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Abstract

The present study investigates a green route for the synthesis of copper nanoparticles (CuNPs) using pomegranate
(Punica granatum L.) juice as a natural reducing, stabilizing and capping medium, and evaluates the antimicrobial
activity of the synthesized nanoparticles. Pomegranate juice contains phytochemicals including flavonoids, proteins,
tannins, phenols and terpenoids that can participate in the reduction and stabilization of metal nanoparticles. CuNPs
were prepared by adding diluted pomegranate juice to a heated copper oxide precursor under stirring. Two juice volumes,
3 mL and 6 mL, were investigated. The products were characterized by UV—Visible spectroscopy, X-ray diffraction
(XRD), scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX). UV—Visible spectra
showed absorption features at 220 and 232.5 nm. XRD analysis indicated crystalline Cu-containing nanoparticles, with
an average crystallite size of 46.30 nm according to the reported Debye—Scherrer calculation. SEM images showed
irregular particles and agglomerated/flaky structures in the approximate 50—100 nm range. EDX analysis confirmed
copper as the major element in the samples. Antimicrobial activity was assessed by the agar well-diffusion method
against Pseudomonas, Proteus, Staphylococcus and Bacillus, producing reported inhibition zones of 23, 17, 19 and 22
mm, respectively. The findings demonstrate the potential of pomegranate juice as a simple and low-cost biological
medium for the preparation of copper nanoparticles with antimicrobial activity.
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Introduction: Synthesis part of Nanoparticles is the most active area of research in modern material science [2] ,because
of their unique properties such as optical, electromagnetic, electrical, catalytic, and mechanical, which enable them to
be used in various sectors such as medical diagnostics, therapy, electronics, clothing, agriculture, solar energy conversion
and even in cosmetics[1,2 |.Nanoparticles are building blocks of nanotechnology. Nanotechnology reveals the atomic
and molecular analysis of materials. The present period has been nanotechnology exploring, in which researchers are
focused efforts on discovery of new properties, transformation of matter, devices and applications [ 12 ].

Copper has been the most widely used metal since ancient times for its unique properties.

Green synthesis is the most sought method for present researchers because of its simple methodology in preparation,
cost effective, non-toxic, ease of availability, reduces time consumption and ecofriendly nature. The extracts from plants
can behave as capping and reducing agents for the synthesis of nanoparticles| 7 ]. The green synthesis can be conducted
using extracellular and intra cellular approaches. The extracellular method involves synthesis using plant extracts by
different methods and intra cellular involves making development of plants metal-rich natural media [ 1 ].

Copper nanoparticles have a great significance in as they often display distinctive and considerable modified physical,
chemical and biological properties as compared to their counterparts at macro level.[2]. Stability and reactivity are two
important factors that impede the use and development of metal cluster in new generation materials [8]. Metal
compounds generally reduce into their respective nanoparticles because of microbial enzymes or the plant
phytochemicals with antioxidant or reducing properties [ 9].

Punica granatum L (pomegranate) fruit is an ancient unique fruit which is used in several systems of medicine
for a variety of ailments [14]. Many researchers have presented their studies on antioxidant, anticarcinogenic and anti-
inflammatory properties of pomegranate fruit extracts, focusing on treatment and prevention of different illnesses of
human race [14]. In Ayurvedic medicine the pomegranate is considered “ a pharmacy unto itself ““ [ 15 ]. The edible part
of fruit contains acids, sugars, vitamins, polysachharides, polyphenols and minerals [17]. The chemical composition of
aripened pomegranate fruit has moisture — 72.6 % - 86.4 %, protein 0.05 % - 1.6 %, fat 0.01 % - 0.9 %, mineral elements
0.36 % - 0.73 %, fibre 3.4 % - 5 %, carbohydrates 15.4 %- 19.6 % , calcium 3.0 — 12 mg, phosphorous 8- 39 mg, Iron
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0.3- 1,2 mg, sodium 3 mg, Magnesium- 9 mg, ascorbic acid (Vitamin C) — 4-14 mg, Thiamine (vitamin B1) — 0.01 mg,
Riboflavine (Vitamin B2)- 0.012- 0.03 mg and Niacine — 0.18- 0.3 mg [ 16 ]. The high mineral content in pomegranate
fruit juice can contribute to the daily intake of these constituents in diet [16 ]. The sun dried rind of immature fruit of
pomegranate for the therapy and prophylaxis of malaria [ 17 ].

The study of antimicrobial effects of CuNPs using E.Coli and Bacillus subtilis revealed the fact that CuNPs are
exhibited superior activity over silver nanoparticles specially in antibacterial activity [4 ]. The CuNPs obtained from
green synthesis using z-spina Christi fruits as green reducing agent shown to be antibacterial against pathogenic bacteria
was assessed [7].CulNPs have exhibited potential antimicrobial activity over E.coli, Bacillus subtilis, salmonallaTyphi,
Klebsiella pneumonia and Staphylococcus aureus [ 10].

