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Abstract 
Nanotechnology is becoming increasingly popular and 

it is currently a well-established subject of 

interdisciplinary science. Nanoparticles can be 

manufactured using a variety of processes, but they 

have a few disadvantages including toxicity. To 

circumvent the limits of traditional synthesis processes, 

the attention has switched to a new radius that includes 

biological entities such as plants, known as green 

synthesis. Nanotechnology is one of the most important 

areas of research for the development of 

environmentally friendly biological processes for 

nanoparticle synthesis. Copper-Zinc nanoparticles 

(Cu-Zn NPs) were synthesised at ambient temperature 

with leaf extract of Lantana camara acting as the 

reducing agent. Aqueous methanolic extracts were 

used to perform qualitative screening of phytochemical 

components which revealed the presence of glycosides, 

alkaloids, tannins, terpenes, flavonoids, saponins and 

carbohydrates. Cu, Zn and Cu-Zn NPs were designed 

with the aim of scavenging free radicals and 

functioning as antibacterial static agents. 

Biosynthesized NPs were found to be more effective 

DPPH radical scavengers than aqueous leaf extract.  

 

Furthermore, the biosynthesized nanoparticles 

effectively reduced the growth of therapeutically 

relevant pathogenic Gram-positive bacteria 

(Staphylococcus aureus, Bacillus cereus, Candida 

albicans and Bacillus subtilis) as well as Gram-

negative bacteria (E.coli and Pseudomonas 

aeruginosa). According to the study, biosynthesized 

nanoparticles have a great potential for use in the 

creation of medications used to treat a variety of 

ailments, as well as being a prospective contender for 

numerous medicinal applications.  
 

Keywords: Phytoconstituents, Therapeutically, 

Biosynthesized. 

 

Introduction 
Lantana camara, commonly known as red sage, primarily a 

native to subtropical and tropical regions, can be found in 

South India, America and Africa. Numerous chemical 

components, including flavonoids, steroids, glycosides, 

triterpenes and essential oils, are abundant in leaves.18,30 The 

plant is used to cure skin conditions like dermatitis, itching, 

scabies, leprosy and chickenpox since it has several 

therapeutic uses. In the current work, Cu-Zn nanoparticles 

for antibacterial potential were synthesized using leaf 

extract. Nanomaterials are nano scale particles that exhibit 

chemical stability due to their huge surface area to volume 

ratio, nonlinear optical performance, catalytic reactivity and 

thermal conductivity.18 

 

Researchers focused on metallic nanoparticles because of 

their unique characteristics such as electrical, catalytic, 

optical and magnetic properties, which have been shown to 

be highly dependent on their size and form. The effect of this 

unique attribute of NPs, which differs from their bulk 

materials, has been noticed in a variety of disciplines 

including chemical40, biomedical14, agricultural28 and 

engineering24 research.  
 

Nanoparticles are predicted to serve as the foundation for 

many of this century's technical and biological 

advancements with specific advantages in physical, 

chemical and biological aspects. Thus, plant-mediated 

synthesis, also known as green synthesis, has emerged as the 

most effective alternative to chemical synthesis. Plants 

contain the most bioactive organic compounds such as 

polyphenols, flavonoids, alkaloids, terpenes, tannins, 

steroids and saponins. These phytochemicals are non-

nutritive in nature and are produced by plants as part of their 

defence mechanism to withstand stress39. Copper7, zinc8, 

gold1,21 and silver are some of the metals utilised in 

nanotechnology to synthesise nanoparticles.3,26,42 Zinc is the 

most deficient micronutrient in soils around the world. In 

India, 40-42% of cultivated fields are zinc deficient, 

resulting in a significant drop in output.  
 

As a result, agricultural plants require zinc as a supplement. 

If crop plants are given Zn in their nano-formulation, their 

nutrient utilisation efficiency will increase. To be 

economically viable, nanoparticle production must be both 

low-cost and environmentally friendly. Cu NPs are highly 

interacting nanoparticles with a variety of biological 

properties including antioxidant capacity, antifungal and 

antibacterial activity, cytotoxicity and drug delivery against 

malignant and tumour cells. Bacteria, fungi, actinomycetes, 

algae and plants all produce Cu NPs, either extracellularly or 

intracellularly36.  
 

