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In this experimental study was designed to synthesis the CuO NPs using medicinal plant ofMoringa olei-
fera for eradicate the biofilm formation. In result, the UV-spectrum of the synthesized CuO NPs subjected
to the range between 200 and 600 nm. Among these, the prominent absorbance peak at 430 nm indicated
the peak was held to the copper oxide nanoparticle (CuO NPs). The particle size of biosynthesized CuO
NPs varied from 90 nm to 250 nm with more than 50% distribution appearing between 130 nm and
170 nm. In addition, it was further confirmed by PSA, SEM, TEM and SAED of irregular shape and also
crystalline nature. All the synthesis and characterization results were clearly supported to the result
and confirmed that the synthesized nanoparticle is CuO NPs. Further, the biosynthesized CuO NPs was
performed against biofilm forming K. pneumoniae, S. aureus and A. baumannii. The anti-bacterial activity
result was shown with 20 mm, 14 mm and 18 mm zone of inhibition against K. pneumoniae, S. aureus and
A. baumannii. The minimum biofilm inhibition concentration result was more evident, that the CuO NPs
has excellent anti-biofilm activity at 1000 lg/mL concentration. Furthermore, the decreased survival rate
of the CuO NPs was observed at 1000 lg /mL concentration by liquid survival degradation assay. Overall,
all the results were clearly confirmed that the CuO NPs has excellent anti-biofilm ability against K. pneu-
moniae, S. aureus and A. baumannii.
� 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

Copper oxide nanoparticles (CuO) are nanoparticles containing
oxidized to form Cu ions. There are several methods of producing
CuO NPs, like physical, chemical and biological methods. Biological
methods are preferred over other methods as they are environ-
mentally friendly. So they are referred to as green methods. Of
the biological methods, metal ions are reduced to metal oxide
mostly by either plant extracts or microbes. Microbial methods
are ones which makes use of primary or secondary metabolites
of micro-organisms for the reduction of metal oxide. The impor-
tance of green synthesis of nanoparticles is discussed by Akintelu
et al. (2021). Based on the previous statement, the economic, pro-
duct purity, biocompatibility and reaction requirement conditions
were more advantages for green synthesis methods over chemical
synthetic, and also physical synthesis procedures (Nithiyavathi
et al., 2021; Rajivgandhi et al., 2019a,b).

Plant extracts are excellent source of enzymes which is respon-
sible for redox reaction responsible for the formation of metal
oxide nanoparticles from their bulk counterparts. The general reac-
tion for the formation of metal oxide nanoparticle (References).
This process stabilizes metal ions without the use of harmful
chemicals or extreme physical conditions. A wide variety of plants
were used for copper nanoparticle green synthesis. A comparative
analysis of Letchumanan et al. (2021), evaluated various plant
based methods along with physical and chemicals methods for
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synthesis of CuO NPs. Each method has its own advantages and
disadvantages. Plant based methods are cheap, eco-friendly and
makes use of renewable resources. Some of the disadvantages
mentioned for plant based metal nanoparticle synthesis include
batch to batch variability in size, shape and yield along with less
control over synthetic systems.

Ananda Murthy et al. (2020) utilized indigenous medicinal
plant Hagenia abyssinica (Brace) JF. Gmel for the synthesis of CuO
NPs. They utilized leaf extracts for biosynthesis of CuO NPs and
found bioactive nanoparticles with potential medical application.
Similarly Ghosh et al. (2020) reported multiple applications of
CuO NPs synthesized using biodiesel plant called Jatropha curcas
leaves. Apart from anti-microbial properties, they were evaluated
electrical and magnetic properties of CuO NPs. Recently, Mali
et al. (2020), documented that the Celastrus paniculatus leaf extract
mediated CuO NPs has excellent antifungal and photocatalytic
activity compared with physical and chemical methods. The aque-
ous extract of Nerium oleander leaf aqueous mediated CuO NPs has
excellent anti-bacterial activity against various pathogen (Gopi-
nath et al., 2020).

