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ABSTRACT

The properties of silver nanoparticles are attractive and beneficial to the aquaculture industry. The major
methods used for silver nanoparticle synthesis are the physical and chemical methods. The problem with the
chemical and physical methods is that the synthesis is expensive and can also have toxic substances absorbed
onto them. To overcome this, the biological method provides a feasible alternative. The major biological
systems involved in this are bacteria, fungi, and plant extracts. The major applications of silver nanoparticles in
the aquaculture include diagnostic applications and therapeutic applications. In most immunostimulator and
antimicrobial property of silver nanoparticles that is being majorly explored. In addition to this silver
nanaoparticles may be explored for fish packaging, in prevention of biofouling, DNA nano vaccines and DNA
biosensor. This review provides a comprehensive view on the production, applications of silver nanoparticles in

the aquaculture industry.

Key words: silver nanoparticles; aquaculture; biofouling; immunostimulation.

INTRODUCTION

Nanoparticle having one or more dimensions of the
order of 100nm or less- have attracted considerable
attraction due to their unusual and fascinating
properties, with various applications, over their
bulk counterparts (Daniel et al., 2004, Kato, 2011).
Nanoparticles are seen as solutions to many
technological and environmental challenges.
Various metals have been used for the synthesis of
stable dispersions of nanoparticles, which are
useful in the areas of photography, catalysis,
biological labeling, photonics, optoelectronics and
surface enhanced Raman scattering (SERS)
detection (Dahl et al., 2007). The term
Nanotechnology was coined by Professor Norio
Taniguchi of Tokyo Science University in the year
1974. Nanoparticles can be broadly grouped into
two, namely, organic nanoparticles which include
carbon nanoparticles (fullerness) while, some of the
inorganic  nanoparticles  include  magnetic
nanoparticles, noble metal nanoparticles (like gold

and silver) and semi-conductor nanoparticles (like
titanium oxide and zinc oxide). There is a growing
interest in inorganic biomass i.e of noble metal
nanoparticles (Gold and silver) as they provide
superior material properties and functional
versatility. Metallic nanoparticles are most
promising and remarkable biomedical agents. The
most effectively studied nanoparticles today are
those made from noble metals in particular Ag, Pt,
Au and Pd. Among the above four, silver
nanoparticles play a significant role in the field of
biology and medicine.

SILVER NANOPARTICLES

Silver (Ag) Nanoparticles are mostly used in
application research in nanotechnology. The
medical properties of silver have been known for
over 2,000 years. Since the nineteenth century,
silver-based compounds have been used in many
antimicrobial applications. It is a well-known fact
that silver ions and silver-based compounds are
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highly toxic to microorganisms which include 16
major species of bacteria (Zhao et al., 1998, Sondi
et al., 2004). This aspect of silver makes it an
excellent choice for multiple roles in the medical
field. Silver ions are used in the formulation of
dental resin composites; in coatings of medical
devices; as a bactericidal coating in water filters; as
an antimicrobial agent in air sanitizer sprays,
pillows, respirators, socks, wet wipes, detergents,
soaps, shampoos, toothpastes, washing machines,
and many other consumer products; as bone
cement; and in many wound dressings to name a
few.

Properties of silver nanoparticles: Silver
nanoparticles have diverse properties like catalysis,
magnetic and optical polarizability, electrical
conductivity, and microbial activity and enhanced
Raman scattering. Silver NPs have unique optical
properties because they support surface plasmons.
At specific wavelengths of light the surface
plasmons are driven into resonance and the AgNPs
have a distinct color that is a function of their size,
shape and environment (Noguez 2007). The
plasmons resonance of AgNPs is responsible for
yellow color in solution. Any visible change to the
NPs in solution typically indicates that the
aggregation of the nanoparticles has changed
(Pietrobon and Kitaev, 2008). The wavelength of
silver nanoparticles is 430nm and is an evidence
for the formation of silver nanoparticles (Foldbjerg
et al, 2009). Silver nanoparticles are
extraordinarily efficient at absorbing and scattering
light and, many dyes and pigments, have a colour
that depends upon the size and shape of the
particle. A unique property of spherical silver
nanoparticles is that this SPR peak wavelength can
be tuned from 400nm [violet length] to 530nm
[green light] by changing the particle size and the
local refractive index near the particle Surface (Ma
et al.,, 2004). When silver nanoparticles are in
solution molecules associate with the nanoparticle
surface to establish a double layer of charge that
stabilizes the particles and prevents aggregation,
and silver nanoparticles in catalysis, magnetic, and
optical polarizability, electrical conductivity,
antimicrobial activity (Shipway et al., 2000).

