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Abstract: 

Bimetallic nanocomposites have emerged as an important impact innovative material in recent 

times. We propose the green biological synthesis of bimetallic Copper/Magnesium (Cu/Mg) 

nanocomposites by incorporating an aqueous extract of Mangifera indica leaves, in response 

to increasing interest. A broad spectrum of analytical strategies, including UV-vis, FTIR, TEM, 

XRD, XPS, TGA. The UV–vis spectrophotometer (UV-vis) gave the maximum absorbance at 

205 and 257 nm range. The Fourier transform infrared spectroscopy (FTIR) analysis identified 

active elements in the leaf extract that they functioned as surfactant compounds, stabilizers, 

capped molecules, and reducing agents, Transmission Electron Microscopy (TEM), were used 

to determine the optical property and surface morphology of the nanoparticles. whereas TEM 

image revealed that the material particle size was 20-50 nm. X-ray diffraction (XRD) analysis 

revealed that the sample that was produced was polycrystalline, with an average particle size 

of around 37.01 nm.The formation of a CuO/MgO heterojunction has been demonstrated by 

X-ray photoelectron spectroscopy (XPS) results, which were consistent with TEM and XRD 

observations.The Thermogravimetric Analysis(TGA) and Derivative Thermogravimetry 

(DTG) curves show the thermal behaviour of the synthesized CuO/MgO NCs. 

The bimetallic nanocomposites (Cu/Mg) demonstrated potential antibacterial and anti-

fungal potency, with comprehensive analyses which are provided in detail. The agar well 

diffusion method was implemented to assess the antimicrobial effectiveness of the 

copper/magnesium nanocomposites. According to the findings, Mangifera indica leaf extract 

displays potential antimicrobial activity at various concentrations, ensuring the presence of 

bioactive substances that are beneficial in medical applications. 

Keywords: Green synthesis, nanocomposites, bimetallic nanoparticles, CuO/MgO, 

antimicrobial activity 
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Graphical Abstract: 

 

 

1. Introduction: 

Nanotechnology involves dealing extensively with various synthesis approaches, nanoparticle 

structural changes, and particle dimension reformulations. Nanoparticles, on the other hand, 

are actually crystalline materials having a diameter smallest in size than 100 nm and possess 

an exceptionally high mechanical, electrical,optical, magnetic, and also material-to-volume 

ratios, and they also possess extremely stable thermal properties [1].Nanotechnology has come 

into existence as an emerging topic in today's material science research. The fabrication of 

mono and bimetallic nanocomposites in various forms is of paramount importance since these 

substances offer numerous paths as well beneficial applications, comprising medicinal drug 

delivery[2,3], conventional water treatment[4], agricultural production[5], electronic 

sensors[6], as well as textile materials.[7]Metal nanoparticles can be synthesized utilizing 

various physical and chemical approaches, which include: sol-gel synthesis,, 

hydrothermal,  chemical reduction laser treatment, as well metallic ion sputtering methods [8, 

9]. 

Bimetallic nanoparticles are gaining growing recognition partly because of their unique 

characteristics which distinguish them apart from other monometallic nanoparticles [10-13]. 

They possess numerous applications. The process of biosynthesis is more cost-effective and 

substantial in comparison to chemical and physical fabrication of a nanoparticles, leading to an 

entirely novel era of bio-nanotechnology [14]. Nanomaterials have been synthesized using an 

assortment of conventional methods, encompassing chemical and biological approaches. 

Chemical strategies involve the synthesis of nanoparticles employing different chemical 

precursors, almost all of which are exceedingly toxic and regarded as potential hazards, such 

as adverse environmental effects [15].Despite this, these strategies possess an array of negative 

aspects that include substantial equipment costs, the requirement of skilled employees, and 

toxicity in the environment. Consequently, the "green" production method, which employs 

living organisms and green plants, has become recognized to be the best possible approach to 

fabricating nanoparticles [16]. 



