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ABSTRACT 

 

The green chemistry technique was carried out for the very first time to synthesize copper nanoparticles 

(Cu-NPs) by applying CuSO4 as a precursor and red dragon fruit peel extract as a reducing agent. The 

extracting procedure of red dragon fruit peel was conducted by maceration technique with solvent of 

methanol. Cu-NPs were produced through green chemistry by the reduction method. Cu-NPs were 

prepared by combining CuSO4 solution with red dragon fruit peel extract in the compositions of 1:1, 

1:2, 1:3, 1:4, and 1:5. The successfully synthesized Cu-NPs were analyzed using Scanning Electron 

Microscopy (SEM), Particle Size Analyzer (PSA), and UV-Visible Spectrophotometer. The variation in 

the volume of reducing agent affect the maximum wavelength produced. The optimum concentration of 

reducing agent (1:5) shows the highest intensity at 650 nm. The optimum pH for the synthesis of copper 

nanoparticles (Cu-NPs) with dragon fruit extract was 6. Cu-NPs were stable at 20 minutes to 1 hour. 

From the SEM figure of Cu-NPs, it can be observed that the particles are of round shape. Volume or 

weight analyzes of Cu-NPs employing PSA provided particle diameters between 80 and 120 nm with 

an approximate distribution of 100 nm.  
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ABSTRAK 

 

Teknik green chemistry dilakukan untuk pertama kalinya untuk mensintesis nanopartikel tembaga (Cu-

NP) dengan menggunakan CuSO4 sebagai prekursor dan ekstrak kulit buah naga merah sebagai agen 

pereduksi. Prosedur ekstraksi kulit buah naga merah dilakukan dengan teknik maserasi dengan pelarut 

metanol. Cu-NP diproduksi melalui green chemistry dengan metode reduksi. Cu-NP dibuat dengan cara 

mengkombinasikan larutan CuSO4 dengan ekstrak kulit buah naga merah dengan komposisi 1:1, 1:2, 

1:3, 1:4, dan 1:5. Cu-NP yang berhasil disintesis dianalisis dengan menggunakan Scanning Electron 

Microscopy (SEM), Particle Size Analyzer (PSA), dan Spektrofotometer UV-Visible. Variasi volume 

agen pereduksi mempengaruhi panjang gelombang maksimum yang dihasilkan. Konsentrasi agen 

pereduksi optimum (1:5) menunjukkan intensitas tertinggi pada 650 nm. pH optimum untuk sintesis 

nanopartikel tembaga (Cu-NP) dengan ekstrak buah naga adalah 6. Cu-NP stabil pada 20 menit hingga 

1 jam. Dari gambar SEM Cu-NP, dapat diamati bahwa partikelnya berbentuk bulat. Analisis volume 

atau berat Cu-NP yang menggunakan PSA memberikan diameter partikel antara 80 dan 120 nm dengan 

perkiraan distribusi 100 nm.  

Kata kunci: Bio-Reduktor; Nanopartikel Tembaga; Kulit Buah Naga 
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INTRODUCTION  

Recently, nanoparticles have 

gained more attention in various 

applications (Ingle et.al., 2014). The 

nanoparticles are nanoscale particles, 

which are approximately 1-100 nm in 

diameter. Applications of nanoparticles in 

human life such as in the environmental 

field (Athanassiou et.al., 2006), 

biomedicine (Ingle et.al., 2014), 

antimicrobial (El Zowalaty et.al., 2013; 

Cioffi et.al., 2005), sensors (Putri et.al., 

2023), catalysis (Qomariyah et.al., 2021)., 

Chung et.al., 2013), electronics (Sampath 

et.al., 2014), agriculture (Moznuzzaman 

et.al., 2021) and in other fields. Various 

kinds of nanoparticles for formalin sensors 

that have been used are copper oxide 

nanoparticles (CuO/Cu2O NPs) (Nuryono 

et.al., 2019; Zayyoun et.al., 2016), ZnO 

micro-octahedron assembled nanoparticles 

(Atha et.al., 2012), and two-dimensional 

(2D) SnO2 nanosheets and one-dimensional 

(0D) Au nanoparticles (Moznuzzaman 

et.al., 2021). Nanoparticles that have been 

used for formalin sensors are sensitive but 

costly. Therefore, it is necessary to develop 

a low-cost, simple, and stable formalin 

detection. 

