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ABSTRACT
In the current study, silver nanoparticles (AgNPs) were biosynthesised
using Dates seeds (Phoenix dactylifera L) aqueous extract (LAE). HPLC
analysis was used to identify the chemical components, flavonoids and
phenolics, using both descriptive and quantitative analytics. Transmission
Electron Microscopy (TEM), Energy Dispersive X-Ray (EDX), Zeta
Potential, and FT-IR analysis were used to characterize the generated
powder of NPs. The chemicals that were most frequently identified in the
Dates seeds (Phoenix dactylifera L) .Extract by HPLC analysis were gallic
acid, chlorogenic acid, pyrocatechol, and methyl gallate. The AgNPs were
spherical in form and ranged in diameter from 8.70 nm to 13.4 nm. AgNPs
have charged potentials of -10.1 according to zeta potential. FTIR spectra
were used to characterize the hydroxyl functional group found in alcohols
and phenolic substances. This demonstrated that using dates seeds (Phoenix
dactylifera L) extract from the Siwa region of Egypt to create green silver
nanoparticles was successful.
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INTRODUCTION
The potential of nanotechnology is vast, and ongoing research is
continually unlocking new possibilities. As the field advances, we can
expect to see even more groundbreaking applications in the years to come
(Chehelgerdi et al., 2023 and Huang et al., 2024).
Nanotechnology, the manipulation of matter at the nanoscale, has
indeed revolutionized various fields, including medicine, agriculture, and
industry. Here's a breakdown of its significant contributions medicine
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targeted drug delivery, enhanced diagnostics, regenerative medicine and
imaging ( Mariappan, 2019 and Malik et al., 2023).

In agriculture, improved crop yields, sustainable agriculture and food
safety in industry, advanced materials, energy storage, environmental
remediation and many more (Gupta et al., 2023 and Miteu et al., 2023).

Because of their special physical and chemical characteristics, silver
nanoparticles (AgNPs) are being employed more and more in a variety of
industries, including consumer, industrial, food, medical, and health care.
These include biological qualities, strong electrical conductivity, and optical,
electrical, and thermal characteristics. They have been utilized for a variety
of purposes because of their unique characteristics. Three techniques are
used to synthesize silver nanoparticles: physical, chemical, and biological
(Zhang et al., 2016, Hussein & Abdullah, 2022 and Gupta et al., 2024).

All of the issues with physical and chemical procedures have been
resolved by the development of biological approaches. Different biological
systems, such as bacteria, fungi, plant extracts, and small biomolecules like
vitamins and amino acids, are used to synthesize silver nanoparticles with a
specific size as an alternative to chemical methods (Iravani et al., 2014 and
Zahoor et al., 2021). This process is used not only for AgNPs but also for
the synthesis of several other nanoparticles. Researchers have recently
placed a great deal of emphasis on creating effective green chemistry
techniques that use natural reducing, capping, and stabilizing agents to
create silver nanoparticles with the appropriate size and shape (Osman et
al., 2024 and Akhter et al., 2024).

It is possible to create silver nanoparticles using biological processes
instead than harsh, costly, and poisonous chemicals. Combinations of
biomolecules present in some organism extracts (such as enzymes/proteins,
amino acids, alkaloids, alcohol, polysaccharides, and vitamins) can
bioreduce metal ions in an environmentally beneficial manner (Garg et al.,
2020 and Mikhailova, 2020).

It has been demonstrated that biologically-mediated nanoparticle
synthesis is an easy, reliable, economical, & environmentally benign
process, and the high yield production of AgNPs has received a lot of
interest (Habeeb Rahuman et al., 2022 and Burlec et al., 2023).

The production of dates, which provide numerous seeds that are rich
in significant active components that are categorized as compounds with
antioxidant activity due to their high content of phenolic and flavonoid
compounds, makes Egypt one of the most significant countries in the world
(Siddiqi et al., 2020, Swaidan et al., 2023 and Manai et al., 2024).

