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A B S T R A C T

The copper nanoparticles (CuNPs) have attracted much attention due to their application in diverse fields. The
applications of CuNPs depend on their physical and chemical properties. This study presents the first report for the
use of medicinal fruit extract of Piper retrofractum Vahl as an eco-friendly reagent in the synthesis of CuNPs using
copper sulfate as a starting material. Piper retrofractum Vahl extract was employed as a bioreductor as well as a
capping agent in the formation of CuNPs. The reaction process was assisted by sonication and stirring. The in-
fluences of extract concentration, pH, temperature, and reaction time on the size of CuNPs were studied in detail.
The morphology and structure of synthesized CuNPs were characterized by UV-Vis, FT-IR, SEM-EDS, TEM, and
XRD. The UV-Vis measurement showed the surface plasmon resonance (SPR) peak at 234-255 nm, whereas FTIR
characteristic peaks of metal-oxygen (Cu–O) were confirmed in the range 550-570 cm�1 and Cu–O–H bonds led to
bending absorptions in the region 870-880 cm�1. The synthesized CuNPs possess the spherical shapes and high
content of copper (70.3%) as confirmed by SEM-EDS. From the TEM micrograph, it can be seen that the particle
size distribution of CuNPs has a high uniformity with a size of 2–10 nm under the optimum condition. The
crystalline nature of CuNPs as confirmed by XRD showed the crystallinity phase of 26.4%. The synthesized CuNPs
have relatively good stability and could inhibit Escherichia coli and Staphylococcus aureus. The results proved that
Piper retrofractum Vahl fruit extract could be applied for a greener synthesis of CuNPs with high uniformity of
particle sizes.
1. Introduction

Nanoparticles have attracted many researchers because of their
unique properties compared to their bulk material [1, 2]. They have
unique characteristics due to the size, shape, distribution, and
morphology [1, 3]. One of the applicable nanoparticles in several fields is
copper nanoparticles (CuNPs). CuNPs synthesis is relatively low cost and
the applications such as catalytical, optical, electrical and anti-
fungal/antibacterial show outstanding results [3].

Physical, thermal, and chemical reduction methods of nanoparticle
synthesis have been widely reported. These methods are sophisticated,
quite expensive, and possibly toxic [4]. Green synthesis nanoparticle
using plant extracts offers an alternative approach to resolve these
problems. It was a simple, environment friendly, and economical green
synthesis procedure. The extract of plants was very cheap and stable
against harsh environmental conditions [5].
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Plant extracts are involved in redox reactions, which reduce metal
ions to form nanoparticles. Metabolites such as sugar, terpenoids, poly-
phenols, alkaloids, phenolic acids, and proteins play essential roles in the
reduction of metal ions to nanoparticles and support the stability of
nanoparticles [2, 6]. Many works suggest that plant extracts such as So-
lanum Lycopersicum [7], Eclipta prostrate [3], Punica granatum [8], Plan-
tago asiatica [9], Gnidia glauca and Plumbago zeylanica [10], Uncaria
gambir Roxb [11], Camellia sinensis [12], Moringa oleifera [13], Crataegus
pontica L [14], dates [15] and other plants have been explored for CuNPs
synthesis. Different plants produce different nanoparticle characteristics.

Our study used Piper retrofractum Vahl fruit extracts for the synthesis
of CuNPs. Piper retrofractum Vahl, a member of family Piperaceae, also
known as Java chili in Indonesia, has been reported as antioxidant [16],
mosquito larvacide [17, 18], anti-pest [19], antimicrobial [20, 21],
insecticide [22], anti-dengue virus [23], antiobesity [24], cytotox-
ic/anticancer [25, 26, 27], antifungal [25] and antituberculosis [28].
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Figure 1. Scheme of green synthesis process and characterization of CuNPs.

Figure 2. Illustration picture for the CuNPs formation using Piper retrofractum fruit extract.
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However, it has never been reported as a natural reagent for the green
synthesis of nanoparticles.