Nanoparticles can be made by 

synthesizing using chemicals, but this can 

cause the production of chemical waste and 

is environmentally hazardous. So that the 

manufacture of copper nanoparticles can be 

conducted by utilizing plants as reducing 

agents, namely by biosynthesis or green 

synthesis methods (Shende et.al., 2015). 

The conditions for selecting a good 

bioreductor are having an -OH group bound 

to a secondary C atom that can reduce 

copper ions to copper metal and compounds 

that have an -OH group itself will undergo 

oxidation (Sinha et.al., 2015). Various 

kinds of natural bioreductors to synthesize 

copper nanoparticles have been used 

including by utilizing clove flower extract 

(Elmosallamy et.al., 2021), ketapang leaves 

(Alam et.al., 2023), areca nut shell waste 

extract (Some et.al., 28). Although these 

studies used synthesized raw materials 

from environmentally friendly natural 

materials, they did not obtain practical and 

accurate bio-reductors. For this reason, the 

utilization of natural materials for copper 

nanoparticle bio-reductors that produce 

good quality is still being developed. 

The type of plant that contains 

reductant material that is quite abundant is 

red dragon fruit (Hylocereus costaricensis) 

(Haruna et.al., 2022). Red dragon fruit has 

high antioxidants (Zayyoun et.al., 2016). 

Usually, what is utilized from dragon fruit 

is only the contents and the peel is thrown 

away. However, based on the research 

before, red dragon fruit peel is rich in 

antioxidant sources in the form of vitamin 
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C, flavanoids, tannins, alkaloids, steroids, 

and saponins (Denby et.al., 2016). 

Therefore, the dragon fruit peel has the 

potential to be applied as a bio-reductors in 

the copper nanoparticle synthesis. 

Dragon fruit production in the 

Banyuwangi Regency reached 28,819 tons 

with a land area of 1,152 hectares in 2014 

(the BPS Banyuwangi Regency). The 

production increased compared to 16,631 

tons in 2013 with a land area of 678 

hectares. Dragon fruit production centers in 

Banyuwangi are in Bangorejo, 

Pesanggaran, Siliragung, Tegaldlimo and 

Purwoharjo sub-districts. Bangorejo 

contributes 39% of the total dragon fruit 

production in Banyuwangi or equivalent to 

11,000 tons per hectare with a land area of 

449 hectares (Hanifa et.al., 2023). With the 

abundance of dragon fruit plants in 

Banyuwangi, the resulting dragon fruit peel 

waste is also abundant. 

In this study, the green synthesis of 

Cu nanoparticles (Cu-NPs) using dragon 

fruit peel waste as a bioreductor was carried 

out. The successfully synthesized Cu-NPs 

were analyzed using Scanning Electron 

Microscopy (SEM), Particle Size Analyzer 

(PSA), and UV-Visible Spectrophotometer.  

 

 

METHODOLOGY 

Equipment and Materials 

The equipment used in this research 

are UV-Visible Spectrophotometer 

Genesys 10S, Fourier Transform-Infra Red 

Spectroscopy (FT-IR) (Shimadzu 

IRPrestige21), Scanning Electron 

Microscopy (SEM) (Hitachi FLEXSEM 

100), Particle Size Analyzer (PSA) 

(Shimadzu type SALD-7500nano), oven 

(Nabertherm KTR 4500), centrifuge 

(Hitachi), magnetic stirrers, mortar and 

pestle, and glassware. The materials needed 

in this research are dragon fruit waste 

(Hylocereus polyrhizus) from the waste of 

fruit juice traders in Banyuwangi Regency, 

East Java, Aquademin or 

Aquademineralisata, Copper (II) Sulphate 

(CuSO4) 0.03 M (Merck), Sodium Citrate 

(Merck), Sodium hydroxide (NaOH) 1 M 

(Merck), Hydrochloric acid (HCl) (Merck), 

Tricarboxcylic acid / TCA (Merck) 

Synthesis of Copper Nanoparticles with 

Dragon Fruit Peel Extract 

1. Cu-NPs Synthesis with Variation of 

CuSO4 and Dragon Peel Extract 

Volume Ratio 

The volume of dragon fruit peel 

extract was varied with volume ratio of 

CuSO4 and dragon fruit peel extract (DFP) 

1:1, 1:2, 1:3, 1:4, and 1:5. Then, this 

mixture was named with Cu-DFP (1:1), Cu-
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DFP (1:2), Cu-DFP (1:3), Cu-DFP (1:4), 

and Cu-DFP (1:5). Five beakers were filled 

with 38 mL of distilled water, 0.03 M 

CuSO4 was poured in, and the solution was 

then homogenized. The pH was then 

measured at an initial pH of 4.5. 

