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Abstract:

This study was conducted to evaluate the effectiveness of copper oxide nanoparticles prepared 
biologcally from Ficuscarica leaf extract towards pathogens isolated from Housefly(Muscadomes-
tica). 150 houseflies were collected from different places (vegetable market, grocery stores and 
some houses). The results of isolation and diagnosis of bacterial species showed that 118 samples 
of houseflies carried bacteria with a percentage of 78.66%, while the number of samples in which 
no bacterial growth occurred was 32 samples (21.33%). As for the number of bacterial isolates, 266 
bacterial isolates were obtained, and the results showed the predominance of bacterial isolates nega-
tive for Cram’s stain (86.46%) over those positive for Cram’s stain (13.53%). The bacterial isolates 
were diagnosed as Klebsiellaoxytoca.Escherichia coli, Staphylococcus aureus, Proteus mirabilis 
and Enterobacter cloacae,The first ranking was topped byK. oxytoca with 36.84% while E. coli 
came second with 28.94%. The study proved that the aqueous extract of Ficuscarica leaves can be 
used as a biological agent in the preparation of copper oxide nanoparticles as it had a surface topog-
raphy size of 41.45 nm when examined by atomic force microscopy and a nanosize of 24.06 nm with 
a spherical shape when examined by field emission scanning electron microscopy. Two absorption 
peaks appeared at wavelengths of 240 and 350 nm, according to the UV/Vis spectrophotometer 
results, and the evaluation of CuO NPs’ ability to inhibit bacterial species revealed that the concen-
trations of CuO NPs varied significantly. The concentrations that were employed (300, 400, and 500 
micrograms/ml) varied significantly, and the inhibitory diameters increased in direct proportion to 
the nanoconcentration. Additionally, the results demonstrated that all bacterial isolates were resistant 
to the concentrations of CuO NPs (100 and 200 micrograms/ml). The highest inhibition diameter 
was 17.67± 0.577  mm with E. coli at 500 μg/ml, while the lowest inhibition diameter was 10.67 ± 
0.577  mm with P. mirabilis at 300 μg/ml. 
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تقييم فاعلية اوكسيد النحاس النانوي المحضر حيوياً تجاه بعض الأنواع 
 )Muscadomestica L.( البكتيرية المعزولة من حشرة الذبابة المنزلية

ســندس عبد الرحمن حســين   ،    حارث أحمد مصطفى
قســم علوم الحياة، كلية التربية، جامعة ســامراء، ســامراء، العراق

مستخلص:
اجريــت هــذه الدراســة مــن اجــل تقييــم فعاليــة اوكســيد النحــاس النانــوي والمحــر بطريقــة حيويــة مــن مســتخلص اوراق التــن Ficuscarica اتجــاه 
Housefly، إذ جمعــت 150 حــرة مــن الذبــاب المنــزلي مــن اماكــن مختلفــة )ســوق  )Muscadomestica( المســببات المرضيــة المعزولــة مــن الذبــاب المنــزلي
ــبة  ــا وبنس ــل البكتيري ــزلي تحم ــاب المن ــن الذب ــة م ــة أن 118 عين ــواع البكتيري ــخيص الان ــج تش ــت نتائ ــازل(، إذ أوضح ــض المن ــة وبع ــروات والقصاب الخ
%78.66 في حــن بلــغ عــدد العينــات التــي لم يحصــل فيهــا أي نمــو بكتــري 32 عينــة وبنســبة %21.33 وبعــدد عــزلات بكتيريــة كانــت266 عزلــة، كــا 
واوضحــت النتائــج تفــوق العــزلات البكتيريــة الســالبة لصبغــة كــرام وبنســبة %86.46 في حــن كانــت نســبة البكتيريــا الموجبــة لصبغــة كــرام 13.53%، 
 Enterobacterو Proteus mirabilis و Staphylococcus aureus و Escherichia coli و Klebsiellaoxytoca وشُــخصت العــزلات البكتيريــة المعزولــة إلى
ــبة 28.94%،  ــوع E. coli بنس ــة الن ــة الثاني ــاءت بالمرتب ــن ج ــبة  %36.84 في ح ــري K.oxytoca بنس ــوع البكت ــة الاولى الن ــدرت المرتب ــد تص cloacae وق
ــوي إذ  ــاس النان ــيد النح ــيمات أوكس ــر جس ــوي في تحض ــل حي ــن Ficuscarica كعام ــي لأوراق الت ــتخلص المائ ــتعمال المس ــة اس ــة إمكاني ــت الدراس وأثبت
ــد  ــروي عن ــكل ك ــر وذات ش ــوي 24.06 نانومي ــم نان ــة وبحج ــوة الذري ــر الق ــا بمجه ــد فحصه ــر عن ــا 41.45 نانومي ــطح له ــس الس ــم تضاري كان حج
ــاف  ــج مطي ــة 240 و350 نانومتر،وفقًالنتائ ــوال موجي ــد أط ــاص عن ــرت قمتاامتص ــا ظه ــة ك ــات الميداني ــح للانبعاث ــروني الماس ــر الالك ــا في المجه فحصه
الأشــعة فــوق البنفسجية/المرئية،وكشــفت نتائــج تقييــم قــدرة جســيمات أكســيدالنحاس النانويــة عــى تثبيــط الأنــواع ا لبكتيريــة وجــود فــروق معنويــة بــن 
التراكيــز المســتعملة  )300 و400 و500 ميكروغرام/مــل( وبشــكل كبــر، حيــث ازدادت أقطارالتثبيــط بشــكل طــردي معــا لتركيــز النانــوي. بالإضافــة 
إلى ذلك،أظهــرت النتائــج أن جميــع العــزلات البكتيريــة كانــت مقاومــة لتركيــزات جســيمات أكســيد النحــاس النانويــة )100 و200 ميكروغرام/مــل(. كــا 
 P. مــع mm  0.577 ± 10.67مــع الإشريكيــة القولونيــة عنــد 500 ميكروغرام/مل،بينــا كان أقــل قطــر تثبيــط mm  0.577 ± 17.67 كان أعــى قطــر تثبيــط

