
BEPLS Vol 12 [9] August 2023                  199 | P a g e                ©2023 Author 

Bulletin of Environment, Pharmacology and Life Sciences 
Bull. Env. Pharmacol. Life Sci., Vol 12 [9] August 2023: 199-209 
©2023 Academy for Environment and Life Sciences, India 
Online ISSN 2277-1808 
Journal’s URL:http://www.bepls.com 
CODEN: BEPLAD 
 

ORIGINAL ARTICLE            OPEN ACCESS 
 

Anti-Microbial Activity and Green Synthesis of Copper Oxide 
Nanoparticles by Utilizing Agricultural Waste from Musa 

Paradisiace Peduncle Latex 
 

B.Venkataramana1, B. Vijaya Kumar Naidu1* T. Shobha Rani2*, R. Gangadhara3 & S. Rajeswara 
Reddy4 

1Dept. of Materials Science & Nanotechnology, Y. V.University, Kadapa-516003. A.P., India. 
2Department of Chemistry, Dravidian University, Kuppam-517426, Chittoor (DT), A.P., India. 

3Department of H&S, Stanley College of Eng.& Tech. for Women, Abids, Hyderabad-500028, T.S., India. 
4Department of Biotechnology, Dravidian University, Kuppam-517426, Andhra Pradesh, India. 

* Corresponding authors: drvijayboya@gmail.com 
 

ABSTRACT 
The research report of this paper clarified about successful synthesis of Copper oxide nanoparticles by green synthesis way 
and employing aqueous latex of Musa paradisiaca extract with copper sulphate. Here, synthesized nanoparticles were 
characterized with the help of Ultraviolet-Visible spectroscopy, Powdered X-ray diffraction (P-XRD), Fourier transform 
infrared spectroscopy (FTIR), X-ray Energy Dispersive Spectroscopy/Energy Dispersive Spectroscopy (EDS), Particle size 
analyzer and also facilitated their size and morphology by Transmission electron microscopy (HRTEM). The synthesized 
copper oxide nanoparticles have shown 8 nm as average particle size. In the synthesized nanoparticles from plant extract, 
the biomolecules are responsible to act as reducing and stabilizing agents. The CuO Nps were further analyzed for 
antibacterial effect with four types of bacteria. The current research of manuscript revealed that the copper oxide 
nanoparticles are effective growth inhibitors against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, 
and klebseilla and also finally illustrated good antimicrobial properties. 
Keywords: Green synthesis, Musa paradisiaca peduncle latex, Copper Oxide nanoparticles, mono clinic structure, and 
Antimicrobial activity. 
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INTRODUCTION 
In modern years, the interest in nanomaterials has been enhanced significantly owing to the small size, by 
comparing to bulk materials the nanomaterials exhibit unique physical and chemical properties [1]. 
Especially, inorganic metal nanoparticles such as silver [2], [3], copper [4],[5], platinum [6], titanium [7], 
zinc [8], gold [9] and iron [10] are one of the majority attractive materials due to their applications and 
constructive collision on pathogenic microorganism. They are used as everyday products such as makeup, 
personal care products, detergents, food package, cloths, and pharmaceuticals [11]. Among these, Cooper 
oxide (CuO) has been known as a p-type semiconductor material with narrow band gap because of the 
natural abundance of its starting material, low cost production processing, non-hazardous nature, and its 
reasonably good electrical, optical and several health related applications [12]. Due to the higher surface to 
volume ratio means that much more catalyst is actively participating in the reaction. The potential for cost 
saving is marvelous from a material, equipment, labour, and time stand point. Higher selectivity means less 
misuse and fewer impurities, which could lead to safer and reduced environmental impact [13]. Copper 
oxide nanoparticles have attracted significant attention because of their wide range of applications such as 
superconductors [14], sensors [15], catalytic [16], optical [17], electrical [18], gas sensors [19], solar energy 
conversion and preparation of organic–inorganic nanostructure composites. Further it can be used as an 
antimicrobial, anti-biotic and anti-fungal agent when incorporated in coatings, polymer membranes [20], 
plastics, textiles etc[21]. Gallo et al were successfully reported that the antibacterial coatings developed on 
PGLA sutures may offer important advantages in terms of prevention from surgical infections and wound 
curative process, and suggested a narrative approach towards antibacterial biomaterials for clinical 
practice [22]. 
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Deoker et al were successfully reported that Zn-doped CuO NPs synthesized by ultrasound assisted 
technique with an optimized 1:3 molar ratio of precursor (Zn acetate: Cu acetate) in ethanol: water solvent. 
The synthesized Zn–CuO based ointments are able to prevent and disrupt the bio-film formation of three 
major pathogens. These results provide proof of concept that Zn–CuO NP-based ointments may be effective 
in treating wound infections based on alternative and non-antibiotic means [23].Peszke etal were reported 
the copper oxides and bimetallic silver–copper nanoparticles were synthesized by chemical reduction 
method. The synthesized nanoparticles show promising killing (or) inhibiting properties on Gram-negative 
and Gram-positive bacteria [24]. There are number of methods for the preparation of metal nanoparticles, 
such as photo-irradiation [25], radiolytic reduction [26], sono chemical method [27], micro emulsion 
technique [28], polyol process [29], hydrothermal method[30], and chemical reduction [31], above these 
methods have some limitations like to maintain high pressure, temperature and using toxic chemicals. To 
overcome these problems, recently researcher have shown great interest to develop safe, eco-friendly 
alternative approaches in synthesis of nanoparticles among which biological systems have been focused 
and exploited as a preferred green principle process for synthesis of nanoparticles. Plant contains abundant 
natural secondary metabolites such as alkaloids, flavonoids, saponins, steroids, tannins and other 
nutritional compounds. These natural phyto-chemical compounds are derived from various parts of plant 
such as leaves, stems, roots shoots, flowers, barks, and seeds. Recently, many studies have proved that the 
plant extracts act as a potential precursor for the synthesis of nanomaterials in non-hazardous ways [32]. 
Recently Abboud et al synthesized CuO NPs of dimensions 5–45 nm by using brown alga extract (Bifurcaria 
bifurcata) [33] , Jayakumarai et al synthesized monodisperse CuO NPs size less than 100 nm using Albizia 
lebbeck leaf extract [34], Sharma etal Synthesized CuO NPs the average particle size to be 20 nm with leaf 
extract of Calotropis gigantean [35], Sinha et al synthesized Cu NPs using the peel extracts of Citrus grandis 
the synthesized Cu NPs are 18 nm [36], Kaur et.al were successfully synthesized Cu NPs using peel extract 
of Punica granatum. The synthesized Cu NPs are ranged in size from 15 to 20 nm [37]. Rajesh et al, Cu NPs 
were synthesized using Syzygium aromaticum (clove) bud extract through simple and eco-friendly green 
route. The synthesized Cu NPs are almost all spherical in nature with an average diameter of ~15 nm. The 
bio-reduced Cu NPs exhibited an excellent bactericidal effect against Bacillus spp. and fungicidal activity 
[38]. Nasrollahzadeh et al were reported Green synthesis Cu NPs via in situ reduction of CuCl2 in Plantago 
asiatica leaf extract. The synthesized Cu NPs were revealed spherical morphology and particle size in the 
range of 7-35 nm [39]. Khani et al were reported green synthesis of Cu NPs by using Z. spina-christi fruits 
extract. The size of synthesized Cu NPs was in the range of 5–20 nm and spherical in shape. The ability of 
Cu-NPs synthesized with Z. spina-christi fruits extract as a green and efficient adsorptive nano-adsorbent 
has been studied to remove of CV from aqueous solution and anti-microbial activity [40]. Mukhopadhyay 
et al were reported synthesis, characterization and evaluation of anti-melanoma potentials of 
biosynthesized copper nanoparticles from the floral extract of Quisqualis indica plant [41]. From literature 
survey, it was seen that naturally available agricultural wastes have not been studied for the synthesis of 
metal nanoparticles. A classical example of such, as plentifully available natural material is the Musa 
paradisiaca latex yielding from the cutting of peduncle after ripening of bananas. Musa paradisiaca 
popularly recognized as banana is a perennial tree-like herb cultivated in many tropical and subtropical 
regions around the world. Banana, eaten as a fruit or a vegetable, is one of the most important crops in 
several countries due to its enriched food and resourceful medicinal value. Various parts of the Musa plants 
have been used orally or topically as remedies in folk medicine and some studies have demonstrated this 
medicinal potential. The fruits, peel, leaves, roots and pseudo stem of Musa plants have shown anti 
ulcerogenic, antioxidant and antimicrobial activity, among others activities. In addition, studies have shown 
that some species of Musa possess anti diabetic, anti hyperglycemic and hypoglycemic activity [42], [43]. 
Ashok B, et.al demonstrates for the synthesis of silver nanoparticles using an extract derived from banana 
peels [44]. The present study reports, the synthesis and optimization of copper oxide (abbreviated CuO 
NPs) nanoparticles using latex of Musa paradisiacal peduncleand copper sulphate. The spectroscopic 
methods such as UV-visible, FT-IR, SEM, EDX and XRD analyses were used for characterization of 
synthesized CuO nanoparticles. Also, the antibacterial characteristic studies of the synthesized 
nanoparticles were evaluated in this study. 
 
