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Abstract 

 

Fish susceptibility to stress and diseases are one of the major constraints to the 

development of aquaculture. Therefore, there is an emerging need for new prophylactic and 

sustainable measures capable of improving fish health. Algae species are a great source 

of bioactive compounds with potential to be used as novel functional feed ingredients.  

The present study aimed to screen the potential of algal biomasses from both micro 

(Tetraselmis striata, Phaeodactylum sp. and Nannochloropsis sp.) and macroalgae 

(Gracilaria sp. and Ulva rigida) as functional feed ingredients and its effects on the immune 

status and general growth performance of gilthead seabream juveniles, a species of great 

importance for the Mediterranean aquaculture.  

For such purpose, six isonitrogenous (45% protein) and isolipidic (18% fat) diets 

were formulated without algae inclusion: CTRL; and with 2% algae inclusion: STRIATA 

(Tetraselmis striata), PHAEO (Phaeodactylum sp.), NANNO (Nannochloropsis sp.), GRAC 

(Gracilaria sp.) and ULVA (Ulva rigida). Gilthead seabream (Sparus aurata) juveniles (11.58 

± 0.72 g) were fed the experimental diets for a period of 4 weeks in which seven fish per 

tank (21 fish per dietary treatment) were sampled at the end of the 1st, 2nd and 4th week of 

trial. Of these, weight was recorded, and the haematological profile as well as several 

immune parameters were analyzed. 

GRAC dietary treatment appears to positively influence the concentration of 

circulating lymphocytes compared to those of fish fed PHAEO dietary treatment, after 1 

week of trial. In addition, our dietary treatments did not compromise the growth performance 

and feed utilization of gilthead seabream. 

In summary, it is suggested that an inclusion of 2 % Gracilaria sp. in gilthead 

seabream diets seems to benefit peripheral lymphocytes concentration hence contributing 

to strengthen the adaptive arm of the immune system of this species in a short-term basis. 

Also, dietary treatments showed suitability to be included in fish feed formulations. This 

study raises new preliminary and considerable data available for future investigations. 

 

Key words: aquaculture, immunomodulation, algae species, cellular immunity, growth 

performance, nutritional immunology 
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Resumo 

 

A susceptibilidade dos peixes ao stress e doenças são um dos principais 

constrangimentos ao desenvolvimento da aquicultura. Portanto, existe uma necessidade 

emergente de novos métodos profiláticos e sustentáveis capazes de melhorar a saúde dos 

peixes. As espécies de algas são uma grande fonte de compostos bioactivos com potencial 

para serem usados como novos ingredientes funcionais.  

O presente estudo teve como objetivo avaliar o potencial de biomassas de micro 

(Tetraselmis striata, Phaeodactylum sp. e Nannochloropsis sp.) e macro- algas (Gracilaria 

sp. e Ulva rigida) como ingredientes funcionais e os seus efeitos no estado imunológico e 

no desenvolvimento geral de juvenis de dourada, uma espécie de grande importância para 

a aquicultura mediterrânica. 

Para tal, foram formuladas seis dietas isoazotadas (45% proteína) e isolipidícas 

(18% gordura) sem inclusão de alga: CTRL; e com 2 % inclusão de alga: STRIATA 

(Tetraselmis striata), PHAEO (Phaeodactylum sp.), NANNO (Nannochloropsis sp.), GRAC 

(Gracilaria sp.) e ULVA (Ulva rigida). As douradas juvenis (11,58 ± 0.72 g) foram 

alimentadas durante um período de 4 semanas e sete peixes por tanque (21 peixes por 

tratamento) foram amostrados no final da 1ª, 2ª e 4ª semana. O peso dos mesmos foi 

apontado e vários parâmetros imunes foram analisados.  

A dieta GRAC pareceu influenciar positivamente a concentração de linfócitos 

circulantes em comparação com os dos peixes alimentados com a dieta PHAEO, após uma 

semana de ensaio. Adicionalmente, as nossas dietas não comprometeram o desempenho 

de crescimento e a utilização do alimento pela dourada. 

Em suma, é sugerido que uma inclusão de 2% Gracilaria sp. nas dietas de dourada 

parece beneficiar a concentração de linfócitos periféricos e consequentemente, contribuir 

para fortalecer o braço adaptativo do sistema imunológico desta espécie num curto período 

de tempo. Além disso, as nossas dietas mostraram aptidão para serem incluídas nas 

formulações de ração de peixe. Este estudo levanta novos dados preliminares e 

consideráveis disponíveis para futuras investigações. 

 

Palavras-chave: aquacultura, imunomodulação, espécies de algas, imunidade celular, 

desempenho de crescimento, imunologia nutricional. 
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Introduction 

1. World Aquaculture 

1.1. Current status 

 

Aquaculture has experienced a blue revolution since 1960 (Ahmed & Thompson, 

2019) and continues to grow worldwide. This industry had an average annual growth rate 

of 4.5 percent between 2011 to 2018 and achieved a considerable total fish production of 

82 million tonnes in 2018 (Figure 1) which was valued at USD 250 billion (APROMAR, 

2019). The world’s leading fish farmers are the Asian countries responsible for over 92 

percent of the world aquaculture production (APROMAR, 2019).  

 

 

 

In contrast to blue revolution, fisheries have been facing a stagnation since the 

1980’s due to a reduction in fish stocks caused mainly by overexploitation of the wild 

bioresources. Additionally, global population is rising (Figure 1) and is expected to reach 

about 9 billion people in 2050 which in accordance to their high consumption of fish products 

(20 kg per capita in 2017) will lead to a 60-80% higher requirements of food production then 

presently (FAO, 2018, 2020). 

 Currently, aquaculture promises to have further progression in the light of its rapid 

development, and also due to the present situation of fisheries and to the high nutritional 

demand of the growing population.  

 

Figure 1- Comparison between fisheries and aquaculture production along with population 
growth. Adapted from (FAO, 2018, 2020) 
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The European Union (EU) is reported as the world main importer of seafood 

products. Moreover, in 2017, the EU’s fish production represented the eighth largest 

worldwide and counted with a total production of 1,37 million tonnes of live weight which 

was estimated to worth EUR 5,06 billion (European Commission, 2019). Hence, 

aquaculture is mentioned as a driver for the European economy with potential for innovation 

and growth and therefore promoting Blue Growth. The most prominent member states 

producers were Spain, The United Kingdom, France, Italy and Greece (EUMOFA, 2017; 

European Commission, 2017). 

Despite mollusks being the main species produced in European aquaculture, the 

most valuable species are Atlantic salmon and Rainbow trout as well as the marine fish 

Gilthead seabream and European seabass. In an overview, aquaculture has a predominant 

activity in southern Europe, also known as Mediterranean Europe (EUMOFA, 2017).  

Portugal is a southwestern country of the EU that has the largest European 

consumption of fish products per capita (about 57 Kg per year) (EUMOFA, 2017; European 

Commission, 2017). Moreover, despite having one of the widest European Exclusive 

Economic Zone (EEZ) of about 1,7 million Km2 bathed by Atlantic Ocean (Lopes, 2016), the 

aquaculture sector remains typically traditional in extensive and semi-intensive systems in 

estuaries, lagoons and intertidal zones (Ramalho & Dinis, 2010). In 2018, Portuguese fish 

farming reached a production of around 14 tonnes which generated a corresponding value 

of EUR 96,8 million. Of these, the main produced species were mussels and clams as well 

as rainbow trout, gilthead seabream, seabass and turbot (Instituto Nacional de Estatística, 

2020). 

  

 In brief, aquaculture is a worldwide activity with good prospects for the near future 

since it brings great economic and social value and is supported by world governmental 

and political instruments. For such purpose, much of the development in fish farming is 

achieved through scientific research as a way for evolution in knowledge and innovation. 

 

 

2. Gilthead seabream (Sparus aurata) 

2.1. Habitat and biology 
 

 The gilthead seabream (Sparus aurata) is a marine teleost that belongs to the 

Sparidae family.  This fish species has a characteristic oval and compressed body and its 

coloration is silver-gray with a black spot at the beginning of the lateral line. Also, it has a 

typical golden band between the eyes that is bordered by two dark areas and the fork and 

tips of the caudal fin are limited with black (Figure 2) (Basurco et al., 2011). 
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Figure 2- Gilthead seabream, Sparus aurata (Linnaeus, 1758) 

 

This is a benthopelagic and euryhaline species found typically in coastal marine 

habitats (Basurco et al., 2011) usually in subtropical areas such as the Mediterranean Sea 

and in the Atlantic Ocean (Sola et al., 2007). It is mainly carnivorous but may also be 

accessorily herbivorous (Basurco et al., 2011). Under normal conditions of social and 

environmental factors, the spawning period occurs from December to April in waters 

temperature between 13 and 17 degrees (Basurco et al., 2011; Colloca & Cerasi, 2019). 

