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Abstract 

In this work, copper oxide nanoparticles (CuO NPs) were efficiently synthesized using an environmentally friendly and simple 

process by applying the aqueous stem bark extracts of Carissa edulis. During synthesis of CuO the following parameters were 

varied so as to achieve the optimum conditions. The first parameter to be varied was precursor (Cu(NO3)2.2H2O) concentration. 

Secondly, was the ratio of extract to precursor salt. Thirdly, the pH was investigated between 6 and 11. Lastly, effects of synthesis 

temperature was investigated from 25°C to 70°C. To characterize the synthesized CuO NPs, Fourier transform infrared (FTIR) 

spectroscopy, powder X-ray diffraction (XRD), UV-visible spectrophotometer, and scanning electron microscopy (SEM) 

analysis were used. The average particle size was 20.84 ± 10.19 nm as determined using the XRD technique, which was mainly 

spherical in shape. The XRD also revealed a monoclinic crystal system of the synthesized CuO nanoparticles. Ultraviolet-Visible 

analysis showed characteristic peak at 630 nm indicating formation of the CuO NPs. The Tauc plot was used to calculate the 

optical band gap of CuO NPs from the absorption spectra, which was found to be approximately 2.7 eV. The FTIR peak at 420 

cm−1 is associated with Cu-O-H stretching suggesting the formation of CuO NPs. Further, the CuO NPs antibacterial potentials 

were assessed using a standard disc diffusion method. Variety of microorganisms, including Pseudomonas aeruginosa, 

Escherichia coli, Bacillus subtilis, and Staphylococcus aureus were used to test the antibacterial activity of the synthesized CuO 

NPs. The synthesized CuO NPs demonstrated highest antibacterial activity against Pseudomonas aeruginosa, Escherichia coli, 

and Staphylococcus aureus compared to both positive control (Erythromycin) and carissa edulis extract. The findings suggest 

that the CuO NPs synthesized using Carissa Edulis may be used as an alternative medication to fight bacterial infections. 
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1. Introduction 

Feynman (1960) said that "there is plenty of room at the 

bottom" when describing the beauty of nanomaterials. As he 

predicted, the science and technology underlying miniaturiza-

tion have created novel approaches to the synthesis, character-

ization, and use of nanomaterials. Because NPs act as bridges 

to govern the distance between bulk materials and atomic or 

molecular assemblies, they have attracted scientific attention. 

Compared to most materials, NPs' high aspect ratio allows for 

better reactivity and efficacy [1]. There are two definitions 

that spring to mind when considering nanomaterials. In a 
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broader sense, materials smaller than 100 nm would be re-

ferred to as nanomaterials. According to the second definition, 

which is far more precise and limited, nanomaterials acquire 

properties based on their size [2]. 

Thousands of researchers worldwide started investigating 

and taking advantage of the many opportunities provided by 

nanotechnology in general and the special qualities of nano-

particles in various fields. The unique mechanical, magnetic, 

electric, catalytic, and thermal properties of CuO nanoparti-

cles, along with their wide range of applications in agriculture, 

industry, the environment, and medicine, draw a lot of atten-

tion among different kinds of nanoparticles [3]. Cu, Fe (0), Au, 

Ag, Pt, and other metallic nanoparticles have been synthesized 

using several techniques so far, although numerous metallic 

NPs have been employed as antibacterial and anticancer 

agents [4]. 

To formulate metal nanoparticles, a number of methods 

have been devised, including physical and chemical processes. 

Chemical, physical, and conventional methods of synthesizing 

nanomaterials have a number of drawbacks, including ex-

tremely high temperatures and pressures, the use of costly and 

dangerous chemicals, longer reaction times, and the produc-

tion of harmful by-products on the surfaces of the nanomateri-

als [5]. Green chemistry has been progressively promoted in 

recent years as environmental conservation has gained greater 

attention in society. Many scientists have used non-toxic 

chemicals and solvents in their biosynthesis of copper nano-

particles to meet the requirements [6]. Green synthesis of 

metal oxide nanoparticles has emerged as an alternative to 

conventional chemical methods, it offers reduced environ-

mental impact, cost effective, and biocompatible. Numerous 

plant extracts have been employed as reducing and stabilizing 

agents in nanoparticle synthesis, each botanical source con-

tributes unique phytochemical profiles that influence the qual-

ity of the as synthesized nanoparticles [7]. 

