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Since last decades, silver or its salt related materials applied as antimicrobial agents, water purification in clinics,
in burn dressing. In addition, unique characters of AgNPs have leads to several study such as applications in
engineering, nanomedicine, bio-based materials, clean energy, and food industry. Silver based compounds are more
cost effective than other metal nanoparticles. Silver nanoparticles (AgNPs) has been documented as a widely used
as antimicrobial agent for decades. AgNPs shown outstanding capacity in a various type of biological applications
including antibacterial, antifungal, anti-parasites, anticancer etc. There are several methods for the synthesis of
AgNPs such as physical, chemical and biological method. In physical and chemical methods production of unwanted
hazardous by-product, use of high energy and problem in stability. Biological mode of synthesis is popular and
advantageous over other methods. Therefore, there is urgent requirement for greener methods of preparation of
AgNPs are gaining attention day by day. The main objective of greener synthesis of AgNPs is to decrease toxic
by-products. In addition, these greener methods are cost-effective and in the abundance of reducing raw agents.
In order to control the shape and size of AgNPs synthesis routes should be carried out in controlled ambient
temperature and under near physiological pH. One of the major application of AgNPs is antimicrobial properties
including antibacterial activity against multi-drug resistant bacteria and antifungal. This review dedicates a brief
outline of the research on green synthesis of AgNPs and the impact of the protocols on their shape, size and
morphology and its antimicrobial properties.

SILVER NANOPARTICLES, GREEN SYNTHESIS, ANTIBACTERIAL, ANTIFUNGAL PROPERTIES.

In the scientific community, nanotechnology field shown
very significant role in modern research area which are
dealing with engineering and manipulation of structure
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of particles at nanoscale which size ranges from 1 to 100
nm (Sanchez et al., 2010). At nano scale the properties
of nanostructures such as physiochemical and biological
transformations in unique ways when compared with
their corresponding bulk (Baer et al., 2010). Preparation
of nanoparticles can be carried out by either physical,
chemical or biological methods (Rycenga et al., 2011).
But synthesis of nanoparticles using biological inspired
methods are more easy and fruitful as compared to others
(Raghunandan et al., 2010, Bahadur et al., 2011).

Applications of nanomaterial’s are depending on various
size, shape, uniformity, composition and topography
(Chen et al., 2013). Using of nanoparticles in diverse
areas including electronics (Rubilar et al., 2013), fashion
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industry (Sonkaria et al., 2012), biomedical (Mishra et
al., 2013, Ravindran et al., 2013), drug or gene delivery
(Sripriya et al., 2013), sustainable environment (Hebbalalu
et al., 2013), biomechanics (Subbiah et al., 2013), optics
and lenses (Austin et al., 2014), biochemical and chemical
manufacturing (Borase et al., 2014, Rajkumar et al.,
2016), catalysis (Kéastner et al., 2016), florescence (Anfossi
et al., 2018), and photo-electrochemical (Guitoume et al.,
2018, Sharma et al., 2019).

The nanoparticles can be applied in diverse areas for
different purposes, but the AgNPs believed as the most
encouraging nanostructures due to advent of significant
antibacterial properties (Kotcherlakota et al., 2019, Ravi
et al., 2019). AgNPs are more potentially antimicrobial
because of their large surface area to volume ratio when
compared to bulk silver metal (Fahimirad et al., 2019).
AgNPs are also gain interest in scientific community due
to the growing concern regarding increase in antibiotics
resistance against several microbial strains (Menazea
et al., 2020, Salleh et al., 2020). For nanomedicine
applications such as in wound dressings, topical creams
for burning case etc. AgNPs showed biocidal effect
against several types of microorganisms (Garibo et al.,
2020).