Extensive studies are available for CuO synthesis using plant
extracts. Hence the study was designed to understand the forma-
tion of CuO NPs, its types, characteristics and utility across various
industries. In this study copper acetate was selected to use as a
starting material. Copper acetate was chosen to eliminate residual
components such as halides or sulfur containing materials which
might interfere with nanoparticle purity and integrity if those inor-
ganic salts were employed. Acetate salts leave little of no residue as
the redox reaction takes care of liberating the available counter
ions in the plant extract mixture. Upon drying, the settlements
can be directly used without needing for further purification steps.
Previously, Chung et al. (2017) was also synthesized CuO NPs from
copper acetate using plant of Eclipta prostrata leaves extract and it
has excellent biological properties against various bacteria.

As a source of plant material, Moringa oleifera (MO) leaves were
utilized in this study. Due to availability and known medicinal
properties, the plant source was decided. Finished product would
be CuO NPs, which was intended for biomedical application and
it will be acted as an efficient biomaterial in future drug delivery.
2. Materials and method

2.1. Moringa olifera (MO) leaf powder preparation

MO leaves were collected for this study. Leaves were inspected
visually to make sure they are devoid of infections and pests. They
were carefully separated from their stems and washed multiple
times with running water to remove dust and other impurities.
The cleaned leaves were allowed to dry completely by keeping
them in shade at room temperature for 3 days. It was then made
into a fine powder using lab scale blender. The powdered leaf
material was properly stored in dry containers till further usage.

2.2. Leaf extract preparation

30 g of ground MO powder was taken in a beaker and 100 mL of
distilled water was added to it. The solution was allowed to stir
using magnetic beads at 250 rpm in room temperature for three
hours. It was then filtered using Whatman No. 1 filter paper.

2.3. Synthesis of CuO NPs

From the filtered solution 50 mL was taken in a beaker and
0.2 M copper acetate solution was added to it. Then the solution
was left to dissolve overnight at room temperature in a shaker
2

incubator. After about 16 h, the solution was completely dried
and the sediments were collected and the CuO NPs were dried at
100 �C. It was then stored in brown bottles (Merugu et al., 2021).

2.4. Characterization of CuO NPs

The synthesized CuO NPs was subjected to the following meth-
ods for characterization. UV–Visible spectroscopy, Particle size
analysis, Scanning electron microscopy, Transmission electron
microscopy, Energy dispersive X-ray analysis and Selective area
electron diffraction. These results will help in understanding the
purity, size, shape, uniformity and distribution of biosynthesized
nanoparticles.

2.5. Anti-bacterial activity of CuO NPs

The anti-bacterial activity of the CuO NPs was effectively per-
formed against biofilm producing bacteria by agar well diffusion
method (Naseer et al., 2021). Briefly, the 24 h culture of biofilm
producing bacteria K. pneumonia, S. aureus and A. baumannii were
taken on cotton swab and spread evenly on freshly prepared mul-
ler hinton agar plates. Then, the wells were cut and then added the
synthesized CuO NPs at the concemtration of 10–100 lg/mL into
the wells, and kept into incubator for one-day incubation. After
one day incubation, the zone of inhibition around the synthesized
copper oxide nanoparticles was calculated based on the measuring
scale in diameter Baig et al. (2020).