MATERIAL AND METHODS  
Materials 
Copper (II) sulphate pentahydrate (CuSO4.5H2O) was purchased from Sd. Fine Chemicals, Mumbai, India. 
Peduncle latex of Musa paradisiaca was collected early in the morning. Crude white latex was obtained by 
cutting the green peduncle of Musa paradisiaca plants and its plant latex was received from near crop fields 
in the Pulivendula, Kadapa District, Andhra Pradesh, and India. White slurry latex was stored at 40C for 
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further experiments. All the chemicals and reagents used in this research were of analytical grade. All 
aqueous solutions in the present study were prepared by using double distilled water. 
Preparation of latex extract 
In a typical reaction, 30 mL of crude latex was taken in to conical flask of 200 mL by 70 mL of double distilled 
water to make it 30% and boiled the combination at 800C for 30 min with constant stirring under magnetic 
stirrer. Through Whatman No. 1 filter paper the extract was filtered and collected. For further analysis, the 
refrigerated filtrate was utilized.  
The 5 mM CuSO4.5H2O aqueous solution was normalized in 100 ml of usual std. flask. A 30 ml of the Musa 
paradisiaca plant latex extract is prepared was mixed with 70 ml of CuSO4.5H2O solution kept under 
magnetic stirring at 70-800C for 1h, finally CuO NPs formed within 1 h. The reduction of Cu2+ to Cu0, 
awaiting the color of the reaction mixture changed from light blue to reddish. The formation of copper 
nanoparticles was indicated by manifestation of red color. The UV–visible spectrophotometer is used for 
monitoring the colloidal solution (Surface Plasmon Resonance). The content was washed with double 
distilled water thrice by repeated centrifugation at 8000 rpm for 15 min. these nanoparticles are again 
washed with methanol. In the Petri-dishes the collected copper nanoparticles were placed and dried at 
700C for overnight, collected CuO NPs were calcinated at 4000C for 3 h for complete removal of plant 
material, stored caped sample voiles properly and kept in desicator for future use. 
Characterization of Synthesized CuO NPs 
The formation of Cu2+ to Cu0 nanoparticles was monitored by UV-Vis spectrophotometer (Lab India, Model 
3092, Mumbai) range from 300 to 700 nm, by diluting 1:10 ratio of the reaction mixture in distilled 
water.The phase identity and crystalline nature of CuO Nps were described by X-ray diffraction technique 
(XRD), the XRD outline of desiccated CuO NPs recorded on Rigaku mini 600 using Cu- Kα radiation X-ray 
diffractometer. Dried CuO NPs were grained with KBr to make pellet and Fourier Transforms Infra-Red 
spectroscopy (FTIR) spectra was recorded using Perkin Elmer Spectrophotometer in the region of 4000-
400 cm-1. The shape, size and surface morphology of the synthesized CuO NPs were studied by using Field 
emission scanning electron microscopy with energy dispersive X-ray analysis (FESEM EDAX) was carried 
out on SUPRATM55 with co-relatively microscope SEM machine. Energy dispersive X-ray spectra (EDAX) 
taken along with SEM images to find out the chemical composition. The synthesized CuO NPs dispersed in 
distilled water and a drop of the aqueous dispersion placed on 200 mesh carbon coated copper grids and 
dried at ambient conditions for 10-12h. Transmission electron microscopy images were acquired using a 
JEOL 3010 at 200 Kv microscopy. With Zeta Sizer model Nano-S90 (Malvern U.K), the average particle size 
and distribution of manufactured CuO NPs was determined using nanoparticles dispersion. 
Antimicrobial activity 
Antimicrobial activities of the bio-synthesized CuO NPs were investigated by using disk diffusion method 
[45]. 10 µL of four (Pseudomonas aeruginosa, Staphylococcus aureus, klebseillaand Escherichia coliSps) 24h 
active microbial cultures broth was spread using sterile L-shape spreader on Muller Hinton agar plates. In 
the 10 min. time the spread plates were permitted for standization. The disks of 5 mm size were prepared 
sterilized and placed on the surface of the medium in all plates using sterile forcipes. A 1 mg/mL of the CuO 
NPs were dispersed well in double distilled water by sonication. Three different concentrations (10, 20 and 
30 µL) of CuO NPs suspension and positive control (30 µL) (Streptomycin) were prepared. With the help of 
micropipette in all plates, positive control and the three different concentrations of nanoparticles solutions 
were poured onto the disks. At 370C, all the plates were kept in favor of incubation for 24 h. The zone of 
inhibition was measured after incubation. Every screening test was conducted with three replicates. 

