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Aquaculture practices are the only approach to of fish production (Yue and Shen, 2022).

This work is licensed under a Creative Commons Attribution 4.0 International License. The license permits unrestricted
use, distribution, and reproduction in any medinm, on the condition that users give exact credit to the original anthor(s) @ ®

and the source, provide a link to the Creative Commons license, and indicate if they made any changes.


mailto:hasibkhan94bfri@gmail.com
https://orcid.org/0000-0003-1328-1414
https://orcid.org/0009-0004-2338-7620
https://orcid.org/0009-0000-8553-1262
https://orcid.org/0009-0004-7813-1614
https://orcid.org/0000-0002-8151-6855
https://doi.org/10.59324/ejtas.2023.1(5).61

Furthermore, aquaculture has major issues such
as environmental pollution, which necessitates a
large number of workers, and disease outbreaks,
where new developed technology is required to
boost aquaculture and fish production and
ensure its sustainability (Yue and Shen, 2022).

Biotechnology development in fisheries and
aquaculture is accelerating, as it has been
discovered to aid in enhancing fisheries
productivity in the fisheries and aquaculture
sector (Lakra and Ayyappan, 2003). According
to El-Gayar (2008), the use of advances in
information  technology =~ (IT) such as
computerized models, artificial intelligence,
image processing, and geographical information
systems aid in the better management of
aquaculture facilities and has also become one of
the regional planning in  aquaculture
development. ~ Meanwhile,  biotechnology
advancements have included the use of synthetic
hormones in fish breeding, monosex culture,
polyploidy, molecular biology, transgenesis, and
the introduction of marine natural products, all
of which have helped to revolutionize the
aquaculture industry while also playing an
important role in biodiversity conservation
(Lakra and Ayyappan, 2003). Furthermore, new
technologies such as genome editing, offshore
farming, recirculating aquaculture systems, oral
immunization, and the Internet of Things (IoT)
may provide a solution for more sustainable and
lucrative aquaculture production (Yue and Shen,
2022).

This review paper introduced and highlighted
the most current technological breakthroughs in
the aquaculture business. The application of
these new and mostly recent technologies
contributes to increased aquaculture production
and profitability, better aquaculture industry
management, and future sustainable aquaculture
production, as well as supporting the Sustainable
Development Goals (SDGs) of no poverty and
zero hunger.

Microalgae Application in
Aquaculture
Microalgae play a crucial role in the aquaculture

industry as they are widely employed as a dietary
source of nutrition for aquatic animals (Ma et al.,

2020). Microalgae have been extensively
employed in the field of aquaculture as a highly
nutritious feed source for the larvae of molluscs,
echinoderms, crustaceans, and fish larvae, as
documented by Muller-Feuga in 2000. In the
realm of aquaculture, a diverse array of species is
commonly employed as feed sources. These
include Chlorella sp., Tetraselmis sp., Scenedesmus
sp., Pavlova sp., Phaeodactylum sp., Chaetoceros sp.,
Nanochloropsis  sp., — Skeletonema — sp., and
Thalassiosira sp. These microalgae species have
been found to exhibit a commendable growth
rate and demonstrate stability when cultivated
under varying conditions of temperature, light,
and nutrient availability within the hatchery
system (Sirakov et al., 2015). In the realm of
fisheries science, it is worth noting that certain
microalgae species, including Dunaliella salina,
Haematococcus  pluvialis, and  Spirulina sp., have
gained significant popularity for their natural
pigmentation properties. Specifically, these
microalgae are known to produce the carotenoid
astaxanthin, which imparts a delightful pink hue
to cultured prawns, Salmon fish, and even
ornamental fish (Sirakov et al., 2015).

In recent times, there has been a notable global
utilization of microalgae as a viable protein
substitute for fishmeal, as evidenced by the work
of Roy and Pal (2015). Numerous species of
microalgae have been identified as valuable in
promoting the growth of cultured organisms,
enhancing  feed  utilization, augmenting
physiological ~ activity, = mitigating  stress
responses, bolstering disease resistance, and
improving starvation tolerance in aquaculture
animals (Roy and Pal, 2015). In a recent study
conducted by Zhang et al. (2022 b), it was
observed that the cultivation of Whiteleg shrimp
(L. vannamei) in the presence of two species of
microalgae, namely Nannochloropsis oculata and
Thalassiosira  psendonana, had several positive
effects. These effects included an increase in
shrimp survival rate, inhibition of pathogenic
Vibrio sp. growth, and an overall increase in
shrimp yield. The two species of microalgae were
found to contain beneficial minerals and
vitamins. The utilization of these two microalgae
species in aquaculture have demonstrated a
positive impact on the overall quality of muscle
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shrimp. Additionally, this approach proves to be

an efficient strategy in promoting an
environmentally sustainable and conducive
culture environment for muscle shrimp

cultivation (Zhang et al., 2022 b).

In natural ecosystems, certain species of wild
micro-algae exhibit the potential to serve as
valuable resources for augmenting
immunostimulants and promoting growth
performance in cultured animals. These species
include Haematococcus pluvialis, Arthrospira platensis
(commonly known as Spirulina), and various
strains of Chlorella spp. (Ma et al., 2020). In the
aquaculture industry, there have been notable
advancements in utilising microalgae, such as
Chlamydomonas  reinhardtii, Dunaliela salina, and
Cyanobacteria, for the production of oral vaccines
(Ma et al., 2020). Typically, microalgae biomass
is employed as a nutritional resource due to the
presence of crucial amino acids, beneficial
triglycerides for lipid provision, vitamins,
pigments, and bioactive compounds that have
the potential to enhance the survival rate of
cultured animals, as well as improve the
coloration and quality of the resulting fillet
(Nagappan et al., 2021). The identification of
microalgae with the ability to recover nutrients,
release oxygen, and enhance production yield
has positioned them as a promising
biotechnological ~solution for aquaculture
wastewater treatment and as a dietary
supplement for fish (Li et al., 2020).

Through the strategic incorporation of
microalgae within the recirculated aquaculture
system (RAS), the potential for optimising
nutrient recycling processes is heightened.
Notably, the utilization of microalgae has been
obsetved to effectively eliminate NH," - N by an
impressive range of 9549% to 100%.
Furthermorte, microalgae exhibit a
commendable capacity for phosphate removal,
with removal rates surpassing 80% (Duan et al.,
2022). Microalgae species, including Chlorella
marina, Tetraselmis and  Pruochlorum
macnlatum, have demonstrated potential in the
remediation of nutrients present in aquaculture
wastewater. These particular microalgae species
have been observed to effectively remove
significant quantities of NH3-N, NO,-N;, total

suecica,

nitrogen (TN), and total phosphorus (TP) from
such wastewater sources (Meril et al., 2022). The
assimilation of nutrients derived from the
wastewater of aquaculture systems has the
potential to be harnessed for the cultivation of
microalgae biomass, subsequently serving as a
valuable source of biologically-derived fertilizer
(Meril et al., 2022).

