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Lagenaria breviflora aqueous leaves extract
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The development of biologically inspired silver nanoparticles (AgNPs) has
attracted considerable worldwide attention in the field of medical
nanotechnology. This is because secondary metabolites possess the unique
reducibility required in the green synthesis of nanoparticles. This study for the
first time describes the use of an aqueous extract of Lagenaria breviflora
leaves (LBag) in the synthesis of AgNPs. The methanolic extract of Lagenaria
breviflora leaves (LBme) was analyzed to determine the presence of some
important phytochemicals. AgNPs were prepared at different concentrations,
using the green-synthetic method. The synthesized AgNPs were
characterized using UV-Visible Spectrophotometer (UV-Vis), Energy
Dispersive X-ray Spectrometry (EDS), Scanning Electron Microscopy (SEM)
and X-ray Diffraction (XRD). Qualitative phytochemical analysis of the
methanolic extract of Lagenaria breviflora leaves confirmed the presence of
flavonoids, terpenoids, saponins, alkaloids and cardiac glycosides. A colour
change from light yellow to dark/reddish-brown colouration after 6 hours
indicated the formation of AgNPs, which was confirmed by a maximum
absorption band observed at almost 450 nm in the UV-Vis spectrum. The
crystalline nature of AgNPs was confirmed by the XRD pattern. The SEM
results revealed the morphology of the synthesized AgNPs including some
oval and nano-sphere-shaped particles. The EDS analysis confirmed the
presence of elemental silver in abundance. AQNPs were successfully obtained
from the bioreduction of AgNO3 solution using LBaqg. The results obtained in
this study prove that Lagenaria bleviflora leaves possess the bioreducing
ability required to synthesize silver nanoparticles at the nanoscale level.

Keywords: Silver nanoparticles, Green synthesis, Lagenaria breviflora,
Phytochemicals.

fields such as colorimetric sensors, bactericidal

The study and application of nanomaterials are
increasing day by day in recent years since
nano-sized object shows differing properties of
their bulk materials because of changes in their
surface-to-volume ratio2. In many biochemical
reactions and several applications in different
industries, most nanomaterials have shown
excellent quantum confinement with unique
catalytic properties to improve the technique for
electronic, environmental, and biomedical
purposes 3. The use of plants in the synthesis of
nanoparticles is largely encouraged. This is
because plant phytochemicals show greater
reduction and stabilization ability. Biologically,
nanomaterials are used in bio-imaging,
diagnosis, bio-sensing, gene therapy, and
antimicrobial and anticancer medications 4°.
Silver nanoparticles (AgNPs) are intriguing
nanomaterials that show particular promise in
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materials, and electrochemical  sensor
components. Metallic nanoparticles (NPs) have
received significant attention in the area of
biomedical applications. Many chemical,
physical and biological approaches exist for
producing metallic NPs. Together with the
widespread utilization, the exponentially
growing need for nanomaterials and the
industrial-scale production of these
nanomaterials, some concerns have emerged
mainly from environmentally conscious and
eco-sensitive individuals, including numerous
researchers®. These originate from the fact that
nanoparticle production places an enormous
burden on the environment since conventional
synthetic approaches often require the
administration of toxic chemical entities during
the production process, which may cause
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harmful reactions in the environment and
possibly in animal and human health; moreover,
such unpleasant chemicals might critically
restrict the application possibilities and the
biocompatibility of the generated particles.
Thus, the pressing demand for metal
nanoparticles must be accompanied by eco-
friendly, cheap and novel synthesis approaches
to minimize or completely avoid the
administration of dangerous chemicals and at
the same time diminish the accumulation of

hazardous wastes. Safer production
alternatives applying gentle solvents,
environment-friendly reducing or stabilizing

materials or mild experimental conditions, or
even involving the application of biological
materials, such as plant extracts or
biomolecules of plants, bacteria, fungi or their
lysates are called green approaches 67,
Physical and chemical methods are time and
energy consuming, expensive and not eco-
friendly. For the biological approach, various
enzymes, algae, microbes and plants are
used®. Silver NPs specifically have gained
attention due to their unusual physiochemical
properties. Recently, the green synthesis of
NPs wusing plant extracts emerged as a
promising methodology for the fabrication of
metallic NPs because it involves a
straightforward, low-cost, fast, environmentally
friendly bioprocess, ease of scale-up, less
biohazardous, and avoids the hideous
procedure of maintaining the cell lines®°. Since
traditional physical or chemical methods of
metal nanoparticle synthesis have obvious
limitations and disadvantages, green chemical
processes emerged as a new direction in the
chemical industry about two decades ago. Ever
since, these biologically inspired green
syntheses have  attracted considerable
attention, offering a promising alternative for
maintaining the economy while protecting the
environment. Biological synthesis protocols
offer a clean,  highly tunable, and
environmentally benign method for producing
nanoparticles with a broad range of sizes,
shapes, and unique physical, chemical and
biological properties81°,