2.6. Minimum biofilm inhibition concentration of synthesized CuO NPs

The 24 h old bacterial cultures of K. pneumonia, S. aureus and A.
baumannii were added into freshly prepared tryptic soy broth into
96-well plate to detect the adherent bacteria detection. This liquid
medium based inhibition assay was used in this study based on the
previously reported protocol of Hashim Khan et al. (2019). Briefly,
the freshly prepared tryptic soy broth was evenly added into all the
wells in the 100 lL volume. Next 10 lL of pathogens culture was
added in every well and it was shaken well, then the plate was
allowed for 1 h incubated. Then, different concentration (100–10
00 lg/mL) of synthesized CuO NPs was added in the respective
wells. Then shaken the plate gently and seen whether the nanopar-
ticle sample was diluted into the cultures containing solution or
not. After clear dilution, the plate was put into incubator with 37
℃ and allowed to treat one day time interval. Other side, the patho-
gen plus culture without treatment with nanoparticle of the well
was performed as a control. After successful treatment with one
day time interval, the turbidity of the control and treated wells
of the plate was seen in naked eye. The wells showing increased
turbidity due to dead cells was considered as a response expected
due to nanoparticle inhibition and it was compared to untreated
control well with no turbidity. Then, this result was cross checked
using inhibition percentage detection based on the previously
reported evidences of Rajivagndhi et al. (2019). In percentage of
biofilm inhibition, both treated and untreated wells containing cul-
ture was analyzed on O.D of 550 nm and interpreted each other.
The lowest and highest inhibition effect was identified in particular
concentrations, and highest inhibition with lowest concentration
exhibited result concentration was fixed as a minimum biofilm
inhibition concentration.

2.6.1. Biofilm survival assay
In biofilm survival experiment, the selected bacterial culture

was intended to analyze the bacterial survival after treatment with
CuO NPs by UV-spectroscopy with the help of XTT solution. In this
experiment was completely followed by Kim et al. (2017), and step
by step protocol was available below. Initially, the tryptic soy agar
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medium was filled into 24-well plate and 250 lg/mL of pathogen
plus different diluted concentration of CuO NPs after sonication
were inoculated into the wells. In addition, without addition of
CuO NPs with above used procedure containing well was per-
formed as control. The mixtures were shaked each other and plates
were maintained incubation using 37 ℃ for 24 h. Then, the plate
was taken and added XTT solution in equal volume in all the wells.
Then, the plate was maintained 1 h incubation with 37 �C set up
incubator. After added PBS solution, the 50 lg/mL of menadione
acetate solution was added in to all the wells and shaken the plate
clearly and maintained into the 37 �C set up incubator for 1 h.
Finally, the formed and unformed results of the treated and
untreated wells were read on UV-spectrometer at 540 nm. Then,
the calculation was made after compared the control and tested
values (Khaled et al., 2021).
3. Results and discussion

3.1. Biosynthesis of CuO NPs

Fig. 1a depicts, the formation of CuO NPs using MO leaf extract.
Copper acetate solution which was blue in color turned to brown,
indicating the formation of CuO NPs. Not much of literature is
available for using copper acetate as a precursor in plant based
nanoparticle synthesis. However, some of the research articles
quote about using copper acetate for synthesis of CuO NPs by ther-
mal decomposition methods (Adner et al., 2013). Lastovina et al.
(2016) prepared CuO NPs from copper acetate by following three
(b) (

(a)

Copper substrate Copper aceta

Fig. 1. Biosynthesis method of CuO NPs using Moringa olifera leaves (a), UV–vis spectro
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methods which employ physical, chemical and combination
methods.
3.2. Characterization of CuO NPs

3.2.1. UV–Visible spectroscopy
The UV–visible spectrum of reconstituted CuO NPs in distilled

water is shown in Fig. 1b. The spectrum was read from 200 nm
to 600 nm using a quartz cuvette of path length 1 cm. It showed
prominent absorbance peak at 430 nm. Some of the chemically
synthesized CuO NPs produces electromagnetic radiation absorp-
tion at around 500 nm, which they mention as reaction dependent
and could vary with the type of reagents used (Zhao et al., 2022;
Lee et al., 2011).
3.2.2. Particle size analysis
The particle size of biosynthesized CuO NPs varied from 90 nm

