"Eco-Friendly Fish Farming: The Impact of Large-Scale Microalgae Cultivation on Fish Meal Substitution and RAS Integration"  
Acronym of the project: ECO-FISH
Problematic 
Climate change exerts significant pressure on the animal resources used in fish feed, profoundly disrupting marine ecosystems and altering the availability of fish stocks (Islam et al., 2020). Rising ocean temperatures and ocean acidification, driven by high CO2 levels, disrupt marine food chains by impacting primary producers like phytoplankton and harming essential marine organisms such as fish and mollusks (Jin et al., 2020). These disruptions directly affect forage fish populations, a crucial source of fish meal for aquaculture, while overfishing exacerbates the decline in stocks (Nissar et al., 2023). To ensure the sustainability of aquaculture in the face of these challenges, it is crucial to develop fish feed formulations based on alternative rich-protein ingredients such as microalgae (Ma and Hu, 2024). Nannochloropsis. oculata and Dunaliella salina offer a viable solution, providing high-quality proteins and various nutrients and offer a low-cost solution while reducing pressure on marine ecosystems (Zanella and Vianello, 2020: de Souza Celente et al., 2022; Harvey and Ben-Amotz, 2020; Kaur, 2020). The genus Nannochloropsis includes six unicellular microalgal species: N. salina, N. oceanica, N. granulata, N. limnetica, N. oculata, and N. gaditana (Martins et al., 2013). These algae, belonging to the class Eustigmatophyceae, thrive in both marine and freshwater environments. Among them, N. oculata is particularly notable for its role as a feed supplement in aquaculture. It is effectively used to grow rotifers, which are crucial for raising larval stages of various finfish species (Durmaz, 2007). A Research has shown that incorporating N. oculata meal into the diet of gray mullet fries enhances their growth and nutrient utilization (El-Dahhar et al., 2014). Furthermore, a 5% inclusion of N. oculata significantly improves the growth, immune responses, intestinal histology, and survival of Nile tilapia, particularly when challenged with Aeromonas veronii (Abdelghany et al., 2020). In another study, a 5% or 10% N. oculata diet for four weeks modulated serum biochemical parameters, enhanced immunity and antioxidant responses, maintained normal histomorphological criteria, and reduced histopathological changes in the intestinal and hepatopancreatic tissues of O. niloticus under air exposure stress (Zahran et al., 2021). These benefits are attributed to functional compounds such as violaxanthin, astaxanthin, lutein, β-carotene, polysaccharides, and α-linolenic acid, which have antioxidant and immunomodulatory effects (Pandeirada et al., 2019). Nannochloropsis is known for its high lipid content ranging from 37% to 60% of the cell’s dry wet, which includes eicosapentaenoic acid (EPA), making it valuable in aquaculture nutrition for improving growth, reproduction, and immunity in aquatic animals (Kumar et al., 2023). The apparent digestibility coefficient (ADC) of Nannochloropsis protein is 70.3%, and its protein content is approximately 63% (Hulatt et al., 2017). It also contains beneficial phytochemicals, including glycosides, alkaloids, flavonoids, saponins, and tannins (Kartik et al., 2021). Due to its rich protein and essential fatty acid profile, particularly EPA and carotenoids, Nannochloropsis could supports fish growth, development, health, immune function, and quality. Furthermore, Dunaliella salina is a halophilic green microalga known for its antioxidant properties and high carotenoid content. It is used in aquaculture primarily for its rich β-carotene and glycerol. Under high salinity, light, and temperature, it can produce up to 14% β-carotene by dry weight, which improves skin and fillet pigmentation in fish (Alishahi et al., 2015). The protein content of Dunaliella salina typically ranges between 52% and 55%, making it an excellent candidate for replacing fish meal in aquaculture feeds, but some studies indicates that this protein level can fluctuate significantly depending on various cultivation conditions (Sui and Vlaeminck, 2019). To date, there are no studies that specifically investigate the replacement of fish meal with Nannochloropsis oculate or Dunaliella either individually or in combination in the diet of marine species such as gilthead sea bream (Sparus aurata). Research into the use of these microalgae as complete substitutes for fish meal in aquaculture feed is still lacking for these particular species.  