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Aquaculture: need to control health fish

Food production sector with fasters growing

9.600 millions of human in 2050 How to feed them?

Evolution of production aquaculture and fishery 1950-2016 (Apromar 2018)

Is the farming of fish, crustaceans, molluscs, aquatic plants and algae
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Aquaculture: need to control health fish

Bacteria 
Virus ProtozoanFungi

Other parasites

Disease is an important limited factor in fish culture 
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Economical loss

Aquaculture needs to control fish health



Bacteria are considered as main causes of infections in intensive aquaculture of finfish and shellfish worldwide

Vibrio sp.

Aeromonas sp. 

Photobacterium sp.

P. danselae piscicida 

V. harveii

Photobacterium damselae subsp. damselae,  
an Emerging Pathogen Affecting New Cultured Marine Fish Species in Southern Spain 
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Fig. 1. Main external symptoms and pathological signs in the internal organs observed in 
affected fish. (hac) haemorrhages in caudal fin; (d) skin desquamation; (eap) fin erosion; 
(e) exophthalmia; (hh) haemorrhagic liver; (gv) visceral fat accumulation; (n) necrosis; 
(es) splecnomegaly; (hp) petechiae. 

2.2 Organs used for bacterial culture and its isolation 
Affected or moribund specimens were killed with an overdose of MS-222 in seawater, and 
immediately processed for bacteriological analyses. Samples collected from the skin, eyes, 
brain, liver, spleen and kidney were seeded onto several routine bacteriological culture 
media for isolation of bacterial fish pathogens. The bacterial isolates were subjected to 
phenotypic characterization by using the tests specified in Table 2, according to Bergey’s 
Manual of Systematic Bacteriology (Thyssen & Ollevier, 2005). All isolated bacteria were 
Gram-negative short rods or cocobacilli, motile, oxidase and catalase positives, glucose 
fermenters, and sensitive to vibriostatic agent pteridine (O/129, 150 µg). Bacterial 
identification was confirmed by the analysis of 16S rRNA gene sequences, amplified and 
sequenced as previously described by Labella et al. (2006). Table 1 shows the bacterial 
species identified and confirmed by 16S rDNA sequences. 

www.intechopen.com

Labella et al., 2011

Skin ulceration

V splendidus in C. gigas
Sole affected of vibriosis (V. harveii)

fish showing different symptom (P. danselae)

Mortality = economical loses

Vibrio species are the 
virus (WSSV), the causative 
and caused serious 

A. salmonicida

Pathogenic bacteria in aquaculture

Aquaculture: need to control health fish

furunculosis

V. anguillarum, vulnificus

vibriosis

pasteurelosis



Viruses in aquaculture

Viral diseases
Causes mass mortality, limiting expansion of aquaculture

They are difficult to treat directly and no efficacious treatment are available 

IPNV

WSSV

OsHV-1VNNV

LCDV

VHSV

YHV

Are challenging to manage

Vaccination in finfish but not possible or inefficient for invertebrates

ü
ü
ü

Many different viruses infect farmer species: finfish, crustaceans, molluscsViralzone

www.aqtinfo.com

www.aginnovators.org.au

nas.er.usgs.go

Aquaculture: need to control health fish

Zhu et al., 2017

shrimpdiseases.wordpress.com/wssv-2/

Toffan (2018)



An increase in fungal infections has been observed in the last few decades with 
the modernization and intensification of aquaculture at an industrial scale 

Fungal infections may cause severe diseases and mortality events, but are often considered secondary 
to other factors such as water quality problems, fish trauma, temperature, bacterial diseases…

Fungi induce diseases by developing in the skin and gills of fish, in eggs or by producing toxins

Corollospora maritima, Dendryphiella salina, Lulworthia sp. 

Fusarium monofiliform

Aspergillus fumigatus

Fungi in aquaculture systems

Fusarium sp. 

cause black gill disease in shrimps

Are involved in biofouling formation

Can produce toxins that accumulate in fish

Produce toxins potential contaminant for 
marine bivalves

Fungi in aquaculture
ü

Aquaculture: need to control health fish



Health Control Strategies

Vaccines

Antibiotics

Chemotherapy

Immunostimulants

tre
at

m
en

ts
pr

ev
en

tio
n

Number of Antibiotics limited
Expensive
Residues in fish –problem for human health

Only few vaccines available commercially 
Effectiveness of vaccination depends on fish condition
Only increases specific defense mechanisms 
Application is a tedious process. 

