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Dear Algae Nexus Conference Participants,

It is our great pleasure to welcome you in İstanbul. Algae Nexus Conference brings together 
academics, industry and all other algae enthusiasts around the world to discuss 
interdisciplinary topics and issues in greater depth in a targeted small group setting. 
Presented topics will include food, health, fertilizer, feed, energy, environmental, and other 
cutting edge biotechnological applications of algae. We hope Algae Nexus Conference will be 
beneficial to all parties, thank you so much for your time and attention.

We also would like to thank both European Commission and The Ministry of Industry and 
Technology for co-financing Integrated Biorefinery Concept for Bioeconomy Driven 
Development (INDEPENDENT) Project, where Algae Nexus Conference is organized within.

We also appreciate Turkish Airlines agreeing to be the official transport sponsor of the event, 
and our other sponsor Polat Makine.

On behalf of the whole organization team, once again Welcome to İstanbul and to The Algae 
Nexus Conference. I hope we enjoy your time here.

Dr. Berat Zeki Haznedaroğlu
Conference Chair
Boğaziçi University

Letter of the Conference Chair
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Project INDEPENDENT is carried out as part of the Competitive Sectors Programme 
co-funded by the European Union and the Republic of Turkey, and implemented by the 
Ministry of Industry and Technology.

With Project INDEPENDENT, it’s aimed to obtain products and technologies for energy and 
health sectors, which are the main current account deficit items of Turkey, with an integrated 
production system based on a bioeconomy-oriented growth model, from entirely 
algae-based natural resources without being dependent on fossil resources.

Integrated Biorefinery Concept for Bioeconomy 
Driven Development (INDEPENDENT)

Organised By

FINANCIAL PROVIDERS

ORGANISERS

OFFICIAL AIRLINE OF THE EVENT

SPONSOR
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Conference Chair

Dr. Berat Z. Haznedaroğlu (Boğaziçi University)

Local Organising Committee

Aslıhan Yesir (Boğaziçi University)

Emine Ertekin (Boğaziçi University)

Fahri Koray Sakarya (Boğaziçi University)

Tamer Bayhan (Boğaziçi University)

Umutcan Kural (Boğaziçi University)

Organisation Committee

Prof. Alison Smith (Cambridge University)

Prof. Dr. Yagut Allahverdiyeva-Rinne (University of Turku)

Scientific Committee
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February 9, Thursday

Scientific Programme

08:30-09:00 Registration and welcome coffee

Opening Sesssion
09:00-09:10 Opening Remarks, Berat Haznedaroğlu, Boğaziçi University, Türkiye 
09:10-09:20 Welcome Speech by Prof. Dr. Turgut Onay, Director of the Institute of Enviromental
 Sciences,  Boğaziçi University, Türkiye
09:20-09:30 Welcome Speech by Prof. Dr. Mehmet Naci İnci, The Rector of Boğaziçi University, Türkiye
09:30-09:40 Welcome Speech by Tsvetana Stoycheva, Programme Manager on Economic and Social
 Development at Delegation of the European Union to Türkiye, Bulgaria
09:40-09:50 Welcome Speech by Alperen Sağkaya, Head of the European Union Financial
 Programs Department, Turkish Ministry of Industry and Technology, Türkiye

09:50 - 10:00 Coffee Break 

Keynote Sesssion
10:00-10:30 Vitor Verdelho Vieira, European Algae Biomass Association, Portugal - State-of-the-art
 review for Current Industry Status and Market Applications for Micro and Macroalgae

Sesssion I
10:30 - 10:50 Cansu Yay, Gebze Technical University, Türkiye - Fermented Microalgae: Changes in Bioactive
 Properties and Sensory Characteristics
10:50 - 11:10 Arzu Yıldırım, Ege University, Türkiye - Simultaneous Expression of GCSF from the Microalgal
 Genomes
11:10 - 11:30 Prof. Alison Smith, University of Cambridge, United Kingdom - How Insights Gained from
 Algal Metabolism and Genomics Can Be Leverage to Support Algal Biotechnology

11:30 -12:30 Poster Session

12:30 - 14:00 Lunch Break

Keynote Sesssion
14:00-14:30 Prof. Dr. Yagut Allahverdiyeva-Rinne, University of Turku, Finland - Algae and
 Cyanobacteria as Promising Biocatalysts for Direct Solar Chemicals Production 

Sesssion II
14:30 - 14:50 Dr. Hugo Pereira, GreenCoLab, Portugal - Production of Tetraselmis Striata CTP4 at Industrial 
 Scale and Development of a Novel Biorefinery Approach for Different Biotechnological
 Applications
14:50 - 15:10 Prof. Dr. Turgay Çakmak, İstanbul Medeniyet University, Türkiye - IMU-ASYA: İstanbul
 Medeniyet University Culture Collection of Antarctic Microalgae
15:10 - 15:30 Lorenzo Paliotta, DG MARE, Belgium - EU Algae initiative: Towards a Strong and Sustainable
 EU Algae Sector

15:30 -16:00 Coffee Break & Poster Session

Sesssion III
16:00 - 16:20 Cemil Koyunoğlu, Yalova University, Türkiye - A Review on the Catalyst Effect of Bentonite in
 Biofuel Production from Algae

16:20 - 16:40 Hamed Yousefzadeh, Koç University, Türkiye - Hydrothermal Liquefaction of Chlamydomonas
 Nivalis and Nannochloropsis Gaditana Microalgae: Effect of Process Conditions and Type of
 Catalyst on the Yield and Quality of Biocrude

16:40 - 17:00 Tuğçe Sezgin, İzmir Institute of Technology, Türkiye - Enhanced Chitin Nanofiber Productivity
 from Marine Diatoms through Strain Selection and Cultivation Process Optimization 

19:30 Conference Gala Dinner

09:10-09:20 Welcome Speech by Prof. Dr. Mehmet Naci İnci, The Rector of Boğaziçi University, Türkiye
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February 10, Friday

Scientific Programme

Keynote Sesssion
09:00-09:30 Prof. Dr. Olaf Kruse, Bielefeld University, Germany - Bioengineering Microalgae for Their
 Application as Green Cell Factories

Sesssion I
09:30 - 09:50 Dr. Mariana Carneiro, Necton, S.A., Portugal - Reusing Effluents from Agriculture to unLock
 the Potential of Microalgae (REALM)
09:50 - 10:10 Sina Zalbegi, Islamic Azad University, Islamic Republic of Iran - Designing and Constructing of
 Membrane Photobioreactor for Cultivation of Microalga for Aquaculture Wastewater
10:10 - 10:30 Fahri Koray Sakarya, Boğaziçi University, Türkiye - Industrial Wastewater Treatment by
 an Algae Bacteria Consortium

10:30 -11:00 Coffee Break & Poster Session

Sesssion II
11:00 - 11:20 Lars Baehr,CellDEG GmbH, Germany - Maximizing Photoautotrophic Uroductivity Using
 CellDEG Cultivators 
11:20 - 11:40 Ralf Steuer, Humboldt-University of Berlin, Germany - Fast-growing Phototrophic
 Microorganisms and the Productivity of Phototrophic Cultures
11:40 - 12:00 Dr. Payam Mehrshahi, University of Cambridge, United Kingdom - Algal Innovation Center at
 University of Cambridge
12:00 - 12:20 Dr. Marco Lizzul, Varicon Aqua Solutions Ltd., United Kingdom - Construction of a 35 m3 Pilot
 Phyco-Flow Photobioreactor

