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INTRODUCTION

The biological synthesis of nanoparticles has grabbed the
attention of researchers from different fields like material
science, life science, medicinal science, biotechnology, physics,
chemistry, pharmaceutics and various industries and has become
a certain and promising area of scientific and technological
development for the coming days [1,2]. Nanotechnology
represents the design, production and application of materials
at atomic, molecular and macromolecular scales to produce
new nano-sized materials [3,4].

Among the various metal nanoparticles, copper nano-
particles are widely used in medical devices, electronic devices,
heat transfer systems, biosensors, pharmaceutical industries
for drug-eluting and as reagents in various reactions, lubricants,
food packaging industries, antibiotics, antimicrobial agents,
as catalysts in many reactions and a variety of other applica-
tions [5-7]. Several studies have found that the phytochemicals
mediated CuNPs are more mobile in the environment, inter-
acting with and passing through bacterial membranes [8].

The copper nanoparticles can be synthesized by different
methods such as physical, chemical and biological (green)
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The current study presents a simple and green method for the optimal synthesis of copper nanoparticles (CuNPs) using Cu(CH;COO), |
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method. Green synthesis approaches for nanoparticle manu-
facturing rely on living organisms and biological precursors
such as actinomycetes, fungus, bacteria, yeast, viruses and plant
components [9]. However, the use of green resources such as
plant components, enzymes, microorganisms, efc. not only
avoids the use of toxic chemicals but is also more efficient,
simpler and less expensive [10]. This greener approach of
producing metal nanoparticles is advantageous due to its
readily availability, environmentally friendly and results in
arduous purification steps [11].

Biological entities offer a non-toxic and eco-friendly
method for converting metal ions into metal nanoparticles with
adiverse variety of sizes, physico-chemical properties, morpho-
logies and compositions [12]. Enzymes, proteins, saponins,
tannins, flavonoids, alkaloids, steroids and terpenoids are all
found in plant components and have therapeutic effects. These
metabolites include reactive groups with significant reducing
capacities and can thus be utilized to produce metal nanoparticles
[13]. Several articles described studies on the synthesis of
copper nanoparticles from various plant resources including
ginger [14], oleander leaves [15], arevalanata leaves extract
[16], eucalyptus plant leaves extract [17], Capparis zeylanica
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leaves extract [18], Citrus medica Linn. [19], Euphorbia equal
leaves [20] and cloves extract [21].

Terminalia chebula Retz. belongs to Combretaceae family
and its dried fruit is used in Ayurveda for treatment of asthma,
piles, sore throat, vomiting and gout [22]. Its extract contains
phytochemicals such as polyphenols (chebulic acid), which is
a water-soluble tannin that aids in situ nanoparticle synthesis
and oxidized polyphenols may act as capping agents [23].
Nevertheless, copper nanoparticles synthesis using 7. chebula
fruit aqueous extract and Cu(CH3;COO), solution has not been
reported earlier. The objective of this study was to synthesize
stable CuNPs from 7. chebula fruit aqueous extract and then
evaluate their antibacterial and antioxidant properties against
human pathogen bacteria and DPPH.

EXPERIMENTAL

Copper acetate, sodium hydroxide, DPPH (2,2-diphenyl-
1-picrylhydrazyl), methanol, ascorbic acid, of analytical grade
were purchased from Sigma-Aldrich India, while Mueller-
Hinton Agar and sterilized discs were procured from Hi-media,
India. Terminalia chebula fruits were acquired from the local
market.

Preparation of aqueous extract of 7. chebula fruit: 7.
chebula fruit was thoroughly washed, chopped and dried before
being powdered and placed in an airtight bag for experiments.
Approximately 1 g of powder was transferred in a clean 250
mL conical flask containing 100 mL of double distilled water
and swirled with a magnetic stirrer for 30 min at 60 °C. The
extract was then cooled to room temperature and filtered through
Whatmann no.1 filter paper. The filtrate was centrifuged at
4000 rpm for 15 min. Finally, the recovered fruit extract filtrate
was kept at 4 °C for further use [23].

