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VI. International Rimar Congress of Pure, Applied Sciences was organized by
Igdir University in collaboration with Rimar Academy. The primary objective of
this event was to compile and disseminate valuable scientific knowledge
andmake ameaningful contribution to the future.

A substantial number of researchers from both local and international
backgrounds demonstrated their interest in this conference. The scientific
committee meticulously reviewed the submissions and ultimately accepted a
select group of applicants—35 in total—of whom 33 were approved by the
scientific committee.

The core of this conference was the presentation of 29 full research papers,
while the remaining articles and research findings are set to be featured in for
the coming issues of the MINAR Journal.

I would like to extend my sincere appreciation to all the contributors and scholars
who played an essential role in making this conference a resounding success.
Your dedication and valuable contributions are deeply respected and
acknowledged.

Editor-in-Chief
Prof.Dr. Ghuson H. MOHAMMED
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Abstract:

In the current study, Olea europaea leaf extract using an extract from Olea europaea leaves. The leaf extract
assist both to reduce copper ions and to capping the nanoparticles. UV-visible spectroscopy was used to
characterize the produced CuNPs, and the results indicated a strong absorption below 286 nm. Employing
Fourier transform infrared (FT-IR) spectroscopy, the interaction between the Olea europaea leaf extract and
the produced CuNPs was investigated. The results demonstrated that the Olea europaea leaf extract caped the
CuNPs, XRD confirmed that the nanoparticles were crystalline, with clear peaks indicating their purity. SEM
images revealed that the nanoparticles were round and evenly spread out. TEM images showed that most of the
nanoparticles ranged from 10 to 50 nm in size. These results indicate that the nanoparticles have a stable
structure and were produced effectively using a biological method. The CuNPs made from Olea europaea
leaves exhibit antibacterial properties against bacteria such as Escherichia coli and Staphylococcus aureus. The
antibacterial effect varies based on the concentration used. At a concentration of 100 pug/mL, the CuNPs were
more effective against S. aureus than against E. coli, highlighting their potential as a promising antibacterial
activity.

Keyword: Copper Nanoparticles Cunps, Olea Europaea, E. Coli, s. Aureus, Antibacterial Activity.
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Introduction

Nanotechnology (or "nanotech") is the study of minuscule forms. As the term itself is a
mix of the Greek word "nanos" and the Latin word "nanus," "Dwarf" signifies extremely little
or diminutive. Nanotechnology's first widely accepted definition is modification of matter at
the supramolecular, molecular, and atomic levels Surface science, molecular, semiconductor
physics, microfabrication, (Chettupalli et al., 2024) organic chemistry, biology, and other
scientific domains are all included in the naturally broad definition of nanotechnology.
Researchers are currently debating how nanotechnology will affect society in the future.
(Durlo,et al., 2023). Nanotechnology has grown sustainably over the past year as a result of
the significant research conducted by scientists from a variety of fields in an effort to either
quench their curiosity or find a solution to an existing issue (Srivastava et al., 2023). In an
effort to do this, novel materials (less than 100 nm in size) have been created using
nanotechnology knowledge, which has uses in engineering, medicine, and even everyday life.
Three routes chemical, physical, and biosynthetic are developed for the manufacturing of
these materials, particularly when using the bottom-up method (Jaaffer et al., 2024). The
biosynthetic methodology is safer and more biocompatible than the physical and chemical
methods of synthesis, but it is also more costly and less environmentally friendly. and more
environmentally friendly. The usage of costly and hazardous chemicals, as well as the high
energy needs, and the preparation time and effort are further limitations of chemical and
physical methods of producing nanoparticles. Furthermore, because of their ability to
overcome toxicity, the biosynthetic route which uses bacteria, plants, algae, fungi, and other
creatures as precursors is gaining popularity (Sarkar et al., 2023). The manufacture of
nanoparticles by bacteria, algae, and fungi takes a lot of time because of the high maintenance
culture and constant sterile conditions needed, whereas plant-mediated synthesis is more
efficient (Parlayic et al., 2023). Additionally, comparable to the chemical approach of
synthesis, Plants are more easily accessible in practical forms, and it takes less time to
produce plant-assisted nanoparticles. Since phytochemicals in roots, fruits, and plant
components like leaves and stems help bio-reduce metallic ions, they have been used in the
ecologically benign creation of nanoparticles. (Yousaf et al., 2023). Due to their excellent
physical and chemical properties and low preparation costs, copper nanoparticles have
attracted a lot of attention. Nowadays, a variety of industrial applications, including
lubricants, plastics, polymers, metallic coatings, and inks, use copper nanoparticles. Copper
nanoparticles have several uses, such as heat transfer systems, catalysts, antimicrobial
materials, and incredibly durable materials sensors (Singh et al., 2023). Because copper
monody aspersed nanoparticles (2-5 nm) may react with the —-SH enzyme group and cause
protein inactivation, they have demonstrated excellent antibacterial activity and were able to
reduce the concentration of microorganisms by 99.9%. Additionally, copper nanoparticles can
be employed as a bactericide agent to coat medical equipment because of their disinfecting
qualities and durability when supported on a matrix (Seth et al., 2023). Because copper is
less costly than gold and silver, it is a desirable commodity from an economic standpoint.

Numerous approaches, including top-down or physical procedures and bottom-up or



chemical methods, Copper nanoparticles may be produced using this method (Ahmed et al.,
2023). Using the bottom-up approach, atoms, molecules, or clusters construct the structure
of nanoparticles. Top-down techniques reduce a bulk component of a needed material to
nanosized dimensions using cutting, grinding, and etching processes; in other words,
nanomaterials are created from bigger entities without atomic-level control. Chemical
reduction is the main technique wused in the chemical approach to create
nanoparticles.hydrothermal synthesis, colloidal methods, electrochemical, nonchemical
reduction, and microwave-assisted methods. Physical nanoparticle production methods
include laser (pulse) ablation, pulsed wire discharge (PWD), vacuum vapor deposition, and
mechanical milling. Biological or biosynthesis-based methods are also regarded as chemical

or bottom-up processes (Kausar et al., 2022).

In comparison to the chemical and physical methods of producing nanoparticles, the
use of Olea europaea is more environmentally friendly. Most chemical methods, for example,
are highly toxic due to the poisonous reducing agents and hazardous byproducts they
generate. Natural phytochemicals, such as flavonoids and polyphenols, which phytochemicals
are made of, act as reducing and capping agents. While traditional methods are green, they
are still far more harmful. Biosynthesis, in comparison, uses far less energy as it can occur
at ambient temperatures and pressures. In addition, the abundant, inexpensive, renewable,
and non-toxic plant materials are decomposable and hence, greatly benefit the environment
and economy. By promoting low waste and low energy methods, this approach advances the
principles of green nanotechnology which in turn fosters these essential components of
sustainable development. Supporting the works of Iravani (2011), green synthesis is the
approach providing higher biocompatibility and scale for biomedical uses by avoiding toxic

chemicals.
Materials and methods
Production of leaf extract from O. europaea

The fresh leaves of O. europaea were gathered in Baghdad, Iraq. The leaves of O.
europaea were cleaned correctly multiple times with regular water, and deionized distilled
water was used to clean them in order to remove any impurities (Yiek et al., 2023). Following
thorough drying in a parasol to eliminate any remaining moisture, A mechanical grinder was
used to crush the cleaned O. europaea leaves into a powder, which was then stored at room
temperature. Ten grams (10g) of powdered plant leaves and 150 milliliters (10mL) of deionized
distilled water were combined in a beaker and the mixture was allowed to boil for 30 minutes
at 80°C while experiencing reflux. After that, the cooked leaf powder was let to cool to room
temperature. Since the solution was initially filtered via ordinary filter paper, powdered leafy
debris will be removed. The filtrate was further filtered using Whatman No. 1 filter paper to
produce a clear solution. The solution was then centrifuged for 10 minutes at 10,000 rpm to
remove any remaining biological components. The solution was maintained at 4°C for future

research (Singh et al., 2016).



Synthesis of Copper nanoparticles (CuNPs)

90 ml of 2-mM aqueous solution of copper sulphate hydrate (CuSO4.5H20) was dropwise
mixed with 10 mL of leaf extract solution, while being continuously stirred. After the leaf
extract was fully added, the mixture was heated to 100 °C for many hours while being
continuously agitated. The solution was then diluted with deionized distilled water after being

centrifuged to eliminate any last traces of biological material for 15 minutes at 10,000 rpm.
Copper Nanoparticle Characteristics
Analyzing UV-VIS Spectra

The reduction of pure CulNPs ions was confirmed by measuring the UV-VIS spectra of
the reaction medium after a tiny sample aliquot was diluted in distilled water at 200-600 nm
wave lengths (Ayadi Hassan et al., 2022). The UV-Vis absorption test was carried out by the

materials analysis branch of the BPC Analysis Center.
FT-IR Analysis

The chemical bonding of the colloidal CuNPs nanoparticles were obtained using Fourier
transform infrared spectroscopy (FT-IR). Copper nanoparticles' spectral range was measured
between 400 and 4000 cm-!. CuNPs were dispersed on silde to create the sample. The NaCl
cell was used to measure FT-IR spectra at room temperature. The BPC Analysis Center's

materials analysis department was where the assay was conducted.
X-ray diffraction (XRD)

X-ray diffraction (XRD) was used to examine the copper nanoparticles' crystalline
structure. A Cu-Ka radiation tube (A = 1.5406 A) operating in the 26 range of 10° to 80° was

used to run the device.
Scanning Electron Microscopy (SEM)

As part of the SEM examination of the external morphology and the surface distribution

of the particles, the samples were coated with gold to enhance their conductivity.
Transmission Electron Microscopy (TEM).

The internal structure and precise dimensions of the particles were analyzed using a
transmission electron microscope (TEM). For analysis, a copper grid was dipped in the

nanoparticle suspension and allowed to air-dry to obtain a drop dried film.
Assessment of Antibacterial Effectiveness

Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) pure cultures were used
to evaluate the antibacterial properties of the produced copper nanoparticles. By applying the
agar diffusion method. In vitro studies were conducted to examine the antibacterial
capabilities of copper nanoparticles against microorganisms. To create thin agar plates with
a solidification thickness of 3.4 to 3.5 mm, the pathogenic bacteria were kept on nutritional
agar in Petri dishes with an inner diameter of 9 cm. Following solidification, a sterile cork-
borer was used to hollow out 10-millimeter-diameter wells from the agar. 50pl of the

nanoparticle suspension was then added to each well on the plate, and if bacteria were



detected, The dish had been incubated at 37°C for a whole day. Following incubation, the

inhibitory zone's diameter (mm) was assessed (Talebpour et al., 2024).
Results and Discussion
Synthesis of Copper Nanoparticles

In the current study, a new extract from the leaves of the Olea europaea plant was used
to successfully produce copper nanoparticles (CulNPs). The color shifts to a brownish black in
Figure (1). An aqueous extract of O. europaea leaves was used as a reactant to nucleate
nanoparticles in solution. When an aqueous solution of copper sulfate hydrate (CuSO4.5H20)
is mixed with plant O. europaea leaf extract, a dark yellow solution form. The primary
indicator of CuNP generation was the reaction mixture's color change after two hours of
heating at 100°C. As the incubation period extended, so did the color intensity. Due to the
reduction of copper ions, which signified the creation of CulNPs, the color changed from dark

yellow to brownish black. (Figure 1;C).