12:20 -14:00 Lunch Break

Sesssion III
14:00 - 14:20 Francesca Marchetto, University of Warsaw, Poland - Physiological and
 Transcriptomic Characterization of the Cyanidioschyzon Merolae Red Microalga upon Long-term
 Adaptation to High Ni Concentration

14:20 - 14:40 Dr. Sema Şirin, University of Turku, Finland - Bioremediation of Hydroponic Greenhouse
 Effluent and Bioagrichemical Applications with Microalgae

14:40 - 15:00 Dr. Luisa Gouveia, National Laboratory of Energy and Geology (LNEG), Portugal - Pig to
 Wheat

15:00 -15:30 Coffee Break & Poster Session

Sesssion IV
15:30 - 15:50 Dr. Mehmet Ali Küçüker, İzmir Institute of Technology, Türkiye - Investigation of
 Biofilm Structures of Chlorella Vulgaris and Ettlia Oleoabundans Species on an Anti-Biofouling
 Coating
15:50 - 16:10 Sina Zalbegi, Islamic Azad University, Islamic Republic of Iran - A Novel Hybrid
 Photobioreactor for CO2 Mitigation via Chlorella Vulgaris 
16:10 - 16:30 Dr. Işıl Aytemiz Danyer, Turkish Marine Research Foundation, Türkiye - Algal Blooms,
 Marine Mammals, and Multidisciplinary Preventive and Protective Perspectives
16:30 - 16:50 Dila Hocaoğlu, Boğaziçi University, Türkiye - Integrated Wastewater Management for
 Sustainable Agriculture Operations using Spirulina 

16:50 -18:00 Poster Session & Closing
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February 11, Saturday

Technical Visit

10:00   Bus Departure from Conference Hotel (Elite World Hotel)

11:00   Arrival at Bogazici University Saritepe Campus

11:00 - 12:30  Biorefinery Tour

12:30 - 13:30  Lunch Break

14:00   Departure from Biorefinery

15:00   Arrival at Conference Hotel

Please scan the QR code below to access the digital conference booklet which includes 
the oral/poster abstracts presented at the conference.

The abstracts for oral presentations are listed according to the Scientific Programme.

The abstracts for poster presentations are listed according in alphabetical order.

Digital Conference Booklet



7

Conference Gala Dinner

Social Programme

Date: February 9, Thursday
Time: 19:30

Taksim 9 Restaurant (Taksim Square Hotel 9th floor)

Address: Gümüşsuyu, Sıraselviler St. No: 7/1 Floor: 9, 34437 Beyoğlu/İstanbul

Important Note: Conference Gala Dinner is an invite-only event and only open to registered 
participants with a ticket. Please bring your conference name tag along with you. Please note 
that the ticket is for a full-course menu and includes two alcoholic or soft beverages.

Dress Code: Casual
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Please make sure your presentation is uploaded to the auditorium computer at latest during 
the previous break before your talk.

Keynote Talks 

30 minutes of slots each (presentation + Q&A)

Oral Presentations

20 minutes of slots each (presentation + Q&A)

Poster Presentations

Presenters are responsible for putting up and taking down their posters. Poster boards will 
be labelled with poster numbers and the numbering of the posters is available on-site during 
the registration.

Posters should be put up on Thursday morning during the registration. They should be taken 
down on Friday after closure. Material to mount posters on the boards are available, please 
ask assistance from the organization team.

Guidelines For Presenters
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Poster Presentations

Effect of the Growth Medium on the Efficiency of Flocculation for Microalgae Harvesting
Merve Konucu / Department of Green Chemistry and Technology, Ghent University, Ghent, Belgium

Poster no. 1

Improving Cell Disruption in Two Freshwater Microalgae to Increase Their Biopesticidal Potential 
Bernardo Carvalho / GreenCoLab – Associação Oceano Verde, Faro, Portugal

Poster no. 2

Greendeal Pestnu: Microalgae into Circular Economy and Farm-to-fork Paradigm
Ignacio Albert / Group of Applied Research on Microalgae (GAREM) Neoalgae Micro Seaweed Products, Gijon, Spain

Poster no. 3

Life ALGAR-BBE Project: Results in Microalgae Application as Biostimulant
Ignacio Albert / Group of Applied Research on Microalgae (GAREM) Neoalgae Micro Seaweed Products, Gijon, Spain

Poster no. 4

MICOALGA-FEED Project: Reduction of Antibiotics in Livestock Through a Natural Diet Based on the Use of Fungi and 
Algae
David Suarez-Montes / Group of Applied Research on Microalgae (GAREM) Neoalgae Micro Seaweed Products, Gijon, Spain

Poster no. 5

Allarvae - New Microalgae Formulations for Marine Larviculture
Mariana Carneiro / Necton - Companhia Portuguesa de Culturas Marinhas S.A., Portugal

Poster no. 6

Solvent-cast Films and Nanofibers Produced from an Antarctic Microalga Klebsormdium sp. ASYA19
Barış Ballık / Department of Molecular Biology and Genetics, İstanbul Medeniyet University, İstanbul, Türkiye

Poster no. 7

The Cyanobacterium Trichormus Azollae ARAS24 as a Novel Exopolysaccharide Producer
Kader Bozuklu / Department of Molecular Biology and Genetics, İstanbul Medeniyet University, İstanbul, Türkiye

Poster no. 8

Nostoc sp. ARAS34 Exopolysaccharides as a Potential Cryoprotectant
Mihraç Görünmek / Department of Molecular Biology and Genetics, İstanbul Medeniyet University, İstanbul, Türkiye

Poster no. 9

Extraction and Purification of Eicosapentaenoic acid (EPA) from Proprietary Microalgae
Salur Kurucu / Ongon Ekstraksiyon Teknolojileri San ve Tic. Ltd. Şti, Ankara, Türkiye

Poster no. 10

Analytical Characterization of Vitamin B Complex in Chlorella Vulgaris: Effects of Baking Conditions
Engin Bayram / Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Poster no. 11

Analytical Characterization of Vitamin B Complex in Chlorella Vulgaris: Effects of Baking Conditions
Tamer Bayhan / Boğaziçi University, İstanbul, Türkiye

Poster no. 12

Optimization of Extraction and Purification Methods for C-PC Production
Sevda Avcı / Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Poster no. 13

Low-cost Production of High-purity C-phycocyanin from Desertifilum Tharense
Dila Hocaoğlu / Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Poster no. 14

Morphological and Physiological Assessment of Antarctic Microalga Chloroidium Saccharophilum ASYA23 
Zeynep Elibol Çakmak / Department of Bioengineering, Faculty of Engineering and Natural Sciences, İstanbul Medeniyet 
University, İstanbul, Türkiye

Poster no. 15

A Review on the Catalyst Effect of Zeolite in Biofuel Production From Algae
Cemil Koyunoğlu / Energy Systems Engineering Department, Engineering Faculty, Yalova, Türkiye

Poster no. 16

Techno-economic Assessment of Sustainable Aviation Fuel Produced in an Integrated Algal Biorefinery 
Begüm Erdinçler / Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Poster no. 17

Is Selenium Benign or Toxic for Freshwater Algae?
Melek Türker Saçan / Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Poster no. 18