However, because of the active groups they contain, these
compounds—Iike those found in Dates (Phoenix dactylifera L) have the
capacity to decrease metal ions, resulting in the creation of valuable
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nanocomposites that have a wide range of medical and agricultural uses
(Abdullah et al., 2020).

Therefore, the goal of these investigations was to synthesize high-
value nanocomposites that are useful in a variety of industries using Dates
seeds (Phoenix dactylifera L), which are found in the Egyptian environment

MATERIALS AND METHODS

All chemicals used in the experiments were purchased from Al-
Gomhoria Chemical Company and Sigma Company.

Plant specimen collection and preparation

Dates (Phoenix dactylifera L) were obtained from Seiwa, Egypt. After
removing the Date seeds from the fruit. Date seeds were cleaned with water.
After being cleaned under running water and kept out of direct sunlight for
seven days for drying, the seeds were ground in a coffee grinder and filtered
to a fine powder.

After the seeds were ground, distilled water was added to the sample
at a ratio of 1:10 for the seeds powder and the water, respectively, to create
the aqueous extract., The extraction procedure was conducted on a magnetic
thermal stirrer at 80°C for 120 minutes, with the temperature gradually
rising throughout.

Phytochemical screening examinations were achieved for the Dates
seeds extract according to standard methods (Harborne 1998).

Test for Phenols (ferric chloride test)

Phenol estimation had been done by adding 3-4 drops of 5% FeCl; into 0.5
ml of seeds extract gives black colour, indicated the presences of phenols.
Tests for tannins:

Adding few drops of 1% FeCls solution, with 0.5ml extract, gives
intense green to black colour, confirms the presences of tannins.

Flavonoids:

3ml of seeds extract were pipette out and 10 ml of distilled water was
added to it . Then it was shaken and 2 ml of 10% sodium hydroxide was also
added to the mixture. A yellow colour was observed showing the presence
of flavonoid.

HPLC analysis

HPLC analysis of the Dates seeds extract was carried out using an
Agilent 1260 series. The separation was carried out using Eclipse C18
column (4.6 mm x 250 mm i.d., 5 pum). The mobile phase consisted of water
(A) and 0.05% trifluoroacetic acid in acetonitrile (B) at a flow rate 0.9
ml/min. The mobile phase was programmed consecutively in a linear
gradient as follows: 0 min (82% A); 0-5 min (80% A); 5-8 min (60% A); 8-
12 min (60% A); 12-15 min (82% A); 15-16 min (82% A) and 16-20
(82%A). The multi-wavelength detector was monitored at 280 nm. The
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injection volume was 15 pl for each of the sample solutions. The column
temperature was maintained at 40 °C.
Synthesis of green silver nanoparticles

According to Al-Othman et al., (2017), Date seeds extract were used
to create silver nanoparticles. 100 ml of a 1 mM silver nitrate solution was
combined with 10 ml of Dates seeds aqueous extract, and the mixture was
heated for 25 minutes at 50 °C on a magnetic vibrating hot plate. The
mixture's hue shift was noted as the first sign that silver nanoparticles were
forming.

Transmission Electron Microscopy Analysis (TEM)

The samples were prepared for transmission electron microscopy
(TEM) analysis by applying a droplet of the green AgNPs solution to a
conventional carbon-coated copper connector. The final images were then
analyzed using GEOL's Image software with their GEM-1010 TEM running
at 70 kV (Salayova et al., 2021).

EDX,or energy dispersive X-ray

EDX analysis was used to confirm the presence of iron and silver. An
EDX microscopic analysis was carried out using the Oxford 6587 INCA X-
ray precision analyzer, and the JEOL JSM-5500 LV electron microscope
was scanned at a voltage of 20 kV (Puchalski et al., 2007).

Zeta Potential

In order to assess and quantify the electrical charge and demonstrate
the stability of the green AgNPs solution, a zeta voltage test was conducted
using a Zeta sizer manufactured by Malvern Instruments Inc., UK (Wypij et
al., 2021).

