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Abstract :

In this current study, zinc oxide nanoparticles have been photosynthesized and characterized using 
Aas leaf extract. UV–Vis and Fourier-transform infrared spectroscopy (FT-IR) tests confirmed the 
existence of biomolecules, active materials, and zinc oxides. The photosynthesis zinc oxide nanopar-
ticles have been scanned by Field Emission Scanning Electron Microscope. It reveals that zinc oxide 
nanoparticles appeared to be irregular and polymorphic and the crystalline forms of these particles 
varied between rectangular, spherical, radial and cylindrical structures and the average size rang-
es between 21-43nm. The X-ray diffraction spectrum of photosynthesized zinc oxide nanoparticles 
corresponding to the main peaks obtained at 100, 002, 101, 102, 110, 103, 112, 201 and 004 corre-
spond to reflections with 2θ values of the Bragg angles 32.19°, 34.84°, 36.67°, 47.94°, 56.98°, 63.24°, 
66.74°, 69.45° and 72.92° respectively. These results confirm that the material tested where zinc ox-
ide nanoparticles and are of high purity. The average size of zinc oxide nanoparticles was extracted 
using the Dubai-sheerer equation and the average particle size was 39.2 nm. The size of ZnONPs 
was observed from tip-corrected AFM measurements and the shape of ZnONPs was determined. The 
tip-corrected measured the size of ZnONPs in the range of 43 nm. The result showed the 3D view of 
the sample surface and height distribution around 38.9 nm. 

The Antimicrobial Activity of MC-ZnONPs on Twenty MDR  Acinetobacter baumannii Iso-
lates by Resazurin-based 96-well plate microdilution method showed that the minimum inhibi-
tory concentration (MIC) of MC-ZnONPs was 156.25 μg/ml for A. baumannii isolates number 
2,3,4,5,6,7,8,9,10,16,17,18 and 20) while the MIC was 78.125μg/ml for A. baumannii isolates number 
1,11,12,13,14,15 and 19).   

It has been  concluded that the possibility of using leaves extract of the Aas to prepare MC-
ZnONPs, because its rich content of active compounds have the ability to act as reducing, capping and 
stabilizing agent. MC-ZnONPs are characterized by their antimicrobial properties.   

Keywords: Myrtus communis L, Photosynthesis, ZnONPs, Charactrization, Antimicrobial 
Activity .

النشاط المضاد للميكروبات لجسيمات أوكسيد الزنك النانوية المحضّرة نباتياً 
)Myrtus communis L.(  باستخدام مستخلص أوراق نبات الآس

عمر اســماعيل خليف      ،       عصام جاســم الخليفاوي
جامعــة بغــداد / كليــة التربيــة للعلــوم الصرفــة - ابــن الهيثم، قســم علوم الحياة

