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WELCOME LETTER EABA 
 

Dear participants 

 
Welcome to the 2022 edition of the EABA Conference: ALGAEUROPE. 

On behalf of the EABA Steering Committee, the Scientific Committee, and the Industry Committee, 
we are pleased to welcome you this year in a face-to-face event. 

It is easy to measure how much everyone likes the return to this configuration: we have received a 
record number of abstract proposals: 289. 

It goes without saying that this craze is accompanied by an increase in the complexity of the 
conference organization. Meeting all the aspirations becomes a real challenge. We need to attract 
universities and all academics. We need to be attractive to algae producers, equipment 
manufacturers and a whole private world. We must appeal to the younger generation and be aware 
that algae cover a disparate world where we see macroalgae on the outside and microalgae on the 
inside. And where finally, we must be attentive to the geographical representativeness not to say 
geopolitical. 

Thus, it is the return of "off" moments, coffee breaks and meetings around lunches or dinners. 
Conviviality and live negotiations. Real meetings leading to collaborations. 

The EABA and DLG teams are returning to face-to-face meetings and are organizing this event in 
large part thanks to the quality of the speakers and the summaries received. This edition will also be 
the occasion to continue to organize some original round tables. A little more business and market-
oriented exchanges in addition to the usual scientific sessions. 

Finally, EABA intends to continue its close collaboration with the European Commission and the 
European strategy in general with a session dedicated to Europe. In this respect, the Commission 
has chosen to back up the EU4Algae tender meetings with the EABA conference by organizing the 
tender feedback day on the Monday preceding AlgaEurope. 

Finally, as in other years, we would like to apologize for the abstracts that were not selected for oral 
presentation and insist on the fact that the choices made are only the mirror of the growing success 
of the AlgaEurope Conference. 

After Florence (2014), Lisbon (2015), Madrid (2016), Berlin (2017), Amsterdam (2018), Paris 
(2019), 2020 and 2021 in video conference. At the end, here is Rome 2022 where we know we can 
meet in real. 

See you there in December! 

 
 
 
 

Jean-Paul Cadoret     Vitor Verdelho 
President EABA                 General Manager EABA 
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WELCOME LETTER DLG 
 
Dear Algae professionals, 
 
Hereby we warmly welcome you to the AlgaEurope 2022 Conference in Rome!  
 
After having organized the last 2 editions online, we are very excited to be back in a live format as 
no online format can replace the power of meeting face-to-face. 
 
We are delighted to welcome more than 400 delegates from 43 countries, with this high interest it is 
once again evident that AlgaEurope is one of the most global comprehensive conferences about 
science, technology and business in the Algae Biomass sector organized by industry professionals. 
 
The program of AlgaEurope 2022 is a very comprehensive one with more than 90 speakers who will 
share their knowledge and expertise within the field of Algae. Some 17 sessions spread out over 3 
days will give the participants a full update on the Algae industry. 
 
This years’ conference is again the result of a great cooperation between EABA - European Algae 
Biomass Association and DLG Benelux.  
 
I would like to take this opportunity to thank all our speakers and chairs for their cooperation and 
enabling us to draft such a dedicated program addressing all relevant topics in the Algae industry. 
Furthermore, I would like to thank our sponsors; Algalif (Platinum Sponsor), SCHOTT (Silver 
Sponsor), Fluid Air (Silver Sponsor), Microphyt (Silver Sponsor), A4f (Silver Sponsor), Green Aqua 
(Silver Sponsor), Fermentalg (Bronze Sponsor), SANI Membranes (Bronze Sponsor) and Livegreen 
(Bronze Sponsor). 
 
A special thanks goes out to EABA for their commitment, dedication and support, once again it has 
been a pleasure to cooperate, and the conference greatly benefits from their professionalism. 
 
I wish all our delegates, speakers, sponsors and partners a great edition of AlgaEurope 2022 and 
we hope to see all again next year in Prague! Thank you for your commitment and support! 
 
 
 

Kuno Jacobs 
Managing Director DLG Benelux B.V. 
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A4F – Algafuel & Green Aqua 
 
A4F - Algafuel is a Portuguese company deeply involved in biotechnology 
and sustainability. It focuses on the development and operation of industrial 
scale algae facilities, based on a strong track record of RD&I projects. 
A4F designs, builds, operates and transfers technological solutions and 
systems for the industrial production and biorefining of algae, selecting the 
technologies that better meet customers’ needs. It is part of a bioindustrial 
group focused on the development and deployment of technologies for 
bioprocesses, using marine & aquatic biomass. 
 
 
Green Aqua is a Portuguese investment group focused on projects in the 
aquatic and marine biotechnology sector. It aims at leading the algae 
production market for its ability to produce sustainably, for its capacity to 
capture and utilize CO2 emissions from industries, for the innovation of the 
projects it develops and for the quality of its products. 
Green Aqua owns and operates at Póvoa de Santa Iria, near Lisbon, the 
largest microalgae production platform in Europe, having a unique concept 
and incorporating a biorefinery for the production of oils rich in Omega-3. 

 
 
Algalif 
Algalif® is a leading supplier of high-grade natural astaxanthin from 
microalgae, produced at its state-of-the-art facility in Iceland. Algalif is 
dedicated to solving the nutritional needs of current and future generations 
through the development and delivery of sustainable, high-quality microalgae 
ingredients. 
The company is built on a foundation of quality, purity, and sustainability, and 
remains firmly committed to these principles. In producing its high-quality, 
clean, sustainable microalgae ingredients, Algalif utilizes proprietary growing 
and harvesting processes, and leverages renewable, sustainable resources 
from abundant Icelandic sources. Its Astalif™ astaxanthin is a carotenoid, 
shown to be one of the most potent antioxidants available. It is produced in a 
state-of-the-art, cGMP facility that is 100% powered by renewable 
geothermal energy, and incorporates stringent water conservation practices. 
Backed by research, Astalif is ideal for dietary supplement applications 
targeting: healthy aging, sports nutrition, cardiovascular health, cognitive 
health and eye health. 
 
 
Algaverso 
BAEA S.L. was born to generate the biotechnological ecosystem necessary 
to achieve excellence in algae cultivation: Algaverso®. Algaverso® is made 
up of two complementary lines: 
Decarbonization of small and medium-sized companies from the production 
of microalgae and extraction of their products of interest (biological line, 
under development). 
Commercialize and design lighting systems based on patented technology 
(line of engineering, in the industrialization phase).  
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Algoliner 
Algoliner is a turnkey supplier for photobioreactors in any dimensions. Their 
lab reactors have volumes between 1 litre and 1,000 litres while their large 
scale have no limits. 
With their unique production method, they produce the pipes for the large-
scale reactors on site in any required length. Hence no packaging, transport 
and re-assembly with joints is necessary. 
Algoliner is the only producer of photobioreactors with aseptically flanges. 
The required raw material for their reactors is only 40% of those of common 
systems, while the pipes can be easily recycled by 100%. 
Algoliner realized in the meantime many reactors in different sizes and 
concepts.  
 
 
 Bioréa 
Bioréa, subsidiary of Agrial Group, relies on its patented airlift fermentation 
technology. Located in Bretagne, France, their new factory is mostly 
dedicated to microalgae. 
 
Their operations include: 
- CMO services: your partner to scale-up your technology and manufacture 

tailor-made biomass 
- R&D services: 3 labs equipped with CiYOU benchtop bioreactors in order 

to elaborate and adapt the optimal fermentation parameters for your 
strain 

- Benchtop bioreactors: design, manufacture and sell CiYOU bentchtop 
bioreactors. Get your own airlift fermenter for your lab. 

 
Their facilities are food & feed grade and are certified ISO FSSC 22000 and 
GMP+. 
Cosmetics, nutraceutics, food, feed, …, contact them and start building a 
collaboration. 
 

 
 

bygora 
The leading B2B marketplace to buy and sell novel proteins 
 
 
 
Extrasynthese  
Extrasynthese in an independent company, established since 1986 in Lyon 
area (France), specialized in natural products chemistry. They are expert in 
extraction, synthesis, biosynthesis, purification and analysis of small 
molecules from the plant kingdom. They offer a large catalog of 
phytochemicals analytical standards. They offer R&D technical services to 
their customers, and they regularly participate to collaborative research 
projects funded by the European Commission.  
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Fluid Air 
Founded in 1983, Fluid Air provides custom, efficient, and effective solid 
dosage processing equipment and systems that can meet the most 
challenging powder modification and creation application. A division of 
Spraying Systems, Fluid Air technology is used to help the pharmaceutical, 
nutraceutical, food, fine chemical, agriculture, and biopharmaceutical 
industries daily. Learn more about Fluid Air at www.fluidairinc.com. 
 
 
 GICON 
The GICON® Group is a group of international, independently operating 
engineering service providers. Sustainability in the handling of resources, in 
the use of energy and in the extraction of raw materials as well as a 
responsible approach to risks in favour of a clean environment and a society 
worth living in - both today and in the future - these are the guidelines that 
guide their daily work and this is how they understand their service to their 
customers. 
GICON® was founded in 1994 and is an owner-managed engineering office 
with its headquarters in Dresden, Germany. More than 500 employees work 
in more than 30 departments in several branches in Germany and worldwide. 
Innovation through research is a GICON® trademark. Both as a service 
provider for their customers and for the further development of the company, 
they research and develop new processes, products and services. To this 
end, they have created an extensive network of cooperative relationships 
with leading research institutions. 
GICON® engineers have planned a broad variety of photobioreactor plants 
ranging from R&D to commercial sized systems for 25 years using their 
detailed expertise in plant design, approval planning, process engineering, 
biotechnology, biology and bioenergy systems. As one of its main R&D 
areas, GICON® is active in several projects to further develop microalgae-
based technology solutions. 

 
 
Idea Bioprocess Technology 
Idea Bioprocess Technology is an Italy-based company, leader in the area of 
smart lab equipment for applications and processes related to biotechnology 
(industrial biotechnology, environmental biotechnology, biogas technology, 
microalgal technology, etc.), that develops innovative, reliable and high-
quality devices for industry and academy. All Idea devices are created with 
an "open technology" concept at the base. The equipment is an open system 
fully customizable in all its aspects (software, hardware, reaction vessels, 
etc.), and adaptable to future integrations/modifications. Thanks to this 
feature everything is easy and time-saving: all devices are sold pre-
configured and ready to use. 
In the field of microalgal lab technology Idea Bioprocess Technology has 
introduced several devices for research activities and for parallel monitoring 
of full-scale plants such as photo-respirometers, biomass measurement 
systems, microalgal light sources, modular photobioreactors and the new 
device MICROALGAL BOX that will be presented at the trade show. 
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Industrial Plankton 
Founded in 2010, Industrial Plankton Inc. designs and manufactures turnkey 
bioreactors 
Their technology is optimized for reliability, ease of use, and biosecurity. 
Customers operate our photobioreactors in 24 countries around the globe. 
Our equipment is highly automated, increasing reliability and saving 
operators countless hours. The result is trustworthy equipment capable of 
easily and reliably producing biosecure, algae. 
 
 
Lgem 
Lgem offers reliable systems for cultivating any algae at any scale. With over 
16 years of experience with autotrophic algae, Lgem provides a solid basis of 
knowledge, skills, technology, and R&D. 
Lgem’s iconic two-phase PBR solutions have increased productivity and 
deliver stable algae production at lower operational costs. Lgem’s patented 
PBR systems are automated, fully integrated, and industry 4.0-ready. Lgem’s 
PBRs range from 20 litres to >1.000.000 litres. 
At Lgem, investment risk reduction is a crucial success factor for its clients. 
The AlgaeHUB facility (>20 FTE, 7.000 m2 with >10 production units 
available) allows customers to optimise and validate their business case on 
an industrial scale before making significant investments. 
Currently, Lgem works for both established and new innovative food 
companies and the feed, pharma, and cosmetic industries. Lgem can 
successfully cultivate more than ten different microalgae strains, including 
some of the most fragile species/variants. 
 
 
Liqoflux & Virto-Cuccolini 
 
Liqoflux focuses on algae harvesting & water treatment for the algae 
industry. They offer all algae harvesting & water treatment solutions to make 
your algae production successful: from purifying the water for algae 
cultivation, harvesting your algae culture to recycling the water back to 
production. 
 
 
Cuccolini Srl – Virto Group is an Italian Company active in the engineering, 
manufacturing and sale of industrial sieving equipment since 1989. Their 
wide experience in more than 300 different industrial separation applications 
and more than 20,000 sieves installed worldwide, both for powders and 
liquids, made it possible to create a specific vibrating sieve series for 
spirulina harvesting (7 to 35 µm). Their units are easy to clean and to 
maintain, versatile in terms of size and mesh aperture, to match with any 
spirulina harvesting requirements and can be used as stand-alone units or 
within a complete plant. Virto-Cuccolini is always open to innovating sieving 
needs and requirements. 
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Microphyt 
Microphyt – Fostering a blue future 
At the crossroads of life sciences and bio-processes, we develop the next 
generation of natural ingredients from microalgae for a better living. 
Based in the South of France near Montpellier, Microphyt is a leading 
company in the development, production and commercialization of 
microalgae-based bioactives for health and beauty. With more than 10 years 
of expertise in the field, Microphyt leverages microalgae’s previously 
untapped diversity to provide unique solutions for Nutrition and Wellness. 
Microphyt's technologies, developed in-house and patented, enable the 
controlled production of a wide variety of microalgae sustainably at an 
industrial scale. Microphyt currently employs 50 people and has filed 7 patent 
families. 
 
 
SANI Membranes 
With the unique Vibro™ Technology, SANI Membranes offers a technology 
where harvest, separation, and concentration can all be done in one single 
unit. The Vibro™ units handle harvesting, thickening, dewatering, and even 
separation of algae debris and protein, as well as protein concentration. 
The technology makes it possible to optimize several separation processes 
within the algae industry, where centrifuges, hollow fibers, ceramic 
membranes, and other separation techniques can be replaced. Vibro™ 
Technology is characterized by its ability to reach very high concentrations, 
such as nannocloropsis up to 190 g/l and chlorella up to 290 g/l. 
With Vibro™ Technology, you also get a solution that gives you a reusable 
permeate, scales up easily, is user-friendly, is simple to install, and has low 
energy consumption. 
 
 
SCHOTT 
SCHOTT is a manufacturer of high-tech materials based on specialty glass. 
Always opening up new markets and applications with a pioneering spirit and 
passion – this is what has driven the #glasslovers at SCHOTT for more than 
130 years. SCHOTT’s Business Unit Tubing is one of the world’s leading 
manufacturers of glass tubing, rods and profiles. SCHOTT Tubing provides 
customized products and services for international growth markets such as 
pharmaceuticals and electronics as well as industrial and environmental 
engineering, like photobioreactors (PBR). With DURAN® borosilicate glass 
tubing, manifolds, bends and food-grade couplings the BU Tubing provides 
ideal materials for algae cultivation in PBR systems: Smooth interior surfaces 
are easy to clean, protect against biocontamination and ensure food grade 
algae quality. With a lifetime of over 50 years and a consistently high light 
transmission, glass offers a cost effective and productive solution. 
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Synoxis algae 
Synoxis algae designs and markets a wide range of automated high-density 
algae cultivation systems: photobioreactors, barrels, raceways. From 
microalgae to macroalgae, it provides different solutions for algae culture 
experts around the world from different sectors, such as food, cosmetics, 
research, green chemistry, and aquaculture. As a spin-off of the plastics 
manufacturer Synoxis, existing since 1981, Synoxis algae has twenty years 
of experience in the field of aquaculture. In 2003, Synoxis participated in the 
thesis of Erell Olivo called “Design and study of a photobioreactor for the 
continuous production of microalgae in aquaculture hatcheries”, in 
partnership with Ifremer and the University of Nantes. This led to several 
years of research and development on algae cultivation systems and algal 
biotechnology. Its range of microalgae photobioreactors is made up of three 
models: a small benchtop model NANO (3 L) for research laboratories, a 
nomadic intermediate model LUCY (16 L) for the production of inoculum and 
an industrial model JUMBO (285 L) for mass production. Today, Synoxis 
algae has 60 installations in France and abroad in all business sectors. 
 
 
 TMCI Padovan 
A high level of specialization, a strong dedication to innovation and a natural 
commitment to maximizing the energy efficiency in each process, plant and 
machine, are the distinguishing features of TMCI Padovan, leader in the 
filtration technology, thanks to its spirit and mission to be always at the 
forefront. Grown in more than one century of history, this group invented 
some of the most innovative systems in the market today, winners of 
prestigious international awards. 
Thanks to their deep market knowledge, world-wide collaborations with the 
finest experts in the field, partnerships with universities and research centers, 
experience gathered through close cooperation with top customers, today it 
offers the most powerful and efficient solutions to all those customers who 
want to be aligned with emerging needs of superior product quality, with an 
eye to cost saving and return on investment. 
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CHONDURUS CRISPUS AS A POTENTIAL BIOMASS FOR A GREEN BIOREFINERY: 
PROTEINS, HYDROCOLLOIDS AND OTHER BIO-CPMPOUNDS 

Camila J.G1,2 

 Andrea L1, Tania B.O3, Martiña F.N3, Clara F.G2 
1Biochemistry Laboratory, Universidade de Vigo, Spain  

2Endocrinology Laboratory, Center for Biomedical Research (CINBIO), Spain 
3Division of Marine resources and Aquaculture, ANFACO-CECOPESCA, Spain 

 
ABSTRACT 
 
Food production is accelerating, and therefore, its environmental impacts. Regarding sustainability, 
there is a growing consensus that animal protein has a disproportionate impact on the environment, 
especially when it is produced in intensive systems using large amounts of feed crops [1]. As such, 
the use of alternative feedstocks will enable society to transition to a bio-based bioeconomy. The EU 
amend their bio-economy strategy in 2018 with the aim of giving more importance to economy, society 
and environment to line up with the 17 Sustainable Development Goal’s (SDG) regulated by the 
United Nations [2–4]. Besides, undersupply of land cultivation, limitation of crops, more food 
requirement, demand of new compounds for pharmacology, and so many other requests contrived 
researchers to look deep into the ocean to find new natural resources [5].  

The oceans cover more than 70% of the Earth’s surface with marine species compromising 
approximately half of the total global biodiversity which plays a key ecological role in coastal 
ecosystems [6]. Macroalgae have been perceived as one of the most reasonable and seemly 
feedstocks for a change into a blue bio-economy. Despite the clear advantages that macroalgal 
species offer for a biorefinery development, both the research and commercialization aspects of 
macroalgal biorefineries are still in their infancy and few have progressed beyond laboratory scale 
[2]. Currently the seaweed market has two major business segments: it is targeted either directly for 
consumption or is used as a basis for extraction of seaweed-based hydrocolloids. 

Chondrus crispus is one of the most harvested red seaweed species in Europe. C. crispus is primarily 
used for the extraction of carrageenans, which represents an economic interest for European 
industries [7,8]. Carrageenan’s global market size represented USD 780.5 million by 2020 and is 
expected to increase 6.0% by 2028 [9]. Besides the high hydrocolloid content, C. crispus represents 
a source of valuable proteins, and other compounds.  
Therefore, this investigation aims to probe the feasibility of integrate the recovery of proteins, 
hydrocolloids and other interesting compounds on the framework of a green full biorefinery process 
from wild-collected, and lab-cultivated red macroalgae Chondrus crispus. 
 
Keywords 
Chondrus crispus; biorefinery; proteins; hydrocolloids; applications 
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SPEAKER INFORMATION 
 

 

Camila Jiménez González 
PhD student / Universidade de Vigo 
Spain  

 
BIOGRAPHY  
 
Camila Jiménez González is a Dietitian with a background in both clinical nutrition and research. 
Camila began her career at the Instituto Universitario CEMIC, Argentina where she received her 
Bachelor’s Degree in Nutrition. Afterwards, Camila obtained a Master Degree in Nutrition at 
Universidade de Vigo, Spain. She is currently a PhD student in the Doctorate program of 
Endocrinology imparted by Universidade de Vigo. Her current field of research is focused on 
vegetable proteins from legumes and macroalgae. Camila has experience in extraction and 
purification of proteins and is now working with bioavailability in vivo studies with animal models. 
Camila hopes to investigate different biomolecules from macroalgae and their possible positive 
effect on metabolism.    
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SEAWEED-BASED BIOSTIMULANT – POTENTIAL FOR SEED GERMINATION AND EFFECT OF 
SEASONALITY  

Abusaid,A.1, Camarão,B.2, Resende, L.2, Cotas, J.2, Pereira,L.2, Bahcevandziev,K.3, Rocha, A. 

Cristina2 
1Department Environment Engineer and Energy-INSA, Lyon, France 

2Universidade de Coimbra, MARE-UC(MAREFOZ)/ARNET - Aquatic Research Network, 
Departamento de Ciências da Vida, Coimbra, Portugal 

3Instituto Politécnico de Coimbra, ESAC 
 

ABSTRACT 
 
“Sargaço” is a mixture of seaweeds that grow on the rocks of northern Portuguese coast and that are 
washed ashore on the beach. Traditionally, “sargaço” was collected by local farmers and fishermen 
and applied in agriculture. This activity has fallen into disuse. So, this natural biomass is currently 
under-exploited. 
Macroalgae are known to be rich in minerals and bioactive compounds that are prone to stimulate 
seed germination and plant development and has been successfully used in agriculture. 
Nevertheless, research has been focused on specific macroalgae species or a mixture of two or three 
macroalgae. Little is known about the biostimulant potential of a mixture of algae as “sargaço”. 
Therefore, this work aims to assess the potential of extracts from “sargaço” as biostimulant and 
evaluate the effect of seasonality on its performance. For that, “sargaço” was collected at A-ver-o-
Mar beach in autumn, winter, spring and summer. The collect seaweeds were dried and milled and 
aqueous extracts were prepared. 
Four germination assays were performed with tomato seeds, which were exposed to the following 
treatments (n=3): water(Control); diluted extract 10%(T10), diluted extract 25%(T25), diluted extract 
50%(T50) and extract(T100). During the experiment, germination rate and total weight difference 
were recorded. At the end, root and shoot length were measured as well as fresh plantlet weight. 
This work is still being conducted.  
Preliminary data indicate that “sargaço” collected in different seasons, slightly change in terms of 
algae composition. Germination percentages above 80% were obtained especially for T10, T25 and 
T50. The seaweed-based biostimulant seem to stimulate seed germination and the growth of root 
and plantlet. Results will be presented further with more detail. 
 
“ValSar: Valorização do Sargaço da Costa Litoral Norte” (MAR-04.03.01-FEAMP-0502) is financed 
by MAR2020, PT2020 through European funds (FEAMP) and supported by GAL Costeiro Litoral 
Norte. 
 
Keywords 
Macroalgae; Valorization; Blue economy; Agriculture 
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BIOGRAPHY  
 
Bárbara Camarão is a researcher from MARE-University of Coimbra, with a MSc in Marine Biology 
(2017). Her research has been focused on marine life conservation and protection and assessment 
of water quality and environmental risk. She has worked in the rehabilitation of marine animals and 
in several research projects, related to marine/estuarine fauna, aquaculture, blue economy and 
resources valorisation. In MAREFOZ Laboratory, she has gained expertise in field work, sampling, 
chemical compounds extraction and measurement in several environmental matrices, and analytical 
techniques. Recently she integrated the project VALSAR that aims to valorise the “Sargaço” of the 
North Coast of Portugal. 
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DETERMINATION OF ANTI-MICROBIAL AND ANTI-DIABETIC COMPOUNDS FROM CRUDE 
EXTRACT OF RED SEAWEED, KAPPAPHYCUS ALVAREZII 

Bandara,I.M.C.D. 

 Abeyrathne,E.D.N.S. / Alakolanga,A.G.A.W. 
Uva Wellassa University, Sri Lanka 

 
ABSTRACT 
 
Seaweeds are common botanical species naturally found along all coastlines in Sri Lanka, recognized 
as one of nature’s greatest biologically active resources and possess large amount of bioactive 
compounds.  Red seaweed Kappaphycus alvarezii is one of the red seaweed which has high demand 
and contains bioactive compounds for different industries. Therefore, the objective of this study is to 
determine bioactive compounds from red seaweed, Kappaphycus alvarezii under different treatments 
and check the antidiabetic and antimicrobial properties of the crude extract isolated. Extraction of 
secondary metabolites was carried out using distilled water (DW) under 4oC and room temperature 
with washed and unwashed conditions and determined antimicrobial and antidiabetic properties of 
the extract. Isolated compounds were separated at 24 and 48 hrs intervals and lyophilized. All 
samples were replicated (n=3). Isolated from different treatments showed a colour variation from 
purple to pink resulting a structure change in the anthocyanin. Antimicrobial activity was determined 
using well diffusion method with locally isolated E coli strain and AugmentinXR (0.001 ppm) as the 
positive and distilled water as negative control. All four extracts inhibited the gram-negative 
Escherichia coli after 48 hours of incubation (p<0.05) resulting storage temperature does not have an 
effect on the antimicrobial properties. More than 50% amylase inhibition activity was recorded in the 
samples which were not washed from DW and stored in room temperature (54.54) and in ice (59.58%) 
and washed samples which were stored in room temperature (50.32%) at 400 ppm concentration. As 
conclusion, crude extract without washing which are stored under room temperature can be used as 
a potential antimicrobial and antidiabetic agent. However further studies required for the analysis of 
the structure and other functional properties of the crude extract of Kappaphycus alvarezii with 
different extraction methods and isolates. 
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RAPID OUT-PLANTING OF SEAWEED GROW LINES  
Littlefield, R. 

Weiss, B. Bailey, D. 

Woods Hole Oceanographic Institution, United States 
 

ABSTRACT 
 
Researchers at the Woods Hole Oceanographic Institution (WHOI) are developing equipment for 
rapidly seeding kelp farms with juvenile seaweed. The farming techniques enabled by the described 
equipment will allow farmers to out-plant juvenile seaweed to farm structures without the existing need 
to manipulate the farm or pull a boat up and down the grow-lines to apply seed string. The associated 
reduction in labor is expected to result in significant time and costs saving across the seeding process. 
This method also reduces juvenile seaweed exposure to air, as the seeding process occurs under 
water, improving successful seeding rates and increasing the weather windows for seeding 
operations. This reduced stress on the juvenile seaweeds and access to optimum out-planning times 
is expected to increase total biomass yield of a farm. A farmer using the seeding device clips it onto 
an installed grow line, attaches the free end of the seed string and activates the thrusters with an 
oversized power switch. The seeder then uses two thrusters to propel itself down the grow line while 
rotating to evenly apply seed string at a specified number of wraps per distance traveled. Upon 
reaching the transverse headrope at the end of the grow-line, the power switch is triggered, and the 
thrusters automatically stop. The second of two seed spools can be attached to the next grow-line, 
and the seeder can be sent back, seeding along the way. WHOI is conducting tests with partner 
seaweed farms in Alaska and Connecticut to evaluate the usability of equipment and quantify out-
planting labor and resulting biomass yield as compared to existing farming practices. 
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CONTROL OF BACTERIAL CONTAMINATION IN MICROALGAE CULTURES INTEGRATED 
WITH CHEESE WHEY WASTEWATER TREATMENT BY APPLYING FEAST AND FAMINE 
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Proietti Tocca G.2,3, Pagnanelli F.1, Altimari P.1 
1Università Sapienza di Roma, Italy.  

2Politecnico di Torino, Italy, 3Istituto Italiano di Tecnologia, Italy. 
 
ABSTRACT 
 
Microalgae productivity in photobioreactors is usually highly limited by the reduced cellular light supply 
rate resulting from the self-shading effect. Microalgal heterotrophic metabolism can be exploited to 
overcome this problem by sustaining microalgae growth through pathways independent of the light 
supply. Such strategy is particularly attractive when wastewaters are used as source of organic 
substrate, integrating microalgae growth with pollutant removal. However, as wastewater sterilization 
is unfeasible at large scale, contamination by heterotrophic bacteria is a main bottleneck currently 
limiting the application of mixotrophic and heterotrophic processes integrated with wastewater 
treatment.  
When wastewaters are supplied without an appropriate control, bacteria contamination can increase 
exponentially because of their higher specific growth rate in nutrient replete conditions.  
In our research group we study the development of process configurations to control bacteria 
contamination in unsterilized reactors by exploiting tailored feeding strategies  [1–3]. Nutrient deplete 
conditions can be exploited to make microalgae more competitive [4].Our most relevant findings have 
been obtained in fed batch [1] and sequencing batch reactors [2], by uncoupling organic substrate 
and nitrogen supply, which uncouples cell duplication and biomass production. However, this 
uncoupling is difficult to be achieved by using real wastewaters as nutrient source, because 
wastewaters typically contain both organic substrate and nitrogen.  
Here our latest findings obtained by using real wastewater (cheese whey) containing both organic 
carbon and nitrogen are reported.  
To control bacteria contamination, we exploited the implementation of feast (organic substrate + 
nitrogen available) and famine (no organic substrate available) conditions [5], in heterotrophic and 
mixotrophic conditions. Grow and decay rates were measured in feast and famine condition, 
respectively, for bacteria and microalgae, by using flow cytometry. The findings allowed us to provide 
preliminary general guidelines on how to supply wastewaters to maximize biomass productivity and 
pollutant removal, by maintaining contamination under a certain threshold level. Our findings also 
indicate the importance of taking into account for the cell-to-cell heterogeneity to fully understand the 
mechanisms determining the different dynamics under famine condition, and, in turn, the 
effectiveness and predictability of the control strategy. 
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PROCESS INTENSIFICATION FOR LOW-COST MICROALGAE HARVESTING BY USING 
CONTINUOS FOAM FLOTATION TECHNIQUE 

Enmak P. 

Harvey A.P., Lee J.G.M., Caldwell G.S.  

Newcastle University, United Kingdom 
 

ABSTRACT 
 
Microalgae are photosynthetic microorganisms, mainly composed of proteins, carbohydrates, and 
lipids. They can be used as raw materials for bioactive compounds, food, and biofuel production. 
However, downstream processing of microalgae biomass production, especially the harvesting 
processes is expensive and has so far limited the commercialization of algae production.  
Foam flotation is a form of cell separation by inverted sedimentation. Bubbles pass through the culture 
media and capture algal cells and transport them to the upper surface, where they are transported 
and concentrated by a rising foam.  The benefits of this form of microalgae harvesting are high 
recovery efficiency, lower equipment costs, and low energy requirement. The main objective of the 
research was to maximize algae recovery via design of “foam risers”, which accelerate the foam by 
constricting the flow. Parameters included the angle, constriction ratio and riser length. Chlorella 
vulgaris was used as biomass for the continuous foam-flotation. It was cultivated under autotrophic 
conditions, using BG-11 medium for 15 days period. Steady state foam production was found to occur 
after 15 minutes. The highest concentration factors were achieved at the greatest degrees of 
constriction and the greatest lengths of riser (constriction ratio of 0.25 and 15 cm length, respectively). 
The recovery efficiency was increased by 57% at an air flow rate 2 L/min. However, riser angle had 
little effect. This was because the foam tended to form its own angle, between moving and stationary 
foam phases at the inlet to the riser. 
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51 
 

Session 3: Physiology 
 



 

52 
 

 
CFD-AIDED DETERMINATION OF SHEAR STRESS THRESHOLDS IN SENSITIVE MICROALGAE 

USING SHAKE FLASKS 
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Chemical Engineering Dpt., University of Almería, Almería (Spain) 
 
ABSTRACT 
 
The culture of dinoflagellate microalgae has a huge biotechnological interest due to the interesting 
bioactives produced by certain strains (Gallardo-Rodríguez et al., 2012). Although significant progress 
has been made with a few species in recent years, the main bottleneck that hinders their commercial 
development continues to be the difficulty in mass culturing them. In general, this group of 
microorganisms shows a high hydrodynamic sensibility to shear stress. Turbulent environments are 
associated with several adverse effects that may finally result in cellular death (Gallardo-Rodríguez 
et al., 2016). In suspension cultures, turbulence is essential to provide a homogenous ambient where 
all cells are periodically exposed to light, oxygen is degassed, and CO2 homogenously distributed. 
Thus, to successfully scale-up the culture system with dinoflagellate species, it is necessary to know 
in detail its hydrodynamics and the shear threshold that a selected strain can withstand. Shake flasks 
can be used to expose cells to quantified hydrodynamic stresses. In the present wok, shake flasks’ 
hydrodynamics were studied using the computational fluid dynamic technique (CFD). The commercial 
software ANSYS Fluent was used. Three different mesh resolution have been evaluated, as well as 
the three k-ε turbulence models available. The volume of fluid (VOF) two-phase model was used. The 
gas-liquid volumetric mass transfer gas-liquid (kLa) coefficient was used as validation parameter. The 
average energy dissipation rate (EDR) was calculated on the liquid phase for different cases, 
comparing the values with an empirical correlation (Büchs et al., 2000). In addition, 50 particles were 
tracked using a Lagrangian model to obtain exposition stories. The simulations predicted adequately 
the average EDR, in good agreement with empirical correlations (Büchs et al., 2000). In addition, 
particle EDR stories allowed observing that the maximum values (EDRmax) that a cell must withstand 
are orders of magnitude higher than the average values. This must be considered for sensitive 
species whose response to hydrodynamics can be triggered after a single exposition event (Gallardo-
Rodriguez et al., 2016).  
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ABSTRACT 
 
Microalgae and other photosynthetic microorganisms represent a highly promising source for food, 
feed, chemicals, and fuels. Europe has been leading world research and industrial deployment of 
microalgae-based technologies. However, despite the enormous potential and the impressive R&D 
effort, industrial use of microalgae is still at its first developmental stage. A major step forward can 
derive by the development and implementation of digital technologies, capable of automatizing and 
optimising culture conditions at industrial scale. The H2020 ITN Project DigitAlgaesation will aim at: 
1. Developing a sound modelling approach at the process scale to describe the dynamics of the 
photosynthetic phenomena (response to light and temperature fluctuations) and metabolic fluxes that 
are relevant to an effective automatic control strategy in an industrial environment; and be 
representative of different microalgae of industrial interest; 
2. Developing a reliable smart monitoring approach for measuring and/or estimating the biological key 
performance indicators required for model identification and to support an effective control 
System: new optical online in-situ sensors will be developed as well as AI and machine learning 
technology for soft sensors development 
3. Developing and implement automatic control strategies in real industrial systems characterised by 
non-ideal behaviour in the presence of uncertainty, to achieve high level of productivity, and reduce 
manpower and energy costs while maintaining a constant product quality. 
The goal is to provide tools for designing the next generation of sustainable microalgae-based 
production process with enhanced productivity, reduced environmental impact and costs. 
DigitAlgaesation will train 15 early-stage researchers in all aspects of microalgae technological 
innovation to pave the way towards a knowledge-based breakthrough in monitoring methods and 
instrumentation, biological modelling and simulation, and automatic control. In this contribution, we 
will present and critically discuss the project research goals, and the consortium state of advancement 
after one year of activities.  
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ABSTRACT 
 
Arthrospira platensis, commonly known as Spirulina, is a protein-rich cyanobacterium approved for 
human consumption [1], [2]. Industrial production of Spirulina occurs mainly in open ponds, since they 
are cost-effective due to low construction costs and low-energy requirements for mixing [3], [4]. 
Nevertheless, closed systems present advantages such as better control of abiotic factors, decreased 
contamination risk and minimization of water loss due to evaporation [5], [6]. Tubular photobioreactors 
(PBRs) are considered to be the most suitable closed reactors for outdoor cultivation, since they 
present good light distribution, leading to higher productivities [6]–[8]. However, these reactors usually 
operate with energy demanding pumps, to assure proper mixture and aeration. Besides the increase 
in energy costs, these pumps can induce high levels of stress on the cultures, which can be 
problematic for shear-stress sensitive species like Spirulina [9], [10]. 
In this work, a culture of A. platensis obtained from a flat panel (FP) was cultivated for 14 days in 2.6-
m3 tubular PBRs, driven by centrifugal pumps. After 8 days, this culture was used to inoculate a 3.6-
m3 raceway pond (RW). This assay was performed 3 times, during Summer, in Pataias, Portugal. The 
culture grown in the tubular PBR presented 3-fold higher volumetric and areal productivities, 
compared to the RW (0.176±0.057 and 0.053±0.007 g.L-1day-1 and 17.4±5.6 and 6.9±1.0 g.m-2day-1, 
for the PBR and RW, respectively). The cells cultivated in the tubular PBR presented a significant 
decrease in filament size, when compared to the size presented in the FP, but they could recover the 
regular size distribution after only 6 days of cultivation in a RW (Figure 1). Phycocyanin content was 
also evaluated throughout the cultivation period, being 9.2±1.4 % after 14 days of cultivation in the 
PBR and 6.8±1.8 % after 6 cultivation days in the RW. In conclusion, even though Spirulina cultivated 
in tubular PBRs showed signs of shear stress, it still presented higher productivities than in raceways 
and displayed stable levels of phycocyanin during cultivation. 
 

 
Figure 1 – Filament length distribution of an Arthrospira platensis grown in a tubular PBR moved by 
a centrifugal pump and subsequently grown in a raceway pond. 
 
Keywords 
Arthrospira platensis; industrial production; outdoor cultivation; tubular photobioreactors; shear 
stress 
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ABSTRACT 
 
Microalgae show great potential for replacing fossil fuels in the near future. However, strains and 
technologies must be improved in order to reach an economically feasible bulk production. Our 
research focuses on developing and testing a genome-scale constraint-based metabolic model 
(GEM) for the oleaginous microalga Nannochloropsis oceanica. Metabolic modeling is key to 
understanding carbon partitioning mechanisms, and it provides insights for strain engineering to 
further advance Nannochloropsis as a photosynthetic cell factory. 
We constructed a first GEM of N. oceanica in an orthology-based approach, using curated scaffold 
GEMs (N. salina, N. gaditana, P. tricornutum, E. silicolosus, C. reinhardtii and C. oleaginosus), 
available genomics data (Gong et al. 2020) and physiological data such as biochemical compositions, 
growth rates and gas exchange rates. Through flux sampling of the GEM in high lipid, low growth and 
high growth phenotypes, we predicted enzymatic targets for overexpression that result in lipid 
accumulation while ensuring growth.   

From the predicted targets, we have selected two enzymes involved in the lipid metabolism. Of these, 
overexpression mutants have been generated using a novel gene expression system (Südfeld et al. 
2022), and phenotypically characterized to validate the GEM predictions. Current targets show 
increased lipid production rates (g/gDW/d) of 149% and 123% compared to the wildtype, in nutrient 
replete conditions. 

This study allowed the selection of novel targets involved in lipid accumulation and increased the 
understanding on lipid metabolism, in N. oceanica. Future investigations are focusing on GEM 
validation and curation. 
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ABSTRACT 
 
Microalgae are now clearly recognized as a valuable source of bioactive compounds (pigments, fatty 
acids, …) for the health market. In addition, in the last decades, an increased resistance to antibiotics 
has been largely reported, especially for bacteria-forming biofilms with serious infections 
consequences. Therefore, there is an urgent need to identify and produce alternative agents, 
especially of natural origin, to face this huge health challenge. In particular, promising anti-biofilm 
activity of compounds from microalgae cultivated in conventional suspended systems has been 
reported (Nag et al., 2021). However, microalgae are also known to grow in assembled structures 
irreversibly associated to surfaces, embedded in an EPS (Extracellular polymeric substances) matrix, 
forming photosynthetic biofilms. Such a self-organized community can be the source of new and more 
effective antimicrobial agents for struggling against biofouling and, in particular bacterial biofilms of 
health concern. However, no information is available regarding the effect of bioactive molecules 
extracted from microalgae biofilms to combat human pathogens. On the other hand, a strong interest 
for biofilm-based systems for microalgae cultivation and associated compounds production has raised 
lately (Benret et al., 2015). In this study, microalgae biofilms (i.e. Tetraselmis suecica and 
Cylindrotheca closterium) were produced in an industrial rotating system placed in a greenhouse and 
the anti-adhesion potential of the associated extracts were tested on eight human pathogenic bacteria 
including several strains of Escherichia coli, Staphylococcus aureus, Listeria sp. and Salmonella sp. 
EPS from both microalgae biofilms were extracted and first characterized showing fractions rich in 
sulfated polysaccharides (up to 40% in dry weight). They were mainly composed of elongated linear 
or branched chains of monosaccharides (galactose, glucose, fucose, rhamnose, xylose, uronic acids, 
etc.). Some of those, such as glucuronic and galacturonic acids, are commonly associated with 
biological activities (Minzanova et al., 2018). Our results also show an adhesion inhibition ranging 
between 35 to 60% for S. aureus, L. monocytogenes and E.coli strains. On the whole, an inhibiting 
effect of T. suecica extracts on the adhesion of a broad range of bacteria was therefore demonstrated. 
The anti-biofilm activity seems to be bacteria-dependent, as expected. Finally, our work suggests that 
promising anti-biofilm drugs can be produced through microalgae biofilm-based systems.  
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ABSTRACT 
 
As the human population is rising, the need for novel protein sources and a reduction of greenhouse 
gas emission is of utmost importance. An approach tackling both concerns at once, is given via 
microalgal cultivation. Microalgae can be cultivated on non-arable land and require less space than 
the production of currently established protein sources, such as meat and soy.  
Trying to implement circular economy, hydrolysates from abundantly available lignocellulosic waste 
streams could be used as substrates for heterotrophic and mixotrophic cultivations of Chlorella 
vulgaris. Even though hydrolysis is a powerful method to degrade oligomeric C5 and C6 sugars of 
these waste-streams, inhibitors will be formed as a by-product. Applying liquid hot water hydrolyzation 
to lignocellulosic biomasses, furfural and 5-Hydroxymethylfurfural (HMF) are formed in the process. 
Furfural and HMF are known fermentation inhibitors to a diverse set of microorganisms. 
In this presentation, I discuss the impact of furfural and HMF on the mixotrophic and heterotrophic 
cultivation of Chlorella vulgaris. Results demonstrate that substrates containing furfural and HMF are 
suitable for microalgal cultivation. Using mass spectrometry analysis, we identified two metabolites 
stemming from Chlorella vulgaris cultivated in media containing those inhibitors. Even though, 
metabolic pathways of these reactions are still unknown as of now, the two metabolites have not yet 
been described in any microalgal species. The conversions of these inhibitors might open up new 
future applications in microalgal cultivation. 
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ABSTRACT 
 
Businesses, governments, academia, non-governmental organisations and the UN must act together 
and deliver solutions addressing key issues such as hunger, poverty and climate 
change, to name a few. Ocean and seaweed specifically hold a huge potential to deliver on UN SDG’s 
and mitigate food security issues all over the world. 
Seaweed is today only cultivated in Asia with 99,5% of the global farming capacities. Seaweed is 
currently not high in non-Asian consumer preferences. A shift in western diets would be needed for 
an increase in direct consumption of seaweed as food, and there is an opportunity to increase 
consumer awareness regarding the benefits. An increase in animal based diets would drive the 
demand for seaweed for feed. 
Lloyd’s Register & UN Global Compact led the redaction of a a manifesto 
(www.seaweedmanifesto.com)  gathering input from World leading organizations (FAO, World Bank, 
Cargill, WWF, Riken Food,  Ningbo University, Metro, BNP Paris, SAMS, etc…). Released last June 
the document outlines the opportunities and barriers ahead of us and the need for harmonizing rules 
and regulations, sharing science and safety best practices,  enabling innovations; good marine spatial 
planning and new investment efforts can ensure this industry accelerates to the next level. 
Amongst the needed actions highlighted by this Manifesto is the need for more collaboration within 
the industry and more global safety standards/regulations for final products, environment and workers 
in the Seaweed Industry.  
As a direct consequence, Lloyd’s Register Foundation agreed to grant a multi-million $ grant in order 
to build a global coalition for Safe Seaweed Production (Safe Seaweed Coalition) to enable all 
Seaweed stakeholders to work on common principles for safety in this emerging industry.  
Objective of the coalition is to improve global standards and regulations for safe operation and 
production, improve public education/consumer awareness, generate more investment in scalable 
production initiatives, particularly in developing economies, greater collaboration between 
manufacturers, regulators, academia. IGOs, NGOs and industry, leading to an improved, safe and 
better developed global seaweed market. 
Safety as a pure non competitive topic hold the potential to enable collaboration and actions to meet 
the Manifesto ambition beyond safety. 
The Coalition already delivered 24 grants in 20 different countries and now gathers over 800 seaweed 
stakeholders worldwide. Altogether, they voiced actively the potential for seaweed in high level 
meeting (COP26 & COP 27, UN Food System Summit, UN Ocean Conference, UN General 
Assembly,…) and are working with large institutions at national or global level (EU, World Bank, GEF, 
Blue Food, EDF, WWF, etc…) 
Objective of the initiative is to scale up Seaweed production all around the world, and notably in 
Europe, and enable a real new global supply chain to address some of the world global challenges   
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ABSTRACT 
 
Galdieria sulphuraria is a species of red microalgae that colonizes acidic hot springs and sulfur fumes 
worldwide. Because of this unique lifestyle, these photosynthetic microorganisms have adapted to 
high temperatures, low pH and high concentrations of salts and metals [1]. In addition, they possess 
a versatile metabolism, being able to grow with more than 25 organic substrates [2]. We have 
exploited these characteristics to develop a new type of mixotrophic cultivation: oxygen-balanced 
mixotrophy (OBM). By adjusting organic substrate supply to photosynthetic oxygen production, the 
need for aeration in the culture is removed while boosting productivity. Because of the stringent 
cultivation conditions, bacterial and fungal contamination are avoided even in the presence of organic 
substrates. At lab scale, OBM doubled autotrophic productivity and achieved a high yield on substrate 
(0.9 C-g·C-g-1). The biomass produced in this manner contained a high fraction of proteins (>63% 
w/w) and was rich in essential amino acids, especially cysteine and methionine. Moreover, we 
obtained the highest productivity of the blue pigment C-phycocyanin ever reported in illuminated 
cultures [3].  
 
After these promising results in the lab, the next step was adapting OBM to large scale systems, in 
particular tubular photobioreactors. This is not a straightforward procedure, as fluid behavior in these 
reactors resembles plug flow, affecting the dynamics of the process. In order to address this issue, 
we designed a scale-up approach consisting of 3 blocks: (1) scale-down of glucose and oxygen 
fluctuations in tubular photobioreactors, (2) model-based validation of substrate feeding control 
strategy and (3) experimental validation in our pilot facility. The results from (1) showed that oxygen 
limitation was a critical factor in tubular reactors, but based on (2) it could be avoided with a proper 
substrate feeding strategy. Finally, using these inputs OBM was implemented in a pilot scale tubular 
photobioreactor (3), obtaining equivalent results to the lab experiments. Overall, the results open the 
door for cost-effective production of high-quality protein with G. sulphuraria and potentially of other 
products at large scale via OBM. Additionally, our research is a proof-of-concept of a systematic 
procedure for the scale-up of mixotrophic cultivation with microalgae. 
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ABSTRACT 
 
The present work aimed at maximizing the productivity of the strain Arthrospira platensis BEA005B 
in 80 m2 raceway reactors and to assess the potential of the biomass for being used as a source of 
bioactive food ingredients. The main operational parameters were the dilution rate and the depth of 
the culture. The optimum combination, optimized using a surface response methodology, was a depth 
of 0.10 m and a dilution rate of 0.33 day-1. These conditions led to a biomass productivity of 30.2 g·m-

2·day-1 when operating the reactors in semi-continuous mode.  
Despite being produced in an open system, A. platensis managed to be the most abundant strain in 
the culture after 30 days of semi-continuous production. Illumina sequencing analyses revealed that 
the relative abundance of Arthrospira strains was higher than 85%. Other microalgae including 
Tetradesmus obliquus, which was being produced in a photobioreactor nearby, were also present but 
with a relative abundance lower than 5%. The analyses did not detect any pathogenic microorganism. 
The composition of the produced biomass was 62.2% proteins, 22.5% carbohydrates, 11.6% ashes, 
and 8.1% lipids. The content of phycocyanins and allophycocyanins was estimated as 115.4 and 36.9 
mg·g-1, respectively. 
An ultrasound-assisted methodology was used to recover the proteins from the biomass. Ultrasounds 
allowed recovering approximately 90% of the initial protein content of the biomass. The recovered 
proteins contained all the essential amino acids (except for tryptophan, which was not determined); 
highlighting the content of valine (6.8%), histidine (8.3%), and lysine (7.5%). An in silico analysis was 
carried out to assess the potential utilization of the proteins as a source of bioactive peptides. Four 
enzymes were then utilized in vitro and different enzymatic hydrolysates were generated including 
one that is able to inhibit the enzyme renin with an IC50 value of 0.85 ± 0.09 mg·mL-1 and another one 
that inhibited the enzyme ACE-I with an IC50 value of 0.49 ± 0.05 mg·mL-1. Both enzymes are 
involved in hypertension. The proteins were also characterized in terms of their techno-functional 
properties (e.g. foaming capacity) demonstrating a huge potential for being used in the manufacture 
of safe, healthy, and innovative foods.  
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ABSTRACT 
 
Health impact of food has seen growing attention from consumers who have expressed an increased 
demand for foods with positive health effects. Among these food products, algae have been shown 
to be a potential ingredient for functional foods, rich in valuable nutrients and bioactive molecules, 
such as proteins, minerals, dietary fiber and antioxidants1. Additionally, developing microalgae-based 
food solutions for the global market could have significant impacts on securing future food demands. 
However, efforts are often constrained by the palate of consumers2. Strategies to overcome 
unfamiliarity and aversion to microalgae-based foods have been explored. 3D Food Printing (3DFP) 
is a potential emerging technology for meeting current growing market demands for tailored nutrition, 
while, simultaneously, creating a positive sensory impact on consumers by providing attractive multi-
flavoured, and layered textured structures, altering consumers' perception of algae food3. 
In the present work, cereal-based snacks were enriched with Chlorella vulgaris (Cv) biomass. Levels 
of Cv incorporation were set according to raw dough’s printability (2-18%). Snacks’ formulation was 
previously optimized to acquire the optimal extrudability properties before printing (Foodini, Natural 
machines, Spain). The health impact of baked snacks (170°C, 15 min) enriched with the Cv was 
analyzed. Parameters such as nutritional composition, including mineral and aminoacids profiles, in 
vitro antioxidant activity (FRAP, ABTS, DPPH assays), total phenolics (Folin-Ciocalteu) and in vitro 
digestibility and bioaccessibility (Infogest model), were analyzed. Additionally, sensory analysis was 
also conducted to investigate the sensory acceptance of snacks. 
Increasing incorporations of Cv in snacks positively impacted protein and lipid contents, as well as 
promoting an increase of the bioactive compounds such as total phenolic compounds and minerals. 
Snacks enriched with the highest levels of Cv incorporation presented higher antioxidant activities 
and increased mineral bioaccessibility. However, higher microalga inclusions also led to lower 
insoluble protein recovery and thus, lower protein digestibility. Additionally, sensory results revealed 
the inclusion of this microalga in snacks contributed to improve snacks’ sensory acceptance. 
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ANTIOXIDATIVE CAPACITY OF MICROALGAL CAROTENOIDS FOR STABILIZING N-3 LC-
PUFA RICH OIL: INITIAL QUANTITY IS KEY 

Demets R. 

Gheysen L., Van Loey A., Foubert I. 