There was no color change in the leaf extract that did not contain copper sulphate
hydrate (CuS0O4.5H20). The surface plasmon resonance phenomenon caused the CulNPs to
appear dark brownish black in the aqueous. Metal nanoparticles display the Surface Plasmon

Resonance (SPR) absorption band because they contain free electrons (Aljadaani et al., 2022).

Fig (1): Photograph demonstrating color change: (A) 2 mM CuS04.5H20 without Olea europaea
leaf extract (B) Olea europaea leaf extract in aqueous form (C) turning from dark yellow to

brownish black following addition of CuS04.5H20 and two hours of exposure to heat at 100 °C.
Copper Nanoparticle Characteristics

Utilizing a Hitachi U-2910 spectrophotometer, the decrease of CUNPs ions was
examined. The UV-vis spectroscopy investigation was measured at a wavelength of 200-600
nm using continuous scanning. The CUNPs solution was then examined using an X-ray
diffractometer (XRD-6000, Shimadzu, Japan). A Cu Ka incident beam (k 5 1.542 A8) was used
to generate the diffraction pattern at 2h 5 208-608. The X-ray tubes' voltage and current were
40 kV and 30 MA, respectively. Using the Debye-Scherrer equation, the size was determined



as follows: D 5 0.94 k/b Cos h. The FTIR spectrometer (8400S, Shimadzu, Japan) was used
to perform the FTIR analysis in the attenuated total reflection mode, with a resolution of 4
cm21 and a spectrum range of 4000400 cm21. Finally, the particle size and shape were
assessed using TEM (Philips EM Biotechnol. Prog., 2018, Vol. 34, No. 1 219 208S,
Netherlands) and SEM (Shimadzu AA-7000, Japan) analysis.

UV- Visible Spectroscopy

Analyze The ability of UV-visible spectroscopy to study size-and shape-controlled
nanoparticles in aqueous solutions is well known. The absorption spectra of the heated
solution was examined at several wavelengths between 200 and 600 nm in order to determine
the SPR property of CuNPs. The UV-vis absorption spectra for the 2 mM copper sulphate
hydrate alone are displayed in Figure 2; the peak at 232 nm verified the production of CuNPs.
The current study's results were consistent with those of Sankar et al.'s work, which
discovered that copper oxide nanoparticles produced using Ficus religiosa leaf extract had an
absorbance peak of 286 nm (Shankar et al., 2014). Sprouts also showed strong absorption
peaks at 232 nm which relates to phenolic and flavonoid biomolecules. These compounds are
noteworthy because they act as stabilizing and reducing agents when nanoparticles are
forming. This peak suggests that the plant extract contributes to the bioreduction process.
However, there was no noticeable absorption of copper sulfate in the UV-Vis spectra between
200 and 600 nm.. As a control reference, this shows that no surface plasmon resonance nor
nanoparticle formation were observed. These findings demonstrate that rather than
originating from copper salt, the optical characteristics observed in the CulNPs spectrum point
to the creation of nanoparticles. The plant extract's absorbance peak shifted from 232 nm to
289 nm for CuNPs, indicating that the extract's biomolecules stabilized the resultant
nanoparticles by reducing Cu?* ions to elemental copper.The produced copper nanoparticles'
UV-Vis spectral analysis revealed an absorption peak at 289 nm. This peak is caused by the
conduction electrons' coherent oscillation with the incoming light and is caused by the surface
plasmon resonance (SPR) of copper nanoparticles. The peak's existence signifies that copper
particles were successfully formed at the nanoscale. We deduce that the colloidal solution has
minimal turbulence, steady nano-sized copper particle dispersion, and high size homogeneity

based on the peak's location and sharpness.

Furthermore, no additional peaks were seen, indicating that all of the reagents had been
used up and that no additional copper nanoparticles had been produced. These findings are
in line with those of other researchers who found that, depending on the size, shape, and
synthesis circumstances of the CulNPs, their spectra had SPR peaks ranging from 280 to 330

nm (Iravani, 2011).
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Fig (2). The Cu ion's UV-Vis spectra, along with the copper ion's conversion to copper
nanoparticles, were recorded during a two-hour heating period at 100 °C. In accordance with
the Surface Plasmon Resonance (SPR) of metallic copper nanoparticles, CuNPs displayed a
distinct absorption peak at 289 nm., confirming that the green method using olive leaf extract
for synthesizing CuNPs was successful.

The rough spr band also suggests potential changes in the distribution of particle size
and some degree of aggregation, which is common for nanoparticles produced via biological
means. These findings agree with previous studies where SPR peaks for CuNPs were reported
to be between 280-330 nm, subject to size, shape and conditions of synthesis. In this study,
A number of studies reported this year about the environmentally friendly manufacturing of
copper nanoparticles using plant extracts are supported by the UV-Vis results. For example,
Ali et al. (2023) synthesized CuNPs using extract from leaves of Olea europaea and reported a
characteristic SPR peak of 285-290 nm which agrees with the 289 nm we observed. Their
study validated that polyphenols and flavonoids within olive leaves are strong reducing
agents. In another 2023 study by Kumar and Singh, copper nanoparticles synthesized with
green tea and olive extracts showed absorption maxima ranging between 280 to 295 nm,
depending on particle size and capping efficiency. Their UV-Vis spectra also showed sharp

SPR peaks indicative of well-dispersed nanoparticles.
FTIR Analysis

Figures (3; A) and (3; B) show the plant extract's FTIR readings and the CuNPs that were
created, respectively. The plant extracts' capacity to reduce, cap, and stabilize was assessed
using FTIR analysis. Aqueous plant extract exhibited peaks at 3481.51, 2924.09, 1707.00,
1635.54, 1517.90, 1411.59, 1269.16, 1074.35, and 815.59 cm! in figure (3; A). The
complicated structure of the O. europaea extract is indicated by the numerous absorption
peaks that are present. The significant absorption might be caused by the stretching
vibrations of the -CH3z and -CH, functional groups, 2924.0 cm™! is the highest. When the N-
H bond of amino groups is stretched, a bonded hydroxyl (-OH) group is shown by the signal
at 3481.51 cm™L. In the middle band at 1635.54 cm™1, the fingerprint region of CO, C-O, and
carboxylic acids is seen, while a shoulder peak at 1707.00 cm-! is related to the C=0 group,
olive leaf extract's functional groups are the O-H groups. The absorption peaks in amide I at

1517.90 cm™! are caused by the existence of C-O stretching in the carboxyl linked to the amide



bond.The amide linkage's N-H stretching modes of vibration give rise to the band at 1518.03
cm-1, whereas the proteins' methylene scissoring vibrations are in charge of the band at
1411.59 cm-!, which is moved by aromatic-CH stretching vibrations to 1269.16 cm-!, the
aliphatic amines' C-N stretching vibrations are responsible for the strong band at 1074.35
cm!, and the olefins' P-H deformation oscillations are responsible for the peak close to 815.59
cm~1.CH vibrations in out-of-plane bending of substituted ethylene systems -CH=CH. An FTIR
examination of the extract of Olea europaea leaves indicates that the reduction of Cu+ to Cuo
nanoparticles is mostly carried out by the carboxyl (-C=0), hydroxyl (-OH), and amine (N-H)
groups of the extract. The peak values were 3421.72, 2929.87, 1710.86, 1618.28, 1396.46,
1396.78, 1080.46, and 1072.42 cm-!, as illustrated in figure (3; B). Due to their high surface
to volume ratio and ability to absorb moisture, nanocrystalline materials exhibit a wide
absorption peak at around 3421.72 cm! (Asghar et al., 2022). The overlap of O-H and N-H
stretching indicates that the water in the precursor underwent OH stretching, which was
removed in the nanoparticles due to the adsorbed water molecules. The alkyl C-H stretching
is typically assigned to 2929.87cm-!. Moreover, the elimination of the y C=O stretching
vibration of the a, p-unsaturated ketone at 1710.86 cm-1 indicates that the reduction and
stabilization of copper nanoparticles occur through these groups, confirming terpenoids,
which are water-soluble substances found in O. europaea extract, have the ability to stabilize
and reduce copper nanoparticles. Numerous investigations have reported a similar
observation (Yao et al., 2014). The metal carbonyl (C=0) group of flavonoids was indicated by
apeak at 1618.28 cm-1 and 1396.46 cm-1, the metal salt (Cu-O-C) peak appeared at 1396.78
cm!, and the bands at 1080.46 and 1072.42 cm™! stretched from the C-N stretching of
amines. CuNPs may be surrounded by any of these chemical compounds, including
polyphenols, alkaloids, and terpenoids, according to the FTIR analysis of the particles.
Because of their capping and reducing ability, the chemical components found in plant leaf
extract, such as flavonoids, alkaloids, and fatty acids, are what cause copper ions to be

reduced to CuNPs (Daylee et al., 2022).
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Fig (3): FTIR spectra: (A) The spectrum of Olea europae leaf extract (B) The spectrum of CuNPs
produced by Olea europaea leaf extract.