مستخلص:
ــدت  ــد أك ــات الآس ).Myrtus communis L(. وق ــتخلص أوراق نب ــتخدام مس ــا باس ــاً وتوصيفه ــة نباتي ــيد الزنــك النانوي ــم تحضــر جســيمات أوكس في هــذه الدراســة، ت
اختبــارات الأشــعة فــوق البنفســجية - المرئيــة )UV-Vis( ومطيافيــة الأشــعة تحــت الحمــراء )FT-IR( وجــود جزيئــات حيويــة ومــواد فعالــة وأكاســيد الزنــك. فُحصــت جســيمات 
أوكســيد الزنــك النانويــة المحــرة نباتيــاً بواســطة المجهــر الالكــروني الماســح عــالي الكفــاءة FESEM. وتبــن أن جســيمات أكســيد الزنــك النانويــة تبــدو غــر منتظمــة ومتعــددة 
الأشــكال، وأن الأشــكال البلوريــة لهــذه الجســيمات تراوحــت بــن هيــاكل مســتطيلة وكرويــة وشــعاعية وأســطوانية، ويــراوح متوســط ​​حجمهــا بــن 21 -43 نانومــرًا. طابــق 
ــد 100، 002، 101، 102، 110، 103، 112، 201، و004،  ــة عن ــية الُمحصّل ــم الرئيس ــرة للقم ــة المح ــك النانوي ــيد الزن ــيمات أكس ــينية لجس ــعة الس ــود الأش ــف حي طي
ويتوافــق مــع الانعكاســات قيــم 2θ لزوايــا بــراغ 32.19 درجــة، 34.84 درجــة، 36.67 درجــة، 47.94 درجــة، 56.98 درجــة، 63.24 درجــة، 66.74 درجــة، 69.45 
ــرَة تحتــوي عــى جســيمات أكســيد الزنــك النانويــة، وهــي عاليــة النقــاوة. اســتُخرج متوســط ​​حجــم  درجــة، و72.92 درجــة عــى التــوالي. تؤكــد هــذه النتائــج أن المــادة الُمختَ
ــة  ــة دبي-شــرر، وكان متوســط ​​حجــم الجســيم 39.2 نانومــر. لوحــظ حجــم ZnONPs مــن قياســات مجهــر القــوة الذري ــة باســتخدام معادل جســيمات أكســيد الزنــك النانوي
)AFM(، وحُــدد شــكلها. وُجــد أن حجــم ZnONPs في نطــاق 43 نانومــر. وأظهــرت النتيجــة صــورة ثلاثيــة الأبعــاد لســطح العينــة وتوزيــع الارتفــاع حــوالي 38.9 نانومــر.
 Acinetobacter baumannii عــى 20 عزلــة ذات مقاومــة متعــددة للمضــادات الحياتيــة مــن بكتيريــا MC-ZnONPs أظهــرت دراســة النشــاط المضــاد للميكروبــات لـــ     
باســتخدام طريقــة التخفيــف المتسلســل في صفيحــة ذات 96 حفــرة باســتخدام صبغــة الريزازوريــن أن التركيــز المثبــط الادنــى لـــ MC-ZnONPs كان 156.25 ميكروغرام/مــل 
ــم  ــزلات A. baumannii رق ــل لع ــى 78.125 ميكروغرام/م ــط الادن ــز المثب ــا كان التركي ــم )2، 3، 4،5،6،7،8،9، 10، 16، 17،18، 20(، بين ــزلات A. baumannii رق لع

 .)19 ،15 ،14 ،13 ،12 ،11 ،1(
تــم التوصــل إلى إمكانيــة اســتخدام مســتخلص أوراق نبــات الآس في تحضــر MC-ZnONPs، لكونــهُ غنيــاً بالمركبــات الفعالــة التــي لهــا القابليــة عــى العمــل كعامــل اختــزال 

وتغطيــة وتثبيــت. تتميــز MC-ZnONPs بخصائصهــا المضــادة للميكروبات.
الكلمات المفتاحية: الآس، البناء الاخضر، جسيمات الزنك النانوية، توصيف، الفعالية الميكروبية.
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1. Introduction
The remarkable growth of nanotech-

nology drives the development of new 
materials with diverse physicochemical 
and biological properties. Among the 
most studied are zinc oxide nanopar-
ticles (ZnONPs) [1,2]. The ZnONPs 
possess excellent optical, electronic, 
and antimicrobial properties, making 
them useful in various fields such as 
biomedicine, environmental cleanup, 
and electronics. However, traditional 
methods for synthesizing ZnONPs in-
volve hazardous chemicals and ener-
gy-intensive processes, rising environ-
mental and biocompatibility concerns 
[3,4]. 

To address these issues, researchers 
have explored green synthesis methods, 
especially those using plant extracts 
as reducing and stabilizing agents [5]. 
Aas extract has become prominent in 
the ecofriendly production of ZnONPs, 
marking a significant advancement in 
sustainable nanotechnology [6]. 