The phytochemical test of Piper retrofractum extract shows the pres-
ence of flavonoid, alkaloid, tannin, and steroid/terpenoid compound
groups [28]. In addition, several studies have shown that the primary and
secondary metabolite compounds in Piper retrofractum include piperidine
alkaloids [24], phenylpropanoids [29], and amides [25]. So far, the
previous study had shown 33 compounds successfully isolated from this
plant [25]. These compounds have potential as reducing as well as cap-
ping/stabilizing agents for the synthesis of nanoparticles [30, 31].
Accordingly, in this work, we reported for the first time the use of me-
dicinal plant Piper retrofractum Vahl fruit extracts to synthesize CuNPs.
Some parameters, which include extract concentration of the plant, pH,
temperature, and reaction time, were investigated. The properties of
2

CuNPs were then characterized using UV-vis, FTIR, XRD, SEM-EDS, and
TEM. The synthesized CuNPs in this work showed the spherical shape
with high uniformity of the particle sizes, relatively good stability in a
particular solvent, and antibacterial activity properties.

2. Materials and methods

2.1. Reagent and materials

Copper sulfate pentahydrate purchased from Sigma Aldrich
(Singapore) was used as a starting material. Galic acid and Folin & Cio-
calteu's phenol reagents for the determination of the total phenolic
content in the extract were provided by Sigma Aldrich (Singapore). Piper
retrofractum Vahl fruits were collected from Sumenep located in Madura



Figure 3. The color change in green synthesis of CuNPs.

Figure 4. FTIR spectrum comparison of Piper retrofractum extract with CuNPs.
Conditions for CuNPs preparation are extract concentration of 100%, the tem-
perature of 60 �C, pH 4, and the reaction time of 60 min.
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island, East Java, Indonesia. Distilled water was used throughout the
experiment to dissolve reagents.

2.2. Preparation of Piper retrofractum Vahl. fruit extract

Piper retrofractum fruits were rinsed with running water to remove
dust. Fruits were dried for 5 days at 50 �C temperature in an oven [17].
The dried fruits were ground to form a powder. The 500 mL beaker glass
containing 100 g of fruit powder with 500 mL water was stirred and
heated at 60 �C for 30min. Obtained fruit broth was filtered by fabric and
Table 1. FT-IR characteristic peaks of Piper retrofractum extract and CuNPs.

Wavenumber (cm�1)* Assignment

Extract CuNPs

- 561.25 Cu–O

- 873.69 Cu–O–H

1078 1078.13 C–O stretching

1398.30 1431.08 C–H bending

1627.81 1635.52 O–H bending

2928.50 2900 C–H stretching

3284.55 3431.13 O–H stretching

* These wavenumbers were obtained from Figure 4.
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centrifuged at 2500 rpm for 15 min. The filtrate called extract was
separated and stored at 4 �C for further use.

2.3. Qualitative and quantitative analysis of phenolic content of Piper
retrofractum extract

The presence of phenol in Piper retrofractum extract was tested with
FeCl3. About 0.05 g of extract was added with 1 % FeCl3 solution. The
presence of phenol compounds was indicated by the color change of
extract to blackish green.

The extract's total phenolic content was determined by the
Folin–Ciocalteu method as modified from Siddiqui et.al [32]. Briefly, 0.2
mL of crude extract (1 mg/mL) were made up to 20 mL with distilled
water, mixed thoroughly with 1 mL of the Folin–Ciocalteu reagent until
homogeneous and was allowed to stand for 8 min, then was followed by
adding 3 mL of 10% (w/v) sodium carbonate. The mixture was allowed
to stand for 2 h, and absorbance was measured at 765 nm. Separately, the
same procedure was used to make the calibration curve. The calibration
curve was plotted by mixing 0.2 mL aliquots of 100, 125, 150, 175, 200
μg/mL Gallic acid solutions (10-fold dilution) with 1 mL of the
Folin–Ciocalteu reagent and 3 mL of 10% (w/v) sodium carbonate. The
total phenolic content was calculated from the calibration curve, and the
results were expressed as mg of gallic acid equivalent per gram dry
weight.

