulting  histogram  revealed  that  most  Ag/ZnO 
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Fig. 3: (a, b, d) SEM micrographs of Ag/ZnO@MC; (c) Size distribution of particles; and (e) EDS spectrum of 
synthesized nanocomposite. 

 

nanoparticles exhibited a fairly narrow size range 

(Fig. 3c), with the majority falling within the size 

range of 20–80 nm, confirming their nanoscale 

and uniform nature. The average diameter was 

49.5 nm. The EDS spectrum displayed the 

characteristic signals for zinc (Zn), oxygen (O),  

and silver (Ag), confirming the successful 

incorporation of Ag onto the ZnO matrix. 

XRD Analysis 

The crystalline structure of Ag-doped ZnO 

nanoparticles was analyzed using X-ray diffraction 

(XRD). The diffraction pattern (Fig. 4) exhibits 

distinct  peaks   corresponding   to   the   hexagonal  

 

wurtzite structure of ZnO (JCPDS card No. 

792205). The major diffraction peaks observed at 

2θ values of approximately 31.7°, 34.4°, 36.2°, 

47.5°, 56.6°, 62.8°, and 67.9° are attributed to the 

100, 002, 101, 102, 110, 103, and 112 planes of 

ZnO, respectively. There were no additional peaks 

corresponding other impurity phases were 

detected, confirming the successful incorporation 

of Ag ions into the ZnO lattice without altering its 

basic crystal structure. 

 The average crystallite size ( ) of the Ag-

doped ZnO sample was estimated using the 

Debye–Scherrer equation: 
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Fig. 4: (a) XRD spectrum of Ag/ZnO@MCNPs.(JCPDS No-792205); (b) Williamson–Hall (W–H) plot for Ag/ZnO 
nanoparticles.  

 

Fig. 5: (a, b) Antibacterial activity of Ag/ZnO@MC against L. monocytogene and P. aeruginosa; (c) Bar graph 
showing relative zone of inhibition.  

 
 Where  is the shape factor (0.9),  is  the         

X ray wavelength (1.5406 Å),  is the full width at 

half maximum (FWHM), and  is the Bragg angle. 

The calculated average crystallite size is 14.52 nm, 

indicating the formation of nanosized crystallites. 

The microstrain ( ) was calculated using the 

relation   (Fig. 4b), and its value 

was  found   to   be   0.00048,   suggesting   minimal 
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Table 1: Effect of Ag/ZnO@MC NPs on chosen microbial strains 

Dose 
Concentration 

(µg/ml) 

Zone of Inhibition (mm); mean ±SD 
 

P. aeruginosa L. monocytogenes Positive Control Negative Control 

100 9.40 ± 0.256 Nil — Nil 

200 11.03 ± 0.12 Nil 25.70 ± 0.36 (P. aeruginosa) 
24.73 ± 0.68 (L. monocytogenes) 

 

Nil 

300 13.97 ± 0.21 10.13 ± 0.31 — Nil 

 

Table 2: Some selected reports for comparison to synthesized Ag/ZnO@MC 

S. 
No. 

Plant 
extract 

Material Shape Size 
(nm) 

Bacterial 
Species 

Concentration 
(μg/ml) 

ZOI (mm) Ref. 

1 Macrotyloma 
uniflorum 

Ag/ZnO Spherical  90 B. subtilis 500 12±1.5 Sali et al. 
(2021) 

Streptococcus 11±0.6 

E. coli 8±0.3 

2 Vitis vinifera Ag/ZnO Spherical 20 E. coli 100 9.00± 
0.42 

Naseer 
and Iqbal 

(2024) S. aureus 8.00± 
0.53 

3 Ruta chalepensis Ag/ZnO - - S. aureus 5000 11 ± 1.0 Hunde 
Gonfa 
and 

Lealem 
Birhanu 
(2024) 

B. subtilis 12.33± 
0.57 

E. coli 11 ± 1.0 

S. typhi 10.67± 
0.57 

4 Trigonella foenum-
graecum 

Ag/ZnO Spherical 75 S. aureus 2000 13.5±0.70
7 

Noohpish
eh et al. 
(2020) E. coli 12.5± 

0.707 
5 Acer palmatum Ag/TiO2   S. aureus 400 7.6 Hidayat 

et al. 
(2024) 

E. coli 9.1 

6 Cucumis 
maderaspatanus 

Al/ZnO Hexagonal 25 K. bacillus 1000 2.65± 
0.15 

Sugitha 
et al. 