FT-IR Examination

By using FTIR analysis (Shimadzu equipment), the functional groups
of Date seeds extract and the surfaces of the AgNPs that it produces were
described. This was achieved through meticulous scanning with a single
FTIR type spectrum at a resolution of 4 cm—1 and a range of 4000—400
cm—1 (Abdellatif et al., 2022).

RESULTS AND DISCUSSION
Phytochemical Tests:

Screening of the Dates seeds extract for various phytochemical
constituents were carried out using standard methods. The data shown in
Table 1 shows screening of aqueous extract. These tests reveal the presence
of various bioactive secondary metabolites, which might be responsible for
their medicinal and others attributes . The observations of the phytochemical
tests are presented as follow:

Test for Tannins:

A green black precipitate was observed in dates seeds extract

indicating the presence of tannins in the extract.
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Test for Flavonoids:

A vyellow colouration was also observed in date seeds extract
indicating thereby the presence of flavonoid.
Test for Phenols (Ferric Chloride test)

The black colour was detected in Dates seeds extract indicating the
presence of phenols in extract.

The obtained results are consistent with (Sadeq et al., 2021 and
Ahmad et al., 2022).

Plant-based substances called phenolic compounds, flavonoids, and
tannins can all function as reducing agents for silver nitrate salt in order to
create silver nanoparticles using the environmentally friendly process
(Dhaka et al., 2023 and Tesfaye et al., 2023). In addition to the fact that
these substances essentially function as antioxidants, antibacterials, and
antifungals, their versatility in application is advantageous and adds value,
particularly if it is enhanced by their usage in the creation of nanocomposites
(Srivastava et al., 2023 and Luna-Guevara et al., 2018).

Table (1): Phytochemical constituents of Date seeds aqueous extract

No Secondary Metabolites The result
1 Flavonoids +ve
2 Tannins +ve
3 Phenols +ve

+ Ve = Present - Ve = absent
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Fig (1): HPLC chromotogram of Dates seeds aqueous extract
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In Figure (1) and Table (2) show HPLC analysis of Dates seeds
extract . The results indicated the presence of polyphenol compounds
such as Gallic acid, Chlorogenic acid, Methyl gallate, Pyro catechol,
Daidzein, Querectin, and Cinnamic acid. Results show that Dates seeds
extract recorded (995.19, 9338.91, 520.17, 1536.19,122.93 and 146.77
Ma/g), respectively. All of these compounds were classified as
antioxidant compounds and were used for many medicinal and other
purposes (Bentrad & Gaceb-Terrak, 2020 and Hilary et al., 2020). It
could be concluded that the aqueous extract of Dates seeds is generally
appropriate for the synthesis of plant-related nano-compounds due to the
existence of these compounds, particularly after their quantitative
measurement.

Table (2): HPLC Chromotogram of Dates seeds aqueous extract

Polyphenol Compounds RetTime [min] Area Conc. (ug/g)
Gallic acid 3.274 22.78011 995.19
Chlorogenic acid 4.218 112.64 9338.91
Methyl gallate 5.666 15.84 520.17
Pyro catechol 6.719 19.52 1536.19
Daidzein 12.125 3.49 122.93
Querectin 12.719 2.08 146.77
Cinnamic acid 13.992 5.16 57.47

Characterization of AgNPs:
Transmition electron microscopy (TEM)