Most of the literature technique for producing Cu NPs, 

includes sonochemical synthesis, surfactant-based template 

methods, biosynthesis techniques, hydrothermal ultrasound 

irradiation, electron beam lithography, copper acetate 

decomposition, sol-gel, microwave-assisted protocols and 

solid-state reactions.16,22,33,41 Furthermore, it has been 

demonstrated that the morphological characteristics and 
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toxic behaviour of Cu NPs are influenced by the process of 

their synthesis.27 Plants produce a diverse spectrum of 

secondary metabolites, among them, antioxidants react with 

free radical and prevent damage before it starts by 

neutralizing them30. Because of this, the current study used 

the DPPH test and Lantana camara produced nano-Cu-Zn 

to examine the plant's capacity to scavenge free radicals. For 

the aforementioned reasons, the current study evaluated the 

antioxidant properties and antibacterial activity of Lantana 

camara leaf extract tested against pathogenic bacteria which 

included Staphylococcus aureus, E. coli, Bacillus cereus, 

Bacillus subtilis and Pseudomonas aeruginosa in order to 

synthesise Cu-Zn NPs. 

 

Material and Methods 
Collecting plants and extractions: Weed was procured by 

the road side of the National Highway (NH-44) and 

identified at the Botany Department of Kurukshetra 

University Kurukshetra, Haryana. The harvested leaves of 

the plant Lantana camara were washed with distilled water 

and then air/oven dried for five days. After mixing 20g of 

the sample with 200 ml of deionised water and stirring it for 

an hour at 60°C, a combination was developed. The leaves 

extract was filtered using filter paper and filtrate was kept at 

4°C for later use.  

 

Synthesis of Cu-Zn bimetallic NPs: The biosynthesis of 

bimetallic nanoparticles involved the addition 6 gram of zinc 

nitrate (25mM) and 5 gram of copper sulphate pentahydrate 

(25mM), dissolved in 90 ml of de-ionized water. This 

mixture was then incubated at ambient temperature in water 

bath till solution became uniform. 90 ml of this dissolved 

copper zinc solution was added drop wise into 10 ml of plant 

extract and incubated in a water bath at 70°C for one hour. 

The pH level of the solution was corrected to a value of 8 by 

introducing a 1molar solution of NaOH. The following NPs 

were rinsed thrice with ethanol and dried at 90°C incubated 

in an oven. In the final step, the synthesized NP powder went 

through calcinations process at 400°C for 4hr.20 

 

Phytochemical Screening: 10g of oven-dried leaf powder 

was placed in a 100ml methanolic solution. The solution was 

keeping for 72 hours at room temperature. Whatmann no.1 

filter paper was used to filter the extracts and the supernatant 

was then collected. Using a water bath, the solvent was 

evaporated and the final volume was measured. 

Phytochemical screening of L. camara leaf extract was 

performed to determine the presence of phytoconstituents. 

The existence of several phytochemical elements such as 

amino acid, protein, carbohydrate, alkaloids, saponins, 

flavonoids, phenolic, tannins, cardiac glycosides, steroids 

and terpenoids was qualitatively tested using established 

methods.10,12 

 

Collection of microbe: The human pathogenic 

microorganisms were acquired from the Microbial Type 

Culture Collection (MTCC) at the Institute of Microbial 

Technology (IMTECH) in Chandigarh. These include 

Staphylococcus aureus, Bacillus subtilis, Pseudomonas 

aeruginosa, Bacillus cereus, E. coli and Candida albicans. 

Muller Hilton's broth was prepared to preserve cultures. 

Broth test tubes were refrigerated at 4ºC for future study. 

 

Determination of antimicrobial activity of leaf extract in 

various organic solvents: L. camara leaves solvent extracts 

were constituted by weighing 10g of leaf powder dissolving 

in 200ml of different solvents in a sterile test tube and then 

dry on hot plate, yielding a stock solution concentration of 

100mg/100ml extract. The stock solution was kept at room 

temperature until used11.The antibacterial activity of the leaf 

extracts was assessed using the agar well diffusion method. 