2.4. Green synthesis and characterization of CuNPs using Piper
retrofractum Vahl extract

The copper nanoparticle synthesis process was conducted in two
methods by stirring (CORNING PC-620D) and sonication using a soni-
cator (DELTA Ultrasonic Cleaner DC150 DC150H). The scheme of the
synthesis process was illustrated in Figure 1. An aqueous solution of
copper sulfate was used as a copper ion source. In a 100 mL Erlenmeyer,
25 mL of CuSO4 solution 0.1 M was mixed with 50 mL of Piper retro-
fractum extract. The effect of extract concentration was determined by
varying Piper retrofractum extract concentrations (20, 40, 60, 80, and 100
%), and the reaction was carried out at 60 �C for 60 min. Extract con-
centration of 100 % was used to further reactions. To study the effect of
temperature on CuNPs synthesis, the reaction mixtures were carried out
at 25, 35, 60 and 80 �C for 60 min. The pH effect was studied by varying
the pH of the reaction mixture (pH 4, 6, 8, and 10) and the reaction was
carried out at 60 �C. The changes of pH were controlled with NaOH/HCl
0.1 M. The effect of reaction time was evaluated by conducting the re-
action process for 15, 30, 45, and 60 min.

The CuNPs suspension was primarily characterized by UV–Visible
spectroscopy (Shimadzu UV-Vis 1601 series). Ethanol was used as a
reference, and the spectrums were recorded from 200 to 800 nm. The
stability of CuNPs in water and ethanol was analyzed by measuring the
absorption of CuNPs using UV-Vis after 1 day and 6 months of storage.
For further analysis, synthesized CuNPs was separated by centrifugation
and washed by ethanol and distilled water until the filtrate was clear. The
CuNPs were dried at 60 �C to obtain a powder of CuNPs. CuNPs were
characterized by employing a field emission scanning electron micro-
scope (FESEM, FEI-Quanta FEG 650), transmission electron microscope
(TEM), energy dispersive spectroscopy (EDS), X-ray diffraction (XRD,
PANalytical Japan), and Fourier-transform infrared spectroscopy (FTIR,
Shimadzu 8400S).

2.5. Antibacterial activity using Kirby-Bauer (disk diffusion) assay

The antibacterial activity of synthesized CuNPs was analyzed by
following Kirby-Bauer (disk diffusion) assay in which bacteria species of
Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922 were
used as gram-positive bacteria and gram-negative bacteria, respectively.
The paper disk was immersed in each sample (Piper retrofractum extract,
CuNPs, sterilized water and gentamicin as negative and positive controls,



Figure 5. FTIR spectra of the synthesized CuNPs by stirring (left) and sonication (right) procedures at various extract concentrations (A–E), temperatures (B–F), pHs
(C–G) and reaction times (D–H).
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Figure 6. The UV spectrum of Piper retrofractum extract.
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respectively) for 10 s. Then, they were placed into bacteria in the petri
dish and incubated at 37 �C for 2 x 24 h. The bacterial inhibition was
measured through the inhibition zone (clear zone) around the paper disk
[33].

3. Results and discussion

3.1. Synthesis and mechanism of CuNPs formation

Although various metallic nanoparticles have been synthesized by
employing biological materials such as plants, bacterial, fungi, and algae
as natural reagents, however, the exact mechanism of the synthesis
process remains challenges, thus providing opportunities for further
study. For example, when nanoparticles are synthesized using a plant
extract, all compounds contained in an extract are used directly without
isolating a particular compound. These compounds play their roles not
only as reducing agents but also as capping agents in complex systems
(crude extract). If we isolate an only particular compound from an
extract, it may produce nanoparticles with size, shape, uniformity, and
application (i.e, antibacterial agent) that probably not be as good as using
a whole extract. Of course, the basic principle of the synthesis of CuNPs in
this work is the reduction of copper ions by compounds containing in
Piper retrofractum fruit extracts followed by capping the resulted nano-
particles by compounds in the same extract.

