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ARTICLE INFO ABSTRACT

Keywords: Inorganic nano-metal oxides can be effective alternatives to drug resistant organic antibiotics due to their broad
Antibacteria spectrum antimicrobial activity against pathogenic and mutagenic gram-negative and positive bacteria. In this
Nanoparticles

study, zinc and copper oxides (ZnO and CuO) were synthesised using a wet chemical reduction method. The oxide
nanoparticles were characterized using X-ray diffraction (XRD), UV-Vis spectrometer, Fourier Transformed Infra-
red spectrometer and Transmission electron microscopy (TEM). The antibacterial activities of the nanoparticles
were investigated against e. coli and s. aureus using disk diffusion and microdilution tests. The TEM micrographs
showed that copper oxide nanoparticles assumed a nanorod shape of average length of 100 nm whiles zinc oxide
nanoparticles were spherical of average diameter of 15 nm. The FTIR results showed that the nanoparticles were
free of impurities and organic surfactants, which was confirmed by XRD. For the antibacteria tests, the minimum
inhibition concentration (MIC) of CuO against e. coli and s. aureus were 1 mg/ml and 0.25 mg/ml respectively
whiles it was 0.1 mg/ml for ZnO against s. aureus with ZnO producing no inhibition against e. coli. With the
microdilution test, both nanoparticles exhibited activity against both bacterias at all varying concentrations. The
results concluded that CuO had higher antibacteria activity compared to ZnO.

Disk diffusion test
Optical density test

1. Introduction

The incidence of antibiotic resistive pathogens has led to the
continuous search for new alternatives [1]. Among drug resistive path-
ogens, water borne bacteria species pose a real threat to public health as
they are responsible for the outbreak of diseases such as diarrhoea which
accounts for 2195 global infant mortality per day [2].

Inorganic nanoparticles have demonstrated toxicity against a wide
range of pathogenic bacterial species [3]. Even though, the
broad-spectrum biocidal effect of inorganic nanomaterials are well
known, the bacteriocidal effect is poorly understood [4]. It has been
proposed that the release of ions into solution creates reactive oxygen
species which is toxic to bacteria. Other studies showed that nano-
particles by virtue of their size can penetrate bacterial cell walls and
attack organelles which leads to cell death [5]. Unlike organic antibi-
otics, the inorganic counterparts have multi-targeting pathways to
combat drug resistive pathogens through mutations [6].

* Corresponding author.

Among inorganic nanoparticles, metal oxide nanoparticles are widely
considered for their antibacteria activities [7]. This is mostly attributed
to the fact that metal oxides have easy synthesis routes which can be
controlled to tune the size and shape of the nanoparticles and they are
also cheaper as compared to metal nanoparticles such as silver and gold
[8]. Copper and zinc oxides are considered as suitable alternatives to
organic based antimicrobials. Their antibacteria effect is dependent on a
number of factors which are mostly determined by the method of syn-
thesis [1]. These factors include their size, the presence of surfactant,
their shape and other factors [9]. Metal nanoparticles, due to their small
size and high reactivity easily diffuse through the well wall of bacteria to
attach themselves to internal proteins and organelles leading to bacteria
death [10,11]. The activities of nanoparticles is also affected by the
presence of surfactants on their surfaces. Whiles certain surfactants
enhance cell growth, others inhibit cell growth and may event cause cell
death. The synthesis of nanoparticles with certain surfactant will result in
the respective effect of promoting or impeding cell proliferation [12] For
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instance, the cationic surfactant; cetyltrimethylammonium bromide
(CTAB) is reported to possess antibacteria activity [13].The shape of
nanoparticles can influences its toxicity [9]. Cubic silver nanoparticles
were found to be more toxic than its spherical counterpart [14]. Among
many reasons, this may be chiefly due to their respective release of ionic
species in solution which is the major antibacteria agent. Also, the
nanoparticle’s diffusive rate through the pores of cell walls [15]. The
permeability of nanoparticles through cell walls is related to the particle
size and shape [16]. Therefore, these physical properties of nanoparticles
dictate their characteristics which affect their application including
antibacteria use. In particular, the antibacteria application is highly
reliant upon the ability of the nanoparticle to release ions into solution.
Also, its ability to pass through cellular pores to disrupt organelles [17]. A
host of synthesis methods and parameters can be adopted to realise
specific features of nanoparticles [18]. Among them the wet-chemical
method is frequently used due to its simplicity and cost effectiveness
[19].