The peaked interest given to AgNPs in the
scientific community necessitated its novel plant-
mediated green synthesis using Lagenaria
breviflora (Figure 1) leaf extract for the first time
in this study.
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Figure 1: Image of Lagenaria breviflora plant.

2. Materials and Methods

2.1 Sample and reagent collections

Silver nitrate (99.9 % purity) was obtained from
CDH chemicals. All other chemicals and
reagents used in this study were of analytical
grade. Fresh leaves of L. breviflora were locally
sourced in an agricultural farm within the vicinity
of Tai Solarin University of Education, ljagun,
liebu Ode, Ogun State, Nigeria. The collected
leaves were authenticated by Esimekhuai,
D.P.O in the Department of Botany, University
of Ibadan, Oyo State, Nigeria.

2.2 Qualitative phytochemical analysis
of Lagenaria breviflora leaves
Lagenaria breviflora leaves extract was
qualitatively screened for its phytochemicals
using methanolic extract (ME) of the leaves.
Phytochemicals including tannins, flavonoids,
alkaloids, terpenoids, cardiac glycosides, and
saponins were analyzed. Chemical tests for the
screening and identification of bioactive
chemical constituents in the medicinal plants
under study were carried out for the extract as
well as the powder samples using the standard
procedures as described by Khan et al., (2011)

11

2.2.1 Test for Steroids

Liebermann Burchard's test

The acetic anhydride (2 mL) was added to 0.5 g
of ME in a test tube, followed by the addition of
2 mL of sulphuric acid by the wall of the test
tube. The formation of a reddish-brown ring at
the interphase and a blue upper layer indicates
the presence of steroids

2.2.2 Test for alkaloids

Mayer’s and Dragendorff's tests

Hydrochloric acid solution (8 mL of 1%) ) was
added to 0.5 g of ME in a test tube. The
resulting solution was warmed and filtered and
2 mL of the filtrate was treated with Mayer's and
Dragendorff's  reagents  separately. The
formation of a creamy precipitate with Mayer’'s
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reagent and an orange precipitate with
Dragendorff's reagent indicates the presence of
alkaloids.

2.2.3 Test for saponins

Frothing test

In a test tube containing boiling water, 0.5 g of
ME was added and the resulting hot aqueous
solution was allowed to cool. After cooling, the
solution was then shaken vigorously till a froth
that lasted for 15 minutes appeared. The height
of the froth was measured to ascertain the
presence of saponin.

2.2.4 Testfor Tannins

Ferric chloride test

In 10 mL of distilled water, 0.25 g of ME was
carefully weighed and transferred. The resulting
solution was then filtered and the resulting
filtrate was added to 1% FeCls (aq) solution.
The appearance of an intense greenish, black,
purple or blue colour was observed to indicate
the presence of tannins.

2.2.5 Test for Flavonoids

KOH test

The 0.5 g of ME was defatted by shaking
vigorously with petroleum ether. The defatted
residue was dissolved in 20 mL of 80% ethanol.
The mixture was filtered and 3 mL of the filtrate
was mixed with 4 mL of 1 % potassium
hydroxide in a test tube. A colour change to
dark vyellow, indicating the presence of
flavonoids was observed.

2.2.6 Test for cardiac glycosides

Keller-Killani test

In a test tube containing 2 mL of glacial acetic
acid, one drop of ferric chloride (FeClz) and 1
mL of concentrated sulphuric acid, 5 mL of ME
was added to the wall of the test tube. The
formation of a brown ring at the interface, or the
appearance of a violet ring below the brown ring
indicates the presence of cardiac glycosides.