The formation of CuNPs in this work is likely to occur through the
reduction of copper ions by flavonoids or phenolic acids existing in Piper
retrofractum extracts through the following steps (1) complexation with
Cu ions, (2) simultaneous reduction of Cu ions into Cu, and (3) capping
the nanoparticles with oxidized polyphenol. In this work, Piper retro-
fractum extract contained phenolic compounds as evidenced by blackish
color changes using the FeCl3 test. Phenolic compounds have redox
properties so they can act as bio-reducing agents in the formation of
nanoparticles. The –OH groups present in flavonoids are responsible for
the reduction of nanoparticles. It has been proposed that hydrogen ions
are released during the tautomeric transformation of the enol form of
flavonoids to keto form, resulting in the reduction of metal ions and
formation of metal nanoparticles [34]. In this study, the total phenolic
content of Piper retrofractum extract was approximately about 0.98 mg
GAE/g. Piper retrofractum extracts also contain piperidine alkaloids [24],
phenylpropanoids [29], and amides [25] that can act as capping agents in
the formation of CuNPs. The illustration picture for the formation of
CuNPs using Piper retrofractum fruit extract is given in Figure 2.
5

The synthesized CuNPs were confirmed by the visible color change of
CuSO4 solution from pale blue to dark green, indicating CuNPs formation
as shown in Figure 3.

FTIR and UV analyses were used to identify the formation of CuNPs.
The role of Piper retrofractum extracts and the corresponding functional
groups towards synthesis and stabilization of CuNPs were studied by
recording the FT-IR spectra of the extract before and after synthesis of
CuNPs (Figure 4). FT-IR spectroscopy was used to determine the func-
tional groups of active components based on the peak value in the region
of 500–4000 cm�1.

As shown in Figure 4 and Table 1, FTIR spectra showed new peaks
absorption of Cu–O and Cu–O–H as the additional bands compared to the
extract itself, indicating the formation of CuNPs. FTIR characteristic
peaks of metal-oxygen (Cu–O) were confirmed in the range 550–570
cm�1, and Cu–O–H bonds led to bending absorptions in the region 870-
880 cm�1 in all samples of the synthesized CuNPs as given in Figure 5.
These results revealed the robustness of CuNPs synthesis in this work
because the nanoparticles can be obtained at broad range conditions.
Several peaks showed no significant changes in the region 2900 cm�1

(C–H stretching), 3000-3500 cm�1 (O–H stretching), 1600-1700 cm�1

(O–H bending), and 1078 cm�1 (C–O stretching) (Table 1). These peaks
were related to functional groups inside extract compounds acting
capping agents in the formation of CuNPs. This result similar to the study
reported by Duman et al. [35] in which the absorption of OH group
comes from functional groups existing on the surface of nanoparticles
originating from the extract.

Plant extract showed a UV spectrum due to the π→ π* transition
localized within the ring of the cinnamoyl and benzoyl system. Generally,
this transition, which related to double bounds, was specific to flavones
nuclei of extract compounds [36, 37]. The UV spectrum of Piper retro-
fractum extract (Figure 6) showed peakmaxima at 207 nm, indicating the
π→ π* transition of the existing polyphenolic compounds.

The UV-Vis spectrum had a similar pattern of the peak which was
observed in all cases of various reaction conditions both in stirring and
sonication processes. Two peaks absorption was observed at 203–210 nm
(1st peak) and 234–255nm (2nd peak) (Figure 7). The second peak was
predicted as the Surface Plasmon Resonance (SPR), demonstrating the
presence of CuNPs. In previous studies, CuNPs showed SPR in an area
around 562–573 nm [38, 39]. However, in our work, SPR was observed
in the area around 234–255 nm (Table 2). It was probably due to the
position of plasmon absorption peak which depends on several factors:
the particle size, shape, type of solvent, etc. These factors were related to
the refractive index of the nanoparticle medium. The surfaces of large
particles are far enough from each other. Electrons need less energy to
shift from their equilibrium positions, and consequently, the sufficient
restoring force applying to electrons by the ions decreases as compared
with smaller particles. The same explanation also applies to the shapes
relating to the surface. Moreover, the structural changes of phytochem-
icals adsorbed on the nano surface also cause some variations of the SPR
and λmax [40].
3.2. Effect of extract concentration, temperature, pH and time reaction