Both copper oxide and zinc oxide have shown varying antibacteria
activity against bacteria species [20].They have been used in food
packaging, wound healing and surface coatings due to their antimicrobial
activities [19,21]. However the antibacteria activities of these nano-
materials are yet to be compared against gram positive and gram nega-
tive bacteria species. In this study, investigation into the antibacteria
activity on both gram negative and gram positive bacteria using copper
oxide and zinc oxide nanoparticles are undertaken. The investigation will
compare their respective antibacteria activity against escherichia coli (e.
coli) and staphylococcus aureus (s. aureus) which are respective gram
positive and gram-negative bacteria species. The copper and zinc oxides
were synthesised by wet chemical method ensuring surfactant free
nanoparticles to eliminate possible influences of surfactants on anti-
bacteria activities.

2. Experimental
2.1. Synthesis of metal oxide nanoparticles

All chemicals were of analytical grade. Copper acetate (copper (II)
acetate dihydrate) and zinc acetate (zinc acetate dihydrate) were used as
precursors. Sodium hydroxide (grade) was used as the precipitating re-
agent. All chemicals were purchased from Sigma Aldrich, All aqueous
solutions in the synthesis were prepared with deionised water from
MilliQ (Milli-Q Water Systems, USA). The synthesis of nanometal oxide
particles (metal oxide nanoparticles) was carried out by the facile wet
chemical precipitation method. The wet chemical precipitation synthesis
method convertes respective ionic solution into their insoluble nano-
metal oxide precipitates with the aid of a precipitating reagent. Pure
crystalline powdered nanometal oxides are obtained by separating pre-
cipitates from solution, drying and also calcination.

The following chemical equations describes the formation of nano-
metal oxides by the wet chemical synthesis:

(M(CH,CO0)ag=M" + CH,COO~ (@))
M" +NaOH — MOH 2)
MOH=MO + H,0 3

where in equation (1), ionic species M" is formed from the dissociation of

(M(CH,CO0O0). NaOH in equation (2) is the precipitating reagent. MO
which is a nanometal oxide is formed in 3. M is the metal component of
the salt (M(CH,COO).

2.2. Synthesis of copper oxide nanoparticles

0.1 M copper acetate was dissolved in 100 ml of deionised water. The
solution was continuously stirred at 700 rpm on a magnetic stirrer hot
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plate at 80 °C (H4000-HS, Benchmark Scientific, USA). The homogenous
solution pH was adjusted to 11 with 2 M NaOH. The solution was
continuously stirred at same speed and temperature for another 60 min.
A black suspension with precipitates was formed, which is indicative of
the formation of copper oxide (A [7]. The temperature was allowed to
gradually cool to room temperature at the same continuous stirring
speed. The precipitates were separated by centrifugation and washed
several times with distilled water to remove excess ions. The particles
obtained were dried in an oven at 80 °C overnight. It was the then
calcined at 500 °C to remove impurities which may be present on par-
ticles surfaces. The particles were subsequently characterized and
applied for antibacteria activities. The formation of copper oxide nano-
particles is as described by the following chemical reactions 4-6:

(Cu(CH,C€00),)ag=Cu*" + CH,COO~ €
Cu®" + NaOH =Cu(OH), (5)
Cu(OH),=Cu0, + H,0 (6)