In a recent investigation carried out by Soto-
Rodriguez et al. (2021), it was discovered that
Chaetoceros  calcitrans, a species of marine
microalgae, exhibits antibiotic properties within
the hydrophilic compound of its cells. These
properties were observed to be effective against
Vp M0904, a highly virulent strain of [77brio
parahaemolyticns bacteria. This strain is known to
be responsible for causing acute
hepatopancreatic necrosis disease (AHPND).
The co-cultivation of microalgae, specifically
Isochrysis galbana, with bacteria such as_A/lteromonas
sp. and Labrezia sp., along with Marinobacter sp.,
has been found to yield improved outcomes in
terms of total length, survival, and
metamorphosis of P. vannameilarvae, as reported
by Sandhya et al. (2020).

Vaccines Application in Aquaculture

Over the course of the previous decade,
significant advancements have been observed in
the field of aquaculture. In the present day, the
establishment of a sustainable aquaculture
business holds notable significance in terms of
global food supply and economic stability. This
sector plays a pivotal role in offering and
contributing a substantial portion of high-quality
protein sources for human consumption.
Nevertheless, the rapid growth of aquaculture
has resulted in elevated populations of farmed
species, hence amplifying the potential for
outbreaks of aquatic diseases. In addition to
causing economic losses, these diseases also pose
ecological risks by facilitating the transmission of
pathogens to marine habitats, so infecting wild
fish and contributing to environmental pollution.
Hence, ensuring the well-being of fish is crucial
for the aquaculture sector to achieve
environmental sustainability and serve as a
fundamental  requirement  for  intensive
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production on a worldwide scale. According to a
recent study conducted by Assefa & Abunna
(2018), the practice of intense and large-scale fish
farming has resulted in the emergence and
widespread occurrence of many infectious fish
diseases. The aquaculture sector largely adopted
the ongoing use of antibiotics and drug residues
as a means to address the challenges at hand.
Nevertheless, the utilization of antibiotics and
the presence of drug residues have resulted in
adverse consequences, including extensive
contamination, potential threats to food safety,
and an indirect exacerbation of antimicrobial
resistance (Su et al., 2021). Hence, the utilization
of vaccination is often regarded as the most
efficacious and ecologically sustainable strategy
for combating viral diseases, with negligible
ecological repercussions and broad applicability
across many farmed fish species.

A vaccination is a biologically derived product
designed to enhance immunity against a
particular disease or a set of diseases (Mondal &
Thomas, 2022). Vaccines, sometimes known as
biological agents, are capable of inducing an
immune response specific to a particular antigen
derived from a disease-causing infectious
pathogen. Currently, vaccination plays a
significant role in the field of aquaculture and has
gained widespread adoption globally as an
effective measure for mitigating a diverse range
of viral diseases and bacterial infections (Ma et
al., 2019). Nevertheless, the current worldwide
market only offers a total of 34 commercially
available fish vaccines as of the year 2021, as
indicated by Su et al. (2021). This scarcity
underscores the pressing necessity for additional
vaccine development in order to effectively
address the existing challenges in ensuring food
safety. In their study, Snieszko et al. (1938)
employed vaccinations as a preventive measure
against disease in carps. Specifically, they
immunized the carps with the bacteria Aeromwonas
punctate, which was identified as the initial
instance of protective immunity in the field of
aquaculture. The initial documentation in the
English language regarding the safeguarding of
Rainbow trout, Omncorbynchus — mykiss, against
Aeromonas salmonicida through oral administration
and parenteral inoculation was presented in a

study conducted by Duff in 1942.

Since the 1940s, with the introduction of the first
fish vaccine aimed at diseases prevention
(Snieszko and Friddle, 1949), numerous vaccines
have been developed that significantly contribute
to the reduction of bacterial and viral harmful
diseases (Gudding and Goodrich, 2014).
Numerous vaccines have been documented for
various fish species, including Tilapia (Oreachromis
niloticus/ mossambicus), Atlantic  Salmon  (Salmo
salar), Rainbow Trout (Oncorbynchus mykiss), Sea
bass (Dicentrarchus labrax), Sea Bream (Sparus
anrata), Amberjack (Seriola dumerili), Yellowtail
(Seriola quingueradiata), Catfish (Ietalurus punctatus),
and  Vietnamese  Catfish  (Pangasianodon
hypophthalmus) (Clarke et al., 2013; Assefa and
Abunna, 2018; Su et al., 2021). According to
Shefat (2018), there is currently a wide range of
commercially available vaccines targeting major
infectious bacterial and viral diseases in fish.
These include vaccines such as the Arthrobacter
vaccine, Vibrio anguillarum-ordalii, A. salmonicida
bacterin, Yersinia ruckeri bacterin, and other
vaccines designed to combat bacterial infections
in salmonids. Additionally, there are vaccines
available for Flavobacterium columnare, E. ictaluri
bacterin, and other bacterial infections in
Grouper. For viral infections, there are vaccines
against infectious pancreatic necrosis virus
(IPNV), infectious salmon anaemia, nodavirus,
and other viruses affecting salmonids and
seabass. Furthermore, have been
developed to address Streptococcus agalactiae and
Streptococcus  iniae,  which  cause  Tilapia
Streptococcosis. Lastly, vaccines are available for
spring viremia of Carp, Koi herpes virus (KHYV),
Grass Carp haemorrhage disease, and other viral
infections in Carps.

vaccines

In general, vaccinations can be categorized into
three distinct forms, mostly determined by their
methods of preparation. These types include live
vaccines, inactivated vaccines, and genetically
modified vaccines (Ma et al,, 2019; Su et al.,
2021). Live wvaccines are formulated using
microorganisms that have been attenuated or
altered for the purpose of management.
Inactivated vaccines are comprised of pathogenic
microorganisms that have been rendered

inactive, yet nevertheless retain  their
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immunogenic properties and capacity to elicit
particular resistance in aquatic animals upon
inoculation. The third category, known as
genetically modified vaccinations, encompasses
several varieties such as recombinant subunit
vaccines, DNA vaccines, gene deletion or mutant
vaccines, and live-vector vaccines. Currently, the
most commonly utilized vaccinations are those
that are live attenuated and inactivated (Ma et al.,
2019). The potential utilization of plant-
produced vaccines, which involve the application
of plant biotechnological techniques, is now
under investigation and remains in the
developmental phase (Su et al., 2021). Vaccine
delivery methods encompass three primary
modalities: injection, immersion (water bathing),
and oral administration. Different types of
vaccines include distinct advantages and
disadvantages. Typically, the selection of a
vaccine and its administration method is mostly
contingent upon many aspects of the cultivated
fish species, including but not limited to size,
eating habits, economic worth, and water quality.
The consideration of economic costs, pathogens,
and necessary protection is crucial when selecting
and implementing appropriate vaccines. Su et al.
(2021) argued that forthcoming fish vaccines
targeting  infectious pathogens ought to
possess cost-effectiveness and environmental
sustainability, while also being amenable to large-
scale production. This would ensure their
accessibility and suitability for both intensive
aquaculture operations and smaller-scale fish
farming enterprises. The use of vaccines has
emerged as a viable strategy in mitigating the
spread of disease in prawn populations
(Shreedharan et al., 2022). The utilization of a
polyvalent vaccine in prawns has been shown to
augment the efficacy of the vaccine. This is
achieved by supplementing the vaccine with
adjuvants, nutritional additives, and
immunostimulants (Shreedharan et al., 2022).