Optimal conditions for the biosynthesis of copper
nanoparticles: In order to identify optimal conditions, the
synthesis of CuNPs using Terminalia chebula fruit aqueous
extract was investigated using various parameters such as pH
(2,4,6 and 8), precursor concentration (1, 2, 3 and 4 mM),
temperature (20, 40, 60, 80 and 100 °C) and time (20, 30, 40
and 50 min). The pH of the reaction medium was adjusted
with 0.1 N NaOH and 0.1 N HCI. The influence of these para-
meters was monitored using a UV-visible spectrophotometer
with a wavelength range of 400-800 nm.

Biosynthesis of copper nanoparticles (CuNPs): As per
optimization study, 10 mL of T. chebula aqueous extract was
mixed with 90 mL of 3 mM Cu(CH;COO), solution in a clean
250 mL conical flask. The pH of the reaction mixture was
adjusted to 6 using 0.1 N HCl solution and the mixture was
heated at 60 °C for 50 min on a magnetic stirrer. After allowing
the reaction mixture to cool to room temperature, it was centri-
fuged for 20 min at 4000 rpms, with the supernatant removed
to collect the residue. This residue was dispersed twice with
double distilled water before drying in an oven at 80 °C for 1 h
[24].

Characterization: Synthesized CuNPs were character-
ized by using UV/Vis spectroscopy (LAB INDIA UV-3000+)),
Fourier transform infrared spectroscopy (FTIR, Shimadzu),

zeta potential (Zetasizer Nano ZS90), X-ray diffraction (X-
RD, Bruker D8 Advance with CuKa), scanning electron micro-
scopy (Carl Zeiss model Ultra 55 microscope), energy dispersive
of X-ray (EDX) nalysis (Oxford Instruments X-MaxN SDD
(50 mm?2) system interfaced at 5 kV and INCA analysis software)
and TEM (JEOL JEM-2100F instrument equipped with a slow-
scan CCD camera and an accelerating voltage of the electron
beam of 200 kV).

Determination of antioxidant activity using DPPH (2,2-
diphenyl-1-picrylhydrazyl) assay: The DPPH assay was used
to assess the free radical scavenging activity of biosynthesized
TC-CuNPs, based on the slightly modified methodology [25].
DPPH (4 mg) was dissolved in 100 mL methanol to make the
4% DPPH solution. As DPPH is particularly photosensitive,
the DPPH solution produced was immediately enveloped in
aluminum foil and stored in the dark. The dilution series of
reaction mixture was prepared using different concentrations
of biosynthesized CuNPs (10-50 pg/mL) and incubated with
DPPH (3 mL; 4 mM) solutions in methanol for 30 min, the
solution was allowed to stand at room temperature. A UV-
visible spectrometer was used to assess the absorbance of the
control (without CulNPs) and test samples at 517 nm. Ascorbic
acid is used as a standard antioxidant [24].

The % inhibition of DPPH calculated by the following
formula:

C-T

Inhibition of DPPH (%) = x100

where C is the absorbance of control and T is the absorbance
of the test sample.

Antibacterial activity: Antibacterial activities of CuNPs
were evaluated using agar disc diffusion method on Mueller
Hinton agar (MHA). S. aureus (ATCC 25923) and E. coli (ATCC
25922) were used as references single colonies from overnight
grown culture on agar plates were used to prepare the bacterial
suspension with the turbidity of 0.5 McFarland (equal to 1.5 x
10® CFU/mL). Turbidity of the bacterial suspension were mea-
sured at 600 nm. Individual Petri dishes with 20 mL of molten
nutrient agar were filled and allowed to cool, then swabbed
with a fresh overnight culture from each strain on sterile and
cooled MHA [26]. Following that, 6 mm diameter sterile discs
were impregnated with different amounts of CuNPs (40, 60,
80 and 100 L) using sterile micropipette. The discs filled with
the corresponding bacteria alone were used as a control in
each Petri dish [27]. The impregnated discs were placed on
petri plates and incubated for 24 h at 37 °C. Following the
incubation period, the antimicrobial activity was assessed by
measuring the inhibition zones produced around the discs in
millimeters (mm).