ــل. ــد 300 ميكروغرام/م mirabilis عن
.CuO NPs،  Ficuscarica ، الكلمات المفتاحية: الذباب المنزلي، البكتيريا المرضية
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Introductions: 
Insects represent approximately 

67% of known living organisms and 
are one of the most widespread and 
present organisms of the animal king-
dom on the surface of the globe, which 
includes at least one million species of 
insects and is a large and integral part 
of ecosystems [1,2],So scientific stud-
ies have focused on insects for many 
reasons, including their large num-
bers and the seriousness of their im-
pact on human life and the organisms 
that live with them, their transmission 
of many pathogens and the damage 
of products and materials used by hu-
mans [3]. Housefly(Muscadomestica)
is one of the largest health pests in the 
world, and it is a global pest that poses 
great concerns as it has a close associ-
ation and relationship with humans as 
well as with the animals and livestock 
that they raise and thus transmit many 
pathogens to humans and animals[4]. 
house flies transmit many dangerous 
diseases and epidemics including Ty-
phoid, Cholera, Paratyphoid, Diar-
rhoea, Dysentery, Smallpox and An-
thrax [5].Studies have revealed that 

flies play a major role in the transmis-
sion of antibiotic-resistant bacteria and 
the spread of antibiotic-resistant strains 
from the hospital environment to other 
environments, as well as their role in 
spreading epidemics, especially intes-
tinal epidemics such as diarrhoea and 
other diseases [6].

However, certain current medica-
tions are no longer effective against 
multidrug-resistant bacteria, which 
have proliferated. Antibiotic dosag-
es have increased as a result, and new 
medications must be created. In order 
to solve this issue, researchers must 
identify alternatives to medications, 
which presents a significant obstacle. 
The characteristics of nanomaterials, 
such as their size, shape, appearance, 
charge, and surface area, have made 
them a viable new solution in recent 
years. Because of this, they are now 
the subject of studies on the problem 
of antibiotic resistance. [7,8], Further-
more, the use of plant extracts and 
parts to create nanomaterials has be-
come very popular recently because it 
is a safe, cost-effective, environmen-
tally friendly, and quick process, as 
well as because plants contain efficient 
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metabolic compounds that contribute 
to the reduction of nanomaterials. [9]. 
Among the plants that have been used 
in the preparation of nanomaterials 
is Ficuscarica, as it is rich in natural 
metabolic compounds such as phenols, 
alkaloids, flavonoids, terpenes, tannins 
and other minor ones [10].The aim of 
this study was to find a safe, environ-
mentally friendly and inexpensive way 
to synthesise copper oxide particles 
from fig leaf (Ficuscarica) extract and 
use it to inhibit bacterial species isolat-
ed from the housefly.

