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ABSTRACT

Silver nanoparticles biosynthesized from the plant Quercus infector
(Q. infector) were tested to evaluate its antifungal potential as a growth
inhibitor against some fungi species named Penicillium digitatum (P,
digtatium) and Aspergillus flavus (A. flavus) isolated from foodstuffs in the
local market of Al-Najaf Province/ Iraq. The results stated that the highest
inhibition rate was observed for P digitatum at 3 mM concentration
(90.97£1.72%), while the inhibition percentages for 1 mM (83.29+1.05%)
and 2 mM (85.44+1.23%), indicating a concentration-dependent trend.
In regards to A. flavus, the findings showed that the highest inhibition
percentages were observed at 3 mM concentration (89.36+0.57%), while
for 1 mM (73.7£1.69%) and 2 mM (85.33+0.91%), showing a similar trend.
The mean percentage inhibition across all fungi was highest at 1 mM
(84.24%) compared to 2 mM (79.90%) and 3 mM (75.79%). These results
emphasize the antifungal efficacy which increased with the concentration
of silver nanoparticles, with P digitatum showing higher sensitivity
compared to A. flavus. The results also indicate that fungal species treated
without nanoparticles showed significantly lower inhibition rates (76.29%
and 77.77% for Penicillium sp. and Aspergillus sp., respectively, without
nanosilver treatment). The silver nanoparticles were characterized using
UV-Vis spectroscopy, scanning electron microscopy (SEM), atomic force
microscopy (AFM), X-ray diffraction (XRD), and Fourier-transform
infrared spectroscopy (FTIR).
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INTRODUCTION

The plant species Q. infector is abundant

effectiveness, energy efficiency, and safety

in nature, and many have great potential for
producing nanomaterials. These medical plants
have advantages for the synthesis of nanoparticles
in terms of their easy availability, safe handling,
and possession of a large variety of active
agents from silver ion reduction. It is considered
a superior method compared to conventional
chemical and physical methods due to its cost-
* Corresponding Author Email: hawraafalih@mu.edu.iq

because it is economical, energy-efficient, cost-
effective, and it protects human health and the
environment its products are safe to use, hence
they use plant extracts, which have a huge impact
on the distant future [1]. The status of working
on plants’ physiological and structural responses
to environmental stressors, can deliver a valued
understanding of their resilience and adaptability
that lead to underscore the potential of plants
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as sustainable resources for applications like
nanomaterial synthesis [2] by identifying stress-
tolerantspecieswithuniquebiochemical properties
[3]. Q. infector is a small tree or a shrub belonging
to the Fagaceae (Quercaceae) family. Galls of Q.
infector (Ql) is known by different vernacular
names, locally known as If as. The plant is found in
Turkey, Syria, Persia, Cyprus, and Greece [4]. Galls
are irregular plant growth, which is stimulated
by the reaction between plant hormones and
powerful growth-regulating chemicals produced
by insects or mites [5]. The galls of Q. infector
are produced by the insect Cynipsquer cufolii, for
depositing its eggs [6]. The Gall of this plant is
described in detail in ethnobotanical and literature
to possess various pharmacological actions such as
analgesic, antidote, anti-inflammatory, antipyretic,

antiseptic, stomatitis, deodorant, derivative,
desiccant, expectorant, germicidal, hypnotic,
hypoglycemic, powerful astringent, sedative,

styptic, tonic, tonic to teeth and gum, wound
healing and many other medical applications [7].
The main constituents found in the galls of Q.
infector are (50-70%) tannin known as gall tannic
acid which is a complex mixture of phenolic acid
glycosides varying greatly in composition, and a
small amount of free Gallic acid and ellagic acid
[8].

Nanoparticles have established effectiveness
in numerous medical and biological applications,
including drug and vaccine delivery [9],
antibacterial biocontrol agents [10-12],
antimicrobial biofilm [13], antioxidants [14], and
chemotaxis studies [15]. This research underlines
the developing scope of nanoparticle-based
systems for improving human health. Artificial
intelligence (Al) has appeared as an influential tool
in advancing nanotechnology, allowing precise
design, synthesis, and application of nanoparticles
[16]. Progressions in nanotechnology have
permitted precise control over the outer surface
properties of the nanomaterials at the nanoscale
in order to be more effective in their applications
[17]. Biosynthesized nanoparticles, particularly
silver nanoparticles, have gained attention for
their remarkable antimicrobial activity. The current
research aims to assess the antifungal potential
of silver nanoparticles AgNPs biosynthesized
(eco-friendly) using the plant Q. infector in
contradiction of two fungal species, P. digitatum,
and A. flavus, isolated from some food available
in the local market of Al-Najaf Province, Iraq.
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Precisely, the study aims to evaluate the growth
inhibition efficacy of these silver nanoparticles
at variable concentrations (1 mM, 2 mM, and 3
mM) and recognize concentration-dependent
trends in their antifungal action. Moreover,
the study comparations the sensitivity of both
fungal species to nanosilver treatment, with an
emphasis on decisive the higher susceptibility of P.
digitatum compared to A. flavus. Comprehensive
characterization of the biosynthesized
nanoparticles was performed using advanced
analytical techniques to prove their properties and
effectiveness. The results contribute to advancing
eco-friendly antifungal policies with potential
applications in food preservation and fungal
contamination management.

