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Abstract
In this work, we fabricated ZnO and ZnO/CuO nanocomposites using Mentha longifolia leaf extract as a natural, non-toxic, 
and efficient stabilizer. Anti-bacterial activities of the prepared samples against two pathogenic bacteria, Escherichia coli 
(Gram-negative), and Staphylococcus aureus (Gram-positive) were investigated. The properties of the as-prepared samples 
were characterized by XRD, EDX, SEM, TEM, TGA, FT-IR, UV–Vis DRS, and BET instruments. The XRD analysis 
indicated that the size of crystallites was decreased for the ZnO powder prepared in the presence of the leaf extract. The 
SEM images showed that the samples consist of spherical shaped well-distributed particles. In addition, the presence of 
biomolecules from the leaf extract was revealed by EDX, TGA, FT-IR, and UV–Vis DRS analyses, which are important 
in biosynthesis process. The highest anti-bacterial activity belonged to the ZnO/CuO (10%) nanocomposite and the other 
compounds, including ZnO/CuO (5%), ZnO (ext), and ZnO (W) were in the next ranks, respectively. It was observed that the 
viability percentages against E. coli (10.16 ± 2.2) is higher than that of S. aureus (17.1 ± 0.87) in the presence of the ZnO/
CuO (10%) nanocomposite. Ultimately, the mechanism for the action of the ZnO/CuO (10%) nanocomposite was explored 
through the SEM images, which involved the disruption of the bacterial membranes.

1 Introduction

The current attempt in nanotechnology is fabrication of 
nanomaterials with green procedures, unique characteris-
tics, and high efficiency to be used in various fields [1–3]. 
Recently, metal oxides have been substantially used in dif-
ferent disciplines such as sensors, photocatalysts, UV pro-
tection, drug carriers, cosmetics, filling materials in medical 
industry, and anti-bacterial agents, due to offering unique 
properties [4]. One of these metal oxides is zinc oxide (ZnO) 
as a n-type semiconductor with appealing properties of green 
characteristics, low price, excellent stability, and existing 
facile preparation routes [5–8]. On the other hand, copper 
oxide (CuO) is another commonly used p-type semiconduc-
tor with low band gap energy, excellent chemical stability, 

environmentally friendly features, anti-inflammatory, and 
anti-bacterial activities [9–11]. This semiconductor is one 
of the most attractive materials that has been widely applied 
in photo-electrochemical water reduction, gas sensing, cata-
lytic activity, super-hydrophobic surfaces, solar hydrogen 
production, photodegradation reactions, and photovoltaic 
applications [12, 13].

Several physical and chemical techniques have been 
developed for fabrication of metal oxides including micro-
wave-irradiation, sol–gel, chemical vapor deposition, co-
precipitation, wet impregnation, and mechanical alloying 
methods [14–16]. Among them, microwave-irradiation route 
is a facile and controllable method, which has been emerged 
as a fast route in synthesis of organic compounds, polymers, 
inorganic materials, and nanomaterials [17, 18]. Green syn-
thesis process has been accepted as a promising technique to 
prevail the limitations accompanied with chemical methods. 
This method involves the application of microorganisms, 
some fungus, and plants during the preparation procedure 
[19, 20]. The Mentha genus, known as “wild mint”, belongs 
to the family of Lamiaceae. Although this genus has spread 
in all parts of the earth, it has been commonly reported in 
Mediterranean regions, such as Australia, Europe, and North 
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Africa [21–23]. Due to its tremendous properties, different 
parts of this plant are widely used as anti-microbial, anti-
fungal, anti-spasmodic, carminative, and stimulant agents, 
and for treatment of various diseases such as digestive dis-
orders and headaches. Additionally, this plant is used in 
the food, tobacco, and cosmetics industries [23, 24]. The 
known compounds in Mentha longifolia leaf extract are trit-
erpenoids, steroids, beta-sitosterol, phenolic compounds, 
hexacosyl (E)-ferulate, and flavonoids. Besides, the main 
chemical constituents of this plant, including pulegone, 
menthone, isomenthone, menthol, 1,8-cineole, borneol, and 
piperitenone have imperative roles in different effects of this 
plant [24, 25]. It should be noted that the menthols are the 
most important components responsible for pharmacological 
effects of this plant [24].