The impact of different solvent extracts on pathogenic 

bacterial strains was evaluated. 1mg of each solvent extracts 

were dissolved in 1ml of DMSO (dimethyl sulfoxide) and 

approximately 150𝜇l of this solution was loaded on the well. 

All cultured Petri plates were kept for 24h in incubator at 

37°C and the bacterial inhibition zone were recorded in mm. 

 

Determination of Minimum Inhibitory concentration: 
The minimum inhibitory concentration (MIC) is the lowest 

concentration required to prevent bacterial growth after 24 

hours of incubation. MIC assay was used to analyse 

antimicrobial activity using micro dilution method. 

Dilutions of synthesised NPs were generated at various 

concentrations (mg/ml). To dilute the broth, use a final 

inoculum of 105cfu/ml and apply 1-2μl to the broth media. 

The minimum inhibitory concentration (MIC) values were 

established using two-fold serial dilutions.26 

 

Determination of Antimicrobial Activity of different 

nanoparticle and its concentration: The antimicrobial 

activities of the nanoparticles were assessed using the agar 

well assay method. The experiment comprised of both 

Gram-negative and Gram-positive bacterial strains. 

Microbial inoculum was aseptically disseminated uniformly 

on the surface of pre-solidified Mueller-Hinton Agar (MHA) 

plates using a sterile glass spreader. Different concentrations 

of nanoparticles were dissolved in 1ml of DMSO and 

approximately 150𝜇l of this solution was impregnated in the 

well. The well was impregnated with 150𝜇l of copper, zinc 

and copper-zinc solution. Chloramphenicol was used as a 

control. An incubation of 37°C was given to cultured plates 

in an incubator for 24 hours and the microbial inhibition 

zone was measured and quantified in mm.13,34 

 

Determination of Antibacterial Activity of Bandages: 

The sterile bandages (autoclaved) were cut into 1×2 cm size 

and impregnated with Cu-Zn solution. Bandages saturated in 

nanoparticles were dried in the vial at 60°C. The microbial 

activity of these bandages was tested on Muller Hinton agar 

medium at 37°C for 24 hours. The inhibition of bacterial 

growth zones in bandages containing nanoparticle was 

compared to non-impregnated bandages. The bandages were 

dipped in 150𝜇l and dried in the vials, resulting in larger than 

predicted zones.  
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Antioxidant activity of 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) method: 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

technique exhibits antioxidant action. The approach was 

performed in accordance with minor modifications.4 The 

capacity of Cu, Zn and Cu-Zn to decrease DPPH (2, 2-

diphenyl-picrylhydrazyl) stable free radical, was tested. The 

antioxidant capabilities of the samples were compared to the 

standard ascorbic acid. The control solution was DPPH (all 

reagents except the sample) and the blank solution was 

methanol. NPs at varied concentrations (10µg, 30µg, 60µg, 

90µg, 120µg, 150µg, 180µg and 210µg/ml) were combined 

with 1ml of freshly made DPPH (1mM in methanol) solution 

and thoroughly vortexed. The mixture of the solution was 

left undisturbed in the dark for 30 minutes at 37°C. The 

samples absorbance was measured at 517nm and DPPH was 

clearly detectable in the absence of any other standard. The 

scavenging activity was calculated in percentage using the 

formula:   

 

% of antioxidant activity= [(Ac-As) ÷ Ac] × 100 

 

where Ac is the absorbance of control and As is the 

absorption of NPs/vitamin C. 

 

Results  
Phytochemical Analysis: The qualitative analysis of the 

phytochemical components revealed presence of glycosides, 

tannins, alkaloids, terpenes, flavonoids, saponins and 

carbohydrate performed using aqueous methanolic extracts 

as shown in table 1. These phytochemical studies focus on 

the unique separation of natural chemical elements from 

plant extracts, used in clinical applications. Methanol found 

to be the best extractant was opted for phytochemical 

analysis of phyto components to reveal alkaloid and 

flavonoids to be potent stabilizing and reducing agent to 

reduce salt zinc nitrate and copper sulphate to non-ionic or 

oxide forms in the process of synthesis of Cu-Zn bimetallic 

nanoparticles.  