Analysis of copper nanoparticles synthesized from the Olea europaea leaves via the FTIR
(Fourier Transform Infrared Spectroscopy) revealed some notable features. Hydroxyl
functional groups which are phenolic in nature resonate around 3421.72 cm™. Moreover, the
presence of hydroxyl functional groups in the extract can also be verified by the peak which
was recorded at 1618.28 cm™ which was resonant of phenolic compounds. In addition, the
region 1080.46, and 1072.42 cm™ could also account for some flavonoids and glycosidic
residues as C-O-C and C-O bonds. It can thus be substantiated that the phytochemical
constituents of the extract which include hydroxyl, phenolic, and carbonyl compounds are
bioactive and possess important biological properties as reducing and capping agents for the
copper nanoparticles. Specifically, they are believed to reduce Cu?* ions to metallic copper
while providing surface stabilization and forming non-covalent bonds at the surface of the
nanoparticles. Other studies have shown that these phytochemicals help to preserve,
enhance, and maintain the homogenous nature and biocompatibility of copper nanoparticles

synthesized through green methods (Mittal et al., 2013).
X-Ray Diffraction (XRD)

Figure 4 demonstrated the look of the copper nanoparticles that were biosynthesized
and examined using X-ray diffraction (XRD). The diffraction pattern shows prominent peaks
at 20 values of around 43.3°, 50.4°, and 74.1°, which are ascribed to the face-centered cubic
(FCC) copper's (111), (200), and (220) planes. . These peaks are well matched with the
reference copper diffraction data (JCPDS No. 04-0836), demonstrating successful formation
of copper nanoparticles (crystalline). The sharpness and relative intensity of the peaks
indicate a good crystallinity. The purity of the as-prepared nanoparticles was demonstrated
by the absence of any further peaks that would have indicated copper oxides or hundred’s.
The (111), (200), and (220) planes of fcc copper are identified by three separate diffraction
peaks at 43.3°, 50.4°, and 74.1° in the XRD pattern of the olive leaf-mediated copper

nanoparticles. These peaks validate the synthesis of crystalline metallic Cu nanoparticles. A



slight peak at 36.4° is characteristic of a small fraction of copper(l) oxide (Cu,0), indicating
that the surface partially oxidized in the green synthesis phase. The mean crystal size is
found to be ~28 nm, obtained by the Scherrer equation on the (111) reflection, and is
consistent with the common nanoscale dimensions obtained by using plant-mediated
reduction routes. Other green-synthesis investigations also document monoclinic CuO and
Cu,0 phases with different leaf extracts, highlighting the robustness of biogenic paths in the
controlled fabrication of nanoparticles. The copper nanoparticles that were synthesized were
analyzed for crystallinity and phase compositional structure using an X Ray diffraction test
(XRD). The diffraction peaks located at approximately 43.3°, 50.4°, and 74.1° to 26 correspond
to the (111), (200), and (220) fcc structure copper (Cu) metallic planes. XRD patterns
containing diffraction peaks were checked against JCPDS (Joint Committee on Powder
Diffraction Standards) card number 04-0836, confirming the copper crystalline nanoparticles
were synthesized. The synthesized copper nanoparticles were analyzed for crystallinity and
phase compositional structure using an X-ray diffraction test. The (111), (200), and (220)
planes of metallic copper (Cu) face-centered cubic structure give rise to peaks approximately
at 43.3°, 50.4°, and 74.1°. The diffraction peaks are part of the XRD (X Ray Diffraction)
patterns, which were compared to the JCPDS (Joint Committee on Powder Diffraction

Standards) card no. 04-0836 to verify the synthesis of copper crystalline nanoparticles.
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Fig(4): XRD of CuNPs produced from Olea europaea leaf extract.
Scanning Electron Microscopy (SEM)

Figure 5 shows how scanning electron microscopy (SEM) was used to analyze the
surface structure of the produced copper nanoparticles. SEM image shows that the
nanoparticles are mainly spherical and have clustered together to some degree, likely due to
van der Waals forces or the drying process. The particle size appears to range from about 20
to 80 nanometers. The smooth surface and comparatively even size distribution show that the
phytochemicals in the olive leaf extract effectively reduced and stabilized the material. These
morphological traits imply that copper nanoparticles with large surface area and nanoscale

dimensions were successfully synthesized using the green synthesis method.

Copper nanoparticles are mostly spherical to semi-spherical, with individual sizes

10



ranging from 20 to 50 nm, according to SEM micrographs. However, Surface-bound
phytochemicals that serve as capping agents can sometimes cause aggregates to reach a
length of 80 nm. Because the leftover organic molecules from the olive leaf extract adsorb onto
the metal core and prevent excessive coalescence, the nanoparticles' surfaces seem somewhat
rough. Similar morphologies are shown by comparable SEM examinations of biogenic Cu and
CuO nanoparticles, indicating that plant extracts stabilize the resultant nanostructures and

lower metal ions.

x 100000 15kV

Fig(5): SEM image of copper nanoparticles that Olea europaea mediated leaves shows
mostly spherical to semi-spherical forms with a slight surface roughness due to the capping of

phytochemicals.
Transmission Electron Microscopy (TEM)

Figure 6 shown Olea europaea (olive leaf) extract, which served as a stabilizing and
reducing agent, was used in this work to effectively demonstrate the green production of
copper oxide nanoparticles (CuO NPs). The nanoparticles that were created demonstrated
spherical shape with dimensions of 10 to 50 nm which was confirmed with the use of
Transmission Electron Microscopy (TEM). These findings corroborate the results of Sulaiman
et al. (2020) who also noted spherical shaped CuO NPs synthesized using plant extracts with
comparable size distribution. The approach to biosynthesis outlined here is environmentally
friendly, inexpensive, and does not employ toxic chemcials of traditional methods. It is
plausible that the polyphenolic compounds and flavonoids present in the olive leaf extract
were instrumental in reducing and stabilizing the Cu?* ions. Furthermore, the CuO NPs'
consistent size and shape from this investigation indicates that the nucleation and growth
processes were reasonably regulated, maybe as a result of the high antioxidant content of
olive leaves. For applications in environmental technology and biomedicine, this kind of
morphological control improves functionality. All things considered, the present findings
support the extraction of CuO NPs from Olea europaea as a practical and sustainable
technique. The physicochemical characteristics of the nanoparticles are comparable to those
of those made from other plants, which is promising for applications including medication

delivery, environmental cleanup, and antimicrobials.
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Fig (6): TEM image of copper nanoparticles mediated by Olea europaea leaves reveals
mainly spherical shape and nanoscale size.

Copper nanoparticles produced by biosynthesis were analyzed for size and shape using
scanning and transmission electron microscopy (SEM and TEM). With smooth surfaces and
little aggregation, the nanoparticles mostly had a spherical appearance. The particles' uniform
shape and good separation were further demonstrated by TEM pictures. The nanoparticles
were successfully manufactured, as evidenced by their estimated average size of 20-40 nm,
which falls within the nanoscale range.The stabilizing effect of the phytochemicals in the Olea
europaea extract, which were probably in charge of preventing particle agglomeration
throughout the synthesis process, is responsible for the size dispersion of the nanomaterial.
The particles were discovered to be identical in size and shape, which is characteristic of green
produced CuNPs (Ibrahim, 2015) and is essential for the antibacterial activity and surface

reactivity of the nanoparticles.
Antibacterial Effect

The antibacterial efficacy of chemically produced copper nanoparticles was examined
against bacteria such as Escherichia coli. The well diffusion technique was used in these tests
using LB plates., and the copper nanoparticles inhibited bacterial growth by creating an
inhibited zone, as shown in Table 1. E. coli exhibited the largest inhibition zone. Few studies
have recently been published on the mechanism of the bactericidal effect of copper
nanoparticles, either alone or in combination with other substances. It was discovered that
copper nanoparticles produce reactive oxygen species (ROS), resulting in the demise of cells
(Hao et al., 2024). Additionally, it was shown that the size of nanoparticles affects their
toxicity; the smaller the particle, the more dangerous it is. Bacteria are protected by their cell
wall, which is also necessary for their survival. It is composed of polysaccharides and peptides
called peptidoglycan. Gram-positive bacteria have thicker peptidoglycan coatings on their cell
walls than Gram-negative bacteria. Copper nanoparticles make direct contact with the cell
wall through interactions with membrane proteins. Data indicate that a very high rate of
activity was observed against the detected bacterial strains. Copper nanoparticles exhibit high
antibacterial activity. The area values of the obtained copper nanoparticles were 22 mm. The

presence of an inhibited zone clearly indicates that the membrane is disrupted as part of the
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nanoparticle biocidal process. The area values of the obtained Zetia europaea extract were 12
mm, and the extent of inhibition depends on both the initial bacterial concentration and the
nanoparticle concentration European olive leaf extract was used to create copper oxide
nanoparticles, which demonstrated antibacterial activity against both Gram-positive and
Gram-negative bacteria. Staphylococcus aureus was most affected. The zone of inhibition that
was shown along with a rise in the concentration of nanoparticles suggests that the
antibacterial activity is dose-dependent. This might be attributed to the copper oxide
nanoparticles’ contact with the bacterial cell membranes as they are spherical and small (10—
50 nm). Staphylococcus aureus does not possess the more complex outer membrane of With
its simple Gram-positive peptidoglycan layer, Escherichia coli, a Gram-negative bacteria, is
more vulnerable to copper oxide nanoparticles (Ren et al., 2022; Wu et al., 2020). Reactive
oxygen species (ROS) are one of the many ways that copper oxide nanoparticles are thought
to have antibacterial properties, disrupting cell membranes, causing leakiness of
intracytoplasmic material, and halting DNA replication. Phytochemicals oleuropein and
hydroxytyrosol contained in olive leaf extract may synergistically contribute to copper oxide
nanoparticles' antimicrobial properties. Nanoparticles of copper oxide made from plant
extracts exhibited antibacterial inhibition zones of 15 to 20 mm for certain bacterial strains,
as reviewed by Alavi and Karimi (2018). These findings are in concordance with the results
presented in this work. Still, the olive-leaf derived copper oxide nanoparticles were more
strongly antibacterial sometimes much more because of the plant’s powerful antioxidant
compounds. Therefore, the conclusion drawn from this study is that olive leaf extract is able
to reduce and biocatalytically transform substances that allow for the formation of active
copper oxide nanoparticles, which efficiently inhibit bacteria—asserting that such
nanoparticles could be utilized in the biomedical field for disinfecting surfaces, constructing

multifunctional wound dressings, and the application of nanomedicine.

Concentration CuNPs E. coli S. aureus
(mg/mL) (Inhibition Zone,mm) (Inhibition Zone, mm)

25 102404 11.1+£06

50 136+0.5 149+07

100 174406 193+08
Control (no CuNPs) 0.0 0.0

Table 1: Antibacterial activity of CuNPs against E. coli and S. aureus at varying doses is
measured by the inhibition zone diameter (mm).

Figure 7 shown Copper nanoparticles (CulNPs) prepared using the propellant Olea
europaea exhibited different antibacterial efficacy depending on the bacterial species. When
applied to Staphylococcus aureus, the efficacy of CulNPs rose straight from 6 mm at 25 pg/ml
to 19.3 mm at 100 pg/ml.surpassing the antibacterial effect of gentamicin (14 mm). In the

case of Escherichia coli, the effective size ranged from 19 mm to 25 mm with increasing
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concentration, but it did not outperform gentamicin, which reached 28 mm. Compared to E.
coli, the CuNPs were more efficient against S. aureus at the same dose (100 pg/ml). This
might be explained by the fact that Gram-positive and Gram-negative bacteria have different
isolation compositions, with Gram-positive S. aureus having a cell wall that is more permeable
to microorganisms (Singh et al., 2018). This is consistent with what Singh and colleagues
(2018) reported, where they indicated that metalloids, particularly copper, exert higher activity
against Gram-positive bacteria due to their stronger interaction with wall components and

internal proteins.
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Fig (7): A and B are the zones of inhibition against E. Coli and S. aureus, respectively. Used

CuNPs Synthesized with Olea europaea Extract Through the Well Diffusion Method.