In relation to the nutritional value, 100 gram of gilthead seabream fillet is a good 

source of energy (energetic value of 167 Kcal/ 698 Kj), with a significant omega-3 content 

of eicosapentaenoic acid (EPA) (425,1 mg) and docosahexaenoic acid (DHA) (1207 mg). 

Also, it has a good vitamin (e.g. vitamin A, B12, B6 D and niacin) and mineral content 

(potassium, phosphorus, sodium, magnesium and calcium (Docapesca, 2017).  

 

2.2. Production 
 

Gilthead seabream is traditionally produced alongside with European seabass 

(Dicentrarchus labrax) because of the close relationship between species and similarities 

in production (Basurco et al., 2011). Farming of these species was triggered in the 1980’s 

due to the achievement of better production techniques such as hatchery methods, 

broodstock management, larval culture, adequate feeding and hygiene procedures 

(Basurco et al., 2011).  

These farmed fish are economic valuable species mainly for the Mediterranean 

aquaculture since they account together around 20% of the total value of EU aquaculture 

production. In 2018 gilthead seabream generated a production of about 168,9 thousand 



4 
 

tonnes of live weight valued at around EUR 304 million (Figure 3) (EUMOFA, 2019; 

Eurostat, 2020). 

 

  

 

 

 

Gilthead seabream can be cultured in various structures as is the case of inshore 

extensive and semi-intensive systems using earth ponds, in intensive land-based systems 

(e.g. raceways and tanks) as well as in offshore sea cages. In detail, it takes 18 to 24 months 

for this fish to reach a weight of 400 g, and the commercial size varies between 250 g and 

more than 1.5 Kg (Basurco et al., 2011; Colloca & Cerasi, 2019).  

In regard to Portuguese aquaculture, gilthead seabream is the third most produced 

fish and in 2018 reached a production of EUR 6,8 million (APROMAR, 2019). 

 

 As a result of the considerable importance of gilthead seabream to marine 

aquaculture, there has been an intensification in the investigation of several welfare and 

biological aspects of this species. Namely its physiology, nutrition, immunity, growth, 

performance, reproduction and genetics (Basurco et al., 2011). 

 

 

3. Fish immune system  
 

Fish live in aquatic environments that are also the habitat of a wide range of 

opportunistic and pathogenic microorganisms. Therefore, the mechanisms of their immunity 

Figure 3- Production of gilthead seabream by farming countries in 2018 (values in 
thousand tonnes). Online data from (Eurostat, 2020) 

76,7

56,2

13,7

7,3

5,6

4,9
1,8 1,6

1,1

European gilthead seabream 
production in 2018

Turkey Greece Spain Italy Croatia Cyprus Malta France Portugal

Total 
production of 

168,9 thousand 
tonnes



5 
 

have evolved in order to increase the immune response and adapt to that environment 

(Uribe et al., 2011).  

Their immune system is physiologically comparable to that of higher vertebrates. 

Therefore, they have physical barriers, cellular and humoral immune mechanisms as well 

as lymphoid organs whose main functions are related to immunological defense (Tort et al., 

2003). For instance, head-kidney, spleen, thymus and the mucosal-associated lymphoid 

tissue (MALT) are key players in orchestrating the fish immune response. The head-kidney 

of fish is equivalent to the bone marrow of vertebrates and is responsible for the 

haematopoiesis of the majority of immune cells (Uribe et al., 2011). The spleen plays an 

important role in immunological memory since its main functions are the macrophages 

phagocytosis of antigens (antigen presentation), blood filtration, erythrocyte destruction and 

antibody production, whereas thymus is responsible for the development of T lymphocytes 

(Castro & Tafalla, 2015; Uribe et al., 2011). The MALT is present in skin, gills and 

gastrointestinal tract and these mucosal barriers are considered the first line of defense 

against pathogens providing physical and chemical protection (Castro & Tafalla, 2015; 

Uribe et al., 2011). 

 

There are two fundamental branches of the immune system: the innate immunity 

which is characterized by a rapid non-specific response, and the adaptive or acquired 

immunity that can lead to a slower but highly specific response. Although in general, innate 

response precedes the adaptive response, both are related and work in cooperation to 

reestablish homeostasis after injury or infection (Lieschke & Trede, 2009; Whyte, 2007).  

The specialization of mechanisms involved in fish immunity and the intensity of the 

immune response depends on factors like fish species, health condition, genetics, stage of 

development, weight, sex and other external factors (Tort et al., 2003). 

 

3.1. Innate immunity 

 

Fish are poikilothermic organisms that have an immune system that relies mostly in 

the innate immune response (Tort et al., 2003). This is mainly because of some limitations 

in their adaptive response such as being influenced by external factors like temperature, 

having a low repertoire of antibodies as well as slow proliferation, maturation and memory 

of lymphocytes (Appenheimer & Evans, 2018; Ellis, 2001; Magnadóttir, 2006; Whyte, 2007). 

 In short, the innate immune mechanisms comprise physical barriers, cellular 

components and humoral compounds (Table 1). 
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Table 1- Resume of the main functions of innate mechanisms in fish 

 Parameter Main function Reference 
P

h
y
s
ic

a
l 

Mucosal 

barriers 

(mucus, 

scales, 

epithelium) 

- Act as a 1st layer that blocks or limit the 

pathogenic invasion 

- Provided with antimicrobial humoral 

mechanisms (e.g. lectins, lysozymes, 

complement proteins, bacterial peptides 

and immunoglobulins) 

(Castro & Tafalla, 

2015) 

C
e
ll
u

la
r 

Natural killer 

cells (NKC) 

- Acts on innate response by killing virous 

infectious or cancerous cells 

(Castro & Tafalla, 

2015; Whyte, 

2007) 

Phagocytic 

cells 

- Key cells of the innate immunity inducers 

of adaptive responses 

- Granulocytes:  

o Neutrophils: among the 1st cells to 

arrive at inflammation sites, kills 

pathogen by phagocytosis and by 

releasing their cytoplasmic 

granules; signals to the activation 

and maturation of other immune 

cells 

o  Eosinophils and basophils: 

produce proinflammatory 

mediators  

- Monocytes and macrophages: monocytes 

are recruited to the inflammation site and 

differentiate into macrophages that 

produces oxygen and nitrogen radicals, 

increases phagocytosis and 

proinflammatory cytokines; macrophages 

present antigen to T lymphocytes 

(Castro & Tafalla, 

2015; Secombes 

& Fletcher, 1992; 

Thompson, 2017; 

Uribe et al., 2011) 

H
u

m
o

ra
l Lysozymes 

- Lytic enzymes that hydrolysate 

peptidoglycan of bacteria cell wall 

- Anti-inflammatory and antiviral properties 

- Opsonin, activates the complement system 

and do phagocytosis 

(Magnadóttir, 

2006; Saurabh & 

Sahoo, 2008) 

Protease 

inhibitors 

- Molecules that act against pathogen 

proteases interrupting their colonization 
(Uribe et al., 2011) 
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Natural 

antibodies 

- Mostly IgM 

- Essential to innate immunity, provides 

rapid protection against pathogens or 

cancerous cells due to direct lytic activity 

- Enhancement of adaptive immunity by 

activation of complement system 

(Castro & Tafalla, 

2015; Whyte, 

2007) 

Antimicrobial 

peptides 

(AMPs) 

- Small peptides able to directly destroy 

pathogen or tumor cells 

(Castro & Tafalla, 

2015) 

Complement 

- Central mechanism of immune response: 

defense against infection (through 

opsonization, chemotaxis, activation of 

leukocytes and lysis of bacteria/ cells); 

interface between innate and adaptive 

immune response (principally by classical 

pathway); haemolytic activity (alternative 

pathway) 

- Activated by three pathways: 

o Classical: by antibody binding to 

cell surface of pathogen  

o Alternative: by direct connection to 

pathogens or tumor cells  

o Mannose- binding lectin: by linking 

lectin opsonins in pathogen cells 

surface  

(Uribe et al., 2011; 

Walport, 2001a, 

2001b) 

 

3.1. Adaptive immunity 

 

The adaptive immunity has the unique characteristic of create immune memory, 

being responsible for a highly specific antigen recognition that leads to a stronger and more 

effective immune response (Thompson, 2017). This is, after a 1st exposure to an antigen, B 

and T lymphocytes can differentiate simultaneously in immune effector cells, immune 

memory cells and also intermediate other immune mechanisms (Table 2). Therefore, after 

an repeated exposure to the same antigen, the secondary immune response is faster and 

more effective due to the major repertoire of immune specific cells created in the 1st 

exposure (Janeway et al., 2001; Ratajczak et al., 2018).  
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Table 2- Resume of the main functions of adaptive mechanisms in fish 

 

 

In this way, the immune response starts usually when a pathogen crosses the first 

line of innate physical defense of fish and is not eliminated by some immune humoral 

parameters that are present in these mucosal tissues (e.g. lysozymes, complement, 

antimicrobial peptides and immunoglobulins). Therefore, by penetrating the epithelium, it is 

recognized as pathogen associated molecular patterns (PAMPs) by pattern recognition 

receptors/proteins (PRR/PRP) present in immune cells (e.g. macrophages) that induce 

humoral and cellular components through release of cytokines which are proinflammatory 

mediators. This leads in one hand, to the recruitment of immune cells to the local of infection 

along with the action of humoral parameters for development of the inflammatory process. 