Several plant extracts have previously been utilized in recent times to synthesize copper 

magnesium nanoparticles.Numerous metallic nanostructures have been developed fabricated, 

comprising copper, magnesium, zinc, silver, and platinum nanoparticles [17–23]. In addition 

to this these nanoparticles, copper nanoparticles (Cu-NPs) showed unique features which 

includes residing affordable, less hazardous than before, having an extensive surface area to 

volume ratio, and having superior heat transfer performance the fact that might be correlated 

to their physical attributes such as composition, morphological characteristics, and crystalline 

structure. This methodology additionally serves as simple and economical as well. Cu-NPs that 

utilize the approach displayed favorable the structural features and biological activity[24]. 

Magnesium oxide nanoparticles possess numerous uses, including as sunscreen products, 

cosmetic products, and textile products on account of their UV-blocking functions. MgO 

nanoparticles possess antibacterial effects and have been used in antibacterial coatings, textile 

fabrics, and medical appliances with piezoelectric components properties[25-28].They are 

utilized in sensing devices, resonating devices, and actuators, respectively.  

Here is the literature review, describing that the CuO nanoparticles produced by Gebrie et al. 

in 2025 using Plumbago zeylanica leaf extract have been identified to be more effective against 

Gram-negative (E. coli, K. pneumonia and P. aeruginosa) bacteria. The produced CuO NPs' 

antioxidant activity and IC50 values for DPPH tests were assessed [29] .The environmentally 

friendly synthesis of nanoparticles of magnesium oxide utilizing neem extracts from leaves has 

been reported by Rabiet et al. [30] in 2025. They determined that the antibacterial agents were 

effective against both Gram-positive (Enterococcus faecalis, Bacillus subtilis, Enterococcus) 

and Gram-negative (Enterobacter aerogenes, Salmonella Typhimurium, ) bacteria. 

 

Cu-Ag nanoparticles made from Carica papaya leaves by Jacob et al. in 2022.It has been found 

that antibacterial potency against  gram-positive bacteria S. aureus , B. subtilis and gram-

negative bacteria Escherichia coli, Pseudomonas aeruginosa, Additionally, research on the in-

vitro cytotoxicity activity showed that HeLa cell lines [31] are susceptible to cytotoxicity when 

Cu-Ag bimetallic nanocomposites are tested against conventional doxorubicin. 

 Green synthesis has received a great deal of attention since it essentially minimizes the 

quantity of toxic and hazardous chemicals being discharged into the environment using 

physical and chemical characteristics techniques. Plant-based nanoparticle fabrication is a 

relatively inexpensive, single-pot process which utilizes phytochemical elements as both a 

reducing and stabilizing agent in order to generate desired nanoparticles [32].These 

components are referred to as biogenic nanomaterials [33].Precursors identified primarily in 

plant leaves, peels of plants, stems, leaves, flowers, fruits, and juices from plants are potentially 

utilized in order to fabricate plant-produced nanopowders [34], [35]. 

Considering different properties of CuO and MgO in this investigation , we have reported on a 

green and environmentally friendly fabrication of CuO/MgO nanocomposites (CM NCs) with 

the help of Mangifera indica (M. indica) green leaves  aqueous solution as a reducing and 

stabilizing agent. 

 

1.1. Description of  Mangifera indica: 



M. indica is a member of the Anarcardiaceae category of perennial plants with flowers (order 

Sapindales), which comprises about 80 genera and 870 species of densely wooded vines, shrubs, 

and evergreen species or deciduous vegetation. The majority of Anacardiaceae species are 

actually indigenous to tropical and subtropical regions of worldwide distribution, whereas they 

are frequently identified in India. It is a medicinal plant and has been used as medicine since 

ancient time in India. India has diverse systems of health which include an which include an 

Ayurveda, Unani, homeopathic remedies, and naturopathic therapies. These systems, which 

included widespread, secure, and continuous use of various herbal medications, coexisted with 

allopathic medicine.[36] 

Mangifera indica (M.indica) has a variety of pharmacological effects, encompass a range of 

cancer-preventing,  anti-diabetic, anti-oxidative, anti-inflammatory, antibacterial, anti-

bacterial, anti-fungal, antiseptic, hepatoprotective, gastroprotective, anti-plasmodial, anti-

hyperlipidemic [37],and immune-suppressive properties.[38] M.indica contains an array of 

phytochemicals, such as  Mangferin, Catechin, Kaempferol, Gallic Acid, Ellagic 

acid,Quercetin, Protacatechuic [39]etc depicted in fig 1.These biological molecules identified 

in M. indica may act as a non-toxic, ecologically sustainable, and stabilizing element during 

the fabrication of nanoparticles. 

