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Chapter 6
Introduction of Nanotechnology 
Intervention in Aquaculture

A. Sai Ramesh, Ayurika Tripathy, N. V. P. Meghana, L. Karthik, G. Kiran, 
and Vishnu Kirthi Arivarasan

6.1  Introduction to Nanotechnology

In the word nanotechnology, the prefix “nano” signifies a billionth, and any innova-
tion working at the nanoscale and having applications in reality can be named as 
nano innovation. However, there is no ideal meaning of nanotechnology; it tends to 
be characterized in numerous potential ways, or in basic words, it is simply “innova-
tion occurring at the nanoscale” (Kaehler 1994), where the nanoscale is essentially 
the range between 1 and 100 nm. Nanoscience and innovation have detonated in 
prominence in the earlier decade, attributable to the accessibility of novel advance-
ments for assembling nanomaterials, as well as different factors, for example, por-
trayal and control apparatuses (Daniel and Astruc 2004; Rao and Cheetham 2001).
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6.2  Importance of Nanoscale Materials

There are many reasons why nanotechnology has become a very important field and 
has created many new opportunities, and the factors of nanoscale materials respon-
sible are listed below (National Science and Technology Council 2000):

6.2.1  The Quantum Size Effect

Numerous nanoscale components have an upgraded proportion of surface region to 
volume, because of which new quantum mechanical impacts are given. This impact 
can modify the actual properties, for example, the liquefying point, changing the 
limit without changing the compound arrangement of materials (National Science 
and Technology Council 2000; Abad 2005).

6.2.2  Catalysis

Due to the large surface area and volume ratios, chemical properties at the nanoscale 
provide an advantage for processes like catalysis, energy storage, drug delivery sys-
tems, etc. (Mansoori and Soelaiman 2005).

6.2.3  Structural Organization

Nanotechnology has allowed us to put man-made nanoscale objects into living cells 
(Hu et al. 1999). It has provided the possibility to explore the microstructure and 
macrostructure of matter using molecular self-assembly. This certainly is a very 
powerful instrument in materials science (Whitesides 2005).

6.2.4  Enhanced Mechanical Properties

Macroscopic systems made up of nanostructures have a number of improved 
mechanical properties, such as the improved strength and hardness of nanomaterials 
and lightweight nanocomposites. Such systems can potentially have their molecular 
structures altered nanomechanically (Bhushan 2010).
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6.3  History of Nanotechnology

People have been examining “nano”-measured presence for quite a while. Dr. 
Richard P. Feynman (Ghorbanpour et al. 2015), a physicist and Nobel Laureate, is 
broadly credited for begetting the expression “nanotechnology.” Each of his logical 
talks is viewed as exemplary. “There’s A lot of Room at the Last: A Challenge to 
Enter New Field of Physical science” was the title of one of his well-known dis-
plays. As Feynman referenced in his talks, the principles of nature and our capacity 
to work at the nuclear and subatomic levels didn’t restrict us, yet it was our absence 
of satisfactory methodologies and gear that held us back from accomplishing our 
objectives. He considered “scaling down by vanishing,” which he characterized as 
meager film arrangements, “making small things with molecules,” like smaller than 
usual machines, electronic circuits, and industrial facilities; and “tackling the issues 
of iotas,” which he characterized as “fixing the issues of particles. Nanorobotics is 
being utilized to provide “grease.” He additionally exhorted “revamping molecules” 
to tackle the issue and make a wide scope of nanostructures and nanodevices. 
Applications that have come about because of Feynman’s discourse in 1959 include 
the control of single molecules on a silicon surface, the catching of single, 3D, 
nanometer-width colloidal particles, the control of single, 3D, nanometer- 
measurement colloidal particles, electrostatic techniques, and the position of single 
particles. A checking burrowing magnifying instrument was utilized to analyze par-
ticles (STM) (Mansoori et al. 2005).

6.4  Methods of Nanofabrication in Nanotechnology

There are two nanotechnological approaches, i.e., the top-down approach and 
atomic-scale fabrication representing the bottom-up approach (Mansoori et  al. 
2007; Ghorbanpour and Hatami 2015), which involves the manufacture of device 
structures through the systematic self-assembly of molecules, atoms, or other basic 
units of matter.