Minimum inhibitory concentration (MIC): The MIC
assay was determined by microdilution method. The well plates
were prepared by dispensing 100 uL of nutrient broth into
each well. Stock solution (100 uL) of tested nanoparticles (50
mg/mL) and added into the first well of the plate. Then, two-
fold serial dilutions were performed by using a micropipette.
The obtained concentration range was from 50 mg/mL and
then added 50 pL of inoculum to each well except negative
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control. The positive control of antibiotic (ampicillin), negative
control (nutrient broth), broth alone and the inoculum alone
were also examined. The test plates were incubated at 37 °C
for 24 h. The lowest sample concentration showing clear well
and inhibited complete growth were taken as MIC value [28].

RESULTS AND DISCUSSION

UV-visible studies: Typically, the UV-visible absorbance
spectrum is utilized to confirm the formation of nanoparticles.
Fig. 1 shows that the CuNPs had a wide peak about 580 nm,
suggesting the presence of stable and well distributed CuNPs.
The surface plasma resonance of CuNPs free electrons causes
this absorption band. These changes in SPR can be related to
the spherical shape of copper nanoparticles, as the surface
plasmon resonance and blue shift are influenced by size distri-
bution, results in a single SPR band in the absorption spectra
of spherical metal nanoparticles [29]. A single SPR peak was
found in the current investigation, assuming that the produced
CuNPs were spherical in form.
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Fig. 1. UV-visible spectra of biosynthesized CuNPs

The optimal conditions for the biosynthesis of CuNPs
using 7. chebula fruit aqueous extract were found using a UV-
visible spectrophotometer with a wavelength range of 400-
800 nm, as measured by peak position and intensity. SPR peaks
at longer wavelength regions (red shift) are produced by bigger
nanoparticles, whereas SPR peaks at shorter wavelengths are
produced by smaller nanoparticles (blue shift) [30].

Optimal precursor concentration: The formation of
copper nanoparticles was studied by the variation of copper
acetate concentration from 0.5 to 4 mM. The UV-visible
spectrum was recorded for the change in SPR peaks position
with variation in the precursor salt concentration as shown in
the Fig. 2a. An increase in concentration from 0.5 mM to 3
mM induced a blue shift in wavelength from 590 to 580 nm,
which was associated with an increase in peak intensity, but
an increase in concentration to 4 mM caused a red shift from
580 to 615 nm, which was coupled with a decrease in peak
intensity. It may be believed that when the concentration of

copper acetate increases above 3 mM, the SPR absorbance
decreases, possibly due to a low number of reducing agent
molecules. The number of Cu®* ions that must be reduced to
Cu nuclei is less when the concentration of copper acetate is
low (0.05 mM) [31]. As a consequence, the optimal concen-
tration of copper acetate was determined to be 3 mM.

Optimal pH: The green synthesis of copper nanoparticles
using aqueous extract of 7. chebula fruit was examined across
a wide pH range (2-8). The SPR of CuNPs is significantly
affected by pH changes. Increasing the pH from 2 to 6 leads a
blue shift in wavelength from 588 to 580 nm, resulting in an
increase in peak intensity (Fig. 2b). However, increasing the
pH from 6 to 8 resulted in a red shift from 580 to 620 nm, as
well as a decline in peak intensity. The peak’s absorption inten-
sity in the UV-visible spectra was maximum at pH 6. In general,
acidic pH zones can induce biomolecules in the extract to
become inactive, resulting in formation of smaller nanoparticle
[32]. As a result, pH 6 was found to be optimal for the bio-
synthesis of CuNPs.

Optimal temperature: According to Fig. 2c, the optimal
temperature was 60 °C because it produced the sharpest and
most intense peak. This may be explained by the fact that at
higher temperatures, the rate of nucleation takes precedence
over the rate of growth [33].

Optimal reaction time: Fig. 2d depicts the UV-visible
spectra of CuNPs as a function of time. The time period of 50
min was considered optimal because it yielded the sharpest
and most intense peak.

FTIR analysis: The FTIR spectrum of 7. chebula fruit
aqueous extract (Fig. 3) revealed bands at 3367, 1790, 1643,
1399, 1191, 1020, 933 and 874 cm™ arose due to stretching’s
of —O-H, -N-H, -C=0 and C-O-C bonds, which in turn indicate
the presence of secondary metabolites such as phenolics, flavo-
noids and carbohydrates in the extract. The FTIR spectrum of
CuNPs revealed a decline in peak intensity as well as a shift
change in peak location of —OH, -NH and —C=0 bands
indicating the reduction and stabilization of CuNPs by these
groups [34].