MATERIALS AND METHODS
Samples collection and plant extract preparation
Parts of dried medicinal plants were purchased
from the local markets of the city of Al-Najaf
Province, Iraq which is the fruit of tannins that
were examined in the graduate laboratory of
the Faculty of Science, University of Kufa. The
samples were cleaned, and foreign materials
were removed. The plants were then washed
carefully with distilled water as the plants may
be contaminated with many microbial species
[18] or dust. Then, it was sieved to remove any
liquids, then left to dry for several days at room
temperature without any moisture. The cleaned-
dried plants were ground using an electric mill to
obtain a fine powder and then stored in sterile
and airtight containers at 4°C. To prepare the plant
extract, 40 g of Q. infector powder was taken and
the volume was adjusted to 200 ml using distilled
water and placed at a temperature of 80C° for
homogeneity of the solution. After that, the
solution was filtered by filter paper. The filtered
solution was centrifuged at a speed of 10,000 rpm
for 10 minutes to obtain the supernatant solution
which is the required Q. infector extract, while
the precipitate was discarded [19]. The obtained
extract is used later as a reducing agent for the
synthesis of silver nanoparticles [20].

Biosynthesis of Silver Nanoparticles

The ability of the Q. infector plant extract to
produce silver nanoparticles was examined by
mixing 4ml of Q. infector aqueous extract solution
and completing the volume to 5.5ml of distilled
water. Silver nitrate AgNO, at a concentration
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of 1mM was added to the previous solution.
The mixture was then put on a heat sink at a
temperature of 90°C for two hours and waited until
the color changed. The reaction mixture began to
change color at 60°C followed by the brown color
[21]. The silver nanoparticles were characterized
by UV visibility, scanning electron microscope
(SEM), atomic force microscope (AFM), X-ray
diffraction, and FTIR.

Study the effect of some parameters on the
synthesizing process of nanoparticles
The reaction mixture was transferred into a

beaker and subjected to heating, the temperature
was monitored through the thermometer, and
the solution was left to experience the heating
period using a magnetic stirrer. The color intensity
increased with temperature, and as the reaction
progressed, the color changed from dark yellow
to brown over time. This indicated the initiation
of particle formation, which was first observed
at 60°C, with the temperature then maintained
at 90°C to complete the reaction [22]. Different
volumes of Quercus infector extract (10 mlL,
20 mL, 30 mL) were tested at 90°C with a silver
nitrate concentration of 1 mM, and the reaction

Fig. 1. (A) Q. infector extract before producing Ag NPs (B) Q. infector extract after producing Ag NPs.
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Fig. 2. UV Visible assay of biosynthesized Ag NPs by Q. infector.
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was allowed to stabilize for two hours. The color
change was monitored over time to determine
the most suitable volume for preparing silver
nanoparticles [23]. Different concentrations of
silver nitrate (1, 2, and 3 mM) were evaluated,
with the color change tracked over time to identify
the optimal concentration for the synthesis of
silver nanoparticles. The reaction mixture was
incubated at 90°C for a duration of two hours
to stabilize the process [24]. The impact of pH
on silver nanoparticle synthesis was tested at
pH 3, 5, and 7, using 1 mM silver nitrate and 20
mL of Quercus infector extract. The reaction was

EHT = 10.00 kV
WD = 5.2 mm

200 nm

Signal A = SE2
Mag= 50.00KX

conducted at 90°C for two hours to determine the
optimal pH [25].

Evaluation of the antifungal efficacy of AgNPs

The antifungal activity of the aqueous plant
extract and synthesized silver nanoparticles was
assessed using the Sabouraud Dextrose Agar
(SDA) medium. For each concentration (1, 2, and
3 mM), 0.1 mL of the extract was placed on the
surface of the medium, followed by the addition
of a 5 mm diameter disc, taken from each fungal
culture using a sterile cork borer. The Petri
dishes were incubated at 25 * 2°C for 7 days. The
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Fig. 3. FESEM Ag NPs synthesis by Q. infector.
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Fig. 4. AFM assay of Ag NPs.

974

J Nanostruct 14(3): 971-979, Summer 2024
(@ |



H. Wali et al. / Antibacterial Activity of Biosynthesized Silver Nanoparticles

antifungal activity was determined by measuring
the inhibition zone diameter in millimeters using
aruler.