Replacing fish meal whose costs are rising and availability decreasing, these microalgae may offer a sustainable alternative. Also, in recirculating aquaculture systems (RAS), managing nutrient-rich waste accounts for 30–50% of production costs. Integrating microalgae can address this challenge by converting waste into valuable byproducts (Ende et al., 2024). Microalgae cultivation improves sustainability by assimilating nutrients like nitrogen and phosphorus, enhancing water quality, and increasing oxygen levels through photosynthesis (Han et al., 2019). Uncoupled membrane photobioreactors enable controlled algae production, allowing for direct biomass use in feed or biorefinery (García et al., 2020). This approach can also mitigate environmental impacts through chemical remediation, carbon capture, and recycled bioconversion. Nannochloropsis also contributes to CO2 capture, reducing the carbon footprint of the systems while clarifying the water (Mohan et al., 2021). Dunaliella salina, known for its pigments, also aids in water clarification by reducing suspended particles and absorbing certain contaminants (Ziaei et al., 2023). Using these microalgae in bioreactors thus improves water quality while providing nutritious and sustainable feed for fish, making RAS systems more environmentally friendly and efficient. To successfully make this transition, it is essential to support research and development, collaborate with stakeholders, and implement policies that encourage innovation and sustainable practices in aquaculture. To evaluate the use of microalgae Nannochloropsis oculata and Dunaliella salina as sustainable alternatives to fish meal and their integration in Recirculating Aquaculture Systems (RAS), it is crucial to implement a rigorous experimental protocol. Here is a detailed protocol describing the necessary steps to conduct this research:
Experimental Protocols
1. Isolation, Identification, and Cultivation of Microalgae Strains
1.1. Dunaliella salina.
a. Sample Collection:
The proposed project will focus on the collection of Dunaliella species from the Sabkhet Sidi El Hani saltworks, a notable inland salina in Tunisia. This site is characterized by its high salinity, which supports a distinctive ecosystem and promotes the growth of key planktonic species such as Dunaliella salina.  
b.  Isolation and growth Conditions
samples will be collected periodically to investigate the vegetative motile cells and various stages of the alga’s life cycle. Water samples will be collected in sterile containers and transported to the laboratory under aseptic conditions. To prevent contamination, the samples will be treated with 2000 ppm streptomycin sulfate for 30 minutes before being transferred to an antibiotic-free medium. Stock cultures will be maintained in 1-liter conical flasks with seawater enriched with f/2 Guillard’s medium, adjusted to 22% NaCl (w/v). The cultures will be kept in a controlled environment at approximately 25±3°C, with lighting provided by cool white fluorescent lamps (40 μmol photons m⁻²s⁻¹), gentle shaking, and a 12-hour light/dark cycle. Cultures acclimated to high salinity will be used to inoculate the medium, with daily monitoring of growth (Tempesta et al., 2011).
To monitor cell growth, the cell density will be measured using a hemacytometer (improved Neubauer chamber) and observed under microscope. Cells will be immobilized and stained by adding a few microliters of Lugol’s solution (1 g iodine, 0.5 g potassium iodide in 100 ml H2O) to a 1-ml aliquot of the culture (Belghith et al., 2016). 
Culture density was assessed using a light microscope and a hemocytometer after staining with 2% Lugol's iodine solution. Specific growth rates (K) were calculated using the following equation:
K=ln (N2/N1)/ t2−t1
where N2​ and N1 represent the cell densities (cells mL⁻¹) at time points t2 and t1 respectively, with t2 > t1​.