Various chemotherapeutics available to control disease 
incidence of drug resistance has become a major problem

increases resistance by enhancing innate defense mechanisms
protect fish without any side effect

Aquaculture needs new strategies to control fish health

No potential impact on environment

ü
ü
ü
ü
ü

ü
ü
ü

ü

ü

ü

Disease

Knowledge of immune system disease prevention strategies
development of vaccines and new immuno-modulator compounds and in selection for increased disease resistance

ü

New antibiotics

New adjuvants

New immunostimulants

What we need for the future?



Immune system in fish 

Innate immunity Adaptive immunity

Innate immunity constitutes the first line of the host defense after pathogen invasion 

Nonspecific immunity comprises constitutive physical and chemical factors, which are always present, and 
inducible factors, such as inflammatory mediators and acute phase proteins, that are subject to upregulation 
during an active response

Immune system in fish, crustacean and bivalves

Present in all species of multicellular animals

Receptors that recognize conserved molecular structures of pathogens 

In fish are highly developed

complete

Defend against a range of microbes by recognizing and destroying 
them through cellular and humoral immune responses Innate immune system in fish



Immune system in fish 

Innate immunity Adaptive immunity

Immune system in fish, crustacean and bivalves

complete

Adaptive immune system in fish

The fundamental features of the specific immune response are present in fish: immunoglobulins , T-cell 

receptors, major histocompatibility (MHC) products and recombination activator genes (RAG 1 and RAG 2)

Secondary response lower than in mammals. No IgG but different forms of fish IgM.

IgD has been recently described but its function is, as yet, unknown



Immune system in fish, crustacean and bivalves

The hemocyte phagocytosis constitutes the major immune response

The cell-mediated immunity by hemocyte phagocytosis of biotic and abiotic foreign particles 

Crustacean and MBM possess other innate receptor, such as lectins, complement-like molecules, 
lipopolysaccharide- (LBP) and β-1,3-glucan-binding proteins (β-GBP) and antimicrobial peptides (AMPs).
Toll receptor and Imd pathways was recently discover in shrimp

The humoral defense factors by hemocyte degranulation and the extracellular release of lysosomal enzymes

Invertebrates depend of the innate immune system to fight against pathogens. 

cellular and humoral response 

Immune system in 
crustacean and bivalves 

Innate immunity Adaptive immunity



Microalgae as a source of new bioactive compound

A huge Biodiversity 

New species and genera discovered every year 
Millions of species estimated
30.000 species described
Only a dozen are cultivated in a large scale for biotechnological applications

Microalgae

Production cost

Optimization o mass culturing conditions

promising source of high-value products-richness 
in bioactive compounds

individual cells, colonies or extended filaments

Ubiquitously distributed throughout the biosphere, they can grow essentially under all types of environmental conditions

Require only low cost inorganic N- and P- sources

Sequester CO2

Only sunlight energy requirements

Pharmaceutical formulations

Antibacterial, antiviral, antifungal properties 

Almost 18,500 new compounds have been isolated from marine sources between 1965 and 2006, yet one estimates that ca. 



Microalgae as a source of bioactive compounds

Bioactive compounds in the microalgae extracts is also highly dependent on the solvent used during the extraction 

Extracts 
whole cells

Purified compounds

What can we use of the microalga?
Bioactive compounds belonging 
to several chemical classes

Polysaccharides
Indoles

Terpenes
Acetogenins

Phenols
fatty acids 

volatile halogenated hydrocarbons

The advances in microalgae biomass production novel bioproducts



Antibacterial compounds

Mar. Drugs 2016, 14, 159 6 of 27

(G+) bacteria S. aureus and Streptoccocus pyogenes but presented no effect against the (G�) bacteria
E. coli and Pseudomonas aeruginosa [72]. The diatom P. tricornutum did not demonstrate antibacterial
effect against these two (G�) bacteria either, whereas a good antibacterial activity against the (G+)
MRSA was observed [78]. Thus, the difference in sensitivities between bacteria may be due to their
complex membrane permeability, making the penetration and the bactericidal action of the compound
more difficult.