The antibacterial properties tested of green-synthesized copper nanoparticles (CulNPs)
against Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria
using the agar well diffusion method. As expected from the activity of the CuNPs, the inhibition
zones that were formed about the wells were astonishing. There was some variability about
the S. aureus and E. coli strain with respect to the diameter of the zones. E. coli strains had a
greater diameter than S. aureus strains. This could be suggested that it is due to the diverse
bacterial cell wall differences between Gram positive and Gram negative species, mostly that
the E. coli peptidoglycan is thinner. Some of the proposed mechanisms of antibacterial action
of copper nanoparticles (CuNPs) include contact with bacterial cell membrane, disruption of
membrane equilibrium, and complexation with intracellular proteins and DNA resulting in
the dysfunction and death of the cell. All of these had been proposed in previous works

(Ruparelia et al., 2008) which, in light of the growing concern of antibiotic resistance,

14



underscore the importance of CuNPs as unique antibacterial agents. In addition, the SEM,
TEM, and XRD examinations provided further rationale on the nanoparticles’ diameter and
morphology, it is likely their spherical shape contributed to achieving a high surface area-to-
volume ratio, which is favorable when interfacing with microbial cells. To summarize,
consistent findings from different studies indicate that copper nanoparticles biosynthesized
have exceptional antibacterial properties, suggesting possible uses in medicine and

pharmacology

CuNPs possess a higher antibacterial action than phytochemicals, suggesting that the
antimicrobial activity of the CulNPs was largely due to the synthesis of the copper
nanoparticles, and not the extract’s phytochemicals. Bioactive secondary metabolites such as
flavonoids and polyphenols ant antimicrobial activity, and in this case, the crude leaf extract
was likely not as effective as the copper CuNPs. It’s more accurate to describe this as a
synergistic effect. Staphylococcus aureus, Escherichia coli, and even several others are
considered to possess a higher CuNP antibacterial action. These phytochemicals that act as
stabilizing and reducing agents enhance the copper nanoparticles’ ability to interact with the

microbial cell walls.

The results align with other studies, such as Iravani’s (2011) work, which focuses on
the synergistic effects of capping agents derived from plants and biogenic metallic
nanoparticles, demonstrating improved antibacterial properties of the nanomaterials when
compared with the individual substances. Through the application of the agar well diffusion
method, the synthesized copper nanoparticles (CuNPs) exhibited varying levels of antibacterial
activity against the gram-positive Staphylococcus aureus and gram-negative Escherichia coli.
It is interesting to highlight that E. coli always exhibited greater inhibitory zones than.
Considering that gram-negative bacteria suffer more from the action of antimicrobial
medicines and antibiotics, this proves that E. coli is more sensitive than S. aureus, which is
against the common belief. This is attributed to the protective barrier that gram-negative
bacteria possess which includes the lipopolysaccharide outer membrane. This outer
membrane acts as a shield from antibiotics and other antimicrobial compounds. Still, as
opposed to other less effective sparse antimicrobial agents, the small and highly reactive
structure of CuNPs may allow them to pass this protective barrier with much greater ease.
On the other hand, the thick layer of peptidoglycan that is exposed to gram positive bacteria
increases its structural resistance which may delay the interaction or penetration of the
CuNPs. Moreover, the membrane copper nanoparticles and bacteria may determine
adherence, membrane interaction, and the damage degree. These findings corroborate the
findings of Azam et al. (2012) which reported higher susceptibility of gram-negative bacteria
to misuse of nanoparticle metals. The increased activity against E. coli is further supported

by these results, suggesting that copper nanoparticles would be useful in fighting infections.

In comparison to other approaches, extracting the CuNPs using Olea europaea leaf
extract is the most environmentally friendly approach because the extract contains
polyphenols and flavonoids which have reducing and capping agent properties. Olea europaea

tends to reduce Cu2* ions to Cu* ions by donating electrons which is essential for the synthesis
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of the nanoparticles (Singh et al., 2023). This approach follows the framework of sustainable
nanotechnology, as this method of synthesis is more environmentally friendly compared to
the hazardous chemical reagents used in traditional methods (Patel & Sharma, 2024). A clear
example of this is due to the copper nanoparticles’ strong antibacterial efficacy against
numerous pathogenic microorganisms, enabling their use as antimicrobial coatings on
surgical tools and dressings (Almeida et al., 2023). Moreover, Khan and colleagues (2024)
highlighted the outstanding of bioprocessed CuNPs for the removal of bacterial contaminants

from water, making them particularly beneficial for developing countries.
Conclusion

The antibacterial activity of the copper nanoparticles affected both S. aureus and E. coli
which became more pronounced with higher concentrations suggesting a dose dependent
relationship. Disorder of the control group that did not receive treatment with any form of
nanoparticle showed lack of antibacterial activity. With these findings, we may report that the

copper nanoparticles could be developed into antibacterial agents in the future.
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Abstract:

Recently, international companies are competing to improve solar cells efficiency and support research that
contributes to the development of solar cell techniques. The main objective of this work is to design a model
of a silicon solar cell consisting of two layers, n- type emitter layer and p- type base layer, by pcld simulation
program. Solar cell performance it can be evaluated by doing deep analysis on many effective parameters, such
as, thickness , doping concentration level , temperature etc, for each layer. Where the thickness and doping
level of emitter layer were changed from , (0-0.1)um, (10*4-10%%) cm3, respectively. Also the effect of thickness
and doping level for the base layer from (0-5)um , (10'°-10°) cm | respectively. It investigates the effect of
temperature within the range (25- 60) C° on solar cell performance, containing short circuit current , open
circuit voltage and conversion efficiency.As the ideal electrical characteristic of the solar cell obtained are,
Isc=32.2 mA, Voc=0.5415V, F.F=70.3%, n=12.57%.
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1. Introduction

Because of the serious worldwide environmental problem and the increasing energy
consumption, photovoltaic generation attracts more and more attention, especially solar cells.
Solar cells are manufactured from semiconductor materials; that is, materials that act as
insulators at low temperatures, but as conductors when energy or heat is available. At
present, most solar cells are silicon-based, since this is the most mature technology. Silicon
solar cells are already on the market, and have been applied for several decades . High cost
and low conversion efficiency are already two bottlenecks of widespread application of
semiconductor solar cells . The characteristics of silicon solar cell determine production cost

and conversion efficiency, so which should be figured out above all [1].

The simulation of the electrical and optical behavior of semiconductor devices has been
established as an essential tool for both the improvement of existing devices and the
development of new ones. Numerical modeling is increasingly used to obtain an insight into
the details of the physical operation of solar cells. It takes much time and lots of money to
simulate silicon solar cell by physical test. It is important for any simulation program to keep
pace with new developments in experimental work and theoretical models, and in available
computer working environments. PC1D has been developed for twenty years. PC1D version 5
can be used in 32-bit environment of Windows [2]. It provides improvement in accuracy,
speed, and convenience. Firstly, the program introduces new physical models, thus extending
the domain over which simulation results are valid; secondly, the speed of the program has
been dramatically increased; and thirdly, enhancements have been made to the user interface

to make the program easier to use, and make parameter entry less error-prone.
2- Theories

Solar or photovoltaic cell is a semiconductor device which directly converts sunlight into
electricity through a phenomenon called photovoltaic effect. Photovoltaic effect is a
phenomenon that happens when the photon energy absorbed by the semiconductor material
is larger than its band gap thus creating electron-hole pairs which can be collected and
converted into electricity. The energy of the photons incident on the surface of the
semiconductor material will be absorbed by the semiconductor if its energy is equal or higher

than its band gap, thus exciting an electron from valence to conduction band which results
in production of excess charge carriers [3, 4].

The working principle behind solar cell operation is divided into three important parts.
First is the absorption of light which results to generation of electron-hole pair which acts as
the mobile charge carriers in the solar cell. Second is the transport mechanism which splits
the mobile charge carriers called electrons and holes into the proper section of the solar cell
in order to be collected. And the third is collection of electrons and holes which is done by the
metal contacts that are situated on the front and back of solar cells and transfer the collected
energy into the load. Understanding the fundamental principles of various phenomenon that
occurs during these 3 processes and the factors that are affecting them will help us

understand and design a more efficient solar cell [3, 5]. The basic working principle most solar
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cells are based on P-N junction. Intentionally adding impurities to a semiconductor can
significantly alter its electrical properties. The process of intentionally adding impurities into
an intrinsic (pure) semiconductor to alter its electrical property is called doping [5, 6]. The
number of charge carriers are directly proportional to the level of doping in a semiconductor
material. The majority charge carriers in N-type materials are negatively charged electrons
while in P-type materials, the majority charge carriers are positively charged holes. When
joined together, they create a PN junction which is the fundamental structure of modern

crystalline silicon solar cells that are widely used globally [6].

Figure (1) shows the working principle behind PN junction solar cells.
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Fig (1) Working principle of PN Junction Solar Cells.

Due to the difference of majority and minority charge carriers of P and N type silicon at
the interface, a depletion region is formed due to the combination of electrons and holes which
results to an induced electric field. This induced electric field can influence the movements of
minority charge carriers in both region P and N region due to the drift transport mechanism.
The minority charge carriers of N region (holes) are transported into the direction of the electric

field (N to P) while the electrons in the P region are transported

into the direction which is opposite of the electric field. This results to higher number
of mobile charge carriers in both region which results to a higher probability of collection by

the electrode or metal contact.

There are several parameters that measures the light to electricity conversion
performance of a solar cell. The four most important measures of solar cell performance are
the short circuit current (Jsc), open circuit voltage (Voc), fill factor and efficiency. These
factors can be determined by the isotropic curve (J-V) under the conditions illumination, as

shown in figure (2) [7, 8].
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Fig (2) J-V curve characteristic of solar cell with and without illumination [8].

Short circuit current (Jsc) is the maximum current that can be produced by the solar
cell when there’s no voltage (short circuited). It is the difference between the total current
generated by photon and the current that is generated by the diode in the dark. The solar cell
behaves like a diode when there’s no illumination. Under illumination, the light source acts a
current source due to its current generating capabilities. Jsc can be solved by using the

following equations [3, 6].
[se = Ipn = Io (e( qV/ kT) = 1) (1)
Jsc = I%C (2)

The total current generated in a solar cell is directly proportional to the area of the solar
cell, the larger the area, the higher amount of current will be generated. Another important
factor in determining the value of the Jsc is the temperature T in kelvins. Io is the reverse
saturation current at temperature T, the value of Io increases as the temperature rises. The
constants V, q and k are voltage across the diode, the electric charge and Boltzmann’s

constant.

The open circuit voltage of a solar cell (Voc) is the maximum voltage that can be obtained

when the short-circuit current is zero [9].

Voc = “ln (];’T“ +1) 3)

Fill factor (FF) is the ratio between the maximum theoretically obtainable power over the
actual maximum obtainable power in a solar cell [10]. Equation (4) shows the equation in

determining the fill factor of a solar cell.