Screening of Microalgae Tolerance to Heavy Metals Found in Industrial Wastewaters
Fahri Koray Sakarya / Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Poster no. 20

Algae-based Dairy Manure Wastewater Treatment and Nutritional Profiling for Potential Feed Applications 
Duygu Özçelik / Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Poster no. 21

Nickel Tolerance Mechanisms of the Extremophilic Red Microalga Cyanidioschyzon Merolae Using Physiological and 
Comparative Transcriptomic Analyses
Sergio Santaeufemia / Solar Fuels Laboratory, Centre of New Technologies, University of Warsaw, Warsaw, Poland

Poster no. 19
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Conference Participants

Name-Surname
Alison Smith
Arzu Yıldırım
Aslıhan Yesir
Atilla Şanlı
Ayça Oğuz Çam
Barış Ballık
Başar Uzun
Berat Haznedaroğlu
Bernardo Carvalho
Büşra Duygun
Büşra Toktaş
Çağla Aybar
Cansu Gencan
Cansu Yay
Cemil Koyunoğlu
Çimen Kişin
David Suarez-Montes
Deniz Biçer
Dila Hocaoğlu Uyar
Dilan Seyman
Ebru Işık
Emine Ertekin
Emrah Giziroğlu
Engin Bayram
Fahri Koray Sakarya
Francesca Marchetto
Gamze Akgül
Gizem Kahraman
Gürkan Tarakçı
Gürsel Aral
Hamed Yousefzadeh
Hanife Çelik
Hiba Zrig
Hsina Soufiane
Hugo Pereira
Ignacio Albert
İlker Yıldırım
Ilyass Tabrika
Işıl Aytemiz Danyer
Joanna Kargul
Kader Bozuklu
Kaniye Güneş
Lars Baehr
Lorenzo Paliotta
Luisa Gouveia

No.
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Country
United Kingdom
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Portugal
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Spain
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Poland
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Tunisia
Morocco
Portugal
Spain
Türkiye
Morocco
Türkiye
Poland
Türkiye
Türkiye
Germany
Belgium
Portugal

Name of Company or Institution
University of Cambridge
Ege University
Boğaziçi University
Ongon Ekstraksiyon Teknolojileri 
İstanbul University
İstanbul Medeniyet University
Boğaziçi University
Boğaziçi University
GreenCoLab
İstanbul Medeniyet University
Boğaziçi University
Bahçeşehir University
Döhler Gıda 
Gebze Technical University
Yalova University
Boğaziçi University
Neoalgae Micro Seaweed Products
İzmir Institute of Technology
Boğaziçi University
Yıldız Technical University
Yıldız Technical University
Boğaziçi University
Polat Makina 
Reotek
Boğaziçi University
CeNT UW
Akdeniz University
Döhler Gıda 
Eksi16
Chronos Engineering 
Koç University
Doğal Kimyevi Maddeler ve Zirai İlaçlar 
Varicon Aqua Ltd
Ciments du Maroc
GreenCoLab
Neoalgae Micro Seaweed Products
Polat Makina 
Omnium Agricole Du Souss
Turkish Marine Research Foundation
University of Warsaw 
İstanbul Medeniyet University
İzmir Institute of Technology
CellDEG GmbH
DG MARE 
National Laboratory of Energy and Geology (LNEG)
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Conference Participants

Name-Surname
Marco Lizzul
Mariana Carneiro
Mehmet Ali Küçüker
Melek Türker Saçan
Melih Arslan
Melike Ersoy
Merve Konucu
Mihraç Görünmek
Mohamed Fahad AlAjmi
Müge Topçu
Mustafa Emrah Yaşar
Nilay Şekerin
Nuri Azbar
Olaf Kruse
Ömür Zeynep Demirli
Özgür Berke Özyurtlu
Payam Mehrshahi
Pegah Karimi
Ralf Steuer
Salur Kurucu
Selin Mina Üretmen
Sema Şirin
Sergio Santaeufemia Sánchez
Serkan Bilsen
Sezin Tezcan Zengin
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Sinem Yılmaz
Sueda Özkan
Tamer Bayhan
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Vitor Verdelho Vieira
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Türkiye
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Türkiye
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Türkiye
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Türkiye
Türkiye
Türkiye
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Türkiye
Türkiye
United Kingdom
Islamic Republic of Iran
Germany
Türkiye
Türkiye
Finland
Poland
Türkiye
Türkiye
Islamic Republic of Iran
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Türkiye
Portugal
Finland
Türkiye
Türkiye
Türkiye

Name of Company or Institution
Varicon Aqua Solutions
Necton, S.A.
İzmir Institute of Technology
Boğaziçi University
Arf Bio Renewable Energy Inc.
İstanbul Technical University
Ghent University
İstanbul Medeniyet University
King Saud University
İzmir Institute of Technology
Vesta 
Döhler Gıda 
Ege University
Bielefeld University
Boğaziçi University
Boğaziçi University
University of Cambridge
Islamic Azad University
Humboldt-University of Berlin
Ongon Ekstraksiyon Teknolojileri 
Boğazici University
University of Turku
University of Warsaw 
Miraikan Agro
Doğal Kimyevi Maddeler ve Zirai İlaçlar 
Islamic Azad University
Crossroad Danışmanlık
Boğaziçi University
Boğaziçi University
Yıldız Technical University
İzmir Institute of Technology
İstanbul Medeniyet University
Boğaziçi University
Boğaziçi University
European Algae Biomass Association
University of Turku
Üsküdar University
İstanbul Medeniyet University
Boğaziçi University

No.
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64
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66
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75
76
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78
79
80
81
82
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Keynote Speakers

Vitor Verdelho Vieira is the General Manager of EABA the 
European Algae Biomass Association, and visiting professor in 
Católica Porto Business School and School of Arts in Catholic 
University in Porto, Portugal. He is also co-founder and board 
member of A4F - Algae for Future, an international reference 
company in the sector of macro and microalgae technologies 
and bioengineering. 

Vitor is a mentor of several companies that he co-founded with partners in different sectors. 
He started his first microalgae biotech company Necton, SA in March 1989, which is now an 
European leader in the production and sale of traditional sea salt and fleur de sel, as well as 
the production of microalgae for aquaculture and cosmetics. Between 2000 and 2015, Vitor 
was involved in the management of SpinLogic, the entrepreneurship programme and 
business Incubator from the College of Biotechnology in the Catholic University in Porto, 
where he followed and supported more than 200 startup projects.

He designed, promoted and participated in more than 60 research and development 
projects along the last 30 years, since the EU FP4 and interacted with more than 200 different 
organizations in Europe. He is author and co-author of more than 50 publications in a wide 
range of topics. 

Vitor Verdelho Vieira
General Manager / European Algae Biomass 
Association

State-of-the-art review for Current Industry Status and Market Applications 
for Micro and Macroalgae

Vieira, V.V.1

1European Algae Biomass Association, Portugal
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Keynote Speakers

Prof. Dr. Yagut Allaverdiyeva-Rinne obtained a PhD degree in 
Azerbaijan. During her PhD studies, she was awarded with a 
one year UNESCO fellowship to visit Szent Istvan University, 
Budapest, Hungary. She has joined the Molecular Plant Biology 
group at the University of Turku Finland as a postdoctoral 
research fellow in 2002. 