RESULTS AND DISCUSSION

The ability of the Q. infector extract to produce
silver nanoparticles was tested by mixing the
Q. infector extract with silver nitrate AgNO, at a
concentration of 1 mM and the color began to
change until became brown as shown in Fig. 1.

Fig. 2 shows the peak value taken, and the
particle size was measured in nanometers
by measuring the absorbance of the silver

runts

nanoparticles in the figure below and found to be
about 400 nanometers.

The results showed that the synthesized silver
nanoparticle surfaces exhibit a good stability and
higher organization in the form of crystals with
high agglomeration. As shown in Fig. 3, it is clear
that the surface has reached a lower degree of
crystallinity, and this may be due to increased
agglomeration, furthermore, the activity will
increase due to the appearance of plasmon
resonance. The size readings ranged from 63.47 to
95.39nm.

Fig. 4 showed the atomic-force microscopy
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Fig. 6. FTIR assay of Ag NPs
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(AFM) results conducted on green-synthesized
silver nanoparticles using Q. infector: 3D image of
silver nanoparticles analyzed by NOVA-TX software
was also created on the nanoparticles, showing
the particle size distribution, the size ranged from

32to 98 nm.

X-ray diffraction spectra of the biosynthesis of
silver nanoparticles from plant Q. infector show
that the size of the silver nanoparticles is 38
nanometers as shown in Fig. 5.

Table 1. The effect of different concentrations of silver nanoparticles/ Q. infector extract on the percentage inhibition of diameter

growth (PIDG)% of P. digitatum and A. flavus

Mean of PIDG (%) £ S. D

Concentration

Type of fungi LmMm) 2(mM) 3(mM) Mean (b)
Penicillium digitatum 83.29+1.05* 85.4+1.23" 90.9741.72" 86.5"
Penicillium Sp.+ Q. infectoria 74.44+1.08 75.55+2.73 78.88+1.50 76.29
without Nanosilver
Asp. Flavus 73.7+1.69 85.33+0.91" 89.36:0.57" 82.79
Asp- flavus+ Q. infectoria 71.11#1.56 73.3343.3 74.07+1.06 77.77
without Nanosilver
Mean (a) 84.24** 79.90* 75.79
Control NI NI NI
L.S.D a=1.614 ab=2.2 b=1.318

Data are means of three replicates (n=3) * standard deviation. NI: no inhibition. Data is presented as highly significant***, slightly significant**
, and significant* at p <0.05 within different extract concentrations. LSD was applied to all the data.

Fig. 7. Effect of different silver nitrate concentrations on the average inhibition diameter of A. flavu, A-1mM, B-2 mM, C-3mM, D- Q.
infector, and E- Control treatment.
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The FT -IR spectroscopic study confirmed that
the carbonyl group from amino acid residues and
peptides of proteins has a stronger ability to bind to
metal (Fig. 6). So, the proteins could most possibly
form a coat covering on the metal nanoparticles
(silver nanoparticles) to prevent agglomeration of
the particles and stabilize them in the medium

Table 1 shows that all concentrations of silver
nitrate AgNo, used in the current study (1,2,3mM)
and at different temperatures gave a significant
and clear inhibition in the growth of the two fungi
P. digitatum and Asp. flavus. the highest rate of
inhibition of the two fungi was at a concentration
of 3 mM. The average colony diameter of the
fungus was (90.97 = 1.72) % and (89.36 + 0.57)
% compared to the control treatment, where the
average diameter of the colony was (0) %, while
the rest of the concentrations (1 and 2) were the
average diameter of the inhibition (1.05 + 85.4
+1.23, 73.7+1.69 and 85.33 +0.91) % respectively.
While the rate of inhibition of the fungus appeared
P. digitatum and Q. infector without Nano silver
at a concentration of 3 mM, it reached (78.88) %
and Asp. flavus and Q. infector without Nano silver
the percentage of inhibition in one treatment
reached (74.07) % at the same concentration
when comparing the results of inhibition. The best

concentration at the level of the two fungi when
comparing the results of inhibition was (3) mM
for all concentrations, as P. digitatum excelled.
more sensitive where it gave the highest value of
significant inhibition (90.97+1.72) as illustrated in
Figs. 7-9.

The values are reported as mean * standard
deviation (SD) (n = 3), significance at p < 0.05 by
two-way ANOVA, N.S: not significant

A study conducted by Luceri et al., 2023 [26],
showed the relationship of each participant
between the concentration of silver nitrate and
the effectiveness of the nanomaterial, that is, the
higher the concentrations of silver nitrate, the
more inhibition of the nanomaterial increased.
There was a positive correlation between the
increase in silver nitrate salts and the increase in
the production of nanoparticles. The antimicrobial
effect of silver nanoparticles has been tested
extensively. This activity is attributed to many
factors that are summarized. The small size of
the nanoparticles and the increase in the surface
area provide greater opportunities. With bacterial
and fungal cells because it leads to an increase
in the permeability of the membranes and the
destruction of microbial cells, silver nanoparticles
can cause cell destruction and changes in the

Fig. 8. Effect of different silver nitrate concentrations on the average inhibition diameter of P. digitatum: A-1mM, B-2mM, C-3mM,
D- Q. infector, and E- Control treatment.
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Fig. 9. Comparison of the inhibitory effect of silver nanoparticles using different concentrations.

permeability of the cell membrane, in addition,
silver nanoparticles adhere to the surface of the
cell membrane.