Subsequently, approximately 5 drops of 

NaOH were added to achieve a pH of 6. The 

mixture was stirred in an ice bath for 15 

minutes and analyzed using the UV-Visible 

Spectrophotometer in the wave length 

range of 400 – 800 nm. A dragon fruit peel 

extract without copper nanoparticle was 

also tested. 

2. Cu-NPs Synthesis with pH Variation 

In this work, three mixtures were 

prepared, each containing 38 mL of 

distilled water and 0.03 M CuSO4 with the 

best volume ratio. Then, the mixture was 

stirred until it was evenly distributed. Next, 

4 mL of red dragon fruit extract was added 

to the solution as a reducing agent. Each 

solution was conditioned at varying pH 

values (6, 9, and 12) with the addition of 1 

M NaOH. At pH 6, three drops of 1 M 

NaOH were added, five drops at pH 9, and 

20 drops at pH 12. The mixture was stirred 

for 15 min in a container containing ice 

cubes. The absorbance was then measured 

using the UV-visible Spectrophotometer 

with a wavelength of 400-800 nm. The 

highest absorbance was used to determine 

the maximum pH. 

3. Stability Observation of Cu 

Nanoparticles 

In this study, 38 mL of distilled 

water was added to 0.03 M CuSO4 with the 

best volume ratio in three beaker glasses 

and homogenized. Subsequently, the 

beaker glass was labeled with a specified 

time variation. A red dragon peel reducer 

was added to each beaker to the best 

volume ratio. Next, the pH was measured at 

an initial pH of 4.5. Approximately 5 – 20 

drops of NaOH were added so that the pH 

was until same with the result of the best 

pH. The mixture was stirred in an ice bath 

for 15 minutes and storage at room 

temperature for 20 minutes, 30 minutes, 1 

hour, 1 day, and 10 days. Then, if the time 

reached, it analyzed using the UV-Visible 

Spectrophotometer. 

Characterization of Cu Nanoparticles 

The best result of Cu-NPs synthesis 

then was characterized using Scanning 

Electron Microscopy (SEM) and Particle 

Size Analyzer (PSA). 

DISCUSSION 

Synthesis of Copper Nanoparticles with 

Dragon Fruit Peel Extract  

Based on the results of the synthesis 

of copper nanoparticles (Cu-NPs) with 
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dragon fruit extract, the presence of 

secondary metabolites such as phenolics 

acted as electron donors to Cu metal. 

During the copper nanoparticle (Cu-NPs) 

synthesis process, a color change occurred 

when the extract solution was mixed with 

the CuSO4 solution. This color change is a 

strong indication of the formation of Cu-

NPs. The reduction of Cu metal by dragon 

fruit extract was possible in the presence of 

phenolic compounds, resulting in the 

reduction of Cu2+ to Cu0 [24]. This is 

illustrated in Figure 1. These phenolic 

components consist of hydroxyl groups that 

can chelate metals. The metal binding 

capability of phenolic compounds is 

attributed to the highly nucleophilic 

characteristic of the aromatic chain. 

Flavonoids are a major group of 

polyphenolic compounds that efficiently 

chelate and decrease metallic ions into 

nanoparticles (Sinha et.al., 2015). 

The absorbance measurement of the 

wavelength was carried out by utilizing the 

UV-Visible Spectrophotometer. to prove 

that the reduction reaction occured. The 

formation of copper nanoparticles was 

indicated by the formation of absorbance 

peaks at the wavelength of 200-650 nm.  

 

Figure 1. The prediction of the reaction 

mechanism for the formation of copper 

nanoparticles 

 

Cu-NPs Synthesis with Variation of 

CuSO4 and Dragon Peel Extract Volume 

Ratio 

 The volume of dragon fruit peel 

extract was varied with volume ratio of 

CuSO4 and dragon fruit peel extract (DFP) 

1:1, 1:2, 1:3, 1:4, and 1:5. This was done to 

examine the effect of reducing agent 

concentration on the formation of copper 

nanoparticles (Cu-NPs). In Figure 2, it 

appears that the solution from the left to the 

right becomes darker in red. This affects the 

color of the resulting solution, where the 

greater the volume of reducing agent, the 

more concentrated the color of the solution, 

which is expected that the more volume of 

reducing agent, the more Cu nanoparticles 

will be formed. 