to 250 nm with more than 50% of frequencies appearing between
130 nm and 170 nm as shown in Fig. 1c. The particles could be
irregular shaped, resulting in broad range of particle size distribu-
tion. However it cannot be ascertained based only on PSA graphs.
Additional characterization methodologies need to be addressed
to understand the size and shape. Chemical and physical methods
could yield uniform particles with lesser range of size distribution
as the leverage on control of reaction exists with the researcher.
Biological methods cannot be taken in a similar fashion. Hence a
broader range of particle distribution is expected in this case.
c)

te +MO                   CuO NPs

scopy (b) and PSA frequency analysis (c) of CuO NPs using Moringa olifera leaves.
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Nagar and Devra, (2018) used neem leaves to biologically synthe-
size CuO NPs and the mean particle size was observed as 48 nm.
 (a)

(c) (d)

(e) (f)
3.2.3. Electron microscopy (SEM and TEM)
Fig. 2 shows the electron microscopic images of CuO NPs syn-

thesized using MO leaves. Fig. 2a-d show, the SEM images at vari-
ous magnifications, indicating the topology of synthesized CuO
NPs. They seemed to be irregular shaped with varying size distri-
bution, which concurs with the observation from particle size anal-
ysis. TEM also confirmed the inference of irregular shaped CuO NPs
as observed while testing with other characterization tools (Fig. 3-
a-d). Recently, Dashtizadeh et al. (2021), synthesized CuO NPs by
two methods such as green chemistry and leaf extract method.
They noticed that chemical synthesis method yielded smaller par-
ticles (less than 50% lesser in dimension) compared to the leaf
extract method. They produced CuO NPs of mean size of 100 nm
which corroborates with our observation. Jahan et al. (2021) was
revealed that the biosynthesized CuO NPs has uniform size in
TEM micrograph image and it highly similar to present result of
biosynthesized CuO NPs. Also, Usha et al. (2017) reported spherical
nanoparticles of uniform size while using Tulasi plant extract for
biosynthesis of CuO NPs. Uniform distribution of CuO NPs of about
10 nm was observed by Ghosh et al. (2020) using Jatropha curcas
leaf extracts.
(a) (b)

(c) (d)

(e)

Fig. 2. Various magnification of biosynthesized CuO NPs in SEM (a-d) and EDAX
profile of CuO NPs using Moringa olifera leaves (e).

Fig. 3. Various magnification of biosynthesized CuO NPs in TEM pictograph (a-d)
and SAED profile (e, f) of CuO NPs using Moringa olifera leaves.
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3.2.4. Energy dispersive X-ray examination
EDAX analysis of biosynthesized nanoparticles yielded promi-

nent copper peaks upon elemental analysis. Few oxygen peaks
were observed; however, they were insignificant compared to
the copper peaks as shown in Fig. 2e. This proves that the biosyn-
thesized CuO NPs are highly pure and could be taken for any kind
of applications, be it medical or food application as it doesn’t con-
tain residual species.

3.2.5. Selected area diffraction
Fig. 3e, f show, the SAED profile of biosynthesized CuO NPs. The

presence of bright spots indicates that the particles are crystalline
in nature. Since background haze is not observed, the nanoparticles
synthesized are not amorphous. The visualization of concentric
rings in the profile shows the presence of polymorphic forms with
irregular shapes as reported in PSA inference. The observation is in
agreement with Anandha Murthy et al. (2020) as they observed 6
concentric rings indicating planar rings with interplanar spacing
calculated which corresponded to Cu and CuO nanoparticles.
Chung et al. (2017) illustrated that CuO NPs synthesized using leaf
extracts of Eclipta prostrata had various crystal sized of different
orientation however of uniform size. Recent report of
Nithiyavathi et al. (2021) and Sharma et al. (2019) documented
with supportive evidences of biosynthesized CuO NPs with their
SAED profile.