In this research, ZnO powder in water, denoted as ZnO 
(W), in the leaf extract of M. longifolia, denoted as ZnO 
(ext), ZnO/CuO (5%), and ZnO/CuO (10%) nanocompos-
ites were synthesized by an efficient microwave-assisted 
method. The phase structure, purity, morphology, thermal 
stability, and spectroscopic and textural properties were 
studied using X-ray diffraction (XRD), energy-dispersive 
X-ray spectroscopy (EDX), scanning electron microscopy 
(SEM), transmission electron microscopy (TEM), thermo 
gravimetric analysis (TGA), Fourier transform-infrared (FT-
IR) spectroscopy, UV–Vis diffuse reflectance spectroscopy 
(UV–Vis DRS), and Brunauer–Emmett–Teller (BET) instru-
ments. Additionally, to examine the anti-bacterial activities, 
the as-prepared materials were used against Escherichia 
coli (Gram-negative) and Staphylococcus aureus (Gram-
positive) bacteria. The experimental results showed that the 
prepared samples with the leaf extract of M. longifolia had 
an excellent potential to inhibit the growth of the studied 
bacteria.

2  Experimental section

2.1  Materials

In this research, zinc (II) nitrate [Zn(NO3)2⋅6H2O], copper 
(II) acetate [Cu(CH3 COO)2⋅H2O], sodium hydroxide, and 
ethanol with analytical grads were purchased from Merck 
(Darmstadt, Germany). E. coli (PTCC 1047) and S. aureus 
(PTCC 1189) were provided from Iranian Research Organi-
zation for Science and Technology (IROST). Nutrient broth 
(NB) and nutrient agar (NA) were purchased from Pronadisa 
(Spain).

2.2  Preparation of the extract

The green M. longifolia leaves were collected from moun-
tainous region, the North West of Iran, Ardabil province, and 

authenticated by Botanical Lab of University of Mohaghegh 
Ardabili, Iran. The collected green leaves were completely 
washed by deionized  H2O (DW) and dried at room tempera-
ture in a dust free condition for 4 days. Dried leaves were 
crushed into fine powder by milling. Afterward, 10 g of the 
powder was mixed with 100 mL DW and refluxed at 95 °C 
for 60 min. The leaves extract was filtered through Whatman 
qualitative filter paper No. 1 and centrifuged at 5000 rpm for 
5 min to remove large particles. To prevent thermal destruc-
tion of the filtered extract, it was kept at 4 °C to be used in 
the preparation of nanomaterials [26].

2.3  Preparation of the nanomaterials

2.3.1  Synthesis of ZnO (ext)

A simple microwave oven (2.45 GHz and 1000 W) was 
applied for green synthesis of ZnO using M. longifolia leaf 
extract (ZnO (ext)). In this method, 7.31 g zinc (II) nitrate 
was dissolved in a solution with a volume ratio 20 mL of 
the extract and 80 mL of DW. In order to adjust pH to 10, 
an aqueous solution of NaOH (5 M) was drop-wisely added 
into the solution under stirring. Then, the suspension was 
irradiated for 10 min in the microwave oven. The result-
ant light brown precipitate was separated from the reaction 
suspension by centrifugation at 5000 rpm for 8 min. Then, it 
was washed with DW and ethanol repeatedly and oven-dried 
at 60 °C for 24 h.

2.3.2  Synthesis of ZnO (W)

The ZnO sample in water, ZnO (W), was prepared with the 
same procedure, except that zinc nitrate was dissolved into 
100 mL of DW. Briefly, 7.31 g zinc (II) nitrate was dissolved 
in 100 mL of DW. After that, using an aqueous solution of 
NaOH (5 M), it was adjusted to pH 10. Then, the suspension 
was irradiated for 10 min in the microwave oven. Thereafter, 
the resultant white precipitate was separated by centrifuga-
tion and it was washed with DW and ethanol and finally was 
dried at 60 °C for 24 h.

2.3.3  Synthesis of ZnO/CuO

In the case of the ZnO/CuO (10%) nanocomposite, 1.644 g 
zinc nitrate and 0.1254 g copper acetate were dissolved in 
80 mL DW and 20 mL of the leaf extract. The pH of the 
solution was adjusted to 10 by drop wise adding an aqueous 
solution of NaOH (5 M), and afterward it was irradiated for 
10 min in the microwave oven. The formed precipitate was 
separated from the reaction suspension by centrifugation and 
it was washed and dried similar to that of ZnO. For prepa-
ration of the ZnO/CuO (5%) nanocomposite, the amounts 
of zinc nitrate and copper acetate were 3.47 and 0.152 g, 
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respectively. The schematic diagram for preparation of the 
samples is illustrated in Scheme 1.

