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Abstract:

This study is aimed to Green-synthesize and characterize Al NPs from Clove (Syzygium aromaticum
L.) buds plant extract and to investigate their effect on isolated and characterized Salmonella enterica growth.
S. aromaticum buds aqueous extract was prepared from local market clove, then mixed with Aluminum nitrate
AI(NOs)s. 9 H20, 99.9% in ¥4 ratio for green-synthesizing of Al NPs. Color change was a primary confirmation
of Al NPs biosynthesis. The biosynthesized nanoparticles were identified and characterized by AFM, SEM,
EDX and UV-Visible spectrophotometer. AFM data recorded 122nm particles size and the surface roughness
RMs) of the pure S. aromaticum buds aqueous extract recorded 17.5nm particles size, while the results of Al
NPs in the tested sample recorded 21nm particles size with surface roughness RMs about 2.35nm. SEM images
revealed the presence of Al NPs with diameters ranged from 33.5-70.4nm with regular spiracles shape particles
in the prepared biosynthesized nanoparticle sample. The EDX spectrum analysis showed that the Aluminium
weight ratio was 1.75, while it was 50.498 in the Al NPs sample prepared from aqueous extract. UV-Visible
spectroscopy data revealed that biosynthesized Al NPs were absorbed at 213nm while Aluminum nitrate was
absorbed at 258nm. These results indicate the formation of Al NPs. The antibacterial activity showed that Al
NPs exhibited having high antibacterial activity on Salmonella spp. isolates compared to the effect of the
control agent (imipenem) in this experiment. We conclude that biosynthesized Al NPs from clove aqueous
extract can be exploited as natural antibacterial compounds to inhibit the growth of Salmonella.

Keywords: Al NPs, Biosynthesized Al NPs, Antimicrobial effect of Al NPs, Foodborne disease,
Salmonellosis.

Introduction:

Nanotechnology is a modern field of
research. Richard Feynman who is an American
physicist, Nobel Prize laureate, presented the
nanotechnology concept in 1959 in his famous
lecture “There's Plenty of Room at the Bottom”,
which caused various revolutionary expansions in
nanotechnology field. Nanoscience development is
traced to the time of the Greeks and Demaocritus B.C.
in the 5th century, when scientists regarded the
guestion of whether the matter is constant and
therefore infinitely divisible into tinier pieces, or
comprised of small, indivisible and indestructible
particles, which experts now call atoms *. All science
fields are involved in nanotechnology, including
physics, materials science, chemistry, biology,
computer science and engineering. Recently, these

nanotechnologies have been employed in human
health with hopeful results, notably in the scope of
cancer treatment. 2 Nano-particles (NPs) can be
synthesized from various materials, metal oxide
ceramics such as; titanium, zinc, aluminum and iron
oxides are commonly used, as well as gold and silver
metal, which are other forms of NPs widely used.
These chemical methods, such as; chemical
reduction,  electrochemical  techniques  and
photochemical reduction, suffer from different
limitations such as; low vyield, cost ineffectiveness,
toxicity, instability manifold and harmful effects on
health and the environment ¥ . Therefore, there is an
increasing necessity to generate nontoxic, high-
yielding, environment-friendly and biocompatible
methods for NPs synthesis. In sense of this,
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biological procedures (green synthesis) have excited
a great appointment of interest. 3. Nanomaterials are
categorized into one dimension (1D) nanomaterials,
two-dimensional (2D) nanomaterials and three
Dimension (3D) nanomaterials. For the latest 10
years, 3D nanomaterials have shown attention in
research and medical science. These nanomaterials
applications are widely involved in the field of
catalysis, batteries, magnetic materials carrier of
reactant and product. An example of 3D NPs
includes Fullerenes, Dendrimers and Quantum dots
6, Methods used for manufacturing nanomaterials
can be ordinarily classified into two groups: top-
down method, a destructive approach is applied, by
breaking down large molecules and decomposed
them into a Nano-size unit. The top-down method
has been employed for creating micron-sized
products 7 by slicing or continuously cutting off the
large molecules to produce Nano-sized particles as
well as  construct their  structure  with
fitting/appropriate properties. This technique is
beneficial to generate Nano-sized particles at a broad
scale by utilizing mechanical force, while in the
bottom-up methods which is the opposite direction
of a top-down approach, the nanomaterial, such as;
Nano-coating is realized beginning from the atomic
or molecular precursors and gradually collected until
the aspired structure is built & Self-assembly is a
bottom-up method, in which atoms/ molecules
regulate themselves into aligned nanostructures
through chemical-physical interactions that occur
between them. These single atoms, molecules, or
clusters are positioned freely one-by-one, only via
the positional assembly technique °. The main
advantages of this bottom-up approach repose in the
synthesis of nanostructures with few defects, the
chemical composition more homogeneous, better
control of shape and size °. Green biosynthesis of
NPs-based plant extract has been observed that plant
extract products and microorganisms such as yeast,
bacteria, actinomycetes, fungi, algae, can be used to
synthesize NPs. The green NPs are manufactured
using biomass filtrate from these distinct biological
systems. Plant nanotechnology has several
advantages, including scalability, biocompatibility
and the capacity to synthesize NPs using universal
solvents (water) as reducing agents i Toxic or
dangerous ingredients are not required in the process
of synthesizing NPs with phytonanotechnology since
it uses plants to synthesize NPs at mild pH, pressure
and temperature at a significantly low cost, eco-
friendly, simple as well as avoids the addition of
external reducing, capping and stabilizing agents *2,
To decrease and stabilize, a variety of plants can be
utilized. Many researchers have been using a
different section of a plant-like; leaf, stem, root and