KU Leuven Kulak, Belgium 
 
ABSTRACT 
 
The health-beneficial long chain omega-3 polyunsaturated fatty acids (n-3 LC-PUFA) are easily 
affected by the undesired process of lipid oxidation in fish oil (the most important bulk oil source), 
while being stable in the lipid extracts of photoautotrophic microalgae. The current research 
investigates the role of carotenoids in this by evaluating the oxidative stability of mixtures of fish oil 
with total lipid extracts of two different microalgae (Phaeodactylum sp. and Tisochrysis lutea) 
throughout an accelerated storage experiment of 4 weeks at 37 °C. Analysis of both primary (PV) and 
secondary (GC-MS) lipid oxidation compounds as well as fatty acid profile and carotenoids throughout 
storage, gave an indication on the carotenoids’ capacity to prevent bulk oil n-3 LC-PUFA oxidation. A 
clear separation between oxidatively stable and oxidatively unstable mixtures was observed for which 
the amount of carotenoids relative to the amount of n-3 LC-PUFA was a good indicator. The lipid 
class composition, clearly differing between the two microalgae, was of no influence. The antioxidative 
role of fucoxanthin, and diatoxanthin and β-carotene as minor carotenoids, was illustrated by their 
gradual degradation throughout storage. However, when their initial contents were too low, this role 
could not be exerted leading to thorough lipid oxidation. The results therefore illustrated the 
antioxidative potential of microalgal carotenoids, offering possibilities regarding the use of natural 
antioxidants for obtaining oxidatively stable food products, while pointing out the importance of 
quantity in doing so. 
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SOLUTION FOR THE PLANT-BASED ALTERNATIVES  

Amikam Bar Gil Ph.D 
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ABSTRACT 
 
The plant-based meat alternatives are in constant increase for the last decade now. Numerous 
companies’ worldwide is trying to deliver the ultimate “Bite” that doesn’t contain ingredients from any 
animal source. The most abundant source of proteins in these meat alternatives is soy and pea. 
These almost tasteless ingredients need to be added with flavors, fat odor and other supplements 
that will deliver the complete sensation of a “real” meat product. The first sense that we judge our 
food with, is sight. “We eat with our eyes first”. Therefore, one of the most crucial ingredients that is 
added to the product is color. When we think of meaty color we think: Red, Pink, brown and grey. 
Each color belongs to a different stage or product of bovine meat. Red represents whole cuts. Pink 
represents grinded meat and brown/ represents both products after exposure to temperatures 
above 530C for more than 10 seconds. Most colorants that are being used nowadays are mainly 
focusing on either delivering the end color (brown/greyish) or the raw and uncooked red. These 
colorants are mainly beetroot, lycopene, astaxanthin, berries extract, black carrot, scorched sugar, 
red cabbage extract and few others. All of these colorants fall under the category of stable 
colorants. Meaning, they do not change their properties when subjected to changing environment. 
Yemoja has launched a colorant that can deliver the ultimate appearance both in raw and cooked 
products. The porphyridium based “Blood Alternative”, AKA, Ounje, will change its color just like 
blood. Furthermore, it contains a huge amount of vitamin B12 thanks to the ability to cultivate both, 
the algae and the synergistic bacteria that is responsible for Vitamin B-12 synthesis. Using a unique 
cultivation protocol Yemoja is able to deliver a colorant that is closest to the real thing in terms of 
taste appearance odor and enriched with high nutritional values. The concentration of vitamin B-12 
in Ounje is more than 10 times the one found in bovine (more than 14 ug/100gr). 
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TETRASOD®, A UNIQUES MARINE MICROALGAE INGREDIENT: AN OVERVIEW OF MAIN 
OUTPUTS IN PRE-CLINICAL AND CLINICAL TRIALS 
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ABSTRACT 
 
TetraSOD® is a novel natural marine ingredient produced by the company Fitoplancton Marino, S.L. 
(El Puerto de Santa María, Cádiz, Spain). It is derived from the green microalgae Tetraselmis chuii, 
which is grown in outdoor closed photobioreactors under patent-protected technology ensuring high 
SOD activity. Outputs obtained in a range of different trials conducted both in human and in animal 
(rat) models have begun to reveal some of its bioactivities after dietary supplementation. In this 
regard, TetraSOD® elicited significantly greater and favourable changes in maximal endurance 
capacity and ergoespirometric values, body composition, blood markers of oxidative stress, and blood 
hemoglobin in young football players. As an extended follow-up of this first study, in a new trial 
conducted with good fitness university students, TetraSOD® supplementation induced favourable 
changes not only on anthropometric and hematological but also on hormonal levels. By the other side, 
additional clinical trials in trained subjects showed the capacity of TetraSOD®: i) to improve recovery, 
to sustain power, and to prevent declines in strength across repeated endurance and cross-training 
bouts, and to reduce muscle damage, ii) to improve perceptual and functional indices of exercise 
recovery in individuals following a non-functional overreaching resistance-training programme, and 
iii) to prevent decrements in indices of functional exercise recovery and immune function in subjects 
following a high-intensity resistance-training programme. According to results in a mechanistic rat 
model, these outcomes in humans could be prompted by modulating the oxidative stress and pro-
inflammatory cytokine response, as well as through up-regulation of positive and down-regulation of 
negative myogenic factors. In an animal model of induced metabolic syndrome, dietary TetraSOD® 
supplementation promoted endogenous antioxidant defence mechanisms in liver, modulated 
oxidative stress and inflammatory markers in plasma, and regulated genes involved in antioxidant, 
anti-inflammatory and immunomodulatory pathways in liver, adipose tissue, thymus, and spleen. 
Although the precise mechanism of action of TetraSOD® is currently not well understood, in vitro 
testing in human muscle cells have revealed a unique signalling effect of TetraSOD®, up-regulating 
gene expression of the key transcription factor NRF2. On-going clinical trials will probably help to 
shed light on the molecular pathways that mediate TetraSOD® induced response. 
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ABSTRACT  
 
The edible cyanobacterium Arthrospira platensis (Spirulina) produces a valuable biomass which has 
multiple market applications with high demand, such as the incorporation in conventional food and 
feed, as well as natural colorants (i.e., blue pigment phycocyanin). Gran Canaria (Spain) is a strategic 
site for microalgae production due to ideal climatological conditions and large seawater availability, 
factors that reduce production costs. For this reason, the objective of this study was to culture the 
native canarian strain A. platensis BEA 1257B in different seawater concentrations while maintaining 
high-valuable compound contents in the biomass. In addition, production was previously optimized 
by reusing culture medium, reduction in nitrogen addition and improvement in biomass harvesting 
process. A long-term culture in full seawater medium was grown semi-continuously for a year in 8000-
L raceway (RW) under a greenhouse, while recycling the culture medium. The culture showed an 
average productivity of 0.041 g L-1 day-1 of dry biomass (15 tons ha-1 year-1) for cycles in the 
concentration range of 0.6-0.9 g L-1, which is only 30% lower than that previously obtained in a 
freshwater medium (control; 21.9 tons ha-1 year-1). Biochemical compositions of the biomass 
cultivated at higher salinities (10%, 50% and 100% seawater) were similar to those obtained in the 
freshwater medium; C-phycocyanin contents at 100% seawater were within the high range of 
commercial Spirulina (8-9% DW). The fatty acid profile remained generally constant throughout the 
trial, and the observed differences between treatments were not related to the seawater percentage. 
The dried biomass complies with the international standards for human consumption, due to low 
heavy metal content and general absence of pathogens. Altogether, this data makes A. platensis BEA 
1257B cultivated in seawater promising for food and extraction of natural pigments and antioxidants. 
As far as we know, this is the first study reporting on A. platensis culture in full seawater at semi-
industrial scale while recycling the culture medium. Our results suggest the possibility for year-round 
stable production of A. platensis in open ponds with full seawater by recycling the culture medium. 
Our findings pave the way for a sustainable microalgae-based blue bioeconomy in the Canary 
Islands.  
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ABSTRACT 
 
Phycocyanin (PC) is a natural, non-toxic dye, with an intense blue color and high fluorescence, 
applied in cosmetic industries; preventive medicine, as a fluorescent reagent; and over the last years 
it has been widely disseminated in the food sector [1]. PC is the main accessory photosynthetic 
pigment of Arthrospira spp. (commonly known as Spirulina), composing up to 20% of the microalgae 
dry biomass [2]. Commercial production of Spirulina is, therefore, frequently used as a source of 
phycocyanin, to supply the increasing demand for natural food colorings. Although it is a relatively 
novel industry, various methods of extracting and purifying phycocyanin from different microalgae 
have been studied [3,4]. Among those, membrane filtration stands out as the technique present in 
more than half of the patents issued from 2015 to 2021 and a substantial number of research articles 
published in the same period [5]. Considering the state of the art and future trends observed in 
literature, this study assesses a 2-step serial tangential membrane filtration prototype with 3 kg-
DW/day treatment capacity (see Graphical abstract). Tests were carried out using a commercial 
Spirulina biomass (A. platensis – Algaria Srl), having a total phycocyanin and allophycocyanin 
(another Spirulina bluish accessory pigment) concentration of about 135 g / kg DW. The system 
reached extraction yields of around 100 g PC / kg DW (about 75% extraction yield) and purity 
(absorbance ratios A620/A280) typically in the range of 1.5 - 2.5, comparable to laboratory assays 
reported on literature (>1.5) and well above that required for use in the food sector (>0.7). However, 
the phycocyanin concentration in the liquid extract was considerably low (1 - 2 g PC /L), compared to 
the requirements of downstream concentration/drying processes. Assembling extracts of subsequent 
batch cycles through the ultrafiltration step resulted in a promising way to increase phycocyanin 
concentration up to 5-10 gPC /L in the final concentrate. Such method is only limited by risks of partial 
oxidation of the PC solution, due to longer processing times. The tested prototype, when improved 
by the correct dimensioning and process automation, can be scalable up to industrial purposes for 
the concentration and purification of phycocyanin. 
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Graphic abstract: General scheme of the 2-step membrane filtration procedure for extraction and 

purification of phycocyanin (PC); and partial results of purification during ultra-filtration and 
phycocyanin concentration during batch recycling. 
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ABSTRACT 
 
Microalgae have been proven to be a promising functional and sustainable ingredient in different food 
matrices, including some meat products [1,2,3,4,5,6]. However, the coloring of meat products 
containing microalgae Spirulina maxima and Chlorella vulgaris in a dark green could lead to 
consumers` rejection of these products. To overcome the color barrier, we used white and yellow 
chlorophyll-deficient C. vulgaris mutants, commercially available (Honey Chlorella), in designing 
acceptable products. The study aimed to analyze the nutritional composition (chemical, fatty, amino 
acid, and mineral composition) of pork frankfurters enriched with 3% of yellow and white C. vulgaris. 
The inclusion of these microalgae resulted in a significant (P < 0.05) increase in protein (0.8- 0.85%) 
and ash, while moisture and fat content decreased. Following current Regulation (EC) No 1924/2006 
and the amended Commission Regulation (EU) No 1047/2012, the ˝high protein˝ content claims can 
be assumed for microalgae enriched frankfurters. Carbohydrates increased with microalgae addition 
due to the increase in fibers. The sum of total essential amino acids and essential/nonessential amino 
acid ratio was higher (P < 0.05) in groups containing microalgae. In addition, white C. vulgaris samples 
had better Lys:Arg ratio compared to the control and honey C. vulgaris groups. Frankfurters with 
microalgae had significantly more (P < 0.05) n-3 PUFAs, mainly alfa-linolenic, gamma-linolenic, and 
eicosatrienoic acid, along with significantly lower amounts (P < 0.05) of SFAs, mainly palmitic and 
stearic acid. C. vulgaris mutants resulted in increased total PUFA, lower PUFA/SFA ratio, n−6/n−3 
ratios, lower atherogenic index (AI), and thrombogenicity index (IT) compared to reference 
frankfurters. C. vulgaris inclusion in formulations increased (P < 0.05) Na, K, Ca, P and Zn, but 
lowered Mn compared to control frankfurters. In addition, frankfurters fortified with white C. vulgaris 
resulted in higher iron content and lower copper content compared to the control. Moreover, 
microalgae enrichment lowered the Na/K ratio by 34.74% and 16.42%, respectively, resulting in a 
significantly better ratio closer to the recommended one. Using microalgae to create innovative meat 
products can bring potential health benefits to consumers due to the enhanced nutritional profile of 
these products. 
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SEPARATION OF EICOSAPENTAENOIC ACID FROM THE DIATOM NANOFRUSTULUM SHILOI 
VIA TWO-STEP HIGH PERFORMANCE COUNTERCURRENT CHROMATOGRAPHY 

Presenting Author’s Name (José Cheel1) 
Co-Author’s Name/s (Daniela Bárcenas-Pérez1,2, Pavel Hrouzek1, Jiří Kopecký1)  

1Laboratory of Algal Biotechnology – Centre ALGATECH, Institute of Microbiology of the Czech 
Academy of Sciences, Czech Republic. 

2Faculty of Science, University of South Bohemia, Czech Republic. 
 
ABSTRACT 
 
Eicosapentaenoic acid (EPA) is an essential polyunsaturated fatty acid of nutritional and physiological 
relevance to humans [1]. It is commercially produced mainly from fish oil, but new sustainable sources 
are needed. In this study, pure EPA ethyl ester was produced from the biomass of the diatom 
Nanofrustulum shiloi by integrating two separation steps using high performance countercurrent 
chromatography (HPCCC). The first HPCCC step consisted of 10 separation cycles (1200 mg sample 
per cycle), with each cycle consisting of three stages: EPA fraction separation in reverse phase elution 
mode (lower phase used as mobile phase); with extrusion of stationary phase (by switching mobile 
phase pumping to stationary phase, while maintaining column rotation); and reaching hydrodynamic 
equilibrium in the column. The procedure yielded 982.1 mg of a fraction rich in EPA with a purity of 
71% (Fig. 1A). To improve the purity of the EPA fraction, a second HPCCC step was performed 
resulting in 698.97 mg of EPA ethyl ester with a purity of 99%, and a recovery of 98% (Fig. 1B). To 
avoid unnecessary waste of solvents, the liquid phases were formulated based on a priori NMR 
measurements. The HPCCC process throughput was 0.936 g/h, while the efficiency per gram of EPA 
was 0.054 g/h. Environmental risk and process evaluation factors were used to evaluate the 
separation process. Overall, this isolation approach may provide a useful model for the efficient 
production of pure EPA from microalgae.  
 
Figure 1.HPCCC separation of EPA ethyl ester from the diatom Nanofrustulum shiloi. 
 
A) First HPCCC step B) Second HPCCC step 

 

 

 
Keywords 
Eicosapentaenoic acid; Nanofrustulum shiloi; diatoms; high performance countercurrent 
chromatography; HPCCC. 
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FROM WASTEWATER TO BIOJETFUEL: A CIRCULAR ECONOMY SYSTEM USING 
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ABSTRACT 
 
The decarbonization of the air transport is key to mitigate climate change. In contrasts with the road 
transport sector electrical mobility is not a suitable viable solution at the moment for air transport. 
Therefore, biofuels appear as the only technical viable option to achieve zero emissions from aviation 
fuel combustion. The main goal of this project is to produce biojetfuel from microalgae biomass in a 
circular economy concept, as microalgae are grown in wastewater form the fertilizers industry. In this 
way microalgae are used as biocatalysts in wastewater treatment and as biomass in the production 
of biojetfuel. This strategy will allow to decrease the costs associated with the production of 
microalgae cultivation medium and at the same time mitigate the environmental impacts (such as 
eutrophication) associated with wastewater disposal and treatment.  
In order to achieve the mentioned objectives an operational strategy was developed in two stages: 1) 
a pilot stage where a 5 m2 conventional raceway was used to optimise all the operational parameters 
and establish a microalgae consortium able to remove nitrogen from the effluent, a wastewater culture 
medium formulation was developed and the seasonality of the system was study; 2) all the optimised 
conditions were used in a demonstration stage where a 2200 m2 cascade raceway was used for the 
scale up of the system. The system achieved a maximum annual N removal of 0.4 kg N/m2/year and 
a biomass production of 3.2 kg/m2/year. 

The microalgae biomass produced was then used in hydrothermal liquefaction (HTL). HTL is a 
thermochemical process used to convert biomass with high moisture content into biocrude and value-
added chemicals. The results showed that the obtained biocrude had as main components long chain 
hydrocarbons and aromatic ring type structures like phenols or nitrogen heterocyclics such as indole 
or pyrrole. The increases in the reaction temperature decreased the water-soluble products, 
increasing biocrude production with a maximum at 325 ºC. 

The results achieved demonstrate the feasibility of the system, which allows for N removal, biomass 
and biocrude production, next steps will be focused on biocrude catalytic upgrading towards final 
biojetfuel production. 
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ECO-DESIGN OF A DOWNSTREAM PROCESS FOR ENRICHED FUCOXANTHIN PRODUCTION 
FROM TISOCHRYSIS LUTEA 
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Nantes University / IFREMER, France 
 

ABSTRACT 
 
Fucoxanthin is the most abundant carotenoid in oceans. It is produced by brown algae, the best 
producers being microalgae. Among them, the haptophyte Tisochrysis lutea is well studied for its 
high fucoxanthin content (17.8 mg.g-1 dry weight). This species is commonly used as food in 
aquaculture for its lipid content and anti-oxidant properties mainly due to fucoxanthin. In mammal 
cells, this pigment has even more properties such as anti-cancer, anti-diabetes, anti-inflammatory, 
etc. Therefore, fucoxanthin potential as a nutraceutical and as a bioactive molecule in 
pharmacology is important; DownStream Processes development is then a key point of its 
valorization. 
In this project we proposed in to integrate green chemistry and eco-design principles to propose a 
more sustainable way of extraction and purification for biomolecules recovery. This work presents 
the development of pigment extraction method from Tisochrysis lutea with green solvent, followed 
by the fractionation and the purification of fucoxanthin from the extract using centrifugal partition 
chromatography, and by treatment of the residue by enzymatic hydrolysis (alcalase) and multi-
stages membrane fractionation (ultra then nanofiltration) in order to recover some peptides. We 
obtained both high recovery and purity of fucoxanthin up to 18.0 mg.g-1 dry weight and >99% HPLC 
purity. CPC development was achieved using alternative solvents, green or with low energetical 
demand, high recyclability. Overall impact of the process and scale-up constrains and performances 
will be discussed. The tested process scheme leaded to multiple organic and aqueous fractions for 
a high yield of biomass valorization. 
 

 
CPC fractions of alcoholic extract on the left, alcalase hydrolysis of the residue in the middle and 

10kDa filtration on the right 
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ENHANCED CULTIVATION STRATEGY 
FOR INDUSTRIAL SCALE ALGAE-BASED BIOREFINERIES 

Fatima Madugu, Elizabeth Bermejo-Padilla, Constantinos Theodoropoulos  

Department of Chemical Engineering 
Biochemical and Bioprocess Engineering Group 

University of Manchester, Manchester M13 9PL, United Kingdom 

ABSTRACT 
 
Microalgae-based biorefineries are not yet economically viable compared to their fossil fuel 
counterparts[1]–[3]. Production of algal biofuels together with multiple valuable chemicals provides 
microalgae-based biorefineries with a promising cost-effective future[10]. There are numerous 
cultivation strategies for increasing biomass and other valuable chemicals at lab scale [4]–[6]. 
Nevertheless, industrial-scale cultivation, is a complex system dynamics, and therefore the system 
performance heavily relies on the culture mode, making it challenging to identify optimal cultivation 
strategies. Promising autotrophic large-scale cultivation technologies are bubble column 
photobioreactors and open pond systems [7], [8]. However, optimization of these systems requires 
understanding the intricate interactions between nutrient supply, CO2 fixation, and light intensity  [9], 
[10]. Although nitrogen and carbon limitation have been reported as promising strategies for starch 
and lipid accumulation [11]–[13], few studies have evaluated strategies for both open and closed 
large-scale systems under different nutrient supply rates. 
 
This work develops a kinetic model of microalgae growth with predictive capabilities by exploring the 
effect of nutrient supply, carbon dioxide fixation and light intensity, to determine optimal nutrient(s) 
composition for enhancing microalgae biomass, starch, and lipid accumulation in large-scale systems, 
in conjunction with experiments in photobioreactors and open ponds.  In particular, experiments are 
carried in a 12L bubble column photobioreactor and 500L (300L workin volume) open raceway 
ponds.  The microalgae strain used is porphyridium purpureum, which is subjected to different 
nutrient, light and CO2 supply conditions. 
The proposed macroscopic model describing cultivation dynamics is constructed around the concept 
of the specific growth rate (μ), which defines the rate at which cells grow over time in response to any 
growth-limiting factor [11] and consists of a set of ordinary differential equations.  It includes a number 
of state variables: total biomass X gC L−1 (i.e sum of biomass X + Starch S + Lipids L, nitrogen uptake 
gN L-1, nitrogen quota Nq.gN gCx−1,, carbon dioxide CO2 gC L−1, starch concentration gC gC-1 and 
lipids concentration L gC-1. The model parameters are fitted against experimental data at different 
consiftions and cultivation modes and its predictions are validated extensively with different sets of 
experiments. The validated model is subsequently used to compute optimal operating cultivation 
policies and can be employed for scale-up purposes.    
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been a member of the Athena SWAN Charter since 2008. The university has a reputation for its 
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ABSTRACT 
 
Macroalgae (seaweed) contain phycocolloids, essential amino acids, proteins, pigments and 
polyphenols, useful for the production of high-value products for food, nutraceuticals or 
pharmaceuticals. Their current extraction processes employ acid or alkaline conditions under high 
water and energy consumption, followed by costly product recovery. With this process phycocolloids 
are extracted and multiple products cannot simultaneously be extracted as these components are 
destroyed. The new developed techniques such as Ultrasound assisted extraction (UAE), microwave 
assisted extraction (MAE), enzyme assisted extraction (EAE), homogenization and supercritical fluid 
extraction (SFE) were proposed as a solution but they still present many disadvantages: low yield, 
high costs, product degradation and the difficulties to scaleup. In this proposal, we are developing an 
efficient multiproduct-biorefinery for the extraction of high-value compounds from seaweeds using 
Deep Eutectic solvents (DES). This new class of sustainable solvents share the characteristics of 
ionic liquids (ILs), such as thermal and chemical stability, low vapor pressure and design ability. They 
offer many advantages such as low price, chemical inertness with water, and ease of preparation, 
and most of them are biodegradable with very low toxicity. DESs have been considered to be a 
potential alternative to replace conventional organic solvents for the extraction of interesting 
metabolites (flavonoids, proteins, lipids and polysaccharides) from different biomass such as plants, 
microalgae, and lignocellulosic biomass. Besides, they bring outstanding features considering that 
DESs are “tailor” made and switchable solvents that could be created during a desired process. The 
physicochemical interactions between DES molecules and the desired products (proteins, 
polysaccharides and lipids) need further investigations, same as their efficiency and recyclability. All 
these aspects will be tackled for the first time in the concept of a seaweed multi-product biorefinery 
with the aim for effective and gentle fractionation methods able to extract substances (biochemicals, 
polymers and food/feed additives) in the right order protecting the fragile components (e.g. proteins). 
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103 
 

Session 7: Feed 
 



 

104 
 

MICROALGAE AS SUSTAINABLE AND HEALTH-PROMOTING AGENTS IN AQUACULTURE  
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ABSTRACT 
 
Aquaculture is currently the fastest growing animal food production sector, driven by the high 
nutritional value, increased human demand and market acceptance. Microalgae are primary 
producers of high-value biomolecules with health-promoting and immunomodulatory properties, such 
as LC-PUFA, lipids, proteins, pigments, and polysaccharides. 

We will present the results of our recent studies, demonstrating the multifunctional potential of LC-
PUFA-producing microalgae as therapeutants for important parasitic diseases, for reducing gut 
inflammation and as a sustainable alternative to key ingredients of fish feeds, fish meal and fish oil 
(FMFO). The latter is being one of the main constrains to sustainable fish production in aquaculture. 

Substantial loses in commercial fish farming are caused by microscopic ectoparasitic flatworms of the 
class Monogenea, which attach and wound the skin and gills, leading to fish mortality. Our research 
has demonstrated that extracts produced from the diatom Phaeodactylum tricornutum are effective 
against monogenean parasites and have antibacterial properties, mainly associated with fatty acids 
liberated from glycerolipids during cell breakage and extraction. To further develop a sustainable and 
cost-effective anti-parasitic treatment, the use of residue material from commercial P. tricornutum 
production was demonstrated.  

Dietary application of the green microalga Lobosphaera incisa biomass at two physiological states, 
nutrient replete and nitrogen starved, was shown to significantly ameliorate TNBS-induced gut 
inflammation in the zebrafish model of IBD, signifying the potential of microalgae in treating 
inflammatory gut conditions and diseases.  

A feeding trial was performed with Baramundi (Lates calcarifer), a carnivorous high-valued food fish, 
fed FMFO-free diets supplemented with microalgae (Nannochloropsis oceanica, Isochrhysis galbana, 
Porphyridium purpureum), producing omega-3 and omega-6 LC-PUFA. Compared to the commercial 
FMFO-containing feed, results demonstrated significantly better growth performance, lower mortality 
following bacterial challenge, enhanced lysozyme and antiprotease activities in the plasma, and a 
modulated expression of immune-related genes. Lipidome analysis of fish tissues is underway to 
elucidate the modifications in lipid metabolism resulted from microalgae-feeding. 

These results will be discussed in view of the extended use of microalgae in aquaculture. 
 
Keywords 
LC-PUFA, fish-free diets, gut inflammation, parasitic diseases.   
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Inna Khozin-Goldberg specializes in physiology, biochemistry, and biotechnology of microalgae, 
particularly in lipid metabolism in microalgae. She is the author of over 120 publications, reviews, 
book chapters, and patents in the field of microalgal biotechnology and lipid biochemistry 
https://cris.bgu.ac.il/en/persons/inna-khozin-goldberg. She serves on the editorial boards of Journal 
of Applied Phycology, Algal research, and Frontiers in Plant Science. Her research includes genetic 
engineering and genome editing of microalgae; omics approaches, application of microalgae as anti-
inflammatory agents in fish nutrition to modulate stress and disease resistance; application of 
microalgae in agriculture and wastewater treatment for nutrient recovery. 
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Republic 
3 University of South Bohemia in České Budějovice, Faculty of Fisheries and Protection of Waters, 

Vodňany, Czech Republic 
 
ABSTRACT 
 
Microalgae cultures can synthesize high-value compounds, such as pigments and polyunsaturated 
fatty acids (PUFA) that are crucial for nutrition in aquaculture applications. For aquafeed 
preparations, the most important fatty acids are linoleic acid (LA; C18:2, n6), α-linoleic acid (ALA; 
C18:3, n3), eicosapentaenoic acid (EPA; C20:5, n3) and docosahexaenoic acid (DHA; C22:6, n3) 
which are essential for fish larvae development. Pikeperch (Sander lucioperca) is a highly 
demanded fresh and brackish water fish. The survival rate of pikeperch larvae is usually low, below 
20%, due to unsuitable nutrition. The feeding of some microalgae strains to rotifers (Brachionus 
plicatilis) and subsequently to fish larvae confirmed increase of the survival rate of pikeperch [1]. In 
general, rotifers retain the nutritional composition of microalgae and represent live-feed capsules for 
the transfer of crucial nutrients, mainly polyunsaturated fatty acids (20:5, n-3 and 22:6, n-3), to fish 
larvae [2].  
In this work, microalgae with a suitable fatty acid profile were used as a feed for rotifers, thus 
enhancing the rearing success of pikeperch in a recirculating aquaculture system (RAS). In a short 
light-path, annular-column photobioreactor (AC-PBR) with internal LED illumination developed for 
obtaining microalgae biomass of required quality, five microalgae strains, either Chlorophyceae or 
Eustigmatophyceae (Chlorella vulgaris, Monoraphidium sp., Trachydiscus minutus, Vischeria 
helvetica and Monodopsis sp.) were cultivated. Under continuous illumination, the highest biomass 
density over 5 g DW L-1 was achieved in Chlorella cultures. The volumetric biomass productivities 
between 0.33 and 0.52 g DW L-1 d-1 were found, corresponding to the areal productivities between 15 
and 22 g DW m-2 d-1. All microalgae strains used in this work represent suitable replacements for 
expensive commercially available aquaculture feed. The microalgae cultures were used for feeding 
rotifers that were further supplied to pikeperch larviculture in RAS as a live feed and the effect on the 
survival rate and overall vitality of larvae was studied. By 50% higher survival rate was found when 
Chlorella biomass was used for feeding fish larvae as compared to the control (commercially used 
Nannochloropsis paste in hatcheries). 
 
Keywords 
Microalgae feed, aquaculture, pikeperch, Brachionus plicatilis, survival  
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Karolína Štěrbová (former: Ranglová) is a Postdoc at the Institute of Microbiology of the CAS, Centre 
Algatech in Třeboň. In 2014 she obtained MSc. in Chemistry of Natural Compounds at University of 
Chemistry and Technology in Prague. She started to work in Centre Algatech, Laboratory of Algal 
Biotechnology as a research assistant. In 2020 she graduated Ph.D. in Biotechnology at University 
of South Bohemia in České Budějovice and started the position of Postdoc in the same laboratory. 
Her main research interests are microalgae cultivation for application, studying of bioactivity and 
photosynthesis. She was/is member of 9 international projects and from 2020 she is a principal 
investigator of Interreg Project Alage4Fish dealing with a selection of microalgae according to fatty 
acid composition and their use as a feed to rotifers and pikeperch larvae to improve survival rate 
and quality of larvae. She published 24 papers in impacted journal so far, 1 book chapter, h-index 
9. 
 
COMPANY PROFILE 
 
ALGATECH – The Centre of Algal Biotechnology evolved from the Laboratory of Algal Research, 
founded in 1960 in Třeboň. Throughout its history, the Třeboň’s site of the Institute of Microbiology 
of the CAS has focused on microscopic algae and their use in food and feed industries and in human 
and veterinary medicine. At present, the ALGATECH Centre is an internationally recognised centre 
for basic and applied research of microalgae, cyanobacteria and photosynthetic bacteria, including 
the development of algal biotechnology. It is the largest centre of microalgae research in the Czech 
Republic.The ALGATECH Centre is housed in the historic building of Opatovický Mill from the 18th 
century, which has been recently renovated. The Centre also operates unique thin - layer cultivation 
units for autotrophic cultivation and a biotechnological hall for heterotrophic cultivation of 
microalgae, including the equipment for processing algal biomass. The Centre is known for its 
excellent research in photosynthesis and algal cell cycles. 
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AQUACULTURE INDUSTRY 
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ABSTRACT 
 
Current microalgae production systems are mainly based on suspended cultures using large volumes 
of water such as in raceway ponds and photobioreactors. The relatively low cell density or biomass 
concentration observed within these planktonic-based systems requires energetic expenses for 
culture agitation, and for biomass harvesting and dewatering. Therefore, an innovative technology 
has been developed and patented by the inalve company to further enhance productivity at reduced 
costs, overcoming the drawbacks of conventional systems. Created in 2016, inalve produces 
microalgae and formulates enriched-products used as live feeds for the aquaculture industry. Indeed, 
microalgae are required during the first-feeding of fish larvae, either for direct consumption or 
indirectly as food for living preys. Based on Rotating Algal Biofilm (RAB), the cultivation process does 
not spend energy to mix the culture, and harvesting is simply carried out by scraping the attached 
biomass with minimal energy demand. This gentle harvesting procedure allows to produce a 
concentrated algae paste (15-20% DW) with high cell viability and long shelf-life conservation (>50% 
alive cells after one month stored at 4 °C). Therefore, the presentation will describe the recent 
advances on microalgal biofilm production systems done by inalve from the optimization of biofilm 
cultivation to the use of the produced microalgae and formulated products for marine hatcheries as 
feedstock for rotifers, copepods and shrimp larvae. The specificity of each alive microalgae 
formulation will detailed. 
 
Keywords 
Microalgae, rotating biofilm, culture optimization, live feeds, hatcheries. 



 

109 
 

SPEAKER INFORMATION 
 

 

Freddy Guihéneuf  
Chief Scientific Officer (CSO) / SAS Inalve 
France 
LinkedIn: linkedin.com/in/guihéneuf-freddy-24435b61 
  

 
BIOGRAPHY  
 
After a MSc degree in Marine Bioproduction from University of Nantes (France). F. Guihéneuf 
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COMPANY PROFILE 
 
Inalve is a french green-biotech company producing microalgae for the aquaculture industry. Our 
patented technology based on algal biofilm cultivation can produce concentrated microalgae on an 
industrial scale. Our recent life cycle analysis confirmed that we consume 20-30% less energy, and 
70% less water than current technologies for microalgae production. Created in April 2016, inalve 
launched its pilot plant in October 2020 aiming to develop a demonstrator in effective operation from 
mid-2024. 
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LIFE ALGAR-BBE PROJECT: RESULTS IN MICROALGAE APPLICATION AS BIOSTIMULANT  
Alvarez-Gil M.  

Delgado-Ramallo F., Casado-Bañares V. 

NEOALGAE MICRO SEAWEEDS PRODUCTS, SL, Spain 
 

ABSTRACT 
 
ALGAR-BBE is a LIFE project focused on the development and study of the production and 
application of biostimulants with biocide effect, which were made of microalgae and aromatic plants, 
which was funded by LIFE financial instrument of the European Union under grant Agreement LIFE18 
ENV/ES/000518. 
Pesticide residues are a widespread risk which are found on more than the 40% of the food marketed 
on UE, which presence on food chains may cause different diseases or disorders. Moreover, the 
combined effect with other pollutants of concern is still a field under study that ignores the 
consequences of the exposure to these compounds. Perhaps their effects on human and 
environmental health, pesticides are still necessary for industrialized agronomy, in order to achieve a 
desirable yield of production. 
On this basis, the biocide effectiveness of different biostimulant formulates from microalgal biomass 
and aromatic plants extracts was tested. Several species were selected for this project, such as 
Origanum vulgare, according to their proved antioxidant and antimicrobial properties. Furthermore, 
microalgae are great source of biostimulant compounds such as phytohormones, among others, while 
being the perfect atmospheric carbon sinks. Therefore, their inclusion into ALGAR-BBE aimed 
recover  biostimulant compounds while using these organisms to remediate power plant flue gases. 
Accordingly, the project main objective was to produce a novel formulation with a mixed biostimulant 
and biocide action. On this basis, culturing optimization of 2 microalgal strains (Nannochloropsis 
gaditana and Tetradesmus obliquus) was done while enhancing the extraction yield of aromatic plants 
essential oils.  
Different organic wastes were also harnessed as source of innovative compounds that could optimise 
the biostimulant development, while increasing the sustainability of the final formulas.  
Once formulated, the developed compound was tested on tomato and corn crops with the objective 
to reduce, at least, the needing of56% of pesticides. In order to prove the effectiveness of the 
developed formulates, intensive trials were done in different crop fields in Spain and Portugal (mainly 
commercial crops as tomato and corn, but its effectiveness was also demonstrated  in pepper and 
potato), reaching up to 20 ha treated. 
LIFE ALGAR-BBE partners are NEOALGAE, CTAEX and ENDESA 
 
Keywords 
Bioestimulant, biofertilizer, biocide, Nannochloropsis gaditana, Tetradesmus obliquus, bioactivity 
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As Head of the Technology Department in NEOALGAE Micro Seaweeds Products, Maria Alvarez 
is boosting this Spanish SME company through the pathway of microalgae biotechnology.  She 
graduated in Biology from University of Oviedo in 2003 and as a Master of Environmental 
Engineering from University of Santiago de Compostela in 2006 (both in Spain). Currently she is 
focused on the development of biostimulants from microalgae biomass as part of a PhD program 
that will drive her to obtain the PhD diploma. She started her professional life linked to environmental 
sustainability and management in different companies. Prior to start working in NEOLGAE, Maria 
has worked in environmental and energy management areas in a leading electric utility in Spain, 
where she stumbled into microalgae technology in 2010. She began to be involved in the 
management of the microalgae pilot plant constructed in a coal power, carrying out national R&D 
projects mainly related to CO2 capture and energy uses. Nowadays, at NEOALGAE, she is focused 
on different microalgae technologies and applications, with special emphasis on the development 
of new microalgae- based products in food, feed, energy and agronomic sectors. 
 
COMPANY PROFILE 
 
NEOALGAE is a highly qualified microalgae biotechnology SME created to fill the current gap 
between laboratory scale and industrial processes in the field of microalgae applications. This 
objective is achieved by addressing R&D projects resulting in the commercialization of microalgal 
biomass and extracts for different uses and applications. 
NEOALGAE´s mission is to contribute to the nutrition and health of people, as well as the care of 
the environment, through the development of different products based on microalgae that guarantee 
personal wellbeing in different areas (food, cosmetics, health) and sustainability environmental 
(through agricultural products and animals).  
The company has three main interconnected divisions (technological, production and R&D), in order 
to be more effective in the development of the company skills and addressing the main strategic 
areas: biotech, aggrotech, cosmetic, foodtech, petfood an bioenergy. 
The main facility is a microalgae plant in north Spain with funds by Phase II of H2020 SME 
Instrument, and equipped with offices, two greenhouses (with the required equipment for microalgae 
cultivation and downstreaming) and laboratories for different approches (biotech, extraction and 
purification, cosmetic, etc.). In addition, there are other areas such as biofertilizer production area. 
NEOALGAE has also another facility for foodtech product elaboration in Asturias. 
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ABSTRACT 
 
Microalgae have emerged as an alternative source of bioproducts due to their fast growth rates and 
relevant biochemical composition, including functional peptides, key free amino acids and fatty acids, 
antioxidants, terpenoids, vitamins and phytohormones. Besides the development of microalgae-
based food, feed and nutraceutical products, microalgae have recently been marketed as sources of 
biostimulants to improve crop productivity with the aim of securing food supply in the form of 
sustainable, organic products [1]. However, high production costs and lack of research still hamper 
the broad application of microalgae-based biostimulants. In this study, random mutagenesis was used 
to improve biomass/target compound productivities of Scenedesmus sp. under heterotrophic 
conditions. Upon random mutagenesis using an already successfully developed pipeline [2], strains 
were selected based on pathway inhibitor screening using paclobutrazol, diphenylamine (DPA) and 
nicotine to target gibberellins and carotenoid biosynthetic pathways. After assessment of phenotypic 
stability by cultivation over 10 generations, biomass productivity of the novel strains was compared 
against the wildtype since higher growth usually leads to higher productivity of target compounds. The 
six best-performing strains had similar or higher (up to 50%) growth rates than the wildtype and 
different hues, ranging from orange, yellow and light green to dark green. When these strains were 
scaled up in 1-L fermenters, their productivity and macroscopic appearance remained similar to that 
of the original inocula. Preliminary test trials on the two DPA-resistant strains indicated a significant 
(up to 36%) increase in Lepidium sativum (garden cress) seed germination after 3 days of treatment 
using a biomass concentration of 0.1 g/L when compared to water. To better understand which 
compounds are responsible for this effect, the biomass will be characterized by their proximate 
composition, amino acid, carotenoid profiles, and phytohormone content. In conclusion, strain 
improvement is an interesting technology to enhance the application of Scenedesmus biomass as a 
plant biostimulants source. 
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Lisa M. Schüler is part of the GreenCoLab team as a biotechnologist researcher leading the algal 
cultivation action line. Holding a BSc and MSc in Life Sciences, University of Hannover, Germany 
and a PhD in Biotechnology, University of Algarve, Portugal, Lisa has profound knowledge in 
biotechnology of microalgae, analytical chemistry, and molecular biology. Currently, her research is 
focused on strain development and improvement to enhance the contents of high-value compounds 
and the overall productivity of the strains using physiological and genetic approaches. Moreover, 
Lisa is developing detection methods of biological contamination in algal cultures using molecular 
techniques and mitigation strategies of these harmful contaminants. Her overall aim is to enhance 
the production of high-quality algal biomass as well as to develop new products and pipelines to the 
algae industries. Lisa has published 18 articles and one book chapter in international peer-reviewed 
journals and participated in several international conferences. 
 
COMPANY PROFILE  
 
GreenCoLab – Associação Oceano Verde is a non-profit private organization and a collaborative 
platform between research and industry, whose research & innovation agenda is based on the 
exploration of micro- and macroalgae as an essential component for the food, feed, nutraceutical, 
bioenergy, wastewater and cosmetic industries. GreenCoLab was granted the title of 
«Collaborative Laboratory» by the Portuguese Science and Technology Foundation. It is therefore 
formally recognized as an R&D institution and is part of the national science and technology 
system, in accordance with the Portuguese Science Law. 
GreenCoLab is composed of one research centre (Centre of Marine Sciences – CCMAR), one 
state laboratory (National Laboratory of Energy and Geology – LNEG), one university (University 
of Aveiro) and four companies, namely Allmicroalgae, Necton, Algaplus and Sparos, with the 
common goal of advancing the R&D on algae biotechnology. The GreenCoLab’s multidisciplinary 
team covers expertise across the whole algae value chain; from the lab to large scale production, 
strain optimization, scale-up, harvesting, biorefining to commercialization. 
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ABSTRACT 
 
Microalgae have been found to positively influence plant growth. The objective of this study was to 
investigate the growth-promoting effects of a Chlorella green algae strain (MACC-360) on Solanum 
lycopersicum (tomato) model plant grown under controlled greenhouse conditions. The plants were 
cultivated in pots containing a mixture of vermiculite and soil layered with clay at the bottom. Algal 
whole-cell suspensions were applied to plants via soil drench method from the first week of 
germination until the 12th week of growth.  Foliar application of algae extract prepared by 
homogenization of microalgae cells in liquid nitrogen was initiated on the fifth week of plant growth. 
We analyzed the physiological responses of S. lycopersicum to algal biomass addition and performed 
whole transcriptome analysis of unopened flower buds. Microalgae application significantly affected 
flowering, pigment content and fruit parameters. Transcriptomic studies revealed differential 
expression of several genes involved in defense and response to abiotic stresses. These results show 
the potential of microalgae to stimulate growth and enhance plants’ stress tolerance and pathogen 
resistance.  
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ABSTRACT 
 
Microalgae have caught industrial interest as promising sustainable photosynthetic production 
platforms for several compounds (i.e. proteins, hydrocarbons, fatty acids) exploitable in food and 
feed, aquaculture, and fuel sectors. However, in order to become an economically viable platform, 
these microorganisms must be optimized in solar energy conversion, carbon capture and utilization, 
and the partitioning of metabolic fluxes (1). Being light to lipid conversion one of the major causes of 
the high costs of bulk lipid production (2), how can we optimize this process? To fulfill the necessity 
for improved yields in microalgal lipid production, our research moves towards targeted strain 
selection and engineering, focusing on the oleaginous microalgae Nannochloropsis oceanica. In this 
talk, we present our recent developments on cutting-edge gene editing tools by using CRISPR-Cas 
systems (3,4), a new developed expression system based on RNA polymerase I activity (5), and 
high-throughput screening techniques, which have been successfully used for the identification and 
selection of new mutant lines. In this regard, we are expressing foreign enzymes to tailor novel lipid 
classes (6,7). Through insertional mutagenesis, we have reported the identification of novel genes 
associated with lipid metabolism, selected for their capability of accumulating lipid in standard 
growing conditions (8). Among those, we isolated and performed transcriptomic analysis for a 
knock-out mutant of a transcription factor, which shares DNA-binding domains similar to the ones of 
MYB and AP2/EREBP plant transcription factors. Mutant showed increased photosynthetic 
efficiency, upregulation of genes involved in the central carbon metabolism, sugar and fatty acid 
biosynthesis (8). 
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ABSTRACT 
 
Spirulina is an important cyanobacterial strain that is widely used as a protein supplement and as a 
rich source of the blue pigment phycocyanin. Phycocyanin is currently in high demand due to an 
increasing trend towards the use of natural dyes over synthetic dyes. Commercially, phycocyanin is 
currently produced from Spirulina. However, phycocyanin from this cyanobacteria is limited by its 
vulnerability to high temperatures, it denatures at temperatures above 50°C. Phycocyanin’s instability 
at higher temperatures reduces its use in any industrial application requiring temperatures above 
50°C. Various methods have been used to improve the thermal stability of phycocyanin, these include 
the addition of sugars, consumable acids and salts. However, these methods only enhance thermal 
stability for short periods, therefore, a more feasible approach to the production of thermostable 
phycocyanin is sought. Extremophilic species such as Galdieria sulphuraria and Synechococcus 
elongatus are potential sources of natural thermostable phycocyanin, they produce phycocyanin that 
is stable at temperatures above 60°C. However, the commercial production of phycocyanin from 
these strains is hampered by their slow growth rate and recalcitrant cell walls. In this project, we aim 
to improve the yield and quality of phycocyanin produced by Spirulina. This will be achieved by 
genetically modifying Spirulina to express thermostable phycocyanin genes from G. sulphuraria. The 
genetic modification of Spirulina was carried out through an Agrobacterium mediated transformation. 
The progress made thus far in the project includes successful transformation of Spirulina and 
Chlorella vulgaris (a freshwater microalgal strain that is used as a positive control) with thermostable 
phycocyanin genes from G. sulphuraria. The preliminary results obtained have confirmed the 
presence of the thermostable genes in the genomic DNA of Spirulina and C. vulgaris. Work is currently 
underway to characterize the transformants that were obtained, with regards to phycocyanin yields 
and thermostability.  
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ABSTRACT 
 
The industrial-scale production of high added value molecules in microalgae is limited by the growth 
performance of the latter in industrial systems. Synechococcus PCC 11901 (hereafter 
Synechococcus), a prokaryotic microalgal strain, has been recently isolated [Włodarczyk et al. 
(2020)]. This microalga showed exceptional properties suitable for large-scale cultivation. In fact, this 
microalga, using light and CO2, is a) capable of accumulating biomass in large quantities, b) has a 
rapid duplication rate, c) grows in soils with a high salt concentration and d) is genetically manipulable. 
This work focused on the engineering of Synechococcus to produce astaxanthin, a high added value 
ketocarotenoid not produced in this microalgal strain. Specifically, heterologous β-ketolase from 
Chlamydomonas reinhardtii [Perozeni et al. (2020)] and β-hydroxylase from Brevundimonas sp. SD-
212 [Menin et al. (2020)] genes were constitutively expressed. Transformed cells (hereafter called 
BC) efficiently accumulated astaxanthin (~90% of total carotenoids) during photo-autotrophic growth. 
Moreover, preliminary experiments showed that BC cells grew faster than WT cells in the presence 
of high-light and continuous bubbling with CO2, possibly because of the photoprotective activity 
exerted by astaxanthin. In the stationary phase, WT and BC cells showed a comparable biomass 
accumulation, reaching ~4g/L dcw upon only 4 days of growth in a photobioreactor. BC cells 
accumulated ~0.8g of astaxanthin per Kg of biomass produced. Of interest was the evidence that the 
synthesis of astaxanthin caused a rearrangement in the composition of thylakoidal complexes. In fact, 
sucrose gradient fractionation showed that accumulation of both trimeric Photosystem I and dimeric 
Photosystem II was impacted in BC cells compared with WT cells. It is noteworthy that this 
phenomenon did not impair photoautotrophic growth of the BC transformants. In conclusion, the 
engineered Synechococcus succeeded in accumulating astaxanthin, without impairing cell growth 
rate, making this fast-growing cyanobacterium an ideal platform for the industrial photoautotrophic 
synthesis of astaxanthin. 
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ABSTRACT 
 
Marine dinoflagellate microalgae are source of a wide variety of molecules with pharmaceutical, 
nutraceutical and metabolomic applications. The search for mechanisms and techniques to improve 
the production of molecules of interest, which in many cases are obtained at low yields, is crucial to 
their commercial exploitation. Amphidinium carterae is known to produce amphidinols, molecules of 
the polihydroxylated polycetide group with antifungal, haemolytic, antibiotic, and anticancer 
properties. In addition, its biomass contains valuable compounds such as the pigment peridinin1 and 
omega-3 fatty acids2. In this work, we cultured A. carterae in presence of different epigenetic modifiers 
for the purpose to study their effect on the cellular quota of interesting metabolites and their production 
in batch cultures. Six epigenetic modifiers were used at three different concentrations: suberoylanilide 
hydroxamic acid (SAHA), sodium butyrate (SOBUT), 5-azacitidine (5-AZA), tricyclazole (TCZ), 
metyrapone (MTY) and jasplakinolide (JASP). The results obtained, showed that the yield of total 
saponifiable fatty acids on biomass dry weight did not vary significantly with respect to the control 
culture (p<0.01), although the profile of free fatty acids varied greatly depending on the epigenetic 
chemical. For example, metyrapone, at its maximum non-lethal concentration (0.15 µM), the 
percentage of polyunsaturated fatty acids (PUFAs) decreased whereas monounsaturated fatty acids 
(MUFAs) increased. Similarly, sodium butyrate, at the highest concentration tested (0.6 mM), 
decreased PUFAs and increased Saturated Fatty Acids (SFAs). Interestingly, A. carterae grown with 
SAHA or tricyclazole produced the pigment peridinin three times more than the control at the highest 
non-lethal concentration tested for both chemicals (0.15 mM and 31.7 µM, respectively) (p<0.01). 
Thus, SAHA and tricyclazole seem to be involved in the pigment biosynthesis routes, promising 
elicitors being for the overproduction of peridinin. In contrast, the yield of bioactive molecules related 
to amphidinols -evaluated with a haemolytic assay3- showed no statistically significant difference 
among experimental and control groups. To our best knowledge, the treatment based on epigenetic 
modifiers is tested for the first time in marine dinoflagellate microalgae. Our positive results in altering 
the biomass composition of A. carterae allow considering them as a promising new approach for the 
microalgal industry. 
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ABSTRACT 
 
Economically viable microalgae companies in Northern Europe mainly produce food supplements or 
extracts for cosmetic or pharmaceutical applications. A considerably reduction in production cost 
would potentially allow entering the feed market expanding the number of producers and volumes of 
microalgae production in Europe. The dependency of importing bulk microalgae currently included 
in feeds would be reduced. One possible way of reducing production costs and simultaneously 
increasing sustainability is using sidestreams from agricultural production processes.  
 
The aim of the project ‘PhycoKult’ is 1) to develop practical and cost-effective methods to recover 
especially phosphorus from agricultural sidestreams to replace none sustainable and expensive 
basic components such as K2HPO4, KH2PO4, MgSO4-7H2O and NaNO3 in microalgae media and 
2) to demonstrate that performance of the model species Arthrospira platensis cultivated on 
phosphorus recycled originating from agricultural residue is not impaired. Pre-trials conducted so far 
confirm high phosphorus and ammonia recovery efficiencies (0.16g P2O5 per L cow urine, Figure) 
as well as similar growth performance of Arthrospira grown on media in which phosphorus 
originated from agricultural residues vs conventional growth media.  
 

 
Fig: Produced struvite (left from pig urine and right from cattle urine) containing P205, NH4 and Mg 
(left) (© A. Beyer, AWI). 
 
Presentation content at Algae Europe 
At Algae Europe we present comprehensive phosphorus and ammonia recovery efficiencies when 
recovered from cow and pig urine as well as results from growth and C-phycocyanin contents in 
Arthrospira grown on four different growth, i.e. standard Spirul Medium (SAG Göttingen), commercial 
media supplemented with commercial struvit, pre-treated cow struvite media and cow struvite media 
without a pre-treatment. Growth trial started on 13.09.2022 and will run for a period of 40-d at AWI 
microalgae facilitates applying standardized culture conditions.  
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ABSTRACT 
 
Microalgae, especially cyanobacteria, are promising as biological agents for the control of pathogenic 
fungi and soil-borne diseases in plants because they produce biologically active compounds with 
antifungal, anti-biotic and against nematodes1. In this sense, ALGAENAUTS EMFF-BEW-2020 
innovation project is focused on the development of a sustainable and eco-friendly biopesticides line 
of products for agriculture based on microalgae, produced sustainably. Technologies to be developed 
as part of the ALGAENAUTS agree with the principles of the circular economy approach thus aiming 
to achieve the integral utilization of biomass. Thus, after the extraction of biopesticides the biomass 
will be used for the production of biofertilizers, the quality of end-products being validated in field trials 
with farmers. 
Production conditions for five selected microalgae and cyanobacteria strains (fresh and seawater), 
with antifungal and bactericidal activity,  have been optimised using residual streams (wastewater 
and pig manure) as the source of nutrients. Processing of wet biomass allows for reducing the 
production cost and simply the overall production process, the final end-products being formulated 
based on extracts from wet biomass. 
The end-products are being evaluated as biopesticides for agricultural uses. Bioassays were 
performed to detect the antagonistic effect against phytopathogenic bacteria and fungi. Bactericidal 
activity of up to 14% and antifungal activity of up to 55% have been detected during the in vitro trials. 
BZN-4 strain showed a broad antifungal activity to inhibit the growth of Fusarium spp., Phytophthora 
capsici, Pythium ultimun, Alternaria alternata and Botrytis cinerea and no antibacterial activity against 
the model bacteria. Similarly, the selected marine microalgae, BZN-6 and BZN-7 showed an identical 
spectrum of action. Meanwhile, BZN-8 showed only antifungal activity against, Fusarium oxysporum, 
Phytophthora capsici and Pythium ultimum and no antibacterial activity. BZN-5 was the only selected 
strain with antibacterial activity against Xantomonas campestris and antifungal activity against 
Rhizoctonia solani, Fusarium oxysporum, Phytophthora capsica and Pythium ultimun. 
ALGAENAUTS project considers the validation of products, in collaboration with farmers, and to 
acquire of data for robust techno-economic and sustainability/LCA assessment, in addition to 
marketability and legal framework evaluation. The successful development of the project allows for 
the expansion of new sustainable biotools for agriculture. 
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ABSTRACT 
 
Parasites, pathogens, and grazers are some of the most important biological constraints of large-
scale algal biomass production. For example, fungal parasite infection significantly affects the 
astaxanthin production of Haematococcus pluvialis, reducing biomass production by up to 50% and 
astaxanthin yield by as much as 80%. Current solutions to tackle infections are not satisfactory. As 
the whole biomass is usually harvested before the contamination spreads, the culture must be 
subsequently initiated from scratch, resulting in serious yield loss. Various patents and protocols 
include mostly chemical treatments (fungicides, hydrogen peroxide). Regulation of physical 
parameters has been studied as well, but it mostly results in lower production.  
 
While we still don’t know enough about the parasite infections’ drivers in algal biomass production, 
parasites have been intensely researched in natural systems where they have already been 
recognized as significant regulators of algae population growth. Like high-density algae blooms in 
nature, intensive algal production is prone to disease outbreaks caused by pathogens and parasites. 
With mass algal production on the rise, together with an increasing number of cultivated species, a 
wide array of known and still unrecognized parasites will pose significant biological, and consequently 
economic challenges to commercial cultivation. Early detection methods based on an improved 
understanding of key abiotic and biotic drivers would thus greatly contribute to the control of parasites 
in the algal production industry, increasing safety and reducing chemical treatment of infections. 
 
ParAqua reaches out to environmental science knowledge to compile and test standardized 
procedures and rapid detection methods (molecular, real-time automated monitoring) for monitoring 
parasites in algal systems. ParAqua database will include observations of zoosporic parasites in 
biotech and nature, including their phenology, prevalence of infection, and diversity, abiotic and biotic 
conditions under which infections occur, inventory of methods for monitoring and early detection of 
infection, a compilation of infection control methods used in algal biotech weighing their feasibility and 
(cost) effectiveness. Possibilities of utilizing host-parasite relationships in new products will be studied 
as well. ParAqua thus brings together researchers, industry, and stakeholders from environmental 
studies and biomass production.  
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slaughterhouse (Waster2Return) and fruit & vegetable processing industries (LIFE AlgaeCan), 
capture and reuse of biogenic gas (Cronus), and providing circular biobased solutions for rural areas 
(BioRural). Algen is part of the COST action “Applications for zoosporic parasites in aquatic 
systems”. On the national level, Algen is involved in research of lactic acid fermentation for 
enrichment of the microalgae biomass with new nutrients, valorisation of algae for cosmetic products 
and bioremediation. Algen has designed, engineered, and built several high-grade Spirulina 
production facilities and algal systems in demo centres (Slovenia, Italy, Spain). 
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INSIGHTS INTO THE ROLE OF THE MICROBIOME IN MICROALGAE GROWTH AND 
DEVELOPMENT: MICROBIOME RECRUITMENT AND ASSEMBLY DYNAMICS IN 
NANNOCHLOROPSIS OCEANICA AND PHAEODACTYLUM TRICORNUTUM CULTIVATIONS 

Nascimento, F. X  

Quintas-Nunes, F., Bertrand, C., Reynolds-Brandão, P., Crespo T. 