The silver nanoparticles interact with amino
acids and enzymes, the researchers confirmed
through the SEM scanning electron microscope
that silver nanoparticles stick to the cell
membrane and may penetrate the fungal cell
because silver nanoparticles have a very large
area compared to their small size, the Ag* ion
In the case of silver can They are deposited in
interaction with the components of the growth
medium or fungal hyphae, and therefore the area
of contact with microorganisms such as bacteria
or fungi is large, and the possibility and ability
to enter penetration of microbial cells increases.
Some researchers mentioned that green silver
nanoparticles manufactured from some plants
such as Calatropis procera [27], Lawsonia inermis
[28], Phyllanthus amarus [29], Tinospora cordifolia
[30], and Withania somnifea [31] showed
antifungal activity, the actual mechanism behind
the antifungal activity of silver nanoparticles is
not yet fully understood, however, it is supposed
to break down the structure of the cell membrane
by destroying the integrity of the membrane
[32]. This disruption likely increases membrane
permeability, leading to cellular damage and
ultimately inhibiting fungal growth. Such findings
underscore the potential of plant-based silver
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nanoparticles as effective antifungal agents, while
also highlighting the need for further research to
elucidate the molecular mechanisms underlying
their activity.

CONCLUSION

The present study validates the powerful
antifungal activity of silver nanoparticles
biosynthesized using Quercus infector extract
against Penicillium digitatum and Aspergillus
flavus. The results exposed a concentration
dependent inhibition, with P. digitatum exhibiting
superior sensitivity compared to A. flavus. The
maximum antifungal efficiency was detected at a
concentration of 3 mM, highlighting the potential
of green-synthesized nanoparticles as an eco-
friendly substitute to traditional antifungal agents.
Additionally, the comprehensive characterization
of these nanoparticles approves their stability and
suitability for biological and medical applications.
These results pave the way for future research on
nanoparticle based antifungal treatments, mainly
in food preservation and fungal contamination
control, offering a sustainable solution with
minimal environmental impact.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

J Nanostruct 14(3): 971-979, Summer 2024
(@)er |



H. Wali et al. / Antibacterial Activity of Biosynthesized Silver Nanoparticles

REFERENCE

1.

10.

11.

12.

13.Al-Saady A,

14.

15.

16.

17.

Ahmed S, Ahmad M, Swami BL, Ikram S. A review on plants
extract mediated synthesis of silver nanoparticles for
antimicrobial applications: A green expertise. Journal of
advanced research. 2016;7(1):17-28.

Fadhil AA, Mohammed SJ, Aswan AA. Morphological
responses of plants to air pollutants: A comparative study on
leaf changes in five species. Iranian Journal of Ichthyology.
2023 Dec 19;10:286-293.

Fadhil AA, Swaid SY, Mohammed SJ, Al-Abboodi A. Impact
of Salinity on Tomato Seedling Development: A Comparative
Study of Germination and Growth Dynamics in Different
Cultivars. Journal of Chemical Health Risks. 2024 Jan
1;14(1):183-190.

Magbool FA, Elnima El, Shayoub ME, Hussein SE. Preliminary
phytochemical screening of Quercus infectoria galls. World J
Pharm Pharmaceu Sci. 2018;7:77-87.

Heperkan D. The importance of mycotoxins and a brief
history of mycotoxin studies in Turkey. ARI Bulletin of Istanbul
Technical University. 2006;54:18-27.

Hong LS, Yusof NI, Ling HM. Determination of aflatoxins B1
and B2 in peanuts and corn based products. Sains Malaysiana.
2010 Oct 1;39(5):731-735.

Makun HA, Anjorin ST, Moronfoye B, Adejo FO, Afolabi OA,
Fagbayibo G, Balogun BO, Surajudeen AA. Fungal and aliatoxin
contamination of some human food commodities in Nigeria.
African Journal of Food Science. 2010 Apr 30;4(4):127-135.
Rashid M, Khalil S, Ayub N, Ahmed W, Khan AG. Categorization
of Aspergillus flavus and Aspergillus parasiticus isolates
of stored wheat grains in to aflatoxinogenics and non-
aflatoxinogenics. Pak. J. Bot. 2008 Oct 1;40(5):2177-2192.
Al-Abboodi A, Albukhaty S, Sulaiman GM, Al-Saady
MAAJ, Jabir MS, Abomughaid MM. Protein Conjugated
Superparamagnetic Iron Oxide Nanoparticles for Efficient
Vaccine Delivery Systems. Plasmonics. 2023;19(1):379-388.
Hassan BA, Lawi ZKK, Banoon SR. Detecting The Activity
Of Silver Nanoparticles, Pseudomonas Fluorescens And
Bacillus Circulans On Inhibition Of Aspergillus Niger Growth
Isolated From Moldy Orange Fruits. Periédico Tché Quimica.
2020;17(35):678-690.