FF = -mpXVmp ()
VocXJsc

Efficiency is the most widely used measurement criteria in comparing the performance
of different types of solar cells. Efficiency is the ratio of the actual power generated by the

solar cell over the actual input energy (irradiance) from the sun(P,,). This performance metric
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is usually obtained using standard test conditions under A.M 1.5G global spectral irradiance.
Equation (5) shows how to determine the efficiency of a solar cell.

_ Voc X Jsc FF

5 5)

3. Designed and simulation

PC1D (Personal Computer One Dimensional) is the computer program which simulates
crystalline semiconductor devices. It more prefers to be used for photovoltaic devices. PC1D
is widely used for modelling crystalline solar cells. This software was developed by the
University of New South Wales, Australia. The ideal parameter for a good solar cell using
PC1D has been described in the literature [11].The monolithic splitter is designed for the
silicon solar cell which consists of two layers , the emitter layer and base layer, as shown in
figure (3).In order to obtain the optimal design of the solar cell, by studying the effect of the
thickness, doping concentration and temperature of solar cell. The thickness of the emitter
layer and background doping level were changed from (0-0.1)um , (10** —102°cm™3),
respectively by icon batch in pcld software, and the base layer thickness and background
doping level were changed from (0-300)um, (10'° — 10%c¢m™2), respectively. The temperature
of the solar cell was varied from (25, 35,40,50 and 60) c® . When simulating, we choose a
typical model of silicon solar cell. Figure 3 shows the schematic of silicon solar cell model. It
is a 1-cm? silicon solar cell which includes series resistance and shunt conductance, and has
a shallow diffused emitter that has been pyramidally textured. The front reflectance is 10%

across the solar spectrum. Table 1 shows several parameters of silicon solar cell model.

Device Schematic

S

Fig (3) The Schematic of the silicon solar cell model.

After simulation for n-Si/p-Si solar cell, by parameters as shown in table (1), using
PC1D program, where to obtained on the optimizing of thickness , doping concentration level

and temperature .
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Table 1.structure parameters of typical n-si/p-si solar cell

Parameters Value
Device area lcm?
Front surface texture depth 3 um
Rear surface texture depth 3 um
Exterior front reflectance 10%
Emitter contact 1x107°
Base contact 1x10°°
Thickness of emitter layer N- cSi 0.002um
Thickness base layer P- cSi 300 pm

Back ground doping of emitter layer

1 x1020cm-3

Back ground doping of base

1x1016cm-3

Band gap of Si

1.12 eV

Dielectric constant

11.9

Intrinsic concentration at T=300K of Si

1 x1019cm-3

Bulk recombination

T, = Tp=7.208us

Front surface recombination

Sp =

Sy, 1Xx10° cm/s

Rear surface recombination

Sp =S, =1x10°cm/s

Temperature of device

25 Co

Primary light source

AM 1.5g spectrum

Excitation Mode

Transient

Base circuit

Sweep from -8 to SV

4. Results and Discussion

4. 1 I-V Characteristic:

After inserting the input parameters of the structure n-cSi/ p-cSi. The obtained results
[-V curve is represented in figure (4). The short circuit current (Isc), open-circuit voltage (Voc),
and maximum power (Pmax) from the simulation can be used to calculate the fill factor and
the efficiency of the solar cell. The result of the simulation of the PV cell at standard test
conditions, temperature 25 C, irradiance 1,000 W/m?2 , and AM1.5G, shown in Figure 4. With

that condition, the current (Isc) is 33.2mA, voltage (Voc) is 0.5415 V, the power maximum is

0.01257W with the fill factor (FF) 70.3% and the efficiency 12.57%.
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Fig (4) Current- Voltage curve of a typical solar cell.
4.2 Effect of emitter layer thickness and doping concentration:

The short circuit current density ,open circuit voltage and the maximum efficiency and
were calculated for the devices with varying emitter layer widths and doping concentration
from (0-0.1)um , (10 — 102°cm™3), respectively, with other parameters of the layer remaining
constant. Figures (5,6) shows the change of the short circuit current ,open circuit voltage and
the convertion efficiency of the silicon solar cell with the change in the thickness of the emitter
layer . where we note that the highest value of the short circuit current is (33.17mA) and
maximum of conversion efficiency was (12.57% )at the thickness (0.002)um. As for open
circuit voltage, its value was 541.38mV when the thickness was (0.002)um and it started to
increase slightly until it reached a value of 545.31mV with the increase in the thickness of
the emitter layer. As we observed with increasing thickness of emitter layer , there was a
gradual decrease in both the short circuit current and the conversion efficiency of the solar
cell, this is due to the large decrease in the number of short wavelength photons available in
the space charge region [12] .The n-Si emitter layer doping concentration level may affect the
performance of the solar cell. Figure (7,8) shows that as doping concentration level decreases
below (1 X 107cm™3) the Jsc value sharply decreases , the conversion efficiency also decreases
when decreasing doping concentration below (1 x 10*7cm™3). At lower doping concentrations,
the electric field leads to accumulation of electron and hole carriers at the band offset of the
valence and conduction band interface. figure (7,8) shows that with higher doping
concentrations (> 1x107cm3 ) in the emitter layer, both Jsc and conversion efficiency values
increase. The depletion region builds up a higher barrier with higher electric field that
facilitates minority carrier (electrons) diffusion from the absorber layer to emitter layer and to
reach the front contact. Same thing occurs for the holes in the other side. This minority carrier
diffusion results from the direction of electric field build-up caused by positive charges created
in the n- Si and negative charges, Therefore, in a weak electric field, charge accumulation
occurs leading to increased recombinations. In case of strong electric field, recombination rate
is lowered as holes are driven away from the interface. Electrons, that reach the space charge

region, are accelerated by this electric field towards the front contact[13]. Figure (7,8)shows
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that at doping density 1x1020cm-3or higher, in the n-Si emitter layer, the Jsc reaches higher

than 33.17 mA/cm? ,conversion efficiency n reaches ~12.57%, .

334 - 546

33.2 | + 5455
= 33 545 S
E B -
- 32:8 5445 =
= &
g 326 544 o
S . °
S 324 5435 >
& P
g 322 543 B
g 32 542 5 é
£ 318 542 -

31.6 541.5

314 ¢ + 5141

0 0.02 0.04 0.06 0.08 0.1
Thickness of emitter layer (jim)

Fig 5: Effect of n- Si emitter layer thickness on the short circuit current
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Fig 6: Effect of n- Si emitter layer thickness on the conversion efficiency.
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Fig 7: Effect doping concentration level of emitter layer on short circuit current.
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Fig 8: Effect doping concentration level of emitter layer on the conversion efficiency.
4.3 Effect of base layer thickness and doping concentration:

The optimization of short circuit current Jsc and open circuit voltage Voc have been
investigated by varying the thickness of the base region from O pm to 300 pm, as showing in
figure (9,10). As we notice that when the thickness of the base layer increases, both the short
circuit current Isc increased from 16.15 mA to 33.04 mA and the open circuit voltage
increased slightly from 490.49mV to 543mV. The reason for this increase in the short circuit
current and open circuit voltage is due to the increase in the thickness of the base layer,
which leads to the absorption of the largest amount of photons falling on the cell , which
contributes to the process of generating electron — hole pairs and thus increases the
photocurrent [14]. The maximum Isc and conversion efficiency is recorded 33mA and12.57%
, respectively at a 300 pm base thickness. Figure (11) shows the relationship between solar
cell n-Si/p-Si Efficiency and thickness of the base layer. An increase in the thickness of the
base layer from Oto 300 pm is accompanied by an increase in the efficiency of the solar cell.
The increase in the efficiency of solar cell is due to the increase in both the short circuit
current and the open circuit voltage , according to equation (S) the conversion efficiency
increases with increasing thickness[14].The role of doping concentration in the conversion
efficiency of the n-Si/p-Si solar cell is very important .Figure (12) shows the effect of doping
concentration levels on efficiency .Doping levels rang from (10'° — 10*cm™3) . Where we notice
from the figure (12) that the maximum efficiency of the solar cell was 12.57% with the doping
concentration 10°cm™3 and after this doping , the efficiency gradually decreases with increase
in the doping concentration. The base layer with a higher doping density level possesses the
high open circuit voltage and lowers the resistance, but it may also damage the lattice crystal
[12 ]. Resulting in lower solar energy conversion efficiency cell with increase of doping

concentration of the base region.
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4.4 The effect temperature on the out put electric parameters of n- Si/p-Si solar

cell:

In this research we apply different temperature and the result of the I-V curve shown in
Figure 13. The range of the temperature is 25 C° to 60 Ce. It is shown that the temperature
affects the current and the voltage of the solar cell. It means also the fill factor and efficiency
affected. The most important parameter of silicon solar cell efficiency is open circuit voltage
(Voc). It is function of temperature which shown in equation (3). The Voc decreases as
temperature increased as shown in Figure (14). The voltage is inversely proportional with the
temperature. Since the temperature increases, the voltage will decrease. However, the current
is directly proportional to the temperature as shown in Figure (15). The temperature increase
will slightly increase the current of the solar cell. This is because of the more electron-hole
pairs excited in the devices. The conversion efficiency of the solar cell gradually decreases
with increases of temperature from 25 Cec to 60 Ce , due to increase of open circuit voltage
according to the equation5, as shown in figure (16). summarized the results of the PC1D
simulation, it is more clear that temperature affects the performance of the solar cell. Since
the temperature rises, the performance will decrease. It includes efficiency, the open-circuit
voltage and short circuit current . The best performance gain at 25 C° where the efficiency is
12.57% with the open circuit voltage(0.5415 V) and short circuit current is 0.0332 A. The

effect of the temperature is the result of an inherent characteristic of a silicon solar cell [15].
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Fig 13: I-V curve under different temperatures
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5. Conclusions

In the work, the simulation of a silicon solar cell has been done by the PC1D program.
The performance of the solar cell can be obtained from the equation of the conversion
efficiency. By studying the effect of each of thickness and impurities concentration for the n-
si emitter region , where the best performance of the solar cell was at the thickness and

impurities concentration at 0.002um, 102°¢cm™=3

, respectively. So that it turns out that the
emitter region must be very thin, in order to allow the passage of most of the photons of light
falling on the cell to the base region and then the process of generation electron- holes pair .
The optimum values for thickness and impurities concentration in the base region were 300

um, 10*cm™3

,respectively. The increase of the solar cell temperature led to a decrease in the
open circuit voltage and conversion efficiency. On the other hand, an increase in temperature

can leads to a slight increase in the short-circuit current of the silicon solar cell.
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Abstract:

