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Abstract

The present research work focused on the synthesis, characterization and testing of antimicrobial
activity of CuO nanoparticles prepared by green synthesis method using Trigonella foenum-graecum L.
leaf extract. The XRD pattern indicated the presence of cubic structure of nanocrystalline CuO with
crystallite size of 47 nm. The optical band gap was calculated using Tauc’s plot and found to be 3.6 eV.
SEM images revealed that the particles had cluster structures with a combination of different shapes.
EDAX analysis confirmed the presence of copper and oxide by indicating predominant peak which was
the highest percentage present in the spectrum. The synthesized nanoparticles showed significant
antibacterial and antifungal activity against the human pathogens Staphylococcus aureus and
Penicillium sp. So this nanoparticle can be considered as an alternate approach for reducing the

adhesion of micro-organisms.
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1. INRODUCTION

Nanotechnology is an  important
technology in advanced research field
because of its several uses from material
scientist and engineering. It includes many
applications in the field of energy science,
electronics, mechanics, cosmetics, bio-
medical science, chemical industries, etc.
In recent years, nanoparticles are used to
replace the bulk material and it is an
expanding field due to their different
properties [1, 2, 3]. The oxidative
nanoparticles are suitable for mechanical,
optical, gas sensing and electromagnetic
applications. Due to their extraordinary
properties, Copper oxide (CuO)
nanoparticles are considered as a multi-

task metal oxide with good physical,
chemical and biological properties.
Moreover, its stability, non-toxicity and
abundance are also other benefits of this
material to be explored for several
applications [4]. CuO nanoparticles have
been widely used in various fields such as
optoelectronics,  catalysis, nanosensor,
information  storage [5], lithium-ion
batteries [6], cosmetics, drugs, solar cells
and microbiology applications. These
nanoparticles are reported as safe and less
toxic; hence it has been used to treat
diseases caused by bacteria, fungi as well
infections of the urinary tract [7].
Synthesis and application of nanomaterials
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are important in the scientific and
industrial zone due to their unique
properties which were predominantly
determined by size, composition and
structure. These properties were strongly
correlated to the preparation methods [8,
9]. Thus the synthesis of nanoparticle is a
fundamental step which includes various
chemical, physical and biological tech-
niquees such as microbe based and plant
based green synthesis [10, 11]. The
chemical and physical techniques may
absorb some of the toxic compounds on
the nanoparticle surface that have changed
the medicinal properties. So among these
techniques, green synthesis of
nanoparticles using plant leaf extract is
favourable for the reason of easy, fast,
non-toxic and economically reliable [1,12].

Synthesis of CuO nanoparticles from
plant extract is a green synthesis, which
creates a strong bond between plant and
nano material synthesis [13]. In the
literature several plant leaves such as
Abutilon indicum [14], Aloe vera [15],
Malva sylvetris [16], Psidium guajava
[17], Lantana camara [18] and Gloriosa
superb [19], Solanum nigrum [20],
Terminalia phanerophlebia [21], were
used for the preparation of CuO. So, CuO
nanoparticle could be obtained through the
process of plant leaf extraction. This
phytomediated method using different
plant extract is considered to be a novel,
modest and inexpensive approach to
prepare metal nanoparticles. For this
purpose, Trigonella foenum-graecum L.
plant leaf extract was used as a reducing or
capping agent for green synthesis of CuO
nanoparticles due to the existence of huge
quantity of bioactive compounds. The leaf
extract from this plant has been used in
traditional medicines like balancing
cholesterol, diabetes, digestion, etc. It also
finds applications in food additives, drugs,
perfumes and cosmetics.

In [22], the authors exhibited that the
size and surface morphology of the
nanoparticles were strongly influenced by
the plant material in the green synthesis.

Also the results presented in [23] shows
that green synthesis of nanoparticles are
larger in size compared to the size of the
nanoparticles  obtained by chemical
methods.