 
RESULTS AND DISCUSSIONS  
In this research work, Musa paradisiaca latex extract is used as a both reducing and stabilizing agent for 
production of CuO NPs. When Musa paradisiaca latex extract was mixed with solution of copper sulphate 
under continues stirring at 70-800C for 1h, and the reaction mixture within 10 min. starts colour change. 
The formation of CuO NPs was primarly confirmed by the reaction mixture color change [46]. From Figure. 
1, it is indicates that the configuration of copper oxide nanoparticles by the colour change from blue to 
reddish and this colour change was due to the excitation of SPR of CuO NPs [34]. 
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Figure.1: Shows the visual observation of color change 

The UV-Vis spectrophotometer is the primary and confirmatory analytical tool for the detection of 
formation Cu2+ to Cu0 nanoparticles [47]. Figure. 2 depicts the UV-visible absorption spectrum of CuO NPs 
prepared from copper sulphate before and after calcination. Presently, UV-visible absorption spectrum is 
recorded between absorbance and wavelength from 400 to 700 nms. The synthesized copper nanoparticles 
have shown UV-Vis absorption spectra at 600 nm under room temperature and 620 nm at 900C with in 1 
h, which is shown in the Figure. 2. The peaks were shown blue shift at 900C and broadened red shift at room 
temperature. The observed red shift implies that the particle size increases at low temperature. This 
spectrum confirms the presence of CuO only, as there is no other measurable peak is observed. Due to the 
property of Surface Plasmon Resonance (SPR), noble metal nanoparticles are known to exhibit unique 
optical properties can be finding in the optical absorptionspectra and which is reported in the literature 
[48]. 

 
Figure. 2: Synthesized CuO Nanoparticles UV-Visabsorption spectrum 

 
The identification of bio- molecules which are responsible for the reduction and stabilization of the 
synthesized CuO NPs [52] is carried out with FT-IR studies. A FTIR spectrum of Musa paradisiaca plant 
extract and green synthesized copper oxide nanoparticles in the range of 500–4000 cm−1 at room 
temperature is presented in Figure. 3.The bands were found at 3423 and 2924 cm-1 have been signifying to 
stretching vibrations of amines and primary alkanes [16] respectively. From the spectrum, metal–oxygen 
(M–O) is seen at 471 cm-1. Strong bands were observed at 820, 1022, 1115, 1383 and 1446 cm-1 and have 
been referred to as alcohols and phenolic groups, C–N stretching vibrations of aliphatic and aromatic 
amines [35], respectively. The peak is obtained around 1723 cm-1 is due to the amide bonds of enzymes or 
proteins [36]. As per results, it is confirmed that the formation of CuO nanoparticles with Musa paradisiaca 
latex. 
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Figure. 3:Gives FTIR spectra of CuO NPs synthesized by using Musa paradisiaca latex 