fruit to synthesize metal/ MO NPs . Plants produce
NPs by reducing the metal salt into NPs through the
main compounds that affect the reduction and the
NPs capping are biomolecules such as; phenolics,
terpenoids, polysaccharides, flavones, alkaloids,
proteins, enzymes, amino acids and alcoholic
compounds. However, quinol and chlorophyll
pigments, linalool, methyl chavicol, eugenol,
caffeine, theophylline, ascorbic acid and many other
vitamins were reported . The non-toxic
phytochemicals containing the aforementioned
flavonoids and phenols have novel chemical power
to reduce and also completely wrap NPs, thus
preventing their agglomeration. Phenolic compounds
hold hydroxyl and carboxyl groups, which are
capable to bind with metals 3. Environment friendly
manufacturing of NPs by using diverse biological
entities can help to mitigate the harmful impacts of
physical and chemical processes 2. Syzygium (S.)
aromaticum, is a dried flower bud from the
Myrtaceae family, its leaves and buds (the tree
commercial part) begin to bloom four years after
planting. Afterward, they are harvested -either
manually or with the aid of a natural phytohormone
during the pre-flowering period. This plant is a rich
source of phenolic compounds like eugenol, eugenol
acetate and Gallic acid and it has a lot of potential for
medicinal products, cosmetic, food and agricultural
uses * 15, Plant sources are emerging as a preferred
choice as it avoids the pathogenic and time-
consumes procedures in laborious for maintenance of
cell cultures and offers fast synthesis. With the plant
sources, cloves, or S. aromaticum as it's generally
known, are readily available year-round and have
strong reducing properties, as well as quick synthesis
times of only min 3. Furthermore, to its widespread
use as a food flavor enhancer, clove oil has been used
as a topical pain reliever in dentistry for ancient times
16, AL,Os is a chemical formula of Aluminum oxide
or alumina, which is composed of aluminum plus
oxygen and characterized with an electronic insulator
or having high thermal conductivity, as well as
unique chemical and physical properties such as high
hardness, high insulation, high transparency and as a
result it can be employed in many applications *'.
Bacterial growth effected by Al NPs, several studies
reported that normal biological, chemical and
nutrient cycles of bacteria communities were being
attracted by nanoparticles 8. Metal NPs antibacterial
action can be explained by three distinct
mechanisms: First, the cell walls and cell membrane
damaging; second or after cell well penetration, the
intracellular microbial components are damaged; and
finally, the oxidative stress process is triggered.
Metallic NPs penetrate into the cell wall leading to
irreversible DNA and protein damage, depending on
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the degree of the cell wall damage. The interaction
occurring in the bacterial cell between the NPs and
DNA causes the DNA to be converted from a normal
state to a condensed state and therefore, the ability of
DNA replication is lost. Moreover, a thiol group
contained within cysteine amino acid reacts with NPs
to inactivate enzymes °. Salmonella enterica spp. is
the second most common cause of food poisoning
and a leading cause of diarrheal complications
around the world. Contaminated food products such
as poultry, eggs, vegetables, nuts, contaminated
drinking water, ruminants, as well as direct contact
with infected animals, are the most common sources
of Salmonella infections 2°. The research estimated
that about 93.8 million infections and 155,000
fatalities which occur globally each year are caused
by Salmonella infection #. In Iraq, poultry and egg
production has increased in recent years, and
rudimentary slaughterhouses have sprouted in places
with no hygienic conditions, potentially causing a
Salmonella enterica poisoning problem. According
to the Iragi (COSQC, number 2270), the percentage
of Salmonella development in chicken cuts (thighs,
breast, wings) should be zero. The goals of this study
is to Green-synthesize and characterize Al NPs from
Clove (Syzygium aromaticum L.) buds plant extract
and to examine their effect on isolated and
characterized Salmonella enterica growth.

Materials and Method:
1. Collection and identification of the plant
materials.

Buds of the Clove Syzygium aromaticum L. plant
were collected from the local markets in Baghdad.
The plant was identified as S. aromaticum at the
Dept. of Biology, College of Science, University of
Baghdad, Irag. S. aromaticum buds were washed
then cleanly chopped into small pieces, air-dried for
three days at room temperature and in the shade.
Then they were pulverized with an electric blender
till obtaining 2509 fine powder.

2. Preparing of S. aromaticum aqueous extract.

Sterilized ddHO was used to prepare S.
aromaticum extract, then chopped and dried, to get
powdered clove (Syzygium aromaticum L.). Fifty
grams were taken and macerated with 250ml of
sterilized ddH.O for 24hrs at room temperature using
hot plate magnetic stirrer (Gallenkamp/ Japan). The
maceration liquid product was filtered using
Whatman No.1 filter paper. The macerated and
filtrated liquid was collected and dried using a rotary
evaporator (Daihan/ Korea) 2.

3. Biosynthesis (Green synthesis) of Al NPs
In order to prepare stock mentioned in table 1 of
plant aqueous extract for green synthesis of NPs,

each 1g of dried plant extract was dissolved in 1ml
sterilized ddH.O. Aluminum nitrate AI(NOs) 3. 9
H20, Sigma-Aldrich/ American) was 99.9%
concentration pH=3.5 mixed with plant extract
pH=5.7 in 1:4 ratios, then stirred on a hot plate
magnetic stirrer (Gallenkamp/ japan) for 6hrs at
45°C, the mixture pH was 3.7 that adjusted to
pH=5.7 through adding drops of NaOH, irradiated in
the microwave (Built-in Grill Microwave, 22L/
American) for 5min. It was centrifuged (Daihan/
Korean) at 2500rpm twice to discard the supernatant
and collected the pellets to wash with sterilized
ddH>O for 20min two times. The collected sample
was dissolved in sterilized ddH.O and treated with
ultrasonic  vibration (KMD-28100 Ultrasonic
vibration in 50W power/ Russia) for 5min to reduce
the agglomeration 2 to get stock concentration of Al
NPs mentioned in table 1. In general, the plant-based
green synthesis of NPs is carried out by mixing the
plant biomass (extract) with the metal salt solution at
the optimum conditions Temperature and pH. The
primary indicator for the NPs synthesis was by
looking at the changes in the color of the solution.
The experimental procedure for the green synthesis
of NPs using plant extracts is shown in Fig 1.