Light green colors were observed at extract concentrations of 20 and
40 %, and dark green colors were obtained at extract concentrations of
60, 80, and 100 %. The SPR peak of CuNPs, both sonication and stirring
procedures, became distinct with increasing the extract concentration
(Figure 7A-E), and the maximum peak intensity was achieved at the
extract concentration of 100 %. Nanoparticles with the larger size give an
SPR peak at longer wavelength area (red shift), whereas a smaller size of
nanoparticles allows an SPR at shorter wavelengths (blue shift) [41]. In
both sonication and stirring procedures, the extract concentration of
100% resulted in a shorter wavelength of the SPR as compared to other



Figure 7. Comparison of UV-Visible spectra of the synthesized CuNPs by stirring (left) and sonication (right) procedures at various extract concentrations (A–E),
temperatures (B–F), pHs (C–G) and reaction times (D–H).
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Table 2. The wavelength (nm) of CuNPs absorptions in UV-Vis analysis.

Parameters for the formation of CuNPs Stirring Sonication

λ1 λ2 λ1 λ2
Extract concentration (%) 20 207 247.5 204 239

40 205.5 243 203 245

60 204 238.5 203 242

80 203.5 234.5 204 240

100 204 231.5 204 240

Temperature (�C) 25 210 246 - -

45 208 250 212 247

60 210 243 204 240

80 210 241 211 242

pH 4 204 246 202 249

6 204 242.5 202 249

8 204 240.5 204 249

10 204.5 241 203 255

Reaction time (min) 15 203 242 203 234

30 204 241 204 236

45 203 242 204 240

60 204 241 204 240

Note: λ2 showed the presence of CuNPs.

Figure 8. The changing color of the reaction mixture at various pH regions.
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extract concentrations, confirming this extract produced the smallest
particle sizes (Table 2).

Temperature also affected the formation of CuNPs. The highest
absorbance intensity (2nd peak) was seen at the temperature of 60 �C and
80 �C for sonication and stirring processes, respectively (Figure 7B-F). At
the stirring procedure, the increasing temperature showed the SPR ab-
sorption at a smaller wavelength region (Table 2), implying the forma-
tion of smaller particle sizes. In the case of sonication procedure,
comparable smaller particle sizes were formed at the temperature of 60
�C (240 nm) and 80 �C (242 nm) as shown in Table 2. This condition is
due to the higher temperature generates faster reactant consumption so
that the resulted nanoparticles are getting smaller in size [42].
Conversely, the SPR absorption increased along with lower reaction
Figure 9. SEM analysis of CuNPs synthesized by stirring (A) and
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temperatures which demonstrated the formation of larger particle sizes
in both stirring and sonication procedures.

Acidity affected the colors of reaction mixture and SPR. The color of
the reaction mixture turned green and the intensity got darker along with
increasing pH from 2 to 6. The yellowish-green of the reaction mixture
color and the precipitate were found at pH 10 (Figure 8). The SPR peak
showed absorption at smaller wavelengths under alkaline condition (pH
8, by stirring procedure) and acidic to alkaline conditions (pH 4–8, by
sonication procedure) as demonstrated in Figure 7C-G and Table 2. These
results suggested that the smallest particle size of CuNPs is obtained at pH
8 for the stirring method, whereas a comparable size of nanoparticles was
attained at wider range pH regions for the sonication procedure.
Generally, acidic pH regions can cause inactivity of some biomolecules
existing in the extract led to the smaller size of the produced nano-
particles. Further explanation of these results is confirmed by TEM
analysis in the later section.