 

 
Figure. 4:Given the SEM images of synthesized CuO NPs 

Scanning electron microscopy [SEM] and Transfer electron microscopy imaging analysis [TEM] techniques 
were carried out to confirm the size and morphology of the synthesized CuO NPs. The performance of CuO 
NPs was much influenced by size and morphological behavior and which are important parameters for 
investigation of nanoparticles. The typical SEM images of CuO nanoparticles synthesized from Musa 
paradisiaca latex extract as depicted in Figures 4 and 5, the morphology of the synthesized nanoparticles 
was observed roughly spherical shape and some aggregations are observed due to this SEM image is not 
clear. Further the size and shape of the synthesized CuO NPs was confirmed by HRTEM Analysis.  
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Figure. 5:Shows the SEM images of synthesized CuO NPs 

 
The X-ray diffraction spectrum of synthesized CuO NPs is given in Figure. 6. The diffraction peaks observed 
at 2θ0 values of 43.27, 50.37, 61.43 and 73.79 which can be assigned to (111), (200), (113) and (220) planes 
of FCC structure of pure copper NPs (International Centre for Diffraction Data (ICDD) no. 00-004-0836. Due 
to the presence of plant material around copper shell) additionally, there is few other diffraction peaks are 
appeared (36.37 and 42.02). After calcination (Figure. 6), when the oxides reduced appreciably and the 
intensity of diffraction peaks of CuO NPs significantly increased. The diffraction peaks at 2θ0 of 32.40, 35.55, 
38.68, 48.68, 53.49, 58.30, 61.65, 66.24, 68.12, 72.28 and 75.21 which can be assigned to (110), (002), (-
111), (-202), (020), (202), (-113), (-311), (220), (311), and (-222) (ICDD no. 00-005-0661). In the XRD 
pattern, no other phases were observed [21], [46], [49],[50] &[51] and obtained diffraction peaks can be 
indexed as typical monoclinic in structure. From the figure 6, it is clear that the resultant particles are CuO 
nanoparticles and confirms by XRD study. 

 

 
Figure. 6:Illustrates the XRD patterns of the synthesized CuO NPs 

(a) Before calcination (b) After calcination 
The elemental composition of synthesized sample was further confirmed using energy dispersive X-ray 
spectroscopy (EDAX) equipped with a scanning electron microscope. EDAX analysis gives the additional 
proof for the development of CuO nanoparticles through green synthesis with plant extract. Figure. 8 stand 
for the EDAX Spectrum of synthesizedCu oxide NPs. The EDAX results confirmed the presence of pure 
copper oxide nanoparticles at major emission energy of 1 keV and indicateno other elements were 
observed.  
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Figure. 7: Shows HR-TEM Image of synthesized CuO NPs 

 
HR-Transmission electron Microscopy is the final confirmation and good argument for UV-Vis 
Spectrophotometer, XRD, and SEM results. Figure. 7contains the TEM images of prepared Cu oxide NPs, the 
synthesized CuO NPs are well dispersed spherical in shape and the average size of the CuO NPs is around 8 
nm. Further these results were supports the particle size analyzer. 

 

 
Figure. 8: Shows histogram particle size distribution of synthesized CuO NPs 

 
The particle size distribution pattern results are displayed in Figure. 8. Here, particle size analyzer is used 
to measure the particle size distribution of synthesized CuO NPs. From the histogram, it is evident that most 
of the particles are in the range of 3-14 nm patterns. However, the majority of particles are ranging from 6-
8 nm. It is further supports that the results showed in SEM and TEM studies. 
Antimicrobial activity  
 

Table1:Zone inhibition of CuO NPs forvarious microorganisms 
S. No. Tested Pathogens   Zone of inhibition (MM) 

CuO Nps 
  10 µl 20 µl 30 µl Streptomycin Latex 

1. E.coli 7 9 12 14 0 
2. Staphylococcus aureus 0 7 9 12 0 
3. Pseudomonas aeruginosa 0 0 7 11 0 
4. Klebsiella 0 0 0 9 0 
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Figure. 9: Shows the antimicrobial activity of synthesized CuO NPs 