In [24], the authors have studied copper
oxide nanoparticles and its application to
treatment of wounds and virus infections.
In the treatment of wounds on human
body, bacteria’s such as Staphylococcus
aureus, Escherichia coli, Klebsiella
pneumoniae, and Salmonella typhimurium
were known to aggravate the damaged
tissues and cause delay in the healing of
wounds. However these pathogenic
bacteria’s can be subjugated by the CuO
nanoparticles. The CuO particles are also
used efficiently in the clinical treatment of
hepatitis A viruses and influenza as
antiviral agent. In [25], the authors
exhibited that CuO nanoparticles were
compatible with living tissue. The study
proved that on human cancer cell lines the
composite had insignificant toxicity, for
below 100 pg/mL of Cu content. Also, it
was showed that the lower concentrations
of CuO composite nano particles were
balanced by its biocompatibility with
human fibroblasts. Hence it can be used for
therapeutic purposes such as treatment of
variety of microbial infections.

With this background, the present work
focused on a cost-effective, simple and
eco-friendly synthesis of CuO
nanoparticles using Trigonella foenum-
graecum L. plant through green synthesis.
The study highlighted on the economical
and cost effective approach for the
synthesis of CuO nanoparticles due to their
vital nature and remarkable antimicrobial
activity.

2. EXPERIMENTAL DETAILS
2.1. Preparation of Extract Solution

The schematic diagram for the green
synthesis of CuO nanoparticles from plant
extract is depicted in Figure 1. The fresh
leaves of Trigonella foenum-graecum L.
plant were collected from paddy field in
Puliyankulam village of Thoothukudi,
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Tamilnadu. The collected leaves were
washed thoroughly using running tap water
and double distilled water to remove the
adhering soil and other dust particles. 50g
of the leaf sample was taken and ground in
a sterile Pestle and Mortar using distilled
water as the solvent. The macerated leaf
sample was then filtered using Whatman
No.1 filter paper in order to get Trigonella
foenum-graecum L. leaf extract solution.
This solution was used for the reduction of
copper ions.

2.2. Synthesis of CuO Nanoparticles

All the chemicals used in this experiment
were of analytical grade without further
purification. CuO nanoparticles were
prepared at room temperature by chemical
route using green synthesis technique. In a
typical synthesis route, a precursor solution
was prepared by dissolving 0.1M of copper
sulfate in 200ml of distilled water which
was then added with 25ml of the fresh leaf
extract solution. The solution was
continuously stirred for 4 h till a
precipitate formed in the bottom of the
beaker. The obtained precipitate was
washed with deionized water and filtered

copper
sulfate

copper sulfate
solution

using Whatman No.1 filter paper for
removing the carbon residue. The washed
precipitates were dried at 80°C for 24 h and
the gained 2.5 gram nanoparticles were
calcined at 500°C for 2 h in order to obtain
the 2 grams of crystalline nature of CuO.

2.3. Characterization Techniques

The phase of as-synthesized CuO
nanopowders were recorded by powder X-
ray diffraction using analytical
PANalytical X Pert Pro of Cu Ka radiation
with a scanning rate of 2° per minute
ranging from 30" to 80". Surface
morphology and composition of the
sample was analyzed by scanning electron
microscopy (SEM) with EDAX performed
on HITACHI S3400N. The formation of
CuO and their functional groups were
confirmed using Fourier  Transform
Infrared Spectroscopy (FTIR) which was
carried out on a Perkin Elmer
Spectrophotometer  (Model:  Spectrum
1000). The optical properties of the
nanoparticles were recorded using Perkin
Elmer Lambda 35 UV-Visible
spectrophotometer.

CuO

Formation of
| Leaf extract precipitate nanoparticles
coppersulfate
solution

Leaf extract
Trigonella p—
foenum-graecum
L leaf

Figure 1. Schematic diagram of green synthesized CuO nanoparticles from plant extract.

International Journal of Nanoscience and Nanotechnology 111



Photoluminescence emission spectra of
the prepared CuO nanoparticles were
examined using photoluminescence
spectrometer. The antimicrobial activity of
the nanoparticle was determined by testing
its efficacy against the bacterial pathogen
Staphylococcus aureus [26] at various
concentrations by the well diffusion
method. Minimum inhibitory concentration
was determined by microbroth dilution
technique. Different concentrations of the
CuO nanopowders at various
concentrations were tested against the
fungus Penicillium sp. to determine its
antifungal potential. Each test was repeated
three times, and the resulting bacterial
growth on three plates was taken, their
corresponding average values and standard
deviation were reported in table 3.