The large amount of phytochemical components in plant 

extract that function as stabilizing and reducing agents, trans-

forming metal ions into metal nanoparticles, makes the syn-

thesis of nanoparticles from plant extract possible [8]. Numer-

ous plant species have been studied for the green synthesis of 

CuO NPs, including Camellia sinensis (green tea), Aza-

dirachta indica (neem), Aloe vera, Ocimum sanctum (holy 

basil) among others. Numerous bioactive compounds found in 

these plants reduce copper ions and stabilize the resulting na-

noparticles [9]. The genus Carissa edulis belongs to the Apoc-

ynaceae family. Many Carissa plants have been used in tradi-

tional medicine to treat a variety of conditions, including ra-

bies, gonorrhea, syphilis, edema, rheumatism, headaches, and 

chest complaints. Additionally, the plants have been used to 

treat worm infestation, ulcers, sickle cell anaemia, fever, 

cough, and toothaches. Due to their accessibility, ease of prep-

aration, and potential to treat many illnesses, these medicinal 

plants have been utilized since ancient times [10]. The most 

significant source of medication is the bark of the stem or roots. 

Alkaloids and phenols are the most identified active compo-

nents with pharmacological significance in these species' 

well-characterized chemical composition [11]. 

In this study, Carissa edulis stem bark extract is introduced 

for the first time to synthesize CuO nanoparticles. Carissa 

edulis stem bark is rich in phenolic compounds, flavonoids, 

tannins, and saponins, which provide abundant hydroxyl and 

carbonyl groups which are responsible for reduction of Cu²⁺ 

ions to CuO and simultaneously capping the nanoparticles to 

prevent agglomeration. 

The specific contribution of this work lies in demonstrating 

that the phytochemical composition of Carissa edulis not only 

facilitates nanoparticle formation hence expanding the library 

of green synthesis routes and provides comparative insights 

into how different plant-derived biomolecules influence CuO 

nanoparticle properties. The synthesized CuO NPs are exam-

ined for potential antibacterial properties and their application 

in medicine. 

2. Materials and Methods 

2.1. Materials 

HCl (35%), (Cu(NO3)2.2H2O) (98%), and NaOH (98%) 

were purchased from Precise Lab Africa Ltd., Kenya. The 

Carissa edulis stem barks were collected from Murkutwa, 

Elgeyo Marakwet, Kenya. The four bacterial strains tested in-

cluded: Pseudomonas aeruginosa, Escherichia coli, Bacillus 

subtilis, and Staphylococcus aureus. The solvents and chemi-

cals used were all of analytical grade. 

2.2. Preparation of Carissa edulis Stem Bark 

Extracts 

Fresh Carissa edulis stem bark gathered from Murkutwa, 

Elgeyo Marakwet, Kenya, was first chopped into small pieces. 

The stem bark pieces were then thoroughly cleaned with dis-

tilled water to get rid of any remaining dust particles. The 

cleaned stem bark was then air dried under shade for five days. 

After drying, it was pounded in a mortar and pestle into a fine 

powder and kept in a dry place. The powder and distilled water 

(1:10 weight ratio) were combined to form the Carissa edulis 

stem bark extract, which was heated at 80°C for 60 minutes in 

an Erlenmeyer flask until the solution turned dark brown, in-

dicating phytochemical extraction. After cooling to room tem-

perature, Whatman No. 1 filter paper was used to filter the 

mixture. The filtrate was used to synthesize the CuO nanopar-

ticles [12]. 

2.3. Biosynthesis of CuO Nanoparticles 

0.01 M, 0.1 M and 1 M of copper nitrate solution were 

freshly made for use. The varied concentration of the precur-

sor salt was mixed with varied amounts of Carissa edulis 
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aqueous extracts in the ratios of 1:1, 5:1 and 1:5. During syn-

thesis the pH of the solution was varied at 6, 8, 9 and 11 using 

1 M NaOH and 1 M HCl so as to obtain the optimum pH. To 

obtain optimum temperature the mixture was heated at 25°C, 

45°C, 60 °C and 70°C for one hour while continuously stirring, 

until the color changed from blue to brown, indicating the for-

mation of CuO nanoparticles. The precipitate (CuO nanopar-

ticles) was washed using distilled water for three cycles by 

centrifugation at 6000 revolutions per minute (rpm) for 20 

minutes. The cleaned CuO NPs were oven-dried at 40°C over-

night and later stored at 4°C for further characterization [13]. 