Instituto de Biologia Experimental e Tecnológica (iBET), Portugal 
 
ABSTRACT 
 
Recent studies have unveiled the vital role of the microbiome in regulating and potentiating the 
development of several eukaryotic hosts, including microalgae. In this sense, beneficial symbiotic and 
mutualistic members of the microbiome can promote microalgae growth and production of bioactive 
compounds, through a variety of beneficial syntrophic relationships. On the other hand, opportunistic 
pathogens can greatly impact microalgae leading to cell lysis and disruption, and ultimately cultivation 
collapses [1,2]. Despite the known beneficial/detrimental properties of some bacterial members of the 
microalgae microbiome, not much is understood about the microbiome assembly of relevant 
microalgae such as Nannochloropsis oceanica or Phaeodactylum tricornutum nor the mechanisms 
involved in microalgae-bacteria interactions.  
In our work, a detailed characterization of the N. oceanica and P. tricornutum microbiomes was 
performed. The two microalgae were cultivated in natural waters obtained from two distinct locations 
in Portugal and microbiome assembly studied throughout cultivation times. Members of the 
microalgae microbiomes were isolated and characterized.  
The obtained results demonstrated different microbiome recruitment and assembly abilities, as well 
as different growth performance by the two different microalgae despite being cultivated in identical 
waters. Moreover, different water sources induced similar microbiome compositions in both 
microalgae, suggesting a strong selection of the microbiome by the microalgae host. The microalgae 
microbiome assembly occurred differently throughout the cultivation time, indicating that this is a 
highly dynamic process. The characterization of the bacterial members of the microbiome revealed 
different activities (e.g., production of phytohormones, lytic enzymes) between the different members. 
Lytic enzymatic activities were found in specific bacterial groups. 
Ultimately, the obtained data brings new relevant insights into the importance of microbiome assembly 
and function in N. oceanica or P. tricornutum cultivations which may be key to the development of a 
wide range of industrial applications. 
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ABSTRACT 
 
The growing demand for natural products, sustainable food and renewable energy sources led to a 
rapid growth in the microalgae research field. Microalgae were found to be rich in vitamins, minerals, 
proteins, lipids and carbohydrates, extremely useful active ingredients, drawing the attention from the 
food, cosmetic and nutraceutical industries. Advances in technology enhanced the production and 
recovery of microalgal compounds. Now, the challenge is to find an efficient, high quality, sustainable 
and scalable system, to fully explore the potential of microalgae as a rich and natural source of such 
high-value compounds. 
EXTRATOTECA is a 4-year project funded by the Portugal 2020 program aiming to develop a 
microalgae “extract bank” with worldwide relevance. A catalogue of selected extracts is being 
developed from isolated strains available in the consortium culture collection and is expected to be 
validated by relevant stakeholders. 
Throughout the project, several production technologies and strategies were evaluated for each strain 
in order to promote the synthesis of high value compounds. At A4F, at pilot scale, a total of 12 strains 
(Arthrospira sp., Chlorella sp., Dunaliella sp., Galdieria sp., Haematococcus sp., Lobosphaera sp., 
Nannochloropsis sp., Odontella sp., Phaeodactylum sp., Porphyridium sp., Tetraselmis sp. and 
Tisochrysis sp.) were cultivated using several production technologies, such as raceways, flat panel 
and tubular photobioreactors. Also, different extraction processes (solvents, ionic liquids, super-
critical liquids, ultrasounds, high pressure homogenization and electric fields) and methodologies for 
production and stabilization of extracts were developed by project partners. As this project’s targets 
were the health, cosmetics, food, feed and fertilizers markets, the most sustainable technologies (high 
pressure processing and pulsed electric field) were selected. These technologies do not require the 
use of chemicals or preservatives, and also reduce waste production, cause lower emissions and 
improve shelf-life capabilities. 
In the final stages of the project, the potential applications for the microalgae extracts will be 
determined by a full chemical, biochemical and functional characterization of both biomass and 
integral extracts. 
In this communication, an insight into the microalgae extracts production and subsequent bioactivity 
determination and application potential will be given. 
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ABSTRACT 
 
To increase the global economic impact of microalgae photobioreactors the use ofiIn these situations, 
light absorption by microalgae is usually the bottleneck for culture growth (, y más referencias). 
Because of microalgae's own shadow a photobioreactor necessarily contains illuminated and dark 
zones. The movement of fluid particles between these zones unavoidably subjects the cells to 
fluctuating illumination and thus defines different time scales of irradiance. 

During photosynthesis, a microalgae photosynthetic unit that is in a non-activated state is first 
activated by absorbing photons. In subsequent steps, the activated photosynthetic unit is consumed 
in enzyme-mediated reactions to return to its non-activated state, providing energy for maintenance 
and producing biomass (). The photosynthetic activation-deactivation has a characteristic time scale, 
t_ad < 1 s and is related with the well-known “flashing light effect”. 

A larger characteristic time (t_cr) can be defined as the time required for a cell to go from having 
photosynthetic activity to carrying out cellular respiration and vice versa. A third characteristic time 
can be defined in relation to the photoinhibition effect, a much slower phenomenon than the previous 
ones, with a characteristic time t_f ~ 1 h. Also, phytoplankton slowly respond to the amount of light 
available by varying the size and concentration of the photosynthetic units by photo-acclimation 
(t_ac). 

The objective of this work is to improve the efficiency of light use by optimizing the trajectories of fluid 
particles, to adapt their irradiance time scales and thus allow microalgae cells to make the most of 
the available light. To achieve this, we use: 

• CFD (Computation Fluid Dynamics) for the design of the photobioreactors dynamic models of 
light integration 

 
to determine  trajectories of fluid particles, theand the flow power consumption. 
increase the oxygen production rate usingphotobio maintaining low power consumption and CAPEX 
 
Keywords 
Light integration, photobioreactor mixing, dynamic models, time scales, CFD 
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Simulation of cell trajectories around an airfoil using Computational Fluid Dynamics. 
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ABSTRACT  
 
Microalgae are crucial sources for meeting the global population's needs in terms of more 
sustainable food supplies, specifically concerning lipid demand. Microalgae produce a wide range 
of high-value lipids, including omega-3 and omega-6 long chain-polyunsaturated fatty acids (ω-3 and 
ω-6 LC-PUFAs), neutral lipids, and more complex lipids, which have important roles in cell structure, 
such as glycolipids and phospholipids [1]. Nannochloropsis gaditana is one of the most promising 
microalgae specie for producing valuable lipids due to the relatively high lipid content and excellent 
lipid composition containing ω-3 LC-PUFAs, mainly eicosapentaenoic acid (EPA, 20:5) [2]. However, 
the complexity of Nannochloropsis gaditana lipids and their potential biological activities remains 
largely unexplored. In this work, the use of enzyme-based methods in combination with ultrasounds 
was investigated as eco-friendly approaches to produce high-quality lipid extracts from this 
oleaginous microalga. Moreover, the effect of the green approaches on the lipidome profiles and the 
bioactivity of microalgal lipids were also investigated to evaluate the potential of these valued lipids in 
health and food applications. A novel lipidomics workflow was applied for the analysis of the lipidome 
of Nannochloropsis gaditana based on liquid chromatography high-resolution mass spectrometry 
(LC-HRMS). Different lipids containing ω-3 and ω-6 LC-PUFAs of nutritional importance were 
identified, including neutral and polar lipids, such as triglycerides (TG), diglycerides (DG), 
phosphatidylcholines (PC), as well as galactolipids, including monogalactosyldiacylglycerols 
(MGDG), and digalactosyldiacylglycerols (DGDG). The lipid composition differed from the extraction 
methods applied depending on the enzymatic solution used, leading to enriching the extracts with 
different lipid classes. In terms of bioactivity, the cytotoxicity of the produced lipids was assessed by 
comparing human colon cancer cells (HCT 116) and epithelial nontumorigenic immortalized cells 
(HCEC-1CT). Results suggest that the lipid extracts have a selective cytotoxic effect, reducing the 
viability of the colon carcinoma cells but not the nontumorigenic cells. Thus, this multidisciplinary 
approach clears up the lipidome of Nannochloropsis gaditana, and at the same time, provides new 
eco-innovative methods for extracting valuable lipids enriched in ω-3 and ω-6 LC-PUFAs from 
microalgae with promising biological properties.  
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ABSTRACT 
 
Spirulina (Arthrospira platensis) is a photosynthetic cyanobacterium rich in pigment-protein 
complexes, the phycobiliproteins. C-phycocyanin (C-PC) is the major phycobiliprotein found in 
Spirulina, achieving up to 20% of its dry weight. It is a blue and water-soluble pigment, commonly 
extracted with saline and buffer solutions. Freezing/thawing, bead milling, mixing, and 
homogenization are the most used techniques for C-PC extraction. However, they are time- and 
energy-consuming and often lead to low C-PC purity extracts. Moreover, C-PC has low stability 
requiring the addition of stabilizers (e.g., sugars, CaCl2, citric acid) to delay its degradation and enable 
its industrial application [1]. Calcium-alginate matrices have been investigated for protein delivery 
systems showing relevant outcomes for retaining and releasing proteins from food products along the 
gastrointestinal tract [2]. Thus, in this work, Spirulina biomass was immobilized in calcium-alginate 
beads (SAC), promoting C-PC recovery in the aqueous crosslinking solution while the biomass keeps 
retained, facilitating separation steps. SAC beads were prepared from a mixture containing the 
Spirulina biomass powder and alginate at 2% (PC2%) and 4% (PC4%) and formed by ionic gelation 
upon being added dropwise to the CaCl2 crosslinking solution. Four Spirulina:CaCl2Solution (S:S) 
ratios were studied (1:33, 1:42, 1:83, 1:125 (w:v)). The C-PC was quantified according to [3], and the 
C-PC purity was determined by [4] after 24 h of extraction at room temperature. From the C-PC 
concentration (mg mL-1), the C-PC extraction yield (mg g-1

biomass) was found. Higher S:S ratios result 
in higher C-PC extraction yields for both used calcium-alginate concentrations (2 and 4%) (Figure 1). 
For all studied S:S ratios, the PC4% extracts presented purities higher than those established for food 
grade (≥ 0.7). For PC4%, the higher obtained purity (0.83) corresponds to the 1:42 S:S ratio. For 
PC2%, the higher purity (0.68) was found for the 1:83 S:S ratio. Overall, the proposed technique 
enables the C-PC release to the CaCl2 solution, an investigated C-PC stabilizing agent, achieving 
food-grade purity at relevant extraction yields. Besides, high levels of protein (≥ 30 % DMB) still 
remain in the SAC beads, which can be further valorized within a biorefinery concept [5]. 
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Figure 1: C-PC extraction yield (mg g-1

biomass), purity (absorbance ratio A615/A280), and visual 
appearance for different calcium-alginate contents (2% (PC2%) and 4% (PC4%)) and 
Spirulina:CaCl2Solution ratios (w:v) (1:33, 1:42, 1:83 and 1:125). 
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ABSTRACT 
 
In plankton communities, microalgae and heterotrophic bacteria can establish relationships that 
benefit both partners[1]. These relationships have been gaining more attentions these days due to 
their potential applications in large scale microalgae culturing[2], opening the doors to the discovery 
of new products of interest. It has been shown that bacteria cannot just have a protective effect 
against predators, but also to promote their growth parameters[3]. Some work has been done to 
better understand these interactions between cyanobacteria and bacteria, with particular emphasis 
on quorum sensing[4], whilst the relations between eukaryotic microalgae and bacteria are not well 
understood, with most of the works focusing more into understanding the effect on bacterial growth. 
This gathers more importance when considering the difficulty of axenification of certain 
biotechnologically relevant species. In the current work, we try to emphasise the effect of bacterial 
metabolites on the physiology and the growth of the green algae Monoraphidium sp., isolated in 
Antarctica, which has shown potential to produce biotechnological important compounds[5]. Using 
classical culturing methods, we have managed to isolate some of the bacteria closely associated 
with this Monoraphidium sp. We have tried to isolate some of the closely associated bacteria and 
identify them. One of the bacteria isolated showed enhancements in the production of a 
biotechnologically important pigment, Lutein. Our results have demonstrated the potential role of 
bacterial metabolites, possibly via quorum sensing in the regulation of Lutein production and show 
that these processes might play a key role in epibiont-algae interactions.  
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REDWINE LCA: CO2 FROM WINE FERMENTATION TO PRODUCE CHLORELLA AS 
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ABSTRACT 
 
Climate Change is a serious worldwide concern. Among all the production sectors, the food industry 
is a major contributor to greenhouse gas (GHG) emissions, accounting for an estimated 29% of all 
anthropogenic emissions. These emissions have an impact on the global climate, affecting resource 
availability and food production. The wine sector is under pressure, with studies showing the 
possibility of vast portions of Europe on the Mediterranean coast will become completely inhospitable 
to grape production by 2050 (Mozell and Thachn, 2014).  
 
In this context, REDWine project aims to contribute to climate change mitigation by using CO2 from 
red wine fermentation off-gas and liquid effluents to produce Chlorella and valorize it as feedstock for 
the industry (food, cosmetics, and agricultural products). This objective will be achieved through the 
efficient capture, storage, and supply of wine fermentation off-gas (mainly composed of CO2 (>90%)), 
to be used to feed microalgae production systems, along with the liquid effluent resulting from washing 
wine fermentation tanks.  
 
To ensure the best environmental performance of REDWine processes and configurations, a life cycle 
assessment (LCA) study (ISO, 2006a, 2006b) is being carried out from an early stage of the project 
and the preliminary results obtained so far will be presented. The selected REDWine process 
configuration will be fully evaluated, and a final comparison will be made with the competing 
technologies currently used. In addition to the reduction of climate change impacts, other 
environmental impacts, such as water footprint, toxicity and eutrophication are expected to be 
decreased due to the reduction in the use of freshwater and chemical products. Specifically, the 
REDWine system is expected to contribute to reducing GHG emissions (expressed in CO2 
equivalents) by at least 20%. First scenarios have been carried out comparing wine production using 
conventional technologies (Neto et al., 2012) and using the REDWine system operating in Palmela, 
Portugal (where will be implemented). The results show that REDWine solutions will provide direct 
GHG emission savings of about 30%, from 2.45 kgCO2eq to 1.78 kgCO2eq per bottle of wine 
produced.  
 
A4F, IPS, LNEG, and AVIPE (Portugal), NOVIS (Germany), IDENER, LEITAT, and LIPOTEC 
(Spain), ALGAMA and COLDEP (France), and PERVATECH (Netherlands) contribute with data for 
the LCA study. 
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ABSTRACT 
 
Life Cycle Assessment (LCA) has been used for more than 20 years to assess the environmental 
impacts of algae systems. The diversity of algae species, cultivation techniques, and conversion 
pathways has led to unique algae system designs. In addition, methodological choices made by LCA 
practitioners in the goal and scope and Life Cycle Inventory stages increase the variability of LCA 
results, therefore reducing their comparability. This study analyses the influence of methodological 
choices such as the functional unit, method to handle co-products, and approach to consider carbon 
capture, storage, and release on the environmental impacts of algae systems. Based on a case study, 
guidelines to improve the transparency and reproducibility of LCA studies are then provided. The case 
study focuses on a novel European biorefinery for phycocyanin production from Arthrospira platensis 
(hereafter simply referred to as Spirulina). An environmental LCA was conducted based on real pilot 
scale data collected in the frame of the SpiralG project (H2020-BBI). Two scenarios were compared 
to evaluate the effect of mitigation strategies and technological improvements on the environmental 
impacts of the biorefinery. The databases were built with the Activity Browser while the calculation 
were performed using the Brightway LCA framework and additional Python scripts. The LCIA method 
ReCiPe midpoint (H) v1.13 was selected. Our LCA results show the benefits of using waste heat from 
co-located anaerobic digestion plants for Spirulina cultivation and biomass pre-processing. 
Technological improvements help further reduce the  electricity consumption in the phycocyanin 
extraction and co-products treatment stages. Combining these novel techniques, we can significantly 
mitigate the impacts of the SpiralG biorefinery on climate change. To conclude, LCA studies published 
over the past 20 years have lacked justifications regarding the methodological choices made by 
practioners. The introduction of guidelines on algae systems is therefore the first step towards 
improving the transparency and reproducibility of LCA studies.  
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ABSTRACT 
 
Microalgae production is a growing industry due to its increasing application in the food, feed, 
cosmetic, and nutraceutical sectors. However, there is still debate on the real environmental 
sustainability of algae production on a large scale compared to other agricultural products. This study 
tried to answer this sustainability question using Life Cycle Assessment (LCA) to understand what 
can be done to improve the production process in terms of the environmental impacts' hotspots. 
Tetraselmis sp. was produced at large scale (in a 150-m3 tubular photobioreactor) at Allmicroalgae – 
Natural Products S.A. (Pataias, Portugal) [1], representing the largest microalgae production trial data 
to be used for an LCA, to date, within the literature. LCA methodology was applied to assess the 
environmental impacts of producing 1 kg of Tetraselmis sp. algal powder at the Allmicroalgae 
production facility following the principles of ISO 14040/44 and using the free open source OpenLCA 
v.1.10.3 software with the Ecoinvent 3.3 database [2]. A cradle-to-gate approach was adopted with 
no allocation procedure and ReCiPe Hierarchist Midpoints indicators as impact categories. Results 
showed that the major impact of microalgae operational production was electricity usage by the 
pumps during the cultivation. In terms of land and water use, microalgae production is a far better 
solution than soy-based feedstocks. However, advances in the microalgae production process need 
to be considered to compete in the other impact categories. Improvements to the current production 
systems demonstrated the potential to increase the system's sustainability, decreasing the 
microalgae production environmental impacts and making it more competitive. Some examples 
analyzed were increased productivity, usage of CO2 emitted from a cement factory, better 
infrastructure design (with longer lifetime and more sustainable materials), and use of renewable 
energy sources (such as solar energy). These modifications in the process and facility design could 
decrease, for example, the climate change impact by 72% and water depletion impact by 63%. 
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ABSTRACT 
 
Anaerobic digestion (AD) is the biological process where organic matter is converted into biogas 
through multiple biochemical reactions occurring in the absence of oxygen. The main by-product of 
AD, also referred as digestate, represents a nutrient-rich substrate containing a large variety of 
nutrients including ammonium, phosphate and various minerals [1]. In this context, microalgal 
cultivation appears as a sustainable and promising technique to valorize AD digestate while producing 
a valuable algal biomass [2]. However, several factors such as high turbidity and high ammonium 
concentration still limit the utilization of raw digestate without pretreatments requirements (filtration, 
dilution, etc.) [3]. 
 
The aim of this study was to determine the optimal culture conditions in order to enhance Spirulina 
growth and nutrient uptake using AD digestate. Different dilutions factors (10x, 20x and 50x) as well 
as source of inorganic carbon (NaHCO3 or CO2) were tested during cultivation assays in 6 L flat panel 
bioreactors.  
 
At dilution rates of 20x and 50x, Spirulina was able to proliferate as soon as a source of inorganic 
carbon was added to the cultivation media, with different growth profiles depending on the conditions. 
However, even if NaHCO3 or CO2 were supplied to the system, a dilution factor of 10x did not promote 
any algal growth, probably due to the high concentration of ammonium (223 mg/L). At a dilution rate 
of 20x, the addition of 8 g/L of NaHCO3 generated the highest growth rate of 0.22 d-1 while the injection 
of CO2 produced up to 1.03 g/L of algal biomass after 15 days of cultivation. Regarding the nutrient 
uptake, pH regulation to 8.5 with CO2 injection allowed an ammonium removal of 98.9%, reducing 
significantly the volatilization of ammonia, as observed in the culture not supplemented with source 
of inorganic carbon. The experimental finding highlighted the importance of pH regulation to avoid 
any ammonia loss and promote ammonium assimilation by microalgae.  
 
In conclusion, coupling AD and microalgal cultivation presented the double advantage of reducing the 
use of chemical-based nutrient while contributing in the bioremediation of excess nutrient and 
biogenic CO2 generated by AD units within the concept of circular economy.  
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ABSTRACT 
 
The Norwegian urban wastewater treatment plants are responsible for the disposal of annual 900 
tons of phosphorous and 15,000 tons of nitrogen, which play a further role in the eutrophication of 
the natural water bodies. Despite the low concentration of those nutrients in the treated wastewater, 
at the final step of the secondary treatment, additional measures can be taken for their depletion. 
ALGECO project (www.alg.eco) aims to use NORCCA’s filamentous algae as a resource for 
bioremediation of urban wastewater and promote a green shift in the sector. NORCCA, the 
Norwegian Culture Collection of Algae, hosts more than 2000 algal strains, most collected from the 
Arctic and other Nordic regions, representing the most valuable biological and chemical resource of 
the Microalgae Section in the Norwegian Institute for Water Research. Several NORCCA’s 
filamentous algae strains were screened using a high throughput system, and five with the highest 
growth rates on clean wastewater supplied by the Oslo city treatment plant were identified. Those 
strains are currently being used to develop a low-cost integrated cultivation platform for later 
implementation as a tertiary wastewater treatment. Batch experiments ran in 1,000 L raceway 
ponds have demonstrated a significant nutrient load reduction in the treated wastewater. The 
operational parameters are currently under optimization in close collaboration with the Oslo city 
treatment plant to successfully implement the developed system on site. Additionally, studies on 
utilizing the produced biomass as a biofertilizer or soil conditioner will follow to use the available 
resources fully. 
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ABSTRACT 
 
Climate-related land degradation and desertification threaten around half of EU member states. In 
Hungary, wind and water erosion affects 2.3 million hectares of land. One of the most important 
indicators of soil degradation is the water retention capacity of the soil. Therefore, the primary 
objective is to maintain or increase it. Due to their adaptation to extreme enviromental conditions, soil 
algae can survive in drought-stricken areas. With their contribution, biological soil crusts can be 
formed on the top layer of the soil. Soil crusts can stabilize the surface of the soils, enhance the water 
retainment, thus indirectly contributing to the settlement of higher order vegetation. Therefore, soil 
algal cultures can be applied to inoculate desert, steppe and eroded areas. The basis of our 
demonstrated soil crust-forming technology is the Klebsormidium bilatum filamentous green soil algae 
isolated by Albitech Biotechnology Ltd. In 2020, we examined the impact of algal inoculation on brown 
forest soils in sloping arable land. We measured the extent of soil degradation by artificial rainfall 
simulation, carried out soil moisture, aggregate stability, macro- and microporosity, and soil crust 
structural tests. According to porosity tests and soil moisture measurements, the formed algae crusts 
on the soil surface had a beneficial effect on the soil structure. The more favourable 
micromorphological structure also caused the deeper layers of the soil more aerated, which had a 
positive effect on the hydrological properties of the soil. The established algae layer and the 
improvement in soil structure contributed to a reduction in soil losses caused by water erosion. As a 
result, we also experienced an increase in yields of corn and spring barley in sloping areas treated 
with soil algae.  
 
The project was supported by MKI-2018-00034 grant and the National Multidisciplinary Laboratory 
project NKFIH-872 of the National Research, Development and Innovation Office, Hungary. 
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Congress of the Hungarian Society for Microbiology, 2018) Research area: the role of biological soil 
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COMPANY PROFILE 
 
Albitech Biotechnology Ltd. is a dynamically developing Hungarian enterprise established in 2007 
aiming at microalgae research and development of microalgae-based products for agricultural 
purposes. We work with monocultures (only one type of algal strain is present during 
photofermentation), so no other algae that could change the properties of the culture broth should 
be included in the product. Our company ensures the constant quality of the products by using 
closed photofermentation systems and continuous quality control. During our operation, we have 
collected more than 100 different soil and aquatic microalgae strains. The culture collection provides 
us the opportunity select the most suitable strains for our goals. Our main research topics are 
screening algal cultures for biologically active molecules, algae-bacteria co-cultivation experiments, 
investigating the effect of microalgae inoculation on the soil. 
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REUSING EFFLUENTS FROM AGRICULTURE TO UNLOCK THE POTENTIAL OF MICROALGAE 
(REALM) 
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Necton - Companhia Portuguesa de Culturas Marinhas S.A., Portugal 
 

ABSTRACT 
 
The recently European-funded research project REALM, which stands for “Reusing Effluents from 
Agriculture to unLock the potential of Microalgae”, aims to transform nutrient-rich drain waters from 
soilless farms into value. The concept relies on a decentralised production of microalgae at reduced 
costs while treating hydroponic greenhouse drain water, thus mutually increasing the circularity and 
profitability of microalgae production and soilless farming. 
Previous studies have shown the feasibility of this concept at a small scale, and now REALM aims to 
demonstrate it at an industrial scale and European level. Accordingly, two validation facilities (>1 m3) 
in Northern Europe (the Netherlands and Finland) and two demonstration facilities (~1 ha) in Southern 
Europe (Portugal and Spain) will be installed. All facilities will be optimised to match the necessities 
of their operating conditions, including the drain water composition, weather conditions and chosen 
strains. These facilities will operate under a turbidostat or chemostat regime (continuous harvest) for 
maximum productivity and minimal nutrient disposal. The demonstration facilities, located next to key 
drain water inputs (hydroponic crops), will be composed of cultivation and harvesting units powered 
by photovoltaic energy. An automatic cloud-based control and monitoring system based on predictive 
models and novel sensors will assist and improve production. Downstream processing units will then 
use a biorefinery approach to develop microalgae-based products, namely agrochemicals and 
aquafeed. In addition, a business model will be developed to propose the concept of multiple 
decentralised microalgae production facilities next to soilless greenhouses serving a centralised 
processing facility. This concept will offer sustainable water treatment technology to farmers all over 
the EU by closing the nutrient loop and is expected to reduce microalgae production costs increasing 
the competitiveness of the proposed microalgae-based products while targeting several objectives of 
the European Green Deal.  
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Mariana Carneiro has completed her Lic. Degree in Environmental Sciences and Technology in 
2010, an MSc degree in Marine Biology in 2012, and a PhD in Chemical and Biological Engineering 
in 2021 from the University of Porto. Her PhD thesis was focused on the assessment and 
improvement of microalgae biomass productivity, which included collaborations with several 
universities and institutes, including the University of Santiago de Compostela (USC) in Spain, the 
Institute of Ecosystem Study (ISE) of the National Research Council (CNR) in Italy, the Centre of 
Marine Sciences (CCMAR) from University of Algarve (UAlg) from in Portugal, and the Centre 
Algatech in the Czech Republic. After concluding her studies, she started to work at the microalgae 
company Necton S.A. in 2021, where she performs as a project manager and oversees process 
optimisation or innovation needs within the microalgae production scope, among others. 
 
COMPANY PROFILE 
 
Established in 1997, Necton is the oldest company in Europe that specialises in the cultivation and 
commercialisation of microalgae. The company was set on an ideal location to grow these 
microorganisms in the natural park of Ria Formosa on the sunny south coast of Portugal. 
Throughout the years, the company acquired extensive knowledge in cultivating marine, freshwater, 
and hypersaline species. Necton’s current portfolio includes over 30 species, such as 
Nannochloropsis oceanica, Tisochrysis lutea, Phaeodactylum tricornutum, Tetraselmis chui, 
Porphyridium cruentum, and Skeletonema costatum. To produce the microalgae biomass the facility 
relies on more than 100 m3 of horizontal tubular photobioreactors and a 200-m3 raceway pond. 
Necton’s growth is supported by a continuous R&D effort that includes participating and managing 
several national and European-funded research projects. Through this effort, Necton was able to 
achieve scientific, technological and market knowledge of microalgae cultivation and applications 
for the aquaculture and cosmetic sectors, among others. The company’s history, experience and 
constant collaboration with universities, research organisations and other companies have made 
Necton one of the leading European companies in microalgae biotechnology. 
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ABSTRACT 
 
Algae-bacteria processes in wastewater are promising for reducing the energetic demand due to 
oxygenation, since microalgae produce the oxygen supporting the growth of bacteria [1]. Here we 
present an outdoor experiment carried out in Rennes, France, in raceway ponds treating agricultural 
digestate under a greenhouse. The objective was to validate the predictions of the numerical ALBA 
(ALgae-BActeria) model [2], which pointed out conditions of strong competition for CO2 between 
microalgae and nitrifiers, despite a pH regulation process [3]. Low inorganic carbon concentrations are 
known to hinder the process efficiency and to be favourable for N2O production by nitrifiers [4]. The 
model highlighted that increasing the medium alkalinity could allow a higher inorganic carbon storage 
capability, avoiding then this unexpected CO2 limitation for a pH controlled process [5]. 
 
The experiments consisted in testing various level of ammonium/alkalinity ratios and recording the 
dynamics of the process. The experimental protocol was designed using model simulation accounting 
for the local meteorology [6]. We developed a dedicated protocol to measure N2O, based on salt-
induced stripping by adding NaBr [7]. 
The experiments demonstrated that increasing alkalinity allowed to strongly boost the dissolved CO2 
level in the culture, and finally enhancing algal productivity. Moreover, production of N2O turned out 
to be triggered in the raceways with the lowest level of CO2. 
 
These experimental results will contribute to improve the N2O production sub-model, in order to more 
proactively avoid conditions of N2O emissions in industrial scale applications. This approach will offer 
new insights in algae-bacteria processes, guiding the design of optimal operational strategies, and 
finally making this process more environmental friendly. 
 
Keywords 
N2O emissions, Alkalinity, Modelling, Inorganic carbon, Wastewater  
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Graduated in Environmental Engineering at University of Florence, within her M.Sc. thesis she was 
in charge of the experiments and the modelling of a granular sludge reactor for wastewater 
treatment. 
From November 2017, she was a Ph.D. student in Environmental and Infrastructure Engineering at 
Politecnico di Milano, focusing on mathematical modelling of algae/bacteria systems for wastewater 
remediation. She spent one year at the INRAE (Narbonne), to calibrate and validate the model on 
long-term datasets. After defending her Ph.D thesis in March 2021, she got a Postdoc position in 
the INRIA-BIOCORE team, where she worked on the optimization of algae-bacteria systems. Since 
September 2022, she is a permanent researcher at INRIA-BIOCORE team. She is focusing her 
research work on experimental design and modelling for N2O emission estimation from outdoor 
algae-bacteria cultivation for wastewater remediation, hybridizing different modelling techniques 
involving Artificial Neural Networks. In October 2022 she was awarded with the price For Women in 
Science, L’Oréal UNESCO. 
 
COMPANY INFORMATION 
 
The goal of the Biocore team is to contribute to environment preservation, develop new renewable 
energy sources and avoid water pollution or the use of chemicals for crops. Biocore is an 
association between Inria, INRA, CNRS and Sorbonne University. Biocore is designing models to 
understand, optimize microalgae-based processes and assess their environmental impact. We have 
been working 20 years in association with the Laboratory of Oceanography from Villefranche 
(Sorbonne University) on CO2 uptake by microalgae (atmospheric or industrial), their response to a 
nitrogen deficiency, in particular to stimulate the production of carbon reserves (lipids and sugars). 
Biocore developed an automated computer-controlled platform from liter to m3 to grow microalgae in 
highly controlled conditions and automatically sample, filter and analyze the biomass and remaining 
nutrients. Biocore has been involved in several national and international projects and coordinated 
five of them. 
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EFFECTIVE CONVERSION OF ATMOSPHERIC NITROGEN INTO CYANOPHYCIN: 
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ABSTRACT 
 
A sustainable, green economy must be created to address global challenges. Nitrogen, the principal 
component of amino acids and proteins, is currently isolated from the air by the relatively expensive 
and energy-dependent Haber-Bosch process that converts atmospheric nitrogen into ammonia, a 
toxic and dangerous compound, for the needs of chemical industry and agriculture1.  
Diazotrophic cyanobacteria, a group of photosynthetic prokaryotes, can naturally fix atmospheric 
nitrogen, driven by the power of solar energy, and convert it into organic nitrogen-containing 
compounds. The fixed nitrogen can be deposited in the form of proteins or cyanophycin, also known 
as CPG (cyanophycin polypeptide granules). Cyanophycin is a non-ribosomally produced amino acid 
polymer composed of an aspartic acid backbone and arginine side groups. Cyanophycin is insoluble 
under physiological conditions and is accumulated in the form of granules in the cytoplasm and in 
heterocysts2.   
We have developed a methodology for the isolation of CPG over-accumulating mutants of the 
diazotrophic strain Nostoc sp. PCC 7120 by selecting them on media containing canavanine, a toxic 
analogue of arginine3. We isolated mutant strains accumulating 1.5 to 2-fold more cyanophycin than 
the wild type depending on cultivation conditions. The mutant strains demonstrate 30% higher 
volumetric cyanophycin production in optimal conditions. We sequenced the genomes of the isolated 
mutants and identified shared and unique mutations in several candidate genes that may be involved 
in the regulation of cyanophycin accumulation and offer potential targets for genetic 
manipulation.  Overall, we can conclude that we developed a promising platform for the biological 
conversion of atmospheric nitrogen into a valuable nitrogen-rich compound.  

The research is funded by the Israeli Ministry of Science grant 3-1736 and the Italian Ministry of 
Foreign Affairs and International Cooperation (MAECI) under award protocol number 
MAE01432042020-12-03, CUP C99C20001980005 
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accumulation in diazotrophic cyanobacteria. 
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ABSTRACT 
 
Engineered tissues have the potential to be applied as implants to replace damaged or diseased 
tissue or as models to study diseases or potential treatments in vitro. However, it is still a big challenge 
to create larger 3D living tissues, which is in part due to a mismatch in oxygen levels in the fabricated 
constructs. Microalgae are unicellular photosynthetic microorganisms, therefore oxygen producers, 
that can be easily cultured and 3D bioprinted1-3 and could be a biological solution to solve the 
mismatch challenge. However, proper microalgae strains that can be used for engineered tissue 
constructs need to be screened due to the differences between algae and tissue cultivation conditions 
such as pH, temperature, and osmolarity. In addition, the oxygen level should be monitored and 
controlled to meet the specific oxygen requirements of different tissues. In this project, 10 microalgal 
strains, i.e., Chlorella sorokiniana, Spirulina platensis, Chlamydomonas reinhardtii CC124, 
Chlamydomonas reinhardtii CC1690, Tisochrysis lutea, Picochlorum sp., Tetraselmis sp., 
Synechococcus sp., Leptolyngbya sp., and Nannochloropsis oceanica were cultivated in both algae 
and tissue (cartilage, liver, and heart) media at 25 and 37 °C, respectively. The oxygen production 
rates of the microalgal strains that can grow well with tissue media were monitored using a Biological 
Oxygen Monitor. Following, models were built to predict oxygen production at different light levels in 
different media. C. sorokiniana, C. reinhardtii, and Picochlorum sp. can grow well in algae and three 
tissue media at both 25 and 37 °C. C. sorokiniana and C. reinhardtii are better performers in oxygen 
production in tissue media, especially in the liver medium. These 10 microalgal strains are being 3D 
bioprinted by University Medical Center Utrecht and tested for printability, viability, and biological 
functionality. This project opened new possibilities for using living microalgae in tissue engineering 
and also shows great potential for other applications in regenerative medicine. For example, we are 
currently investigating the possibilities to use 3D bioprinted living microalgae for wound healing, i.e., 
providing oxygen for faster skin-tissue repair. This research is funded by the alliance TU/e, WUR, UU, 
UMC Utrecht and the NWO Open Competition Domain Science XS (no. OCENW.XS22.1.042). 
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Wageningen University is the only university in the Netherlands to focus specifically on the theme 
‘healthy food and living environment’. Wageningen is one of the top-ranked universities in the world. 
According to influential university rankings, the university ranks the world’s best in the field of 
Agriculture & Forestry. 
Bioprocess Engineering chair group (BPE) teaches and develops innovative bio-based processes. 
We work on a sustainable and healthy future by engineering efficient bioprocesses for high-quality 
products. We study and develop photoautotrophic and heterotrophic production systems for 
biobased products, as well as high-quality processes for the production of biopharmaceuticals. BPE 
operates the biggest algae production and research centre (AlgaePARC) in Europe, with 
collaborations with more than 50 industrial and 25 academic partners. 
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ABSTRACT 
 
The most studied and cultivated microalgae have a temperature optimum between 20 and 35 °C. This 
temperature range hampers sustainable microalgae growth in countries with colder periods. To 
overcome this problem, psychrotolerant microalgae, such as the snow alga Chloromonas typhlos, 
can be cultivated during these colder periods. However, most of the research has been done in the 
laboratory. The step between laboratory-scale and large-scale cultivation is difficult, making pilot-
scale tests crucial to gather more information. Here we present a successful pilot-scale growth test of 
C. typhlos. Seven batch mode growth periods were compared during two longer growth tests in a 
photobioreactor of 350 L. We demonstrated the potential of this alga to be cultivated at colder ambient 
temperatures. The tests were performed during winter and spring time to compare ambient 
temperature and sunlight influences. The growth and CO2 usage were continuously monitored to 
calculate the productivity and CO2 fixation efficiency. A maximum dry weight of 1.082 g L-1 was 
achieved while a maximum growth rate, maximum daily volumetric and areal productivities of 0.105 
d-1, 0.110 g L-1 d-1 and 2.746 g m-2 d-1, respectively, were measured. Future tests to optimize the 
cultivation of C. typhlos and production of astaxanthin, for example, will be crucial to explore the 
potential of biomass production of C. typhlos on a commercial scale. 
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Thomas More is the largest university of applied sciences in Flanders, Belgium and offers more than 
30 Dutch-taught and a range of English-taught bachelor degree programmes & postgraduates in 
the province of Antwerp. Within Thomas More we engage in practice-oriented research and services 
and develop new knowledge, insights and innovative products or services. We apply scientific 
knowledge in specific professional situations, thus stimulating innovation in companies and society. 
RADIUS is one of the research groups and counts 18 researchers with expertise in insects and 
algae as new sources of high value components. 
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ABSTRACT 
 
Microalgal cultivation for biotech purposes has an established history of strain optimisation for growth 
and high-value product development. Historically, many works have focused on developing liquid 
cultures in various styles of photobioreactors with providing industrial relevant yields. Microalgae are 
not, however, limited to growth in suspension and many species are commonly found in natural biofilm 
communities. 

Recent evidence suggests biofilms are structurally complex, dynamic living systems where algal 
strains may express specific growth characteristics within a complex matrix. Microalgal biofilm 
communities have architectural features that contribute to population heterogeneity and consequently 
to emergent cell functions. In order to develop a deeper understanding of this phenomenon, we are 
growing the model organism Chlamydomonas reinhardtii in a bench-top mini reactor under a number 
of matrices. We are testing for example the encapsulation of algal cells in agar hydrogels and the 
growth of cells confined between membrane layers. Under all tested conditions, cell growth is 
quantified and developing biofilms are characterised using a number of existing observational 
techniques (e.g. Fv/Fm measurements, microscopy).  

We can also use fluorescent reporter lines to monitor the properties of  C. reinhardtii cells in biofilm 
matrices. The mini reactor we are using as part of the Sinergia project and the established hydrogel 
matrix will allow us to create a nitrogen gradient across two varieties of biofilm. We generated different 
promoter-mVenus reporter constructs, where mVenus expression is driven by promoters activated 
under nitrogen-limiting conditions. Different nitrogen-responsive promoters will have distinct absolute 
expression levels and various dynamic ranges. After testing these reporter lines initially in liquid 
cultures under nitrogen replete and -deplete conditions, we will also use the lines in the biofilm reactor 
to allow monitoring of algae cells grown across a nitrogen gradient. We hope in the future to use the 
generated and characterised reporter lines to section an established biofilm using a microtome and 
to investigate the genetic changes that occur in cells in a biofilm at different depths by RNAseq. These 
future experiments could significantly advance our understanding of the emergent properties 
associated with various biofilm characteristics, including nutrient exchange and lipid accumulation.  
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ABSTRACT 
 
In aquaculture, fishmeal represents the main source of aquafeeds due to its nutrient content, 
palatability, and high digestibility. However, there is increasing interest in reducing the dependence 
on this resource due to its unsustainability, cost, and supply. Microalgae have emerged as a valuable 
alternative as a feed/feed supplement due to their ability to produce essential high-added-value 
metabolites. Proteins, carbohydrates, lipids, pigments, and fatty acids - in particular, 
docosahexaenoic and eicosapentaenoic acids - are important biochemical components present in 
microalgal biomass that are crucial for the development and survival of many aquaculture species. 
Generally, microalgae are used as live feed in the early life stages of different marine organisms and 
also in the enrichment of live feed (rotifers and brine shrimp). However, the high production costs are 
one of the largest barriers to employing live microalgae as feed. In this sense, it would be cost-
effective to create alternatives such as microalgae-based products. In this study, six microalgae 
species (Chlorococcum sp., Desmochloris halophila, Tetraselmis striata, Dunaliella viridis, 
Picochlorum maculatum, and Halamphora sp.) with potential traits for marine larviculture were 
evaluated for their growth and nutritional value. The different microalgae were cultivated in bubble 
column photobioreactors, in batch, for 9 days at 20 °C, exposed to continuous LED white light (~128 
μmol.m-2.s-1), and aeration. Microalgal growth was monitored through biomass dry weight and optical 
density. The cultures were sampled on the last day of the exponential growth phase for biochemical 
analysis and were characterized in terms of proteins, lipids, pigments, and fatty acid composition. The 
most interesting nutritional profile was obtained for Chlorococcum sp. that revealed high protein 
(27.32 ± 2.59 %), lipid (12.57 ± 0.32 %) and pigment (Chlorophyll a: 46.25 ± 1.19 μg.mL-1; Chlorophyll 
b: 20.54 ± 0.96 μg.mL-1) contents. Likewise, T. striata showed high contents of polyunsaturated fatty 
acids (PUFA), mainly n-3 PUFA and n-6 PUFA, along with excellent growth performance. These 
results offer a helpful starting point for the development of microalgae-based products with a favorable 
nutritional profile and the design of large-scale production systems. 
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VIBRO FILTRATION FOR HARVESTING, CONCENTRATION AND REFINERY 

Hjelmsmark, H. 

SANI Membranes A/S 

ABSTRACT 
 
Vibro® Technology is based on the principles of crossflow filtration, but where traditional crossflow 
filtration applies turbulence to the media to keep the membranes clean, Vibro® Technology applies 
turbulence at the surface of the membrane instead. This approach offers Four distinct advantages: 
Firstly, with no stress on the media, this technology offers a very gentle filtration and enables new 
opportunities in filtration of fragile algae. Secondly, with no crossflow pump and no cooling needed, 
energy consumption can be reduced by more than 90%. Thirdly, by applying turbulence only on the 
membrane surface, pressure loss is eliminated and higher concentrations can be achieved. Users 
of Vibro® Technology has for example achieved concentrations of 150g/l Nannochloropsis and 
280g/l Chlorella, while sustaining a high flux of clean, permeated, reusable water. Fourth, Vibro® 
Technology is linearly scalable, meaning that manufacturers are ensured the same result from when 
they start with a small benchtop filtration unit to when they scale up to a large industrial unit capable 
of handling multiple cubic meters per hour. 

Vibro® Technology replaces centrifuges, hollow fibers, ceramic membranes and other separation 
techniques with a single, easy-to-use filtration unit. Vibro® Technology can be used for both batch- 
and continuous micro and ultrafiltration.  
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ABSTRACT 
 
Microalgae, diatoms and dinoflagellates are known producers of a wide variety of economically 
interesting biomolecules 1. Mass cultures of this type of microorganisms are usually carried out in 
suspension reactors 2  in which large volumes of culture must be harvested, usually by centrifugation, 
to obtain small amounts of biomass. Furthermore, the culture of these organisms could be problematic 
due to hydrodynamic stress caused in suspension-based closed photobioreactors (PBRs). Biofilm 
reactors could be an alternative to suspension reactors, since harvesting would be simpler and easier 
and hydrodynamic stress is not generated3–5. Twin layer PBR (TWPBR) is a biofilm reactor that 
consists of two porous layers, the first is the so-called support layer through which the culture medium 
continuously diffuses and the second layer is the substrate layer in which the microorganisms are 
adhered6. In the present study, different porous non-woven materials (glass microfiber, NYLON, 
cellulose acetate and printing paper of 100 g·m-2) have been evaluated as substrate layer for the 
cultivation of the marine dinoflagellate Symbiodinium voratum and the marine diatom Entomoneis in 
a TWPBR. The time evolution of the dry weight and the fluorescence of the different microalgae 
substrates layers were used as indicators of growth. The glass microfiber and NYLON were the 
materials that showed the best results for both strains. In the case of S. voratum, the increased of dry 
weight after 15 days of culture respect to the initial mass were 2.5 and 2.24 times for fiberglass and 
NYLON,  respectively.  For Entomoneis, the increase in dry weight respect to the initial mass were of 
2 times for fiberglass, and 1.67 times for NYLON. On the other hand, the continuous passage of water 
through the materials, by diffusion, showed that the printing paper did not have good qualities to be a 
suitable substrate material since this material disintegrated over time. In conclusion, our study allowed 
us to evaluate and select glass microfiber and NYLON as appropriate materials for use as a support 
layer in a TWPBR for the cultivation of S. voratum and Entomoneis. 
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ABSTRACT 
 
Toxins and other products from microalgae have high potential for the biomedical and agri-food 
industries, especially in the development of drugs and biopesticides. Among them, the benthic marine 
dinoflagellates stand out due to the high bioactivity that many of their metabolites present1. The 
production of these metabolites is very limited due to the high sensitivity to agitation of the producing 
species. For an important group of dinoflagellates such as the genus Gambierdiscus,there are no 
farming systems that allow their mass production2. Recently, the development of photobioreactors 
(FBRs) based on the immobilization of microalgae and biofilm formation has been postulated as a 
promising alternative to overcome this limitation3,4. In the FBRs where the cells are immobilized on a 
rigid support and submerged (S-FBR) in the medium, the interaction between the first layers of 
microalgae and the surface of the support are decisive for the formation of a stable microalgal biofilm. 
The key factors that determine this interaction are the nature of the solid material and the surface 
treatment of this support5. In this work we have studied: i) The surface energy of different materials 
such as; polyethylene terephthalate glycol (PETG), polycarbonate (PC), polymethyl methacrylate 
(PMMA), glass (GS), polyvinyl chloride (PVC), polystyrene (PES) and polyethylene (PE), (ii) the 
adhesion energy between microalgal cells and each material. The microalgae studied are the 
dinoflagellates Amphidinium carterae, Gambierdiscus sp., Prorocentrum lima. Symbiodinium sp. and 
the diatom Entomoneis sp., and (iii) different surface treatments in PETG and GS, selected from the 
initial adhesion experiment results. The surface treatments have consisted in applying a conditioning 
layer of proteins (BSA), of the polymer poly-L-lysine (PLL) and intra and extra cellular organic matter 
of the dinoflagellate Symbiodinium sp. (S-MOI), and the diatom Entomoneis sp. (E-MOI) from a 50day 
culture. Fig. 1 shows biofilm associated with the culture of Symbiodinium sp. (Fig.1A) and the culture 
of Entomoneis sp. (Fig.1B) from a 50 day culture. The best combination was glass treated superficially 
with S-MOI. 
 

 

 

Fig. 1. Microalgal biofilm on a glass surface on day 50 of a culture of: A) Symbiodinium sp. y B) 
Entomoneis sp. 
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ABSTRACT 
 
The identification of appropriate environmental culture conditions is a prerequisite for maximizing the 
production of any microalgal biomass and bioactives thereof. The haptophyte Chrysochromulina 
rotalis has been reported to be a producer of carotenoids, such as fucoxanthin1, polyunsaturated fatty 
acids, such as DHA2, as well as other bioactive compounds3. In this study an strain of 
Chrysochromulina rotalis was used to firstly optimize the levels of three abiotic factors (temperature, 
irradiance level and light color) in 2.5 L bubble columns operated in batch mode. In a second step, 
the optimal levels found for the three abiotic factors were used to culture C. rotalis in pilot scale 80 L 
bubble columns operated in semicontinuous mode at different dilution rates. 
All PBRs were artificially illuminated with RGBWW Light Emission Diodes. pH and temperature were 
controlled. Kx6 medium was used as culture medium. The daily average irradiance (Iavg) ranged from 
30 to 637 µmol·m-2·s-1 and temperature from 15 to 35 ºC. The effect of light color (green, red and 
blue) were also tested both from the beginning of the culture and from the stationary growth phase.  
Regarding results, an Iavg of 318 μmol·m-2·s-1 maximized growth reaching productivity values of 
biomass, carotenoids and fatty acids of 23.6, 0.08 and 0.68 mg/L·day respectively. In addition, at 25 
ºC outcomes of 26.0, 0.63 and 0.74 mg/L·day values, respectively. For green light stress, 10.3, 0.16 
and 1.3 mg/L·day values for the above-mentioned concentrations were obtained, respectively. In 
short, best growing conditions (S1) were 25 ºC and 318 μmol·m-2·s-1. Antiproliferative activity against 
4 human tumor lines reached 89.5% of growth inhibition with green light shock at stationary phase 
while control white light obtained a 60.9%. 
With these conditions once reached steady state at dilution selected, the illumination color was 
abruptly changed to green and maintained during 48 hours (S2), reaching similar values to those 
obtained in smaller scale. Within this system 45 g of biomass with a high percentage of compounds 
of interest was obtained.  
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ABSTRACT 
 
The trade-off of the photosynthetic organisms for having large light-harvesting (LH) antennas is the 
reduced light-saturation irradiance and their higher susceptibility to photoinhibition. Hence, in 
laboratory cultures of microalgae, a size reduction of their LH antennas appears to be desirable [1, 
2, 3]. In outdoor cultures, such a reduction can increase tolerance to high irradiance in the light-
exposed layers of cells and it can also extend the light penetration to deeper culture layers 
improving the photochemical efficiency (and productivity) of microalgae cultures. From the 
biotechnological point of view, these features are important for increasing the areal biomass 
productivity of mass microalgae cultures.  
In this work photoacclimation of two natural Chlorella strains was studied in outdoor bioreactors. The 
strain g-120 is characterised by reduced LH antennas while the other R-117 has LH antenna of normal 
size [4]. The trials aimed to correlate the functional and structural changes in the photosynthetic 
apparatus, i.e. photosynthetic performance and the composition of chlorophyll (Chl)-protein 
complexes in photosynthetic membranes to culture growth. Chlorella g-120 is typical by a low 
Chl/biomass ratio (< 0.5% of dry weight), which is about four times lower compared to Chlorella R-
117. Measurement of the effective absorption cross-section of PSII centres showed a markedly 
reduced functional antenna size in Chlorella g-120 as compared to R-117. This was in agreement 
with the results of the native electrophoretic analysis demonstrating the lack of high molecular mass 
Chl-binding protein supercomplexes, i.e. PSII and PSI cores associated with LHCs in Chlorella g-120. 
However, this attribute was not reflected by the improved photochemical efficiency of this strain 
compared with the normal antenna-size Chlorella R-117 strain.  
We have found that Chlorella g-120 represents a typical, natural, reduced antenna-size strain due to 
its Chl-protein composition. In outdoor trials, Chlorella g-120 also showed significantly lower oxygen 
production and electron transport rate measured in-situ, increased futile energy dissipation via non-
photochemical quenching and higher respiration rates compared to normal antenna-size Chlorella R-
117. These data indicate that the potential use of microalgae strains with reduced LH antennas for 
outdoor mass cultivation may not be as straightforward as anticipated from laboratory experiments. 
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ABSTRACT 
 
Considering the important growing development of gaming in the world, this research area has 
developed considerably over the last few years. Even if it seems to be well admitted that video gamers 
showed better cognitive functions parameters compared to non-video gamers there is a constant 
concern for optimizing performance. 
Since microalgae can be cultivated from industrial photobioreactors with eco-friendly production 
processes (Patented technologies by Microphyt), it represents a sustainable alternative as both a 
large source of almost untapped bioactive molecules and meet societal challenge as the maintain of 
biodiversity [1]. One of the major carotenoids found in microalgae and well known for its nootropic 
benefits through it anti-inflammatory and antioxidant activities on different signaling pathways able to 
cross brain-blood barrier is the Fucoxanthin. GamePhytTM is a blend of (1) a microalgae-based 
bioactive (extract from Phaeodactylum tricornutum) containing several molecules, in particular 
Fucoxanthin, clinically shown to improve cognitive function parameters [2] and (2) natural guarana to 
sustain a high level of energy and reaction time during long gaming experience. Thus, the purpose of 
this study was to evaluate whether acute and 30-days supplementation with GamePhytTM would affect 
cognitive function and gaming performance in experienced video gamers.  
In a double-blind, placebo controlled manner, 51 male and 10 female experienced gamers (21.7±4 
years, 24.2±3.6 Kg/m2) were randomly assigned to ingest a Placebo (P); Low-dose (L) or High-dose 
(H) of GamePhytTM. The Psychology Experiment Building Language (PEBL) was used to administer a 
cognitive function test battery.  
As highlighted in Figure 1a), Gamephyt™ significantly improves short term and working memory 
evaluated during Sternberg task test performed at baseline visit after 60 minutes of gaming session 
while limiting task difficulty level effect with better benefits in High-dose group.  
On Figure 1b), the data showed a significant improvement of sustained attention and response control 
during Go/No-Go task after 30 days of supplementation with both low and high doses.  
Based on all the data obtained, we can conclude that GamePhytTM improves several cognitive 
performance parameters as processing speed, reaction time, accuracy, decision making and mental 
fatigue of experienced gamers after both only one intake and 30-days of supplementation. 
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Jonathan joined the Microphyt company as a clinical research manager in September 2020. Since 
then, he developed and set up several international pre-clinical and clinical research projects with 
the main goal to evaluate the efficacy of microalgae-based bioactives in different research areas 
(cognitive function, sports and nutrition, weight management etc.) meeting marketing perspective 
applications. Before joining the company, he completed a joint PhD in Human Movement Science 
(Apr 2012 – Dec 2015), under a CIFRE grant between University of Montpellier PhyMedExp 
Laboratory INSERM U1046 (University of Montpellier; Supervisors: Pr Maurice HAYOT 
and Pr Christian PREFAUT) and the Clinique du Souffle La Solane (Fontalvie Group; Scientific 
referent: Dr Nelly HERAUD), where he investigated the efficacy of antioxidant supplementation 
during rehabilitation program on muscle performance and exercise capacity in patients with 
Chronic Obstructive Pulmonary Disease (COPD). After his PhD and a one-year experience as 
clinical research engineer at Montpellier University Hospital Center, he worked for Mooven 
company to 1/ develop the clinical research organization specialized in non-pharmacological 
interventions and 2/ set up clinical research project to evaluate the efficacy of adapted physical 
activity program using videoconference in disease conditions. 
 
