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Microalgae definition

- Very diverse group of aquatic photosynthetic

microorganisms (estimated as >100,000 species)

- Mostly eukaryotic organisms (diatoms, green algae and

golden algae)

- But also some prokaryotic organisms (cyanobacteria or 

blue-green algae)
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Eukaryotic 
microalga
(e.g. Chlorella)

Prokaryotic 
microalga
(e.g. Spirulina)
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Some MA used for animal feeding

- Spirulina (Arthrospira) is rich in proteins (>60%)

- Chlorella is an important source of several nutrients

- Isochrysis galbana is rich in lipids (>20%, EPA+DHA)

- Schizochytrium is rich in lipids (>40%, DHA)

- Nannochloropsis is rich in lipids (>30%, EPA)
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Potential benefits

- Richness in nutrients (proteins, lipids, carbohydrates, 

vitamins, minerals and antioxidants)

- Agriculture sustainability (alternative to staple food 

crops, mainly soybean and corn)

- Livestock production systems sustainability (novel 

sustainable raw materials, mainly for monogastrics)

- Environment sustainability (avoiding land degradation 

and saving water)

- Fish stocks sustainability (alternative to fatty fish as 

EPA+DHA source, mainly for aquaculture)
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Nutritional composition of some species

Madeira et al. 2017, Livest Sci 205 111
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Effect on growth performance of ruminants
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Madeira et al. 2017, Livest Sci 205 111

Arthrospira as feed additive in weaned lambs used as growth promoter
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Effect on meat quality of ruminants
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Madeira et al. 2017, Livest Sci 205 111

Mainly used at low levels to increase meat/milk EPA+DHA
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Effect on growth performance of pigs
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Madeira et al. 2017, Livest Sci 205 111

Improved health status of weaned piglets

Contrasting impacts on growth as feed additive
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Effect on meat quality of pigs
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Madeira et al. 2017, Livest Sci 205 111

Mainly used as feed additive to increase meat EPA+DHA
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Effect on growth performance of poultry
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Contrasting impacts on growth for different inclusion levels

Madeira et al. 2017,
Livest Sci 205 111
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Effect on meat quality of poultry
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Madeira et al. 2017, Livest Sci 205 111

Mainly used at low levels to increase meat yellowness and EPA+DHA
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Current use in animal feeding is limited
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- MA have interesting properties for animal feeding

- Mainly used in fish farming (aquaculture)

- Feed additive to improve product quality (colour and n-3 LCPUFA) 

- Feed additive to improve young animals health (prebiotic effect)

- Are largely indigestible (monogastrics) due to their complex and 

recalcitrant cell walls

Eukaryotic MA cell wallProkaryotic MA cell wall
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- These cell walls are distinct from those of terrestrial plants

- New enzymes are needed for MA cell wall degradation

Typical plant cell wall

Commercial mixtures of

carbohydrate-active

enzymes for cereal-based

diets (monogastrics):

- Rovabio® (Adisseo)

- Econase® (AB Vista)

- Naturgrain® (BASF)

- Ronozyme® (DSM)

Challenge to improve digestibility
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Enzymatic valorisation of microalgae
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CAZymes: www.cazy.org

http://www.cazy.org/
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Development of an HTP approach to assess
cell wall disruption by enzymatic digestion

Pre-selection of 200 CAZymes and sulfatases (marine origin)
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Development of an HTP approach to assess
cell wall disruption by enzymatic digestion
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Cloning, expression and production by an HTP platform
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Development of an HTP approach to assess
cell wall disruption by enzymatic digestion
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Individual and combined in vitro screening of enzymes
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Development of an HTP approach to assess
cell wall disruption by enzymatic digestion
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Validation of the effective mix of enzymes
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Enzyme mix selected for Spirulina degradation
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Under minor revision, JAPAN

Pr Patent nº20191000008190, INPI, PT 
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Enzyme mix selected for Chlorella degradation
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Coelho et al. 2019, Sci Rep 9 5382