 

Fig1: Phytochemicals of Mangifera indica (M. indica) Green Leaves  

Previously, different species of plants had previously been utilized in the nanoparticle 

fabrication. Because of their excellent antimicrobial properties, numerous investigators are 

now exploring the green method of forming bimetallic nanoparticles. Fruits possess higher 

amounts of phenolic compounds and polymethoxylated flavones than other types of 

plant.Mangifera indica plant extract, which contributes to the diminution in ions of metals 

compared to metallic nanoparticles, has been utilized in a green synthetic process to form 

Cu/Mg nanopcomposites with bimetallic properties during the current study. Besides that, no 



papers are currently being published on the the green synthesis of Cu/Mg bimetallic 

nanocomposites prepared from a  Mangifera indica leaf extract. 

The present investigation examines the role of naturally occurring green extract metabolite 

compounds as a stabilizing and reducing agent during the production of CuO/MgO 

NCs.Additionally, several physicochemical methods, such as UV-vis, FTIR, TEM, powder 

XRD, and XPS, were implemented to confirm the fabrication of green route fabricated CM 

NCs. Additionally, the effectiveness of antimicrobial of biosynthesized CM NCs has been 

evaluated towards strains of bacteria which include Gram-positive: Staphylococcus aureus, 

Gram-negative: E. coli, and fungal strains such as P. chrysogenum and A. niger has been 

assessed. 

 

2. Experimental setup, materials and methods 

All chemicals utilized throughout the current study are finally analytical grade as well as have 

been purchased for commercial purposes. Deionized water was being utilized for making the 

solutions, and the resulting solutions were utilized freshly prepared throughout the duration of 

the experiment. 

 

2.1. Preparation of Mangifera indica leaves extract: 

 

The green leaves belonging to M. indica had been collected from the campus of Poornima 

University in India. Afterwards being rinsed via tap water in order to get rid of all tiny fine 

particles of dirt, the leaves were dried in the shade and subsequently pulverized through the use 

of an electrical grinder. 

20 g of powdered dried plant leaves were dissolved in 200 mL of water that had been double-

distilled and thoroughly blended in a 500 mL flask. The resulting extract had been made for 3 

hours at 800C by utilizing a magnetic heating stirrer. The resulting product suspension had been 

filtrated via Whatmann's filter paper after being allowed to cool to room temperature. The 

extracted material (M. indica) leaf extract  was then preserved in a refrigerator(2°C ) for future 

consumption as shown in fig 2. 



 

Fig 2: Preparation of Mangifera indica (M. indica) Green Leaves Extract 

 

2.2. Preparation of the Cu/MgO nanocomposite by using the leaf aqueous extract of the 

Magnifera indica leaf: 

 CuO/MgO nanocomposites (CMNCs) were made environmentally friendly by disintegrating 

2.56 grams of magnesium nitrate and 2 grams of copper acetate dihydrate in 100 ml of the 

deionized water, respectively.During a 250 mL round bottom flask, mix 40 mL of each solution 

while stirring. Afterwards the solution-based mixture attained 800C, then 40 mL of M. indica 

leaf extract was inserted dropped-wise despite being vigorously stirred subsequently for 30 

minutes, then the flask was subsequently filled with a 2N sodium hydroxide solution to achieve 

a pH of 10. As a result, the solution was heated and swirled repeatedly until a dark brownish 

precipitate appeared. The colored suspended product was then cooled and  vigorously  

centrifuged at 8000 rpm around for 5 minutes in order to isolate the CMNCs. 