 

Rashid et al36 and Ezebo et al11 conducted a qualitative 

phytochemical examination of ethanolic and methanolic 

extracts of Lantana camara leaf, which revealed the 

presence of saponins, flavonoids, tannins, alkaloids and 

terpenoids. Similar to present study. Palei et al33 results 

showed that alkaloids, terpenoids, phenolic, coumarine, 

tannin, phlobetanin, saponins and flavonoids were present in 

leaf extracts consistent with our findings. 

 

Antimicrobial activity: Antimicrobial activities are 

inherent part of any medicinal plant exploited for drug 

discovery and the secondary metabolites along with 

phytochemicals or bioactive components that offer certain 

medicinal properties of plant to act against various ailments. 

Leaves extracted from the plant (L. camara) have to be 

effective antimicrobial agent to act against both bacterial and 

fungal pathogens. Lantana camara plant belonging to family 

Verbenaceae has been used as potent agent against standard 

pathogens which include C. albicans, S. aureus, B. subtilis, 

B. cereus, E. coli and P. aeruginosa. Leaf extract of the plant 

was utilized to synthesize bimetallic nanoparticles which 

include Cu and Zn nanoparticle. The standard drug used as 

control was chloramphenicol.  

 

The results obtained using both original plant extract from 

leaves also serve as control and for further validation, we 

opted Cu-Zn solution (salt solution) also as control to reveal 

effect of synthesized bimetallic nanoparticle in comparison 

to opted control solutions. The plates prepared using MHA 

were kept for 3 days in laminar air flow chamber to avoid 

any contamination in plates owing to sterilization method 

and handling. The plates were punctured using tips after 

spread of respective bacteria. The extracts prepared of 

control, standard drug, Cu-Zn solution and Cu-Zn 

nanoparticles were poured at a dose of 150µl (as final 

capacity) into the punctured hole. The plates were incubated 

in incubator shaker at 37°C for overnight and then zone of 

incubation were measured using standard scale as minimum 

or maximum against all pathogens selected individually. 
 

The source being vast including air, water, soils serve as 

minerals zones for Bacillus bacterial isolation. The present 

research resulted in potent zones against B. subtilis bacteria. 

The control (chloramphenicol) resulted in a zone of 21mm 

which was lesser as compared to E. coli. However, 

monometallic Cu and Zn nanoparticles produced 14mm and 

12mm zone respectively.
 

Table 1 

Phytochemical screening of aqueous leaf extract of Lantana camara 

S.N. Name of Phytochemicals Presence(+)/ Absence(-) 

1. Amino acids - 

2. Proteins - 

3. Carbohydrates + 

4. Alkaloids + 

5. Cardiac glycosides + 

6. Flavonoids + 

7. Saponins + 

8. Tannins + 

9. Terpenoids + 

10. Phenol + 
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The salt solution also taken as an extra control resulted in 

17mm zone only. The bimetallic nanoparticles synthesized 

salt solution and leaf extract of plant resulted in potent zone 

of 28mm against B. subtilis. Against E. coli bacteria, the 

poured sample resulted in different inhibition zones, a zone 

of of 27mm against chloramphenicol, while 33mm 

(maximum) zone was observed using Cu-Zn (bimetallic) 

nanoparticles. The control sample produced a bigger 

inhibition zone of 27mm against E. coli in comparison to salt 

solution of Cu-Zn bimetallic which resulted in a zone of 

23mm.  

 

Highest zone of 34mm inhibition was observed using 

bimetallic nanoparticle against Bacillus cereus. The 

inhibition zone was highest among all other zones obtained 

against other bacteria ranging from a minimum of 19mm 

against P. aeruginosa to 33mm against E. coli. 

Monometallic Cu nanoparticles produced a zone of 14mm 

which was the smallest of all. In comparison, Monometallic 

Zn nanoparticle resulted in almost similar zone of 12mm. 