Urinary tract infections (UTIs) are a major problem for people with diabetes (DM) as there is no doubt that
individuals with diabetes have a higher risk of urinary tract infections (UTIs) than those without the condition.
People with diabetes have a high level of glucose in their urine, which increases the susceptibility of the urinary
system to infections and the occurrence of urinary tract infections. Many medicinal plants are recognized as a
valuable provider of naturally occurring antimicrobial compounds that can effectively replace these problematic
bacterial infections. The best option is to use medicinal plants, according to the recommendations of the World
Health Organization (WHO) many plants have found use due to their antibacterial qualities, which stem from
phytochemicals generated during the plant's secondary metabolism. The study in vitro showed the antibacterial
properties of a wide range of secondary metabolites found in plants, such as flavonoids, alkaloids, tannins and
phenolic compounds. The research was conducted at the National Center for Diabetes Treatment and Research
of Mustansiriyah University in Baghdad, Iraq, by taking urine samples from diabetic patients with urinary tract
infections for this study between October 2023 and February 2024. The samples were handled carefully in the
laboratory according to the correct protocols to avoid contamination. Bacterial species in urine were classified
using standard urine culture (SUC), biochemical assays, and additional techniques (cultural characteristics,
vitek2system). Forty-five samples were taken, of which samples were positive for bacterial culture and samples
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were negative. When plant extracts were tested against a variety of isolated bacteria, isolates significantly
influenced the outcomes (76.66% of female diabetics and 23.33% of male diabetics). Escherichia coli (60%)
were the most common bacteria found in diabetics and Staphylococcus aureus (16%) . Pseudomonas
aeruginosa and Staphylococcus lugdunensis 10 percent, Enterococcus faecalis (6.66%), and 3.33 percent for
Staphylococcus lentus . Two distinct plant extracts were used to examine aqueous extracts of the inhibitory
effects of Rosa damask and Bonica granatum against the clinical isolates of the bacterium Enterococcus
faecalis, S.subtilis, S.aureus, and E.coli. The results showed that the inhibitory effect of aqueous extracts
increases with the concentrations of the extracts against bacteria. In terms of increased bacterial sensitivity to
certain antibiotics, plant extracts are commonly used to treat bacterial infections. The purpose of this
investigation was to confirm this benefit.

Key words: Urinary Tract Infections (UTI), Diabetes Mellitus (DM), Multidrug-Resistant (MDR).
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Introduction

One of the most prevalent bacterial illnesses in primary care are urinary tract infections
(UTls), which are also among the most common diseases with a rising resistance to antibiotics
[1]. Females are twice as likely as males to get urinary infections, and the frequency rises with
age[2]. This is linked to women's short urethral tubes and the anus's near proximity to the
urethral entrance, which facilitates bacteria's easier entry into the urethra. [1]. Chronic
diabetes-related problems such as peripheral vascular disease and neuropathy (sensorimotor
and autonomic) can also result in skin ulcerations with subsequent bacterial infections [3].
An abundance of evidence suggests that UTIs are more common in diabetics than in non-
diabetics [4]. Patients with DM have higher rates of UTIs of all kinds, such as bacteriuria or
upper urinary tract infections, and hospitalizations for pyelonephritis or bilateral kidney
infections are more common in DM patients than in non-DM patients [5]. UTI in diabetes
people as a result of factors such elevated blood glucose levels, which facilitate the growth of
an environment that is prone to infection in the urinary tract [6]. Urinary tract infections are
primarily caused by E.coli bacteria, which account for 90-50% of isolated species[7]. This is
because of their surface features, which enable them to cling to urinary tract epithelial cells.
Less frequent forms of bacteria that cause infections include Enterobacter spp and Proteus
spp and the Klebsiella spp [8]. Herbs have been used medicinally throughout history, and it's
probable that this is how modern medicine originated. Historically, and even now, a
substantial source of medicinal substances comes from compounds obtained from plants [9].
Novel bioactive components from medicinal plants must be found and isolated quickly, as
evidenced by the rising incidence of drug-resistant diseases [10]. Ingredients derived from
therapeutic plants may provide novel, straightforward methods of battling harmful microbes
[11]. A plethora of therapeutic plants have been identified as important sources of naturally
occurring antimicrobial chemicals, offering a viable substitute that may be efficacious in
addressing certain bacterial illnesses. The World Health Organization (WHO) states that the
greatest source of different kinds of pharmaceuticals would be medicinal plants. Due to
phytochemicals produced during the plant's secondary metabolism, many plants have been
utilized for their antibacterial propertie. Many different types of secondary metabolites
including flavonoids, tannins, alkaloids and phenolic chemicals are abundant in plants and
have been shown to have antibacterial qualities in vitro. Numerous phytotherapy texts address
infectious problems such as skin infections, respiratory illnesses, gastrointestinal disorders
and UTI with a variety of medicinal plants [12]. Worldwide, the use of plants as medical
sources is growing due to their natural origins, accessibility in nearby areas, lower cost of
purchase, ease of administration and potential for less side effects. In order to separate the
active plant material (such as alkaloids, flavonoids, terpenes, saponins, steroids, and
glycosides) from the inert or inactive material, medicinal plants must be extracted using the
appropriate solvent and a traditional extraction procedure [13]. Furthermore, the extraction
techniques have a major influence on the phytochemical content recovery. There are
numerous laboratory methods available for extracting plant components. These can be

broadly divided into two groups: traditional extraction techniques like maceration, percolation
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and infusion, and unconventional or sophisticated techniques including supercritical fluid
extractions, microwave assisted extraction, and ultrasonic assisted extraction [14]. However,
there are therapeutically useful medicinal plants that have anti-inflammatory properties and
little to no adverse effects [15].One of the most significant species of flowers in the Rosaceae
family is Rosa damascene. Although this herb may thrive in a variety of climates, low-
temperature, dry and semi-arid environments are the ideal for it. Damasq Syria's Damascus
was the birthplace of Rose [16].. One of the most well-known decorative plants used in
perfume manufacturing is Rosa damascena. It has a fragrance effect in addition to a number
of pharmacological characteristics, such as analgesic, astringent, antioxidant, antibacterial,
and antimicrobial. Menstrual bleeding, stomach ache, and other conditions are treated with
this plant [17]. The Punicaceae family comprises pomegranates. There are deciduous shrubs
there. Afghanistan, China, Iran, India, Pakistan, and the United States are the countries
where pomegranates are typically grown [18]. The pomegranate (Punica granatum L.) skins
make up around half of the fruit's weight; they are thrown away as waste after not being
eaten. In comparison to pomegranate juice and seeds, the peels are higher in bioactive
substances like hydrolyzable tannins, flavonoids, proanthocyanidins and polyphenols [19].
The biologically active components of pomegranate fruits include acids, sugars, vitamins,
minerals, and phenolic compounds, which are powerful antioxidants. Pomegranate extracts
therefore exhibit a variety of biological characteristics, including antioxidant, anti-
inflammatory and anti-cancer effects [20]. The current study aimed to determine the
inhibitory activity of aqueous extracts of Rosa damascene and Punica granatum against

clinical isolates of bacteria.
Material and methods
Samples Collection

Study design: Between October 2023 and February 2024 , the National Center for
Diabetes Treatment and Research at Mustansiriya University served as the site for this trial.
diabetes individuals with urinary tract infections were discovered to be aged between 10 and
70.

Sample collection and processing: A sterile tube was used to collect urine samples
from diabetic individuals. Next, in order to avoid contamination, the samples were processed
in the laboratory using the correct protocols. All of the participants' clinical symptoms were
gathered using a standardized questionnaire. The plant was cleansed, rinsed with plenty of
water, and then gently dried on paper towels. Rosa damascene and Punica granatum were
purchased from the local market in the Baghdad Province, Iraq.Plant extracts' ability to

combat a variety of isolated bacteria is being tested.

Bacterial isolates and Cultivation: An overnight incubation at 37°C for a loopful of
broth was preceded by a microbiological investigation using suspended bacteria on Blood and
MacConkey agar plates. An infection with severe bacteriuria is indicated by a colony count

greater than 105 CFU/mL.
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Microbiological Analyses: The automated characterisation of the Vitek 2 made it
possible to determine the antibiotic susceptibility of the bacterial isolates and identify them.

Isolated colonies from well-known plates were also used to achieve this goal.

Prepare the cold aqueous extract: Mix the extract in a centrifuge at 3000 rpm for 15
minutes, filter the mixture after S0 g of the plant's dry powder was weighed, combined with
500 ml of distilled water, and allowed to sit at room temperature for 24 hours. Afterwards,
the mixture was filtered through multiple layers of medical gauze to remove any remaining
impurities and plankton. The filtrate was next filtered using Whatman No. 0.1 filter sheets,
put in a Petri dish at 40 °C, and allowed to dry out. The sterile plain tube were then carefully

sealed and stored in the refrigerator until they were needed [21].
Testing the inhibitory effectiveness of plant extracts on isolated bacteria

Utilizing Plant Extracts for Antimicrobial Tests Using the agar well difusion method,
extracts from several plants were tested for antibacterial properties overnight at 37°C on
(MHA) plates. The bacterial suspension was created after introducing several bacterial
colonies to (BHIB) to activate the bacteria. A comparison was made between the bacterial
suspension's 1.5 x 108 cells/ml count and the McFarland solution [22]. Next, we bored 8 mm
holes in the surface of the culture medium, and we filled each one with 50 ul of different
concentrations (50, 100, 300, and 500), with sterile distilled water in the control hole. The
extract's effectiveness was determined by measuring the millimeter-scale zone of inhibition

around the hole. Inhibition was discovered using a ruler.

Statistical analysis: To compare different groups with one another, the acquired data
were put through a t test. The findings were presented as mean * standard deviation (SD). P
< 0.05 is regarded as statistically significant. SPSS (v20) was used to do the statistical

analysis.
Results and discussion

Between January 2023 and March 2024, about 45 samples were taken from patients of
various ages at the National Diabetes Center of Mustansiriyah University in Baghdad

Province, Iraq, for this investigation.