c. PCR Amplification, Sequencing, and Phylogenetic Analysis
For this project, we will use PCR to analyze Dunaliella salina by amplifying specific genetic regions. We will use the ITS1 (5’-GGGATCCTTTCCGTAGGTGAACCTGC-3’) and ITS2 (5’-GGGATCCATATGCTTAAGTTCA-GCGGGT3’) primers to target the ITS region, and the DSs (5’-GCAGGAGAGCTAATAGGA-3’) and MA3 (5’-GGAATTCCGGAAACCTTGTTACGAC-3’) primers for the 18S rDNA gene. PCR will be performed using a Gene Amp PCR System 2400 with specified cycling conditions. The products will be sequenced by Macrogen Co (Korea). Sequencing data will be analyzed using BLAST to find similar sequences, and alignments will be conducted with ClustalX software to compare our sequences with those from GenBank (Tempesta et al., 2011).
1.2. Nannochloropsis oculata
a. Isolation Procedure
Seawater samples will be collected from the west coast of Monastir and subjected to a biphasic isolation method with serial dilution. The samples will be plated on urea phosphoric acid (UPA) agar with 30 ppm nitrogen and 1.8 ppm phosphorus, then incubated at 37°C under 450 μmol photons m⁻² s⁻¹ light. After 10 days, green and blue-green colonies will be selected, sub-cultured, and examined microscopically. Each confirmed colony will be transferred to liquid UPA medium for repeated sub-culturing to establish pure, clonal strains, which will be further assessed using Kuhner shakers as described by (Paul et al., 2020).
b. Culture conditions
Stock cultures will be maintained in 1-liter batches using F/2 medium, with weekly sub-culturing to ensure optimal growth. Experimental cultures, set up in 250 ml flasks, will be exposed to 100 µmol photons m²s⁻¹ under a 16-hour light/8-hour dark cycle at 25°C (±1°C). These cultures will be agitated daily without additional aeration. For comparative analysis, cells acclimated to 90% salinity (~30.6 ppt) and 10% salinity (~3.4 ppt) will be cultured in 2-liter vessels with air bubbling, under the same light conditions. All experimental cultures will be inoculated at a density of 1 x 10⁵ cells ml⁻¹ and maintained through the stationary growth phase without further sub-culturing (Beacham et al., 2014).
Culture density was assessed using a light microscope and a hemocytometer after staining with 2% Lugol's iodine solution. Specific growth rates (K) were calculated using the following equation:
K=ln (N2/N1)/ t2−t1
where N2​ and N1 represent the cell densities (cells mL⁻¹) at time points t2 and t1 respectively, with t2 > t1​.
c. Molecular Identification 
Genomic DNA was extracted from algae cultures (OD750 = 1.0) using the PureLink Genomic DNA Kit. The 18S rRNA gene was amplified with universal primers (forward: CCGTAGTAATTCTAGAGCTAATAC; reverse: GGGCATCACAGACCTGTTATTG) at a Tm of 53°C. Post-electrophoresis, fragments were purified and cloned into the pJET vector, then sequenced. The sequences were analyzed using NCBI BLAST to identify the strain (Paul et al., 2022).
2. Cultivating microalgae on a large scale in photobioreactors 
Such culture involves optimizing several key factors to ensure efficient growth. Photobioreactors are specialized systems that create controlled environments where light, carbon dioxide (CO2), nutrients, and temperature are precisely regulated. Light, provided either by artificial sources or natural sunlight, is crucial for photosynthesis and is managed to enhance growth rates. CO2 is introduced to boost algal growth, while nutrients like nitrogen, phosphorus, and trace elements are added to support optimal development. Temperature control systems maintain the ideal conditions for the microalgae species being cultivated. The culture is mixed or aerated to ensure uniform distribution of light and nutrients. Once the microalgae reach the desired concentration, they are harvested through methods such as centrifugation or filtration. This scalable approach is used for various applications such as nutritional supplements and aquaculture wastewater treatment, maximizing the industrial and research potential of microalgae.