The salt solution taken gave a zone of 15mm which is higher 

than even monometallic nanoparticle. The control also gave 

a significant zone of 31mm higher of all zones against 

different bacteria.  

 

A zone of 19mm was obtained using bimetallic nanoparticle 

which was minimum of all zones obtained using bimetallic 

nanoparticles. So it is least effective against P. aeruginosa. 

In comparison, a similar zone of inhibition of 18mm was 

obtained using salt solution of Cu-Zn. The chloramphenicol 

taken as control however resulted in a zone of 28mm which 

was effective. Monometallic Cu and Zn nanoparticle 

resulted each 14mm zones which were lesser effective than 

plant extract and Cu-Zn salt solution.  

 

S. aureus is a multidrug resistant pathogen and most of the 

reports published revealed the bacteria to become resistant 

to a large no. of antibiotics consumed by affected patients 

irrespective of specificity concentration and doctor 

prescription. The control chloramphenicol resulted in 

significant zone of 27mm against S. aureus while 

monometallic Copper and Zn nanoparticle resulted in 13mm 

and 12mm zones respectively. In comparison to 

monometallic nanoparticles, the bimetallic nanoparticles can 

serve as target drugs to combat ailments which are caused by 

S. aureus. But the toxicity and concentration of nanoparticles 

have to verify before testing on human beings.  

 

The bimetallic and monometallic nanoparticles are quite 

effective against all bacterial pathogens irrespective of their 

being Gram negative and positive bacteria. So the sample 

prepared was tried against C. albicans to test their efficacy 

other than bacterial pathogens. A zone of 26mm almost 

equivalent to that obtained against E. coli and S. aureus was 

observed against C. albicans while in comparison, the 

monometallic Cu, Zn nanoparticles were observed to get 

restricted 12mm and 13mm respectively. The solution 

prepared by mixing Cu-Zn salt resulted in a zone of 19mm 

and in contrast, the Cu-Zn bimetallic nanoparticle 

synthesized resulted in zone of 30mm which again revealed 

the effectiveness of bimetallic nanoparticle against C. 

albicans caused ailments.  

 

A zone size of 2mm is considered as significant and our 

nanoparticle resulted in higher zones as in figures 1, 3 and 

table 2. The results of the study suggested that the 

synthesized NPs showed potential antibacterial effects 

against difference between Gram positive and negative 

Candida albicans, S. aureus, Bacillus cereus, Bacillus 

subtilis and E. coli and Pseudomonas aeruginosa. 

 

The Gram-negative bacteria have an outer membrane 

composed of negatively charged lipopolysaccharides 

molecules. The synthesized nanomaterial passes through the 

cell wall of the bacteria and damages from the interior. The 

physical interaction between bacterial cells and synthesised 

NPs disrupted the cell wall structure, resulting in breakdown 

and ultimately bacterial death. The nanoparticles penetrating 

the thick peptidoglycan layer of bacteria (Gram positive) 

while the Gram negative lack such thick layer to have drastic 

effect on their thin peptidoglycan layer. Cu-Zn nanoparticles 

had the significant microbial activity against all the tested 

microbes when compared to any other nanoparticle solvent. 

 

The Cu-Zn nanoparticles exhibited the highest activity 

against Bacillus cereus and E. coli resulting in zones of 

34mm and 33mm at 150𝜇l volume of extract.

 

Table 2 

Inhibition zone diameters (in mm) of control Cu, Zn, Cu-Zn solution, Cu-Zn solution with plant extract nanoparticles 

from Lantana camara tested against six pathogens. 