On the other hand, after antigen presentation to adaptive immune cells, they simultaneously 

differentiate either into effector cells that will act in that primary response, or become 

memory cells that may act on posterior secondary responses (Figure 4) (Castro & Tafalla, 

2015).  

 

 

 

 

 

 

 

 

 

 Parameter Main function Reference 
C

e
ll
u

la
r 

B 

lymphocytes 

- Key cells of the adaptive immunity that 

produce immunoglobulin/ antibodies (mainly 

IgM) that neutralize antigens  

(Castro & 

Tafalla, 2015; 

Whyte, 2007) 
T 

lymphocytes 

- Key cells of the adaptive immunity that 

coordinate the immune response: 

o T cytotoxic cells destroy infected or 

cancerous cells 

o T helper cells mediate B lymphocytes 

by production of cytokines or by 

antigen presentation; activates T 

cytotoxic cells 
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4. Health as an aquaculture constraint 
 

Fish’s health is one of the major concerns in aquaculture not only regarding security 

and safety of the product that is available for human consumption but also because 

diseases lead to significant economic losses (Borrego et al., 2017). The need for an overall 

increase in fish production has led to an intensification of the farming methods which can 

inevitably expose fish to some physical, social and environmental stressful situations that 

may weaken their normal condition (Panagiota & Malandrakis, 2018; Tort, 2011). 

Therefore, much of the investigation in aquaculture involves the search for 

sustainable prophylactic methods capable of improving fish welfare and health, and so the 

overall performance of fish (Oliva-Teles, 2012). 

 

 

5. Algae and immunonutrition 
 

Immunonutrition is a prominent scientific area that aligns nutrition and immunology 

to support fish health and growth in aquaculture. This type of approach can be applied for 

a certain period of time, specially before the occurrence of probable outbreaks, as is the 

Figure 4- Scheme of general mechanisms involved in immune responses. Adapted from (Castro & Tafalla, 

2015). Created with Mind the graph 
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case of expected increases of temperature or long transportations or handlings. Thus, along 

with the nutritional ingredients that are essential in fish feeds, functional feed additives such 

as probiotics, prebiotics and immunostimulants may be included (Calder, 2003; Oliva-Teles, 

2012). Naturally, these compounds have bioactive and phytochemical properties capable 

of enhancing fish immunity and consequently, improve health and diseases resistance 

(Dawood et al., 2017; Oliva-Teles, 2012).  

 

In aquaculture, the exploitation of algal species as a natural source of functional 

feed ingredients is a recent field that seems promising. This because both micro and 

macroalgae have a wide repertoire of bioactive compounds as is the case of 

polyunsaturated fatty acids (PUFAs), proteins, carbohydrates, antioxidants, vitamins, 

carotenoids, pigments, sterols and minerals (Fu et al., 2017; Guedes & Malcata, 2012; Holdt 

& Kraan, 2011; Paiva et al., 2017).  

Additionally, some advantages of using algae products are their high- quality nutrient 

profile, primary position in aquatic food chains, proved beneficial effects on growth and 

immunity of some species, natural biodiversity and availability as well as their ability to grow 

in many environments and to accumulate or secrete metabolites (Figure 5) (Raposo et al., 

2013; Sathasivam et al., 2019; Shields & Lupatsch, 2012; Tredici et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore, algal components are nowadays applied in a wide range of areas since 

biofuel production till wastewater treatments, cosmetic and medical outputs as well as for 

animal and human nutrition (Rizwan et al., 2018). However, despite all the valuable 

products that may come from algae species, the algal biotechnology is still evolving and the 

Antimicrobial 
activity

Feed 
inducer

Growth 
promotor

Water 
treatment

Immunity 
stimulant

Nutritional 
quality

Algal 
compounds 

Figure 5- General algae applications of algae suitable for aquaculture 
(Charoonnart et al., 2018; Rizwan et al., 2018; Shields & Lupatsch, 2012) 
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high prices involved in its large scale production (especially in the microalgae industry) is 

something to be improved, since it is the main constraint to its development (Pulz & Gross, 

2004).  

Nonetheless, these algal constituents can be included in fish feeds in the form of 

micronutrient extracts or in total as a raw biomass. The latter is the most predominant 

technique since it allows the total conservation of the functional ingredients as it is 

developed by drying technologies (Lerat et al., 2018). 

 

5.1. Microalgae 
 

Microalgae have long been used in aquaculture, especially in hatcheries when used 

for “green water” techniques, for live feed, or as an enriching source for rotifers which are 

essential for the larval phase development of marine fish (Charoonnart et al., 2018; Shields 

& Lupatsch, 2012). Also, pigments from these organisms are typically used in salmonids 

industry for coloring fish flesh (El-Kassas & El-Sheekh, 2016). Moreover, microalgae are 

increasingly been used specially for the production of biofuels, resulting in a waste by-

product useful to be applied in other fields as is the case of nutraceuticals (German-Báez 

et al., 2017).  

 

5.1.1. Tetraselmis sp. 

 

The Tetraselmis genus comprises a range of green flagellates that inhabit marine 

and freshwater environments. Typically, these species are planktonic photoautotrophs and 

thus represent the primary producers in aquatic ecosystems (Norris et al., 1980).  

These organisms have a rich content of polyunsaturated fatty acids and so, are 

widely used in aquaculture for feeding mollusks and enrichment of larvae feeds (Fabregas 

et al., 2001). Moreover, Tetraselmis species are a great source of functional elements as is 

the case of vitamin E, carotenoids, chlorophyll and phenolic compounds, being proposed 

as a food supplement in animal and human nutrition (Carballo-Cárdenas et al., 2003; Pérez-

López et al., 2014; Sansone et al., 2017). 

Regarding the literature, there are studies demonstrating that the sulphated 

polysaccharides as well as eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and 

α- linolenic acids isolated from Tetraselmis sp. had anti-inflammatory and preventive 

activities for cardiovascular diseases (Sathasivam et al., 2019; Talero et al., 2015). Also, 

pigments like the β-carotene and lutein present in these organisms showed to have 

antioxidant and anti-cancer properties as well as beneficial effects in prevention of liver 
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fibrosis, cardiovascular and skin diseases (Bonilla-Ahumada et al., 2018; Custódio et al., 

2012; Sansone et al., 2017; Sathasivam et al., 2019).  

In relation to fish immunonutrition, extracts derived from Tetraselmis sp. 

demonstrated to inhibit the pathogenic action of Vibrio anguillarum and other wide group of 

bacteria in Atlantic salmon (Austin et al., 1992) which was consistent with other in vitro 

studies (Austin & Day, 1990; Kokou et al., 2012; Makridis et al., 2006). Also, T. suecica and 

T. chuii microalgae were suggested as probiotics and immunostimulants when given alone 

or in combination with other microalgae in European sea bass (Dicentrarchus labrax) and 

gilthead seabream diets (Cerezuela et al., 2012b; Irianto & Austin, 2002; Messina et al., 

2019). 

 

5.1.2. Phaeodactylum sp. 

  

 This microalga inhabits both marine and fresh water ecosystems and has worldwide 

dispersion. Moreover, it is a rich source of protein, carbohydrates, EPA, and fucoxanthin 

and has been widely used not only in aquaculture feeds but also as a model organism for 

genetic engineering (Borowitzka, 2018; German-Báez et al., 2017; Prestegard et al., 2015).  

 Previous studies demonstrated the bioactivity and antioxidant content of this species 

(German-Báez et al., 2017) as well as the anti-cancer activity since it induced the apoptosis 

of leukemia cells (Prestegard et al., 2009; Samarakoon et al., 2014). Also, constituents of 

this microalga demonstrated to have antimicrobial activity against Escherichia coli, 

Staphylococcus aureus and Vibrio sp. (Desbois et al., 2008; Kwak et al., 2014; Wang et al., 

2018). 