Aldujaili NH, Banoon SR. Antibacterial Characterization Of
Titanium Nanoparticles Nanosynthesized By Streptococcus
Thermophilus. Periddico Tché Quimica. 2020;17(34):311-320.
Ali ZH, Al-Saady MA, Aldujaili NH, Rabeea Banoon S, Abboodi
A. Evaluation of the Antibacterial Inhibitory Activity of
Chitosan Nanoparticles Biosynthesized by Streptococcus
thermophilus. Journal of Nanostructures. 2022;12(3):675-85.
Aldujaili NH, Banoon SR, Al-Abboodi A.
Antimicrobial properties of nanoparticles in biofilms. Revis
Bionatura 2022; 7 (4) 71.

Lawi ZK, Merza FA, Banoon SR, Jabber Al-Saady MA, Al-
Abboodi A. Mechanisms of Antioxidant Actions and their
Role in many Human Diseases: A Review. Journal of Chemical
Health Risks. 2021;11.

Al-Abboodi A, Tjeung R, Doran P, Yeo L, Friend J, Chan P.
Microfluidic chip containing porous gradient for chemotaxis
study. SPIE Proceedings; 2011/12/21: SPIE; 2011. p. 82041H.
Hassan SA, Almaliki MN, Hussein ZA, Albehadili HM,
Banoon SR, Al-Abboodi A, Al-Saady M. Development of
Nanotechnology by Artificial Intelligence: A Comprehensive
Review. Journal of Nanostructures. 2023;13(4):915-32.

Kim Y, Abuelfilat AY, Hoo SP, Al-Abboodi A, Liu B, Ng T, et al.
Tuning the surface properties of hydrogel at the nanoscale
with focused ion irradiation. Soft Matter. 2014;10(42):8448-
8456.

J Nanostruct 14(3): 971-979, Summer 2024
[@)er |

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sahira K, Al-Abboodi AK. Parasitological Contamination of Raw
Vegetables collected from selected Local Markets in Maysan
Province, South of Iraq. Nigerian Journal of Parasitology.
2023;44(2):464-473.

Haytham B, Brahmi F, Zaidi K, Mehiou A, Dib I, Berraaouane
A, et al. Quercus coccifera L.Quercus faginea Lam.Quercus
ilex L.Quercus rotundifolia Lam.Quercus infectoria G. Olivier,
and Quercus suber L.Fagaceae. Ethnobotany of Mountain
Regions: Springer International Publishing; 2024. p. 1-21.
Ibrahim E, Ahmad AA, Abdo E-S, Bakr MA, Khalil MA, Abdallah
Y, et al. Suppression of Root Rot Fungal Diseases in Common
Beans (Phaseolus vulgaris L.) through the Application of
Biologically Synthesized Silver Nanoparticles. Nanomaterials
(Basel, Switzerland). 2024;14(8):710.

Ahmed S, Saifullah, Ahmad M, Swami BL, lkram S. Green
synthesis of silver nanoparticles using Azadirachta indica
aqueous leaf extract. Journal of Radiation Research and
Applied Sciences. 2016;9(1):1-7.

Alsalhi MS, Devanesan S, Alfuraydi AA, Vishnubalaji R,
Munusamy MA, Murugan K, et al. Green synthesis of silver
nanoparticles using Pimpinella anisum seeds: antimicrobial
activity and cytotoxicity on human neonatal skin stromal cells
and colon cancer cells. International journal of nanomedicine.
2016;11:4439-4449.

Kharissova OV, Dias HVR, Kharisov B, Pérez BO, Pérez VMJ. The
greener synthesis of nanoparticles. Trends in Biotechnology.
2013;31(4):240-248.

Nigar Sulthana R, Rajanikanth A. Green Synthesis of Silver
Nanoparticles Using Seed Extract of Foeniculum vulgare and
their Antibacterial Activity. International Journal of Current
Research in Biosciences and Plant Biology. 2018;5(7):77-83.
Sahni G, Panwar A, Kaur B. Controlled green synthesis of
silver nanoparticles by Allium cepa and Musa acuminata
with strong antimicrobial activity. International Nano Letters.
2015;5(2):93-100.

Luceri A, Francese R, Perero S, Lembo D, Ferraris M, Balagna
C. Antibacterial and Antiviral Activities of Silver Nanocluster/
Silica Composite Coatings Deposited onto Air Filters. ACS
Applied Materials and Interfaces. 2024;16(3):3955-3965.
Mohamed NH, Ismail MA, Abdel-Mageed WM, Mohamed
Shoreit AA. Antimicrobial activity of latex silver nanoparticles
using Calotropis procera. Asian Pacific Journal of Tropical
Biomedicine. 2014;4(11):876-883.