2.3 Preparation of plant material

The fresh leaves of L. breviflora were rinsed
thrice with running tap water and finally with
distilled water to remove dust particles. All
working materials were cleaned including
mortar and pestle. Clean leaves were
transferred into the mortar and then chopped
with a pestle to obtain tiny pieces of leaves. L.
breviflora leaves extract was prepared by
placing 10 g of pulverized leaves into a 250 mL
glass beaker along with 200 mL of sterile
distilled water. The chopped leaves were boiled
for 30 minutes at 60 °C, while the hot leaves
were further crushed and allowed to cool at
room temperature for 15 minutes. The mixture
was filtered with Whatman No. 1 filter paper and
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the filtrate was centrifuged at 1500 rpm for 15
minutes to remove the heavy biomaterials. The
extract was stored at room temperature for
further use.
2.4 Green synthesis of silver
nanoparticles
AgNPs were biologically synthesized by adding
240 mL of 0.001 M silver nitrate (AgNO3) to 60
mL L. breviflora aqueous leaf extract solution.
Synthesis was carried out in the dark to avoid
photodegradation of silver nitrate. Under
constant stirring, the mixture was heated on a
magnetic hot plate at 60 °C until the colour of
the solution changes from light yellow to dark
brown. Once a constant colour intensity was
attained (within 6 h), the solution was removed
from the hot plate and the synthesis of AgNPs
was considered complete and successful
because of the colour change. The resulting L.
breviflora synthesized AgNPs were centrifuged
at 3500 rpm for 30 minutes. Subsequently,
obtained crystals were dispersed in sterile
distilled water to get rid of any uncoordinated
biological materials, dried and stored for further
use. The rate of reduction of silver ions (Ag*) to
nanosilver (Ag® was monitored at varying
wavelengths (200-700 nm) using UV-Visible
Spectrophotometer. The same procedure was
repeated at 0.003 M, 0.005 M and 0.007 M
respectively.
25 Characterization of silver
nanoparticles
The formation and stability of AgNPs in sterile
distilled water are confirmed using a UV-vis
spectrophotometer in a range of wavelengths
from 200 to 700 nm. Then, the morphology of
the NPs was determined using a scanning
electron microscopy (SEM) assay. The
presence of silver (Ag), including other
components in the synthesized nanoparticles
was detected using Energy-dispersive X-ray
spectroscopy (EDX) analysis, JEM-2100F
transmission electron microscope. The XRD of
AgNPs was analyzed and determined the
particle size by using the Debye-Scherrer
equation.

2.6 Qualitative
compaosition
Table 1 shows the result of the qualitative
phytochemical investigation of methanolic leaf
extracts of L. breviflora. From the results, the
presence of important phytochemicals, including
flavonoids, tannins, saponins, terpenoids, cardiac
glycosides, steroids and alkaloids were revealed.
The analysis revealed the strong presence of
flavonoids, alkaloids, cardiac glycosides and
saponins, meanwhile, terpenoids are moderately
present and tannins are shown to be weakly

Phytochemical
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available in the extract. This is an indication of
the presence of important phytochemicals that
are not only responsible for the bioreduction of
Ag ions to silver nanoparticles but also infer

stability, less toxicity and reduced agglomeration
10,12

3. Results and Discussion
3.1 Qualitative phytochemical
composition
In Table 1 below, the qualitative phytochemical
composition of the methanolic extract of the
L.bleviflora plant is shown. From the table, the
presence of important phytochemicals, including
flavonoids, tannins, saponins, terpenoids, cardiac
glycosides, steroids and alkaloids were revealed.
The analysis revealed the strong presence of
alkaloids, saponins, flavonoids and steroids with
a moderate presence of terpenoids and tannins.
Meanwhile, alkaloids and cardiac glycosides are
shown to be weakly available in the extract. This
is an indication of the presence of important
phytochemicals that are not only responsible for
the bioreduction of Ag ions to silver nanoparticles
but also infer stability, less toxicity and reduced
agglomeration

Table 1: Qualitative phytochemical analysis of the
methanolic leaf extract of L.breviflora

Class of compounds Quality of L. breviflora

Alkaloids +++
Terpenoids ++
Saponins +++
Tannins ++
Flavonoids +++
Steroids +++
Cardiac glycosides +