Biosynthesis of AgNPs: Biosynthesis of AgNPs using
plants: For the first time AgNPs were synthesized
using alfalfa sprouts i.e. using a living plant system
(Marchiol et al., 2014). When biosynthesis of AgNPs
using plant is compared to microorganisms including
bacteria and fungi, plants looks better option. Plant/plant
parts extracts are able to generate AgNPs very rapidly
(Chokriwal et al., 2015). By the virtue of simplicity, easy
to handle and readily availability, biosynthesis of AgNPs
was maximum achieved using plants (Khatami et al.,
2016). Judicious selection of the plant extract, and the
major exceptional affecting surrounding parameters are
the concentration of the plant extract and metal salt, the
temperature, the pH, and the incubation time (Anjum et
al.,2016). By controlling the synthesis parameters, desired
shape and size of AgNPs can be achieved. Plant parts
such as fresh or dried leaves, roots, latex, gum, bark,
stem, and seeds are being used for nanoparticle synthesis.
Schematic representation of synthesis of AgNPs using
plant extract is demonstrated by Figure 1.

Figure 1: Illustration of biosynthesis of AgNPs using
plant extract
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Plant extract contains active biomolecules leads to
reduction and stabilization process during synthesis

process of AgNPs (Rajeshkumar et al., 2017). Active
biomolecules including phenolics, polysaccharides,
flavonoids, alkaloids, proteins, enzymes, and amino
acids. The phytochemicals such as flavonoids and
phenols have exceptional capability to reduce AgNPs,
which inhibits agglomeration (Selvan et al., 2018).
Mishra et al., (2013), shown biosynthesis of AgNPs using
neem leaf extract and TEM observation showed size of
nanoparticles ranges from 2-8 nm. Further, AGNPs was
characterized by several standard techniques such as
Surface Plasmon Resonance Spectra, Fourier Transform
Infrared Spectroscopy (FTIR), Circular Dichroism
(CD), Dynamic Light Spectroscopy (DLS), and Surface
Tunneling Microscopy (STM). Ashoka leaf extract was
also used for synthesis of AgNPs. This AgNPs was used as
antiplasmodial agent (Mohammadi et al., 2019). Recently,
enhanced antibacterial properties shown by ultrasonic-
assisted green synthesis of AgNPs using Mentha aquatica
leaf extract (Nouri et al., 2020). Another paper shown by
Uddin et al., (2020) showed Cocos nucifera leaf extract
mediated preparation of AgNPs (14.2 nm) for enhanced
antibacterial activity. Table I. shows plant extract
mediated synthesis of AgNPs.

Antimicrobial activity of plant mediated AgNPs: AgNPs
has been extensively used across the scientific world for
several applications. Ag+ is a famous antimicrobial agent
which has been used against approx. 650 microorganisms
including bacteria, fungi or viruses (Boateng et al.,
2020). It was observed that AgNPs has the outstanding
antibacterial activity and is minimum toxic to animal or
human cells. Anticipated mechanism of AgNPs against
bacteria is described in Figure 2.

Figure 2: Illustration of antibacterial activity of A--gNPs
(Vega-Jiménez et al., 2019)
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Antibacterial activity of AgNPs: Few research papers
describing the electrostatic attraction between +ve
charged AgNPs and -ve charged bacterial cells. AgNPs
may gathered inside the plasma membrane of bacterial
cells leads to damage cell wall or membranes (Erol et al.,
2020). It is speculated that Ag atoms may bind to thiol
groups (-SH) of protein/enzymes and thus forming stable
bonds. Binding of silver atoms with —-SH group causes
the deactivation of proteins/enzymes in the cytosol or
biological.

2 3 61 PREPARATION OF SILVER NANOPARTICLES

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Kaul et al.,

Table 1. Use of Silver (Ag) NPs as an Antibacterial agent

S.N. Method Size of Name of Ref.
of Silver (Ag) Bacteria
Synthesis Nanoparticle (nm)
1 Gum kondagogu 18.9-55.0 Staphylococcus aureus Kora et al., 2010
E. coli
Pseudomonas aeruginosa
2 Acalypha indica Leaf 20-30 E. coli Krishnaraj et al., 2010
Vibrio cholerae
3 Carob Leaf Extract 5-40 E. coli Awwad et al., 2013
Mango Peel Extract 7-27 E. coli Yang et al. 2013
S. aureus
B. subtilis
5 | Artocarpus heterophyllus Lam. 10.7 Bacillus cereus Jagtap et al.,2013