In the present study efforts were made to prepare the Copper Nanoparticles (Cu NPs) are synthesized using
green synthesis process in one step and cost efficient method. For the synthesis of CuNPs using pomegranate juice as
stabilizing and capping agent. The amount of pomegranate juice was changed to form different morphologies of copper
nanostructures. The green synthesized CuNPs are tested for antimicrobial activity for a range of microbes and were also
characterized with the aid of SEM,XRD, UV-vis and EDS.

2. Materials and Methods

The chemical cuprous oxide was purchased from Sigma Company and deionised water was used for preparation of
solutions. Punicagranatum (Pomegranate fruit) was collected from local market cleaned thoroughly with tap water and
then with distilled water, dried and the arils (seeds) were separated carefully and kept in a ziplock cover. The juice was
collected by pressing arils gently and the juice was filtered using 20-25 um filter paper. The juice was collected in a
beaker kept at 3° C for further use. The process was shown in Fig.1.

Fig.1 Green Synthesis Process of CuNPs.
In another beaker 200 ml distilled water was taken and kept on stirrer and heated upto 80° C. Then 1.59 gms (0.02 mole)
copper oxide was added and continued stirring at 500 rpm. The copper oxide solution was prepared. Then 3 ml of
freshly prepared pomegranate juice was diluted with 30 ml of distilled water, stirred well and taken in thoroughly cleaned
burette. Then the diluted pomegranate juice was added drop wise to copper oxide solution. Slowly the colour of copper
oxide solution was changed indicating the formation of CuNPs. The solution was collected in vials for checking the
formation of CuNPs through UV- Vis technique. The same procedure was repeated for 6 ml pomegranate juice also.
The solution was taken to rest of the solution was centrifused and dried for some time and collected the powder was
collected in vials as shown in fig.2.and sealed with paraffin paper to avoid the oxidation of CuNps. The CuNps were
characterized for XRD, SEM and EDX and tested antimicrobial activity through well diffusion.

3. Results and Discussion.

Characterisation

The formation of CuNPs nanoparticles was confirmed using UV-Visible spectroscopy which allowed for the Surface
Plasmon Resonance (SPR).U.V visible spectra were obtained using a UVJACO V-750 spectrometer, scanning the
nanoparticle solution over a 200-800 nm wavelength range. The analysis identified synthesized CuNPs based on their
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characteristic apsorption peaks.The surface morphology and size of the synthesized CuNps were investigated using
scanning electron microscope (SEM). Thin films of the nanoparticles were prepared on carbon —coated copper grids and
examined using a ZEISS Merlin Compact instrument operating at an accelerated voltage of 20kV. The SEM analysis
allowed for the visualization of the nanoparticles and the determination of their size distribution and morphology.

The crystalline structure of the CuNPs was determined by X — ray diffraction (XRD) with a Bruker D8 Advance
instrument. This technique provided information about the synthesized nanoparticle’s crystalline planes and
crystallographic structure. The XRD patterns were obtained using Cu-Ka radiation.

Overall, the combination of UV- visible spectroscopy , SEM and XRD measurements facilitated a comprehensive
characterization of the synthesized CuNPs which included the optical, morphology and crystal structure. The elemental
composition in the reaction mixture was determined by EDX analysis. For antimicrobial activity well diffusion method
was used.

UV - Visible Spectroscopy Analysis

The formation of CuNps, was confirmed using UV-Vis spectroscopy. The location of the absorption band peak of CuNps
is characterised by factors such as size, reaction time, morphology, temperature, pre-cursor salt concentration and
aqueous pomegranate juice extract. Bio-phyytochemicals found in pomegranate juice extract play a vital role in
stabilizing and forming CuNPs. Figure 2 shows the UV-Vis absorption spectrum of CuNPs from a wavelength range of
200-800 nm. The absorption peak was observed as characteristic peak of CuNPs wavelengths 220 and 232.5 nm, which
is possibly due to the electron transition from the valence band to the conduction band (inter- band transition). The
energy gap is around 2.19eV [ 4]. The result obtained from UV-Visible spectroscopy analysis of the samples are
presented in the figure. It is the important technique to detect the Surface Plasmon Resonance property of nanoparticles.
The peaks reveal that the CuNPs are formed within the range of 200 nm to 800 nm. Both 3 ml and 6 ml concentrations
of pomegranate juice were observed and confirmed at the peaks at 220 nm and 232.5 nm respectively. The results are in
agreement with [1,4, 5,9,10].
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Fig. 2 UV-Vis Absoption peaks and XRD pattern for 3 ml and 6 ml Compositions of pomegranate Juice.
XRD Analysis

The XRD spectrum analysis was used to study and identify the crystalline structure of CuNP materials.The XRd pattems
reveal that the synthesized CuNps were identified on three high-intensity peaks at 20 =
32.88,36,39,50,54,60,62.5,66.5,68.5,68,73,76  corresponding with their crystal planes [11-1],[111], [ 200 ],[311]
[312][420] ofCuNps with the monoclinc structure of CuNps (Fig. ). The most intense peak is observed at (111) and the
lattice constant was calculated using the following equation. a = A (%) A