XRD pattern confirmed the formation of
CuO nanoparticles with five diffraction
peaks at 26= 36.61°, 43.47°, 50.63’, 61.52°
and 74.26" which are ascribed to (111),
(200), (211), (220) and (311) planes
respectively as shown in Figure 2. All the
diffraction peaks corresponded to CuO
nanoparticles that well matched with the
JCPDS file (No: 780428) which showed
that it belonged to the face centered cubic
CuO phase. No other phase of impurity
peak was reflected from the XRD pattern.

The observed and theoretical values of
hkl reflections from XRD peak indexing
and d-spacing are tabulated in Table 1.

Table 1. XRD Peak Indexing of
CuO nanoparticles.

3. RESULTS AND DISCUSSION Peak Position d-spacing
3.1. Structural Analysis o0 T 100 | onee —

The XRD pattern showed the presence of | @0 | 0= |0 | (k) | spacin | 2000/ | {O0F
a sharp band of Bragg’s peak of CuO deg) | sin® | sin’ g d? _72,
nanoparticles may be due to the o |93 nm
stabilization of the nanoparticle by a 361 |98 |3 (111) | 245 265-0 3
mixture of reducing agent of the leaf
extract (Trigonella foenum-greacum L.). |4347 |137 |4 | (2000 |208 |27 |4
This clearly illustrated that the CuO 3076
nanoparticles were synthesized by green 5063 | 183 |6 (211) (180 |, |6
synthesis ~ method and it  was 4201
nanocrystalline in nature. 6152 | 261 |8 | (220) | 151 | 8

7426 | 364 |11 | (311) |1.28 213'0 11
Table 2. Structural profile of CuO nanoparticles.
FWHM | Lattice Scherrer Method Specific | Number of Cell
([_3) consta Crystalli Micro Dislocatio surface unit gell volume
o | radians | nt(@) | tesize | strain(e) | n density area 10 V),
deg) A | oyrm | 103 ©) (m*g") (nm?)
lines/m? 10
1014
36.61 | 0.0064 [ 4.2505 21 1.60 21.44 4.40 0.69 76.79
43.47 | 00015 | 4.1635 95 0.36 111 1.00 5.89 72.17
50.63 | 0.0030 | 4.1632 47 0.72 4.43 2.00 4.45 72.16
6152 | 0.0093 | 4.2632 14 2.33 45.35 6.39 0.22 77.48
7426 | 00024 | 4.2358 58 0.58 2.83 1.60 14.36 75.99
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Figure 2. XRD pattern of synthesized CuO
nanoparticles.

The experimental results discussed here
were found to be in agreement with the
reported diffraction patterns of CuO [27]
nanoparticles by fruit and leaf extract. The
grain size of copper oxide nanoparticles
was calculated from the full width at half
maximum (FWHM) of the major peaks
using the following Scherer formula,

_ 092 (1)

pcos(6)

where, 1 is the wavelength of X-Ray
(0.1541 nm), g is FWHM, 0 is the Bragg
diffraction angle and D is the crystallite
size [28]. The crystallite size of the CuO
nanoparticles obtained from full-width at
half maximum of the diffraction peak was
47 nm. The strain (¢) induced in
nanoparticles due to distortion and
imperfection of crystal can be calculated
and their values are given in Table 2.

