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ABSTRACT 
The synthesis of zinc oxide silver nanocomposite by using the green 

synthesis method is trending now because it is economically friendly, 

environmentally safe, and less toxic to living organisms as well as humans 

and animals. There are several methods used for the synthesis of zinc 

oxide silver nanocomposite, like the electrochemical method, chemical 

reduction method, thermal decomposition method, etc., among which the 

green synthesis method is very much essential for the preparation of zinc 

oxide silver bimetallic nanocomposite. By  this method of synthesis of 

nano composite having the multiple applications all over the field like 

that they are as follows medicine, catalyst, nano biosensors, power plants, 

fertilizer, insecticides, pesticides, herbicides, nano micro nutrients, plant 

growth promoters, which is used for the reduction of dye in  industrial 

waste water treatments, food industries, etc., the synthesized zinc oxide 

silver bimetallic nano composite is further characterized by using the 

following analytical instruments they are UV-Visible absorption 

spectroscopy, FT-IR Spectroscopy, XRD, FESEM and EDAX spectrum. 

The antibacterial activity of the green synthesized zinc oxide silver 

bimetallic nanocomposite was performed well against gram-negative (E. 

coli) bacteria and gram-positive (S. aureus) bacteria, as well as the anti-

biofilm activity against (E. coli) bacteria and (S. aureus) bacteria. 

 

Keywords 
Green synthesis, 

nanocomposite, 

characterization, antibacterial 

activity, and anti-biofilm 

activity. 

. 

 
©2025 The authors 

This is an Open Access article  

distributed under the terms of the Creative 

Commons Attribution (CC BY NC), which permits 

unrestricted use, distribution, and reproduction in 

any medium, as long as the original authors and 

source are cited. No permission is required from 

the authors or the 

publishers.(https://creativecommons.org/licenses/b

y-nc/4.0/) 

 

 

1. INTRODUCTION: 
The green synthesis of zinc oxide silver 

Nanocompositeis one of the important synthesizing 

methods in this contemporary world. Nowadays 

there are several methods in the synthesis of 

nanocomposites; they are the electrochemical 

method, sonochemical method, thermal 

decomposition method, sol-gel method, mechanical 

milling method, and laser ablation method, among 

which the above green synthesis method is applied 

in the synthesis of zinc oxide silver nanocomposite. 

The synthesis of zinc oxide silver nanocomposite 

from Grewia oxyphilla fruit extract has enhanced 

the stability of the formation of the nanocomposite 

due to the capping efficiency of the phytochemicals 

present in the fruit extract. The deposition of the 

nanocomposite is taking place due to the 

adjustment of the pH of the solution phase. The 

stability of the nanocomposite was related to 

different temperature parameters. There are so 

many advantages in this synthesis of 

nanocomposites, like that they are applied in the 

production of nanotubes, nanorods, nanofibers, 

nanochips in solar panels, semiconductors, 

quantum dots, nanofertilizers, nanopolymers, 

nanomedicines, etc.The Grewia oxyphylla fruit 

extract is much better in the preparation of 

nanocomposites.This plant mostly lives in tropical 

rain forests. Its growth differs according to the 

nature of the soil. This plant grows well in 

terracotta, mountain soil, lake areas, and stream 

areas.Its roots are highly stagnating the water 

towards the summer season. The shape of the 

leaves is similar to that of the beetle leaves with a 

strong leaf joint. It is dark in color, and its bark is 
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in a brownish violet color. This plant, containing a 

greater number of small flowers and fruits, almost 

grows to about 3.5 to 4 meters in height. It has 

fruits that are a dark yellow color, and the seeds are 

part of one-third of the fruit. Its leaves are used as 

food for goats, its flowers produce a limited 

quantity of nectar, and the bees collect them in the 

spring season. Its fruits are used as food for 

squirrels, sparrows, and monkeys. It is simply 

called plum fruit. These leaves are mostly used for 

the treatment of bone fractures and inflammation of 

bone joints in village medicine. This plant is widely 

used as green fertilizer for soil in farmland. This 

plant grows with a group of other shrub-type 

plants. The synthesized zinc oxide silver bimetallic 

nanocompositewas stable till 350-450°C when 

calcinated in a muffle furnace. After calcination the 

purple color changed to pale brown. Further, these 

zinc oxide silver nanocomposites were introduced 

for the characterization studies by using different 

analytical instruments; they are UV-DRS, XRD, 

FT-IR, FESEM, and EDAX spectroscopic 

techniques. This nanocomposite sample was 

applied against pathogenic bacteria like gram-

negative bacteria (E. coli) and gram-positive 

bacteria (S. aureus); thus, the concentration of 

synthesized zinc oxide silver bimetallic 

nanocomposite was about 500 µg/ml, 750 µg/ml, 

and 1000 µg/ml in all the wells in the test plate as 

well as the standard. The performance of 

synthesized zinc oxide silver bimetallic 

nanocomposite against E. coli bacteria is much 

better than against S. aureus bacteria. This was an 

excellent antibacterial agent when treated against 

such pathogenic bacteria. From the test report, the 

performance was determined well.Similarly, the 

anti-biofilm activity of the synthesized zinc oxide 

silver bimetallic nanocomposite against E. coli and 

S. aureus bacteria performed better. 

  