6.4.1  Top-Down Approach

Top-down manufacturing is the process by which bulk materials are broken down 
into smaller and smaller pieces via mechanical, chemical, or other forms of energy. 
The electronics industry is the most successful at manipulating these fragments to 
create functional structures at the micro- and nanoscale. This approach has led engi-
neers and physicists to manipulate progressively smaller fragments of matter via 
photolithography and other techniques (Lee et al. 2010).
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6.4.2  Bottom-Up Approach

The bottom-up approach represents the self-assembly of atoms, molecules, and 
machines from basic building blocks to the making of nanomaterials and nanode-
vices. Such an approach of making nanostructures atom by atom using carefully 
controlled chemical reactions will lead to the generation of cheaper techniques 
compared with lithographic methods (Lee et al. 2010).

In order to develop objects that are actually artificially and organically steady, 
nanotechnology can be described as a nuclear or subatomic method. It requires the 
estimation, forecasting, and manufacture of issues based on the size of ions and 
atoms. In the event that nanotechnology keeps on developing at its present rate, 
it will affect the existence of almost everybody in the world in the next few years 
(Lee et al. 2010).

6.5  Introduction to Aquaculture

The status and possibilities of aquaculture are found with regard to a bigger food 
climate that incorporates wild amphibians and earthbound food sources. The think-
ing and asset base needed for aquaculture advancement are analyzed considering 
cultural advancement, social inclinations, and human necessities. The lopsided turn 
of events and current pertinence of aquaculture all over the planet, as well as its 
huge fluctuation of structure and capacity when contrasted with earthly creature 
creation, are featured. The new drivers of interest and creation development are 
explored, as well as the tireless connections between wild stock abuse, full life cycle 
culture, and various transitional structures (FAO 2018).

Aquaculture, ordinarily known as aqua farming, is the quickest-developing food 
area on earth. This increment is due to rising protein interest and a consistently 
expanding human population. The five essential aquaculture markets are anticipated 
to reach $87.6 billion by 2025, as indicated by partnered statistical surveying, with 
a build-year development pace of 4.9 percent from 2018 to 2025. The USA, Europe, 
China, Russia, and Japan are the five biggest aquaculture markets. In spite of the 
way that aquaculture has been around for a very long time, it is as yet a youthful and 
extending area. It can provide some significant experience from animal cultivation 
and faces various issues such as infection prevention, low-sway creation, feeds, and 
nourishment. Trendsetting innovation, then again, has helped out. The Internet of 
Things (IoT) has productive potential for further developing effectiveness and keep-
ing up with seagoing species’ well-being (Mirsasaani et al. 2013).

The repercussions for the area with quick-extending feed needs are analyzed, as 
is an arising pattern for getting hydroponics taken care of from options in contrast 
to marine materials. Hydroponics is turning into a significant stock of marine parts, 
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and nontraditional and inventive feed fixings, which are normally imparted to earth-
bound creatures, are examined. The ramifications for hydroponics’ anticipated sup-
ported development are examined with regard to reasonable growth, with the issues 
that regular heightening and eminent mix inside and between esteem chains face 
being researched. The appraisal proceeds with a discussion of the ramifications for 
subordinate jobs as well as assessments for potential fates dependent on limited 
assets and expanding demand (Ghorbanpour et al. 2017).

The rearing, developing, and collecting of fish, shellfish, green growth, and dif-
ferent living beings in a wide range of water living spaces is known as hydroponics.

Innovation has made it conceivable to develop food in beachfront marine waters 
and the vast sea as the interest in fish has developed. Aquaculture is a way for creat-
ing food and other business things, as well as reestablishing living space, renewing 
wild stocks, and revamping undermined and imperiled creature populaces. 
Aquaculture is divided into two kinds: marine and freshwater. NOAA’s exercises 
are generally centered around marine hydroponics, which alludes to the cultivation 
of marine and estuarine creatures.

Freshwater hydroponics in the USA produces species like catfish and trout. 
Freshwater hydroponics is, for the most part, done in lakes or other counterfeit 
frameworks.

NOAA is devoted to advancing a monetarily, environmentally, and socially prac-
tical hydroponics business. NOAA researchers and colleagues are attempting to all 
the more likely comprehend the natural effects of hydroponics in different settings 
and to foster ideal administration practices to assist with restricting the chance of 
unfortunate results.