Transmition Electron Microscopy (TEM) was used to characterize
the morphology and size of nanoparticle image of silver nanoparticles
synthesized by reduction method and green synthesis process by using
Dates seeds extract and 1ImM AgNOs concentration (Figure 2). Where
powdered nanoparticles were sent to make dilutions on them with
different concentrations. The slides were prepared by adding a small drop
of suspension of nanoparticles for biosynthesis on the slides, leaving
them to dry and then analyzing them by (TEM) gave a clear image of
highly dense silver nanoparticles. The TEM image showing silver
nanoparticles synthesized using Dates seeds extract confirmed the
development of silver nanostructures. As shown in the microscope
image, the particles have a dense spherical shape with distinct sizes of the
formed nanoparticles. The nanoparticle sizes ranged from 8.70 nm to
13.4 nm These results are consistent with the results obtained in previous
studies (Bankura et al., 2012 ; Ansari & Alzohairy, 2018 ; Adnan et
al., 2023 and Al-Dulaimi et al., 2024).
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100 nm

Fig (2). TEM image for AgNPs synthesized by Dates seeds aqueous
extract.

Energy Dispersive X-ray (EDX)

Content of the AgNPs that were synthesized utilizing Dates
seeds aqueous extract which are mentioned in the Table. The elemental
composition of AgNPs was revealed by the EDX (Figure 3), which
included sodium (Na) at 3.18%, carbon (C) at 41.41%, oxygen (O) at
48.83%, magnesium (Mg) 1.33%, chloride (CI) 0.63%, calcium (Ca)
1.46%, and silver (Ag) at 3.15% due to their presence in Dates seeds
These ingredients guarantee that the quantity of silver was reduced
throughout the nanoparticle creation process (Rénavari et al., 2021 and
Dhaka et al., 2023).
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Fig (3) . EDX analysis of biosynthesized AgNPs by Dates aqueous
extract.

Zeta potential values

When applied, the zeta potential values of AgNPs produced by the
aqueous extract of dates seeds (Phoenix dactylifera L) are shown in
Figure 4. The charge potentials of the biosynthesized AgNPs were
discovered to be -10.1. This result implies a direct relationship between
the stability of the green production of nanoparticles utilizing the
aqueous extract of dates seeds and the surface potential (zeta potential)
(Dhaka et al., 2023). So, to improve their stability, reactivity, or
environmentally advantageous qualities, AgNPs can be functionalized or
coated with natural extracts. This will ultimately impact the zeta potential
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of NPs (Akhter et al., 2024). A zeta potential that indicates adequate
physical stability along with possible antifungal and antibacterial
properties and other uses.
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Fig (4) . Zeta potential values analysis of biosynthesized AgNPs by
Dates seeds aqueous extract.

FTIR Spectral Analysis

Flavonoids and polyphenols were among the several biomolecules
found in Dates seeds that may produce the NPs, according to the FTIR
spectra Figure5. Certain specific peaks of the biosynthesized AgNPs
were displaced in comparison to Dates seeds. The O-H broadening
vibrations of the C-OH or H20 and CH2 stretching vibrations of the
phenolics in the extract, as well as the OH-stretching of alcohol
compounds, are indicated by the peaks found at about 3438 cm—1. Peaks
were found between 1063.43 and 1233.13. Conversely, extracts of
alcohols, carboxylic acids, esters, and aromatic ethers The metal's
intrinsic  stretching vibrations at the tetrahedral A-site Ag-O are
responsible for the absorption band at about 560 cm—1. The synthesis of
NPs is confirmed by the shifted absorption band at 560 cm—1 for the
Dates seeds extract band at 591 cm—1, which corresponds to Ag-O
stretches of Ag. The extract's lowering involvement in the formation was
confirmed by the observed absorption bands, which were stronger than
the extract (Liu, et al., 2009 and Abdullah et al., 2023).
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Fig (5). FTIR for AgNPs by the agueous Dates seeds

CONCLUSION

The biosynthesized AgNPs using Dates seeds aqueous extract were
characterized and performed by TEM, EDX, Zeta potential, and FTIR
techniques. The valuable phytochemicals presented in Dates seeds extract
were the reason for stable AgNPs formation in the solution. The size of
the produced nanoparticles by TEM examination was a spherical shape
for AgNPs (8.70 — 13.4 nm). This indicates the effective production of
green, eco-friendly nanoparticles from the extract of Dates seeds , which
were cultivated in Siwa, Egypt, and show promise for a variety of
applications, including antifungal and antibacterial ones.

