
 

 

Green Grape Seed Extract-Mediated Synthesis of 
CuO Nanoparticles: Characterization and Enhanced 

Antibacterial Activity  

Senthilkumar V 1, Ilavenil K.K2,*, Kasthuri A 3 and Pandian P4  

1Department of Mechanical Engineering, SRM TRP Engineering College, Tiruchirap-
palli - 621 105, Tamilnadu, India. 

2Department of Chemistry, School of Engineering and Technology, Dhanalakshmi 
Srinivasan University, Samayapuram, Tiruchirappalli – 621 112, Tamilnadu, India. 

3Department of Chemistry, Nehru Memorial College (Autonomous) /Affiliated to Bha-
rathidasan University, Puthanampatti - 621 007, Tiruchirappalli, Tamilnadu, India.  
4Department of Chemistry, Thanthai Periyar Government Arts and Science College 

(Autonomous) / Affiliated to Bharathidasan University, Tiruchirappalli - 620 023, Ta-
milnadu, India. 

 
ilavenilkk.set@dsuniversity.ac.in 

            Abstract. 

 
            Green grape seed extract was used to create copper oxide (CuO) nanoparticles as an 

environmentally acceptable stabilising and reducing agent. When copper sulphate 
pentahydrate was reduced with sodium hydroxide (NaOH), the colour changed from blue 
to greenish-black, indicating that the pH had been corrected to 9. Functional groups 
including O-H stretching and metal-oxygen bonding were validated by FTIR analysis, 
confirming the creation of nanoparticles. Absorbance peaks at 372.75 nm and 390.05 nm 
were visible in UV-Vis spectroscopy, emphasising electronic transitions and charge 
transfer. X-ray diffraction (XRD) verified a monoclinic crystal structure with a crystallite 
size of 30.55 nm, while dynamic light scattering (DLS) showed an average particle size 
of 181.6 nm with a Polydispersity Index of 0.185. The CuO nanoparticles exhibited 
notable antibacterial activity, exhibiting 40 mm, 42 mm, and 43 mm inhibitory zones. 
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1. INTRODUCTION 

 

Nanomaterial’s, with particle dimensions less than 100 nm, and are making significant 

strides across various industries. Their exceptional qualities such as antimicrobial ef-

fects, high diffusivity, electrical conductivity, remarkable hardness, and robustness 

make them integral to innovative technologies, especially in the medical field. The 

emergence of phytonanotechnology has introduced an environmentally friendly 

method for nanoparticle production. By harnessing the unique secondary biomolecules 

in plants, metals are reduced to oxides, creating nanoparticles with distinctive shapes 

and sizes [1]. Green synthesis of nanoparticles, a key aspect of Nano biotechnology, is 

valued for its eco-friendly, cost-effective, and versatile nature [2, 3]. With industrial 

and population growth escalating chemical waste and environmental damage, sustain-

able solutions are essential. Green chemistry, which uses natural products for nanopar-

ticle synthesis, provides an eco-friendly, recyclable, and less polluting alternative. This 

approach leverages plant extracts to create metal nanoparticles, improving stability and 

morphology without harmful chemicals. Recent research focuses on plant-mediated 

methods due to natural reducing agents. Factors like extract concentration and reaction 

conditions affect nanoparticle quality [4]. Biogenic methods, in particular, have proven 

superior to conventional techniques by producing large volumes of clean, well-defined 

nanoparticles with minimal environmental impact. In response to health and economic 

challenges from cancer and infections [5], researchers have turned to nanoparticles 

(NPs) to enhance treatments. Copper nanoparticles (CuNPs) are notable for their af-

fordability and potential to match the efficacy of metals like silver and gold, with broad 

antimicrobial and cancer therapeutic potential [6]. CuNPs can be produced through 

chemical methods such as solvothermal, sonochemical, and microwave techniques [7]. 