COMPANY PROFILE 
 
At the crossroads of life sciences and bio-processes, Microphyt develops the next generation of 
natural ingredients for a better living. Studying the physiology of microalgae and the potential of 
their bioactives, Microphyt can draw on new ways of addressing the key societal challenges with 
high added-value active ingredients for nutraceuticals and cosmetics, thanks to the amazing 
diversity of microalgae. 
Microphyt have developed and patented the first ever hydro-biomimetic technology for growing 
microalgae: CAMARGUE photo-bioreactors. Based on a two-phase flow process, they reproduce 
the natural conditions microalgae need to grow, while optimizing gas-liquid transfer. This ground-
breaking innovation makes it possible to cultivate any kind of microalgae including fragile varieties 
whose cultivation was previously impossible. Microphyt’s technology and expertise allowed us to 
unlock the potential of new microalgae and design new of their kind bioactives ingredients for 
health, nutrition and beauty.  
From the strain identification until the ingredient production and application into human in a safe 
and efficient way, Microphyt is a leading company for the next generation of natural active 
ingredients. 
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ABSTRACT 
 
Arizona State University’s Arizona Center for Algae Technology and Innovation (AzCATI) was 
established in 2010. Anchored by a world-class algae laboratory and four-acre outdoor testbed, 
AzCATI has been at the forefront of algal R&D in the United States with funding from the 
Department of Energy's Bioenergy Technologies Office (BETO) which has a long and successful 
history of funding an algae R&D portfolio driving progress towards affordable and renewable energy 
and co-products from algae biomass. A core capability established by BETO was the support of 
testbed facilities such as AzCATI. An experimental and operational framework to carry out long term 
cultivation trials to assess the State of Technology (SOT) for algal biomass productivity and road-
test new algal technologies and strains has been ongoing since 2015.  Since the summer of 2018, 
the SOT framework established by AzCATI has continued under a BETO funded national lab-led 
consortium called DISCOVR "Development of Integrated Screening, Cultivar Optimization, and 
Verification Research." The DISCOVR team constitutes a powerful partnership among four of the 
DOE’s seventeen national laboratories: Los Alamos National Laboratory, National Renewable 
Energy Laboratory, Pacific Northwest National Laboratory (DISCOVR lead institution), and Sandia 
National Laboratories. With ASU’s AzCATI, they have joined forces to investigate algae strains that 
could lead to sustainable and clean algal biofuel and continue to generate open and transparent 
cultivation data sets for use by the algae biotechnology R&D community. In this talk, we will present 
the latest SOT results from the past 5 years of cultivation. With recent advancements utilizing better 
cultivars verified thru DISCOVR’s pipeline, better crop protection and improved operational 
conditions, an improvement in biomass productivity and reliability has led to a year over year 
improvement in annual average productivity from the 2018 baseline of 11.7 g/m2-day to 19.0 g/m2-
day for 2022 – a 60% improvement from 2018 thru 2020. We will discuss these results in detail, in 
particular improvements that led to the year over year increases and highlight where AzCATI and 
DISCOVR are headed in 2023 and beyond. 
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John McGowen is currently serving as Director of Operations and Program Management for the 
Arizona Center for Algae Technology and Innovation (AzCATI) at Arizona State University and 
responsible for the overall integration of the academic and industrial collaboration, project 
communications, personnel management, budget management, and day to day project lifecycle 
for AzCATI. Research focus is on the identification and implementation of best practices in algae 
growth and processing, standardization of methodologies and the ongoing implementation of the 
state of technology experimental framework for conducting long term cultivation trials that was 
established through the Algae Testbed Public Private Partnership (ATP3) with funding from the 
Department of Energy’s Bioenergy Technology Office (BETO). Served as Director of Operations 
and Program Management and Co-PI for ATP3 from 2013-2019, and currently principal or co-
investigator on multiple federal and industry sponsored research and development projects with a 
continued focus on improving algal biomass productivity and quality in outdoor cultivation, new 
sensor and production system development, and implementation of crop protection best 
practices.  Dr. McGowen has a PhD in polymer science and worked for Motorola, Amersham 
Biosciences and GE Healthcare prior to joining ASU in 2005 and has been Director of Operations 
for AzCATI since its founding in 2010. 
 
COMPANY PROFILE 
 
The Arizona Center for Algae Technology and Innovation (AzCATI) harnesses algae technology to 
produce renewable energy, food, feed and other valuable products, while performing 
environmental services to support a more sustainable future for society. 
 
Our core competencies are organized into three main platforms: Research, Education and 
Training, and Services.  These platforms enable AzCATI team members to focus on their 
strengths and maximize our ability to interact effectively with existing and potential collaborators, 
and respond effectively to new funding calls from federal, state and industry sources. Strong and 
competent staff resources under Operations helps to streamline internal processes, raise 
awareness through communications and respond quickly to internal and external research 
collaboration, technology and market sector needs. 
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ABSTRACT 
 
Microalgae are well known to produce valuable compounds in response to abiotic stresses. Among 
these stresses, metals can influence the production of primary or specific metabolites related to 
reactive oxygen species formation (Barra et al. 2014; Chen et al. 2017; Paliwal et al. 2017). 
Heterocapsa cf. bohaiensis, a newly described dinoflagellate species with haemolytic activity, and 
associated with shrimp (Penaeus japonicas) and crab (Eriocheir sinensis) mortalities (Xiao et al. 2018; 
Zhang et al. 2019), has been recently isolated in New Caledonian iron and nickel-rich waters (Merrot 
et al. 2022; Pelletier 2006). To induce the metallic stress and the production of metabolites, we 
exposed H. cf. bohaiensis to high concentrations (10-3M) of nickel (Ni2+) and/or iron (Fe2+) and 
investigate its photosynthetic efficiency in continuous culture using Pulse Amplitude Modulated 
chlorophyll fluorescence. The results indicates that H. cf. bohaiensis is tolerant to Ni2+ but sensitive 
to Fe2+ high concentrations, without cell death. JIP-test suggest that the reduction of photosynthesis 
in response to Fe2+ is due to a disruption in the electron transport chain rather than a defect in the 
PSII light absorption and trapping which are enhanced by Fe2+(Adamski et al. 2011; Redillas et al. 
2011; Strasser et al.). These results highlight the toxic mechanisms of Fe2+ in microalgae and help to 
understand the production of biomass under metallic stress. Studying this species in this particular 
environment will also bring knowledge in the field of aquaculture and ecotoxicology, owing to the 
transfer of metals in the food chain (bioaccumulation, biosorption) and to the possible production of 
toxins. This study will also provide some insights for potential valorisations in the biotechnology and/or 
cosmetics fields, through the analysis of primary (pigments, fatty acids / antioxidants) and specific 
metabolites, with interesting activities, produced under metal stress conditions. 
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Vincent Meriot is currently a PhD student at the University of New Caledonia working with the 
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on the ecophysiology and metabolome of New Caledonian microalgae with a focus on the effect of 
metallic trace elements. He obtained his Master's degree, in "Applied Blue Biotechnology", at the 
University of La Rochelle. During his Master, he had the opportunity to do 2 internships in the field 
of microalgae. These two internships confirmed his interest for microalgae and reinforced his skills 
in culture and ecophysiology through studies on the effects of environmental parameters on 
microalgae... He then decided to do a PhD in New Caledonia in order to participate in the 
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grew up. Indeed, the PhD is part of a program aiming to develop a microalgae production chain in 
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solid skills in photophysiology, ecophysiology, natural substances chemistry and metabolomics. 
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ABSTRACT  
 
Photobiological H2 production has the potential of becoming a carbon-free renewable energy source, 
because upon the combustion of H2, only water is produced. The [Fe-Fe]-type hydrogenases of green 
algae are highly active, although extremely O2-sensitive, which has been the major limitation in 
exploiting algal H2 production ever since its discovery.  
We developed a sustainable H2 production protocol for the green alga Chlamydomonas reinhardtii, 
which is based on a short anaerobic incubation in the dark, followed by continuous illumination during 
which the Calvin-Benson cycle is kept inactive by substrate limitation. Hydrogenase activity is 
preserved by employing a simple absorbent to remove the evolved O2. Under these conditions, the 
cultures remain photosynthetically active for several days, and the electrons feeding the 
hydrogenases mostly derive from water. The amount of H2 produced by a commonly used wild type 
strain (CC-124) is higher as compared to earlier methods and the process is photoautotrophic (Nagy 
and Tóth, 2017, European Patent Application 17155168.2.; Nagy et al., 2018, Biotechnology Biofuels 
11:69).  
Our main goal is to make significant progress towards a marketable and economical H2 producing 
technology by optimizing cultivation conditions and selecting suitable photosynthetic mutants. We 
achieved an additional, several fold increase in the H2 production yield by using thin-layer alga 
cultures in a 1-L photobioreactor at 350 and 1000 µmol photons m-2s-1 light intensities. Under these 
conditions the pgr5 photosystem I cyclic electron transport mutant produced ~250 % more H2 than 
the CC-124 strain (Nagy et al., 2021, Bioresource Technol 333: 125217). 
Recently, we constructed an online gas chromatography system with automated sampling for 
continuous monitoring of H2 production in a thin layer photobioreactor. We found that the pgr5 mutant 
performs equally well under simulated natural daylight regimes than in continuous light.  
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ABSTRACT  
 
Fucus (brown seaweed) is one of the most commonly used species in Europe. Brown seaweeds are 
widely used for different applications, including their direct consumption as food or supplements (by 
animals and humans) or as feedstock for the extraction of alginate and bioactive components2. 
Currently, a large number of high-value components can be extracted from brown seaweed, such as 
carotenoids, carbohydrates (e.g. fucoidan and hydrocolloids), fatty acids, sterols and phenols, among 
others. 
Despite the interest of the industry, Fucus biomass is solely obtained from the exploitation of natural 
sources in Northern Europe, being one of the most harvested seaweeds in the EU1. However, as with 
all natural resources, a responsible and sustainable exploitation will necessarily mean there is a limit 
for the naturally available biomass. Adding to that, annual availability of the biomass is always 
uncertain as well as its chemical characteristics, preventing further developments and applications 
for Fucus.  
In order to answer to the increasing needs of a developing EU seaweed industry3, project Biofábrica 
was designed, to demonstrate the feasibility of Fucus production in aquaculture for the extraction of 
valuable compounds in a biorefinery. 
Due to the very limited capacity of Fucus to reproduce vegetatively and grow in a consistent way, we 
decided that aquaculture production should include a maternity/nursery. This communication reports 
on the first steps towards that goal, based on induction of gamete release, fertilization, egg 
manipulation and environmental conditions to promote germlings survival and growth. One of the 
growth parameters tested, was light intensity, which around 90 PFD (µmol photons m-2 s-1) seems to 
favor germling survival rate (40% higher) compared to higher light intensities. On the other hand, in a 
subsequent stage germlings at 135 PFD grew on average twice as much (0,88mm/week) when 
compared to lower light intensity (0,42mm/week). 
Biofábrica has been able to successfully and reproducibly produce germlings monthly, over the past 
8 months and successfully grow individuals in the lab up to 20cm long (still growing). To the best of 
our knowledge, this is the first maternity/nursery successfully established for Fucus, integrated in a 
on-shore aquaculture production facility. 
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ABSTRACT 
 
PERFORMALGAE is a Portuguese project (PT2020) that joins a multidisciplinary consortium led by 
Allmicroalgae, with the support of GreenCoLab and the University of Algarve (UALG), which aims to 
transfer knowledge from academia to the industry and bring innovative products from the industry to 
the market. The key objective of PERFORMALGAE is to develop microalgae strains with improved 
performance targeting a high production of relevant metabolites with optimized bioavailability, in order 
to obtain novel and highly valued products for the markets related to agriculture biostimulants and 
aquafeed functional ingredients. To this end, PERFORMALGAE relies on establishing microalgal 
strains whose phenotypes are improved by high-throughput screening techniques (random 
mutagenesis and flow cytometry) to produce improved productivities of the target metabolites. 
Another innovative aspect is the increased compound bioavailability through the optimization of 
cellular disruption and hydrolysis processes to increase algal bioactivities for the proposed 
applications. The ultimate goal is to develop at least two new commercial products with biostimulant 
and biopesticide activities. Both products target the plant nutrition market, since the selected 
microalgae (Chlorella vulgaris and Scenedesmus obliquus) are known sources of phytohormones 
(auxins, gibberellins and cytokinins) among other compounds with biostimulant and biopesticide 
activities. Simultaneously, the foundations of a novel line of algae-based functional additives, 
targeting the aquaculture market is also being evaluated. These additives are currently being 
exploited in strains with known antioxidant and immunostimulant properties to improve the 
performance and resistance of fish early stages. For this purpose, Nannochloropsis oceanica and 
Phaeodactylum tricornutum, with improved contents and availability of high-value nutrients (mainly 
polyunsaturated fatty acids and pigments) are currently under development. Overall, the results 
obtained to date led to the isolation of several mutants with improved phenotypes as well as defined 
protocols that significantly increase the bioavailability of the biomasses for the agriculture and 
aquaculture sectors. 
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ABSTRACT 
 
Diatoms contribute to one fifth of earth’s photosynthetic production, being responsible for silicon 
turnover in the oceans and for most of the primary production in intertidal mudflats1,2. Different diatom 
species have found applications in industry: for omega-3 and fucoxanthin production, in medicine as 
drugs delivers, and thanks to high amounts of triacylglycerols accumulation, they are good candidates 
for biodiesel production3,4. They possess a highly diverse silicon frustule, which has several 
biotechnological applications: e.g., cleansing agents, filters, defoliants and more recently its 
properties have been explored to build biosensors and photodetectors5,6. Most studies focus on 
pelagic diatoms, easier to isolate and cultivate, but benthic species properties are still unexplored, 
being also less available in the algal banks7,8.  

Mudflat benthic species need a physical support to grow on, and once collected are difficult to keep 
alive, especially big size species (200-400 μm) having a slow growth rate9. The growth of these 
diatoms in natural biopolymer-based hydrogels has already found successful results in Na-
alginate10. In our study we use carrageenan hydrogel which is more resistant and do not allow cell 
leakage. Big size cells cultivation (e.g., Pleurosigma angulatum, Gyrosigma balticum, Nitzschia 
spathulata) was compared in suspension and in hydrogel, resulting in a longer exponential phase 
and a total higher yield of final biomass in hydrogels. This could be an advantage to isolate new 
strains and extract new compounds. Currently, diatoms are mainly cultivated in open ponds and 
closed PBRs, where in the first, easily contamination occurs and the second prevents the light 
penetration11. Additionally, none of these methods would be feasible for benthic species cultivation. 
Upscale these cultures to large scale using hydrogel photobioreactors would require less water as 
the gel has a 90% hydration, harvesting would be more energy-efficient as the biomass would be 
already concentrated and could be collected through the lens tissue method applied for the species 
collection from the sediment12. Lastly, the capability of growing big size diatoms along with a longer 
growth curve would be advantageous for a higher accumulation of lipids. 
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ABSTRACT 
 
The interactions between microalgae and bacteria are complex and specific among microbial species. 
Because of the vast molecular and biochemical responses, the relationship of a microbial consortium 
is still poorly understood. However, the coexistence of these microorganisms can lead to the 
enhancement of traits aimed at a large-scale production of microalgae, such as growth promotion, 
improved biomass quality, or a more efficient harvesting process. The objectives of the current work 
were to prepare microalga-bacteria mixed cultures and monitor the behaviour of microalgae that may 
benefit the industrial production of Chlorella vulgaris biomass leading to higher productivities as well 
as enhanced biomass quality. To this end, C. vulgaris grown in industrial tubular photobioreactors 
were supplied by Allmicroalgae (Pataias, Portugal), and different bacteria were isolated from the 
existing natural microbiome in the microalgal culture. After that, bacterial isolates were selected from 
genera previously reported as beneficial to algae and plants and co-cultured with C. vulgaris at a 
laboratory scale. Cultures were prepared for co-inoculation in a microalga:bacteria ratio of 
approximately 1:10 and maintained in an incubation chamber with controlled conditions of 
temperature (30 °C), light intensity (100 mmol m2 s1) and shaking (180 rpm). Culture performance 
was assessed by optical density (λ=600, 680 nm), microalgal cell counts, and bacterial colony-forming 
units (CFU). Microalgal biomass was stored to perform biochemical characterization of protein and 
vitamin contents and fatty acids profile. Preliminary results show that from the 22 tested bacterial 
strains grown in mixed cultures, 36% negatively affected microalgal growth, 28% had no effect, and 
36% improved microalgal cell concentration compared with an axenic C. vulgaris control. One of the 
best performing bacterial genera was Acinetobacter, with strains of this genus improving system 
productivity by 30%. Conversely, Aeromonas bacteria promoted algal death. The reported effects 
may unravel interactions among naturally occurring bacterial communities and C. vulgaris, 
representing a potential source of growth-enhancing compounds. 
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ABSTRACT 
 
Phototrophic microalgae use light to produce biomass and high-value compounds, such as 
pigments and polyunsaturated fatty acids (PUFA), with high relevance for food and feed 
applications [1]. This work aimed to evaluate the effect of different flashing light conditions on the 
growth performance and biochemical composition of several microalgae strains (Nannochloropsis 
gaditana, Koliella antarctica, Tetraselmis striata and Diacronema lutheri). Photosynthetic rates of 
cells under flashing light regimes did not improve compared to those of cells under continuous light. 
These conclusions were valid either for dilute or concentrated microalgae cultures exposed to 
flashing light frequencies ranging 0.01 Hz–1 MHz with duty cycles of 0.001–0.7 and time-averaged 
light intensity of 50–1000 μmol s−1 m−2 [2]. The flashing light conditions (frequency and duty cycle) at 
which the photosynthetic performance was similar to continuous light (the so-called flashing light 
effect) depended strongly on cell acclimation, culture concentration, and light intensity. However, 
flashing light at low frequencies (<50Hz) and short duty cycles (0.05) applied during the final growth 
stage for 3 days induced high-value PUFA and pigments in various microalgal strains (N. gaditana, 
K. antarctica, T. striata and D. lutheri [3,4]). For example, fucoxanthin, diatoxanthin, 
eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids productivities in D. lutheri under the 
aforementioned flashing light condition increased up to 4.6 fold, while productivities of lutein, 
zeaxanthin and EPA in T. striata increased up to 1.3 fold compared to that of cells under continuous 
light. On the other hand, these conditions decreased biomass productivity in D. lutheri 2-fold while 
T. striata remained unaffected compared to continuous light treatment. In conclusion, artificial 
flashing light does not improve microalgal biomass productivities in photobioreactors, but low 
frequencies (f < 50 Hz) are promising to improve PUFA and pigment production when applied at a 
final growth stage during production. Short-term treatments of flashing light may be promising for 
industrial algal production as a finishing step to increase biomass value. 
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ABSTRACT 
 
SEALIVE (1) and Nenu2PHAr (2) European projects are both dedicated to produce biodegradable 
and biosourced plastics. Microalgae can provide material for the manufacture of plastics currently 
obtained from petrol or food crop (3). Starch is notably used as a natural biopolymer base to be 
integrated in plastics blends (4), and can also be degraded into monomeric glucose to feed PHA 
producing bacteria (5). 
 
Several external factors act as signals to redirect the metabolism towards the production, 
polymerization and storage of glucose (6). Notably, nutrient depletion is known to promote both 
carbohydrates and lipid pathways. However, in a continuous culture mode, nutrient removal from 
culture media can be difficult to achieve and other stress inducers might be preferred.  
 
Recently, other types of stress have been shown to lead to starch accumulation in green microalgae 
(7). Supra-optimal temperatures were shown to trigger starch accumulation in Parachlorella kessleri 
and Chlamydomonas reinhardtii (7) (8). The depletion of blue light from the light spectrum was 
described as a carbohydrates enhancing factor in C. reinhardtii (9).  
 
Chlorella vulgaris CCALA924 was identified as a high starch producer relevant for industrial scale 
cultivation (10). This strain was described to accumulate starch up to 60% of dry weight when 
submitted to a physiological stress. Here, its ability to accumulate starch under nutrient deprivation, 
high temperature or blue light free spectra was tested and content of at least 40% of starch was 
obtained at laboratory scale. Interestingly, starch structure had almost no amylose when produced 
under blue light free spectra, whereas nutrient deprivation and high temperature conditions lead to 
15% of amylose. 
 
These lab results should be tested at pilot scale in order to evaluate the technico-economical 
relevancy of those new means of producing starch in microalgae. 
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ABSTRACT 
 
Microalgae have gained prominence for industrial applications, producing biomass of potential 
economic value. However, even with its great diversity, just few genera are used industrially, and 
screening for different species may help increase this number. We aimed at evaluating the 
production of biomolecules, antioxidant and antimicrobial activity of 5 strains of tropical Chlorophyta 
microalgae. The organisms were cultivated in BG-11 medium under controlled temperature, optimal 
light conditions and 12h/12h light/dark cycle until late exponential phase. Biomass was then 
collected and biomolecule, antioxidant and antimicrobial activity were determined. The highest 
growth rate (1.06 d-1) and dry biomass (DW) 164.75 mg.L-1 were registered in the microalgae 
Pediastrum sp., followed by Chlorella emersonii with 0.91 d-1 growth rate and 128 mg.L-1 DW. 
Total proteins in both Pediastrum sp. and C. emersonii were the highest, with ~ 80 mg.L-1. 
Considering total lipids content, Pediastrum sp., Tetranephris brasiliensis and Staurastrum 
pantanale produced 16 – 18 mg/L, the highest among the species investigated. S. pantanale 
showed the highest carbohydrates content (30.68 mg.L-1), which was at least 3 times higher among 
the species investigated. Antioxidant activity were highest in Pediastrum sp. (36%) and S. pantanale 
(32%). All algae showed antimicrobial activity against S. aureus, the highest by D. brasiliensis, with 
inhibition up to 250 mg.mL-1 extract concentration. 
The results we obtained for C. emersonii agree with literature that show high biomass yield and 
supports the wide application and use of this genera in the industry. However, it was the 
Hydrodictyaceae Pediastrum sp. the most promising organism. Similar to our results, CALIXTO et 
al.  (2016) and SASSI et al.  (2019) observed higher growth rate and proteins content for 
Pediastrum sp. in comparison to Chlorella sp. (Chlorellaceae). The higher carbohydrates in the 
Desmidiaceae S. pantanale we obtained is in accordance to the results in Hussain et al. (2020). 
This study showed important biotechnological potential for Pediastrum sp. due to high proteins and 
lipids production, antioxidant activity and moderate antimicrobial activity, which altogether makes 
this an interesting candidate for scale-up and industrial applications. 
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ABSTRACT 
 
Pigments are valuable antioxidants showing various health benefits. The most valuable pigment of 
cyanobacteria Arthrospira platensis is C-phycocyanin showing antioxidant, anti-inflammation, and 
immunomodulatory properties and is also demanded as a blue pigment in the food industry. In this 
study, the light intensity on pigment composition was evaluated. Microalgae was cultivated for 
seven days at 16:8h light:dark period under white LED light in bubble column PBRs. The 
quantitative analysis of pigments was performed by UV-VIS analysis of extracts. It was found that 
light intensity strongly affected pigment composition. The growth of biomass occurred under light 
intensities 90-160  
µmol s-1m2. It was not growing under lower or higher light intensities; trichomes became short and 
fragile and run through a filter. The content of C-phycocyanin and Chlorophyll a rapidly decreased 
with light intensity increase – three and two times, respectively, showing an almost linear function of 
light. While carotenoid content slightly increased with light intensity increase. It was found that 
temperature more affected carotenoid content than other studied pigments. At 25℃ carotenoid 
content increased from 2.5 to 3.4 mg g-1 while at 27℃ it increased from 2.9 to 5.2 mg g-1. Increasing 
morning temperature from 24.0℃ to 27℃ (max temperature during the day was kept at 30.8℃) 
biomass growth increased by 30% and optimal light intensity moved from 120 to 143 µmol s-1m2. 
The obtained C-phycocyanin amount is dependent on biomass amount and C-phycocyanin 
concentration in it. So obtained C-phycocyanin amount was similar in low light intensities 93-125 
µmol s-1m2 because rapidly increasing biomass growth compensated decrease of C-phycocyanin 
concentration in biomass. However further light increase decreased obtained C-phycocyanin 
amount for samples with a morning temperature of 26℃ and lower temperature. 
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ABSTRACT 
 
Plant diterpenoids encompass a diverse group of specialized metabolites, which have both significant 
ecological functions and many industrially relevant applications in pharmaceuticals, nutraceuticals, 
and the cosmetics industry. The heterologous expression of diterpene synthases in microbial hosts 
has opened numerous possibilities for the bioproduction of these metabolites. Photosynthetic 
microbial hosts present a sustainable alternative to traditional fermentative systems. On the other 
hand, product yields in microalgae have thus far remained lower than in bacteria and yeasts, therefore 
research to overcome unsolved bottlenecks in industrial scale-up is essential to the success of 
microalgal biotechnology. 
 
Here we report on the production of the diterpenoid casbene in the model green microalga 
Chlamydomonas reinhardtii in both laboratory and scale-up at the Algal Innovation Centre (AIC) of 
The University of Cambridge. Our experience of moving through scales of cultivation has revealed 
challenges and solutions for translation and commercialization of algae biotechnology beyond the lab. 
 
We generated several different strains of Chlamydomonas that produced casbene. At scale, key 
abiotic factors such as temperature, light, bioreactor volume and type were tested. Furthermore, strain 
selection identified that the walled strain of Chlamydomonas, RSW2, under scale-up batch conditions 
in the AIC, produced 2.3 times higher amounts of casbene than did cell wall deficient strains CW15 
and UVM4. Further investigations under lab conditions found that casbene production was 4.1 times 
higher in cell walled RSW2 compared to cell wall less CW15 and UVM4. This is important because 
due to ease of transformation, the latter strains are the most widely used for metabolic engineering. 
 
In addition to optimizing abiotic growth conditions, the role of biotic factors at scale also need to be 
considered. Preliminary investigations suggest that algae-bacteria co-cultures can improve the 
production of casbene and highlights the need to investigate the role of microbial communities to 
improve industrial biotechnology. Further investigations to address scale-up challenges involved 
maximizing casbene production by using an inducible riboswitch during exponential growth phase to 
improve the efficiency of growth and the final productivity of the desired product. 
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ABSTRACT 
 
Spirulina sp. is a widely cultivated cyanobacteria which contains a high amount of bioactive 
compounds with health-promoting effects and remarkable antioxidant activity due to the abundant 
presence of polyphenols and carotenoids [1]. The effect of different drying temperatures (room 
temperature, 40, 50, 60, 80, and 100°C) on the phenolic profile and biological activity of Spirulina sp. 
was investigated. Samples were dried at various temperatures, extracted and then fractioned. 
Antioxidant activity of methanolic (F3) and dichloromethane (F4) fractions was evaluated using ABTS, 
FRAP, ORAC and DPPH assays. To determine the toxicity potential of prepared fractions, zebrafish 
embryotoxicity test was performed [2]. Phenolic compounds in Spirulina sp. samples were identified 
using HPLC, while LC/ MS-Q-TOF screening was used to predict the most probable bioactivities, 
chemical classes and drug-likeness properties of examined compounds. According to antioxidative 
assays, F3 fraction had higher ABTS and FRAP activity, while F4 fraction had higher DPPH and 
ORAC activity. The F4 fraction dried at 50°C showed the highest antioxidant activity using DPPH 
(687.06 +/- 11.41 mg AAE/g fraction), while ABTS and FRAP assays showed high activity for F3 
fractions dried at 25, 30 and 100°C. There was no negative impact on the survival of zebrafish 
embryos and larvae observed at concentrations lower than 0.02 mg/mL. The most abundant 
polyphenols were epicatechin, vanillic acid, caffeic acid, diosmin, thymol, apigenin, while the presence 
of 3 alkanolamines and 25 lipid-like molecules was revealed by QTOF analysis. High antioxidant 
activity was observed at lower temperatures can be related to the presence of carotenoids and 
chlorophyll. Antioxidant potential of sample dried at 100°C can be attributed to pigment derivatives 
[2]. The optimal temperature for preservation of polyphenols was 50 °C. A strong correlation between 
structural class of detected compounds and highly predicted activities (cardiovascular, anti-
inflammatory, anticancer) has been observed. 
The results indicate that drying at a lower temperature retains phenols and other components and 
maintains high antioxidant activity. From the obtained results, it can be concluded that lower drying 
temperatures better influence the content of phenolic compounds and biological activity of Spirulina 
sp., when compared to higher temperatures. 
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ABSTRACT 
 
Nowadays, there is an increasing interest in reducing the amount of fats present in food as high-fat 
diets are known to be the cause of heart diseases and several other health problems. Many bakery 
products present high amounts of fat, especially saturated fats, because of the high amounts of 
butter/margarine that are used in their production. Therefore, the reduction/replacement of the 
amount of fat present in bakery products, without affecting their sensory characteristics, is highly 
desirable. Considering this, the main aim of this work was to obtain lipid-enriched extracts from food 
grade microalgae for the partial substitution of fat in a bakery product (a Brioche bread).  
Extracts of three different commercial strains of Chlorella vulgaris (organic, smooth and white) and 
Tetrasellmis chuii were produced using solvent extraction (Ethanol), solvent extraction with 
ultrasound pre-treatment (Ethanol/U), and solvent extraction with a deep eutectic solvent pre-
treatment (Ethanol/DES). 
Extraction with ethanol after a pre-treatment with the eutectic solvent choline chloride:urea (1:2) 
resulted in higher extraction yields, with an improvement of up to 61% and 65% in the extractions of 
organic C. vulgaris and white C. vulgaris, respectively, when compared with the other extraction 
methods. Ethanol/DES extracts also had higher fatty acid contents. The analysis of the fatty acid 
profile of the extracts showed that the main class of fatty acids present in the Chlorella extracts is 
PUFA (polyunsaturated fatty acids), followed SFA (saturated fatty acids) and by MUFA 
(monounsaturated fatty acids), while in the T. chuii extracts their relative content is PUFA > MUFA > 
SFA. C. vulgaris smooth and T. chuii extracts have lower contents of saturated fatty acids, which 
makes them good candidates for food applications. Both extracts were screened for their 
antimicrobial and antioxidant properties. None of the extracts presented antimicrobial capacity but 
the T. chuii extract revealed antioxidant properties.  
The C. vulgaris smooth and T. chuii extracts obtained with the Ethanol/DES method were further 
used as partial substitutes of fat in Brioche bread. A reduction of the saturated fatty acid content of 
the Brioche bread was attained, without affecting the sensory features of the product. 
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ABSTRACT 
 
Omega-3 polyunsaturated fatty acids (PUFAs) present a great interest to human’s growth and health, 
especially eicosapentanoic acid (EPA) and docosalhexaenoic acid (DHA) [1]. These two compounds 
have attracted attention to food and nutraceutical industries. Moreover, from 2020, DHA must be 
introduced to infant milk to assure brain and visual maturation [2]. Nowadays, the principal natural 
source of DHA is from marine oils with a growing interest in algae oils [3]. While algae biosynthesis 
and oil extraction processes have been developed and optimized in the last decades, the 
encapsulation by drying process remains a critical step [4]. The two main processes used in industry 
are freeze drying and spray drying [5]. With low temperatures and vacuum conditions, freeze drying 
is allowed to assure a good quality of DHA oil encapsulation. However, this technology presents the 
disadvantages to work in batch and to be energy and time consuming. Spray drying presents the 
advantage of working continuously with low energy cost. However, high temperatures and oxygen 
are needed to conduct production that may induce an oxidation of DHA oil. An innovative technology 
namely electrostatic spray dryer can operate continuously with cooler temperatures (between 35 – 
80°C) and with nitrogen [6] to avoid DHA oxidation. The aim of this study is to compare these three 
drying technologies using three surfactants associated with maltodextrin DE 19: sodium caseinate, 
methylcellulose and a saponin. The peroxide value of each powder was measured after 2 months at 
40°C with oxygen and compared with the relative maximum of peroxide value. The results (Figure 1) 
show that the saponin formulation presents the lower percentage of oxidation with a maximum value 
of 22.6 % for freeze drying and minimum value of 7.8 % with electrostatic spray drying. This surfactant 
can be an interesting ingredient for “green” formulation. For the three formulations, the electrostatic 
spray dryer presents the lower values of oxidation with an average reduction up to 6.6 times. This 
study also demonstrates that the electrostatic spray dryer seems to be a promising technology for 
DHA oil microencapsulation.  

 
Figure 1: Percentage of relative oxidation comparing drying technologies and formulations 
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ABSTRACT 
 
Microalgae are considered a sustainable and alternative source of interesting bioactive compounds 
that exerts a multitude of beneficial effects such as polyunsaturated fatty acids (PUFA). Among 
them, in the last decades great emphasis was put on docosahexaenoic acid (DHA), an ω-3 PUFA 
necessary for the development and normal function of the brain.Nowadays, the current interest in 
phospholipids derives from their efficacy in incorporating different fatty acids at the cell membrane 
level to improve its bioavailability since they are better absorbed than triacylglycerides (TAG). In 
consequence, structured phospholipids containing DHA are considered the most suitable form to 
increase its accumulation in brain and seems very useful to prevent neurodegenerative and 
neuroinflammatory diseases. 
In this way, this study aims to obtain structured phospholipids enriched in DHA ω-3 fatty acid 
extracted from marine microalgae by enzymatic synthesis and environmentally friendly processes. 
For this purpose, Schizochytrium sp. was selected because of its high concentration of DHA. 
The extraction of microalgal oil by advanced extraction techniques such as pressurized liquid 
extraction (PLE) was first optimized using a mixture of hexane:ethanol (1:1) achieving a yield of 
24.39 % ± 0.97 and scaled-up up to 10 times. Characterization by GC-MS was studied, and results 
were compared to commercial oil. Microalgae oil was extracted in form of TAG obtaining 51.90 % ± 
0.32 DHA that was used to enzymatically obtain structured phospholipids by esterification with 
commercial phospholipid glycerylphosphorylcholine (GPC). Two different commercial 
phospholipases, Lecitase and Quara Low P, were immobilized by hydrophobic adsorption and 
studied at 45°C reaction temperature, using nitrogen atmosphere to protect phospholipids from 
oxidation. Different GPC:TAG ratios were studied (1:30, 1:20 and 1:10) and their influence on 
solvent-free reactions were also compared. Under best conditions, it was possible to obtain DHA 
enriched phospholipids in their mono and disubstituted form with different selectivity for each 
enzyme used. 
Therefore, the production of structured phospholipids using enriched-DHA microalgae oil, green 
technology and enzymatic methods was successfully achieved. Future assays will be focused on 
purification of the final product and bioactivity assays. 
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ABSTRACT 
 
Microalgae contain high quality proteins, polyunsaturated fatty acids and bioactive molecules 
endowed with beneficial properties (Lafarga et al., 2021). They are, thus, considered interesting 
candidates for nutraceuticals and functional foods (Matos et al., 2017). The uses of microalgae in 
food production include the development of functional fermented foods. Lactic fermentation allows to 
add the beneficial effects of probiotic bacteria to the useful biomolecules lying in microalgal biomass, 
also taking advantage of the effects on organoleptic features produced by fermentation. The aims of 
this work were to evaluate the potential of Tysochrysis lutea F&M-M36 lyophilized biomass as a 
substrate for Lactiplantibacillus plantarum ATCC 8014 fermentation, as well as to investigate the 
effects of the indigestible fraction of the microalgal biomass on bacterial growth, and to verify whether 
the microalgal biomass could exert a protective role towards the probiotic bacterium during a 
simulated digestion process. Initially, three lactobacilli were characterized for growth and resistance 
to simulated digestion, then the best strain (L. plantarum ATCC 8014) was selected for the 
fermentation trial. This latter was set up with T. lutea F&M-M36 raw and digested biomasses 
suspended in two different matrixes. The biomasses obtained at the end of the fermentation trial were 
analyzed for gross biochemical composition, digestibility and radical scavenging activity and 
compared with the unfermented biomasses; moreover, survivability of L. plantarum ATCC 8014 to in 
vitro digestion was also evaluated. The higher growth and organic acid production was observed with 
microalgal raw biomass suspended in diluted organic medium. No protective effect on bacterial 
survivability was observed after fermentation. Radical scavenging activity of a lipophilic extract was 
higher in fermented than in raw microalgal biomass and was also higher than in the fermented post-
digestion residue. Fermentation seems an interesting process to obtain functional foods from T. lutea, 
although further investigation is needed to optimize the matrix for fermentation so as to improve 
bacterial growth, and thus fully elucidate the role of fermentation for functionality improvement.  
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ABSTRACT 
 
Dunaliella salina is a halophile green microalgae cultivated worldwide mainly for the production of β-
carotene. The commercial demand of this pigment, which has a variety of market applications in the 
food and feed industry, nutraceutics and cosmetics, is in continuous rise. Dunaliella salina BEA 1948B 
is a species native to the Canary Islands and its ability to grow in contamination-excluding hypersaline 
conditions, its rapid growth and ability to acclimate to rapid environmental changes makes it an ideal 
candidate for industrial cultivation purposes. Surrounded by the sea, the Canary Islands (Spain) offer 
optimal conditions for industrial production of marine microalgae due to their strategic economic 
location and year-round sunny weather with stable temperatures. The objective of this study was to 
revaluate the wastewater brine from a sea water reverse osmosis (SWRO) desalination plant to 
optimize water and nutrient efficiency for the cultivation of Dunaliella salina BEA 1948B in a semi-
industrial scale scenario. In order to do this, the strain was cultivated in 250-L raceway reactors at 
four different increasing salinity values of ≃ 40; 70; 80 and 100 ppt. Concentration of chlorophylls a 
and b and total carotenoids yielded by the different growth conditions throughout the cultivation course 
were measured. Total carotenoids in culture reached their highest concentrations on day 26 of 
cultivation in all salinity conditions with values of 23.5, 39.1, 42.0 and 45.0 g L-1 and productivities 
0.91, 1.51, 1.62 and 1.74 mg L-1 day-1 in dry weight, respectively.These findings suggest that SWRO 
brine could be a promising low cost medium to cultivate Dunaliella salina in arid or semi-arid areas 
where seawater desalination plants are common due to limited freshwater availability. Furthermore, 
the use of SWRO brine as medium in the cultivation process gives an added value to this wastewater 
by-product and may also result in the removal of certain residual compounds from the brine, improving 
its quality before discharge. All of these are key factors to obtain an economic and environmentally 
sustainable industrial production.  
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ABSTRACT 
 
Dunaliella is a genus of halophilic chlorophyte microalgae and is well-known for its ability to cope with 
extreme environments and to yield bioproducts with industrial relevance, such as carotenoids, lipids, 
and proteins, which can reach over 50 % on an ash-free dry weight basis [1]. In recent years, interest 
in the potential of Dunaliella to serve as a protein source with a high-quality amino acid profile has 
gained momentum in response to the increasing demand for alternative food, feed, and health 
supplement sources. Mixotrophic growth is commonly associated with higher biomass productivity 
and lower energy consumption. Since cell density and biomass are essential parameters for large-
scale production, mixotrophic cultivation might improve biomass accumulation. The combination of 
such mixotrophic growth of microalgae and nutrient recovery from food industry wastewater offers 
great opportunity in the context of the circular economy, sustainable and efficient microalgal 
cultivation, and bioproducts generation. The presented work aimed to evaluate the impact of different 
carbon sources on growth, protein profile, and nutrient uptake for Dunaliella tertiolecta CCAP 19/30. 
Two experimental sets were conducted to 1) assess the contribution of atmospheric carbon to D. 
tertiolecta growth and its capacity to grow heterotrophically with lactose; 2) evaluate the impact of 
using six different organic carbon sources on its growth, protein yield and amino acid composition. 
Our results demonstrated that D. tertiolecta could not grow heterotrophically. Cell and optical density, 
ash-free dry weight, and essential amino acids index (EAAI) were inferior for all treatments using 
organic carbon compared to NaHCO3. However, despite the carbon source, the EAAI from all 
treatments were higher (>1.6) than FAO/WHO recommendation (EAAI=1.0) for human consumption. 
Neither cell nor optical density presented significant differences among the treatments containing 
organic carbon, demonstrating that organic carbon does not boost D. tertiolecta growth. All the 
treatments presented similar nitrogen, phosphorus and sulfur recovery. Based on the results, D. 
tertiolecta CCAP 19/30 is an obligate autotroph and a good source of high-quality protein for food 
application. 
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ABSTRACT 
 
In the emerging field of algal biotechnology, addressing engineering challenges for the prevention of 
process-product variability and the establishment of the optimal continuous operation of algal 
production systems, are urgent prerequisites for the inclusion of microalgae-based products in human 
nutrition. In response to this need, the current study aims at the efficient managing of this problem, in 
relation to the autotrophic cultivation of Chlorella sorokiniana, through an extensive experimental 
approach at different scales. This includes in particular: the Taguchi experimental design applied at 
the low scale of 500mL Erlenmeyer flasks, followed by the implementation of the optimal cultivation 
conditions (derived from the statistical data analysis) at the intermediate scale of a 3L bench-top 
photo-bioreactor and finally, the appropriate adjustment of the cultivation protocol at the larger scale 
of a 100L circular pond for further biomass and macromolecules productivity optimization. 

Towards the parameterization of C. sorokiniana autotrophic cultivation, an L9-Taguchi design of 
growth conditions (in duplicate) was employed to systematically investigate the synergistic role of 
three critical process variables: (i) the illumination intensity, (ii) the initial nitrogen concentration and 
(iii) the initial sodium bicarbonate concentration in the growth medium as supplementary inorganic 
carbon source. The applied levels of variation of each factor were respectively: 2500,5000, 7500 lux; 
250, 750, 1250 mg NaNO3 /L; and 0, 750, 1500 mg NaHCO3 /L. The process performance against 
the above process variables was monitored in terms of the final concentration of total biomass, lipids, 
proteins, and carbohydrates. Analysis of the produced experimental data showcased one of the non-
tested set of experimental conditions as the most preferable one. Subsequently, the cultivation 
protocol that was marked out was applied in a 3L photo-bioreactor under well-controlled conditions to 
further exploit sodium bicarbonate's effect through semi-continuous and continuous pH adjustments. 
Finally, the cultivation policy co-shaped through the previous lab-scale experimentation was 
implemented in a 100L open circular pond, whereas a series of pH-adjustment treatments were 
established for both contamination control and sodium bicarbonate activation. The statistical data 
analysis and interpretation obtained from the Taguchi-designed experiments was unambiguously 
contributive towards a substantial improvement of process performance and product stability. 
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ABSTRACT 
 
Utilization of microalgae-bacteria consortia has revealed a significant impact of the commensal and 
mutualistic relationships that manifests in enhanced algal growth, increase in the presence of 
carbohydrates, lipids, and pigments, but also synthesis of new metabolites with a prominent potential 
for application in the industry sector [1]. In the recent decade, co-cultivation, as a potential 
replacement of mono-culturing of various microorganisms, gained special interest due to a whole 
range of desirable characteristics, such as modularity, robustness, predictability, scalability, and 
stability [2]. However, very little is known about the significance of S. rimosus and C. vulgaris co-
cultures concerning the production of high-value metabolites with anti-bacterial, anti-oxidant, and anti-
aging activities. To fill this gap, C. vulgaris and S. rimosus were co-cultivated under mixotrophic 
conditions, with a 12:12 (day:night) photoperiod on Tryptic Soya Agar plates for 7 days. Freeze-dried 
biomass of C. vulgaris and S. rimosus, as well as their mono-cultures were subjected to a wide range 
of bioassays. Co-cultivation of S. rimosus and C. vulgaris effectively improved bioactive compound 
synthesis which reflected in higher bioactive potential when compared to the one obtained in mono-
cultures. In that manner, co-culture extract showed higher antimicrobial activity (against both S. 
aureus (46.06% of inhibition) and E. coli (72.28% of inhibition)) when compared to activities recorded 
on both tested mono-cultures. High antioxidant activity was obtained using the FRAP assay on co-
cultivation and algal mono-culture extracts. In terms of anti-aging properties, the highest percent of 
inhibition of collagenase activity was recorded on S. rimosus mono-culture (90.5, 88.8, 87.8 % of 
inhibition on 3, 1, 0.5 mg/mL of extract, respectively), which appears to be related to oxytetracycline, 
widely known as Streptomyces product and collagenase inhibitor. Tested extracts in a concentration 
range from 0.6 to 0.15 mg/mL showed no negative impact on the survival/development of zebrafish 
Danio rerio embryos. Collectively, co-cultivation of macroalga C. vulgaris and bacteria S. rimosus has 
shown to have great commercial potential and opens possibilities for the discovery of novel bioactive 
molecules. 
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ABSTRACT 
 
The use of innovative and sustainable ingredients, such as Spirulina biomass (SB), has been stated 
as a fact of food products development, mainly to guarantee foods with better technological, 
nutritional, and sensory quality1, in addition to the positive impact on the environment, natural 
resources and animals, to ensure sustainable food systems2. Spirulina (Arthrospira platensis) is a 
filamentous cyanobacterium, popularly known as microalgae, with high nutritional value, as a source 
of proteins, and bioactive compounds, particularly natural pigments such as C-phycocyanin (C-
PC)3. Spirulina has been included as a functional ingredient in crostini (toasted bread) and other 
bread, breadsticks, cookies, couscous, wheat crackers, pastas4 and dairy products5, to increase 
the food industry's portfolio, generally including an intense color (typically green) and flavor, but also 
improving nutritional and technological aspects4. An important aspect to consider regarding the C-
PC obtention from organic Spirulina biomass, donated by Fazenda Tamanduá® (Santa 
Terezinha/Paraíba – Brazil), is the formation of a large amount of organic residue (named as post-
extraction residue biomass - RB)6 that has not been exploited in the literature. Therefore, this study 
aimed to develop wheat bread (WB) with the addition of SB (WB-SB) and RB (WB-RB). The impact 
of these incorporations on the dough rheological performance (pasting curves and viscoelastic 
behavior), compared to control WB (WB-Co) was performed, as well as the impact on bread texture, 
volume and color. The incorporation of 3% of SB and RB in WB was designed using 97% wheat 
flour adding 2.8% dried yeast and 1.8% salt, in flour basis percent. Water content was adjusted 
according to the water absorption (WA) value determined from the MicrodoughLab mixing curves 
(AACC method 54.70-01)7. The results have shown that SB and RB affected the rheology 
properties of WB doughs, with a slight increase in the percentage of water in SB and RB doughs 
(WA: 54.0% Co, 54.2% SB and 54.7% RB). Moreover, SB and RB addition have impacted the 
dough's mixing and pasting parameters and the bread firmness and cohesiveness of WB-SB and 
WB-RB. Further analyses are necessary for better comprehension of SB and RB effect on WB' 
sensorial acceptance and proximate composition. 
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ABSTRACT 
 
Water unsoluble ß-1,3-glucans from yeasts or cereals are already added to food and feed as 
immune boosters. Microalgae form ß-1,3-glucans as well. Diatoms for example produce water 
soluble ß-1,3-glucans as storage molecule. Due to their various possible applications, ß-1,3-glucans 
pose an interesting microalgae derived product. 
We used artificially-illuminated flat-panel airlift reactors to examine the production of ß-1,3-glucans. 
Since microalgae accumulate ß-1,3-glucans as (primary) energy and carbon storage under 
unfavourable growing conditions, such as nutrient depletion, our experiments focused on ß-glucan 
accumulation during nutrient depletion. We first compared three microalgae species Cylindrotheca 
fusiformis, Phaeodactylum tricornutum, and Monodopsis subterranea regarding their suitability as 
production strains. Due to the rapid accumulation of ß-1,3-glucans to a content of more than 30 % 
w/w, P. tricornutum was selected for further experiments. 
Further, the influence of different cultivation conditions on the accumulation of ß-1,3-glucans during 
nutrient depletion was investigated. Our results show that a depletion of nitrogen led to faster 
accumulation of ß-1,3-glucans than a depletion of phosphorus. Moreover, light conditions had a 
major influence on the accumulation: A high amount of light per gram biomass (specific light 
availability) led to a faster accumulation of ß-glucans, but not necessarily to a higher maximally 
accumulated amount. Higher cell density at the beginning of depletion resulted in slower 
accumulation, possibly due to self-shading effects in the culture. In all our experiments, in addition 
to ß-1,3-glucan, the potential co-products fucoxanthin and eicosapentaenoic acid were also 
investigated. 
The algae species we selected, P. tricornutum, forms chrysolaminarin, a water-soluble 1,3-1,6-ß-
glucan. Together with project partners, we conducted experiments on the application of 
chrysolaminarin. The results of feeding trials with fish (Sparus aurata) indicated that the addition of 
chrysolaminarin to the diet might pose a countermeasure against gut inflammation [1]. In trials with 
zebrafish, chrysolaminarin was shown to have a cholesterol-lowering effect, comparable to a 
commercial drug (Simvastin) [2]. In addition to experiments on animals, experiments regarding 
plant-strengthening effects were carried out on grapevine. Grapevine plants treated with 
chrysolaminarin showed a lower frequency and severity of infection with pathogenic fungi compared 
to the untreated control group. 
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ABSTRACT 

The marine microalgae Tisochrysis lutea is one of the most common microalgae used as natural food 
in aquaculture. T. lutea is a valuable alternative source of highly bioactive compounds such as 
carotenoids and polyunsaturated fatty acids (PUFA). Fucoxanthin, the main carotenoid found in this 
microalga has benefits for human health such as anti-inflammatory activity, antioxidant, or anti-
obesity. On the other hand, docosahexaenoic acid (DHA), the main omega-3 PUFA essential in 
neuronal tissues, has beneficial effects related to brain development as well as its anti-inflammatory 
action. 

Thus, extraction of bioactive compounds from microalgae using environmental-friendly processes and 
green solvents is essential not only to develop procedures that are in agreement with Green 
Chemistry but also to preserve its bioactivity. 

This work aims to obtain enriched fractions of valuable compounds by advanced extraction 
techniques combined with green and bio-based solvents from T. lutea compared to traditional 
extraction techniques that uses hazardous organic solvents. 

The experimental design to maximize the extraction yield was developed by ultrasound-assisted 
extraction (UAE), choosing as experimental factors the percentage of solvent (0, 50 and 100% of 2-
methyl-tetrahydrofuran (2-methyl-THF) in ethanol), the extraction time (20, 30 and 40 minutes) and 
the temperature (40, 50 and 60ºC). The highest extraction yield was obtained using ethanol as 
solvent. Nevertheless, the most interesting extracts based on their chemical composition were 
obtained when the presence of 2-methyl-THF in the extraction mixture was greater than that of 
ethanol. Through analytical techniques such as high-performance liquid chromatography and gas 
chromatography, as well as spectrophotometric techniques, the content of polar lipids, DHA and other 
fatty acids, total carotenoids and fucoxanthin were quantified. In addition, the antioxidant capacity of 
different selected extracts was studied, being once again the most interesting those extracted with 
different amounts of 2-methyl-THF due to its selectivity and enriched composition in compounds with 
high added value. 

Therefore, it is shown the importance of choosing an advanced extraction technique together with the 
use of green solvents to develop more ecological processes that could extract bioactive compounds 
of great interest in industry from alternative sources such as microalgae. 
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ABSTRACT 
 
Vitamin B12 is a cofactor for enzymes involved in central metabolism and is therefore essential for 
good human health. It is a complex molecule that can vary at the upper and lower axial ligand, 
altering its biological function.  Vitamin B12 is only synthesised by certain prokaryotes and requires 
over 20 enzymatic reactions. On Earth, the majority of humans fulfil their vitamin B12 requirements 
through the consumption of meat, eggs and dairy products, which are difficult to obtain on long 
space missions. The MELiSSA loop is one example of a biological life support system (BLSS) for 
long-distance space exploration. It contains five compartments, and through compartment IV all the 
nutritional needs of the astronauts must be met. Compartment IV is composed of two sub-
compartments, the higher plants in IVB and the photoautotrophic cyanobacterium Limnospira indica 
in compartment IVA. Higher plants do not make, require or store vitamin B12. Furthermore, using a 
new microbiological bioassay for vitamin B12 that we have developed, we have shown that L. indica 
makes pseudocobalamin, a form of B12 not suitable for humans. Therefore, the astronauts would be 
at risk of developing a B12 deficiency and the resulting negative health outcomes. The novel 
microbiological bioassay has also been used to investigate the presence of B12 in the other 
compartments of the MELiSSA loop. Rhodospirillum rubrum, a bacterium historically proposed to 
occupy compartment II, produces cobalamin, the more bioavailable form of the vitamin. As a proof-
of-concept approach we have established cocultures of R. rubrum and the edible eukaryotic 
microalgae Chlorella vulgaris or Chlamydomonas reinhardtii, which could potentially provide a 
biomass enriched with B12. Both microalgae have featured in space research for decades, but only 
in monocultures. We use these synthetic cocultures to investigate how environmental conditions 
found in space, such as higher ionising radiation and microgravity, could alter the dynamics of 
cocultures, and thereby the B12 content of the biomass.  As the popularity of vegetarian/vegan diets 
increases, novel vegan sources of vitamin B12 are also required on Earth. Consequently, not only is 
this useful for improving BLSSs for space travel it may also improve B12 provision on Earth.  
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ABSTRACT 
 
The addition of microalgal biomass in dairy products has been of increasing interest to obtain more 
sustainable and nutritive fermented products. Microalgae are potential sources of bioactive 
compounds, which can affect the antioxidant properties and the mechanical behavior of food1,2. This 
work aimed to evaluate how the incorporation of algae (Chlorella vulgaris and Algaessence - a mixture 
of C. vulgaris microalgae, and Fucus vesiculosus and Ulva rigida macroalgae) affects the mechanical 
properties, nutritional value and bioactivity of Halloumi cheese3. Temperature and frequency sweep 
tests (oscillatory rheology) were performed at 20 °C and 90 °C, the impact microalgae addition was 
not reveled for the studied levels (1% to 5% w/w). The cheeses are viscoelastic solids (G´ > G´´) 
despite a higher frequency or temperature dependence, when microalgae are added. Texture 
analysis of the cheeses, performed by using a puncture test by a Texturometer, revealed a hardness 
reduction when algae levels were increased. Nutritional composition (namely lipids and ash) was 
significantly (p<0.05) influenced by the addition of different algal biomass levels, showing an increase 
of 6.60 % in lipids and 20.66% in ash for 5% Chlorella-fortified cheese, when compared to the control 
(without algae addition). Regarding the bioactivity of the cheese, antioxidant activity analysis and total 
phenolic compounds determination were carried out using FRAP and Folin-Ciocalteu methods, 
respectively. The results indicated an increase (p<0.05) in the antioxidant activity and phenolics, 
specifically in cheeses fortified with 3% and 5% of C. vulgaris (Fig. 1). Sensory analysis of Halloumi 
cheeses showed that panelists preferred the control and 1% Chlorella-fortified cheese, both with an 
overall acceptability of 4.20 (1 to 5 hedonic scale). In addition, it was observed that 53% and 30% of 
the tasters "would probably buy" the cheese supplemented with 1 and 3% of C. vulgaris respectively, 
indicating a high probability of consumption of these innovative and hybrid cheeses, made from 
animal and vegetable sources. 

