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Abstract

Nanoparticles (NPs) in particular ZnO and CuO are inorganic nanomaterials used in
application areas such as electronics, communication, chemical/biological sensors,
cosmetics, environmental remediation, biomedicinal industry, energy preservation,

photocatalysis, and microbial growth inhibition. This study focused on the biosynthesis of

ZnO NPs, CuO NPs, and ZnO/CuO nanocomposites (NCs) in orange fruit extract to
investigate the growth inhibition of gram-positive and gram-negative bacteria. The crystal
structure, functional group, and energy band gap of as-synthesized NPs and NCs were
characterized with the aid of X-ray diffraction (XRD), Fourier Transform Infrared (FTIR),
and Ultra Violet-Visible (UV-Vis) spectroscopic techniques, respectively. Consequently, the
XRD results confirmed the formation of a hexagonal wurtzite phase, and the average
crystallite sizes of the nanomaterials of 22.71-33.89, 16.46-33.04 and 16.76-26.89 nm for
ZnO NPs, CuO NPs, and ZnO/CuO NCs synthesized with and without orange peel extract,
respectively while the vibrational stretching obtained around 476 and 564 cm™ confirmed
the presence of Zn-O, and Cu-O bond, respectively. The characteristic absorption spectrum
observed at 285 nm supported the synthesization of ZnO/CuO NCs within a very narrow
energy bandgap. Furthermore, the antibacterial activity of the ZnO/CuO with orange peel
extract (WE) NCs, ZnO (WE) and CuO (WE) were significantly higher as compared to that
without orange fruit extracts (WoE) NPs/NCs. The results show that the NPs and NCs
synthesized WE had a high potential growth inhibition zone against gram-positive bacteria
(S. aureus) ranges from 16.67 to 12.00 mm and gram-negative bacteria (P. aeroginosa)
ranges 16.00 to 12.30 mm. In this study, we have discovered that the green synthesized
ZnO/CuO NCs can be introduced as a promising anti-bacterial agent and so applicable to
cure microbial strain-based infectious diseases.

Keywords: Green synthesis routes, bacterial growth inhibition, ZnO/CuO Nanocomposites, inhibition

zones, orange peel extract

Introduction

In recent nanobiotechnologies, scientists are
able to synthesize nanoparticles (NPs) based
materials (Shafique et al., 2020; Shah et al.,
2021) since it received great consideration in
nanotechnology as a result of their functional
response which is fundamentally affected by
the crystalline size and surface-to-volume ratio
(Lewis and Klibanov, 2005). Predominantly,
inorganic nanomaterials (NMs) are the most
advantageous functional materials (Mahmood

et al., 2023) because of their chemical stability,
safety, and biological compatibility (Li et al.,
2017; Xiang et al., 2017). For example, prior
reports (Cui, Li, Li, and Mao, 2022; Hajiali et
al, 2021) signify that the incorporation of
functional NMs is paramount important in
biomedicals, particularly in speeding up bone
transplantation and wound curing. Moreover,
the inorganic NMs are very effective in
environmental remediation, energy production
and the inhibition of bacterial growth (Gold et
al., 2018). Nowadays, scholars are developing
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chemical and biological resistance techniques
against infectious diseases caused by microbial
organisms (Bala et al., 2015; Dadi et al., 2019)
since using ordinary antimicrobial agents
enhances the expansion of numerous drug
resistance and generates hostile side effects.
These challenges initiated the development of
substitutive antibacterial inhibition approaches
to cure bacterial diseases (Baker-A et al., 2006)
without being toxic to the other tissue. A
typical natural products, for instance,
aminoglycosides and synthetic antibiotics are
frequently used, however, chemically modified
compounds are currently used as antibacterial
agents (Von et al., 2006). It is mentioned that
nanomaterials have been developed for
microbial inhibition (Hussain et al., 2023) in
particular as antibiotics which have proven
their effectiveness in tackling infectious
diseases (Huh and Kwon, 2011). In the
biomedical area, NPs are preferable (Alsafari et
al., 2023) due to their high surface area-volume
ratio, initiating new mechanical, chemical,
electrical, optical, magnetic and electro-optical
which differ from their bulk properties
(Whitesides, 2005).