REFERENCES
Abdellatif, A.A. ; S.S. Alhathloul ; A.S. Aljohani ; H. Maswadeh ;
E.M. Abdallah ; H.K.Musa and M.A. El Hamd (2022). Green
synthesis of silver nanoparticles incorporated aromatherapies
utilized for their antioxidant and antimicrobial activities against
some clinical bacterial isolates. Bioinorganic Chem. and
Applications, 1: 2432758.



Egypt J. of Appl. Sci., 39 (11) 2024 11

Abdullah, J.A.A. ; L.S. Eddine ; B. Abderrhmane ; M. Alonso-
Gonzélez ; A. Guerrero and A. Romero (2020). Green
synthesis and characterization of iron oxide nanoparticles by
Pheonix dactylifera L. leaf extract and evaluation of their
antioxidant activity. Sustainable Chem. and Pharma., 17:
100280.

Abdullah, J.A.A. ; M.J. Rosado ; A. Guerrero and A. Romero (2023).
Eco-friendly synthesis of ZnO-nanoparticles using Phoenix
dactylifera L., polyphenols: Physicochemical, microstructural,
and functional assessment. New J. Chem., 47(9): 4409-4417.

Adnan, M. ; AJ. Siddiqui ; S.A. Ashraf ; M.S. Ashraf ; S.O.
Alomrani ; M. Alreshidi and M. Patel (2023). Saponin-
derived silver nanoparticles from Phoenix dactylifera (Ajwa
Dates) exhibit broad-spectrum bioactivities combating bacterial
infections. Antibiotics, 12(9): 1415.

Ahmad Mohd Zain, M. R. ; Z. Abdul Kari ; M.A. Dawood ; N.S. Nik
Ahmad Ariff ; Z.N. Salmuna ; N. Ismail and S.A. Ahmed
(2022). Bioactivity and pharmacological potential of date palm
(Phoenix dactylifera L.) against pandemic COVID-19: A
comprehensive review. Appl. Biochem. and Biotechnol., 1-38.

Akhter, M.S. ; M.A. Rahman ; R. Ripon ; M. Mubarak ; M. Akter ;
S. Mahbub and M.T. Sikder (2024). A systematic review on
green synthesis of silver nanoparticles using plants extract and
their bio-medical applications. Heliyon., 10(11):e29766.

Al-Dulaimi, W.A. ; Z.M. Al-Azzawi and E.K. Al-Shakarchi (2024). A
pioneering approach to the synthesis of silver nanoparticles. J.
Mat. Sci. and Chem. Eng., 12(7): 14-22.

Al-Othman, M.R. ; A R.M.A. El-Aziz ; A.M. Mohamed and A.A.
Hatamleh (2017). Green biosynthesis of silver nanoparticles
using pomegranate peel and inhibitory effects of the
nanoparticles on aflatoxin production. Pak. J. Bot., 751-756.

Ansari, M.A. and M.A. Alzohairy (2018). One-pot facile green
synthesis of silver nanoparticles using seed extract of Phoenix
dactylifera and their  bactericidal  potential  against
MRSA. Evidence-Based Complementary and Alternative
Med., 1: 1860280.

Bankura, K.P. ; D. Maity ; M.M. Mollick ; D. Mondal ; B.Bhowmick,
; M.K. Bain and D. Chattopadhyay (2012). Synthesis,
characterization and antimicrobial activity of dextran stabilized
silver nanoparticles in aqueous medium. Carbohydrate
Polymers, 89(4): 1159-1165.