2.4. Antibacterial Activity 

The biosynthesized CuO NPs were tested for their antibac-

terial activity against a variety of microorganisms, including 

Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis, 

and Staphylococcus aureus. CuO NPs' antibacterial potentials 

were assessed using a standard disc diffusion method. Before 

being used for the antibacterial tests, the test bacteria were cul-

tivated in nutrient broths overnight. Nutrient agar plates were 

sterilized and set. Following solidification, 100 µL of each or-

ganism's overnight culture was spread onto the Petri plates us-

ing a sterile glass rod to generate bacterial lawns. Sterile discs 

with a diameter of 5 mm were placed on these plates, and CuO 

NPs, plant extract, and erythromycin were loaded onto the ap-

propriate discs and kept at 37°C for 24 hours. After the incu-

bation period, zones of inhibition around the discs were meas-

ured in mm [14]. 

2.5. Statistical Analysis-One-Way ANOVA 

Three runs of the antibacterial tests were conducted (in trip-

licate), and the standard deviation and average of the results 

obtained were calculated. An Excel spreadsheet program was 

used to examine the results and determine whether they were 

statistically significant (p≤0.05). 

3. Results and Discussion 

3.1. Synthesis of CuO NPs Using Carissa Edulis 

Stem Bark Extract 

The cupric nitrate solution turned from blue to dark-brown 

on the addition of aqueous stem bark extracts of Carissa edulis, 

which indicated the formation of CuO nanoparticles (Figure 

1). As CuO NPs form, their size and surface chemistry 

changes compared to bulk CuO resulting in a color shift [15]. 

The phenomenon of colour change is dependent on size and 

shape transformations. 

 
Figure 1. The graphical flowchart for the green synthesis of CuO NPs using Carissa edulis stem bark extract. 

3.2. Optical Analysis 

The maximum absorption peaks were observed between 

552 nm to 638 nm (Figures 2-6) at varied synthesis parameters 

and at optimized synthesis conditions. The band-gap energy 

plot (Figure 7) for the CuO nanoparticles was 2.72 eV. Green-

synthesized CuO nanoparticles with band gap energies of 1.75 

eV to 2.72 eV were also reported [16]. The increased catalytic 

active sites, greater light harvesting, and higher electron trans-

fer ability are all attributed to the critical role of bandgap tai-

loring enhanced photocatalytic activity and other properties 

[17]. The maximum absorbance of green-synthesized copper 

nanoparticles at 580 nm [18] and 670 nm [16] was also simi-

larly observed. The peaks at 784 and 802 nm shown in Figure 

2 and Figure 3, respectively, represent the absorbance of the 

excess unreacted cupric nitrate salt. The salt to extract ratio of 

1 to 1 gave a characteristic peak at 552 nm (Figure 3). At the 

pH of 11, an absorption peak at 632 nm (Figure 4) was ob-

served. At 70°C (Figure 5), a blue shift to a lower wavelength 

of 620 nm was observed, signifying reduced sizes of the CuO 

NPs. When the optimized conditions were used to synthesize 

CuO NPs, a sharp peak was obtained at 630 nm (Figure 6). 

This blue shift can be explained by the production of copper 

nanoparticles in the reaction mixture during stirring and an in-

creased nucleation rate brought on by a higher reduction in 

Cu2+ ions [19]. According to research by [20], the red shift 

may have been produced by the aggregation of nanoparticles 

formed. 
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Figure 2. The biosynthesis of CuO NPs at varied precursor molar 

concentrations. 

 
Figure 3. The biosynthesis of CuO NPs at varied concentration ra-

tios of precursor salt and plant extract. 

 
Figure 4. The biosynthesis of CuO NPs at varied pH values. 

 
Figure 5. The biosynthesis of CuO NPs at varied temperatures. 

 
Figure 6. The optimized CuO NPs. 