Bacillus subtilis
Pseudomonas aeruginosa

6 Coffea arabica seed extract 20-30 E. coli Dhand et al., 2016
S. aureus
7 Medicinal plant leaf extract 10-18 E. coli Jain et al., 2017
8 Thymus kotschyanus extract 50-60 E. coli Hamelian et al., 2018
P. aeruginosa
S. aureus
B. subtilis
9 Berberis vulgaris 30-70 E. coli, S. aureus Behravan et al., 2019
10 Lysiloma acapulcensis 5 E. coli Garibo et al., 2020
S. aureus

P. aeruginosa

Table 2. Use of Silver (Ag) NPs as an Antifungal agent

S.N. Method Size of Silver (Ag) Name of Fungi Ref.
of Synthesis Nanoparticle (nm)
1 Croton sparsiflorus morong 22-52 Mucor Sp Kathiravan et al., 2015
Tricoderma sp

Aspergillus nigar

2 Mentha pulegium - Candida albicans Abd Kelkawi et al., 2016

3 Pelargonium/Geranium leaf extract 29 Aspergillus flavus Mohammadlou et al., 2017
Aspergillus terreus

4 Grass waste 15 F. solani Khatami et al., 2018

R. solani

5 Starch - ERG11 Prasher et al., 2018

6 Rosa canina 13-21 Candida albicans Gulbagca et al., 2019

7 Citrus limetta peel extract 18 Candida species Dutta et al., 2020

8 Ferulago macrocarpa flowers extract 14-25 Candida albicans Azarbani et al., 2020

9 Teucrium polium L. 10 -100 F. oxysporum. Ghojavand et al., 2020

10 Phyllanthus urinaria, 26.7 Aspergillus niger Nguyen et al., 2020

Pouzolzia zeylanica, and Aspergillus flavus
Scoparia dulcis Leaf Extracts Fusarium oxysporum

Membrane which cause inhibition of physiological shows different plant mediated synthesis of AgNPs
processes such as trans membrane ATP production and its antibacterial application in different strains of
and ion transport (Makvandi et al., 2020) Table I.  bacteria.
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Antifungal activity of AgNPs: Due to the regular increase
of drug resistance in clinical strains of fungi, the
researchers’ communities and pharmaceutical companies
are exploring for novel antifungal agents such as AgNPs
(Varier et al., 2019) Plant extract derived AgNPs showed
higher antifungal activities clinical fungal pathogens
when compared with the presently available antifungal
drugs. Antifungal properties of AgNPs was tabulated
in Table IL

CONCLUSION

Cleaner production of AgNPs using green chemistry
route is demanding to improve and maintain sustainable
environment. Advantages of fabrication of AgNPs
including cost effective, easy to synthesis at large scale,
taking lesser time as compared to other processes.
Synthesis of AgNPs using plants could be beneficial
over other biological based materials. As a matter of
fact, identification and characterization of biomolecules
from plant extract which are solely responsible for
synthesis and stabilization of AgNPs will be the crucial
to overcome the problems. Biosynthesized AgNPs shows
excellent antibacterial and antifungal activity. The
biocidal activity of AgNPs against pathogenic bacteria
and fungi with minimum toxic effects on normal cells
could open a new avenue of research in the nanomedicine
area.

ACKNOWLEDGEMENTS

Authors are thankful to Department of Chemistry, Sri
Aurobindo College, University of Delhi and Jawaharlal
Nehru University, New Delhi India for providing the
facilities. We are also thankful to Mr. Shubhankar Singh
for helping us in the image preparation.