 Regarding fish immunonutrition, P. tricornutum exhibited potential as an 

immunostimulant for gilthead seabream when given single or in combination with other 

micro-algae and -organism (Cerezuela et al., 2012a; Cerezuela et al., 2012b). Besides, it 

was noticed that this microalga enhanced the external pigmentation and aspect of gilthead 

seabream which is also favorable for the consumer acceptance (Ribeiro et al., 2017). 

 

5.1.3. Nannochloropsis sp. 

 

 Nannochloropsis is a genus of photosynthetic algae whose majority of species 

inhabit marine environments but may also be freshwater. Typically, these organisms are 

unicellular and have a great content of EPA, vitamin E and some pigments like chlorophyll 

a, zeaxanthin, canthaxanthin and astaxanthin. Therefore, they are nowadays used in 

hatcheries for larvae feeding (Durmaz, 2007; Lubián et al., 2000; Maruyama et al., 1986). 
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There are studies that indicate the antioxidant activity of Nannochloropsis species 

(Ebrahimzadeh et al., 2018; Millao & Uquiche, 2016). Also, omega-3 fatty acids along with 

docosapentaenoic acid (DPA) and sterols derived from N. oculata revealed positive anti-

inflammatory effects in vivo and vitro studies (Nauroth et al., 2010; Sanjeewa et al., 2016). 

In regard to the antibacterial activity, these organisms showed to inhibit the growth of a wide 

range of bacterial species (Duraiarasan et al., 2014), including Vibrio sp. (Kokou et al., 

2012). 

 In brief, there are studies that reveal the potential of Nannochloropsis species for 

immunonutrition, however, the literature is scarce with regard to their role in fish immunity. 

Despite that, there is a study that proposes Nannochloropsis gaditana as an 

immunostimulant for gilthead seabream (Cerezuela et al., 2012b). 

 

5.2. Macroalgae 
 

Macroalgae are multicellular photoautotrophic and benthic organisms that usually 

inhabit marine environments. They have great genetic diversity amongst species and are 

organized in three main phyla, namely Chlorophyta, Phaeophyta and Rhodophyta (Rindi et 

al., 2012).  

These organisms have long been applied in multiple fields as is the case of Asian 

gastronomy, Chinese medicine, pharmaceutics, fertilizers, phycocolloides industries (e.g. 

agar, carrageenan and alginates), biofuel production, cosmetics and as functional feeds 

(Paiva et al., 2017).  

Regarding aquaculture, macroalgae are recently used for integrated multi-trophic 

aquaculture (IMTA) as primary producers and as feed supplement in fish diets (Carvalho & 

Pereira, 2014; Wan et al., 2018). 

 

5.2.1. Gracilaria sp. 

  

Typically, these macroalgae constitute a great source of arachidonic acid and lipids 

(e.g. prostaglandins, steroids and cholesterol) which are a key player in phagocytosis and 

antigen presentation (Montero et al., 2010). Also, these algae species have phycocolloids 

that are used as a source for agar extraction and other secondary metabolites (Almeida et 

al., 2011).  

In the literature, there are studies that suggest compounds from Gracilaria species 

as an stimulant of phagocytosis activity in mouse (Yoshizawa et al., 1996). Also, this 

macroalgae showed not only antiviral effects against herpes virus (Mazumder et al., 2002) 

but also antimicrobial activity for a range of microorganisms including Pseudomonas 
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aeruginosa and Escherichia coli (Kızılkaya et al., 2006; Maftuch et al., 2016). Additionally, 

these algal species exhibited antioxidant activity (Francavilla et al., 2013; Murugan & Iyer, 

2012; Souza et al., 2011) and anticancer action in mice (Patra & Muthuraman, 2013).  

 In relation to fish immunity, there are studies that suggest the defensive role of the 

antioxidant properties of Gracilaria sp. for oxidative stress in gilthead seabream (Magnoni 

et al., 2017) and their modulatory role in the resistance to bacterial infections in European 

seabass (Peixoto et al., 2019). Also, it was observed that the inclusion up to 5% of this 

species in rainbow trout´s feeds stimulated some components of the innate immunity but 

levels above that percentage impaired growth (Araújo et al., 2016). 

 

5.2.2. Ulva sp. 

 

 Typically, these organisms belong to the phylum Chlorophyta and are very rich in 

ulvan which is a sulfated polysaccharide component of their cell wall (Morelli et al., 2017). 

 Regarding their bioactivity, there are studies that highlighted compounds of Ulva 

species (e.g. phenol content, ulvans, vitamin E and carotenes) as a great source of 

antioxidant properties (Ganesan et al., 2011; Qi et al., 2005; Yildiz et al., 2011). These 

macroalgae showed anti-inflammatory (Jin et al., 2006; Okai & Higashi-Okai, 1997), anti-

cancer (Ahmed & Ahmed, 2014), anticoagulant (Adrien et al., 2019), and immunostimulant 

activity (Jiao et al., 2010; Leiro et al., 2007). Also, Ulva rigida demonstrated antimicrobial 

effects against fish pathogenic bacteria Vibrio anguillarum and Pseudomonas 

anguilliseptica (Bansemir et al., 2006). 

 There are several studies that highlight Ulva species as a valuable dietary ingredient 

in fish diets (Emre et al., 2013; Silva et al., 2015; Valente et al., 2006), however literature 

regarding fish immunity is scarce. Nonetheless, it was observed that polysaccharides from 

Ulva rigida positively enhanced the innate immune response of turbot and grey mullet, as 

well as the growth and antioxidant activity of the latter species (Akbary & Aminikhoei, 2017; 

Castro et al., 2006). 
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Objectives 

 

 Several studies highlight algal constituents as a source of bioactive compounds with 

proved beneficial effects for the immune system of various species. Nevertheless, there is 

scarce information regarding the specific action on the immune mechanisms specially when 

algae biomasses are used as functional feed ingredients for fish nutrition.  

The aim of the present study is to screen the potential of algal biomasses from both 

micro (i. e. Tetraselmis striata, Phaeodactylum sp. and Nannochloropsis sp.) and 

macroalgae (i. e. Gracilaria sp. and Ulva rigida) as functional feed ingredients and its effects 

on the immune status of gilthead seabream juveniles, a species of great importance for the 

Mediterranean aquaculture.  

 The development of functional feeds based on algal biomasses could serve as new 

prophylactic measures that provide an alternative to the use of chemotherapeutics and 

antibiotics, thus contributing to the sustainable development of aquaculture and to better 

farming results in gilthead seabream production.  
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Material and Methods 

1. Fish rearing conditions 
 

The experiment was carried out in compliance with the Guidelines of the European 

Union Council (Directive 2010/63/EU) and Portuguese legislation for the use of laboratory 

animals. Gilthead seabream juveniles were obtained from a certified hatchery 

(Sonrionansa, Santander, Spain). The trial was performed at BOGA (Bioterium of Aquatic 

Organisms), the animal experimentation facilities of CIIMAR (Interdisciplinary Centre of 

Marine and Environmental Research) in Matosinhos, Portugal. Prior to the trial, fish were 

maintained under standard culture conditions for a quarantine period of two weeks. 

Thereafter, fish (initial body weight 11.58 ± 0.72 g) were randomly distributed into 

18 tanks (250 L) in a recirculation seawater system (Temperature: 22.4 ± 1 °C; Salinity: 35.2 

± 0.7 ppt; Photoperiod: 12h dark, 12h light; Dissolved oxygen: 7.0 ± 0.2 mg/L, Water flow: 

4 L/min) (Figure 6). Daily, mortalities and total given feed per tank as well as water quality 

were verified and parameters were recorded (temperature, salinity, oxygen saturation, 

levels of ammonium and nitrites). Whenever necessary, water renovations and system 

cleanings were performed.   

 

 

 

 

 

Figure 6- Main image- Trial room in CIIMAR; Corner images- Some daily procedures: 
Measurement of dissolved oxygen and temperature (at the top); Verification of ammonium and 

nitrites levels (at the bottom) 
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2. Experimental diets 
 

Experimental feeds were formulated and produced by Sparos Lda. (Olhão, Portugal) 

and were in accordance to the nutritional requirements of the species (Table 3). 

As a result, six isonitrogenous (45% protein) and isolipidic (18% fat) diets were 

formulated. Diet CTRL served as control whereas five other diets consisted of control diet 

with a 2% inclusion of different algae: Diet STRIATA (Tetraselmis striata); Diet PHAEO 

(Phaeodactylum sp.); Diet NANNO (Nannochloropsis sp.); Diet GRAC (Gracilaria sp.); Diet 

ULVA (Ulva rigida) (Table 4). 