Table 1. Preparation of plant aqueous extract and
Al NPs concentration mg/ml and pg/ml

Concentrations no. mg/ml pg/ml
1 0.0005 0.5
2 0.0015 15
3 0.003 3.0

Color chaange conllres NP foemathe

Figure 1. The experimental procedure for the
green-synthesis of NPs using plant extracts 2.

4. Characterization of the plant-based green
synthesized Al NPs

The plant-based green synthesized Al NPs
characterization was carried out using the following
techniques. All the examinations were carried out in
the Dept. of Physics and Dept. of Chemistry
laboratories/ College of Science/ Al-Nahrain

1842



Open Access
Published Online First: March, 2023

Baghdad Science Journal
2023, 20(5 Suppl.): 1840-1857

P-1SSN: 2078-8665
E-ISSN: 2411-7986

University and the Dept. of Chemistry laboratory/
College of Science/ Baghdad University.

Atomic Force Microscope AFM.

Atomic Force Microscope analysis was used to
determine the surface morphology, diameters and
size of the biosynthesized Al NPs using scanning
prop microscopy Angstrom advanced AA2000,
USA. The AFM pattern used was in contact under
normal atmospheric conditions, a small drop of
solution samples was placed on a 1x1cm glass slide,
and allowed to dry at room temperature to be ready
for examination .

Scanning Electron Microscopic SEM

Scanning electron microscope (type Japan
Meiji) was used to determine the shape and size of
plant-based green synthesized Al NPs according to
Selvi and Sivakumar 2, by placing approximately 5
microliters of solutions ready for examination on an
electron microscope holder consisting of a gold and
carbon clip, then examination the sample using
different magnification powers.

UV-Visible Nanoparticle Analysis.

UV-Visible spectrophotometer (UV-1700
Shimadzu) from 200nm to 1100nm was used to
analyze the surface plasmon resonance, sterile
deionized water was used as blank. UV-Vis
spectrophotometer was used to measures the
extinction (scatter+absorption) of the light that
passed through the prepared sample.

Energy-dispersive X-ray analysis EDX
Energy-dispersive X-ray analysis EDX

(Bruker Nano GmbH, Germany) with an acceleration
voltage of 20kV was used to determine the purity of
plant-based green synthesized Al NPs.
5. Bacterial isolates

Bacteria Salmonella enterica isolates were
isolated and identified previously at Biotechnology
Research Center - Al-Nahrain University.
6. Investigation the Antibacterial Activity of

Biosynthesized NPs

Disk diffusion method as described by Hudzicki
2I'was chosen to determine the antibacterial effect of
green synthesized Al NPs and plant extract by using
a different prepared concentration of each one 0.5,
1.5, and 3.0pg/ml®® against Salmonella isolates.
Firstly, 3-5 isolated pure colonies were picked by
sterilizing wire loop to be inoculated into 5 ml of
nutrient broth and incubated at 37°C for 18 h. The
culture turbidity was compared with standard 0.5
McFarland turbidity to get an equivalent suspension.
On Mueller Hinton agar inoculated last prepared
suspension by streaking the plate using a sterile

cotton swab, twist it four times to ensure that it is
fully inoculated and the plate was left for 3-5 min at
room temperature to ensure absorbed the excess
moisture. After that, eight microliters from each
concentration of plant extract and NPs solution were
disposed on sterilized blank disk filter paper
(Whatman No.1/ Germany) that was sterilized by
autoclave (Karl kolb/ Germany) at 15lbs/in2
pressure, 121°C for 15 min. Using sterile forceps, the
disks were applied on MH surface and Imipenem
10pg/ml was carried out in each dish with each
concentration of Al NPs and plant extract, then
incubated also at 37°C for 18hrs. Imipenem is a wide-
spectrum antibiotic that was used as a control
antimicrobial drug to compare its effect with the
effect of our treatment prepared (synthesized Al NPs
and plant extract). Eventually, after incubation, the
inhibition zone diameter was measured nearest mm
by ruler and classified as susceptible, intermediate,
or resistant according to NCCLs standardized table.
These green synthesized Al NPs and plant extract
were also applied on Escherichia coli ATCC 25922
and Staphylococcus aureus subsp. aureus ATCC
25923 strains (was employed as a quality control
microorganisms) using well diffusion method was
done in the Iragi Ministry of Science and
Technology.
7. Statistical and Experimental Design

The statistical program IBM SPSS Statistics Base
was used in analyzing the data according to the
Factorial experiment. The experimental design was
Completely Randomized Blocks Design (CRBD)
with three replications for each concentration to
study the effect of different Al NPs conc. on bacterial
growth, and the significant differences between
means were compared at p=0.05.

Results and Discussion:

The data in Fig. 2 displays the 3-Dimentinal
image of the surface morphology for S. aromaticum
buds aqueous extract and S. aromaticum buds
biosynthesized Al NPs using AFM, it showed the
measurements of the size, surface morphology and
diameter of the biosynthesized Al NPs. AFM data in
Fig. 2 indicates the absence of Al NPs in the pure S.
aromaticum buds aqueous extract recording 122nm
particles size and the RMs of the pure S. aromaticum
buds aqueous extract recording 17.5nm particles size
which was with obvious heterogeneity of distribution
granular aggregation. While results in Figs. 3 exhibit
the presence of biosynthesized Al NPs in the tested
sample recording 21nm particles size with RMs
about 2.35nm and the homogeneity of the granulated
accumulation distribution which is very clear.