REFERENCES
Abd Kelkawi, A. H., Kajani, A. A., & Bordbar, A.
K. (2016). Green synthesis of silver nanoparticles
using Mentha pulegium and investigation of their
antibacterial, antifungal and anticancer activity. IET
nanobiotechnology, 11(4), 370-376.
Anfossi, L., Di Nardo, F., Cavalera, S., Giovannoli, C.,
Spano, G., Speranskaya, E. S., Baggiani, C. (2018).
A lateral flow immunoassay for straightforward
determination of fumonisin mycotoxins based on the
quenching of the fluorescence of CdSe/ZnS quantum
dots by gold and silver nanoparticles. Microchimica
Acta, 185(2), 94.
Anjum, S., Abbasi, B. H., Shinwari, Z. K. (2016). Plant-
mediated green synthesis of silver nanoparticles for
biomedical applications: challenges and opportunities.
Pak. J. Bot, 48(4), 1731-1760.
Austin, L. A., Mackey, M. A., Dreaden, E. C., & EI-
Sayed, M. A. (2014). The optical, photothermal, and
facile surface chemical properties of gold and silver
nanoparticles in biodiagnostics, therapy, and drug
delivery. Archives of toxicology, 88(7), 1391-1417.
Awwad, A. M., Salem, N. M., & Abdeen, A. 0. (2013).

Green synthesis of silver nanoparticles using carob
leaf extract and its antibacterial activity. International
Journal of Industrial chemistry, 4(1), 29.

Azarbani, F., Shiravand, S. (2020). 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.

Bahadur, N. M., Furusawa, T., Sato, M., Kurayama, F.,
Siddiquey, 1. A., & Suzuki, N. (2011). Fast and facile
synthesis of silica coated silver nanoparticles by
microwave irradiation. Journal of colloid and interface
science, 355(2), 312-320.

Baer, D. R., & Engelhard, M. H. (2010). XPS analysis of
nanostructured materials and biological surfaces. Journal
of Electron Spectroscopy and Related Phenomena, 178,
415-432.

Behravan, M., Panahi, A. H., Naghizadeh, A., Ziaee,
M., Mahdavi, R., & Mirzapour, A. (2019). Facile
green synthesis of silver nanoparticles using Berberis
vulgaris leaf and root aqueous extract and its
antibacterial activity. International Journal of Biological
macromolecules, 124, 148-154.

Boateng, J., Catanzano, 0. (2020). Silver and silver
nanoparticle-based antimicrobial dressings. Therapeutic
Dressings and Wound Healing Applications, 157-184.
Borase, H. P., Salunke, B. K., Salunkhe, R. B., Patil, C.
D., Hallsworth, J. E., Kim, B. S., & Patil, S. V. (2014).
Plant extract: a promising biomatrix for ecofriendly,
controlled synthesis of silver nanoparticles. Applied
biochemistry and biotechnology, 173(1), 1-29.

Chen, A., Chatterjee, S. (2013). Nanomaterials based
electrochemical sensors for biomedical applications.
Chemical Society Reviews, 42(12), 5425-5438.
Chokriwal, A., Sharma, M. M., Singh, A. (2015).
Green nanoparticle synthesis and their applications.
International Journal of Pharmacognosy, 2(3), 110-
115.

Dhand, V., Soumya, L., Bharadwaj, S., Chakra, S.,
Bhatt, D., & Sreedhar, B. (2016). Green synthesis of
silver nanoparticles using Coffea arabica seed extract
and its antibacterial activity. Materials Science and
Engineering: C, 58, 36-43.

Dutta, T., Ghosh, N. N., Das, M., Adhikary, R., Mandal,
V., & Chattopadhyay, A. P. (2020). Green synthesis
of antibacterial and antifungal silver nanoparticles
using Citrus limetta peel extract: Experimental and
Theoretical studies. Journal of Environmental Chemical
Engineering, 104019.

Erol, K., Bolat, M., Tatar, D., Nigiz, C., Kose, D. A. (2020).
Synthesis, characterization and antibacterial application
of silver nanoparticle embedded composite cryogels.
Journal of Molecular Structure, 1200, 127060.
Fahimirad, S., Ajalloueian, F., Ghorbanpour, M.
(2019). Synthesis and therapeutic potential of silver
nanomaterials derived from plant extracts. Ecotoxicology
and environmental safety, 168, 260-278.

23 63 PREPARATION OF SILVER NANOPARTICLES

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Garibo, D., Borbon-Nuriez, H. A., de Leon, J. N. D.,
Mendoza, E. G., Estrada, I., Toledano-Magaiia, Y.,
Rodriguez, J. A. (2020). Green synthesis of silver
nanoparticles using Lysiloma acapulcensis exhibit high-
antimicrobial activity. Scientific reports, 10(1), 1-11.
Ghojavand, S., Madani, M., & Karimi, J. (2020). Green
synthesis, characterization and antifungal activity of
silver nanoparticles using stems and flowers of felty
germander. Journal of Inorganic and Organometallic
Polymers and Materials, 1-11.

