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Abstract
In this study copper nanoparticles were synthesized using extracts from Solanum lycopersicum (Tomato) and Psidium guajava (Guava)
fruits. The synthesis process optimized experimental conditions such as temperature, concentration of precursor and amount of fruit extract. The synthesized nanoparticles were characterized using Uv-vis, FTIR, XRD, SEM and EDX techniques. Copper nanoparticles synthesized with tomato and guava extracts had diameters of 52nm and 25nm, respectively. The antibacterial activity of the synthesized
nanoparticles was tested using pathogenic bacteria; Escherichia coli and Staphylococcus aureus and their results revealed that copper
nanoparticles are promising antibacterial agents. The optimum conditions for the synthesis were 0.05 M, 80 oC and 10cm3 for concentration, temperature and volume of fruit extract, respectively.
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1. Introduction
In the last decades, synthesis of nanoparticles and research about them has attracted much attention from scientists from different areas of
applied science. Nanotechnology is the research and development of materials at the atomic, molecular and macromolecular scales that
manipulating structures to convert them at scales of 1–100 nm (Khodaie and Ghasemi, 2016).
The CuNPs have received considerable attention due to its optical, catalytic, mechanical and electrical properties. In addition, copper has
advantages in the preparation of green-nanoparticles. CuNP has a wide range of uses as an ultra-strong material, sensor and antimicrobial
activity against various bacterial and fungal strains.
Many methods have been developed for preparation of copper nanoparticles including electrochemical (Yang et al., 2003; Yu et al.,
2008), electroreduction (Raja et al., 2008), chemical reduction (Qiuli et al., 2010; Granata et al., 2019), hydrothermal (Chen and Lee,
2010), thermal decomposition (Salavati-Niasari et al., 2008; Wei et al., 2010). Recently, researchers have focused on scientific research
on the synthesis of CuNPs through the green pathway using leaf, fruit, bark and flowers extracts of environmentally friendly and nontoxic plants.
Copper nanoparticles have excellent applications in heat transfer systems, (Eastman et al, 2001), antimicrobial materials (EstebanCubillo et al., 2006), ultra-strong materials, (Guduru et al., 2007), sensors, and catalysts, (Kantam et al., 2007; Kang et al., 2007). Copper
nanoparticles are easily oxidized to form copper oxide. When an application requires protecting copper nanoparticles from oxidation, the
copper nanoparticles are usually encapsulated in an organic or inorganic material such as carbon or silica, (Moya et al., 2006). Copper
monodisperse nanoparticles (2-5nm) embedded in a polysilicate called sepiolite showed strong antibacterial activity and were able to
reduce the microbial concentration by 99.9% (Esteban-Cubillo et al., 2006).
Microbial contamination of water poses a great threat to public health. With the advent of microorganisms resistant to multiple antimicrobial agents, (Kolar et al., 2001) there is a growing demand for improved disinfection methods. Researchers have recommended the use
of copper ions as an excellent disinfectant for public wastewater containing infectious microorganisms (Lin et al., 1998). However, residual copper and silver ions in the treated water can adversely affect human health (Blanc et al., 2005).
In this research work, copper nanoparticles (CuNPs) were synthesized from copper sulfate pentahydrate and aqueous extract from Solanum lycopersicum and Psidium guajava. The effects of concentration and volume of copper nitrate and temperature were investigated
and characterized by advanced techniques.

2. Materials and methods
2.1. Materials
Copyright ©Muhammad Ashiru Umar et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fruits of Solanumly copersicum (Tomatoes) and Psidium guajava (Guava) copper nitrate (from Merck Co., with a purity of 99.99%).
Hydrochloric acid solution (0.1N) and Sodium hydroxide solution (0.1N) for pH adjusting and doubly distilled water was used in all the
experiments. The devices used for characterization and sites are UV-Visible (SANYO SP65 GALANAKAMP, UK) and FTIR (SHIMADZU 1730, JAPAN). The spectroscopic data of the synthesized samples were analyzed at General Research Laboratory of UsmanuDanfodiyo University, Sokoto. XRD (BRUKER D8 Advanced XRD, West Germany), SEM (JEOL, JSM Model 6390 LV, USA) and
EDX (EDX-7000P/ EDX-8000P, SHIMADZU, AUSTRIA) measurements were carried out at General Research Laboratory Umaru Musa Yar’adua University, Katsina.

2.2. Samples collection
In this study, fruits of Solanum lycopersicum (Tomatoes) and Psidium guajava (Guava) were procured from Sokoto central market,
washed with deionized water several times, dried and powdered for further experiments. The representative samples for the analysis were
selected viarandom sampling.