The destruction of bacteria by NPs can be
determined by its properties which directly
depend on its respective bacterial strains. For
instance, E. coli is more sensitive to CuO NPs
however, S. aurcus and bacillus behave
controversially (Baek and An, 2011) while S.
aureus and B. subtilis are sensitive to NiO, and
ZnO NPs (Lu and Botstein, 2009). On the other
hand, fast-growing bacteria are highly
vulnerable as compared to slow-growing
bacteria to antibiotics as well as to NPs
(Hajipour et al., 2012). In order to employ
nanoscale devices in particular fields of
applications, numerous synthesis approaches
have been developed (Abid et al., 2022). For
example, green synthesis is among the pertinent
techniques because of its environmentally
friendly (Albrecht and Raston, 2006) method
and could fulfill the huge gaps observed in
conventional approaches in avoiding the long-
term  dispensation,  expensive,  tedious
procedures, and generation of poisonous
compounds. Consequently, researchers have
intended to develop an appropriate, eco-
friendly and efficient synthesis known as the
green method for the preparation of NPs

(Herlekar and Kumar, 2014). Therefore, the
synthesis of metal oxide-based NPs via green
routes particularly the incorporation of plant
extracts is a simple, economical, and toxic-free
method (Bala et al., 2015). The plant extracts
are preferred because of their advantages in
reducing ability, surface stabilization and
capping capability during the synthesis of NPs
(Kumar et al., 2020; Thi et al., 2020). For
instance, ZnO-NPs is one of an interesting
NMs with multifaceted benefits and have been
used in revolutionized applications (i.e.,
electronics, communication,
chemical/biological Sensors, cosmetics,
environmental  remediation,  biomedicinal
industry, energy preservation, textiles, human
health, photocatalysis) (Sankapal et al., 2016),
gene/drug delivery, nanomedicine (Yoon and
Kim, 2006), as bacterial/fungal/diabetic
inhibition agent, acaricidal, pediculicidal and
larvicidal (Alkaladi and Afifi, 2014). ZnO NP
(Rajiv and Venckatesh, 2013) was synthesized
in the orange peel extract which possesses a
variety of natural anti-oxidants. Rajiv and
Venckatesh, (2013) examined the influence of
working parameters on its antibacterial
activities against S. aureus and E. coli bacterial
strains. The report revealed that ZnO NPs are
effective towards sterilizing E. coli with
inhibition rates >99.9% (Thi et al., 2020).
Similarly, MgO and CaO NPs were also
prepared to identify their efficacy against E.
coli and S. aureus growth inhibition (Sawai,
2003). Alternatively, a p-type semiconductor
copper oxide (CuO) having a narrow energy
bandgap has been widely utilized for numerous
goals as a result of its eco-friendly types,

exceptionally stable, and anti-
inflammatory/bacterial agent (Hussain et al.,
2016), applicability in gas sensor, water

reducing agents, super-hydrophobic nature and
photocatalytic degradation phenomena (Dey,
2018).

Moreover, the hierarchical metal oxide (MO)
NPs such as CuO-ZnO NCs were recently
developed as photocatalysts for the degradation
of organic dye which was also been employed
in several application areas (Liang et al., 2018)
due to their high adsorption capability, extra
sites for functional moieties and adequate
porosity. For example, ZnO—CuO NCs have
been green synthesized using Calotropis
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gigantean while the synthesized NCs showed
superior photocatalytic activity against MB dye
and depressed the growth of E. coli and S.
aureus stains. A study signifies that such a
combination of NPs has verified the potential
antimicrobial activity of NCs (Akhavan and
Ghaderi, 2010) while it is very dependent on
the size and concentration of precursors (Azam
et al., 2012). In this regard, the average size of
NPs is smaller than bacterial pores which
enhances the penetration of bacterial cells
(Ahamed et al., 2014).

Despite many efforts that have been shown
about the antibacterial activities using MO
modified with plant extracts, still it needs
detailed investigation (Kumar et al., 2023) with
the help of green synthesis of mixed metal
oxides. To the best of our knowledge, there is
no research employed yet dealing with the
green synthesis of ZnO/CuO NCs using orange
peel extracts for bacterial growth inhibition.
Thus, this research work intended the green
synthesis of ZnO NPs and CuO NPs combined
nanocomposites (ZnO-CuO NCs) in orange
peel extract and study of antibacterial activities
against Gram-negative (Pseudomonas
aeroginosa) and Gram-positive
(Staphylococcus aureus) strains. Here, the
orange peel extracts is preferred to synthesize
NPs/NCs since it conatains the secondary
metabolites with potential reducing ability,
surface stabilization and capping power for this
particular nanomaterial. The NCs has
purposively prepared from the combination of
ZnO and CuO NPs in a sense that ZnO NPs is
very popular in photocatalysis, drug delivery,
nanomedicine and  microbial inhibition
activities; CuO NPs is widely utilized due to its
eco-friendly nature, more stable, antibacterial
activities and photocatalytic abilities. Thus, its
anticipated that the combination of these NPs in
the presence of orange peel extract which
possesses a variety of anti-oxidant components
such as flavonoids, tannins, reducing sugars,
cardiac glycosides, alkaloids, coumarins, O-
heterosides, and C-heterosides (Brezo-Borjan,
2023) would result in NCs with the narrow
energy bandgap and high surface-to-volume
ration so as to enhance the bacterial growth
inhibition rates. The prepared NPs and NCs
were characterized with UV-Vis, XRD, and

FTIR spectroscopy, and the bacterial inhibition
mechanism has been also deduced. The current
result demonstrated that the as-synthesized NPs
and NCs have the potential for growth
inhibition for both bacterial strains.

