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Preface 

Unicellular algae and cyanobacteria are unstoppable actors of life on 
Earth. They are responsible for the production of half of the oxygen present 
on our planet. Independently of this major ecological role, microalgae are 
true cellular factories at the origin of the synthesis of various metabolites of 
interest for human activity. In particular, they produce original pigments, 
such as phycobiliproteins, polysaccharides, enzymes, as well as lipids and 
fatty acids with a long carbon chain, whose valorization as biofuels opens up a 
new way of valorizing these microorganisms. In addition to the 
biotechnological uses resulting from this cell plant concept and the resulting 
biorefinery, microalgae also constitute a food resource for human and animal 
nutrition. 

The purpose of this book is to take stock of the biological and ecological 
characteristics of microalgae, whether marine, freshwater or even 
atmospheric. Cyanobacteria (e.g. Arthrospira sp. or Spirulina sp.) are also 
discussed, as they have long been referred to as “blue algae” under the 
botanical name of Cyanophyceae. 

This book also assesses the production methods and current applications of 
microalgae and cyanobacteria, whether in the food or biotechnology fields. 
As far as food applications are concerned, the current uses of microalgae in 
animal and human nutrition in the form of food supplements are presented. The 
prospects for development in these application sectors are discussed in light 
of economic and regulatory constraints. 
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The biotechnological valorizations of microalgae as cell factories capable 
of producing molecules with high added value are also described in this 
book. The techniques for extracting these molecules and the new approaches 
for valorization, such as biorefinery, are also discussed. Finally, the 
biotechnological perspective of using genetically modified microalgae for 
the production of molecules for therapeutic purposes is developed in light of 
current advances in research in the field. 

May 2021 



 

Acknowledgements 

I thank Yves-François Pouchus and Olivier Grovel for their illustrations.



 



 

Introduction 

Cyanobacteria and microalgae are, from a logical chronological point of 
view, at the origin of oxygen production by photosynthetic means on our 
planet. Oxygen photosynthesis by cyanobacteria probably occurred 3 billion 
years ago (Sardet 2013). The appearance of the first eukaryotic cells, including 
microalgae, is estimated to have occurred 1.5–2 billion years ago. The extent 
of algal biological diversity in the ocean has long been unknown (Sournia  
et al. 1991). The number of microalgae species is still not definitively 
established, and the figures given in the scientific literature range from 70,000 
to 150,000 species. Conversely, high estimates suggest a million species  
(De Vargas et al. 2012; Nef 2019). Such a varied and not always easily 
accessible biodiversity still poses problems for biologists in terms of 
censusing, thus explaining the discrepancy in the figures mentioned above. 
This difficulty has also arisen in the establishment of a classification system 
to list microalgae in distinct botanical groups (see section 1.1.2). The traditional 
classification initially based on the pigment composition of microalgae has 
established three major taxonomic groups or phyla that are commonly 
referred to as “green algae”, “red algae” and “brown algae”. Cyanobacteria, 
long considered as algae, were classified as “blue algae”. However, the 
pigmentary criteria have not always been sufficient to classify the algae and 
report their evolutionary course. Other characteristics, such as the nature of 
the endosymbiosis at the origin of the chloroplast (primary or secondary 
endosymbiosis) (see Figure I.1), have enriched the classification by making 
it possible to propose new taxonomic groups. This is notably the case for the 
Glaucophytes group, whose chloroplast is the result of primary 
endosymbiosis but has retained certain important ancestral characteristics, 
such as the presence of a peptidoglycan wall between two membranes. This 
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characteristic is effectively shared between these organisms and 
cyanobacteria (Lecointre and Le Guyader 2016). However, Glaucophytes are 
microalgae that are not very widespread and are found mainly in fresh water 
(lakes, swamps and ponds) (Lecointre and Le Guyader 2016). These 
organisms, which are not subject to valorization, will not be treated in the 
rest of this book. 

 

 

Figure I.1. Mechanisms of primary and secondary endosymbiosis to trace the 
evolutionary course of certain groups of algae (source: Pouchus Y.-F.). For a color 

version of this figure, see www.iste.co.uk/fleurence/microalgae 

Since phylogenetic classification is mainly based on molecular criteria, 
such as ribosomal DNA, it has broken up the main groups previously 
established by the traditional classification (see Figure I.2). Nevertheless, for 
obvious reasons of convenience, the classifier remains attached to and still 
uses the denominations of red, brown or green algae to describe the algal 
biomass. 

Microalgae show high metabolic plasticity and a natural aptitude for 
horizontal gene transfer. This last property is at the origin of the extremely 
diversified evolution of algae. These two natural characteristics of 
microalgae also make them valuable biotechnological aids for the production 
of molecules of interest, such as recombinant proteins (Cadoret et al. 2008) 
or biofuel (Maeda et al. 2018). Finally, microalgae, such as Chlorella, and 
cyanobacteria, such as Spirulina, are already used in animal and human food, 
even if, in the latter case, it remains more of a food supplement than a food 
in its own right. 
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1 

Biology and Ecology of Microalgae 

1.1. Biological characteristics 

1.1.1. General characteristics 

Microalgae are mainly photo-synthetic single-celled organisms living in 
aquatic environments (marine, brackish, fresh water) or humid or aerial 
terrestrial environments (atmosphere, soils, trees, building facades, etc.) 
(Sharma et al. 2006). They can also associate together to form colonies or 
undifferentiated multicellular organisms. The morphology and size of 
microalgae vary greatly according to species and taxonomic groups.  

Microalgae are eukaryotic organisms that possess the main characteristics of 
the vegetable eukaryotic cell. They can be flagellated as in the case of algae 
belonging to the genus Chlamydomonas (see Figure 1.1) or not (see Figure 1.2). 
As eukaryotes, microalgae can be distinguished from cyanobacteria, which are 
prokaryotic organisms with a long life span and are called “blue-green algae” 
or Cyanophyceae. Spirulina (Arthrospira sp.), a well-known representative of 
this group, is, therefore, a photosynthetic bacterium and not an alga, as is often 
stated in commercial communication (Fleurence 2018). 

Microalgae are also characterized by a great morphological diversity. 
This is the case of diatoms, which are distinguished from other algae by the 
presence of a siliceous shell called a frustule and whose architecture differs 
according to the species considered (see Figure 1.3) (Loir 2004). This unique 
morphological feature is the biological signature of diatoms, which are also 
known as “siliceous algae”. This morphological heterogeneity is also found 
in size since microalgae generally vary in size from less than 1 μm to 1 mm. 

Microalgae: From Future Food to Cellular Factory, 
First Edition. Joël Fleurence. 
© ISTE Ltd 2021. Published by ISTE Ltd and John Wiley & Sons, Inc. 
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The smallest size, 0.8 µm, is observed for the marine species Ostreococcus 
tauri (Borowitzka 2018a). 

 

Figure 1.1. Cellular organization of the microalga Chlamydomonas  
sp. (source: Pouchus Y.-F.). For a color version of this figure, 

 see www.iste.co.uk/fleurence/microalgae  

 

Figure 1.2. Cellular organization of the microalga Chlorella sp. (source: Pouchus  
Y.-F.). For a color version of this figure, see www.iste.co.uk/fleurence/microalgae 