 
The Pseudomonas aeruginosa, Staphylococcus aureus, klebseilla and Escherichia coli Sps bacteria’s by disc 
diffusion testwere used for studies of antibacterial activity of the synthesized copper oxide nanoparticles 
using Musa paradisiaca latex extract.The diameter of the inhibition zones (mm) around each well with CuO 
NPs are represented in Table 1. Among this, when compared with standard antibiotic (streptomycin), the 
CuO NPs demonstrates a zone diameter of 12 mm at a concentration of 30 µL of CuO NPs, it is nearer to 
positive control (i.e. 14 mm zone of inhibition) and which is very similar to previous studies [53] also is 
observed highest zone of inhibition was observed on Escherichia coli. The ZnO NPs represent the 
antibacterial activity against S. aureus was reported by Raghupathi et al [54]. Figure. 9 shows the images 
antimicrobial activity of synthesized CuO NPs. The antibacterial activity of CuO NPs against both gram-
positive and negative bacterial strains was reported by Azam et al. [55]. It was observed that the 
antibacterial test results showed that 10 µL concentrations of CuO NPs for all test pathogens is less 
susceptible to CuO NPs when compared to higher concentration of CuO NPs which is in agreement with the 
results reported in literature. Also similarly observed that Cu Nps of Nelumbo nucifera seed extract 
exhibited reliable antibacterial activity on Staphylococcus aureus (Gram-positive), Bacillus subtilis (Gram-
positive), Pseudomonas aeruginosa (Gram-negative) and Escherichia coli (Gram-negative) [56]. Mubarak 
ali et al. reported that the bio-synthesized silver and gold nanoparticles are active against clinically isolated 
human pathogens, Staphylococcus aureus and Escherichia coli [57]. Ashavani et al. statemented that the 
silver-nanoparticles paint were coated on green-synthesized surfaces which showed excellent 
antimicrobial properties by killing both Gram-positive human pathogens (Staphylococcus aureus) and 
Gram-negative bacteria (Escherichia coli) [58]. 
Possible Mechanism of the Antibacterial Activity of CuO Nanoparticles 
It is known fact that the metal nanoparticles exhibit the strongest antibacterial effect against several 
bacteria’s [59]. The exact mechanisms of  antibacterial effect of metal nanoparticles are still not known, but 
it was reported that, two possible mechanisms could be involved in the interaction between nanoparticles 
and bacteria (i) the production of increased levels of reactive oxygen species (ROS), mostly hydroxyl 
radicals and singlet oxygenand (ii) deposition of the nanoparticles on the surface of bacteria or 
accumulation of nanoparticles either in the cytoplasm or in the peri plasmic region causing disruption of 
cellular function and/or disruption and disorganization of membranes [54]. We believe that both 
production of the ROS and accumulation or deposition of Cuo nanoparticles within the cytoplasm or on the 
surface of selected bacteria leads to either inhibition of bacterial growth or killing of bacterial cells [60]. 
Similar results were reported by sivaraj et al [52]. 
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CONCLUSIONS 
In this research article, authors have developed an environmental friendly, hygienic, harmless and easy 
process for production of CuO nanoparticles using musa paradisiaca aqueous latex. Based on the 

Venkataramana et al 



BEPLS Vol 12 [9] August 2023                  207 | P a g e                ©2023 Author 

experimental findings, the UV-visible, IR and XRD analyses techniques were used for confirmation of 
formed CuO nanoparticles. The average size of 8 nm can be seen in SEM image of CuO nanoparticles. Latter 
spotlessness of biosynthesized copper oxide nanoparticles was confirmed by the occurrence of copper and 
oxygen elements and which clearly revealed via Energy-dispersive X-ray spectroscopy. The 
confirmed/synthesized CuO nanoparticles were highly steady, globular in shape around 8nm, and acts as a 
good antibacterial agent against Pseudomonasaeruginosa, Staphylococcus aureus, Escherichia coli and 
klebseillaa respectively. The reduction of copper sulphate to copper oxide nanoparticles was caused by the 
presence of biomolecules in agricultural waste extract. This developed nanoparticles of CuO were could be 
potentially used in are as such as food and medical applications. 
 
Conflict of interest: We declare that we have no conflict of interest. 
 
Human and animal rights: The research work of this paper has not involved any human 
participants and animals. 
 
Informed consent: We have taken consent whichever is required in part of this paper  
 
Funding statement: There were no funding resources to carry out this research work. 
 
REFERENCES  
1. M. Sahooli, S. Sabbaghi, and R. Saboori, (2012).“Synthesis and characterization of mono sized CuO 

nanoparticles,”Mater. Lett.,vol. 81, pp. 169–172.  
2. S. Prabhu, E.K. Poulose et al. (2012).“Silver nanoparticles: mechanism of antimicrobial,” International Nano Letters, 

vol. 32, no. 2, pp.1–10.  
3. B. Le Ouay, F. Stellacci, et al. (2015).“Antibacterial activity of silver nanoparticles: A surface science insight,” Nano 

Today, vol. 10, no. 3, pp. 339–354.  
4. G. Shobha, V. Moses, S. Ananda, et al. (2014).“Biological Synthesis of Copper Nanoparticles and its impact - a 

Review,” Nanomedicine Nanotechnology, vol. 3, no. 8, pp. 28–30.  
5. B. Ramazanzadeh, A. Jahanbin, M. Yaghoubi, et al. (2015). “Comparison of Antibacterial Effects of ZnO and CuO 

Nanoparticles Coated Brackets against Streptococcus Mutans,” J. Dent. (Shiraz, Iran), vol. 16, no. 3, pp. 200–205.  
6. H.P. Singh, N. Gupta, S.K. Sharma, and R.K. Sharma, (2013). “Synthesis of bimetallic Pt-Cu nanoparticles and their 

application in the reduction of rhodamine B. Colloids Surfaces A Physicochem,”Eng. Asp., vol. 416, no.1, pp. 43–50.  
7. S. Chen, Y. Guo, S. Chen, Z. Ge, H. Yang, and J. Tang, (2012). “Fabrication of Cu/TiO2 nanocomposite: Toward an 

enhanced antibacterial performance in the absence of light,” Mater. Lett., vol. 83, pp.154–157.  
8. J.S. Mcquillan, A.M. Shaw, et al. (2014). “Whole-cell Escherichia coli-based bio-sensor assay for dual zinc oxide 

nanoparticle toxicity mechanisms,” Biosens. Bioelectron., vol. 51, pp. 274–279.  
9. M.M. Nigra, I. Arslan, and A. Katz, (2012).“Gold nanoparticle-catalyzed reduction in a model system: Quantitative 