 
Figure 7. The Tauc plot of used to calculate the band gap of CuO 

NPs. 
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3.2. FTIR Analysis 

The CuO NPs were examined through FTIR in the 400 cm-

1 to 4000 cm-1 range to identify the functional groups capping 

them. The phytochemicals responsible for the capping and sta-

bilization of the CuO NPs and the reduction of cupric nitrate 

solution were identified using FT-IR analysis (Figure 8). The 

majority of the absorption peaks found in the Carissa edulis 

stem bark extract were also found in the FT-IR spectrum of 

CuO NPs, often at the same locations or with just slight vari-

ations in the peak’s intensity and location. The peak at 3431 

cm⁻¹ in the FTIR spectrum corresponds to the O–H stretching 

vibration of hydroxyl groups (from alcohols, phenols, or water) 

of Carissa edulis stem bark extract. When carissa edulis is 

used to synthesize CuO nanoparticles, these hydroxyl groups 

interact with the nanoparticle surface, leading to a reduction 

in intensity of the peak compared to the pure extract. This in-

dicates that the biomolecules present in the plant act as cap-

ping and stabilizing agents for the nanoparticles [14]. The re-

dox reactions for the creation of NPs include spectrum reduc-

tion, increase, and alteration [21]. The band at 1643 cm-1 

shows the aliphatic and aromatic amides' C=O stretching vi-

bration as well as the potential binding of CuO NPs with the 

extract's proteins. The location of the out-of-plane O-H bend-

ing or N-H wagging vibration is 748 cm-1 [22]. Cu-O-H 

stretching can be linked to the peak at 420 cm−1, suggesting 

the formation of CuO NPs [23]. Nitrile or alkyne functional 

groups may be connected to the signal at 2101 cm−1, indicating 

potential stabilizing processes [24]. 

 
Figure 8. FT-IR spectra of (a) CuO NPs and (b) Carissa edulis stem 

bark extract. 

3.3. XRD Analysis 

The CuO NPs' XRD pattern shows crystal planes at 37.99° 

with Miller indices of (1 1 1) in line with the JCPDS (01-089-

5895) and strong diffraction peaks at 2θ values (Figure 9) [24]. 

The XRD data show that the NPs are crystalline and have a 

distinctive structure. The 110, 111, 220, and 311 planes are 

represented by the peaks at 2θ values of 30.12◦, 37.99◦, 41.38◦, 

and 74◦ in the primary diffraction peaks of CuO NPs. The 

XRD also revealed a monoclinic crystal system of the NPs. In 

addition, the crystallite sizes of CuO NPs after synthesis were 

calculated using the Scherrer equation and found to be 20.84 

± 10.19 nm (Table 1). 

 
Figure 9. XRD spectrum of CuO NPs. 
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Table 1. CuO nanoparticle XRD data. 

Peak NO 2θ values (°) FWHM Particle size (0.9*0.154)/(𝛃 𝐬𝐢𝐧𝜽)(nm) 

peak 1 30.12 0.25 32.89 

peak 2 33.75 0.58 14.31 

peak 3 34.4 1.92 4.33 

peak 4 37.99 0.37 22.70 

peak 5 41.38 0.58 14.64 

peak 6 46.53 0.29 29.81 

peak 7 48.28 0.32 27.19 

Average particle size (nm)   20.84 ± 10.19 

 

3.4. SEM Analysis 

SEM was used to study the surface morphology of the shape 

and the existence of copper nanoparticles (Figure 10). The 

sample comprised spherical copper nanoclusters that were 

present in an agglomerated state, according to the SEM image 

of the green-synthesized CuO NPs [25]. The enhanced surface 

energy and surface area of the CuO NPs are responsible for 

some of the large-size grains that cause the NPs to aggregate. 

The enhanced surface area to volume ratio allowed the nano-

particles to clump or aggregate together because of the physi-

cal forces that attracted them to one another [20]. 

 
Figure 10. SEM image of CuO NPs. 

 

3.5. Antimicrobial Activity 

Table 2 and Figure 11 illustrate the prominent antibacterial 

activity of CuO NPs against Bacillus subtilis, Staphylococcus 

aureus, Pseudomonas aeruginosa, and Escherichia coli. The 

Staphylococcus aureus bacteria showed high sensitivity to 

CuO NPs, indicated by a larger zone of inhibition (12.00±0.82 

mm), while the Pseudomonas aeruginosa bacteria showed 

less sensitivity against the CuO NPs (9.00±0.82 mm). In com-

parison with the plant extract and the positive control antibi-

otic, CuO NPs were shown to be more effective against all the 

test microbes, as shown in Table 2. By attracting microbial 

cells, a nanoparticle's surface charge can enhance its antibac-

terial efficacy. Microbes with negatively charged cell walls 

are known to be electrostatically attracted to positively 

charged nanoparticles [26]. The primary cause of the samples' 

