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The current research interest in nanoscience centers around the synthesis of nanoparticle with noble
metals due to their distinctive characteristics that has expanded their prospective utilization in various
fields of science and technology. The study reports the green fabrication of bimetallic composite nanopar-
ticles (CNPs) with silver (Ag) and gold(Au) via an eco-friendly mode with a biomaterial, orange peel (OP)
extract as a reductant. The reaction of aqueous solutions of silver nitrate (AgNO3) and chloroauric acid
(HAuCl4) with the OP extract resulted in rapid production of stable CNPs having spectacular spherical
shapes and other morphologies. The characterization of the synthesized CNPs included the following
analyses; UV–vis spectrophotometer, (DLS) dynamic light scattering technique for the particles average
size was found to be 138 nm with a polydispersity index (PDI) of 0.249. To identify the functional groups
in biomolecules that emphasizes the reducing and capping agent for NPs, the Fourier transform infrared
spectroscopy (FTIR) has been used. The characterization of as prepared NPs has been complemented with
(TEM) transmission Electron Microscopy, and (SEM) scanning Electron Microscopy along with the (EDS)
energy dispersive spectrometry for the elemental screening of the sample. Furthermore, antibacterial
effect and the cytotoxicity activity against the human MDA cell line of the bimetallic CNPs were investi-
gated. The key findings showed that the CNPs suspension possesses potent cytotoxic activity (and was
highly effective against bacterial strains. Thus, the finding support the prospective therapeutic potential
of the nanoparticles in nano medicine.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction research interests in the field of nanotechnology to develop reliable
The prime goal of materials science is the synthesis of engi-
neered nanostructures with novel properties. This has stimulated
methods to synthesize and stabilize metallic nanoparticles (E.
Rasha et al., 2021). Application of noble metal nanoparticles; silver
and gold or a combination of the two in the field of biomedicine is
widely established with their bimetallic counterparts considered
more promising in the field of chemical, physical, and biological
sciences (Zubair et al., 2022). Ag NPs have been developed for their
extensive use as bactericidal agents, catalysts in chemical pro-
cesses, biosensors, and in electronics(Panhwar et al., 2022).In addi-
tion, the use of gold nanoparticles in biomedical imaging and
diagnostic tests, in cancer treatment is also documented(Zhang
et al., 2022). Furthermore, silver and gold nanoparticles have wide-
spread applications in several biological applications owing to
their enhanced optical properties such as absorption and strong
surface electric field enhancement of the metal nanoparticles
(Nejati et al., 2022).It has been observed that the remarkable
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properties of nanoparticles can be enhanced by combining two or
more types of materials into a hybrid nanocomposite (Liu et al.,
2022). Hybrid composite nanoparticles can be defined as well-
organized nanomaterial consisting of two or more types of individ-
ual nanocomponents (Veluri et al., 2022). The combination of the
two metals results in CNPs with a morphology and size that is dif-
ferent from the NPs when these constituent metals are used inde-
pendently. Thus, broadening the possible range of applications. The
tunable nature of alloy-AgAu composite nanoparticles as an inter-
esting nanosystem has potential scope in industry and medicine
(Shore et al., 2011).

Numerous chemical and physical methodologies have been for-
mulated in the last two decades, to synthesize noble metal
nanoparticles with different compositions and size. Certain inher-
ent limitations of these methods include; potentially hazardous
nature of precursors used (Ndolomingo et al., 2020; Kaabipour
and Hemmati, 2021; Rane et al., 2018). Biogenic synthesis is a
promising replacement in which reactants used are primarily
derived from natural sources; single celled organisms to higher
plants. Several studies have reported a successful synthesis
nanoparticles using Au and Ag and to also Pd and Pt using natural
extracts which includes bacteria (Hendi et al., 2022; Lee et al.,
2020; Hendi, 2011) and fungi (Ummartyotin et al., 2012) and plant
parts (Zhang et al., 2020). The key benefits of a phyto mediated
synthesis is the accessibility of phytoextracts and the idea of fos-
tering ‘green’ technology with a minimal use of energy (Sharaf
et al., 2022; Carbone et al., 2019).

The current study, reports an environmentally benign mode of
synthesis of nanoparticles on the cornerstone of ‘green’ technology
via the reduction of aqueous Ag+ and AuCl4– ions using aqueous
boiled extract of orange peel. The therapeutic properties of the
orange peel are well documented, being a potent anti-oxidant
and is used in cancer therapy. It has extensive use in the field of
medicine, cosmetics, industrial appliances and development of
sustainable energy (Shehata et al., 2021; Chen et al., 2020).Thus,
the biocompatibility of the synthesized Ag/Au bimetallic NPs war-
rants their potential use in biomedicine.
2. Experimental section

2.1. Synthesis of bimetallic Ag/Au nanoparticles

All chemicals used were of analytical grade. Silver nitrate
(AgNO3) was purchased from Techno Pharmchem, India, chloroau-
ric acid (HAuCl4) from Loba Chemie, India. For all the aqueous solu-
tions Millipore water was used.