Bentrad, N. and R.Gaceb-Terrak, (2020). Evaluation of the level of
biomolecules isolated from date palm seeds (Phoenix



12 Egypt J. of Appl. Sci., 39 (11) 2024
dactylifera) and in vitro antioxidant property. BioMed., 10(2):
23

Burlec, A.F. ; A. Corciova ; M. Boev ; D. Batir-Marin ; C. Mircea ;
0. Cioanca and M. Hancianu (2023). Current overview of
metal nanoparticles’ synthesis, characterization, and biomedical
applications, with a focus on silver and gold
nanoparticles. Pharmaceut., 16(10): 1410.

Chehelgerdi, M. ; M. Chehelgerdi ; O.Q.B. Allela ; R.D.C. Pecho ; N.
Jayasankar ; D.P. Rao and R. Akhavan-Sigari (2023).
Progressing nanotechnology to improve targeted cancer
treatment: overcoming hurdles in its clinical
implementation. Molecular Cancer, 22(1): 169.

Dhaka, A. ; S.C. Mali ; S. Sharma and R. Trivedi (2023). A review on
biological synthesis of silver nanoparticles and their potential
applications. Results in Chem., pp:101-108.

Garg, D. ; A. Sarkar ; P. Chand ; P. Bansal ; D. Gola ; S. Sharma
and R.K. Bharti (2020). Synthesis of silver nanoparticles
utilizing various biological systems: Mechanisms and
applications—A review. Progress in Biomaterials, 9: 81-95.

Gupta, A. ; F. Rayeen ; R. Mishra ; M. Tripathi and N. Pathak
(2023). Nanotechnology applications in sustainable agriculture:
An emerging eco-friendly approach. Plant Nano Biology, 4:
100033.

Gupta, P.C. ; N. Sharma ; S. Rai and P. Mishra (2024). Use of Smart
Silver Nanoparticles in Drug Delivery System. In Metal and
Metal-Oxide Based Nanomaterials: Synthesis, Agricultural,
Biomedical and Environmental Interventions (pp213-241).
Singapore: Springer Nature Singapore.

Habeeb Rahuman, H.B. ; R. Dhandapani ; S. Narayanan ; V.
Palanivel ; R. Paramasivam ; R. Subbarayalu and S.
Muthupandian (2022). Medicinal plants mediated the green
synthesis of silver nanoparticles and their biomedical
applications. IET Nanobiotechnol., 16(4): 115-144.

Harborne, A. J. (1998). Phytochemical Methods. A Guide To Modern
Techniques Of Plant Analysis. Springer Science & Business
Media.

Hilary, S. ; F.A. Tomas-Barberan ; J.A. Martinez-Blazquez, J.
Kizhakkayil ; U. Souka ; S. Al-Hammadi and C. Platat
(2020). Polyphenol characterization of Phoenix dactylifera
L.(date) seeds wusing HPLC-mass spectrometry and its
bioaccessibility using simulated in-vitro digestion/Caco-2
culture model. Food Chem., 311: 125969.



Egypt J. of Appl. Sci., 39 (11) 2024 13

Huang, Y. ; X. Guo ; Y. Wu ; X. Chen ; L. Feng ; N. Xie and G. Shen
(2024). Nanotechnology’s frontier in combatting infectious and
inflammatory  diseases: Prevention and treatment. Signal
Transduction and Targeted Therapy, 9(1): 34.

Hussein, H.A. and M.A. Abdullah (2022). Novel drug delivery systems
based on silver nanoparticles, hyaluronic acid, lipid
nanoparticles and liposomes for cancer treatment. Appl.
Nanosci., 12(11): 3071-3096.

Iravani, S. ; H. Korbekandi ; S.V. Mirmohammadi and B. Zolfaghari
(2014). Synthesis of silver nanoparticles: Chemical, physical
and biological methods. Res. Pharmaceut. Sci., 9(6): 385-406.

Liu, H. ; P. Li; B. Lu; Y. Wei and Y. Sun (2009). Transformation of
ferrihydrite in the presence or absence of trace Fe (Il): The
effect of preparation procedures of ferrihydrite. J. Solid State
Chem., 182(7): 1767-1771.