Biofloc Technology

The utilization of biofloc technology has gained
significant global recognition in the field of
aquaculture due to its environmentally
sustainable nature. This technology facilitates

zero water exchange and effectively reduces the
frequency of water exchange within the culture
system (Avnimelech, 2007). Bio-floc technology
is a cutting-edge method that contributes to the
sustainability of aquaculture production by
enhancing prawn yield, providing supplementary
nutrition for animals, facilitating bioremediation
and biodegradation processes to maintain water
quality, and reducing the need for frequent water
exchange (Khanjani et al., 2022 c). The biofloc
technology encompasses a diverse array of
microorganisms, each with distinct functions
that contribute to various aspects of the aquatic
farm system. These microorganisms play a
crucial role in enhancing water quality, serving as
a supplementary food source, imparting
probiotic properties, and ultimately ensuring the
overall success of the system (Khanjani et al.,
2022 ¢). Biofloc is composed of a diverse range
of microorganisms, including heterotrophic
bacteria, algae, fungi, protozoa, nematodes, and
detritus. These microorganisms form a
symbiotic relationship, working together to
maintain water quality and support the high
density of prawn production (Manan et al.,
2017). In the biofloc system, it was shown that
heterotrophic ~ bacteria  exhibited  more
dominance in comparison to nitrifying bacteria.
This can be attributed to their higher growth rate
and microbial biomass yield, as supported by
studies conducted by Manan et al. (2017) and
Hargreaves (2006). In the biofloc system, the
conversion of uneaten feed and faeces into
microbial protein is facilitated by heterotrophic
bacteria. This process is supported by the
introduction of carbon sources and a robust
aeration system. It is important to maintain a
C/N ratio within the range of 10:1 to 20:1, as
suggested by Yuvarajan (2020).

There exist multiple carbon sources that can be
utilized within the biofloc system, including
wheat flour, corn flour, tapioca flour, rice bran,
sweet potato, jaggery, and molasses. The
selection of carbon sources should prioritize
affordability and cost-effectiveness, as well as
their ready availability in the market
(Avnimelech,  2007;  Yuvarajan,  2020).
Additionally, it has been observed that biofloc

exhibits advantageous characteristics, such as
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favourable nutritional properties, facilitation of
exogenous digestive enzyme activity, possible
pathogen control, and immunostimulant effects
(El-Sayed, 2021). Biofloc has been proposed as
a novel alternative for the production of
sustainable  aquaculture,  with  potential
contributions to the achievement of the Food
and  Agriculture  Organization's  (FAO)
sustainable development goal (SDG) 2, which
aims to end hunger and improve food security
(El-Sayed, 2021).

According to Che Hashim et al. (2021), the
introduction of Bacillus infantis bacteria through
inoculation facilitated the enhanced proliferation
of advantageous heterotrophic bacteria and
resulted in an increase in the volume of biofloc.
This increase in biofloc volume played a crucial
role in preserving the favorable water quality
inside the culture system. In a recent study
conducted by Kasan et al. (2021 a), the
researchers investigated the impact of
sedimentable solids on water quality and survival
rates of Seylla paramamosa larvae in crab culture.
The findings revealed a decrease in the presence
of pathogenic bacteria when the dominant
bacteria in the biofloc culture tank were
heterotrophic. Additionally, the study observed
a depletion of nutrient levels from the eatly
stages of larval culture until the end of the
culture stage. It is recommended to utilize a
sedimentable solid concentration of 2 ml/L in
the cultivation of S. paramamosain crabs within
the bio-floc system. This application had shown
effective in preserving water quality and
enhancing the survival rate and overall
performance of crab larvae culture. In their
study, Manan et al. (2022) utilised 16S rRNA
gene sequencing to investigate the bacterial
community present in a biofloc shrimp culture
pond inhabited by P. vannamei. Their analysis
revealed the presence of various bacterial species
within the biofloc, including Exiguobacterium
aestuarii, E. profundum, E. aurantiacum, Bacillus
pumilus, velegensis, B. cereus, B. safensis, B. subtilis,
Vibrio diazotrophicus, V. diabolicus, 1. natriegens,
Rheinbeimera — aquimaris, — Acinetobacter — junii,
According to Kasan et al. (2022), the utilization
of a commercial pellet in conjunction with quick
biofloc aggregation as a dietary strategy has been

found to enhance the survival rate of S. olivacea
crablet culture. Additionally, this approach aids
in the maintenance of favorable water quality
and nutrient levels within the crab culture
system.

Integrated Multi Trophic Aquaculture
(IMTA)

Aquaculture, on a global scale, has emerged as
the most rapidly expanding industry in
agricultural food production, with an average
annual growth rate of 5.3% between the years
2001 and 2018, as reported by the Food and
Agriculture  Organization  (FAO,  2020).
Moreover, aquaculture has garnered global
recognition as a highly sustainable approach to
mitigating poverty and improving food security
(Barrange et al., 2018). The demand for seafood
is increasing in tandem with the growth of world
populations (Goh et al., 2022). The exponential
growth in the expansion of aquaculture reliant
on formulated feed, also known as fed species,
has been accompanied by a multitude of adverse
effects on the surrounding ecosystems
(Bergqvist and Gunnarsson, 2011). The release
of aquaculture effluents into natural water
bodies presents a challenge due to their high
concentrations of organic and inorganic
nutrients, which can lead to environmental
degradation (Herath and Satoh, 2015).

Prior research has demonstrated the impact of
nutrient discharge into the aquatic ecosystem,
specifically the phenomenon of eutrophication,
on diverse organisms. These studies have
revealed that the release of nitrogen (N) at rates
ranging from 52% to 95%, aquafeed at 60%,
carbon (C) at 80% to 88%, and phosphorus (P)
at 85% into aquaculture systems results in the
retention of these nutrients in particulate,
dissolved, or gaseous forms. Consequently, these
nutrients subsequently serve as essential
resources for the proliferation of phytoplankton
and bacteria (Perdikaris et al., 2016; Tom et al.,
2021). However, it should be noted that
dissolved and particulate forms of heavy metals
and drug residues, which have harmful effects on
aquatic organisms, can also be detected
(Sharifinia et al., 2022). Consequently, there have
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been endeavors to build an aquaculture system
that is environmentally sustainable, together
with the implementation of a dedicated
treatment facility, in order to mitigate the
discharge of excessive nutrients and pollutants
that are known to contribute to eutrophication,
particularly in marine ecosystems (Perdikaris et
al., 2016; Thomas et al., 2021).