Similarly, copper oxide nanoparticles have gained concern due to their unique proper-

ties and wide applications in industry and healthcare [8].  Nanoparticles from MO are 

used in drug carriers, UV protection, medical fillers, cosmetics, sensors, photo cata-

lysts, and as antibacterial agents. Copper oxide nanoparticles are valued for their low 

band gap energy, biocompatibility, and antibacterial and anti-inflammatory properties. 
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They are small, high in surface area, biodegradable, and reduce charge carrier recom-

bination. Green synthesis using plant extracts provides a non-toxic, environmentally 

friendly method that allows precise control over nanoparticle size and shape. In con-

trast, traditional methods like electrochemical reduction, laser ablation, UV irradiation, 

and aerosol processes are effective but costly, involve toxic chemicals, and can lead to 

contamination and hazardous byproducts [9]. They can be synthesized using hydrother-

mal, [10] sonochemical, [11] co-precipitation, microwave, and sol–gel methods [12] 

and are utilized in drug transport, antibacterial [13, 14] anticancer, antifungal, antidia-

betic [15] Antifungal, antioxidant applications [16, 17]. CuO nanostructures also show 

promise for environmental pollution control due to their high specific surface area [18]. 

Various copper oxide nanoparticles are reported from natural sources like Hylocereus 

costaricensis Peel Extract [19] have antifungal, antibacterial, antitumor, and antioxi-

dant activities, Macroptilium Lathyroides [20], Zizyphus spina [21], Heliotropium bac-

ciferum [22], Ziziphus oenoplia [23], Aloe vera [24], Azadirachta indica [25], Sima-

rouba glauca leaf extract [26], Santa Maria feverfew leaf extract [27], Clausena anisata 

leaf extracts [28] and Justicia adhatoda leaf extracts [29].  

 

            This article examines the synthesis of CuO NPs using green grape seed extracts, 

emphasizing eco-friendly and cost-effective benefits. Green grapes in India contain 

beneficial phytochemicals such as stilbenes, which offer anti-inflammatory and antiox-

idant properties, and flavonoids like quercetin and kaempferol, known for their anti-

inflammatory, and antimicrobial properties [30]. Quercetin, a flavonoid, and resvera-

trol, a stilbene, are potent antioxidants that may help protect against cardiovascular dis-

eases. Tannins and catechins present in the grapes support cardiovascular health and 

cancer prevention. Additionally, phenolic acids like as caffeic and gallic acid offer fur-

ther antioxidant and anti-inflammatory benefits. These phytochemicals make green 

grapes a valuable addition to a healthy diet. [31, 32]. 

 

 

 

 

 

Green Grape Seed Extract-Mediated Synthesis of CuO Nanoparticles             23



 

2. Materials and Methods 

Fresh green grapes were purchased, and the seeds were dried and powdered. Copper 

sulfate pentahydrate was sourced from Sigma-Aldrich, and the synthesis was performed 

in a basic medium with sodium hydroxide (NaOH). All other chemicals used were of 

high purity. 

 

2.1 Preparation of Natural Extract from Grape Seed 

The seed extract was made by cleaning, drying, and finely grinding green grape seeds. 

After combining the powdered seeds with distilled water in a 1:10 ratio, the mixture 

was left to steep for a number of hours. To get rid of any solid leftovers, the mixture 

was filtered after steeping. The liquid extract that was produced was then prepared for 

use in the production of copper oxide nanoparticles. 

 

2.2 CuO Nanoparticle Formation Using Grape Seed Extract 

Green grape seed extract functioned as the stabilising and reducing agent, whereas cop-

per sulphate pentahydrate was the precursor. 50 mL of a 0.2 M CuSO₄·5H₂O aqueous 

solution and 50 mL of grape seed extract were combined in a 1:1 volume ratio for the 

synthesis. 0.2 M NaOH was used to bring the mixture's pH down to 9, and the mixture 

was aggressively agitated at 50°C. A colour shift from blue to greenish-black indicated 

that copper sulphate had been reduced to copper oxide. Centrifugation at 2000 rpm for 

30 minutes was used to separate the resultant CuO nanoparticles, which were then 

cleaned of contaminants using distilled water and dried for additional examination (Fig-

ure 1). 