IJCR-Indonesian Journal of Chemical Research                            p.ISSN:2354-9610,e.ISSN:261-5081 

                                                                                                     Vol.9,No.2,Hal.40-51(Desember 2024) 

 

 

45 
 

 

Figure 2. From the left to the right: Cu-

DFP (1:1), Cu-DFP (1:2), Cu-DFP (1:3), 

Cu-DFP (1:4), and Cu-DFP (1:5) 

 

Measurements of colloidal copper 

nanoparticles using a UV-Visible 

Spectrophotometer were carried out in the 

wavelength range of 400-800 nm. The 

change in peak intensity is related to the 

concentration of reducing agent. The higher 

the reducing agent concentration, the higher 

the intensity. The characteristics of the 

formation of copper nanoparticles by UV-

Visible Spectrophotometer analysis can be 

observed from the formation of the 

absorbance spectrum at a wavelength of 

200-650 nm (Qomariyah et.al., 2023). 

Maximum wavelengths that are further to 

the right (in the region of more than 700 

nm) indicate that a nanoparticle size is 

getting smaller. In this study, the maximum 

wavelength was 650 nm for variations of 

CuSO4 and dragon fruit peel extract of 1:5. 

As the concentration of the reducing agent 

increases, the maximum wavelength shifts 

to the right (Figure 3). Visually, this is also 

indicated by the darker color of the solution 

(Figure 2). This shows that the variation in 

the volume of the reducing agent affect the 

maximum wavelength produced. This 

finding is consistent with previous work 

that used a dragon fruit extract for Cu-NPs 

synthesis. The optimum concentration of 

the reducing agent shows the highest 

intensity (Figure 3). 

 

Figure 3. UV-Visible Spectra of Cu-NPs 

with Variation of CuSO4 and Dragon Peel 

Extract Volume Ratio 

 

Cu-NPs Synthesis with a pH Variation 

The CuSO4 solution was mixed 

with the dragon fruit extract. Then, 1 M of 

sodium hydroxide was poured to vary the 

pH with a pH variation of 4, 6, 8, 10, 12. 

The purpose of pH variation was to 

calculate the optimum pH for the formation 

of copper nanoparticles (Cu-NPs). As 

shown in Figure 4, the color of the resulting 

solution with different pH values did not 

experience a significant color difference.  

 

Figure 4. Cu-NPs with a pH variation of 

4, 6, 8, 10, and 12 
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Based on the results of 

measurements using a UV-Visible 

Spectrophotometer, it can be observed that 

with pH variation, the absorbance formed is 

also different. The highest absorbance is 

obtained at pH = 6 (Figure 5). Thus, the 

optimum pH for the formation of copper 

nanoparticles (Cu-NPs) with dragon fruit 

extract was 6. The pH of reducing 

compounds and capping agents can affect 

the copper ion reduction process into 

nanoparticles. The phenolic functional 

group from dragon fruit extract can be 

deprotonated to form a group a new 

functional unit that is negatively charged 

under alkaline conditions. The phenolic 

groups can remove H+ to form a conjugate 

base (Zayyoun et.al., 2016). Negatively 

charged functional groups can bond with 

Cu+ through electrostatic interactions or 

coordination covalent bonds as in Figure 1. 

The advantage of the dragon fruit peel 

extract in the bio-synthesis of copper 

nanoparticles can save valuable materials 

used and reduce the waste produced, 

because dragon fruit extract has two 

functions simultaneously as a reducing 

agent and a capping agent.  