2.3. Synthesis of zinc oxide nanoparticles

Similarly, 0.1 M zinc acetate was dissolved in 100 rpm of deionised
water. A homogeneous solution was obtained after keeping the solution
at 700 rpm on a hot magnetic stirrer plate (H4000-HS, Benchmark Sci-
entific, USA) at 80 °C. The temperature and stirring speed were kept
constant throughout the synthesis period. A 2 M NaOH was added to the
homogeneous solution to increase its pH to 11. A white precipitate was
formed. The synthesis was allowed to continue for another 60 min. The
precipitates were separated by centrifugation at 6000 rpm. The particles
were severally washed to remove unreacted ions. They were dried at 80
°C for overnight and further calcined at 500 °C for 3 h at a heating rate of
1 °C/S. The synthesised particles were successively analysed through a
series of characterizations and utilized for antibiotic studies. The re-
actions that leads to the formation of zinc oxide nanoparticles is as
described by equations (7)-(9);

(Zn(COO)z)aq‘ﬁZn2+ + CH,CO0~ 7
Zn*" 4+ NaOH =Zn(0OH), (8
Zn(OH),=Zn0 + H,0 9

2.4. Characterization of metal oxide nanoparticles

The properties of nanoparticles are affected by the synthetic method
and parameters. In this study, the properties of the nanoparticles
including the crystal structure, elemental composition, optical proper-
ties, morphology and the functional groups present were characterized
using UV-Vis spectroscopy, X-ray diffraction and transmission electron
microscopy analyses.

2.5. XRD analysis

The crystal structures for copper oxide and zinc oxide were respec-
tively studied by an x-ray diffractometer (Empyrean, Malvern Pan-
alytical, UK). The x-ray diffractometer carried out x-ray powder
diffraction at a wavelength (1) of 1.5418 A within a 20 range of 10° to
80°.

2.6. UV-Vis spectroscopy analysis
In this study the UV-Vis Spectrophotometer (Genesys 150 UV-Vis,

ThermoFisher Scientific, USA) was adopted to obtain the UV-Vis spec-
trum of nanometal oxides. The measurement was done at a scanning
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range of 200 nm-800 nm. A quartz cuvette filled with 1 ml aqueous
suspension of respective nanometal oxide was analysed whiles using
deionised water from Milli-Q as the blank solution for the measurement.
The UV-Vis spectrum of nanoparticle is highly dependent on the particle
size and shape which are determined by the fabrication method and the
optimized parameters in the technique.

2.7. Transmission electron microscope (TEM) analysis of nanoparticles

TEM (JEOL 2010, JEOL Ltd., USA) was used to observe the mor-
phologies of the synthesised nanoparticles. A minute sample of the syn-
thesised particles were re-dispersed in an appropriate amount of water.
The aqueous suspension was sonicated to overcome agglomeration
resulting from drying the particles. A few drops of one to two of the
sonicated suspension was immobilized on a carbon grid. The immobi-
lized particles were evaporated and observed with TEM after it had dried.

2.8. FTIR analysis of metal oxide nanoparticles

A minute quantity of fine CuO and ZnO powders were separately
placed on the clean infrared transparent surface of the FTIR instrument.
The infrared scan was performed within the range of 4000-400 cm "

2.9. Antibacteria testing

The antibacteria applications of nanometal oxides were carried out
under sterile conditions inside a laminar flow cabinet. All media cultures,
pipette tips water and glassware used for the microbiology testing were
sterilized by autoclaving (UMB220 Benchtop Autoclave, Astell, USA) at
121 °C for 15 min. Escherichia Coli (e. coli) which is a gram negative
bacteria and the staphylococcus aureus (s. aureus), a gram positive bacteria
were used for the antibacterial studies.

2.9.1. Disk diffusion assay

Disk diffusion assays were prepared by the Kirby Bauer method. In
this method, aqueous stock solutions of CuO and ZnO were appropriately
prepared. Serial dilutions were prepared from the stock solution to obtain
varying concentrated solutions of the nanometal oxides. Filter papers of
approximately 6 mm were inserted into each aqueous suspension of
nanoparticles and allowed to completely soak briefly. Subsequently,
Mueller Hinton agar (MHA) media culture was prepared by dissolving 38
g of MHA in one litter of deionised water. The solution was autoclaved for
15 min at 121 °C. Disk plates of about 9 cm diameter were filled with a
quantity of the prepared MHA in a sterilized laminar flow chamber and
allowed to solidify shortly. E. coli and s. aureus were plated onto the agar
plates by streaking. The paper disks were placed on the agar plate using a
sterilize forceps. The plates were incubated at 37 °C overnight. Zones of
inhibition surrounding the filter disc as a result of antibacteria activity of
the nanoparticles were observed and measured with a millimetre rule
and the measurements recorded accordingly.

