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Abstract

HE PRESENT study was conducted on the biosynthesis of silver nanoparticles from tomato
fruits extract which were prepared from an aqueous solution mix of silver nitrate at a
concentration of 1.0 and 0.2 mM with tomato fruit extract at specific dilutions. The

concentration 2.0 mM at a dilution of 1:2 (10 silver nitrate solution and 20 aqueous tomato extract)
gave dark orange appears as an indicator of the reduction of silver present in tomato extract and the
formation of silver nanoparticles (AgNPs). Bio-synthesized silver nanoparticles were detected using
ultraviolet-visible (UV) spectroscopy, which gave the best result for detection specially at the 2mM of
silver nitrate solution and 1:2 dilution by the appearance of the peak of the curve at the wavelength of
263 nm with an absorbance of 1.8963 nm. These nanoparticles were also detected using the FTIR test,
which indicates the presence of active groups at all concentrations used. The results showed the
spectra of the biosynthetic nanoparticles with absorption bands at 1600 to 3500 cm-1, so the 2.0 mM
concentration of silver nitrate solution at 2:1 dilution gave the best result for the active groups band at
the H=O bond reached to 3331 cm™ at spectrum frequency (2500- 3333) cm-1 and the band was
strong and very broad because the vibration force of water bond. The results also indicated the shape
and size of the prepared Ag-NPs silver nanoparticles by scanning electron microscope (SEM)
examinations, which showed a clear similarity in their size and shape with standard silver
nanoparticles. Aim of study: The present study aimed to greenly synthesize AgNps using different
dilutions of each of an aqueous extract of the tomato fruit and silver nitrate solutions in an easy and
economical way. Also characterize the optical, structural and biological properties of nanoparticles
AgNPs produced.
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Introduction

Nanotechnology is a technology that works to study,
understand, and display matter with dimensions
ranging between 1 and 100 nanometres which can be
used in all different scientific fields, such as physics,
chemistry, biology, materials science and
engineering [1]. Nanoparticles can show significantly
different physical and chemical properties than their
larger material counterparts [2]. Advances in the
field of nanotechnology largely depend on the ability
to synthesize nanoparticles of various material sizes

and shapes as well as to capably accumulate them
into complex architecture. The increasing use of NPs
makes these structures more important every day [3].
These nanoparticles are synthesized in many ways,
and the biological method is considered one of the
easy, fast, cheap, and environmentally safe method,
does not require energy [4]. A number of scientists
have used plant materials in the biosynthesis of silver
nanoparticles as a reducing agent such as Aloe vera,
Artemisia absinthium and Solanum lycopersicum as a
result of eco — friendly and simple processes required
for this synthesis [5-6].Silver nanoparticles have
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large surface areas and a high conductivity capacity
and they can be synthesized using various biological
sources [7-8]. In addition, they can be synthesized
both physically and chemically, however this method
may have various disadvantages compared to
biological methods as the chemical methods lead to
the presence of some toxic chemicals adsorbed on
the surface that may have adverse effects in medical
applications [9-10]

Plants contain organic compounds such as
flavonoids, amino and carboxylic acids, Ketones,
phenols, and proteins (Fig.1)[11], as these substances
play an important role in returning mineral salts and
producing nanoparticles. Moreover, the synthesized
MNPs are non-toxic, more stable and more uniform
in size than their counterparts prepared by the
traditional method. Thus, green preparation methods
have become a hotspot for research in the field of
MNPs synthesis [12]. Plant extracts not only possess
reducing properties, but also possess antioxidant
properties and act as a reducing agent for the
preparation of MNPs while acting as a stabilizer to
protect them from oxidation[13]. Also
phytochemicals in plant reduce Ag+to AgO structure
and provide the stability of AgNPs [14] and serve as
a key to manufacturing green, which can be
represented in three phases such as the reduction
phase, the growth phase, and the completion phase
[15-16-17]. In the field of wusing plant extract
tomatoes (Lycopersicon esculentum Mill.) , the most
popular vegetable fruit” contain vitamins, such as A,
B and C; Beta carotene and Phytosterols, etc. Tomato
juice have been reported to have anti-oxidant
properties [18-19-20].