Key: +Weakly positive; ++ Moderately positive; +++
Strongly positive

Full paper

3.2 Green Synthesis of Silver
nanoparticles
The green synthesis of silver nanoparticles was
achieved using L.breviflora leaf extract as the
natural bioreducing agent due to its
phytoconstituents. After the addition of the plant
extract to the AgNOs solution, the successful
formation of AgNPs was evident from the
appearance of a dark brown precipitate from the
initial light yellow colouration. This can be
related to the surface plasmon resonance
(SPR) caused by the combined oscillation of
electrons conducted when the electromagnetic
field of the metal nanoparticles interacts 1314,
Also, related literature suggests that a colour
change to brown is an indication of the

successful development of silver nanoparticles?
5,16

3.3 Characterization of AgNPs
UV-Visible Spectroscopy

The UV-visible absorption spectra of different
concentration of AgNOs synthesized with
L.breviflora agueous leaf extract is presented in
Figure 1. From the spectra, the SPR peak
appeared distinct with a broad and prominent
band at around 440-460 nm while absorption
intensity was found to increase with increased
AgNOs concentration. The major peak intensity
observed for L.breviflora synthesized AgNPs at
different AQNOs concentrations can be because
of their absorption within the visible region of
the electromagnetic spectrum!416, Also, AgNPs
generally show absorption maximum in the
range of 390-470 nm due
to variations in shape and size distribution?®.
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Figure 2: UV-vis absorption spectrum of the silver nanoparticles synthesised from

Lagenaria breviflora aqueous leaves extract.
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3.4 Scanning electron
analysis and energy
spectrometry

Surface imaging of particles with SEM gives

information  about the shape, surface

morphology, size, and size distribution of
materials’. The result of the SEM analysis of

L.breviflora synthesized silver nanoparticles at

0.001 M, 0.003 M, 0.005 M and 0.007 M AgNOs

concentration are presented in Figures 3a-3d.

Particles in Figures 3a, 3b, 3c and 3d show sizes

ranging from 30 to 60 nm, 35 to 85 nm, 17 to 40

nm and 15 to 62 nm respectively. Nanoparticles

with larger dimensions (above 75 nm) were
occasionally formed and similar results have

microscopic
dispersive

0. B. Akinsipo et al.

been previously reported'® . The images in Fig
3a-3c occasionally demonstrated a nano-sphere
and an almost oval morphological orientation,
meanwhile, nanoparticles with slight aggregation
were revealed in nanoparticles synthesized with
0.007 M AgNOs. This aggregation could be a
result of the capping organic compounds that get
adsorbed onto the surface of the nanoparticles?’®.
The results of the EDX analysis (figure 3)
confirmed the significant presence (61 %) of
silver in L.breviflora synthesized AgNPs.
Interestingly, the optical absorption peak in the
EDX analysis of silver was recorded at 3 KeV, a
characteristic surface plasmon resonance peak
of metallic silver nanoparticle.

_‘.‘;«"' A ] o

Figure 3: SEM micrograph of L. breviflora synthesized AgNPs at 0.001 M (A), 0.003 (B), 0.005 M and 0.007 M

(D) AgNOs solution respectively (100X).
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Figure 4: Energy Dispersive X ray analysis of L. breviflora synthesized AgNPs

3.5 X-ray Diffraction Analysis
The X-ray diffraction pattern of L. breviflora
synthesized AgNPs is shown in Figure 4. From
the result, characteristic peaks at 22.7°, 27.9°,
38.1° and 44.3° can be attributed to (111),
(200), (220), and (311). This confirms that the
phase formation of pure crystalline AgNPs has
a face-centred cubic structure 2°. The broad
peak in the XRD pattern indicates a smaller
particle size. The crystallite size was
calculated using Scherrer’s formula:

d = 0.9M\/Bcosb
Where 0.9 is the shape factor, typically
considered for a cubic system, A is the x-ray
wavelength, usually 1.54 A, B is the full width at
half the maximum intensity in radians, and 6 is
the Bragg angle. Using the above formula, the
crystallite size was calculated to be
approximately 23 nm.

[ LB AgNP|

Intensity (a.u)

T v v v v v v g
10 20 30 40 50 80 70 80
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Figure 5: The X-ray diffraction pattern of L. breviflora
synthesized AgNPs

4. Conclusion

The present study reports the simple and rapid
synthesis of AgNPs with an aqueous extract of
L.bleviflora leaves extract. This bioreducing
technique promises an efficient synthetic route
that is cheap, environmentally friendly and safe,
hence, an excellent alternative to chemical and

CaJoST, 2023, 2, 98-105

biological methods. Phytochemical investigation
of L.bleviflora leaves confirms the presence of
important phytochemicals that are not only
responsible for the bioreduction of Ag ions to
silver nanoparticles but also infer stability. The
L.bleviflora reduced AgNPs were characterized
using UV-Vis, SEM, EDS and XRD and the
results obtained showed crystalline nanoparticles
of particles size between 17 — 85 nm with an
almost spherical shape, including a characteristic
surface plasmon resonance peak of metallic
silver nanoparticle. From the result of this study,
it can be concluded that these simple, rapid and
clean synthetic procedures possess several
advantages including safety, cost-effectiveness,
large-scale  production and potential for
biomedical applications.