The potent activity of microalgal compounds, especially free fatty acids, against various bacteria
straightens further development in the search for drugs and food preservatives from microalgae.
Bacterial resistance to free fatty acids has not been encountered yet [90,91], so their exploitation in
medicine deserves to be further investigated [78]. Furthermore, as consumers tend to avoid synthetic
additives, microalgae could be good candidates as natural sources against food-borne pathogens.

2.2. Use of Microalgae against Pathogenic Bacteria in Aquaculture

Bacteria are nowadays considered as main causes of infections in intensive aquaculture of finfish
and shellfish worldwide [92], occurring as well in hatcheries and nurseries as in rear and grow-out
ponds. These infections can lead to serious mass mortalities and imply considerable economic
losses. A wide range of bacteria are known to infect farmed and wild species with minor to severe
consequences on health and survival. Among the important bacterial diseases in finfish we can cite
those caused by Aeromonas sp. and Pseudomonas sp., inducing hemorrhages in many fresh-water
species, or Vibrio sp. inducing vibrioses in marine fish species [93]. Vibrio are able to infect a wide
variety of hosts [94] and are also the most common and harmful shrimp pathogenic bacteria [95],
with luminous species such as Vibrio harveyi involved in mass mortalities in shrimp hatcheries [96].
Vibrio sp. have also been demonstrated to be involved in a large number of massive mortalities in
bivalve hatcheries [97–101].

Antibiotics have been largely used in intensive aquaculture, as well for finfish [102,103],
shrimp [104–107] or shellfish cultures [108,109]. However, as for humans and terrestrial animals,
bacterial resistance in aquaculture is increasing and most antibiotics are less effective [110–112].
The presence of drug residues in tissues of aquatic animals and the risk of transferring resistant
bacteria to humans have led to a great concern about the use of antibiotics for public health [113].
A few antibiotics are now licensed in aquaculture due to the establishment of strict regulations by the
European Conformity (EC) or the Food and Drug Administration (FDA), such as the regulation (EC)
No 470/2009 of the European Parliament and the Council of 6 May 2009 laying down Community
procedures for the establishment of residue limits of pharmacologically active substances in foodstuffs
of animal origin. Various alternative and natural compounds are available today to control aquatic
pathogenic bacteria, mainly derived from plants. They present the advantages of decreasing the
side effects observed with synthetic antibiotics, being less expensive [114]. In this context, several
microalgae species have been investigated for their antibacterial activity in vitro, and in co-culture
with pathogenic bacteria, and some studies have also been conducted in vivo with the “green water”
technique and using microalgae as food supplements (Table 2).

Table 2. Antibacterial activity from microalgae against diseases in aquaculture.

Microalgae Species Compound/Fraction Tested Target Bacteria/Antibacterial Effect References

In vitro experiments

Chaetoceros lauderi Whole cell Vibrio anguillarum, Aeromonas salmonicida [58]

Dunaliella tertiolecta Aqueous extract Vibrio campbellii [115]

Euglena viridis Organic solvent extracts

Aeromonas hydrophila, Edwardsiella tarda, Pseudomonas
aeruginosa, Pseudomonas fluorescens, Pseudomonas
putida Vibrio alginolyticus, V. anguillarum, Vibrio
fluvialis, Vibrio harveyi, Vibrio parahaemolyticus

[116]

Haslea karadagensis Purified pigment (intra- and
extracellular forms)

Polaribacter irgensii, Pseudoalteromonas elyakowii,
Vibrio aestuarianus [117]
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Table 2. Cont.