6.5.1  The Upsides of Aquaculture

In the course of the last decade, hydroponics, or fish cultivation, has acquired ubiq-
uity in the United States as a feasible method for creating fish. Expanding interest 
in new fish, as indicated by certain specialists, has come down on normal populaces. 
Hydroponics, or the cultivation of marine fish and shellfish, is turning out to be 
progressively famous for providing this interest. Hydroponics is vital for the econ-
omy since it utilizes a large number of individuals for tasks and assistant 
administration.

Worldwide fisheries send out as of now more money than any other exchanged 
agrarian item in the world, including rice, cocoa, and espresso, as indicated by the 
Natural Safeguard Asset, a non-benefit ecological association (http://agrilinks.org/
post/advanced- technology- and- aquaculture- drones- and- artificial- intelligence- 
make- difference) (Fig. 6.1).
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Fig. 6.1 Schematic representation of intervention by nanotechnology and aquaculture

6.6  Intervention of Nanotechnology and Aquaculture

Hydroponics has emerged as one of the world’s quickest-developing food enter-
prises lately, assisting with fulfilling the developing need for animal protein. 
Notwithstanding, illness predominance, synthetic contamination, and ecological 
factors all play a role in the elements that essentially affect helpless feed usage and 
mental degeneration and break the area’s capacity to contribute to worldwide food 
security. In this situation, to manage these issues, new courses in science and inno-
vation have been cleared. To restrict these downsides in this hydroponics area, “nan-
otechnology” has emerged as a distinct advantage. With inventive nanotools, there 
is colossal potential to further develop hydroponics. This investigation is critical 
(Ghorbanpour et al. 2017). There is a critical hole in specialized advancement for 
drug use, infection treatment, water quality control, and item improvement. 
Considering an illustration of a specially custom-made fish (Shah and Mraz 2020) 
for further developed well-being and creation, better well-being is energized by 
epigenetic and nutrigenomic cooperations. Rearing accomplishment through pro-
ductive development conveyance and nutraceutical organization for fast bringing 
forth, generating invigorating specialist powerful development advancement and 
culture time decrease. Around here, auto-transgenics and powerful antibodies  
are being utilized. To beat these impediments, grasping, coordinating, and 
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consolidating approaches as well as carrying out new logical and innovation are 
required. It is basic to support a positive hydroponics. Right now, the hydroponics 
business is going through new logical and innovative advancements to create more 
talented laborers.

The ceaseless and striking development in the stock of ocean food varieties for 
human utilization is reflected in the increment in worldwide fish creation, with 
around 171 million tons in the year 2016. The creation flood is worth USD 362 bil-
lion, accounting for USD 232 billion from hydroponics creation, and out of which 
around 47% of the all-out addresses hydroponics and almost 53% utilizes nonfood 
(counting decrease to fishmeal and fish oil). The expansion underway isn’t viewed 
as the sole component of increased utilization of ocean food varieties; however, 
certain variables like lessening wastage through appropriate bundling material are 
worth considering. Besides, the commitment of hydroponics and ocean food variet-
ies towards sanitation and security can be a promising support point concerning the 
2030 agenda (Ferosekhan et al. 2014). There are many difficulties in accomplishing 
the maintainability and set point of the 2030 plan, and one related angle includes the 
expansion in overall fish creation to around 171 million tons in 2016 mirrors the 
ceaseless and marvelous development in the inventory of marine food varieties for 
human use. The increment underway is about USD 362 billion. Hydroponics cre-
ation produces USD 232 billion, and hydroponics represents generally 47% of the 
aggregate and generally 53% of nonfood applications (remembering a decrease for 
contamination) (including fishmeal, as well as fish oil). The ascent in yield is any-
thing but decent. It is viewed as the sole reason for higher utilization. Notwithstanding 
certain conditions, for example, a decrease in wastage through the utilization of 
proper bundling materials is something to contemplate.

Moreover, a job in aquaculture and the ocean food varieties that add to sanitation 
and security can be a promising choice. Part with connection to the 2030 plan. There 
are various hindrances to overcome to accomplish this drawn-out objective of the 
2030 Plan for a Reasonable Turn of Events, and one related part involves. On 
account of causes connected with decaying, the nature of fish is turning into a major 
pressing issue in the fish industry all over the planet. Notwithstanding mechanical 
improvements in marine food creation, fish and fish products have become progres-
sively inclined to dismissal because of the globalization of food exchange because 
of their uncommonly short-lived nature and low unrefined substance quality 
(Ferosekhan et al. 2014).