Fragments of the orange peels were added to 20 mL of deion-
ized water and boiled for 3 min, thereafter the mixture was
filtered.

Noble metal CNPs were synthesized by the biological reduction
of Ag + and AuCl�4 ions when 5 mL of the aqueous solution of
orange peel extract was added to 50 mL of the aqueous solution
of 0.1 m mole/ml AgNO3 and 50 mL 0.1 m mole/ ml HAuCl4 solu-
tion separately at room temperature. Thereafter, all the solutions
were mixed together and then the final solution was placed on
the shaker at 125 rpm in dark at 39 Co. The reaction mixture
was mechanically shaken until the CNPs were formed.
Fig. 1. UV–vis spectrum of biogenic bimetallic CNPs.
2.2. Characterization

The characterization included; UV–visible spectroscopy using a
Perkin Elmer UV–visible spectrometer. Thermo Scientific, Nicolet
6700, FT-IR Spectrophotometer recorded the infrared (IR) spec-
trum. The size of the synthesized Ag/Au hybrid nanoparticles was
analyzed with a Zeta-Sizer, Nano series, HT Laser, ZEN3600 from
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Molvern Instrument, UK. Transmission electron microscopy
(TEM) (JEM-1011, JEOL, Japan). The TEM was operated and mea-
surements were made at an acceleration voltage of 100 KV. Scan-
ning electron microscopy (SEM), JEOL-FE SEM; and an energy
dispersive spectrometer (EDS) analysis was performed to confirm
elemental silver and gold. Elemental analysis was performed using
Oxford Instrument, Incax-act equipped with scanning electron
microscopy.

2.3. Microorganisms and antibacterial activity method

Cultures of Escherichia coli and Staphylococcus aureus were used
for the disc diffusion method was used to assess the antibacterial
activities of biosynthetic CNPs (Halder et al., 2022). The zone of
clearing was used as an assessment of the inhibitory activity. The
experiments were performed in triplicates and mean values of
the zone diameter were calculated.

2.4. Cell culture and cytotoxicity assay

Cell viability of human breast adenocarcinoma (MDA-MB-231)
cells was evaluated at varying concentration of the CNPs via the
MTT assay (Alwhibi et al., 2022).

3. Results and discussions

UV Vis spectroscopy demonstrated the ions of the constituent
metals in solution. Instead of two separate peaks for silver and
gold, the presence of Ag/Au CNPs was confirmed by a single SPR
peak at 543(Fig. 1).The surface plasma resonance band at 543 nm
reflects n* transitions (Aziz et al., 2019; Zhou et al., 2019). The
plausible explanation to this is that Ag (I) and Au(III) ions were
concurrently reduced by the biocomponents of the orange extract.
This was further which proven by the gradual appearance of a vio-
let color. The metals exhibit a distinctive SPR at a characteristic
wavelength attributed to the appearance of the resonating effect
due to the interaction between the metals electrons and the inci-
dent photons. Thus, the SPR peaks illustrate the light-interaction
properties of CNPs (Krishnan Sundarrajan and Pottail, 2021).

The average hydrodynamic diameter of the synthesized CNPs
was found to be 138 nm with a polydispersity index (PDI) of
0.249. The PDI result proved that the as prepared CNPs showed a
monodispersed particle size distribution (Fig. 2). The size discrep-
ancy between TEM and DLS could be due to the capping of the bio-
molecules on the surface of CNPs (Li et al., 2018).

FT-IR spectrum illustrated the constituent biomolecules in the
peel that contribute towards the stability of the hybrid Ag/Au
nanoparticles. The FT-IR spectrum of the hybrid nanoparticles
shows a band at 1633.27 cm-1 (Fig. 3), which corresponds to the
C@C stretching of the aromatic ring. These results are consistent



Fig. 2. DLS analysis of biogenic bimetallic CNPs.
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with that of the TLC test which showed flavonoids as the active
constituent peel that was responsible for the bioreduction of aque-
ous silver (Ag + ) and gold (AuCl-4) ions. Orange peel extract FT-IR
bands were derived at 3270.82 cm -1, 1634.24 cm�1 (Fig. 3),
whereas the FT-IR spectrum of the hybrid bimetallic nanoparticles
demonstrated peaks at 3260.70 cm�1, 1634.62 cm�1, 1376.62 cm-

1and 1243.76 cm�1.
According to the TEM images shown in Fig. 4, the phytochemi-

cally stabilized CNPs are monodispersed and almost spherical, with
a nearly uniformly distribution. Several parameters; differences in
electronegativity and valence electrons, lattice mismatch, and sur-
face tension are accountable for the properties of the CNPs
(Mavrikakis et al., 1998). However, a relatively wide mismatch in
the lattice and the difference in surface energy between Ag and
Au, it quite a challenge to develop homogeneity on the surface of
the nanocrystal in a restrained manner (Ruban et al., 1997; Malik
et al., 2021).
Fig. 3. FTIR adsorption spectra o
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Scanning electron microscope (SEM) image of CNPs from OP
extract is shown in Fig. 5B. The presence of extremely small crys-
tals, uniform and roughly spherical indicating a large percentage
of monodispersity confirmed the bio reduction of the colloidal
Ag/Au NPs. The EDS pattern in Fig. 5 showed the imprints for gold
and silver atoms, visualizing the noble metals used. In addition,
some distinctive signals for O, Mg, Na, K, Si, Cu, and Al elements
were observed corresponding to their presence in the phytocom-
pounds of the OP extract that work as capping agents (Sharma
et al., 2020). The grid substrate used is responsible for a strong sig-
nal for the element O.