She has been acting as Principal Investigator of the PhotoMicrobes group at the University of 
Turku since 2010. Currently she is a full Professor of Basic and Applied Photosynthesis. 
Moreover, she is chairing the Nordic Center of Excellence ‘NordAqua’ funded by NordForsk 
Bioeconomy program and focusing on algal biotechnology. She is a director of the Biocity 
Turku Research Programme “SmartBio’. She is involved in several  European, Nordic and 
national projects as a partner and coordinator.  

Prof. Dr. Yagut Allahverdiyeva-Rinne
University of Turku

Algae and Cyanobacteria as Promising Biocatalysts for Direct Solar 
Chemicals Production 

Allahverdiyeva-Rinne, Y.1

1University of Turku, Finland
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Bioengineering Microalgae for Their Application as Green Cell Factories

Kruse, O.1

1Bielefeld University, Germany

Microalgae are capable of efficiently converting inorganic CO2 with the help of sunlight energy and 
water splitting into organic biomass, which is composed of energy-rich carbon-based compounds. 
Efficient photon energy conversion into bio-products of interest requires the understanding of the 
regulation of light energy conversion mechanisms, as well as the availability of molecular tools for 
the generation of mutants with enhanced efficiency as green cell factories. New insights into the 
design of synthetic constructs for efficient gene/protein expression and pathway engineering, 
performed with the microalga Chlamydomonas reinhardtii for the synthesis of a variety of 
carbon-based products, will be presented with a specific focus on diterpenes and polyamines.

In 2009, he was appointed as Full Professor at Bielefeld University/Germany and in 2015 as 
the Scientific Director of the Center for Biotechnology (CeBiTec). His research as Chair of 
Algae Biotechnology focusses on Molecular Biology and Synthetic Biology of microalgae to 
establish them as sustainable green cell factories.

Keynote Speakers

Olaf Kruse started his scientific carrier as a PostDoc at Imperial 
College London with research topics on Plant Molecular 
Biology. In 2006, he was appointed as the Head of Life, Earth & 
Environmental Sciences at the European Science Foundation 
(ESF) in Strasbourg/France. In 2007, he became a Research 
Fellow at The University of Queensland/ Australia. 

Prof. Dr. Olaf Kruse
Bielefeld University



How Insights Gained from Algal Metabolism and Genomics Can Be 
Leverage to Support Algal Biotechnology

Smith, A.1

1University of Cambridge, United Kingdom

15

Invited Speakers

Alison Smith is Professor of Plant Biochemistry at the 
University of Cambridge, having been appointed to the 
academic staff in 1984.  Her research interests are focussed 
around the metabolism of plants, algae and bacteria, in 
particular of vitamins and cofactors, and how this can be 
manipulated to produce high-value compounds for 
nutraceutical and therapeutic purposes. 

She has pioneered the use of synthetic biology approaches to develop algal biotechnology 
platforms, and made major contributions to our understanding of the role of vitamins in 
cellular processes in algae and microbial communities. She established the Algal Innovation 
Centre sited in the Cambridge Botanic Garden in 2016. This facility allows algal cultivation at 
pilot scale under natural conditions.  She works with international colleagues in Europe, 
India and Africa to explore opportunities to use algae to enhance nutrition and to develop 
ways to valorize waste, thus increasing sustainability. She serves on a number of advisory 
groups in the algal biotechnology sector, and is a member of the Board for NIAB, an 
independent agricultural research institute in Cambridge. She is a Fellow of the Royal Society 
of Biology, the Marine Biological Association of the UK, and Corpus Christi College 
Cambridge. 

Prof. Alison Smith
University of Cambridge
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Pig to Wheat

Gouveia, L.1

1National Laboratory of Energy and Geology (LNEG), Portugal

Invited Speakers

Luisa Gouveia is a Chemical Engineer, she has a MSc in Food 
Science and Technology and PhD in Biotechnology. She has 35 
years of experience in Microalgae Biotechnology, namely lipids 
and pigments synthesis, supercritical CO2 extraction of 
bioactive high-value compounds, CO2 biofixation, biofuels / 
biorefineries / wastewater treatment-all based microalgae, 
and more recently biofertilizers /stimulants/pesticides-based 
microalgae and Life Cycle Analysis.

She is coordinator of several National projects related to microalgae. She was Vice-chair and 
National delegate of the COST Action 1408 EUALGAE-European network for 
algal-bioproducts (2015-2018). Vice-coordinator of Ibero-American Net for wastewater 
treatment Red CYTED P319RT0025 - RENUWAL. Coordinator of Bilateral project Portugal- 
Serbia – 5554/2020. Production of high-value products from novel marine microalgae using 
green technologies. Coordinator of Bilateral project Portugal-India – WCalgae+Kit - 
Combination of Vertical Wetlands, Microalgae Photobioreactor and Microbial Fuel Cell (KIT) 
for wastewater treatment in small pig production farms. Author or co-author of more than 
110 international peer-review papers and book chapters.

Dr. Luisa Gouveia
National Laboratory of Energy and Geology (LNEG)
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Production of Tetraselmis Striata CTP4 at Industrial Scale and Development 
of a Novel Biorefinery Approach for Different Biotechnological Applications

Pereirai H.1, Gangadhari K.2, Santois T.2, Silvai J.1, Barreira, L.1,2, Gouveia, L.1,3, Dias J.4, Varela, J.1,2

1GreenCoLab – Associação Oceano Verde, Faro, Portugal
2CCMAR – Centro de Ciências do Mar, Faro, Portugal
3LNEG – Laboratório Nacional de Energia e Geologia, Lisbon, Portugal 
4Sparos – Sparos Lda., Olhão, Portugal

Tetraselmis striata CTP4 is a fast-growing and robust microalga, isolated by fluorescence-activated 
cell sorting, with high potential for different biotechnological applications. Industrial growth trials 
were carried out at Allmicroalgae (Leiria, Portugal) in 35-, 100- and 150-m3 tubular photobioreactors 
for 60 days. Cultures revealed an optimal adaptation to the industrial reactors showing promising 
areal productivities (10-30 g.m-2.d-1) while maintaining a monoalgal culture. Additionally, a 
pilot-scale harvesting system was implemented, which enabled the separation of T. striata CTP4 
biomass from the growth medium by natural sedimentation, reducing the harvesting costs by 93%. 
Thereafter, a novel biorefinery approach was implemented to fractionate the wet microalgal paste 
into four different streams, namely: i) non-polar fraction as a source of lipids; ii) colloidal fraction as 
a source of high-value compounds; iii) polar fraction as a source of carbohydrates; and iv) residual 
protein-rich biomass. The last fraction was tested in collaboration with Sparos (Olhão, Portugal) as a 
sustainable alternative to replace soybean in aquafeeds. To this end, two experimental diets were 
formulated containing 10% residual biomass, or 10% soybean meal and tested on juvenile gilthead 
seabream (Sparus aurata) in a 60-day growth trial. Obtained results revealed that juvenile seabream 
fed with residual biomass diet presented similar growth performance and nutrient retention 
parameters to those obtained with soybean meal. Overall, T. striata CTP4 showed a high potential for 
industrial cultivation and biorefinery-based applications, including the residual biomass that 
effectively replaced soybean in juvenile seabream diets. 