In this analysis, patients were categorized into three age groups: under 30 years old
(<30y), between 30 and 40 years old (30y-40y), and above 50 years old. Enrolled were 45
diabetic patients (41.75%£19.26), consisting of eleven (22.7%) men and thirty-four (77.3%)
women. Both symptomatic and asymptomatic cases of DM bacteriuria were seen throughout
the community. According to Table 1, 27 individuals (59.1%) do not have high blood pressure,
while 18 individuals (40.9%) have. Out of the total patients, 37 individuals (81.1%) did not
report any additional medical issues, while 18 patients (18.2%) disclosed having any. All

patients had a UTI, with severity ranging from moderate to serious, based on our results.
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Table 1: Demographic characteristics of study

Demographic characteristic (N=45) N %
Female 34 77.3
Gender Male 11 22.7
Total 45 100.0
Does the patient suffer from high blood
No 27 59.1
pressure?
Yes 18 40.9
Does he suffer from UTI? Low 11 25.0
Middle 18 38.6
High 16 36.4
Does the patient suffer from other
No 37 81.8
diseases?
Yes 8 18.2
41.75+19
Age 45
26
Gender had a
statistically significant impact
on the incidence of UTI in
diabetics (76.66% female and
23.33% male). Urinary tract
infections are more common in
diabetic women than in men,
Bacterial isolates %
according to this study's
findings, which are consistent
with Zubair et al [23] and are
displayed in Table (2) Table 2:
Percentage of infection with
bacterial isolates and patient
sexSex
Female 23 76.66
Male 7 23.33
Total 30 100

To differentiate between Gram-negative and positive isolates Initially, the colonies were
determined by their size and phenotypic characteristics on the MacConkey and central blood
agar centers The findings revealed that (11) isolates were Gram-positive bacteria and (19)
isolates were Gram-negative bacteria. Furthermore, ( 15) of samples reported no bacterial

growth on any of the cultures. [24]. Typically, routine urine cultures are unable to find any
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microorganisms [25]. Urine culture plates with a single bacterial species' CFU/mL of more
than 10° were considered to have significant bacteriuria. Any organ or function inside the
body might be harmed by E.coli infections, which are prevalent in diabetics [26].features of
the bacteria used in VITEK 2 diagnosis [27]. The highest rate of infection with E.coli bacteria
was 60%, then S.aureus bacteria was at a rate of 16%, and Enterococcus faecalis bacteria was
at a rate of 6.66 among diabetic patients. This is consistent with [2] in terms of infection with
E.coli bacteria at a higher rate than the rest of the types of bacteria, which had lower rates,
as they were Staphylococcus lugdunneusis at a rate of 10%, while the bacteria Staphylococcus

lentus and Pseudomonas aeruginosa at a rate of 3.33. as shown in figure (1).

m E.coli

W Saureus

u S.lugdunneusis
m P.aeruginosa

B Enterococcus faecalis

u S./entus

Fig 1: Isolation of bacteria from diabetic patients with UTI.

Fig 2: Images (A) and (B) illustrate the effects of extracts from Rosa damascene and Punica
granatum on Enterococcus faecalis and Staphylococcus aureus, respectively.

Bacterial samples were isolated from diabetic patients with UTI which were
subsequently subjected to diagnosis by the Vitek-2 compact system to confirm the type of
bacteria The results showed that the inhibitory activity of aqueous extracts against bacteria
increased with increasing concentration. The results obtained included E.coli , S.aureus ,
S.lugdunneusis , S.lentus, Pseudomonas aeruginosa , Enterococcus faecalis .to investigate the
microbiological inhibitory activity of aqueous plant extracts of Rosa damascene and Punica

granatum using the well diffusion method and four concentrations of each aqueous extract
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(50, 100, 200 and 500mg/ml). In addition to making a control pit containing distilled water
(figure 2).

The results showed the inhibitory ability of Punica granatum extract, as shown in Table
3. The effect of all concentrations on S.aureus bacteria were significant, while E.coli bacteria
were affected by the concentration of 500 and 200, and they were not affected by the
concentration of 100 and 50, and the values were significant as for the bacteria
S.lugdunneusis and Enterococcus faecalis. Three concentrations had a substantial impact on
it: 500, 200, and 100. The concentration of 50 had no effect, indicating resistance. At
concentrations of 500 and 100, the values were not significant across the species of bacteria;
but, at 200, they were significant. That aligns with the Mendes et al regarding how various
bacterial species are affected by Punica granatum extract [28]. The fact that Gram-positive
bacteria reacted to Punica granatum extracts more than Gram-negative bacteria further

demonstrated the extracts' and antibacterial effectiveness against all tested species.

Table 3: Effect of Punica granatum extract aqueous Bacterial isolates from diabetic patients

500 pg /ml | 200 pg /ml | 100 pg /ml 50 pg /ml
Bacterial types P value

MeantSD MeantSD MeantSD MeantSD
Esherishia coli 9.8316.1 3.4+1.6 0 0 0.02
Staphylococcus aureus 17.614.6 21.843.6 8.2+1.7 4.6£1.3 0.003
Staphylococcus lugdunneusis 18.242 15.3+0.5 7.3£1.2 0 0.01
Enterococcus faecalis 19+£5.6 16.5%£3.6 6+2.3 0 0.001

P value 0.09 nsig 0.05 0.16 N.c

* ( n.c ) non counted
* P<0.05

Our findings in Table (4) demonstrated that the Rosa damascene extract at the three
concentrations of 200, 100, and 50 had no effect on the E.coli bacteria, but that the
concentration of 500 had an impact. At all concentrations, nevertheless, the S.aureus bacteria
was impacted, and the results were noteworthy. In contrast, the Staphylococcus lugdunensis
bacteria was unaffected by concentration and was instead influenced by the three
concentrations of 500, 200 and 100. At 50, the concentrations of 500 and 200 only had an
impact on the Enterococcus faecalis bacterium. The numbers had no bearing on anything. We
discover that the bacteria E.coli were only impacted by the concentration of S00 when
comparing the different types of bacteria at the same concentration. The reason for testing
the plant was that there was some information regarding its use as an ornamental plant. In
addition to its olfactory effects, this plant has been shown to have a number of
antibacterial, antioxidant, antitussive,

pharmacological qualities, including anti-HIV,

hypnotic, antidiabetic, and relaxant effects on tracheal chains [29].
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Table 4: Effect of Rosa damascene extract aqueous Bacterial isolates from diabetic patients

500 pg /ml 200 pg /ml 100 pg /ml 50 pg /ml
Bacterial types P value
Mean+SD MeantSD MeantSD MeantSD
Escherichia coli 2.1£0.5 0 0 0 N.C
Staphylococcus aureus 10.6£1.3 9.2+1.8 5.6x1.2 3.2+0.5 0.05
Staphylococcus 15.3320.6 12.340.6 741.3 0 0.04
lugdunneusis
Enterococcus faecalis 10+1.4 9+1.7 0 0 0.26
P value 0.03 0.09 0.07 N.c

* (n.c)non counted

«*P< 0.05

Table (5) presents the findings. When comparing the water extract of Rosa damascene

and Punica granatum for each bacteria at different concentrations, the bacteria E.coli showed

a significant difference at the concentration of 500, while the bacteria S.aureus showed

significant differences at all concentrations. There were significant differences for the

microorganisms Staphylococcus lugdunneusis and Enterococcus faecalis at concentrations of

500 and 200, but not for the concentration of 100.

Table 5: The relationship between punica granatum and Rosa damascene among the bacterial

species at concentration of 50 to 500 ug/ml

B ial
acterial types e 500 pg /ml 200 pg /ml 100 pg /ml | 50 pg /ml
inhibiti xtract type
e ition P MeantSD MeantSD MeantSD MeantSD
zone
Rosa 2.140.5 0 0 0
damascene
Escherichia coli i
Punica 9.8316.1 3.4%1.6 0 0
granatum
P valu 0.001 N.c
Rosa 10.6£1.3 9.2+1.8 5.6£1.2 3.240.5
Staphylococcus damascene
aureus ;
Punica 17.624.6 21.843.6 8.241.7 4.6+1.3
granatum
P valu 0.002 0.001 0.05 0.05
R
osa 15.3340.6 12.340.6 741.3 0
Staphylococcus damascene
lugdunneusis i
£ Punica 18.242 15.340.5 7.341.2 0
granatum
P valu 0.05 0.05 0.9
Rosa 10+1.4 9+1.7 0 0
Enterococcus damascene
faecalis Puni
unica 1945.6 16.543.6 642.3 0
granatum
P value 0.003 0.02 n.c
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Pomegranate peel contains high amounts of polyphenols, such as tannins, ellagic acid,
and gallic acid [30]. Pomegranate fruits are abundant in bioactive components, including
phenolic compounds—strong antioxidants—as well as acids, sugars, vitamins, and minerals.
Pomegranate extracts therefore have a variety of biological qualities, including antioxidant,
anti-inflammatory, and anti-cancer effects. Hydrolysable tannins and phenolic chemicals,
which are various esters with anti-inflammatory and antioxidant qualities, are abundant in
punica granatum extract [20]. Numerous such potent substances that regulate microbial
activity are found in pomegranate peels. Microorganisms such as E.coli and S.aureus can be
effectively combatted by these [16]. Rich in flavonoids, including anthocyanins, tannins, and
phenolic acids, punica granatum is a rich source of polyphenols, which are known to have a
variety of biological properties, including the ability to effectively combat pathogenic microbes.
Research has demonstrated that Punica granatum possesses antibacterial properties against
both Gram-positive and Gram-negative bacteria [31]. R.damascena flowers have been linked
to a number of health benefits, mostly because of their high polyphenolic content, according
to pharmacological research. Numerous phytochemicals, including flavonoids, glycosides,
terpenes, and anthocyanins, have been isolated from various plant components [16].
Additionally, citric acid, malic acid, pectin, tannins, carotenoids, and vitamins C, A, B1, B2,
B3, and K have been found[32]. According to recent studies, roses are a good source of

polyphenols and flavonoids, both of which have potent antioxidant qualities.

These days, the main applications for antioxidants include food preservation, nutrition
and health care, and the prevention and treatment of numerous diseases. In summary,

antioxidants have a wide range of potential applications, particularly in edible plants [33].
Conclusions

UTIs are more common in women with diabetes than in males. The most common form
of bacteria that causes UTIs in Iraqi diabetics is E. coli. . The effects of punica granatum
extract on S. aureus were significant at all concentration. In line with Staphylococcus.
lugdunneusis and Enterococcus. faecalis, Punica granatum E.coli was impacted by
concentrations of 500 and 200 but not by concentrations of 100 and 50. The values were
quite impressive. 500, 200, and 100 concentrations were the three that significantly affected
it. Resistance was shown by a lack of reactivity at 50% concentration. revealed that at a
concentration of 500, the Rosa damascene extract had an effect on the E.coli bacteria, but

not at the three values of 200, 100, or 50.
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Abstract:

The thyroglobulin (often mentioned as Tg) test is considered a key biomarker in the management of
differentiated thyroid cancer (DTC), mainly for detecting residual disease and recurrence after thyroidectomy
and radioactive iodine therapy. There have been advances in assay sensitivity, and those advances have
strengthened its clinical value, although limitations such as variability across laboratories and interference from
anti- thyroglobulin antibodies remain major challenges.

Integrating Tg testing with imaging and molecular techniques offers a more reliable diagnostic approach.
Standardization of protocols and broader adoption of high sensitivity methods are essential for accuracy
improvements.