2.4  Instruments

The XRD patterns were used for determination of the crys-
tallinity and average crystallite sizes of the samples, which 
provided by a Philips Xpert X-ray diffractometer with Cu 
K∝ radiation (λ = 0.15406 nm). Morphology of the samples 
and surface morphology of the bacteria were observed with 
LEO 1430VP SEM, using an accelerating voltage of 15 kV. 
Compositions of the samples were analyzed with an EDX 
system on the same SEM. The TEM images were obtained 
by means of a CM30 Philips, using an acceleration voltage 
of 150 kV. TGA of the samples was obtained using Linseis 
STAPT 1000 by heating under air atmosphere from room 
temperature to 700 °C at 10 °C/min. The FT-IR analysis 
was performed by a Perkin Elmer Spectrum RX I apparatus. 
UV–Vis DR spectra were recorded by a Scinco 4100 appa-
ratus. Textural properties of the samples were investigated 
by a Micromeritics Tristar II Plus adsorption apparatus at 
− 196 °C.

2.5  Anti‑bacterial activity assessment

Anti-bacterial activity of the as-prepared samples against 
E. coli and S. aureus was assessed using colony forming 
units (CFU) enumeration method [27, 28]. The bacteria were 
cultured in 50 mL of NB and incubated at 37 °C. The cell 
concentration was adjusted to  107 CFU mL−1 in the reaction 
solution. Different concentrations of the fabricated samples 
were prepared in the sterilized NB medium in a final volume 
of 3 mL. The growth of bacteria was monitored without 
and with nanomaterials at an optimized concentration of 
128 µg mL−1. Subsequently, the cultures were incubated in 
a shaker incubator for 24 h at 190 rpm min−1 and at 37 °C. 

Afterwards, the optical density was measured at 600 nm. 
The agar plates were then surface inoculated with 100 µL 
of each bacterial suspension. The plates were incubated 
at 37 °C for 48 h and the number of viable colonies was 
counted for each isolate in triplicate.

3  Results and discussion

3.1  Characterization

Figure 1 shows XRD patterns obtained for the ZnO (W), 
ZnO (ext), ZnO/CuO (5%), and ZnO/CuO (10%) samples. 
For the ZnO (W) and ZnO (ext) samples, all of the peaks 
were corresponding to hexagonal crystalline phase of ZnO 
(JCPDS card No. 36-1451) [29, 30]. The Scherrer’s equation 

Scheme 1  The schematic diagram for synthesis of the ZnO/CuO nanocomposites

Fig. 1  XRD patterns for the ZnO (W), ZnO (ext), ZnO/CuO (5%), 
and ZnO/CuO (10%) samples
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(Eq. 1) was applied to calculate the average crystallite size 
of the prepared samples [26]. 

where K is Scherrer’s constant, which is 0.9, wavelength of 
X-ray radiation is λ = 0.15406 nm, β is peak width at half 
maximum, and θ is Bragg’s angle. Hence, the average crys-
tallite sizes for the all samples were calculated and reported 
in Table 1. As seen, size of the particles for the ZnO sample 
fabricated in the presence of the extract is lower than that of 
the sample prepared in water. As known, different functional 
groups including C–O, C=O, and O–H presented in the leaf 
extract of M. longifolia, which are related to biocompounds 
such as phenolic compounds and flavonoids. Molecules of 
these compounds stabilize particles of ZnO during their 
growth, which is responsible for stabilization and formation 
of smaller particles of the ZnO (ext) sample in comparison 
with the ZnO (W) sample [31, 32]. Similar results have been 
observed during fabrication of ZnO particles in the pres-
ence of various plant extracts [33, 34]. Furthermore, in the 
ZnO/CuO (5%) and ZnO/CuO (10%) nanocomposites, other 
than the peaks of hexagonal crystalline phase of ZnO, the 
reflection peaks of CuO with low intensity were observed, 
according to its low weight percentages. The observed peaks 
of CuO were attributed to the cubic crystallite phase (JCPDS 
card No. 78–0428) [35].