This Mediterranean herb is rich 
in phytochemicals, such as terpenes, 
flavonoids, and phenolic acids [7,8]. 
These bioactive compounds naturally 

act as reducing and stabilizing agents, 
converting metal ions into nanopar-
ticles and maintaining their stability 
during synthesis [9]. The function-
al groups in Aas (Myrtus communis 
L.) facilitate efficient nucleation and 
growth of ZnONPs without relying 
on harmful chemicals. This approach 
aligns with green chemistry princi-
ples by reducing environmental harm 
through limiting toxic reagents and 
waste. The plant based extract also im-
proves nanoparticle compatibility for 
biomedical and pharmaceutical appli-
cations [10,11]. Furthermore, Aas is 
readily available and inexpensive, con-
tributing to the economic viability of 
the synthesis process. The bioactivity 
of the phytochemicals may also impart 
antibacterial and antioxidant proper-
ties to the ZnONPs, enhancing their 
functional potential. Compared to con-
ventional physical and chemical meth-
ods of nanoparticle production, green 
synthesis with Aas leaf extract offers 
clear advantages [12]. Traditional ap-
proaches often require strong reducing 
agents, stabilizers, or surfactants that 
pose environmental and health risks, 
whereas Aas  leaf extract provides a 
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natural and non-toxic alternative. The 
process tends to be simpler, with mild-
er reaction conditions and less need 
for specialized equipment. The phy-
tochemicals in Aas also improve the 
colloidal stability of the nanoparticles, 
as indicated by favorable zeta poten-
tial (ZP) measurements. Additionally, 
green methods consume less energy 
due to lower operating temperatures 
and pressures. The significance of Aas 
mediated green synthesis of ZnONPs 
lies in overcoming the limitations of 
conventional methods and enabling 
new biological functionalities. These 
nanoparticles leverage zinc oxide’s 
inherent properties along with Aas de-
rived bioactive compounds, showing 
promise for many applications, espe-
cially in antimicrobial and biomedical 
fields. Overall, green synthesis using 
Aas leaf extract promotes a sustain-
able, efficient, and versatile pathway 
for producing ZnONPs, supporting the 
global goal of environmentally respon-
sible scientific innovation [13]. Much 
is happening regarding the plant medi-
ated synthesis of metal oxide nanopar-
ticles, but aspects of all these methods 
are still not well understood [14]. For 

instance, the understanding of how the 
phytochemicals work on the nanopar-
ticle nucleation, the organism, growth, 
or stabilization is not thorough [15]. 
Furthermore, the physicochemical 
characteristics of green synthesized 
ZnONPs may not have a profound or 
direct correlation with their biological 
activity, particularly their antibacterial 
properties.

Acinetobacter baumannii is consid-
ered one of the bacterial pathogens that 
poses a growing threat to healthcare 
systems worldwide. It is classified as 
an opportunistic pathogen that causes 
a wide range of infections, particularly 
among immunocompromised patients, 
especially those admitted to intensive 
care units (ICUs). These infections rep-
resent a major challenge for physicians 
due to the difficulty of treating them 
with conventional antibiotics, mainly 
after the emergence of multidrug-re-
sistant (MDR) and even extensively 
drug-resistant (XDR) isolate [16,17].

The present study summarizes pho-
tosynthesized zinc oxide nanoparticles 
using Aas leaves extract, studying their 
characterization and antimicrobial ac-
tivity. 
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2. Materials and Methods
2.1 Materials
The Plant samples of Aas leaves 

were collected from home gardens and 
nurseries in Baghdad, Iraq, specifical-
ly from the Al-Saydiya and Al-Jadriya 
areas, during April 2024, ensuring that 
the leaves were healthy and free from 
defects and plant diseases.

The identity of the plant was 
confirmed by Taxonomist Dr. Areej Al-
ani, Department of Biology, College of 
Education for pure science Ibnal-Hay-
tham, University of Baghdad. ZnCl2 
(99.8%) and other solvents utilized in 
this study were procured from Sigma 
Aldrich, St. Louis, MO, USA. 

2.2 Preparation of Plant Extract
The aqueous extract of  Aas leaves 

was prepared according to the meth-
od of [18]. with some modifications. 
Fresh, healthy leaves were thoroughly 
washed under running water and soaked 
for 30 minutes to remove surface con-
taminants. The leaves were then air-
dried to remove moisture and cut into 
small pieces using a sterilized scissor  
in sterile condition. Subsequently, 20 g 
of the leaves were weighed and placed 

in a 250 ml glass flask containing 200 
ml of distilled water (ratio 10:1). The 
mixture was blended using a labora-
tory mixer (120 W). The extract was 
filtered through Whatman filter paper, 
and the clear filtrate was centrifuged at 
5000 rpm for 10 minutes to remove de-
bris and residues. Finally, the purified 
extract was stored in dark bottles at 4 
°C until use.