3. Isolation of dry biomass and Phytochemical analysis
Phytochemical analyses employ a variety of techniques to evaluate the chemical composition of microalgae, focusing on both the separation of dry algal biomass and the extraction and quantification of bioactive compounds. This process often begins with the physical separation of microalgae biomass using methods such as centrifugation or flocculation, with zinc chloride (ZnCl2) sometimes used to aid in the flocculation process. The addition of zinc can be advantageous as it contributes to fish health when the algae are used in feed. Following biomass separation, the extraction of bioactive compounds is performed to isolate and analyze these substances. The flocculation technique is an effective method for harvesting large quantities of biomass. This process involves adding flocculants, such as zinc chloride (ZnCl2), to the microalgae culture. These agents cause the algae to clump together into heavier flocs, which then separate more easily from the surrounding liquid. By facilitating the formation of these flocs, flocculation allows for a faster and more efficient collection of algal biomass. This process is particularly useful in large-scale cultivation systems, where it is essential to recover a significant amount of biomass in an economical and sustainable manner. Flocculation also simplifies subsequent steps in biomass processing and concentration, making the overall process more efficient.
The analytical techniques employed in phytochemical analyses include chromatography methods such as High-Performance Liquid Chromatography (HPLC-MS) and Gas Chromatography (GC-MS), which are used to separate complex mixtures into individual compounds. Spectroscopy methods like Ultraviolet-Visible (UV-Vis) spectroscopy and Nuclear Magnetic Resonance (NMR) spectroscopy are then utilized to further characterize these compounds, including pigments, proteins, and fatty acids. These techniques provide detailed information on the concentration and structure of the bioactive components, which is essential for determining the nutritional value and potential benefits of the microalgae.
Through these comprehensive analyses, we can ensure that microalgae are rich in essential nutrients and free from harmful substances, thereby confirming their suitability for inclusion in fish feed. This thorough understanding of the microalgae’s chemical profile allows for the development of optimized feed formulations that enhance fish health, growth, and overall well-being.
4. Incorporating microalgae in fish diet
Incorporating microalgae into fish feed can be done in various ways, either by replacing fishmeal or by adding specific types of microalgae extracts as functional additives. Here’s a detailed explanation of both approaches:
4.1.  Replacing Fishmeal with dried Microalgae
The microalgae powder is incorporated into various feed formulations to create a balanced diet for fish. In this experimental setup, four distinct groups will be tested, each with a different ratio of microalgae replacing traditional fish meal. A total of 12 experimental tanks will be used, with three tanks per group to ensure replicability. Each group’s performance will be monitored to compare how the different microalgae-based diets influence fish growth, feed efficiency and health.
Experimental Groups:
Group 1 (Control Group): This group will receive a diet composed entirely of standard commercial fish meal, serving as the baseline for comparison. This diet will consist of 100% fish meal to provide a reference point for evaluating the effects of microalgae-based feeds.
Group 2: This group will be fed a diet consisting entirely of Dunaliella salina. This microalga is known for its high content of carotenoids and other beneficial compounds. The feed will be 100% Dunaliella salina, allowing for the assessment of its effects on fish growth and health.
Group 3: This group will receive a diet made up entirely of Nannochloropsis oculata, which is rich in essential fatty acids and proteins. The feed will be 100% Nannochloropsis oculata, to evaluate its impact as a sole fish meal replacement.
Group 4: This group will be provided with a diet that combines 50% Dunaliella salina and 50% Nannochloropsis oculata. This mixed feed aims to leverage the benefits of both microalgae types, potentially offering a balanced nutritional profile.
4.2. Adding Microalgae Extracts as Functional Additives
4.2.1. Preparing microalgae extracts  
Microalgae extraction can be achieved using water, solvents or ultrasounds. Solvent extraction employs organic solvents such as ethanol or methanol to isolate compounds like lipids, pigments, and proteins. After grinding the microalgae into powder, the solvent dissolves these compounds, which are then separated from the residue and concentrated by evaporation. This method is flexible but requires safety precautions due to the use of solvents. On the other hand, ultrasound extraction uses ultrasonic waves to create cavitation’s that facilitate the rupture of cell walls, releasing compounds into the solvent. This process accelerates extraction and improves yield but requires specialized equipment. 