Methods
Preparation of culture media  
The culture media required in the 

experiment were nutrient broth, nu-
trient agar, brain-heart infusion broth, 
Mueller-Hinton agar, MacConkey agar, 
mannitol salt agar, brilliant green agar, 
eosin methylene blue agar, and blood 
agar. Prepared according to the man-
ufacturer’s instructions with pH regu-
lation 7. Sterilized under known steril-
ization conditions in an autoclave, and 
then placed at 37°C in the incubator for 
24 hours to ensure the absence of any 
contamination, and then stored at 4°C 

in the refrigerator until use. Biochem-
ical tests were performed according to 
De la Mazaet al. [11] to diagnose bac-
terial isolates. The biochemical tests 
were the oxidase test, catalase test, in-
dole test, methyl red test, citrate utili-
zation test, and urease test.

Isolation and diagnosis of bacte-
ria from house flies 

A total of 150 samples of houseflies 
were collected from different places 
(vegetable market, grocery market, and 
some houses). The insects were anes-
thetized and frozen. 2 ml of normal sa-
line was added to the sterile tubes, then 
the solution was shaken using Vortex. 
A sample was taken using Loop and 
sown on pre-prepared culture media, 
and bacterial species were diagnosed 
according to their phenotypic charac-
teristics, microscopic examination, and 
some biochemical tests in addition to 
diagnosis using the Vitek Compact sys-
tem. [12,13].

Preparation of hot aqueous ex-
tract of Ficuscarica

Collected F. carica leaves, washed 
with well-distilled water and cut 
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into small pieces, 5 g of them were 
weighed, then 125 ml of ionic water 
was added to them and the plant mix-
ture was placed in a sterile glass flask 
and the mouth of the flask was closed 
to prevent evaporation of the mixture 
and the mixture was placed in a water 
bath shaker at 60°C for one hour, then 
the mixture was filtered using medical 
gauze to remove plant parts and then 
Whatman No. 1 filter paper was used. 
The mixture was placed in a sterile 
glass bottle and kept in the refrigerator 
until use [14].

Preparation of copper sulfate 
solution and synthesis of CuO NPs

Copper sulfate solution was pre-
pared at a concentration of 0.1 mol/L 
by weighing 24.97 g of CuSO4.5H2O 
in 800 mL of deionized water. The col-
or of this solution was light blue, and 
this solution was placed on an elec-
tric heater with a magnetic stirrer at a 
temperature of 60-70°C. Fig leaf ex-
tract was added (10 ml), and the color 
changed to brown. Then it was washed 
by centrifugation. [15].

In order to confirm the synthesis 
of CuONP nanoparticles by the green 

manufacturing method.Several tests 
were conducted at Ames Research 
Laboratory in Baghdad.Including Field 
Emission Scanning Electron Micros-
copy, Atomic Force Microscopy and 
UV/Vis Spectrophotometer [16,17].

Evaluation of the efficacy of CuO 
NPs against bacterial species isolat-
ed from house flies

To evaluate the efficacy of CuO NPs 
against bacterial species isolated from 
houseflies. The concentrations (100, 
200, 300, 400, and 500 µg/ml) of CuO 
NPs were determined. The etch diffu-
sion method was used to detect the ac-
tivity of the samples. The isolates were 
grown in nutrient broth medium and 
incubated at 37°C. 10 µL of the growth 
was added to 5 mL of saline solution 
per tube, and the tubes were shaken. A 
portion of the bacterial suspension (1.5 
x 108 CFU/mL) was transferred and 
spread on the prepared Mueller-Hinton 
agar medium. After 10 min, a cork drill 
was used to make 5 holes in the me-
dium, and the nanomaterial was added 
according to the concentrations, and 
the diameters of inhibition were mea-
sured. [17].
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Statistical analysis
The results were statistically an-

alyzed using the ANOVA test, com-
pletely randomized design (CRD), and 
the arithmetic means were compared 
using Duncan’s multiple range test at a 
probability level of 0.05% .[18].

Results 
According to the results of the isolation 

of bacterial species from 150 samples of 

houseflies (Muscadomestica).Collected 
from different locations (vegetable mar-
kets, grocery stores, and some homes). 
The diagnostic results showed that 118 
samples of houseflies were positive for 
bacterial growth at a rate of 78.66%. The 
number of samples in which no bacteri-
al growth was obtained was 32 samples, 
or 21.33%. The number of bacterial iso-
lates obtained amounted to 266 isolates, 
as shown in Table 1.