2.3 Synthesis and Characterization 
of Zinc Oxide Nanoparticles using Aas 
leaves Extract 

Zinc nanoparticles were synthe-
sized using the aqueous extract of Aas 
leaves according to the method of [19]. 
with some modifications. 10 g of zinc 
chloride ZnCl₂ was added to 100 ml of 
the aqueous extract of Aas leaves, and 
the mixture was agitated on a shak-
er at room temperature for 24 hours. 
The biosynthesis of ZnO nanoparticles 
was indicated by the color change of 
the mixture from light yellow to dark 
brown.

The ZnO nanoparticles were puri-
fied by heat- and break-resistant lab-
oratory tubes were used, and was dis-
tributed into them and centrifuged at 
10,000 rpm for 10 minutes. The super-
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natant was carefully discarded while 
preserving the pellet, which was then 
washed with absolute ethanol and cen-
trifuged again at 10,000 rpm for 10 
minutes [20]. The pellet was subse-
quently collected in sterile glass dish-
es, spread evenly, and dried in an elec-
tric oven at 80 °C to remove residual 
ethanol. After drying, the pellet was 
finely ground using a ceramic mortar 
to obtain a smooth powder, and the pu-
rified ZnO nanoparticles were stored in 
Eppendorf tubes until further use [21].

Characterization of Zinc Oxide 
nanoparticles 	

1. UV-Vis Spectra analysis
The UV-Vis spectrum analysis was 

achieved within the range of 190 to 
1100 nm  using a UV-visible spectro-
photometer (Shimadzu UV-1800). This 
test was performed 24 hours after the 
preparation and drying of the dough in 
the central laboratory of the Chemistry 
Department / College of Science / Uni-
versity of Baghdad.

2. Fourier Transform Infra-Red 
Spectroscopy (FT-IR)

The FTIR analysis was introduced 
to investigate the chemical bonding 
between the atoms of the prepared 

materials nanoparticle. This particu-
lar technique was performed using the 
Shimadzu-IR Affinity-I spectropho-
tometer. In this procedure, the samples 
under test are homogenized with KBr 
and then the FTIR spectrum was re-
corded within the range of 4000 to 400 
cm-1. Before the recording procedure, 
potassium bromide (AR-grade) was 
dried and mixed with KBr (100mg) as 
well as Zinc chloride (1 mg). Note that 
the KBr pellet was obtained under vac-
uum with the temperature of 100°C for 
a period of 48hrs.

3. X-Ray Diffraction (XRD) analysis
Resulting solution of the devel-

oped nanoparticles of Zinc Oxide was 
centrifuged at 10,000 rpm for 30 min. 
The solid residues of ZnONPs were 
washed twice with deionized distilled 
water and then dried at 80ºC to ob-
tain powder ZnONPs used for X-ray 
powder diffraction measurements. The 
powder of nanoparticles was measured 
by XRD. XRD patterns were recorded 
on (Shimadzu XRD-6000/Japan) with 
copper radiation (Cu Kα, 1.5406 Å) at 
40 kV and 30 Ma [22].
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4. Field emission scanning electron 
microscopy (FE-SEM) analysis

The images were taken with a Field 
emission scanning electron micro-
scope (FE-SEM) (Hitachi Ltd. /Japan) 
with a resolution of 500 nm (Hitachi 
s-3400N) and detectors containing a 
secondary electron; BSE semiconduc-
tors (quad-type) were used to study the 
size and shape of ZnO nanoparticles, 
this approach is used to obtain detailed 
information about surface ZnONPs. 
FE-SEM was used to characterize the 
average particle morphology and di-
ameter of the ZnONPs. After using 
distilled water to sonicate the dried 
nanoparticles solution sample, a tiny 
drop of the sample was put on a micro-
scope slide and left to dry. The samples 
were then coated with a thin layer of 
platinum to make them conductive.