The algal species that were incorporated in the experimental diets were supplied by 

Portuguese algae producers Allmicroalgae (STRIATA), NECTON (PHAEO and NANNO) 

and ALGAPLUS (GRAC and ULVA). 

 

Table 3- Formulation and proximate analysis of the experimental diets 

Ingredients (%DM) CTRL STRIATA PHAEO NANNO GRAC ULVA 

Fishmeal 601 10.00 10.00 10.00 10.00 10.00 10.00 

Feather meal2 5.00 5.00 5.00 5.00 5.00 5.00 

Porcine blood meal3 2.00 2.00 2.00 2.00 2.00 2.00 

Poultry meal 654 25.00 25.00 25.00 25.00 25.00 25.00 

Porcine gelatin5 2.00 2.00 2.00 2.00 2.00 2.00 

Wheat gluten6 2.50 2.50 2.50 2.50 2.50 2.50 

Corn gluten meal7 5.00 5.00 5.00 5.00 5.00 5.00 

Soybean meal 488 12.00 12.00 12.00 12.00 12.00 12.00 

Sunflower meal9 5.00 5.00 5.00 5.00 5.00 5.00 

Wheat meal10 12.90 10.90 10.90 10.90 10.90 10.90 

Potato starch (gelatinised)11 5.00 5.00 5.00 5.00 5.00 5.00 

Fish oil12 6.90 6.90 6.90 6.90 6.90 6.90 

Rapeseed oil13 2.30 2.30 2.30 2.30 2.30 2.30 

Palm oil14 2.00 2.00 2.00 2.00 2.00 2.00 

Vitamin and mineral premix15 1.00 1.00 1.00 1.00 1.00 1.00 

Vitamin E (50%)16 0.03 0.03 0.03 0.03 0.03 0.03 

CELATOM FP1SL (diatomite)17 0.50 0.50 0.50 0.50 0.50 0.50 

Antioxidant18 0.20 0.20 0.20 0.20 0.20 0.20 

Sodium propionate19 0.10 0.10 0.10 0.10 0.10 0.10 

L-Lysine20 0.30 0.30 0.30 0.30 0.30 0.30 

DL-Methionine21 0.17 0.17 0.17 0.17 0.17 0.17 

L-Taurine22 0.10 0.10 0.10 0.10 0.10 0.10 

Proximate analyses 
(% dry weight) 

      

Ash 8.31 9.07 8.85 8.79 9.04 9.07 
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Fat 8.88 9.65 9.33 9.18 9.35 9.53 

Protein 45.88 46.00 47.97 47.69 47.68 46.79 

Phosphorus 1.63 1.73 1.66 1.56 1.62 1.57 

Energy (Kg/g) 21.20 21.12 21.68 22.03 22.50 21.52 

1Fishmeal by- products (CP: 59.2%, CF: 9.9%), CONRESA, Spain 

2Feather meal (CP:  82.9%, CF: 11.2%), SONAC BV, The Netherlands 

3Porcine blood meal (CP: 89.1%, CF: 0.4%), SONAC BV, The Netherlands 

4Poultry meal (CP: 62.4%, CF: 14.5%), SAVINOR UTS, Portugal 

5Porcine gelatin, Lapi Gelatins, Italy 

6Wheat gluten VITAL (CP: 80.4%, CF: 5.8%), Roquette, France 

7Corn gluten meal (CP: 61.2%, CF: 5.2%), COPAM, Portugal 

8Soybean meal dehulled solvent extracted (CP: 47.4%, 2.6%), CARGILL, Spain 

9Sunflower meal solvent extracted (CP: 29.1%, CF:1.8%), Ribeiro e Sousa Lda, Portugal 

10Wheat meal (CP: 11.7%, CF: 1.6%), Molisur, Spain 

11Potato starch, Pregeflo P100 90% starch (CP: 0.4%, CF: 0.1%), Roquette, France 

12Fish oil (CF: 98.1%, EPA:16%, DHA: 12%), Sopropêche, France 

13Rapeseed oil (CF:98.2%), JC Coimbra, Portugal 

14Palm oil, Henry Lamotte Oils GmbH, Germany 

15Vitamin and mineral premix ( Vitamins (IU or mg/Kg diet): DL-alpha tocopherol acetate, 100 mg; sodium 

menadione bisulphate, 25 mg; retinyl acetate, 20000 IU; DL-cholecalciferol, 2000 IU; thiamin, 30 mg; riboflavin, 

30mg; pyridoxine, 20mg; cyanocobalamin, 0.1mg; nicotinic acid, 200mg; folic acid, 15mg; ascorbic acid, 

1000mg; inositol, 500mg; biotin, 3mg; calcium panthotenate, 100mg; choline chloride, 1000mg, betaine, 500mg. 

Minerals (g or mg/kg diet): copper sulphate, 9mg; ferric sulphate, 6mg; potassium iodide, 0.5mg; manganese 

oxide, 9.6mg; sodium selenite, 0.01mg; zinc sulphate,7.5mg; sodium chloride, 400mg; excipient wheat gluten, 

DSM Nutritional Products, Switzerland 

16 Vitamin E ROVIMIX E50, DSM Nutritional Products, Switzerland 

17CELATOM FP1SL (diatomite), Angelo Coimbra S.A., Portugal 

18Antioxidant VERDILOX, Kemin Europe NV, Belgium 

19Sodium propionate, Disproquímica, Portugal 

20L-Lysine 99% Lysine, Anjinomoto EUROLYSINE S.A.S., France 

21DL-Methionine Rhodimet NP99 99% Methionine, ADISSEO, France 

22L-Taurine 98% Taurine, ORFFA, The Netherlands 

 

 

Table 4- Algae species included in the experimental diets 

 

 

 

 

 

 

 

Experimental diets Algae biomasses 

CTRL Without algae inclusion 

STRIATA With 2% inclusion of Tetraselmis striata 

PHAEO With 2% inclusion of Phaeodactylum sp. 

NANNO With 2% inclusion of Nannochloropsis sp. 

GRAC With 2% inclusion of Gracilaria sp. 

ULVA With 2% inclusion of Ulva rigida 



20 
 

 

3. Feeding trial and tissue sampling 
 

The feeding trial had a total duration of 4 weeks (from May 5 until June 3, 2018). 

Dietary treatments were randomly assigned to triplicate groups of 110 fish per tank and a 

total of 10 animals were taken for proximal composition (Figure 7). 

Fish were fed by hand, three times a day with a four-hour interval between feeding 

(except on weekends which was given a single feeding). At the beginning of the trial fish 

were fed 2 % of fish body weight, with adjustments being made along the trial until fish 

apparent satiety. 

 

 

Fish were sampled at the end of the 1st, 2nd and 4th weeks of the feeding trial. Seven 

fish per tank (21 fish per treatment) were randomly sampled and euthanized by 

overexposure to the anesthetic 2-phenoxyethanol (1 mg/L). Fish were weighed and three 

fish per tank were collected for whole body composition, while the remainder four fish per 

tank were used for blood and tissues (head-kidney, liver and total gut) collection (Figure 8).  

Blood was collected from the caudal vein using heparinized syringes centrifuged at 

10,000 × g during 10 min at 4 ºC to obtain plasma samples. Tissue samples were 

immediately frozen at -80 ºC until further analyses. 

 

 

Figure 7- Experimental design of the feeding trial 
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Figure 9- Identification of leucocytes in gilthead seabream´s blood smear. Image captured with 
microscope at 1000x, without scale 

 

 

 

 

 

 

 

 

 

 

 

4. Haematological assays 

4.1. Preparation and examination of stained blood smears 
 

 The haematological profile proceeded in accordance to Machado et al. (2015). 