Guitoume, D., Achour, S., Sobti, N., Boudissa, M.,
Souami, N., & Messaoudi, Y. (2018). Structural, optical
and photoelectrochemical properties of TiO2 films
decorated with plasmonic silver nanoparticles. Optik,
154, 182-191.

Gulbagca, F., Ozdemir, S., Gulcan, M., & Sen, F.
(2019). Synthesis and characterization of Rosa canina-
mediated biogenic silver nanoparticles for anti-oxidant,
antibacterial, antifungal, and DNA cleavage activities.
Heliyon, 5(12), €02980.

Hamelian, M., Zangeneh, M. M., Amisama, A.,
Varmira, K., & Veisi, H. (2018). Green synthesis of
silver nanoparticles using Thymus kotschyanus extract
and evaluation of their antioxidant, antibacterial and
cytotoxic effects. Applied Organometallic Chemistry,
32(9), e4458.

Hebbalalu, D., Lalley, J., Nadagouda, M. N., & Varma,
R. S. (2013). Greener techniques for the synthesis of
silver nanoparticles using plant extracts, enzymes,
bacteria, biodegradable polymers, and microwaves. ACS
Sustainable Chemistry & Engineering, 1(7), 703-712.
Jagtap, U. B, & Bapat, V. A. (2013). Green synthesis
of silver nanoparticles using Artocarpus heterophyllus
Lam. seed extract and its antibacterial activity. Industrial
crops and products, 46, 132-137.

Jain, S., Mehata, M. S. (2017). Medicinal plant leaf
extract and pure flavonoid mediated green synthesis
of silver nanoparticles and their enhanced antibacterial
property. Scientific reports, 7(1), 1-13.

Kastner, C., Thunemann, A. F. (2016). Catalytic reduction
of 4-nitrophenol using silver nanoparticles with
adjustable activity. Langmuir, 32(29), 7383-7391.
Kathiravan, V., Ravi, S., Ashokkumar, S., Velmurugan, S.,
Elumalai, K., & Khatiwada, C. P. (2015). Green synthesis
of silver nanoparticles using Croton sparsiflorus morong
leaf extract and their antibacterial and antifungal
activities. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 139, 200-205.

Khatami, M., Nejad, M. S., Salari, S., Almani, P. G.
N. (2016). Plant-mediated In correct style use correct
green synthesis of silver nanoparticles using Trifolium
resupinatum seed exudate and their antifungal efficacy
on Neofusicoccum parvum and Rhizoctonia solani. IET
nanobiotechnology, 10(4), 237-243.

Khatami, M., Sharifi, I., Nobre, M. A., Zafarnia, N., &
Aflatoonian, M. R. (2018). Waste-grass-mediated green
synthesis of silver nanoparticles and evaluation of their

anticancer, antifungal and antibacterial activity. Green
Chemistry Letters and Reviews, 11(2), 125-134.
Kotcherlakota, R., Das, S., Patra, C. R. (2019). Therapeutic
applications of green-synthesized silver nanoparticles.
In Green Synthesis, Characterization and Applications
of Nanoparticles (pp. 389-428). Elsevier.

Kora, A. J., Sashidhar, R. B.,Arunachalam, J. (2010).
Gum kondagogu (Cochlospermum gossypium): a
template for the green synthesis and stabilization of
silver nanoparticles with antibacterial application.
Carbohydrate Polymers, 82(3), 670-679.

Krishnaraj, C., Jagan, E. G., Rajasekar, S., Selvakumar,
P., Kalaichelvan, P. T., & Mohan, N. J. C. S. B. B. (2010).
Synthesis of silver nanoparticles using Acalypha indica
leaf extracts and its antibacterial activity against water
borne pathogens. Colloids and Surfaces B: Biointerfaces,
76(1), 50-56.