- 2200 2

The dislocation density (o) values can be
calculated using the following equation

The dislocation density describes the
length of dislocation lines per unit volume
of the crystal. It shows the presence of
irregularity or crystallographic defect
within a crystal structure. The higher value
of dislocation density represents a higher
hardness of the material
[29].
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Figure 3. W- H plot of synthesized CuO
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The dislocation density of the CuO
nanoparticle is indirectly proportional to
particle size and number of unit cell. The
calculated structural parameters such as
crystallite size, micro strain and dislocation
density of prepared CuO nanoparticles
were tabulated in Table 2. It shows that the
dislocation density and micro strain of the
nanoparticle increases but the grain size
decreases. The important factors such as
shape, density and particle size were
correlated to the quantity of specific
surface area (m” g /). The particle specific
surface area can be calculated by

SSA=6*10°/D, *p (4)

where D, is the particle size and p is the
density of the CuO nanoparticles. The
number of unit cell can be calculated by

N=(4/3)*(D/2)**(1/V) (5)

where D is the crystallite size and V is the
cell volume of the sample. It is observed
that the dislocation density increases while
both grain size and number of unit cell
decreases. Lattice constant can be
calculated by

d= _a (6)
Jh2 +Kk2 412
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where a is the lattice constant, d is the d-
spacing value and h, k and | are Miller
indices for the particular Bragg reflection
of the nanoparticle. The cell volume (V)
can also be calculated using the equation

(7).
v=a® (7)

The calculated lattice constant a (4.215
A") and cell volume V (74.92) values are
perfectly matched with the standard
JCPDS data (a= 4.245 A’ and V= 76.49).
The calculated values of structural
parameters such as specific surface area,
number of unit cell, lattice constant and
cell volume of CuO nanoparticles were
tabulated in Table 2.

Scherrer formula determines only the
effect of grain size on the XRD peak
broadening and it doesn’t determine about
the lattice microstructures. The
Williamson-Hall ~ (W-H)  method s
commonly used for the determination of
grain size and the nature of strain induced
to line broadening in the nanoparticles
[30]. A plot was drawn between 4sinf
along the x-axis and Bcos6 along the y-axis
for prepared CuO nanoparticles as shown
in Figure 3. Using linear fit to the data,
lattice strain and grain size was estimated
from the slope and y-intercept of the fitted
line respectively. The W- H plot of
prepared CuO nanoparticles showed that
the lattice strain was assumed to be
uniform in all crystallographic directions
representing the isotropic nature of the
crystal. The insight plots of Figure 3.,
shows that gy linearly varies with € also
confirms that the strain is assumed to be
same with all crystallographic lattice
planes [31].

Thus, the prepared CuO nanoparticle
characteristics were independent of the
direction along which they could be
measured. The lattice strain occurs in the
nanoparticle shows lattice expansion or
contraction in the nanocrystals due to size
confinement (i.e., the atomic arrangement
possesses a little modification due to size

confinement compared to their bulk
counterpart). Conversely, many defects are
also formed in the lattice structure due to
the size confinement, which results in the
lattice strain [32]. The grain size observed
from the W-H plot is 40 nm which is in
good agreement with the value obtained
from the Scherrer formula. The slope of
the W-H plot shows a positive value
indicates the presence of lattice expansion,
which may produce an intrinsic strain in
the nanocrystals. The calculated intrinsic
strain from the slope was found to be 4.
65x 107,

3.2. Optical Analysis

The absorption spectrum of the prepared
CuO nanoparticles was investigated at
room temperature to obtain information
about the energy band and the type of
electronic transitions. The absorption
coefficient a« was calculated from the
measured transmittance spectra of the
prepared nanoparticles using the following
relation (equation 8):

a~ % In(%) ®)

where d is the thickness, T the
transmittance and o the absorption edge.
The theory of optical absorption gives the
connection  between the absorption
coefficient o and the incident photon
energy was given in equation (9):

atv=A(hw—Eg)" 9)

where A is energy dependent constant, /o
is photon energy, Eq is an energy band gap
and m is an integer depends on the nature
of electronic transitions. The prepared
copper oxide nanoparticle is a wide band
gap semiconductor material with a direct
band gap.

Figure 4 (a) shows a strong fundamental
absorption edge of the CuO nanoparticles
lies in the UV spectral region with the
wavelength approximately at 296 nm due
to direct transition of electrons.
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Figure 4. (a) Absorption spectrum of synthesized CuO nanoparticles. (insight) Band gap of
synthesized CuO nanoparticles. (b) Photoluminescence spectrum of synthesized C

uO nanoparticles.