Invited Speakers

Hugo Pereira is the General Coordinator of GreenCoLab, a 
novel collaborative platform between research and industry, 
whose research & innovation agenda is based on exploring 
macro- and microalgae as essential components for different 
industries. Previously, he was a research collaborator in the 
MarBiotech group (Centre of Marine Sciences, Portugal) and in 
the R&D departments of Necton S.A. (Belamandil, Portugal) 
and AllMicroalgae (Pataias, Portugal). 

He completed his PhD at the University of Algarve (CCMAR), which focused on the production 
of biomass at industrial scale as well as on the establishment of a microalgae-based 
biorefinery for Tetraselmis sp. CTP4 for different biotechnological applications, in 
collaboration with the National Laboratory of Energy and Geology (LNEG, Lisboa, Portugal), 
Sparos Lda. (Olhão, Portugal) and AllMicroalgae. Hugo has 70 publications in peer-reviewed 
journals, 4 book chapters, performed several oral communications at international 
conferences, and participated in various national and international projects related to algal 
biotechnology.

Dr. Hugo Pereira
GreenCoLab
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EU Algae initiative: Towards a Strong and Sustainable EU Algae Sector

Paliotta, L.1

1DG MARE, Belgium

Invited Speakers

Lorenzo Paliotta is a 26 year-old Junior Professional of the 
European Commission. After 6 months in DG ENER where he 
dealt with electricity market design revision and energy prices, 
he joined DG MARE-A2 on 1 December 2022, to work on 
Bioeconomy and algae. He holds a master's degree in 
European Affairs with a specialization on energy and 
sustainability from Sciences Po Paris and a master's in 
European Political and Governance studies from the College of 
Europe. He wrote his master thesis on EU hydropower policy.

Lorenzo Paliotta
DG MARE
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Reusing Effluents from Agriculture to unLock the Potential of Microalgae 
(REALM)

Carneiro, M.1, Bruno, P.1, João, N.1, Alexandre, R.1

1Necton - Companhia Portuguesa de Culturas Marinhas S.A., Portugal

The recently European-funded research project REALM aims to transform nutrient-rich drain waters 
from soilless farms into value. The concept relies on a decentralised production of microalgae while 
treating soilless 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 the Netherlands and Finland and two 
demonstration facilities (~1 ha) in 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 demonstration facilities, located next to key drain 
water inputs, will operate under continuous harvest for maximum productivity and minimal nutrient 
disposal. An automatic cloud-based control and monitoring system based on predictive models and 
novel sensors will assist and improve production. Using a biorefinery approach, the project will 
develop microalgae-based products, such as plant growth-promoting and protective products and 
aquafeed products. A business model will 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 by closing the nutrient loop. In 
addition, the project aims to increase the competitiveness of the proposed microalgae-based 
products while targeting several objectives of the European Green Deal. 

Invited Speakers

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 all 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 an innovation manager, overseeing process 
optimisation or innovation needs within the microalgae production scope, as well as 
managing several national and internal projects.

Dr. Mariana Carneiro
Necton, S.A.
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Algal Innovation Center at University of Cambridge

Mehrshahi, P.1, Smith, A.G.1, Papadopoulos, K.1

1Department of Plant Sciences, University of Cambridge, United Kingdom 

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. This presentation will highlight take home 
findings on challenges and solutions of growing algal culture outside of the lab environment.

Keywords: algae, scale-up, bioremediation, photobioreactor, harvesting

Invited Speakers

Payam Mehrshahi received his undergraduate degree in Plant 
Biotechnology from the University of Nottingham with an 
intercalated year at Syngenta and the John Innes Centre, 
Norwich. Payam’s PhD and postdoctoral research concerned 
biosynthesis, compartmentalisations and mechanisms of 
transport of vitamins in photosynthetic organisms.

At the University of Cambridge, he is both a senior research associate and manager of the 
Algal Innovation Centre (AIC). By using synthetic biology principles, Payam has engineered 
microalgae to produce valuable chemicals and subsequently scaled cultivation of the 
engineered strains in the AIC. Payam’s other research interests concern the application of 
microalgae in remediation of food waste.

Dr. Payam Mehrshahi
University of Cambridge
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Abstracts For Oral Presentations

Fermented Microalgae: Changes in Bioactive Properties and Sensory 
Characteristics

Yay, C.1, Yağız, N.1, Kurt, H.1, Şahin, B.1, Güneşer, O.2, Karagül Yüceer, Y.3, İşleten Hoşoğlu, M.1

1Gebze Technical University, Biotechnology Institute, Gebze-Kocaeli, Türkiye
2Uşak University, Food Engineering Department, Uşak, Türkiye
3Çanakkale Onsekiz Mart University, Food Engineering Department, Terzioğlu Campus, 
Çanakkale, Türkiye

Spirulina is a promising natural source for many industries including pharmacy, biofuel, animal feed, 
and food. The rich content and functional properties of compounds present in  Spirulina make it very 
interesting as a source for the food industry in particular. Although it is rich in content, the main 
factors that hinder its use in food are due to its characteristic odor and taste. Fermentation is one of 
the processes that can change the organoleptic properties of Spirulina while enhancing the 
bioactivity as well. As selected microorganisms affect the characteristics of the product, the first step 
is to determine the microorganism to give the desired characteristics to the product at the end of the 
fermentation. For this purpose, several LAB, Bacillus strains, and yeasts were investigated and 
microorganisms of interest were determined as Lactobacillus helveticus and Kluyveromyces 
marxianus in terms of their proteolytic activity and sensory properties of the end products. Then, the 
fermentation conditions were optimized at Erlenmeyer-level productions by monitoring the growth 
and change in the antioxidant properties. The final step was to investigate the effect of different 
operating conditions that cannot be studied at the Erlenmeyer level such as aeration, dissolved 
oxygen, and controlled pH in a 3L bioreactor with a working volume of 1.2L. Overall, these studies 
involve the development of a functionally improved fermented Spirulina product from small-scale to 
the bioreactor level with reduced grass and seaweed flavors and attributed new flavors. 

The abstracts for oral presentations are listed according to the Scientific Program.
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Simultaneous Expression of GCSF from the Microalgal Genomes

Yıldırım, A.1, Özduman, G.1, İlhan Ayışığı, E.2, Korkmaz, K.S.1, Mayfield, S.P.3

1Department of Bioengineering, Faculty of Engineering, Ege University, İzmir, Türkiye
2Genetic and Bioengineering Department, Faculty of Engineering and Architecture, Kırşehir 
Ahi Evran University, Kırşehir, Türkiye
3Department of Molecular Biology, and The California Center for Algae Biotechnology, 
University of California, San Diego, California

Microalgae are one of the host systems used to produce therapeutic proteins. Their chloroplast and 
nuclear genomes have been extensively studied for producing bioactive recombinant therapeutics. 
The proteins produced by the chloroplast accumulate in the plastid. On the other hand, the nuclear 
genome-based proteins can be localized into the different compartments in the cell or secreted to 
the culture media. Protein secretion is an effective method to reduce the downstream process steps. 
However, valuable cell biomass becomes waste in the process. In this study, we have engineered 
both the chloroplast and nuclear genomes of a single Chlamydomonas reinhardtii cell to produce 
granulocyte colony stimulation factor (GCSF), a well-known therapeutic drug, effectively used against 
lymphoma, bone marrow transplantation, and acute or chemotherapy-induced neutropenia. 
Although native GCSF has an O-glycosylation in its native form, the non-glycosylated version is known 
to have a similar bioactivity. Here, we have secreted GCSF to the media through the nuclear genome, 
and the molecule lacking post-translational modification has been accumulated in the chloroplast. 
Thus, more effective use of the microalgae production platform has been achieved. This 
simultaneous expression system could also be evaluated for other recombinant proteins from the 
microalgal platform.