5. Energy Dispersive X-ray (EDX)
X-ray energy diffraction spectrosco-

py was used to investigate and deter-
mine the elemental compositions of the 
ZnO nanoparticles. For this purpose, 
after preparing the samples, using an 
EDX detector on field emission scan-
ning electron microscope, the spectra 
of the constituent elements of the sam-

ples were prepared.
6. Atomic Force Microscope (AFM)
This technique aimed to investi-

gate the surface morphology of the 
prepared ZnONPs using Inc. SPM-
AA300 (U.S.) with AFM communi-
cation mode. In particular, 5 drops of 
nanoparticles solution were dropped on 
a specific laboratory slide and kept for 
30 min at 110° C in an oven. Continu-
ously, the 3D morphology /topography 
of the sample under the test surface 
were screened via the interaction of 
the probe force on the sample surface. 
This procedure is attained through a ras-
ter scan of the tested material, taking 
into consideration the distance and the 
force between the tip and the sample, 
two parameters that should be consid-
ered carefully [23]. The AFM was in-
troduced to investigate the Se nanoparti-
cles’ surface features using a 2D and 3D 
imaging approach.

Isolation and identification of 
Acinetobacter baumannii	

All tests used [24], including mor-
phological characteristics on different 
culture media, Gram staining, motili-
ty, biochemical tests, and finally con-
firmed using the VITEK® 2 compact 
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system ID-GNB cards, revealed that 
the isolates were Acinetobacter bau-
mannii.

Resazurin Microplate Assay 
( R E M A )

   REMA was used for determination 
of (MIC) of MC-ZnONPs, the MIC de-
termined through recording of the col-
or change observed [25]. 

3. Results
The prepared ZnONPs were char-

acterized by various spectroscopic and 
microscopic methods to evaluate their 
elemental composition, exact mor-
phology and also other physicochemi-
cal properties. The color change of the 
reaction mixture from light yellow to 
dark brown, confirms the synthesis of 
MC-ZnONPs figure 1.

Figure 1. The change in the color of Photosynthesized Zinc Oxide Nanoparti-
cles using Aas leaves extract, A, Zinc chloride solution. B, Aas Leaf Extract. 

C. Photosynthesized ZnO Nanoparticles colloidal.
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The UV-Visible spectroscopy anal-
ysis revealed the absorption maximum 
(λmax) at 361 nm was attributed to the 

surface Plasmon resonance (SPR) of 
MC- ZnONPs figure 2.

Figure 2. UV-Vis spectra of Photosynthesized Zinc 
Oxide Nanoparticles using Aas leaves extract (MC-ZnONPs).

The FTIR analysis for the Aas leaf 
extract and MC-ZnONPs shows in fig-
ure 3A, 3B and table1. The FTIR spec-
trum of Aas leaf extract showed vibra-
tion bands observed at 3545, 3474, 3248 
2922, 1786, 1699, 1539, 1454, 1390, 
1232, 1051 and 619, 524, 474, 416 cm-1 
corresponds to O-H stretching, C-H 
asymmetric stretching, C-H symmetric 

stretching, bending vibrations of -OH, 
-C-O stretching, -C-O-C stretching and 
C-Cl stretching, respectively. The ZnO 
nanoparticles spectrum revealed vi-
bration bands observed at 3421, 1764, 
1633, 1037, 711, and 599, 453, 418 
cm-1 due to the O-H stretching, C-H 
bending, and weak Zn-O stretching, re-
spectively figure 3A. These functional 
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groups are associated with the phyto-
constituents of flavonoids, phenolics, 
tannin and phytic acid. 

The ZnO nanoparticles spectrum 
revealed vibration bands observed at 
3421, 711, and 599, 453 cm-1 due to 

the O-H stretching, C-H bending, and 
weak Zn-O stretching, respectively. 
At the same time, 573 cm-1 vibration 
band ascribed to the structure of ZnO 
figure3. 

Figure 3. FT-IR spectra of  Leaf extract of Aas, B- Photosynthesized 
Zinc Oxide Nanoparticles using Aas leaves extract (MC-ZnONPs).
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Table1. Active groups present in the leaves extract of Aas which act as reducing, 
capping and stabilizing agent for Zinc Oxide Nanoparticles.