Bacteria pathogens taken  Volume of nanoparticles solution(100/150µl)  

Control Cu Zn Cu-Znnps, 

100 µl 

Cu-Znnps 

150µl 

Cu-Zn solution 

without extract 

100µl 

150µl 

1. E. coli 27mm 13mm 11mm 16mm 23mm 20mm 33mm 

2. Candida albicans 26mm 12mm 13mm 22mm 19mm 24mm 30mm 

3. Staphylococcus aureus 27mm 13mm 12mm 14mm 20mm 16mm 29mm 

4. Bacillus cereus 31mm 11mm 11mm 21mm 15mm 22mm 34mm 

5. Bacillus subtilis 21mm 14mm 12mm 26mm 17mm 28mm 28mm 

6. Pseudomonas aeruginosa 28mm 14mm 14mm 14mm 18mm 14mm 19mm 
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S. aureus and Bacillus subtilis were also more vulnerable to 

Cu-Zn mixed nanoparticles with 29mm and 28mm zone of 

inhibition at 150 𝜇l volume of extract. In contrast, other 

nanoparticles   like Cu, Zn individually were less effective 

to all bacteria. If we compare the result with control, the Cu-

Zn mixed nanoparticle showed highest antibacterial activity. 

Atacan et al2 and Kyene et al25 using ZnO NPs from Cassia 

sieberiana demonstrated a considerable zone of inhibition 

for S. typhi (20.0mm) and S. aureus (24.0mm), but less for 

E. coli (13.7mm) and C. albicans (11.7mm). 

 

Kasthuri et al18 and Hasanin et al13 reported that 

nanocomposite displayed antibacterial activity against 

Bacillus subtilis (23mm), Escherichia coli (19mm), 

Staphylococcus aureus (16mm) and Candida albicans 

(16mm), with MICs of 7.81, 31.25 and 62.5µg ml-1 

respectively. Tiwari et al40 reported zone of Inhibition of 

diameter values 35.2 mm ± 0.9, 23.6 mm ± 0.1 and 

13.5 mm ± 0.1 and the Zn NPs were highly effective 

against S. Aureus using leaf extract Calendula officinalis.39 

 

Antibacterial activity of organic solvent: L. camara 

possessed numerous secondary metabolites which were 

evaluated using different solvent extracts against bacterial 

strains. Our findings showed that all solvent extracts of L. 

camara were efficient against both Gram positive and Gram 

negative bacterial strains examined, while their efficiency 

varied. The methanolic extract obtained resulted in a range 

of zone of inhibition with a minimum of 13mm against B. 
cereus and a maximum 21 against E. coli which resulted in 

a zone of 18mm against S. aureus, C. albicans and P. 
aeruginosa. A similar zone of 14mm was observed against 

B. subtilis. Acetone extracts resulted in zones of 19mm, 

19mm, 22mm, 11mm, 12mm and 18mm against E. coli, C. 
albicans, S. aureus, B. cereus, B. subtilis and P. aeruginosa 

respectively.  

 

Butanol extracts resulted in zones of 23mm, 20mm, 17mm, 

11mm, 15mm and 15mm against E. coli, C. albicans, S. 
aureus, B. cereus, B. subtilis and P. aeruginosa respectively. 

Acetonitrophenol extracts resulted in zones of 12mm, 

13mm, 18mm, 13mm, 12mm and 16mm against E. coli, C. 

albicans, S. aureus, B. cereus, B. subtilis and P.aeruginosa 

respectively in fig. 2 and table 3. In contrast, chloroform 

extract was less effective to all bacteria. L. camara is used in 

many regions of the world to treat a variety of human 

diseases.  

 

Our reports support the findings of Ezebo et al11 and 

Davydova et al9 who revealed that ethanolic extract showed 

highest inhibition against V. cholerae (17.14+ 0.06) and the 

lowest inhibition was observed on E. coli (12.08+ 0.22). The 

methanol extract showed highest inhibition of V. cholerae 

(13.19+ 0.06) and lowest inhibition of M. luteus (9.22+ 

0.09). Borge et al6 and Natrayan et al31 studied antimicrobial 

activity of different extracts obtained against E. coli, no 

significant differences were observed between methanol 

(16.7 mm), ethanol (16.7 mm), acetone (14.7 mm) and 

hexane (12.0 mm) (p > 0.05). 

 

Antibacterial activity of Bandages: Cu-Zn bimetallic 

nanoparticles prepared using plant extract of Lantana 
camara were tested for their antibacterial activity by dipping 

the cotton bandages in bimetallic solution 150µl in a closed 

Erlenmeyer flask to avoid evaporation of nanoparticle 

solution as in fig. 4 and table 4. The bandages were dried 

inside the flasks and then tested against standard pathogens. 