Microalgae Species Compound/Fraction Tested Target Bacteria/Antibacterial Effect References

Haslea ostrearia

Purified marennine (intra- and
extracellular forms) P. irgensii, P. elyakowii, V. aestuarianus [118]

Purified marennine
(intracellular form) V. anguillarum [119]

Purified marennine
(extracellular form) Vibrio splendidus-related [30]

Phaeodactylum
tricornutum

Aqueous and organic extracts
Alcaligenes cupidus, Alteromonas communis,

Alteromonas haloplanktis, Vibrio fischeri,
V. parahaemolyticus

[81]

Polyunsaturated free fatty acid Vibrio anguillarum, M. luteus, Photobacterium sp. [78]

Skeletonema costatum

Aqueous and Organic extracts A. cupidus, A. communis, Pseudomonas marina,
V. fischeri, V. parahaemolyticus [81]

Organic and purified extracts V. anguillarum, Vibrio mytili T, Vibrio spp. S322,
Vibrio spp. VRP [120]

Aqueous extracts Vibrio campbellii [115]

Stichochrysis immobilis Microalgal homogenates Xanthomonas sp. 1, Flavobacterium sp. 1,
Pseudomonas sp. Strain 101 [121]

Tetraselmis suecica

Microalgal supernatant and
microalgal homogenates of
a commercial spray-dried

preparation

A. hydrophila, A. salmonicida, Serratia liquefaciens,
V. alginolyticus, V. anguillarum, V. parahaemolyticus,
Vibrio salmonicida, Vibrio vulnificus, Yersinia ruckeri

[122,123]

Co-culture experiments

Chaetoceros calcitrans Axenic culture V. harveyi [124]

Chlorella minutissima Axenic culture V. alginolyticus, V. anguillarum, Vibrio lentus,
V. parahaemolyticus, Vibrio scophthalmi, V. splendidus [125]

Chlorella sp. Axenic culture V. harveyi [40]

Isochrysis galbana Non-axenic culture V. alginolyticus, V. campbellii, V. harveyi [126]

Isochrysis sp. Axenic culture V. alginolyticus, V. lentus, V. splendidus, V. scophthalmi,
V. parahaemolyticus, V. anguillarum [125]

Nannochloropsis sp. Axenic culture V. alginolyticus, V. anguillarum, V. lentus,
V. parahaemolyticus, V. scophthalmi, V. splendidus [125]

Nitzchia sp. Axenic culture V. harveyi [124]

S. costatum

Exometabolites in the
culture fluid Listeria monocytogenes [127]

Axenic culture Pseudomonas sp., Vibrio sp. [128]

Tetraselmis chui Axenic culture
V. alginolyticus,

V. anguillarum, V. lentus, V. parahaemolyticus,
V. scophthalmi, V. splendidus

[125]

In vivo experiments

C. minutissima 30 min incubation of enriched
Artemia metanauplii

Decrease of the bacterial load in Artemia and
diminution of presumptive Vibrio [129]

D. tertiolecta Daily diet of Artemia franciscana Protection against V. campbellii and V. proteolyticus [39]

H. ostrearia

Incubation of Mytilus edulis
larvae with supernatant
containing extracellular

pigments

Higher survival and physiological conditions of
larvae challenged with V. splendidus-related [130]

Tetraselmis sp. 4 h incubation of
Artemia franciscana

Diminution of associated bacteria, better bacterial
diversity and the flora less dominated by

V. alginolyticus
[131]

T. suecica
Food supplement for the

Atlantic salmon Solmo salar

Reduction of A. hydrophila, A. salmonicida,
Serratia liquefaciens, V. anguillarum, V. salmonicida,

Y. ruckeri infections, reduction of bacterial
populations in water tanks and increase of the
microbial communities in the digestive tract

[123]

Food supplement for the
broodstock and partial live

larvae feed for the white prawn
Fenneropenaeus indicus

Reduction of Vibrio numbers in the water tank, better
egg hatching rate and survival rate of the larvae [132]

Mar. Drugs 2016, 14, 159 7 of 27

Table 2. Cont.