Typically the UV absorption peak of
CuO will lie between 280nm to 360nm.
The UV absorption peak for CuO
synthesized by a traditional chemical
method was found to be 289 nm [21].

The calculated direct band gap value of
the prepared nanoparticles is as shown in
the insight plot of Figure 4 (a). is 3.6 eV,
which was higher than the bulk band gap
value (3.5 eV). At this point, simply direct
transition-related absorption was observed,
which shows that the direct band gap value
is higher; hence the prepared material will
be crystalline in nature which is in good
agreement with the XRD pattern. The
observed increasing band gap value of the
prepared nanopaticles might be attributed
to the presence of intragap states and
guantum confinement effect [33].

Photoluminescence is an important
analysis to identify the prepared nano-
particles quality and band gap. It is also
used to understand the electron-hole
surface recombinations and identification
of impurity levels in the materials. Figure 4
(b) illustrates the PL spectrum of CuO
nanoparticles, which indicate a deep level

emission peak appearing at 520 nm
corresponds to the green emission region is
from the CuO crystal structure [34]. These
deep level emissions are usually related to
defects in CuO nanoparticles. CuO is an
intrinsically p type semiconductor material
owing to the presence of Cu vacancies.
The current theoretical estimations indicate
that Cu vacancies are the most stable
changes in the CuO electronic structure. If
not, oxygen vacancies or Oc, antisite
defects are possible reason for this
emission while its formation energy is
approximately same as the formation
energy of Cu vacancies. The peak
observed in green emission is generally
agreed to the singly ionized oxygen
vacancies [35]. The other two peaks were
originated in the region of 350-475 nm
and 725-850 nm and it was attributed to
Cu,0O phase [36]. So it is good agreement
with the observation of the peaks at 388
nm corresponds to near ultraviolet region
and 790 nm relates to near infrared region
which ascribed to Cu nanoparticles.
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3.3. Functional Group Analysis:

FTIR spectrum was recorded to identify
the functional groups relating to CuO
which can be depicted by the peaks. FTIR
transmission spectrum in the range of 400
to 4000 cm®* for prepared CuO
nanoparticle was shown in Figure 5. Peaks
at 3446, 3558, 3315, 2922, 2852, 2347,
1579, 1463, 1383, 1383, 1107, 990, 864,
674, 617, 515 and 465 cm™ are observed
and it was assigned to N — H Stretch, O —
H Stretch, O — H Stretch, C — H Stretch, C
— H Stretch, O=C=0 Stretch, N — O
Stretch, C — H Bend, C — H Bend, C - O
Stretch, C = C Bend, C — H Bend, Cu - O
Stretch [7], Cu — O Stretch, C — Br Stretch
and C — | Stretch.

The absorption band in the range of 600
to 680 cm™ provided the clearest evidence
for the presence of the crystalline CuO
nanoparticles. It showed two distinct
strong peak at 674 and 617 cm™ which
were related to the Cu-O stretching of
cubic structure. Thus the result of FTIR
spectrum is in good agreement with XRD
analysis. The reduction and stabilization of
copper oxide nanoparticles in leaf extract
was due to the presence of primary
aliphatic amines (C—NH,) which was
observed by the peak at 1107 cm .
Similar observations were made for seed
extract in [37].

3.4. Surface  Morphological and
Compositional Analysis

The surface morphology of the as-
formed CuO nanparticles were studied
using SEM analysis and it was recorded
with low and high magnification range as
shown in Figure 6 (a,b). SEM image
depicted that the particles were slightly
agglomerated but showed smooth surface
and irregular shapes. All the particles were
interconnected randomly with one another
to form large network systems with
irregular shapes and pores. At higher
magnification, the presence of pores was
clearly visible corresponding to a high
specific surface area of CuO nanoparticles.

Transmittance (%)
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3558
3446
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2922
2852
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Figure 5. FTIR transmission spectrum of
synthesized CuO nanoparticles.