Material and Methods

Preparation of silver nitrate solution (AgNO3)

Silver nitrate (AgNO;)(Sigma —Aldrich, St Louis,
MO,USA) was used as the precursor metal salt in
aqueous solution to a final concentration of 1.0 and
20 mM [21], dissolved in a certain volume of
distilled water then completing its dissolution, to the
final volume at one litter with using a magnetic
shaker (Hotplate Stirrer Lab Tech Lms1003, Korea)
to complete the dissolution process.

Preparation oftomato extract

Tomato fruits were collected from Mosul local
markets and washed several times with tap water ,
then rinsed with distilled water. After being dried at
room temperature the fruits, lkg ofthemis squeezed
manually well, then filtered with filter paper, this
was done by using the filtrate and removing the
precipitate and all suspensions present in the extract
placed in sterile tubes (Fig .2-A,B), and kept in the
refrigerator at a temperature at 2 C° to preserve them
until use. This aqueous extract filtrate was used to
produce the AgNPs.
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Preparation of silver nanoparticles

An appropriate volume of silver nitrate solution
and aqueous tomato plant extract prepared above was
mixed in sterile tubes graduated according to the
following dilutions:

A.1:1 (10 ml AgNO3 + 10 ml tomato extract)
B. 1: 2 (10 ml AgNO3 +20 ml tomato extract)
C. 1: 2 (10 ml AgNO3 + 20 ml tomato extract)

The first and second above dilution mixtures (A
and B) were placed in a water bath (WNBIO,
memmert, Germany) at a 80 C° for two hours to
observe the change in colour of the solution
mixtures refer to the colour results in the reduction of
silver nitrate present in the extract to form silver
nanoparticles. While the C dilution kept at room
temperatures to compare the differences in colour.

Detecting the properties of biosynthetic silver
nanoparticles

Many techniques Have been used for detecting
and characterizing of the AgNPs biosynthetic
including the spectrophotometer, (UV-Vis, Analytic
Jena, Germany) was used to detect and diagnose
found in Central laboratory, Collage of Science,
University of Mosul which used to detect and
diagnose silver nanoparticles prepared in a biological
way and determine the maximum absorbance peaks,
by placed the prepared nanoparticles solution in a
quartz cell, then the absorbance was measured at the
wavelength 350-550 nm. the results were recorded
for each sample measured.

Detection of active aggregates of biosynthesized
nanoparticles  using  Infrared  Spectroscopy
Technology (FTIR)

FTIR(Fourier transform infrared spectroscopy)
technology is one of the important techniques for
detecting the active groups present on the surface of
the plant extract, from which we can infer the
manufacture of nanocomposites. These active
receptors are among the main factors for the
biosynthesis of nanoparticle [22]. This examination
was conducted by measured the prepared samples in
the spectral range 450 — 40000 nm using an FTIR
device (BRUKER , American) located in the Central
laboratory, College of Science , University of Mosul.

Preparation of artificial AgNPs

Dissolve 1mM of artificial AgNPs (Sigma
Aldrich —UK,<100 nm) in 10 ml of distilled water
and add some drops of DiMethylsulfinylmethane
Methyl sulfoxide (DMSO) to enhance their
dissolution , put the solution on the magnetic shaker
(Hotplate Stirrer Lab Tech Lms1003, Korea) to
complete the dissolution process then add the
distilled water up to 100 ml to prepare the solution
for the examination by Scanning Electron
Microscope(SEM).
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Detecting the shape and size of biosynthesized
nanoparticles using a Scanning Electron Microscope
(SEM):

The examination was conducted for a sample of
biosynthesized silver nanoparticles using a scanning
electron microscope at the Casir Aladalah Company
, (CAC Center) for Laboratory Tests / Baghdad, by
placing Iml of the solution on a glass slide, Thin
films of the sample was prepared on a carbon coated
grid by just dropping a very small amount of the
sample (artificial and biosynthetic AgNPs) on the
grid, extra solution was removed using a blotting
paper and then the film on the SEM grid were
allowed to dry by putting it under a mercury lamp for
5 min. Then samples were examined at several
magnification levels to reveal the properties of these
manufactured nanoparticles.