 
 
Fig 1. Antioxidant activity and phenolic compound concentration of 1, 3 and 5% Chlorella-fortified 
cheeses and 1% Algaessence-fortified cheese. 
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ABSTRACT 
 
Since 2018, the Phycored project, which is led by Green Mascareignes Technologies SAS (GMT) in 
partnership with the Laboratory of Chemistry and Biotechnology of Natural Products (ChemBioPro) 
of the University of Reunion Island, aims to study the feasibility of producing on Reunion Island, from 
cultures of local microalgae strains, astaxanthin, a xanthophyll carotenoid valuable in the fields of 
nutrition and health especially for its antioxidant properties among others. In this context, our project 
is devoted to the search for strains isolated from local freshwater biodiversity capable of producing 
and accumulating astaxanthin. 

Our work allowed to isolate for 12 strains, from freshwater samples collected all around the island, 
that showed similar morphological characteristics than Haematococcus pluvialis (Chlorophyceae, 
Chlamydomonadales, Haematococcaceae), a well-known microalgal species that is already 
cultivated for industrial production of natural astaxanthin [1]. Molecular and phylogenetic analysis [2–
4] allowed their genetic identification and revealed that they belong to two different species: H. 
pluvialis and Dysmorphococcus globosus (Chlorophyceae, Chlamydomonadales, Phacotaceae). 
Chemical analysis of pigment extracts using High Performance Thin Layer Chromatography (HPTLC) 
[5, 6] confirmed that our local H. pluvialis strains was able to produce and to accumulate astaxanthin 
under light and nutritional stress conditions. These results also showed that local strains of D. 
globosus are also able to produce astaxanthin. 

To our knowledge, this is the first time that these species have been described in Reunion Island. In 
a recent study, Zohir et al. [7] have reported that a strain of D. globosus from the Himalayan region is 
able to produce astaxanthin with higher productivity than H. pluvialis species and could therefore 
represent an alternative source of this high valued carotenoid. 

In this presentation, we will also show our preliminary results on the biochemical composition of the 
extracts from our strains and their physiological behaviors in response to local climatic and stress 
conditions in order to demonstrate their biotechnological interest. Our objective is to verify that their 
cultivation is appropriate for producing astaxanthin with sufficient yields to develop for a new 
economically viable industrial activity in Reunion Island. 
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ABSTRACT 
  
The first ever US patent granted for a novel strain of Haematococcus pluvialis creates new 
commercial applications for algal astaxanthin. This high-value red-orange carotenoid is used as a 
human and animal food ingredient for its numerous documented health benefits and pigmentation 
effects.  The novel strain is a stable natural variant - not the result of mutagenesis treatment or 
genetic engineering – uniquely characterized in part by being yellow during heterotrophic cultivation 
rather than green. This has the specific benefit of very low chlorophyll for added stability of 
astaxanthin for extracts derived from subsequently reddened biomass. The strain is carotenogenic 
under culture stress conditions in complete darkness. It turns red with accumulated astaxanthin 
being 87% or more of total pigment while being recalcitrant to encystment compared to wild type 
strains. Chromatography reveals the characteristic astaxanthin ester and isomer chemistry of light-
grown H. pluvialis, accumulating astaxanthin primarily in the form of monoesters and diesters (97% 
esterified, 3% free) and with predominance of the 3S,3’S isomer configuration. The remainder of the 
carotenoid fraction in red cells is largely comprised of lutein and beta-carotene with minor 
canthaxanthin present.  The digestibility of the red non-encysted biomass delivers a product which 
is highly suitable for feed and food applications without the need for added cell wall breakage after 
downstream processing. In heterotrophic cultivation, the strain shows very fast cell division for 
increased biomass (52 times more biomass production over 7 days) compared to the best published 
rate for autotrophic or mixotrophic growth.  Cell reddening can be five times faster in heterotrophic 
cultivation, taking just 40 hours to reach commercial levels. H. pluvialis is allowed under EFSA as 
whole cell for food applications.  Extracts produced from dark-grown biomass fall within FDA and 
EFSA chemical specifications for astaxanthin-rich extracts from H. pluvialis for use as a novel food 
ingredient.  Combination of this novel H. pluvialis strain, together with efficient cultivation, enables 
lower cost manufacture of natural astaxanthin-rich algal biomass and extracts. This break-through 
opens up a multitude of new opportunities for the use of this proven high value antioxidant in human 
and animal food and feeds.   
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ABSTRACT 
 
The economic development of the current society is supported by hefty nitrogen (N) inputs. Since the 
early 20th century, nitrogen production relies almost entirely on Haber-Bosch chemical N-fixation 
process[1]. The development of atmospheric N2 conversion processes into forms that can support 
food production has allowed the world's population to increase to unprecedented levels[2], but has 
also had a strong negative impact on the environment[1]. 
The need for more sustainable N-based processes could find a suitable solution in the cultivation of 
diazotrophic cyanobacteria, which are able to directly fix atmospheric N2 into bioavailable forms[3]. 
As a matter of fact, it is estimated that if cyanobacteria were cultivated on agricultural scales, cultures 
could fix nitrogen on a level equivalent to global ammonia demands[3]. 
The industrial applicability of the cultivation process relies on overcoming technological limits and 
achieving high biomass productivity. Continuous cultivation systems could meet large-scale 
production, achieving higher productivity and ensuring constant product quantitative and qualitative 
properties over time[4]. By applying a mathematical model based on mass balances, it is possible to 
find the conditions under which biomass productivity and nitrogen fixation are maximized, at steady-
state. 
For this purpose, suitable kinetic models describing biomass growth and N-fixation rates as function 
of the main process operating variables are needed. Although cyanobacterial kinetic growth models 
are largely studied, N-fixers modelling is challenging because growth is controlled not only by the light 
intensity, but also by the availability of atmospheric N in the liquid medium[5]. 
In this work, Nostoc PCC 7120 has been cultivated in continuous systems to investigate the role of 
main operating variables on growth rate, such as light intensity and residence time, and to retrieve 
the value of the maximum specific growth rate for this species. By applying respirometric tests, the 
kinetic parameters for light intensity and temperature were measured. Respirometry outcomes for 
temperature, gained both in N-fixing conditions and in presence of nitrate, suggested that temperature 
effect on nitrogen solubility should also be considered for kinetic growth modelling. Parameters thus 
obtained have been then used to develop a more suitable kinetic model describing N-fixers 
autotrophic growth. 
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ABSTRACT 
 
Photoautotrophic microalgae are a novel source of biomass rich in lipids containing nutritionally 
interesting n-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFA). However, microalgae 
incorporated into foods as whole biomass may lead to limited n-3 LC-PUFA uptake by the human 
body. Incorporation of microalgal oil instead of whole biomass is an interesting alternative. The 
extraction efficiency of these lipids can be enhanced by adding a cell disruption step during lipid 
extraction. Ultrasound assisted extraction (UAE) to enhance lipid recovery from microalgae has been 
covered in recent literature. UAE is used to speed up lipid extraction for analytical purposes or for 
industrially applicable lipid extraction of microalgae. In addition, the ultrasonication and lipid extraction 
by organic solvents of microalgal biomass has been performed in different set-ups: simultaneous 
ultrasonication and lipid extraction or ultrasonication and subsequent lipid extraction, ultrasonication 
of wet biomass or dry biomass. Often, no reference method is included to which the lipid extraction 
efficiency using UAE is compared and the total lipid content of the biomass is not always specified 
making it impossible to calculate the extraction efficiency. Therefore, the effectiveness of this cell 
disruption technique for industrial microalgae processing has not consistently been proven in 
literature. 
 
This study investigates the effect of UAE of Nannochloropsis sp. biomass on the lipid extraction 
efficiency and the lipid quality, expressed as free fatty acid content and peroxide value. The effect of 
UAE on wet biomass in presence of organic solvents is compared to control extractions at room 
temperature and elevated temperatures corresponding to temperatures reached during 
ultrasonication. The effect of ultrasonication power and ultrasonication time is studied. 
 
The results show that the lipid extraction efficiency increases after UAE when ultrasound was applied 
at high power. Control extractions at elevated temperatures, mimicking the temperature profile 
observed during UAE, result in similar lipid extraction efficiencies as observed after UAE.  
 
This study is funded by Flanders’ Food and VLAIO in the framework of the EffSep project (Grant 
number HBC.2019.0012) 
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ABSTRACT 
 
Chlorella vulgaris is a well-known green eukaryotic microalga accepted in the EU for direct food 
consumption. The main restraints to industrialize the production is the access of an expert’s team, 
implement low cost photobioreactors in sufficient area to make it feasible, unlimited access to water 
and optimal fertilizers to achieve the expected cultivation biomass and biochemical traits. Several 
parameters were assessed in this study including growth rate (d-1), biomass productivity (mg.L-1.d-1), 
harvest cell density (x106 cells mL-1) and cell dry weight (pg cell-1). Various experiments were 
performed including 4 commercial fertilizers, iron fertilizer, and BBM formulation for comparison. In 
addition, the 3 formulations performed with the commercial fertilizers were supplemented with the 
same micronutrients used in BBM formulations. Biochemical assessments were performed to the 
dehydrated Chlorella vulgaris biomass, proteins concentration were between 188.99 ± 16.06 mg.g-1 
and 614.73 ± 65.34 mg.g-1. The remaining growth medium was also assessed for total nitrogen to 
determine the microalgae consumption rates which varied from 56.44 ± 12.50 µg NO3.mL-1 and 
381.97 ± 2.55 µg NO3.mL-1. Lipids ranged from 57.62 ± 10.92 mg.g-1 to 125.19 ± 2.99 mg.g-1, 
minerals from 134.64 ± 3.69 mg.g-1 to 364.31 ± 0.64 mg.g-1, chlorophyll a from 6.23 ± 0.49 mg.g-1 to 
21.72 ± 0.74 mg.g-1, chlorophyll b from 0.81 ± 0.4 mg.g-1 to 7.60 ± 0.73 mg.g-1 and carotenoids from 
0.50 ± 0.2 mg.g-1 to 3.37 ± 0.26 mg.g-1. 
Overall conclusion is that using fertilizers optimization, the values obtained with BBM cultivation are 
almost reachable, reducing the production costs. Chlorella vulgaris cultivated exclusively with BBM 
makes this business model unprofitable and/or unachievable. Reducing production investment is 
the “golden egg” for this industry, producing more for less and turning this biomass accessible. 
 
Table 1 – Comparing BBM with the best fertilizer recipe (% of difference with BBM)  

BBM Fertilizer recipe variation B 
Protein (mg.g-1) 614.73 391.31 (- 36 %) 
Lipids (mg.g-1) 111.02 125.2 (+13 %) 

Minerals (mg.g-1) 134.64 210.24 (+56 %) 
Chlorophyll a (mg.g-1) 21.72 13.07 (- 40 %) 
Chlorophyll b (mg.g-1) 7.6 4.04 (- 47 %) 
Carotenoids (mg.g-1) 3.37 1.43 (- 58 %) 
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ABSTRACT 
 
The use of microalgae as a valuable food ingredient has deserved special attention in recent years, 
considering its ecological sustainability and nutritional richness (1,2). Although consumer appeal for 
microalgae is increasing, there is still a long way to go before microalgae-based food products 
become mainstream in Europe. One of the main drawbacks for the industrial scale-up is related to 
the new challenging colours, flavours and tastes present in microalgae-containing formulations (3). 
There are some microalgae in the market ingredients with less pronounced colors and flavors, 
produced in heterotrophic conditions, but their biochemical composition is different from autotrophic 
microalgae, mainly in terms of scavenging activity, with heterotrophic growth showing lower free 
radical and superoxide anion activity (2). Other technologies have already been applied to microalgae, 
such as the extraction with ethanol and a reduction in the intensity of flavor and color of bread was 
verified, but with a negative impact in bioactive properties (4). Therefore, it is essential to bet on clean 
technologies, which in the future can be used by microalgal biomass producing companies to produce 
sustainable food ingredients. 
YUM ALGAE aims to improve the overall sensory quality of microalgal ingredients by using enzymes, 
which will target two of the major organoleptic bottlenecks: the fish-like smell associated to volatile 
compounds and the green dark color of the microalgal pigments. Microalgae subjected to the 
enzymatic process developed within the project can be used as natural, innovative and sustainable 
ingredients to nutritionally enrich food products. Two different food matrices, bread and cheese will 
be studied to achieve higher levels of algae incorporation and good acceptance by the consumers, 
maintaining high functionality, nutritional quality and bioactivity of the food end-products. 
The results of the nutritive and sensory profile of the microalgae biomass and microalgae-added 
bread and cheese products, before the enzymatic treatment of the microalgae biomass, will be 
presented, and the compounds responsible for the flavour will be identified by chromatography and 
sensory techniques. In the future NORCE/Norway will conduct enzyme purification techniques to 
produce sensory enzymes and IST/Portugal will optimize the enzymatic processing of the 
microalgal ingredients for each product case.  
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ABSTRACT 
 
Microalgae are a prominent natural source of macronutrients and they have mobilized a massive 
interest in getting them enlisted in the catalog of human nutrition products. However, due to their low 
production capacity, strain improvement is the key to increasing biosynthesis of targeted 
biomolecules. Random mutagenesis causes genetic alterations that can potentially lead to the 
enhanced accumulation of desired intracellular components such as lipids [1]. Such gene 
modifications can be evoked by chemical or physical mutagens, like ultraviolet (UV) radiation [2]. This 
research assesses UV-induced mutations of Chlorella sorokiniana as a means of enhancing lipid 
synthesis aiming at the development of valuable strains for the food industry. The mutagenesis 
protocol comprises culture exposure to UV-C light for sufficient time to attain cell fatality higher than 
50%, followed by a relief period of 24-h in the dark. Attainment of the desired cell fatality was 
monitored by O.D.750nm measurements of the mutated strains and comparison against wild type (same 
treatment without UV exposure). Upon determination of the appropriate time of UV treatment, the 
protocol was applied on fresh C. sorokiniana cells. After the 24-h dark period, the cells were spread 
onto BBM (Bold’s Basal Medium) agar plates and incubated until algal colonies appeared. The biggest 
and greenest mutant colonies were inoculated in 5 mL of fresh BBM in 25-mL Erlenmeyer flasks and 
cultivated for 5 days at 25 oC under diel cycle of 16/8 hours light/dark. The success of the triggered 
mutagenesis, in terms of intracellular lipid content, was assessed by staining the cells of the cultures 
with Nile red [3] and comparing against the wild type . The mutants exhibiting more intensive 
fluorescence than the wild type were selected for subsequent lipid quantification with the sulfo-
phospho-vanillin method [4]. The most productive mutants were cultivated for 10 cycles of 12 days 
each to ensure that their growth and lipid accumulation rate remained stable. This work resulted in 
the generation of 5 stable C. sorokiniana mutants with lipid productivity considerably higher than that 
of the wild type strain.  
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ABSTRACT 
 
This work deals with the harvesting of the green alga Chlorella vulgaris using a novel flocculating 
agent prepared from a solution of hexadecyltrimethylammonium bromide at a initial concentration of 
1 g/L and a rapeseed oil-in-water emulsion. The hexadecyltrimethylammonium bromide (CTAB) 
molecules bind to the surface of the oil droplets, giving a positive charge to the emulsion particles 
formed. The emulsion droplets thus stabilized interact very well under appropriate conditions (pH, 
dose of flocculating agent) with negatively charged algal cells, causing floc formation and 
sedimentation or flotation. In experiments, algal suspension in mineral medium was tested at different 
pH values and flocculation reagent doses. From the results, it was found that the pH and the amount 
of flocculating agent had a significant effect on the efficiency of the algal biomass separation process, 
which reached high values above 95% at pH 10 and 12, already at a dose of 1.75 ml of flocculating 
agent. Moreover, the biomass obtained had a relatively low concentration of CTAB in the case of an 
efficient process, which would not preclude subsequent food use. After the initial experiments, the 
CTAB content of the reagent was reduced and to evaluate the effect of the mineral medium itself, the 
experiments were repeated in a NaCl model medium of the same ionic strength. In addition to 
rapeseed oil, sunflower, olive and peanut oils were also tested. 
 
Keywords 
Cetyltrimethylammonium bromide; Chlorella vulgaris; cooking oil; 
sedimentation; flotation 
 
References  
Potocar, T., de Souza Leite, L., Antonio Daniel, L., Pivokonsky, M., Matoulkova, D., 
Branyik, T., Cooking oil-surfactant emulsion in water for harvesting Chlorella vulgaris by 
sedimentation or flotation, Bioresource Technology (2020) 
 
 
 
 
 
 
 
 
 



 

274 
 

PRESENTER INFORMATION 
 

 

Ing. Tomáš Potočár 
Research Scientist / Department of Biotechnology / UCT 
Prague 
Czech Republic 
LinkedIn: www.linkedin.com/in/tomáš-potočár-80669b147  

 
BIOGRAPHY  
 
Presenting author is employee of Department of Biotechnology at University of Chemistry and 
Technology, where he is also doctoral student of study program biotechnology. His main topic 
dealing with new methods of flocculation and flotation of microalgae. Author has also experience 
with lab scale bioreactors and with interaction of microorganism with solid surfaces. 
 
COMPANY PROFILE 
 
The University of Chemistry and Technology, Prague is a centre of first-rate study and research in 
the area of chemistry in Czechia and is one of the country's largest educational and research 
institutions focused on technical chemistry, chemical and biochemical technologies, material and 
chemical engineering, food chemistry, and environmental studies. 
 
 
 
 
 
 
 
 
 
 
 



 

275 
 

MICROALGAE BIOMASS AS A CLEAN LABEL FOR VEGAN MAYONNAISES  
Simões, S.1 

Castelo-Branco, D.2, Figueira, D.2, Tasso, A.2, Prista, C.1, Raymundo, A.1 
1LEAF—Linking Landscape, Environment, Agriculture and Food Research Center, Associated 

Laboratory TERRA, Instituto Superior de Agronomia, Universidade de Lisboa, Tapada da Ajuda, 
1349-017 Lisboa, Portugal.  

2Mendes Gonçalves SA, Zona Industrial, lote 6, 2154-909 Golegã, Portugal.  
 

ABSTRACT 
 
Being intrinsically linked to consumer trends, one of the main challenges of Food Industry is its 
constant need of changing to adapt to these trends. Currently, consumers are eager for food solutions 
that promote one-health1, simultaneously assuring physical and mental health, while maintaining a 
strong environmental and ethical consciousness, hence pressing for sustainable and transparent 
supply chains. Furthermore, the clean label trend arises, as consumers are looking for simpler 
formulations, with less ingredients and easily recognizable origins2. Companies must invest in 
reinventing traditional products and adapting them to these trends. 
This work, part of the cLabel+ project, aimed to evaluate the potential of microalgae biomass as clean 
label ingredient to replace common preservatives, antioxidants and colorants of Casa Mendes 
Gonçalves’ vegan mayonnaises. 
Five types of Chlorella vulgaris were tested – A2F, Organic, Smooth, Honey and White. A2F-Chlorella 
was obtained from a certified producer from Norway. The remaining Chlorella sp. were supplied by 
Allmicroalgae, who used random mutagenesis and different culture conditions to obtain different 
compositions and pigmentations3. 
The antimicrobial potential of Chlorella sp. was tested using the Drop-Test method. The Chlorella sp. 
presented different inhibitory effects depending on the strain of microorganism, microalgal biomass 
concentration and algae species. Considering that antimicrobial activity is often correlated with the 
content in bioactive compounds, total phenolic content (Folin-Ciocalteau method) and antioxidant 
activity (DPPH and FRAP) were also assessed. 
After preliminary tests of microalgal biomass incorporation, considering color and flavor, only Honey 
Chlorella vulgaris was considered adequate for vegan mayonnaise development. Crude protein 
(Dumas method) and crude fat (Soxtec method) were determined for the tested microalgae. Honey 
Chlorella was incorporated in different proportions in fava bean and lupin stabilized mayonnaises, 
and its effect on texture (TPA), viscoelastic properties (SAOS), flow behavior, droplet size distribution 
and microstructure (SEM) was assessed. The color of the produced mayonnaises (CIELAB) was 
compared with traditional mayonnaise and plant-based mayonnaise dyed with conventional colorants. 
A preliminary sensory assay was also performed. 
From the results obtained, it is possible to conclude that Chlorella sp. can be used as a clean label 
ingredient, originating products with better nutritional characteristics than the original mayonnaises. 
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ABSTRACT 
 
Microalgae contain many different valuable components, with a significant nutrient value. Each 
component, or a combination of these, will have their specific characteristics and possible use in a 
commercial framework. For some of these components, stability during storage can be a problem. 
On the other hand, given the high concentration of antioxidants and antimicrobials in microalgae, 
these may also be used as preservatives, inhibiting food waste.  

Storage of biomass from Tetraselmis chui and Chlorella vulgaris was explored in respect to nutrient 
content, under seven different combinations of pre-treatments and storage temperatures. The three 
different pre-treatments that were compared, were 1) centrifuged biomass paste with a water content 
of 40-50 %, 2) freeze dried biomass and 3) biomass that was freeze dried followed by bead milling 
with 99% efficiency. The storage conditions were -20⁰C, 4⁰C and 22⁰C in darkness and with a small 
headspace of air. The nutrient components included in the study were chlorophyll a and b, 
carotenoids, polyphenols, fatty acids (FA) including saturated FA (SFA), monounsaturated FA (MFA) 
and polyunsaturated FA (PUFA). The study included 6 sampling points, up to ~2,5 years of storage.  

Results showed that carotenoids in particular were quite unstable during longer term storage. For 
example in the case of milled biomass from T. chui stored at room temperature, the content showed 
significant degradation after only 1 month, and was non-detectable after one year. Chlorophyll a 
showed also some degradation during storage, while Chlorophyll b remained relatively stable. PUFAs 
were unstable during storage in T. chui, while being more stable in C. vulgaris during the first year.  

In most cases, there was a clear difference between the two species. For T. chui, milling had a 
more negative effect on the storage stability than for C. vulgaris. Freezing temperature did not in all 
cases prevent degradation. The study concluded that it is in general important to store the biomass 
in non-disrupted form, at all the storage temperatures included in this study. 
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ABSTRACT  
 
WHO recognizes Arthrospira platensis as a “superfood” due to its nearly 70% of protein contents and 
a source of vitamins (e.g., B complex) and fatty acids (including ω3 and ω6). Alike A. platensis, 
Chlorella vulgaris has antioxidant, anti-inflammatory and immunomodulatory properties, while having 
a similar nutritional and bioactive composition to A. platensis, with vast quantities of natural pigments, 
namely carotenoids1. 
Microalgae and cyanobacteria have a relevant positive environmental impact for their higher protein 
yield comparing to soy and livestock, and, unlike terrestrial crops, they don’t require arable soil.  
Previous studies of microalgae-fortified food products have resulted in a nutritionally enhanced pasta, 
without affecting its cooking and texture quality properties2. In addition, different drying methods result 
in distinct nutritional composition, bioavailability, sensory profile, and functional quality of the biomass. 
While solar drying is less aggressive on bioactive compounds and is cheaper, it takes a longer time 
and need a larger area, depending on climate conditions. On the other hand, spray drying is 
commonly used, as it is faster, flexible and can be used in continuous operation. Disadvantages stem 
from high installation and energy costs, and being unrecommended for thermosensitive ingredients3,4. 
The effect of adding spray-, solar-dried and non-dried (frozen paste) Chlorella vulgaris and Arthrospira 
platensis on the technological, nutritional, and bioactive properties of fresh wheat pasta was 
investigated. 
Samples were characterized in terms of rheology (viscoelasticity), texture (TPA, firmness, stickiness, 
and tensile strength), and cooking quality (water absorption, cooking loss, and swelling index) tests 
to better understand the impact of microalgae addition in the pasta’s properties. Furthermore, 
bioactivity tests evaluating the sensitive compounds like the total phenolic content, antioxidant activity 
(DDPH and FRAP) and colour were performed. A sensory analysis was also performed. 
Results pointed out to an optimum of 4% level of microalgae incorporation. Differences in results from 
different drying methods have been demonstrated. Non dried and solar dried samples have a larger 
bioactivity and different technological properties. However, spray dried microalgae were able to either 
maintain or reinforce pastas’ internal structure, demonstrated by almost all parameters, reenforcing 
the value of a more intensive drying, to produce a quality product. 
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ABSTRACT 
 
In recent years, the number of studies related to the use of microalgae as biofertilizer have increased, 
showing promising results (Ronga et al., 2019). In a circular bioeconomy context, wastewater can be 
seen as a low-cost source of nutrients for microalgae growth. However, when this biomass is used 
for agricultural purposes, the presence of pathogens, heavy metals and emerging organic 
contaminants (EOCs) in the biomass should be monitored. The aim of this study was to perform an 
experiment in greenhouse using microalgae biomass grown in wastewater as biofertilizer for lettuce 
production. In order to guarantee human health, pathogens, heavy metals and EOCs were monitored 
in wastewater, microalgae biomass and lettuce leaves. In this agronomic assay, lettuce growth was 
tested under different conditions: (C-) negative control with no fertilizer; (C+) positive control with full 
dose NPK fertilizer; (T1) microalgae biomass+50%N fertilizer+100% PK fertilizer; (T2) microalgae 
biomass+100% PK fertilizer. C+ and T1 presented similar results, characterized by the highest fresh 
shoot weight. Concerning pollutants, the concentrations of pathogens and heavy metals found in 
microalgae biomass were below the threshold of the European regulation (EC) 2019/1009 and heavy 
metals were not reported in lettuce leaves. EOCs were found in the domestic wastewater. Although 
only caffeine and hydrocinnamic acid was reported in small quantities in the biomass, these EOCs 
were not detected in lettuce leaves samples. This study revealed that wastewater grown microalgae 
can be used for agricultural purposes to reduce the dose of mineral nitrogen without compromising 
human health. 
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ABSTRACT 
 
Although biomass drying is a critical step in the microalgae value chain for preservation and 
transportation purposes, limited knowledge exists on the effect of drying on protein techno-functional 
properties and bioavailability. In this study, we subjected heterotrophically grown Chlorella vulgaris 
biomass to 2 industry standard (spray drying (SD), freeze drying (FD)) and 3 innovative (solar drying 
(SolD), agitated thin film drying (ATFD), pulse combustion drying (PCD)) drying methods. We 
hypothesized that higher drying temperatures and mechanical forces could disrupt the C. vulgaris cell 
wall, releasing proteins and other intracellular components. Moreover, methods operating at higher 
temperatures could denature heat-sensitive components such as proteins as well as pigments 
(chlorophyll, antioxidants and vitamins), resulting in altered appearance, nutritional value and techno-
functional properties. To challenge this hypothesis, we tested the dried powders for several techno-
functional parameters (protein solubility, water/fat binding, foaming, emulsifying and gelling 
properties, solubility, color) as well as the degree of protein denaturation (differential scanning 
calorimetry, DSC) and sensorial properties (smell and taste attributes). In addition, microbial safety 
and the in vitro digestibility (INFOGEST 2.0) were assessed. Our results demonstrate a differential 
impact of the drying methods on techno-functional properties. Freeze dried powder performed best in 
fat-related functional properties (emulsifying capacity, oil holding capacity), whereas ATFD treated 
powder showed significantly higher protein solubility, gelling capabilities and water holding properties. 
Treatment with PCD then again resulted in significantly increased foaming properties compared to 
the other treatments. Determination of denaturation enthalpy, using DSC, revealed significantly 
reduced enthalpy after ATFD treatment, indicating increased protein denaturation. In vitro digestion 
trials with subsequent nitrogen (N) solubility determination (a measure for digestible protein) showed 
significantly increased N-solubility for the ATFD treatment. Sensorial analyses using a trained panel 
revealed observable differences in sensorial attributes, although non-significant. All dried powders 
could be considered microbiologically safe, with total microbial count ranging from 103 (FD, SolD, 
ATFD) to 105 CFU/g (PCD, SD). In conclusion, different drying methods differentially affect the release 
and denaturation of Chlorella vulgaris protein, resulting in distinctive techno-functional properties and 
bioavailability.   
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ABSTRACT 
 
Climate change, a globally rising population, a lack of land and water as well as the limitations of the 
classical agricultural industry create the urgent need for new solutions. Clearly, previous solutions 
have shown insufficient to solve existing and upcoming global problems. Most of the fossil energy 
used by mankind was created from microalgae. Thus, why not use microalgae’s capabilities to 
overcome future problems? For some time now, the cultivation of microalgae and cyanobacteria has 
been well researched. Through novel technologies, novel biologic strands and refinery technologies, 
a wide range of high-quality ingredients may be produced with microalgae and cyanobacteria. 
Basically, the production of high-quality microalgae biomass needs only a minimal amount of water, 
no pesticides, and CO2.   
  
Yet, the processes to cultivate microalgae and cyanobacteria are complex and require a well-thought-
through multidisciplinary approach. By providing innovative engineering solutions, Algoliner helps to 
unleash the full potential of microalgae and cyanobacteria cultivation. The Algoliner method makes 
microalgae cultivation more sustainable and versatile for a fraction of the costs of conventional 
cultivation methods. We care for the environment. Thus, responsible raw material usage to us is more 
than just a means to cut costs. Our method allows us to build photobioreactors (PBRs) with less than 
half the raw materials necessary compared to conventional PBRs. We further took the entire lifespan 
of our systems into consideration when designing the Algoliner PBRs. We have thus chosen materials 
suitable for both direct and chemical recycling.  
  
Further projects we have realized or are still realizing are novel cleaning and sterilization methods as 
well as the incorporation of additional CO2 in our cultivation. The Algoliner approach to cleaning and 
sterilization drastically reduces the need for chemical sterilization and thus allows for a fully 
automated cultivation process. In regard to the usage of additional CO2 to enhance the productivity 
of microalgae cultivation, Algoliner envisioned a CO2 negative solution in which exhaust CO2 of 
biogas plants (and other large CO2 emitters) are (re)used for the microalgae cultivation. 
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efficient use of CO2 as a source 
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ABSTRACT  
 
The development of new microalgae products for rotifers (Brachionus plicatilis) nutrition with improved 
efficiency, specifically adapted to their production modes (batch and semi-continuous) and culture 
systems, is essential for aquaculture industry. The aquaculture sector expansion in recent years led 
to rotifers production intensification. Nannochloropsis sp. is an excellent microalga for rotifers 
nutrition. Thence, the use of industrially produced Nannochloropsis sp. liquid concentrates for rotifers 
nutrition is expanding, as it avoids the constraints of in-house microalgae cultivation. However, these 
diets still require improvements regarding precipitation, agglomeration and microbiological quality, 
which are detrimental for rotifers production. Besides, rotifers nutritional requirements are still poorly 
understood, which difficult products development and dietary protocols optimization. This study aims 
to investigate the optimal dosage of Phytobloom® ELITE Formula (ELITE) for rotifers batch production 
mode in comparison with a commercial product (Phytobloom® Green Formula - GF). Different 
dosages of GF were tested and the most successful was selected and applied in rotifers culture fed 
with ELITE. Diets efficiency was compared using a dosage of 3.2mL/million of rotifers in the first day 
and 2.5mL on the following days. Rotifers were cultured in cylindroconical tanks in 4 batch days, 
under standard environmental conditions (28ºC, pH 7.5-8 and 20 ppt). Relevant abiotic parameters 
such as ammonia and dissolved oxygen were regularly monitored. Rotifers population growth and 
amitic females’ percentage were daily monitored. This work was performed under ALLARVAE project 
targeting the development of new microalgae products to boost live feed and marine larvae biological 
performance. ELITE showed significantly lower number and dimensions of microalgae agglomerates 
and total bacteria compared to GF. ELITE produced significantly higher growth and number of rotifers 
when compared to GF. In the 4th batch day, ELITE also showed significantly higher number of rotifers 
with eggs compared to GF. These results suggest that microalgae agglomeration reduction and 
bacterial load achieved with ELITE allowed higher feed availability in the water column and improved 
water quality, enhancing rotifers production. This work not only allowed to optimize rotifers feeding 
protocol with GF, but also supported the enhancement of rotifers production efficiency through the 
development of an ELITE premium rotifers diet.  
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ABSTRACT 
 
Over the years, microalgal biomass has shown to be increasingly attractive as a resource for 
biotechnological products. As a result of the current technological developments, the prospects and 
applications of microalgae-based goods are rising daily. Nevertheless, microalgae yield is challenged 
by the need for specialized know-how to develop high-quality biomass and products. Dunaliella form 
a halotolerant genus, showing highly adaptability to harsh environments. In addition, species 
like Dunaliella salina are often used to produce high-quality molecules such as β-carotene in its 
different biotechnologically relevant isomers (all-trans and 9-cis), unlike the produced by the 
pharmaceutical industry, which only yields the all-trans isomer. Moreover, other species, like D. 
bardawil and D. viridis, are reported to have high concentrations of other natural products, e.g., lutein, 
lipids, fatty acids, proteins, and amino acids. Recently, the Marine Biotechnology Group has isolated 
a new strain of D. viridis (TAV01) from a salt pond in the Algarve. The identification was made using 
primers developed to infer regions at the 3’ end of the 18S and the 5’ end of 28S genes as is usually 
done for most Dunaliella strains with the NCBI GenBank database. This primer pair was designed to 
amplify and sequence the ITS1 and ITS2 loci as well as the intervening 5.8S region. The phylogenetic 
analysis was made using Qiagen CLC Genomic Workbench for aligning these sequences with those 
of other closely related homologues. The alignments produced were analysed by Maximum-
Likelihood and Bayesian phylogenetic inference. The ITS2 secondary structure was modelled and 
aligned with highly similar (>99%) D. viridis ITS2 sequences to further improve the phylogenetic 
analysis. Compared with D. salina, the new isolate showed a lower lutein content. However, it 
displayed a 6- and 3-fold increase in the lipid and protein contents, respectively. Additionally, the fatty 
acids and amino acids profiles showed a more diverse composition when compared to those of other 
Dunaliella strains. The presence of high-quality natural products in Dunaliella viridis TAV01 offers a 
possibility of turning this new strain into a valuable biological resource for novel feed or food products 
as ingredients or supplements. 
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ABSTRACT 
 
Arthrospira platensis has emerged as a novel protein source for monogastric animals. However, this 
microalga has a rigid peptidoglycan cell wall that interferes with the bioaccessibility of proteins [1]. In 
addition, algal proteins can form a viscous matrix trapping valuable compounds [2,3]. The present 
study aimed to evaluate the in vitro effect of six pre-treatments (bead milling, extrusion, freeze-drying 
after congelation at -80 ºC, heating at 70 ºC, microwave and sonication) combined with trypsin or 
pancreatin on the solubility of algal proteins. 
The microalga suspension with phosphate buffer (20 mg/mL) was incubated for 16 h, in triplicate, with 
peptidases (20 µg/mL), followed by centrifugation. The concentration of total protein and peptides 
released to the supernatant was quantified using Bradford and o-Phthalaldehyde (OPA) methods, 
respectively. The protein solubility was evaluated by 14% SDS-PAGE gel electrophoresis through 
quantification of total protein content and the amount and proportions of the two most predominant 
proteins (40 < protein 1 < 48 kDa; 18.5 < protein 2 < 26 kDa). 
Total protein concentration decreased (p < 0.001) with all pre-treatments, particularly extrusion and 
microwave, combined with trypsin relative to control (no-pre-treatment, NoP), except with sonication. 
Similar results were found with extrusion and microwave for the amount of total protein, protein 1, 
protein 2 and other proteins in the gel (p < 0.001). However, no significant differences were observed 
for total peptides measured with OPA reagent.  

 
Figure 1. Effects of pre-treatments combined with trypsin on total protein released from A. platensis 
biomass (means ± standard deviation).  
 
Moreover, a reduction of total protein concentration, as well as a decrease of total protein, proteins 1 
and 2 and others and proportion of protein 2 in the gel, was obtained with extrusion combined with 
pancreatin compared to control (p < 0.001). 
Overall, extrusion combined with enzymatic treatment decreased the solubility of A. platensis 
proteins, possibly due to an aggregation process that proteins undergo when denatured at extrusion 
conditions [4]. Further in vivo studies are expected to improve the understanding of how these results 
affect protein bioaccessibility and digestibility in monogastric animals.  
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ABSTRACT 
 
Microalgae have many different applications, but are still mainly commercialized in high-value 
markets, due to high production costs, which prevent their commercialization as commodities [1]. 
Large-scale cultivation is crucial to decrease costs; however, the need for large amounts of water 
negatively impacts economic viability and environmental sustainability [2]. Reusing water from growth 
media contributes to reducing water use, as well as salt/nutrients expenditure and wastewater 
treatment costs [3]. Nevertheless, it is a very complex process since many factors need to be 
considered to maximize culture productivity, namely stage of growth for harvesting, spent medium 
clean-up, number of reuse cycles, and the nutrient supply regime [3][4]. 
 
In this work, Nannochloropsis oceanica was cultivated in four 2.6-m3 tubular photobioreactors (PBRs), 
in successive batches. In three of the PBRs, the cultures from one batch were centrifuged and the 
centrates were used for the next cultivation run. On the fourth PBR (control), new saltwater was used, 
upon culture renovation. Besides, after each batch, the culture from this PBR was used as inoculum 
for all four PBRs in the next batch. The whole procedure was performed seven times, over 44 days. 
 
Table 1 – Ratio of global productivities (relative global productivity) of cultures grown in successively 
reused water over new saltwater and specific accumulated water consumption throughout the 
experiment for both conditions. 

 Relative global productivity 
(g L-1 d-1/g L-1 d-1) 

Reutilizatio
n 1st 2nd 3rd 4th 5th 6th 7th 

Ratio water 
reuse/new 
saltwater 

0.86±0.0
4 

1.01±0.0
8 

0.99±0.0
7 

0.99±0.0
1 

1.16±0.0
3 

1.16±0.0
3 

1.22±0.1
6 

 Accumulated water consumption per biomass produced (m3/kg) 

New 
saltwater 3.99 4.38 4.19 4.14 4.13 4.17 4.29 

Water 
reuse 

1.99±0.0
7 

1.38±0.0
4 

0.97±0.0
2 

0.75±0.0
1 

0.60±0.0
1 

0.51±0.0
1 

0.45±0.0
1 

 
Results suggest that reusing water does not impair biomass productivity (Table 1). Instead, increase 
in relative global productivity above 1 in the last batches, suggests that there is even enhanced 
growth. Furthermore, this is achieved with a lower environmental footprint concerning water 
(0.45±0.01 vs 4.29 m3/kg), salt (11±0 vs 104±3 kg/kg), and magnesium supplement (0.015±0.000 vs 
0.062±0.002 m3/kg). However, the biomass biochemical profile will be analyzed to assess if the 
successive reutilization of water does not affect the biomass quality.    
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ABSTRACT 
 
Green Biorefineries aim to sustainably produce chemicals, materials, proteins and energy by 
processing green biomass into a solid fraction (fibers) and a liquid fraction (juice) for further refining 
(Mandl, 2010). While most Green Biorefineries rely on cultivated biomass, such as alfalfa, clover or 
ryegrass, the use of residual streams, such as roadside grass clippings, could further improve the 
sustainability of the process and enable the establishment of Circular Green Biorefineries. However, 
the green juice produced from residual streams might have a lower nitrogen (N) content and result 
in an economically unviable process for protein production in the current Green Biorefinery 
configuration (Muneer et al., 2021; O’Keeffe et al., 2012). To address this, microalgae cultivation 
could be a more robust alternative for protein production from low N biomass. Here, we studied if 
the liquid fraction of residual grass clippings (grass juice) can be used as a nutrient source for 
microalgae cultivation, and if the produced algal biomass meets the safety requirements for animal 
feed applications. Chlorella sorokiniana and Acutodesmus obliquus were cultivated on multiple 
dilutions and after different pre-treatments of the grass juice. An initial experiment resulted in 
comparable growth to mineral commercial medium when algae were cultivated in 10% grass juice 
after a sedimentation step followed by 0.2-µm filtration and pH adjustment to 7. Sedimentation was 
necessary to reduce the presence of particles and improve the light penetration of the medium, but 
the microbial load of contaminants was still high even after the 0.2-µm filtration. Therefore, other 
combined treatments were tested, i.e., pH adjustment to 8.5 to inhibit fungal growth in association 
with 5-µm filtration and heat treatment. The addition of the 5-µm filtration and heating steps to 
reduce the microbial load did not increase algal productivity, while the sole increase of pH to 8.5 
resulted in a significant reduction of yeast contaminants and promoted good algal growth. The 
produced biomass had a 41% protein content, and most microorganisms quantified complied with 
safety norms for feed production. Overall, these findings offer new perspectives to sustainably 
manage plant waste and convert it to a protein source in a Green Biorefinery. 
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ABSTRACT 
 
Spirulina is a cyanobacteria known for its high protein content, which can be used for feed for animals. 
Spirulina (Arthrospira) maxima was cultivated initially for two weeks under indoor controlled conditions 
(25 ±2 °C; 235 ±10 µmol·m-2s-1; 12:12 light:dark) using Jordan medium in 4-L flasks with aeration. The 
salinity of the media was increased step by step (at every inoculation to a higher volume) by mixing 
freshwater and sea water to have a final salinity of 25 ISU at indoor conditions. The analytical-grade 
salts of Jordan medium were replaced by industrial/agricultural grade salts, to adapt the cultures to a 
cheaper alternative medium, for instance N source was changed (sodium nitrate was substituted by 
ammonium sulfate). The adapted inoculum was resuspended in 20-L carboys at outdoors conditions 
in an algae pilot plant (1,000 m2; 100 m3 volume capacity) at KAUST, Thuwal, Saudi Arabia. The 
outdoor cultures were under a period of adaptation of four weeks (8 x 20-L carboys), and then they 
were used as inoculum for a raceway with a capacity of 1,000-L. The cultures were maintained for 
four weeks (3 x 1,000-L raceways; averages: temperature 35 ±6 °C; light intensity 1,850 ±300 µmol·m-

2s-1, pH 9.0) and then the raceways cultures were used as inoculum for a 10,000-L production raceway 
filled at the beginning with 50% capacity. After two weeks, the volume was increased regularly, and 
three more subsequent 10,000-L raceways were filled with this inoculum, and finally a 25,000-L 
raceway was filled, for a total of 65 m3 of culture. Simultaneously, the salinity was increased gradually 
from 25 to 42 ISU (Red Sea salinity). The production parameters at the peak of the summer season 
(ambient temperature 42°C; cultures temperature 38°C; and light intensity above 2,500 µmol·m-2s-1) 
were as average 0.681 g·L-1; 163 g·m-2; 16.8 g·m-2·day-1. Due to harsh culture conditions (high salinity, 
temperature, and pH) virtually no contamination was detected after two months of continuous culture. 
This new natural Spirulina adaptation approach to high salinity allows us to predict a more sustainable 
production of this strain along the year, helping to sort out the current worldwide drought issues. 
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ABSTRACT 
 
Aquaculture takes a significant role in food supply for the growing world population. However, its 
productivity is dependent on appropriate health management [1]. Pathogenic microorganisms such 
as Flavobacterium psychrophilum, Aeromonas and Pseudomonas sp. Are causing diseases in 
aquacultural systems and an efficient treatment or even prevention of such diseases is crucial to 
guarantee stable and high productivities [2, 3]. Microalgae and their microbiomes synthesize a range 
of bioactive substances that can be used as sustainable preventive or curative agents [3]. 

The main objective of the AquaHealth project Is to explore microalgae and their associated 
microbiome for novel bioactive molecules that can be used to treat diseases in aquaculture. Multiple 
microalgal strains were examined for their ability to inhibit biofilms and the growth of bacteria. For 
this, the inhibitory effect of the microalgae on several pathogenic and biofilm-forming bacteria was 
investigated in screening approaches established by SINTEF AS, the Aalborg University and the 
University of Hamburg. To pave the way toward commercial production of microalgae, promising 
strains for the application in aquaculture were selected and the production was scaled from laboratory 
to pilot scale by the Hamburg University of Technology and Sea & Sun Technology GmbH. Different 
outdoor cultivation systems were compared regarding the influence on the productivity as well as the 
cellular composition of the selected microalgal strains. In addition, methods for cell disruption and 
drying were investigated in order to develop a suitable downstream process for the microalgae. 
Finally, the influence of the selected microalgae will be investigated in vivo. For this, the produced 
and processed microalgae will be integrated into fish feed to examine the effect on the growth of 
rainbow trout. 

Overall, the AquaHealth project delivers new approaches in biotechnology, screening techniques 
as well as cultivation and processing of microalgae. Economic, environmental and social impacts of 
novel product candidates are assessed, as well as routes toward commercialization of identified 
bioactive molecules and technologies. 
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ABSTRACT 
 
Microalgae provide numerous benefits when used in larval culture of different fish species, which 
include improved gastrointestinal maturation, nutrition, and a proper environment for larval growth 
when used in “green water” formulations. Although rich in antioxidants, vitamins, minerals, proteins, 
and lipids that often contain polyunsaturated fatty acids, crucial for larval development, some 
microalgae require exposure to stress for accumulating protective compounds that that are essential 
for larval development. Zebrafish (Danio rerio) is the second most used model animal in scientific 
research, being also used as a model for aquaculture. However, zebrafish is usually fed with non-
standard feeds, leading to biological variance of experimental results obtained by different research 
groups. This work aimed to model the nutritional profile of four microalgae species (Nannochloropsis 
oceanica, Tetraselmis verrucosa, Phaeodactylum tricornutum and Nanofrustulum shiloi) to evaluate 
the performance of D. rerio. Microalgae were cultured in 1-L bubble columns at laboratory scale using 
Nutribloom® Plus (NB+) as culture medium at two nitrate concentrations (2 and 10 mM). The cultures 
were subsequently used to enrich rotifers that were fed to zebrafish larvae for 30 days, using a 
commercial feed as control. Fish weight and length, skeletal deformation rate and midgut villi length 
were measured at the end of the experimental feeding trial. Protein concentration increased in all 
microalgae species when NB+ with 10 mM nitrates was used. The survival of larvae fed with rotifers 
improved by 89%, whereas the survival rate of larvae fed with commercial feed was only 59%. 
Zebrafish larvae fed with rotifers enriched with T. verrucosa at NB+ with 10 mM nitrates showed the 
lowest incidence of skeletal deformations (40%), with abnormalities only observed in the precaudal 
and caudal fin vertebrae. The same treatment promoted the development of the midgut villi, with 
larvae presenting a villi length of 60 µm as compared to 40 µm in control-fed larvae. In conclusion, 
NB+ with 10 mM nitrates offers very promising results both in terms of nutrition and larvae quality. T. 
verrucosa grown in this medium showed to be an effective microalga for rotifer enrichment to produce 
healthy zebrafish larvae. 
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ABSTRACT 
 
Because of cold climate and short growth periods, production of protein rich plants like canola, faba 
beans and peas is very limited in Norway. As much as 95% of protein rich feed ingredients for 
broiler chicken feed are imported. Great efforts are being made to identify novel protein sources, 
and one potential protein source is based on cultivation of microalgae.  

In addition to being a protein source, microalgae may contain a high number of compounds useful 
for poultry nutrition, such as unsaturated fatty acids, antioxidants, vitamins and trace elements, 
which may give added value to the feed product.  

Protein content, amino acid (AA) profile and -digestibility of any novel protein source is crucial for its 
value as a protein source. We will use a feed formulation program to evaluate different microalgae, 
and establish how they fit into formulation of a chicken feed. The chicken feed requirements and 
ideal AA profile are sufficiently well known based on previous data (National Research Council 
1994) as well as data from commercial breeding companies.   

AA profiles of microalgae vary significantly between species, and it is important to choose the most 
suitable species for the intended feed purpose. In addition, AA profiles of the same species vary 
between different studies, indicating that both different strains and cultivation conditions may 
influence the AA composition.  

In the current study, several species of microalgae have been studied with respect to AA profiles for 
use in chicken feed. Results from comparisons between species and amino acid profiles at different 
culture growth stages will be presented.  
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ABSTRACT 
 
Nowadays, food and health industries are facing the challenge of finding new sustainable resources. 
Microalgae and cyanobacteria are promising microorganisms that could potentially fulfill the needs of 
a constantly growing population in a foreseeable future.   
However, successfully producing these photosynthetic microorganisms at industrial scale requires a 
thorough understanding of their behavior regarding physical phenomena such as light [1].   
 
The aim of our study is to develop a universal and simple culture management methodology, based 
on strains behavior regarding light in order to keep the cultivation system in optimal growth conditions 
and finally go to the automation of the culture. This presentation will discuss the validation of this 
culture management methodology on a known microalgae strain (Chlorella vulgaris) and apply the 
method on a new cyanobacteria strain, which is not widely studied.  
 
For several years, we have developed an engineering parameter for this purpose: the mean rate of 
photon absorption by the biomass or MRPA [2]. For a concentrated culture, this parameter depends 
on the incident photon flux density (PFD), the specific illuminated surface ratio of the photobioreactor 
(alight) and the cell concentration. This parameter is an engineering indicator, easy to calculate, that 
provides key information on the stability and viability of a production system.  
 
A previous study [3] using Chlorella vulgaris was conducted to precisely determine the correlations 
between productivities, photon conversion efficiency by the biomass and MRPA. This work has shown 
that for Chlorella vulgaris the MRPA should not exceed 20 µmol.g-1.s-1. Beyond this critical MRPA 
value, the risk of culture loss is considerable. 
 
For the new strain, the range of MRPA adapted to the cultivation of the strain was determined by 
characterizing the light sensitivity and evaluating the growth performance for different light conditions. 
This innovative and robust culture management methodology allows controlling the culture in 
photobioreactor from the beginning of the culture and avoiding the risk of culture crash. This also 
enables the cultivation system to maintain optimal conditions for high production efficiency. In light of 
these results, the developed method seems to be an effective tool for the control of microalgae and 
cyanobacteria cultivation. 
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Bioprocess 
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ABSTRACT 
 
Microalgae industrial cultivation requires optimal monitoring and control to achieve stable 
performance and prevent situations of a significant reduction in productivity 1,2.The standard 
methods used for analysing biomass content are accurate, but they are time-consuming and cannot 
be applied neither in situ nor online, not to mention being expensive 3,4. Optical sensors based on 
spectroscopy are rapid and may be applied in situ and online, providing data instantly that is 
characteristic of the process without interfering with it 5–7. In fact, spectroscopy data may be utilized 
as biosystem fingerprints, being informant on its status and content 8–11. This is possible through the 
use of Machine Learning (ML) tools, which provide the ability to select the relevant information while 
overcoming noise and non-linear dynamics 12,13. In this work, fluorescence spectroscopy and 
absorbance spectroscopy are shown to provide two kinds of important information on 
Phaeodactylum tricornutum cultures: culture content, namely Cell Counts per volume (CC) and 
Fucoxanthin (F) and Chlorophyll a (Chl a) concentrations, and culture status, i.e., if the culture has a 
crash tendency or not. This was achieved by applying ML algorithms Projection to Latent Structures 
(PLS) and Convolutional Neural Networks (CNN), along with spectral variable selection algorithms 
such as Moving-Window (MW) and Variable Importance to Projection (VIP). Both ML algorithms 
were used in their regression (PLSR, CNNR) and classification (PLS-DA, CNN) forms. The results 
of this work consist of ML models that take either absorbance or fluorescence spectroscopy data as 
input for predicting CC, F and Chl a with R2 > 0.8 of validation accuracy, and for predicting culture 
crash with 90% accuracy and 80% precision and recall. Moreover, these models only require up to 
25% of the original spectroscopy data. 
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ABSTRACT 
 
As of today, the microalgae market is blooming. The volume of production is rising alongside new 
technologies like photobioreactors to answer needs, no new process covers the very first step of 
cultivation in a reliable way. The tedious manipulations to start a culture in Erlenmeyer or balloon 
and the scale up for inoculation is still a time-consuming and hard process.  
 
From these observations we have developed a unique and patented technology (S.A.L.T.) that 
reaches high cell density while avoiding biofilm formation. The system creates a vertical spiral 
movement with an airlift (by air injection) in a vertical tubular loop. This agitation facilitates gas 
exchanges (carbon input and degassing in O2) and favors light exposure while minimizing shear 
stress on the cells of fragile microalgae strains. For example, with Isochrysis affinis galbana Tahiti, 
the technology reaches up to 130 million cells per mL, compared to 5-10 million cells per mL in 
traditional systems like plastic bag. This smooth homogenization allows the culture of a wide variety 
of microalgae, 
 
SALT technology is essential and works with an automated regulation system. All of our 
photobioreactors have an identical control system to automate the essential needs : we are able to 
manage light intensity, temperature, pH, gas injection, medium injection and harvesting methods as 
batch, semi-continuous or continuous. This automation reduces working times, optimizes 
consumption and maintains cultures in continuous production over several weeks or months. It also 
eliminates any problems while scaling up with Erlenmeyer and balloons.  
 