2. Materials and methods  

These fruits were collected from Vilangadu Forest, 

silver nitrate was purchased from Loba Chemicals, 

zinc nitrate hexahydrate was purchased from Loba 

Chemicals, sodium hydroxide was purchased from 

Merck Chemicals, double distilled water, a 

thermometer, pH paper, and Whatman 40 filter 

paper. 

 

2.1  Preparation of fruit extract 

The fruits were collected from the forest and rinsed 

with tap water, and they were allowed to dry for 

three hours. After the drying, the fruits were 

weighed. Only 30 grams of the fruits were taken in 

a well-cleaned watch glass, and the seeds were 

removed from the pulp. Then the pulp was smashed 

well by the cleaned mortar and pestle. The smashed 

pulp was transferred into a 300 ml beaker, and a 

10% solution was prepared. It was heated for one 

hour to achieve 60-70°C, then it was allowed to 

cool till the temperature attained room temperature. 

Then the fruit’s pulp solution was filtered using 

Whatman 40 filter paper. Then the filtrate was 

allowed to cool to 5°C by using the refrigerator. 

2.2  Synthesis of zinc oxide silver 

nanocomposite 

In the synthesis of the zinc oxide silver 

nanocomposite (Fig.1),  only 30 ml of 0.01M 

concentration of the zinc nitrate hexahydrate 

solution is taken in a 200 ml beaker and 30ml of 

0.01M concentration of silver nitrate solution was 

added into the same beaker it was allowed to 

agitate by using the mechanical stirrer for 15 

min  during agitation 30 ml of the 0.01M 

concentration of the fruit extract is added in drop 

by drop till the reaction  completed after the 

addition of the fruit extract then 0.01M 

concentration of the freshly prepared sodium 

hydroxide solution was  added till the precipitation 

taking place into the reaction phase and the pH of 

the reaction mixture is around 7.5 then it is allowed 

to filter and it was washed with double distilled 

water and it was dried at 1000 C in oven for 24 hrs 

and it was  collected in a morter and grinding well 

it is transferred into a silica crucible and heated into 

the muffle furnace for 350-4500 C for 4 hrs. The 

brownish violet powder was obtained; it was taken 

for further characterization studies. 
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Fig.1 Synthetic root of metal NPs 

3. RESULTS AND DISCUSSION: 
3.1. UV- DRS spectroscopy: 

In UV-DRS spectra, the absorption for zinc oxide 

nanocomposite (Fig. 2) will be in the range of 330 

nm to 480 nm, but due to the doping with the silver 

nanoparticle, it is shifted to the shorter wavelength, 

so the peak is obtained at 267 nm, and similarly for 

silver nanoparticles, the peak is shifted to 397 nm. 
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Fig.2. UV- DRS for zinc oxide silver bimetallic nanocomposite

ZnOAgNPs

397 nm

267 nm

 
 

3.2. XRD for zinc oxide silver  

The synthesized zinc oxide and silver bimetallic 

nanoparticles showed the intense peak in x ray 

difractometer (Fig.3) in which the intensity of the 

peak increases with increase of the annealing 

temperature that is 350-4500 C due to the effect 

of  high temperature the particle size will increased 

, from the x ray diffractogram the synthesized zinc 

oxide silver bimetallic nanoparticles displays 

various lattice planes of  101, 002, 101, 111, 200, 

102, 110, 103, 220, 112, 004, 202, with 

corresponding 2  values 32.46, 34.97,36.86, 38.75, 

45.06, 48.19, 57.32, 63.61, 68.96, 69.58, 73.36 

and  77.78 in this the zinc oxide component 

maintaining its hexagonal wurtzite syructure,while 

the silver adopting the FCC structure. Due to the 

interaction of those two components, it will result 

in the shifting of the peaks in the x-ray diffraction. 