(2024) E. coli No 
Activity 

V. cholera 1.98± 
0.03 

B. subtilis 1.01± 
0.01 

S. aureus 4.01± 
0.01 

S. mutans 0.67± 
0.01 

7 Madras Carpet Ag/ZnO@
MC 

Spherical 49.4 L. 
monocytogenes 

300 10.13± 
0.31 

Present 
Work 

 

lattice distortion in the sample. 

 A slight shift in peak position and change in 

FWHM compared to standard ZnO pattern 

confirms the incorporation of Ag into the ZnO 

crystal lattice, leading to minor lattice strain due 

to ionic size mismatch between Ag+ and Zn2+ ions 

(Lefatshe et al., 2021). The small crystallite size 

and low strain value indicate good crystallinity 

and uniform particle distribution. 

Antibacterial Activity 

Biosynthesized Ag/ZnO@MC NPs has shown 

enhanced antibacterial activity against two 
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distinct bacterial strains: Gram-positive (Listeria 

monocytogenes) and Gram-negative (Pseudomonas 

aeruginosa)(Fig. 5); the result is summarized in 

Table 1.  

 P. aeruginosa possesses a complex cell wall 

structure made up of three layers: peptidoglycan, 

a lipoprotein layer, and an outer lipopoly-

saccharide membrane that enriches its surface 

with electrostatically negative charges, 

contributing to its defense against many 

antibacterial agents (MacNair and Tan, 2023). On 

the other hand, L. monocytogenes, a Gram-positive 

bacterium, has a simpler cell wall architecture 

comprising a thick peptidoglycan layer and 

teichoic acids but lacks an outer membrane 

(Renier et al., 2011; Rajagopal and Walker, 2016), 

which makes it comparatively more susceptible to 

nanoparticle-induced damage. Contrary to that, 

the synthesized material was more effective 

against P. aeruginosa. The antibacterial 

mechanism of Ag-ZnO NPs involves disruption of 

bacterial cell membranes through electrostatic 

interactions, generation of reactive oxygen species 

(ROS), and release of Zn2+ and Ag+ ions, which 

collectively cause oxidative stress, protein and 

DNA damage, and metabolic interference in 

bacterial cells. Notably, the enhanced activity of 

bimetallic Ag-ZnO NPs compared to monometallic 

counterparts arises from their increased surface 

area, synergistic effects of silver and zinc oxide 

components, and improved binding affinity to 

bacterial membranes, leading to effective 

inhibition of both Gram-positive and Gram-

negative bacterial growth. More importantly the 

synthesized Ag/ZnO@MC have shown better 

antibacterial activity against P. aeruginosa which 

is placed under the category of “priority pathogen” 

by WHO, as they possess significantly higher level 

of resistance to various antibiotics (Specially, 

carbapenem-resistant)(Sati et al., 2025), high-

lighting the importance of Ag/ZnO@MC. Table 2 

enlists some selected studies on antibacterial 

investigation of metal/semiconductor nano-

composites for the comparison to Ag/ZnO@MC. 

 The   material    (Ag/ZnO@MC)    outperformed  

other materials presented in Table 2, in terms of 

antibacterial activity against both kinds of 

bacterium. 

Conclusion 

Plant extract of Madras Carpet (Grangea 

maderaspatana) were used to successfully 

synthesize Ag-doped ZnO nanoparticles, 

demonstrating that this approach is non-toxic, 

economical, and environmentally benign. UV-

visible, XRD and SEM analyses of the structural 

properties of the synthesized Ag-doped ZnO 

nanostructures verified that the nanoparticles 

have a mixture of roughly spherical and some 

other randomforms, with an average diameter of 

49.5 nm. XRD showed highly crystalline nature of 

Ag/ZnO@MC with average crystallite size of 14.52 

nm. UV-visible absorption spectrum exhibited a 

prominent peak at 379 nm and Tauc Plot 

suggested the band gap of the material to be 2.21 

eV. The antibacterial efficacy of the material was 

established against two bacterial strains L. 

monocytogenes and P. aeruginosa, at the maximum 

tested dose of 300 µg/ml, 10.13 ± 0.31 mm and 

13.97 ± 0.21 mm zone of inhibition observed, 

respectively. 
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