Makvandi, P., Wang, C. Y., Zare, E. N., Borzacchiello, A.,
Niu, L. N., Tay, F. R. (2020). Metal-based nanomaterials
in biomedical applications: Antimicrobial activity and
cytotoxicity aspects. Advanced Functional Materials,
1910021.

Marchiol, L., Mattiello, A., Posi, F., Giordano, C., Musetti,
R. (2014). In vivo synthesis of nanomaterials in plants:
location of silver nanoparticles and plant metabolism.
Nanoscale research letters, 9(1), 101.

Menazea, A. A. (2020). Femtosecond laser ablation-
assisted synthesis of silver nanoparticles in organic
and inorganic liquids medium and their antibacterial
efficiency. Radiation Physics and Chemistry, 168,
108616.

Mishra, A., Kaushik, N. K., Sardar, M., Sahal, D.
(2013). Evaluation of antiplasmodial activity of green
synthesized silver nanoparticles. Colloids and Surfaces
B: Biointerfaces, 111, 713-718.

Mohammadi, F., Yousefi, M., Ghahremanzadeh, R. (2019).
Green synthesis, characterization and antimicrobial
activity of silver nanoparticles (AgNPs) using leaves
and stems extract of some plants. Advanced Journal
of Chemistry-Section A (Theoretical, Engineering and
Applied Chemistry), 2(4, pp. 266-385), 266-275.
Mohammadlou, M., Jafarizadeh-Malmiri, H., &
Maghsoudi, H. (2017). Hydrothermal green synthesis
of silver nanoparticles using Pelargonium geranium
leaf extract and evaluation of their antifungal activity.
Green Processing and Synthesis, 6(1), 31-42.

Nouri, A., Yaraki, M. T., Lajevardi, A., Rezaei, Z.,
Ghorbanpour, M., Tanzifi, M. (2020). Ultrasonic-
assisted green synthesis of silver nanoparticles using
Mentha aquatica leaf extract for enhanced antibacterial
properties and catalytic activity. Colloid and Interface
Science Communications, 35, 100252.

Nguyen, D. H., Lee, J. S., Park, K. D., Ching, Y. C,,
Nguyen, X. T., Phan, V. H.,, & Hoang Thi, T. T. (2020).
Green Silver Nanoparticles Formed by Phyllanthus
urinaria, Pouzolzia zeylanica, and Scoparia dulcis Leaf
Extracts and the Antifungal Activity. Nanomaterials,

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

PREPARATION OF SILVER NANOPARTICLES 23 64



10(3), 542.

Prasher, P., Singh, M., & Mudila, H. (2018). Green
synthesis of silver nanoparticles and their antifungal
properties. BioNanoScience, 8(1), 254-263.
Raghunandan, D., Bedre, M. D., Basavaraja, S., Sawle,
B., Manjunath, S. Y., & Venkataraman, A. (2010). Rapid
biosynthesis of irregular shaped gold nanoparticles
from macerated aqueous extracellular dried clove buds
(Syzygium aromaticum) solution. Colloids and Surfaces
B: Biointerfaces, 79(1), 235-240.

Rajkumar, K. S., Kanipandian, N., Thirumurugan,
R. (2016). Toxicity assessment on haemotology,
biochemical and histopathological alterations of silver
nanoparticles-exposed freshwater fish Labeo rohita.
Applied Nanoscience, 6(1), 19-29.

Rajeshkumar, S., Bharath, L. V. (2017). Mechanism of
plant-mediated synthesis of silver nanoparticles-a
review on biomolecules involved, characterisation and
antibacterial activity. Chemico-biological interactions,
273, 219-227.

Ravi, R., Igbal, S., Ghosal, A., Ahmad, S. (2019). Novel
mesoporous trimetallic strontium magnesium ferrite
(Sr0. 3Mg0. 7Fe204) nanocubes: A selective and
recoverable magnetic nanoadsorbent for Congo red.
Journal of Alloys and Compounds, 791, 336-347.
Ravindran, A., Chandran, P., & Khan, S. S. (2013).
Biofunctionalized silver nanoparticles: advances and
prospects. Colloids and Surfaces B: Biointerfaces, 105,
342-352.