varying antibacterial activity against the various test microor-

ganisms is the variations in the bacteria's cell walls [27]. The 

thicker wall of Gram-positive bacteria serves as a barrier, re-

ducing the amount of interaction between nanoparticles and 

cell walls but in other cases allows small-sized nanoparticles 

to pass through easily. Lipopolysaccharide covers the outer-

most layer of Gram-negative bacteria. This attraction causes 

an accumulation and intake of ions, which damages cells in-

side [2, 28]. Furthermore, all bacterial species are susceptible 

to the antimicrobial effects of metallic nanoparticles. Their 

small size and high surface-to-volume ratio make them bacte-

ricidal [29]. Copper ions are released when CuO NPs interact 

with microbial cells. The microbial cells may die as a result of 

these ions' ability to cross the cell membrane and cause oxida-

tive stress, in which the Cu2+ species react with the sulfhydryl 

groups of the membrane proteins and DNA to damage their 

functions [30, 31]. Additionally, these nanoparticles can pre-

vent biofilm formation [32]. 
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Figure 11. Zones of inhibition of (a) plant extract against (i) Bacillus subtilis; (ii) Staphylococcus aureus; (iii) Escherichia coli; (iv) Pseudo-

monas aeruginosa, and (b) CuO NPs against (v) Bacillus subtilis; (vi) Staphylococcus aureus; (vii) Escherichia coli; (viii) Pseudomonas 

aeruginosa, and (c) erythromycin against (ix) Bacillus subtilis; (x) Staphylococcus aureus; (xi) Escherichia coli, and (xii) Pseudomonas aeru-

ginosa. 

Table 2. Zones of inhibition values of CuO NPs, plant extracts, and erythromycin against four bacterial strains (E. coli, B. subtilis, P. 

aeruginosa, and S. aureus) according to the disc diffusion method. 

Microbial Strains 

  Sample Name 

CuO NPs 

(50 µg/mL) 

CuO NPs 

(100 µg/mL) 

Carissa edulis extract 

(5% (w/v))  

Carissa edulis extract 

(10% (w/v)) 

Positive Control 

(15 µg/mL) 

Bacillus subtilis 6.33 ± 1.15 9.67 ± 2.52 5.33 ± 0.58 7.00 ± 1.00 10.67 ± 0.47 

Pseudomonas aeruginosa 8.00 ± 0.10 11.67 ± 1.53 6.33 ± 1.15 8.83 ± 0.47 7.67 ± 0.47 

Escherichia coli 6.33 ± 1.15 9 ± 1.00 5.0 ± 0.00 5.33 ± 0.58 7.83 ± 0.24 

Staphylococcus aureus  7.33 ± 0.82 12.00 ± 1.00 5.00 ± 0.00 5.33 ± 0.58 5.67 ± 0.47 

3.6. Statistical Analysis-One-Way ANOVA 

Table 3. The ANOVA analysis of antibacterial (Zones of Inhibition) results. 

Anova: Single Factor 

Groups Count Sum Average Variance 

CuO NPs 4 43 10.75 1.8826 

Plant extract 4 26.49 6.6225 2.785558 

Positive control 4 31.84 7.96 4.229733 
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ANOVA 

Source of Variation SS Df MS F P-value F crit 

Between Groups 35.47902 2 17.73951 5.981026 0.022266 4.256495 

Within Groups 26.69368 9 2.965964    

Total 62.17269 11         

The acquired anti-bacterial and antifungal results are significant because the p-value is less than 0.05 (Table 3). 

4. Conclusions 

In this study, green-synthesized CuO NPs were formulated 

through an economical, simple, and environmentally conven-

ient process using the aqueous stem bark extract of Carissa 

edulis. The synthesized CuO NPs were spherical in shape as 

observed in SEM images. The results also show that the for-

mulated nanoparticles are stable and monoclinic, with average 

particle diameters of 20.84 nm as reported in XRD analysis. 

The nanoparticles were tested against four microbes (Pseudo-

monas aeruginosa, Escherichia coli, Bacillus subtilis, and 

Staphylococcus aureus). The isolates of Staphylococcus au-

reus were more susceptible to CuO NPs than the 

Pseudomonas aeruginosa isolates. According to the study's 

findings, the CuO NPs synthesized using Carissa Edulis may 

be used as an potential antibacterial agent. 