2.9.2. Bacteria growth kinetic assay

The bacteria growth kinetic assay was carried out to observe the
periodic growth of bacteria in a liquid broth. In this approach, optical
density (OD) of the prepared assay were measured at regular interval and
the changed in optical density which corresponds to bacteria growth
were recorded. The assay was prepared by pipetting 60 pl of broth into a
96 well plate. To this, 20 pl (20 pl) of bacteria (E. coli or S. Aureus) at a
concentration of 0.5 MacFarlad standard were individually added.
Various concentrations of nanoparticles (1 mg/ml, 0.5 mg/ml, 0.25 mg/
ml, 0.1 mg/ml, and 0.05 mg/ml) of 20 pl were added and the inoculum
incubated at 37 °C on an orbital shaker at 225 rpm. Optical density of
inoculum was recorded by measuring with the UV-Vis spectroscopy
(VarioSCAN microplate reader) at period intervals of 2 h.

The following contents were made for each bacteria: Broth media,
broth media + Bacteria; and finally Broth media + Bactria + Nanometal
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Fig. 2. XRD spectra pattern for Zinc Oxide.

oxides. Each bacteria species was subjected to different concentrations
(1 mg/ml, 0.5 mg/ml, 0.25 mg/ml, 0.1 mg/ml, and 0.05 mg/ml) of
nanometal oxides.

3. Results and discussions
3.1. X-ray diffraction (XRD) analysis

The XRD patterns reveal that the as-synthesised nanometal oxides
were fine and free of impurities (Fig. 1). There was no spectra peak
relating to impurities that was found in any pattern. The diffraction
patterns demonstrate sharp peaks as indication of the good crystallinity
of the nano powders. The XRD patterns obtained for copper oxide are in
exact agreement with the monoclinic phase of copper oxide. The spectra
peaks had precise correlation with that of the monoclinic phase. Fig. 1
shows the XRD spectra pattern for copper oxide [22].

Fig. 2 illustrates the patterns for zinc oxide. The diffraction peaks of
zinc oxide correctly matched the hexagonal wurtzite structure of zinc
oxide. Scherer’s equation was used to estimate the crystal sizes for copper
oxide and zinc oxide as 21.68 nm and 21 nm respectively. The possible
explanation to the difference between the crystal size recorded by XRD
and the particle size recorded by TEM analysis is agglomeration.
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Fig. 3. UV-Vis spectrophotometer of Copper Oxide showing peak absorbance
and its bandgap energy.

3.2. UV-Vis spectroscopy analysis of nanometal oxides

The UV-Vis spectrum of nanometal oxides showed peaks within the
range of 200 nm to approximately 400 nm [23]. A UV-Vis analysis of the
synthesised copper oxide and zinc oxide nanoparticles is shown in Fig. 1.
The UV-Vis spectrum of absorbance (Abs.) versus wavelength showed
peak absorbance at 275 nm which is an indication of electron transition
from a valence band to a conduction band. This observation is attributed
to the transition from the 2; of oxygen to the 45 of Cu®* [22]. The broad
range of the spectrum which ranges from the ultraviolet (UV) to visible
light is typical of nanometal oxides. However, their highest peak
occurred in the UV region [24]. The broad range also signifies that
nanoparticles have a range of sizes and shape [25].