Rubilar, 0., Rai, M., Tortella, G., Diez, M. C., Seabra, A.
B., Duran, N. (2013). Biogenic nanoparticles: copper,
copper oxides, copper sulphides, complex copper
nanostructures and their applications. Biotechnology
letters, 35(9), 1365-1375.

Rycenga, M., Cobley, C. M., Zeng, J., Li, W,, Moran, C.
H., Zhang, Q., Xia, Y. (2011). Controlling the synthesis
and assembly of silver nanostructures for plasmonic
applications. Chemical reviews, 111(6), 3669-3712.
Salleh, A., Naomi, R., Utami, N. D., Mohammad, A.
W., Mahmoudi, E., Mustafa, N., Fauzi, M. B. (2020).
The Potential of Silver Nanoparticles for Antiviral and
Antibacterial Applications: A Mechanism of Action.
Nanomaterials, 10(8), 1566.

Sanchez, F., Sobolev, K. (2010). Nanotechnology in
concrete-a review. Construction and building materials,
24(11), 2060-2071.

Selvan, D. A., Mahendiran, D., Kumar, R. S., Rahiman,
A. K. (2018). Garlic, green tea and turmeric extracts-

mediated green synthesis of silver nanoparticles:
Phytochemical, antioxidant and in vitro cytotoxicity
studies. Journal of Photochemistry and Photobiology
B: Biology, 180, 243-252.

Sharma, S., Kumar, D., Khare, N. (2019). Plasmonic
Ag nanoparticles decorated Bi2S3 nanorods and
nanoflowers: their comparative assessment for
photoelectrochemical water splitting. International
Journal of Hydrogen Energy, 44(7), 3538-3552.
Sonkaria, S., Ahn, S. H., Khare, V. (2012). Nanotechnology
and its impact on food and nutrition: a review. Recent
patents on food, nutrition & agriculture, 4(1), 8-18.
Sripriya, J., Anandhakumar, S., Achiraman, S., Antony,
J. J., Siva, D., & Raichur, A. M. (2013). Laser receptive
polyelectrolyte thin films doped with biosynthesized
silver nanoparticles for antibacterial coatings and
drug delivery applications. International journal of
pharmaceutics, 457(1), 206-213.

Subbiah, R., Ramasundaram, S., Du, P., Hyojin, K., Sung,
D., Park, K., Choi, K. J. (2013). Evaluation of cytotoxicity,
biophysics and biomechanics of cells treated with
functionalized hybrid nanomaterials. Journal of the
Royal Society Interface, 10(88), 20130694.

Uddin, A. R., Siddique, M. A. B., Rahman, F., Ullah,
A. A., Khan, R. (2020). Cocos nucifera Leaf Extract
Mediated Green Synthesis of Silver Nanoparticles for
Enhanced Antibacterial Activity. Journal of Inorganic
and Organometallic Polymers and Materials, 1-12.
Varier, K. M., Gudeppu, M., Chinnasamy, A., Thangarajan,
S., Balasubramanian, J., Li, Y., Gajendran, B. (2019).
Nanoparticles: antimicrobial applications and its
prospects. In Advanced nanostructured materials for
environmental remediation (pp. 321-355). Springer,
Cham.

Xiu, Z. M., Zhang, Q. B., Puppala, H. L., Colvin, V.
L., Alvarez, P. J. (2012). Negligible particle-specific
antibacterial activity of silver nanoparticles. Nano
letters, 12(8), 4271-4275.?

Yang, N., Li, W. H. (2013). Mango peel extract mediated
novel route for synthesis of silver nanoparticles and
antibacterial application of silver nanoparticles loaded
onto non-woven fabrics. Industrial Crops and Products,
48, 81-88.

Vega-Jiménez, A. L., Vazquez-Olmos, A. R., Acosta-Gio,
E., & Alvarez-Pérez, M. A. (2019). In vitro antimicrobial
activity evaluation of metal oxide nanoparticles.
In Nanoemulsions-properties, fabrications and
applications. IntechOpen.

23 65 PREPARATION OF SILVER NANOPARTICLES

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