 

2.3 Physical and Chemical Characterization 

The CuONPs were analysed using several techniques. Optical absorption was measured 

with a PerkinElmer Lambda 365 over a wavelength range of 200–800 nm. Molecular 

vibrations were analysed using a Thermo Nicolet 380 FTIR spectrophotometer and 

spectra were recorded in the 500–4,000 cm⁻¹ range. X-ray diffraction analysis was per-

formed using a Shimadzu 6100 diffractometer with Copper Kα radiation (λ = 1.54060 
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Å) to verify the crystal structure and estimate the crystalline size of the CuO nanopar-

ticles.  Finally, the nanoparticles' surface morphology and structural properties were 

assessed using a scanning electron microscope (SEM). 

 

 
Fig. 1. Copper Oxide Nanoparticle Synthesis 

 

3. Result and Discussion 

3.1 Mechanism of formation of CuONPs 

In synthesizing copper oxide (CuO) nanoparticles, copper sulphate (CuSO₄)    reacts 

with Gallic acid, which reduces copper ions (Cu²⁺) to copper (I) ions (Cu⁺). The reaction 

is: 

2CuSO4 + C7H6O5 → CuO + Cu2SO4 + CO2 + H2O 

Sodium hydroxide (NaOH) is then added, which reacts with the copper ions   to form 

copper oxide nanoparticles: 

Cu2O + 2NaOH → 2CuO + H2O 

If Cu²⁺ is present the reaction is, 

CuSO4 + NaOH → CuO + Na2SO4 + H2O 
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3.2 FTIR 

The FTIR analysis of CuONPs synthesized using green grape seed powder reveals (Fig-

ure 2) various functional groups present in the sample. The peaks at 3446.9 cm⁻1 and 

3469.4 cm⁻1 correspond to O-H stretching vibrations, indicating the presence of hy-

droxyl groups from adsorbed water or alcohols.  A notable peak at 2070.6 cm⁻1 suggests 

the existence of C≡C or C≡N stretching vibrations, potentially resulting from organic 

residues or specific complexations with the nanoparticles. The peak at 1113.4 cm⁻1 re-

flects carbon-oxygen stretching from organic compounds in the grape seed extract, 

while the peak at 606.15 cm⁻1 confirms the Cu-O bond and successful synthesis of cop-

per oxide nanoparticles [33].  

 

 
Fig. 2. FTIR spectrum of CuONPs 
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3.3 UV-Visible analysis 

The UV-Vis spectroscopy analysis of the CuO NPs (Figure 3) produced using green 

grape seed powder reveals significant information about their optical properties and 

electronic transitions. The absorbance peaks at 1004 nm and 1066.65 nm, both with an 

absorbance of 0.036 AU, are in the near-infrared (NIR) region and likely indicate d-d 

transitions of copper ions (Cu²⁺) within the nanoparticles. These transitions are typically 

weak, consistent with the observed low absorbance. The peak at 372.75 nm with an 

absorbance of 0.049 AU falls in the UV region and is associated with charge transfer 

transitions, specifically ligand to metal charge transfer (LMCT), where electrons move 

from the organic compounds in the grape seed extract to the copper ions. A key com-

pound responsible for this LMCT is gallic acid (3, 4, 5-trihydroxybenzoic acid), a prom-

inent phenolic acid in grape seeds. Additionally, the peak at 390.05 nm, with a signifi-

cantly higher absorbance of 0.479 AU, suggests strong electronic transitions within the 

copper oxide nanoparticles. This is due to surface plasmon resonance (SPR), a common 

feature in metallic and semiconductor nanoparticles, or other strong electronic transi-

tions within the material. These findings indicate a combination of weak d-d transitions 

in the NIR region and stronger charge transfer and electronic transitions in the UV re-

gion [34]. 

 

 

Fig. 3. UV absorbance peak of CuO nanoparticles 
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3.4 DLS studies 

Dynamic Light Scattering (DLS) shown in the figure 4 analysis of the CuO NPs shows 

an average particle magnitude of 181.6 nm. A Polydispersity Index (PDI) of 0.185 in-

dicates a relatively narrow size distribution, suggesting that the nanoparticles have a 

fairly uniform size with moderate dispersion. These measurements are essential for as-

sessing the nanoparticles' suitability for various applications, as they reflect average 

size and particle distribution uniformity. 