AFM data record 122nm particles size and
the RMs of the pure S. aromaticum buds agueous
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extract recording 17.5nm particles size, while the
results of biosynthesized Al NPs in the tested sample
record 21nm particles size with RMs about 2.35nm.

SPM Imager Surface Roughness Analysis 122 18AMm
Image size 3000.00nm X 3000.00nm

Ampiude parameters
Sa(Roughness Average) 121 [nmj
Sq(Root Mean Square) 17.5 [nm]
Ssk(Surface Skewness) 0.0373
Sku(Surface Kurtosis) 5.08
Sy(Peak-Peak) 122 [nm)

$2{Ten Point Height) 116 [nm]

Hybrid Parameters

Ssc(Mean Summit Curvature)  -0.0166[1/nm] "
Sdg(Root Mean Square Slope) 0.279 [1/nm] 122 18
Sdr(Surface Area Ratio) 364 rrn
Functional Parameters 0.00

Sbi(Surface Bearing Index) 0.704
Sci{Core Fiud Retention Index) 1.53

Svi{valley Fuid Retention index) 018

Spk(Reduced Summit Height) 251 [nm]

Sk(Core Roughness Depth) 266 [nm]

Svk{Reduced Valiey Depth)  34.3 [nm]

Sde 0-5(0-5% height intervals of Beanng Curve) 246 (nm)

Sdc 5-10(5-10% height intervals of Bearing Curve) 8.95 [nm]
Sdc 10-50(10-50% height intervals of Bearing Curve) 20 [nm]
Sdc 50-95(50-95% helght Intervals of Bearing Curve) 316 [nm)

Spanal Parameters.
Sas(Density of Summits) 111 [1ium2)

Fractal Dimension 265

Granularity Cumulation Distribution Chart
e 1T ="l = =" = ~.= =" = = === M=

6.00 1

5.00+

4004 :
3.00¢+ -
2.001
1.00 ‘
0.00

Percentage(%)

I L L] 'I !
P = B 2 ] 3 S 3
o o o o o o o o
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o o o o o o o
Diameter(nm)

Figure 2. The 3-Dimentional image of the surface morphology for the S. aromaticum buds aqueous
extract using Atomic Force Microscopy AFM.
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SPM Imager Surface Roughness Analysis
Image size.3000.00nm X 3000.00nm

Ampiude parameters
Sa(Roughness Average) 168 [nm]
Sq{Root Mean Square) 2.35 [nm]
Ssk(Surface Skewness) 1.06
Sku(Surface Kurtosis) 6.09
Sy(Peak-Peak) 189 [nm)

Sz(Ten Point Height) 182 [nm]

Hybnd Parameters

Ssc(Mean Summit Curvature) -0.0118{1/nm]

Sdg(Root Mean Square Siope) 0.0974[1/nm) 2149
Sdr(Surface Area Ratio)  0.469 nm

Functional Parameters

Sbi{Surface Bearing Index) 0.355
Sci{Core Fluid Retention Index) 1.64
Svi{Valley Fiuid Retention index) 0.1
Spk(Reduced Summit Height)  3.75 [nm]
Sk(Core Roughness Depth) 434 [nm]
Svk{Reduced Valey Depth) 2.58 [nm]
Sdc 0-5(0-5% height intervals of Beanng Curve) 661 [nm)
Sdc 5-10(5-10% height intervals of Bearing Curve) 1.33 [nm]

21.49nm

Sde 10-50(10-50% height intervals of Bearing Curve) 2.81 [nm) nm B
Sdc 50-05(50-95% helght Intervals of Bearing Curve) 319 [nm] o .
Spatial Parameters
Sas(Density of Summits) 164 [1/um2)
Fractal Dimension 3 ™
U cC
Granularity Cumulation Distribution Chart
5.00 -
g P R || ||| S TR
D
o)}
pu 3.004- - - - - -
@
o
o
o 2.00 -
- | “||| [ _____________________ _
o 3 3 2 -
Q9 o o (=] (=)
o o o o
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Diameter(nm)

Figure 3. The 3-Dimentional image of the surface morphology for the S. aromaticum buds
biosynthesized Al NPs using Atomic Force Microscopy AFM.

Results in Fig. 4 show the color change of S.
aromaticum buds aqueous extract after the addition
of AI(NOs) 3. 9 H20O. The changes of the solution
color from brown to yellowish brown were a primary
confirmation of NPs synthesis. This method of NPs
synthesis is more suitable compared to the
intracellular method due to easy scale-up and
downstream processing, non-toxic, renewable, eco-
friendly, and biocompatible *2. Furthermore, because

of the green synthesized NPs biocompatible nature,
they are known to have various biological
applications 3. The plant-based green synthesis NPs
are initiated by mixing the plant extract with the
metal precursor solution containing the salts of
respective metals AI(NOs) s. 9 H20. The plant-based
green synthesis NPs are categorized into three stages,
in the first stage the reduction of metal ions M* or
M?* to metal atoms (M) occur as well as successive
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nucleation of the reduced metal atoms 2. In the
second stage, the fusion of neighboring small NPs
into larger particles occurs with a simultaneous
increase in thermodynamic stability. The process is
terminated at the final stage by producing the final
shape of the biosynthesized NPs. The presence of
many bioactive molecules in the plant extract plays

an important role in reducing and stabilizing metal
ions in the solution and due to the presence of a large
number of phytochemicals in the plant extract, it is
difficult to ascertain the exact reduction and
stabilizing agents involved in the reaction for the
biosynthesis of NPs 3,

Figure 4. The Color change of S. aromaticum buds aqueous extract after addition of AI(NOs) . 9 Hz0;
A: Plant buds; B: Powdered bud Clove; C: S. aromaticum buds aqueous extract; D: Biosynthesized Al
NPs after 6hrs and E: Biosynthesized Al NPs after 12hrs

Figure. 5 illustrates the SEM images of S.
aromaticum buds biosynthesized Al NPs 5A and its
aqueous extract 5B at 100nm scan area. It determines
the surface features, structural form, and composition
of both the S. aromaticum buds biosynthesized Al
NPs and S. aromaticum buds aqueous extract. It

reveals the presence of Al NPs. Fig. 5A with
diameters ranging from 33.5-70.4nm with regular
spiracles shape particles, while Fig. 5B presents the
irregular particles’ shape and recorded 302.2-
396.4nm particle size for the S. aromaticum buds
aqueous extract.
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Figure 5. SEM images of S. aromaticum buds biosynthesized Al NPs (A) and its aqueous extract (B) at
100nm scan area.