 

To remove any of the residual NaOH and extract, the precipitated material was cleansed 

extensively along with ethanol five or six times before being dried out four hours at 200°C in 

an electric oven. The subsequently dried precipitate was finally calcined during two hours at 

400C in a muffle furnace in order to obtain a brownish-black powder. 

 Moreover, the desired CMNCs solution had been stored for future research.The synthesized 

material sample was analyzed utilizing various physicochemical strategies, which included 



UV-vis, FT-IR, TEM, XRD,XPS and TGA. CuO and MgO nanoparticles have been produced 

from M.indica green leaves in order to assess their antimicrobial activity with CM NCs [Fig 

3]. 

 

Figure 3:Schematic diagram of the green synthesis of CuO/MgO nanocomposite. 

2.3. Antimicrobial experiment methodology: 

CuO/MgO nanocomposite formed from M. indica extract of leaves reported antimicrobial 

activity towards the fungi A. niger and Penicillium, along with the bacteria   S. aureus. and E. 

coli. The proposed in-vitro antimicrobial assay had initially been carried out using the Agar 

Well Diffusion method, i.e. general microbe-based laboratory technique.In addition to using 

nutrient agar to assess antibacterial activity, Potato Dextrose Agar (PDA) was utilized for 

assessing antifungal activity. In order to evaluate the antimicrobial activity, the sample was 

then dispersed in the presence of dimethyl sulphoxide (DMSO) in four various concentration 

levels (50 mg/L, 100 mg/L, 150 mg/mL, and 200 mg/mL) with the synthesized CuO/MgO 

nanocomposite solution. 

In this experiment, bacterial species were introduced into sterilized petri dishes that contained 

nutrient agar (NA) medium for antibacterial activity and potato dextrose agar for antifungal 

activity.The microbial inoculum was evenly dispersed throughout the dish using the spreader 

tool and then left to stand for 30 minutes. Seeded agar plates may have been made with 6 mm 

diameter wells. Another petri plate was treated with the standard drug in similar concentrations. 

Seeded plate wells were pre-organized and filled with various sample concentrations and a 

standard drug (30 µl per well). 

To assess antibacterial and antifungal properties, the agar plates were placed in incubators for 

24 hours at 37°C. A filter paper with a disc containing ezythromycin (for bacterial strains) and 



ketoconazole (for fungal strains) were inserted into  plates  containing agar as a positive control 

drug in order to assess antimicrobial activity.To estimate the antibacterial spectrum of the test 

sample, an inhibitory zone (IZ) has been formed comprised of each prepared microbial cell.The 

antimicrobial efficacy of CMNC has been evaluated via measurement of the zone of inhibition 

encompassing a filter paper disc. An average of three replicates for each experiment is depicted 

in Table 1. 

 

2.4. Characterization: 

FTIR spectral evaluation was employed to explore the impact of phytochemical compounds 

derived from M.indica green leaves extract in facilitating the formation of CuO/MgO NCs.A 

Perkin-Elmer spectrophotometer (MNIT, Jaipur) has been employed in order to carry out the 

evaluation in the wavenumber spectrum of 4000-400cm-1.Transmission electron microscopy 

as well as UV-visible spectroscopy have been conducted at MNIT in Jaipur (Perkin-Elmer 

spectrophotometer, Lambda 750). The prepared sample was tested powder-based X-ray 

diffraction (PXRD) analysis at IIT Roorkee using a Rigaku X-ray diffractometer in order to 

determine the crystallite sizes and phase composition. At IIT Roorkee, the chemical state of 

elements in CMNC was assessed using X-ray photoelectron spectroscopy (XPS) using a PHI 

5000Versa Probe III. The CuO/MgO sample's thermal stability has been determined in a 

nitrogen-based atmosphere at a heating rate of 5°C min−1 through the use of a TGA/DTA 

analyzer at MNIT, Jaipur (Perkin-Elmer spectrophotometer STA6000). 

 

 

 

3. Results and discussion 

3.1. UV-visible spectum: 

The UV-vis spectrum of green synthesized CuO/MgO NCs comprising plant-based extract are 

displayed in the fig. 4 revealed significant shifts in 2 absorbance peak values at 205 nm and 

257 nm.[40,41,42] 

 



 

Figure 4:  UV-Vis spectroscopy of CuO/MgO NCs. 