Blood smears were prepared immediately after blood collection air dried and fixed for 1 

minute with formol-ethanol (10% formaldehyde solution in absolute ethanol) and stained 

with Wright’s stain (Haemacolor; Merck). To allow neutrophil detection through peroxidase 

activity, procedures were carried out as described by Afonso et al. (1998). Finally, slides 

were observed in the microscope under oil immersion (1000x) and whenever possible, a 

total of 200 leucocytes were counted and then classified as neutrophils, thrombocytes, 

lymphocytes and monocytes (Figure 9). The relative percentage and absolute value 

(x104/mL) of each cell type was calculated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8- Sampling procedures: removal of organs (left); blood collection (right) 



22 
 

5. Humoral immune parameters 

5.1. Plasma immunoglobulin M 
 

The indirect enzyme-linked immunosorbent assay (ELISA) was used to measure 

total IgM levels, as described by Cerezuela et al. (2016), with some modifications. For such 

purpose, plasma was diluted 1:100 with sodium carbonate (50 mM, pH= 9.6) and 100 µL of 

diluted samples were pipetted in triplicate into a flat-bottomed 96-well plate. Samples were 

left to incubate overnight at 4 ºC. Thereafter, wells were blocked with 300 µL of blocking 

buffer (5% low fat milk in T-TBS (0.1% Tween 20)) and incubated for one hour at room 

temperature followed by three consecutive rinses with T- TBS (0.1 % Tween 20). Then, the 

primary antibody (monoclonal anti-IgM, Aquatic Diagnostics, UK) was diluted 1:200 with 

blocking buffer and 100 µL were added to each well. After new incubation of one hour at 

room temperature, plates were rinsed as previously described. Afterwards, the secondary 

antibody (monoclonal anti-IgG, SIGMA) was diluted 1:1000 in blocking buffer and 100 µL 

were added to each well. Plates were once again incubated at room temperature for one 

hour and washed as previously described. Then, 100 µL of “TMB substrate solution for 

ELISA” (1 volume of solution A plus 1 volume of solution B) was added to the wells and 

incubated for 5 minutes at room temperature with the samples. Finally, 100 µL of sulphuric 

acid (2M) were added to the wells to stop reaction. Samples optical density (OD) was read 

at 450 nm in a Synergy HT microplate reader (Biotek). Wells with sodium carbonate (50 

mM, pH=9.6) instead of plasma were used as blanks. 

 

5.2. Bactericidal activity 
 

 The bactericidal activity of plasma was determined by using Edwardsiella tarda 

strain ACC53.1. Bacteria were cultured for 48 hours at 25 ºC on tryptic soy agar (TSA; Difco 

Laboratories) and then it was resuspended and inoculated into tryptic soy broth (TSB; Difco 

Laboratories). Both mediums were supplemented with NaCl to a final concentration of 1 % 

(w/v) (TSA-1 and TSB-1, respectively). The bacteria in TSB-1 medium were then cultured 

at the 25 ºC for 24 hours, with continuous shaking (100 rpm). Exponentially growing bacteria 

were collected by centrifugation at 3500 × g for 30 minutes, resuspended in sterile HBSS 

and adjusted to 1 × 106 cfu/mL. The confirmation of bacterial concentration in the inoculum 

was achieved by counting the number of cfu after plating serial dilutions of the suspension 

into TSA-1 plates and incubating at 25 ºC. 

Plasma bactericidal activity was determined following the method of Machado et al. 

(2018). Briefly, 20 μL of sample were mixed with 20 μL of E. tarda (1 × 106 cfu.mL-1) in 

triplicate in a U-shaped 96-well plate, that was then incubated for 2.5 h at 25 ºC (20 μL of 
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Figure 10- U-shaped 96-well microplates used for bactericidal activity assay: precipitate before (left) 
and after dissolution with DMSO (right) 

TSB were added instead of plasma to 3 wells and served as positive control). Afterwards, 

25 μL of 3-(4,5 dimethyl-2-yl)-2,5-diphenyl tetrazolium bromide (1 mg.mL-1; Sigma) were 

added to each well and incubated for 10 min at 25 ºC to allow the formation of formazan 

precipitates. Plates were then centrifuged at 2,000 × g for 10 min and the precipitate was 

dissolved in 200 μL of dimethyl sulfoxide (Sigma). The absorbance of the dissolved 

formazan was measured at 560 nm. Bactericidal activity is expressed as percentage, 

calculated from the difference between bacteria surviving compared to the number of 

bacteria from positive controls (100%). 

 

% 𝑣𝑖𝑎𝑏𝑙𝑒 𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎 =  
𝐴𝑏𝑠. 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒   × 100 

 𝐴𝑏𝑠. 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  
  

 

% 𝑛𝑜𝑛 𝑣𝑖𝑎𝑏𝑙𝑒 𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎 = 100 − % 𝑣𝑖𝑎𝑏𝑙𝑒 𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎 

 

 

 

 

 

 

 

 

 

 

 

 

5.3. Anti-protease activity 
 

 The anti-protease activity was determined as described by Machado et al. (2015) 

with some modifications. Briefly, 10 µL of plasma were incubated with the same volume of 

trypsin solution (5 mg.mL-1 in NaHCO3, 5 mg.mL-1, pH 8.3) for 10 min at 22 °C in 1.5 mL 

microtubes. After incubation, 100 µL of phosphate buffer (NaH2PO4, 13.9 mg.mL-1, pH 7.0) 

and 125 μL of azocasein solution (20 mg.mL-1 in NaHCO3, 5 mg.mL-1, pH 8.3) were added 

and incubated for 1 h at 22 °C. Finally, 250 μL of trichloroacetic acid were added to the 

reaction mixture and incubated for 30 min at 22 °C. The mixture was centrifuged at 10,000 

× g for 5 min at room temperature. Afterwards, 100 μL of the supernatant was transferred 

to a 96 well-plate and mixed with 100 μL of NaOH (40 mg.mL-1). The OD was read at 450 

nm in a Synergy HT microplate reader. Phosphate buffer in place of plasma and trypsin 
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served as blank, whereas the reference sample was phosphate buffer in place of plasma. 

Sample inhibition percentage of trypsin activity was calculated as follows: 

 

% 𝑛𝑜𝑛 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 𝑡𝑟𝑦𝑝𝑠𝑖𝑛 =  
𝐴𝑏𝑠. 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒   × 100 

 𝐴𝑏𝑠. 𝑜𝑓 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒  
 

 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 𝑡𝑟𝑦𝑝𝑠𝑖𝑛 = 100 − % 𝑛𝑜𝑛 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 𝑡𝑟𝑦𝑝𝑠𝑖𝑛 

 

5.4. Peroxidase activity 
 

Total peroxidase activity in plasma was measured following the procedure described 

by Quade and Roth (1997). Briefly, 10 μL of plasma was diluted with 140 μL of HBSS without 

Ca2+ and Mg2+ in 96-well plates. Then, 50 μL of 20 mM 3,3',5,5'-tetramethylbenzidine 

hydrochloride (TMB; Sigma) and 50 μL of 5 mM H2O2 were added to the wells. The reaction 

was stopped after 2 min by adding 50 μL of 2 M H2SO4 and the optical density (OD) was 

read at 450 nm in a Synergy HT microplate reader (Biotek). Wells without plasma were 

used as blanks. The peroxidase activity (units.mL-1 plasma) was determined defining that 

one unit of peroxidase produces an absorbance change of 1 OD. 

 

 

6. Growth parameters and feed utilization 
 

To understand the growth and feed utilization of fish after 4 weeks of trial, initial and 

final weight was measured as well as weight gain, relative growth rate, feed conversion 

ratio, survival and feed intake was calculated. 

 The total weight gain of fish per dietary treatment was obtained by the next 

formulation, in grams: 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 = 𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡  

 

The daily growth of fish was calculated using the relative growth rate (RGR) and 

expressed as percentage increase of weight per day, as following (Hardy & Barrows, 2003): 

 

𝑅𝐺𝑅 =  (𝑒
ln(𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)−ln(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)

𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑒𝑒𝑑𝑖𝑛𝑔 − 1) × 100 
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 The ability of feed formulations to support weight gains was perceived using the feed 

conversion ratio (FCR) and expressed in grams, as following (Hardy & Barrows, 2003): 

 

𝐹𝐶𝑅 =
𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛
 

  

 The percentage of fish that survived to the trial was given by the following formula: 

 

% 𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 =  
𝐹𝑖𝑛𝑎𝑙 𝑓𝑖𝑠ℎ + 𝑆𝑎𝑚𝑝𝑙𝑒𝑑 𝑓𝑖𝑠ℎ

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑓𝑖𝑠ℎ
 × 100 

 

 To have a better perception of the feed intake per day, it was considered the next 

formulation, expressed in percentage of grams (Ali et al., 2016): 

 

% 𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 =
𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑒𝑒𝑑𝑖𝑛𝑔
 × 100 

 

 

7. Data analysis 
 

All results were expressed as mean ± standard deviation (mean ± SD). All data were 

tested for normality (Shapiro- Wilk test) and homogeneity of variance (Levene’s test). When 

data did not meet the assumptions, data were transformed before analysis. Then, data were 

analyzed by One- way analysis of variance (ANOVA) with diets as the fixed factor and when 

this test showed statistical significance, the post-hoc HSD Tukey was performed. When 

data did not meet the ANOVA assumptions after transformation, the non-parametric Kruskal 

Wallis test was used instead. All statistical analyses were performed using the computer 

package SPSS 26 for WINDOWS. The level of significance used was P ≤ 0.05 for all 

statistical tests. 
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Results 

 

1. Growth and feed parameters 
 

 There were no significant differences in the final body weight, weight gain, relative 

growth rate (RGR), feed conversion ratio (FCR), survival and feed intake among diets in the 

4th week of trial (Table 6).  