Table 1: Bacteriological examination of housefly samples

P value%PercentagePositive samplesBacteriological test for houseflies

P ≤ 0.001

78.66118Positive samples

21.3332Negative samples

100150Total number

The results of staining the 266 bac-
terial isolates isolated from M. domes-
tica samples with Grams stain showed 
that 230 isolates were negative for 

Grams stain 86.46%, while 36 bacte-
rial isolates were positive for Grams 
stain 13.53% as shown in Figure 1.
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The results of the diagnosis of the 
266 bacterial isolates of M. domestica, 
based on culture and microscopic char-
acteristics, biochemical tests and Vitek 
Compact System tests, showed that the 
following bacterial species: Klebsiel-
laoxytoca, Escherichia coli, Staphylo-
coccus aureus, Proteus mirabilis and 
Enterobacter cloacae.K. oxytoca came 
first with 98 isolates and a percentage 

of 36.84%.E. coli came second with 77 
isolates and a percentage of 28.94%.S. 
aureus came third with 36 isolates and 
a percentage of 13.53%.P. mirabilis and 
E. cloacae had 30 and 25 isolates and 
a percentage of 11.27% and 9.39%, re-
spectively, The results also showed that 
no bacterial species was obtained with-
in the natural flora of the insect except 
for E. coli as shown inFigure 2and 3.

Figure 2: Bacterial species isolated from house flies with their percentages

Figure 1: Positive and negative isolates of Cram’s stain isolated from houseflies.
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Regarding the culture characteristics 
of the diagnosed bacterial isolates., the 

bacteria grew as orange to yellow col-
ored colonies as in Figure 3.
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The results revealed the synthesis 
of CuO NPs by green synthesis meth-
od using Ficuscarica leaf extract as 
a reducing agent for copper sulfate 
CuSO4. 5H2O to CuONPs .The results 
showed that the nanoparticles could be 

prepared and through the color change.
The solution changed to dark brown 
color indicating the reduction of cop-
per sulfate to CuO NPsas shown in 
Figure 4.

Figure 4:Color change A- plant extract B- copper sulfate   C-CuO NPs

The results of the confirmatory tests 
for the formation of CuO NPs as the 
UV/Vis spectrophotometer showed 

two absorption peaks at wavelengths 
of 240 nm and 350 nm as shown in 
Figure 5.

Figure 5: UV/Vis spectrophotometer of CuONPs .
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Atomic force microscopy (AFM) 
results showed that there is a variation 
in the height and depth of the surfac-
es. This variation reflects the surface 

roughness of the nanoparticle.The 
sample as shown in 2D and 3Dduring 
AFM scanning as in figures6 and 7.

The results also showed the distribu-
tion of CuO NPs a surface topography 
sizewith nanoscale sizes ranging from 

0 - 66 nm.An average nanoscale size 
for CuO NPs of 41.45 nm as shown in 
Figure 8.

Figure 6:Two-dimensionalduring AFM scanning

Figure 7:Three-dimensionalduring AFM scanning
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The results of the bio-prepared CuO 
NPs when examined by Field-emis-
sion Scanning Electron Microscope 
showed that CuO NPs have a spherical 
to oval shape.The results showed some 

agglomerates and clusters of nanopar-
ticles. Nanoparticles of CuO NPsas 
shown in Fig.9 under 200 nm scanning 
power of FE-SEM.

Figure 8:Surface topography size of CuO NPs during AFM scanning

Fig.9:CuO NPs under 200 nm scanning power of FE-SEM.

The copper oxide nanoparticles ex-
amined in the FE-SEM microscope 

under 1μm magnification are shown in 
Figure 10.
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An experiment evaluating the ef-
ficacy of bio-prepared copper oxide 
nanoparticles against bacterial spe-
cies isolated from house flies, includ-
ing five species (K. oxytoca, E. coli, S. 
aureus, P. mirabilis, E. cloacae). The 
results indicated that there were signif-
icant differences between the concen-
trations used (300, 400 and 500 µg/ml) 
as there was a direct proportionality of 
increasing inhibition diameters with 
increasing concentration of copper ox-
ide particles for all bacterial isolates. 
All bacterial isolates were resistant or 
desensitised to both 100 and 200 µg/ml 
concentrations of CuO NPs as no inhi-
bition occurred for all bacterial isolates 

under study at these concentrations, 
and the results showed that the high-
est diameter of inhibition was17.67 ± 
0. 577  mm and17.00 ± 1.00  mm with 
E. coli and E. cloacae, respectively, 
at 500 µg/ml of CuONPs.The lowest 
inhibition diameter was10.67 ± 0.577 
mm with P. mirabilisat 300 µg/ml.