 

3.2. Fourier transform infrared (FTIR) spectroscopy: 

FTIR spectroscopy was used to examine various potential functional group structure of 

phytochemical components found in M.indica leaf extract and their effect on the formation of 

CuO/MgO nanocomposites.The synthesised sample using M.indica leaf extract is shown in 

[Fig.5].The KBr pellet approach was employed to identify the FTIR spectrum of the 

synthesized material in the 4000-400 cm-1 region. It is prominent  that the overall appearance 

of the distinctive peak values of the O-H (str.), C-H (str.), C=C of aromatic ring structure, and 

C-O stretching of carboxylic compounds are responsible for the absorption peaks approx. at 

3320 cm-1,2916 cm-1 1584 cm-1, 1400 cm-1, and 1042 cm-1.These peak values suggested that 

polyphenolic compounds which had been employed in the synthesis of the nanocomposite 

(CuO-MgO). 

 

According to the study's findings, the biomolecules in the extract of leaves serve as a green 

reducing and capping agent during the nanoparticle synthesis process.The distinct infrared peak 

at 544-1  cm had been recognized and confirmed to be Cu-O bond stretching vibrations [43, 

44], and a sharp IR band at 838 cm-1  was detected, which was ultimately attributed to Mg-O 

bond stretching vibration. [45,46]. 



 

Fig. 5. FTIR spectrum analysis of a biosynthesized CuO/MgO nanocomposite. 

 

3.3. Morphological study: 

The TEM images of CMNCs in [Fig.6(a)(b)] clearly illustrate two distinct particle shades. 

CuO's strong magnetic elements indicate the existence of black particles exhibiting some 

agglomeration, and there is also MgO encompassing CuO in light-colored particles.The TEM 

images confirmed that the particles are actually between 20 to 50 nm in size. The HRTEM 

image also demonstrates the interface form between the CuO and MgO particles within the 

resulting hetero nanostructures.These TEM research findings are compatible with the 

formation of nanoscale size CMNCs. 

Furthermore, the polycrystalline chemical composition of the nanocomposites can be observed 

by the selected area electron diffraction (SAED) image of CMNCs which is exhibited in 

[Fig.6(c)],further demonstrating the fabrication of bimetallic composites.[47,48] 

 

Figure 6: TEM images (a,b) of CuO/MgO NCs at different magnification and (c) SAED 

pattern of CM NCs 



3.4. Powder XRD study: 

XRD analysis, most significantly efficient method for determining the crystalline structure, 

was implemented to analyze the resulting sample. The crystalline structure of the CuO/MgO 

NCs that was freshly prepared and has been determined by utilizing XRD analysis.The (111), 

(200), (220) and (311) planes of cubic structured magnesium oxide are reflected by diffraction 

peaks at 35.58°, 43.36°, 61.32° and 74.08°, respectively. These correspond to (JCPDS file no. 

89-7746) [49]. 

Compared to this, Bragg's peaks at 33.14°, 35.58°, 38.74°, 50.44°, 56.48, 58.38°, 61.32°, 

66.08°, and 74.08° indicate that CuO is present in the green synthesized sample. The reflection 

planes (110), (-111), (111), (-202), (020), (202), (-113), (022), and (-312) [50] of cubic phased 

CuO (JCPDS file no.000-481548) have all been represented by these peaks [Fig 7].In addition 

to MgO and CuO, the CM NCs' XRD pattern exhibited no distinctive peaks. Moreover, by 

using Debye-Scherrer's formula, the dimension of the crystallite of the strongest peak has been 

determined to be 37.01 nm. The aforementioned variables XRD results show the fabrication of 

pure and polycrystalline CuO/MgO nanocomposites. 

 

 

 

Figure 7: Powder XRD pattern biosynthesized CuO/MgO nanocomposite. 