The dose was kept same (60µl) for all bacterial pathogens to 

avoid dose dependent effects. The bandages were kept 

folded on bacterial culture plates and zones were measured 

around bandages as minimum and maximum. A range of 

minimum zone of 27mm which it in its own, is a significant 

zone of inhibition against C. albicans to 33mm.  

 

A maximum was observed against P. aeruginosa. As P. 
aeruginosa causes a number of skin diseases, bandages 

coated in bimetallic nanoparticles have the potential to 

revolutionize the health/medical sector. Bandages showed a 

28mm zone against E. coli Gram negative bacteria, while a 

similar zone of 27mm was observed against C. albicans. A 

bigger size zone of 29mm was obtained against S. aureus 

and B. subtilis (both Gram positive bacteria).

 

 
Figure 1: Zones of inhibition using Cu, Zn, Cu-Zn solution, Cu-Zn nanoparticles from Lantana camara  

leaf extracts tested against six pathogens. (1-6 control), (1a-6f Nps solution) 1, a) B. cereus 2, b) S. aureus  

3, c) C. albicans 4, d) B. subtilis 5, e) E. coli 6, f) P. aeruginosa respectively. 
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Figure 2: Zones of inhibition using leaf extract (Lantana camara) in different organic solvent tested against six 

pathogens (1-6 control), (g-l solvents). 1,g) B. cereus 2,h) S. aureus 3,i) C. albicans 4,j) B. subtilis  

5,k) E. coli 6,l) P. aeruginosa 

 

 
Figure 3: Zones of inhibition plant extract, Cu-Zn solution, Cu-Zn nanoparticle tested against six pathogens.  

(1-6 control), (m-r solutions) 1,m) B. cereus 2,n) S. aureus 3,o) C. albicans 4,p) B. subtilis 5,q) E. coli 6,r) P. aeruginosa 

 

Table 3 

Inhibition zone diameters (in mm) using leaf extract (Lantana camara) in different organic solvent tested  

against six pathogens. 

Bacteria pathogens taken Volume of different solvent (150µl) 

Control Methanol Acetone Butanol Acetonitrophenol 

1. E. coli - 21mm 19mm 23mm 12mm 

2. Candida albicans - 18mm 19mm 20mm 13mm 

3. Staphylococcus aureus - 18mm 22mm 17mm 18mm 

4. Bacillus cereus - 13mm 11mm 11mm 13mm 

5. Bacillus subtilis - 14mm 12mm 15mm 12mm 

6. Pseudomonas aeruginosa - 19mm 18mm 15mm 16mm 

 

Table 4 

Inhibition zone diameters (in mm) dipped bandage in Cu-Zn nanoparticles solution against six pathogens. 

S.N Bacteria pathogens taken Control Bandage 

1. E. coli - 28mm 

2. Candida albicans - 27mm 

3. Staphylococcus aureus - 29mm 

4. Bacillus cereus - 31mm 

5. Bacillus subtilis - 29mm 

6. Pseudomonas aeruginosa - 33mm 

 

In contradiction, a highest zone of inhibition was observed 

against P.aeruginosa resulting in 33mm size zone of 

inhibition which serves the purpose of study to prepare more 

efficient bandages doped with bimetallic nanoparticle 

solution and showing bigger zone of inhibition in 

comparison to normal bandages available on counter in 
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maximum medical shops. The Cu-Zn nanoparticles 

exhibited the potent activity against Bacillus cereus and 

Pseudomonas aeruginosa observed at 31mm and 33mm 

zone at 150𝜇l. S. aureus and Bacillus subtilis were also more 

susceptible to Cu-Zn nanoparticles bandage with 29mm and 

29mm of inhibition zone at 150𝜇l concentration.  

