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Abstract

The occurrence of the disease is one of the main threats to the intensive aquaculture
system. With the development of the aquaculture industry, it is expected that the fish
will encounter various infectious and non-infectious diseases. In addition to treatment
costs, the use of antibiotics in the control of infectious diseases can also cause
resistance in bacteria. Therefore, today, the use of additives such as vitamin and
mineral supplements, probiotics, prebiotics, and various nanoparticles to improve the
growth performance and health of fish, increase the performance of the fish immune
system, and resistance to diseases has expanded. The aim of this study was the
investigation of the use of anotechnology in aquaculture and effect of it on fish species
health, the use of them in nanocarrieres, nanovaccine, nanosensores, etc. According to
the increasing trend of studies in the field of nanotechnology, we can hope to provide
other new methods in the field of health management of fish farms and prevent
damages caused by the occurrence of diseases in the aquaculture industry.
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Application of nanotechnology in
aquaculture

With a size between 1 and 100 nm on at
least one dimension (Baig et al., 2021),
nanoparticles present unique
physicochemical properties that differ
from their bulk materials such as a
greater surface area to volume ratio,
resulting in a larger reactivity. Relative
size of nanoparticles compared to the
size of different aquatic organisms is
shown in Figure 1. The use of
nanotechnology in various sciences,

including aquaculture, is expanding.
Nanotechnology has been growing
explosively worldwide and become a
ubiquitous tool for solving various
aquaculture  problems (Figure 2),
including fish nutrition, water quality
management, and disease treatment

(Khan et al., 2020).
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Fig. 1. Relative size of nanoparticles compared to the size of different aquatic organisms (Fajardo

etal., 2022)



International Journal of Veterinary Research 3(1) 2023 31

[ Nanotechnology ]

y

Applications

l

Vaccines
delivery

Water
purification

Nutrients
Delivery

|

J

EfﬁcacyI : Eg" < ‘ Mi lToxicity
g

T Encapsulation

Bioactive
compounds

Figure 2: schematic representation of nanotechnology applications in aquaculture (Shah and Mraz,

2020).

Fish disease in aquaculture

The occurrence of diseases is one of the
main  threats to the intensive
aquaculture system (Toranzo et al.,
2005). With the development of the
aquaculture industry, it is expected that
the fish will encounter various
infectious and non-infectious diseases.
Diseases can reduce reproductive
performance and have a negative
impact on feed conversion efficiency
leading to reduced growth and overall
performance of cultured fish (Tavares-
Dias and Martins, 2017). In addition to
treatment costs, the use of antibiotics in
the control of infectious diseases can
also cause resistance in bacteria, so,
new antibacterial agents such as
nanoparticles should be used.

Disease prevention is based on three

methods including:

1. preventing pathogens from entering
the farms

2. destruction of pathogenic agents
using disinfectant compounds and
also the use of physical methods

3. Strengthening the immune system of
farmed fish by using natural plant
stimulants and synthetic immune
system such as probiotics, prebiotics,
and synbiotics and vaccines.

Today, the use of additives such as
vitamin and mineral supplements,
probiotics, prebiotics, and various
nanoparticles to improve the growth
performance and health of fish, increase
the performance of the fish immune
system, and resistance to diseases has
expanded.
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Nanotechnology and fish disease
management

Nanotechnology can play a role in the
diagnosis, prevention, and treatment of
diseases  through new  methods.
Nanoparticles can act in fish disease
control. The application of
nanotechnology in the field of
diagnostic tools like nanosensors is
expanding;  for  example, gold
nanoparticles are used in antibody-
based  immunodiagnosis  protocol
(Thiruppathiraja et al.,, 2011). In
addition to diagnosing  diseases,
nanotechnology is also widely used as
nanomedicine, which is a developing
industry and is effective in maintaining
the health of fish. In this regard, the
inherent properties of various forms of
nanoparticles are used to improve fish
health. Silver, zinc oxide, titanium
dioxide, copper oxide, and graphene
nanoparticles are currently used to
reduce the pathogenic load in the
aquaculture system (Siddiqi et al.,
2018). Mechanisms of action of silver
nanoparticles for antimicrobial effect is
shown in Figure 3.

Different nanocarriers such as chitosan,
liposomes, polymeric nanoparticles of
poly (lactic-co-glycolic) acid (PLGA)
are used for drug delivery (Sarkar et al.,
2022). On the other hand, nanoparticles
are used as nanocarriers. The Schematic
representation of the nanocarriers is
shown in Figure 4.