Peak 
No.

Absorp-
tion 

peak ()

Functional 
Group

Presence 
in plant 
Extract

Presence 
in ZnO-NPs Interpretation

1 3545 O-H Present Disappeared
Reaction of hydroxyl and 
formation of new bonds 

on ZnO surface

2 3414, 
3474 O-H Present

Present/
Shifted to 

3462, 3421

Reaction of hydroxyl 
with ZnO surface 

or increased particle size 
due to plant extract

3 3174,
3248 O-H Present Present/

Shifted
Reaction of hydroxyl with ZnO 
through adsorption or bonding

4 2922 C-H Present Absent/
Decreased

Indicates ZnO nanoparticle 
formation by plant extract

5

1732, 
1764, 
1786, 
1699

C=O Present Present/
Shifted

Reaction of carbonyl group 
with surface or new bond 

formation (capping)

6
1616,
1633,
1637

C=C Present Present/Shift-
ed

Reaction of aromatic group 
or amines with ZnO surface

7 1512, 
1539 N-O Present Disappeared Reaction with ZnO through 

bonding or stabilization
8 1454 C-H Present Disappeared Reaction with ZnO surface

9

1386, 
1338,
1390,
1354

O-H Present Present/Shift-
ed

Reaction of hydroxyl with 
secondary metabolites formed

10 1232 C-N Present Disappeared/
Weakened

Confirmation of zinc reduction 
(Reduction) or capping

12
1037, 
1151,
1051

C-O Present
Disappeared/

Shifted to 
1037–1051

Confirmation of ZnO 
nanoparticle formation 

through interaction with surface 
biomolecules

13 923 C=C Present Disappeared/
Weakened

Interaction with ZnO surface 
through ionic bonding

13

524,
619,
763,
711,
416,
474

C-H, 
C-Cl, 
C-Br, 
C-Zn, 

C-I

Present
Disappeared/

Shifted to 
763–711

Appearance of new peak at 453 
cm⁻¹ with ZnO nanoparticle 

sample and another at 418 cm⁻¹ 
confirming agreement with plant 
extract and vibrational bands of 

ZnO nanoparticles
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X-ray diffraction is generally applied 
to a certain chemical arrangement and 
crystal design of an objective and it can 
be used for exposing the presence of 
ZnONPs. The specified crests are co-
ordinated with the diffraction informa-
tion of ZnO nanoparticles, the X-ray 
diffraction spectrum of photosynthesis 
zinc oxide nanoparticles correspond-
ing to the main peaks obtained at 100, 
001, 101, 102, 110, 103, 200, 112, 201, 
004 and 202 correspond to reflections 
with 2θ values of the Bragg angles 
32.19°, 34.84°, 36.67°, 47.94°, 56.98°, 
63.24°, 66.74, 68.31°, 69.45, 72.92° 
and 76.58° respectively figure 3. These 
results confirm that the material tested 
are zinc oxide nanoparticles and are of 

high purity. In the meanwhile, the crys-
talline particles were calculated using 
the well-known Debye-Scherrer equa-
tion:

D = [Kλ/βcosθ] Å	
Herein, the crystallite size is rep-

resented by the symbol (D), while K 
denotes the shape factor which is a 
constant (0.9) and λ is the x-ray wave-
length (1.5406 Å). 

The Bragg angle and corrected line 
broadening of the nanoparticles are 
represented by the symbols θ and β, re-
spectively [26].

The average crystallite size accord-
ing to Debye-Scherrer equation calcu-
lated was found to be 39.2 nm.

Figure 3. X-ray diffraction spectra of Photosynthesized Zinc 
Oxide Nanoparticles using Aas leaves extract (MC-ZnONPs).
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Figure 4, shows a typical surface of 
prepared (MC-ZnONPs) from sodium 
selenite using Aas Leaves Extract re-
duction, the FESEM picture revealed 

a spherical in shape and aggregate 
into clusters. The size of these parti-
cles ranges from (21.86, 22.39, 27.85, 
32.72, 37.75 and 43.94) nm.

Figure 4. Field emission scanning electron microscopy image of Photosynthesized 
Zinc Oxide Nanoparticles using Aas leaves extract (MC-ZnONPs).