4.2.2. Incorporation the extract into fish Feed Under Thermal Stress
a. Experimental Groups:
Group 1 (Control): Standard commercial fish feed without any additives. This group serves as a baseline for comparison.
Group 2: Feed supplemented with microalgae extracts (low dose)
Group 3: Feed supplemented with microalgae extracts (high dose)
Group 4 (Combined extracts): 
b. Testing Environment:
Aquarium Setup: Utilize multiple aquariums or Recirculating Aquaculture Systems (RAS) with uniform conditions to house fish for each treatment group. Each tank should be of similar volume and equipped with appropriate filtration and aeration systems.
Tank Specifications: Ensure all tanks are identical in size and setup to prevent environmental bias.
c. Thermal Stress Induction:
Temperature Regime: Gradually increase the water temperature in each tank to simulate thermal stress. raise the temperature by 3-5°C above the optimal range for the species. Maintain this elevated temperature for the duration of the experiment (8 weeks).
Gilthead sea bream: This species can tolerate temperatures up to 26°C. However, to effectively induce thermal stress in light of current climate change trends, we will use temperatures exceeding 28°C. Our aim is to assess whether a diet enriched with microalgae extracts and the integration of microalgae cultivation can mitigate or reverse the damage caused by high temperatures. This approach will help us understand if such dietary and environmental interventions can enhance the species' resilience to elevated thermal conditions.
Monitoring: Regularly monitor and record water temperature to ensure consistency and adherence to the experimental conditions.
d. Duration of Experiments:
Carry out the experiment over an 8-week period, during which fish will be administered algae extracts. After this initial period, subject the fish to a 10-day thermal stress challenge. This approach will allow for the observation of both the immediate and prolonged impacts of algae extract on fish health and growth under thermal stress conditions.
5. Analysis of Experimental Diet Composition
Experimental foods should be stored in moisture-proof bags at -20°C for biochemical and phytochemical analyses:
· Proximal composition (proteins, lipids, ash, moisture)
· Amino acid and fatty acid profiles
· Content of anti-nutritional factors (total phenolic compounds, condensed tannins, phytates, oxalates, saponins, glucosinolates, and phytosterols) using colorimetric assays or chromatographic methods (HPLC or GC-MS)
· Measurement of trypsin inhibitory activity
6. Animals 
This project aims to study the protandrous hermaphroditic specimens of the gilthead seabream (Sparus aurata L.), weighing between 80 and 120 grams obtained from a local farm. The fish will be placed in recirculating seawater aquaria, with a controlled flow rate, and maintained at a temperature of 22 ± 2°C and a salinity of 28 ‰, with a photoperiod of 12 hours light and 12 hours dark. The primary objective is to observe and analyze the acclimatization of the gilthead seabream under these controlled conditions, assess the growth and physiological parameters of the specimens during 8 weeks, and collect mucus, brain, skin, liver, spleen, intestines, liver samples for further analysis.
Collection of Biological Samples
The fish must be weighed and measured before and after the experiment to calculate growth parameters. Concurrently, the fish and their diet will be analyzed to assess feed utilization parameters. The organs will be dissected and weighed to determine morphometric indices.
Growth performance 
The calculations for the determination of different performance parameters were as follows:
*Weight gain rate (WGR)=100*(FBW-IBW)/days (where FBW and IBW represent the final and the initial body weights, respectively)
 *Specific growth rate (SGR) (% day−1) = 100 * (ln FBW- ln IBW) / days (where FBW and IBW represent the final and the initial body weights, respectively)
* Feed intake (FI) (g kg ABW−1 day−1) = ((1000 ∗ total ingestion)/(ABW))/days)) (where average body weight, ABW=(IBW+FBW)/2; 
*Feed conversion ratio (FCR) = feed intake / weight gain;
* Protein efficiency rate (PER) = (FBW – IBW) / protein intake;
* Lipid efficiency rate (PER) = (FBW – IBW) / lipid intake;
* Viscerosomatic index (VSI) (%) = 100 ∗ (viscera weight/body weight);
*Hepatosomatic index (HSI) (%) = 100 ∗ (liver weight/body weight);
*Mesenteric fat index (MFI) (%) = (mesenteric fat weight/body weight).