SEM images confirmed that the final
product consisted of a large number of
CuO nanoparticle clusters. It showed the
surface morphology as the combination of
different shapes such as cube, square and
spherical which was observed through low
and high magnification resolution. The
high magnified SEM image in Figure 6 (b).
showed the presence of CuO nanoparticles
which were individual cubic structure. The
obtained cubic structure was in good
agreement with XRD results.

The spherical morphological images are
in agreement with the report available in
literature using Abutilon indicum leaf
extract [38], with some small differences,
which may be due to the chemical
composition.

The energy dispersive X-ray spectres-
copy (EDX) studies revealed the chemical
composition and formation of the
synthesized CuO nanoparticles as shown in
Figure 6 (c). EDX spectra confirmed the
presence of constituents such as copper
(Cu) and oxygen (O) in the nanoparticles.
So it was clear from the EDX that the CuO
nanoparticles were successfully -.
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Figure 6. (a,b) Low and high resolution SEM images of synthesized CuO nanoparticles, (c)
Elemental composition of synthesized CuO nanopatrticles.

The peaks belonged to copper oxide
which demonstrated that synthesized
nanoparticles were crystalline in nature
and the other impurity peaks such as Si, S,
Cl and K were present which may be from
the precipitates in the plant material [39].

3.5. Antimicrobial Activity Analysis
Antibacterial activity of the test sample
was evaluated using the well diffusion
method on Mueller-Hinton agar (MHA).
The inhibition zones were reported in
millimeters (mm). MHA agar plates were
incubated with the test bacterial strain
under aseptic conditions, wells (diameter=
é6mm) were filled with different
concentrations (10 pl, 20 pl, 30 ul and 40
pl) of the nanoparticle and incubated at
37°C for 24 hours. After the incubation
period, the diameter of the growth
inhibition zones was measured [40]. For

the study, Amikacin (10 pg) was used as
the standard antibiotic. Fluconazole (20
pg) was used as the standard antifungal
agent. Dimethyl sulfoxide (DMSOQO) was
utilized as negative control during
preliminary experimental trials.

Nanoparticles possess high surface/
volume ratio, high dispersion and small
crystallite size, which can easily interact
with microbial surfaces. The large surface
area of the nanoparticles improves their
interaction with the microbes to carry out a
wide range of antimicrobial activities [41].
Staphylococcus aureus was chosen to
study the antibacterial activity of CuO
nanoparticles as it is a human pathogen
affecting our skin, respiratory and
cardiovascular system causing several
infections.
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Figure 7. Zones of inhibition of CuO nanoparticles against (a) Staphylococcus aureus and

(b) Penicillium sp.

The antibacterial activity of CuO
nanoparticles  against  Staphylococcus
aureus was evaluated for finding their role
in antibacterial action as shown in Figure 7
(@. The prepared nanosized CuO
nanoparticles were attached to the bacteria
and distract the normal life of bacteria and
therefore destruct rigorously to the outside
surface of the bacteria such as proteins,
lipids and DNA [38]. Table 3 showed that
the inhibition zone of CuO nanoparticle
was increased with increasing concentra-
tion and the maximum value of zone of
inhibition was observed at 40 pul
concentration. The occurrence of inhibition
zone was an indication of absence of the
growth bacteria on the plate. The
interaction of bacteria and CuO ions
released from nanoparticles  caused
adhesion and  bioactivity due to
electrostatic forces when it absorbed on the
surface of the micro-organism’s cell wall.
This damaged the cell wall by killing the
pathogens using their resistance property
of synthesized nanoparticles against this
micro-organism.

The efficiency of synthesized CuO
nanoparticles was determined by the
diameter of the clear zone in which the
increasing diameter shows the increasing
efficiency [42]. It proved that CuO
nanoparticles are effective in Kkilling a
bacterial pathogen and it also showed
higher antibacterial effect at higher

concentration. The increase of bacterial
resistance of CuO nanoparticles has been
recognized as antimicrobials due to their
excellent antimicrobial property.