Keywords: Microalgae, recombinant protein, GCSF, nuclear expression, chloroplast expression. 
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IMU-ASYA: İstanbul Medeniyet University Culture Collection of Antarctic 
Microalgae

Çakmak, T.1,2, Sinaci, A.1,2, Görünmek, M.1,2, Elibol Çakmak, Z.2,3, Haznedaroğlu, B.Z.4

1Department of Molecular Biology and Genetics, İstanbul Medeniyet University, İstanbul, 
Türkiye
2Science and Advanced Technologies Research Center, İstanbul Medeniyet University, 
İstanbul, Türkiye
3Department of Bioengineering, İstanbul Medeniyet University, İstanbul, Türkiye
4Institute of Environmental Sciences, Boğaziçi University, İstanbul, Türkiye

Culture collections are of special importance for scientific studies as they serve as safe depositories 
of biological materials, significantly contributing to acquiring taxonomic, physiological, genetic, and 
morphological information. Established in 2021, İstanbul Medeniyet University culture collection of 
Antarctic microalgae (IMU-ASYA) provides a genomic and morphological identification of the 
eukaryotic microalgae isolated from Horseshoe Island and Dismal Island in Marguerite Bay of the 
Antarctic Peninsula during the IVth National Antarctic Science Expedition. 

Microalgae were sampled on sediment, stone, ice, snow, and water samples on-site. The axenic 
cultures were obtained mainly by plate-streaking and serial dilution and were analyzed 
morphologically and genomically. For genomic identification, 18S rDNA fragments were amplified, 
and then sequence reads were obtained by Sanger sequencing, the reads were submitted to the 
NCBI, the phylogeny was produced, and all strains were presented on a web page 
(www.imuasya.org).

All isolates in the IMU-ASYA collection are deposited as cryopreserved as well as serial sub-culturing. 
The collection contains 62 strains from 26 taxa, of which 13 are from Trebouxiophyceae, 3 from 
Ulvophyceae, 4 from Chlorophyceae, 2 from Klebsormidiophyceae, 1 from Xanthophyceae, and 3 
from Bacillariophyceae. This is the first Antarctic microalgae culture collection in Türkiye that 
supports the biotechnological application and understanding of the nature and use of 
psychrotolerant microalgae. 
 
Keywords: Antarctica, culture collection, microalgae



24

A Review on the Catalyst Effect of Bentonite in Biofuel Production from Algae

Koyunoğlu, C.1

1Energy Systems Engineering Department, Engineering Faculty, Cinarcik Road 5th km, 
Central Campus, 77200, Yalova, Türkiye

Fossil fuel sources, which provide a significant portion of the world's energy needs, are quickly 
running out, and the harm they cause to the environment is growing daily. For this reason, Our 
nation has adopted the usage of renewable energy sources, just like all developed and developing 
nations. It is intended to encourage sustainable energy production and protect the environment in 
our nation by integrating renewable energy sources into the economy through the enactment of a 
renewable energy law. recent significance Biomass energy is one of the renewable energy sources 
that is expanding. All organic materials, both of plant and animal origin, whose primary constituents 
are carbohydrate molecules, can be employed as a biomass energy source. The availability of 
bentonite as a source of microalgae isolation, microalgal biomass production, methods for collecting 
biomass, and studies on microalgae as a raw material for renewable biofuels are all included in this 
review paper.
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Hydrothermal Liquefaction of Chlamydomonas Nivalis and Nannochloropsis 
Gaditana Microalgae: Effect of Process Conditions and Type of Catalyst on 
the Yield and Quality of Biocrude

Yousefzadeh, H.1, Borhan, E.2, Haznedaroğlu, B. Z.2,3, Uzun, A.1,4,5, Erkey, C.1,4

1Department of Chemical and Biological Engineering, Koc University, Rumelifeneri Yolu 
Sariyer, 34450 İstanbul, Türkiye
2Institute of Environmental Sciences, Boğaziçi University, 34342 İstanbul, Türkiye
3İstanbul Microalgae Biotechnologies Research and Development Unit, Boğaziçi University, 
34450 İstanbul, Türkiye
4Koç University TÜPRAŞ Energy Center (KUTEM), Koç University, Rumelifeneri Yolu 34450 
Sariyer, İstanbul, Türkiye
5Koç University Surface Science and Technology Center (KUYTAM), Koç University, 
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In this study, two different green microalgae, Chlamydomonas nivalis and Nannochloropsis gaditana, 
were cultivated in open ponds and the harvested wet biomass was converted to bio-crude by 
hydrothermal liquefaction (HTL) with/without catalyst. Copper-exchanged zeolites including 
Cu-MOR, Cu-ZSM-5, and Cu-SSZ13 were synthesized by recently developed supercritical ion 
exchange method to be used as the catalyst for catalytic HTL experiments. First, the optimized 
process conditions towards maximum yield of biocrude were obtained for the non-catalytic 
experiments. Temperature, duration, and water/algae biomass ratio in the feed were the process 
parameters investigated in the ranges of 250-350 ºC, 10-60 min, and 5-20 wt%, respectively. For C. 
nivalis, 300 ºC, 60 min, and water/algae ratio of 4 were the optimum conditions led to maximum 
bio-crude yield of 18.8 wt%, while 300 ºC, 30 min, and water/algae ratio of 9 were the optimum ones 
for N. gaditana at which the maximum bio-crude yield of 34.0 wt% was observed. The results of 
catalytic experiments conducted under the optimized process conditions showed that using Cu-MOR 
improved the bio-crude yield of N. gaditana, while using catalysts for the case of C. nivalis resulted in 
more gasification with no positive effect on bio-crude yield. Moreover, elemental analysis showed 
that the fraction of nitrogen and oxygen in biocrude decreased in catalytic HTL runs, in line with the 
GC/MS results showing that the concentration of hydrocarbons and cyclic compounds increased in 
the presence of catalysts accompanied by a decrease in concentration of nitrogenous compounds.
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Enhanced Chitin Nanofiber Productivity from Marine Diatoms through 
Strain Selection and Cultivation Process Optimization
 
Sezgin, T.1, Özkan, A.1, Ayışığı, E.1

1Izmir Institute of Technology, Environmental Engineering Department, 35430 Urla/Izmir, 
Türkiye