Results and Discussion

After 2 hours of reaction between silver nitrate
AgNO3 solution and the aqueous tomato extract,
there was a change in colour, which is considered as
indicative of the formation of AgNPs from an
reduction reaction between aqueous extract of tomato
plants and AgNO3 solution at different dilutions with
formation different colour according the dilution
used (Fig.3)

In all reaction tubes, a yellow or orange colour
colloidal suspension was observed after two hour
from the reaction at 80C° in heating water bath
according the dilution used( Fig.4).Which confirms
that there has been an interaction between the active
nanocompounds present in the plant extract with
silver nitrate to cause the reduction process to occur
and form Ag-NPs [23]. Between the samples tubes
the results showed that the B sample (1:2 dilut)
(Fig.3-B) gave the best colour indication (dark
orange), after 2 hours of heating on the water bath.
This means there are a lot of the active aggregates in
this sample and the occurrence of the biosynthesis of
activated silver nanoparticles, as silver nitrate
reduced the silver present in the tomato extract which
due to the increasing the temperature led to increase
in the interaction between the free silver and the
silver present in the active groups of the tomato
extract, so a change in colour occurred (Fig.4) [24].

While the dilution sample put in the room
temperature don’t show any change in colour after
two hours of reaction due to of no reduction reaction
in this temperature, this is due to the non-availability
of the suitable temperature for the reaction( Fig.5-
A,B)[24].

The other dilutions of the other solution
concentration (ImM AgNO;) also gave the change in
colour also showed gradual changes in colour
according to the dilution used after the reaction
happened from yellow to pink or orange (Fig. 6). The
results of the study revealed the change in colour of

the dilution 1:1 (10 ml AgNO; + 10 ml tomato
extract) to pink colour (Fig.6-A,C) and change from
colourless to the pink colour, also at the same
concentration of AgNO3 the dilution (1: 2 ,10 ml
AgNO; solution + 20 ml tomato extract), the
increasing of the available temperature led to the
reduction reaction result from increases the
interaction between the free silver and the silver
present in the active groups of the tomato extract[
25], so a change in colour occurred from colourless
to orange ( Fig.6-B, D).

Detection the optical properties and structure of
silver nanoparticles

The absorbance values of biosynthesis AgNPs
solution were measured in the visible region of the
electromagnetic spectrum( 200-800 nm) using UV-
Visible  spectroscopy.  Spectroscopy  visible-
ultraviolet which are used to indicate the optical
properties of a sample so when light is passed
through the sample, the amount of light absorbed by
the sample is measured. Results show the differences
in the absorbance of different dilutions which have
been used (Fig.7) , the best result was given by the
concentration 2mM of silver nitrate at 1:2 ratio. The
dark orange discoloration is a characteristic data
showing the formation of AgNPs due to vibrations
on the plasma surface and the maximum peak value
at 263 nm with  absorbance 1.8963 and the
absorption data also support this fact (Fig.7-A).The
colour change as a result of mixing silver nitrate
solution with tomato extract is due to the plasmon
resonance peak, as it was examined by UV-vis at the
wavelength 200-800 nm, the results agreed with the
findings of Jagtap et al ., 2021 [26], who confirmed
that the absorption peak of silver nanoparticles that
were produced using tomato plant extract falls at a
wavelength between 260 - 800 nanometre. Also the
wavelengths result from the interaction of ultraviolet
radiation with the metal present in the solution, so
the electron moves from the low-energy state to the
higher-energy state, which produces surface plasmon
resonance, which gives an idea ofthe shape and size
of the metal oxide nanoparticles by giving a specific
wavelength [26].

The oval shape with its tip up and its base down
is evidence of the nanomaterial, which begins to
affect when exposed to visible ultraviolet radiation.
The visible bands observed in the nanocomposites of
the main compounds (tomato extract +  silver
nitrate)(Fig .7-B) clearly indicate the occurrence of
an interaction between the two components form a
stable nanocomposite [27].

Examination the active groups in the AgNPs solution
by Fourier-Transform Infrared Spectroscopy (FT-IR)

FTIR measurement were carried out to identify
the possible functional groups present in the
biomolecules found in tomato extract and in all the
reaction tubes also their role in the synthesis of
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AgNPs as the role of molecules as coating agents for
the biosynthesis of nanoparticles as phenol, alcohol,
carboxylic acid, alkaloids and terpenoids which are
responsible for reducing and stabilizing nanoparticles
[28].