Alhomaidi E, Jasim SA, Amin HIM, Lima Nobre MA, Khatami
M, Jalil AT, et al. Biosynthesis of silver nanoparticles using
Lawsonia inermis and their biomedical application. IET
nanobiotechnology. 2022;16(7-8):284-294.

Ajitha B, Reddy YAK, Jeon H-J, Ahn CW. Synthesis of silver
nanoparticles in an eco-friendly way using Phyllanthus amarus
leaf extract: Antimicrobial and catalytic activity. Advanced
Powder Technology. 2018;29(1):86-93.

Sharma R, Sharma R, Singh RR, Kumari A. Evaluation of
biogenic zinc oxide nanoparticles from Tinospora cordifolia
stem extract for photocatalytic, anti-microbial, and antifungal
activities. Materials Chemistry and Physics. 2023;297:127382.
Prittesh K, Heena B, Rutvi B, Sangeeta J, Krunal M. Synthesis
and Characterisation of Silver Nanoparticles Using Withania
somnifera and Antifungal Effect against Fusarium solani.
International Journal of Plant and Soil Science. 2018;25(5):1-
6.
Wang L, Liu L, Zhou X. Novel Mercaptide-Coupled Silver
Nanoparticles AgDAMP  Against Salmonella Through
Membrane Disruption, Biofilm Obstruction, and Protein
Expression Alteration. Food and Bioprocess Technology.
2023;17(8):2304-2325.