The color intensity of the reaction mixture increased along with the
longer reaction time due to the increase in the amount of CuNPs formed.
The reaction time of 15 min by sonication procedure showed the smallest
particle size of the resulted CuNPs as indicated by the lowest wavelength
of the SPR peak, but only a tiny amount of CuNPs was obtained. How-
ever, the stirring procedure resulted in comparable SPR peaks for all
reaction times examined (15–60 min), demonstrating similar particle
sizes formation (Figure 7D-H). The intensity and peak position of SPR
sonication (B) at 60 �C for 60 min without pH adjustment.



Figure 10. SEM analysis of CuNPs synthesized by sonication procedure at pH 4 (A) and pH 10 (B).

Figure 11. EDS spectrum of copper nanoparticles (CuNPs).

Table 3. Elemental composition of CuNPs by EDS analysis.

Element Wt%

Cu 70.3

O 15.0

C 12.2

P 1.2

Ca 0.6

Cl 0.3

S 0.2

K 0.2

Tb 0.0

S. Amaliyah et al. Heliyon 6 (2020) e04636
spectrum absorption depend on the amount and size of nanoparticles.
Absorption at longer wavelengths is caused by scattering light of larger
particles [38, 41]. Additionally, the type of biological material (extracts)
and metal salts also influence these conditions for the synthesis of
nanoparticles [43].
3.3. Characterization of CuNPs by SEM, TEM, XRD, and EDS

The morphology of CuNPs was evaluated by FESEM and TEM anal-
ysis. FESEM analysis showed that the synthesized CuNPs were spherical
and tended to form a random aggregate. However, synthesized CuNPs by
the sonication process was more clearly shaped (less aggregated)
(Figure 9). In the reaction conditions of pH 10 with the sonication pro-
cess, the CuNPs were more uniform and no aggregation, but the size was
larger than pH 4 (Figure 10). This finding was consistent with the results
of UV analysis.
8

EDS provided both qualitative and quantitative analysis of elements
that might be involved in the formation of nanoparticles. From the EDS
analysis, the purity of synthesized CuNPs was revealed as copper (Cu)
was obtained in the highest amount as given in Figure 11. As shown in
Table 3, the major elements of CuNPs were Cu (70.3%), O (15.0%), and C
(12.2%), whereas other elements such as P, Ca, Cl, S, K, and Tb were in
the range of 0.0–1.2%. All existing elements were derived from the
extract of Piper retrofractum and a starting material.

TEM analysis provided information on the shape, size, and size dis-
tributions of nanoparticles. The size of synthesized CuNPs using Piper
retrofractum extract had range 2–10 nm. The size distribution of CuNPs by
stirring procedure showed more uniform than the sonication process
(Figure 12). This result probably due to the high-frequency oscillation of
the ultrasonic wave could disperse agglomerated nanoparticles into
separate particles [44] so that the size distribution varies. The more
uniform distributions and smaller nanoparticle sizes were also obtained
under acidic condition (pH 4) in comparison to alkaline condition (pH
10) (Figure 13). This finding because some biomolecules in the extract of
Piper retrofractum are probably inactive under acidic conditions, which
can reduce the number of compounds that act as reducing and capping
agent for the formation of nanoparticles, affecting the sizes of resulted
CuNPs.

The crystallinity and crystallite size of copper nanoparticles synthe-
sized at pH 10 was confirmed by XRD analysis as shown at Figure 14
(black line). The four distinct diffraction peaks at 2θ values were
observed at 37.079º, 42.693º, 61.922º and 74.133º. These results are
similar to the synthesis of CuNPs using Eclipta prostrata leaves extract as a
natural reagent [3]. The crystallite size was calculated according to the
modified Scherrer equation. The crystallite size and crystallinity of
CuNPs were found around 56.8 nm and 26.4%, respectively. However,
CuNPs prepared without pH adjustment or at acid condition did not show



Figure 12. TEM micrograph and SAED pattern (inset), and size distribution of CuNPs synthesized by stirring (A) and sonication (B) at 60 �C for 60 min without
pH adjustment.