 

 
Fig. 4. DLS of copper oxide NPs 

 

3.5 Electron Microscope Imaging 

SEM images of CuO NPs as shown in the figure 5 display a spherical shape, with par-

ticles closely attached to one another. Although they are relatively uniform in shape, 

their sizes vary, and the nanoparticles are evenly distributed in all directions. The sur-

face texture appears smooth, indicating high purity and minimal agglomeration, with a 

narrow size distribution suggesting controlled synthesis conditions. For bio-functional-

ized nanoparticles, a distinct surface layer confirms successful functionalization. Min-

imal large-scale aggregation is observed, maintaining individual nanoparticle proper-

ties.  
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Fig. 5. SEM Images of CuONPs of 1µm and 2 µm 

 

3.6 XRD 

Based on the X-ray diffraction (XRD) results, which include 2θ values of 19.1602°, 

24.3658°, 27.3453°, 31.9810°, and 32.8885°, the copper oxide nanoparticles (CuONPs) 

exhibit a monoclinic crystal structure. The d-spacing values associated with these an-

gles correspond to characteristic planes of monoclinic CuO: specifically, the peak at 

19.1602° corresponds to the (110) plane, the peak at 24.3658° to the (101) plane, the 

peak at 27.3453° to the (102) plane, the peak at 31.9810° to the (111) plane, and the 

peak at 32.8885° to the (200) plane. These observations (Figure 6) confirm that the 

nanoparticles are predominantly CuO with a monoclinic structure. The variation in Full 

Width at Half Maximum values suggests differences in crystallite size, with narrower 

FWHM indicating more well-defined crystallites. According to Scherrer's equation 

d=kλ/βcosӨ the crystallite size has been estimated to be 30.55 nm. This size, being less 

than 100 nm, indicates the nanocrystalline nature of the biosynthesized CuO NPs. Ad-

ditionally, the XRD pattern aligns with the standards (JCPDS No: 96-152-1321), con-

firming both the crystalline nature and the monoclinic phase of the CuO NPs [35]. 
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Fig. 6. XRD peak of CuO Nps 

 

3.7 Antimicrobial assay 

The nanoscale size of the synthesised CuO nanoparticles (CuONPs) derived from grape 

seed extract gives them a high surface-to-volume ratio and enhances their capacity to 

interact with bacterial membranes, giving them a noticeable bactericidal functions and 

eventually causing cell death. Reactive oxygen species (ROS), such as superoxide ani-

ons and hydroxyl radicals, are produced by the CuONPs. These ROS damage bacterial 

membranes, proteins, and DNA and induce oxidative stress. When the cell wall and 

membrane integrity are compromised by the nanoparticles, bacterial cell lysis and in-

tracellular contents leaking occur.  Because of this intricate mechanism, CuONPs ex-

hibit superior antibacterial activity [36] in comparison to conventional antibiotics such 

as gentamicin. The CuONPs were tested at a concentration of 100 µg/mL, while gen-

tamicin was used at the same concentration as a standard antibiotic control. Compared 

to gentamicin, the CuONPs created inhibition zones that were significantly larger and 

showed considerable antibacterial efficacy against pathogens including Staphylococcus 

pneumoniae, Mycobacterium tuberculosis, Pseudomonas fluorescens, and Fusarium. 

The inhibition zone of Staphylococcus pneumoniae was 40 mm at 100 µL, while that 

of gentamicin was 20 mm. In a similar manner, the zones of Mycobacterium tubercu-

losis, Pseudomonas fluorescens, and Fusarium were 42 mm (gentamicin: 20 mm), 43 

mm (gentamicin: 23 mm), and 38 mm (gentamicin: 22 mm), respectively (Figure 8).  
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Grape seed extract's natural constituents, such as polyphenols, flavonoids, and tannins, 

serve as stabilising agents and are essential to the synthesis of CuONPs. These sub-

stances improve dispersion and inhibit the agglomeration of nanoparticles (Figure 7). 