Materials and methods
Chemicals and instruments

Zinc 11) acetate dihydrate,
Zn(CH;C00),.2H,0, and copper sulfate
pentahydrate, CuSO4.5H,0 were employed to
synthesize ZnO NPs, CuO NPs and ZnO/CuO
NCs and sodium hydroxide, NaOH are
chemicals used for this study while ethanol was
employed as the precipitating agents and
washing purposes. Orange peel was taken to
synthesize CuO and ZnO NPs using the sol-gel
technique. Nutrient broth (NB) was provided
by Ambo University, Biology Laboratory while
the Agar disc diffusion method was adopted to
evaluate the antibacterial activity of NCs.
Instruments including UV-Vis Spectroscopy
(Cary 60 UV-Vis, Agilent technologies),
Fourier Transform Infrared (FTIR, Perkin-
Elmer LS-65-Luminescence
spectrophotometer), and X-ray Diffraction
(XRD, Min flux 600 powder diffractometer
Rigaco, USA) were used to characterize the
surface properties of nanomaterials.

Collection of orange and

Preparation of the extract

peel

The orange peel was purposively selected by
considering its chelating ability, reducing and
capping agent in the process of ZnO NPs, CuO
NPs, and ZnO/CuO NCs synthesis.
Accordingly, 4 kg of fresh orange fruit was
purchased from market in Ambo Town, Oromia
Regional State. The orange fruit is washed with
tap water to remove the contaminants and
rinsed with distilled water (DI) before being
peeled and dried. The peel was then placed in
an oven for 24 hrs to get dried components.
The dried peel was pulverized with a grinder to
produce a powder which was further used for
the extraction process (Brezo-B., 2023). Then,
30 g of powdered orange peels was dissolved in
300 mL DI followed by stirring for 1 hr at 50
°C. Then after, the heated samples was purified
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with the help of What man no.l, and the
solution hereafter utilized as a plant extract and

Preparation of ZnOQ and CuO NPs

ZnO and CuO NPs were prepared via sol-gel
method without orange peel extract (WoE)
(Dadi et al., 2019). ZnO (WoE) NPs and CuO
NPs (WoE) samples were synthesized by
dissolving 2 g of Zn(CH3COOQ),.2H,0, and 1.6
g of CuS0O,.5H,0 in each 60 mL of DI under
constant stirring. After 30 min, | M NaOH
aqueous solution were added dropwise to each
solution for the pH adjustment to 12. The
solutions was agitated for an additional 3 hrs.
The resultant precipitate is washed by DI and
ethanol persistently which then dried at 60 °C
for 24 hrs. The powder was calcinated at 500 'C
for 2 hrs. To the above primary solution, 30 mL
of orange peel extracts was added through
continuous stirring. Similarly, 1 M NaOH was
added into the above solution after 30 min in
order to fix the pH to 12. The solution was then
held undisturbed for 18 hrs to form a gel
followed by washing using DI and ethanol
repeatedly. Finally, CuO NP with extracts
(WE) and ZnO NPs (WE) were obtained once
the gel has dried in a vacuum oven at 60 °C and
calcinated at 500 °C for 2 hrs (Mohammadi-
Aloucheh, 2018).

Reaction mechanism in  the
synthesization of ZnO and CuO NPs

Scheme 1 displays the possible reaction
mechanism during the synthesis process of
ZnO and CuO NPs using orange peel extract.
The bioactive components that exist in orange

stored at 4 °C which was further used for
analysis (Kumar et al., 2020).

peel extract could act as ligand agents. Then,
the complex compounds would be formed
between the OH group of the organic molecules
and Zn*" ions. The corresponding nanoparticles
formed and stabilized through nucleation
process while the mixture of organic parts
would be decomposed upon calcination
resulting in the formation of ZnO NPs, Scheme
1(a) (Thi et al., 2020). Similarly, CuO NPs was
synthesized as the phytochemicals components
in extracts play the reducing process to convert
Cu”" ions to Cu NPs. Finally, Cu’ gets oxidized
to CuO NPs upon calcination, Scheme 1(b)
(Ahmed et al., 2022) and also the organic
components are used as capping agents to
prevent the NPs agglomerations (Veisi et al.,
2021).