 

3.5. X-ray Photoelectron Spectroscopic (XPS) analysis: 

The XPS assessment of CMNCs, shown in Fig.8(a-e), was executed in order to display the 

element chemical state corresponding to the biologically prepared sample.Figure 8(a)depicts 

the full scan spectral analysis of Mg, Cu, O, and C-based CM NCs. Figure 8(b-f) illustrates a 

high resolution XPS spectrum of Mg2s, Mg2p, Cu2p,O1s, and C1s. Figure 8(b and c) shows peaks 



at binding energy values of 88 eV and 49.8 eV, corresponding to peaks for Mg2s and Mg2p, 

which signify the Mg2+ state of magnesium in CuO/MgO [51,52]. 

 

The Cu2p spectra stated two distinctly different peak values for Cu2p3/2 and Cu2p1/2 (spin-orbit 

doublet) at binding energy values of 932.7 eV and 952.6 eV. This clarifies that copper in the 

CuO/MgO composite has a corresponding divalent oxidation state. The formation of nano-

crystalline CuO/MgO NCs may take place when two Cu2p peaks split by 19.9 eV [53].[Fig. 

8(d)].The divalent (O-2) state of oxygen in the corresponding sample[54] has been 

demonstrated as a result of the existence of O1s at binding energy 530.55 eV [Fig 8(e)]. 

Furthermore, the peak in the XPS spectrum of C1s is identified at 284.4 eV (C=C)[55, 56] [Fig. 

8(f)]. The hydrocarbons of biomolecules that are that are utilized as a capping agent in 

nanocomposites might be responsible for the formation of these carbon peaks.The resulting 

development of nano-size bimetallic oxides of magnesium and copper has been strongly 

confirmed by the XRD and XPS analysis results. 

Figure 8: XPS spectra of CuO/MgO NCs (a) Survey spectrum (b) Mg2s (c) Mg2p (d) 

Cu2p (e) O1s (f) C1s 



3.6. Thermal analysis: 

The CuO/MgO nanocomposite's thermal properties that have been investigated while 

concurrently under similar conditions using TGA, DTA, and DTG techniques. The sample 

weight decreases from 100% to about 40% as the temperature increases to 8000C, in accordance 

to the TGA/DTG graphs in Fig 9, which represents a major weight loss. 

According to DSC, an endothermic drop(blue line) as well as a slight loss of weight between 

500C and 1500C are most likely caused by the evaporation of water absorption or residual 

solvents.In the first step,a major sharp peak (red line) at 2500C and a corresponding decline in 

the black line signify the most significant thermal degradation of organic constituents.In the 

second step, between 4000C-6000C The loss of weight stabilization occurs (black curve 

flattens), however the blue curve highlights an extensive exothermic region, which is 

frequently associated with crystallization or phase transformation of the compound 

(CuO/MgO).On the other hand, the weight will decrease slightly in the third step, above 6000C, 

eventually reaching a stable residual mass that is nearly equal to 8000C[57].This can be utilized 

in environmentally friendly applications such as degrading organic contaminants, as well as 

eliminating hazardous metals from waste water during further research. 

 

 

Fig. 9. TGA/DTA/DTG graphs of CuO/MgO NCs 

 

3.7. Antimicrobial study: 

The literature that has been reviewed on CuO-MgO nanocomposites concludes that these 

nanocomposites have been extensively used in numerous domains, which have included 

photocatalysis processes and conventional gas sensors applications etc,whereas their biological 

utility has garnered fewer considerations.James Jacob et al. reported that CuO/MgO composites 

displayed antimicrobial activity against pathogenic strains of bacteria such as B. subtilis, E. 

coli, P. aeruginosa, and S. aureus[58],who further asserted that as the concentration of these 



strains was increased, the resulting composite's inhibitory action was enhanced.Table.1 and 

Fig. 10 show the outcomes of an in vitro test of biosynthesized nanomaterial. 

CuO/MgO nanocomposites mediated through M.indica extract against E. coli and S. aureus. 