To make it clear, Tg testing plays a vital role in thyroid cancer follow-up, though further research is needed to
optimize its application and assess its impact on patient outcomes.
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I. Introduction

Developments in endocrinology diagnostics have considerably refined thyroid issue
management—a field of growing concern given the prevalence of conditions such as
hypothyroidism and thyroid cancer. As healthcare systems globally push for improved,
personalized care, the thyroglobulin test has emerged as a vital biomarker, especially in the
context of monitoring and handling differentiated thyroid cancers (Bang J-I et al.). This

test gauges

Thyroglobulin levels a protein the thyroid gland produces demonstrate potential for both
diagnostic clarity and offering prognostic insights following thyroidectomy coupled with
radioactive iodine therapy (Maja J Zieba-Domalik et al.). Late research indicates thyroglobulin
to be a salient tumor marker, with certain studies showing that elevated levels post-treatment
might be indicative of residual disease or even recurrence, which arguably underscores the
need for incorporating this biomarker into routine clinical practice (Acharya et al.). However,
despite its obvious clinical relevance, the existing literature on the thyroglobulin test
highlights several key areas for consideration regarding its application, limitations, and the
potential for integrating new technologies to enhance its utility. A multitude of studies
emphasize the importance of serum thyroglobulin levels in forecasting outcomes for patients
grappling with differentiated thyroid carcinomas (Nosratzehi S et al.). Further investigations
underline the necessity for standardized measurement protocols to mitigate variability and
enhance the consistency of interpretation across diverse laboratory settings (M Murad et al.).
The presence of thyroglobulin antibodies further complicates the picture by potentially
compromising the accuracy of thyroglobulin measurements—an issue debated in several
reviews (Zhao S et al.) (Wan Q et al.). Furthermore, improvements in molecular and imaging
techniques are steering us towards more holistic management strategies, marking a shift

away from an over.

On sole thyroglobulin testing (I Ignatko et al.). Even considering these advancements,
there remain gaps in comprehensive understanding the clinical utility of the thyroglobulin
test. For instance, although numerous studies have meticulously explored the link between
thyroglobulin levels and the likelihood of disease recurrence (Chen L et al.), fewer have given
thought to how sociocultural and economic factors may influence testing practices and,
subsequently, patient outcomes across diverse population segments (Anthony P Weetman).
There’s also a notable requirement for longitudinal studies that can accurately assess how the
thyroglobulin test impacts patient quality of life, coupled with treatment satisfaction—areas
that are perhaps neglected in current research initiatives (Caio G et al.) (Douglas S Ross et
al.). Furthermore, while cutting-edge technologies such as high- sensitivity assays may well
refine thyroglobulin testing practices, the full integration of these innovative approaches into
routine clinical workflows has yet to be fully realized (Carling T et al.). The synthesis of
conventional diagnostic techniques alongside these emerging technologies offers a promising
avenue for exploration, and researchers continue to strive to meld both traditional and novel
methods. This review, building on earlier findings, is set to critically dissect thyroglobulin

testing; clarifying its role in present clinical practice while also highlighting areas for focused
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future research that might potentially optimize diagnostic and therapeutic strategies

(Deandreis et al.) (BIONDI et al.) (Carvalho et al.).

Ultimately, by methodically addressing these recognized gaps, the aim here is to
contribute to a more comprehensive understanding of thyroglobulin testing's overall role in
thyroid disease management, its consequent impact on patient outcomes, and thus,

hopefully, set the stage for further studies down the line.
II. Review of Literature

At first, the thyroglobulin test’s importance was mainly about diagnosing and keeping
track of thyroid problems, especially differentiated thyroid cancer. Initial studies really showed
it worked well as a tumor marker, and it seemed promising for taking care of thyroid cancer
patients after surgery. It was considered a reliable sign that the disease might come back
(Abaci et al.). As we learned more about how the thyroid works, the test was studied more,
and it turned out that different things, like thyroid hormone amounts and autoimmune
problems, could change the results, which made things a bit more confusing (Chiu et al.).
Around the late 1990s and early 2000s, improvements in immunoassay techniques led to
more sensitive and specific thyroglobulin measurements, resulting in better patient
management outcomes (Bellavia S et al.). That time was a real turning point, with new
methods, like liquid chromatography-mass spectrometry, being created. These allowed for
more exact measurements when watching for thyroid cancer [cite4, cite5]. By the 2010s, it
was clearer that thyroglobulin testing should be part of clinical guidelines, which showed how
important it was to check high-risk groups regularly (Capiau et al.). Even now, modern
research still has ongoing discussions about what the best cut-off points for thyroglobulin
levels should be and what it means if the results jump around. This has led to calls for
standard procedures to make sure the test is interpreted the same way everywhere [cite7,
cite8]. Also, studies have started looking at how test results affect patients emotionally,
understanding that emotional reactions to thyroglobulin levels need more attention and care
[cite9, citel0]. On the whole, the thyroglobulin test’s development shows significant
considerable improvements in how we diagnose things and a growing understanding of how
crucial it is to manage thyroid disease thoroughly. Research and standard clinical practices
are still needed, specifically for how the thyroglobulin test is used to monitor and manage
thyroid cancer. In the beginning, its diagnostic value has become vital for distinguishing
between dangerous and harmless thyroid lumps. Research suggests that higher thyroglobulin
levels can suggest follicular and papillary thyroid cancer, which further emphasizes how
helpful it is for early detection [citel, cite2]. Furthermore, it's important in postoperative
monitoring, where a drop in thyroglobulin levels is a key signal for the risk of thyroid cancer
coming back [cite3, cite4]. Moreover, its changes in thyroglobulin levels across different
groups, along with its relation to thyroid conditions and autoimmune conditions, have been
well documented. For example, research shows that anti-thyroglobulin antibodies can mess
with test results, thus complicating the interpretation [cite5, cite6]. This highlights the
necessity for tailored methods in doing the thyroglobulin test, as noted in recent clinical advice

(Bouga et al.). Moreover, including thyroglobulin testing in broader strategies for handling
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thyroid carcinoma is getting more attention. Research has started suggesting its use with
imaging methods, such as ultrasound, to help get a better understanding of the disease [cite8,
cite9]. Therefore, the increasing understanding of the thyroglobulin test shows its potential as
more than just a marker by itself; it's a key part of a multifaceted way to handle thyroid cancer

that considers clinical background and personal patient aspects.

Thyroglobulin Testing in Thyroid Cancer Diagnostics Developments in how we handle
thyroid cancer showcase a push towards tailored medicine, with customized plans becoming
more common. Also, numerous studies have examined the importance of ensuring our tests
adhere to the same standards. You see, if the testing methods aren't the same, it can throw off
thyroglobulin levels, and that messes with the decisions doctors make (Chiu et al.). Research
comparing different types of tests reveals a significant difference between them, so we urgently
need to get everyone on the same page so we can count on the results being consistent and
trustworthy (Bellavia S et al.). Furthermore, recent overviews have pointed out that measuring
thyroglobulin alongside other markers, using methods that check lots of things at once, looks
like it could really boost our ability to diagnose correctly (Chiu et al., Bellavia et al.). This
approach gives us a more complete understanding of Understanding what the thyroglobulin
test is telling us is crucial for improving thyroid cancer diagnostics and management. The
existing research highlights a real need for careful methods and consistency. That way, we
can make the most of thyroglobulin testing in thyroid cancer care. It is generally said that
biochemical theories tend to consider the test's role as a tumor marker valuable, with higher
thyroglobulin levels typically linked to the recurrence of a disease. Many different ideas come
together when we talk about the thyroglobulin test, particularly when it comes to keeping an
eye on thyroid cancer and seeing how well treatments are working. In particular, high levels
found after treatment might mean that the surgery didn't get everything, or that the cancer
has spread elsewhere (Chiu et al.)(Bellavia S et al.). Though, some experts wonder if we can
really rely on the thyroglobulin test, mentioning things like autoimmune thyroiditis, which
can give us misleading results because of anti-thyroglobulin antibodies (Bellavia S et al.).
Because of all these different viewpoints, we have to remember that interpreting these results
can be tricky, and doctors have to consider them alongside the overall health of the person.
Recent meta-analyses further show that combining thyroglobulin measurements with imaging
techniques can improve how well patients do, shifting to a more holistic method of handling
thyroid cancer (Chiu et al.)(Bellavia S et al.). The socio- economic results of tests have gained
attention, with analysts advocating for a standardized application of the thyroglobulin test to
even out disparities in cancer care (Bellavia S et al.). Therefore, the text provides an
investigation of the thyroglobulin test, integrating views on its biochemical importance,
clinical utility, and socio-economic implications. All together, these different frameworks
really add to the discussion about how reliable and effective the thyroglobulin test actually is

in the clinical setting.

51



Conclusion

Thyroglobulin has become quite the key player in navigating thyroid issues, particularly
when we're talking about differentiated thyroid cancer. This review? It's a gathering of different
researchers, showing the biomarker importance of thyroglobulin when thyroid diseases and
their management become a thing, supported by recent work pointing out how crucial it is in
clinics (Deandreis et al.). We're covering a lot, from the tests first created to the newest testing
methods we've got. Some studies really bring out how well this test functions for surveillance
of the disease, and its diagnostic value, plus how it can help tell us how treatments like
surgery and radioactive iodine do, solidifying its role as a core management instrument (Bang
J-I et al., 2023; Maja J Zieba-Domalik et al., 2024). Most clinicians would probably agree that
rising thyroglobulin post-treatment is often a pretty significant clue that there may still be
lingering disease, or recurrence; guidelines often suggest monitoring, too (Nosratzehi S et al.,
2024). However, thyroglobulin stories? They sometimes have twists. Some documented
limitations do exist; for example, test results can sometimes, variations are observed
due to autoimmune factors or methodological inconsistencies, which can lead to

interpretational variability (M Murad et al., 2023; Zhao S et al., 2025).
Thyroglobulin Testing Challenges and Opportunities

Thyroglobulin antibodies, as noted in Wan Q et al.,2024, can really throw a wrench into
test results, making it more challenging to get a clear picture of someone's thyroid disease.
Healthcare access disparities? They can also mess with how often people get the thyroglobulin
test and how well it works for different folks (I Ignatko et al., 2022; Chen L et al., 2016). So,
tackling these issues is a must if we want to get the most out of this test. This review sheds light
on some bigger systemic problems, too, by the way. For starters, Anthony P. Weetman (2020)
and Caio G et al. (2019) suggest that standardizing the testing process and using super-
sensitive assays more often could really boost diagnostic accuracy and lead to more
personalized treatments in endocrinology. Integrating thyroglobulin testing with imaging?
That's another smart move. A complete assessment, according to Douglas S Ross et al. (2016)
and Carling T et al. (2013), should look at not just molecular markers but also imaging and the
patient's unique situation. Making these changes should improve patient care and lead to
better results for those with thyroid disease. Even with all the progress, we still have gaps in

our knowledge.

Studies have been conducted on how thyroglobulin testing affects patients' quality of
life and their satisfaction with treatment. It seems most studies focus on clinical outcomes
(Deandreis et al., 2016; BIONDI et al., 2005). As Carvalho et al. (2013) would likely agree, as
new technologies emerge, we need to see how they integrate with existing tests to create solid
guidelines that work for everyone. To wrap it up, while the thyroglobulin test is key in
managing thyroid cancer, more research is clearly needed to sort out the challenges and
limitations we've talked about. By staying curious and digging deeper, doctors can make sure
thyroid disorder management keeps up with the latest science and best practices, ultimately

making things better for patients. The points made here offer a strong base for future study
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and conversations in this ever-changing area.
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