 

Results demonstrated that nanocomposite coated cotton 

gauze has a 78% increase in drying time and water 

absorbency (38%). Khatami et al22 and Kumar et al24 

reported cotton wound bandages impregnated with 

nanoparticles of Ag and ZnO and mixed Ag/ZnO 

nanoparticles. Antimicrobial effect of bandages impregnated 

with liquid solution of Ag nanoparticles was more than that 

observed for ZnO and mixed Ag/ZnO nanoparticles; 

however, this difference was not very significant. 

 

Antioxidant activity: The antioxidant potency of the plant 

extract, Cu, Zn, Cu-Zn bimetallic nanoparticle and ascorbic 

acid was used as a standard for DPPH assay. The scavenging 

activity of the NPs increased with increasing concentrations 

of NPs. The antioxidant activity of plant extract was 

observed to be 11.12%, 28.49%, 33.32%, 39.74%, 47.54%, 

51.0%, 55.4%61.2% at 10µg, 30µg, 60µg, 90µg,120µg, 

150µg, 180µg and 210µg/ml respectively. Similar to plant 

extract, Cu, Zn, Cu-Zn bimetallic nanoparticles also showed 

variation in percentage inhibition and was dose dependent 

observed to be (11.9%, 20.99%, 27.58%, 35.27%, 42.7%, 

48.5%, 53.2%, 60.1%), (28.87%, 29.08, 33.91%, 35.04%, 

47.89%, 53.9%, 59.2%, 65.4%), (40.80%, 43.37%, 54.83%, 

61%, 67.23%, 72.4%, 75.9%, 83.1%) in figure 5. The 

investigation confirmed that the antioxidant efficacy of NPs 

was concentration-dependent.  

 

Suresh et al39 discovered that Ag-ZnO NPs had a higher 

DPPH free radical activity of 340 (IC50 µg/ml) than ascorbic 

acid, which had 289.74 (IC50 µg/ml). Ag-ZnO NPs and 

ascorbic acid have hydroxyl radical scavenging capabilities 

of 344.35 (IC50 µg/ml) and 316.10 (IC50 µg/ml) respectively.
 

 
Figure 4: Zones of inhibition Cu-Zn dipped bandage tested against six pathogens. (1-6 control), (m-r solution dipped 

bandages) 1,s) B. cereus 2,t) S. aureus 3,u) C. albicans 4,v) B. subtilis 5,w) E. coli 6,x) P. aeruginosa 
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Figure 5: DPPH scavenging activity of plant extract, Cu, Zn, Cu-Zn nanoparticles 
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Hayat et al14 found antioxidant activity against 2,2′-azino-

bis-(3-ethylbenzothiazoline-6-sulfonic) acid [ABTS] at high 

concentrations of ZnO-NPs (400 µg/mL) biosynthesised 

from F. officinalis (41.67%) and P. harmala (39.79%). 

Lower activity was recorded at a minimum concentration of 

50µg/ml of ZnO-NPs biosynthesised from F. officinalis 

(30.34%) and P. harmala.34 

 

Conclusion 
The current study clearly showed that the phytochemical 

composition of the leaf extract of Lantana camara varied 

depending on the solvent used. Compared to other solvents, 

the leaf extract extracted in methanol solvent had a higher 

concentration of extractable metabolites. Furthermore, due 

to variations in their phytochemical makeup, all solvent 

extracts exhibited significant antioxidant and antibacterial 

activity with varied discrepancies. Because it contains 

regulated reducing and stabilising agents, the leaves extract 

of Lantana camara is confirmed to be the ideal choice for 

the biosynthesis of copper zinc nanoparticles.  

 

In comparison to the aqueous leaf extract, the biosynthesised 

Cu-Zn bimetallic nanoparticles demonstrated a potent DPPH 

radical scavenger. Gram-negative bacteria were more 

vulnerable to the antimicrobial activity of the copper zinc 

nanoparticles (NPs) produced using this green chemistry 

approach than Gram-positive bacteria. The produced gold 

nanoparticles had strong antioxidant and antibacterial 

activities, according to the data. According to the study, 

biosynthesised gold nanoparticles show great promise as a 

prospective contender for numerous medicinal applications 

and as a means of treating a wide range of illnesses. 
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