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SUMMARY  
Nanotechnology focuses on manipulating materials at the nanoscale (1 to 100 nm), altering their 

properties significantly compared to larger forms. In aquaculture   nanotechnology offers transformative 

applications, leveraging nanomaterials to enhance productivity, sustainability, and disease management. Key 

applications include rapid infection detection, targeted delivery of vaccines and nutrients, and improved feed 

additives using nanoelements like copper and selenium. Carbon nanotubes aid in effective drug delivery and 

vaccine protection. Nano-adjuvants and nanovaccines optimize immune responses, while nanoliposomes and 

nanoemulsions provide stable vaccine delivery systems. Overall, nanomaterials promise to revolutionize 

aquaculture, though careful consideration of environmental and safety aspects is essential for sustainable 

integration. 

 

INTRODUCTION 

Nanotechnology is a branch of science that focuses on the creation, evaluation, and use of tools, materials, 

and technical systems that operate at the nanoscale, with sizes ranging from 1 to 100 nm. Nanotechnology operates 

on the basis that materials with well-established characteristics and functions at a typical size behave differently 

and serve different purposes at the nanoscale. Reducing the material's size will result in a massive increase in its 

surface area per unit, which will facilitate more interactions with reactive sites. Nanomaterials are derived from 

nanoscience and nanotechnology. Nanomaterials are primarily powdery and made up of nanoparticles. Small 

particles' size and shape have a significant impact on the chemical and physical properties of solid materials.  

Nanotechnology might serve as a promising tool in the aquaculture industries, helping to quickly detect infections 

and deliver nutrients, hormones, drugs, and vaccines to cultivable organisms. Various systems based on 

nanotechnology have been used to enhance aquaculture productivity, effectiveness, and sustainability. The use of 

nano-sized materials with stronger immune stimulatory properties would be a novel technique in the aquaculture 

industry for improving fish growth, health, and immunity by altering the existing standard products. 

 

Nanomaterials in Aquaculture 

Infection outbreaks are the most serious problem for aquaculture production. Various forms of 

technological development are used to improve healthy aquaculture production and the aquatic environment. 

Nanotechnology is the most important tool for the development of aquatic products. These techniques are used to 

quickly detect infections and deliver vaccines, drugs, and feed to aquatic animals. 

 

Classification on the basis of Dimension 

 

Innovative Implementation of Nanomaterials in Aquaculture 
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Nanomaterial-based dietary feed additives for aquatic animals 

Dietary feed supplemented with various nanomaterials such as copper, selenium, magnesium, manganese, 

iron, zinc, chromium, and chitosan is used to improve the immune system, digestive function, disease resistance, 

antioxidant activity, growth performance, survival, metabolic functions, gut health, bioavailability, feed intake, 

and feed conversion of various aquatic animals. 

Nanoelements can improve protein stability and may have a wide range of effects on biological functions such as 

digestion, metabolism, and nutrient uptake. 

Many researchers have reported that dietary feed additives containing nanoelements such as iron, zinc, selenium, 

and cobalt have numerous beneficial effects in aquatic animals, and these elements meet the needs of fish species. 

 

Carbon nanotubes 

Graphene sheets are rolled up into tubular shapes to create carbon nanotubes. The dimensions of carbon 

nanotubes can differ, including length, diameter, chirality (the symmetry of the rolled graphite sheet), and layer 

count. Carbon nanotubes (CNTs) can help deliver drugs more effectively and with fewer side effects. CNTs are 

being used as vaccine delivery systems to shield farmed fish from pathogens that cause disease.  

Because of the intriguing uses of CNTs, including drug delivery, therapeutic substance delivery, bioimaging, and 

disease diagnosis, numerous researchers have looked into them.  

 

According to their structure, CNTs may be classified into two main groups:  

 
Single-walled nanotubes (SWCNTs) and Multi-walled nanotubes (MWCNTs) 

 

Bacterial diseases in aquaculture can be managed by creating practical vaccines. DNA vaccines loaded with 

SWCNTs provide strong protection against Aeromonas hydrophila in juvenile grass carp. 

 

Nano-adjuvants 

Nanoparticles used in vaccine development may be categorized according to their method of action, which 

can involve serving as an effective delivery system or functioning as an adjuvant. Nanoparticles that act as 

delivery systems will transport the antigen to specific immune cells while protecting them. Immune-enhancing 

adjuvant nanoparticles will trigger a specific pathway that facilitates the uptake and processing of antigens.  

 

Nanovaccines in aquaculture  

Efficient vaccines and delivery systems are essential for the prevention and control of emerging and re-

emerging infectious diseases in aquaculture. The failure is primarily due to an inability to design vaccines that 

elicit appropriate immune responses. Designing vaccine delivery systems that are effective in targeting antigens, 

stabilising them, and serving as effective adjuvants has been made possible by the use of nanoparticles. Oral or 

injectable vaccinations are the most dependable and efficient methods used in the fishing industry. 
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Nanoliposomes 
A unique structure of lipid-based nanoparticles called nanolipsomes enables them to successfully 

encapsulate both hydrophilic and hydrophobic antigens. There are hydrophilic layers on the outside and 

hydrophobic layers within this structure. A stronger immune response is produced by this encapsulation, which 

protects the antigens that are shielded from enzymatic breaks during vaccination administration. Delivery of 

vaccines to fish is safer because it ensures safe interactions with their immune cells and tissues. 

 

Nanoemulsions 

Oil and water phases stabilised by surfactants combine to form stable, nanoscale emulsions known as 

nanoemulsions. They are extremely effective at encasing various antigens, and their droplet sizes are in the 

nanometer range. For instance, hydrophilic antigens can be encapsulated in the water phase, whereas hydrophobic 

antigens can be effectively integrated into the oil phase. Due to their adaptability, the antigens are more stable and 

soluble, maintaining their integrity throughout storage and vaccination administration.  

Nanoemulsions allow for the controlled and prolonged release of antigens because of their small droplet size. 

Thus, a persistent immune response to infections. 

 

Immune stimulating complex 

Saponins, cholesterol, phospholipids, and antigens combine to form self-assembling cage-like structures 

known as ISCOMs. The effective delivery of antigens to immune cells by these nanoparticles increases 

immunogenicity. Vaccines based on ISCOM have the ability to stimulate humoral and cellular immune responses, 

offering robust defence against a range of fish pathogens. 

 

Virus-like particles 

Self-assembling nanoparticles known as VLPs resemble viruses in structure but lack the genetic material of 

viruses. They mimic real infections and activate the immune system by displaying specific antigens on their 

surface, all without actually causing illness. Fish vaccinations based on vector-local polymorphisms (VLPs) have 

shown effectiveness against a range of fish pathogens, indicating their potential for broad-spectrum defence. VLPs 

have a great deal of promise for creating efficacious fish vaccinations because of their safety and immunogenicity. 

 

CONCLUSIONS 

The application of nanomaterials in aquaculture presents a promising avenue for enhancing various aspects 

of this vital industry. The unique properties of nanomaterials offer innovative solutions to challenges related to 

water quality management, disease prevention, nutrient delivery, and overall sustainability. Furthermore, the use 

of nanomaterials helps to create more resilient and environmentally friendly aquaculture facilities. However, it is 

crucial to understand the integration of nanomaterials in aquaculture with careful consideration of potential 

environmental and safety concerns to ensure that the benefits of nanotechnology in aquaculture outweigh any 

potential risks. 
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