Pr Patent nº20181000067928, INPI, PT 
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Spirulina in broilers: experiment
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120 one-day broilers (n=30)

Experiment from d21 to d35

Control diet (CON)

15% Spirulina (MA)

MA + 0.005% Rovabio® (MAR)

MA + 0.01% Lysozyme (MAL)
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Spirulina in broilers: growth performance
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Pestana et al.,
Submitted

Spirulina decreased birds performance and increased some GI compartments 
and digesta viscosity 

Lysozyme aggravated these MA effects on performance
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Spirulina in broilers: health status
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Pestana et al.,
Submitted

Birds remained healthy during the entire trial
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Spirulina in broilers: meat quality
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Pestana et al., Submitted

Higher values of yellowness
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Spirulina in broilers: conclusions
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- Incorporation of 15% Spirulina decreased birds performance

- Mediated by increased digesta viscosity and lower protein

digestibility

- Due to the resistance of MA liberated proteins to endogenous

peptidases

- Lysozyme was effective in the degradation of SP cell wall and

aggravated performance impairment of SP

- Commercial carbohydrate-degrading enzymes are not effective in 

the degradation of SP cell wall

- Meat quality and animal health was only slightly affected by SP, 

but not by enzymes

- Supplementation of diets receiving SP with lysozyme and a SP 

proteins-specific peptidase is a promising approach 
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Spirulina in piglets: experiment
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40 male post-weaned piglets (n=10)

Experiment lasted 28 days

Control diet (CON)

10% Spirulina (SP)

SP + 0.005% Rovabio® (SP+R)

SP + 0.01% Lysozyme (SP+L)
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Spirulina in piglets: growth performance

27 August 2019

Martins et al.,
Submitted

Spirulina impaired growth performance, protein digestibility and
digesta viscosity

Lysozyme improved fibre digestibility and aggravated 
performance effects of SP
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Spirulina in piglets: health status
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Martins et al., Submitted
Piglets remained healthy during the entire trial
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Spirulina in piglets: meat quality
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Martins et al.,
Submitted

Spirulina and enzymes did not affect meat quality
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Spirulina in piglets: metabolomic analysis
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Spirulina in piglets:

metabolomic results
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PCA analysis did not show differences among diets

60 metabolites identified

Martins et al., 
Unpublished
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Spirulina in piglets: proteomic analysis
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Spirulina in piglets: proteomic results
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Martins et al.,
Unpublished

Liver: SP increased catabolism of carbohydrates and fatty acid oxydation

Gut: SP improved imune status and oxydative stress

1500 proteins identified
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Spirulina in piglets: conclusions
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- Incorporation of 10% Spirulina impared piglets performance

- Mediated by increased digesta viscosity and lower protein

digestibility

- Due to the resistance of microalga liberated proteins to 

endogenous peptidases

- The assessment of exogenous peptidases are ongoing

- Lysozyme was effective in the degradation of SP cell wall

- Commercial carbohydrate-degrading enzymes are not effective in 

the degradation of SP cell wall

- Meat quality and animal health was not affected by SP or enzymes

- SP improved gut imune status and oxydative stress 
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Similar Chlorella trials are ongoing
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- Poultry experiment (trial done, samples under analysis)

- Piglets digestibility experiment (samples under analysis)

- Piglets performance experiment (will start in December)

- Finishig pigs experiment in a farm (trial ongoing)

- Finishing pigs experiment (will start in September)
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General conclusions and challenges
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- MA have interesting properties for animal feeding:

Chemical composition is similar to conventional crops

Could improve meat quality

Could help to balance food-feed-biofuel industries

Is a sustainable marine resource

- However, their use in animal feeding is currently limited

- Challenge of the nutrients bioavailability (monogastrics):

Strategies to valorize their nutritional value are needed

CAZymes could help in the increase of nutrientes bioavailability

MA proteins are resistant to endogenous peptidases

The use of exogenous peptidases seems to be necessary

- Challenge of the cost-effective use by the feed industry:

MA cultivation technology is inefficient

Reduction of production costs
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