One of the established systems in the field is an
integrated multi-trophic aquaculture (IMTA)
system (Khanjani et al, 2022b). IMTA, or
Integrated Multi-Trophic Aquaculture,
represents a novel approach in the field of
aquaculture aimed at improving economic

viability, reducing environmental impacts,
expanding  commercial ~ production, and
enhancing  sustainability — within  intensive

aquaculture systems. This innovative technique
adopts an ecosystem-oriented framework, as
highlighted by Troell et al. (2009) and Sanz-
Lazaro and Sanchez-Jerez (2020). The IMTA
(Integrated Multi-Trophic Aquaculture) system
derives economic advantages from the
concurrent cultivation of multiple species,
thereby generating revenue from various marine
products. These products include crustaceans
(such as Shrimps, Crabs, and Lobsters),
gastropods (including Abalones and Snails),
bivalves (such as Oysters, Scallops, Mussels, and
Clams), as well as certain species of Sea
cucumbers, Sea urchins, Jellyfish, Finfish, and
Algae (Barrington et al.,, 2009; Zamora et al,
2018). The IMTA system facilitates the retrieval
and transformation of nutrients and by-
products, such as uneaten feed and waste, into
fertilizer, feed, and energy for other crops.
Additionally, it harnesses the synergistic
interactions among different species (Neori et
al., 2004; Chopin et al., 2008).

The study identified three distinct groups of
extractive species that consume varying
proportions of waste released by fed fish, such
as prawns and finfish. These groups include: an
autotrophic species that absorbs inorganic
nutrients and helps reoxygenate the water, a filter
feeder that aids in the removal of excessive
particulate organic matter (POM) suspended in
the water column, and a deposit feeder that acts
as a scavenger for POM that settles on the

bottom. In the context of Integrated Multi-
Trophic Aquaculture (IMTA) systems, the
presence of both organic and inorganic
extractive species is of utmost importance. This
is due to their ability to utilize suspended organic
materials for the purpose of retaining and
minimizing the quantity of waste generated by
the feeding species (Alexander and Hughes,
2017; Rosa et al., 2020).

The IMTA system posited that including a
greater proportion of feed derived from high-
trophic animal cultures might enhance the
production of low-trophic species and mitigate
the adverse impacts within the culture systems
by effectively managing organic matter present
in wastewater (Soto, 2009; Khanjani et al., 2022
b). IMTA has the capacity to both introduce and
eliminate inorganic nutrients, as seaweeds have
the ability to assimilate nitrogen generated by
animal IMTA species (DFO, 2013). The IMTA
(Integrated Multi-Trophic Aquaculture) system
derives economic advantages from the
concurrent cultivation of multiple species,
resulting in the generation of income through
the production of various marine organisms.
These organisms include crustaceans (such as
Shrimps, Crabs, and Lobsters), Gastropods
(including Abalones and Snails), Bivalves (such
as Oysters, Scallops, Mussels, and Clams), as well
as certain species of Sea cucumbers, Sea urchins,
Jellyfish, Finfish, and Algae (Barrington et al.,
2009; Zamora et al., 2018).

The development of the Integrated Multi-
Trophic Aquaculture (IMTA) system involved a
limited number of significant phases. For
instance, the careful selection of appropriate
species combinations and population sizes plays
a crucial role in ensuring the sustainability of the
ecosystem and enhancing overall yield.
Additionally, the implementation of suitable
technologies that are compatible with the
specific ~ environmental ~ conditions,  the
establishment of effective laws and regulations,
the exploration of new markets, the promotion
of awareness and education, the establishment
of a robust production chain, and the ongoing
pursuit of research are all essential factors in
achieving these goals (Barrington et al.,, 2009;
Rosa et al., 2020). All the aforementioned phases
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must be integrated in order to achieve the
development of the IMTA system. In order for
the Integrated Multi-Trophic Aquaculture
(IMTA) to be established effectively, it is
imperative to foster collaboration among various
stakeholders, including aquaculture engineers,
biologists, economists, natural and social
scientists, and commercial investors. This
interdisciplinary approach, as emphasized by
Chopin (2008), is essential for the successful
implementation of IMTA.

Internet of Things (IoT)

Water quality monitoring is an essential aspect
that necessitates careful consideration in the
operation of aquaculture. The constant
monitoring of water quality could be achieved
through the implementation and advancement
of the Internet of Things (IoT). This could be
facilitated by the utilization of specially designed
sensors, which play a crucial role in ensuring the
successful growth and survival of animals (Raju
& Varma, 2017). The utilization of Internet of
Things (IoT) technology in the field of
aquaculture  has  experienced  significant
advancements in recent years, particularly in the
area of water quality monitoring (Dupont et al.,
2018). The aquaculture sector has been
significantly impacted by the implementation of
the Internet of Things (IoT), as seen by the
utilization of real-time monitoring solutions to
minimize human intervention and enhance
monitoring processes (Gupta et al., 2022). The
implementation of the Internet of Things (IoT)
enabled the transfer of sensor-collected data to
the farmer's mobile device through cloud
technology. This initiative allows for timely
preventive measures to be taken in order to
mitigate potential losses (Raju and Varma, 2017),
such as power outages during the farming
process. According to Dupont et al. (2018), for
the use of IoT in aquaculture to be effective, it is
crucial that the technology is intelligent, user-
friendly, dependable, exceptionally efficient, and
economically accessible to aquafarmers. In their
study, Lim and Majid (2021) devised a wireless
Internet of Things (IoT) system for the purpose
of remotely monitoring aquaculture farms. They

recognized the potential for enhancing this
system by integrating an autonomous farming
system. According to Lim and Majid (2021), the
implementation of an IoT monitoring system
enabled farmers to utilize smartphones for water
monitoring, hence potentially reducing death
rates and enhancing profitability.

Prapti et al. (2021) asserted that within the
context of water quality, the most crucial metrics
in  IoT-based aquaculture systems are
temperature, dissolved oxygen, and pH. These
parameters are often accompanied by an alarm
system for prompt action. The IoT-based
aquaculture offers several approaches, including
real-time monitoring, remote monitoring,
automated ~ monitoring,  early  warning
monitoring, online monitoring, and autonomous
monitoring (Prapti et al., 2021). The application
of IoT in smart aquaculture operations is a
technologically ~ advanced  approach  to
sustainable food production. It has emerged as
one of the latest ICT technologies utilized in the
context of the Industrial Revolution 4.0 (IR4.0)
within the aquaculture industry (Prapti et al,
2021). Furthermore, the advancement in
computer technology, exemplified by the
Arduino and Raspberry Pi platforms, has
facilitated innovation in the realm of Internet of
Things (IoT). This progress has significant
implications for the application of IoT in
aquafarming and aquaculture operations (Saha et
al., 2018). In their study, Huan et al. (2020)
devised a water quality monitoring system for
aquaculture that utilized narrow band Internet of
Things (NB-IoT) technology. This technology
enabled the remote collection and storage of
data from multiple sensors, including
temperature, dissolved oxygen (DO), and pH.
Additionally, the system facilitates centralized
management of breeding ponds. According to
Huan et al. (2020), the integration of the Internet
of Things (IoT) into aquaculture operations has
the potential to facilitate the advancement of
aquaculture informatization. Additionally, it can

offer farmers improved accuracy and
convenience in monitoring their aquaculture
ponds.  Additional  factors  that need

consideration are the expenses associated with
deploying the Internet of Things (IoT), such as
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the initial setup costs, the expenditure required
to enable the water quality sensor, the cost of
mobile data for real-time monitoring, the
expenses related to cloud storage, and the
establishment of remote centers for analysis
(Karimanzira & Rauschenbach, 2019). The
expenses associated with maintaining the IoT
system, particularly in relation to the water
sensors, are significant due to the high sensitivity
of these sensors and the requirement for
effective maintenance in order to ensure optimal
functionality.