determination of reactive heterogeneity of a supported nanoparticle surface,” J. Catal., vol. 295, pp. 115–121.  
10. M. Calero, L. Gutierrez, G. Salas, et al. (2014).“Efficient and safe internalization of magnetic iron oxide 

nanoparticles:Two fundamental requirements for biomedical applications,”Biol. Med., vol.10, no. 4, pp. 733–743.  
11. A.K. Yetisen, H. Qu, A. Manbachi, et al. (2016).“Nanotechnology in Textiles,”ACS Nano, vol. 10, no. 3, pp. 3042–3068.  
12. A. El-Trass, H. Elshamy, I. El-Mehasseb, and M. El-Kemary, (2012).“CuO nanoparticles: Synthesis, characterization, 

optical properties and interaction with amino acids,”Appl. Surf. Sci.,vol. 258, no. 7, pp. 2997–3001.  
13. N. V. Suramwar, S. R. Thakare, N.N. Karade, and N.T. Khaty, (2012). “Green synthesis of predominant (1 1 1) facet 

CuO nanoparticles: Heterogeneous and recyclable catalyst for N-arylation of indoles,” J. Mol. Catal. A Chem., vol. 359, 
pp. 28–34.  

14. S.K. Yip, and J. A. Sauls, (1992). “Non linear Meissner effect in CuO super conductors,”Phys. Rev. Lett., vol. 69, no. 22, 
pp. 2264.  

15. E.K. Athanassiou, R.N. Grass, and W.J. Stark, (2006). “Large-scale production of carbon-coated copper nanoparticles 
for sensor applications,”Nano technology, vol.17,no. 6, pp. 1668–1673.  

16. R. Sankar, P. Manikandan, V. Malarvizhi, T. Fathima, K.S. Shivashangari, and V. Ravikumar, (2014).“Green synthesis 
of colloidal copper oxide nanoparticles using Carica papaya and its application in photocatalytic dye degradation,” 
Spectrochim. Acta - Part A Mol. Biomol. Spectrosc., vol. 121, no. 75, pp. 746–750.  

17. T.M.D. Dang, T.T.T. Le, E. Fribourg-Blanc, and M.C. Dang, (2011).“Synthesis and optical properties of copper 
nanoparticles prepared by a chemical reduction method,”Adv. Nat. Sci. Nanosci. Nanotechnol., vol. 2, no.1, pp. 341-
348. 

18. D. Deng, Y. Jin, Y. Cheng, T. Qi, and F. Xiao, (2013).“Copper nanoparticles: Aqueous phase synthesis and conductive 
films fabrication at low sintering temperature,”ACS Appl. Mater. Interfaces, vol. 5, no. 9, pp. 3839–3846.  

19. F. Wang , H. Li , Z. Yuan , et al. (2016).“A highly sensitive gas sensor based on CuO nanoparticles synthetized: Via a 
sol-gel method,” RSC Adv., vol. 6, no. 83, pp. 79343–79349.  

20. L. Tamayo, M. Azocar, M. Kogan, A. Riveros, and M. Paez, (2016). “Copper-polymer nanocomposites: An excellent 
and cost-effective biocide for use on antibacterial surfaces,”Mater. Sci. Eng. C, vol. 69, pp. 1391–1409.  

21. H.R. Naika, K. Lingaraju, K. Manjunath, et al. (2015). “Green synthesis of CuO nanoparticles using Gloriosa superba 

Venkataramana et al 



BEPLS Vol 12 [9] August 2023                  208 | P a g e                ©2023 Author 

L. extract and their antibacterial activity,”J. Taibah Univ. Sci., vol. 9, no.1, pp. 7–12.  
22. A.L. Gallo, F. Paladini, A. Romano, et al. (2016). “Efficacy of silver coated surgical sutures on bacterial contamination, 

cellular response and wound healing,”Mater. Sci. Eng. C, vol. 69, pp. 884–893.  
23. A.R. Deokar, Y. Shalom, I. Perelshtein, N. Perkas, A. Gedanken, and E. Banin, (2016).“A topical antibacterial ointment 

made of Zn-doped copper oxide nanocomposite,” J. Nanoparticle Res., vol. 18, no. 8, pp. 291-298. 
24. J. Peszke, A. Nowak, J. Szade, et al. (2016). “Effect of silver/copper and copper oxide nanoparticle powder on growth 

of Gram-negative and Gram-positive bacteria and their toxicity against the normal human dermal fibroblasts,”  J. 
Nanoparticle Res., vol. 18, no.12, pp. 763-771. 

25. N. Nishida, A. Miyashita, N. Hashimoto, H. Murayama, and Tanaka, H. (2011).“Regenerative synthesis of copper 
nanoparticles by photoirradiation,” Eur. Phys. J. D,vol.63,no. 2, pp. 307–310.  

26. A. Henglein et al. (2000).“Formation and absorption spectrum of copper nanoparticles from the radiolytic reduction 
of Cu(CN)2-,”J. Phys. Chem. B, vol.104, no. 6, pp. 1206–1211.  

27. A. Singh, R. Manivannan, and S. Noyel Victoria, (2015). “Simple one-pot sonochemical synthesis of copper sulphide 
nanoparticles for solar cell applications,” Arab. J. Chem., vol. 8, pp. 1–9.  