Microalgae Species Compound/Fraction Tested Target Bacteria/Antibacterial Effect References

Haslea ostrearia

Purified marennine (intra- and
extracellular forms) P. irgensii, P. elyakowii, V. aestuarianus [118]

Purified marennine
(intracellular form) V. anguillarum [119]

Purified marennine
(extracellular form) Vibrio splendidus-related [30]

Phaeodactylum
tricornutum

Aqueous and organic extracts
Alcaligenes cupidus, Alteromonas communis,

Alteromonas haloplanktis, Vibrio fischeri,
V. parahaemolyticus

[81]

Polyunsaturated free fatty acid Vibrio anguillarum, M. luteus, Photobacterium sp. [78]

Skeletonema costatum

Aqueous and Organic extracts A. cupidus, A. communis, Pseudomonas marina,
V. fischeri, V. parahaemolyticus [81]

Organic and purified extracts V. anguillarum, Vibrio mytili T, Vibrio spp. S322,
Vibrio spp. VRP [120]

Aqueous extracts Vibrio campbellii [115]

Stichochrysis immobilis Microalgal homogenates Xanthomonas sp. 1, Flavobacterium sp. 1,
Pseudomonas sp. Strain 101 [121]

Tetraselmis suecica

Microalgal supernatant and
microalgal homogenates of
a commercial spray-dried

preparation

A. hydrophila, A. salmonicida, Serratia liquefaciens,
V. alginolyticus, V. anguillarum, V. parahaemolyticus,
Vibrio salmonicida, Vibrio vulnificus, Yersinia ruckeri

[122,123]

Co-culture experiments

Chaetoceros calcitrans Axenic culture V. harveyi [124]

Chlorella minutissima Axenic culture V. alginolyticus, V. anguillarum, Vibrio lentus,
V. parahaemolyticus, Vibrio scophthalmi, V. splendidus [125]

Chlorella sp. Axenic culture V. harveyi [40]

Isochrysis galbana Non-axenic culture V. alginolyticus, V. campbellii, V. harveyi [126]

Isochrysis sp. Axenic culture V. alginolyticus, V. lentus, V. splendidus, V. scophthalmi,
V. parahaemolyticus, V. anguillarum [125]

Nannochloropsis sp. Axenic culture V. alginolyticus, V. anguillarum, V. lentus,
V. parahaemolyticus, V. scophthalmi, V. splendidus [125]

Nitzchia sp. Axenic culture V. harveyi [124]

S. costatum

Exometabolites in the
culture fluid Listeria monocytogenes [127]

Axenic culture Pseudomonas sp., Vibrio sp. [128]

Tetraselmis chui Axenic culture
V. alginolyticus,

V. anguillarum, V. lentus, V. parahaemolyticus,
V. scophthalmi, V. splendidus

[125]

In vivo experiments

C. minutissima 30 min incubation of enriched
Artemia metanauplii

Decrease of the bacterial load in Artemia and
diminution of presumptive Vibrio [129]

D. tertiolecta Daily diet of Artemia franciscana Protection against V. campbellii and V. proteolyticus [39]

H. ostrearia

Incubation of Mytilus edulis
larvae with supernatant
containing extracellular

pigments

Higher survival and physiological conditions of
larvae challenged with V. splendidus-related [130]

Tetraselmis sp. 4 h incubation of
Artemia franciscana

Diminution of associated bacteria, better bacterial
diversity and the flora less dominated by

V. alginolyticus
[131]

T. suecica
Food supplement for the

Atlantic salmon Solmo salar

Reduction of A. hydrophila, A. salmonicida,
Serratia liquefaciens, V. anguillarum, V. salmonicida,

Y. ruckeri infections, reduction of bacterial
populations in water tanks and increase of the
microbial communities in the digestive tract

[123]

Food supplement for the
broodstock and partial live

larvae feed for the white prawn
Fenneropenaeus indicus

Reduction of Vibrio numbers in the water tank, better
egg hatching rate and survival rate of the larvae [132]

What about antibacterial compounds from microalgae in aquaculture?
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Vibrio sp. are the principal 
bacteria affected

Whole cell
Extracts

Purified compounds

Falaise et al., 2016



Antibacterial compounds
(pseudo)green-water techniques in aquaculture

Increase general health and resistance to diseases

Better nutrition

Production antimicrobial compounds

Regular addition of selected microalgae

Lower use of antibiotics in rearing systems

Prevention of bacterial infections and outbreaks 

Use of whole cells in co-culture



Antibacterial compounds
(pseudo)green-water techniques in aquacultureUse of whole cells in co-culture

Isochrysis galbana Better viability and faster grow of turbot larvae (Scophthalmus maximus)