The results are in agreement with [8, 3,4,18, 7, 9]. To determine the average particle size of the CuNps, the Debye-

Scherrer equation D = is used. Where D- crystalline size of CuNPs A — wavelength of X.Ray radiation used in

KA
BcosO
XRD,K — Scherrer Constant B — full width at half maxima of the diffraction peak. 6 — Bragg’s angle
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According to Debye-Scherrer equation the average particle size of CuNPs was found to be 46.30 nm and the size is in
agreement with [4,1,8,3]. The XRd indicates several characteristic peaks of cubic crystalline structure for CuNps as per
standard JCPDS data card 00-001-1117

Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy (SEM) was used to examine the surface morphology and structural features of the
synthesized CulNps. the observed images at different magnifications are depicted in Fig. The micrograph images of the
as-synthesized CuNPS reveal an accumulation of CuNPs in the form of fluffy agglomerates and flaky cubes are formed
reasonably distributed. The CuNPs tend to form aggregates to minimize their surface energy, possibly due to vander-
waal forces acting between the CuNpPs . the initial mechanism of Cu atom favours isotropic growth in the early stages
might be due to primarily atoms favouring relatively poor thermal energy. the lower thermal energy favours relatively
large numbers of CuNPs which mught be due to having more active sites for deposited Cu-nanoparticles. When reaction
time increases , Cu atoms acquire high thermal energy and deposite the CUNPs cluster to minimize surface energy, The
shape of CuNps was observed as irregular —shaped structures with sizes ranging from 50 nm- 100 nm. The agglomeration
clusters were formed, which might be due to the varying crystallization growth of CuNPs. The particle sizes are in
agreement with XRD[8,7,4,19,9].

3ml

Fig. 3. SEM analysis of CuNPs.

Energy Dispersive X-ray (EDX) Analysis: EDX when combined with electron microscopes can provide elemental
analysis on areas as small as several nanometers. The effect of the electron beam on the surface and penetrating into the
depth of the particle produces X- rays that are characteristic of the element found on or near the surface of the sample.
X- rays are generated in approximately 2um depth of the sample. In the present sample EDX analysis data confirms the
existence of CuNPS to an extent of CuLo. The weight percentage of CuNPS are shown in the graphs.

3ml
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Fig. 4 EDX analysis of CuNPs.

The peaks corresponding to elemental Cu, C,0 were clearly identified and no additional peaks were present which
demonstrates the purity of the synthesissed CuNPs and this was consistent with XRD studies. Both the concentrations
3ml and 6 ml pomegranate juice in cuprous oxide solution reduced copper particles in to nanoparticle size with good
percentage of copper components in EDX studies. The results are in good agreement with [ 5,4,9].

Anti-Microbial Activity:

Antimicrobial activities were determined by well diffusion method. The antimicrobial was carried out using Agarwell
diffusion method. For this preseeded disc diffusion plates were by adding 5% incoculum of the test organism
Pseudomonaus, proteu, staphylococcus and Basillus, in broth (having an O.D of 0.5 and containing 10° cfu/mL) to
nutrient agar and then pouring the plates (pour plate method). Concentrated, wet and different dilutions of pomegranate
juice, seeds powder and peel powder) extracts of various samples (50pL) were introduced into the wells using
micropipettes and allowed to diffuse at room temperature. The plates were incubated at room temperature . After the
incubation period, the mean diameters of the zones of inhibition around the wells were recorded and the zone inhibition
for Pseudomonaus, Proteus, staphylococcus and Bacilus are found to be 23 mm, 17mm,19mm and 22mm respectively.
The experiments were conducted in triplicates along with control and the average values were recorded for antimicrobial
activity. Results are in agreement with [ 7,4,9,10,18,20].
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Fig. 5 Antimicrobial activity of CuNPs.

Conclusion: In this study , we successfully synthesized copper nanoparticles(CuNPs) using one-step ,eco-friendly and
cost effective green synthesis method. The bio-components present in punica granatum (pomegranate ) juice served as
excellent reducing and stabilisng agent during the synthesis process. The UV-Vis and XRD analysis confirmed the high
purity and cubic crystal structure of the CUNPs phase, with a crystalline size of 46.39 nm and it is in agreement with
SEM morphology. The green-syntheised CuNps reveal cubic crystal clusters with different lattice constants. The
biosynthesized route is more important than the chemically because it offers a new means for researchers to produce
cost-effective ,highly active sites with high purity, non-toxic,eco-friendly and have low energy consumption. These
efforts will definitely facilitate the translation of synthesis of CuNPs from the laboaratory scale to large —scale industrial
production with the goal of benefitting human health and for sustain the protection of environment with chemicals. The
absorption phenomenon in copper nanoparticles, due to surface plasmon resonance is found to be, prominent at about
220 and 232.5 nm .The XRD indicated the presence of CuNPs with significant peaks at [111]. EDX shows the elemental
composition is above 80% in the sample. Through antimicrobial activity CuNPs have explored the long term mechanism
in antimicrobial efficacy which would open up new avenues in the field of nanomedicine.
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