Copper oxide is a direct-band gap materials [26]. When a semi-
conductor such as nanometal oxide absorbs energy photon greater than
its band gap energy, it causes the transfer of electrons from the valence
band to the conduction band [27]. If the electron momentum in the
transition process is conserved, then the material has a direct band gap
[28]. The absorbance of the material corresponds to the wavelength and
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the energy band gap [29]. The absorption coefficient and the energy of
direct-band gap materials are related by the Tauc’s equation [28]. Hence
the optical band gap of the spectrum is obtained by a plot of (ahv)?
against hv(eV). Where ‘a’ is the absorption coefficient and ‘h’ and ‘v’ are
respectively the plank’s constant and the frequency of the waveform. The
bandgap with respect to antibacteria activity provides information on the
energy efficiency to the production of electrons leading to ionic species
release which are considered toxic to cells [14]. The Tauc’s relation in

equation (10) describes a relationship between (ahv)* and the band gap
energy hv(eV) in direct band gaps.
(ahv)* <hv — E, (10)
where n is the order of refractive index. Thus, the x intercept of the
waveform is the band gap energy.

The energy band gap of copper oxide nanoparticles was calculated to
be 2.7 nm as indicated in Fig. 3. The band gap obtained is in agreement
with previous works [27].

Zinc oxide nanoparticles shows a sharp peak at 355 nm (Fig. 4). This
is due to the electron transfer across its band-gap. Electron transition
occurs between the valence band and its conduction band. The 2d band
of oxygen is the valence band of ZnO whiles the 34 orbital of Zn?* is the
conduction band (S. S [7]. Implementing the same Tauc’s equation for
finding the band-gap energy. 3.22 eV was realised as the energy-band gap
for the zinc oxide. A similar energy band-gap for has been reported for
zinc oxide as a direct band gap with a wide band gap [30].

The semiconductor materials have the ability to promote electrons
from the valence band to the conduction band with the help of photons
from a light source. This creates electron-hole pairs. The electrons in the
conduction band and the holes in the valence band interact with bacterial
species to generate reactive oxygen species (ROS). ROS is responsible for
the destruction of cell membranes and organelles. Thus, the antibacterial
activity of nanoparticles is enabled by the generation of ROS activities.

A lower band gap means the metal oxide (nanoparticles) can obtain
the necessary photon at lower energy wavelength to cause ROS activities.
A higher band gap means the energy can be obtained in a higher energy.
A lower energy can be the visible light which can be obtained from
normal daylight and a higher energy may be ultraviolet light (UV) which
can be obtained by extended aid. The UV-Vis spectrum of copper oxide
and zinc oxide shows that copper oxide has lower energy band gap

"Peak Absorbance=355nm ' ' ' |

LI |
400

(ahv)*2
=

Wavelenght (nm)

Energy bandgap of ZnO: 3.22eV

—
600

o

hv (eV)

Fig. 4. UV-Vis spectrophotometer of Zinc Oxide showing peak absorbance and its bandgap energy.
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Fig. 8. Antibacteria activity of copper oxide on e. coli.

relative to zinc oxide. This means that copper oxide in the presence of
visible light can more easily produce electrons in solution than zinc
oxide. Thus copper oxide in such a condition is expected to result in more
ROS activity hence higher antibacteria activity as compared to zinc
oxide.

3.3. Transmission electron microscope (TEM) analysis of nanoparticles

The TEM micrographs reveal that the wet-chemical aqueous precip-
itation synthesis method produced copper oxide nanorods. As demon-
strated in Fig. 5, the synthesised nanoparticles agglomerated in bundles
or clusters of nanorods. The nanorods occurred in lengths varying from
70 nm to 170 nm. The average length of the nanorods was observed to be
100 nm. The width of the nanorods was found to range from 8 nm to 36
nm with 14 nm as the average width of the nanorods.

The TEM micrograph of zinc oxide nanoparticles is shown in Fig. 6.
Unlike copper oxide, wet-chemical aqueous precipitation synthesis of
zinc oxide did assume a more spherical shape. The particles were also
however more broadly distributed in size. The size analysed by Image J
showed that it ranged from 10 nm to 35 nm. The average size was 15 nm.
Wet chemical aqueous precipitation synthesis of nanometal oxides has
revealed that whiles it produces nanorod copper oxides, it however
creates zinc oxides that are predominantly spherically shapes. The zinc
oxide produced are more widely distributed in size as compared to the
copper oxide nanorods.