Vaccines are used as one of the
important tools to prevent the
occurrence of diseases in aquaculture,
but vaccines have limitations, most of
the vaccines used are stored and stored
in liquid form at low temperatures and
are usually administered intravenously
due to their short shelf life.
"Nanovaccine™ is a future mass
vaccination method in aquaculture due
to the reduction of these limitations. For
example, in Asian sea bass (Lates
clacrifer) oral delivery of DNA vaccine
using chitosan nanoparticles protect it
from Vibrio (Listonella) anguillarum
(Rajesh Kumar et al., 2008). Recently
an ultrasound device was designed for
mass vaccination of fish.
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Figure 4: Schematic representation of the nanocarriers (Pati et al., 2018).
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Plant extracts are also used in nano
form as medicine in the treatment of
fish  diseases and are  more
environmentally friendly than
chemically synthesized nanoparticles.
Phytotherapy and its nanoformulation
as disease management in the
aquaculture sector are presented in Fig
5. There are some studies on plant
extract based nanoparticles use in
aquaculture (Korni and Khalil, 2017;
Sharif Rohani et al., 2017; Awad et al.,
2020; Baldissera et al., 2020; Kurian
and Elumalai, 2021; Paulpandian et al.,
2022; Nirmalkar et al., 2022).

The use of nano-delivery of drugs is
expanding with new features such as
sustained release, regulation and control
of size, shape, dispersion, and surface
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charge of target materials, specific
location,  multi-pathway  delivery
processes, and regulated degradation
capability of the nanocarrier. Different
parts of plants such as flowers, fruits,
stems, leaves and roots containing
phytochemicals have been wused in
various studies on plant-mediated
synthesis of metal-based nanoparticles
(Husen, 2017; Adeyemi et al., 2019).
As a conclusion, according to the
increasing trend of studies in the field
of nanotechnology, we can hope to
provide other new methods in the field
of health management of fish farms and
prevent damages caused by the
occurrence of diseases in the
aquaculture industry.
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Figure 5: Phytotherapy and its nano formulation as disease management in the aguaculture sector

(Jeyavani et al., 2022).

Phagocﬂlc cells



International Journal of Veterinary Research 3(1) 2023 35

Refferences
Adeyemi, J.O., Elemike, E.E. and

Onwudiwe, D.C., 2019. ZnO
nanoparticles mediated by aqueous
extracts of dovyalis caffra fruits and
the  photocatalytic  evaluations.
Materials Research Express, 6,
1250091. DOI: 10.1088/2053-
1591/ab5bch.

Awad, E., El-Fiqi, A., Austin, D. and

Lyndon, A., 2020. Possible effect of
lesser galangal (Alpinia officinarum)
extracts encapsulated into
mesoporous silica nanoparticles on
the immune status of rainbow trout
(Oncorhynchus  n).  Aquaculture
Research, 51, 3674-3684.
https://doi.org/10.1111/are.14717.

Baig, N., Kammakakam, 1. and

Falath, W., 2021. Nanomaterials: A
review of synthesis methods,
properties, recent progress, and
challenges. Material Advances, 2,
1821-1871.
https://doi.org/10.1039/DOMA00807
A.

Baldissera, M.D., Souza, C.F.,

Zeppenfeld, C.C., Velho, M.C.,
Klein, B., Abbad, L.B., Ourique,
A.F., Wagner, R., Da Silva, A.S.
and Baldisserotto, B., 2020. Dietary
supplementation ~ with  nerolidol
nanospheres  improves  growth,
antioxidant status and fillet fatty acid
profiles in Nile tilapia: benefits of
nanotechnology for fish health and
meat quality. Aquaculture, 516,
734635.
https://doi.org/10.1016/j.aquaculture.
2019.734635

Fajardo, C., Martinez-Rodriguez, G.,

Blasco, J., Mancera, J.M,,
Thomas, B., and Donato, M. D.,

2022. Nanotechnology in
aquaculture: Applications,
perspectives and regulatory
challenges. Aquaculture and
Fisheries, 7(2), 185-200.

https://doi.org/10.1016/j.aaf.2021.12.
006.

Jeyavani, J., Sibiya, A,

Sivakamavalli, J., Divya, M,
Preetham, E., Vaseeharan, B. and
Faggio, C., 2022. Phytotherapy and
combined nanoformulations as a
promising disease management in
aquaculture: a review. Aquaculture
International, 30, 1071-1086.
https://doi.org/10.1007/s10499-022-
00848-0.

Husen, A., 2017. Gold nanoparticles

from plant system: Synthesis,
characterization and their
application. In nanoscience and
plant-soil systems; Springer: Cham,
Switzerland; Berlin, Germany, pp.
455-479.
https://doi.org/10.1007/978-3-319-
46835-8 17.

Khan, M.Z.H., Hossain, M.M.M.,

Khan, M., Ali, M.S., Aktar, S,
Moniruzzaman, M. and Khan, M.,
2020. Influence of nanoparticle-
based nano-nutrients on the growth
performance and  physiological
parameters in tilapia (Oreochromis
niloticus). RSC Advances, 10 (50),
29918-29922. DOI:
10.1039/DORA06026G.

Korni, F.M.M. and Khalil, F., 2017.