Bacterial cell death results from the disruption of bacterial cell walls and membranes, 

disruption of enzymatic processes, and damage to nucleic acids caused by polyphenols 

and flavonoids [37]. Through the precipitation of proteins and the inhibition of vital 

microbial functions, tannins further suppress bacterial development.  When coupled 

with CuONPs, these bioactive substances increase the antibacterial activity of the na-

noparticles, making them especially effective, especially at higher concentration. 

 

 
Fig. 7. Inhibition Zones of microbes 
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Fig. 8. Effect of Concentration on the Antibacterial Efficacy of CuO Nanoparticles 

 

4. CONCLUSION 

Extract's natural bioactive ingredients, including polyphenols, flavonoids, and tannins, 

are essential for stabilising Eco-friendly grape seed distillation is a sustainable process 

for creating copper oxide (CuO) nanoparticles. The grape seed and lowering copper 

ions, which makes it easier to create nanoparticles. These CuO nanoparticles demon-

strate their potential for use in medical therapies as well as environmental remediation 

by demonstrating robust antibacterial activity against a range of pathogens. The grape 

seed extract's bioactive ingredients provide their own antimicrobial qualities and stabi-

lise the nanoparticles, increasing their antibacterial effectiveness. Effective antibacte-

rial action at lower concentrations is made possible by this synergy. Furthermore, com-

pared to conventional nanoparticle production, this environmentally friendly technol-

ogy uses fewer harmful chemicals and energy-intensive procedures. 

 

5. Declaration: The authors declare no competing interest.  

 

 

 

32             V. Senthilkumar et al.



 

 

6. REFERENCES 

1. Mathanmohun, M., Sagadevan, S., Rahman, M. Z., Lett, J. A., Fatimah, I., Moharana, S., Garg, 

S., & Al-Anber, M. A. Unveiling sustainable, greener synthesis strategies and multifaceted ap-

plications of copper oxide nanoparticles. Journal of Molecular Structure (2024). 

https://doi.org/10.1016/j.molstruc.2024.137788. 

2. Maulana, I., Ginting, B., Azizah, K., & Green, S. Green synthesis of copper nanoparticles em-

ploying Annona squamosa L extract as antimicrobial and anticancer agents. South African Jour-

nal of Chemical Engineering, 46, 65–71 (2023). https://doi.org/10.1016/j.sajce.2023.07.010.  

3. Xie, W., Zhang, Z., Liao, L., Liu, J., Su, H., Wang, S., & Guo, D. Green chemical mechanical 

polishing of sapphire wafers using novel slurry. Nanoscale, 12(44), 22518–22526(2020). 

https://doi.org/10.1039/d0nr07790g. 

4. Putri, S. E., Herawati, N., Fudhail, A., Pratiwi, D. E., Side, S., Rahman, A., Desa, S. S., Ahmad, 

N., Junaedi, S., & Surleva, A. Biosynthesis of copper nanoparticles using Hylocereus costaricen-

sis peel extract and their photocatalytic properties. Karbala International Journal of Modern Sci-

ence, 9(2) (2023). https://doi.org/10.33640/2405-609X.3300. 

5. Prabu, P., & Losetty, V. Green synthesis of copper oxide nanoparticles using Macroptilium 

Lathyroides (L) leaf extract and their spectroscopic characterization, biological activity, and pho-

tocatalytic dye degradation study. Journal of Molecular Structure, 1301 (2024). 

https://doi.org/10.1016/j.molstruc.2023.137404. 

6. El-Abeid, S. E., Mosa, M. A., El-Tabakh, M. A., Saleh, A. M., El-Khateeb, M. A., & Haridy, M. 

S. Antifungal activity of copper oxide nanoparticles derived from Zizyphus spina leaf extract 

against Fusarium root rot disease in tomato plants. Journal of Nanobiotechnology, 22(1), 

28(2024). https://doi.org/10.1186/s12951-023-02281-8. 

