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Green synthesis of copper oxide via onion
(Allium cepa) peel extract and evaluation
of its antioxidant activity
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Abstract

Aim: The present work aimed to synthesize copper oxide (CuO) nanoparticles through green approach using waste
onion (A/lium cepa) peel extract and to evaluate the CuO antioxidant properties. Materials and Methods: In this
study, onion peel extract was used as a natural reducing agent for the reduction of copper sulfate. While antioxidant
activity of synthesized compound was evaluated using ABTS and DPPH assay. Results: Fourier transform
infrared spectroscopy (FTIR) spectroscopy, zeta potential analysis, and XRD analysis were used to characterize
the synthesized CuO. The FTIR measurements confirmed presence of plant moieties on CuO particles. From
X-ray diffraction analysis data, we found that CuO particles were crystalline in nature with an average grain size
of 42.9 nm. The average zeta potential value of synthesised CuO particles was found to be —20 mV, this showed
that these particles were stable in nature. Percent antioxidant activity as per ABTS and DPPH assay was calculated
to be 55.55% and 33.6%, respectively. Conclusion: Results of this study showed that the CuO synthesized using
onion peel extract exhibited significant antioxidant activity.
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medicines. Most of the sciences have used nanoscale items
in some capacity. The use of nanotechnology has led to
the development of molecules with the desired number of
dimensions. Although nanotechnology has given us many
benefits, studies by various research groups have also
reported that some nanomaterials are hazardous to both
human health and the environment." The production of

INTRODUCTION

anotechnology is used in a variety of
fields, including physics, materials
science, chemistry, biology, computer

science, and engineering.'! Nanotechnology
has become increasingly popular in recent

technological and scientific revolutions across
a variety of fields and disciplines, including
environmental,  sensing,  bioenergy, and
agricultural systems. Nanomaterial production
must be manageable, practical, and affordable
if modern nanotechnology is to be produced.
Because of the potentially toxic chemicals
utilized and the detrimental byproducts generated,
chemical synthesis, for instance, is neither entirely
safe nor environmentally beneficial.l”

Recent breakthroughs in nanoscience and
nanotechnology have resulted in a wide range of
metal and metal oxide nanoparticle applications
across a wide range of fields; copper oxide
nanoparticles (CuO NPs) have received more
attention than other types of metal oxides due to
their distinct properties and applications.”! The
world has been transformed by nanotechnology,
from basic food packaging materials to medical
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environment friendly and economically viable NPs is still
in its infancy because of nanotoxicity, unforeseen health
hazards, and scaling issues. Using green synthesis methods to
produce NPs, one can lessen these risks. Green technologies
have many advantages, including reduced environmental
impact, increased biocompatibility, improved stability, lower
capital, and operating costs.5!

Plants are used as natural reducing and capping
agents in the production of NPs in the green synthesis
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approach.ly Synthesis of copper NPs using non-edible
and waste parts of plants is considered as a sustainable
nanoparticle synthesis approach.l’? Hence, in this study,
we have synthesized CuO using onion (A/lium cepa) dry
peel extract through bioreduction approach. A. cepa,
also known as onion, is a culinary and therapeutic spice
from the Liliaceae family. Onion contains a variety of
biologically active compounds, including phenolic acids,
thiosulfinates, and flavonoids.®® Therefore, it is presumed
that onion peel extract might also aid in the reduction of
CuSO, to CuO in this study.

MATERIALS AND METHODS
Materials Used

Dry onion peels, filter paper, and distilled water.

Chemicals Used

Fehling solution A (Lobachemie India), Fehling solution B
(Lobachemie India), Methanol (Lobachemie India), Ethanol
(Jiangsu, China).

*(A. cepa onion plant was authenticated by Dr. Meenu
Sood (Botanist) at Y.S Parmar University of Horticulture
and Forestry, Nauni, Solan, Himachal Pradesh,
India. Authentication details of plant: UHF-Herbarium
no 13982.

Methods

Preparation of dry onion peel extract

Authenticated dry onion peels were washed with distilled
water and left to shade dry. About 2 g of shade dried onion
peels were cut into small pieces and added into 200 ml of
distilled water. This mixture was boiled for 20 min, cooled,
and filtered using a Whatman filter paper (No 1). Filtered
onion peel extract was centrifuged and the supernatant was
stored at 4°C till further use.