Chitin is a biopolymer of frequent use in several industries, including biomedical, pharmaceutical, 
and food. Even though far from being an ideal source, waste shellfish is the current primary chitin 
feedstock. Impurity is the major issue of shellfish-extracted chitin, resulting from the embedded 
presence of the biopolymer within a complex network of organics and inorganics in these organisms. 
In this regard, diatoms belonging to Cyclotella and Thalassiosira genera are unique: they possess the 
only species that produce chitin and extrude it in pure nanofiber form to the cell exterior. Thus, they 
have the unique potential to meet the high-quality chitin market demand. This study’s aims are 
twofold: the first is to characterize the production of diatom chitin in terms of productivity and 
physicochemical properties, and the second is to determine cultivation process conditions improving 
productivity. To fulfill the first aim, a two-stage batch cultivation protocol favoring chitin productivity 
has been devised and utilized for a total of nine strains. The results clearly showed the strain 
specificity of chitin production not only in terms of production rate and final concentration but also 
in terms of industrially relevant physical polymer properties such as length and diameter. Towards 
the second aim, the most promising strain (Cyclotella cryptica CCMP 333) was cultivated at highly 
controlled process conditions of a turbidostat operated bubble column photobioreactor to isolate 
and assess the influence of light intensity, temperature, and salinity on growth and chitin production. 
The results clearly demonstrated the sensitivity of both productivities to the studied parameters. 
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Designing and Constructing of Membrane Photobioreactor for Cultivation of 
Microalga for Aquaculture Wastewater

Mirarefin, M.1, Zalbegi,S.1, Esmaili, S.1, Khanifar, Y.1, Baghaei, G.1, Shariati, F.P.*1, Tavakoli, O.2

1Department of Chemical Engineering, Science and Research Branch, Islamic Azad 
University, Tehran, Iran
2College of Chemical Engineering, University of Tehran, Tehran, Iran
*Corresponding Author contact: Farshid Pajoum Shariati, pajoum@srbiau.ac.ir, Department 
of Chemical Engineering, Science and research Branch, Islamic Azad University, Tehran, Iran, 
P.O Box:1477893855

In recent years, wastewater treatment based on microalgae has increasingly attracted more 
attention due to its numerous advantages. The high concentration of ammonia, nitrite, and nitrate 
has created a considerable challenge in the aquaculture industry to preserve fisheries. As a result, it 
must be treated in a cost-effective and environmentally friendly manner.

This project's purpose is to develop a membrane photobioreactor system capable of treating 
aquaculture wastewater with microalgae. To conduct so, the aquaculture wastewater needs to be 
treated with microorganisms in the initial step before being used to cultivate microalgae. The 
following step involves the development of microalgae in the previous stage's outlet aquaculture 
wastewater. All investigation phases were carried out in the dark-light cycle of 0-24 h, with the light 
intensity of 7000 LUX, and at a temperature of 25 �C. BG-11 culture medium was used for the 
cultivation of Chlorella vulgaris. The aforementioned wastewater was first passed through a 
microfiltration membrane system to reduce the microbial load, after which the composition of the 
aquaculture wastewater was analyzed, and the synthetic wastewater was prepared based on the 
amount of compounds in the aquaculture wastewater exiting the microfiltration system. The 
membrane used in this research in the photobioreactor is a microfiltration membrane made by 
Kubota Company from Japan. The average biological removal rate and the average removal rate of 
the membrane system for nitrate are 74% and 85% and for phosphate are 67% and 83%, 
respectively.

Keywords: Membrane Photobioreactor, Microalgae, Chlorella vulgaris, Aquaculture Wastewater
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Industrial Wastewater Treatment by an Algae Bacteria Consortium
 
Sakarya, F. K.1, Haznedaroglu, B. Z.1

1Institute of Environmental Sciences, Boğaziçi University, Türkiye

Over half a billion people lack access to safe drinking water worldwide. Considering seasonal 
fluctuations, about 4 billion people around the world experience at least one month of severe water 
scarcity. Water withdrawal increases day by day, and the water utilized by people and industries 
eventually ends up in wastewater streams; though, water treatment plays a significant role in 
sustaining freshwater sources. The variety and characteristics of contaminants within wastewater 
diversify through the years resulting in more and more complicated compositions. In this study, a 
consortium of algae and bacteria for the treatment of industrial wastewater was developed and 
applied to hard-to-treat wastewater streams. Copper, in the form of chloride salt (CuCl2), and widely 
used disinfectant benzalkonium chloride (BAC), as an example of emerging contaminants, were 
studied as model pollutants in various wastewater streams. Treatment of both pollutants by a 
consortium of T. suecica and Pseudomonas sp. BIOMIG1, a novel BAC-degrader bacterium, was 
achieved at up to 1 ppm CuCl2-Cu and 20 ppm BAC. Maximum assimilated copper was around 50% 
of the total copper applied. BAC was spiked several times and removed completely. Experiments with 
sole algae showed adsorption of BAC to algae biomass, and adsorption increased when copper was 
present. Biotransformation of BAC by algae was observed at 10 ppm and 20 ppm BAC levels, 
indicating that the major BAC removal mechanism by algae was biotransformation instead of 
adsorption at low BAC levels.  



Maximizing Photoautotrophic Uroductivity Using CellDEG Cultivators 
 
Bähr, L.1, Wüstenberg, A.1, Steuer, R.2, Ehwald, R.1

1CellDEG GmbH, Germany
2Humboldt University Berlin, Germany

The capability of microalgae to produce cell dry mass (CDM) with high productivity, i.e. with a high 
rate of biomass increase, is a crucial factor for economically viable photoautotrophic cultivation. To 
compare strains with respect to their maximal areal or volumetric productivity, a standard cultivation 
procedure is required. The latter should avoid external growth limitations as far as possible. The 
recently developed CellDEG cultivation system fulfills this requirement. Using the CellDEG system, it 
is possible to study variants and replicates in parallel under defined and favorable growth conditions. 
The light intensity can be adapted to the cell density, turbulent mixing with high rate is possible, and 
the CO2-input can be adapted to allow for high productivity. 

In the CellDEG cultivators, batch cultures show a long-lasting linear phase with a nearly constant 
productivity when growing on a bicarbonate-buffered medium with high and balanced 
concentrations of mineral macronutrients. In this phase, the productivity remains close to its 
maximum value, while the specific growth rate is rapidly decreasing due to the decreasing mean light 
intensity. The volumetric productivity reached 7.5 g CDM L-1 d-1 for Synechocystis sp. PCC 6803 and 
Synechococcus sp. PCC 7002 and 4,5 g CDM L-1 d-1 for Nannochloropsis salina.

Considering the unavoidable problem of self-shading, we assume the following characteristics of a 
strain to be favorable for growth performance in a dense culture: (1) high quantum yield at low mean 
light intensities, (2) resistance to photoinhibition under high light at the irradiated surface, and (3) 
tolerance to high rates of turbulent mixing.

Keywords: productivity, high-density, CellDEG, Nannochloropsis, Synechococcus, Synechocystis
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Fast-growing Phototrophic Microorganisms and the Productivity of 
Phototrophic Cultures
 
Steuer, R.1

1Humboldt-University of Berlin, Theoretical Biology (ITB), 10117 Berlin, Germany

Economically viability applications of microalgae and cyanobacteria are still limited by the low growth 
rates and the low areal productivities obtained in most current cultivation systems. To overcome the 
productivity barriers of phototrophic cultivation, there has been increasing interest in fast-growing 
cyanobacteria and microalgae.

The contribution will discuss the main factors that determine phototrophic growth rate and culture 
productivity. In particular, it is argued that high maximal growth rates are not a sufficient or 
necessary property for high productivity. Rather, the light-limited specific growth rate of a 
phototrophic microorganism is a product of several factors, including the rate of light absorption, 
quantum yield and the maximal biomass yield per photon.