979


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703479/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703479/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703479/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703479/
http://ijichthyol.org/index.php/iji/article/view/994
http://ijichthyol.org/index.php/iji/article/view/994
http://ijichthyol.org/index.php/iji/article/view/994
http://ijichthyol.org/index.php/iji/article/view/994
https://www.researchgate.net/profile/Sajeda-Yaseen/publication/381378832_Impact_of_Salinity_on_Tomato_Seedling_Development_A_Comparative_Study_of_Germination_and_Growth_Dynamics_in_Different_Cultivars/links/666aef8585a4ee7261c0b8b0/Impact-of-Salinity-on-Tomato-Seedling-Development-A-Comparative-Study-of-Germination-and-Growth-Dynamics-in-Different-Cultivars.pdf
https://www.researchgate.net/profile/Sajeda-Yaseen/publication/381378832_Impact_of_Salinity_on_Tomato_Seedling_Development_A_Comparative_Study_of_Germination_and_Growth_Dynamics_in_Different_Cultivars/links/666aef8585a4ee7261c0b8b0/Impact-of-Salinity-on-Tomato-Seedling-Development-A-Comparative-Study-of-Germination-and-Growth-Dynamics-in-Different-Cultivars.pdf
https://www.researchgate.net/profile/Sajeda-Yaseen/publication/381378832_Impact_of_Salinity_on_Tomato_Seedling_Development_A_Comparative_Study_of_Germination_and_Growth_Dynamics_in_Different_Cultivars/links/666aef8585a4ee7261c0b8b0/Impact-of-Salinity-on-Tomato-Seedling-Development-A-Comparative-Study-of-Germination-and-Growth-Dynamics-in-Different-Cultivars.pdf
https://www.researchgate.net/profile/Sajeda-Yaseen/publication/381378832_Impact_of_Salinity_on_Tomato_Seedling_Development_A_Comparative_Study_of_Germination_and_Growth_Dynamics_in_Different_Cultivars/links/666aef8585a4ee7261c0b8b0/Impact-of-Salinity-on-Tomato-Seedling-Development-A-Comparative-Study-of-Germination-and-Growth-Dynamics-in-Different-Cultivars.pdf
https://www.researchgate.net/profile/Sajeda-Yaseen/publication/381378832_Impact_of_Salinity_on_Tomato_Seedling_Development_A_Comparative_Study_of_Germination_and_Growth_Dynamics_in_Different_Cultivars/links/666aef8585a4ee7261c0b8b0/Impact-of-Salinity-on-Tomato-Seedling-Development-A-Comparative-Study-of-Germination-and-Growth-Dynamics-in-Different-Cultivars.pdf
https://www.researchgate.net/profile/Salaheldin-Omar-2/publication/323119233_PRELIMINARY_PHYTOCHEMICAL_SCREENING_OF_QUERCUS_INFECTORIA_GALLS/links/5a81232ba6fdcc0d4bac4ca2/PRELIMINARY-PHYTOCHEMICAL-SCREENING-OF-QUERCUS-INFECTORIA-GALLS.pdf
https://www.researchgate.net/profile/Salaheldin-Omar-2/publication/323119233_PRELIMINARY_PHYTOCHEMICAL_SCREENING_OF_QUERCUS_INFECTORIA_GALLS/links/5a81232ba6fdcc0d4bac4ca2/PRELIMINARY-PHYTOCHEMICAL-SCREENING-OF-QUERCUS-INFECTORIA-GALLS.pdf
https://www.researchgate.net/profile/Salaheldin-Omar-2/publication/323119233_PRELIMINARY_PHYTOCHEMICAL_SCREENING_OF_QUERCUS_INFECTORIA_GALLS/links/5a81232ba6fdcc0d4bac4ca2/PRELIMINARY-PHYTOCHEMICAL-SCREENING-OF-QUERCUS-INFECTORIA-GALLS.pdf
https://www.academia.edu/download/71545437/The_Importance_of_Mycotoxins_and_a_Brief20211006-4776-4928j5.pdf
https://www.academia.edu/download/71545437/The_Importance_of_Mycotoxins_and_a_Brief20211006-4776-4928j5.pdf
https://www.academia.edu/download/71545437/The_Importance_of_Mycotoxins_and_a_Brief20211006-4776-4928j5.pdf
https://core.ac.uk/download/pdf/33341912.pdf
https://core.ac.uk/download/pdf/33341912.pdf
https://core.ac.uk/download/pdf/33341912.pdf
https://academicjournals.org/journal/AJFS/article-full-text-pdf/8190BCA22266
https://academicjournals.org/journal/AJFS/article-full-text-pdf/8190BCA22266
https://academicjournals.org/journal/AJFS/article-full-text-pdf/8190BCA22266
https://academicjournals.org/journal/AJFS/article-full-text-pdf/8190BCA22266
https://www.pakbs.org/pjbot/PDFs/40(5)/PJB40(5)2177.pdf
https://www.pakbs.org/pjbot/PDFs/40(5)/PJB40(5)2177.pdf
https://www.pakbs.org/pjbot/PDFs/40(5)/PJB40(5)2177.pdf
https://www.pakbs.org/pjbot/PDFs/40(5)/PJB40(5)2177.pdf
http://dx.doi.org/10.1007/s11468-023-01994-8
http://dx.doi.org/10.1007/s11468-023-01994-8
http://dx.doi.org/10.1007/s11468-023-01994-8
http://dx.doi.org/10.1007/s11468-023-01994-8
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n35.2020.58_banoon_pgs_678_690.pdf
http://dx.doi.org/10.52571/ptq.v17.n34.2020.328_p34_pgs_311_320.pdf
http://dx.doi.org/10.52571/ptq.v17.n34.2020.328_p34_pgs_311_320.pdf
http://dx.doi.org/10.52571/ptq.v17.n34.2020.328_p34_pgs_311_320.pdf
https://jns.kashanu.ac.ir/article_112791.html
https://jns.kashanu.ac.ir/article_112791.html
https://jns.kashanu.ac.ir/article_112791.html
https://jns.kashanu.ac.ir/article_112791.html