The results showed the spectra of the biosynthetic
nanoparticles with absorption bands at 3331, 2109,
2116, 2111,2128, 2113, 2112, 1636, 1635 cm!
(Fig.8), so the band at 3331 nm is stretching band
and it is attributed to the vibration of the elastic bond
produced by water or alcohol, this package appears
(OH) at 2500- 3333cm’’ while the bands from (2109-
2112) are stretching low intensity bands and are
attributed to the bound C=C tri-bonds in nitriles
groups, these bands appear at a range between
(2140- 2100) cm' as for the packages (1635- 1636)
cm' the bands are attributed to compounds that
contain the bond C=C they are aband of medium
intensity and appear at a range between(1626- 1662)
cm’' | this result agrees with [29] (Table 1).

Characterization the biosynthetic AgNPs by
Scanning Electron Microscope( SEM) analysis

Scanning Electron Microscopy is the important
techniques used to examine the surface appearance of
nanomaterials and to photograph details, very small
topography on the surface and is applied in the field
of chemistry, biology and physics [30]. The results of
microscopic examinations(SEM) indicated the shape
of the two types of AgNPs : green synthetic AgNPs
from the tomato extract and the artificial type (Fig.9-
A,B) which gave the identical shape and size of the

two types .These results proved the success of the
biosynthetic method from plant extract which
represent the safer and faster methods to manufacture
the nanoparticles by using the extracts of plant
leaves, seeds, and others parts in preparing silver
nanoparticles [31].

Conclusion

One of the major tests of current nanotechnology
is to develop consistent experimental protocols for
the synthesis of nanoparticles for their specialized
properties. Compared to other green sources, plants
are developing as advantageous because the presence
of broad and variable bio-molecules in plants can act
as capping and reducing agents and thus increases
the rate of reduction and stabilization of
nanoparticles. Since plants differentiate in their
concentrations and combinations of organic reducing
agents, the source of the plant extract is known to
influence the characteristics and morphology of the
green synthesized nanoparticles.
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TABLE 1. Characteristic Infrared spectroscopy absorption of functional groups

Type of bond Wave number (cm™) Intensity
(carbo(;)-/filc acid) 2500- 3300 Strong, very broad
C=C 2140- 2100 Medium to weak
C=C 1662- 1626 Medium
mﬂ:“"‘:"‘;f::;.
p;:‘w-"'--“h‘:,':.‘?
e

AgNO54
Solution

eductases
=

Fig.1. Mechanism of AgNP Phytosynthesis by using concepts of metal reduction, AGNP photosynthesis andreduction

by reductases (20).
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Fig. 3. Reaction tubes before the reaction containing an aqueous tomato extract and AgNo3 solutions at different
dilutions:

A. 1:1 (10 ml AgNO 3 + 10 ml tomato extract)
B.1:2 (10 ml AgNO3 + 20 ml tomato extract)
C.1:2 (10 ml AgNO3 + 20 ml tomato extract)

Fig. 4. Reaction tubes after 2 hrs. of reaction containing aqueous tomato extract and AgNo3 solutions at different
dilutions :

A. 1:1 (10 ml AgNO 3 + 10 ml tomato extract)
B.1:2 (10 ml AgNO3 +20 ml tomato extract)
C.1:2 (10 ml AgNO3 +20 ml tomato extract)

Egypt. J. Vet. Sci.
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&
.
Fig. 5. Mixture of silver nitrate solution with aqueous tomato extract in all dilution putin room temperature before
reaction (A) and after reaction (B).

Fig. 6. Mixture of aqueous tomato extract and silver nitrate 1mM) A,C (1:1, 10 ml AgNO3+ 10 ml tomato
extract) before and after reaction and B,D (1: 2,10 ml AgNO3 + 20 ml tomato extract) before and after