EDX elemental analysis of Photosyn-
thesized Zinc Oxide nanoparticles using 
Aas Leaves extract exhibits the zinc sig-
nal along with carbon, oxygen, chlorine 
and copper; among these, the copper sig-
nal arises from the copper-coated grid; 

Sulfur and chlorine may be Some of 
these are attributed to the biogenic com-
position, while others are due to impuri-
ties. The EDX spectrum shown in figure 
5, confirms the presence of an elemental 
form of Zinc Oxide. 

Figure 5. EDX elemental analysis of Photosynthesized Zinc Oxide 
nanoparticles using Aas Leaves extract (MC-ZnONPs).
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Through atomic force microscopic 
analysis, the three-dimensional profile 
of the Photosynthesized Zinc Oxide 
nanoparticles using Aas  Leaves Ex-
tract revealed the shape, porosity, sur-
face topography, and height of the 
MC-ZnONPs. Figure 6 shows atom-
ic force photomicrograph depicts the 

spherical-shaped nanoparticles distrib-
uted in a polydisperse manner, which 
also correlates with FE-SEM results. 
It is very clear from the 3D profile of 
MC-ZnONPs that the surface of the 
nanoparticle was smooth, and the av-
erage height of the nanoparticles was 
measured at 43 nm.

Figure 6. Atomic force imaging of (MC-ZnONPs). a, particles analysis, 
b, 3D view of surface, c, minimum and maximum of diameter and d, mean diameter.

The 2D image of the Photosynthe-
sized Zinc Oxide nanoparticles using 
Aas Leaves Extract shows smaller in-
dividual particles of about 28.2 nm 
size, along with larger agglomerates of 
sizes up to ∼150 nm while the 3D im-
age indicates the presence of individ-
ual spherical particles, with maximum 
height of 38.9 nm in the z-direction. 

Antimicrobial Activity of MC-
ZnONPs by Resazurin (REMA) 

The Antimicrobial Activity of 
ZnONPs on different Acinetobacter 
baumannii Isolates by Resazurin-based 
96-well plate microdilution method 
showed that the minimum inhibitory 
concentration (MIC) of MC-ZnONPs 
was (156.25µg/ml), for Acineto-
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bacter baumannii isolates number 
(2,3,4,5,6,7,8,9,10,16,17,18  and 20). 
The minimum inhibitory concentration 
(MIC) of MC-ZnONPs was (78.125µg/

ml), for Acinetobacter baumannii iso-
lates number (1,11,12,13,14,15 and 
19). figure 7.

Figure 7. The MIC values of MC-ZnONPs 
on A. baumannii Isolates using REMA.

4. Discussion
Biological methods of synthesis 

nanomaterials are often preferred be-
cause they are clean, non-toxic, safe, 
biocompatible and environmental-
ly acceptable. Zinc oxide nanoparti-
cles are well-known to be one of the 
multifunctional inorganic compounds 
which are widely used in medical ap-
plications[27,28]. Zinc oxide nanopar-
ticles are used as antimicrobial agent 
when incorporated into materials such 
as paints, textiles, plastics, cosmetics, a 

feed supplement in animal industry and 
personal care products. Aas (Myrtus 
communis L.)  leaf extract was used in 
the present study for the photosynthesis 
of zinc oxide nanoparticles. Production 
of zinc oxide nanoparticles was con-
firmed by the formation of light yellow 
aggregates of zinc oxide nanoparticles. 
This result is in agreement with many 
studies [29,30] which found the forma-
tion of white aggregates is evidence of 
completeness of reaction and forma-
tion of zinc oxide nanoparticles. The 
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produced crystalline zinc nanoparti-
cles were confirmed by UV absorption 
spectrum at 370 nm this result is ac-
ceptance with several studies [31, 32] 
which reported that the peak absorp-
tion is at a range of 320-380 nm using 
UV-Visible spectroscope. The func-
tional groups associated with the pro-
cess of reducing and stabilizing zinc 
oxide nanoparticles were analyzed us-
ing Fourier Transform Infrared Spec-
troscopy. The results of FTIR analy-
sis are in agreement with the finding 
of [33, 34].The results of AFM show 
the tip-corrected measured the size 
of ZnONPs in the range of 30-80 nm 
and showed the 3D view of the sam-
ple surface. These results are in agree-
ment with several studies [35-36] in 
which found the variations in particle 
size distribution were found because of 
pH, the concentration of metal ion and 
incubation time. The results of X-ray 
diffraction spectrum of photosynthesis 
zinc oxide nanoparticles obtained the 
main reflections peaks at 100, 001, 101, 
102, 110, 103, 200, 112, 201, 004 and 
202 correspond to with 2θ values of the 
Bragg angles 31.70°, 34.34°, 36.16°, 
47.54°, 56.48°, 62.78°, 66.23, 67.66°, 