3.4. FTIR analysis of metal oxide nanoparticles

The infrared spectra of copper oxide nanorods is shown in Fig. 5a. The
peak observed at 596 cm™! is a band associated with the stretching vi-
bration of Cu-O bonds. The absorption bands within 1350 cm™! and
1650 cm ™! are indications of atmospheric CO,. Spectra bands occurring
between 2800 and 3500 cm ! corresponds to O-H bonds. O-H bonds

E.Coali
S.Aureus

Zone of inhibition (mm)

A=5 B=2 C=1 D=05 E=0.25 F=0.1 CT=0
Conc. of CuO (g/ml)

Fig. 10. A comparative assessment of the activity of copper oxide on e. coli and
s. aureus.

with very low bands are due to the minute presence of a moisture con-
tent. The FTIR in Fig. 7 confirms that copper oxide was synthesised and
confirmed by the presence of Cu-O bond. The FTIR spectra analysis of
zinc oxide is shown in Fig. 5b. The absorption band at 863 cm™ is an
indication of Zn-O vibration.

The FTIR spectra shows that there were no surfactant present on the
surface of both nanoparticle samples. This can be deduced from the
absence of significant amount of any organic species on the surface of
nanoparticles. Hence surfactant free nanoparticles were synthesised
which is important to study the original contribution of either nano-
particles in antibacteria activity.

Fig. 9. Antibacteria activity of copper oxide on S. Aureus.
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Fig. 12. Antibacteria activity of zinc oxide nanoparticles on s. aureus.

3.5. Antibacteria study of nanometal oxides against bacteria species

3.5.1. Disk diffusion studies

The Kirby Bauer Disk diffusion method was employed to investigate
antibacteria activity of nanometal oxides on bacteria species. Aqueous
suspension of nanometal oxides ranging from 5 mg/ml to 0.01 mg/ml
were tested on e. coli and s. aureus which represent gram positive and
gram negative bacteria species. Nanometal oxides demonstrated varying
activity against the gram negative and gram positive bacteria species.

Fig. 8 indicates that copper oxide showed varying activity on e. coli
which is a gram negative bacteria.

The activity depended on the concentration of copper oxide. Copper
oxide concentrations of 5 mg/ml and 2 mg/ml showed significant ac-
tivity on e. coli. Copper oxide concentrations of 1 mg/ml had a marginal
activity on E. coli whiles concentrations lower than 1 mg/ml had no
significant activity on the e. coli. Copper oxide however showed higher
activity on s. aureus. Copper oxide concentrations from 5 mg/ml to 0.25
g/ml showed activity on s. aureus as demonstrated in Fig. 9.

Fig. 10 shows a histogram comparing the activity of copper oxide on
e. coli and s. aureus.

E. coli was more resistive to the antibacteria activity of copper oxide
as compare to s. aureus Zinc oxide nanoparticles was similarly tested on e.
coli and s. aureus. Fig. 11 reveals the activity of zinc oxide nanoparticles
on e. coli. The results demonstrates that zinc oxide had no effect on e. coli.
All the concentrations of zinc oxide from 5 mg/ml to 0.01 mg/ml showed
no activity against e. coli. Thus, all the various concentrations of zinc
oxide nanoparticles recorded no zone of inhibition when tested on e. coli.

Zinc oxide nanoparticles were likewise tested on S. Aureus. Unlike its
performance on e. coli, zinc oxide nanoparticles showed effect on s.
aureus. The various concentrations of nanoparticles ranging from 5 mg/
ml to 0.01 mg/ml showed an effect on s. aureus. The effect shown on s.
aureus increased with increasing concentration. Fig. 12 shows the activity
of zinc oxide on s. aureus.