 

 

2. Haematological assays 
 

Total white (WBC) and red (RBC) blood cells concentrations are displayed in Table 

5. Results showed no significant differences in WBC and RBC concentrations among 

seabream fed the experimental diets irrespective of the sampling point.  

The relative proportion and absolute values of the different circulating leucocytes 

are present in Table 7. No statistical differences were observed for the relative proportion 

of the leucocyte cells and absolute values of circulating thrombocytes, monocytes, 

neutrophils and lymphocytes at the end of the 2nd and the 4th week of feeding, among dietary 

treatments. However, at the end of the the 1st week, fish fed GRAC dietary treatment 

exhibited significantly higher concentration of lymphocytes when compared to fish fed 

PHAEO diet. In the following weeks it was observed that lymphocyte values remained 

similar among different dietary treatments. / 

 

Table 5- White blood cells (WBC) and red blood cells (RBC) of juvenile gilthead seabream fed experimental 
diets during 1, 2 and 4 weeks. Values are expressed as mean ± SD (n= 6) 

 

 

 WBC (×104/μl) RBC (×106/μl) 

 1 week 2 week 4 week 1 week 2 week 4 week 

CTRL 3.50 ± 0.71 3.52 ± 0.45 4.05 ± 0.43 1.55 ± 0.15 1.57 ± 0.23 1.38 ± 0.32 

STRIATA 3.48 ± 0.44 3.20 ± 0.43 3.85 ± 0.68 1.36 ± 0.26 1.41 ± 0.17 1.32 ± 0.31 

PHAEO 3.25 ± 0.58 3.67 ± 0.63 3.68 ± 0.84 1.65 ± 0.24 1.42 ± 0.22 1.42 ± 0.16 

NANNO 3.53 ± 0.49 3.40 ± 0.77 3.37 ± 0.64 1.47 ± 0.28 1.50 ± 0.36 1.18 ± 0.20 

GRAC 3.52 ± 0.44 3.55 ± 0.59 3.73 ± 0.78 1.71 ± 0.20 1.38 ± 0.18 1.41 ± 0.28 

ULVA 3.98 ± 0.70 3.82 ± 0.51 3.25 ± 0.39 1.60 ± 0.29 1.27 ± 0.24 1.15 ± 0.11 
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Table 6- Effect of experimental diets on growth and feed parameters of juvenile gilthead seabream in the 4th week of trial. Values are expressed as mean ± SD (n= 3) 

 

 

 

Table 7- Relative proportion and absolute values of peripheral blood leucocytes (thrombocytes, lymphocytes, monocytes and neutrophils) of juvenile gilthead seabream fed 
experimental diets during 1, 2 and 4 weeks. Values are expressed as mean ± SD (n= 6) 

NOTE: Different letters mean significant differences among dietary treatments (one-way ANOVA, P≤ 0.05). 

 

Indicators Initial weight (g) Final weight (g) Weight gain (g) RGR (%/day) FCR (g) 
Feed intake 

(%g/day) 
Survival (%) 

CTRL 11.67 ± 0.72 20.20 ± 1.39 8.54 ± 1.99 1.98 ± 0.44 1.27 ±0.27 2.28 ± 0.08 100.00 ± 0.00 

STRIATA 11.99 ± 0.88 18.71 ± 1.58 6.72 ± 1.57 1.60 ± 0.35 1.31 ± 0.05 2.36 ± 0.10 100.00 ± 0.00 

PHAEO 11.67 ± 0.72 18.65 ± 1.11 6.98 ± 1.73 1.69 ± 0.41 1.21 ± 0.09 2.25 ± 0.07 100.00 ± 0.00 

NANNO 11.25 ± 0.00 19.22 ± 1.65 7.97 ± 1.65 1.92 ± 0.32 1.27 ± 0.26 2.33 ± 0.10 99.70 ± 0.52 

GRAC 11.67 ± 0.72 20.32 ± 0.88 8.66 ± 0.59 2.00 ± 0.15 1.15 ± 0.11 2.19 ± 0.07 100.00 ± 0.00 

ULVA 11.25 ± 1.25 19.57 ± 1.70 8.32 ± 0.57 2.00 ± 0.13 1.14 ± 0.09 2.24 ± 0.17 100.00 ± 0.00 

1 week  CTRL STRIATA PHAEO NANNO GRAC ULVA 

Thrombocytes (% WBC) 50.11 ± 13.96 54.13 ± 10.18 60.21 ± 5.20 51.08 ± 9.49 45.67 ± 11.57 48.83 ± 12.41 

(×104 μl) 1.77 ± 0.61 1.89 ± 0.47 1.98 ± 0.49 1.84 ± 0.54 1.61 ± 0.47 2.02 ± 0.82 

Lymphocytes (% WBC) 44.97 ± 12.95 42.78 ± 10.25 34.46 ± 5.79 46.08 ± 8.64 51.25 ± 11.21 44.67 ± 10.65 

(×104 μl) 1.55 ± 0.41 ab  1.49 ± 0.44 ab 1.10 ± 0.17 b 1.60 ± 0.19 ab 1.80 ± 0.43 a 1.71 ± 0.19 ab 

Monocytes (% WBC) 1.83 ± 1.31 1.67 ± 0.90 1.90 ± 0.86 1.33 ± 1.14 2.08 ± 0.73 1.40 ± 0.66 

(×104 μl) 0.05 ± 0.04 0.05 ± 0.02 0.06 ± 0.04 0.04 ± 0.04 0.07 ± 0.03 0.05 ± 0.02 

Neutrophils (% WBC) 3.00 ± 1.95 1.42 ± 0.89 2.06 ± 1.40 1.50 ± 0.76 1.00 ± 0.50 3.40 ± 1.36 

(×104 μl) 0.10 ± 0.08 0.05 ± 0.03 0.07 ± 0.06 0.05 ± 0.03 0.03 ± 0.02 0.12 ± 0.04 
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2 week  CTRL STRIATA PHAEO NANNO GRAC ULVA 

Thrombocytes (% WBC) 61.65 ± 8.44 64.69 ± 4.40 62.95 ± 14.68 60.16 ± 6.46 59.18 ± 7.52 72.75 ± 3.40 

(×104 μl) 2.16 ± 0.41 2.06 ± 0.29 1.97 ± 0.83 2.01 ± 0.37 2.10 ± 0.46 2.40 ± 0.90 

Lymphocytes (% WBC) 32.00 ± 2.30 30.47 ± 4.13 25.54 ± 2.89 35.18 ± 5.44 36.87 ± 7.66 28.45 ± 11.99 

(×104 μl) 1.25 ± 0.35 0.98 ± 0.20 1.33 ± 0.52 1.21 ± 0.38 1.30 ± 0.34 1.20 ± 0.40 

Monocytes (% WBC) 1.14 ± 0.59 1.39 ± 0.74 1.51 ± 0.40 2.08 ± 1.69 1.65 ± 0.62 2.08 ± 1.33 

(×104 μl) 0.04 ± 0.02 0.05 ± 0.02 0.05 ± 0.02 0.05 ± 0.05 0.06 ± 0.02 0.08 ± 0.05 

Neutrophils (% WBC) 1.64 ± 0.98 2.05 ± 1.08 2.35 ± 1.35 2.58 ± 1.64 2.30 ± 1.08 2.70 ± 1.17 

(×104 μl) 0.06 ± 0.03 0.06 ± 0.03 0.07 ± 0.03 0.09 ± 0.06 0.08 ± 0.05 0.08 ± 0.01 

 

4 week  CTRL STRIATA PHAEO NANNO GRAC ULVA 

Thrombocytes (% WBC) 68.03 ± 9.45 62.57 ± 13.06 67.22 ± 9.35 61.56 ± 8.92 52.89 ± 10.27 65.45 ± 9.07 

(×104 μl) 2.79 ± 0.65 2.41 ± 0.65 2.46 ± 0.60 2.12 ± 0.68 2.00 ± 0.67 2.15 ± 0.53 

Lymphocytes (% WBC) 28.81 ± 8.50 33.91 ± 12.22 29.78 ± 9.01 34.11 ± 8.42 43.11 ± 11.43 29.30 ± 8.09 

(×104 μl) 1.15 ± 0.25 1.10 ± 0.37 1.11± 0.50 1.10 ± 0.16 1.59 ± 0.39 0.93 ± 0.22 

Monocytes (% WBC) 0.80 ± 0.62 2.02 ± 1.10 2.00 ± 1.19 2.25 ± 1.14 2.00 ± 1.15 1.62 ± 0.93 

(×104 μl) 0.04 ± 0.03 0.06 ± 0.03 0.05 ± 0.02 0.06 ± 0.02 0.06 ± 0.03 0.05 ± 0.03 

Neutrophils (% WBC) 1.24 ± 0.48 1.50 ± 0.93 1.00 ± 0.65 2.08 ± 1.17 1.40 ± 0.80 0.84 ± 0.97 

(×104 μl) 0.05 ± 0.02 0.06 ± 0.04 0.04 ± 0.02 0.07 ± 0.04 0.07 ± 0.04 0.03 ± 0.03 
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Figure 11- IgM in plasma of gilthead seabream fed experimental diets during 1, 2 
and 4 weeks. Values are expressed as mean ± SD (n= 6) 

Figure 12- Bactericidal activity in plasma of gilthead seabream fed experimental 
diets during 1, 2 and 4 weeks. Values are expressed as mean ± SD (n= 6) 

3. Humoral immune parameters 
 

 Results from humoral immune parameters of all sampling points are displayed in 

Figure 11-14 and none showed statistical differences among experimental diets.  