3.2.6. Anti-bacterial activity of synthesized CuO NPs
Based on the 24 h completed plate result, the synthesized cop-

per oxide nanoparticle was very effective against biofilm produc-
ing tested K. pneumonia, S. aureus and A. baumannii. All the
bacteria were highly sensitive to copper oxide nanoparticle at
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1000 lg/mL concentration. In 500 lg/mL and 1000 lg/mL con-
centrations, the zones were shown 6 mm, and 16 mm zone of
inhibition against K. pneumonia, 8 mm and 18 mm zones of inhi-
bition against S. aureus and 4 mm and 18 mm zones of inhibition
against A. baumannii were observed respectively. A study using
synthesized nanoparticles by Asamoah et al. (2020), exhibited
26 mm and 30 mm zones of inhibition against S. aureus and A.
baumanni were also observed respectively. In addition, the
resulted concentration of 100 lg/mL showed the inhibition role
against both the bacteria of K. pneumonia S. aureus and A. bau-
manni. The inhibition range of concentration and their respective
zones were available in Fig. 4. In addition, the zone of inhibition
against all the K. pneumonia, S. aureus and A. baumanni in muller
hinton agar plate was exhibited in Fig. 4a, b, c. Based on the
above said result, the result was suggested that the synthesized
has efficient anti-bacterial activity against tested K. pneumonia,
S. aureus and A. baumanni at increasing concentration. This
increasing concentration study format is highly useful to current
research to inhibit the multi-drug resistant pathogens in very
lowest concentration (Rajeshkumar et al., 2021). The result was
most accordance with previous report of Sasidharan et al.
(2020) and biosynthesized copper oxide nanoparticles very effec-
tive against multi drug resistant bacteria. Mechanistically, the
negative charges of the bacterial surface were attractive to posi-
tive charges of the synthesized (Sharmila et al., 2018) and lysis
the cell wall initially, and then enter into extracellular lipids,
polysaccharides and other granular parts. Finally, the CuO NPs
was enter into the nucleolus of the bacteria and altered the func-
tion of bacteria, and it leads to complete death (Bhushan et al.,
2019; Fernandez et al., 2020).
10 µg/mL

100 µg/mL

Ceftazidime

10

100 µ

(a)

(b)

Fig. 4. Anti-biofilm activity of CuO NPs against biofilm producing bacteria K. pneum
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3.2.7. Minimum biofilm inhibition concentration of CuO NPs
The confirmation evidences of anti-bacterial activity of agar

well diffusion experiment was done by liquid medium based spec-
trophotometric analysis and confirmed by Chen et al., (2019). In
liquid medium, the more turbidity was observed at 1000 lg/mL
concentration and it was very effective against both the bacteria.
When nanoparticle enters into the bacterial cell wall, the theichoic
acid was resembled to foreign particles and helped to target the
lysis in bacterial body. The intracellular was damaged continu-
ously, and lost their pathogenicity. Then, the other antigenicity
particles were also lost and it affected entire bacteria. Continuous
disturbance of bacteria could lead to death. This statement was
agreed by previous report of Lotha et al. (2019) and gram positive
bacteria virulence factors were damaged by Copper oxide nanopar-
ticles. Caires et al., (2020), also agreed this result and internal parts
of the bacteria was lost. As same as, the virulence factors of quo-
rum sensing, exopolysachharide, biofilm production, enzyme inac-
tivation and others. In this result, the more turbidity of the
1000 lg/mL concentration was highly powerful against multi drug
resistant bacteria. In addition, the O.D value of the 100–1000 lg/
mL concentrations were compared with untreated control O.D val-
ues and shown highest inhibition concentration against tested K.
pneumonia, S. aureus and A. baumannii. In 1000 lg/mL concentra-
tion, bacteria were shown high damage and exhibited 94%
(Fig. 5a), 89% (Fig. 5b) and 95% (Fig. 5c) of inhibition. Finally, the
result was proved that the synthesized copper oxide nanoparticles
were very efficient against gram positive and gram negative bacte-
ria. At the same time, both the bacteria were more suppressed at
increasing concentration and the result was also dependent on
concentration. In addition, some of the other recent reported green
10 µg/mL

100 µg/mL

Ceftazidime

Ceftazidime

µg/mL

g/mL

(c)

oniae (a), S. aureus (b), and A. baumannii (c) using agar well diffusion method.