reaction.
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Fig. 7. Visible absorbance curve of AgNPs biosynthesizedin 2 mM of AgNOj; at dilution in wave length ranging from
200 nm to 800 nm (A) and controls ( B) of :
I B1: aqueous tomato extract.
-BZ: aqueous tomato extract with AgNO3 solution.
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Fig. 8. FTIR spectra for the samples tested : A. Aqueous tomato extract, B. Mixture of silver nitrate solution at2.0
mM with tomato extract at 1:1 dilution, C. Mixture of silver nitrate at 2.0 mM solution with tomato extract at
1:2 dilution, D. Mixture of silver nitrate at 2.0 mM with tomato extract at 1:3 dilution, E. Mixture of silver
nitrate solution at 2.0 mM with tomato extract at 1:4, F. Mixture of silver nitrate solution at 2.0 mM with
tomato extract at 1:5.
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Fig. 9. Scanning Electron Microscope (S EM) analysis of artificial AGNPs (A) and biosynthetic AgNPs (B).

References

1.

Findik, F. Nanomaterials and their applications.
Periodicals of Engineering and Natural Sciences.,
9(3), PP.62-75. (2021).

Asha, A.B. and Narain, R. Nanomaterials properties.
In Polymer science and nanotechnology pp.343-359.
Elsevier. (2020).

Srivastava, S. and Bhargava, A.Green nanoparticles:
the future of nanobiotechnology. Berlin/Heidelberg,
Germany: Springer. PP. 352-1. (2022).

Tovar-Corona, A., Lobo-Sanchez, M.A., Herrera-
Perez, J.L., Zanella, R., Rodriguez-Mora, J.I. and
Véazquez-Cuchillo, O. Green synthesis of copper
nanoparticles with cyanidine-O-3-glucoside and its
strong antimicrobial activity. Materials Letters, 211,
266-269(2018).

Beyene, H.D., Werkneh, A.A., Bezabh, H.K. and
Ambaye, T.G. Synthesis paradigm and applications of
silver nanoparticles (AgNPs), a review. Sustainable
Materials and Technologies, 13, 18-23(2017).

Pandit, C., Roy, A., Ghotekar, S., Khusro, A., Islam,
M .N., Emran, T.B., Lam, S.E., Khandaker, M .U. and
Bradley, D.A. Biological agents for synthesis of
nanoparticles and their applications. Journal of King
Saud University-Science, 34(3), 101869 (2022).

Irshad, S., Riaz, M., Anjum, A.A., Sana, S., Saleem,
R.S.Z. and Shaukat, A. Biosynthesis of ZnO
nanoparticles  using Ocimum  basilicum and
determination of its antimicrobial activity. JAPS,
Journal of Animal and Plant Sciences, 30(1), 185-191
(2020).

Kumar, S., Basumatary, [.B., Sudhani, H.P., Bajpai,
VK., Chen, L., Shukla, S. and Mukherjee, A. Plant
extract mediated silver nanoparticles and their
applications as antimicrobials and in sustainable food
packaging: A state-of-the-art review. Trends in Food
Science & Technology, 112, 651-666 (2021).

Nanda, A., Nayak, B.K. and Krishnamoorthy, M.
Antimicrobial ~ properties of  biogenic  silver
nanoparticles synthesized from phylloplane fungus,

Egypt. J. Vet. Sci.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Aspergillus tamarii. Biocatalysis and Agricultural
Biotechnology, 16, 225-228(2018).

Sharma, D., Gulati, S.S., Sharma, N. and Chaudhary,
A. Sustainable synthesis of silver nanoparticles using

various biological sources and waste materials: A
review. Emergent Materials, 5(6), 1649-1678 (2022).

Saha, J., Begum, A., Mukherjee, A. and Kumar, S. A
novel green synthesis of silver nanoparticles and their
catalytic action in reduction of Methylene Blue dye.
Sustainable Environment Research, 27(5), 245-250
(2017).

Yahya, R.T. Morphological and physiological
response of Lupinus albus. plant tissues for treatment
to zinc oxide nanoparticles. College of Science,
University of Mosul, Iraq. (2020).

Nune, A., Iyengar, K. P., Goddard, C. and Ahmed,
A. E. Multisystem inflamMatory syndrome in an
adult following the SARS-CoV-2 vaccine (MIS-V).
BMJ Case Reports CP., 14(7), e243888 (2021).

Shafey, A. M. E. Green synthesis of metal and metal
oxide nanoparticles from plant leaf extracts and their
applications: A review. Green Processing and
Synthesis, 9(1), 304-339(2020).