Preparation of Zn0Q/Cu0O NCs

ZnO/CuO (WoE) NCs were synthesized using
2 g of Zn(CH;C00),.2H,0 and 1.6 g of
CuS0,4.5H,0 separately dissolved in 60 mL of
DI. 60 mL CuS0,.5H,0 solution is added
dropwise into 60 mL of Zn(CH;COO),.2H,0
solution. After constant agitation for 30 min,
the pH of the solution is fixed to 12. It was then
allowed to quiescent for 18 hrs so as to form
gel via washing by DI and ethanol. The gel is
then dried at 60 °C and calcinated at 500 °C for
2 hrs in order to prepare ZnO/CuO (WoE) NCs.
ZnO/CuO (WE) NCs were synthesized via
adding 30 mL of the orange peel extract to the
solution containing ZnO/CuO NCs.
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Scheme 1. The reaction mechanism during the formation of (a) ZnO NPs and (b) CuO NPs.

The required NCs is obtained by adjusting the
pH of the solution to 12 which was kept for 18
hrs to form a gel. The gel was then constantly
washed by DI, dried at 60 °C, and finally
calcinated at 500 °C for 2 hrs (Mohammadi-
Aloucheh, 2018).

The Characterization of ZnO NPs,
CuO NPs, and ZnO/CuO NCs

The colloidal solution of ZnO NPs, CuO NPs,
and ZnO/CuO NCs were tested for optical
absorption properties with the help of UV-Vis
Spectrophotometer over a wavelength of 200-
800 nm to determine their energy band gaps.
The quartz cuvet was used as a sample holder

0.9

2.1
PcosB @1

D=

and distilled water as a blank solution. The
functional group of as-synthesized NPs and
NCs were studied by FTIR spectrometer
(Perkin-Elmer LS-65- Luminescence
spectrometer) in 4000400 cm™ wavenumber.
The crystalline structure and grain average size
of nanoparticles/composites was revealed by
powder X-ray diffractometer (XRD, Min flux
600 powder diffractometer Rigaco, USA) with
Cu K radiations (k =0.154060 nm) in 20 of 10
- 80°. The average crystalline size of as-
synthesized NPs/NCs was determined by
Debye-Scherrer equation (Eq. 2.1) (Gawade et
al., 2017):

where 0.9 is Scherrer’s constant, A is the wavelength of radiation equivalent to 0.15406 nm,  is
peak width at half maximum, and 6 is Bragg’s angle.

Evaluation of antibacterial activities
of the nanomaterials

Antibacterial ~ activity of  as-synthesized
nanomaterials were done via taking two human
pathogenic bacterial strains (Staphylococcus
aureus AT2228 (gram-positive) which was
obtained from Ethiopian Public Health
Institute, and Pseudomonas aeroginosa (gram-
negative) local clinical isolate (isolated in
Biology Laboratory, Department of Biology ,

College of Natural and Compuational Sciences,
Ambo University). Agar well diffusion method
was adopted for an evaluation of the
antibacterial activity of nanomaterials. Muller
Hinton (MH) Agar plates were prepared,
sterilized, and solidified. After solidification,
10° CFU of bacterial cultures was swamped on
solidified MH Agar plates. Inoculums were
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prepared by mixing a few microbial colonies
with 4 mL of sterile peptone water and
comparing the turbidity with that of the
standard 0.5 McFarland solution which is
equivalent to 10°cfu/ml of bacteria (Balouiri ez
al., 2015). Five wells were cutout in the agar
layer of the plate using an aluminum borer of 6
mm diameter for each synthesized NPs
(Prabakaranand Gunawardena, 2012). In the
case of ZnO (WE, WoE), CuO (WE, WoE),
and ZnO/CuO (WE, WoE) synthesized
nanomaterials were prepared to determine the
effective concentration for
bacteriostatic/bactericidal. Then, 50 ml of each
of the synthesized nanoparticles, positive
control (Cloxacillin), and negative control
(DMSO) were dropped into the wells using a
micropipette which has been incubated at 37 °C
for 18 hrs. At the verge of incubation time, the
bacterial inhibition activities of as-synthesized
NPs were checked through observing and the
zone of inhibition was measured by ruler (mm)
and the data was recored.

Results and Discussion

Analysis of Crystal Structure

Fig. 1 represents XRD spectra of ZnO (WE,
WoE), CuO (WE, WoE) and ZnO/CuO (WE,
WoE) NCs. The XRD patterns of ZnO (WoE)
NPs are located at 31.87, 34.53, 36.36, 47.64,
56.69, 62.96, 66.47 and 68.04 diffraction angle
which corresponds to miller indeces of (100),
(002), (101), (102), (110), (103), (200) and
(112) indicated the presence of pure ZnO
(WoE) NPs as it was agreed with the result
observed and assigned to JCPDS file no.

