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ABSTRACT

The increase in demand for seafood and decline in feed 
resources has shifted the focus of researchers towards 
integration of potential technologies like biotechnology 
and nanotechnology in feed production. Larval rearing 
is one of the crucial phases in the culturing of aquatic 
animals due to its sole dependency on live feed for nutri-
tion. Live feed has its own limitations such as an imbal-
anced nutrition profile, scalability, economic feasibility, 
and inadequate advancement in production technology. 
Hence, incorporating biotechnological approaches, such 
as strain improvement, bioencapsulation, gene editing, 
and metagenomics, will enhance the efficacy of live 
feed. This article emphasizes on recent breakthrough of 
biotechnological applications in live feed industry. The 
responsible and optimal use of this technology will help 
us to overcome the mile-
stones in live feed produc-
tion.
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Introduction: 

Early life stages of fish 
and shellfish in aquacul-
ture are especially vulnerable and need food that is high 
in nutrients and simple to digest in order to survive, grow, 
and develop normally. The larvae depend upon live feed 
for its nourishment. It provides essential nutrients such 
proteins (essential amino acids), lipids (essential fatty 
acids), vitamins, enzymes such as proteases, lipases 
and other bioactive substances. 

Biotechnology addresses these challenges such as in-
consistent nutrition, difficulty in large-scale production, 
contamination, and environmental concerns. Thus, by in-
creasing their nutritional value, advancing culture tech-
niques, and maintaining biosecurity, it transforms live 
feed optimisation, enhancing growth potential, disease 

resistance and increasing survival rates of larvae (Khan 
& Rahman, 2025).

Importance of Live Feed in Aquaculture:

As the intensification in aquaculture proceeds, it de-
mands the more seed supply from the hatchery. The 
hatchery depends upon on live feed for its production as 
it serves as a primary food from the hatched larvae till it 
able to digest artificial feed.

The early life stages have small mouths, undeveloped di-
gestive systems, lack of digestive enzymes and requires 
high and balanced nutritional demands. Artificial diets 
are usually indigestible at this stage and fish larvae can-
not survive or grow properly without it. (Faudzi, et al., 
2024).

Live feed is critical in aquaculture because :

1. Digestibility and Behavioral Stimulation

• Live deed such as rotifers, artemia, and copepods are 
small in size , motile, and easy 	 for larvae to in-
gest, their soft bodies and enzymes help larvae digest 
nutrients.

• It triggers feeding reflexes in larvae which inert feeds 
cannot replicate.

2. Nutrition and Survival

• It supply essential fatty acids (DHA, EPA), proteins, 
vitamins, and minerals. Proper nutrition ensures faster 
growth and successful transition to formulated feed.
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• Larvae transition from endogenous to exogenous nutri-
tion, requiring nutrient-rich live foods to support growth 
and development.

Biotechnology Applications in Live Feed

Role of Biotechnology in Live Feed

Various biotechnological tools are used to enhance 
the nutritional quality of live feed in several innovative 
ways:

1. Supercharged Microalgae

• These are nutritionally enhanced microalgae for creat-
ing a superior live feed for aquaculture in order to im-
prove the growth, survival and overall health of the fish 
and shellfish larvae.

• They are specially cultured microalgae through opti-
mization of culture media coupled with various biomol-
ecule enrichment technique which results in efficient 
nutrient transfer. 

• These supercharged microalgae serves as a more bal-
anced and potent food source than a standard micro-
algae cultures.

Common super charged microalgae are:

• Chlorella vulgaris – high protein content and efficient 
assimilation of ammonia from water

• Nannochloropsis sp – rich in lipids, particularly poly 
unsaturated fatty acids

• Dunaliella sp – rich in carbohydrate and other bioactive 
compounds such as carotenoids.

Microalgae are the base of the aquatic food chain and 
are consumed by live feed organisms like rotifers and 

copepods. Genetically modified microalgae can be pro-
duced to:

• Boost Omega-3 Fatty Acids – Essential for fish growth 
and brain development.

• Enhance Vitamin Content – Microalgae rich in vi-
tamins improve survival rates of fish larvae.

• Speed Up Growth – Faster-growing microalgae 
ensure a steady supply of nutritious feed.

2. The Rise of Probiotics

• The nutritional quality and disease resistance of 
the live feed can be enhanced with the help of pro-
biotics by integrating beneficial microorganisms, 
such as bacteria and yeast into copepod, rotifer 
and artemia, which in turn promotes the health and 
growth of fish and shrimp larvae.

• This “probiotic enrichment” of live feeds also 
improves the environmental quality of the culture 
system by competing with harmful bacteria and as-

similating nutrients.

• Probiotics can be added directly to the live feed culture 
tanks to enrich it before being fed to the target aquatic 
species.

Fish can benefit from probiotic-enriched feed through 
special bacterial strains that:

• Improve digestion in fish larvae.

• Strengthen immunity, reducing the need for antibiot-
ics.

• Enhance nutrient absorption, leading to faster growth 
and better survival rates.