Al-Jahani, G.M.A. M. Thymus vulgaris (thyme) as a
natural organic matter to biosynthesis silver
nanoparticles and their antibacterial efficiency.
International Journal of Pharmaceutical Research
and Allied Sciences, 10(1-2021),118-126 (2021).

Naseer, M., Aslam, U., Khalid, B. and Chen, B.
Green route to synthesize zinc oxilde nanoparticles
using leaf extracts of Cassia fistula and Melia
azadarach and their antibacterial potential. Scientific
Reports, 10(1), 9055 (2020).

Dinesh, D. C., Chalupska, D., Silhan, J., Koutna, E.,
Nencka, R., Veverka, V. and Boura, E. Structural
basis of RNA recognition by the SARS-CoV-2
nucleocapsid phosphoprotein. PLoS  Pathogens,
16(12), 1009100 (2020).

Wang, P., Casner, R. G., Nair, M. S, Wang, M., Yu,
J., Cerutti, G. and Ho, D. D. Increased resistance of


https://www.cabidigitallibrary.org/action/doSearch?do=JAPS%2C+Journal+of+Animal+and+Plant+Sciences
https://www.cabidigitallibrary.org/action/doSearch?do=JAPS%2C+Journal+of+Animal+and+Plant+Sciences

GREEN SYNTHESIS OF SILVER NANOPARTICLES AG-NPS USING TOMATO FRUIT ... 9

19.

20.

21.

22.

23.

24.

25.

SARS-CoV-2 variant P.1 to antibody neutralization.
Cell Host and Microbe, 29(5), 747-751 (2021).

Zia, M., Gul, S., Akhtar, J., Haq, I. U., Abbasi, B. H.,
Hussain, A.and Chaudhary, M. F. Green synthesis of
silver nanoparticles from grape and tomato juices and

evaluation of  biological activities. IET
Nanobiotechnology., 11(2), 193-199(2017).

Ahmad, H., Rajagopal, K. and Hussain S.A. The
Green route of Silver nanotechnology: Phytosynthesis
and applications. I/nt. J. Nano Dimens., 7 (2), 97-108.
(2016).

Arun, P., Shanmugaraju, V., Ramanujam, JR.,
Prabhu, S.S. and Kumaran, E. Original Research
Article Biosynthesis of Silver Nanoparticles from
Corynebacterium sp. and its antimicrobial activity.
Int. J. Curr. Microbiol. App. Sci., 2(3), 57-64 (2013).

Alnaddaf, L.M., Almuhammady, A.K., Salem, K.F.,
Alloosh, M.T., Saleh, M.M. and Al-Khayri, J.M.
Green synthesis of nanoparticles using different plant
extracts and their characterizations.

Nanobiotechnology: Mitigation of Abiotic Stress in
Plants. Springer Linke, pp.1173-1186 (2023).

Dilbar, S., Sher, H., Ali, H., Ullah, R., Ali, A. and
Ullah, Z. Antibacterial Efficacy of Green Synthesized
Silver Nanoparticles Using Salvia nubicola Extract
against Ralstonia solanacearum, the Causal Agent of
Vascular Wilt of Tomato. ACS Omega, 8(34), 31155-
31167. (2023).

Azarbani, F. and Shiravand, S. Green synthesis of
silver nanoparticles by Ferulago macrocarpa flowers
extract and their antibacterial, antifungal and toxic
effects. Green Chemistry Letters and Reviews, 13(1),
41-49 (2020).

Subhashini, G., Ruban, P. and Daniel, T. Biosynthesis
and characterization of magnetic (Fe3Os) iron oxide
nanoparticles from a red seaweed gracilaria edulis and

26.

27.

28.

29.

30.

31.

its antimicrobial activity. Int. J Adv. Sci. Res.
Manag., 3, 184-189. (2018).

Jagtap, S.P., Deshmukh, B.B. and Pardeshi, S.
Applications of compliant mechanism in today’s
world—A review. In Journal of physics: conference
series. Vol. 1969, No. 1, p. 012013. IOP Publishing.
(2021).

Muhamad, N., Plengsuriyakarn, T. and Na-
Bangchang, K. Application of active targeting
nanoparticle delivery system for chemotherapeutic
drugs and traditional/herbal medicines in cancer
therapy: a systematic review. International Journal of
Nanomedicine, 3921-3935(2018).