2.3. Preparation of solanum lycopersicum (tomato) extract
Tomato were washed under tap water and then rinsed with distilled water. The skin was removed then quashed and juice was collected
after filtration process. The extract was prepared by soaking 10g of tomato juice in 100 cm 3 deionized water. The mixture was boiled for
approximately 15 minutes at 60 °C. The mixture was centrifuged for 15 minutes at 4000 rpm. The supernatant obtained was filtered
through Whatman No.1 filter paper to obtain the extract, which was used in the synthesis of copper nanoparticles.

2.4. Preparation of Psidium guajava (guava) extract
10g of guava were accurately weighed and thoroughly washed under running tap water. The sample was washed with deionized water to
remove surface impurities. The fruit was then crushed and finely macerated with mortar and pestle. The sample was added to 100 cm3 of
deionized water and boiled over water bath at 60 oC for 15 minutes. The extract was allowed to cool down. It was then filtered with muslin cloth through Whatmann No.1 filter paper and then used immediately for the synthesis.

2.5. Green synthesis of copper nanoparticles
10mL of Solanum lycopersicum extract was added to 100 cm3 of 0.01M CuSO4.5H2O aqueous solution and mixed thoroughly. The mixture was heated to 80oC with constant stirring on a magnetic stirrer for 6h. The suspension produced was centrifuged at 3000 rpm for
10min and the supernatant liquid was decanted off. The residue was repeatedly washed with 10cm 3 of de-ionized water. Centrifugationdecantation and washing processes were repeatedly done five times to remove impurities on the surface of the copper nanoparticles. The
procedure was repeated for Psidium guajava extract. The obtained precipitates were dried in an oven at 50 oC for 24h. The synthesized
copper nanoparticles were then kept for characterization and antibacterial studies.

2.6. Effect of CuSO4.5H2O concentration, volume of sample extract and the temperature on the synthesis of CuNPs
Effects of three important experimental factors which are concentration, temperature and volume for the synthesis of CuNPs were investigated. The investigation was carried out for the volume of sample extract in cm3 varied into 1 cm3, 5 cm3, 10 cm3, 15 cm3 and 20 cm3;
Concentration of CuSO4.5H2O (aq) and reaction temperature were maintained at 0.01M and 80 oC respectively. While for the concentration of Precursor (CuSO4.5H2O (aq)); 0.01M, 0.02M, 0.03M, 0.04M and 0.05M were varied maintaining volume of the sample extracts
and the reaction temperature at 10cm3 and 80 oC respectively. In the case of reaction temperature in oC; temperature of reaction was varied into 60oC, 70 oC, 80 oC, 90 oC and 100 oC, while concentration of CuSO4.5H2O(aq) and volume of sample extracts were maintained at
0.01M and 10 cm3 respectively.

2.7. Characterization
2.7.1. Uv-visible spectroscopy
UV-Visible spectroscopy technique was used in this research to confirm the formation of nanoparticles. For each analysis, 1.0 cm 3 of the
aliquot suspension was diluted in 4.0 cm3 de-ionized water and its UV-Visible spectrum was measured at 80 oC.
2.7.2. Fourier transform infrared spectroscopy (FTIR)
FTIR analysis was carried out to identify the possible biomolecules responsible for the reduction of copper sulfate to CuNPs as well as
the capping and stabilizing agents for CuNPs. Upon the synthesis of the copper nanoparticles the precipitate obtained using each of the
extracts was dried in an oven at 50oC for 24h. The dried synthesized copper nanoparticles were ground with KBr and casted into pellet
and used for analysis on FTIR spectrophotometer in the diffuse reflectance mode operating at a resolution of 4cm-1.
2.7.3. X-ray diffraction studies (XRD)
X-ray diffraction was used in determining the phase and crystallinity of the nanoparticles. The dried sample of the as-synthesized copper
nanoparticles was ground to fine powder and a thin film of each of the sample was made by dipping a cleaned glass plate into the powdered nanoparticles of the sample. The XRD analysis was performed passing monochromatic Cu radiation (θ = 1.5406 Å) operating at a
voltage of 40kV and a current of 25mA on the sample film at room temperature (25°C). The XRD patterns were then collected at 2θ
angles between 10o and 80o, 0.02 min-1 and at 1 second time constant. The peaks obtained were compared with the reference database in
the Joint Committee on Powder Diffraction Standards (JCPDS) library to ascertain the nature of the nanoparticles.
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2.7.4. Scanning electron microscopy (SEM)
The surface morphology of the synthesized copper nanoparticles was studied using Scanning Electron Microscopy (SEM).The size and
crystallographic structures were investigated. The sample was prepared by placing a drop of colloidal solution of the synthesized copper
nanoparticles in copper (II) sulfate on a carbon coated copper slide and subsequently drying in air, before transferring it to the microscope. The operation was carried out at an accelerated voltage of 130kV, magnification of X10 and resolution of 1nm.
2.7.5. Energy dispersive x-ray (EDX)
The presence of metallic copper was investigated by the use of EDX analysis. Elemental composition, purity and geometry of the copper
nanoparticles were studied. Copper nanoparticles had a sorption peak at 1Kev (Ebrahimi et al., 2017), the point at which the index for
metallic nanoparticles of copper was expected. The EDX observation was carried out by instrument coupled with SEM.