The bactericidal activity of the orange peel extract with CNPs
and the peel extract alone was assessed against Gram + ve and –
Ve strains. The sample doses used were 10 and 5 mL/g via the dif-
fusion well method. The antimicrobic effect of CNPs is shown in
Table 1 and in Fig. 6 which was dose dependent and was signifi-
cantly more pronounced than the orange peel extract itself. A wide
f biogenic bimetallic CNPs.



Fig. 4. TEM images shows and illustrative the morphologies of biogenic CNPs.

Fig. 5. (left side) EDS pattern and (right side) SEM image of green bimetallic NPs.

Fig. 6. Antibacterial activity of synthesized CNPs against bacteria evaluated by
diameter of the zone of inhibition(mm).
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zone of inhibition was observed for the Gram-ve strain, E. coli with
CNPs in the preliminary qualitative antibacterial assay. However,
the synthesized CNPs were not efficacious on S. aureus,
Gram + ve strain of bacteria. Furthermore, the crude peel extract
alone showed a lower inhibitory effect on both Gram + ve and
Gram-ve bacterial strains. At the lower dose of 5 mL/g, the CNPs
illustrated a maximum inhibition efficacy of 30 ± 0.02 mm while
the higher dose of 10 mL/g showed 35 ± 0.00 mm due to the com-
bined mutual effectiveness of metal ions for E.coli.This supports
previous reports on understanding mechanistic approach which
is contributed by the coactivity of Ag/Au metals coupled with the
stabilization of the nanosystem brought about by the phytocon-
stituents in the peel extract which are the capping agents
(Gopinath et al., 2016). In general, positively charged Ag/Au CNPs
containing biomolecules are easily adsorbed to the thinner E. coli
gram-negative peptidoglycan membrane, leading to cell lysis.
These results are consistent with a previous study (Elemike et al.,
2019; Franco et al., 2022; Shabana et al., 2022). Citrus peels have
been used as a natural remedy. The main constituent, poly-
Table 1
Antibacterial effect of CNPs and OP extract assessed as diameter of the zone of
inhibition(mm) in two bacterial strains.

Treatment E.coli S.aureus

5 mL/lg of CNPs 30 ± 0.02 19 ± 0.01
10 mL/ lg of CNPs 35 ± 0.00 23 ± 0.00
Orange peel Extract 15 ± 0.00 8 ± 0.01
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methoxyflavonoids (PMFs) endows it with anti-inflammatory
activity (Alameen et al., 2022; Yoshizaki et al., 2014).

The in vitro cytotoxicity of synthesized CNP was evaluated using
the MTT assay against human breast cancer cell lines (MDA-MB-
231). A concentration-dependent reduction (Banday and Abdalla,
2022) in the percentage of viable cancer cells by the nanoparticles
was observed as illustrated in Fig. 7. Within the concentration
range of 20–50 l/mg CNPs the percentage cell viability was reduced
to 50 %. This was an optimal concentration range of CNPs since a
higher concentration between 60 and 80 l/mg showed a peak after
which a further decrease in percent cell viability was observed at a



Fig. 7. Effect of green synthesized AgNPs on MDA cell viability.
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concentration of 90 l/mg (Fig. 7). The profound biocidal and cyto-
toxic activity of the CNPs could be attributed to the significant bio-
logical activities of orange peel, being antimicrobic, antioxidative
and anti-carcinogenic (Okoli et al., 2022). Recent studies have
shown that citrus peel extract has a potent antioxidant status as
compared to synthetic antioxidants (Contini et al., 2014). The pres-
ence of a multitude of phytoconstituents in citrus fruits; phenols,
limonoids, flavonoids and polysaccharides that scavenge free radi-
cals (Shehata et al., 2021) attribute to its strong antioxidant status.
In addition, citrus peels have been reported to be endowed with
profound antimicrobic activity across various foodborne pathogens
(Lawal et al., 2013).

4. Conclusion

The current study reports green fabrication of bimetallic Ag/ Au
hybrid nanoparticles using orange peel extract, via an environmen-
tally benign, facile and cost effective method. Furthermore, the
nanoparticle suspension showed a marked biocidal activity against
Gram -ve bacterial strain, E.coli and cytotoxic activity against MDA
cell lines. The mode offers a greener technological approach which
could guarantee an extensive applications of the NPs in pharma-
ceutical, biomedical, diagnostic and therapeutic fields including
nano medicine.
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