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The PUFACHAIN concept

Project strain selection

The FP7 project PUFAChain aims at substantiating the industrial development of a sustainable
production of purified polar omega-3 polyunsaturated fatty acids (PUFAs), particularly Docosahexaenoic acid (DHA) and Eicosapentaenoic
acid (EPA), recognized as important to support
human health.
The development of an efficient sustainable
large-scale commercial production of EPA and
DHA addresses a major global need. The main
current source of these nutritionally important
fatty acids is seafish. Considering the rapid decline of global fish stocks, microalgae represent
a promising alternative for a commercial omega-3 PUFA production.

Over 90 mesophilic and cryophilic strains from
the SAG and CCCryo culture collections were initially selected by partners UGOE and Fraunhofer-IZI-BB, following screening of strains with
particular focus towards PUFA content.
From these strains, 11 were considered by the
consortium as having the most potential, and
therefore to be also tested at A4F in larger scale.
Among these strains, two of the most promising
are SAG 40.80 Prorocentrum cassubicum and
CCCryo 381-11 Raphidonema nivale:
• SAG 40.80 P. cassubicum is a dinoflagellate
with a unique fatty acid profile among the project strains and a natural candidate for the
PUFAChain biorefinery, producing significant

amounts of both EPA and DHA while having
no Arachidonic Acid (ARA) content. Also, this
strain has significant amounts of stearidonic
acid (SDA), another commercially interesting
PUFA.
• CCCryo 381-11 R. nivale is a cryophilic EPA producer, and therefore a suitable candidate for
the application of the ACR (Algae Crop Rotation) principle, one of the novel production
approaches of the PUFAChain project. This
approach aims to provide competitive alternatives for EPA production in various climates,
making use of strains that are better adapted
to the natural conditions in which the plant is
built, as well season of production.

Laboratory-scale cultivation systems at UGOE
(SAG culture collection of algae)

Laboratory-scale cultivation
systems at Fraunhofer-IZI-BB
(CCCryo Culture Collection
of Cryophilic Algae)

Optimization at Laboratory scale – A4F Lisbon Innovation Lab
Initial characterization at laboratory scale highlighted and benchmarked biomass productivities and established PUFA content and profile
for each microalgae.
Further laboratory scale tests were performed
in order to provide additional data to support
pilot scale production, with main focus on:
Growth curves of laboratory-scale tests with SAG 40.80 P. cassubicum with
different cultivation media at A4F Lisbon Innovation Lab

• Fatty acid profile and biomass productivity
under different production conditions, such
as nitrogen starvation;
• Cultivation medium optimization with the
goal of reducing production costs without
loss in productivity.

Laboratory-scale cultivation flasks of SAG 40.80 P. cassubicum with different
cultivation media at A4F Lisbon Innovation Lab

SAG 40.80 Prorocentrum cassubicum production and optimization at Pilot scale – A4F Lisbon Experimental Unit
One of the most relevant challenges in SAG
40.80 P. cassubicum production related to its
fragility (due to the presence of flagella) which
poses difficulties in the cultivation at tubular
PBR with the use of a centrifugal pump for culture circulation. Work developed focused therefore on a combined optimization of pump working conditions while maintaining correct degasification and mixing inside the photobiorectors.

Overall, productivity increased more than 5
times when compared with the initial production data. Final values achieved are comparable
to those obtained for already well known microalgae from the industry, such as Thalassiosira
weissflogii, consolidating P. cassubicum’s position as one of the strains with the most potential within the project and to be considered for
the project Business Case for the dimensioning
of an Industrial Facility for PUFA production.

SAG 40.80 P. cassubicum continuous production optimization in a 800 L MHT-PBR system

semi-continuous production with over 180 cultivation days

SAG 40.80 P. cassubicum production in 800 L MHT-PBR
at A4F Lisbon Experimental Unit

A – Base condition; B – Aeration optimization; C – Reactor pump frequency optimization

CCCryo 381-11 Raphidonema nivale production and optimization at Pilot scale – A4F Lisbon Experimental Unit
CCCryo 381-11 R. nivale, being a cryophilic
strain, required significant adaptations for successful testing at A4F Lisbon Experimental
Unit, namely improvements on the already existing thermoregulation equipment, which allowed for better culture refrigeration.
Combined with the improvements in temperature control for this strain, significant focus
was also given to optimal radiation per cell required for maximum productivity, as well as im-

provements in degasification inside the photobiorectors.
During the span of the project, it was possible to
increase productivity data at pilot scale 4 times
when compared to initial data. This optimization led to a consolidation of the data used in
the development of the Business Case for the dimensioning of an Industrial Facility for PUFA
production utilizing the ACR principle.
CCCryo 381-11 R. nivale continuous production optimization in a 1100 L UHT-PBR system
semi-continuous production with over 60 cultivation days
A – Base condition; B – Reactor degasification optimization; C – Production following renewal within
optimal radiation per cell range

CCCryo 381-11 R. nivale simultaneous production in 2
systems: 300 L GW and 1100 L UHT-PBR at A4F Lisbon
Experimental Unit

Conclusions
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• A4F was able to successfully cultivate and optimize production of two new strains with
unique characteristics at pilot scale, including Green Wall Panels (GW), Multilayer Horizontal Photobioreactor (MHT-PBR) and Uni-
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layer Horizontal Tubular Photobioreactor (UHT-PBR) systems;
• While further optimization of production of
these strains is still possible, successful cultivation was achieved at pilot scale in closed tu-
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bular photobioreactors with production results comparable to those obtained for microalgae already well known in the industry;
• These strains will be part of the main focus for
the scenarios to be presented in the PU-

FAChain Business Case for the implementation of an Industrial Facility for production of
omega-3 fatty acids.
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