2.8. Test of antibacterial activity
Antibacterial activity of the synthesized copper nanoparticles was investigated according to the method outlined by Ebrahimi et al.,
(2017). The assays were carried by ager well diffusion method on Gram-negative bacteria Escherichia coli (E. coli) and Gram-positive
bacteria Staphylococcus aureus (S. aureus). The pathogenic bacteria were cultured using nutrient ager in petri dishes with an inner diameter 9 cm to provide thin ager plate of thickness 3.4 – 3.5 mm after solidification. The culture was regulated to 0.5 McFarland standards to
get 1.5×106 CFU/ml (Ebrahimi et al., 2017).
The two samples were prepared for antibacterial test and labeled as A and B for Tomatoes (Solanum lycopersicum) and Guava (Psidium
guajava) synthesized Cu nanoparticles respectively. The extracts were prepared at 1mg/ml and dissolved in Dimethyl Sulfoxide (DMSO)
in each case (Ananda Murthy et al., 2020). A Hollow of 6mm diameter was cut from each assay using a sterile cork-borer and50μl of
each of the two extracts was impregnated using sterilized wire loop on the surface of Mueller-Hinton Agar (MHA) plates. The pathogens
were incubated at 5 – 8 oC for 2 hours to ensure good diffusion and then further incubated at 37 oC for 24 hours (Ebrahimi et al., 2017).
Ampicillin disc was used as a positive control white the extracts and precursor solution were used as negative control. Using a micropipette, 10μl of antibiotic control (Ampicillin) was measure and used for both the E. coli and the S. aureus bacteria (Ebrahimi et al., 2017).
The diameters of the zones of inhibition of each assay were measured in millimeter using a ruler and the results were recorded. The diameters of the zones of inhibition recorded for the two samples synthesized copper nanoparticles from Tomato and Guava were compared with those of standard drug ampicillin to evaluate the antibacterial activity of the synthesized copper nanoparticles.

3. Results and discussion
3.1. Uv-visible absorption spectroscopic study
The process of the reduction of copper ions to Cu nanoparticles using the two fruits extracts was indicated by the enhanced intensity of
surface Plasmon absorption peak observed within the range of 560nm to 600nm as indicated in Fig. 3.1.

Fig. 3.1:UV-Visible Spectra of the Synthesis of Copper Nanoparticles for the Two Fruits Extracts.

Reduction of Cu2+ ions to Cu nanoparticles by the samples extracts were indicated by the change of color from pale yellow to reddish
brown for Psidum gujava . While for solanum lycopasicum the colour change is from pale red to reddish brown. The progress in reduction of copper ions to Cu nanoparticles using the two fruits extracts was indicated by the enhanced intensity of surface Plasmon absorption peak observed within 560nm to 600nm. The maximum absorption observed for tomato (Solanum lycopasicum), and Guava (Psidum
gujava) are 571nm and 568nm, respectively. The appearance of these peaks, assigned to the Surface Plasmon Resonance band is within
the range of 550nm–600nm for copper nanoparticles as reported by (Khoidaie and Ghasemi, 2018).
Strong absorption of visible radiation is shown by the metal nanoparticles due to its induced polarization in its conduction electrons with
respect to the immobile nucleus (Michael, 2012).