1 1 1 1
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E
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S 7
2 -
2
_C B
£
5 %1 §
[
&
N

0 T

A=5 B=2 C=1 D=05 E=0.25 F=0.1
Conc. of ZnO (g/ml)

CT=0

Fig. 13. Histogram showing the relative activity of zinc oxide on e. coli and
s. aureus.

Whiles zinc oxide showed activity against S, Aureus it was ineffective
against e. coli. Fig. 13 is a histogram of the activity of zinc oxide on e. coli
and s. aureus.

The Kirby Bauer disk diffusion method of antibacteria testing
revealed that e. coli strain ATCC25923 is resistive to nanometal oxides of
zinc oxide. Copper oxide nanoparticles were slightly effective against the
nanoparticles. Meanwhile s. aureus strain ATCC25923 tested with the
same sets of nanoparticles indicated that the nanoparticles were efficient
in resulting in cell death in the order of increasing concentration. Fig. 14
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Zinc Oxide against S. aureus.
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Fig. 16. Dynamic growth kinetic study on (A) e. coli alive (%) after treatment with copper oxide (B) e. coli alive (%) after treatment with zinc oxide (C) S. aureus alive
(%) after treatment with copper oxide (D) s. aureus alive (%) after treatment with zinc oxide.

compares the efficiency of zinc oxide and copper oxide nanoparticles
against e. coli and s. aureus.

3.5.2. Bacteria growth kinetic study

To understand the kinetics of anti-bacterial activity, liquid broth
assay provides a more idle method. Liquid broth assay which is also
popularly called the broth microdilution examines changes in the growth
of bacteria in a broth (liquid) assay by measuring its optical density. The
optical density of the assay provides an estimation of the amount of
bacteria cells present in the assay. Spectrophotometer measure optical
density of bacteria cells by recording the concentration of the cells at an
absorbance of 600 nm. Meanwhile, nanometal oxides may have absor-
bance within the range of 600 nm which is excluded from the analysis.
The antibacteria kinetics studies provides information on the rate of
activity of metal oxides on bacteria species.

The growth kinetics studies began with the same number of bacteria
cells for both gram positive and gram-negative bacteria. 6*10° CFU was
used as the starting amount of bacteria. Corresponding changes in the
initial bacteria density was measured by noting its corresponding
changes in optical density at 600 nm. The bacteria growth dynamics
studies was with and without the presence of nanometal oxides. Assays
without nanometal oxides was used as a reference for antibacteria
studies. Thus the dynamic bacteria growth depended on the antibacteria
metal oxides. Varying concentrations (1 mg/ml, 0.5 mg/ml, 0.25 mg/ml,
0.1 mg/ml, 0.05 mg/ml) of both copper oxide and zinc oxide were
applied on both the gram positive and gram negative bacteria. The
bacteria growth kinetic study is shown in Fig. 15.

Copper oxide showed relatively higher activity against both e. coli and
s. aureus. The activity of both copper oxide and zinc oxide was more
effective against S. aureus than E. coli. A similar results have been re-
ported by other authors on the relative efficiency of nanoparticles against

gram positive bacteria such as s. aureus than gram negative bacteria such
as e. coli [31]. Although gram positive bacteria have comparatively
thicker cell wall which is expected to make them more resistive to
nanoparticles, recent works hypothesised that the gram negative bacteria
of e. coli possess flagellum which could cause the agglomeration of
nanoparticles [32]. The agglomeration of nanoparticles significantly re-
duces their toxic effect [33]. The results obtained in the optical density
test agrees with the results of the disk diffusion test. In the disk diffusion
test, copper oxide nanoparticles again showed enhanced activity in both
bacteria species than zinc oxide.