Al Naimi, A., Moore, P., Briiggmann, D., Krysa, L.,
Louwen, F. and Bahlmann, F. Ectopic pregnancy: a
single-center experience over ten years. Reproductive
Biology and Endocrinology, 19, 1-6 (2021).

Soni, V., Raizada, P., Singh, P., Cuong, H.N.,
Rangabhashiyam, S., Saini, A., Saini, R.V., Van Le,
Q., Nadda, AK. Le, T.T. and Nguyen, V.H.
Sustainable and green trends in using plant extracts
for the synthesis of biogenic metal nanoparticles
toward environmental and pharmaceutical advances:
A review. Environmental Research, 202, 111622
(2021).

Prakash, S., Elavarasan, N., Venkatesan, A.,
Subashini, K., Sowndharya, M. and Sujatha, V. Green
synthesis of copper oxide nanoparticles and its
effective applications in Biginelli reaction, BTB
photodegradation and antibacterial activity. Advanced
Powder Technology, 29(12), 3315-3326(2018).

Ribeiro, J.J.K., da Silva Porto, P.S., Pereira, R.D. and
Muniz, E.P. Green synthesis of nanomaterials: most
cited papers and research trends. Research, Society
and Development, 9(1), €54911593-e54911593.
(2020).

Egypt. J. Vet. Sci.



10 SAHAR, M. MANSUR et al.

ahlakll jlai (aliiee aladialy 4e0l Addl) 3B padY) adail)
e sl y Solanum lycopersicum

Pan bl g osaiead e

_é\)ﬂ\cwﬂ\a&n\;ceﬂ\%ﬁcﬁw\e}kﬂl
Bl ¢ Jm ) dln ¢ asbel) 2S¢ Al el 5l a2

oadld)

44y 5l odg] Aumitiall LK Capy cpbladall Sl Galiive (ge dy sl diadll 38 (5 gall gl el Al )l el
058 2l 0.251.0 38 5% Azl il il Al Jslaall 7 5e - e A ol Al iy ha juiast &3 dall g sall Lol 5
Aadll il 55 J sl 10) 1:2 s vie o5 080 (e 2.0 5  (hels ¢ Laghe IS Ba2me aflay 5 pllalall HLS aliin
83 sall Auzmill J A1 e 555eS S N ol ) seday Agl AN sl (ablelall Ll il Galiiadl 20
el 3 g ANV (o A a0 Bl pa Ao die 5 paall Aipedl ek ol AGNPs 3y silill Lzl iy o 5S35 alalaball (aliiin
Al G g &5 e s JIFRYI Jeli & paa

dagi Jundl el 5 (UV)eadid) (558 el idall Jiaill aladiady L gn daiuaal) 3y i) &l 336 e i€ o5
sl die iniall b el I (pa 1:2 il 5 Anll ol 55 sl (0 058 e 2 S die sl 5 Lgie i)
liiadl) 8 pesall (MY I jial) e el Jlaadl () B sl o) €1.8963 dpabaiol i sl 263 a5l
A LS Al sl b e Basagally i sl 280- 250 o a8 D e B cpiy 89,3 (I aan AdlAD 3 sl
3 dexdiaddl 3050 0S8 Aladl) puelaal) 35n s J edy @3 FTIR JWia) aladiuly § jumsa) 4500 Gla) e Caig)
e 2.0 S ety L an 3000-1600 O @l pabiaial Lash ae g Aaieaal) sl Gl Caida o gilin) <kl
Cada vie "an 3331 @il 3 H=0 dal ) die culS el alanall daii Judadl 112 il sie Rl 53 o0 050
O ) Wl il o) oLl A 5] 5155V 58 Cannns g o Bl g5 B A all o3 ilS T 2500 - 3300 2353
laial 5 Ll & e il 3 (SEM Yoesbadl (55 58N jeaall ciliasnd Aot s AgNPs 5 uiaaall duzill 4 5l 538N ana

el B 1l Al 318 e Lol Lpana B

Al Al 3083 ¢ umdY) giaaill ¢ il L LSS ¢ Al e AN cialg)

Egypt. J. Vet. Sci.