7. Hamdy, E., El-Gendi, H., Al-Askar, A., El-Far, A., Kowalczewski, P., Behiry, S., & Abdelkha-

lek, A. Copper oxide nanoparticles-mediated Heliotropium bacciferum leaf extract: Antifungal 

activity and molecular docking assays against strawberry pathogens. Open Chemistry, 22(1) 

(2024). https://doi.org/10.1515/chem-2024-0028. 

8. Swarna, S. S., Govindarajan, V. U., Anbalagan, A., Christopher, D., & Muthuraman, M. S. Green 

synthesis of copper oxide nanoparticles using Ziziphus oenoplia extract and its dye degradation 

properties. Biomass Conversion and Biorefinery, 1-12(2024). https://doi.org/10.1007/s13399-

024-05397-5. 

9. Jabeen, S., Siddiqui, V. U., Bala, S., Mishra, N., Mishra, A., Lawrence, R., Bansal, P., Khan, A. 

R., & Khan, T. Biogenic synthesis of copper oxide nanoparticles from Aloe vera: Antibacterial 

Green Grape Seed Extract-Mediated Synthesis of CuO Nanoparticles             33



 

activity, molecular docking, and photocatalytic dye degradation. ACS Omega (2024). 

https://doi.org/10.1021/acsomega.3c10179. 

10. Ikhioya, I. L., Nkele, A. C., & Ochai-Ejeh, F. U. Green synthesis of copper oxide nanoparticles 

using neem leaf extract (Azadirachta indica) for energy storage applications. Materials Research 

Innovations, 28(3), 214-220(2024). https://doi.org/10.1080/01932691.2024.2351916. 

11. Gaddigal, A. T., Shivappa, P., Ganeshkar, M. P., Mirjankar, M. R., Poojari, P. B., Huyilagola, P. 

V., Irannanavar, K. M., Goder, P. H., & Kamanavalli, C. M. Green synthesis of copper oxide 

nanoparticles using Simarouba glauca leaf extract, characterization and screening for their bio-

logical applications. Journal of Dispersion Science and Technology (2024). 

https://doi.org/10.1080/01932691.2024.2351916. 

12. Mishra, U. K., Chandel, V. S., Yadav, A. K., Gautam, A. K., Anand, A. D., Varun, J., Rai, A. K., 

& Singh, S. P. Synthesis, characterization, and study of photocatalytic degradation of aniline blue 

dye using copper oxide nanoparticles prepared by Santa Maria feverfew leaf extract. Nanotech-

nology for Environmental Engineering,1-10(2024). https://doi.org/10.1007/s41204-024-00378-

5. 

13. Dejene, A., Bogale, R. F., Yadeta, L., Gendo, K. M., Kenasa, G., & Berhanu, A. L. Biogenic 

synthesis of copper oxide nanoparticles using Clausena anisata leaf and Euphorbia abyssinica 

bark extracts and its comparative study of antibacterial activities. Results in Chemistry, 8, 

101569(2024).. https://doi.org/10.1016/j.rechem.2024.101569. 

14. Ilavenil, K. K., & Senthilkumar, V. Nanoparticles (MgO) utilising Justicia adhatoda and an eval-

uation of their antimicrobial properties. Materials Today Proceedings(2024). 

https://doi.org/10.1016/j.matpr.2024.05.144. 

15. Yang, J., & Yang-Yu, X. Grape phytochemicals and associated health benefits. Critical Reviews 

in Food Science and Nutrition, 53(11), 1202–1225(2013). 

16. Gouot, J. C., Smith, J. P., Holzapfel, B. P., Walker, A. R., & Barril, C. Grape berry flavonoids: 

A review of their biochemical responses to high and extreme high temperatures. Journal of Ex-

perimental Botany, 70(2), 397–423(2019). 

17. Khan, Y., Khan, S. M., Haq, I. u., Farzana, F., Abdullah, A., Abbasi, A. M., Alamri, S., Hashem, 

M., Sakhi, S., Asif, M., Shah, H. Antioxidant potential in the leaves of grape varieties (Vitis 

vinifera L.) grown in different soil compositions. Arabian Journal of Chemistry, 14(11), 

103412(2021). https://doi.org/10.1016/j.arabjc.2021.103412. 