Synthesis of silver nanoparticles: Previously
nanoparticles were produced only by physical and
chemical methods with various techniques. Some
of the commonly used physical and chemical
methods are Chemical reduction, Solvothermal
synthesis, Sol gel technique, Laser ablation
(Rosarin and Mirunalini, 2011). The problem with
most of the chemical and physical methods of
nanosilver production is that they are extremely
expensive and also involve the use of toxic,
hazardous chemicals, which may pose potential
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environmental and biological risks. It is an
unavoidable fact that the silver nanoparticles
synthesized have to be handled by humans and
must be available at cheaper rates for their effective
utilization; thus, there is a need for an
environmentally and economically feasible way to
synthesize these nanoparticles. The quest for such a
method has led to the need for biomimetic
production of silver nanoparticles whereby
biological methods are used to synthesize the silver
nanoparticles. The growing need to develop
environmentally friendly and economically feasible
technologies for material synthesis led to the search
for biomimetic methods of synthesis (Kalishwaralal
et al., 2008). In biosynthesis method bacterium,
fungi and plant parts were used; this biosynthesis
method is eco friendly comparing to physical and
chemical methods. Basically there are two
approaches for nanoparticles synthesis. They are
bottom up approach and the top down approach. In
the top down approach scientist try to formulate
nanoparticles using larger ones to direct their
assembly (Acosta et al., 2009). But in the bottom
up approach is a process that builds towards larger
and more complex systems by starting at the
molecular level maintaining precise control of
molecular structure. The bottom up approach
promises a better change to obtain nanostructures
with less defects. The nanoparticle will have more
homogenous chemical composition and better short
and long range ordering, because this approach is
mainly driven by the reduction of Gibb’s free
energy (Lee, 2007). Biosynthesis of nanoparticles
is a kind of bottom up approach where the main
reaction occurring is reduction/ oxidation. Micro
organisms and plant extracts are used in general.
Here, we summarize some of the organisms used in
the biosynthesis of nanomaterials and describe the
properties that should be inherent for the
production  of  nanoparticles of  desired
characteristics.

Synthesis of Silver nanoparticles by bacteria:
The biological synthesis of nanoparticles
germinated from the experiments on biosorption of
metals with Gram negative and Gram positive
bacteria. The synthesized molecules were not
identified as nanoparticles but as aggregates
(Mullen et al.,, 1989). The first evidence of
synthesizing silver nanoparticles was established in
1984 using the microorganism Pseudomonas
stutzeri AG259, a bacterial strain that was
originally isolated from silver mine (Haefeli et al.,
1984). Some bacteria which have been used for the
production of nanoparticles are summarized in
Table 1.

Synthesis of silver nanoparticles by fungi: When
in comparison with bacteria, fungi can produce
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larger amounts of nanoparticles because they can
secrete larger amounts of proteins which directly
translate to higher productivity of nanoparticles
(Mohanpuria et al., 2008). It was found that fungi
score more advantages over other biological
systems because of their high tolerance towards the
heavy metals. Fungi producing the silver
nanoparticles were summarized in table 2.

Synthesis of silver nanoparticles by plants: The
major advantage of using plant extracts for silver
nanoparticle synthesis is that they are easily
available, safe, and nontoxic in most cases, have a
broad variety of metabolites that can aid in the
reduction of silver ions, and are quicker than
microbes in the synthesis (Prabhu and Poulose et
al., 2012). Indeed, the time required for completion
of the reaction using bacteria and fungi ranged
from 24 to 124 hours; in contrast, more than 90%
of the reaction using extract of plants is complete
within 9 hours. Some plants which have been used
for the production of nanoparticles are summarized
in Table 3.