The results also showed that the 
highest inhibition diameter of CuONPs 
with K. oxytoca was 15.33 ± 0.577mm 
at a concentration of 500 μg/ml of 
CuONPs.The highest inhibition diam-
eter with S. aureusand P. mirabiliswas 
15.67 ± 0.577 mm at a concentration 
of 500 μg/ml of CuO NPs as shown in 
Table 3 and Figure 11.

Fig.10: CuO NPs under 1μm  scanning power of FE-SEM.
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Table 3: Evaluation of the efficacy of CuO NPs towards bacterial isolated from Houseflies

P valueMean ± standard deviation  Concentrations  μg/mlBacterial species

P ≤ 0.05

0.00d ± 0.00100

K. oxytoca

0.00d ± 0.00200

11.33c ± 0.577300

13.33b ± 0.577400

15.33a ± 0.577500

0.00d ± 0.00100

E.coli

0.00d ± 0.00200

13.33c ± 0.577300

15.67b ± 0.577400

17.67a ± 0.577500

0.00d ± 0.00100

S. aureus

0.00d ± 0.00200

11.67c ± 0.577300

13.67b ± 0.577400

15.67a ± 0.577500

0.00d ± 0.00100

E. cloacae

0.00d ± 0.00200

11.33c ± 0.577300

12.67b ± 0.577400

17.00a ± 1.00500

0.00d ± 0.00100

P. mirabilis

0.00d ± 0.00200

10.67c ± 0.577300

13.67b ± 0.577400

15.67a ± 0.577500

* Similar letters mean that there are no significant differences .Dهfferent letters  
between coefficients mean that there are significant differences below the probability 
level P ≤ 0.05.
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Discussion:
This study was conducted to iso-

late and characterise bacterial species 
from the surface of house flies. In addi-
tion, the efficacy of bio-prepared cop-
per oxide nanoparticles from fig leaf 
extract in killing and inhibiting these 
bacterial isolates was evaluated. The 
study showed that CuO nanoparticles 
provide an important aspect in killing 
bacterial species that possess antibiot-
ic resistance. The results of our study 
showed that CuO NPs are more effec-
tive towards Gram negative bacteria 
(G-ve bacteria) than Gram-positive. 
Due to the difference in cell wall com-
position. The wall of Gram-negative 
bacteria is characterised by a peptido-
glycan substance that the nanoparticles 
can penetrate due to its small size. The 

wall of Gram-positive bacteria is thick 
and forms a barrier, reducing the effect 
of these nanoparticles and minimising 
their penetration into the cell. Regard-
ing the results of isolation and diagnos-
tic results of bacterial isolates from 
houseflies, they are consistent with the 
findings of Saleem et al.,[19] and Su-
dagidan et al.,[20] who showed that the 
surface of houseflies is a good habitat 
for different types of pathogenic and 
non-pathogenic bacteria. The reason 
for the presence of bacteria on the sur-
face of flies is due to their movement 
and movement from one place to an-
other between food waste, waste, and 
blood in cutting shops, so bacteria can 
attach to the surface of the flies. [21].

The results of our study showed 
a high percentage of Gram negative 
bacteria (G-ve bacteria). These results 

A B C D E
Figure 7: Evaluation of the efficacy of CuO NPs towards bacterial isolated 

from Houseflies
K. oxytoca, (B) E. coli  ,  (C) S. aureus  , (D) P. mirabilis and (E) E. cloacae.
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were consistent with the study of Nguy-
en et al., [22] and Adhim et al.,[12] 
who showed that Gram-negative bac-
terial species are the most present on 
the surface of domestic flies in homes, 
slaughterhouses, markets and others. 
The reasons are due to the availability 
of suitable and ideal conditions for the 
growth of bacteria due to accumulat-
ed organic matter, raw meat in its raw 
state and the spread of blood and may 
be due to watering fruits and vegeta-
bles with water contaminated with bac-
teria. Population density in urban areas 
and markets also plays a role in the 
spread of bacteria. On the other hand, 
the results of our study did not agree 
with the study of Shehataet al.[23] who 
found a 77% increase in Gram-positive 
bacteria isolated from houseflies. This 
may be due to the bacteria’s thick wall, 
which makes it more resistant to dry 
conditions, as well as its spore forma-
tion and virulence factors that enable it 
to adhere to the surface of houseflies.