One of the innovative leaps forward was the bundling of detached fish items to 
shield them from microbial weakening, parching, and oxygen. Alternate clear bun-
dling was used first, followed by changed air bundling with regard to the previously 
mentioned bundle purposes (Guide). Because of the hardships of poison develop-
ment by Clostridium botulinum and temperature misuse, the United States has 
extremely strict laws encompassing the utilization of Guide. The time-temperature 
markers (TTIs) utilized in Guide, then again, are the most probable solution for 
these problems (Aklakur et al. 2016).
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6.6.1  Current Nanotechnological Methods in Aquaculture

Aquaculture, being the fastest-expanding food sector, has the potential to help peo-
ple retain their socioeconomic status. It has the potential to make a big contribution 
to society’s food and nutrition by delivering highly useful aquatic proteins and fats. 
Aquaculture is one of the fastest-growing food processing industries, owing to the 
growing demand for seafood and fish around the world, as well as the fact that con-
tinued growth of aquaculture is seen as a vital strategy for ensuring universal food 
and nutritional safety. Because of their composite composition and active environ-
ment, where each element varies quickly and determinedly, various food products 
are particularly ephemeral.

6.6.2  Nanotechnology as a Part of Aquaculture and Fisheries

Nanotechnology can transform the fisheries and aquaculture industries by providing 
new tools such as rapid disease diagnosis and improving fish’s ability to absorb 
medications such as hormones, vaccinations, and nutrients quickly. According to 
the National Science Foundation (USA), the worldwide nanotechnology sector is 
expected to reach a value of USD 1 billion by 2025. By 2015, one trillion dollars 
will have been spent. This may be achievable because of nanotechnology’s huge 
potential in fields other than electronics and materials research, like human health, 
animal food, and agriculture sectors.  For instance, aquaculture is employed in can-
cer treatment, the development of nonviral vectors for gene therapy, biomedical and 
biological research, technologies for biomolecular analysis, and drug deliv-
ery (Lampila and McMillin 2012).

Targeting medication delivery, clinical diagnosis, and treatments, among other 
things, use DNA, proteins, or cells. Despite the fact that much of the development 
research is conducted in laboratories, there are various glimpses of the future needed 
to boost the possible application of nanotechnology in aquaculture (http://aquafind.
com/articles/Nanotechnology- In- Aquaculture.php).

6.6.3  Nanoparticles for Enhancement and Fish Growth

When immature carp and sturgeon were fed iron nanoparticles, their growth rates 
increased by 30% and 24%, respectively, according to researchers from the Russian 
Academy of Sciences. Different selenium sources (nano-Se and selenomethionine) 
supplied in the basal diet improved the final weight, relative gain rate, antioxidant 
status, Glutathione Peroxidase (GSH-Px) activities, and muscle Se concentration of 
crucian carp, according to research (Carassius auratus gibelio). Furthermore, nano-
 Se was found to be more effective in raising muscle selenium levels than organic 
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selenomethionine. Similarly, the nanolevel administration of these nutraceuticals 
improved the growth and performance of the investigated fishes (https://world-
oceanreview.com/en/wor-2/aquaculture/).

6.6.4  Vaccine Delivery

Vaccines have played an important role in aquaculture as a defense mechanism 
against viruses, protecting the host from diseases caused by these pathogens. Oral 
vaccination or injectable vaccination are the most dependable and successful meth-
ods of vaccination in fisheries. The latter, a typical adjuvant approach, necessitates 
the preparation of vaccines using oil/water formulations, which have numerous 
negative consequences (Rather et al. 2011).