Synthesis of CuO

CuO NPs were synthesized using bioreduction method.
Briefly, mixture of Fehling A and Fehling B was taken in a
conical flask, and plant extract was added into the mixture at
60°C with continuous stirring till brick red precipitates were
obtained. The precipitates were centrifuged at 7000 rpm,
formed pellet was washed twice with distilled water and
finally with methanol. Washed pellet was left to dry at 60°C
for 24 h in oven. Further, the dried sample was crushed using
mortar pestle and characterized using UV spectroscopy,
Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), DLS, and scanning electron microscope
(SEM).
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Characterization of CuO

The optical absorption of CuO NPs in the wavelength range of
800-200 nm was measured using a double beam UV-visible
spectrophotometer (Shimadzu UV 1900). Functional group
identification on FTIR, Bruker, USA in the 4000400 cm™’
range was used to determine the nature of the bioactive
chemicals involved in the bioreduction of CuSO,. The
morphology and size of the produced NPs were determined
using SEM-Nova, Nanosem-450, FEI, USA. The crystalline
and lattice structure of the NPs was determined using an X-ray
diffractometer (Rigaku Corporation) at diffraction angles (20)
ranging from 20° to 80°. While the zeta potential of synthesized
CuO was measured using Malvern Zetasizer at 25°C.

Antioxidant assay

The antioxidant activity of synthesized NPs was carried out
as per ABTS and DPPH assay.

DPPH assay

The assay was conducted in accordance with a methodology that
was adopted by Shimada ez al. (1992). In 80% ethanol, a 0.3 mM
DPPH solution was prepared. To 2.5 ml of DPPH solution, 500 uL.
of sample (1 mg/ml) was added and allowed to react with DPPH
solution. To evaluate the decrease in absorbance at 517 nm, the
reaction mixture was vortexed and incubated at 30°C for 30 min
in a dark environment. Plain DPPH reagent was used as control,
and the 80% of ethanol served as blank. The following formula
was used to calculate the free radical scavenging activity:!

Scavenging effect (%) = 1 — ([Absorbance sample/
Absorbance control] *100)

ABTS assay

The scavenging activity was estimated according to method
described by Pellergini et al. (1999). Stock solution of ABTS
was mixed with an equal quantity of potassium persulfate
(2.45 mM) to prepare ABTS (7 mM in water). This solution
was then allowed to sit for 12-16 h at room temperature in
dark until it reached a stable oxidative state. ABTS solution
was diluted with 80% ethanol, till an absorbance value of 0.80
+ 0.05 at 734 nm was achieved. To 2.9 ml of ABTS solution,
100 uL of sample solution (1 mg/ml) was added and allowed to
stand at room temperature for 30 min. in dark. The absorbance
of this mixture was measured at 734 nm, and following
equation was used to calculate % antioxidant activity.[!”

Scavenging effect (%) = 1 — ([Absorbance sample/
Absorbance control] *100)

RESULTS AND DISCUSSION

Synthesis of CuO

CuO NPs were effectively synthesized utilizing aqueous
onion peel extract as a bio-reducing agent. Mixture of Fehling




A and Fehling B was used as precursor. Precipitation occurred
after adding plant extract to this precursor solution at 50°C.
CuO formation was confirmed by the appearance of brick red
precipitates. Pictorial representation of bio reduction method
used for synthesis of CuO is given in Figure 1, while Table 1
lists all the observations made concerning synthesized NPs
generated using green synthesis.

UV Spectroscopy

The result obtained from UV-Visible spectroscopy of CuO-
NPs is presented in Figure 2; the biologically synthesized
NPs showed an absorption peak near 228 nm in the
UV-region which corresponds to CuO. Observed Amax value
of synthesized CuO was very close to Amax value reported
in the literature in another study.['! Therefore, from UV-Vis
spectroscopy study, it may be suggested that reduction of
CuSO, to CuO occurred successfully; however, this was

Table 1: Detailed observations about obtained

CuO NPs
S. No. Observations
1. Color of obtained CuO NPs Brick Red powder
2. Weight of obtained CuO NPs 0.701 g
3. State of obtained CuO NPs Solid Powder

CuO NPs: Copper oxide nanoparticles

Mixture was stirred at 50°C

Final product
after drying

Mixture of Fehling's A

Appearence of brick
and Fehling's B sohution

red precipitates

Onion peel extract

Figure 1: Pictorial representation of bio reduction method
used for synthesis of copper oxide
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spectrum of synthesized copper oxide
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preliminary confirmation. For additional confirmation, we
utilized various other characterization techniques mentioned
below.