3.2. Effect of extract concentration, volume and temperature
Fig. 3.2a, 3.2b and 3.2c showed UV-Vis spectra observed for the effect of reaction variables; Concentration of Precursor, Volume of
Sample Extract and Reaction Temperature respectively for the synthesis of copper nanoparticles.
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Fig. 3.2: A) Effect of Concentration of Precursor (Cuso4.5H2Oaq), B) Volume of Sample and, C) Extract and Reaction Temperature

It was observed that with increase in reaction temperature, absorption of surface Plasmon resonance increased significantly up to 80 °C.
Above 80 °C absorbance decreased. It was observed that 80 °C was the optimum reaction temperature (Fig.3.2c).
Absorption increased when concentration was increased, but at higher concentration absorption reduced, which is related to the nanoparticles aggregation and reduction of the synthesized nanoparticles. The optimum concentration was found to be 0.05 M; this was in
agreement with the finding by Khodaie and Ghasemi (2018). For change in volume of extract in cm3, it was found that the absorbance
increased slightly with increase in the volume of each sample extract. This is due to increased nucleation because of the amount of Cu 2+
ions and generation of fewer nanoparticles in the solution as result of collision between smaller nanoparticles which leads to particle
growth (Pavani et al., 2013). It was realized that the optimum amount of extract is 10cm 3. it was observed that absorption of surface
Plasmon resonance increased significantly with increase in temperature. The process continued up to 80°C, the absorbance decreased at
higher temperature. This is due to increase in size of the synthesized nanoparticles which results into agglomeration of particles. It was
found that 80 °C was the optimum temperature for processes. The result is in agreement with the finding by Khodaie and Ghasemi
(2018).
FTIR spectroscopic measurement was carried out to elucidate the possible biomolecules present in the fruit juice of Solanum lycopersicum (Tomato) and Psidium guajava (Guava) as well as their corresponding Cu nanoparticles.Fig. 3.3a and 3.3b showed active functional
groups in the fruits extracts their respective synthesized CuNPs. The figures showed comparative Fourier Transform Infra-red (FTIR)
spectroscopic analysis of sample extracts and their respective synthesized CuNPs.
A

B

Fig. 3.3: A) FTIR Spectra of Solanum Lycopersicum (Tomato) Extract and Cunps Synthesized Using Solanum Lycopersicum Extract; B) FTIR Spectra of
Psidium Guajava Extract and Cunps Synthesized Using Psidium Guajava (Guava).

The peaks around 3200cm-1and 2900cm-1 are characteristics of a carboxylic COOH (or N-H stretching mode) and alkynic ≡C-H stretching. The bands at 1700cm-1, 1600cm-1and 1618cm-1are corresponding to amide, arising due to carbonyl stretching in proteins and the
band at 1604cm-1is a characteristic of N-H bending. The peaks at 1474 and 1039 – 1381cm-1 correspond to methylene scissoring vibrations from the proteins in the solution and C-N stretching vibrations of amine (Michael, 2012). The FTIR spectra showed that the Flavonoids, alkaloids, protein molecules and other metabolites in the fruits extract are responsible for the reduction of copper ions and stabilizing the Cu nanoparticles. The FTIR data concur with the previous reports (Dadgostar, 2008, Hailemariam, 2011, Kalainila et al, 2014 and
Valodkar et al, 2011).
The similarity of the peaks of the fruits extract and those of the synthesized CuNPs is due to the impact of the functional groups in the
fruits extracts in the reduction of Cu2+ to Cuo and further stabilization of CuNPs as stated by Chandraker et al., 2020.

3.3. X-ray diffraction studies (XRD)
The XRD pattern of the synthesized Cu nanoparticles obtained by the green reduction of copper ions using Tomato (Solanumlycopersicum) and Guava (Psidium guajava) fruits extracts are presented in Fig. 3.4a and 3.4b.
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Fig. 3.4: A) XRD Pattern of Cunps Synthesized Using Solanum Lycopersicum (Tomato); B) XRD Pattern of Guava (Psidium Guajava) Synthesized
Cunps.

The values of experimental diffraction peaks observed in the patterns at 2θ for tomato synthesized CuNPs are 43.50, 50.60 and 74.10;
while for guava synthesized CuNPs, diffraction peaks found were 43.20, 50.20 and 73.90. These values of diffraction data were in
agreement with Inorganic Structure Data Base (ICSD); file no. 04-0836 (Rajesh et al., 2018) as well as with International Centre for Diffraction Data (ICDD) standard for value for Copper nanoparticles; file number 04-0836 (Theivasanthi and Alagar, 2011). The three distinct diffraction peaks for the synthesized copper nanoparticles from the Tomatoes and the Guava corresponds to (111), (200), and (220)
lattice planes of face centered cubic structure (FCC) of copper nanaoparticles. The results were in good agreement with previous observations; Dash and Balto 2011; Theivasanthi and Alagar, 2011.

