[ international Journal of Fisheries and Aquatic Incremental Innovation www.fisheriesresearchjournal.com

- s
‘.\'ﬁ

INTERNATIONAL JOURN

..\

A

AND AQUATIC INGREMENTAL INNOVATION}

A

Utilization of Algal-Based Feed Additives to Improve Immunity in Farmed Catfish

Dr. Emily Z Watson
Department of Aquatic Nutrition, University of Stirling, Scotland

* Corresponding Author: Dr. Emily Z Watson

Article Info Abstract _ o .
Farmed catfish (Clarias gariepinus and Pangasius hypophthalmus) represent a
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Introduction

Catfish farming, particularly in Southeast Asia and Africa, contributes over 4 million tons annually to global aquaculture output,
driven by high demand for affordable protein. However, intensive production systems increase susceptibility to bacterial (e.g.,
Aeromonas hydrophila) and parasitic infections, leading to economic losses exceeding $1 billion yearly. Traditional antibiotics
exacerbate antimicrobial resistance and environmental pollution, prompting a shift toward natural immunomodulators.
Algal-based feed additives emerge as promising alternatives, leveraging the nutrient-dense profiles of algae. Microalgae provide
B-glucans for immune stimulation, while macroalgae offer sulfated polysaccharides with antiviral properties. Historical use in
larviculture has evolved to grower feeds, with studies showing enhanced survival post-challenge.

Regulatory frameworks, such as those from the FAO and EU, endorse algae for their low toxicity and sustainability. This article
examines algal additives' role in catfish immunity, core bioactive mechanisms, practical applications, methodologies for
incorporation, challenges, and therapeutic potential. Integrating these additives could transform catfish health management,
aligning with UN Sustainable Development Goals for food security.

Core Mechanisms of Algal Additives in Immunity

Algae enhance catfish immunity through multifaceted pathways. Polysaccharides like fucoidan from brown algae activate Toll-
like receptors, upregulating pro-inflammatory cytokines (IL-1pB, TNF-a) and phagocyte activity. In Clarias gariepinus, Spirulina
supplementation boosts lysozyme and complement levels, key humoral components. Antioxidant compounds—astaxanthin and
phycocyanin—scavenge ROS, mitigating oxidative stress from pathogens. PUFAs, such as EPA and DHA from
Nannochloropsis, modulate membrane fluidity in immune cells, improving signaling. Gut-associated immunity benefits from
algal prebiotic effects, enriching beneficial microbiota (Lactobacillus spp.) and strengthening intestinal barriers via mucin
production. In Pangasius, this reduces translocation of pathogens like Edwardsiella ictaluri. Synergistic effects with vitamins
(e.g., vitamin E in Chlorella) amplify non-specific defenses, including superoxide dismutase (SOD) activity. These mechanisms
collectively lower disease susceptibility, with meta-analyses indicating 15-25% immunity uplift.
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Applications in Farmed Catfish

Algal additives have been tested across catfish life stages. In
juveniles, 2-5% Spirulina inclusion improves growth and
resistance to Flavobacterium columnare, with 20% higher
survival in challenge trials. For African catfish (Clarias
gariepinus), Cladophora algae at 5% enhances meat quality
and immunity, elevating IgM levels.

In pangasid catfish, Chaetomorpha aerea-enriched diets
fortify against viral hemorrhagic septicemia, via increased
neutrophil activity. Commercial applications include blends
with Haematococcus pluvialis for astaxanthin, reducing
stress in transport-stressed fish.

Case studies from Vietnamese ponds show 10% mortality
reduction post-Aeromonas outbreaks using Ulva lactuca
additives. In integrated rice-catfish systems, algae from
wastewater bioremediation serve dual roles, cutting feed
costs by 15%.

Broader impacts include improved fillet pigmentation and
omega-3 enrichment, appealing to health-conscious markets.
These applications underscore algae's versatility in tropical
aquaculture.

(Word count for section: 168; Cumulative: 670)
Methodologies and Techniques

Incorporating algal additives involves biomass production
(open ponds or photobioreactors), extraction (ultrasound for
bioactives), and formulation (extrusion into pellets at 1-10%
inclusion). Dosage optimization uses dose-response curves,
targeting 0.5-2 g/kg for immunity peaks without growth
suppression.
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Assessment employs hematological assays (RBC/WBC
counts), immune gene expression (qPCR for IL-8), and
challenge models (bacterial immersion). Nutritional profiling
via HPLC ensures bioactive consistency.

Hybrid techniques combine algae with probiotics (e.g.,
Bacillus subtilis) for synbiotics, enhancing efficacy. Scalable
methods like spray-drying preserve compounds, while in-
feed sensors monitor real-time responses.

Recent advancements include nano-encapsulation for
targeted delivery, improving bioavailability by 40%.
Standardization protocols from 1SO aquaculture guidelines
aid commercial adoption.

Challenges and Limitations

Scalability remains a barrier; algal cultivation requires
nutrient management to avoid contamination, inflating costs
to $5-10/kg dry biomass. Variability in wild-harvested
macroalgae poses quality risks, necessitating GMP
certification.

Over-supplementation may disrupt microbiota balance,
causing digestive issues. Limited catfish-specific data—most
studies on tilapia or trout—demands targeted trials.
Environmental concerns include eutrophication from runoff,
though closed-loop systems mitigate this. Regulatory hurdles
in approving novel feeds delay market entry.

Economic analyses show ROl within 6-12 months via
reduced veterinary costs, but smallholders need subsidies.
Addressing these via R&D consortia is essential.

Table 1: Comparison of Common Algal Additives for Catfish Immunity

Additive Source Type Key Bioactives Immunity Benefit Optimal Dosage (%)
Spirulina platensis Microalgae Phycocyanin, B-glucans Lysozyme enhancement 2-5
Chaetomorpha aerea Macroalgae Polysaccharides Phagocyte activation 3-7
Cladophora spp. Macroalgae Carotenoids Antioxidant boost 5
Table 2: Benefits of Algal Additives in Farmed Catfish
Benefit Impact on Catfish Example Outcome

Immune Stimulation

Higher IgM and complement

25% reduced mortality to Aeromonas

Growth Promotion Improved FCR

15% weight gain in juveniles

Disease Resistance

Enhanced survival post-challenge

Resistance to Streptococcus iniae

Table 3: Challenges and Mitigation Strategies

Challenge Description

Mitigation Strategy

Production Cost

High algal cultivation expenses

Closed-loop bioreactors with wastewater

Bioactive Variability

Inconsistent compound levels

Standardized extraction protocols

Over-Supplementation Potential gut dysbiosis

Dose-response trials and monitoring

Conclusion
Algal-based feed additives revolutionize immunity
enhancement in farmed catfish, offering sustainable,

antibiotic-free alternatives. By bolstering innate defenses and
growth, they ensure resilient production systems. Future
innovations in strain engineering and precision feeding will
maximize benefits. Adopting these practices promises
healthier stocks and viable aquaculture futures.
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