28. J.N. Solanki, R. Sengupta, and Z.V.P. Murthy, (2010).“Synthesis of copper sulphide and copper nanoparticles with 
microemulsion method,”Solid State Sci., vol.12, no. 9, pp. 1560–1566.  

29. B.K. Park, S. Jeong, D. Kim, J. Moon, S. Lim, and J.S. Kim, (2007).“Synthesis and size control of monodisperse copper 
nanoparticles by polyol method,” J. Colloid Interface Sci., vol. 311, no. 2, pp. 417–424.  

30. K. Giannousi, K. Lafazanis, J. Arvanitidis, A. Pantazaki, and C. Dendrinou-Samara, (2014). “Hydrothermal synthesis 
of copper based nanoparticles: Antimicrobial screening and interaction with DNA,” J. Inorg. Biochem., vol. 133, pp. 
24–32.  

31. P.K. Khanna, S. Gaikwad, P. V. Adhyapak, and N. Singh, (2007).“Marimuthu R. Synthesis and characterization of 
copper nanoparticles,” Mater. Lett., vol. 61, no. 25, pp. 4711–4714.  

32. P. Kuppusamy, M.M. Yusoff, G.P. Maniam, and N. Govindan, (2016). “Biosynthesis of metallic nanoparticles using 
plant derivatives and their new avenues in pharmacological applications – An updated report,” Saudi Pharm. J., vol. 
24, no. 4, pp. 473–484.  

33. Y. Abboud, T. Saffaj, A. Chagraoui, et al. (2014). “Biosynthesis, characterization and antimicrobial activity of copper 
oxide nanoparticles (CONPs) produced using brown alga extract (Bifurcaria bifurcata),” Appl. Nanosci., vol. 4, no. 5, 
pp. 571–576.  

34. G. Jayakumarai, C. Gokulpriya, R. Sudhapriya, G. Sharmila, and C. Muthukumaran, (2015). “Phytofabrication and 
characterization of monodisperse copper oxide nanoparticles using Albizia lebbeck leaf extract,”Appl. Nanosci., vol. 
5, no. 8, pp. 1017–1021.  

35. J.K. Sharma, M.S. Akhtar, S. Ameen, P. Srivastava, and G. Singh, (2015).“Green synthesis of CuO nanoparticles with 
leaf extract of Calotropis gigantea and its dye-sensitized solar cells applications,” J. Alloys Compd., vol. 632, pp. 321–
325.  

36. T. Sinha, M. Ahmaruzzaman et al.(2015).“Biogenic synthesis of Cu nanoparticles and its degradation behavior for 
methyl red,” Mater. Lett., vol. 159, pp. 168–171.  

37. P. Kaur, R. Thakur, A. Chaudhury et al.(2016).“Biogenesis of copper nanoparticles using peel extract of Punica 
granatum and their antimicrobial activity against opportunistic pathogens,”Green Chem. Lett. Rev., vol. 9, no.1, pp. 
33–38.  

38. K.M. Rajesh, B. Ajitha, Y.A.K. Reddy, Y. Suneetha, and P.S. Reddy, (2018). “Assisted green synthesis of copper 
nanoparticles using Syzygium aromaticum bud extract: Physical, optical and antimicrobial properties,”Optik 
(Stuttg)., vol.154, pp. 593–600.  

39. M. Nasrollahzadeh , S.S. Momeni, and S.M. Sajadi, (2017). “Green synthesis of copper nanoparticles using Plantago 
asiatica leaf extract and their application for the cyanation of aldehydes using K 4 Fe(CN) 6,” J. Colloid Inter face 
Sci.,vol. 506, pp. 471–477.  

40. R. Khani, B. Roostaei, G. Bagherzade, and M. Moudi, (2018).“Green synthesis of copper nanoparticles by fruit extract 
of Ziziphus spina-christi (L.) Willd.: Application for adsorption of triphenylmethane dye and antibacterial assay,” J. 
Mol. Liq., vol. 255, pp. 541–549.  

41. R. Mukhopadhyay, J. Kazi, and M.C. Debnath, (2018).“Synthesis and characterization of copper nanoparticles 
stabilized with Quisqualis indica extract: Evaluation of its cytotoxicity and apoptosis in B16F10 melanoma 
cells,”Biomed. Pharmacother., vol. 97, pp. 1373–1385.  

42. P. Nisha, S. Mini et al. (2013). “Flavanoid rich ethyl acetate fraction of Musa paradisiaca inflorescence down-
regulates the streptozotocin induced oxidative stress, hyperglycaemia and mRNA levels of selected inflammatory 
genes in rats,”J. Funct. Foods, vol. 5, no. 4, pp.1838–1847.  

43. V.D. Kappel, L.H. Cazarolli, D.F. Pereira et al.(2013). “Beneficial effects of banana leaves (Musa x paradisiaca) on 
glucose homeostasis: Multiple sites of action,”Brazilian J. Pharmacogn.,vol.23,no.4, pp. 706–715.  

44. A. Bankar, B. Joshi, A.R. Kumar, and S. Zinjarde, (2010). “Banana peel extract mediated novel route for the synthesis 
of silver nanoparticles,”Colloids Surfaces A Physicochem. Eng. Asp., vol.36, no. 8, pp. 58–63.  

45. P.M. Narayanan, W.S. Wilson, A.T. Abraham, and M. Sevanan, (2012). “Synthesis, Characterization, and 
Antimicrobial Activity of Zinc Oxide Nanoparticles Against Human Pathogens,”Bionanoscience, vol.2, no. 4, pp. 329–
335.  