Conflict of Interest

The author declares that there is no conflict of
interest.

Acknowledgements

We hereby acknowledge the immense input
delivered by all contributing co-authors. We also
acknowledge the technical referrals gotten from
Alayande S. O., Associate Professor, Chemistry
Department, Technical University, Ibadan,
Nigeria.

References

(1) Yagoob, A. A.; Ahmad, H.; Parveen, T
Ahmad, A.; Oves, M.; Ismail, I. M. |.; Qari,
H. A.; Umar, K.; Mohamad Ibrahim, M. N.
Recent Advances in Metal Decorated
Nanomaterials and Their Various Biological
Applications: A Review. Front. Chem. 2020,
8.

© 2023 Faculty of Science, Sokoto State University, Sokoto.|103



CaloSsT

)

®3)

4

®)

(6)

(7

8)

9)

CaJoST, 2023, 2, 98-105

https://doi.org/10.3389/FCHEM.2020.00341.
Akinsipo, O. B.; Mustapha, T. O.; Adams, A.
N. BIOSYNTHESIS AND
CHARACTERIZATION OF SILVER
NANOPARTICLES USING THE AQUEOUS
EXTRACT OF ACANTHUS MONTANUS
LEAVES EXTRACT. J. Chem. Soc. Niger.
2022, 47 (2), 203.
https://doi.org/10.46602/JCSN.V4712.717.
Maduraiveeran, G.; Sasidharan, M.;
Ganesan, V. Electrochemical Sensor and
Biosensor Platforms Based on Advanced
Nanomaterials for Biological and Biomedical
Applications. Biosens. Bioelectron. 2018,
103, 113-129.
https://doi.org/10.1016/J.BI0S.2017.12.031.
Oves, M.; Rauf, M. A.; Hussain, A.; Qari, H.
A.; Khan, A. A. P.; Muhammad, P.
Rehman, M. T.; Alajmi, M. F.; Ismalil, I. . M.
Antibacterial Silver Nanomaterial Synthesis
From Mesoflavibacter Zeaxanthinifaciens
and Targeting Biofilm Formation. Front.
Pharmacol. 2019, 10, 801.
https://doi.org/10.3389/FPHAR.2019.00801/
BIBTEX.

Swilam, N.; Nematallah, K. A. Polyphenols
Profile of Pomegranate Leaves and Their
Role in Green Synthesis of Silver
Nanoparticles. Sci. Reports 2020 101 2020,
10 (1), 1-11.
https://doi.org/10.1038/s41598-020-71847-
5.

Moghaddam, A. B.; Namvar, F.; Moniri, M.;
Tahir, P. M.; Azizi, S.; Mohamad, R.
Nanoparticles Biosynthesized by Fungi and
Yeast: A Review of Their Preparation,
Properties, and Medical Applications.
Molecules 2015, 20 (9), 16540-16565.
https://doi.org/10.3390/MOLECULES20091
6540.

Hassanisaadi, M.; Bonjar, A. H. S.; Rahdar,
A.; Varma, R. S.; Ajalli, N.; Pandey, S. Eco-
Friendly Biosynthesis of Silver
Nanoparticles Using Aloysia Citrodora Leaf
Extract and Evaluations of  Their
Bioactivities. Mater. Today Commun. 2022,
33, 104183.
https://doi.org/10.1016/J.MTCOMM.2022.10
4183.

Sharma, D.; Gulati, S. S.; Sharma, N.;
Chaudhary, A. Sustainable Synthesis of
Silver  Nanoparticles  Using  Various
Biological Sources and Waste Materials: A
Review. Emergent Mater. 2021 56 2021, 5
(6), 1649-1678.
https://doi.org/10.1007/S42247-021-00292-
5.

Siddigi, K. S.; Husen, A. Plant Response to
Silver Nanoparticles: A Critical Review.
https://doi.org/10.1080/07388551.2021.1975
091 2021, 42 ), 973-990.

0. B. Akinsipo et al.

https://doi.org/10.1080/07388551.2021.1975
091.

(10)ljaz, M.; Zafar, M.; Igbal, T. Green Synthesis
of Silver Nanoparticles by Using Various
Extracts: A Review.
https://doi.org/10.1080/24701556.2020.1808
680 2020, 51 (5), 744-755.
https://doi.org/10.1080/24701556.2020.1808
680.