Data in Table. 2 and Fig. 6A exhibit the EDX
spectrum analysis of S. aromaticum buds aqueous
extract and reveal that the Aluminium weight ratio
was 1.75, while it was 50.498 in the EDX spectrum
analysis of the biosynthesized Al NPs from S.
aromaticum buds aqueous extract with the
disappearance of some elements after the
manufacturing process of Al NPs as shown in Table.
3, and Fig. 6B.

Table 2. EDX spectrum analysis of S. aromaticum
buds aqueous extract.

Elements Atomic number  Weight ratio
Silicon 14 35.483
Sodium 11 18.381
Carbon 6 12.627

Antimony 51 11.167

Tungsten 74 7.101

Niobium 41 4.222

Magnesium 12 3.928
Calcium 20 3.601
Aluminium 13 2.715
Potassium 19 0.775
Sum: 261 100
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Table 3. EDX spectrum analysis of the biosynthesized Al NPs from S. aromaticum buds aqueous extract.

Elements Atomic number  Weight ratio
Aluminium 13 50.498
Silicon 14 12.4547
Sodium 11 11.565
Carbon 6 9.2913
Magnesium 12 7.5
Calcium 20 4.285
Potassium 19 4.406
Sum: 95 100
cps/eV
1.8:
] A
l.Gj
1.4-:
1.2
1 SRS
4.5 5.0

keV

Figure 6. A: EDX spectrum analysis of S. aromaticum buds aqueous extract.

cps/eV

1.84
1.6

1.4+

0

0.8 Na Mgl Si K Ca

0.4

0.24

0.0 Laltis

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4t5 5.(
keV

Figure 6. B: EDX spectrum analysis of the biosynthesized Al NPs from S. aromaticum buds aqueous
extract.
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Results in Fig. 7 show the UV-Visible
spectroscopy of the biosynthesized Al NPs from S.
aromaticum buds aqueous extract and reveal that the
biosynthesized Al NPs was absorbed at 213nm while
Aluminum nitrate was absorbed at 258nm. These

results indicated the formation of Al NPs in which
the absorption peaks of solutions were around 213nm
wavelength discloses, and these products were
alumina particles.

ALOINP

Al [NO3)y . 9H20

Waength (nm|

Figure 7. UV-Visible spectroscopy of the biosynthesized Al NPs from S. aromaticum buds aqueous
extract.

In recent years, the biogenic reduction of
elements such as Au, Ag, Cd, Cu, Se, Al, Zn, Ti, Ce,
or Fe with plant extracts green-synthesis has become
one of the most acceptable techniques for
manufacturing of NPs. It's considered a cost-
effective and ecological process without using the
chemical contaminants ?°. MO NPs were used in
numerous fields. They could be prepared using
different methods such as green-synthesis and the
conventional chemical-synthesis methods. The
majority of plants have features such as renewable
suppliers and sustainability compared with that of
enzymes and microbes, because they can pick up
about 75 % of light energy and transform it into
chemical energy, contain chemicals such as sugars
and antioxidants, that play fundamental roles in the
manufacturing of the NPs. Plants are considered the
main factory for the green synthesis of metal NPs (M
NPs) or MO NPs *°,

Three different plants sources; Ziziphus
Spina—Christi, Eucalyptus globulus, and Piper
nigrum were used for the bio-synthesis of Ag NPs.
The average particle size distribution ranged between
8-35 nm also decreased with the increase in the
concentration of plant extract 3. While Dhar %,
reported the bio-synthesis of Ag NPs from the fruit
extract of Phyllanthus Emblica and the fabricated Ag
NPs were spherical with an average size ranging
between 60 to 80nm. Additionally, Adewale 3
exhibited that the extraction methods used in
preparing the plant extract using leaves of
Crassocephalum Rubens, which are then used for
biosynthesizing the NPs, play an important role and

influence the antioxidant properties of the prepared
Ag and Au NPs.

AFM allows for 3D characterization of the
synthesized NPs with sub-nanometer resolution.
This technique has several advantages over electron
microscopy, dynamic light scattering, and optical
characterization methods. Also, the results of this
article were in line with Hammodi ** who used the
AFM data for characterizing the biosynthesized NPs
and reported that the AFM data showed Ag NPs, Zn
NPs, or extract of the pure ivy were respectively of
41.70nm, 90.07nm, and 21.00nm size; 27.5,
45.00nm, and 12.5nm size range; 21.23%, 6.88%,
and 38.38% size ratio; 1.61nm, 15.9nm, and 6.14nm
surface roughness; 85nm, 60nm, and 50.00nm
diameter range and 8.04%, 9.69%, and 10.75%
distribution ratio. The conducted results of the AFM
photogrammetry were clear and can be inferred from
their compatibility with Zn and Ag NPs of the lvy
survey data by using SEM scanner, and other data of
FTIR Spectroscopy and UV-vis spectroscopy
describing the formal properties of the bio-
synthesized Ag and Zn NPs. This is evidenced by the
success of the process of synthesizing Ag and Zn
NPs from the Ivy plant water extract.