361451 (Bala et al., 2015). The XRD spectra
corresponding to ZnO (WE) were observed at
31.82,34.47, 36.29, 47.58, 56.64, 62.42, 6291,
66.43 and 68.04 diffraction angle confirmed the
existence of extract so that it does not affected
the crystallinity of ZnO NPs. In this regard,
ZnO (WoE, WE) samples corresponded to
hexagonal crystalline phase as reported in the
previous studies (Arakha et al., and 2015).
This result demonstrated that all the
characteristic peaks of ZnO (WoE, WE) NPs
were similar before and after the addition of
orange peel extracts with no impurities existing
in synthesized NPs (Bala et al., 2015).

The average crystalline size (Eq. 2.1) for ZnO
(WoE) and ZnO (WE) were calculated using
three intensive peaks (Batool et al., 2022).
Accordingly, the obtained crystallite size were
33.89 and 22.71 nm, respectively (Table 1).
The calculated values of ZnO (WE) NPs was
smaller as compared to ZnO (WoE) NPs which
signifies that the orange peel extract would
assist the reduction of Zn>" ions to Zn NPs with
smaller particle size. XRD pattern for CuO
(WoE) NPs showed peaks at 20 = 33.65, 38.86,
48.88, 58.39, 61.65, 66.34, 68.15, and 75.56°
corresponding to (110), (200), (202), (020),
(113), (311), (220) and (004) planes. As no
additional peaks were emerged which related to
other phases, all the diffraction patterns are
indexed to indicate the typical monoclinic
structure of the NPs. In addition, the XRD
pattern for as-synthesized CuO (WE) NPs
peaks were noticed at 20 = 32.24, 35.65, 38.86,
48.88, 58.39, 61.65, 66.34, 68.15 and 75.56°
corresponding to (110), (111), (200), (202),
(020), (113), (311), (220) and (004) planes
which agree with JCPDS Card No. 80-1916.
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Figure 1. XRD spectrum of ZnO NPs, CuO NPs, and ZnO/CuO NCs with and without orange peel extract.

Similarly, the average crystalline size for CuO
(WoE) and CuO (WE) are found to be 33.04
and 16.46 nm, respectively (Table 1) which
followed the same trends of ZnO (WoE, WE)
(Hasan et al., 2022). The diffraction peaks of
ZnO/CuO (WoE) NCs was observed at 31.81,
34.47, 36.29, 38.87, 47.58, 56.64, 62.90, and
68.02° while the diffraction angle was observed
at 31.86, 34.51, 36.34, 38.82, 47.64, 56.66,
62.93 and 68.05 ° for ZnO/CuO (WE) NCs.
From the results, the green synthesized ZnO-
CuO (WoE, WE) NCs are well-matched with
the standard value of JCPDS card No. 3—888
and 5-661 (Mohammadi-Aloucheh, 2018)
confirming the prepared NCs from the
combination of NPs are crystal in nature.

Furthermore, the absence of extra phases could
signify that the as-synthesized NCs is pure in
phase. The calculated the average crystalline
from (Eq. 2.1) (Naik et al., 2018) for ZnO-CuO
NCs is equals to 26.89 and 16.76 nm,
respectively. It is evident that, the
corresponding crystalline size of ZnO/CuO
(WE) NCs was smaller than that ZnO/CuO
(WoE) (Table 1). This difference might be
raised as various functional groups such as O-
H, C-H, O-CH;, CHO, and COOH existed
within the orange peel extract (Multari et al.,
2020). On top of that, the phytochemical
constituents presented in the plant extracts
could trigger the reduction of Zn?' and Cu®’
ions and reduce the crystalline size of as-
synthesized NPs (Bala et al., 2015).

Table 1. Summary of crystalline size calculation data obtained from XRD spectra

Photocatalyst 20 0 cosO p FWHM D (nm) Average
ZnO-WoE 3636  18.18 095009 02635  0.004598943 33.1304  33.89
3187 1593 096157 0.2684 0.004684464 32.137

3453 1727 095494 0.2384 0.004160865 36.4324
ZnO-WE 3629 1815 095026 0.4164 0.007267551 209613 22.71

31.81 1591 096171 0.407 0.00710349 21.1902

3447 1724 095509 0.3341 0.005831145 25.9925
CuO-WoE 3886 1943 094305 031 0.005410521 28371 33.04
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3565  17.82  0.95201
3224 1612 0.96069
CuO-WE 38.84 1942 0.94311
3557 1779 0.95221
48.64 2432 091125
ZnO/CuO- 3629  18.15 0.95026
WoE 3447 1724 09551
31.81 159  0.96172
ZnO/CuO- 3634  18.85  0.9464
WE 31.86 1593 0.27082
3451 1725  0.955

0.2602
0.2317
0.5271
0.4912
0.6084
0.3565
0.2699
0.3589
0.5476
0.5004
0.447

0.004541347 33.4829
0.004043928 37.2617
0.00919963 16.6845 16.46
0.008573057 17.733
0.010618583 14.9604
0.006222099 244832  26.89
0.004710644 32.1752
0.006263987 24.0298
0.009557427 15.1463 16.76
0.008733631 16.575
0.007801625 18.5551