Monosex Culture and Application
of Neo-Female Technology

Monosex culture refers to a specialized
technique within the realm of aquaculture
biotechnology, wherein the aim is to generate
populations of a cultured species that consist
solely of either males or females. However, it
should be noted that the suitability of species for
monosex culture is contingent upon their sexual
dimorphism characteristics. Sexual dimorphism
pertains to the phenomenon observed in certain
species wherein the individuals of different sexes
exhibit discernible variations in various aspects,
encompassing secondary sexual characteristics,
coloration, dimensions (both length and weight),
morphology, or behavioral patterns (including
cognitive traits). As a result of the phenomenon
known as sexual dimorphism, certain species
have exhibited pronounced variations in size,
which have subsequently become influential
factors in the process of sexual selection.

In the context of fish species, it was observed
that females tend to exhibit greater prominence
compared to males. This particular characteristic
holds significance in the field of aquaculture,
where the optimization of large-scale production
of all-female populations was considered more
advantageous than mixed-sex culture (Ventura,
2018). The observed variation in sizes among
individuals of the studied species may be
attributed to wvarious factors related to the
environment. These factors include the
ecological habitat in which the species resides
(Laporte et al, 2018), the geographical
distribution of the population (Jiménez et al.,

1998), as well as the specific developmental and
growth rates that differ between males and
females (Kelly et al., 1999; Hussy et al., 2012).
Additionally, the patterns of migration exhibited
by the species (Eltink, 1987) and the variations
in spawning behavior (Jakobsen and Ajiad, 1999)
could also contribute to the observed differences
in sizes.

While monosex culture is primarily applicable
for selecting commercially valuable species
based on sexual dimorphism characteristics, it is
a highly effective technique for enhancing
production yields and meeting market demands.
A case study examining the growth patterns of
Freshwater crayfish, specifically Yabbies (Cherax
albidus), revealed interesting findings. The study
observed that in a monosex culture, where only
males or females were present, the growth rate
of males increased by 17%, while females
experienced a growth rate increase of 31%, in
comparison to a mixed-sex population.
Additionally, the study found that an all-male
population in a monosex culture demonstrated a
higher gross value of production, specifically at
70%, when compared to a normal mixed-sex
population (Lawrence et al., 2000). In the initial
investigation conducted by Nair et al. (2000), it
was observed that the production of all-male
Giant Freshwater Prawn, which exhibited
enhanced growth and size compared to females
(Sagi et al.,, 19806), using the hand segregation
technique yielded a notable increase in
production income of approximately 60% (Nair
et al, 2006). The enhancement in production
rate of a cultured species was observed when
directing efforts towards cultivating a single-sex
population. This approach priorities the gender
that exhibited faster growth and superior growth
performance, while mitigating concerns related
to expending energy on unwanted reproduction.
It is important to note that in the absence of
both sexes, breeding activities couldn’t take
place (Roderick, 2004). Currently, the prevailing
species utilized for monosex culture encompass
the all-male Nile Tilapia, scientifically known as
Oreochromis — niloticus  (Felix et al., 2019).
Additionally, the all-male Giant Freshwater
Prawn, referred to as Macrobrachium rosenbergii
(Sagi and Afalo, 2005), the all-male Whiteleg
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Prawn, scientifically classified as Lifopenacus
vannamei (Sagi, 2013), and the all-male Red-Claw
Crayfish, known as Cherax guadricarinatus (Rosen
et al., 2010).

Aquamimicry

Aquamimicry is an emerging system that
necessitates the introduction of organic carbon,
without specifying a particular carbon-to-
nitrogen (C: N) ratio. This method facilitates a
conducive environment for the proliferation of
phytoplankton and zooplankton, particularly
copepods (Khanjani et al., 2022 a). The presence
of these planktonic organisms serves as
additional nourishment for the shrimp.
Additionally, the proliferation of beneficial
bacteria in the aquamimicry system contributes
to the stabilization of water conditions and
enhances the growing performance of the
shrimp (Khanjani et al., 2022 a). Aquamimicry is
a technique that enhances the ecological state of
shrimp farming by promoting the growth of
beneficial microorganisms. This, in turn, leads to
the proliferation of planktonic organisms,
including phytoplankton and zooplankton,
particularly copepods. These organisms serve as
supplementary food sources in shrimp culture
and contribute to the maintenance of optimal
water quality conditions (Romano, 2017).
Aquamimicry is a methodology that seeks to
replicate the conditions seen in natural settings,
with the aim of promoting environmental
stability and minimizing feeding costs (Panigrahi
et al, 2019). The efficacy of the aquamimicry
system is contingent upon the utilization of
carbon sources, such as Rice bran, Soybean, and
meal, in conjunction with probiotic bacteria
typically derived from Baci/lus sp. These bacteria
play a crucial role in promoting the proliferation
of zooplankton, particularly copepods (Khanjani
et al, 2022 a). The utilization of fermented
carbon sources, which serve as a precursor for
prebiotic derivatives like oligosaccharides, in
conjunction with probiotic bacteria (specifically
Bacillus sp.), has been found to contribute to the
preservation of favorable water quality
conditions. Additionally, this approach aids in
the efficient recycling of nitrogenous waste

within aquaculture systems by the action of
Bacillus ~ sp.  bacteria.  Consequently, the
implementation of this strategy offers potential
benefits such as reduced reliance on therapeutic
interventions  and  the  promotion  of
environmentally sustainable aquaculture
practices (Deepak et al., 2020; Zeng et al., 2020).

The aquamimicry system does not necessitate
the adjustment of the carbon-to-nitrogen (C:N)
ratio, as it solely relies on the incorporation of a
fermented carbon source. Additionally, the
introduction of additional probiotics can be
undertaken throughout the prawn growth out
phase, which distinguished it from the biofloc
(BFT) system (Catalani, 2020). The inclusion of
fermented carbon sources is a critical factor in
establishing the aquamimicry environment and
promoting the growth of zooplankton. In the
context of aquamimicry, the presence of
zooplankton, particularly copepods, plays a
significant role in the development of this
system (Catalani, 2020). According to Deepak et
al. (2020), Rice bran is considered the most
favorable choice for a fermented carbon source
due to its cost-effectiveness, easy accessibility in
markets, and its high content of fibre and
nutritional value.

The aquamimicry technique relies heavily on
natural products, particularly copepods, as live
feed sources for prawns. This approach is
commonly referred to as "copefloc" technology
(Deepak et al, 2020). Copepods possess a
greater nutritional value compared to rotifers
due to their abundance in fatty acids, particularly
polyunsaturated fatty acids (PUFA) such as
arachidonic acid and eicosapentaenoic acid.
Additionally, copepods are rich in carotenoids,
peptides, vitamins, and minerals, all of which
have been recognized as crucial elements for the
growth and development of prawns (Satoh et al.,
2009). According to (Taher et al. 2017), the
inclusion of copepods in the shrimp nursery
culture system has been found to have positive
effects on the growth performance and immune
system of post-larvae (PL) in Penaeus vannamei.
Additionally, it has been observed that the
presence of copepods enhances the feed
conversion efficiency in these shrimps. In the
aquamimicry system, the rice bran underwent
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fermentation with a probiotic, followed by the
addition of water and a hydrolyzing enzyme. The
fermentation process lasted for a duration of 24
hours. The fermentation process was carried out
at a pace ranging from 500 to 1000 kg per
hectare. Following a week of fermentation, the
proliferation of live feed organisms, such as
copepods, became evident (Khanjani et al,
2022a).