Abbreviations 

CuO Copper Oxide 

HCl Hydrochloric acid 

NaOH Sodium Hydrochloride 

Uv-Vis Ultra Violet-Visible Spectroscopy 

XRD X-Ray diffractometer 

ZnO Zinc Oxide 

JCPDS Joint Committee on Powder Diffraction 

Standards 

NPs Nanoparticles 

ANOVA Analysis of Variance 

DNA Deoxyribonucleic Acid 

FWHM Full Width at Half Maximum 

Acknowledgments 

The authors gratefully thank the Chemistry Department 

Staff of the University of Eldoret for the assistance given 

while carrying out the laboratory work. 

 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] M. S. Samuel et al., “A Review on Green Synthesis of Nano-

particles and Their Diverse Biomedical and Environmental Ap-

plications,” Catalysts, vol. 12, no. 5, 2022,  

https://doi.org/10.3390/catal12050459 

[2] M. C. Crisan, M. Teodora, and M. Lucian, “aCrisan, M. C., 

Teodora, M., & Lucian, M. (2022). Applied sciences Copper 

Nanoparticles : Synthesis and Characterization, Physiology, 

Toxicity and Antimicrobial Applications. Appl. Sci. 2022, 

12(1), 141; https://doi.org/10.3390/app12010141 

[3] E. A. Mohamed, “Green synthesis of copper & copper oxide 

nanoparticles using the extract of seedless dates,” Heliyon, vol. 

6, no. 1, p. e03123, 2020,  

https://doi.org/10.1016/j.heliyon.2019.e03123 

[4] P. Dadhwal, H. K. Dhingra, and V. Dwivedi, “Hippophae 

rhamnoides L. (sea buckthorn) mediated green synthesis of 

copper nanoparticles and their application in anticancer activ-

ity”. Molecular Diagnostics and Therapeutics. no. August, pp. 

1-19, 2023,  

https://doi.org/10.3389/fmolb.2023.1246728 

[5] D. Singh, D. Jain, and D. Rajpurohit, “Bacteria assisted green 

synthesis of copper oxide nanoparticles and their potential ap-

plications as antimicrobial agents and plant growth stimulants,” 

Nanoscience. no. Vol. 11, pp. 1-10, 2023,  

https://doi.org/10.3389/fchem.2023.1154128 

[6] R. Lu, W. Hao, L. Kong, K. Zhao, H. Bai, and Z. Liu, “A sim-

ple method for the synthesis of copper nanoparticles from met-

astable intermediates,” RSC Adv., vol. 13, no. 21, pp. 14361-

14369, 2023, https://doi.org/10.1039/d3ra01082a 

[7] D. A. Tinjacá, O. A. Almanza, F. Delgado, and S. J. Morantes, 

“Preparation and characterization of copper nanoparticles of 

Schisandra chinensis and evaluation of its antiproliferative ac-

tivity. Rev. Colomb. Cienc. Quím. Farm. Vol. 53(1), 244-265, 

2024. https://doi.org/10.15446/rcciquifa.v53n1.112982 

http://www.sciencepg.com/journal/nano


American Journal of Nano Research and Applications http://www.sciencepg.com/journal/nano 

 

14 

[8] S. Vijayaram, H. Razafindralambo, Y. Zhang, and S. Seeranga-

raj, “Applications of Green Synthesized Metal Nanoparticles 

— a Review,” Biol. Trace Elem. Res., vol. 202, no. 1, pp. 360-

386, 2024, https://doi.org/10.1007/s12011-023-03645-9 

[9] A. G. Krishna, S. Sahana, H. Venkatesan, and V. Arul, “Green 

synthesis of copper nanoparticles: a promising solution for 

drug resistance and cancer therapy challenges,” J. Egypt. Natl. 

Canc. Inst., vol. 36, no. 1, 2024,  

https://doi.org/10.1186/s43046-024-00254-y 

[10] M. Jepkorir, S. G. Nyanjom, S. Kamau, J. Chepng’etich, G. 