Zeta potential: The charge determined by zeta analysis
was -28.1 mV as shown in Fig. 4. Particles having zeta potentials
larger than + 25 mV are thought to be more stable. Particles
with negative charges have a high repulsion force between
them. This demonstrates the qualities of stability and quality
[35].

XRD analysis: Fig. 5 depicts the X-ray diffraction pattern
of biosynthesized CuNPs. CuNPs exhibit prominent peaks at
position 26 values of 43.083°, 50.218° and 73.917°, which are
readily indexed the reflection planes (111), (200) and (220)
from the XRD patterns, respectively. The obtained values of
three peaks, as given in Table-1, are quite near to the standard
JCPDS card No. 04-0836 [36]. The mean crystalline size (D)
of CuNPs was calculated using Debye Scherrer’s formula. The
average crystallographic dimension (D) of CuNPs was found
to be 23.28 nm, which are similar to the TEM findings.

Scanning electron microscopy (SEM) analysis: The
morphological characterization of CuNPs was carried out using
SEM-EDS and TEM analyses. The SEM analysis revealed the
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Fig. 2. Influence of precursor concentration, pH, reaction temperature and reaction time

TABLE-1
COMPRESSION OF EXPERIMENTAL &
STANDARD DIFFRACTION ANGLE OF CuNPs

Standard diffraction angle 26 (°)

Experimental diffraction

angle 20 (°) JCPDS Copper card No: 04-0836
43.0833 43.297
50.4183 50.433
73.9975 74.130

presence of non-homogeneity particles with some agglomera-
tion due to sampling of smaller particles (Fig. 6a). The size of
the particles was calculated by the SEM analysis was found to
be in the range of 0.43-5.24 um with an average particle dia-
meter of 5.24 um [37].

The EDX spectrum confirmed the successful formation
of CuNPs with the aqueous fruit extract of 7. chebula (Fig. 6b).
The presence of carbon (C), oxygen (O), nitrogen (N) and
copper is depicted in the EDX spectrum (Cu). The presence
of an oxygen peak alongside the Cu signal suggested that the
CuNPs were capped by phytoconstituents via oxygen atoms,
whereas the presence of a carbon peak indicated that plant
phytochemical groups were involved in the reduction and

capping of the synthesized CuNPs [38]. The previous studies
carried out for individual spherical-shaped CuNPs also show
strong signal peaks at 1.0 and 8.0 keV [39].

Transmission electron microscopy (TEM) studies: The
TEM image of 7. chebula copper nanoparticles (Fig. 7a) revealed
that CuNPs were spherical and an average size of 23.68 nm
(Fig. 7b) [37]. The selected area electron diffraction (SAED)
pattern of CuNPs is shown in Fig. 7c. The selected area electron
diffraction (SAED) pattern showed bright circular fringes
confirming a good crystalline. The interplanar spacing (d-
spacing) was calculated to be 0.209 nm indicating the preferred
(111) orientation.

Scavenging activity of biosynthesized copper nano-
particles: Anti-oxidant activity of TC-CuNPs was assessed
by DPPH free radical scavenging assays. TC-CuNPs has shown
potent DPPH radical scavenging activity and it was exhibited
in a dose-dependent manner (Fig. 8a-b). It shows that anti-
oxidant activity was directly proportional to the concentration
of TC-CuNPs as shown in Table-2. The ECs, (effective concen-
tration required to inhibit 50% of free radicals) of TC-CuNPs
was determined as 44.65 ug/mL for DPPH radical scavenging
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TABLE-2
SCAVENGING ACTIVITY OF ASCORBIC ACID AND BIOSYNTHESIZED CuNPs
Volume of Concentration of Concentration of % AA of ascorbic ~ LCjs, of ascorbic % of AA of LC-. of CuNPs
DPPH (mL) ascorbic acid (ug/mL)  CuNPs (ug/mL) acid (%) acid CuNPs 0
3 10 10 16.34 9.42
3 20 20 44.23 26.28 14.11 44.65
3 30 30 55.76 27.65
3 40 40 76.92 45.5
3 50 50 90.38 58.5
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Fig. 8. (a) Plot of scavenging activity of copper nanoparticles (CuNPs), (b) scavenging activity of CuNPs and ascorbic acid

activity and the ECs, value of ascorbic acid (reference standard)
was 26.28 g/mL for DPPH radical scavenging activity, respe-
ctively. Though, among the different concentrations of CuNPs
tested, the highest scavenging activity (58.5 %) was obtained
for 50 nug/mL and the lowest scavenging effect (9.42%) was
observed for 10 nug/mL. Dose-dependent antioxidant activity
of CuNPs was observed. Hence, the TC-CulNPs exhibited
effective antioxidant activity as like ascorbic acid [12].