Applications of silver nanoparticles

The fisheries and aquaculture industry can be
revolutionized by using nanotechnology with new
tools like rapid disease detection, enhancing the
ability of fish to absorb drugs like hormones,
vaccines and nutrients etc. rapidly. As per National
Science Foundation (USA), current prediction
estimates the emergence of value of the global
nanotechnology industry at USD one trillion by
2015. This could be possible due to vast potential
of nanotechnology not only in electronic and
materials science but also in humans, animal food
and agriculture sectors involving aquaculture and
its application in biomedical and biological
sciences for analysis of biomolecules, cancer
therapy, development of non-viral vectors for gene
therapy, as transport vehicle for DNA, protein or
cells; targeting drug delivery, clinical diagnosis and
therapeutics etc. Although much of development
research is needed to enhance the potential use of
nanotechnology in aquaculture, at present, there are
numerous glimpses of the future application of this
technology in fish health management, water
treatment in aquaculture, animal breeding, harvest
and postharvest technology (Can et al., 2011).

Antimicrobial activity of AgNPs: Fish disease is
one of the major threats to the sustainable
development of aquaculture causing loss of
millions of dollars annually. The ubiquitous
nature of the bacterium in aquatic environments
provides significant opportunity for animals,
mainly fish and amphibians to contact and ingest
organisms. The use of antimicrobial drugs in
aquatic medicine can cause a serious problem in the
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environment because of the rapid spread of
antibiotics through water. The use of metallic silver
as an antimicrobial agent has been recognized for a
long time (Lansdown 2002) and several types of
silver compounds are used today, including silver
dressings, silver nitrate, silver zeolite and silver
nanoparticles, for a variety of antimicrobial
purposes (Kim., 2007). Due to the increase in the
outbreak of bacterial diseases in the aquaculture
industry and the development of bacterial
resistance, new antibacterial agents are required
One possibility is to wuse nanoparticles as
antimicrobial drugs. Silver nanoparticles have
proved to be one of the most effective metallic
nanoparticles as they have a good antimicrobial
efficacy against some bacteria, viruses and other
eukaryotic microorganisms (Gong 2007). Sarkar et
al., 2012 studied the antimicrobial efficacy of silver
nanoparticles from Cedrus deodar leaf extracts
against the major fish pathogen Aeromonas
hydrophila for improvement of better fish health
management. Kandasamy et al., 2013 investigated
the effect of leaf extract from coastal plant
Prosopis chilensis on synthesis of silver
nanoparticles using AgNO; as a substrate and to
find their antibacterial potential on pathogenic
Vibrio species in the shrimp, Penaeus monodon.
The silver nanoparticles were found to inhibit
Vibrio pathogens viz., Vibrio cholerae, V. harveyi,
and V. parahaemolyticus and this antibacterial
effect was better than that of leaf extract, as proved
by disc diffusion assay. The shrimps Penaeus
monodon fed with silver nanoparticles exhibited
higher survival, associated with
immunomodulation in terms of higher haemocyte
counts, phenoloxidase and antibacterial activities of
haemolymph of P. monodon which is on par with
that of control.

Fish packaging: The perishable nature of fresh
fish is a long-standing concern, and any packaging
that may increase the shelf life of fresh fish would
be advantageous. There are several ways by which
this can be achieved. First, nanopolymers and
coatings are available for strengthening packaging
and this could reduce the incidence of bruising or
mechanical damage to packed fish fillets.
Nanopackaging can be made from natural
nanoscale polymers, such as cellulose and starch,
or chitosan particles (De Azeredo, 2009), and are
therefore likely to be biodegradable, unlike some
conventional plastics (Thompson et al., 2004).
Strong and light nanopackaging has also been
suggested for the meat industry (Lee, 2010).
Prevention of biofouling: Water quality is, of
course, a critical factor in fish health. There is also
a concern about pathogens. Indeed, fish disease is
arguably one of the main threats to intensive
aquaculture systems (Toranzo et al., 2005). The
antimicrobial properties of nano silver can be
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exploited to reduce the build-up of bacteria in the
aquaculture system (Muhling et al., 2009). In
addition to adding nanoparticles to food, this could
include antibacterial coatings on the sides of fish
tanks and pipe work to prevent biofouling. Similar
to polymers and films used for food packaging,
these nanoparticles can be fixed to the surfaces so
that the threat to the sensitive biofiltration systems
used in re-circulating aquaria is negligible.