Lower proliferation of opportunistic bacteria

Tetraselmis suecica Antibacterial activity in vitro against Vibrio species

Reduce of bacterial species in Atlantic salmon water tank 

Reduce number of Vibrio species in gut, eggs and larvae in white prawn 
(Fenneropenaeus indicus)-increase egg hatching and larval survival

Skeletonema costatum
Chaetoceros calcitrans

Growth inhibition of V. harveyii in Penaeus monodon larvae

presence of antibacterial factors in phytoplankton
Antibacterial effects of bacterial and fungal microbiota associated with this culture technique

Effects:



Antibacterial compounds
Use of whole cells in co-culture

Incubation of Artemia with Tetraselmis sp. Reduced the associated bacteria, with a reduction of Vibrios
(by released of compounds by microalgae or G+ associated bateria)

Effects through life-food quality

Addiction of Dunaliella tertiolecta to feed Artemia conferred protection against Vibrio. V. campbellii and V. proteolyticus



Antibacterial compounds
Use of Extracts and purified compounds

Homogenates
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polyunsaturated free fatty acid

Marennine-Blue pigments

Tetraselmis sueciaca Supernatant
Homogenates

Stichochrysis immobilis

Phaeodactylum Tricornutum

Haslea ostrearia
H. karadagens



Plant and herbal extracts with antiviral activity have been recently reviewed
Plant extracts acts as immunostimulants
Are easily delivered by oral administration and may be eco-friendly (biodegradable)

Very few studies to evaluate the antiviral activity of microalgae against viruses in aquaculture

Endocellular extracts of Porphyridium cruentum, D. tertiolecta, Ellipsoidon sp.,
Isochrysis galbana var. Tiso and Chlorella autotrophica

Inhibition VHSV in vitro
Exocellular extracts of P. cruentum, D. tertiolecta, Ellipsoidon sp.,and C. autotrophica

Antiviral compounds

Use of Microalgae against Viruses in aquaculture

ü
ü
ü

Antiviral effect: Sulphated polysaccharides ???
different polysaccharide molecular species with differences in molecular size

Fish

C. minutissima Culture bath reduced mortality of fish with VER symtoms. Epinephelus marginatus



Plant and herbal extracts with antiviral activity have been recently reviewed
Plant extracts acts as immunostimulants
Are easily delivered by oral administration and may be eco-friendly (biodegradable)

Very few studies to evaluate the antiviral activity of microalgae against viruses in aquaculture

Commercially available extracts of D. salina

Antiviral compounds

Use of Microalgae against Viruses in aquaculture

ü
ü
ü

increase the resistance to WSSV in shrimp (P. menodon) 

Crustacean



In microalgae: very few studies have been conducted to assess the antifungal activity against pathogenic fungi

Marennine pigment of Haslea karadagensis

Different Extracts Chlorella vulgaris, C. lauderi, G. toxicus, 

Antifungal compounds

Chemicals used to treat infected animals are limited and can produce resistance. 

New studies have been conducted to find new antimycotics from plant

Use of Microalgae against fungi in aquaculture

It has antifungal activity
Against different fungi sp.

Inhibition 
Aspergillus fumigatus



PEE was carried from freeze-dried biomass 
under acidic conditions 

PEE contains ß-Glucans

Microalgae Phaeodactylum tricornutum
was cultivated in Fitoplacton marino

ü

ü

ü

Microalgae Polysaccharide enriched extract (MA-PEE) 

What about microalgae extract for aquaculture in Algae4AB



PEE was carried from freeze-dried biomass 
under acidic conditions 

PEE contains ß-Glucans

Microalgae Phaeodactylum tricornutum
was cultivated in Fitoplacton marino

ü

ü

ü

Microalgae Polysaccharide enriched extract (MA-PEE) 

What about microalgae extract for aquaculture in Algae4AB



MicroalgaeCereals Fungi

Yeast

Algae

Phaeodactylum tricornutum, 
rich in Chrysolaminarin

• Anticancer
• Anti-obesity
• Anti-diabetes

• Antioxidant
• Antimicrobial 
• Prebiotic

• ImmunomodulatoryProperties

Microalgae Polysaccharide enriched extract (MA-PEE) 