Analysis of functional group

Fig. 2 represents the FT-IR spectrum of ZnO
(WoE, WE), CuO (WoE, WE) NPs, and
ZnO/CuO (WoE, WE) NCs. Accordingly, the
weak absorption spectrum determined at 3410
em™ represented stretching vibrations of O-H
bond in the aforementioned samples (Gayenet
al., 2008). The current finding agree with the
previous reports (Hashmi, 2021) on the
existence of fundamental functional group of
NPs/NCs.  Accordingly, the presence of
aromatic compounds in the samples containing

plant extracts was demosntrated C=C
stretching, C-H stretching, and C=C-C
asymmetric stretching bands which

corresponding to 1100, 1140 and 1450 cm™,
respectively (Awwad and Abdeen, 2012). In

addition, the bending vibration of —C—OH,
stretching vibration of —N-H, and stetching
vibration of —-C=0 groups in alcohol, secondary
amine and conjugated aromatic ring,
respectively are observed at 850 cm’
(Mukherjee et al.,, 2012). Alternatively, the
FTIR spectra of ZnO (WoE, WE) and
Zn0O/CuO (WoE, WE) displayed at 424 cm™
are attributed to the stretching vibration of Zn—
O (Das et al., 2012). Prior study revealed that
the presence of polysaccharide carbohydrates
has the adequate binding power with metals
(Zn, Cu) and generate layers on its surface in
order to avoid agglomeration in the reaction
medium (Sawai, 2003). Similarly, the distinct
peak generated at 450 cm™' represent the
vibration of Cu—O bond in CuO (WoE, WE)
and ZnO/CuO (WoE, WE) NPs and NCs,
respectively.
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Figure 2. FTIR spectra of as-synthesized nanomaterials with and without extracts

Moreover, the substantial absorption bands
corresponding to ZnO/CuO (WoE, WE) NCs
existed at 424 cm ™' and 450 cm™' are ascribed
Zn—-O and Cu—O stretching vibrations,
respectively (Kiwi and Nadtochenko, 2005). As
a consequence, the anticipated functional
groups were confirmed from the FTIR spectra
indicating that the NPs and NCs were
successfully synthesized. In addition, the
spectra of samples containing orange peel
extract provided more intensive peaks as
compared to samples without extract ensured
the presence of secondary metabolite impact
the stretching vibration of the NPs/NCs.

UV-Vis Absorption Analysis

Fig. 3 demonstrate UV-Vis spectrum of as-
synthesized NPs and NCs. The spectrum
showed the characteristics absorbance bands of
nanomaterials realize the formation of NPs and
NCs. The result signified that the synthesized
NPs and NCs with orange peel extract are
suitable to complete the reduction of Zn*" and
Cu*" to ZnO and CuO NPs respectively. The
absorption wavelength may be adhered to the
energy band gap (E,) of the synthesized ZnO
(WoE, WE) NPs, CuO (WoE, WE) NPs, and
ZnO/CuO (WoE, WE) NCs. Nevertheless, the
band edges of NCs are more significant,
denoting the addition of CuO creates extra
states in the band gap of ZnO. The energy band
gap of  as-synthesized nanomaterials
determined using Eq. 2, (Alemu T. et al.,
2022):

E g — hﬁ'f( 3

(2.2)

where, h is Planck’s constant = 6.63 x 10~* m?
kg s, ¢ is speed of light = 3.00 x 10® ms™, A is
maximum absorption wavelength in UV region.
The E, value for ZnO (WoE, WE) NPs, CuO
(WoE, WE) NPs, and ZnO/CuO (WoE, WE)
NCs were calculated ranging between 3.02 to
2.70 eV which is slightly lower than un-doped
ZnO NPs (3.31 e¢V) and CuO NPs (3.28 eV) as
reported by (Shamsuzzaman et al., 2014, Khan
et al., 2013) and even lower than the theoretical
values of 3.37eV  (Deviet al., 2014).
Conversely, the energy gap has significantly
declined for the NCs and further improved for
NPs treated with extracts i.e., 3.02, 2.84, 2.81
and 2.70 eV for CuO (WoE) NPs, CuO (WE),
ZnO/CuO (WoE) and ZnO/CuO (WE) NCs
respectively. The result indicates that the UV-
Vis absorption spectrum for synthesized
samples absorbs at a specific wavelength for
each nanomaterial. Owing to the smaller E,, the
electron is simply excited from VB to CB
which depends on the particle size, oxygen
deficiency, surface coarseness, and lattice strain
of NPs (Fahmy and Cormier, 2009). Therefore,
UV-Vis spectroscopic characterization has
specified the preparation of nano-sized ZnO,
CuO and ZnO/CuO with and without orange
peel extracts with significant optical absorption
ability.
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Figure 3. UV-Vis spectra of ZnO (WoE, WE) NPs, CuO (WoE, WE) NPs, and ZnO/CuO (WoE, WE) NCs.
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Study of antibacterial activity