Generating Monosex Technique

Monosex culture can be achieved through the
implementation of manual segregation or sex
reversal techniques, both of which are aimed at
selectively promoting the desired sex. The
manual segregation method, due to its limited
reliance on technological advancements, exhibits
suboptimal efficacy, prolonged turnaround
times for obtaining outcomes, laborious
procedures, and unfavorable cost-effectiveness.
The sex reversal technique involves the
administration of a substantial number of
hormones in order to manipulate the sex ratio
within a population, ultimately resulting in the
desired gender. For example, the induction of
sex reversal in fish can be achieved through the
manipulation of steroids, as demonstrated by
Smith et al. (2009). Based on the studies
conducted by Lawrence (2004) and Siddiqui et
al. (1997), extensive research trials have been
carried out over the past three decades to
explore improved techniques for monosex
culture production in specific crustacean species.
These efforts have led to the successful
development of various methods, including
androgenic  gland (AG) transplantation,
androgenic gland ablation, as well as the
utilisation of dsSRNA and siRNA to suppress the
expression of insulin-like androgenic gland
hormone (IAG) (Nagamine et al., 1980; Sagi et
al., 1990; Manor et al., 2004; Ventura et al., 2009,
2012; Tan et al., 2020 a).

Manual Segregation Method

In this approach, individuals of different sexes
were manually segregated and subsequently
reared in separate ponds or tanks. The

aforementioned  technique is commonly
employed in the cultivation of fish, particularly
tilapia, with the aim of achieving a monosex
population. The process of manual sex sorting is
characterized by its simplicity and ease of
execution. However, it is time-consuming and
requires expert personnel to accurately identify
the Consequently, this method is
associated with a margin of error ranging from
3% to 10% (Felix et al., 2019). The procedure is
doing a visual examination to discern and
segregate individuals of different genders by
observing outward sexual characteristics such as
genital papillae, body size, and body coloration.
The practice of segregation in large-scale fish
production is not seen practicable due to the
substantial quantities of fish that require sorting.
This necessitates a significant amount of time,
resulting in a sluggish and stressful process for
the fish. According to Prabu et al. (2019), manual
techniques of segregating small-size Tilapia are
both laborious and not very efficient due to the
difficulty in accurately discerning the sexual
differentiation between males and females. As a
result of this factor, the practice of manual
segregation is infrequently employed for
commercial applications and is primarily suitable
for limited-scale manufacturing (Penmann and
McAndrew, 2000).

SEXeS.

The process of hybridization plays a crucial role
in facilitating biological adaptability, maintaining
gene flow within populations, and driving the
process of biological evolution (Xiao et al., 2011;
Xu et al, 2019). Prior to commencing
hybridization, it is imperative to possess a
comprehensive comprehension of broodstock
management, the genetic makeup of said
broodstock, as well as the ongoing assessment of
the viability and fertility of cultured organisms'
offspring (Rahman et al., 2018). In general, it has
been observed that interspecific hybrids tend to
exhibit a more accelerated growth rate when
compared to their respective parent species, as
reported by Qin et al. (2020) and documented in
Table 3. According to Jiang et al. (2022), triploids
can be categorized into autotriploids and
allotriploids, based on the source of their
chromosome sets. Hybrid triploids, as elucidated
by Yoo et al. (2018), exhibited an augmented
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chromosomal composition, encompassing three
sets instead of the conventional two sets.

The observed survival rates of hybrid individuals
were typically characterized by a relatively low
probability of long-term viability. However, the
potentiality could be improved through the
induction of triploid genotypes through hybrid
crossbreeding, as demonstrated by Bartley et al.
(2000) and Yoo et al. (2018). It is worth noting
that the intriguing phenomenon of triploid
hybrids, resulting from the interplay of
hybridization and polyploidization, holds great
potential for augmenting heterosis, improving
survival rates, promoting growth, and enhancing
disease  resistance when compared @ to
autopolyploids, as demonstrated by Zhang et al.
(2014). Furthermore, the inclusion of triploid
individuals, which commonly exhibit sterility, in

aquaculture operations can yield several
advantages. These advantages encompass
enhanced growth rates, heightened
environmental  tolerance, and  increased

resilience within culture conditions (Piferrer et
al., 2009; Qin et al., 2019). The utilization of
triploids in aquaculture systems can lead to
enhanced growth rates, as the energy resources
are primarily allocated towards growth and
development rather than being diverted for
gamete production and reproductive processes,
owing to their sterile nature (Manan and
Ikhwanuddin, 2021). While it is acknowledged
that ploidy effects may indeed exist, it is worth
noting that triploids exhibit physiological and
behavioral similarities to diploids, as observed by
Fraser et al. in 2012. Triploids are highly
desirable within the aquaculture industry due to
their ability to mitigate the financial burden
associated ~ with  premature  maturation.
Additionally, they serve as an effective measure
to prevent genetic intermingling between wild
and cultured populations, thereby minimizing
potential environmental hazards that may arise
from the escape and subsequent release of
hybrid individuals into natural aquatic
ecosystems (Taranger et al., 2010; Wang et al.,
2020).

Probiotic and Prebiotic Application
in Aquaculture

The aquaculture industry encompasses a diverse
range of finfish, mollusks, crustaceans, and algal
plants, making it a rapidly expanding sector in
terms of food production. The demand for
aquaculture  products has been steadily
increasing over the years. Nevertheless, the
proliferation of disease outbreaks has emerged
as a prominent impediment to the optimal

growth and trade of aquaculture. This
phenomenon  significantly — hampers  the
economic progress of the sector across

numerous nations. In the context of the prawn
and crab culture subsector, it is worth noting that
the growth and development of these organisms
are currently being hindered by disease-related
challenges. To date, the efficacy of disinfectants
and antimicrobial drugs, which are considered
conventional approaches, has demonstrated
restricted effectiveness in the realm of aquatic
disease prevention or treatment. Furthermore,
an escalating apprehension has emerged
regarding the utilization, and specifically the
excessive utilization, of antimicrobial agents, not
solely within the realm of human medicine and
agriculture, but also within the domain of
aquaculture industries (Verschuere et al., 2000).
The extensive utilization of antimicrobials for
the purpose of promoting growth and
preventing diseases in aquatic organisms has
resulted in a heightened selective pressure on the
microbial realm. Consequently, this practice has
inadvertently fostered the natural emergence of
bacterial ~resistance. The proliferation of
antibiotic-resistant bacteria persists despite the
introduction of antibiotics, and these bacteria
possess the ability to horizontally transfer their
resistance genes to non-exposed bacterial
strains. Hence, it is imperative to conduct
additional research and develop novel strategies
in order to mitigate the excessive utilization of
antimicrobials and address inappropriate
practices.