 

18. Singh, J., Kumar, V., Kim, K. H., & Rawat, M. Biogenic synthesis of copper oxide nanoparticles 

using plant extract and its prodigious potential for photocatalytic degradation of dyes. Environ-

mental Research, 177, 108569(2019). https://doi.org/10.1016/j.envres.2019.108569. 

34             V. Senthilkumar et al.



 

19. Bian, K.-J., Nemoto, D., Chen, X.-W., Kao, S.-C., Hooson, J., & West, J. G. Photocatalytic, 

modular difunctionalization of alkenes enabled by ligand-to-metal charge transfer and radical 

ligand transfer. Chemical Science, 15(1), 124–133(2024). 

20. Nabila, M. I., & Kannabiran, K. Biosynthesis, characterization and antibacterial activity of cop-

per oxide nanoparticles (CuO NPs) from actinomycetes. Biocatalysis and Agricultural Biotech-

nology, 15, 56–62(2018). 

21. Rodríguez-Pérez, C., García-Villanova, B., Guerra-Hernández, E., & Verardo, V. Grape Seeds 

Proanthocyanidins: An overview of in vivo bioactivity in animal models. Nutrients, 11(10), 

2435(2019). https://doi.org/10.3390/nu11102435. 

22. Akhlaghi, M., & Bandy, B. Protection by plant flavonoids against myocardial ischemia-reperfu-

sion injury. In Bioactive Food as Dietary Interventions for Cardiovascular Disease pp. 439–

450(2013). Academic Press.Swarna, S. S., Vinitha Udhayabanu Govindarajan, Anitha An-

balagan, Divina Christopher, and Meenakshi Sundaram Muthuraman. "Green synthesis of copper 

oxide nanoparticles using Ziziphus oenoplia extract and its dye degradation properties." Biomass 

Conversion and Biorefinery (2024): 1-12. https://doi.org/10.1007/s13399-024-05397-5 

23. Jabeen, Sabeeha, Vasi Uddin Siddiqui, Shashi Bala, Nidhi Mishra, Anamika Mishra, Rubina 

Lawrence, Pratibha Bansal, Abdul Rahman Khan, and Tahmeena Khan. "Biogenic Synthesis of 

Copper Oxide Nanoparticles from Aloe vera: Antibacterial Activity, Molecular Docking, and 

Photocatalytic Dye Degradation." ACS Omega (2024). 

https://doi.org/10.1021/acsomega.3c10179 

24. Ikhioya, Imosobomeh L., Agnes C. Nkele, and Faith U. Ochai-Ejeh. "Green synthesis of copper 

oxide nanoparticles using neem leaf extract (Azadirachta indica) for energy storage applications." 

Materials Research Innovations 28, no. 3 ,214-220(2024). 

25. Gaddigal, Anjana Thatesh, Parashuram Shivappa, Madhu Prakash Ganeshkar, Manisha Rajendra 

Mirjankar, Paramanna Bhagappa Poojari, Praveen Veerappa Huyilagola, Kirankumar Mal-

leshappa Irannanavar, Premakshi Hucharayappa Goder, and Chandrappa Mukappa Kamanavalli. 

"Green synthesis of copper oxide nanoparticles using Simarouba glauca leaf extract, characteri-

zation and screening for their biological applications." Journal of Dispersion Science and Tech-

nology 1-15(2024). https://doi.org/10.1080/01932691.2024.2351916 

26. Mishra, Upendra Kumar, Vishal Singh Chandel, Avaneesh Kumar Yadav, Abhishek Kumar Gau-

tam, Aditya Dev Anand, Juli Varun, Amit Kumar Rai, and Satyendra Pratap Singh. "Synthesis, 

characterization, and study of photocatalytic degradation of aniline blue dye using copper oxide 

nanoparticles prepared by Santa Maria feverfew leaf extract." Nanotechnology for Environmen-

tal Engineering 1-10(2024).  https://doi.org/10.1007/s41204-024-00378-5 

Green Grape Seed Extract-Mediated Synthesis of CuO Nanoparticles             35



 