In this step, EDX analysis was exploited to evaluate 
chemical composition and purity of the ZnO (W), ZnO (ext), 
ZnO/CuO (5%), and ZnO/CuO (10%) samples, as shown 
in Fig. 2. The EDX spectra revealed the presence of zinc 
and oxygen elements for the ZnO (W) sample. The ZnO 
(ext) sample exhibited zinc, oxygen, and carbon elements. 
Additionally, the EDX spectra for the ZnO/CuO (5%) and 
ZnO/CuO (10%) nanocomposites, revealed the presence of 
zinc, oxygen, carbon, and copper elements. The presence of 
carbon element in the EDX spectra of these samples were 
ascribed to binding different biomolecules from the leaf 
extract to the surface of the fabricated ZnO [25]. Moreover, 
according to the results, no impurity peaks were detected, 
which indicated high purity of the fabricated samples. The 
weight percentages of Zn and O elements in the ZnO (W) 
sample were 86.7, and 13.3%, respectively. Furthermore, in 

(1)D = K�∕� cos �

the ZnO (ext) sample, the weight percentages of Zn, O, and 
C elements were obtained as 79.7, 19.0, and 1.30%, respec-
tively. Weight percentages of Zn, O, C, and Cu elements in 
the ZnO/CuO (5%) nanocomposite were found to be 72.1, 
21.4, 2.40, and 4.1%, respectively. Finally, the weight per-
centages of Zn, O, C, and Cu elements in the ZnO/CuO 
(10%) nanocomposite were found to be 73.2, 19.2, 2.3, and 
5.3%, respectively.

Morphology of the ZnO (W), ZnO (ext), and ZnO/CuO 
(5%) samples were studied using SEM and TEM instruments 
and their images are shown in Fig. 3. As observed, in all 
samples, the most of particles are nearly spherical. Addition-
ally, for the ZnO (ext) and ZnO/CuO (5%) samples, prepared 
in the presence of the leaf extract, mean particle sizes were 
decreased, which were in accordance with the results of the 
XRD analysis.

TG analysis was performed to determine thermal stability 
and weight percentages of the binded leaf extract over the 
samples. Figure 4 shows the TGA plots for the ZnO (W), 
ZnO (ext), ZnO/CuO (5%), and ZnO/CuO (10%) nanocom-
posite. As observed, the ZnO (W) sample showed a weight 
loss of 1.4% after heating up to 700 °C. This decrease was 
ascribed to desorption of water molecules adsorbed over 
the sample. In the case of the ZnO (ext), ZnO/CuO (5%), 
and ZnO/CuO (10%) samples, the weight loss, by heating 
up to about 200 °C, was attributed to the dehydration step, 
similar to the ZnO (W) sample. However, by further heat-
ing of these samples, much more decreases in the weights 
were observed. These decreases were related to the burn-
ing of the organic molecules from the leaf extract binded to 
the surface of these samples. Weight percentages of organic 
contents of the ZnO (ext), ZnO/CuO (5%), and ZnO/CuO 
(10%) samples were calculated from the weights remained 
after heating the samples up to 650 °C. Weight percentages 

Table 1  Average crystallite sizes for ZnO and CuO in the as-prepared 
samples

Semiconductor Average crystallite size (nm)

ZnO (W) ZnO (ext) ZnO/CuO 
(5%)

ZnO/
CuO 
(10%)

ZnO 29 24 16 14
CuO – – 11 10

Fig. 2  EDX spectra for the ZnO (W), ZnO (ext), ZnO/CuO (5%), and 
ZnO/CuO (10%) samples
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of the biomolecules in the ZnO (ext), ZnO/CuO (5%), and 
ZnO/CuO (10%) samples were calculated to be 17, 17.5%, 
and 22.2% respectively. Similar results have been reported 
for TG analysis of the ZnO particles fabricated in the pres-
ence of different plant extracts [36–38].

FT-IR spectra were also recorded to determine the func-
tional groups of the samples in the range of 400–4000 cm−1. 
The FT-IR spectra of the leaf extract and prepared samples 
are shown in Fig. 5. The spectra of ZnO (W), ZnO (ext), 
ZnO/CuO (5%), and ZnO/CuO (10%) samples exhibited a 
peak in wavenumber of 476 cm−1, which was ascribed to 
the stretching vibration of Zn–O bond [39, 40]. The ZnO/
CuO (5%) and ZnO/CuO (10%) samples showed a distinct 

peak at 564 cm−1, which was related to the Cu–O bond [41, 
42]. In addition, the peaks at 1073 and 1623 cm− 1 were 
attributed to stretching vibrations of the C–O and C=O 
bonds from the biomolecules presented in the leaf extract 
[43, 44]. The absorption peaks for C–H stretching vibra-
tions of  CH2 and  CH3 groups were observed at 2862 and 
2934 cm−1, respectively [45]. Finally, the FT-IR spectra of 
the leaf extract and all samples showed broad absorption 
peaks at 3200–3668 cm−1, representing stretching vibration 
of O–H group [46].