*Splenosomatic index (SSI) (%) = (Spleen weight/body weight).
*Intestinosomatic index (ISI) (%) = (Intestine weight/body weight).
*Survival rate (%) = 100*(initial number of fish/final number of fish)
*K factor (%) = 100*(final individual weight (g) / final individual length3
Blood Sample Collection:
To reduce potential increases in cortisol levels from handling, the blood collection will be completed within 5 minutes. blood samples will be collected from the caudal vein of the fish using heparinized tubes for Hematological analysis. Other samples will be centrifuged at 3000 rpm for 10 minutes at +4°C to separate the plasma. Following centrifugation, the plasma will be aliquoted and stored at -20°C for subsequent analysis.
· Hematological analysis (Ofori‐Mensah et al., 2020; Khosravi‐Katul et al., 2021) Using light microscopy or automatic haematology analyser
white blood cell WBC, red blood cell RBC, haemoglobin, Haematocrit, mean corpuscular haemoglobin concentration MCV, mean corpuscular haemoglobin MCH, mean corpuscular haemoglobin concentration MCHC, red blood cell distribution width RDW, Thrombocytes, mean platelet volume MPV, platelet distribution width PDW, procalcitonin PCT
· Metabolic parameters in plasma 
In this project, we will assess a range of metabolic parameters in plasma to evaluate overall health and physiological status. Plasma samples of 500 μL will be analyzed: Glucose (GLU), Urea, Creatinine, Uric Acid, Total Bilirubin (Tot bil), Cholesterol (CHOL), High-Density, Lipoprotein (HDL), Triglycerides (TRIG), Total Protein (TP), Albumin (ALB), Aspartate Aminotransferase (AST), Alkaline Phosphatase (ALP), Creatine Kinase (CK), Lactate Dehydrogenase (LDH), Calcium (Ca²⁺), Phosphorus (P), Potassium (K⁺), Sodium (Na⁺), Iron (Fe), Chloride (Cl), Magnesium (Mg), Cortisol, prostaglandins
Calculations:
Albumin/Globulin Ratio (ALB/GLOB)
Sodium/Potassium Ratio (Na/K)
Calcium x Phosphorus Product (Ca x P)
This comprehensive analysis will provide insights into various metabolic processes and help in understanding the physiological impact of different experimental conditions.
*Immune parameters in serum, mucus and head kidney leucocytes 
In this project, mucus and blood samples will be collected from the caudal vein using insulin syringes. The headkidney (HK) will be dissected for further analysis. Blood samples will be left to clot at 4°C for 4 hours, after which the serum will be separated by centrifugation at 10,000 x g for 5 minutes at 4°C and stored at -20°C for future use. The excised HKs will be cut into small fragments and placed in a culture medium according to the protocol outlined by Bahi et al. (2024).