In the realm of disease management, it is
imperative to prioritize prevention strategies, as
they tend to yield greater cost-effectiveness
compared to curative measures. This could
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potentially lead to a reduced dependence on
chemical interventions such as antimicrobials,
disinfectants, and pesticides, as these measures
primarily address the manifestations of an issue
rather than its underlying root cause. Numerous
strategies have been suggested for the alternative
utilization of antimicrobials in the realm of
disease control, showcasing promising outcomes
in the field of aquaculture, as extensively
documented. The reported decline in the
consumption of antimicrobial agents can be
attributed to various factors within the realm of
fisheries science. One significant factor is the
emergence of highly effective vaccines, which
have proven to enhance the non-specific
defence mechanisms of the host. Additionally,
the utilization of immunostimulants, either alone
or in conjunction with vaccines, has played a
crucial role in this decrease. Furthermore, the
implementation of bioaugmentation techniques,
as well as the application of both probiotics and
prebiotics, has contributed to the overall
reduction in antimicrobial agent consumption.
Based on the favorable assessments, these
alternative methodologies have been recognized
as pivotal factors in enhancing the quality of
aquatic environments, and as significant
domains for prospective investigations in disease
management within the field of aquaculture.

Both probiotics and prebiotics have gained
significant popularity as feed additives within the
aquaculture industry. It is widely acknowledged
that these organisms confer advantageous
impacts on the host by actively combating
diseases. Consequently, they directly enhance
growth by augmenting the size and weight of the
host. Additionally, in certain instances, they
serve as viable alternatives to antimicrobial
compounds and also stimulate the host's
immune response. In the realm of fisheries
science, it is commonly observed that probiotics
are present within microbial feed additives that
have the ability to regulate the microbial
communities found in the gastrointestinal tract.
On the other hand, prebiotics are substances
added to forage that cannot be digested, but
serve to enhance the population or functionality
of beneficial bacteria or probiotics residing in the
gastrointestinal tract (Akhter et al., 2015). As

highlighted by Dimitroglou et al. (2011), the
utilization of probiotics and prebiotics in the
field of aquaculture has garnered significant
interest. This is primarily attributed to their
demonstrated efficacy in enhancing production
outcomes, promoting the overall health, and
bolstering  disease  resistance of aquatic
organisms.

In the field of fisheries science, probiotics have
traditionally been characterized as organisms or
substances that play a crucial role in maintaining
the equilibrium of intestinal microorganisms
(Parker, 1974). As per the findings of Gismondo
et al. (1999), the nomenclature of probiotic
originated from the Greek term’s "pro" and
"bios," signifying "for life," and is commonly
acknowledged as a vital aid that enhances the
holistic well-being of the host organism. As per
the World Health Organization (WHO) and the
Food and Agriculture Organization (FAO),
probiotics can be defined as viable
microorganisms that, when administered or
introduced in an optimal quantity to the host,
confer health advantages (FAO, 2001).
However, the Food and  Agriculture
Organization (FAO) and the World Health
Organization (WHO) have broadened the scope
of aquaculture to encompass a wide range of
Gram-positive and Gram-negative bacteria,
bacteriophages, microalgae, and yeast (as listed
in Table 4). These organisms are utilized in
aquaculture either through direct introduction
into the water or by incorporating them into the
feed in pellet form. The fundamental premise
underlying the definition provided by the Food
and Agriculture Organization (FAO) and the
World Health Organization (WHO) is that
probiotics encompass viable microorganisms
that are ingested orally and exhibit discernible
health benefits. The utilization of these methods
has been extensively utilized for the purpose of
disease management in the field of aquaculture,
with a particular focus on developing nations
(FAO, 2001; Irianto and Austin, 2003; Kazun
and Kazun, 2014; Nayak, 2010).

Probiotic microorganisms have been recognized
for their ability to stimulate the immune system
and are commonly utilized for various purposes,
primarily to enhance economic productivity,
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facilitate digestion and absorption, and mitigate
the occurrence of infectious diseases (Nayak,
2010). In addition to their immunomodulatory
effects, it is widely postulated that these
organisms possess a wide range of mechanisms
to interact with living organisms. These
mechanisms include the ability to outcompete
potential pathogens by releasing inhibitory
molecules or engaging in direct competition for
resources such as space, oxygen, and nutrients
within the digestive tract of the host organism
(Fuller, 1987). In certain instances, particularly in
aquatic organisms, it has been observed that they
exhibit an affinity for the mucosal epithelium of
the gastrointestinal tract, thereby aiding in the
defence against pathogens (Korkea-Aho et al.,
2012; Lazado et al., 2011; Luis-Villasenor et al.,
2011; Mahdhi et al., 2012). Furthermore, it has
been documented that probiotics can augment
the food's digestibility through the facilitation of
enzymatic  processes, including amylases,
alginate lyases, and proteases (Zokaeifar et al.,
2012; ten Doeschate and Coyne, 2008). Several
studies have documented the enhancement of
nutrient production, including fatty acids,
vitamin B12, biotin, and others, which have been
found to positively influence the overall health
of the animals under investigation (Sugita et al.,
1991; Zhou et al., 2010). The nutrients generated
serve as a supplementary source of nourishment,
aiding in the enhancement of intestinal microbial
equilibrium. This, in turn, provides indirect
advantages to the host organism. The utilization
of live bacteria as probiotics presents a
promising avenue in fisheries research, offering
an alternative approach to the use of chemicals
and antibiotics. Moreover, these live bacteria
exhibit the ability to function as signalling
molecules, thereby activating the immune
system, as demonstrated by Akhter et al. (2015).
To date, considerable focus has been directed
towards investigating the immunomodulatory
properties of probiotics in the context of
aquaculture. The studies pertaining to the
efficacy and verification of immune responses in
aquatic organisms, specifically fish and shellfish
species like prawns, have been extensively
documented.

In contrast, prebiotics can be defined as dietary
components that are resistant to digestion and
have a positive impact on the host organism by
specifically  fostering the proliferation or
functionality of a particular group of bacteria
within the colon. They have the potential to
modulate the colonic microflora, thereby
augmenting the abundance of beneficial bacterial
consortia. As per the findings of Akhter et al.
(2015), prebiotics serve as a growth stimulant for
particular commensal bacteria, which in turn
hinder the attachment and infiltration of
pathogenic microorganisms in the epithelial
lining of the colon. These organisms exhibit a
tendency to engage in competition for the
identical ~glycoconjugates present on the
epithelial cells of the host. Additionally, they
have the capacity to lower the pH levels within
the colon, prioritize the barrier function,
enhance mucus production, generate short chain
fatty acids, and stimulate cytokine production.
The majority of prebiotics can be classified as
carbohydrates, originating from a diverse range
of plant sources or the cell wall constituents of
yeast. Fish can be categorized based on their
molecular size or polymerization level,
including monosaccharides, polysaccharides, or
oligosaccharides. Some examples of prebiotics

commonly  studied in the field of
fisheries science include inulin, fructo-
oligosaccharides, mannan-oligosaccharides,

galacto-oligosaccharides, arabinogalactans, and
other similar compounds. These prebiotics have
been investigated for their potential effects on
the gut microbiota of fish species, as well as their
potential to enhance nutrient utilization and
overall health in aquaculture systems.