An antimicrobial activities of CuO (WoE, WE)
NPs, ZnO (WoE, WE) NPs, and ZnO/CuO
(WoE, WE) NCs were examined for anti-
bacterial activity against two human pathogenic
bacterial strain i.e., gram-positive (S. aureus)
and gram-negative (P. aeroginosa) by means of
agar well diffusion technique (Fig. 4 and 5). In
this study, orange peel extract was used since
its phytochemicals become specific in the
synthesis of nanoparticles and play a role in
reducing and capping purposes (Faisal et al.,
2021). As an indicator of how effectively
nanomaterials and antibiotics combat bacteria,
the ZOI that developed around the wells
displayed the clearance of bacteria with control
samples (Cloxacillin and DEMSO). The
antibacterial effect of nanomaterials against
both bacteria compared with control samples
showed varied ZOI diameters at the same
concentration level of different NPs (Table 2).
The ZOI reflect the bacteria's susceptibility to
toxic agents so that the disinfectant sensitive
strains show larger ZOI radius which is
opposite to resistant strains. Among the three
NPs/NCs, the antibacterial activities of
ZnO/CuO (WE) NCs were measured and
showed a good response against S. aureus with
an average maximum ZOI of 16.67 mm while
against P. aeroginosa showed relatively lower
average ZOI which is 15.33 mm after 18 hrs
incubation times. This indicates that ZnO/CuO
(WE) NCs are more effective in S. aureus than
P. aeroginosa. ZnO/CuO (WoE) NCs recorded
13.70 and 15.30 mm antibacterial ZOI against
S. aureus and P. aeroginosa, respectively. The
findings  revealed that the  bacterial
susceptibility to the aforementioned NPs and
NCs were found vary relying on microbial
species and presence of orange peel extract.

The well filled with the negative control
(DMSO) did not show any ZOI whereas the
well filled with the positive control
(Cloxacillin) showed the highest ZOL
Practically, the antibacterial activity primarily
depends on the reactive oxygen species (ROS),
NPs surface area, and sizes. ZnO/CuO NCs

generate ROS such as HO*, 0,", 0y, and -0
through the Fenton reaction. This radical
formation could abolish the bacteria via lipid
peroxidation, DNA damage, and protein
oxidation (Kumar et al., 2020). A similar study
was conducted using the ZnO/CuO NCs to
investigate its performance against S. aureus
and E. coli. The ZOI formed by NCs has been
showing substantial degree of inhibition for
both bacterial strains as compared to standard
antibiotic ciprofloxacin (Lingaraju, N., 2019).
Similarly, the antibacterial efficacy of ZnO-
NPs synthesized using a medicinal plant was
investigated and the biosynthesized NPs attain
fundamental capping and stabilizing agents
originated from plant extracts (Hussain and
Hasan, 2023, Khan et al., 2016, Kumar et al.,
2017). In accordance, ZnO (WE) NPs have
antibacterial ZOI of 14.7 and 16 mm against S.
aureus and P. aeroginosa while ZnO (WoE)
NPs have inhibited bacteria to about 12.7 and
15 mm against S. aureus and P. aeroginosa,
respectively. This indicates that both ZnO
(WoE, WE) NPs are more effective for P.
aeroginosa than S. aureus which also works for
CuO (WE) NPs. Therefore, the as-syntheisized
NPs were observed with effecive inhibition of
Streptomyces strain in a dose-dependent way
(Faisal et al., 2021). In current study, the
bacterial inhibition mechanisms entails the
formation of reactive oxygen species (ROS)
including hydrogen peroxide (H,0,), hydroxyl
radicals ("OH), peroxide (0,”) (Nair et al.,
2009) and reactive ions of NPs (Kasemets et
al., 2009) are among the driving active species.
These reactive species are speed up the
demolition of cellular constituents of S. aureus
and P. aeroginosa (Lipovsky et al., 2011). In
this regard, the ZnO nanotoxicity is due to the
dissolution of ZnO NPs into Zn*" ions (Zhu and
Lin, 2011) as well as formation of Cu®" ions.
Jiang et al. (Jiang and Xing, 2009) and Sawai
(Sawai, 2003) reported the role of Zn*" in ZnO

nanotoxicity is negligible due to low
concentrations of solubilized Zn ions.
Ultimately, the bacterial membrane

permeability could be altered through the
accumulation and spreading of NPs in the cell
membrane (Diaz-V. et al., 2011).
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Table 2. Antibacterial activity of nanomaterials with/without orange peels extract applied to two