ß-glucans from microalgae- Chrysolaminarin

What about microalgae extract for aquaculture in Algae4AB



Immune stimulation of ß-Glucans
Immunostimulants increases resistance by enhancing innate defense mechanisms

Multiprotein complexes

Cytoplasmic localization

IL-1ß inflammatory process

Inflammasome
ß-Glucans immunostimulation

https://ubisafe.org/explore/episperm-clipart-beta-glucan/



Carballo et al., 2018

Antioxidant effect?
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Higher concentration than 0.1% showed a 
reduction of cellular viability

Total antioxidant capacity is higher for the PEE (ORAC and FRAP)
Scavenging DPPH activity is lower in PEE

Anti-proliferative 
activity

High 
antioxidant 

capacity

Anti-proliferative effect?
Microalgae Polysaccharide enriched extract (MA-PEE) 

What about microalgae extract for aquaculture in Algae4AB



Chrysolaminarin group

19.3 ± 3.3 g 

Mortality

Samplings
2 and 5 dpi

Acclimation

6 days1 week

Control group

C_C group

Chr_Chr group

Chr_C group

2 dpi
Sampling

Mortality
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n 
7d

i.p. injection in juvenile 

Carballo et al., 2018

Experimental design

In Solea senegalensis
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Oral administration by intubation in juvenile Experimental design

In Solea senegalensis
Immunomodulatory effect?

Solea senegalensis
19.8 ± 0.52 g C- Control - PBS 1x

MA- microalgal polysaccharide-enriched 

extracts (PEE) from P. tricornutum

Y – yeast β-glucans (commercial)

Ph – whole Phaeodactylum tricornutum
microalgae

n=5-12/group

Gene expression

Sampling after 7d: 

Blood, Spleen, anterior gut (n=12)

Mid-gut (n=12) Microbiome lib.seq
(pools n=5) 
qPCR confirmation

Sampling after 3, 24, 48h: 

Blood (n=5-8)             Enzyme activity assays 

Spleen (n=5-8) 

Anterior gut (n=5-8)

Pinto et al., 2018

Microalgae Polysaccharide enriched extract (MA-PEE) 
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Immunomodulatory effect?

• Lysozyme activity: 

decreased with MA (PEE 

extracts) after 48h

• No significant change in 

antiprotease activity or 

total serum proteins   

Intestine Spleen
Function Transcript 3h 24h 48h 7d 24h 7d

CH-binding C-type lectin-like clep ns ns ns Ph ns ns

Chemotactic C-X-C motif chemokine 10 cxc10 MA ns ns ns MA ns

Pro-inflammatory Interleukin 1β il1b ns Y ns ns MA
Ph

ns

Pro-inflammatory Tumor necrosis factor α tnfa MA MA ns ns Y
MA
Ph

ns

Anti-bacterial Hepcidin Antimicr. Peptide 1 hamp1 ns ns ns ns ns ns

Anti-bacterial Lysozyme G lysg ns ns ns ns MA ns

Anti-viral Interferon regulatory factor 3 irf3 Y
MA
Ph

ns MA ns Y
MA

ns

Anti-viral Interferon regulatory factor 7 irf7 ns Y ns Y
MA
Ph

ns ns

T-cell marker T-cell surface glycoprotein CD4 cd4 ns ns ns ns Y
MA

ns

T-cell marker T-cell surface glycoprotein CD8 cd8 ns ns ns ns ns Ph Pinto et al., 2018

Microalgae Polysaccharide enriched extract (MA-PEE) 
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Effects on the intestine bacterial microbiome?

Microalgae Polysaccharide enriched extract (MA-PEE) 

We will see on Wednesday

Microbiome importance in aquaculture (Patricia Pinto)

What about microalgae extract for aquaculture in Algae4AB



What about microalgae extract for aquaculture in Algae4AB

Microalgae Polysaccharide enriched extract (MA-PEE) 

1. MA-PEE from P. tricornutum has antiproliferative and antioxidant properties
2. Modulated immune gene expression in kidney, gut and spleen of sole i.p. injected
3. Modulated immune gene expression in anterior gut and spleen of sole by oral 

administration
4. Decreased plasma lysozyme activity 48h after oral administration

this enriched extract as a immunomodulatory capacity 
suitable for immunostimulation in aquaculture 
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