Parameters to be measured are: 
-Immunoglobulin M level, Natural hemolytic complement activity, protease activity, antiprotease activity, serum and leucocyte peroxidase activity, respiratory burst activity in the head kidney leucocytes, phagocytic activity, Bacteriostatic activity, eruloplasmin oxidase activity, lysozyme activity, alkaline phosphatase activity, esterase activity)
Biochemical study (spleen, head kidney and skin):
*Free radicals scavenging and antioxidant assays (Peroxidation of phospholipid liposomes, Hydroxyl radical scavenging, Scavenging of hydrogen peroxide, Measurement of total antioxidant activity, Immunoglobulin M level)
Molecular study: store spleen, head kidney and skin in the RNA later to study: 
Epidermal growth factor receptor (egfr), pro-epidermal growth factor (pro-egf), interleukin-6 (il-6), vascular endothelial growth factor A (vegfa), and vascular endothelial growth factor C (vegfc), immunoglobin T heavy chain (ight), immunoglobulin M heavy chain (ighm), lysozyme (lyz), caspase 1 (casp1), leucocyte elastase inhibitor (lei), heat shock protein 70 kDa (hsp70), natural killer enhancing factor 1 (nkef1), natural killer enhancing factor 2 (nkef2), Tumor necrosis factor receptor superfamily member 1a (tnfrsf1a), Tumor necrosis factor receptor superfamily member 1b (tnfrsf1b), MYD88 innate immune signal transduction adaptor (Myd88), TNF receptor-associated factor 6 (traf6), Interleukin-1 receptor-associated kinase 1 (irak1), Signal transducer and activator of transcription 3 (stat3), Tumor necrosis factor (alpha Tnfa), Interleukin-6 (il6), Transforming growth factor 1 beta (tgf1b), Acetylcholinesterase (Ache)
*Proximate composition, amino acid and fatty acid profile of the whole fish/liver/flesh/Gills
* Dissect, rinse, and divide organs involved in growth and appetite (Brain, liver, blood) and store the blood at +4 °C, the brain and liver at -80°C until analysis
-Biochemical parameters (assess the level of growth hormone GH and insulin growth factor IGF in plasma)
-Studying the gene’s expression involved in growth and appetite in brain and liver using RT-PCR (growth hormone-releasing hormone (ghrh), insulin growth facror IGF1, ghrelin (ghre), cannabinoid receptor (cb1) and neuropeptide Y (npy), corticotropin-releasing hormone (crh), galanin (galn), neuropeptideB (npb), neuropeptideY (npy), proenkephalin-B (penkb), and tachykinin 1 (tac1).
*Dissect, rinse, and divide organs involved in digestion (intestine)
Five hours post-feeding (hpm), fish will be sampled and dissected to obtain their entire gastrointestinal tract. These samples will be stored at -80°C and then freeze-dried for analysis of digestive enzyme activity. Stomach and proximal intestine, including the pyloric caeca, of each individual will be separately homogenised in distilled water (1:3 w/v), and centrifuged at 4 °C, 13,000 g, for 10 min. Supernatants will be stored at –20 °C until analysis. 
-biochemical assay: Digestive enzyme activity assay (lipase, amylase, chymotrypsin, protease, pepsin and trypsin)
-Histological assay of different parts of intestines
- Analysis of gene expression related to intestinal architecture and permeability, including Integrin β-1-binding protein 1 (Itgb1bp1), Integrin β-6 (Itgb6), Integrin-linked protein kinase (Ilk), Occludin (Ocln), Claudin 3 (Cldn3), Claudin 12 (Cldn12), Claudin 15 (Cldn15), Tight junction protein ZO-1 (Tjp1), Cadherin 1 (Cdh1), Cadherin 17 (Cdh17), and Junctional adhesion molecule A (F11r).
-Gut microbiol analysis: This project is designed to investigate the gut microbiota by analyzing DNA extracted from roughly 250 mg of gut samples obtained from various dietary groups. Each sample will be meticulously processed to ensure high-quality DNA for comprehensive analysis. Specifically, gut samples will be scraped and collected from specimens across different dietary treatments. The extracted DNA will then undergo bioinformatic analysis, following the methodologies outlined by Ruiz et al. (2023). This approach will include detailed sequencing and data processing to identify and characterize the microbial communities present in the gut, providing insights into how dietary factors influence gut microbiota composition.
-Collect adipose tissue (store in liquid nitrogen) for histological study.