6.6.5  Nutrient Distribution

Nutraceuticals are notable for their capacity to assist fish with increasing their turn 
of events and immunological attributes. In any case, rather than addressing funda-
mental requirements, their execution requires bigger costs. Accordingly, outrageous 
alerts ought to be practiced in their utilization to diminish waste and upgrade pro-
ductivity (Adversary (Companions of the Earth) 2008) (Ghorbanpour et al. 2017). 
There is an enormous group of proof supporting nanotechnology’s capacity in the 
powerful organization of dietary enhancements and nutraceuticals in fisheries. 
These frameworks are intended to work on the bioavailability, and, in this way, the 
viability of supplements by expanding their dissolvability and shielding them from 
the unfriendly stomach climate. As a general rule, these kinds of arrangements, 
along with the organizational procedures, can bring about fish mortality. To resolve 
these issues, researchers have fostered a nano conveyance framework as a substitute 
method for immunization conveyance in fish, which is believed to be more secure 
as well as more powerful. Until now, different epitome approaches have been cre-
ated and tried in this specific situation. Among these, alginate particles were distin-
guished as possible contenders for oral immunization organization in oceanic 
species (Zhou et al. 2009). Alginate is a copolymer of b-D-mannuronic corrosive 
(M) and a-L-guluronic corrosive (G) found in an assortment of earthy-colored green 
growth species and as a polysaccharide in microbes. It has a notable mechanical 
ability (Abdul Kader Mydeen and Haniffa 2011). The utilization of nutraceuticals in 
fish and shellfish for well-being across the board, esteem expansion, and stress relief 
is another area of hydroponics study. Regardless of their unassuming need, nutra-
ceuticals have a more noteworthy expense of consolidation.
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Subsequently, it should be utilized so that waste is limited to augment effective-
ness and make the final result monetarily doable. The advancement of a nanodeliv-
ery strategy for these mixtures could help address a portion of the issues with their 
business usage in hydroponics. The utilization of nanoparticles to convey nutraceu-
ticals in fish feed and neutrogenomics studies has huge potential. Moreover, various 
feed nanoformulations help maintain feed consistency and taste (Rather et al. 2011).

6.6.6  Water Purification

One of the most critical pillars for long-term aquaculture is water treatment. In 
recent years, water contamination has been identified as the world’s most serious 
health threat, and it is steadily increasing as a result of waste dumping from cities, 
businesses, and agriculture, as well as the misuse of antibiotics and other synthetic 
substances in fisheries. The degradation of waters in this way has a direct impact on 
human health by reducing the availability of clean groundwater, but it also has an 
indirect impact on aquatic creatures, whose ingestion can result in a variety of food- 
borne illnesses. Apart from that, the fishery industry suffers a significant financial 
loss as a result of microorganisms and heavy metals in these waters, which induce 
growth retardation and fish death. Nanotechnology has important applications in 
aquaculture, such as water treatment to offer a favorable and safe environment for 
fish spawning. In this light, the scientific community supports adsorption and pho-
tocatalysis as the most efficient and cost-effective methods of water purification 
(Ghorbanpour et al. 2017).

Apart from these applications of nanotechnology, nanotechnology-based materi-
als and products are known to have negative effects on the environment and human 
health, in addition to their fundamental application in the development and sustain-
ability of aquaculture. Aquatic creatures, in particular, are at a higher risk of expo-
sure to the potential toxicity of these compounds due to their greater sensitivity. As 
a result, it is critical to take into account the negative and harmful impacts of nano-
materials on aquatic creatures (Joosten et al. 1997) (Fig. 6.2).

Altair Nanotechnologies, established in Nevada, develops Nano-Check, a water- 
cleaning solution for swimming pools and fishponds. It employs 40 nm lanthanum- 
based particles that absorb phosphates from the water and prevent algae growth. 
Nano-Check is currently being tested in swimming pools on a wide basis, and Altair 
released a swimming pool cleaner in early 2005. Altair hopes to see Nano-Check 
used in tens of thousands of commercial fish farms throughout the world, where 
algae and heavy metal removal and avoidance are now prohibitively expensive. 
Altair plans to expand its experiments to confirm its effect on fish, as well as the 
effects of nanoparticle-laden runoff on human health and the environment, accord-
ing to the business. Furthermore, nanoscale weedicide and soil-wetting agent distri-
bution could be particularly effective for aquatic weed management in large water 
bodies, as well as stress mitigation owing to climate change and aquatic pollution 
(http://aquafind.com/articles/Nanotechnology- In- Aquaculture.php).
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Fig. 6.2 Differential 
description of toxicity by 
nanoparticles 
Nanotechnology Devices 
for Aquatic Environment 
Management