The Accurate morphology of Al NPs can be
characterized using SEM and this article result is in
agreement with those obtained by Ghotekar % who
reported the research work in the area of green-
synthesis of Al NPs using distinctive plant parts
extract and special attention of scientific community
is required for developing the swift, efficient,
noxious, sustainable, environmentally gracious and
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affordable method of the biosynthesis of Al NPs
through the green-chemistry bottom to top approach.
Also, different plant species could be used in the
future towards completely rapid and facile
biosynthesis of MO NPs, which were manufactured
through green chemistry approaches receiving great
attention because of their significant physical and
chemical characteristics and their remarkable uses in
the area of nanotechnology. The sustainable
improvement of the bio-synthesizing NPs by the
extract of different parts of plants has become a
major focus of researchers and scientists because
they have minimum noxiousness on human health
and minimum effect on the ecosystem. Among MO
NPs; Al NPs draw great attention due to their
significant applications in textiles, ceramics,
catalysis, drug delivery, biosensor wastewater
treatment. Many natural bioactive-compound in the
plant extracts such as alkaloids, saponins, amino
acids, tannins, proteins, enzymes, polysaccharides,
coumarins, steroids, vitamins, and polyphenols could
have participated in Al NPs bio-reduction and
stabilization. On the other hand, SEM depends on the
signals from the surface of the samples. Thus, SEM
can visualize the samples surface structures. The
normal resolution of SEM is not enough to
characterize and observe the NPs or nanomaterials
with sizes ranging between 10 to 50nm. Therefore,
recent developments including the low-landing
electron energy methods that improved the SEM
spatial resolution, also the use of holder for liquid
sample enabled the observation of nanocrystals in
water solutions, high-resolution SEM images
provide an excellent tool for determining the
morphology and size of the green-synthesized NPs
36

The results are in line with Sagadevan and
Koteeswari % who reported that the elemental
composition of Cu NPs was analyzed using the EDX
spectrum. EDX analysis was used for the
identification and characterization of metal and salt
aggregates at a specific point within the prepared
sample. It’s an analytical technique used for the
characterization of the sample material elemental
composition and the data obtained using the EDX
analysis consists of spectra with peaks corresponding
to the different elements that were present in the
prepared sample that every element has specific
peaks with unique energy. EDX analysis could be
also used for the type of elements qualitative as well
as for the percentage of the concentration of each
element of the sample quantitative analysis *. Also,
Igbal % reported that Energy dispersive Xx-ray
spectroscopy and a SEM are employed to check the
composition of the elements and the surface
morphology.

Raveendraa % reported that UV-vis
measurements were used to characterize the
synthesized NPs, which have unique optical
properties that are sensitive to the shape, size,
agglomeration  state, refractive index, and
concentration near nanoparticle surface that makes
the UV-Vis a valuable tool for the identification and
characterization of the nanomaterials. Also, Agudelo
4 reported that SHIMADZU UV-1800 UV-visible
spectrophotometer was used for analyzing the
synthesized gold and silver NPs in a range of 300 to
800nm; the reducing agent solutions without the
precursor agent were used as a control. Also, UV-vis
spectroscopy represents a convenient technique for
characterizing the nanomaterials, as it allows fast
data acquisition, and it's available in most chemistry
laboratories. This technique can, in theory, be used
for the characterization of plasmonic nanomaterials
synthesis kinetics #2. While Al-Nassar * reported that
the absorption peak of synthesized sample in water
was 225nm, whereas the one that synthesized using
ethanol was 210 nm and they found that the
absorption spectrum of samples produced in ethanol
is lower than those produced using water and the
absorption peak of colloidal solutions on around
210nm wavelength discloses that produces alumina
particles and its oxides are not formed due to
prohibition of ethanol surrounding media form
oxidation.

The quality control Escherichia coli ATCC
25922 and ATCC 25923 Staphylococcus aureus
subsp. aureus strains susceptibility test results were
shown a susceptible effect 100% against all
concentration of Al NPs antimicrobials and 100%
resist against concentrations of aqueous plant extract
as shown in the Figs. 8a, 8b, 9a and 9b respectively.

Figure 8. a: Effect of Al NPs concentrations
0.5pg/ml, 1.5pg/ml and 3.0 /ml numbered with 4,
5, 6 respectively on ATCC 25922 E. coli strain.
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Figure 8. b: Effect of Al NPs concentrations
0.5pg/ml, 1.5pg/ml and 3.0pg/ml numbered with
4, 5 6 respectively on ATCC 25923
Staphylococcus aureus subsp. aureus strain.

Figure 9. a: Effect of aqueous plant extract
concentrations 0.5pg/ml, 1.5pg/ml and 3.0pg/ml
numbered with 1, 2, 3 respectively on
ATCC25922 E. coli strain.

Figure 9. b: Effect of aqueous plant extract
concentrations 0.5pg/ml, 1.5pg/ml and 3.0pg/ml
numbered with 1, 2, 3 respectively on ATCC
25923 Staphylococcus aureus subsp. aureus strain.