Fig. 5. Minimum inhibition concentration of CuO NPs against biofilm producing bacteria of K. pneumoniae (a), S. aureus (b) and A. baumannii (c).

Table 1
Biosynthesized CuO NPs using various plant sources and their biological properties.

S. No Plant source Biological activities Reference

1 Leaf extract of Ageratum houstonianum Antibacterial and photocatalytic activities Chandraker et al., 2020
2 Leaf extract of Ocimum sanctum Anti-bacterial activities Jayadev and Krishnan, 2021
3 Leaf extract of Cissus vitiginea Antioxidant and antibacterial activity Wu et al., 2020
4 Seed extract of Caesalpinia bonducella Antibacterial activity Sukumar et al., 2020
5 Fruit pulp of Moringa oleifera Antimicrobial activities Merugu et al., 2021
6 Leaf extract of Nerium oleander Antibacterial activity Gopinath et al., 2014
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synthesis CuO NPs using various plant sources was tabulated in
Table 1.
3.2.8. Biofilm survival eradication assay
The complete eradication of biofilm formation using CuO NPs

was available in Fig. 6 at different concentration. The result of bio-
film survival inhibition assay was suggested that the CuO NPs has
anti-biofilm efficiency against biofilm producing K. pneumonia, S.
aureus and A. baumannii. The result of O.D value was exhibited with
92% (Fig. 6a), 90 (Fig. 6b) and 95% (Fig. 6c) of inhibition for 1000 lg/
mL, and 14%, 18% of inhibition was observed at 10 lg/mL concen-
trations. The biofilm producing intracellular materials were absent
in this process. It may be shownwith absence of pathogenicity only
due to the arrest of virulence factors. In this assay result was clearly
6

stated may or may not the antigenicity of the biofilm producing K.
pneumonia was destroyed, but the pathogenicity was completely
arrested due to the effect of CuO NPs. The survival rates were
depended on increasing concentration. The concentration depen-
dent biofilm survival inhibition assay against various bacteria was
effectively seen in Fig. 6a, b, c. Recently, Chaieb et al. (2011),
reported that the virulence factors inhibition was more important
in biofilm inhibition study. Especially, the inhibition of QS, polysac-
charide, enzymes, exopolysaccharide and other virulence factors
were inhibited by CuO NPs. When we see in the muller hinton agar
plates, the culturewas grown smartly after treatmentwith CuONPs
(Data not shown). It was suggested that the CuO NPs of this study
was highly inhibited the biofilm production due to the eradication
of pathogenicity factors.



Fig. 6. Biofilm survival assay of biofilm producing bacteria K. pneumoniae (a), S. aureus (b) and A. baumannii (c) after treatment with biosynthesized CuO NPs.
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4. Conclusion

Biosynthesis of copper nanoparticle was carried out using Mor-
inga Oleifera leaf extract. The method yielded a highly pure copper
nanoparticle which was then characterized by UV–Visible spec-
troscopy, PSA, SEM, TEM, EDAX and SAED. The bioactivity of the
synthesized copper nanoparticle was evaluated using pathogenic
bacterial strains namely K. pneumoniae, S. aureus and A. baumannii.
Based on the anti-microbial activity, minimum biofilm inhibition
concentration and biofilm survival assay of the result, the biofilm
producing bacteria were highly compromised to biosynthesized
CuO NPs. In addition, the biosynthesized copper nanoparticle was
highly eradicating the bacterial biofilms effectively at 1000 lg/
mL. Thus such highly pure CuO NPs synthesized using MO leaf
extract is intended to as a nanocoating material for biomedical
application and it will be acted as an efficient biomaterial in future
drug delivery.
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