First grams of culture are difficult to get, fragile and important for the next steps. We can not rely for 
several tones of production on a non safe inoculum. We must use technology that grows inoculum as 
it prevent both human and material issues often found with small lab tools.  
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ABSTRACT 
 
Microalgae convert carbon dioxide into functional proteins, sugars, oils, pigments and platform 
chemicals. However, current harsh and energy dense processes limit the industrial viability of 
microalgae biorefineries and call for the development of milder multiproduct biorefinery approaches if 
economic feasibility is to be achieved. Acoustic fields for instance allow for highly tunable mild cell 
disintegration. Moreover, when combined with microfluidic channels, the precise and energy efficient 
manipulation of their released components can be achieved. Thus, the present research employs 
acoustic pulsing ultrasound waves to gently open the microalgal cells, releasing their components, 
followed by standing wave induced acoustophoresis within a microfluidic environment to separate 
them based on their size and acoustic properties (density and compressibility). Precisely 
manufactured microfluidic chips using state of the art SLA 3D printing ensure the complete 
fractionation of these components. Harnessing these forces could impact bioprocess applications for 
the development of drugs and novel food ingredients.  
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ABSTRACT 
 
Freshwater availability represents an immediate concern, not only for human consumption but also 
for several industries, including the agricultural sector. The amount and quality of ground and surface 
freshwater is a major concern in Portugal, particularly in the Algarve region, which is suffering severe 
drought, with the perspective of becoming worse. This region is known for mild weather and high 
irradiation, optimal conditions for the establishment of greenhouses for agriculture production. A 
growing number of greenhouses use hydroponics (soilless) cultivation, a method easily controlled, 
resulting in higher crop yields, early harvests, and lower water requirements. Nonetheless, there is a 
substantial outflow of nutrient-rich drainwater, that can give rise to environmental problems if not 
properly treated. This brings the possibility of converting waste into value, by growing microalgae in 
drainwater to decrease nutrient concentration and production costs, while obtaining high-value 
products, e.g., biostimulants and aquafeeds. However, microalgae production is still a labor-intensive 
process that contributes to more than 50% of the total production cost. Thus, for an economically 
feasible production of biomass, an automatization control for cultivation was developed. This central-
control system integrates and manages data generated by different sensors, from turbidity, pH, 
dissolved oxygen, nitrate, and phosphate, to monitor in real-time these parameters and circumvent 
human intervention for nutrient addition and culture harvesting. The most important parameter 
controlled by the automatization is the drainwater feed that is supplied to the reactor, using the nitrate 
concentration and turbidity as key variables. The nitrate set-point concentration was defined at 50 
mg/L, which is the legal limit for discharge of water streams in Portugal. Below this concentration, 
fresh drainwater is introduced into the microalgal production system, while the same volume is 
diverted into a harvesting tank. The development of this system was essential for cost reduction and 
growth optimization for effective bioremediation of the drainwater, making it a more sustainable 
process. 
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Throughout the years, the company acquired extensive knowledge in cultivating marine, freshwater, 
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ABSTRACT 
 
Microalgae offer renewable alternatives to current commercial products such as animal proteins, 
fish oils and chemicals (e.g., food colourings). In light of the many challenges facing humanity, such 
alternatives are more necessary than ever. Environmentally conscious customers are eager for new 
products with a lower impact, leading the microalgal industry to constantly look at optimizing strains 
to increase performance, discover new molecules and develop new products. Generally, those 
strains are improved using evolutionary tools such as mutagenesis or selective pressures. 
Regardless of the mutagenesis method applied (targeted, random or selective pressure), the 
screening of generated strains showing the phenotypes of interest is often challenging. In this 
presentation, we describe the use of a high throughput screening (HTS) platform for the 
optimization of microalgae strains with improved phenotypic traits of industrial interest. We discuss 
the advantages and challenges of running such platforms. While HTS platforms are being used 
routinely with well-known biotechnological strains (e.g., yeast and bacteria), their use in the field of 
microalgae is still in its early stages. HTS platforms designed to work with microalgae hold great 
potential for the applications and future success of this industry.  
 
Keywords 
Automatisation; High throughput screening; Microalgae; Phenotyping, Fermentalg. 
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As an expert in research and bioindustrial exploitation of microalgae, Fermentalg's objective  
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ABSTRACT 
 
This study aims to elucidate the role of light absorption rate and nitrate concentration on astaxanthin 
accumulation and productivity in nitrogen limited Haematococcus pluvialis cultures grown in 
continuous chemostat mode. In batch operated nitrogen starved cultures the cells accumulate large 
amounts of astaxanthin at the expense of biomass growth leading to severe decrease in cell division 
rate promoting eventual cell death. In photobioreactors (PBRs) operated in continuous mode cell 
multiplication can persist in nitrogen limited conditions with simultaneous astaxanthin accumulation. 
H. pluvialis cultures were grown in a flat-panel PBR with constant dilution rate and different light 
intensities and feed medium nitrogen concentrations. The steady state biomass, pigment and 
astaxanthin concentrations as well as the spectral absorption cross-section of the microalgae were 
measured for each culture. These were used to estimate the specific mean rate of photon absorption 
(MRPA) in the PBR. A parabolic relationship between MRPA and astaxanthin production rate was 
obtained. A maximum astaxanthin productivity was reached for the culture featuring MRPA equal to 
9000 µmolhν.kgx

-1.s-1. This indicated that astaxanthin synthesis was limited by the MRPA in the PBR. 
Consequently, the MRPA in the PBR must be carefully controlled to maximize astaxanthin 
productivity. Finally, our results show that astaxanthin productivity can be further increased by 
optimizing the mean rate of photon absorption through adjusting incident light intensity, feed medium 
nitrate concentration or culture dilution rate. Altogether, the results confirm that a large quantity of 
astaxanthin can be produced in continuous mode under indoor conditions in closed PBRs, according 
to the one-stage strategy which may obviously be advantageous because it would require only one 
step. Moreover, the astaxanthin extraction process would be facilitated in these thin-walled cells 
obtained, which lack the hard cell wall that characterize the cysts (obtained generally in the two-stage 
culture system) [1–5]. 
 
Keywords 
Haematococcus pluvialis, astaxanthin, light transfer, chemostat, one-stage approach. 
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ABSTRACT 
 
Of vital importance towards the production of photosynthetic microalgae biomass at an industrial 
scale is the modeling of the photobioreactors where the microalgae are grown. This project 
proposes a framework for the use of previously obtained process data to develop flexible and robust 
models for outdoor closed photobioreactors. From the analysis of data obtained from previous 
cultivations, the model is aimed at predicting biomass concentration and nutrient consumption of 
future cultivations of the same microalgae species under varying light and nutrient conditions. With 
this data, it will be possible to better estimate the productivity of a given culture in different weather 
conditions and locations, as well as better monitor the culture. 
 
The microalgae species first analyzed was a strain of Nannochloropsis sp grown in a horizontal uni-
layer tubular photobioreactor. The data used as input for the construction of the model were the 
biomass concentration (measured indirectly as Optical Density), solar irradiation, volume of the 
culture, nitrate concentration, temperature of the reactor, and the quantity of nutrient medium added 
throughout the cultivation. The PBR was operated in a semi-continuous mode with periodical 
renovations of the culture, where a part of the culture volume is removed and replaced by fresh 
medium; the renovation percentage and frequency is also used as input for the model. Various first 
principles models based on previous work found in the literature were assessed, with the overall 
best model being based on a Monod-like equation with the solar irradiation as the parameter, with 
growth inhibition due to biomass and nitrate; this model had a coefficient of determination (R²) of 
91.42% and that resulted in the fitting shown in Figure 1. 
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Figure 1: Measured and fitted dry cell weight for the Nannochloropsis sp cultivation. The sudden 
drops in measured dry cell weight correspond to renovations of the culture, where a significant 
portion is removed and replaced with fresh medium. 
 
Future work involves correlating this model with other cultivations of the same species to determine 
its validity, analyzing cultivations of different species, and applying these models to real life 
cultivations in similar photobioreactor configurations. 
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ABSTRACT  

Algae4IBD's mission is to develop commercial products for Inflammatory Bowel Disease (IBD) 
prevention and treatment using aquatic natural biological resources. With the emerging 
developments in natural product, notable success has been achieved in discovering natural 
products and their synthetic analogs with anti-inflammatory activity. Micro and macroalgae, found in 
marine and freshwater, have been identified as promising sources of bioactive compounds including 
small molecules and secondary metabolites with a wide range of bioactivities such as antioxidant, 
anti-inflammatory, and cancer preventive. Those offer enormous potential for developing 
commercial products with public health benefits. Consumption of algae could, therefore, provide 
defense against chronic inflammatory diseases such as IBD, that to date have no effective cure. 
This project offers nature to bedside approach, using an entire development along the value chain 
for a new biodiscovery therapeutic approach by developing and examining algae-based compounds 
for IBD patients while guaranteeing algae's biodiversity preservation. We propose innovative 
solutions for increasing the use of algae-based ingredients and ensuring the science-based 
improvement of nutritional quality and its effect on public health. The researchers, companies, and 
hospitals involved in the different stages of the project use the biodiversity of algae, as a source for 
bioactive compounds. Algae4IBD concorcituom has established a unique algal bank that includes 
more than 1000 species of microalgae, macroalgae, and cyanobacteria.  150 species were chosen 
from Algae4IBD’s bank to be explored for their anti-inflammatory, pain relives, and prebiotic 
potential. 

Algea4IBD uses state-of-the-art cultivation and extraction technologies to obtain sufficient amounts 
of active molecules. Those extracts have already generated anti-inflammatory bioactivity hits in our 
cell-based /in-vitro/ cytokines promoters platforms, which will result in novel algal-based, high-
quality bioactive compounds at GMP grade and lower costs for dual purposes – IBD prevention and 
treatment in relevance to the food as well as the pharmaceutical industries. 
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ABSTRACT 
 
Microalgae are gradually getting recognition as sustainable alternatives to plant and animal-based 
resources as they are considered as a promising source of high added value molecules. This has 
been reflected in the growing interest of industries in cultivating and exploiting their benefits in 
multiple sectors. Also, these microorganisms are characterized by their biodiversity and their ability 
to grow in various ecological niches. Despite that the Mediterranean ecoregion is considered as a 
perfect climate zone for microalgae cultivation, in Tunisia only few limited efforts have focused on 
identifying the naturally available species and their ecological distribution. 
 
The aim of this research is to assess the biodiversity of Microalgae in different Tunisian hydrothermal 
waters from arid and desert ecosystems. Hence, water samples and algal mats were collected from 
6 fresh water and hydrothermal water sources located at the northern, central and southern regions 
in Tunisia. Water samples temperatures ranged from 18°C to 51.2°C whereas pH varied from 7.2 to 
8.3. Isolation and cultivation of microalgae was performed on BBM medium with an incubation at 25-
40°C for 30-40 days under 16:8 light/dark photoperiods. In total, 30 cultures were obtained. Serial 
dilution technique and streak plate method were used for single-colony isolation of microalgae. A 
combined approach using light microscopy, colony PCR, ITS rRNA gene markers and amplicon 
sequencing (NGS) was applied to deeply analyze the algal diversity. Microscopic observation 
showed the presence of both unicellular and filamentous cells. Molecular identification demonstrated 
that Chlorophyta was the most prevalent phylum with an important relative abundance (46–99%). At 
the class level, both, single-cell isolation and NGS showed a major affiliation of species to 
Chlorophyceae (6–46%) and Trebouxiophyceae (3–15%) which were commonly detected in most 
samples. Overall, the microalgal community composition varied according to the geographic origin 
of the sample with the ubiquitous presence of Dictyosphaerium and Tetradesmus and the specific 
occurrence of Sitchococcus, Choricystis and Chlorella in the northern region water source (0.883%, 
0.9% and 1.281%, respectively).  
 
Our results revealed the huge diversity of algal communities in arid and desert water ecosystems, 
which constitute a valuable reservoir for biotechnologically valuable microalgae species. 
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ABSTRACT 
  
Along with the development of marine biological pharmaceutical research, high-effective and low-
toxic drugs and functional foods isolated from marine organisms have become a growing interest. 
The highly nutritional and eco-friendly Spirulina (Arthrospira platensis) contains functional 
compounds, such as phenolics, phycocyanin's, and polysaccharides, with antioxidant and 
immune-modulation effects. It is also known that using different cultivation conditions could affect 
algae’s second metabolite composition. Recognizing the therapeutic potential of Spirulina blue-
green algae (Arthrospira platensis), in this study, LPS-activated macrophages and monocytes 
were treated with aqueous extracts of Spirulina, cultivated in either natural or controlled light 
conditions. We report that an extract of photosynthetically controlled Spirulina (LED Spirulina), at a 
concentration of 0.1 μg/mL, decreases macrophage and monocyte-induced TNF-α secretion levels 
by over 70% and 40%, respectively. It should be noted that the extract from the LED-controlled 
cultivation process was significantly more effective at suppressing the release of TNF-α. To date, 
no natural compound has been proven to suppress specifically TNF-α. Therefore, LED Spirulina 
could pave the way for novel algae-based bioactive compounds as anti-TNF treatment or as a 
functional ingredient for smart food.           
 
Keywords 
RAW264.7, THP-1, Inflammation, Spirulina, Arthrospira platensis, TNF-α.  
 
References 
Belay A, Ota Y, Miyakawa K, Shimamatsu H (1993) Current knowledge on potential health 
benefits of Spirulina. J Appl Phycol 5:235–241 
 
Cherng SC, Cheng SN, Tarn A, Chou TC (2007) Anti-inflammatory activity of c-phycocyanin in 
lipopolysaccharide stimulated RAW 264.7 macrophages. Life Sci 81:1431–1435 
Chu WL, Lim YW, Radhakrishnan AK, Lim PE (2010) Protective effect of aqueous extract from 
Spirulina platensis against cell death induced by free radicals 
Cian RE, López-Posadas R, Drago SR, Medina FSD, Martıńez-Augustin O (2012) 
Immunomodulatory properties of the protein fraction from Porphyra columbina. J Agric Food Chem 
60:8146–8154 
 
De Morais MG, Vaz BS, De Morais EG, Costa JAV (2015) Biologically active metabolites 
synthesized by microalgae.Biomed Res Int 2015, 15. 
 
Furmaniak MA, Misztak AE, Franczuk MD, Wilmotte A, Waleron M, Waleron KF (2017) Edible 
cyanobacterial genus Arthrospira: actual state of the art in cultivation methods, genetics, and 
application in medicine. Front Microbiol 8:2541 
 
Jiang L, Wang Y, Yin Q, Liu G, Liu H, Huang Y, Li B (2017) Phyco- cyanin: a potential drug for 
cancer treatment. J Cancer 8:3416 



 

339 
 

 
Minhas AK, Hodgson P, Barrow CJ, Adholeya A (2016) A review on the assessment of stress 
conditions for simultaneous production of microalgal lipids and carotenoids. Front Microbiol 7:546 
 
Mongkhon JM, Thach M, Shi Q, Fernandes JC, Fahmi H, Benderdour M (2014) Sorbitol-modified 
hyaluronic acid reduces oxidative stress, apoptosis and mediators of inflammation and catabolism 
in human osteoarthritic chondrocytes. 
Inflamm Res 63:691–701 
 
Ooms MD, Dinh CT, Sargent EH, Sinton D (2016) Photon management for augmented 
photosynthesis. Nat Commun 7:1–13 
 
Otegbade OO, Ojo JA, Adefokun DI, Abiodun OO, Thomas BN, Ojurongbe O (2017) Ethanol 
extract of Blighia sapida stem bark show remarkable prophylactic activity in experimental 
Plasmodium berghei–infected mice. Drug Target Insights 11:1177392817728725 
 
Rajasekaran C, Ajeesh CM, Balaji S, Shalini M, Ramamoorthy SIVA, Ranjan DAS, Kalaivani T 
(2016) Effect of modified Zarrouk’s medium on growth of different Spirulina strains. Walailak J Scie 
Technol (WJST) 13:67–75 
 
Saini MK, Sanyal SN (2015) Cell cycle regulation and apoptotic cell death in experimental colon 
carcinogenesis: intervening with cyclooxygenase-2 inhibitors. Nutr Cancer 67:620–636 
 
Finamore, A., Palmery, M., Bensehaila, S. & Peluso, I. Antioxidant, Immunomodulating, and 
Microbial-Modulating Activities of the Sustainable and Ecofriendly Spirulina. Oxid. Med. Cell. 
Longev. 2017, (2017).  
 
  



 

340 
 

PRESENTER INFORMATION 
 

 

 
Yahav Eilam 
MSc student / Nutrition and Natural Products / MIGAL 
Israel 
LinkedIn: http://linkedin.com/in/yahav-eilam-brandshaft-
84ba6b237  

 
BIOGRAPHY  
 
Research assistant in Sphingolipids, Active Metabolites, and Immune Modulation Laboratory.  
Our research focuses on the identification and isolation of bioactive natural compounds for the 
prevention and treatment of inflammatory-based disease. One of our main projects, as part of 
Algae4IBD (Horizon2020), explores algae and their potential activity to reduce inflammation and 
inflammatory based-diseases. We use immunology, biochemistry, and analytical approach to 
discover new algae-based small molecules with the anti-inflammatory potential to be used as 
functional food ingredients or drug-based for the pharma industry.  
 
MSc student (Tel Hai College, Israel).  
 
COMPANY PROFILE 
 
MIGAL- An internationally-recognized and multi-disciplinary applied research institute, MIGAL 
specializes in biotechnology and computational sciences, plant science, precision agriculture and 
environmental sciences as well as food, nutrition and health. 
 
 
 
 
 
 
 
  



 

341 
 

BIOGAS PRODUCTION FROM HALOTOLERANT MICROALGAE BIOMASS: ADAPTATION OF 
ANAEROBIC DIGESTION INOCULUM TO HIGH SALINITY  

Parsy A.1,2 

Ficara E.3, Mezzanotte V.4, Guyoneaud R.1, Monlau F.2, Baldoni-Andrey P.2, Périé F.5, Sambusiti 

C.5 
1 Université de Pau et des Pays de l’Adour, E2S UPPA, CNRS IPREM, Environmental 

Microbiology, UMR 5254, 64000 Pau (France) 
2 TotalEnergies, PERL ESD – Pôle D’Etudes et de Recherche de Lacq, 64170 Lacq (France) 

3 Dipartimento di Ingegneria Civile e Ambientale, Politecnico di Milano, 20133 Milano (Italy) 
4 University of Milano-Bicocca, DISAT, 20126 Milano (Italy) 

5 TotalEnergies, CSTJF, 64018 Pau (France) 
 

ABSTRACT 
 
Recently, halotolerant microalgae have gained interest as they avoid fresh water use in a growing 
context of water scarcity. Biogas production from saline biomasses (i.e microalgae) may be limited 
due to the sensitivity of the methanogenic population to high salinities during anaerobic digestion. 
Some studies have demonstrated the possibility to acclimate an anaerobic digestion inoculum by 
gradually increasing the salinity [1]. Semi-continuous experiments were carried out with two 2 L 
mesophilic pilot reactors (working volume 1.5 L) for a period of 3 months (feeding once a week, HRT 
= 3 weeks). While the first reactor was fed only with wastewater treatment sludge, the other reactor 
was fed with an 80/20 %w/w mixture of wastewater treatment sludge and halotolerant green 
microalgae grown at 70 g·L-1 salinity. The final salinity reached in this reactor was 14 g·L-1. In the co-
digestion reactor, the amount of biomethane produced after each feeding (183 ± 18 NmL CH4·gVS-1) 
was on average 16% lower (p-value < 0.05) than in reactor fed with sludge alone (220 ± 36 NmL 
CH4·gVS-1) operated at a salinity of 3 g·L-1, due to the increased salinity and/or the potentially lower 
digestibility of microalgae. While biogas from co-digestion reactor had a higher H2S concentration 
than biogas from digestion of sludge (approximately 5600 and 800 ppm, respectively), biomethane 
percentage in biogas was not impacted by co-digestion (73 ± 3 % of CH4 in both reactors). In addition, 
the activity of the methanogenic archaea was determined at salinities up to 30 g·L-1 (batch tests) at 
the beginning and at the end of the acclimation to observe the potential microbial communities shift 
due to higher salinities. Biogas production rates were fitted with Hill Model [2]. The effective 
concentration reducing 50% of the methanogenic activity was 10 g·L-1 of sea salts at the beginning of 
the experimentation and increased up to 27 g·L-1 after the 3 months of acclimation (Figure 1), 
confirming the adaptation of the inoculum to brackish salinities. Metagenomic analyses are currently 
underway to observe the shift in populations. 
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Figure 1: Methanogenic activity of anaerobic digestion inoculum before and after 3 months of 

salinity acclimation. 
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ABSTRACT 
 
Inflammatory diseases such as inflammatory bowel disease (IBD) have become one of the leading 
causes of health issues throughout the world, having a considerable influence on healthcare costs. 
Existing treatments for IBD are not effective and emphasize the need for a new biologic approach 
to improving IBD symptoms. Inflammation is mediated by cytokines produced by stimulated immune 
cells such as macrophages. Targeting pro-inflammatory cytokines such as Tumor necrosis factor-α 
(TNFα) often reduces the disease processes by influencing immune cells. Marine microalgae have 
been identified as an underexplored reservoir of unique anti-inflammatory compounds, which could 
provide defense against the pathophysiology of many chronic inflammatory diseases such as 
IBD.  With further investigation, microalgae anti-inflammatory phytochemicals have the potential to 
be used as therapeutics with profound anti-inflammatory activity with reduced side effects.  In this 
study, the anti-inflammatory potential of microalga was assessed in lipopolysaccharide (LPS)-
stimulated murine RAW264.7 macrophages. Extraction was prepared using a solid liquid of ethyl 
acetate or Ethanol: H2O (70:30%). We have found that the ethyl acetate extract was the most 
effective in reducing inflammation. From this extract, we isolated and identified the active fraction 
using a series of chromatographic steps and analytical methods.   Our results showed that 
pretreatment of RAW 264.7 cells with a crude extract from microalgae significantly inhibited the 
secretion of TNFα by 50-60% (p < 0.001). Furthermore, the fractions effectively inhibited the LPS-
induced TNFα similar to the effect obtained by the crude extract. Interestedly, some fractions 
contained omega 3 and omega 7 which are known to have anti-inflammatory properties.  Our 
findings suggest, that the microalgae might become a natural source for new anti-inflammatory 
treatment and lead to a promising route of treatment for chronic inflammation-linked diseases.  
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ABSTRACT 
 
Microalgae are largely untapped resources that have been highlighted from a biotechnological 
standpoint for a variety of applications, including functional foods and pharmaceuticals for disease 
prevention and/or treatment due to their composition in unique compounds with promising bioactive 
properties. 
In this study, ethanol, ethyl acetate and water extracts from nine commercially available microalgae 
species (Porphyridium sp., Nannochloropsis sp., Tetraselmis striata CTP4, Isochrysis sp., 
Phaeodactylum tricornutum, Skeletonema sp., Spirulina sp., Haematococcus pluvialis, and 
Tetraselmis chui) were evaluated for their radical scavenging activity, metal chelating potential against 
copper, iron and calcium ions, anti-tumoral activity (assessed by in vitro cytotoxic act 
ivity against human hepatocarcinoma (HepG2) and human monocytic leukemia (THP-1) cells) and 
anti-inflammatory properties (determination of Tumor Necrosis Factor alpha production (TNF-α) in 
liposaccharide (LPS) stimulated human Macrophages (Mac THP-1 cells). Whenever extracts showed 
promising results, fractionation was performed to further narrow down the promising compounds 
responsible for the observed activity. 
Best results were obtained with hexane fraction from Tetraselmis striata CTP4 with anti-inflammatory 
activity (99.0 ± 0.8% reduction in TNF-α production in LPS stimulated Mac THP-1 cells at 50 µg/mL), 
dichloromethane fraction of Phaeodactylum tricornutum with cytotoxicity towards cancerous cell lines 
(IC50 = 22.3 ± 1.8 μg/mL and 27.5 ± 1.6 μg/mL for THP-1 and HepG2, respectively) and hexane 
fractions of Porphyridium sp. and Skeletonema sp. with good chelating activity for iron, copper and 
calcium (IC50 = 0.047, 0.272, 0.0663 mg/mL and IC50 = 0.055, 0.240, 0.0850 mg/mL, respectively). 
After derivatization, these four fractions were chemically characterized by GC-MS, and fatty acids 
(with varying degrees of unsaturation) were found to be the most abundant compounds. 
Some of the analyzed microalgae species/extracts showed to be sources of compounds with 
antioxidant, metal chelating, anti-tumoral, and anti-inflammatory properties, thus making them 
attractive for potential applications in the functional food and pharmaceutical sectors. 
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ABSTRACT 
 
Using our proprietary Lgem photobioreactor (PBR) systems, we can cultivate fragile microalgae 
species with high efficiency and reliability. We present the data on small-industrial scale production 
of the fragile algae Rhodomonas sp. We investigated the effect of light intensity (124-189 µmol m-2 s-

1) and dilution rate (DL  = µ; 0.19-0.74 d-1) on the biomass productivity (rx) and biomass yield on light 
(Yx/ph), during continuous cultivation using light emitting diodes (LEDs) in the Lgem LAB-25 tubular 
PBR. 
The maximum rx (1.09 g L-1 d-1) and Yx/ph (0.53 g mol-1) were obtained at a DL of µ = 0.74 d-1 under 
high light (189 μmol m−2 s−1). Under low light (124 μmol m−2 s−1) and a DL of µ = 0.42 d-1, an rx of 0.72 
g L-1 d-1 and an Yx/ph of 0.54 g mol-1 were achieved. The rx increased with higher light intensities (except 
at ~µ = 0.40 d-1), but was not significantly affected by DL (see Fig. 1a). To reduce the costs of indoor 
production using artificial light, a high Yx/ph is required. All tested conditions resulted in a high, but not 
significantly different, Yx/ph (Fig. 1b). The high Yx/ph  reveals the efficiency of the Lgem PBRs in 
cultivating microalgae at pilot scale. Lower DL (µ = 0.29 d-1) results in a 2.3-fold higher biomass 
concentration (3.42 g L-1 DW) compared to high DL (µ = 0.74 d-1 at 1.48 g L-1 DW) while maintaining 
similar rx, decreasing water usage and pumping requirements.  
In this study, >200 days of operation were achieved without the formation of fouling or downtime whilst 
maintaining high Yx/ph under all tested conditions (see Fig. 1b).  
Results 
a) 
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b) 

 

Fig. 1. a) rx (g L-1 d-1) and b) Yx/ph (g mol-1) versus DL under chemostat operation in an Lgem LAB-
25 tubular PBR (32 mm tube diameter) under red:white LEDs in operation for >200 days. Steady 
state was defined as at least 3 x culture volumes or a minimum of 9 days for DL < µ = 0.2 d-1. Steady 
state was obtained when variations in biomass concentration and DL revealed < 15 % variation. 
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ABSTRACT 

We performed the biological screening of organic solvent extracts of single-cell freshwater green 
microalgal cultures. The microalgae collection of Albitech Biotechnology Ltd. consists of its own 
isolates. The isolates were collected from two different locations in Hungary: Lake Velencei (a saline 
lake) and Lake Kőhegyi. The collected samples were diluted and streaked on a solidified 
enrichment medium. The results of the appropriate dilution were single cell cultures, which were 
selected by visual inspection and microscope. The axenic cultures were identified in the Department 
of Microbiology of Eötvös Lóránd University. Identification was carried out using molecular biological 
methods based on the 18S rRNA gene and Greipel et al. succesfully described a new species - 
Chlorococcum szentendrense – collected from Lake Kőhegyi, a periodic freshwater lake. These 
microalgae strains received a strain code and they are maintained in active and cryopreserved 
forms. The purpose of our study was to assess whether the selected microalgae produce 
metabolites that may inhibit the growth of widely occurring human facultative pathogens. There are 
many microalgae, e.g. Chlorella sp., Scenedesmus sp., and macroalgae, e.g. Ulva rigida with 
proven antibacterial effects presumably associated with polyphenols, alkaloids, terpenes, 
polysaccharides, fatty acids, sterols, lactones, and proteins. We examined the antibacterial effect of 
the selected algal extracts against the following facultative pathogenic bacterial strains: E. coli 
NCAIM: B.01992, S. aureus NCAIM: B.01055 and P. aeruginosa NCAIM: B.01057. Two different 
organic solvents – ethanol and diethyl-ether – were used to create the extracts from the lyophilised 
biomass. The antibacterial effect of the extracts was determined using the agar gel diffusion 
method. The minimum inhibitory concentration was measured by broth microdilution assay in 24-
well cell culture plates. As a positive control, we used antibiotics to compare the results semi-
quantitatively. The E. coli strain was the least susceptible to treatments and S. aureus was the most 
sensitive. Among the solvents used, ethanol was the most suitable for the extraction of bioactive 
molecules of microalgae. In summary, we have confirmed the antibacterial effects of four single-cell 
freshwater microalgae strains against facultative pathogenic bacteria. This work has been 
supported by the 2019-1.1.1.-PIACI-KFI-2019-00228 grant of the National Development Agency, 
Hungary. 
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ABSTRACT 
 
Eutrophication of natural waters poses serious challenges to marine and freshwater life. Only in the 
Baltic Sea, agricultural wastewaters are responsible for over 45% of the nitrogen and more than 
30% of the phosphorus loads (2018). Greenhouse effluents contain still high concentrations of 
nutrients that can be reutilized by phototrophic microorganisms, microalgae, that provide biomass 
for various products including plant biostimulants (PB). PB facilitate nutrient uptake, improve crop 
performance, physiological status, and tolerance to abiotic stress. Interest in PB is growing 
exponentially, because they can have a key role in addressing sustainability challenges and reduce 
dependency on synthetic fertilizers and plant protection products. The size of the market with PB 
was valued at 2.80 billion USD in 2021 and is projected to reach 6.90 billion USD by 2030, growing 
at a CAGR of 10.2% from 2022 to 2030. Several microalgae (MA) extracts have been reported to 
stimulate germination, seedling growth, shoot, and root biomass in several crops such as lettuce, 
pack choi, tomato, and pepper. However, the associations between the model plant, MA strain, and 
utilized extraction method are rather ambiguous. In our research, we have designed a phenotyping 
pipeline composed of a rapid in vitro bioassay and a medium-term in situ assay for screening plant 
growth promoting effects of microalgal extracts in two different plant models. By comparing two 
extraction methods for six Nordic MA strains, we found that bead-milling may not render the extracts 
effective enough. On the other hand, acid hydrolysis produced extracts with significant increase of 
both, Arabidopsis root length and lettuce biomass. Our experimental design provided formidable 
datasets as a stepping point for in-depth research of PB. Utilizing this pipeline for a wider array of 
MA, we will select the most suitable candidates from the Nordic collections for further research, that 
will aim to determine the affected metabolic and regulatory pathways in the model plants. This 
knowledge will lay theoretical grounds for development of credible formulations of PB and, finally, 
advocate a more efficient and sustainable circular-economy model for agricultural systems in the 
Nordic area. 
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ABSTRACT 
 
The dynamics of microalgae cultivated in outdoor systems is strongly influenced by meteorology. 
The solar flux, together with air temperature, air humidity and wind velocity directly impacts 
temperature and light in the cultivation medium [1]. As a consequence they are the main drivers of 
the growth rate of microalgae and further of the process productivity. A numerical model is a very 
useful tool in order to monitor and on-line optimize productivity, and adapt the growth conditions 
(dilution rate, shadowing) to the present and future weather conditions. In this work, we propose a 
generic dynamical model to catch temperature dynamics in realistic operational conditions. 
 
The main objective is to achieve a temperature prediction model, which is highly flexible, and which 
can be easy calibrated in a broad range of complex situations. There are several thermal models 
which were developed for simple reactor geometries (typically for raceway ponds), based on heat 
transfer modelling [2,3,4]. These physical models of the temperature in a photobioreactor have proven 
to be highly accurate, yet they require many physical constants and a time consuming procedure to 
set up the model. The objective of our work is to propose a nonspecific heat transfer model, which 
can tailored to any photobioreactor after a dedicated calibration phase involving a few weeks of 
data. The model structure is a generic nonlinear system more suitable for control purposes. Then, 
the crucial step consists in calibrating the new model using different available sets of experimental 
data/measurements. The model was successfully calibrated using the data collected for three 
experimental devices. A raceway pond, a tubular photobioreactor under a greenhouse and a V 
shaped outdoors panel photobioreactor [5,6]. For the three cases, 4 days of data were required to 
calibrate the model for accurate temperature predictions over several weeks. Our next objective is 
to combine this temperature model to a light model to predict productivity and perform model 
predictive control [7]. 
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ABSTRACT 
 
Pig farms are spread all over the world, not only because pork is one of the most widely consumed 
meats worldwide, but also due to smaller investment costs and fast economical return to farmers, 
which is associated to high fecundity, better-feed conversion efficiency, early maturity, and short 
generation interval (DAHD, 2022). Conventional wastewater treatment is highly expensive, energy-
demanding, generates hazardous gaseous, and sludge wastes. Microalgae are promising tools for 
establishing a circular economy connecting wastewater treatment with agriculture in a sustainable 
approach. As piggery wastewater (PWW) is highly pollutant in ammonia and organic matter, a pre-
treatment is needed to avoid dilution with a spence of fresh water (Ferreira et. 2022).  
On the other hand, current agricultural research is focused on ways to achieve sustainable food 
security amidst an ever-increasing global population and climate crisis. Microalgae meet the criteria 
of being natural, renewable, promoting plant growth, improving soil fertility, and providing protection 
against pests and pathogens (Stirk 2021).  
Two approaches are highlighted – a physico-chemical one (Photo-Fenton – ALGAVALOR project) 
followed by microalgae cultivation, and biological one (Constructed Vertical flow Wetlands (CW), 
microalgae cultivation and Microbial Fuel Cell– WCAlgaeKIT+ project). 
In ALGAVALOR project, the biomass produced in PWW was shown to promote seed germination 
(11-87%), while the respective supernatants had a bigger effect on wheat growth and cobs produced 
(Fig.1a, b, c). 
 

 
 
Figure 1. a) Germination index (5 days), b) Mean number of tillers (82 days), and c) Mean number of 
cobs (182 days) of wheat treated with Tetradesmus obliquus from: direct culture (MC), biomass 
(green) and supernatants (yellow) after harvesting by centrifugation (C), flocculation (F), 
electrocoagulation (EC), flocculation combined with centrifugation (F+C) an electrocoagulation 
combined with centrifugation (EC+C). PF-PWW and PF:Cc are respectively the photo-Fenton pre-
treated piggery wastewater and concentrate prior to microalga-based treatment (orange). Different 
letters indicate significant differences among treatments (Tukey’s test, p < 0.05). 

In WCAlgaeKIT+ project will first be developed on a laboratory scale as a proof of concept, to be later 
developed on a pilot scale for implementation in small (<100) pig farms, existing in rural areas of 
Portugal and India.  
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ABSTRACT  
 
The current exploitation of Earth´s natural resources and the creation of excess waste lead to many 
ecological and societal problems and creates the need to rethink the present economic model towards 
an innovative sustainable bioeconomy. Strengthening the bioeconomy sector in Nordic countries 
could ease economic, ecological, and societal problems. Microalgae, which use the energy from 
sunlight to fix carbon and create biomass, comprise a still underused natural resource. In the past 
decade, the utilization of microalgae as biofuel feedstock has been a major focus of research and 
industrial investments. However, the cost-efficiency of these processes is low. Thus, recently 
microalgae regained interest as a source of essential high-value compounds for food, feed, 
agriculture, cosmetics, and pharmaceuticals. 
Especially, the use of microalgae as biopesticides for more sustainable conventional and organic 
farming came into focus. We screened ~25 Nordic microalgae strains for their anti-fungal activity 
against several plant-pathogens (i.e., Fusarium oxysporum, Alternaria solani, Verticillium albo-
atreum, Pythium ultimum, etc.) and could identify some possible candidates for further analysis. We 
tested different pre-treatments (fresh vs. freeze dried biomass) and extractions (aqueous vs. acetone) 
for optimal biopesticide activity. Together with our other microalgae research projects concerning 
biostimulants and wastewater treatment, this research aims for a closed-loop circular approach for a 
sustainable Nordic agriculture.  
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ABSTRACT 
 
Currently, there is a growing awareness of the harmful consequences of the massive use of chemicals 
in conventional agriculture. The aim of organic farming is to reduce the use of chemical pesticides, 
herbicides and fertilizers and at the same time while increasing the global food production 
in a sustainable way. It is therefore necessary to look for new sources of substances with 
biostimulating effects that can be used as biofertilisers, or substances with biopesticidal effects. 
These compounds can help to improve crop quality, increase nutrient use efficiency and increase the 
tolerance to biotic and abiotic stresses, such as patogens and drought. Unicellular microalgae and 
cyanobacteria contain a wide range of substances with potential biostimulatory effects on higher 
plants, including phytohormones, vitamins, aminoacids, polyamines or polysaccharides. The ongoing 
project ALGASET aims to develop a biostimulating preparation containing microalgal biomass or its 
components. Three strains of unicellular microalgae (Dictyospharium sp., Chlorella vulgaris, 
Trachydiscus minutus) and four strains of filamentous cyanobacteria (Trichormus variabilis, 
Tolypothrix tenuis, Arthrospira maxima and Nostoc entophytum) have been tested for their potential 
effect on legumes (faba bean, soybean and pea). Firstly, a preparation for foliar application containing 
a wetting agent applicable in organic farming (potassium soap) and freeze-dried disintegrated 
microalgal biomass was developed. The effect of composition on the wetting properties of the 
formulation was investigated to make it suitable for foliar application. Then, the preparations were 
used in various activity tests, including the effect on seed germination, relative water content in plant 
leaves, biomass productivity, length of roots, photosynthetic activity and leaf senescence. Some 
microalgae species showed positive effect on most of the measured parameters (especially T. 
variabilis and T. tenuis). Then, the effect of microalgal biomass on the growth performance 
of Pseudomonas savastonoi glycinea, a phytopathogenic bacteria causing the blight of soybean, was 
tested. A significant inhibitory effect of T. variabilis was observed at a concentration of 0.5 % w/v, 
suggesting the potential use of this cyanobacteria as a biopesticide. Our results suggest that 
microalgae-based products can be an effective tool for enhancing legume growth in organic 
agriculture. 
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ABSTRACT 
 
Continued increase of human populations and use of chemical fertilizers remain a threat to the health 
and stability of human-ecological systems worldwide. To ameliorate this problem and achieve 
sustainable agriculture, a variety of ecofriendly technologies have been developed, including the 
production of cyanobacteria-based biofertilizers. This technology can be optimized through 
experiments that assess how plant growth is enhanced under different biofertilizer concentrations 
(g/L). Here we assess the biofertilizer potential of hydrolysates of the cyanobacteria Arthospira 
maxima on basil (Ocinum basicullum) under six different concentrations (0, 2.5, 5, 10, 20, and 40 
g/L), and an additional treatment where we applied the registered product Optimar ® (4 mL/L). Wet 
mass (g), dry mass (g), leaf area (cm2), and stem length (cm) increased with increasing cyanobacteria 
concentrations. Leaf count and root mass (g) also increased, but there were no differences among 
the 2.5, 5, 10, and 20 g/L concentration groups. Similarly, node count increased but did not differ 
between 5, 10, and 20 g/L. For all response variables except stem length, a concentration of 40 g/L 
yielded significantly higher biomass production. The beneficial effects of the application of Optimar ® 
were often surpassed when plants received cyanobacteria concentrations above 10 g/L. A chemical 
composition analysis of A. maxima revealed high concentrations of the phytohormones gibberellic 
acid, 6-Benzylaminopurine, and 1-Naphthaleneacetic acid that are likely responsible for the 
cyanobacteria’s biostimulant activity. Further research is required to determine how other crop plants 
respond to different concentrations of A. maxima and the viability of creating an economically 
accessible product with a higher concentration of A. maxima using circular economy and biorefinery 
concepts to obtain high value-added by-products. 
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Figure 1. Leaf area of basil plants under different concentrations of A. maxima hydrolysate. 
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ABSTRACT 
 
The interactions between bacteria and microalgae are complex and can range from detrimental to 
mutually beneficial. The focus of this study is to investigate the effectiveness of different combinations 
of algae and bacteria to biocontrol Vibrio parahaemolyticus, one of the leading cause of infectious 
diseases in aquatic organisms. It has been shown that microalgae are in fact capable of inhibiting 
some species of Vibrio, but the level of inhibition is dependent on the compounds excreted by specific 
microalgae species. Here, the growth of several V. parahaemolyticus strains was measured in the 
presence of different combinations of 5 phytoplankton species and up to 25 other bacterial species 
during 7-days experiments. Among the bacteria inhibiting the growth of V. parahaemolyticus, 
Pseudovibrio sp., Pseudoalterromonas sp., Micrococcus yunnanensis and Pseudoalterromonas 
ECSM84 had the most significant effect, potentially coinciding with a release of antimicrobial 
compounds. These Vibrio inhibitions were further amplified by the presence of the following 
microalgae: Chaetoceros mullerii, Pavlova lutherii and Tetraselmis suecica. By screening the probiotic 
effect of different combinations of 5 microalgae strains and 25 bacterial strains, individually and in 
consortia, this study aims to provide better probiotic solutions to pathogenic Vibrio outbreaks, mostly 
related to aquaculture industry, through administering these consortia or individual strains as 
biocontrol. 
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ABSTRACT 
 
Cyanobacteria are receiving increasing interest in the scientific community and the agrochemical 
industry as a new biological source of plant biostimulants capable of improving yields and quality of 
agricultural and ornamental crops. However, the biostimulant effects may vary according to plant 
species as different plants may have different sensitivity and/or different abilities to absorb and 
transport the bioactive molecules contained in the product. In addition, the cultivation conditions can 
vary the responses of the plant to a biostimulant product. 
In this work, data obtained in several trials performed over three years of experimentation are 
presented and differences in plant responses to treatments investigated. In particular, extracts and 
hydrolysates obtained from the same Arthrospira sp. and Nostoc sp. biomasses were applied by foliar 
spraying on different plant species of great agronomic interest in Italy.  
Growth trials show that the effectiveness of the same microalgae-based biostimulant varies in relation 
to the plant species and can be enhanced in plants subjected to abiotic stress. In fact, the Nostoc-
based formulation significantly increased the yield and root development in basil plants, but had no 
effects on tomato plants, while the Arthrospira-based formulations were more effective when applied 
on stressed tomato plants than on basil. 
Our results highlight that the study on the application of a biostimulant on different plant species and 
conditions is crucial to ensure the credibility of a new product on the market. 
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ABSTRACT 
 
In biotechnology the improvement of the production of bioactive compounds is a continuous 
challenge. However, in the case of microalgae the applied stress conditions can hinder the biomass 
production. In the photosynthetic organisms salt stress can interfere their metabolism, can trigger 
different physiological and biochemical mechanisms. We have investigated the effect of moderate 
salt stress on biotechnologically important microalgal strains. The microalgal strains can react 
differently to the applied salt concentrations. The mixotrophic, unicellular, flagellate Euglena gracilis 
showed only slight decrease in cell growth accompanied by a decrease in chlorophyll content under 
moderate salt stress, at the same time increase in the carotenoid content was detected. 
Furthermore, salt stress caused changes in the macro-organization of pigment-protein complexes 
and in the thylakoid stacking, however, we did not detect significant change in the composition and 
functioning of the photosynthetic complexes. Salt stress did not substantially affect the 
photosynthetic activity. Most importantly in the salt treated cells accumulation of paramylon was 
observed (Kanna S.D et al. 2021), that is a potent immunostimulatory and anti-inflammatory agent. 
Part of this project was funded by the Hungarian National Research, Development and Innovation 
Office grant GINOP-2.3.2-15-2016-00058 and the European Union‘s Horizon 2020 Research and 
Innovation Programme under grant agreement N° 101000501. 
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ABSTRACT  
 
As cosmetic industries seek innovative solutions to keep up with societal changes, the increasingly 
stringent health, sustainability, and safety requirements have driven the demand for natural and 
bioactive ingredients to replace synthetic ones in their formulations [1]. In this regard, microalgae 
biomass is a rich source of biomolecules (e.g. pigments, lipids, secondary metabolites, among others) 
to be used for cosmetics and cosmeceuticals purposes. Imposition of abiotic stress (i.e., medium 
composition, temperature, light irradiation, etc.) can modulate the profile and quantity of the 
components produced, resulting in extracts with different properties [2,3]. As for the composition of 
the culture medium, several compounds have been highlighted for playing an important metabolic 
role in biomass accumulation and composition, such as nitrate, phosphate, ferrous sulphate, and 
sodium chloride. Chromochloris zofingiensis, for example, is known as a potential source of a powerful 
antioxidant, astaxanthin (approximately 50% of total carotenoid content) [4]. Ethanolic extracts of C. 
zofingiensis grown in nitrogen-limited medium showed enhanced ferrous-ion chelating ability (FICA, 
59.9 %) and radical scavenging ability (RSA, 41.4 %) compared to the control, 49.9 and 5.8 %, 
respectively. Regarding pigments content, the control reached higher contents of astaxanthin (0.20 
mg·g-1), total carotenoids (0.55 mg·g-1), and chlorophyll (1.46 mg·g-1) in contrast to the N-limited 
culture, 0.11, 0.29 and 0.33 mg·g-1, respectively. However, the N-limited culture achieved higher 
phenolics content (34.5 mg GAE·g-1) than the control (21.5 mg GAE·g-1). These results suggest that 
phenolic compounds have more influence on antioxidant activity than carotenoids and chlorophyll. 
When cultivated outdoors (i.e. without temperature and light irradiance control) also in N-limited 
medium, C. zofingiensis produced less phenolic content than under controlled conditions (12.3 mg 
GAE·g-1), however, FICA and RSA remained higher than control, 52.9 and 21.4 %, respectively. 
These results show that the continuous variation of temperature and light irradiation did not drastically 
impair the antioxidant potential of the microalgal extract. 
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ABSTRACT 
 
Arthrospira platensis and Chlorella vulgaris are sustainable and promising microalgal species 
characterized by the possibility to utilize whole biomass without waste, easy growth without the need 
for pesticide or herbicide usage, and reduction of harmful greenhouse gas emissions. Both species 
represent valuable sources of bioactive compounds with different health-promoting properties, which 
makes them suitable for implementation in the cosmetic industry [1]. This research aimed to 
investigate the influence of different drying temperatures on the chemical composition of A. platensis 
and C. vulgaris since dehydration is one of the crucial production steps in the cosmetic, food and 
pharmaceutic industries. The influence of drying temperature on total protein, carbohydrate, pigment, 
and lipid content was evaluated, while gas chromatography was carried out to determine fatty acid 
composition. Antioxidant activity of methanolic: dichloromethane (1:1) extracts from differently dried 
(40, 60, and 100°C) samples were analyzed using reduction of the radical cation (ABTS), 2,2-
diphenyl-1-picryl-hydrazyl (DPPH), oxygen radical absorbance capacity (ORAC) and ferric reducing 
antioxidant power (FRAP) assays [2].  
The highest protein content of A. platensis was observed for samples dried at 60°C followed by 40 
and 100°C (59,59%±0,69%, 38,39%±4,64%, 32,51%±2,93%, respectively). C. vulgaris sample dried 
at 100°C has the highest protein content (44,77%±0,00%). The total lipid content of A. platensis was 
around 2% for samples dried at 40 and 100°C and around 5% for C. vulgaris samples dried at 60 and 
100°C. Saturated fatty acids were the most represented in all A. platensis samples, followed by 
monounsaturated and polyunsaturated fatty acids while in C. vulgaris the most represented fatty acids 
were monounsaturated and polyunsaturated, among which essential omega-6 (linoleic acid) and 
omega-3 (docosahexaenoic acid) fatty acids were found. By implementing ABTS and DPPH methods, 
the highest antioxidant activity was observed for the A. platensis sample dried at 40°C. ABTS, DPPH, 
ORAC, and FRAP results showed the highest activity for C. vulgaris samples dried at 60°C.  
Overall results point out that both A. platensis and C. vulgaris may be utilized by different industries 
in an economically and eco-friendly manner by using intermediate temperatures of drying while 
preserving the beneficial properties of both microalgae. 
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ABSTRACT 
 
Biomineralization is a process performed in nature by several microorganisms through different 
metabolic pathways, like urea hydrolysis, photosynthesis, denitrification and sulphate reduction. 
Among the minerals produced by this process, those based on calcium carbonate are the most 
common (Zhu & Dittrich, 2016). Although urea hydrolysis is the most widely used in several technical 
applications (Dhami et al., 2013), photosynthesis by oxygenic microorganisms represents an 
interesting alternative for microbially induced calcium carbonate precipitation (MICP). In this respect, 
many studies focus on cyanobacteria, like Synechococcus.  
This work was conducted with a multidisciplinary approach. Its aim was to identify microalgae able to 
perform biomineralization to produce new materials from stone extraction leftovers. A screening of 
several microalgal strains was performed and the selected ones were tested on inert materials to 
evaluate their growth capacity. Preliminary production trials of new materials from stone leftovers 
treated with live cyanobacteria were also performed.  
The screening, including nine microalgae (mostly cyanobacteria), was performed in 100 ml flasks kept 
in an orbital shaker under continuous light. A culture medium enriched with Ca2+ and NaHCO3 was 
used compared to a standard medium as control. Microalgal growth on inert materials was tested on 
three different stone leftovers (marble, travertine and pietra serena from Tuscany caves), in 
transparent vessels under continuous light, by mixing the inert material with a microalgal inoculum 
suspended in the enriched medium. New materials were prepared using stone leftovers of different 
granulometries mixed with microalgal inoculum and a binding substance. In both experiments, 
controls without microalgal addition were prepared.  
All the tested microalgae were able to grow in the enriched medium, in some cases even more than 
in standard medium. In the culture grown in the enriched medium mineral crystals were visible under 
the microscope. The selected strains were able to persist or even grow on stone leftovers. The trials 
on new material production were only preliminary and further work is needed to scale-up and optimize 
the process, so as to reach a quality sufficient for a usable material. 
Acknowledgments. Project INERTIAL is funded by EU-NextGenerationEU and Fondazione Cassa di 
Risparmio di Firenze. 
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ABSTRACT 
 
There is an urgent need for an alternative to oil-based plastic. The increasing pollution caused by 
plastic production and growing levels of plastic waste creates a dangerous threat to all living beings 
on earth. Recycling of plastic is one of the options but will not be able to cover the total demand and 
quality. Alternative resources are needed in the direction of renewable resources. Among all 
biomass resources, algae has proven to be the most sustainable for production of petroleum 
replacements. Our goal is that 20% of the worldwide plastic production be algae based by the year 
2040. 

Algae can be harvested and naturally farmed; the process can be scaled and can be done 
everywhere around the world. Researchers have demonstrated proof of concept that algae can be 
an alternative resource to petroleum produced products, from fuels to plastics. The objective of new 
research should be to obtain a better understanding of challenges for large scale algae farming and 
what is necessary to turn algae into a significant resource for production of plastic. Who are the key 
stakeholders, and what are their interests and challenges? Why is algae not yet embraced by 
industry? Who are the stakeholders, and what do they need? 

It can be assumed that all industries adopting algae-sourced materials will need guarantees that 
they are viable alternatives to petroleum products. Algae cultivators need some guarantees of 
market demand and fair price for their produce. Chemical manufacturers will require assurance that 
their materials will be purchased by product manufacturers. Product manufacturers will desire that 
the materials show the same or improved performance, offer drop-in solutions, competitive price 
points, and training for rapid adoption.  

These goals can be reached when all stakeholders work together in a joint effort. Next steps will 
require the establishment of the collective vision and organization of an independent non-profit 
group focused on algae-based materials, in which the board members would represent key 
stakeholders of the processes. The collective can define a strategy, establish shared measurements 
and studies, reinforce activities, supports and initiate research. The objective would be to 
dramatically impact the plastic industry worldwide, functioning as a strong backbone, with a team 
dedicated to aligning and coordinating the efforts of all stakeholders. The collective would represent 
all stakeholders, from the cradle to grave, including not only business interests, but government, 
designers and consumers. 
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ABSTRACT 
 
Polyhydroxybutyrate (PHB) is a polymer synthesized by microorganisms and is of interest as a 
biodegradable plastic alternative (e.g., in the packing industry) because of its ability to completely 
degrade into water and carbon dioxide under natural environmental conditions without using any 
industrial facilities.  
This work aims to develop an eco-innovation process that addresses two essential areas of human 
activity: a new alternative way of producing bio-based degradable plastics by reusing waste. Nutrients 
recovered from wastewater were used to grow the cyanobacteria Synechocystis sp. PCC6714 
Mt_a24 for the production of PHB. The cultivation conditions were optimized to grow the 
cyanobacteria Synechocystis sp. and produce PHB in a cultivation unit – a thin-layer raceway pond 
(TL-RWP) with a working volume of 100L, culture layer depth of 2 cm, and flow velocity of 0.2 m/s 
using urban wastewater.  
One of the significant problems in mass cultures – the presence of contaminants, was solved by (i) 
partial decontamination of wastewater by UV and (ii) by culturing Synechocystis in a highly alkaline 
environment (pH≈10.5). It allowed us to control the bacteria and grazers (e.g., Poterioochromas sp.), 
which can destroy the cultures within a few hours. During these conditions, the culture reached 
stationary phase after two weeks of growth. The biomass concentration in the stationary phase varied 
between 2.7 to 3.4 g of dry weight per liter. Because PHB is synthesized only in response to conditions 
of physiological stress, mainly conditions in which nutrients are limited, we chose the strategy of 
keeping the culture in TL-RWP until the nutrients were consumed. A ripening process was observed 
in the late stationary phase, accompanied by chlorosis with specific color changes and an odor. The 
phenomena of PHB accumulation during nutrient stress was observed. Moreover, the photosynthetic 
performance changes measured by Fv/Fm were achieved. After maintaining the culture for two weeks 
in the stationary phase, the harvested culture had a PHB content of 25 % of dry biomass.  
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ABSTRACT 
 
Continuous oil recovery from microalgae using the in situ-extraction (milking) process 
(DE 10 2014 005 372 A1) is a promising approach to reduce the downstream costs. Depending on 
the process and the algal strain, these account for a major part of the total process costs and make 
an economic recovery of low-cost compounds from microalgal biomass difficult. The green alga 
Botryococcus braunii is particularly suitable for the process of continuous oil extraction due its ability 
to secrete large amounts of long-chain hydrocarbons (oils) into an extracellular matrix. The application 
of in situ-extraction eliminates the cost intensive steps of harvesting, dewatering and cell disruption 
[1]. 
Based on previous studies, various Botryococcus braunii strains were investigated with respect to 
growth, lipid accumulation and solvent compatibility. The strain Showa (B-Race) was identified as a 
suitable candidate for the process of in situ-extraction [2]. Further, the suitability of this strain for the 
in situ-extraction process was demonstrated using 3 L bubble column reactors [3], the optimal 
extraction time was determined, and essential cultivation parameters such as nutrient requirements, 
temperature, and the light/dark cycle were optimized. 
The main objective of current investigations is the scale-up of the continuous extraction of 
extracellular oils from strain Showa. To evaluate the long-term effect of the in situ-extraction process 
on the culture characteristics, all performed optimization steps were combined and the longest 
possible continuous oil extraction was performed in 6 L flat-panel-airlift-reactors. In this poster, the 
results for continuous oil extraction over 80 days in situ-extraction of Botryococcus braunii strain 
Showa are presented and compared with previous extractions. Over 80 days of continuous oil 
extraction, 126 % of average biomass concentration in the 6 L Flat-Panel-Airlift-Reactor were 
recovered as oils during the in situ-extraction process. Therewith, a biomass associated oil 
productivity of 15.7 ± 2.2 mg gDW

-1 d-1 and volumetric oil productivity of 41 ± 6 mg L-1 d-1 was achieved. 
Compared to the 3 L bubble column reactors [3], the oil yield could be increased by 48 % using 6 L 
FPA-reactors and optimized culture conditions. 
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ABSTRACT 
 
Several early degradations of cementitious materials, such as offshore wind turbines, were reported 
in a marine environment [1]. Various protective strategies were developed and applied with varying 
degrees of success, requiring high investments. Besides, cement production represents about 6% of 
global greenhouse gas emission. Therefore, the durability of marine infrastructures must be urgently 
improved, in order to reduce both their economic cost and their environmental impact. Numerous 
studies focused on self-healing building materials, that is, the sealing of cracks by the material itself, 
designed to include microcapsules [2] or bacteria [3]. Those materials are now used extensively, but 
not suitable for marine conditions. On the other hand, microalgae, naturally present in sea water, are 
being used for a growing number of applications, such as biomineralization [4,5]. 
Our research project aims to provide the proof of concept of an original bioprocess, for the production 
of a microalgae-based mineral coating to protect building structures. To this end, we gathered a 
multidisciplinary team, combining skills in Bioprocess Engineering and Civil Engineering. We 
developed a 5L falling film photobioreactor, enabling the continuous recirculation of a microalgal 
culture on cementitious samples and the deposition of a mineral layer. For validation purposes, we 
operated a similar apparatus without microalgae. The produced biomaterial will be characterized by 
chemical, microscopic and micromechanical analysis. The impact of the produced solution on the 
durability of structures in a marine environment will also be quantified by chloride diffusion tests, 
permeability and mechanical tests on residual properties.  
The ultimate purpose of the project is to provide recommendations and perspectives for an 
industrial development of the technology in the coming years. 
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ABSTRACT 
 
Diazotrophic cyanobacteria have the ability to fix atmospheric nitrogen in their biomass during 
photosynthetic growth, so they could be a viable alternative to traditional and high energy demanding 
production processes, such as ammonia production 1. Moreover, cyanobacteria produce many 
commercial relevant compounds, such as phycocyanin, zeaxanthin, β-carotene, 
polyhydroxyalkanoates, proteins and PUFAs 2, as well as cyanophycin (CGP), a non-ribosomal 
synthesized polyaminoacid compound, composed of equimolar amount of arginine and aspartic acid3. 
The industrial application of cyanophycin is not still consolidated, but it is a promising starting point 
for the synthesis of many important chemicals. 
In this work, two diazotrophic cyanobacteria (Anabaena cylindrica PCC 7122 and Nostoc sp. PCC 
7120) were phototrophycally cultivated in continuous system under N2 fixing conditions to assess the 
possible stable production of cyanophycin. Indeed, A. cylindrica was already cultivated in a 
continuous cultivation system diazotrophically, obtaining remarkable biomass productivities4. The 
effect of the inlet phosphorus concentration on cyanophycin productivity was investigated with both 
the cyanobacterial species. The residence time and the incident light intensity were kept constant, 
according to previous literature on cyanophycin production in continuous system5 and on continuous 
cultivation of diazotrophic cyanobacteria4. Then, to assess the effect of other operating variables a 
second set of experiments was carried out with Nostoc sp., because in the preliminary experiments 
was more efficient both in biomass, nitrogen and cyanophycin productivity. Overall, it was observed 
that the production of cyanophycin was strictly dependent on the concentration of phosphorus present 
in the culture medium: only decreasing the P quota, it was possible to measure a higher amount of 
cyanophycin in the biomass. It was achieved a stable and continuous production of cyanophycin 
under diazotrophic conditions, obtaining a maximum cyanophycin productivity of 15 mgCGP L-1 d-1. 
 