The data in Table. 4 indicate a significant
increase in the inhibition zone (mm) obtained in S.
enterica serovar Typhimurium 14 isolate recording
29.57 mm compared with all other bacterial isolates.
Also, there was a significant increase in the inhibition
zone occurred in S. enterica serovar Typhimurium 2,
S. enterica serovar Typhimurium 5, S. enterica
serovar Typhimurium 7, S. enterica serovar
Typhimurium 8, S. enterica serovar Typhimurium 9,
S. enterica serovar Typhimurium 10, S. enterica
serovar Typhimurium 11, S. enterica serovar
Typhimurium 12, S. enterica serovar Typhimurium
13, S. enterica serovar Typhi 1, S. enterica serovar
Typhi 2, S. enterica serovar Typhi 3, S. enterica
serovar Typhi 4, S. enterica serovar Diarizonae, and
S. enterica serovar Enterica recording 15.7788 mm,
18.01 mm, 16.63 mm, 15.65 mm, 17.65 mm, 17.35
mm, 19.08 mm, 18.63 mm, 19.26 mm, 17.62 mm,
17.98 mm, 13.60 mm, 17.71 mm, 18.8 mm, and 19.15
mm inhibition zone respectively in comparison with
S. enterica serovar Typhimurium 3, S. enterica
serovar Typhimurium 4, and S. enterica serovar
Typhimurium 6 that recorded 8.97125 mm, 7.255
mm, and 9.89 mm respectively and shown a
significant decrease in the inhibition zone.
Furthermore, S. enterica serovar Typhimurium 1
isolate showed a significant increase in the inhibition
zone compared with S. enterica serovar Typhimurium
5, S. enterica serovar Typhimurium 9, S. enterica
serovar Typhimurium 10, S. enterica serovar
Typhimurium 11, S. enterica serovar Typhimurium
12, S. enterica serovar Typhimurium 13, S. enterica
serovar Typhimurium 14, S. enterica serovar Typhi 1,
S. enterica serovar Typhi 2, S. enterica serovar Typhi
4, S. enterica serovar Diarizonae, and S. enterica
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serovar Enterica that recorded 18.01 mm, 17.65 mm,
17.35 mm, 19.08 mm, 18.63 mm, 19.26 mm, 29.57
mm, 17.62 mm, 17.98 mm, 17.71 mm, 18.8 mm, and
19.15 mm inhibition zone respectively. The data also
revealed that there was a significant decrease in the
inhibition zones in the negative control, 0.5ug/ml,
1.5pug/ml, and 3.0ug/ml of water extract shown no
Inhibition zone compared with the positive control
40.35 mm as shown in Fig. 10. Results also indicated
that there was a significant decrease in the inhibition
zone obtained in 0.5ug/ml of biosynthesized Al NPs
26.38 mm compared with +control (imipenem).
Whereas no significant differences were obtained
between imipenem 10pg/ml and 1.5pg/ml, 3.0pg/ml
Al NPs that recorded 30.55 mm and 34.61 mm
respectively.

Figure 10. Effect of aqueous plant extract
concentrations 0.5pg/ml, 1.5pg/ml and 3.0pg/ml
numbered with 1, 2, 3 respectively and P referred
to positive control imipenim antibiotic drug
10pg/ml while W referred to negative control
water on S. enterica spp. strain.

The interaction between the type of treatment
and bacterial isolates indicated a significant increase
in the inhibition zone obtained in two bacterial
isolates only, that S. enterica serovar Typhi 4 isolate
recorded increasing in all the Al NPs concentrations
0.5pg/ml= 35 mm, 1.5pg/ml=40 mm, and 3.0pg/ml=
38.33 mm compared with the positive control 28.33
mm. While the other isolate, S. enterica serovar
Typhimurium 13, revealed a significant increase in
the inhibition zone in 1.5ug/ml and 3.0pg/ml
concentration of Al NPs with 40 mm, 40 mm

respectively and no significant differences were
recorded in 0.5pg/ml Al NPs 3833 mm in
comparison with 35.77 mm of positively control.
Moreover, no significant differences were exhibited
in other isolates. Furthermore, 33.66 mm, 38 mm, and
37 mm inhibition zone were recorded in S. enterica
serovar Typhi 2 isolates in all the Al NPs
concentrations 0.5pg/ml, 1.5pg/ml, and 3.0pg/ml
respectively compared with the positive control 35.22
mm. Whilst S. enterica serovar Typhimurium 11
isolates which were investigated displayed no
significant differences except in 1.5ug/ml Al NPs,
recording 38.33 mm inhibition zone compared with
the positive control 41 mm. However, S. enterica
serovar Diarizonae isolate showed no significant
differences in two concentrations of Al NPs 1.5pg/ml
and 3.0pg/ml recording 38.33 mm and 38 mm
inhibition zone respectively in comparing with
imipenem 41.22 mm. Furthermore, S. enterica
serovar Typhimurium 14 isolate showed no
significant differences in all Al NPs concentrations
0.5pg/ml, 1.5pg/ml, and 3.0pg/ml were denoted
31.66 mm, 34.66 mm, and 33.3 mm mean value of
inhibition zone respectively in comparison with
imipenem 36.94 mm.

S. enterica serovar Typhimurium 13 isolate
revealed 38.33 mm, 40 mm, and 40 mm mean
inhibition zone in 0.5pg/ml, 1.5ug/ml, and 3.0pg/ml
Al NPs respectively in compared to the positive
control 28.33 mm which indicated that it was the most
affected bacterial isolate with Al NPs treatment.
Lastly, the other remaining bacterial isolates recorded
a significant decrease in the mean inhibition zone
compared with the positive control treatment. This
antibacterial biosynthesized NPs activity showed that
all concentrations 0.5pg/ml, 1.5ug/ml, and 3.0pg/ml
of Al NPs had the maximum antibacterial activity on
the isolated and characterized Salmonella spp. that
when the Al NPs effects were compared to the effect
of the antibiotic drug used as a control agent in this
experiment imipenem 10pg/ml, it was discovered that
the Al NPs were more effective, despite their
concentration being 0.5pug/ml, 1.5pg/ml, 3.0pg/ml is
much lower than those of standard antibiotic
concentration and as shown in Fig. 11. This is an
indicator that employing bio-manufactured NPs to
fight microbial diseases may be preferable to using a
medical antibiotic, which is so overused and abused
nowadays that most bacteria types had developed
resistance against it 44,
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Table 4. The antibacterial effects of different concentrations of S. aromaticum aqueous extract and
biosynthesized Al NPs against isolated and characterized Salmonella spp.