Kipkoech, and P. G. Mwitari, “In vivo anti-inflammatory ac-

tivity, safety and gene expression profiles of Carissa edulis, 

Withania somnifera, Prunus africana and Rhamnus prinoides 

for potential management of rheumatoid arthritis,” Sci. African, 

vol. 22, no. September, p. e01933, 2023,  

https://doi.org/10.1016/j.sciaf.2023.e01933 

[11] J. S. Nantongo, J. B. Odoi, G. Abigaba, and S. Gwali, “Varia-

bility of phenolic and alkaloid content in different plant parts 

of Carissa edulis Vahl and Zanthoxylum chalybeum Engl.,” 

BMC Res. Notes, vol. 11, no. 1, pp. 1-5, 2018,  

https://doi.org/10.1186/s13104-018-3238-4 

[12] A. Varughese, R. Kaur, and P. Singh, “Green Synthesis and 

Characterization of Copper Oxide Nanoparticles Using Psid-

ium guajava Leaf Extract,” IOP Conf. Ser. Mater. Sci. Eng., 

vol. 961, no. 1, 2020,  

https://doi.org/10.1088/1757-899X/961/1/012011 

[13] J. Shanmugapriya et al., “Green Synthesis of Copper Nanopar-

ticles Using Withania somnifera and Its Antioxidant and Anti-

bacterial Activity,” J. Nanomater., vol. 2022, 2022,  

https://doi.org/10.1155/2022/7967294 

[14] M. V. D. Prakash et al., “Eco-friendly green synthesis of copper 

nanoparticles from Tinospora cordifolia leaves: optical proper-

ties with biological evaluation of anti-microbial, anti-inflam-

matory and anti-oxidant applications,” Mater. Technol., vol. 38, 

no. 1, 2023, https://doi.org/10.1080/10667857.2023.2247908 

[15] M. Kiranmayee, N. Rajesh, and M. V. Vani, “Green synthesis 

of Piper nigrum copper-based nanoparticles : in silico study and 

ADMET analysis to assess their antioxidant, antibacterial, and 

cytotoxic effects,” Medicinal and Pharmaceutical Chemistry. 

September, pp. 1-22, 2023,  

https://doi.org/10.3389/fchem.2023.1218588 

[16] I. L. Ikhioya, A. C. Nkele, and F. U. Ochai-Ejeh, “Green syn-

thesis of copper oxide nanoparticles using neem leaf extract 

(Azadirachta indica) for energy storage applications,” Mater. 

Res. Innov., vol. 28, no. 3, pp. 214-220, 2024,  

https://doi.org/10.1080/14328917.2023.2252677 

[17] P. S. Kumar, M. Selvakumar, S. G. Babu, and S. Karuthapan-

dian, “Veteran cupric oxide with new morphology and modi-

fied bandgap for superior photocatalytic activity against differ-

ent kinds of organic contaminants (acidic, azo and triphenyl-

methane dyes),” Mater. Res. Bull., 2016,  

https://doi.org/10.1016/j.materresbull.2016.06.043 

[18] S. Rameen et al., “Foliar application of silver (Ag-NPs) and 

copper (Cu-NPs) nanoparticles enhances phenotypic traits and 

oil quality in Brassica napus L,” Sci. Rep., vol. 14, no. 1, pp. 1-

11, 2024, https://doi.org/10.1038/s41598-024-79269-3 

[19] R. Kothari, “Green Synthesis of Copper Nanoparticles from on 

Extract of Cinnamon Bark : Spectroscopic Characterization, 

Optical Properties, Antimicrobial, and Antioxidant Activities 

Richa Kothari,” Rasayan J. Chem., 16(3), 1298-1308(2023) 