6.6.7  Nanotechnological Interventions in Food Processing

The food business has effectively embraced an emerging approach like food nano-
technology at the turn of the twenty-first century. Nanotechnology is the study of 
controlling matter at the nuclear and subatomic levels with no less than one aspect 
estimated in nanometers. It is an expansive innovation, similar to biotechnology and 
data innovation, that is fused into a bigger more specialized framework. Besides, it 
can possibly change agribusiness and other related fields, like hydroponics and fish-
eries. It very well might be utilized to make new and progressed apparatuses and 
systems in an assortment of fields, including hydroponics, fish biotechnology, fish 
regeneration, fish hereditary qualities, and amphibian well-being, to give some 
examples. It’s only recently that they’ve been utilized in the hydroponics and food- 
handling industries. Albeit fruitful nanotechnology interventions in this field are as 
of now restricted, numerous food researchers have perceived the colossal capability 
of nanotechnology to lead all food handling businesses (Gombotz 1998).

Food fabrication organizations should foster new innovations to be serious in the 
food handling area and proposition new, proper, tasty, and safe food items. One of 
the most fundamental objectives of food handling is to broaden the timeframe of 
realistic usability of the item while additionally maintaining its newness and quality.

Nanotechnology is a significant spearheading innovation in the contemporary 
period, with a wide scope of uses in the food handling industry [43].
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Nanotechnology has been quickly progressing in current times, and it has drawn 
in a ton of consideration for the potential outcomes of nanoscale bundling. It has an 
animating application in the field of food and related things.

6.6.8  Nanotechnology in Sea Food Preservation

Fish preservation is a crucial part of the fisheries’ processing process. Typically, fish 
farms or other fish catching locations are placed far from retail outlets, resulting in 
a high rate of fish decomposition and the uncertainty of their sale in the market. 
When a large quantity of fish is harvested in excess of market demand, it is neces-
sary to preserve and process the fish for future use. As a result, preservation and 
processing are critical components of commercial fisheries.

They are carried out with the goal of keeping the fish fresh and safe for as long 
as possible, with the least amount of loss in vital quality features, nutritional con-
tent, and digestibility of the flesh. Many preservation procedures are necessary to 
avoid fish deterioration and extend the shelf life of seafood. These methods are 
intended to prevent the growth and proliferation of spoilage microorganisms, as 
well as metabolic changes that lead to a loss of fish quality.

Furthermore, the safety of seafood is jeopardized as the human population grows. 
These difficulties highlight the need to preserve seafood quality. Despite the fact 
that traditional preservation techniques such as irradiation prevent the growth of 
microbes in fish and despite the relevance of current conservation methods through-
out the storage period, patrons in recent years have favored the use of various food 
preservation methods as these methods would have unfavorable effects on human 
health (Li et al. 2008; Dar et al. 2020).

Experts have been on the lookout for novel alternatives as a result of the fears. As 
a result, an enormous effort is currently being made to develop new antimicrobial 
compounds with the goal of regulating microbial infection in seafood. In recent 
years, replacement strategies for removing food stability have been anticipated. In 
this regard, nanotechnology in regard to food processors’ concerns has proven to be 
an effective innovative tool for increasing food stability and thus being functional-
ized in order to keep color and also boost flavor (Ikape 2017). As previously stated, 
seafood yield is particularly delicate, so the use of nanotechnology to address prob-
lems in dealing with related concerns is extremely important. Human health has 
been shown to be at risk from histamine, halophytic pathogenic bacteria, and para-
sites in traditionally developed fish and other marine food products. Flavorings on a 
nanoscale could be used to change a product’s textural qualities, shelf life, and nutri-
tional profile, as well as to differentiate food pathogens and serve as food standards 
indicators. Food packaging nanotechnologies are mostly used to extend product 
shelf life, identify spoiled components, or heighten product prominence by restrict-
ing gas flow over the product’s packaging (Tassou et al. 1996; Rather et al. 2011).

Fish preservation is a very important processing aspect of fisheries. Typically, the 
fish farms or other fish-capturing sites are located at great distances from retail 
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points, and there is a high frequency of fish decomposition and the uncertainty of 
their sale in the market. When the fish is harvested in large quantities, greater than 
the market requirement, their preservation and processing become necessities for 
their future application. Preservation and processing therefore are indispensable 
components of commercial fisheries.