70.11, 72.53° and 76.58° respectively. 
These results are consistent with sev-
eral studies in which biosynthesis of 
nanoparticles of zinc oxide molecules 
using plant extracts [37-38].

Produced zinc oxide nanoparticles 
were found to be irregular and poly-
morphic where the crystalline forms of 
these particles varied between rectan-
gular, spherical, radial and cylindrical 
structures and the average size ranges 
between 28 - 43 nm using Scanning 
Electron Microscope theses finding are 
acceptance with many studies [39-40] 
in which found ZnONPs have different 
shapes and sizes depending on meth-
od conditions. The result of the present 
study shows that the Photosynthesized 
Zinc Oxide nanoparticles using Aas 
(Myrtus communis L.) leaves extract 
has effective antibacterial activities 
on the test isolates. These finding are 
in agreement with several studies [41, 
42] in which they found ZnONPs syn-
thesized by biological method has an-
tibacterial activity against Gram posi-
tive and Gram negative bacteria. There 
are many mechanisms to kill bacteria 
by metallic nanoparticles such as cell 
wall damage and permeability, damage 
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to nuclear material and protein synthe-
sis, free radical release that cause re-
active oxygen species (ROS) and other 
mechanics [43].

The results showed variation in the 
minimum inhibitory concentration 
(MIC) value of the synthesized ZnO 
nanoparticles depending on the bac-
terial isolates of A. baumannii. The 
current result is consistent with many 
local and foreign studies, including a 
study conducted in Iran by researchers 
[44], where the MIC concentration of 
biosynthesized ZnO nanoparticles that 
affected the gene expression of Adeb 
and AdeRS efflux pump genes for A. 
baumannii isolates ranged from 31.2-
250 μg/ml. The results of the current 
study also agreed with the findings of a 
study conducted by [45], where the MIC 
concentration of biosynthesized ZnO 
nanoparticles against antibiotic-resis-
tant A. baumannii isolates was 125 ug/
ml. The current study also agreed with 
the results of [46], where her study was 
on the effect of zinc nanoparticles syn-
thesized by Vitex agenus leaves against 
P. aeruginosa isolates, and the mini-
mum inhibitory concentration was For 
ZnO it is 128 μg/ml, and in the study 

of [47], the minimum inhibitory con-
centration (MIC) of ZnO particles syn-
thesized by E. faecium bacteria was 64 
μg/ml and the sub-MIC was 32 μg/ml 
against Proteus mirabilis isolates and 
affected the gene expression of the mo-
tility gene rsbA in these bacteria.

5. Conclusions 
We conclude from the present study 

the possibility of using the leaves ex-
tract of the Aas to prepare Zinc Oxide 
nanoparticles because the leaves of this 
plant are known for their rich content 
of flavonoids, alkaloids, tannins, ter-
penoids, and saponins, which appear to 
have the ability to reduce zinc salts and 
convert them into ZnO nanoparticles 
and also act as a capping and stabiliz-
ing agent.

Therefore, it can be concluded from 
the present study that  Photosynthe-
sized ZnO-NP can be developed as an 
alternative to antibiotics, that inhibit 
the growth of Multidrug resistant A. 
baumannii by producing ROS and 
causing membrane damage. Therefore, 
Photosynthesized ZnO nanoparticles 
can be more favorable future hope as 
an alternative drug to Multidrug resis-
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tant strain of A. baumannii.
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