46. K. Cheirmadurai, S. Biswas, R. Murali, and P. Thanikaivelan, (2014). “Green synthesis of copper nanoparticles and 
conducting nanobiocomposites using plant and animal sources,”RSC Adv.,vol.4, no. 37, pp. 19507–19511.  

47. I. Subhankari, and P. Nayak, (2013). “Synthesis of Copper Nanoparticles Using Syzygium aromaticum (Cloves) 

Venkataramana et al 



BEPLS Vol 12 [9] August 2023                  209 | P a g e                ©2023 Author 

Aqueous Extract by Using Green Chemistry,”World J. Nano Sci. Technol., vol.2, no.1, pp. 14–17.  
48. S. Gunalan, R. Sivaraj, and R. Venckatesh, (2012). “Aloe barbadensis Miller mediated green synthesis of mono-

disperse copper oxide nanoparticles: Optical properties,”Spectrochim. Acta - Part A Mol. Biomol. Spectrosc., vol.97, 
pp. 1140–1144.  

49. S. Harne, A. Sharma, M. Dhaygude, S. Joglekar, K. Kodam, and M. Hudlikar,(2012).“Novel route for rapid biosynthesis 
of copper nanoparticles using aqueous extract of Calotropis procera L. latex and their cytotoxicity on tumor 
cells,”Colloids Surfaces B Biointerfaces,vol.95, pp. 284–288.  

50. V.V.T. Padil, and M.Cernik, (2013).“Green synthesis of copper oxide nanoparticles using gum karaya as a 
biotemplate and their antibacterial application,”Int. J. Nanomedicine,vol.8, pp. 889–898.  

51. P.P.N.V.Kumar, U.Shameem, P.Kollu, R.L.Kalyani, andS.V.N. Pammi,(2015).“Green Synthesis of Copper Oxide 
Nanoparticles Using Aloe vera Leaf Extract and Its Antibacterial Activity Against Fish Bacterial 
Pathogens,”Bionanoscience,vol.5,no.3, pp. 135–139.  

52. R. Sivaraj, P.K.S.M. Rahman, P. Rajiv, H.A. Salam, and R. Venckatesh,(2014).“Biogenic copper oxide nanoparticles 
synthesis using Tabernaemontana divaricate leaf extract and its antibacterial activity against urinary tract 
pathogen,”Spectrochim. Acta - Part A Mol. Biomol. Spectrosc.,vol.133, pp. 178–181. ¿ 

53. C. Jayaseelan, A.A. Rahuman, A.V. Kirthi et al.(2012).“Novel microbial route to synthesize ZnO nanoparticles using 
Aeromonas hydrophila and their activity against pathogenic bacteria and fungi,”Spectrochim. Acta - Part A Mol. 
Biomol. Spectrosc.,vol.90, pp. 78–84.  

54. K.R. Raghupathi, R.T. Koodali, and A.C. Manna,(2011).“Size-dependent bacterial growth inhibition and mechanism 
of antibacterial activity of zinc oxide nanoparticles,”Langmuir,vol.27,no.7, pp. 4020–4028.  

55. A. Azam, A.S. Ahmed, M. Oves, M.S. Khan, S.S. Habib, and A.Memic,(2012). “Antimicrobial activity of metal oxide 
nanoparticles against Gram-positive and Gram-negative bacteria: A comparative study,”Int. J. Nanomedicine, vol.7, 
pp. 6003–6009.  

56. M. Reddeppa, P. Srujana, R. Chenna Krishna Reddy, T. Veera Reddy and T. Shobha Rani,(2020).“Phyto-Mediated 
Green Synthesis of Copper Nanoparticles Using Seed Extract of Nelumbo Nucifera: Evaluation of Catalytic and 
Antibacterial Activity” Rasayan Journal of Chemistry, vol.13, no. 3, pp. 1885-1893.   

57.      D. MubarakAli , N. Thajuddin, K. Jeganathan, and M. Gunasekaran, (2011). “Plant extract mediated synthesis of 
silver and gold nanoparticles and its antibacterial activity against clinically isolated pathogens,”Colloids Surfaces B 
Biointerfaces,vol.85, no. 2, pp. 360–365.  

58. A. Kumar, P.K. Vemula, P.M. Ajayan, and G.John, (2008). “Silver-nanoparticle-embedded antimicrobial paints based 
on vegetable oil,”Nat. Mater.,vol.7, no. 3,pp.236–41.  

59. S.M. Dizaj, F. Lotfipour, M. Barzegar-Jalali, M.H. Zarrintan, and K. Adibkia,(2014). “Antimicrobial activity of the 
metals and metal oxide nanoparticles,”Mater. Sci. Eng. C,vol.44,pp.278–284.  

60. J.P. Ruparelia, A.K. Chatterjee, S.P. Duttagupta, and S.Mukherji, (2008).“Strain specificity in antimicrobial activity of 
silver and copper nanoparticles,”Acta Biomater.,vol. 4, no.3, pp. 707–716. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CITATION OF THIS ARTICLE 
B.Venkataramana, B. Vijaya Kumar Naidu ,T. Shobha Rani,R. Gangadhara & S. Rajeswara Reddy. Anti Microbial Activity 
And Green Synthesis Of Copper Oxide Nanoparticles By Utilizing Agricultural Waste From Musa Paradisiace Peduncle 
Latex. Bull. Env.Pharmacol. Life Sci., Vol 12 [9] August 2023: 199-209 

Venkataramana et al 