3.4 Scanning electron microscopy (SEM)
Fig. 3.5a and 3.5b below presented images obtained from scanning electron microscopy (SEM) of the copper nanoparticles synthesized
from Tomato and Guava respectively.
A

B

Fig. 3.5: A) SEM Image of Cunps Synthesized Using Solanum lycopasicum Extract; B) SEM Image of Cunps Synthesized Using Psidium Gujava (Guava) Extract

The images showed dispersed copper nanoparticles with irregular edges. The average diameters of the synthesized copper nanoparticles
were found to be 52nm for tomato and 25nm for guava. The shapes are of the CuNPs synthesized from the guava extract and the tomato
extract were found to look like flakes. The results were in agreement with Jaehoon et al., (2006); and Arya et al., (2018).

3.5. Energy dispersive x-ray (EDX)
The presence of metallic copper was confirmed by the use of EDX analysis. The observed charts for Energy Dispersive X-Ray (EDX) for
as-synthesized copper nanoparticles are illustrated by Fig 3.6a and 3.6b below:
A

B
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Fig. 3.6: A) EDX Figure ofSolanum Lycopasicum (Tomato) Synthesized Cunps; B) EDX Figure of Psidium Guajava (Guava) Synthesized Cunps

The EDX spectra confirmed the presence of metallic copper along with other elements. It was found from the EDX signals that weight
percentages of elemental copper in the nanopaticles were 61.53%, and 63.85% for Tomato and Guava respectively.

3.6. Antibacterial activities of copper nanoparticles
The antibacterial activities of Tomatoes (Solanum lycopasicum) and Guava (Psjdium guajava) fruits extract mediated copper nanoparticles were carried out against two pathogenic bacteria, Gram-negative Escherichia coli and Gram-positive Staphylococcus aureus using
agar well diffusion method.

Plates A and B above, illustrated the antibacterial activity of SolanumlycopersicumsynthesizedCuNps, Psidiumguajava synthesized
CuNps and Ampicillin respectively S. aureus and E. coli bacteria. Extracts on the fruits were also assayed.
The mean values of three replicates of zone of inhibition in (mm) around each assay of the synthesized copper nanoparticles are presented in Table 3.1 below:

Culture
(Bacteria)
E. coli
S. aureus

Table 3.1:Inhibition Zone (Mm) Around the Samples of the Synthesized Copper Nanoparticles and Fruits Extracts
Diameter of zone of inhibition (mm)
Solanum lycopasicum
Psydiumguajava (GuaAmpicillin
Solanum lycopasicum
Psydium guajava
(Tomato) CuNPs
va) CuNps
(Standard)
(Tomato) extract
(Guava) extract
16±2.5
15±1.5
17±1.8
13±2.0
9±2.5
20±3.5
18±2.8
19±1.5
16±2.8
13±3.0

CuSO4(aq)
12±1.7
13±1.2

Zone of inhibition was measured in mm. Values are expressed as Mean±SD, where n=3
From the obtained results, copper nanoparticles were found to have higher antibacterial activity against Gram positive bacteria S. aureusthan Gram negative E. coli. The anti bacterial activity was also more pronounced against S. aureus compared to ampicillin, the
standard antibiotic. The zones of inhibition obtained in mm with Solanum lycopasicum synthesized CuNPs are 20±3.5 for S. aureus and
16±2.5 for E. coli. Zones of inhibition in mm recorded for Psidium guajava synthesized CuNps are 1.8±2.8 for S. aureus and 15±1.5 for
E. coli. For the ampicillin 19±1.5 mm and 17±1.8 mm are the values recorded for S. aureusans and E. coli respectively.
The Higher activity against Gram positive maybe attributed to greater abundance of amines and Carbonyl groups on cell surface of the
Gram Positive Bacteria and greater affinity of copper towards these groups Rupareli et al., (2008). The study showed that green synthesized copper nanoparticles from tomato and guava have a great potential in biomedical applications. This conform to previous observations of other researchers (Theivasanthi and Alagar, 2011a; Hailemariam, 2011, Joseph et al., 2016).

4. Conclusion and recommendation
The research confirmed the feasibility of green synthesis of copper nanoparticles using aqueous extracts of fruits juice Solanum lycopersicum (Tomato) and Psidium guajava (Guava).The results indicated reduction of copper ions and stabilization of copper nanoparticles
occurred as a result of the presence of proteins and other metabolites present in the fruits extracts. The nanoparticles were of Face Centered Cubic (FCC) structure with high stability and without any impurity. The diameter of the prepared nanoparticle was 52nm for tomato and25nm for guava. The shapes of the nanoparticles were found looking like flakes. This green method of preparation of copper nanoparticle has the potential to be economical and cheap with no hazardous effect. Thus, the choice of green synthesis could be exploited in
different fields where copper nanoparticle is desired.
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