As for the results of CuO NPs bio-
synthesis from fig leaves, they agreed 
with Tahaet al.,[24] and Atiyaet 
al.,[15] who showed the possibility 
of using Ficuscarica extracts as a bi-

ological agent in the reduction of cop-
per sulfate CuSO4. 5H2O to copper 
oxide nanoparticles and showed that 
it is a safe, environmentally friendly 
and economical method for the syn-
thesis of nanoparticles and because of 
the plant’s effective and active chemi-
cal substances such as phenols, flavo-
noids, acids, carbohydrates, proteins 
and others, these substances can be 
Plants are easy to prepare and do not 
require additional processes such as 
isolation, cultivation and media prepa-
ration as in the case of fungal and bac-
terial extracts [25]. The colour change 
can also be due to the Surface Plasmon 
phenomenon,one of the optical proper-
ties of nanoparticles, is the collective 
movement and vibration of electrons as 
they are exposed to light[26],The UV/
Vis Spectrophotometer results were in 
agreement with Jabeen et al.,[27] who 
showed that the absorbance values of 
CuO at 248 nm, and on the other hand 
did not agree with Mauryaet al.,[28] 
who showed that the absorbance value 
of CuO bio-prepared from Ficusrace-
mosa cluster fig extract is between the 
wavelengths of 500 - 590 nm. 590 nm, 
the reason for this difference may be 
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due to the concentration of the solu-
tion at the time of examination and 
the method of titration and dilution, as 
well as the incubation period that has 
an effect on the absorbance, as well as 
the difference in the plant type of figs 
used to prepare the plant extract.

The microscopy results were in 
agreement with Bhavyasree and Xavier 
[29] who showed that CuO nanoparti-
cles prepared from fig plant extract had 
sizes ranging from 15-45 nm. The rea-
son for the agglomerates and clusters 
that appeared in the FE- SEM could 
be due to the increased surface area of 
the nanomaterials. And the strong at-
traction of these materials due to the 
Vander Waals force. It can also due to 
the reduced kinetic energy exhibited by 
the nanoparticles or due to the agglom-
eration of organic matter present in the 
extracts.[30].The smaller nanoparticle 
size has a large surface area and there-
fore contacts the bacterial cells and can 
reach the cytoplasm more than large 
nanoparticles as it leads to membrane 
damage which can lead to leakage of 
cellular contents and death of the bac-
teria [31].

The results of the evaluation of the 

effectiveness of copper oxide nanopar-
ticles in inhibiting and killing bacterial 
species isolated from flies came with 
Zhang et al.,[32] and Bai et al.,[17] 
who showed that high concentrations 
of copper oxide nanoparticles 500 µg/
ml inhibited bacterial species such as 
E.coli, S. aureus and Klebsiella. The 
reason for this is that copper oxide 
nanoparticles cause oxidative stress 
that causes irreparable DNA damage. 
As well as damage to bacterial pro-
teins. The reason for the inhibition is 
mechanistically due to the negative 
charges of the bacterial surface attract-
ing the positive charges of the created 
nanoparticles. Degrading the cell wall 
at first and then reaching the extracel-
lular lipids, sugars and other granular 
parts. Finally, copper oxide nanoparti-
cles reach deep into the bacterium and 
its bacterial nuclear material and affect 
its functions and death.[33].

Conclusions:
The study showed that house flies 

are carriers of many bacteria. The most 
common bacterial species found on the 
surface of the flies were Klebsiella oxy-
toca and Escherichia coli. Through the 
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study, the bioengineered copper oxide 
nanoparticles proved to be effective in 
killing pathogenic and antibiotic-resis-
tant bacterial species. This opens fu-
ture prospects in introducing nanopar-
ticles in the pharmaceutical industry or 
making nanomaterials that can carry 
active substances of drugs, especially 
with bacterial species that possess mul-
tiple antimicrobial resistance.
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