FTIR Spectroscopy Study

The FTIR technique was used to identify and estimate
the potential biomolecules responsible for capping and
stabilizing the CuO NPs synthesized by onion peel extract.
The peaks in the spectrum [Figure 3] originate from the
various chemical moieties present in onion peel extract that
was used to synthesize these particles. The FTIR spectra of
plant extract and biologically synthesized NPs are depicted
in Figures 3 and 4, respectively. Figure 3 suggested that the
presence of hydroxyl groups in plant extract as a broad peak
was obtained at 3328 cm™'; this broad peak is suggestive of
the presence of various hydroxyl groups present in onion
peel extract. The peak at 1637 cm™' may be a result of amide
vibrations since the amide I band (between 1600 cm™' and
1700 cm™) is mostly linked to the C=O stretching vibration.
Similarly, FTIR spectrum of CuO [Figure 4] was also
obtained, peak at 3462 cm™ and 1637 cm™, respectively,
suggest the presence of hydroxyl groups and amino groups on
surface of synthesized sample. Various other peaks obtained
below 1000 cm ™! such as 923 em™, 627 cm™!, 538 cm!, and
467 cm™! indicate formation of metal oxide from its metallic
salt.[1?]

XRD

The XRD spectrum [Figure 5] of synthesized CuO NPs
demonstrates the orientation and the crystalline nature of
CuO NPs. The XRD spectrum showed four diffraction peaks
at29.62°, 36.49°, 42.39°, and 61.49° which authenticated the
formation of well crystalline nature of CuO. The Scherrer’s
equation (d = 0.89A/BcosO) was used to calculate the average
grain size of synthesized CuO particles, this equation is
valid only for the measurement of crystallite sizes up to
200 nm.!"¥ The average grain size of the CuO particles, as per
this equation, was calculated to be 42.9 nm, suggesting that
CuO particles are in nanorange. Moreover, the sharp peaks
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Figure 3: Fourier transform infrared spectroscopy spectrum
of onion peel extract
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Figure 4: Fourier transform infrared spectroscopy spectrum of synthesized copper oxide nanoparticles
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Figure 5: XRD spectrum of synthesized copper oxide

in this figure [Figure 5] validate the crystallinity and higher
purity of prepared NPs.

Zeta Potential Distribution of CuO NPs

Zeta-potential is the potential developed at the solid-liquid
interface in response to the relative movement of the test
particles and the solvent. The stability of NPs depends upon
the electrical charge; hence, it is very important parameter to
know. The zeta potential with a value of +30 mV is generally
chosen to infer particle stability; the absolute value >30 mV
indicates a stable condition, whereas a low zeta potential
value of <30 mV indicates a condition toward instability,
aggregation, coagulation, or flocculation.™ To study the zeta
potential, the prepared CuO-NPs were dispersed in double
distilled water. The zeta potential of prepared NPs was found
to be —20 mV, as shown in the Figure 6 which indicated that the
synthesized NPs were reasonably stable and well-dispersed.

Antioxidant Activity

The antioxidant activity of CuO NPs synthesized through
onion peel extract was carried as per ABTS and DPPH
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Figure 6: Zeta potential distribution of synthesized copper
oxide nanoparticles

Table 2: Antioxidant activity of CuO NPs using ABTS

and DPPH assay

S. No. Antioxidant Percent antioxidant
assay activity

1. ABTS assay 55.55%

2. DPPH assay 33.6%

CuO NPs: Copper oxide nanoparticles

assay. The absorbance values recorded at 515 nm (for ABTS
assay) and 734 nm (for DPPH assay) were used to calculate
percentage antioxidant activity. Results [Table 2] showed that
the CuO NPs synthesized using onion peel extract exhibited
significant antioxidant activity, as percent antioxidant activity
as per ABTS and DPPH assay was calculated to be 55.55%
and 33.6%, respectively.

CONCLUSION

The green production of CuO NPs with onion peel extract,
their characterization and analysis of their antioxidant
activity through DPPH and ABTS assay was given in this
paper. UV-VIS spectroscopy, FTIR spectroscopy, XRD,
SEM, and seta potential analysis were used to characterize the
CuO NPs. The conversion of CuSO, to CuO was confirmed
visually by observing appearance of brick red precipitates
and was further confirmed through above mentioned




analysis techniques too. The existence of biological moieties
responsible for the reduction and stabilization of CuO NPs
was confirmed by FTIR analysis. While zeta potential value
(—20 mV) of green synthesized CuO particles suggested
that these particles were stable in nature. In addition, XRD
analysis showed that CuO particles were crystalline in nature
with an average grain size of 42.9 nm, as calculated using
Scherrer equation. Moreover, evaluation of antioxidant
activity of CuO NPs suggested that green synthesized CuO
exhibited significant antioxidant activity. However, the
mechanism of action behind antioxidant activity of CuO was
not deciphered in this study; therefore, it is suggested that
this study should be further continued in the future to get in
depth insights about the antioxidant action of CuO.
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