Luna-Guevara, M.L. ; J.J. Luna-Guevara ; P. Hernandez-Carranza
; H. Ruiz-Espinosa and C.E. Ochoa-Velasco (2018). Phenolic
compounds: A good choice against chronic degenerative
diseases. Studies in Natural Prod. Chem., 59: 79-108.

Malik, S. ; K. Muhammad and Y. Waheed (2023). Emerging
applications  of  nanotechnology in  healthcare and
medicine. Molecules, 28(18): 6624.

Manai, S. ; A. Boulila ; A.S. Silva ; L. Barbosa-Pereira ; R. Sendén ;
and K. Khwaldia (2024). Recovering functional and bioactive
compounds from date palm by-products and their application as
multi-functional ingredients in food. Sustainable Chem., and
Pharma., 38: 101475.

Mariappan, N. (2019). Recent trends in nanotechnology applications in
surgical specialties and orthopedic surgery. Biomed. and
Pharmacol. J. 12(3): 1095-1127.

Mikhailova, E.O. (2020). Silver nanoparticles: Mechanism of action and
probable bio-application. J. Functional Biomaterials, 11(4): 84.

Miteu, G.D. ; A.A. Emmanuel ; I. Addeh ; O. Ojeokun ; T. Olayinka,
; J.S. Godwin and E.O. Benneth, (2023). Nanoscience and
technology as a pivot for sustainable agriculture and its one
health approach awareness. Sci. One Health, 100020.

Osman, A.l. ; Y. Zhang ; M. Farghali ; A.K. Rashwan ; A.S. Eltaweil
; E.M. Abd EI-Monaem and P.S. Yap (2024). Synthesis of
green nanoparticles for energy, biomedical, environmental,
agricultural, and food applications: A review. Environ. Chem.
Letters, 22(2): 841-887.

Puchalski, M. ; P. Dabrowski ; W. Olejniczak ; P. Krukowski ; P.
Kowalczyk and K. Polanski (2007). The study of silver



14 Egypt J. of Appl. Sci., 39 (11) 2024

nanoparticles by scanning electron microscopy, energy
dispersive ~ X-ray analysis and scanning tunnelling
microscopy. Materials Sci.-Poland, 25(2): 473-478.

Ronavéri, A. ; N. lgaz ; D.l. Adamecz ; B. Szerencsés ; C. Molnar ;
Z. Konya and M. Kiricsi (2021). Green silver and gold
nanoparticles: Biological synthesis approaches and potentials for
biomedical applications. Molecules, 26(4): 844

Sadeq, O. ; H. Mechchate ; I. Es-Safi ; M. Bouhrim ; F.Z. Jawhari ;
H. Ouassou and H. Imtara (2021). Phytochemical screening,
antioxidant and antibacterial activities of pollen extracts from
micromeria fruticosa, achillea fragrantissima, and phoenix
dactylifera. Plants, 10(4): 676.

Salayova, A. ; Z. Bedlovi¢ova ; N. Daneu ; M. Baldz ; Z.Lukacova
Bujnakova ; L. Balazova and L. Tkacikova (2021). Green
synthesis of silver nanoparticles with antibacterial activity using
various medicinal plant extracts: Morphology and antibacterial
efficacy. Nanomaterials, 11(4): 1005.

Siddigi, S.A. ; S. Rahman ; M.M. Khan ; S. Rafiq ; A. Inayat ; M.S.
Khurram and F. Jamil (2020). Potential of dates (Phoenix
dactylifera L.) as natural antioxidant source and functional food
for healthy diet. Sci. of the Total Environ., 748: 141234,

Srivastava, R.P. ; S. Kumar ; L. Singh ; M. Madhukar ; N. Singh ;
G. Saxena and S. Rustagi (2023). Major phenolic compounds,
antioxidant, antimicrobial, and cytotoxic activities of (Selinum
carvifolia. L.) collected from different altitudes in
India. Frontiers in Nutr., 10: 1180225.