Inhibitory zone (death zone) values in millimeters have been utilized to illustrate inhibitory 

performance.According to the literature [59,60], it has been demonstrated through inhibitory 

zone values that the antimicrobial activity of the synthesized composite increases as the 

concentration of CMNCs increases. Additionally, it is clear that the synthesized nanocomposite 

has a higher potential for bacterial strain.The structural differences between the cell walls of 

bacterial and fungal strains have been the cause of the variation in inhibition activity.The 

CuO/MgO nanocomposite inhibits both E.coli and S. aureus microbial strains [Fig. 10.] 

illustrates that S. aureus (Gram + ve bacteria) was more strongly influenced by the 

nanocomposite (inhibition zone 40 mm at 200 µg/ml) compared to E.coli (Gram -ve bacteria) 

(inhibition zone 39 mm at 200 µg/ml), maybe due to differences in chemical composition of 

bacterial strain. 

This increase in antibacterial effect might represent an outcome of more reactive species 

(O2–,OH–,H2O2) forming on the external surface of CMNCs as the concentrations rise. These 

species penetrate bacteria via reacting with surface protein molecules of the bacterial cell wall 

[61,62] and even leading to microbial death by disrupting interaction with bacterial functions. 

Table 1(a,b) : Antibacterial Activity of Mangifera indica-Mediated CuO/MgO 

Nanocomposites Against Escherichia coli and Staphylococcus aureus. 

 



 

 

 

Fig. 10. Antibacterial activity of CuO/MgO nanocomposite against (a) E. coli and (b) S. 

aureus. 

 

Moreover, the antifungal activity outcomes displayed in Fig. 11 and Table 2 indicate that both 

A. niger and P. chrysogenum fungal strains are inhibited by the CuO/MgO nanocomposite's 

zone of inhibiting effect for ketoconazole is used as a standard. According to this figure, the 

resulting nanocomposite had a stronger effect on P. chrysogenum via an inhibition zone of 26 

mm (200 µg/ml) in comparison to  A. niger via an inhibition zone of 19 mm at (200 µg/ml). 

The aforementioned could have been explained by differences in chemical composition of the 

fungal strain. 

This implies that the CMNCs produced from M.indica leaf extract has very strong antibacterial 

properties (S. aureus 40mm>E. coli 39mm). Additionally, it is evident from the data in 

(Tables 1 and 2) that biosynthesized nanomaterials are more effective against bacterial strains 

in comparison to fungal strains.The current research of antimicrobial activity suggests that 

CuO/MgO nanocomposite mediated via M.indica leaf extract could be an appropriate 

alternative bacterial disinfecting agent in the foreseeable future. 

 



Table 2(a,b) : Antifungal Activity of Mangifera indica-Mediated CuO/MgO 

Nanocomposites Against Aspergillus niger and Penicillium chrysogenum 

 

 

 

Fig. 11. Antifungal activity of CuO/MgO nanocomposite against (a) A.niger and (b) P. 

chrysogenum. 

4. Conclusion: 



In the final analysis, a green, economically feasible, and environmentally conscious approach 

has been effectively implemented to fabricate CuO/MgO nanocomposites. The formation of 

the nanocomposites was validated by the bimetallic oxide CuO/MgO nanocomposites, which 

showed the UV-Vis absorbance intensity at 205 and 257 nm. M.indica leaf extract 

biomolecules have been involved in both the reduction and capping regarding magnesium and 

copper ions,  which results in CMNCs, according to FTIR analysis. TEM analysis was used in 

order to verify the presence of Cu and Mg in the composite material. According to XRD 

analysis, the nanoparticles were polycrystalline. CuO/MgO heterojunction formation is 

confirmed by XPS analysis. TGA and DTA had been utilized to assess the thermal viability of 

NCs in a nitrogen atmosphere. 

Moreover, compared to their corresponding CuO or MgO nanoparticles, the CuO/MgO 

nanocomposite formed from M.indica leaf extract might prove more potent at inhibiting 

microbial growth strains. Consequently, the current work implies an appropriate framework 

for the economically viable, ecologically sustainable, and biologically synthesis of 

copper/magnesium based nanocomposites, as well as their potential utilization in biological, 

cellular, photocatalytic processes, and many other fields for further investigation. 
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