http://doi.org/10.31788/RJC.2023.1638274 

[20] B. H. Abbas, N. K. Abdalameer, and R. S. Mohammed, “Syn-

thesis of Copper Oxide Nanostructures by Ar Plasma Jet and 

Study of Their Structural and Optical Properties. Iraqi Journal 

of Science, vol. 65, no. 4, pp. 1999-2006, 2024,  

https://doi.org/10.24996/ijs.2024.65.4.18 

[21] A. Aygün, S. Özdemir, M. Gülcan, M. S. Yalçın, M. Uçar, and 

F. Şen, “Characterization and antioxidant-antimicrobial activ-

ity of silver nanoparticles synthesized using Punica granatum 

extract,” Int. J. Environ. Sci. Technol., vol. 19, no. 4, pp. 2781-

2788, 2022, https://doi.org/10.1007/s13762-021-03246-w 

[22] A. Prema, R. Muthuselvi, and R. Vashantha, “Synthesis and 

characterization of copper nanoparticle of Solanum Virgini-

anum and Coccinia Grandis extract: A comparative study of 

thermal behavior,” Mater. Prot., vol. 65, no. 3, pp. 389-398, 

2024, https://doi.org/10.62638/ZasMat1179 

[23] S. A. Aldahash, S. Siddiqui, and M. K. Uddin, “Eco-Friendly 

Synthesis of Copper Nanoparticles from Fiber of Trapa natans 

L. Shells and Their Impregnation Onto Polyamide-12 for En-

vironmental Applications,” J. Nat. Fibers, vol. 20, no. 2, 2023, 

https://doi.org/10.1080/15440478.2023.2224976 

[24] N. C. Nkosi, A. K. Basson, Z. G. Ntombela, N. G. Dlamini, and 

R. V. S. R. Pullabhotla, “Green Synthesis of Copper Nanopar-

ticles Using a Bioflocculant from Proteus mirabilis AB 

932526.1 for Wastewater Treatment and Antimicrobial Appli-

cations,” Appl. Nano, vol. 6, no. 1, pp. 1-27, 2025,  

https://doi.org/10.3390/applnano6010005 

[25] F. Batool et al., “Biosynthesis of copper nanoparticles using 

Bacillus flexus and estimation of their potential for decoloriza-

tion of azo dyes and textile wastewater treatment,” J. King 

Saud Univ. - Sci., vol. 36, no. 8, p. 103309, 2024,  

https://doi.org/10.1016/j.jksus.2024.103309 

[26] A. Miranda, T. Akpobolokemi, E. Chung, G. Ren, and B. T. 

Raimi-Abraham, “pH Alteration in Plant-Mediated Green Syn-

thesis and Its Resultant Impact on Antimicrobial Properties of 

Silver Nanoparticles (AgNPs),” Antibiotics, vol. 11, no. 11, 

2022, https://doi.org/10.3390/antibiotics11111592 

[27] S. Roy and J. Rhim, “International Journal of Biological Mac-

romolecules Carboxymethyl cellulose-based antioxidant and 

antimicrobial active packaging fi lm incorporated with curcu-

min and zinc oxide,” Int. J. Biol. Macromol., vol. 148, pp. 666-

676, 2020, https://doi.org/10.1016/j.ijbiomac.2020.01.204 

[28] L. Njenga, K. Ayabei, T. Akenga, Z. Onyambu, J. Kiptoo, and 

M. Onani, “Anti-Bacterial Activities of Green Synthesized 

ZnO and CuO Nanoparticles from Leaf Extracts of Warburgia 

ugandensis,” American Journal of Nano Research and Appli-

cations. vol. 11, no. 1, pp. 10-18, 2023,  

https://doi.org/10.11648/j.nano.20231101.12 

http://www.sciencepg.com/journal/nano


American Journal of Nano Research and Applications http://www.sciencepg.com/journal/nano 

 

15 

[29] H. R. Hanisha R, U. R. Udayakumar R, S. S. Selvayogesh S, K. 

P. Keerthivasan P, and G. R. Gnanasekaran R, “Anti Fungal 

Activity of Green Synthesized Copper Nanoparticles Using 

Plant Extract of Bryophyllum Pinnatum (Lam.) and Polyalthia 

Longifolia (Sonn.) R,” Biosci. Biotechnol. Res. Asia, vol. 20, 

no. 1, pp. 317-328, 2023, https://doi.org/10.13005/bbra/3091 

[30] P. K. Tyagi, A. Kumar, A. Mazumder, and S. Tyagi, “Devel-

opment of copper nanoparticles and their prospective uses as 

antioxidants, antimicrobials, and anti-cancer agents in the phar-

maceutical sector,” Precis. Nanomedicine, vol. 6, no. 2, pp. 

1048-1065, 2023, https://doi.org/10.33218/001c.83932 

[31] Z. Humphreys Salas et al., “Green synthesis of copper nano-

particles and their formulation into face masks: An antibacte-

rial study” Polym. Compos., vol. 44, no. 2, pp. 907-916, 2023, 

https://doi.org/10.1002/pc.27142 

[32] D. M. Aziz, A. A. M. Amin, S. A. Hassan, H. Özmen, G. K. 

INCILI, and Y. Say, “One-pot synthesis of quercetin-function-

alized silver and copper nanoparticles for enhanced optical, an-

timicrobial, and computational properties,” Sci. Rep., vol. 15, 

no. 1, 2025, https://doi.org/10.1038/s41598-025-12586-3 

 

http://www.sciencepg.com/journal/nano