UV–Vis DR spectra could provide useful information 
about the electronic absorption properties of the samples. 
Hence, the UV–Vis spectra of the resultant ZnO (W), ZnO 

Fig. 3  SEM and TEM images 
for the prepared samples: a ZnO 
(W), b ZnO (ext), and c ZnO/
CuO (5%)
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(ext), ZnO/CuO (5%), and ZnO/CuO (10%) samples were 
obtained, and the results are shown in Fig. 6. As seen, the 
ZnO (W) sample showed an intensive absorption only in 
UV region with a sharp peak at 370 nm. Interestingly, the 
ZnO (ext) sample displayed absorptions in UV and visible 
regions. The characteristic peak in UV region of the ZnO 
(ext) sample showed a distinct blue shift of 41 nm. This shift 
in the absorption peak was related to decrease of the particle 
sizes for the ZnO sample prepared in the presence of the 
leaf extract, which is attributed to the quantum confinement 
effect [31]. When materials are as small as nanoscale, their 
properties deviate considerable from the properties in bulk 
materials. At this scale, band gap energy of semiconductor 

increases and becomes size dependent and a blue shift in 
the electronic spectra is observed [47]. Furthermore, the 
ZnO (ext), ZnO/CuO (5%), and ZnO/CuO (10%) samples 
had strong absorption in visible region due to the pres-
ence of biomolecules from the leaf extract. Therefore, the 
results obtained from the DRS data were parallel with the 
EDX, TGA, and FT-IR analyses, confirming the presence 
of biomolecules from the leaf extract adsorbed over the as-
prepared samples.

The BET surface areas and pore properties of the ZnO 
(W), ZnO (ext), ZnO/CuO (5%), and ZnO/CuO (10%) sam-
ples were explored by using nitrogen adsorption–desorption 
isotherms. The results of these analyses are shown in Fig. 7 
and the calculated parameters are reported in Table 1. The 
BET results revealed that the samples showed typical IV iso-
therms, indicating the fact that they almost have mesopore 
structures [48]. The calculated specific surface areas for the 
ZnO (W), ZnO (ext), ZnO/CuO (5%), and ZnO/CuO (10%) 
samples were 29.3, 43.0, 36.0 and 26.0 m2 g−1, respec-
tively. Moreover, total pore volumes of the ZnO (W), ZnO 
(ext), ZnO/CuO (5%), and ZnO/CuO (10%) samples were 
0.1981, 0.2003, 0.0939, and 0.0984 cm3 g−1, respectively. 
The decrease of the textural properties for the ZnO/CuO 
samples is attributed to the blocking of the surface active 
sites by CuO particles (Table 2).

3.2  Anti‑bacterial activity investigations

Anti-bacterial activity of the ZnO (W), ZnO (ext), ZnO/CuO 
(5%), and ZnO/CuO (10%) samples against E. coli and S. 
aureus was investigated at an optimized concentration of 
128 µg mL−1 using CFU enumeration method. Figures 8 and 
9 show the results of anti-bacterial activities of the prepared 

Fig. 4  TGA analysis for the ZnO (W), ZnO (ext), ZnO/CuO (5%), 
and ZnO/CuO (10%) samples

Fig. 5  FT-IR spectra for the M. 
longifolia leaf extract, ZnO (W), 
ZnO (ext), ZnO/CuO (5%), and 
ZnO/CuO (10%) samples
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samples against the pathogenic bacteria. The differences in 
the viability of these bacteria were statistically significant 
by one-way ANOVA at P < 0.05, as indicated. As observed, 
the anti-bacterial activities are significantly different among 
experimental groups and the control group. Furthermore, 
the anti-bacterial activities of the ZnO (W) sample against 
both pathogenic bacteria were less than those of other sam-
ples. When ZnO was synthesized using the leaf extract, the 
viability percentages of the bacteria were reduced. Besides, 
the results obviously demonstrated strong anti-bacterial 
activities for the ZnO/CuO nanocomposites. Furthermore, 
the viability percentages of the pathogenic bacteria in the 
presence of the ZnO/CuO (5%) nanocomposite was sig-
nificantly reduced by increasing the CuO content. For this 
reason, the ZnO/CuO nanocomposites displayed substantial 