human pathogenic bacteria

S.N.  Nanoparticles Test organism Zone of inhibition (mm)
Trial-1 ~ Trial-2 Trial-3 Average Cloxacillin
1 ZnO/Cuo (WE) S. aureus 18 17 15 16.67 23
P.aeroginosa 16 14 16 15.33 22
2 ZnO/CuO (WoE) . aureus 15 12 14 13.70 20
P.aeroginosa 17 13 16 15.30 22
3 ZnO (WE) S. aureus 12 13 13 12.70 22
P. aeroginosa 15 14 16 15.00 23
4 ZnO (WoE) S. aureus 15 14 15 14.70 22
P. aeroginosa 15 17 16 16.00 23
5 CuO (WE) S. aureus 12 11 13 12.00 20
P.aeroginosa 17 13 16 15.30 23
6 CuO (WoE) S. aureus 15 12 14 13.70 22
P. aeroginosa 11 12 14 12.30 21

Thus, the antibacterial effectiveness is derictly
correlated to NPs/NCs particle sizes. The
smaller particle size could easily penetrate
bacterial cellwall and flourish better effect on
bacterial growth (Huang et al, 2022).
Generally, the bacterial inhibition mechanism
of ZnO/CuO NCs synthesized via the green
route, the active oxygen species is the one that

S. aureus

CuO NPs

Zn(/CuO NCs

Zn0Q NPs

could demolish the bacterial cell membranes
and inhibit its growth (Bala et al., 2015, Sawai,
2003, Kiwi and Nadtochenko, 2005).
Concerning ZnO/CuO (WE) NCs, the
antibacterial activity might be ascribed the
release of Cu’"-Zn>" ions which interact with
negatively charged S. aureus bacterial cell (Cai
etal., 2014).

P. aeroginose

Figure 4. The antibacterial activity of nanoparticles without orange peel extracts against
two human pathogenic bacteria
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Besides to the above reason, the smaller NPs
sizes in fact helped adhering to the bacterial
organs so as to devastate the cellwall (Saif et
al., 2021). The vital bacterial enzyme would be
damaged by NPs that can enter the cell
membrane (Sondi and Salopek-Sondi, 2004).
Similarly, the P. aeroginose strains are highly

S. aureus

Zn0O NPs

CuD NPs

Zn0O/Cu0 NCs

vulnerable to the phytochemical of orange peel
extract which could adhered to the surface of
ZnO (WE) and CuO (WE) NPs. The study
revealed that the phytochemicals can forms
complex structures within the bacterial cellwall
and increases cell membrane leaching (Walsh
et al., 2003).

P. aeroginose

Figure 5. The antibacterial activity of nanoparticles with orange peel extracts against human

pathogens

In addition, the hydroxylation of the cellwall
could be initiated by OH group of polyphenols
which is toxic to bacterial cell wall (Bala et al.,
2015). It was evident that the ZOI of samples
specified that the synthesized compounds
significantly inhibited the targeted bacteria
which ascribed to their larger surface area,
ROS and particle size (Espitia et al., 2012)
which  provides  better  contact  with
microorganisms. The current finding indicates
that the green synthesized ZnO/CuO (WE) NCs
could solve serious problems related to human
health and promising nanocomposites to curtail

such challenges and could substitute antibiotics
resistant, economically viable, and toxic to
bacterial strains.

Conclusion

In this paper, the Authors attempted to examine
the antibacterial activity of green synthesized
Zn0O NPs, CuO NPs, and ZnO/CuO NCs for the
growth inhibition againist Staphylococcus
aureus and Pseudomonas aeroginosa bacterial
strains while the surface properties of NPs/NCs
were characterized with the help of XRD, FTIR
and UV-vis spectroscopies. Accordingly, the
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XRD has demonstrated the formation of
hexagonal wurtzite structure with the crystallite
size of 1646 - 22.71 nm particularly for
ZnO/CuO (WE) NCs whereas the FTIR
revealed the vibrational stretching indicated the
existence of metals-O bonds within the
nanomaterials.  Similarly, the UV-Vis
spectroscopy confirmed the green synthesized
ZnO/CuO NCs obssessed a very narrow energy
gap. Among those nanomaterials, the one
consisted the orange fruit peel has exhibited a
remarkable bacterial growth inihibition ability
against human pathogens. Concecuently, the
highest bacterial growth inhibition zones were
recorded by ZnO/CuO (WE) NCs whereas ZnO
(WoE, WE), CuO (WoE, WE), and ZnO/CuO
(WoE) were ranked in decreasing order.
Finally, the authors concluded that the green
synthesized NPs/NCs could be applied as
disinfectant agent due to their growth inhibition
efficiency against the tested microbial
organisms in particular bacterial strains.
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