This type of synthesized zinc oxide nanocomposite 

has the hexagonal wurtzite structure, among which 

the tetrahedral coordination is an important one to 

characterize this structure, in which each zinc atom 

is surrounded by four oxygen atoms. The 

diffraction peaks can shift or change due to the 

interaction of the zinc oxide and silver atom. 
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Fig. 3. XRD  for zinc oxide silver bimetallic nanocomposite
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3.3. FT-IR spectra for zinc oxide silver 
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Fig.4 (a)- FT-IR spectra for AgNPs from G.O fruit extract  
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The FTIR spectroscopy is a valuable one for the 

identification of the functional groups that may be 

performing the activity in the reduction of the metal 

or metal oxide nanoparticles (Fig. 4(a)) from the 

particular metal precursor sources, among which 

the zinc oxide silver bimetallic nanoparticles 

formed at 879 cm⁻¹ and 991 cm⁻¹, the C-N group at 

1103 cm⁻¹, the C=C stretching at 1625 cm⁻¹, and 

the C-H bending at 1410 cm⁻¹. The phenolic 

compound has performed its reducing and capping 

ability in the reduction of zinc oxide silver 

bimetallic nanoparticles (Fig. 4(b)), and because of 

the broad band, it appeared due to the stretching 

frequency of the phenolic compound at 3440 cm⁻¹. 

 

3.4.  FESEM for zinc oxide silver  

This technique is an essential one for the 

investigation of the morphology of the synthesized 

silver zinc oxide nanoparticles. The scanning 

electron microscopic technique is an indispensable 

one to determine the conglomeration of the 

synthesized silver zinc oxide (AgZnO) bimetallic 

nanoparticles. From the SEM image, the structure 

of such a particle was identified as a hexagonal 

wurtzite structure, and the diameter of the particle 

is given as 100 nm. Fig. 5 shows the image of the 

synthesized zinc oxide silver bimetallic 

nanoparticles. 
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FIG. 5 .zinc oxide silver bimetallic Nanoparticles from 

Grewia Oxyphilla Fruit Extract 
 

3.5. EDAX Spectrum 

In elemental analysis, the other elements are C, O, 

and Na. The EDAX spectrum shown in Fig.6, 

shown that the zinc and silver produced the 

intense peak; in this, silver metal produced the 

minimum of 3.0 keV. Similarly, zinc metal 

produced 8.0 keV. Apart from that, the zinc oxide 

silver bimetallic nanoparticle produced about 0.5-

3.0 keV. 

 

 
Fig.6.For EDAX spectrum 

 

3.6. Anti bacterial activity  

The antibacterial activity of green synthesized zinc 

oxide silver bimetallic nanocomposite against E. 

coli and S. aureus bacteria was good. Table-1 

displayed that the zinc oxide silver bimetallic 

nanocomposite was used in different 

concentrations, like that they are given as 500 

µg/ml, 750 µg/ml, and 1000 µg/ml; the 

corresponding inhibition for such concentrations 

was 8 mm, 8 mm, and 10 mm. Similarly, the 

standard for such a diffusion method was 

ampicillin (20 µl/disc), and its inhibition was 

around 12 mm. From the test report, the inhibition 

of the synthesized zinc oxide silver bimetallic 

nanocomposite was almost near to the performance 

of the standard (ampicillin). For E.coli bacteria  the 

inhibition of synthesized zinc oxide silver 

bimetallic nanocomposite in different 

concentrations is given as 500 µg/ml, 750 µg/ml, 

and 1000 µg/ml. The controls for such 

concentrations are given as 9 mm, 9 mm, and 13 

mm, and the standard for the above test was 

ampicillin (20 µl/disc), and its inhibition was less 

than the performance of zinc oxide silver bimetallic 

nanocomposite (11 mm). From the test report, the 

synthesized zinc oxide silver bimetallic 

nanocompositeperformed well compared with the 

standard. So the sample was excellent for the 

control of E. coli bacteria compared to S. aureus 

bacteria. The petri plates are displayed in Fig.7. 

 
Table-1 Antibacterial activity of ZnOAg against E.coli and 

S.aureus bacteria 

Organisms  Sample (µg/ml) Standard  

1000 750 500 

Staphylococcus 

aureus 

10 8 8 12 

Escherichia coli 13 9 9 11 

 

 
Fig.7. Zone of inhibition (mm)for pathogenic bacteria 

 

4. CONCLUSION: 
The above method of synthesizing zinc oxide silver 

bimetallic nanocomposite was a facile one 

environmentally and economically; then the zinc 

nitrate hexahydrate and silver nitrate were reduced 

in Grewia oxyphilla fruit extract. This fruit extract 

performed as both a reducing and capping agent 

due to the effect of phenolic compounds as rich 

phytochemicals, like that of the synthesized zinc 

oxide silver bimetallic nanocomposite, which was 

further characterized by several analytical 

instruments. These instruments performed well, 

and the crystallinity (or shape of the crystal), the 

presence of functional groups in the extract, and the 

structure and morphology of the nanocomposite 

were described well. The applications of the 

synthesized zinc oxide silver bimetallic 

nanocomposite were wonderful against the 

pathogenic bacteria like S. aureus and E. coli 

bacteria in antibacterial activity. From the above 

information, the synthesized nanocomposite was 

valuable for biological applications. 
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