The research is funded by the Israeli Ministry of Science grant 3-1736 and the Italian Ministry of 
Foreign Affairs and International Cooperation (MAECI) under award protocol number 
MAE01432042020-12-03, CUP C99C20001980005. 
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ABSTRACT 
 
Polyhydroxybutyrate (PHB) is a very promising alternative to most petroleum-based plastics with 
the huge advantage of biodegradability. Biotechnological production processes utilizing 
cyanobacteria as sustainable source of PHB require fast in situ process analytical technology (PAT) 
tools for sophisticated process monitoring as well as sustainable methods for PHB production and 
processing. In my talk, I will present a novel PAT tool for online monitoring, as well as innovative 
strategies for up- and downstream processing of this relevant biomaterial. 
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ABSTRACT 
 
Microalgae hyper accumulate lipids (mainly TAG or storage lipid) when subjected to stress such as: 
high salinity, high light intensity and nitrogen starvation. A Lipid regulator isolated under nitrogen 
depletion stress resulted in high lipid accumulation but failed in productivity that makes cultivation 
unsustainable for bioenergy production at large scale. Whereas our high-light induced two stage 
(48hrs + 48hrs) cultivation experiments revealed increased lipid yield and enhanced growth in 
Nannochloropsis gaditana when subjected to 1000uE light intensity as compared to standard 
condition, 100uE. Moreover, light intensity stress provided better growth than nitrogen depletion state. 
Therefore we aim to fill this trade off through our present work by identifying for first time lipid 
regulators under high-light intensity stress. 

To reveal and isolate the early and late TF’s (Trans factors/regulators), RNA-seq at several time points 
post stress was done. Among them 22-were down and 3-up regulated. When compared with nitrogen 
deprivation studies we observed only 2-down regulated TF’s were in common (rest 18 were different 
and no TF was upregulated). It shows that may be for the similar effect of lipid induction the cause of 
abiotic stress may be perceived in different pathways, which can be the reason in their difference in 
lipid yield. It is relevant to note that key lipid synthesis gene-DGAT (kennedy pathway) was 
upregulated during light stress in our study but not in nitrogen deprivation. Further, by visualising the 
transcription regulatory networking hubs under light stress based on correlation (among transcript 
level of TFs and metabolic genes and metabolites), putative regulators were identified that regulates 
pathways like lipid metabolism, photosynthesis and carbon fixation.   

As part of future plan (a) Quantitative proteomics of the same for stress and control is also being 
undergone. (b) Successful rational metabolic engineering would be attempted after identification of 
the regulators. The resulting mutant with the most lipid yield would be able to channelize the carbon 
flux towards storage lipid (TAG) keeping biomass production and carbon assimilation high. This 
algal platform would ideally balance the lipid-biomass trade-off that can make microalgae a 
sustainable solution for biofuel feedstock. 
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ABSTRACT 
 
In recent years, interest in microalgae as biotechnological hosts has increased rapidly. Compared to 
the classic model organisms for metabolic engineering, bacteria and yeast, the photosynthetic 
microalgae present a sustainable alternative for producing high-value compounds, such as 
diterpenoids. Microalgae have the additional advantage of producing the terpenoid precursor 
molecules, geranylgeranyl diphosphate (GGPP) and farnesyl pyrophosphate (FPP), as part of their 
native metabolism for photosynthetic pigments and membrane sterols, respectively. With potable 
water becoming a restricted resource, marine microalgae such as Phaeodactylum tricornutum are 
particularly attractive as they can grow on salt and wastewater. Engineering terpenoid production in 
P. tricornutum requires the introduction of terpene synthases and cytochrome P450 enzymes (1). 
For biotechnological applications stable expression of the transgenic sequences is key. So far, not 
much data has been published on the long-term stability of transgene expression in P. tricornutum, 
although some studies show a rapid loss of transgene expression upon selection pressure removal 
(2).  
Using a range of novel and established DNA parts based on the MoClo syntax we generated a 
variety of strains producing the diterpene manoyl oxide (3). We will present data on the effect of 
promoters on transgene expression levels. Additionally, we assessed the long-term expression of 
exogenous DNA in a time-course experiment. Here we showcase potential gene silencing which is 
aggravated when strains are maintained in shorter subculturing periods and when the selection 
pressure is removed. In conclusion, we highlight that P. tricornutum has great potential for synthetic 
biology approaches and show areas in which further research may help to enhance the production 
of diterpenoids in this microorganism. 
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ABSTRACT 
 
Microalgae like the marine diatom Phaeodactylum tricornutum are emerging biotechnological chassis 
for the sustainable production of high-value products such as terpenoids. Microalgae are naturally 
optimised to produce precursor molecules for terpenoid production, such as geranylgeranyl 
diphosphate (GGPP) and farnesyl pyrophosphate (FPP), because these compounds are already 
produced in high amounts to make photosynthetic pigments and membrane sterols, respectively.  An 
additional benefit over fermentative hosts is that algae exhibit rapid growth rates in simple mineral 
salt solutions using light as energy input to fix CO2. Over the last years, we and others have 
domesticated a range of established and novel DNA parts (constitutive and inducible promoters, 
5’UTRs, 3’UTRs, targeting peptides) based on the MoClo syntax that can be used for efficient and 
high throughput Golden Gate assembly for P. tricornutum.   
Often it is desirable to regulate transgene expression using either tunable promoters or riboswitches. 
While a predicted thiamine riboswitch was found not to be functional in P. tricornutum (Llavero-
Pasquina et al., 2022), we have demonstrated tuneable regulation of transgene expression using a 
vitamin-dependent promoter. We tested this promoter by driving the expression of fluorescent reporter 
proteins as well as a range of diterpenoid biosynthetic enzymes (e.g. diterpene synthases, GGPP 
synthases,). The generated strains showed an increase in protein abundance, as well as diterpenoid 
titer, compared to strains in which the transgenes were expressed under the control of standard 
promoters such as the fucoxanthin chlorophyll a/c binding protein (FcpA) promoter. We have 
engineered some of the diterpene-producing strains further by targeting rate-limiting enzymes 
involved in the biosynthesis of GGPP and could show a further increase in diterpene titer.   
In summary, our work shows that the adoption of synthetic biology approaches in P. tricornutum to 
metabolic engineering can help with strain selection and the production of terpenoids in this 
microalga. 
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ABSTRACT 
 
Substantial progress has been made in developing bioengineering tools for the model organism and 
green biotechnology host Chlamydomonas reinhardtii (Sproles et al., 2021). However, one 
outstanding issue is unpredictable and/or weak heterologous expression. Here we studied two B 
vitamin responsive elements in Chlamydomonas, a riboswitch and a promoter, that have been useful 
in regulating transgenes but often result in reduced overall expression. We asked whether we could 
address this issue through a 5’UTR engineering approach. We started by testing the effect of different 
individual and dual/chimeric 5’UTRs on reporter constructs under a non-regulatable but strong 
promoter, PPSAD. From this we observed that a particular chimeric 5’UTR (PSAD fused to THI4 plus 
RBCS2 intron) led to a 2-fold increase in expression, compared to the control with promoter-cognate 
UTRs. We then tested these parts on constructs regulated by a thiamine riboswitch or the B12-
repressible promoter, PMETE (Helliwell et al., 2014; Mehrshahi et al., 2020). Again, we observed an 
improvement in expression levels, of 2 to 5-fold compared to the control, which demonstrates that 
these otherwise poorly expressed systems can be optimized by modifying their 5’UTRs. Finally, we 
are testing the utility of these parts in a metabolic engineering strategy to produce a terpenoid of 
industrial interest. In conclusion, we demonstrate the efficacy of 5’UTR engineering in 
Chlamydomonas, suggesting the potential of a similar strategy to be applied in other eukaryotic 
organisms. 
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ENGINEERING LIPID PROFILES IN THRAUSTOCHYTRIDS  
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ABSTRACT 
 
Thraustochytrid T18 is a commercially relevant source of docosahexaenoic acid (DHA). The three 
main fatty-acid species produced by T18 are C16:0, docosapentaenoic acid (DPA)-n6 and DHA. This 
strain has also been developed in-house as a GM workhorse. The replacement of eicosapentaenoic 
acid (EPA) derived from fish oil is highly sought-after in the microbial oil industry. T18 possesses a 
PUFA synthase system which is responsible for the production of DHA and DPA-n6. One of our 
strategies to meet the need for a larger variety of high-value PUFAs includes engineering a classical 
pathway of elongases and desaturases for fatty-acid synthesis in T18 using C16:0 as 
substrate. Transcriptomics studies identified native regulatory elements. Endogenous T18 promoters 
are used in their native context to express transgenes while simultaneously knocking out the native 
coding sequence via homologous recombination. Co-expression of transgenes at a particular native 
site, using a 2A Picornaviral system, improves product yield over expression of transgenes at discrete 
sites. Transgenes including fatty-acid elongases and desaturases are expressed in T18. Elements of 
a vestigial native T18 classical pathway are used. Different permutations of genes introduced at the 
same native T18 sites result in strains producing different species of high-value PUFAs.   
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ABSTRACT 
 
The marine diatom Phaeodactylum tricornutum is a recognized source of pigments such as 
fucoxanthin, diadinoxanthin, diatoxanthin and chlorophyll c, which are reported to have health-
promoting properties for humans [1]. The present study reports the development and application of a 
high performance countercurrent chromatography (HPCCC) isolation method for the recovery of the 
pigments chlorophyll c, fucoxanthin, diadinoxanthin, and diatoxanthin from the diatom P. tricornutum 
in a one-step separation strategy. Biomass extraction and HPCCC isolation were unified using the 
same solvent system to improve the final recovery of the target pigments. The separation process 
was developed on an analytical HPCCC column (24 mL). The lower phase of the selected biphasic 
solvent system, consisting of n-heptane, ethanol, and water, was used as the mobile phase, while the 
upper phase was the stationary phase. The effects of flow rate and sample loading on resolution were 
studied in the ranges of 0.5-1 mL/min, and 20-40 mg, respectively. The rotational speed of the HPCCC 
column was set at 1600 rpm. The obtained optimized conditions were transferred to a semi-
preparative HPCCC (134 mL - column) to process 120 mg of microalgal extract, resulting in the 
separation of chlorophyll c (1) (35.52 mg), fucoxanthin (2) (5.83 mg), diadinoxanthin (3) (1.28 mg), 
and diatoxanthin (4) (0.25 mg) with purities above 98% (Fig.1). The developed method did not need 
to be coupled with any other chromatographic technique to achieve the desired separation. Overall, 
the developed isolation method could provide a useful model for the recovery of valuable pigments 
from diatom biomass. 
 
Figure 1.HPCCC separation of valuable pigments from Phaeodactylum tricornutum 

 
 
Keywords 
Microalgae; Phaeodactylum tricornutum; carotenoids, chlorophylls, high performance countercurrent 
chromatography (HPCCC). 
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ABSTRACT 
 
The Interreg NWE project IDEA envisions the development and enrolment of economic viable value 
chains based on micro-algae in NWEurope. More particularly, partners from Belgium, Germany, 
France, The Netherlands, Ireland and UK are involved which are countries exposed to a similar 
climate that is significantly different from the south-European climate. Although light intensities and 
temperatures are lower compared to south-Europe, there is a potential for algae growth. For some 
species, the NWEuropean climate may even have advantages, and can be economic viable when 
targeting higher value products (not bioenergy). Today algae based value chains are being 
established, comprising algae growth, algae harvest, algae processing and formulations with algae-
based ingredients. IDEA aims to innovate and push the process development from individual 
solutions to a viable process chain targeting final compounds for food, feed and cosmetic 
applications.  
In the first part of the IDEA project (2017-2021) IDEA addressed innovations related to: (1) algae 
species for NWEurope climate and cultivation efficiency for prolonged growth seasons in NWE, (2) 
development of an automated water recirculation, harvest unit & alternative CO2 resources, (3) 
storage concept, logistics and preservation of algae biomass, (4) regional activities for algae 
processing, potentially comparable to the milk industry, (5) >15 novel products formulations to 
targeting value generation in feed, food & cosmetics. Via an Interreg NWE capitalization initiative, 
the IDEA project was prolonged for another 2 year (till end 2023) during which special attention is 
given to circularity, being the use of different types of side-streams (water, CO2, N/P, …) in 
phototrophic algae cultivation and the impact on the subsequent use of the algae biomass. More 
specifically, algae growth on low carbon process water and nutrients and CO2  from digestors is 
being evaluated and demonstrated. 
Some key findings of the IDEA project will be presented that are related to demonstrations of algae 
growth, algae harvest, medium re-use and the preparation of algae-based ingredients and 
application tests (including in vivo test trials). Findings have been translated into elements for a 
roadmap towards implementation of algae-based value chains. 
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ABSTRACT 
 
Deep eutectic solvents (DES) are novel green solvents which have been popularized recently not 
only due to their excellent solvent capabilities, but also to their characteristics such as: high thermal 
stability, low volatility, low vapor pressure, and tunable polarity (Hansen et al., 2021). Furthermore, 
DESs are environmentally benign which position themselves as sustainable alternatives to organic 
solvents (Khandelwal et al., 2016). Because DESs have been proven technically feasible and 
effective for biorefinery processes, they could be of great importance for the development of 
sustainable and circular biorefineries (Liang & Guo, 2022). These biorefineries maximize biomass 
utilization, minimize waste and chemical usage, and emphasize on the recovery and recycling of 
materials (Wang et al., 2021). Therefore, an efficient recovery and recycling of DESs are needed. 
However, these processes are challenging because DESs are often non-volatile and current 
separation technologies cannot separate efficiently the DES (Liang & Guo, 2022; Muilwijk, 2022). In 
this research bipolar membrane electrodialysis, nanofiltration and chromatography are carried out to 
recover and recycle deep eutectic solvents after alginate extraction from a model-seaweed mixture. 
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Deep eutectic solvents, sustainable biorefinery, separation processes, membrane filtration, 
chromatography 
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ABSTRACT 

Plastics are an important part of the global economy: their production surged from 15 to 359 million 
tons between 1964 and 2018 and the plastics industry employs directly 1.5 million people in Europe, 
generating a turnover close to 350 billion euros in 2016. The plastic industry currently faces two major 
challenges: 1) 90% of global plastic produced is still derived from fossil feedstock; 2) the negative 
image linked to unsustainable end of life management practices. 
 
Polyhydroxyalkanoates (PHAs) are biopolyesters that can substitute conventional plastics in 
numerous applications. They are renewable, biodegradable and bio-based. However, no sustainable 
value chain exists in Europe, and production developed elsewhere rely on plant-derived raw materials 
that and require arable land for their production and that compete with food and feed uses. 
 
“NENU2PHAR - For a sustainable and European value chain of PHA-based materials for high-volume 
consumer products” is a project supported by a European grant of the private-public partnership “Bio-
Based Industry Joint Undertaking”. It is developing an original route of production PHAs from 
sustainable and renewable resources: extraction of polysaccharides from microalgae, hydrolysis of 
polysaccharides into fermentable sugars and fermentation of the sugars by naturally occurring PHA-
accumulating bacteria. 
 
In NEU2PHAR, we have screened for different candidate bacterial strains able to convert the 
microalgal-derived sugar-rich hydrolysates into PHA. After removal of residual solids, hydrolysed algal 
biomass was shown to be a suitable carbon source for the fermentation process and two of the tested 
strains, P. sacchari and C. necator, accumulated significant amounts of PHA, 54% and 65% on dry 
weight respectively. A fermentation strategy was firstly developed using commercial raw-materials 
and validated pilot scale fermenters obtaining up to 85 g/L PHA within just 52 hours of fermentation. 
This process will be adapted to the use of the algal hydrolysates as main carbon source and scale-
up performed to produce kg-scale samples of material for application testing, validating the feasibility 
of the CO2-to-biopolyester route developed in the project. 
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ABSTRACT 
 
The use of microalgae as a sustainable and renewable feedstock for biosourced plastic biorefineries 
is the core mission of the Nenu2Phar1 European project, which the CEA is part of. Since 2021, the 
CEA team has been successfully triggering above-average starch content in Chlorella vulgaris 
CCALA9242,3. By exposing nitrogen-starved cells to high light, up to 70% of starch could be 
accumulated in the biomass. This growth strategy was validated extensively at laboratory scale under 
artificial light.  
 
Further growth trials have since continued outdoors at pilot scale from November 2021 to November 
2022 to take the proof of concept closer to industrialisation. 180 L flat panel airlift reactors with static 
mixers were used to establish the ease of culturing and the range of biomass and starch productivities 
attainable over winter and summer.  
 
Starch production was affected due to seasonal changes as well as recurring contamination episodes 
which severely hampered production. Nevertheless, an average starch content of 38% dry weight 
was obtained during the culture period, and an overall increase in starch content could be observed 
in ageing, nitrogen-deprived cultures, with high starch content values ranging between 40% and 60% 
dry weight occurring in the second week of growth. Our results are in line with those obtained in other 
outdoor starch production pilot-scale studies from Chlorella4,5.  
 
Operational costs of microalgae production in four semi-industrial photobioreactors (1500L open 
raceway pond, 900L horizontal tubular photobioreactor, 180L flat panel with static mixers and a 140 
L flat panel made on-site with plastic sleeves) harvested by centrifugation were also compared in 
order to select the most economically attractive strategy for an hectare-scale implementation. Based 
on the unit cost of biomass produced, the commercial flat panels with static mixers have the lowest 
operational costs as they present higher biomass concentrations than the other reactors, thus 
implying lower man work cost. However, these reactors were also more prone to contamination due 
to their geometry, which entails additional cleaning efforts and potentially higher operational costs. 
The selection criteria for the most economical reactor will be discussed. 
 
Keywords 
Chlorella vulgaris, outdoors, nitrogen-starved cultures, starch, operational costs. 
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TECHNO-ECONOMIC ASSESSMENT OF SUSTAINABLE AVIATION FUEL PRODUCED IN 
AN INTEGRATED ALGAL BIOREFINERY 

Haznedaroglu, B.Z. 
Erdinçler, B. 

ABSTRACT 
 
The need for sustainable energy sources for transportation sector is increasing every day. Today, 
civil aviation is responsible for 2% of the global carbon dioxide emissions and is expected to reach 
3% by 2050. Sustainable aviation fuels from third-generation, non-food biomass feedstocks such as 
microalgae, stands out as a strong candidate to combat GHG emissions. The objective of this study 
was to assess the techno-economical viability of SAF production in an integrated biorefinery. 
Candidate microalgae species were selected as Ettlia oleabundans, Nannochloropsis gaditana, 
Botryoccoccus braunii and Chlamydomonas nivalis. Microalgae were cultivated in open raceway pond 
reactors, harvested and dewatered by centrifugation to be ready for extraction. Hydroprocessed 
esters and fatty acids (HEFA) were converted to SAF and blended with Jet A-1 to be used in civil 
aviation. The capital  (CAPEX) and operational expenditures (OPEX) were calculated where 
downstream and upstream equipment costs were found to be 54% and 19% of the CAPEX while 
construction costs were accounting for 27% excluding land cost. The commercialization of SAF, like 
any other alternative bio-product, depends on the price competition with the conventional products. 
Although algal SAF is not viable to be used on its own, blending with Jet A-1 enables the blend to 
compete with fossil based jet fuels. Furthermore, the adoption of the integrated biorefinery concept, 
production of by-products and minimize the waste material from the production of bio-jet fuel is a 
promising step for commercialization. 
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ABSTRACT 
Decreasing the cost of microalgae cultivation is a vital step in unlocking its potential as a carbon sink 
and a renewable source of food, biomass, and other useful compounds. Currently, large-scale 
cultivation of microalgae typically occurs in outdoor raceway ponds where low biomass 
productivity  and culture concentration can lead to high cultivation and downstream processing costs. 
This is due, in part, to the low solar incidence on the culture at various times throughout the year 
which reduces the illuminated culture volume and decreases the growth rate. This is particularly true 
in the winter months or at higher latitude locations. Thus, we propose two novel designs featuring 
vertical reflecting surfaces positioned on either the north side of an east-west oriented raceway pond 
or on the east and west sides of a north-south oriented raceway pond. These designs aim to increase 
the solar flux incident on the culture and improve the biomass productivity of outdoor raceway ponds. 
The resulting biomass productivity was predicted in our previous publication1 by a coupled model of 
light transfer and microalgae growth kinetics. Overall, the modeling results predicted an increase in 
the biomass productivity for raceway ponds featuring a vertical mirror throughout the year. For 
example, the biomass productivity was predicted to improve by 36% in late September for a raceway 
pond featuring a south-facing mirror. To validate the predicted improvement in biomass productivity, 
proof-of-concept experiments are being performed using two 0.5 m2 raceway ponds under solar 
conditions, with and without a vertical mirror, cultivating Chlorella vulgaris in a greenhouse at the 
AlgoSolis R&D facility located in Saint-Nazaire, France. Experimental results for a culture operated in 
batch mode show an increase in productivity of up to 15% for a north-south oriented raceway pond 
with east/west-facing mirrors during the month of August. Experiments are currently underway to 
assess the performance of an east-west oriented pond with a south-facing during the autumn months. 
This experimental campaign aims to quantify the actual increase in performance afforded by the mirror 
design and as well as any potential challenges associated with its implementation. 
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ABSTRACT 
 
The lack of adequate vertical mixing is one of the factors limiting the productivity of open raceway 
microalgae reactors. Thus, the existence of large gradients of light and the lack of vertical mixing does 
that the cells are mainly adapted to local irradiance instead of average irradiance. The adaptation to 
average irradiance allows maximizing the light utilization efficiency and then maximizing the biomass 
productivity of microalgae cultures. To overpass this problem different alternatives have been 
proposed, one of the more suitable being the utilization of blades to improve the vertical mixing. In 
this work, experimental studies were performed installing blades. The goal is to improve the 
photosynthetic efficiency, but also a better understanding of the light regime to which the microalgae 
cells are exposed in these systems and how to improve it.  

Computational fluid dynamics (CFD) was used to optimize the design of blades. Moreover, a dynamic 
photosynthesis model (Rubio Camacho et al., 2003) allowing to estimate the photosynthesis rate as 
a function of the light regime to which the cells are exposed, including photo-adaptation and photo-
inhibition phenomena was used. The combination of both tools allows for optimisation of the 
configuration of the system.  

Results confirm that by using the blades the vertical mixing is improved also the photosynthesis rate 
improves, at the same time minimizing the energy consumption involved. The vertical mixing 
generated by the blades is dissipated after 4 m, but the photosynthetic benefits are observed including 
during 10 m in length of the channel. The frequency of exposition improves three times concerning 
conventional systems which allows an increase in photosynthesis rate of 25% and an increase of 
biomass productivity from 15.6 to 19 g∙m-2∙d-1. These results confirm the benefits of optimising the 
mixing in microalgae cultures, especially focusing on the movement of the cells between the different 
illuminated zones. 

Additional work is underway to increase the photosynthesis rate and final biomass productivity, it is 
expected to increase the microalgae production capacity of actual photobioreactors up to 50%, 
regardless of location, maintaining low energy consumption and CAPEX. 
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ABSTRACT  
 
Microalgae are considered as a promising industrial source for the sustainable production of 
valuable compounds, such as high-quality protein, polyunsaturated fatty acids, dietary fiber minerals 
and vitamins useful in different industries (i.e., nutraceutical, food, animal feed and cosmetics). In 
addition, their significantly high growth rates and simple growth requirements make them attractive 
for the biorefinery industry (Canelli et al., 2021).  
 
However, large amounts of reagents and high-energy inputs are needed for the release of valuable 
compounds due to the robustness, complexity, and chemical diversity of microalgae cell walls. 
Therefore, the disruption of cell walls plays a key role in the recovery of valuable compounds, so it 
is necessary to develop new specific disruptive processes for each species of microalgae that 
achieve a more efficient recovery of these compounds. This optimization will contribute to the 
reduction of energy, solvent and extraction time required and to limit the degradation of the target 
compounds, and thus, may considerably promote the implementation of the microalgae biorefinery 
concept (Karim et al., 2020).  
 
The present work aims to evaluate the combination of different extractive methods applied to 
Chlorella vulgaris concentrated culture and biomass to enhance and optimize lipid and protein 
recovery. Several cell disruption methods have been tested including mechanical (microwave 
assisted extraction) and non-mechanical pre-treatments (enzymatic assisted extraction). 
Commercial enzymes including cellulases, lipases and proteases have been applied as algal cells 
are strong and stable due to the presence of polysaccharides such as cellulose and hemicellulose. 
Moreover, experimental designs were conducted through Design Expert software to optimize the 
operational parameters like extraction time, pH and type of enzyme. The cell wall disruption was 
evaluated by analysis of protein solubilization (Kjeldahl method). 
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ABSTRACT 
 
There is a critical need to shift to more sustainable forms of food and feed production. Microalgae are 
increasingly recognised as a valuable source of raw materials for these markets. Large-scale 
production is held back by barriers of scale and price. MULTI-STR3AM project will respond to the 
growing interest in demand for sustainable products from microalgae by providing Europe with the 
first dedicated multi-strain, multi-process and multi-product biorefinery. This biorefinery will be able to 
produce a wide array of structurally diverse molecules, including proteins, lipids including fatty acids, 
polysaccharides and photosynthetic pigments such as carotenoids. The project integrates a large-
scale production of microalgae, biorefinery and final product validation by end-users in the food, feed 
and fragrances markets. Large scale autotrophic microalgae production was accomplished in unilayer 
horizontal tubular photobioreactors with 1560 m2/ 35 m3 and cascade raceways with 2500 m2 / 80-
120 m3 for Nannochloropsis sp., Dunaliella Salina and Spirulina. Fractions of disrupted biomass, 
carotenoid extracts and fragrances were evaluated as final products for food, feed and fragrances 
applications with promising results. The outcomes allowed for validation of the MULTI-STR3AM 
biorefinery with valorisation of all fractions of biomass in a zero waste approach.  

The biorefinery was designed with all the necessary unit operations, and the mass balances were 
calculated (Figure 1). To evaluate the profitability of the proposed biorefinery, a detailed techno-
economic evaluation was performed for the Nannochloropsis case study. Early in this study it was 
concluded that the biomass price was found to have a great impact on the economic profitability of 
the biorefinery, and the comparative analysis conducted revealed that a reduction of 40% in the 
biomass price, from 5.0 €.kgSFDW

-1 to 3.0 €.kgSFDW
-1, increases the project IRR from 20.3% to 43.1%. 

Finally, the ultimate goal of the study was to evaluate if the proposed multi-product biorefinery is 
economically more attractive than a single-product value chain biorefinery. The multi-product 
biorefinery was found to reach higher profitability levels, with an IRR of 20.3%, which stands clearly 
above the single-product biorefinery, for which a negative IRR was obtained. 

 
 
 
 
 



 

428 
 

 
Figure 1. Sankey diagram of the proposed Nannochloropsis Biorefinery  
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ABSTRACT 
 
High-strength organic wastewater e.g., potato starch wastewater leads to high stress on the 
environment. This study aims to investigate the system for simultaneous potato starch wastewater 
treatment and nutrients upcycling for further biocompounds production through microalgae cultivation. 
Microalgae are capable to simultaneous removal of COD and recovery of N and P within the 
production of various valuable bio-compounds during wastewater treatment e.g. protein, lipid, 
pigments, etc [1]. The limited types of carbon sources that can be metabolized by the microalgae 
causes low removal efficiency of COD. Thus, high concentration of organic substances in the potato 
starch wastewater, including protein, starch, etc. which can not be directly consumed by microalgae, 
may significantly influence on the removal of COD and even inhibit the growth of microalgae [2, 3]. 
Therefore, having an optimal pretreatment of the potato starch wastewater before microalgae 
cultivation is necessary to conversion of the low bioavailable organic compounds. Hence, in the 
present study four different microalgae species were cultivated and screened in the effluent of the 
pre-treated potato starch wastewater by anaerobic acidification (AA). The microalgae cultivated in the 
effluent of AA process achieved higher growth compared to cultivation in synthetic media (control) in 
all cases. Among four microalgae (Chlorella vulgaris, Chlorella sorkiniana, Scenedesmus obliquus, 
Haematococcus pluvialis) cultivated in the effluent from AA at different dilution times (0, 10, 20, 30, 
40) Chlorella vulgaris reached the highest optical density (≈1.4) in 10 times diluted effluent during 6 
days. Furthermore, two stages system (AA and microalgae) contributed to a final removal efficiency 
of 63.4–95.0%, 87.44–98.99%, and 69.4–99.08% for COD, phosphorus, and ammonia, respectively, 
in a shorter period. This study presents a promising simultaneous efficient high strength organic 
wastewater treatment and biocompounds production by the microalgae.  
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ABSTRACT 
 
Microalgae are studied as interesting renewable sources of a huge diversity of molecules with 
applications in industrial fields such as energy, health and feed for example (1). Among these 
molecules, lipids can be valorized as biofuel, bioactive molecules or in aquaculture(2).  
Parachlorella kessleri, a chlorophyta microalgae known as a lipid producer under nitrogen limitation 
(3) was cultivated in a photobioreactor of 10 L at laboratory scale until 69 days. Lipids were analyzed 
at different scale. Total lipid composition has been investigated using gravimetry, fatty acid 
composition was determined by GC-MS and lipidomic was realized using HPLC-MS. Total biomass 
obtained was 1,74 g at 69 days. Lipid class has been followed and triglycerides accumulation has 
begun at day 3 with a huge variety described by HPLC-MS. The main fatty acids are 16:0, 18:2 and 
18:3. Glycolipids and phospholipids composition has also been studied. 
The cultivation of P. kessleri in a raceway photobioreactor of 1 000 L is undergoing to evaluate the 
extrapolation of lipid composition when up-scaling. 
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ABSTRACT 
 
Arthrospira platensis is a cyanobacterium interesting for its high phycocyanin (C-PC; 10-20% w/w) 
and protein content (60-70% w/w) [1]. These components can be used as food/feed ingredients and 
additionally C-PC can be used for pharmaceutical applications due to its antioxidative, 
hepatoprotective and anti-carcinogenic properties [2]. Current  methods for C-PC extraction from A. 
platensis involve cell membrane lysis to release pigments in an aqueous extraction medium. 
Conventional cell lysis techniques, such as freeze-thawing and bead milling require long processing 
time and high energy inputs and result in release of other cell components, jeopardizing the C-PC 
extract purity [3]. Natural Deep Eutectic Solvents (NADES) represent an emerging metabolite 
extraction technology which offers bio-safety, high extraction efficiency, improved stability and 
specificity towards the desired target compound.   
The present work focused on C-PC extraction by emerging cell lysis (ultrasonication) and metabolite 
extraction with NaDES. Four NaDES were prepared by mixing the appropriate ratio of hydrogen 
bond acceptors (HBA), such as choline chloride, betaine, lactic acid and glycerol, with hydrogen 
bond donors (HBD), including malic acid and glucose. Extraction efficiency of the solvents was 
evaluated after 2 min of ultrasonic pretreatment of biomass. The highest extraction yield was 
reached by using glycerol:glucose-based solvent with 20% w/w water (2.85%). After selection of 
solvent combination, extraction efficiency was maximal at increasing the water ratio up to 45% w/w. 
The extraction yield was 13.3%, which is higher than values with pure water at p=0.05. Extract 
purity in C-PC by the tested NaDES, however, was higher when using pure water as the solvent.  
Extraction of proteins, alongside with cell lysis and fractionation of carbohydrates and lipids by 
Natural Switchable Hydrophilicity Solvents (NSHSs) was previously shown on Scenedesmus and 
Chlorella by Circular Extraction (CE) [4]. Future work should therefore investigate the possibility of 
obtaining proteins, specific fractions or molecules by NSHS in CE, preserving protein integrity and 
reducing the cost of recovery and procurement of the solvent. 
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ABSTRACT 
 
The power of microalgae microbiome has been gaining increased attention by industrial sector to find 
sustainable innovative ways to improve microalgae culture growth speed, biomass and high value 
compound productivity. Additionally, microalgae biorefinery downstream processes have been 
explored and developed to not only increase microalgae biomass flocculation, enhance oil extraction 
efficiency and carbohydrate solubilization, but also to decrease the overall processes’ expenses. 1–4 
In a current study about the microbiome recruitment of two industrially relevant marine microalgae 
(i.e., Phaeodactylum tricornutum and Nannochloropsis oceanica) using natural waters from Sado and 
Tagus rivers in Portugal, 148 marine bacteria were isolated and identified. Besides their proposed 
potential to act as probiotic, these bacteria were characterized regarding their ability to produce 
extracellular lytic enzymes capable of catalyzing various compounds including lipids, proteins, and 
polysaccharides. When tested for extracellular lytic enzymatic activities, 84% and 90% of bacterial 
isolates from N. oceanica and P. tricornutum, presented at least one of the lytic enzymatic activities 
tested, respectively. The strength of the enzymatic activity was measured, and many bacterial isolates 
were had high levels of extracellular lytic enzymatic activities detected. Thus, suggesting them as 
good sources of powerful enzymes (e.g., chitinases, cellulases and amylases), useful for microalgae 
downstream processing. The genomes of bacteria holding high extracellular lytic enzymatic activities 
were fully sequenced and their genomes mined for identification of putative lytic enzymes and their 
overall pathways. 
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Figure 1 – Screening and measuring extracellular lytic enzymatic activities of isolates SADO10 and 
SADO49 (left and right halfs of the petry dish, respectively) in solid media using alginate(a), starch 
(b) and cellulose (c) as substrates. SADO10 isolate presented extracellular lytic enzymatic activities 
for all three substrates, while SADO49 presented no activity for the same substrates. 
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ABSTRACT 
 
Microalgal photoautotrophic cultivation present limits related to the high operative and investment 
costs required to maintain adequate light supply rate (reactors with high S/V ratio) to ensure 
satisfactory productivity [1]. Heterotrophy represents a promising solution: some microalgal strains 
can grow without light, metabolizing organic compounds as carbon and energy source [1,2]. 
Moreover, the integration of heterotrophic microalgal production with wastewater or effluents 
treatment can increase economic sustainability of the microalgal biomass production, eliminating the 
cost of carbon feedstock required in heterotrophy [3]. 
Through gas fermentation, some acetogens bacteria convert CO2 and H2 into acetic acid, using the 
Wood–Ljungdahl pathway [4]. However, acetic acid produced through this way presents a low 
economic value. Using acetate as substrate to produce compounds with higher economic value could 
be an efficient solution [5]. 
 
We propose here an innovative approach to overcome both the limitations associated with 
photoautotrophic growth of microalgae and the economic sustainability of microbial acetate 
production by gas fermentation. This approach is based on a two-stage fermentation process: the first 
step consists in the conversion of CO2H2-based feedstock into acetate through gas fermentation, 
using the acetogenic strain Thermoanaerobacter kivui in a stirred tank reactor (STR); the fermentation 
effluent, acetate rich, is used in the second fermentation step as cultivation medium for Chlorella 
sorokiniana grown in heterotrophy using acetate as organic source. 
 
Chlorella growth was assessed starting from different acetate concentration - 1.1 g L-1, 2.2 g L-1, 3.3 
g L-1 - in the medium, obtained by diluting and sterilizing (by microfiltration) the fermentation effluent 
of T. kivui. Biomass production and acetate removal were analyzed; the growth kinetics were 
modelled to determine the specific growth rate (μMAX), which was 0.075 h-1. Good values of biomass 
productivity were obtained; no growth inhibition was observed until 3.3 g L-1 acetate concentration. 
As next goals, microalgal proteins accumulation and quality will be analyzed to prove their economic 
value for food and feed. Finally, Chlorella growth will be assayed without any medium sterilization 
procedure, with a perspective of increasing the energy and economic sustainability of the whole 
process, considering oxygen exposure as lethal to acetogens [6]. 
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ABSTRACT 
 
The protein fraction produced from microalgae is now considered an alternative source of high-
quality protein not only for animal feed [1] and human food applications [2] but also in some 
specific cases, for cosmetic and pharmaceutical applications [3]. The incorporation of microalgae 
protein in such application faces several challenges, mostly those associated with their 
organoleptic characteristics, such as odour, taste and colour [4]. To use these microalgae proteins 
in high-value applications it is important to find ways to reduce or eliminate the presence of 
chlorophyll. Several species of microalgae are known for their high protein content [5]. 
Nannochloropsis sp. is a small marine microalga [6], commonly known for the production of 
omega-3 fatty acids. Nevertheless, it has also an important content in total protein [7], both soluble 
and insoluble. 
The research work developed within this context proposes a way to take full advantage of a 
Nannochloropsis sp. biorefinery, through membrane technology. The main focus of the work was 
to produce an extract enriched in soluble proteins, free from the insoluble compounds, and 
eliminate chlorophyll. The process proposed aims at minimizing membrane fouling, enabling the 
achievement of high permeate fluxes and reducing the frequency of membrane cleaning, 
contributing to an extended membrane lifetime. The supernatant obtained after centrifugation of 
ruptured Nannochloropsis sp. cells was processed by ultrafiltration using a membrane with a 
molecular weight cut-off of 100 kDa. 
Two different operating approaches were evaluated: controlled transmembrane pressure and 
controlled permeate flux, under concentration and diafiltration modes. The characterization of the 
different protein factions was achieved not only by protein quantification through the BCA® method 
but also by the analysis of protein molecular weight distribution through SDS-PAGE. SDS-PAGE 
was used as a technique to monitor the performance of the system allowing to fine-tune the 
extracting  conditions and assisting in the selection of the best membrane cut-off. Ultrafiltration 
operated in a diafiltration mode, and under controlled permeate flux conditions, led to the highest 
soluble protein recovery (78%) with the highest constant permeate flux (12 L.m−2.h−1) and the 
lowest membrane fouling. 
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Figure 1. Representation of the diafiltration unit during the experiments performed under controlled 
permeate flux. Adapted from [8]. 
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ABSTRACT 
 
A life cycle analysis of the production process of a fungicide based on amphidinols has been carried 
out. Amphidinols are bioactives produced by the photosynthetic dinoflagellate microalga Amphidinium 
carterae (De La Crouee & Thomas, 2017). The production of 1 L of fungicide (concentrated product) 
was taken as functional unit. Two scenarios were evaluated: (A) biorefinery, considering two high 
value co-products (carotenoids and fatty acids); and (B) biofungicide as only product. Inventory data 
were scaled-up from previous work on pilot-scale reactors (Molina-Miras, 2018), as well as, lab-scale 
downstream equipments (López-Rodríguez, 2019, 2020, 2021). A yearly production of 1,940 grams 
of amphidinols, equivalent to 22,000 L of fungicide, was selected as the production objective. The 
required industrial equipments and the input and output flows were obtained with the SuperPro 
Designer software v7. Once the inventory was obtained, a dedicated LCA software was used (Air.e 
LCA v3.12.0.10 with the EcoInvent v.3.7.1 database). This software allowed calculating the carbon 
footprint, as well as other key environmental indicators, such as Ecotoxicity and Eutrophication of 
seawater and freshwater or Human Toxicity. A first conclusion is that incorporating a biorefinery 
approach, the environmental impacts per functional unit are much lower since they are distributed 
among several co-products. For instance, in the scenario A, 56.7 t of CO2e would be produced in 15 
years linked to 330,000 L of fungicide, while for the scenario B, the CO2e produced would be 330.92 
t. Despite photosynthetic biomass is a sink of anthropogenic CO2, harvesting and downprocessing 
have large carbon footprints that exceed the biomass fixed carbon. In addition, different commercial 
agricultural fungicides were compared under the same LCA methodology. The results obtained 
showed a lower impact of the microalgal product in most of the indicators, including carbon footprint. 
Due to their composition, most of the commercial fungicides present, important toxicity impacts (on 
marine and human health) compared to the microalgal fungicide. In conclusion, our study allowed 
demonstrating that from an environmental perspective, microalgal bioprocess can be more attractive 
than the current chemical processes in use, with benefits that go beyond the reduction of the 
greenhouse gases. 
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ABSTRACT  
 
Microalgae are considered a sustainable source of proteins, lipids, carbohydrates, and other 
functional biomolecules. Nevertheless, microalgae cultivation and drying costs are still high, mainly 
due to the considerable energy consumption[1]. Therefore, as an effort to reduce biomass costs and 
improve sustainability, Necton implemented two innovations at industrial scale in the scope of H2020 
ProFuture project.  
The first was an indirect hybrid solar dryer, an equipment never used before to dry single cell 
microalgae at industrial scale. This drying method was compared to the standard freeze drying via 
assessment of biomass quality parameters, including biochemical profiles, functional properties, and 
microbial safety. No significant differences were found between the applied drying technologies for 
total proteins, carbohydrates, lipids, and fatty acid profiles. On the other hand, some pigments showed 
significant differences, displaying up to 44.5% lower contents in solar-dried samples. Finally, analyses 
of microbial safety and functional properties of the solar-dried biomass showed suitability for food and 
feed products.  
The second innovation was an off-the-grid tubular photobioreactor (PBR). The 27 m3 flow-through 
glass PBR, is able to work only with photovoltaics energy, thus greatly reducing operation costs. The 
pumps work at the maximum speed when enough sun incidence is available, but slow down when 
the photovoltaic production reduces, and turn off before sunset. This behaviour fits the mixing needs 
of the microalgae cultures, because it is during high sun incidence that the cultures need to have an 
efficient gas-exchange (CO2 injection and O2 removal), while during the night the mixing needs are 
expected to be much lower. To access the quality and behaviour of microalgae cultures in this PBR, 
one cultivation cycle of Nannochloropsis oceanica was followed. The cultivation regime was swapped 
every week between 100% off-the-grid to a regime with minimum 5 minutes of pumping per hour, to 
infer any possible detrimental effect of the off-the-grid regime. Growth, fluorimetry and microbiological 
analysis showed no detrimental effect of the off-the-grid regime. Nevertheless, the culture only lasted 
for 6 weeks, which can be considered short for N. oceanica, therefore, further studies are needed to 
access the quality of the cultures under an off-the-grid regime. 
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Alexandre Rodrigues holds a licentiate degree in Microbiology and Genetics from the Faculty of 
Sciences of Lisbon University and a PhD degree awarded by the Faculty of Medicine of Lisbon 
University. His PhD studies about zebrafish and xenopus regeneration were developed at the Centre 
of Regenerative Medicine in Barcelona (CMRB). After his PhD, Alexandre worked as a research 
technician in histology and genetics laboratories in Barcelona, after which he moved back to 
Portugal to work as a post-doc at the University of Algarve.  
In 2017, Alexandre started collaborating with Necton as a sales consultant. Given his scientific 
background, in 2019 he moved to the Research & Development Department as a Project Manager, 
contributing to projects management, project design and student coordination. In 2022 he was 
officially nominated Coordinator of the growing R&D Department at Necton. 
 
COMPANY PROFILE 
 
Established in 1997, Necton is the oldest company in Europe that specialises in the cultivation and 
commercialisation of microalgae. The company was set on an ideal location to grow these 
microorganisms in the natural park of Ria Formosa on the sunny south coast of Portugal. Throughout 
the years, the company acquired extensive knowledge in cultivating marine, freshwater, and 
hypersaline species. Necton’s current portfolio includes over 30 species, such as Nannochloropsis 
oceanica, Tisochrysis lutea, Phaeodactylum tricornutum, Tetraselmis chui, Porphyridium cruentum, 
and Skeletonema costatum. To produce the microalgae biomass the facility relies on more than 100 
m3 of horizontal tubular photobioreactors and a 200-m3 raceway pond. 
Necton’s growth is supported by a continuous R&D effort that includes participating and managing 
several national and European-funded research projects. Through this effort, Necton was able to 
achieve scientific, technological and market knowledge of microalgae cultivation and applications for 
the aquaculture and cosmetic sectors, among others. The company’s history, experience and 
constant collaboration with universities, research organisations and other companies have made 
Necton one of the leading European companies in microalgae biotechnology. 
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ALGICEL, CARBON CAPTURE AS-A-SERVICE  
Henrik Busch-Larsen (HBL) 

Jonathan Burns-Tang (JBT) 

Denmark, Algiecel 
 

ABSTRACT 
 
ALGIECEL was founded to take part in solving the challenge of converting the CO2 emissions of 
today´s production methods into feasible business opportunities. The Company uses natural micro-
algae organisms, a highly compact and high-yield photobioreactor technology fitted into standard 
shipping containers and a new revenue sharing business model to offer carbon capture as-a-service 
to industrial clients.  
  
The Impact and Vision  
ALGIECEL positions itself as the provider of a technology easy to scale. ALGIECEL provides a 
business model that transforms the cost-challenge of CO2 removal and emissions penalties, into a 
profitable business opportunity across the entire value chain through revenue sharing from derivative 
product sales. The company’s vision is to make it easy for clients to remove millions of tons of CO2 
annually from industrial production without hurting the clients’ bottom line.  
  
The Customer  
ALGIECEL´s photobioreactors can go where large Power-to-X projects cannot go. Specific target 
industries are biogas and fermentation companies. Here, small numbers of mobile container units can 
solve the CO2 emission problems of entire production sites - plug and play – while requiring little 
space by stacking and packing the containers on demand.   
  
The Organization  
ALGIECEL was founded by Henrik Busch-Larsen, who also co-founded and scaled Unibio, a leading 
sustainable protein company. A team of highly skilled people has been established. The team holds 
experience from notable companies such as Maersk, Falck, Nestlé, COWI, Chr. Hansen and BioPorto 
among others. The company collaborates with skilled partners such as RobLight, AN Group and the 
Danish Technological Institute (TI).  
 
Keywords 
Carbon-capture and utilization (CCU), microalgae production, innovation, feed, food, food 
supplements, circular economy 
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treatment laboratory and as a project manager working as head of the algae cultivation 
department at the facility. Jonathan finished his masters in the summer of 2021 and has since 
worked in Algiecel. Here Jonathan has worked with the design of the reactor, regulations of algae 
products and lately as one of the laboratory scientists setting up the inoculum production for the 
reactor.  
 
CEO Henrik Busch-Larsen is a successful serial entrepreneur with several board positions. He 
recently left his CEO position at the Unibio Group which he co-founded and accompanied for the 
last decade. He took Unibio from a small start-up with 3 employees to a 50 FTE company with a 
proven, full-scale technology and a USD 300 million valuation.  
 
COMPANY PROFILE 
 
Algiecel has been founded to take part in the challenge of transforming today´s CO2 emissions into 
feasible business opportunities. 
ALGIECEL is transforming CO2 emissions and LED light into microalgae biomass and Oxygen. The 
company has developed a plug & play photobioreactor (PBR) that can be stacked and packed as it 
fits into standard shipping containers. The reactor is easily installable and requires little technical 
know-how from small and mid-size industrial clients. 
The company has designed a novel Carbon Capture and Usage business model that transforms the 
cost challenge of CO2 removal into a profitable business opportunity across the entire value chain 
through revenue sharing from the microalgae biomass and carbon credit sales. 
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Portugal 
 
ABSTRACT 
 
“Sargaço” is a designation from the northern Portuguese coast assigned to a mixture of seaweeds 
that grows on rocky platforms and is loosen and run aground on the beach due to tidal movement. It 
mainly includes brown algae, but also red and green algae. 
Traditionally, sargaço was collected by local farmers and fishermen, dried and applied in agriculture, 
or sold fresh for industry. Today, the traditional collection of sargaço is practically extinct. 
However, these macroalgae continue to run aground on the beach. This accumulation on shore brings 
several constraints not only for vacationers, due to the algal accumulation in the sand and sea and 
bad odour from algal decomposition, but also ecologically, making the habitat of many species 
practically anoxic. 
On the other hand, this natural biomass, rich in organic matter, minerals and various bioactive 
compounds, can be a valuable resource for Man. Nevertheless, it is currently being wasted and 
underexploited. 
It was in this sense that VALSAR – Valorisation of Sargaço on the Portuguese north coast emerged. 
This project aims to investigate and explore the potential of these stranded macroalgae and enhance 
this natural biomass, contributing to sustainable development and diversifying the local economy of 
coastal communities. 
To this end, a multidisciplinary team is currently working on: 
• Production of a biostimulant based on marine algae. 
• Production of a biofertilizer based on a mixture of marine algae and organic waste; 
• Identification of pharmaceutical and cosmetic properties of seaweed-based extracts, using cell lines 
that represent the dermis and epidermis. 
Experimental trials are being conducted and interesting results have already been obtained. We look 
forward to sharing more information about our recent discoveries and the value of this underexploited 
biomass. 
“ValSar: Valorization of Sargasso da Costa Litoral Norte” (MAR-04.03.01-FEAMP-0502) is financed 
by MAR2020, PT2020 through European funds (FEAMP) and supported by the LAG Coastal Litoral 
Norte. 
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Master in Environmental Engineering from the University of Coimbra.  
Her work has, since then, been focused on environmental assessment with a large component of 
spatial analysis (Geographic Information Systems). She has strongly contributed to the current 
available spatial registry of aquaculture and saltpan establishments and to the current application of 
the Salt of Figueira da Foz to the UNESCO World Intangible Heritage, under the project Integrated, 
Ecological and Sociocultural Evaluation of the Salgado da Figueira da Foz, funded by the 
Municipality of Figueira da Foz. As a researcher at the SUSpENsE project, she supported the 
development of strategic guidelines for Ecotourism based on an Ecosystem Services approach. 
Currently is PhD Student Fellow- Living Labs for Sustainable Development: Unveiling the value of 
the Ecosystem Services concept. The main aim of project is to explore the value of the Ecosystem 
Services (ES) concept for creating Living Labs for sustainable development, using coastal saltwork-
related systems as case study. It will be determined the baseline conditions for stakeholders to join 
and actively participate in an Ecosystem Services Living Labs by confronting stakeholders, in a 
participative approach. Her scientific path has been enhanced by her proven experience in science 
communication to a wide variety of audiences. This is the main task carried out in the VALSAR 
project: the communication of science, whether for peers, the school community and the local 
community. 
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ABSTRACT 
 
Microalgae are promising producers of bioactive chemicals and feeds from carbon dioxide by 
photosynthesis. Planning of cultivation conditions for harvesting target biomass at target time is 
important in practical cultivation of microalgae. However, the cultivation planning is often a challenging 
task due to the complex interplay of growth conditions such as light flux, medium concentration, and 
temperature [1]. To overcome this challenge, the authors have recently proposed a parametric logistic 
equation capable of predicting the dynamic effect of light flux into culture and medium concentration 
on the growth profiles of microalgae [2]. The predictive ability of the proposed model for various light 
flux and medium concentration was demonstrated using the experimentally measured growth profiles 
of Monoraphidium sp., a microalgal strain isolated by the authors. Finally, model-based exploration 
of cultivation conditions was performed for the planning of cultivation cycles. 
 