 

 

Figure 5. The effect of pH to the bio-

synthesis of Cu-NPs 

 

At pH of 6, the absorbance value is 

the highest, with the absorbance peak 

obtained at a wavelength of 650 nm. In 

accordance with the phase diagram of the 

formation of copper species, at lower pH, 

copper will exist in the form of Cu2+ (Sinha 

et.al., 2015). While at higher pH, copper 

will exist in the form of Cu(OH)2. At a pH 

of about 6, a copper is in its metal form, Cu, 

which in this case will also be reinforced by 

the formation of reducing agents. This 

result agree with the previous study 

(Haruna et.al., 2022).  Copper in the form 

of Cu2+ and in the form of Cu(OH)2, will be 

more difficult to observe with UV-Visible 

Spectrophotometer because flavonoid 

compounds in dragon fruit extract are 

difficult to interact with these species. This 

causes the intensity observed at low and 

high pH to decrease (Figure 5). 
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The Stability Observation of The Cu 

Nanoparticles 

The synthesis of copper 

nanoparticles (Cu-NPs) using dragon fruit 

extract was carried out by varying the 

reaction time to determine the effect of 

reaction time on the formation of copper 

nanoparticles (Cu-NPs). Reaction time is 

also related to the stability of the 

nanoparticles (Some et.al., 2021). Reaction 

times were analyzed using the UV-Visible 

Spectrophotometer after the storage process 

nanoparticles. The stability of nanoparticles 

can be expressed in terms of aggregation. 

Aggregation occurs when the nano-

structures experience clustering due to 

interactions between the particles nearby. 

Thus, the stability of the nanoparticles 

depends on the prevention aggregation 

process. This prevention can be modified 

using a capping agent. The capping agent 

can be an anion or a polymer. Nanoparticles 

are otherwise not aggregation occurs when 

the solution does not experience extreme 

color changes and no precipitate appears. 

The longer the storage time nanoparticles 

and no aggregation occurs, the better the 

stability. 

 

Figure 6. The stability observation of Cu-

NPs 

  

In Figure 6, it is shown that at 20 minutes, 

30 minutes, and 1 hour, the peak 

wavelength is the same at 650 nm. This 

shows that at these times Cu-NPs are stable. 

However, when allowed to stand for 1 to 10 

days, it can be seen that the peak 

wavelength has shifted to the left. This 

shifting of the wavelength to the left 

indicates an increasing particle size. This 

result is due to the longer time the particles 

can agglomerate. Furthermore, it can also 

be seen that in the Cu-NPs immersion from 

1 to 10 days, there is a decrease in 

absorbance. This is because the presence of 

nanoparticles in the solution will decrease 

because of the agglomeration. 

 

Characterization of Copper 

Nanoparticles 

The nanoparticle morphology of Cu 

was investigated by SEM (Figure 8). Based 

on the Scanning Electron Microscopy 

(SEM) figure of Cu nanoparticles, it could 

be observed that the particles were round in 
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shape, while the tenorite nanoparticles 

morphology in the earlier study was stem-

shaped. A reducing agent that has a 

concentration that is higher than the ideal 

concentration is able to swiftly decrease 

Cu+ ions. This may speed up particle 

growth and lead to aggregation, which 

results in larger copper nanoparticles and a 

wider range of copper nanoparticle sizes. 

So, in the image of the SEM analysis 

results, the particle size is not uniform, and 

there are particles that are more than 100 

nm in size due to aggregation. 

 

Figure 8. The SEM image of copper 

nanoparticles 

To enhance the results of SEM 

analysis, particle size analysis using 

Particle Size Analyzer (PSA) was 

conducted. The particle size distribution 

analysis of the sonicated nanocrystals was 

conducted by dynamic light scattering 

method (via 632 nm Laser input energy). It 

was found that in the prepared samples, the 

particles had a broad size distribution, but 

were mainly dispersed in a tight range, as 

demonstrated in Figure 9. The analysis of 

the volume or weight of the samples gave a 

particle distribution between 80 and 120 nm 

with an approximate distribution of 100 

nm. Nevertheless, this does not exclude the 

probability of smaller particles since light 

scattering from larger particles will depress 

the intensity of smaller particles existing in 

the sample.  

 

Figure 9. The diagram of copper 

nanoparticle size 

CONCLUSION 

Cu-NPs were produced through 

green chemistry by the reduction method. 

Cu-NPs was synthesized by mixing CuSO4 

solution with the red dragon fruit peel 

extract in the ratio of 1:1, 1:2, 1:3, 1:4, and 

1:5. The best composition (1:1) showed the 

highest absorbance of 650 nm on UV-

Visible Spectrophotometer analysis and the 

particle size was obtained as 100 nm using 

PSA. The Cu-NPs obtained were round 

shape with a stability time of 20 minutes to 

1 hour. 
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