Antibacterial activity: The antibacterial activity of
biosynthesized CuNPs against the human pathogens showed
varied levels of inhibitions minimum inhibitory concentration
(MIC) are shown in Table-3 and the present study revealed
that CuNPs showed potential antibacterial activity against E.
coli (14.5 mm) and S. aureus (9.2 mm). The nanoparticles
showed maximum zone of inhibition against E. coli. The TC-
CuNPs showed a higher toxicity for Gram-negative bacteria
compared to Gram-positive bacteria [40]. Microdilution method
was used to determine the lowest concentration of nanoparticles
that was inhibiting the growth of E. coli (21.83 £ 1.56 pg/mL)
and S. aureus (16.16 £ 0.76 pg/mL) and determined to be
effective in assessing excellent activities [41].

TABLE-3
ANTIBACTERIAL ACTIVITY OF TC-CuNPs AT
DIFFERENT CONCENTRATIONS AGAINST PATHOGENS

Inhibition

Concentration of

Pathogen TC-CuNPs (L) —— MIC (ug/mL)
40 2 21.83 = 1.56
. 60 4
E. coli 30 6
100 14.5
40 2 16.16 £ 0.76
S. aureus &l 5
80 8
100 9.2

When compared to previous work reported by many
researchers, the antimicrobial results obtained using TC-
CuNPs were found to be superior (Table-4). The maximum
zone of inhibition (mm) observed with TC-CuNPs against E.
coli bacteria was found to be 14.5 mm, which is much higher
than the zone of inhibition displayed by CuNPs synthesized
from other plant extracts (Table-4).
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TABLE-4
COMPARATIVE STATISTICS OF ANTIMICROBIAL ACTIVITIES OF CuNPs SYNTHESIZED BY USING VARIOUS PLANT EXTRACTS

Plant extract Inhibition zone (mm) Tested Pathogen Ref
Syzygium aromaticum bud extract 7 E. coli [21]
Ziziphus spina-christi (L.) Willd. fruit extract 13 E. coli [5]
Hagenia abyssinica (Brace) JF. Gmel. leaf extract 12 E. coli [37]
Black grape leaf extract 14 E. coli [28]
Terminalia chebula fruit aqueous extract 14.5 E. coli Present work
Ziziphus spina-christi (L.) Willd. fruit extract 13 S. aureus [5]
Green and black tea leaf extract 14 S. aureus [11]
Hagenia abyssinica (Brace) JE. Gmel. leaf extract 14.7 S. aureus [37]
Terminalia chebula fruit aqueous extract 10 S. aureus Present work

Conclusion 10. N.I. Hulkoti and T.C. Taranath, Colloids Surf. B Biointerfaces, 121,

Present study revealed that the aqueous extract of Terminalic

chebula fruit facilitates the simple, quick, cost-effective and 11.

eco-friendly synthesis of copper nanoparticles (CuNPs). The
formation of green CuNPs was initially recognized by using a
UV-visible spectrophotometer and the role of phytochemicals
was confirmed with FTIR, zeta potential and EDX analyses.

The XRD analysis confirmed the crystalline nature (FCC) of 13.

CuNPs and TEM results has revealed spherical shapes and

sizes of around 23.68 nm. The biosynthesized CuNPs shown 14'
significant antioxidant activity against DPPH and the anti- 15.
bacterial efficacy against E. coli (Gram-negative bacteria) and

S. aureus (Gram-positive bacteria) indicated that the zone of 16.
inhibition was greater in Gram-negative bacteria than in Gram- 17.

positive bacteria. Finally, the synergistic action of bioactive 18.

chemicals from medicinal plants combined with CuNPs has
been shown to be effective against infections.

19.
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