Fig. 6  UV–Vis DRS spectra for the ZnO (W), ZnO (ext), ZnO/CuO 
(5%), and ZnO/CuO (10%) samples

Table 2  Specific surface area and pore properties for the ZnO (W), 
ZnO (ext), ZnO/CuO (5%), and ZnO/CuO (10%) samples

Sample Surface area
(m2 g−1)

Mean pore 
diameter
(nm)

Total pore vol-
ume  (cm3 g−1)

ZnO (W) 29.3 27.0 0.1981
ZnO (ext) 43.0 19.0 0.2003
ZnO/CuO (5%) 36.0 10.5 0.0939
ZnO/CuO (10%) 26.0 15.0 0.0984

Fig. 7  Nitrogen adsorption–desorption plots for the ZnO (W), ZnO 
(ext), ZnO/CuO (5%), and ZnO/CuO (10%) samples

Fig. 8  Anti-bacterial activity of the prepared samples against E. coli 
bacteria

Fig. 9  Anti-bacterial activity of the prepared samples against S. 
aureus bacteria
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anti-bacterial activity. Finally, it is observed that the anti-
bacterial activity of ZnO/CuO (10%) nanocomposite against 
E. coli (10.16 ± 2.2) was higher than that observed for S. 
aureus (17.1 ± 0.87).

For better insights, the pathogenic bacteria were inacti-
vated with the prepared samples and their optical images 
are illustrated in Fig. 10. As it is obvious, the highest anti-
bacterial activity belonged to the ZnO/CuO (10%) nanocom-
posite and the other compounds, including ZnO/CuO (5%), 
ZnO (ext), and ZnO (W) were in the next ranks, respectively. 
Furthermore, in all samples, the number of cell colonies for 
E. coli were less than those for S. aureus. Thus, in accord-
ance with the viability percentages, these images supported 
enhanced anti-bacterial activity for the prepared samples in 
the presence of the leaf extract.

According to the related literature, cell damage, oxidative 
stress phenomena, and genomic and plasmid DNA degrada-
tion are plausible factors that can kill bacteria [49–52]. In 
order to determine the mechanism for anti-bacterial activity 
of the ZnO/CuO (10%) nanocomposite, the surface morphol-
ogies of both E. coli and S. aureus bacteria were investigated 
by SEM, as the images are shown in Fig. 11. According 
to Fig. 11a, b for E. coli bacteria, the SEM images clearly 
revealed wrinkled bacterial membranes and obvious cracks 
on the cell surfaces. In addition, as shown in Fig. 11c, d, the 
ZnO/CuO (10%) nanocomposite ruptured the outer and inner 
membrane of the S. aureus cells, resulting in the disorgani-
zation of cell wall and secretion of the inner content [53, 54]. 

In contrast, a little morphological changes were observed in 
the SEM images of E. coli.

4  Conclusion

The present study focused on the development of a green, 
fast, and simple microwave-assisted method for synthe-
sis of the ZnO and ZnO/CuO nanocomposites, using the 
leaf extract of a medicinal plant, M. longifolia. Accord-
ing to the XRD and EDX results, no impurity peaks were 
detected, which indicated high purity of the fabricated 
samples. In addition, the XRD analysis indicated that the 
mean size of crystallites was decreased for the ZnO pow-
der prepared in the presence of the extract. From the SEM 
images, the spherical shape and well-distribution of the 
particles were observed. The EDX, TGA, UV–Vis DRS, 
and FT-IR analyses confirmed the existence of biomol-
ecules from M. longifolia leaf extract binded over the pre-
pared samples. Furthermore, results indicated, when sam-
ples were synthesized using the leaf extract, the viability 
percentages of the bacteria were reduced. Moreover, the 
SEM images of the bacteria confirmed the mechanism for 
anti-bacterial activity of the ZnO/CuO (%10) nanocom-
posite. Finally, our results indicated that Gram-negative 
bacterial strains were more sensitive in comparison to 
Gram-positive strains against the tested nanocomposites, 
and disclosed the potential application of the nanocompos-
ites as appropriate candidates for successful minimization 
of bacterial infections that may occur.

Fig. 10  Anti-bacterial activities of the ZnO (W), ZnO (ext), ZnO/CuO (5%), and ZnO/CuO (10%) samples against E. coli and S. aureus 
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