(11)Khan, A. M.; Qureshi, R. A.; Ullah, F,;
Gilani, S. A.; Nosheen, A.; Sahreen, S.;
Laghari, M. K.; Laghari, M. Y.; Shafig-Ur-
Rehman; Hussain, l.; Murad, W.
Phytochemical  Analysis of Selected
Medicinal Plants of Margalla Hills and
Surroundings. J. Med. Plants Res. 2011, 5
(25), 6017-6023.
https://doi.org/10.5897/JMPR11.869.

(12)Chaudhuri, S. K.; Lalit Malodia, -.
Biosynthesis of Zinc Oxide Nanoparticles
Using Leaf Extract of Calotropis Gigantea:
Characterization and Its Evaluation on Tree
Seedling Growth in  Nursery Stage.
https://doi.org/10.1007/s13204-017-0586-7.

(13)Thomas, S.; Nair, S. K.; Jamal, E. M. A_; Al-
Harthi, S. H.; Varma, M. R.; Anantharaman,
M. R. Size-Dependent Surface Plasmon
Resonance in Silver Silica Nanocomposites.

Nanotechnology 2008, 19 (.
https://doi.org/10.1088/0957-
4484/19/7/075710.

(14)Aziz, S. B.; Hussein, G.; Brza, M. A
Mohammed, S. J.; Abdulwahid, R. T,
Saeed, S. R.; Hassanzadeh, A. Fabrication
of Interconnected Plasmonic Spherical
Silver  Nanoparticles  with  Enhanced
Localized Surface Plasmon Resonance
(LSPR) Peaks Using Quince Leaf Extract
Solution. Nanomater. (Basel, Switzerland)
2019, 9 (112).
https://doi.org/10.3390/NANO9111557.

(15)Sharma, V.; Kaushik, S.; Pandit, P.; Dhull,
D.; Yadav, J. P.; Kaushik, S. Green
Synthesis of Silver Nanoparticles from
Medicinal Plants and Evaluation of Their
Antiviral Potential against Chikungunya
Virus. Appl. Microbiol. Biotechnol. 2019, 103
(2), 881-891.
https://doi.org/10.1007/S00253-018-9488-1.

(16)Jini, D.; Sharmila, S. Green Synthesis of
Silver Nanopatrticles from Allium Cepa and
Its in Vitro Antidiabetic Activity. Mater.
Today Proc. 2020, 22, 432-438.
https://doi.org/10.1016/J.MATPR.2019.07.6
72.

(17)Fissan, H.; Ristig, S.; Kaminski, H.; Asbach,
C.; Epple, M. Comparison of Different
Characterization Methods for Nanoparticle
Dispersions before and after Aerosolization.
Anal. Methods 2014, 6 (18), 7324-7334.
https://doi.org/10.1039/C4AY01203H.

© 2023 Faculty of Science, Sokoto State University, Sokoto. | 104



Green synthesis of silver nanoparticles using Lagenaria breviflora aqueous leaves ... Full paper

(18)Ghosh, S.; Patil, S.; Ahire, M.; Kitture, R.; S,
K.;K,P.,;SS,C.;J,B,; DD, D.; A, J.; BA, C.
Synthesis of Silver Nanoparticles Using
Dioscorea Bulbifera Tuber Extract and
Evaluation of Its Synergistic Potential in
Combination with Antimicrobial Agents. Int.
J. Nanomedicine 2012, 7, 483.
https://doi.org/10.2147/IIN.S24793.

(19)Alomar, T. S.; AlMasoud, N.; Awad, M. A,
El-Tohamy, M. F.; Soliman, D. A. An Eco-
Friendly Plant-Mediated Synthesis of Silver

Nanopatrticles: Characterization,
Pharmaceutical and Biomedical
Applications. Mater. Chem. Phys. 2020,
249, 123007.
https://doi.org/10.1016/J.MATCHEMPHYS.2
020.123007.

(20)Alharbi, N. S.; Alsubhi, N. S.; Felimban, A. I.
Green Synthesis of Silver Nanoparticles
Using Medicinal Plants: Characterization
and Application. J. Radiat. Res. Appl. Sci.

2022, 15 (3), 109-124.
https://doi.org/10.1016/J.JRRAS.2022.06.01
2.

CalJoST, 2023, 2, 98-105 © 2023 Faculty of Science, Sokoto State University, Sokoto. | 105