7. Integration of Algae Photobioreactors in RAS
Integrating algae photobioreactors (PBRs) into Recirculating Aquaculture Systems (RAS) offers a promising approach to enhance the sustainability and efficiency of aquaculture operations. Here’s a detailed overview of how this integration can be achieved and its benefits:
Design and Setup:
The photobioreactor (PBR) setup involves selecting the most suitable type of PBR, such as tubular or bubble column reactors, depending on the available space, the species of algae being cultured, and the specific operational requirements. These PBRs should be installed close to the Recirculating Aquaculture System (RAS) to optimize light exposure, whether from natural sunlight or artificial sources. They must be integrated with the RAS through a closed-loop system that facilitates the continuous circulation of water between the two systems. The water flow management should be meticulously designed, featuring a circulation system with pumps, pipes, and valves to regulate flow rates and ensure effective nutrient and waste exchange. Additionally, filtration mechanisms need to be incorporated to separate algae biomass from the water exiting the PBRs, ensuring that only clean water is returned to the RAS.
Monitoring seawater quality 
This step is crucial for maintaining a healthy environment for the fish and optimizing system performance. Key aspects to monitor include:
Physical-Chemical Parameters: Regularly measure the water temperature, as it affects fish health and biological processes, and minimize fluctuations to avoid stress. Check salinity to ensure it remains within the appropriate range for the species being cultured, as deviations can harm fish and filter organisms. Maintain pH levels in the optimal range, typically between 7.5 and 8.5 for seawater, since extreme variations can impact fish health and nitrifying bacteria activity.
Nutrients and Pollutants: Monitor ammonia, nitrate, nitrite and phosphate levels, a toxic byproduct of fish metabolism
Dissolved Oxygen: Regularly measure dissolved oxygen levels to ensure they are adequate for fish health, as insufficient oxygen can cause stress or mortality.
Turbidity and Clarity: Monitor water turbidity to assess the presence of suspended particles and other solids; clear water generally indicates good filtration.
Filtration Control: Regularly check the effectiveness of the PBR to ensure efficient removal of organic waste and degradation products.
Artificial intelligence 
This approach will be employed to control fish and monitor water quality within the Recirculating Aquaculture System (RAS). This advanced technology will facilitate real-time monitoring and management by analyzing data from various systems. AI algorithms will be used to track fish health, detect anomalies, and predict potential issues before they arise. Additionally, AI will optimize water quality management by continuously assessing parameters such as temperature, salinity, pH, and nutrient levels. By integrating AI into the RAS, the system will enhance operational efficiency, improve fish welfare, and ensure a stable and healthy aquatic environment.
 Benefits and Functions:
Improving water quality through the use of photobioreactors (PBRs) involves multiple benefits. The algae in the PBRs effectively absorb excess nutrients, such as nitrogen and phosphorus, from the water in the Recirculating Aquaculture System (RAS), thereby maintaining optimal water quality. Additionally, the photosynthesis process carried out by the algae produces oxygen, which might increase the dissolved oxygen levels in the RAS, providing a healthier environment for the fish. For fish nutrition enhancement, periodic harvesting of algae from the PBRs allows for its use as a feed supplement or direct incorporation into fish feed, enriching the diet with valuable nutrients like omega-3 fatty acids, proteins, and pigments. Furthermore, cultivating algae aids in waste reduction by recycling waste products from the RAS into useful biomass, which decreases the need for waste disposal. This approach also contributes to sustainability by reducing dependence on external inputs such as chemical treatments and commercial fish meal, thereby enhancing resource efficiency in the aquaculture system.

The project collaborators include both national and international partners:
National Collaborators:
INSTM (National Institute of Marine Sciences and Technologies): Provides expertise and support in marine science and technology.
SOTUPAP: A company specializing in the production of fish feed.
Bio Algues: A company focused on the production of microalgae.
International Collaborators:
Jérôme Roy, INRAE (Institut National de Recherche pour l'Agriculture, l'Alimentation et l'Environnement), France: Specifically, the Nutrition, Metabolism, and Aquaculture (NuMeA) research unit located in St-Pée-sur-Nivelle.
Maria Ángeles Esteban: Affiliated with the Department of Cell Biology and Histology, University of Murcia, Spain.
Ricardo Duarte: From the Molecular and Environmental Biology Centre (CBMA), Biology Department, University of Minho, Campus de Gualtar, Braga, Portugal.
These collaborators contribute a wide range of expertise and resources to support the project's goals
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