Nano - biosensors: Nanotechnology based
biosensors can be used in the aquaculture industry
for microbe control. Researchers at the National
Aeronautics and Space Administration have
developed a sensitized carbon nanotubes-based
biosensor that is capable of detecting minute
amount of microbes including bacteria, viruses and
parasites and also heavy metals from water and
food sources. Nano colloidal sliver is one of the
most beneficial products of nanotechnology that
acts as a catalyst. It works on a wide spectrum of
bacteria, fungi, parasites and viruses by rendering
an enzyme which is used for their metabolism,
inoperative. Unlike antibiotic resistant strains of
bacteria, no such strains are known to develop by
using colloidal sliver. Sliver nanoparticles are even
able to kill methicilin resistant Staphylococcus
aureus (Sung hoon et al. 2004). Tracking
nanosensors such as “Smart fish” are being
developed which may be fitted with sensors and
locators that relay data about fish health and
geographical location to a central computer. Such
technology may be used to control cognitive cage
systems or individual fish (ETC Group Report,
2003).

DNA Nano-Vaccines: A number of approaches
have been made in attempts to solve disease
problem in aquaculture, one among these is
vaccination. The use of oil emulsion as adjuvant in
this effort may cause major drawbacks as some
fishes and shellfishes show unacceptable levels of
side effects. In this context, use of nanoparticle
carriers like chitosan and poly-lactide-co-glycolide

Table 1: Silver nanoparticles synthesis by bacteria

acid (PLGA) (Rajeshkumar et al. 2009) of vaccine
antigens together with mild inflammatory inducers
may give a high level of protection to fishes and
shellfishes not only against bacterial diseases, but
also from certain viral diseases with vaccine-
induced side effect. Further, the mass vaccination
of fish can be done using nanocapsules containing
nano-particles. These will be resistant to digestion
and degradation. These nanocapsules contain short
strand DNA which when applied to water
containing fishes are absorbed into fish cells. The
ultrasound mechanism is used to break the capsules
which in turn release the DNA thus elicting an
immune response.

CONCLUSION

Nanotechnology is one of them and it can be used
in many different industries such as pharmaceutics,
food technology, engineering, medicine etc. Major
nanotechnological applications used in aquaculture
and seafood industries are nanoparticles,
nanofiltration and food packaging. Nanoparticles
can be used in feed production technology, also
nano filtration can be used filtration of treatment
water which is used seafood processing.
Nanotechnology undoubtedly presents a major
opportunity for the economy and sustainable
development of aquatic resources in many
countries.  Although  the  application  of
nanotechnology is still at a very early stage in
aquaculture, it may have the potential to solve most
of the problems in aquaculture and fisheries with
better technical innovation at different levels.
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S. No Organism Size (hm) Author (year)