In this presentation, we first show our recent results on the parametric logistic equation and its 
experimental verification [2] (see Figure 1 (a) and (b)). Then, an extension of the proposed model is 
discussed to enable dynamic cultivation planning that changes the cultivation conditions in a dynamic 
manner based on the real-time experimental data. For this purpose, we introduce Kalman filter [3] 
that estimates uncertain parameters in the model based on the real-time experimental data. The 
parametric logistic equation combined with the Kalman filter enabled real-time compensation for the 
prediction error by updating the misidentified uncertain parameters, resulting in highly accurate 
prediction of harvesting time with the target biomass (see Figure 1 (b) and (c)). 
 

 
Figure 1 (a) Cultivation planning by parametric logistic equation. (b) Time series data of biomass. 
Circle shows experimental data. Red and blue solid lines show predicted and compensated results, 
respectively. (c) Compensation for the prediction error with Kalman filter. 
 
Keywords 
Microalgae, Kalman filter, Compensation, Logistic equation, Cultivation planning 
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ABSTRACT 
 
The Cell-Hi All-In-One product range is the only complete, free flowing, dry and fully soluble algae 
nutrient blend available on the market. The products incorporate a balance of all essential, macro and 
micro nutrients coupled with vitamins. Each of the Cell-Hi products is based on industry standard 
formulations from literature and culture collections. The product is widely used in academic settings, 
as well as aquaculture and production facilities worldwide. There are over 24 peer reviewed academic 
journal articles in which the Cell-Hi product range is referenced [1]. We estimate between 2-5% [2] of 
OPEX costs associated with microalgal production at typical hatcheries as being attributable to the 
costs associated with making media for algae cultivation. To prove the efficacy of the Cell-Hi range 
we benchmarked the biological and economic performance of the product line against commercially 
available alternatives. Experiments were undertaken in a Varicon Aqua (CTC) controlled temperature 
chamber using 250 ml conical flasks aerated with 1% CO2, and surface illumination of 150 µmol m-2 
s-1 achieved with red/blue/white (400-760 nm) LEDs. The temperature conditions were fixed at 
specific temperatures depending on the trial strain 25 °C ± 1 °C for Nannochloropsis spp. and 20 °C 
± 1 °C, for Tetraselmis suecica. Our results showed that Nannochloropsis spp. grown on Cell-Hi F2P 
had identical performance to laboratory made or commercially supplied nutrient (no significant 
statistical difference, average productivity of 0.15 g L-1 d-1 and final yield of 1.1 g L-1 over a 7-day 
batch). Similarly, no significant differences were observed in growth rates between T. suecica grown 
on Cell-Hi-WP and laboratory made equivalents (average productivity 0.25 g L-1 d-1 and I final yield of 
1.7 g L-1 over a 7-day batch). Furthermore, techno-economic evaluation demonstrated 60% cost 
savings per kg of nutrient used within a hatchery when substituting conventional media protocols with 
Cell-Hi products. We have shown that our Cell-Hi range is comparable in biological performance, and 
superior in economic performance to many conventional alternatives (both pre-formulated and 
formulated from analytical grade chemicals). These findings provide a compelling argument for 
making the switch to Cell-Hi All-In-One within commercial hatchery operations. 
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Varicon Aqua is the manufacturer of the Phyco-™ range of photobioreactors and the Cell-Hi line of 
algal nutrients. To date we have deployed over 350 photobioreactor systems across the globe, 
ranging in scale from 5 L to 400,000 L. We are based in the UK and our team has more than 30 
years’ experience designing, constructing and deploying algal photobioreactors, high-rate algal 
ponds and aquaculture production systems worldwide. All Varicon Aqua products are built to the 
highest specifications using high throughput precision manufacturing processes. We combine this 
manufacturing experience with strong supply chain relationships, giving a systems wide 
understanding of both the equipment and production processes. This unique experience gives us 
a competitive advantage during client engagement and project specification, allowing us to provide 
bespoke photobioreactor and cultivation systems for a wide range of applications. We pride 
ourselves on our ability to support the client from conception through to commissioning and 
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ABSTRACT 
 
Cyanobacteria are oxygenic photoautotrophs that grow in diverse habitats and able to adapt to a wide 
range of environemnetal conditions. They synthesize a vast array of biologically active compounds 
and metabolites that have potential biotechnological applications. An indigenous halophilic 
cyanobacterium, representing a novel species of Genus Cyanothece, Cluster Euhalothece was 
isolated from a hypersaline environment in South Africa. The strain was found to have several 
interesting traits such as its ability to grow at a high salinity (120 g/L), survive in varying nutrient and 
light conditions and naturally produce relatively high quantities of pigments such as mycosporine-like 
amino acids (MAAs) and C-Phycocyanin (C-PC). C-Phycocyanin is a blue pigment applied in 
cosmetics and food as a natural dye, antioxidant and anti-ageing agent. Additionally, C-PC has 
application as a fluorophore in diagnostics therapeutics. Mycosporine-like amino acids are 
multifunctional molecules acting as antioxidants, photo-protective agents and natural UV sunscreen 
products. Thus, these natural pigments from marine cyanobacteria have great biotechnological 
applications and commercial value. Initially a comprehensive polyphasic approach viz., cell 
morphology, pigment composition and complete genome sequence analysis was conducted to 
identify and elucidate the taxonomic position of the strain. Full genome sequencing has further 
allowed us to understand the key genes and proteins responsible for its interesting properties 
including its adaptation to environmental conditions (stress acclimation) and pigment synthesis.  High 
salinity concentrations significantly enhanced the production of MAAs as well as C-PC in Euhalothece 
sp. In silico analysis of the physicochemical properties of the C-PC amino acids were correlated to 
the thermostability and antioxidant activity of the purified protein. C-PC was found to be relatively 
thermostable (up to 45 °C) at a pH range from 5.0–8.0 with high antioxidant activity due to high content 
of non-polar, hydrophobic and aromatic amino acids. Bioinformatics analysis of MAAs data revealed 
a distinctive mys gene cluster that contained six genes (mysA to mysE), compared to four genes 
commonly found in MAAs-producing cyanobacteria.  This research contributed to our understanding 
of some of the molecular, cellular and biochemical mechanisms of this cyanobacteria as well as 
identification of valuable metabolites. 
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Technology. The IWWT has over the last 25 years developed into a “Centre of Excellence”. Core 
research areas at the Institute are wastewater treatment technology, algal biotechnology and 
environmental health. The Institute hosts postgraduate students in a wide spectrum of disciplines in 
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ABSTRACT 
 
Biotic contaminations are a major economic hurdle in industrial-scale cultivation of photoautotrophic 
microalgae. In fact, different contaminants (e.g., amoebae, ciliates and fungi) are known to collapse 
microalgae cultures within a short time period (24-78 hours) if not detected and controlled on time. In 
this context, the present work focused on applying Next-Generation Sequencing (NGS) technologies 
to study contaminated cultures of Tysochrysis lutea and Phaeodactylum tricornutum. The aim was to 
detect and identify the microorganisms causing biomass loss and culture collapse. At this stage, an 
optimized PCR protocol was established with different primer pairs, some already published and 
others developed in-house to detect the presence of contaminants in the early stages – when 
microscopic detection can be misleading - during production scale-up. Molecular and phylogenetic 
analyses were performed in parallel with persistent microscopic observation of contaminated cultures 
to clearly identify harmful contaminants and evaluate their life cycle under controlled conditions. Data 
obtained so far strongly suggest that the Chrysophyte Paraphysomonas sp. and a Heterolobosea 
protist were the responsible agents for the collapse of T. lutea and P. tricornutum cultures, 
respectively, due to grazing. Upon their identification, Fluorescence Activated Cell Sorting (FACS) 
and micromanipulation enabled the isolation of both grazers. Several mitigation strategies are 
currently being tested (physical, chemical and environmental procedures) to find the most efficient 
and cost-effective solution to control or eliminate these grazers at lab scale without losing microalgae 
biomass or applying stress to the cultures. In conclusion, further research on these controlled 
ecosystems and microorganisms at industrial scale is necessary to avoid economic losses of 
microalgae ventures. Improvements in early detection/mitigation strategies are crucial to minimize 
biological contamination and enhance biomass productivity, ensuring the future sustainability of the 
algae production sector. 
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ABSTRACT 
 
The unicellular red alga Cyanidioschyzon merolae is a poly-extremophilic microalga that thrives in 
low pH and high temperatures. Its biomass contains interesting amounts of thermostable phycocyanin 
(PC) in addition to starches and beta-carotene and zeaxanthin carotenoid pigments. C. merolae strain 
10D (Cm10D) was used for this work and kept in lab conditions (42 °C, 115 µE·m-2·s-1, pH 2.5). At the 
Algae Pilot Plant (KAUST, Thuwal, Saudi Arabia), inoculum was used to scale Cm10D in 8.0 L glass 
columns at outdoor conditions (39±4.0°C, average irradiation 1,503 µE·m-2s-1, pH 2.5) for two weeks, 
where analytical-grade salts of macro nutrients of MA2 media [(NH4)2SO4, KH2PO4 and MgSO4] were 
replaced by industrial/agricultural grade salts. The inoculum was then transferred to a 60 L 
methacrylate column reactor (Varicon Aqua, UK) with constant CO2 sparging at a rate of 0.2 L·min-1 at 
outdoors conditions (32.4±2.0°C, 1,351 µE·m-2·s-1, pH 2.5). The adapted culture was used as inoculum 
for a 1,000 L tubular photobioreactor (PBR, Varicon Aqua). Biomass from the first PBR was used as 
inoculum for two other 1000 L PBRs. Three different sources of CO2 were tested across the three 
PBRs: 1) atmospheric CO2 levels from pressurized air 2) "green” CO2 from flue gas (Gulf Cryo®) and 
3) commercial CO2 (Alpha Gaz®). In all treatments gassing was supplied constantly (0.2 L·min-1) from 
8 am to 5 pm. Average atmospheric temperature 42±2.0°C; culture temperatures 39±1.56 °C; and 
irradiance of 1,265 µE·m-2·s-1 were recorded during the experiment. Biomass reached up to 0.92, 1.26 
and 1.45 g·L-1, after 7 days in these reactors, respectively. The low pH tolerance of C. merolae allows 
cultivation with continuous high injection rates of CO2 at high temperatures. Promising biomass 
production and CO2 injection results allow us to propose this species as highly adaptative to 
summertime dessert conditions as an excellent candidate for CO2 uptake while producing valuable 
biomass which contains biomolecules such as starch and thermostable PC. 
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ABSTRACT 
 
Microalgae-associated microbiomes have recently gained scientific interest since bacteria associated 
with microalgal cultures are known to exert a significant effect on their growth and biochemical 
composition. The increasing interest and market demand for microalgal biomass for different 
biotechnological applications (e.g., human and animal nutrition and nutraceuticals) led to the 
intensification of industrial-scale production. In this context, the main goal of the present work is to 
characterize and identify the microbiome associated with the industrially produced photoautotrophic 
microalga Tisochrysis lutea and evaluate its influence on the growth performance and nutritional 
profile of the cultures. Throughout the project, biomass production of T. lutea was conducted in 15- 
and 19-m3 tubular photobioreactors at Necton S.A. facilities (Olhão, Portugal) during the 
summer/autumn seasons. Cultures were followed throughout six complete production cycles from 
inoculation until harvesting. The bacterial composition was evaluated through 16S rRNA gene 
amplicon sequencing. Determination of relative bacterial abundance and alpha and beta diversity 
were performed using the QIIME2 (Quantitative Insights into Microbial Ecology) pipeline. Parameters 
regarding production days, growth indexes, biochemical biomass profile (ash, protein, mineral, and 
fatty acids profile), abiotic factors, culture viability, and microbiome composition were assessed to find 
significant correlations. Across all the samples, the estimation of relative abundance revealed that the 
most dominant bacterial population belonged to the order Chitinophagales (24%), followed by 
Rhodobacterales (13%), Enterobacterales (12%), and Pseudomonadales (11%). When comparing 
best-performing algal cultures against those in collapse, the alpha diversity metrics showed no 
differences between culture viability parameters in abundance. However, there were significant 
differences in bacterial dominance and sample richness (Simpson diversity). These observations 
were confirmed by significant differences among communities in terms of beta diversity as determined 
by permutational multivariate analysis of variance (PERMANOVA) for unweighted UniFrac (q-values: 
0.04) and weighted UniFrac Distances (q-values: 0.005). Collected information regarding the degree 
of differentiation between samples is key for the future establishment of a minimal tailored microbiome 
to be co-inoculated with the microalga to mediate and enhance the growth performance and quality 
of the produced biomass. 
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ABSTRACT 
 
Microalgae have emerged as a good alternative feedstuff for monogastric diets, concerning their 
richness in many nutrients, especially proteins [1]. Particularly, Arthrospira platensis has high levels 
of proteins and several bioactive compounds, but its recalcitrant peptidoglycan cell wall affects 
accessibility of nutrients, mainly in monogastric animals because they cannot digest properly the cell 
wall [2, 3]. Therefore, it is important to develop some strategies to disrupt cell wall and improve 
nutrients accessibility. The use of exogenous enzymes, like peptidases,  is well-accepted in diet 
formulation for monogastric animals [4, 5]. So, our research team implemented an in vitro lab protocol 
to find out a novel combination of peptidases active on A. platensis proteins, after microalgae 
incubation with enzymes, mainly from marine origin and produced by high-throughput technology, 
following these steps: 1) overnight incubation, in an orbital shaker (37 ºC and 160 rpm), of microalga 
(20 mg/mL suspension in PBS buffer), after its sonication (15 minutes in 7 cycles 70%), in a 24-well 
plate, with the previously produced enzymes at 20 μg/mL (versus a negative control with PBS and a 
positive one with trypsin); 2) plate centrifugation at 1500 xg (15 minutes, 4 ºC), followed by the 
recovery of 1 mL supernatant to a centrifuge tube; 3) Bradford assay to quantify the total protein 
solubilized; 4) 14% SDS-PAGE electrophoresis to determine protein degradation and solubilization; 
5) and OPA assay to measure the peptides released from protein hydrolysis [6-9]. This lab protocol 
showed to be very sensitive to the in vitro assessment of protein accessibility and, therefore, it is a 
good screening methodology for the releasing of microalgae nutrients in the context of monogastric 
feeding.  

 
Figure 1. Aspect of the in vitro incubation of A. platensis with peptidases in a 24-well plate 
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ABSTRACT 
 
In recent years, the integration of microalgae cultivation with wastewaters treatment has received an 
increased interest and it has demonstrated to be a promising alternative to conventional biological 
processes.1 It results in an increment of economic and environmental sustainability of the process, 
particularly in heterotrophic conditions, where synthetic substrates can be replaced by organics from 
wastes.2,3 However, the presence of organic substrates increases the risk of contamination by 
microorganisms, like heterotrophic bacteria, which can compete with microalgae and compromise the 
quality of produced biomass.4,5  
To face this problem, an alternative solution to sterilization is represented by strategies of nutrients 
feeding, that can generate a selective pressure for microalgae biomass production. With this aim, in 
our research group the uncoupled feeding strategy has been developed: carbon deplete/nitrogen 
replete and nitrogen deplete/carbon replete culture conditions are temporally alternated.2 On one 
hand, with this strategy, contamination can be controlled, because microalgae are more competitive 
over bacteria when either nitrogen or organic carbon are not present in the culture medium.4 
On the other hand, in real wastewaters carbon and nitrogen coexist, therefore we are currently 
developing a new fed-batch process (in figure) as described below:  
at first, the culture is fed with carbon and nitrogen simultaneously and an exponential growth occurs 
until time t1, when nitrogen is depleted, and a “fattening” phase starts until t2. Here carbon is depleted 
too, and a “famine” phase starts, where microalgae can have a competitive advantage over bacteria 
(until t3), because of their ability to accumulate energy reserve materials during the previous phase. 
The aim of this work is the optimization of the parameters of this process, to control the contamination. 
Firstly, microalgal growth was tested, in batch, on glucose, galactose and sodium acetate and, µmax 
and yields were estimated both for microalgae and bacteria. Subsequently, these values were used 
to simulate the process and, fixing an initial bacteria to microalgae ratio, the optimal values of t1, initial 
carbon and nitrogen concentrations and microalgal and bacteria concentrations at t1 and t2 were 
estimated.  
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ABSTRACT 
 
Microalgae growth on dark fermentation (DF) effluents is a promising secondary process, thanks to 
their ability of assimilating ammonium, phosphorus and certain VFAs and converting them into high-
added value macromolecules [1, 2]. At present, microalgae have already been grown at pH 7-8 in 
synthetic or sterile medium, but knowledge about their cultivation on non-sterile DF effluents for lipids 
accumulation is still at a preliminary stage [3–5]. 
In this study, the growth of C. vulgaris NIES-227 was evaluated on the liquid fraction of a real DF 
effluent with a total VFAs concentration of 15.7 gCOD/L (3.0 gCOD/L acetic, 2.5 gCOD/L propionic, 
3.0 gCOD/L butyric and iso-butyric, 2.8 gCOD/L valeric, and 4.4 gCOD/L hexanoic acids). The tests 
were conducted in 300 mL flasks on the DF effluent diluted 1:5, 1:2, and undiluted. Light intensity of 
5.7 kLux was provided with LED strips, and pH was controlled at 8. The tests were inoculated with 
9.5 mln cells/mL, i.e., 0.2 g/L of dry weight, of the preculture in exponential phase.	Microalgae growth 
and VFAs were daily monitored. 
C. vulgaris was able to grow on the non-sterile DF effluent at all concentrations, with a final microalgal 
cell count of 67-93 mln cells/mL and a final dry weight of the microalgae-bacteria consortium of 1.2-
1.7 g/L for the DF effluent diluted 1:5 and 1:2, respectively. The test on undiluted DF effluent showed 
the highest final dry weight of 2.3 g/L but the lowest cell count of 38.0 mln cells/mL. VFAs were always 
depleted within 4 days, probably due to bacterial degradation of VFAs with longer carbon chains, 
which are hardly metabolized by microalgae [1]. Despite VFAs consumption, microalgae growth 
continued until day 9, probably due to the CO2 resulting from bacterial VFAs degradation. A similar 
lipid content was obtained in the control (47%) and fermented 1:5 (48.8%), while it was higher for the 
fermented 1:2 (56.5%).  
This work shows the potential of real DF effluents to grow lipid accumulators such as C. vulgaris 
without the need for sterilization, while contemporarily providing effluent depuration and higher COD 
recovery in the DF process [6]. 
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ABSTRACT 
 
Cyanobacteria are photosynthetic microorganisms able to synthesize a wide variety of molecules with 
commercial interest, such as the high-pigmented and water-soluble phycobiliproteins. The recovery 
of phycobiliproteins from biomass produced in standard media is still economically unfeasible, 
therefore, alternative nutrient sources such as wastewater are being investigated. Nevertheless, 
growing cyanobacteria in waste streams is usually related to poor culture stabilities and bioproduct 
social acceptance. In this study, a wastewater borne Synechocystis sp. strain was cultured in unsterile 
secondary effluent (SE) from an activated sludge treatment system, with and without supplementation 
of N and P (SE+nutrients) in a closed photobioreactor operated in batch mode. Results showed how 
the consortia cultured in SE removed inorganic nutrients more efficiently than the SE-nutrients one, 
reaching removal efficiencies up to 89% (ammonium), 54% (nitrate) and 86% (phosphate). However, 
the phycobiliprotein productivity was similar in both cases (8.2 and 9.6 mg L-1 d-1 in SE and 
SE+nutrients, respectively). Subsequently, cyanobacterial biomass and pigment production over time 
was studied by operating the photobioreactor in semi-continuous mode, with a hydraulic retention 
time (HRT) of 5 days. Synechocystis sp. remained the dominant species, showing a fairly stable total 
phycobiliprotein production, with contents up to 7.5%dcw and purities up to 0.8 (corresponding to food 
grade). Similar results were obtained after scaling-up the process to a 30L photobioreactor, where a 
maximum 7.4%dcw phycobiliprotein content was attained. In light of the results, the presence of 
contaminants of emerging concern (CECs) in SE, microalgal biomass and pigment-rich extract was 
also analyzed. Out of the 22 CECs found in SE, only 3 were detected in raw pigment samples. 
Prospective valorization of the produced pigments would require either the purification of pigment 
extracts or the regulation of their potential applications, for instance as natural dyes or paintings. In 
conclusion, Synechocystis sp. may be pinpointed as an interesting candidate to recover nutrients 
from wastewater and produce natural pigments.  
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ABSTRACT 
 
Discovering a way to safely convert urine to drinking water, through the use of algae, allows 
astronauts unique solutions to sustain life in space. On Earth microalgae can grow in wastewaters 
and in the process removes nitrogen, phosphorus, heavy metals, pesticides, pathogens, 
both organic and inorganic toxins. Microalgae is a self-sustainable sustainability concern, microalgae 
can be used for food, material, energy, clean air, and more. A microalgae-based bioregenerative life 
support system (BLSS) for space missions has been suggested for decades but it is now that major 
research is being done.  One aspect of this research that needs improvement is CO2 fixation, test 
tolerance to urea, and adapting to the other numerous uses those algae have in space.  
Through this research, I will determine the best microalgae for waste management applications. The 
algae must be high in proteins, lipids and ultimately survive in the harsh conditions of space.  
The microalgae samples for this project consist of Zooxanthellae sp., Chlorella sp., 
and Nannochloropsis sp. and have all been cultivated in the lab. These samples were specifically 
selected as they all correlated between areas of high chlorophyll concentrations on NASA Geo Data 
and areas of known sewage water treatment from the Water and Sewer Authority. Both variables 
were input into a GIS (Geographic Information System) map to find the samples with the highest 
chance of success. All samples and microalgae were grown in separate BG-11 and urea 
mediums. Their morphology changes and the growth rate were determined using a 
spectrophotometer 600nm. It was determined that the microalgae of Nannochloropsis sp. and the 
sample of Isla Cabra that had the best growth in urea. These findings prove the potential that 
microalgae have for waste (urine) management applications on the ISS and opens the door for further 
research including chemical analysis of total proteins, carbohydrates, and lipids to determine other 
beneficial applications in space.  
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ABSTRACT 
 
REDWine is an international collaborative research project (https://redwineproject.eu) which aims to 
utilize carbon dioxide from wine fermentation off-gas and winery liquid effluent for Chlorella biomass 
and extracts production. The project comprises the implementation of a demonstration-scale 
Chlorella production unit designed by REDWine partners (A4F, COLDEP and LEITAT) at Adega 
Cooperativa de Palmela winery, comprising the following systems: water treatment, medium 
preparation, carbonation system with collection of fermentation off-gas, laboratory and inoculum 
preparation, pre-production system, demo-scale cultivation, thermoregulation, biomass harvesting, 
downstream processing, effluents treatment and data acquisition and control.  
A4F installed in the winery a pre-production flat-panel photobioreactor to conduct preliminary trials 
and collect data from Chlorella cultivation on site along the year. A preliminary trial to compare the 
growth of Chlorella using pure CO2 and fermentation off-gas showed that the use of off-gas didn’t 
seem to have a negative effect in Chlorella cultivation. After the preliminary trial, A4F is successfully 
maintaining Chlorella production on site in a semi-continuous operation mode for over a year with 
an average biomass productivity of 0.07 gDW/L/day. The biomass produced in this system is being 
sent to REDWine partners for end uses in food, cosmetics and agricultural sectors. 
The characterization of winery liquid effluents and its incorporation in Chlorella cultivation was 
carried out at laboratory scale by IPS. The liquid effluents from the red wine manufacturing process 
in 2021 campaign were rich in carbon, moderate in nitrogen and low in phosphorous content, hence 
having a non-ideal nutritional composition for microalgal growth. Moreover, these effluents have a 
high variability of phenolic compounds that may negatively affect growth. The effluents have been 
tested for Chlorella growth at laboratory scale using two effluents with an increasing volume of 
incorporation in the culture medium (1%, 10% and 30%). Chlorella growth approximates the one of 
the control for 1% v/v. For 10% there was considerable microalgal and bacterial growth, and for 
30% v/v there was no growth at all. These results indicate that, with 1% v/v of effluent in microalgal 
culture medium, Chlorella growth is viable and highlights the need for effluent pre-treatment to 
remove phenolic compounds. 
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ABSTRACT 
 
The microalga Tetradesmus almeriensis was produced using 63 m2 thin-layer cascade 
photobioreactors using either (i) freshwater supplemented with commercial fertilisers, (ii) primary-
treated urban wastewater, (iii) secondary-treated urban wastewater, and (iv) pig slurry diluted with 
freshwater. The photobioreactors were operated in semi-continuous mode (0.3 day-1) during 30 days. 
The goal of this work was to assess the effect of the water type on the microbial diversity of the 
biomass and on its composition, namely amino acid content, fatty acid profile, mineral content, volatile 
organic compounds content, among other characteristics. 
Overall, the type of water used significantly affected the biomass productivity of the system, which 
was the highest when produced using freshwater supplemented with fertilisers (30.3 ± 2.5 g·m-2·day-

1). The observed differences were attributed to the highest availability of nutrients in the different types 
of water. The nutrient recoveries in the wastewaters and the pig slurry were correlated with the 
biomass productivity, suggesting that most of the nutrients removed from the water were assimilated 
into biomass. The macromolecular composition of the biomasses produced using the different water 
types as well as the amino acid profiles and fatty acid profiles, which were significantly affected were 
attributed not only to the different nutrient composition and availability of the media but also to the 
microbial diversity of the biomass. Illumina sequencing revealed that the inoculated strain was only 
the most abundant in the cultures produced using freshwater supplemented with fertilisers (44.6%) 
and the diluted pig slurry (52.9%). When produced using primary or secondary wastewater, the genus 
Tetradesmus represented only 1.6 and 4.9% of the total eukaryotic populations, respectively. Several 
algal predators were identified in the cultures including parasites of the genus Amoeboaphelidium 
and rotifers from the genus Adineta. 
The results of this work revealed that the type of water used has a striking effect on the composition 
and functionality (quality) of microalgal biomass. The results also highlighted the importance of 
characterizing microalgal cultures to identify potential pathogens and predators, which are not easily 
identified, to implement contingency actions and avoid the crash of the culture.  
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ABSTRACT 
 
Anaerobic digestion (AD) is a natural biological process where organic matter is converted into biogas 
by a consortium of microorganisms working under anaerobic conditions. In addition to biogas, AD 
process generates a liquid/solid by-product, called digestate. The liquid fraction of this digestate is a 
nutrient-rich product mainly used for soil amendment. Face to the current increase of AD plants 
combined with the evolution of digestate management regulation, new digestate valorization 
strategies are currently been developed [1]. Microalgae cultivation is one of the promising approaches 
to manage liquid digestate while generating a valuable algal biomass. However, there are still some 
factors limiting a direct use of liquid digestate (strong turbidity, high ammonium concentration, etc.) 
for microalgae culture [2].  

In this context, the present study aims to investigate the feasibility of diluting liquid digestates with 
geothermal water for Spirulina cultivation. Thus, digestates coming from four different biogas plants 
were selected to perform this study. For each individual digestate, a screening experiment was first 
carried out in aerated 200 mL glass tubes to determine the optimal dilution rate generating a sufficient 
algal growth. Subsequently, a second culture stage was performed to evaluate if geothermal water 
could be used as substitute to demineralised water for digestate dilution in order to reduce the water 
footprint of the overall process.  

Optimal dilution rates of 5x, 20x, 40x and 60x were obtained for dairy, agricultural, urban, and 
biowaste digestates, respectively. These results indicated the optimal ranges of values for ammonium 
concentration (60-121 mgNH4

+/L) and turbidity (14-24 FNU), which allowed an appropriate Spirulina 
growth (µ=0.25-0.31 d-1). Promising results were found with geothermal water, which generated 
similar growth responses than demineralised water, with all the digestate tested (µ=0.22-0.29 d-1). 
These promising results highlight the potential of recycling nutrients from liquid digestate and 
valorising geothermal ground water to reduce the operational costs of microalgae cultivation by 
following a circular economy concept. 
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ABSTRACT  
 
Demand for food, feed, energy, and clean water will significantly increase over the next decades due 
to the foreseen human population increase. As agriculture is one of the sectors most impacted by this 
rising demand, decreasing the usage of clean water and the discharge of water containing excess 
nutrients is essential to protect the environment. Thus, efforts are being made to decrease the 
freshwater demand of the sector by using soilless plant production systems that offer increased 
productivities and lower water requirements as compared to those of traditional agriculture. However, 
discharge of nutrient-rich (drain)water still represents about 30% of the total water used. Therefore, 
the present work uses a circular economy approach that relies upon re-using drainwater as a culture 
medium for microalgae growth. Firstly, Scenedesmus sp. and Koliella antarctica strains were selected 
due to their different abilities for withstanding summer vs. winter outdoor conditions, respectively, and 
industrially grown in drainwater in a 19-m3 industrial tubular photobioreactor. Scenedesmus sp. was 
in production for 8 days, while K. antarctica was produced for 18 days, reaching a dry weight of 1.8 
and 1.6 g L-1. Thereafter, a biorefinery approach was applied to generate 3 products: clean water, 
microalgal extracts and residual biomass (cell debris) for agriculture and aquaculture, respectively. 
Accordingly, after biomass harvesting, the concentrated culture with a dry weight of 120 g L-1 was 
disrupted using a high-pressure homogenizer (HPH) at 600 bars, 3 times, as previously optimized 
and defined as the ideal conditions for cell disruption. Processed biomass was then centrifuged to 
separate cell debris from the water extract. Cell debris of both species showed a promising 
biochemical composition, rich in proteins and carbohydrates, while K. antarctica displayed a high 
concentration of polyunsaturated fatty acids, accounting for about 78% of the total fatty acids. Cell 
debris were freeze-dried and later incorporated into feeds to assess their potential as a replacement 
of fish meal in aquaculture feeds. Water extracts will be later tested as a source of biostimulants in 
raspberry and avocado plants. 
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ABSTRACT 
 
Significant amounts of poultry manure (PM) are produced due to intensification of agricultural 
production systems. Nutrient recovery and reutilization from agro-industrial wastes in the framework 
of the circular economy has thus received increasing attention. PM is rich in nutrients and protein 
content which renders it ideal as a low-cost microalgae growth medium. Microalgae can provide a 
valuable source of biomass due to their rapid growth rates and ability to grow in various substrates 
under heterotrophic or mixotrophic conditions. Mixotrophic cultivation could enhance the productivity 
by utilizing both inorganic and organic carbon substrates. In this study, Auxenochlorella 
protothecoides was cultivated in a PM extract supplemented with glucose without any other added 
nutrients. The aim was therefore to evaluate the effect of different glucose concentrations (0-30g/L) 
in the medium on biomass growth and biochemical composition under mixotrophic conditions. The 
medium was diluted in order to achieve 1 g/L proteins and enriched with 0,10,20 or 30 g/L glucose. 
The experiment was carried out in 500 mL Duran flasks using 200 mL sterile PM medium and 20 mL 
inoculum under aseptic conditions, LED panel illumination (5000 lux), photoperiod of 16:8 h and 
temperature 26 ± 2 °C. The cultures were agitated with filtered sterilized air (0.2 L/min). Each culture 
was harvested after achieving glucose removal higher than 90%. A. protothecoides was capable to 
acclimatize and proliferate in the PM substrate, reached the maximum biomass concentration at 20 
g/L glucose (2.92 g/L), while the lowest at the 0 g/L (0.34 g/L) and 30 g/L (1.43 g/L). Proteins were 
found to be the most abundant substance in dry biomass (37.4-43.1% w/w), followed by 
carbohydrates (15.8-24.4%) and lipids (7.1-12.8%). Protein, carbohydrate and lipid productivity was 
enhanced by the addition of glucose compared to the control (0 g/L), achieving the highest (43.1, 
24.2,12.8 respectively) at 20 g/L glucose. Our results indicate that glucose-enriched PM extract can 
be used as a renewable nutrient source for microalgal cultivation. In addition, the algal biomass is a 
promising animal feed supplement due to its biochemical composition.  
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ABSTRACT 
 
Agricultural and industrial activities require the use of large quantities of raw materials and generate 
large amounts of nutrient-rich solid, gaseous, and liquid waste streams. These have been linked to a 
widespread increase in the pollution of freshwater systems, leading to a drastic surge in the 
occurrence of eutrophication events.[1–3] The need to reduce nutrient run-offs and preserve the 
available water resources represents simultaneously a major concern and a great opportunity to 
develop nutrient removal and recovery processes for wastewater streams. 

Microalgae have been exploited for the treatment of different industrial wastewaters, coupling 
microalgal biomass production with resource recovery and waste valorisation, demonstrating the 
potential of microalgal-based systems to integrate a circular economy model.[4] 

Outdoor microalgae production systems are susceptible to seasonal variations in radiation intensity, 
photoperiod, and temperature, which impact the annual productivity and economic feasibility of large-
scale operations.[4] As these parameters are unique to every location, it is important to study their 
patterns within the geographical area of interest before the implementation of any production unit. In 
this sense, this work aims to assess the feasibility of cultivating a naturally established endogenous 
microalgal assemblage for the bioremediation of a nitrogen-rich effluent derived from an industrial 
fertilizer production plant (ADP Fertilizantes, Portugal). The experiments were caried-out by 
uninterruptedly operating a 700 L pilot-scale raceway pond in semi-continuous mode from 2019 to 
2022 to assess its long-term performance accounting for year-round variations. Nitrogen removal 
efficiency, biomass productivity, and the ecosystem’s species evolution were followed. 

Additionally, since microalgae represent a potentially sustainable alternative for the enhancement and 
protection of agricultural crops, several production cycles were performed under different pH values 
(6.5, 8.0 and 9.5), to promote alterations in the microalgal assemblage and, consequently, in the 
biomass batches obtained. The attained biomass was processed into three extracts tested as 
alternatives to chemical agronomical products. These extracts were applied as biostimulant priming 
treatments to rice (Oryza sativa L. Japonica) under optimal and salinity stress conditions (80 and 160 
mM) to assess their impacts on the germination process. 
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ABSTRACT 
 
The finite nature of the planet’s resources, coupled with the ever-increasing world population, 
necessitate a departure from the linear ‘take-make-dispose’ food system and the adoption of circular 
bioeconomy to produce highly nutritious biomass. Anaerobic digestion, the leading organic waste 
disposal technology in the EU and the UK [1], is considered the hub of modern circular bioeconomy. 
In addition to bioenergy production, there are opportunities for nutrient recovery through valorisation 
of nutrient-rich anaerobic digestate effluent streams. Digestate, commonly used in conventional 
agriculture as fertilizer, could also serve as a nutrient source for microalgal cultivation, which offers 
significant advantages in terms of both wastewater treatment and production of high-value biomass 
[2]. However, this approach comes with challenges, such as consistency and scalability; the 
effectiveness of the process can significantly vary for different anaerobic digestion/algal cultivation 
setups [3], and careful design of ‘waste-to-feed’ supply chains tested in pilot scale is necessary.  

In this study, we tested a circular fruit and vegetable waste treatment/utilization process. The process 
consists of anaerobic digestion of fruit and vegetable waste, and subsequent pilot-scale microalgae 
cultivation using the digestate produced as a nutrient medium. Supplementation of algal biomass to 
black soldier fly larvae (BSFL) is also investigated as an additional step towards high nutritional value 
feed production. Anaerobic digestion of fruit and vegetable waste was not only efficient in terms of 
biogas production (0.20-0.48 L CH4 g-1 VS), but also generated digestate with a nutrient profile 
suitable for cultivation of protein-rich Chlorella vulgaris. Moreover, microalgae hyperaccumulated 
vitamin B12 that was biosynthesized during the anaerobic digestion step, exceeding the respective B12 
content of Chlorella vulgaris grown in conventional algal growth media. These findings indicate that, 
in addition to macronutrients (C, N, P), digestate could serve as a source of high-value micronutrients 
which set microalgae apart from conventional dietary proteins, as they are known hyperaccumulators 
of vitamins and other components terrestrial plants lack or have only small amounts of. 
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ABSTRACT 
 
Hydrothermal carbonization (HTC) is a low-impact thermochemical process¹ that can be used to 
produce microalgal-based carbon encapsulated zero-valent iron nanoparticles2 (ME-nFe). Due to the 
high sorption capacity and the reducing power of this particular adsorbent Me-nFe can be used to 
remove micropollutants from wastewater, providing a new option for their removal that still need to be 
optimized in most wastewater treatment plants3. Here we present a laboratory-scale adsorption study 
focusing on the removal of specific organic pollutants: Amisulpride (AMS), Ofloxacin (OFX), 
Metoprolol (MET), Sulfamethoxazole (SMX), Clarithromycin (CLM), Gabapentin lactam (GBP), 
Propyphenazone (PHP), Carbamazepine (CBZ), Irbesartan (IRB) and Diclofenac (DCF) from 
aqueous solutions made with ultrapure water. The effect of different doses of ME-nFe (0.1, 1, and 3 
g/L), and contact time (2 and 10 minutes) were evaluated to treat solutions containing all the 
compounds at 1.5 ug/L and 500 ng/L.  Samples properly filtered at 0.2 µm, were stored in autosampler 
vials and were then analyzed by UPLC-MS. Considering all the compounds, the best results were 
obtained using a Me-nFe concentration of 1 g/L with two minutes of contact time regardless of the 
level of contaminants. In the 500 ng/L test, Diclofenac, Ofloxacin, Clarithromycin  and Irbesartan were 
removed efficaciously (94 ± 1 %, 96 ± 1 %,83 ± 3 %,97 ± 1 %, respectively); Amisulpride, Metoprolol, 
Sulfamethoxazole, and Carbamazepine concentrations were halved (47 ± 4 %, 56 ± 3 %, 49 ± 3 %, 
64 ± 1 % respectively). However, the removal was not adequate for Gabapentin lactam and 
Propifenazone (26 ± 6 %, 22 ± 5 %).  Pearson correlation was performed on the 500 ng/L test to 
understand if a linear correlation could be detected between the experimental data (removal 
efficiency) and the main chemical-physical characteristics of the pharmaceutical compounds. The 
only significant correlation was found between the removal efficiency and the hydrophobicity of the 
compounds (r=0.73 pvalue=0.015).  
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ABSTRACT 
 
Buttermilk is a dairy processing by-product with high organic content (COD 10,000-14,000 mg/L), 
chiefly made of lipids, lactose and proteins, high organic nitrogen concentration (125-200 mg Total 
N/L) and low pH, quite rich also in phosphorus. It seems thus a good culture medium for acidophilic, 
mixotrophic or heterotrophic organisms which should uptake nutrients and organic matter producing 
an effluent more suitable for a conventional wastewater treatment. Euglena gracilis is a protozoan, 
able to grow in autotrophy, mixotrophy and heterotrophy. It can produce and accumulate paramylon, 
a β-glucan valuable for many applications in the fields of nutrition and cosmetics. Galdieria 
sulphuraria is a thermoacidophilic red microalga whose optimal pH is below 2. Its biomass is 
particularly rich in proteins, carbohydrates, and pigments, including phycocyanin. 
E.gracilis was cultivated in lab reactors (3.5 L) in batch for 24-72 h, at room temperature (22-26 °C) 
to maximize the production of biomass and paramylon and to limit contamination by bacteria, fungi 
and molds, which was too high in repeated batch mode. The optimal pH resulted to be 3.5 and the 
best dilution of buttermilk in tap water 1:5. The optimal duration of batch cultivation was 48 hours. 
The growth rate in mixotrophy (3.13 to 7.8 mg/L/day) was much higher than in heterotrophy (2.4 
mg/L/day). The removal efficiencies of COD, Total N and Total P in mixotrophy were 32 ÷ 48%, 34 ÷ 
45% and 11 ÷ 15%, respectively, and the maximum density, at 48 hours, was 0.6 ÷ 0.8 g TSS/L. 
The same dilution was optimal for G.sulphuraria which was grown in mixotrophy in flasks (100 mL, 
pH 1.8, 37 °C). The density of G.sulphuraria was 1.5 g TSS/L after 70 hours and 2 after 160 hours 
without any nutrient addition. The addition of nitrogen led the density to 2 and 3.5 g TSS/L after 70 
and 160 hours, respectively. The removal efficiency of total carbon was 40% and raised to 70% 
after nitrogen addition. The mean phycocyanin content was 6.5% w/w.  
The presented data indicate that E.gracilis and G.sulphuraria can be efficiently used for the 
valorisation of buttermilk. 
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ABSTRACT 
 
In the race to net zero carbon emissions there is no single magic bullet, and a range of different 
technologies will be needed to achieve this challenging goal. The RICE project (Reducing Industrial 
Carbon Emissions) aims to take the leading cutting-edge technologies from the laboratory and 
demonstrate viability at industrial scale. This will provide valuable process data for scale-up, realistic 
estimates of CAPEX and OPEX, and de-risk the technologies ready for industry to adopt. One of the 
technologies being demonstrated for carbon capture and utilization is algae technology. A novel 
commercial scale algae photobioreactor has been deployed to the Vale Europe Ltd. Nickel refinery 
in Clydach (Wales, UK), see Figure 1. The reactor is fed using effluent CO2 from the nickel process 
and is being used to grow a variety of different algal species. Co-location on the industrial site 
brings inherent advantages. This paper will describe the reactor deployed, highlight the benefits of 
co-location, discuss the productivity of the reactor, and discuss the refinement of the algae into 
products using membrane based downstream processing. The algal facility can produce refined 
protein, lipids, and carbohydrates all capable of being transformed into animal feeds and bulk 
chemicals. In addition, a range of high value pigments have been isolated at both food grade and 
analytical grade from Spirulina and Porphyridium species. Thus, in our synergistic process, we are 
generating a circular economy that creates value by recycling waste materials to new products in a 
cost-effective sustainable process that helps mitigate climate change. 
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Figure 1: The algal photobioreactor deployed at Vale Europe Ltd. 
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ABSTRACT 
 
Scalability is one of the main bottlenecks that hinder the transition to the exciting future of algal 
biotechnology. The Algal Innovation Centre (AIC) is a Centre of Excellence with test and scale-up 
facilities for the algal sector, which connects the entire pipeline of algal research: from strain selection 
and improvement, to development of engineering solutions, training, and delivering advice to 
agencies and companies.  

The AIC is a 164 m2 secure research laboratory-grade glasshouse, licensed to grow non-native algal 
species and GM organisms. The AIC houses a wide range of algal growth and harvesting equipment. 
These include lab-scale setups (controlled temperature/light flask incubator and laminar flow hood), 
pilot-scale setups (Varicon Aqua Ltd 1L & Phyco-Lift 2 x 60L bioreactors, 10L vertical polycarbonate 
airlift bioreactors, 5-15L hanging-bag bioreactors, 2 x 150L horizontal rotary bioreactors) and 
harvesting equipment (flocculation, Membranology Ltd membrane harvester, 4x1L centrifugation) 
which can facilitate a wide range of research projects. 

We can support projects with a variety of analytical methods including lipid profiling (using GC-MS), 
Coulter cell counting, flow cytometry, pigment profiling (HPLC-PDA), GC-MS Metabolomics, FT-IR 
fingerprinting, cell culture collection (temperate and polar species), nutrient analysis and 
metabarcoding and metagenomics sequencing. 

Since its opening in 2016, the AIC has delivered several research and training outputs for UK 
(BBSRC, NERC, Leverhulme Trust, the Royal Society) and EU (Horizon2020, Marie Curie, European 
Space Agency and EU EIT-Food) funders. We also deliver training courses for both academic and 
industrial researchers at all levels, as well as wider outreach projects.  

The AIC poster will highlight take home findings on challenges and solutions of growing algal culture 
outside of the lab environment. 
 
Keywords 
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COMPANY PROFILE 
 
The Algal Innovation Centre (AIC) is a Centre for Excellence with test and scale-up facilities, 
connecting the entire pipeline of algal research from strain selection and improvement, through 
harvesting and processing, to development of underpinning technology and engineering solutions. 
The AIC's laboratory is a secure, research grade glasshouse on a sealed foundation with gross 
floor area of 164 square meters. It has laboratory grade benching, RO water supply environmental 
data collection, access to autoclaving, centrifugation and a wide range of algae reactors. The AIC 
also provides training courses for PhD students and postdoctoral researchers. 
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ABSTRACT 
 
Facing the increment predicted for the upcoming years in both human population and, consequently, 
food requirements, there is an urgent need to improve the productivity and sustainability of food and 
feed sources. Aware of the current problematic, the project ALGAVALOR (MicroALGAe: integrated 
production and VALORization of biomass and their diverse applications) targets microalgae as an 
important and versatile resource. In this sense, the project aims to improve microalgae production 
and increase the valorisation of the biomass and its extracts in different applications, such as for the 
feed, food, cosmetic and agriculture sectors. Necton S.A., a partner in ALGAVALOR, is an 
experienced microalgae producer, that participated in two pertinent tasks of the project to achieve a 
more effective and sustainable microalgae production. The two tasks were focused on Technologic 
Revamping and Circular Economy, respectively. 

In the first task, we tested the use of LEDs in raceway ponds to artificially extend the light period and 
prevent a bioenergetic shift of the cells from photosynthesis to a respiration-only stage. The use of 
LEDs resulted in higher nighttime growth which increased the productivities of target metabolites. 
During the day, the impact of the LEDs was higher under lower sunlight irradiances and was 
worthwhile only after the culture surpassed 0.5 g dry weight L-1 (0.1 m depth).  

In the second task we focused on sustainability and tested two different strains isolated near a swine 
farm (Chlorella sp. and Scenedesmus sp.) for growth in swine wastewater, with the objective of 
lowering the freshwater footprint and uptake the excess nutrients present in the raw swine 
wastewater. A reduction of 72 % of ammonia (NH4

+) and near 100 % reduction of phosphates (PO3
4-

) was achieved during the initial 10 days of operation in a 110 m3-industrial raceway. After 27 days of 
cultivation, more than 70 kg of wet paste (dry weight around 20%) was harvested, frozen and 
delivered to another partner to test its usage as a biofertilizer. 
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LED light, raceway, Nannochloropsis, Swine wastewater, bioremediation 
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Bruno Pinto has a bachelor in Biology and a Master degree in Biotechnology. Since his master he 
developed an interest in microalgae and their commercial value and applications. Being the focus 
of his thesis, the treatment of swine wastewater using microalgae, with the results being presented 
in a poster intitled bioremediation of swine wastewater with locally isolated microalgal strains. After 
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COMPANY PROFILE 
 
Necton is the oldest company in Europe specialised in the cultivation and commercialisation of 
microalgae. After several years studying microalgae up to pilot scale, a small group of young 
entrepreneurs established Necton in 1997. As microalgae need plenty sunlight and water, the 
company was set on an ideal location to grow these organisms – the natural park of Ria Formosa 
in the south coast of Portugal. During the years the company acquired an extensive knowledge in 
cultivating not only marine, but also freshwater and hypersaline species. Necton’s current portfolio 
includes over 30 species, such as Nannochloropsis oceanica, Tisochrysis lutea (formerly Isochrysis 
galbana Tiso), Phaeodactylum tricornutum, Tetraselmis chui, Porphyridium cruentum, and 
Skeletonema costatum, which are sold to various markets, including Aquaculture and Cosmetics. 
Biomass is produced in ~100 m3 of horizontal tubular photobioreactors, which are planned to be 
expanded to ~150 m3 in the next year. Necton’s growth is also supported by a continuous R&D 
effort, currently with 13 national and European-funded research projects, including the recently 
approved Horizon Europe project “REALM”, which Necton coordinates. The company’s history, 
experience and constant collaboration with universities, research organizations and other 
companies, have made Necton one of the leading European companies in Microalgae 
Biotechnology. 
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ABSTRACT 
 
Eutrophication is a major problem in water bodies all over the world in which nitrate plays a 
prominent role. Due to increased nitrate pollution, research is being carried out globally to utilize 
microalgae for bioremediation. Hence, our first study was conducted to investigate the effects of 
various concentrations of nitrate on two eukaryotic green microalgae, Chlamydomonas sp. MACC-
216 and Chlorella sp. MACC-360. Both microalgae were cultivated in modified Tris-Acetate-
Phosphate (TAP) media prepared with three different concentrations of sodium nitrate — 5 mM, 10 
mM, and 15 mM. Both microalgae were capable of entirely eliminating nitrate when cultivated at 5 
mM nitrate. It was also observed that high nitrate concentration (15 mM) led to an increase in lipids 
in Chlamydomonas sp. MACC-216, while Chlorella sp. MACC-360 did not show any lipid 
accumulation. Furthermore, Chlamydomonas sp. MACC-216 and Chlorella sp. MACC-360 were 
cultivated in synthetic wastewater, where both microalgae grew well and showed significant nitrate 
removal capacity. Moreover, Chlamydomonas sp. MACC-216 performed better than Chlorella sp. 
MACC-360 in nitrate removal from synthetic wastewater. We further investigated Chlamydomonas 
sp. MACC-216 in our second study to assess its total nitrate removal capacity under combinations 
of three light colours (referred to as blue, red, and white light) and three light intensities (50 µmol 
m−2 s−1, 100 µmol m−2 s−1, and 250 µmol m−2 s−1), where both light colour and intensity were found to 
affect the performance of microalgae in nitrate elimination. 
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ABSTRACT 
 
Agriculture is the main cause of nutrient pollution in the Baltic Sea Region, as well in Finland, which 
causing severe impacts on the water quality, altering ecosystems and causing eutrophication1. 
Finland’s long, cold winters mean that vegetable and plant production commonly occurs in 
greenhouses using hydroponic farming, which offers better water management and less use of 
mineral fertilizers. Although the farms operate a closed-loop hydroponic cultivation, there are still 
drawbacks on management and reuse of the nutrient solution. By all means, effluents from the 
hydroponic greenhouses are still overloaded with nutrients2. An action is vital to identify 
environmentally friendly and cost effective solutions towards reducing nitrogen and phosphorous 
loads originating from agricultural activities. A promising approach to deal with agricultural waste 
streams relies on the recirculation of these streams for the cultivation of photosynthetic organisms. 
From perspective of circular bioeconomy and growing trends in sustainable agriculture, the produced 
biomass can also be considered for bio-agrichemical applications in a biorefinery concept.   
 
In this study, hydroponic greenhouse effluents were used for cultivation of the microalga Tetradesmus 
obliquus to demonstrate its bioremediation performance and highlight the potential of biomass 
transformed from the wastewater. Cultivation trials were performed in a tubular photobioreactor under 
natural light and supplemental red and blue LED lights in a fully controlled greenhouse environment. 
The culture achieved a maximum DW of 6.2 g L-1 and 100% removal efficiency of N and P. At the 
exponential phase of growth, the biomass had a protein content of 45-50% of DW and a carbohydrate 
fraction representing 20% of DW. At the stationary phase, the carbohydrates increased to 60% of 
DW. The PUFA content was higher during the exponential phase, representing more than 65% of 
total fatty acids. Throughout the cultivation, the predominant carotenoids were Lutein and β-carotene. 
 
The microalga Tetradesmus obliquus was demonstrated to be a suitable candidate for an algal 
biorefinery designed for wastewater treatment and a multi-product pipeline. Ongoing and planned 
studies focus on multi-benefit valorization approaches for agricultural re-use of the biomass as 
bioagrichemicals e.g. biostimulants, biopesticides.   
 
Keywords 
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ABSTRACT 
 
Several microalgal species can utilize nutrient elements of agricultural wastewater for their growth; 
thus having the potential to be a reliable and economically viable solution for bioremediation. 
Therefore, wastewater offers a promising option for producing microalgae biomass and the related 
high added value products1. In the present study, effluent water from hydroponic cultures was used 
for isolating naturally present microalgal species that could possibly be of biochemical interest and 
play a crucial role in wastewater treatment. This process was roughly divided in five successive steps: 
size separation, general enrichment and three separation stages. Briefly, a wide variety of methods 
were used, including serial dilution, agar plating, agar streaking and micropipette isolation. With the 
implementation of the above-mentioned methods, four different strains were isolated and 
characterized with morphological, biokinetic and molecular taxonomy methods. The microalgal strains 
were subsequently cultured under steady conditions in both commonly used media and in hydroponic 
effluent to estimate the potentiality of hydroponic wastewater as an alternative medium for microalgae 
as well as evaluate the bioactivity of the biomass obtained. Thus, extracts were produced by freeze-
dried biomass of the selected microalgae strains cultured in both regimes with effective cell disruption 
protocols. Characterization of the produced extracts was carried out for evaluating their antioxidant 
capacity, total phenolic, flavonoid content, pigments as well as protein content. Finally, in vitro 
cytotoxicity assays were assessed on human cell line and cell viability was estimated. The results 
indicate that when the strains are cultivated using hydroponic effluent exhibit similar and sometimes 
even higher growth rates and cell densities compared to the control pinpointing their ability to grow 
effectively hydroponic effluent as a culture medium. Additionally, the study showed that extracts 
produced by species cultured in wastewater provide new insights into their beneficial role as 
sustainable feedstock of value-added extracts for many applications. 
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ABSTRACT 
 
Microalgae biomass produced using waste streams as feedstock has been proposed as a promising 
alternative source of protein. This study aimed to optimize protein content in microalgae biomass 
production using municipal wastewater as a growth medium. A fed-batch mode experiment under 
laboratory conditions was designed for the cultivation of the freshwater chlorophytes, Lobochlamys 
segnis F12, and Klebsormidium flaccidum NIVA-CHL80. The generated biomass harvest and 
medium supply rates were controlled by a daily biomass concentration adjustment using optical 
density. The fed-batch regime was repeated 6 times to monitor the biomass production, protein 
content and nutrient uptake. On average, the biomass production of L. segnis and K. flaccidum was 
238 ± 17 and 278 ± 35 mg L–1 day–1, where the protein content was 64 ± 10 and 44 ± 4%, 
respectively. For L. segnis, the average replacement of the medium was 21 ± 3% day–1, and the 
daily loads of NH4

+ (9.2 ± 0.9 mg L–1) and PO4
3- (5.2 ± 0.9 mg L–1) were completely removed within 

24 hours. Whereas for K. flaccidum, the average medium replacement was 24 ± 4% day–1 with 
complete removal of the NH4

+ load (13.8 ± 3.2 mg L–1). However, this strain showed a low and 
fluctuating removal (average 24 ± 14% day–1) of PO4

3- that partially accumulated in the medium over 
time. Our study demonstrated that the fed-batch cultivation with the appropriate initial biomass 
concentration and the medium replacement supported the microalgae production with high and 
stable protein content. 
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