Considering the IgM parameter (Figure 11), despite not being statistically significant 

among dietary treatments, it was observed a general tendency to increase during the 

experimental trial. All other parameters show a varying pattern among dietary treatments 

and no general tendency was perceivable between sampling points. 
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Figure 13- Antiprotease activity in plasma of gilthead seabream fed experimental 

diets during 1, 2 and 4 weeks. Values are expressed as mean ± SD (n= 6) 

Figure 14- Peroxidase activity in plasma of gilthead seabream fed experimental diets 
during 1, 2 and 4 weeks. Values are expressed as mean ± SD (n= 6) 
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Discussion 

 

The bioactive compounds of algae species are widely recognized in the literature 

and have been identified with potential immunostimulant activity. Nevertheless, to the best 

of our knowledge, there is scarce information regarding the specific role of algae biomasses 

in fish immunity, even more in gilthead seabream, a species of great commercial value. The 

use of biomasses is a more practical approach, since mechanical or chemical procedures 

would increase production costs and these algae products would reach the aquafeeds 

market with more constraints. Therefore, in the present work, fish were fed diets containing 

2% of different algal biomasses (Tetraselmis striata, Phaeodactylum sp., Nannochloropsis 

sp., Gracilaria sp. and Ulva rigida) during 4 weeks and samples were taken in the 1st, 2nd 

and 4th week of trial. 

 

In general, results showed that STRIATA, PHAEO, NANNO, GRAC and ULVA 

dietary treatments had no significant effects neither in the tested humoral immune 

parameters nor on growth performance when fed for 1, 2 and 4 weeks. The same occurred 

for the overall haematological profile.  

 However, findings from this study suggested a significant variation in the number of 

peripheral lymphocytes after 1 week of trial in fish fed GRAC and PHAEO diets. In fish fed 

GRAC diet, the number of these cells increased whereas in PHAEO diet the opposite 

occurred. This tendency was not verified in the number of WBC (except for PHAEO diet, 

although not statistically significant) which could mean that the alteration had little impact 

on the total number of WBC. 

 The suggestion that GRAC diet can stimulate the proliferation of lymphocytes in a 

short period of time could strengthen the general immunity of fish since these cells are 

responsible for the production of antibodies, coordinate the immune response of other cells 

and act directly against non-self or damaged cells (Castro & Tafalla, 2015; Ellis, 2001). 

Hence, fish diets with Gracilaria sp. inclusion could improve the immune competence to 

cope with pathogens as it was recently recognized by Peixoto et al. (2019) when fed 

European seabass with 5% Gracilaria sp. aqueous extract. Accordingly, findings from the 

present study were similar to those of Mendonça et al. (2019) which discovered that an 

inclusion up to 5% of dry Gracilaria domingensis increased the production of T lymphocytes 

for mullet juveniles after 60 days of feeding.  

 The absence of effects in the haematological parameters was in agreement for 

instance with Guerreiro et al. (2017) for an inclusion of 5% Ulva lactuca in gilthead 

seabream.  
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Regarding the humoral parameters, although not statistically significant, there are 

some observations that could be further interpreted. That is, among the experimental times, 

feeding fish for a short period of time (one or two weeks) with algal biomasses could be the 

preferable feeding duration to obtain an immunostimulatory effect. This is directly related to 

the significant findings observed in the number of peripheral lymphocytes, but also because 

of values obtained for bactericidal activity. The later data appeared to have higher levels for 

the first sampling point (1 week), for instance in fish fed PHAEO and ULVA dietary 

treatments. Although this observation was not statistically significant, it could be speculated 

that some humoral components of the immune system seem to be triggered in a short-term 

basis. Nevertheless, further studies are definitely needed to infer the veracity of these 

observations in fish fed algae from the genus Phaeodactylum and Ulva. 

In the present study, the IgM levels showed a general tendency to increase over 

time in fish fed the experimental weeks. This effect seems to be related to the normal fish 

development since it was observed in seabream from all dietary treatments. In contrast, 

Cerezuela et al. (2012a) observed an increase in IgM levels when gilthead seabream were 

fed with diets containing Tetraselmis chuii and Phaeodactylum tricornutum for 2 weeks. Still, 

in another comparable study, the same authors found no significant variation in IgM levels 

when fed the same alga species plus Nannochloropsis gaditana (Cerezuela et al., 2012b). 

Since data available for this parameter is scarce and not consistent our findings may 

contribute to the expand of knowledge about the tested algae effects on IgM of gilthead 

seabream 

In short, despite some variations in the measured immune parameters, it is 

important to keep in mind that in the present study fish were not stimulated by a triggering 

agent (e.g. antigen) or a pathogen challenge, which might explain the lack of response 

obtained. Therefore, the presence of a pathogen would trigger an immune response by the 

activation of effector cells (e. g phagocytic cells and natural antibodies) that may release a 

broad-spectrum of humoral antimicrobial agents as is the case of lysozyme, antiproteases, 

peroxidases and changes in the bactericidal activity of plasma (Ellis, 2001). 

 In relation to the growth performance, results showed no significant differences in 

the final body weight, weight gain, relative growth rate (RGR), feed conversion ratio (FCR), 

survival and feed intake among diets in the 4th week of trial. Similar results have been 

described for the same fish species, although for higher concentrations of algae inclusion 

(Guerreiro et al., 2017; Queiroz et al., 2014). Likewise, it was  observed that 

supplementation of Gracilaria bursapastoris and Ulva rigida up to 10 % levels had no impact 
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on growth performance, nor on nutrient utilization for European seabass (Valente et al., 

2006).  

Although the tested algae biomasses did not improve the general performance of 

fish, our results could be interesting in terms of dietary supplementation. This is, in addition 

to the bioactive compounds of algae species, they also have a great content of lipids and 

proteins (Valente et al., 2006). Typically, fish feed formulations require high levels of these 

nutrients that come from increasingly scarce and unsustainable sources such as fish oils 

and meals. Thus, there have been efforts in fish nutrition to evaluate the potential of other 

alternatives mainly derived from plants (Caruso, 2015; Valente et al., 2006). Considering 

that our results showed that feeding diets with 2 % inclusion of algae biomasses for 4 weeks, 

did not compromise the growth performance and feed utilization of gilthead seabream, this 

could give rise to new studies that investigate the potential of the tested algae species as 

novel ingredients and alternatives for fish feeds. 
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Conclusion and future perspectives 

 

Aquaculture is an activity that is increasing worldwide and with possibilities to cope 

with the nutritional demands of the growing population. Nonetheless, and because it is a 

recent industry, much of the development goes through scientific research as a way for 

evolution in knowledge and innovation. 

 In this study, it was evaluated the potential of five algae species whose bioactive 

properties and beneficial role for the immune system were already demonstrated in the 

literature. Results showed an increase in the circulating lymphocytes number after feeding 

gilthead seabream with GRAC dietary treatment for 1 week. This may suggest that the 

inclusion of Gracilaria sp. in fish diets could enable some degree of stimulation in these 

immune cells that are crucial for the general immunity of fish. Also, it was verified that the 2 

% inclusion of the tested algae biomasses did not compromise fish growth performance 

which could indicate suitability to be included in fish feed formulations.  

Further studies are still needed to elucidate in detail the potential of the tested algae 

biomasses both in immunological and nutritional fields. For instance, it should be interesting 

to analyze the effects of the chosen algae at immunohistochemistry and transcriptomic 

levels in gut tissue.  

 In conclusion, this study provides preliminary and considerable data, contributing to 

the improvement of knowledge, especially with regard to the use of algae in fish 

immunonutrition. 
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