27. Dejene, Asefa, Raji Feyisa Bogale, Lema Yadeta, Kemal Mohammed Gendo, Girmaye Kenasa, 

and Asnake Lealem Berhanu. "Biogenic synthesis of copper oxide nanoparticles using Clausena 

anisata leaf and Euphorbia abyssinica bark extracts and its comparative study of antibacterial 

activities." Results in Chemistry 8 (2024): 101569. https://doi.org/10.1016/j.re-

chem.2024.101569  

28. Nanoparticles (MgO) utilising Justicia adhatoda and an evaluation of their antimicrobial proper-

ties, Materials Today Proceedings, K. K. Ilavenil, V. Senthilkumar,   (2024). 

https://doi.org/10.1016/j.matpr.2024.05.144 

29. Yang Jun, Xiao Yang-Yu. Grape phytochemicals and associated health benefits. Critical Reviews 

in Food Science and Nutrition. 53(11):1202–1225(2013). 

30. Gouot J.C., Smith J.P., Holzapfel B.P., Walker A.R., Barril C. Grape berry flavonoids: A review 

of their biochemical responses to high and extreme high temperatures. Journal of Experimental 

Botany. 70(2):397–423(2019). 

31. Yaseen Khan, Shujaul Mulk Khan, Ihsan ul Haq, Farzana Farzana, Abdullah Abdullah, Arshad 

Mehmood Abbasi, Saad Alamri, Mohamed Hashem, Shazia Sakhi, Muhammad Asif, Hussain 

Shah, Antioxidant potential in the leaves of grape varieties (Vitis vinifera L.) grown in different 

soil compositions, Arabian Journal of Chemistry, 14, Issue 11, 103412(2021), 

https://doi.org/10.1016/j.arabjc.2021.103412. 

32. Singh, Jagpreet, Vanish Kumar, Ki-Hyun Kim, and Mohit Rawat. "Biogenic synthesis of copper 

oxide nanoparticles using plant extract and its prodigious potential for photocatalytic degradation 

of dyes." Environmental research 177, 108569(2019). 

33. Bian, Kang-Jie, David Nemoto, Xiao-Wei Chen, Shih-Chieh Kao, James Hooson, and Julian G. 

West. "Photocatalytic, modular difunctionalization of alkenes enabled by ligand-to-metal charge 

transfer and radical ligand transfer." Chemical Science 15, no. 1 124-133(2024). 

34. Nabila, Mohammed Ishaque, and Krishnan Kannabiran. "Biosynthesis, characterization and an-

tibacterial activity of copper oxide nanoparticles (CuO NPs) from actinomycetes." Biocatalysis 

and agricultural biotechnology 15 56-62(2018). 

35. Rodríguez-Pérez C, García-Villanova B, Guerra-Hernández E, Verardo V. Grape Seeds Proan-

thocyanidins: An Overview of In Vivo Bioactivity in Animal Models. Nutrients. 

11(10):2435(2019). doi: 10.3390/nu11102435. PMID: 31614852; PMCID: PMC6835351. 

36. Raji P. Green synthesis and characterization of Copper oxide nanoparticles using Luffa acutan-

gula peel extract and its antibacterial activity. Results in Surfaces and Interfaces. 100261(2019). 

doi: 10.1016/j.rsurfi.2024.100261. 

37. Gowri M, Latha N, Rajan M. Copper oxide nanoparticles synthesized using Eupatorium odora-

tum, Acanthospermum hispidum leaf extracts, and its antibacterial effects against pathogens: a 

comparative study. BioNanoScience. 9:545–552(2019). doi: 10.1007/s12668-019-00655-7. 

 

 

36             V. Senthilkumar et al.



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

Green Grape Seed Extract-Mediated Synthesis of CuO Nanoparticles             37


	Green Grape Seed Extract-Mediated Synthesis ofCuO Nanoparticles: Characterization and EnhancedAntibacterial Activity