3. Insect Power: The Future of Live Feed

• Efficient conversion of waste into valuable products 
can be achieved by integration of insects into food and 
feeding systems.

• Insects are a rich source of high-value protein, vita-
mins, minerals, and essential fatty acids like omega-3 
and omega-6.

• They often exhibit high protein and amino acid digest-
ibility, which is comparable or even superior to some 
conventional animal proteins.

• Challenges remain in achieving price competitiveness, 
chitin digestibility and consistent quality due to varying 
processing methods and nutritional profiles. 
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 Using biotechnology, scientists can modify insect feed 
to create larvae with:

• Higher protein content (better growth for fish).

• Balanced amino acids for improved digestion.

• Optimized production methods for cheaper and eco-
friendly farming.

This approach reduces the industry’s reliance on wild-
caught feed sources and provides a sustainable alterna-
tive.

4. Genetically Enhanced Artemia & Rotifers

Artemia (brine shrimp) and rotifers are staple live feeds, 
but they often lack essential nutrients. They can be ge-
netically modified to:

• Increase DHA and EPA levels (crucial for fish develop-
ment).

• Improve resistance to disease, making them easier to 
farm.

• Enhance survival rates, reducing waste in aquaculture 
systems.

• Enhancement of traits like stress tolerance, nutritional 
quality, or the production of specific proteins can be 
done by genetic modification.

• These modifications, which involve integrating foreign 
genes, create “transgenic Artemia” that can improve 
sustainable aquaculture practices, serve as bioreactor 
materials, and contribute to bioengineering and environ-
mental monitoring.  

Genetic enhancement can be achieved through:

Genetic Engineering: Foreign genes are integrated into 
the organism’s genome to produce desired traits. 

Gene Expression: The genetically modified organisms 
can then express these foreign genes, for example, to 
produce specific proteins like growth hormone (ypGH)

5. Artificial Plankton & Lab-Grown Feed

• Artificial Planktons are composed of a variety of inert 
microparticles that simulate the nutritional and physical 
features of live zooplankton for early larvae, even though 
in some cases, live prey may still offer a superior level of 
nutrition for some species.

• The purpose of these artificial diets is to help reduce 
costs and labor of producing live feeds, however, they 
still need to be carefully formulated to account for the 

nutritional requirements, particle size and digestive ca-
pabilities of the larvae cultured.

Scientists are already working on:

• Encapsulation technology – Tiny nutrient-packed cap-
sules that slowly release essential compounds.

• Bioengineered yeast & bacteria – Lab-grown microor-
ganisms designed to provide custom nutrition for fish 
larvae.

These developments could redefine aquaculture by pro-
viding a stable, predictable, and eco-friendly alternative 
to traditional live feed.

Challenges and Strategic Analysis of Biotechnology-
Based Live Feed

1. Regulatory Issues: 

• Biotechnological approaches includes genetic en-
gineered live food organism (GMOs) which face strict 
regulations in many countries like USA due to environ-
mental concerns and genetic pollution.

2.  High Costs and Economic Viability: 

• A substantial research and development requires huge 
investment for the development and application of bio-
technological solutions, ranging from probiotic enrich-
ment to genetic selection. 

• Also, scaling up to meet commercial aquaculture de-
mands adds financial strain and may hinder acceptance 
in hatcheries and industries, even though lab-scale pro-
duction may be possible.

3. Technical Challenges in Scaling Up:

• During mass manufacturing, processes that have been 
optimised in controlled laboratory  settings can run into 
problems.

• It is difficult to maintain consistent quality, nutritional 
profiles, and biosecurity standards on a wide scale (San-
deep et al., 2025; Marleen & Annelies, 2024).

Emerging biotechnological approach in Aquaculture

• CRISPR Gene Editing : A powerful tool to modify live 
feed organisms with pinpoint accuracy.

• AI & Big Data  : Artificial intelligence can analyze nutri-
ent compositions to optimize feed formulations.

• Metagenomics : Studying fish microbiomes to create 
personalized probiotic solutions.
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SWOT analysis:

Future prospects

The exploration and development of different live feed 
cultures (including novel micro-sized copepod and ro-
tifer species) is energizing research ranges, to industrial 
applications. The design, development and production 
of dormant live feed (e.g., copepod resting eggs) has 
been included in new research programs, and is likely 
to be a future development for the marine larviculture 
industry.

Future programs should explore both indoor and outdoor 
aquaculture systems integrating appropriate RAS tech-
nologies with artificial intelligence (AI) technology to 
optimize performance of both prey and larval culture in 
complex aquaculture systems. Developing technologies 
and management for virus free live feed and bacterial 
free live feed use in larviculture.

Scientists and farmers can work closely together to 
make sure pilot studies are up scaled and to have the 
feedback cycle needed to maintain required interaction 
between industry needs - science research challenges. 
As biotech innovations continue to evolve and improve, 
the aquaculture industry will become more sustainable, 
efficient, and resilient.
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