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he rapid expansion of intensive shrimp aquaculture has intensified the demand for 

innovative feed technologies that improve nutrient utilization, growth performance, and 

overall productivity. Nano feed formulation, which incorporates nanotechnology-based 

delivery systems into aquafeeds, has emerged as a promising strategy to enhance 

bioavailability, stability, and targeted delivery of nutrients and functional additives. In 

Litopenaeus vannamei, nano-formulated feeds have demonstrated potential to improve 

growth parameters, feed conversion efficiency, immune responses, and disease resistance 

while reducing nutrient wastage and environmental impact. This review critically evaluates 

current developments in nano feed formulations for L. vannamei, focusing on mechanisms of 

action, growth performance outcomes, immune modulation, water quality implications, and 

future prospects. The integration of nanotechnology into shrimp nutrition represents a 

transformative approach toward precision aquaculture and sustainable production systems.  

Introduction 
Shrimp aquaculture has become a cornerstone of global seafood production, with Litopenaeus 

vannamei accounting for a substantial proportion of total output. While advances in breeding, 

health management, and farming systems have significantly improved yields, feed efficiency 

remains a central challenge. Feed costs constitute approximately 50–60% of production 

expenses, and inefficiencies in nutrient utilization lead not only to economic losses but also to 

environmental pollution due to nutrient leaching and waste accumulation. Conventional feed 

formulations often suffer from limited nutrient stability in water, poor digestibility of certain 

ingredients, and suboptimal bioavailability of micronutrients and bioactive compounds. In 

this context, nanotechnology has emerged as an innovative tool capable of revolutionizing 

aquafeed formulation. Nano feed formulations involve the incorporation of nanoparticles, 

nano-emulsions, nano-encapsulation systems, and nano-minerals to improve nutrient delivery 

and absorption. The application of nanotechnology in aquaculture nutrition aims to enhance 

shrimp productivity by improving growth performance, survival rate, immune competence, 

and feed utilization efficiency. 

Concept of Nano Feed Formulation 
Nano feed refers to feed in which nutrients or functional additives are incorporated into 

nanoscale carriers, typically ranging from 1 to 100 nanometers in size. At this scale, materials 

exhibit enhanced surface area, reactivity, and bioavailability. Nano-encapsulation techniques 

protect sensitive nutrients from degradation, prevent leaching into water, and enable 

controlled release within the gastrointestinal tract. Common nano feed components used in 

shrimp nutrition include nano-minerals (such as nano-zinc, nano-selenium), nano-emulsified 

lipids, nano-encapsulated vitamins, nano-chitosan, and nano-probiotic delivery systems. 

These nano-formulations are designed to enhance absorption efficiency and reduce nutrient 

loss during feeding.  
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Impact on Growth Performance 
One of the primary indicators of shrimp productivity is growth performance, typically 

measured through weight gain, specific growth rate (SGR), and feed conversion ratio (FCR). 

Studies evaluating nano-mineral supplementation in L. vannamei diets have reported 

improved weight gain and reduced FCR compared to conventional mineral sources. The 

enhanced surface area of nanoparticles facilitates improved interaction with intestinal 

epithelial cells, leading to higher absorption efficiency. For example, nano-selenium has been 

shown to improve antioxidant status and protein synthesis efficiency, resulting in improved 

biomass accumulation. Similarly, nano-zinc enhances enzyme activation and metabolic 

processes that support growth. Nano-encapsulation of amino acids and fatty acids also 

improves nutrient stability and targeted delivery. By protecting these compounds from 

oxidation and leaching, nano feed ensures that a greater proportion of nutrients reach the 

digestive tract intact. Improved digestibility translates into better feed utilization and 

economic efficiency.  

Enhancement of Nutrient Bioavailability 
Bioavailability is a critical factor influencing the effectiveness of feed ingredients. In 

conventional feeds, certain nutrients may pass through the digestive system without being 

fully absorbed. Nano-formulation enhances solubility, permeability, and cellular uptake of 

nutrients. Nano-emulsions of lipids increase the dispersion of hydrophobic compounds in the 

aquatic environment and facilitate better intestinal absorption. This is particularly relevant for 

essential fatty acids, which play a crucial role in membrane integrity, growth, and immunity. 

Nano-encapsulation also allows for controlled release of nutrients within specific sections of 

the gastrointestinal tract, minimizing premature degradation and maximizing metabolic 

efficiency.  

Immune Enhancement and Disease Resistance 
Beyond growth performance, nano feed formulations contribute to improved disease 

resistance in L. vannamei. Nanoparticles such as nano-chitosan possess antimicrobial and 

immunostimulatory properties. When incorporated into feed, they enhance hemocyte activity, 

phenoloxidase responses, and antioxidant enzyme activities. Nano-selenium and nano-zinc 

play essential roles in reducing oxidative stress, a common consequence of intensive farming 

conditions. Improved antioxidant defense mechanisms enhance shrimp resilience against 

pathogenic challenges, including Vibrio infections. Moreover, nano-delivery systems can be 

used to encapsulate probiotics or plant-derived bioactive compounds, improving their 

stability and targeted release. This integration of nanotechnology with functional feed 

additives represents a synergistic approach to enhancing shrimp health and survival.  

Reduction of Environmental Impact 
A significant advantage of nano feed technology lies in its potential to reduce environmental 

pollution. Improved nutrient absorption leads to lower excretion of nitrogen and phosphorus 

into the culture environment. Reduced nutrient leaching minimizes ammonia accumulation 

and organic load in ponds. By enhancing feed conversion efficiency, nano feed formulations 

contribute to more sustainable aquaculture practices. Efficient nutrient utilization not only 

lowers production costs but also reduces the ecological footprint of shrimp farming.  

Safety Considerations and Challenges 
Despite promising results, the application of nanotechnology in aquaculture requires careful 

evaluation of safety and regulatory aspects. The long-term effects of nanoparticles on shrimp 

physiology, aquatic ecosystems, and human consumers must be thoroughly investigated. 

Standardization of nanoparticle size, dosage, and manufacturing processes is essential to 

ensure consistency and safety. Additionally, cost-effectiveness remains a critical factor for 

large-scale adoption in commercial shrimp farms. Further research is necessary to evaluate 

potential bioaccumulation of nanoparticles and their impact on food safety.  
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Future Perspectives 
The future of nano feed formulation in L. vannamei culture lies in precision nutrition. 

Integration of nanotechnology with molecular biology tools may enable development of 

species-specific nano-nutrient delivery systems. Advances in biodegradable and eco-friendly 

nanomaterials will further enhance safety and sustainability. Combining nano feed with 

probiotics, immunostimulants, and phytogenic additives could create multifunctional feed 

systems that simultaneously promote growth, immunity, and environmental stability. Field-

scale trials under commercial farming conditions are essential to validate laboratory findings. 

Conclusion 
Nano feed formulation represents a promising advancement in enhancing productivity of 

Litopenaeus vannamei. By improving nutrient bioavailability, feed conversion efficiency, 

growth performance, immune response, and environmental sustainability, nanotechnology 

offers a transformative approach to shrimp nutrition. While further research is required to 

address safety and economic considerations, nano feed technology holds significant potential 

to contribute to the next generation of sustainable and high-efficiency shrimp aquaculture 

systems. 
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