They are performed with the purpose of ensuring that the fishes remain fresh and 
safe for a long time with a minimum loss in essential quality attributes, nutritive 
value, and the digestibility of their flesh. To prevent fish spoilage and lengthen the 
shelf life of seafood, many preservation techniques are required. These techniques 
are designed to inhibit the growth and proliferation of spoilage bacteria and the 
metabolic changes which result in the loss of fish quality (Perreault et al. 2015).

Fish preservation is a crucial part of the fisheries processing process. Typically, 
fish farms or other fish-catching locations are placed far from retail outlets, resulting 
in a high rate of fish decomposition and the uncertainty of their sale in the market. 
When a vast quantity of fish is captured, much beyond the market need, preservation 
and processing become essential for their future use. As a result, preservation and 
processing are critical components of commercial fisheries. They are carried out 
with the goal of keeping the fish fresh and safe for as long as possible, with minimal 
loss of vital qualitative features, nutritional content, and digestibility of the flesh. 
Many preservation procedures are necessary to avoid fish deterioration and extend 
the shelf life of seafood. These methods are intended to prevent the growth and 
proliferation of spoilage microorganisms, as well as metabolic changes that lead to 
a reduction in fish quality. As previously stated, seafood yield is particularly deli-
cate, so the use of nanotechnology to address problems in dealing with related con-
cerns is extremely important.

On the other hand, literature reviews on the use of nanotechnology for the pres-
ervation of seafood reveal that it is restricted to the use of nanoparticles and nano-
emulsions. The use of nanofibers as a replacement for preserving fish products is 
possible. Based on the scientific fact that nanofibers can be used to encapsulate a 
variety of antimicrobial composites in order to prevent microbial infectivity and 
disease, nanofibers may be capable of reducing microbial activity. In reverence, a 
novel strategy to block the formation of microorganisms in fish meat would be to 
electro-spin nanofibers with antibacterial capabilities on the external surface layer 
of the fish (Kushnerova et al. 2010; Chellaram et al. 2014).

Because of their differentiating properties, environmental compatibility, and 
chemical individuality, biosynthetic nanomaterials have gotten a lot of interest in 
the current period in a range of sectors of natural science.

6.6.9  Nanoemulsions

Nanoemulsions have remarkable stability and physicochemical qualities due to 
their droplet size of less than 100 nm. Because of their smaller size, lipophilic sub-
stances have a greater surface area per unit of mass, resulting in increased biological 
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activity. Nanoemulsions open up new possibilities for creating next-generation 
edible films (Ozogul et al. 2017; McClements and Rao 2011; Solans et al. 2005; 
Sekhon 2014).

6.6.10  Nanosensors

Nanosensors are currently being used in nanotechnological hardware for cow 
assessment and fishpond cleaning. Fish lakes are given DNA nanovaccines as nano-
capsules containing short strands of DNA, which are caught in the fishes’ cells. The 
captured containers are then broken with ultrasounds, permitting the DNA to be 
delivered and the fish to foster an immunological reaction. This advancement inno-
vation is rapidly becoming legitimate in the utilization of iron nanoparticles to speed 
up fish development and a customized drug discharge framework.

In the hydroponics business, nanotechnological biosensors can likewise be uti-
lized for microbial control. The Public Flight and Space Organization has made a 
carbon nanotube-based delicate biosensor fit for distinguishing minute measures of 
microorganisms like microbes, infections, and parasites, as well as weighty metals 
in water and food varieties. The nanocolloidal bit is perhaps the main nanotechnol-
ogy item, acting as a catalyst on a wide scope of microscopic organisms, growths, 
parasites, and infections by changing over a compound for use in their metabolism 
(Otoni et al. 2016).

Nanotechnology is anticipated to provide mechanical intercessions in hydro-
ponics and marine food creation, handling, stockpiling, transporting, recognizing, 
well- being, and security. In any case, before being popularized, nanotechnology-
determined items should exhibit their financial possibility. Data on the financial 
seriousness of nanotechnology-determined items has been scarce up to now.

Nanotechnology can possibly be a distinct advantage in food handling and safe-
guarding. Infection episodes in fish could be effectively controlled with the consid-
eration of nanotechnological instruments, for example, nanocomposites, nano 
biosensors, nano muds, and nanovaccines (Gombotz 1998).
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