Figure 13. TEM micrograph and SAED pattern (inset), and size distribution of CuNPs synthesized by sonication at pH 4 (A) and pH 10 (B).
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Figure 14. XRay-diffractogram of CuNPs synthesized at acid (pH 4) and base
(pH 10) conditions by sonication procedure.
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the crystallinity phases. These results showed good agreement with SAED
pattern where the synthesized CuNPs in these conditions were pre-
dominated by the amorph phases (Figure 12 and Figure 13 A).
3.4. The stability and antibacterial activity of CuNPs

The stability of synthesized copper nanoparticle was analyzed using
UV-Vis by showing the absorption peak before and after 6 months of
storage of CuNPs in water and ethanol. CuNPs indicated good stability in
ethanol as there is no significant change in its spectra and wavelengths as
shown in Figure 15B. However, there was a slight change in the ab-
sorption spectra of CuNPs after 6 months of storage in water as shown by
Table 4. Antibacterial effect of CuNPs using disk diffusion method.

Sample

CuNPs (0.2 mg/mL)

Piper retrofractum extract

Negative control (sterilized water)

Positive control (Gentamicin 0.2 mg/mL)

Figure 15. UV/Vis absorption spectra of CuNPs after 1 day
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the existing new absorption peak (Figure 15A). This result indicated that
the synthesized CuNPs are more stable in ethanol than water. Probably,
this is due to the release of the capping agents from CuNPs after pro-
longed storage in water. Additionally, CuNPs in the biological and
environmental medium (i.e., phosphate buffer saline) also showed less
stability as reported by Ortelli et al. [45] and Baldisserri et al. [46].

The synthesized copper nanoparticle by sonication process was used
as a sample for antibacterial activity test using disk diffusion assay, and
the results were shown in Table 4 and Figure 16. The synthesized CuNPs
in this work showed better antibacterial effect against E. coli than
S. aureus as indicated by larger inhibition areas. This result proves that
CuNPs prepared using Piper retrofractum extract exhibited antibacterial
activity. Similar findings were also reported in which CuNPs were syn-
thesized using tilia extract [47] and cellulosic walnut shell material [48].

The antibacterial effects of CuNPs may be associated with charac-
teristics of membrane structure between gram-negative and gram-
positive bacteria. In a previous study, Piper retrofractum extract alone
showed antibacterial activity [20]. Our finding was in contrast with this
report because the extract did not show inhibition for both E. coli and
S. aureus (Table 4). This result proved that the synthesized CuNPs using
this extract exhibited better inhibition of bacteria than the extract itself.
A similar finding was reported for copper nanoparticles synthesized using
Pinus Merkusii Jungh& De Vriese extract [49]. The antibacterial properties
of CuNPs were related to its capability to break the bacterial cell and
cause multiple toxic effects by a generation of reactive oxygen species,
lipid peroxidation, protein oxidation, and DNA degradation in bacterial
cell [50]. The inhibition of bacterial growth and production of reactive
oxygen species were caused by electrostatic attraction between nega-
tively charged bacterial cells and positively charged nanoparticles [51].
The CuNPs in this study possesses slightly higher antibacterial activity
than the positive control (Gentamicin) as given in Table 4. Katva et al.
[52] reported the collective effect of silver nanoparticles (AgNPs) with
gentamicin showed better inhibition against Enterococcus faecalis than
AgNPs alone. Probably, a combination of CuNPs with gentamicin can
generate a synergistic effect that may produce a better antibacterial
effect.
Inhibition zone (mm)

Staphylococcus aureus Escherichia coli

1.4 2.0

0.0 0.0

0.0 0.0

0.8 1.3

and 6 months of storage in water (A) and ethanol (B).



Figure 16. The comparison inhibition zone of E. coli with S. aureus exposed to CuNPs and Piper retrofractum extract.

S. Amaliyah et al. Heliyon 6 (2020) e04636
4. Conclusions

The copper nanoparticles (CuNPs) were successfully synthesized by
green synthesis method using Piper retrofractum extract. The stirring
procedure produces CuNPs with a more uniform size distribution than
the sonication process. Under optimized conditions, the synthesized
CuNPs are spheric with the particle size of 2–10 nm, stable in certain
solvent and showed antibacterial activity.
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