https://www.researchgate.net/profile/Shaima-Banoon/publication/366005946_Antimicrobial_properties_of_nanoparticles_in_biofilms/links/639d8aa4024dc52c8a27a5ea/Antimicrobial-properties-of-nanoparticles-in-biofilms.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/366005946_Antimicrobial_properties_of_nanoparticles_in_biofilms/links/639d8aa4024dc52c8a27a5ea/Antimicrobial-properties-of-nanoparticles-in-biofilms.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/366005946_Antimicrobial_properties_of_nanoparticles_in_biofilms/links/639d8aa4024dc52c8a27a5ea/Antimicrobial-properties-of-nanoparticles-in-biofilms.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/353163813_Mechanisms_of_Antioxidant_Actions_and_their_Role_in_many_Human_Diseases_A_Review/links/6118c6a8169a1a0103009383/Mechanisms-of-Antioxidant-Actions-and-their-Role-in-many-Human-Diseases-A-Review.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/353163813_Mechanisms_of_Antioxidant_Actions_and_their_Role_in_many_Human_Diseases_A_Review/links/6118c6a8169a1a0103009383/Mechanisms-of-Antioxidant-Actions-and-their-Role-in-many-Human-Diseases-A-Review.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/353163813_Mechanisms_of_Antioxidant_Actions_and_their_Role_in_many_Human_Diseases_A_Review/links/6118c6a8169a1a0103009383/Mechanisms-of-Antioxidant-Actions-and-their-Role-in-many-Human-Diseases-A-Review.pdf
https://www.researchgate.net/profile/Shaima-Banoon/publication/353163813_Mechanisms_of_Antioxidant_Actions_and_their_Role_in_many_Human_Diseases_A_Review/links/6118c6a8169a1a0103009383/Mechanisms-of-Antioxidant-Actions-and-their-Role-in-many-Human-Diseases-A-Review.pdf
http://dx.doi.org/10.1117/12.904870
http://dx.doi.org/10.1117/12.904870
http://dx.doi.org/10.1117/12.904870
https://jns.kashanu.ac.ir/article_114406_e803e6c60bf00537e04ce40a21b62152.pdf
https://jns.kashanu.ac.ir/article_114406_e803e6c60bf00537e04ce40a21b62152.pdf
https://jns.kashanu.ac.ir/article_114406_e803e6c60bf00537e04ce40a21b62152.pdf
https://jns.kashanu.ac.ir/article_114406_e803e6c60bf00537e04ce40a21b62152.pdf
http://dx.doi.org/10.1039/c4sm01061b
http://dx.doi.org/10.1039/c4sm01061b
http://dx.doi.org/10.1039/c4sm01061b
http://dx.doi.org/10.1039/c4sm01061b
http://dx.doi.org/10.4314/njpar.v44i2.20
http://dx.doi.org/10.4314/njpar.v44i2.20
http://dx.doi.org/10.4314/njpar.v44i2.20
http://dx.doi.org/10.4314/njpar.v44i2.20
http://dx.doi.org/10.1007/978-3-031-13933-8_171-1
http://dx.doi.org/10.1007/978-3-031-13933-8_171-1
http://dx.doi.org/10.1007/978-3-031-13933-8_171-1
http://dx.doi.org/10.1007/978-3-031-13933-8_171-1
http://dx.doi.org/10.1007/978-3-031-13933-8_171-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11053751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11053751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11053751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11053751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11053751/
http://dx.doi.org/10.1016/j.jrras.2015.06.006
http://dx.doi.org/10.1016/j.jrras.2015.06.006
http://dx.doi.org/10.1016/j.jrras.2015.06.006
http://dx.doi.org/10.1016/j.jrras.2015.06.006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5019319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5019319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5019319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5019319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5019319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5019319/
http://dx.doi.org/10.1016/j.tibtech.2013.01.003
http://dx.doi.org/10.1016/j.tibtech.2013.01.003
http://dx.doi.org/10.1016/j.tibtech.2013.01.003
http://dx.doi.org/10.20546/ijcrbp.2018.507.010
http://dx.doi.org/10.20546/ijcrbp.2018.507.010
http://dx.doi.org/10.20546/ijcrbp.2018.507.010
http://dx.doi.org/10.20546/ijcrbp.2018.507.010
http://dx.doi.org/10.1007/s40089-015-0142-y
http://dx.doi.org/10.1007/s40089-015-0142-y
http://dx.doi.org/10.1007/s40089-015-0142-y
http://dx.doi.org/10.1007/s40089-015-0142-y
http://dx.doi.org/10.1021/acsami.3c13843
http://dx.doi.org/10.1021/acsami.3c13843
http://dx.doi.org/10.1021/acsami.3c13843
http://dx.doi.org/10.1021/acsami.3c13843
http://dx.doi.org/10.12980/apjtb.4.201414b216
http://dx.doi.org/10.12980/apjtb.4.201414b216
http://dx.doi.org/10.12980/apjtb.4.201414b216
http://dx.doi.org/10.12980/apjtb.4.201414b216
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9469786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9469786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9469786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9469786/
http://dx.doi.org/10.1016/j.apt.2017.10.015
http://dx.doi.org/10.1016/j.apt.2017.10.015
http://dx.doi.org/10.1016/j.apt.2017.10.015
http://dx.doi.org/10.1016/j.apt.2017.10.015
http://dx.doi.org/10.1016/j.matchemphys.2023.127382
http://dx.doi.org/10.1016/j.matchemphys.2023.127382
http://dx.doi.org/10.1016/j.matchemphys.2023.127382
http://dx.doi.org/10.1016/j.matchemphys.2023.127382
http://dx.doi.org/10.9734/ijpss/2018/45460
http://dx.doi.org/10.9734/ijpss/2018/45460
http://dx.doi.org/10.9734/ijpss/2018/45460
http://dx.doi.org/10.9734/ijpss/2018/45460
http://dx.doi.org/10.9734/ijpss/2018/45460
http://dx.doi.org/10.1007/s11947-023-03256-1
http://dx.doi.org/10.1007/s11947-023-03256-1
http://dx.doi.org/10.1007/s11947-023-03256-1
http://dx.doi.org/10.1007/s11947-023-03256-1
http://dx.doi.org/10.1007/s11947-023-03256-1

	Biosynthesis of Silver Nanoparticles for Combating Foodborne Fungi Penicillium Digitatum and Aspergi
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS 
	Samples collection and plant extract preparation 
	Biosynthesis of Silver Nanoparticles 
	Study the effect of some parameters on the synthesizing process of nanoparticles 
	Evaluation of the antifungal efficacy of AgNPs 

	RESULTS AND DISCUSSION 
	CONCLUSION 
	CONFLICT OF INTEREST 
	REFERENCE  