1. Pseudomonas stutzeri AG259 200 Tanja et al., 1999

2. Bacillus megaterium 46.9 Fuetal., 1999

3. Lactobacillus Strains 500 Nair and Pradeep 2002

4. Corynebacterium sp. 10-15 Zhang et al., 2005

5. Klebsiella pneumonia (culture 50 Ahmad et al., 2007
supernatant)

6. Bacillus licheniformis 50 Kalimuthu et al., 2008

7. Bacillus licheniformis (culture 50 Kalishwaralal et al., 2008
supernatant)

8. Geobacter sulfurreducens 200 Law et al., 2008

9. Morganella sp 205 Parikh et al., 2008

10. Bacillus subtilis 5-60 Saifuddin et al., 2009

11. Escherichia coli 1-100 Gurunathan et al., 2009a,b

12. Proteus mirabilis 10-20 Samadi et al., 2009
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13. Bacillus sp. .5-15 Pugazhenthiran et al., 2009
14, Bacillus cereus 4 and 5 Ganesh Babu and
Gunasekaran 2009
15. Staphylococcus aureus 1-100 Nanda and Saravanan 2009
16. Lactic acid bacteria 11.2 Sintubin et al., 2009
17. Brevibacterium casei 50 Kalishwaralal et al., 2010
18. Bacillus Cereus 10-30 Prakash et al., 2011
19. Bacillus sp 65 to 70 Malarkodi et al., 2013
20. B. amyloliquefaciens 10 to 100 Behera et al., 2013
Table 2: Silver nanoparticles synthesis by fungi
S. No Organism Size (nm) Author (year)
1. Verticillium sp 25 12 Mukherjee et al., 2001
2. Fusarium oxysporum 5-50 Ahmad et al., 2003
3. Aspergillus fumigatus 5-25 Bhainsa and D’Souza 2006
4. Phanerochaete chrysosporium 100 Vigneshwaran et al., 2006
5. Aspergillus flavus 8.92+/- 1.61 Vigneshwaran et al., 2007
6. Aspergillus niger 20 Gade et al., 2008
7. Fusarium semitectum 10-60 Basavaraja et al., 2008
8. Trichoderma asperellum 13-18 Mukherjee et al., 2008a, b
9. Fusarium acuminatum 5-40 Ingle et al., 2008
10. | Cladosporium cladosporioides 10-100 Balaji et al., 2009
11. | Penicillium fellutanum 1-100 Kathiresan et al., 2009
12. | Penicillium brevicompactum WA 2315 | 23-105 Shaligram et al., 2009
13. | Fusarium solani 5-35 Gade et al., 2009
14. | Trichoderma viride 5-40 Fayaz et al., 2010
15. | Aspergillus clavatus 10-25 Verma et al., 2010
16. | Trichoderma Harzianum 30-50 Singh et al,, 2011
17. | Trichoderma Reesei 5-50 Vahabi et al.,, 2011
18. | Aspergillus flavus 7 Moharre et al., 2012
19. | Aspergillus terreus 11020 Lietal, 2012
20. | Fusarium oxysporum 10 to 40 Birla et al., 2013
Table 3: Silver nanoparticles synthesis by plants
S.No Organism Size Author (year)
1 Azadirachta indica 50 Shankar et al., 2004
2 Cinnamomum camphora leaf 55-80 Huang et al., 2007
5 Cinnamomum camphora Leaf 5-40 Huang et al., 2008
3 Glycine max (soybean) leaf extract 25-100 Vivekanandhan et al., 2009
4 Jatropha curcas 10-20 Bar et al., 2009
6 Phyllanthus amarus 18-38 Kasthuri et al., 2009
7 Carica papaya 60-80 Mude et al., 2009
8 Gliricidia sepium 10-50 Raut et al., 2009
15 Sesuvium portulacastrum leaves 510 20 Nabikha et al., 2009
9 Coriandrum sativum leaf extract 26 Sathyavathi et al., 2010
10 Acalypha indica leaf extracts 20-30 Krishnaraj et al., 2010
11 Chenopodium album leaf 10-30 Dwivedi et al., 2010
12 Rosa rugosa 12 Dubey et al., 2010
13 Trianthema decandra roots 15 Geethalakshmi et al., 2010
14 Ocimum sanctum stems and roots 10+/-2 and 5+/- Ahmad et al., 2010
1.5, respectively
16 Macrotyloma uniflorum seeds 12 Vidhu et al., 2011
17 Andrographis paniculata 28 Sulochana et al., 2012
18 Brassica Oleracea L.var. Italica 40-50 Caroling et al., 2013
19 Ocimum sanctum 18 Ramteke et al., 2013
20 Curcuma Longa 5-10 Elumalai et al., 2014
21 Achyranthus aspera 105-600 Kalidasan et al., 2014
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