Effect of ginger and its nanoparticles


https://doi.org/10.1016/j.aaf.2021.12.006
https://doi.org/10.1016/j.aaf.2021.12.006

36 Bagherzadeh Lakani, Application of nanotechnology in diagnosis, prevention, and treatment of the ...

on growth performance, cognition capacity of blue gourami
capability, immunity and prevention (Trichogaster trichopterus)
of motile Aeromonas septicaemia in fingerlings. Biological Trace
Cyprinus carpio fingerlings. Element Research. DOl:
Aquaculture Nutrition, 23, 1492 10.1007/s12011-022-03145-2.
1499. Rajesh Kumar, S,, Ishaq Ahmed,
https://doi.org/10.1111/anu.12526. V.P, Parameswaran, V.,
Kurian, A. and Elumalai, P., 2021. Sudhakaran, R., Sarath Babu, V.

Study on the impacts of chemical
and green synthesized (Leucas
aspera and oxy-cyclodextrin
complex) dietary zinc  oxide
nanoparticles in  Nile tilapia
(Oreochromis niloticus).
Environmental

Science and Pollution Research, 1-
18. doi: 10.1007/s11356-020-11992-
6.

Nirmalkar, R., Suresh, E., Felix,

N., Kathirvelpandian, A., Nazir,
M.1. and Ranjan, A.,
2022. Synthesis of iron nanoparticles
using Sargassum wightii extract and
its impact on serum biochemical
profile and growth  response

of Etroplus
suratensis juveniles. Biological
Trace Element

Research. https://doi.org/10.1007/s1
2011-022-03236-0.

Pati, R., Shevtsov, M., and Sonawane,

A. 2018. Nanoparticle Vaccines
Against Infectious Diseases.
Frontiers in Immunology, 9, 2224.
doi: 10.3389/fimmu.2018.02224.

Paulpandian, P., Beevi, 1.S,,

Somanath, B., Kamatchi, R.K.,
Paulraj, B. and Faggio, C., 2022.
Impact of Camellia sinensis iron
oxide nanoparticle on growth,
hemato-biochemical and antioxidant

and Sahul Hameed, A.S., 2008.
Potential use of chitosan
nanoparticles for oral delivery of
DNA vaccine in Asian sea bass
(Lates calcarifer) to protect from
Vibrio (Listonella) anguillarum. Fish
Shellfish and Immunology, 25(1-2),
47-56. DOl:
10.1016/j.fsi.2007.12.004.

Roy, A., Bulut, O., Some, S., Mandal,

AK. and Yilmaz, M.D., 2019.
Green synthesis of silver
nanoparticles: biomolecule-
nanoparticle organizations targeting
antimicrobial activity. RSC
Advances, 9, 2673-2702.

Sarkar, B., Mahanty, A., Gupta, S.K.,

Choudhury, A.R., Daware, A. and
Bhattacharjee, S, 2022.
Nanotechnology: A next-generation
tool for sustainable aquaculture.
Aquaculture, 546, 737330 P.
https://doi.org/10.1016/j.aquaculture.
2021.737330.

Shah, B.R., Mraz, J., 2019. Advances

in nanotechnology for sustainable
aquaculture and fisheries. Reviews in
aquaculture, 12 (2), 925-942.
https://doi.org/10.1111/raq.12356.

Sharif Rohani, M., Haghighi, M. and

Bazari Moghaddam, S., 2017.
Study on nanoparticles of Aloe vera
extract on growth performance,


https://doi.org/10.1016/j.aquaculture.2021.737330
https://doi.org/10.1016/j.aquaculture.2021.737330

International Journal of Veterinary Research 3(1) 2023 37

survival rate and body composition
in  Siberian sturgeon (Acipenser
baerii). Iranian Journal of Fisheries
Sciences, 16, 457-468.

Siddiqgi, K.S., Husen, A., Rao, R,

2018. A review on biosynthesis of
silver  nanoparticles and their
biocidal properties. Journal of
Nanobiotechnology, 16, 14.
https://doi.org/10.1186/s12951-018-
0334-5.

Tavares-Dias, M. and Martins, M.L.,

2017. An overall estimation of losses
caused by diseases in the Brazilian
fish farms. Journal of Parasitic
Diseases, 41(4), 913-918. DOI:
10.1007/s12639-017-0938-y.

Thiruppathiraja, C., Kumar, S,

Murugan, V., Adaikkappan, P.,
Sankaran, K. and Alagar, M.,
2011. An enhanced immuno-dot blot
assay for the detection of white spot
syndrome virus in shrimp using

antibody conjugated gold
nanoparticles probe. Aquaculture
318, 262-267.

https://doi.org/10.1016/j.aquaculture.
2011.06.008.

Toranzo, A.E., Magarinos, B. and

Romalde, J.L., 2005. A review of
the main bacterial fish diseases in
mariculture systems. Aquaculture,
246, 37 - 61.
https://doi.org/10.1016/j.aquaculture.
2005.01.002.