In general, prebiotics exhibit a favourable impact
on the gut-associated lymphoid tissue (GALT).
Prebiotics, such as inulin and fructo-
oligosaccharides, are considered to be nutritional
therapeutic preparations, as discussed by Akhter
et al. (2015). They are frequently employed to
facilitate the proliferation of indigenous bacterial
communities and impede the development of
pathogens, hence promoting optimal intestinal
functionality. In addition to this, they were
employed to hinder the initiation and spread of
pathogens. The immunosaccharides mentioned

WWW.EJTAS.COM

EJTAS

2023 | VOLUME 1 | NUMBER 5

126



in the study conducted by Akhter et al. (2015)
have been found to alleviate the function and
reliability of phagocytic cells, enhance bacterial
activities,  activate  natural  killer  cells,
complement, lysozyme, and the host's antibody
response. Despite the potential benefits that
prebiotics offer in terms of promoting health,
enhancing growth performance, and improving
quality in several terrestrial species, their
Utilization in the aquaculture industry for the
cultivation of fish and shellfish has been
relatively neglected.

Black soldier fly (BSF) as aquatic
animal feed

The utilization of animal-protein feed is favored
in the poultry and aquaculture sector over plant
protein due to its composition of well-balanced
essential amino acids and elevated levels of
vitamins, in contrast to plant sources (Saima et
al., 2008; Swinscoe et al., 2018). The utilization
of insects as viable food sources has gained
significant traction in contemporary aquaculture
practices, with one noteworthy example being
the Black Soldier Fly Larvae, scientifically known
as Hermetia illucens (BSFL). The amino acid
composition of Black Soldier Fly Larvae (BSFL)
closely resembles that of fish meal, making it a
highly viable option for protein substitution in
fish diets without compromising nutritional
adequacy (Barroso et al., 2014; Lock et al., 2010).
The remarkable prevalence of this particular
insect species, coupled with its inherent
suitability for large-scale cultivation, renders it
the optimal selection for utilization as animal
feed within the aquaculture sector.

According to the findings presented by
Barragan-Fonseca et al.  (2017) and
Khairuzzaman et al. (2021), it has been
established that the Black Soldier Fly Larvae
(BSFL) does not exhibit characteristics of a pest

insect. The aforementioned insect species
exhibits a notable absence of proclivity towards
engaging in biting, stinging, or disease

transmission activities vis-a-vis humans. This
can be attributed to their exclusive reliance on
water sources and organic matter remnants for
sustenance and developmental progression, as
elucidated by Wang and Shelomi in their seminal

work published in 2017. Indeed, this particular
insect species has been observed to have a
negative impact on the population of pathogenic
bacteria, such as Salmonella enteritidis and
Escherichia coli. This can be attributed to the
presence of natural bacteria in the gut of the
Black Soldier Fly Larvae (BSFL), which serve as
prebiotics and possess the ability to eliminate
these harmful bacteria (Zheng et al, 2013;
Lalander et al., 2015). Furthermore, according to
the findings of Park et al. (2014), it has been
observed that the larvae of Black Soldier Flies
(BSF) possess the ability to produce
antimicrobial agents that exhibit efficacy against
both gram-positive and gram-negative bacteria.

The remarkable capacity of Black Soldier Fly
Larvae (BSFL) to efficiently convert organic
waste into a nutrient-dense biomass containing
high levels of protein, fat, and other essential
nutritional elements renders them a viable
alternative to fish meal and other protein sources
in the formulation of aquaculture feed (Gao et
al., 2019; Zozo et al., 2022). The protein content
in Black Soldier Fly Larvae (BSFL) meal ranges
from 40 to 60%, as reported by Al-Qazzaz et al.
(2016). Similarly, the lipid content varies
between 15 to 49%, which is influenced by the
processing method employed and the specific
substrates utilized in the meal production, as
highlighted by Makkar et al. (2014). The
utilization of Black Soldier Fly (BSF) larvae
within the aquaculture sector is widely
recognized for its environmentally advantageous
attributes. This is primarily attributed to their
remarkable capacity to efficiently convert
organic waste materials into a valuable resource,
thereby contributing to waste management
efforts. Additionally, the adoption of BSF larvae
in aquaculture operations is considered a cost-
effective investment, further enhancing its
appeal within the industry (Kim et al., 2021).

In a case study examining the utilization of Black
Soldier Fly Larvae (BSFL)-based pellets as a
dietary source for African Catfish fingerlings
(Clarias  gariepenns), noteworthy findings were
reported. The fish that were provided with
BSFL-based pellets exhibited a final weight gain
of 6.45 g, surpassed the weight gain of fish fed a
commercial diet consisting of fish meal-based
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pellets, which was only 1.9 g over a 28-day study
period. These results indicated the potential for
utilizing BSFL-based pellets as an excellent
alternative feed option for African Catfish
fingerlings, particularly due to its cost-
effectiveness (Hamid et al., 2021). In contrast,
the findings of Belghi et al. (2019) indicate that
incorporating Black Soldier Fly Larvae (BSFL)
meal as a replacement for fish meal in the diet of
Atlantic salmon yields positive outcomes, as it
does not adversely affect the fish's digestive
processes or impede its growth performance.
The utilization of Black Soldier Fly Larvae
(BSFL) meal was also investigated as a potential
alternative to fish meal in the diet of Yellow
Catfish, with a substitution rate of 48% (Dietz
and Liebert, 2018). Additionally, its efficacy as a
replacement for soybean meals, at a substitution
rate of 50%, was examined in the diet of Nile
Tilapia. Based on extensive research conducted
by Rawski et al. (2020) and Kieronczyk et al.
(2018), it has been observed that cultured fish
exhibit a favorable response towards an insect-
based diet. This could be attributed to the
presence of aromatic compounds in the insects,
which served as the potent natural attractants,
stimulating the fish to actively consume them. In
summary, it is evident that the utilization of
BSFL meal holds great potential as a viable
protein substitute in the realm of commercial
aquaculture food production. These alternative
exhibits commendable quality and can be readily
generated in substantial quantities, surpassing
the reliance on conventional fish meal or
soybean meal. Moreover, a significant advantage
lies in the reduced production costs attributed to
the lower price of the principal ingredient and
the streamlined mass production process.

Conclusion

Aquaculture has been confronted with a
multitude of challenges in recent times, including
disease outbreaks, the need for enhanced
broodstock, concerns regarding water quality
degradation, and limited land availability.
Consequently, the imperative for the
advancement of aquaculture technology has
become increasingly apparent and obligatory. To

effectively enhance aquaculture production and
align with the Sustainable Development Goals
(SDGs) pertaining to eradicating hunger and
poverty, it is imperative for the aquaculture
sector to employ a technologically advanced and
highly =~ productive  approach.  Currently,
researchers and scientists in the field of
aquaculture are diligently working on the
advancement of new technologies. These
innovations aimed to assist aquaculture societies
in achieving enhanced production levels and
promoting environmentally friendly practices
within aquaculture operations. The ultimate goal
is to establish a sustainable framework for
aquaculture production in the foreseeable future.
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