Antifungal activities of sample were
evaluated using the well diffusion method
on Potato Dextrose agar. The inhibition
zones were reported in millimeters (mm).
The sample was dropped into the well at
different concentrations 10 pl, 20 pl, 30 pl
and 40 pl and incubated at 30°C for 48
hours. After the incubation period, the
diameter of the growth inhibition zones
was measured. Penicillium sp was chosen
to study the antifungal activity of CuO
nanoparticles. This fungus produces health
complications like fever, asthma, etc. in
the human body. The antifungal activity of
the prepared CuO nanoparticle was shown
in Table 3.

The prepared CuO nanoparticles resisted
the growth of fungus due to the
electrostatic attraction between fungus cell
and nanoparticles. The release of Cu®* ions
of the nanoparticles can cause severe
damage to the fungi by interacting with
DNA and it also disturbed the electron
transport which results in death of fungi.
The size of the inhibition zone increased
from 15 to 25 mm by increasing the
concentration of the nanoparticles from 10
to 40 ul as shown in Figure 7 (b). This
analysis confirmed that the diameter of the
growth inhibition zone increased with the
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concentration and the prepared CuO
nanoparticles showed better activity at 40
pl. 1t was noted that an increase in CuO
nanoparticle concentration also increased
antifungal activity.

Table 3. Antimicrobial activity of CuO
nanoparticles  synthesized from leaf
extract.

Staphylococcus | Penicillium
aureus bacteria sp. fungi
CuO Zone of
concentration Zone of inhibition
(uh inhibition (mm) (mm)
10 20.3 £ 0.58 15.2+0.29
20 25+ 0.50 18.2+0.29
30 28.3+0.29 20 £ 0.50
40 30.3+0.29 25.2 +0.58

The improved antifungal efficiency was
observed in the high concentration of the
CuO nanoparticles. The enhanced fungal
inhibition may be due to the aspects such
as morphology, size, specific surface area,
etc. The effective activity of nanoparticle
may be ascribed by its small crystallite size
and large surface area which improves the
adsorption of biomolecules and it destroy
the fungi cell membrane more effectively.
Thus it proved that the nanoparticles were
strongly inhibited the growth of fungal
pathogens suggesting the possibility of
using as a fungicide. In comparison with
earlier  studies  using chemically
synthesized CuO nanoparticles, the
biosynthesized CuO nanoparticles exhibits
enhanced antibacterial activity against
Gram-negative and Gram-positive
bacterial strain, which is a significant
feature for medical applications [20].

So this study proved that prepared
copper oxide nanoparticles  possess
remarkable antimicrobial influence on
Staphylococcus aureus and noticeable
fungicidal influence on Penicillium sp. The
antimicrobial effect of CuO nanoparticles
tested against bacteria and fungus reveals
that the prepared nanoparticles are very

active as an antimicrobial agents. The
results of antimicrobial activity suggested
that CuO nanoparticles produced better
activity by increasing the CuO
concentration. Due to its antimicrobial
activity; it can be incorporated in coatings,
plastics, textiles, etc.

4. CONCLUSIONS

Copper oxide, CuO nanoparticles were
prepared using green synthesis technique
which reduces the addition of harmful
chemical in this work. The crystallite size
of CuO nanoparticles was calculated using
Scherrer and Williamson-Hall method
which showed good agreement with the
value in the nanoscale range. The FTIR
spectroscopic  analysis revealed the
presence of the functional groups respo-
nseble for the CuO Vibration. In UV-
Visible spectroscopy, the green
synthesized CuO nanoparticles showed an
absorption peak around 296 nm and the
calculated band gap value is 3.6 eV.
Photoluminescence spectroscopy revealed
that the observation of deep level emission
peak at 520 nm corresponded to the green
emission region which is from the CuO
crystal structure. The high magnified SEM
image showed the presence of cubic
structure copper oxide nanoparticles,
which is in good agreement with XRD
results and the EDAX analysis confirm the
presence of copper (Cu) and oxygen (O) in
the prepared nanoparticles. The green
synthesized CuO nanoparticles proved
excellent antimicrobial activity against the
pathogens paving its use in various fields
like air and water filtration, antibacterial
packing etc. Hence, it seems to be a
promising application in biomedical field
such as antimicrobial wound dressings and
biomedicines.
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