Fig. 16 demonstrates the amount of bacteria cells present in the
inoculum with respect to time after treatment with the respective
nanoparticles at their varying concentrations. It can be realised from the
figure that in the case of e. coli, the dynamic kinetic growth curve has a
gradual slope. It reaches its minimum point after a prolong time of
treatment. This means that the antibiotic effect of the nanoparticles takes
a considerable length of time to result in the death of e. coli cells. Thus, e.
coli cells are tolerable to the antibiotic effect of the nanoparticles for a
considerable length of time. It can also be deduced from the e. coli (%)
versus Time (hr) plot that copper oxide had the most effect on e. coli as
compared to Zinc oxide. More e. coli cells remained alive in the respective
inoculum treated with nanoparticle concentrations of zinc oxide as
compared to those of copper oxide. The e coli cells were thus more
resistive to zinc oxide nanoparticles than copper oxide nanoparticles (see
Fig. 17).

In the case of s. aureus, the s. aureus alive (%) versus Time (hr) plot has
a very sharp slope. That is s. aureus cells were very susceptible to both
nanoparticles. Similarly, it is also observed that copper oxide nano-
particles were comparably more toxic to the s. aureus cells hence rela-
tively less amount of s. aureus cells remained alive with respect to time.

A similar observation was made in the disk diffusion test. Copper
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Fig. 17. Dynamic growth kinetic study on (A) Antibacteria efficiency of copper oxide against e. coli (B) Antibacteria efficiency of zinc oxide against e. coli (C)
Antibacteria efficiency of copper oxide against s. aureus (D) Antibacteria efficiency of zinc oxide against s. aureus.

oxide nanoparticles were comparably more effective on both e. coli and s.
aureus as compared to zinc oxide.

Fig. 16 shows the efficiencies of the respective nanoparticles on the
different bacteria species. The efficiencies of the nanoparticles were each
observed to be dependent on the concentration of the nanoparticle used
for bacteria treatment. The efficiency in the case of each nanoparticle
increased with increasing the nanoparticle concentration. A similar
observation is common among experimental studies in drug-pathogen
relationships. In the case of the disk diffusion, a similar pattern of anti-
biotic activity was observed. The effect of the disk carrying antibiotic
nanoparticles was dependent on the concentration of nanoparticle sus-
pension in which it was immersed or dipped. The higher the concen-
tration the higher the amount of nanoparticle or nanoparticle ions
immobilized on the disk for antibacteria activity.

According to Fig. 16, copper oxide nanoparticles at the concentration
of 1 mg/ml could achieve antibacteria efficiency of approximately 99%
against both e. coli and s. aureus. Zinc oxide achieved 90% and 89%
respectively for e. coli and s. aureus at the same concentration. Hence,
coper oxide demonstrated higher antibacteria activity against both e. coli
and s. aureus as compared to zinc oxide.

4. Conclusion and future work

In this study, facile method was used to achieve the complete syn-
thesis of ultra-fine nanometal oxide particles. The synthesis method
which was fast, inexpensive and easy to carry out was also easy to
separate from suspension for preparation for characterization studies.
The characterization results showed that the easily synthesised nano-
metal oxides were void of impurities and achieved high degree of crys-
talline nature with diffraction peaks well indexed to known and
hypothesised patterns. The facile synthesised particles achieved optical
properties conforming to their existing kinds with particles size below

10

100 nm which categorises them as nanoparticles. The synthesised par-
ticles were further characterized to free of surfactant hence their anti-
bacteria activity would be unaided by organic species which could also
possess antibacteria activity. The antibacteria activity of the nanometal
oxides on gram negative bacteria and gram positive which were
respectively E. coli and S. aureus showed that both nanometal oxides of
copper oxide and zinc oxide could inhibit bacteria activity dependent on
their concentration. The antibacteria activity increased directly propor-
tional to their concentration. However, this study revelation demon-
strates two different but complementing methods of antibacteria testing
which are the disk diffusion and the optical density test that copper oxide
possessed a comparatively higher antibacteria on both gram negative
bacteria which is e. coli and gram positive bacteria which is s. aureus. The
results is useful for the synthesis, characterization and the relative anti-
bacteria efficiencies of two of the most popular metal oxide antibacteria
agents. Further studies may be carried into the impart of different syn-
thesis methods on the properties and the effects of these two widely
considered metal oxide nanometal oxides.
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