Swaidan, A. ; B. Azakir ; S. Neugart ; N. Kattour ; E.S. Sokhn ; T.M.
Osaili and N.E. Darra (2023). Evaluation of the phenolic
composition and biological activities of six aqueous date
(Phoenix dactylifera L.) seed extracts originating from different
countries: A comparative analysis. Foods, 13(1): 126.

Tesfaye, M. ; Y. Gonfa ; G. Tadesse ; T. Temesgen and S.
Periyasamy (2023). Green synthesis of silver nanoparticles
using Vernonia amygdalina plant extract and its antimicrobial
activities. Heliyon, 9(6).

Wypij, M. ; T. Jedrzejewski ; J. Trzcinska-Wencel ; M.Ostrowski ;
M. Rai and P. Golinska (2021). Green synthesized silver
nanoparticles:  Antibacterial and anticancer  activities,
biocompatibility, and  analyses of  surface-attached
proteins. Frontiers in Microbiol., 12: 632505.

Zahoor, M. ; N. Nazir ; M. Iftikhar ; S. Naz ; I. Zekker ; J.
Burlakovs and F. Ali Khan (2021). A review on silver
nanoparticles: Classification, various methods of synthesis, and



Egypt J. of Appl. Sci., 39 (11) 2024 15

their potential roles in biomedical applications and water
treatment. Water, 13(16): 2216.

Zhang, X.F. ; Z.G. Liu ; W. Shen and S. Gurunathan (2016). Silver
nanoparticles: synthesis, characterization, properties,
applications, and therapeutic approaches. Int. J. Molecular
Sci., 17(9): 1534.

(Phoenix dactyliferal) il s paliiua aladiuly 43500 claswal)
Caa Bgyu (e
2aa) auale oo ¢ Paana dgpana dea) dabild ¢ o) sl 2 ihuas e
Sl 46 taaa daaf auale g3l Aakild ¢ 4 g0 2Ry Byaal ¢ Pl aedens
sl Aypal) dpad) Aaclall el 3l IS —Llal) oLl —Elul) o slal) aud —1
L g Ayl ASLedll cCisad) Amala ¢l Akl Apdal) oslall IS gypadl lyiaal) asle and -2
ApuSay) lSlly aall 3l (AyuSayl Lmaall il 4pae delially Laglons Saall (gl =3
ApuSYl )l Amals dplll ChidalllagdsiS ad Adulill Ll aslall Ll LS 4
(i yusay)

e i uSaY) daals - duaY) el Gildsien Jser5

plaaiuly Lips (AgNPs) 4l Ladll clie @das 8 ¢ Auhall oda 8
dilas aladsul 3 L (Phoenix dactylifera L) (LAE) aill gl Al (aliill
el Aladial @y cesudlly iyl d8hesl GUdl yaail HPLC
Akl dndal Al 2y (TEM) S 5SY) el aladinl &5 L 2slly dgeasl)
A Al Al algall o Aaslll NPs Cana gl FT-IR Jalats by Jidas 5 o(EDX)
Sub oo (-Phoenix dactylifera L) il g5 paliiue A < JSG s
AVl diey JSilSgnlly el oIS Gaeay cdlllall (s & HPLC Jidas
13.4 ) iasils 8.70 (e laykad #slyig JRGI 45 S dalaall AgNPs  Clapua cil€
pddiny Cus LUy bl ik 10010 Lisadia AGNPS il ciilS Cum . jiagils
Asally Cildalll 5 sasmpall Akl JiuSypnel desens Chumgl FTIR Cildd
G iy e 8 B it o el (55 (aliise padiul of g 13ay A sl
S el e paliiee e 45l dipally slpadll gl cligal Jladll o)
Cligkill @lly b Ly cliphill (e degsiie doganal Heliiy ¢ jan Bsw B lgic)))
Aaals oS ¢ peadld) Ayl dcadl) ciliya i LU, aSilly el yaall saliadl)