Type of Imipenem Water Water extract (crud) Al NPs concentrations Mean
eatment (+ve (-ve concentrations (ng/ml) (ng/ml)
Bacterial control) contro) 05 15 3.0 05 15 3.0
Isolates
S. enterica serovar 37.22 0 0 0 0 3.33 31.66 16.66 11.1088
Typhimurium 1
S. enterica serovar 42.27 0 0 0 0 33.63 16 34.33 15.7788
Typhimurium 2
S. enterica serovar 39.11 0 0 0 0 8.33 10.33 14 8.97125
Typhimurium 3
S. enterica serovar 37.38 0 0 0 0 0 11.66 9 7.255
Typhimurium 4
S. enterica serovar 44.05 0 0 0 0 31.66 33.33 35 18.01
Typhimurium 5
S. enterica serovar 37.11 0 0 0 0 0 10 32 9.89
Typhimurium 6
S. enterica serovar 45.72 0 0 0 0 29.66 32.66 25 16.63
Typhimurium 7
S. enterica serovar 44.22 0 0 0 0 20.66 24 36.33 15.65
Typhimurium 8
S. enterica serovar 435 0 0 0 0 30 33.33 34.33 17.65
Typhimurium 9
S. enterica serovar 42.83 0 0 0 0 30 35 31 17.35
Typhimurium 10
S. enterica serovar 41 0 0 0 0 37 38.33 36.33 19.08
Typhimurium 11
S. enterica serovar 45.05 0 0 0 0 33.66 36 34.33 18.63
Typhimurium 12
S. enterica serovar 35.77 0 0 0 0 38.33 40 40 19.26
Typhimurium 13
S. enterica serovar 36.94 0 0 0 0 31.66 34.66 33.3 29.57
Typhimurium 14
S. enterica serovar Typhi 1 43.61 0 0 0 0 32.33 34.33 30.66 17.62
S. enterica serovar Typhi 2 35.22 0 0 0 0 33.66 38 37 17.98
S. enterica serovar Typhi 3 41.11 0 0 0 0 31 36.66 0 13.60
S.enterica serovar Typhi 4 28.33 0 0 0 0 35 40 38.33 17.71
S. enterica serovar Enterica 45.44 0 0 0 0 32 36.66 36.66 18.8
S. enterica serovar 41.22 0 0 0 0 35.66 38.33 38 19.15
Diarizonae
Mean 40.35 0 0 0 0 26.38 30.55 34.61
Type of treatment=12.71; Bacterial isolate=6.13
L.S. D=0.05 Type of treatment*Bacterial isolate=4.21

Figure 11. Effect of Al NPs concentrations
0.5pg/ml, 1.5pg/ml and 3.0pg/ml numbered with
A4, B/5, C/6 respectively and Imp referred to
positive control imipenim antibiotic drug 10pg/ml
while W.C referred to negative control water on S.
enterica spp. strain.

The results of NPs in this study are in line
with those obtained by Bansal ° that was conducted in
India and reported the antimicrobial effects of clove
Ag NPs suspensions against Bacillus cereus (MTCC
1272), Salmonella typhi (MTCC 734), Pseudomonas
aeruginosa (MTCC PAO1) and Escherichia coli
(MTCC 9537). In contrast with our results, they found
that clove extract has substantial inhibitory effects on
the examined pathogens at various doses. In contrast,
Indian researchers in Kavitha ¢ indicated that only
Syzygium aromaticum bud clove displayed an
inhibition zone against Staphylococcus aureus,
Escherichia coli, Salmonella enteritidis and
Clostridium perfringens. Similarly, Afanyibo #
reported that S. aromanticism aqueous extract has been
inhibiting approximately 66.67% of tested germs (E.
coli, S. aureus, S. enterica serovar Typhi, P.
aeruginosa, S. flexneri, C. albicans). Hence, this may
be due to the nature of bacterial isolates and the
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possibility of mutations occurring that could increase
their resistance. While in another Egyptian study “,
they reported that antimicrobial activity was estimated
against bacterial strains (Pseudomonas aeruginosa,
Salmonella typhimurium, Escherichia coli ATCC
8739, Bacillus subtilis ATCC 6633) and yeasts
(Candida parapsilosis AUMC 8909 and Trichosporon
domesticum AUMC 8918). Silver NPs displayed a
good antibacterial impact and the clove had the best
antimicrobial effect among the spices tested. Another
recent study “° used Syzygium aromaticum extract to
biosynthesize CuO NPs and showed that CuO NPs
displayed resistance to the three types of bacteria with
the greatest resistance to E. coli followed by
Salmonella and then Enterobacter. In addition, a
recent Russian study *° investigated examples of
toxicity of NPs where many microorganisms are
available: Proteus spp., Salmonella spp., Escherichia
coli, Bacillus subtilis, Staphylococcus aureus,
Pseudomonas aeruginosa, etc. It is a potential trend to
employ these NPs as anticancer agents, antifungal and
antibacterial medications against pathogenic and drug-
resistant microorganisms. For the green-synthesis of
NPs, the most important issue is that the solvent
medium combined with a selection of ecologically
nontoxic, reducing, and stabilizing agents. The use of
the biosynthesized NPs may be one of the promising
approaches to overcome bacterial and fungi resistance
and could also play a new key role in pharma-co-
therapeutics 5.

Conclusion:

In our study, we conclude that it is possible
to employ biosynthesized Al NPs from the clove
plant agueous extract as an alternative to
conventional antibiotics in order to inhibit the growth
of food born bacteria due to their beneficial effects
of increased bacterial growth inhibition, compared to
the concentrations of NPs and the antibiotic drugs
and lack of resistance when used in excess. It can be
exploited as a possible source of natural antibacterial
compounds if it is confirmed that it does not show a
toxic effect on cells in the laboratory, therefore, we
proceed to study the toxic effect of these NPs invtro
and invivo study.
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