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AIM: To enhance immunity, prevent diseases, and improve sustainability in
recirculating aquaculture systems (RAS)

Probiotics, Prebiotics,
Synbiotics and Postbiotics

» Balance the intestinal microbiota

» Compete with pathogenic
microorganisms

» Improve nutrient digestion and
absorption

» Stimulate the immune response

» Reduce stress and inflammation

Examples: Lactobacillus, Bacillus,
Saccharomyces, inulin, MOS, FOS,
postbiotics (organic acids, bacteriocins)

Modern Directions and Emerging
Technologies

» Microalgae — sources of bioactive
compounds and water quality
improvement (e.g., Chlorella)

» Nanotechnologies — nanosensors,
nanoparticles, targeted delivery systems

» Immunomics and omics approaches —
transcriptomics, proteomics,
metabolomics, microbiomics

» Genetic tools — marker-assisted selection,
QTL, CRISPR-Cas9

Benefits: rapid pathogen detection,
improved nutrient absorption, personalized
strategies, more resistant fish strains

Phytobiotics,
Phytoimmunostimulants and
Plant Extracts

» Antioxidant, antimicrobial, and anti-

inflammatory properties
» Improve growth performance
» Support intestinal barrier integrity
» Reduce oxidative stress
» Natural alternatives to antibiotics

Examples: Allium sativum, Nigella sativa,

Curcuma longa, Mentha piperita,
Cinnamomum verum, ginseng, propolis

HEALTHY FISH

ENHANCED IMMUNITY
INCREASED DISEASE RESISTANCE

Vaccines and Advanced
Immunization Technologies

B-Glucans and Other
Nutritional Immunostimulants

» Stimulate innate and adaptive immunity

» Administration methods: injection,
immersion, oral

» Vaccine types: inactivated, live attenuated,
subunit, DNA, recombinant, nanovaccines

» Adjuvants (e.g., chemokines) enhance
immune response

» Stimulate innate immunity

» Increase resistance to infections
» Improve production performance
» May also act as prebiotics

Examples: B-glucans (from yeast, fungi,
cereals), vitamin C, bile acids,
functional extracts

Examples: Oral vaccine against Aeromonas
hydrophila in carp, nanovaccines in tilapia,
DNA vaccines

Nutraceuticals, Microencapsulatio
and Other Functional Additives

» Microencapsulation — protects probiotics
and bioactive compounds, ensures
controlled release

» Nutraceuticals — reduce stress and enhance
immunity (e.g., L-theanine)

» Biotechnological immunomodulators —
activate specificimmune mechanisms
without adverse effects

» Caution with biopesticides — may induce

dysbiosis and inflammation

COMMON MECHANISMS OF ACTION | examples: microencapsuated probiotics

L-theanine, bioactive peptides, enzymes,

secondary metabolites
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HEALTHY FISH AND
SUSTAINABLE PRODUCTION

v Enhanced immunity

@ v Reduced disease incidence
= @ v Improved growth performance

@ Vv Increased resilience to stress

g Standardization of protocols, validation under
real farming conditions, and the development
of personalized strategies based on the

v Improved feed efficiency interaction between nutrition, microbiome,

and genomics represent key directions for the

@ v Sustainable aquaculture production future of sustainable aquaculture.
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