Computational models of phototrophic growth then allow us to disentangle the prerequisites for 
high phototrophic productivity. Specifically, maximal productivity of a phototrophic culture is 
attained at high light intensities, low growth rates and high cell densities. Under such conditions, 
dense cultures act as an effective light dilution mechanism, and alleviate the detrimental effects of 
photoinhibition.

Model predictions are supported by quantitative growth experiments using a commercial 
high-density cultivation setup based on a bubble-free membrane-mediated CO2 supply, high light 
intensities and thin-layer cell suspensions.

The results show that (i) current limits of phototrophic productivity can be overcome, (ii) a high 
maximal specific growth rate is not itself a determinant of culture productivity and (iii) under optimal 
culture conditions current model strains consistently reach high growth rates and high final cell 
densities. 

30



Construction of a 35 m3 Pilot Phyco-Flow Photobioreactor
 
Lizzul, A. M.1*, Searle, J.1, Zrig, H.1

1Varicon Aqua Solutions, Unit 12 Ball Mill Top Business Park, Hallow, Worcester, WR2 6PD, 
United Kingdom
*Corresponding Author contact: marcolizzul@variconaqua.com

Varicon Aqua is a global leader in the supply of photobioreactor equipment, consumables and 
services into the algal sector. The company participated in the competitive tender for EU Grant No. 
EUROPEAID/140111/IH/SUP/TR to supply a pilot photobioreactor system for the Bogazici University 
project. The project was based upon a sustainable algal biorefinery concept, contained within a 
greenhouse and powered by renewable energy. The facility aims to produce Spirulina and other algal 
biomass with a view towards use within the food sector. The Varicon Aqua team undertook the 
necessary design work to deliver a turnkey production chain consisting of Phyco-Bubbles and larger 
scale Phyco-Flow photobioreactors, with a total production volume of 35,000 L. The systems took 4 
weeks to install, and were made from a total of 9 km of glass, it was commissioned in December 
2020. The Phyco-Flow system is based on a serpentine configuration and is capable of producing 
between 0.25-0.5 g L-1 d-1 of Spirulina biomass under the conditions in Turkey. The system displays 
a range of improvements when compared to our previous BioFence system. Features include, lower 
shear mixing, full automation, sensors for pH, temperature and optical density. Controllable LEDs 
and an automated in-line cleaning system. The reactor consumes circa 250 W/m3 and is illuminated 
to 170 µ mol m-2 s-1. Overall costs to deliver a system of this size are in the region of €12/L. Studies 
indicate the production cost of microalgae in closed tubular photobioreactors range from 
€50-150/kg. To summarise, the Phyco-Flow is a scalable industrial photobioreactor solution for the 
production of microalgae for a range of commercial purposes.
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Physiological and Transcriptomic Characterization of the Cyanidioschyzon 
Merolae Red Microalga upon Long-term Adaptation to High Ni 
Concentration
 
Marchetto, F.1, Santaeufemia Sánchez, S.1, Lebiedzińska-Arciszewska, M.2, Adamska, D.3, 
Goryca, K.3, Palatini, J.3, Więckowski, M.R.2, Kargul, J.1

1Solar Fuels Laboratory, Centre of New Technologies, University of Warsaw, Warsaw, Poland.
2Laboratory of Mitochondrial Biology and Metabolism, Nencki Institute of Experimental 
Biology PAS, Warsaw, Poland
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During its life on planet Earth, mankind has developed new technologies to improve its lifestyle but, 
at the same time, pollution from anthropogenic sources is increased exponentially. In recent 
decades, one solution with great potential that has emerged is the use of microalgae as 
“environmental purifiers”.

Cyanidioschyzon merolae is an extremophilic red microalga of the Cyanidiales order, which thrives 
naturally under extreme environmental conditions such as high temperature (up to 56 °C), extremely 
low pH (0.05-4) and the presence of various heavy metals and high salinity.

Here, we show that C. merolae cells exposed in a single step to Ni concentrations above 3 mM show 
a marked decrease in growth, with concomitant inhibition of both photosystems and high-level 
production of reactive oxygen species (ROS) compared to the untreated control. Using an adaptative 
laboratory evolution approach, the stable C. merolae strain that is capable of continuous growth in 
the presence of 10 mM Ni, was obtained. The 10 mM Ni-adapted cells exhibit the growth rate, 
viability, photosynthetic parameters and ROS levels that are comparable to those of untreated cells, 
while the total pigment content is only slightly affected by the presence of 10 mM Ni. The 
physiological data together with the transcriptomic analysis prompted us to hypothesize the 
molecular components involved in the long-term adaptation to high concentration of Ni (in the mM 
range). 

The novel Ni-adapted strain of C. merolae carries the great potential for developing new 
bioremediation strategies for the removal of heavy metals from the external environment. 
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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. The 
agricultural waste streams from the greenhouses are still overloaded with nutrients2 and can be 
reutilized by phototrophic microorganisms, microalgae, to provide biomass for various products 
such as biostimulants, biopesticides.

We have used hydroponic greenhouse effluents for cultivation of the microalga strains from 
NordAqua Nordic Culture Collection Database to demonstrate the feasibility of using photosynthetic 
microorganisms for bioremediation processes in Nordic countries. The cultivation experiments 
performed inside a greenhouse using a closed tubular photobioreactor. 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 
using several strains from NordAqua Nordic Culture Collection Database. Our experimental design 
provided formidable datasets as a stepping point for in-depth research of plant biostimulants. We 
have also screened several strains from the Nordic database for their anti-fungal activity against 
several plant-pathogens (i.e., Fusarium oxysporum, Alternaria solani, Verticillium albo-atreum, 
Pythium ultimum, etc.) and identified some possible candidates for further analysis.

Together with ongoing and planned studies, we focus on multi-benefit valorization approaches for 
agricultural re-use of the biomass as bioagrichemicals in a biorefinery concept. From perspective of 
circular bioeconomy and growing trends in sustainable agriculture, this approach will advocate a 
more efficient and sustainable closed-loop circular economy model for Nordic agriculture.

References
1HELCOM 2021. The Pollution Load Compilation (PLC-7).
2Samiotis et al. 2022. Bioresource Technology Reports 19: 101191. 

33



Investigation of Biofilm Structures of Chlorella Vulgaris and Ettlia 
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Microalgae biofilm is one type of biofouling on the bioreactor surface that consists of microalgae and 
causes light intensity problems and even systematic cultivation issues. Recently, several studies have 
focused on preventing biofilms on bioreactor surfaces by means of anti-biofouling coatings. 
Anti-biofouling coatings may be useful against biofouling over the long term on the bioreactor 
surface in the complex cultivation environment. To understand the form of the biofilm structure on 
anti-fouling coating, glass with HETAV60 coating was studied for the Chlorella vulgaris (freshwater 
green algae) and Ettlia oleoabundans (green algae) strains. HETAV60 Ormosil coating included HEMA, 
TEOS, AA, and VTS. The static and sliding water contact angle (WCA) values of flat HETAV60 Ormosil 
coating were 96o and 10o, respectively. The rough surface was produced using hydrophilic silica 
nanoparticles (10.4 and 12.2 % wt) to produce the superhydrophilic surfaces (WCA<5o). In the first 
step of the experiment, coating glasses were pulled out of the reactor at the end of harvesting time 
(14 days). Then, the light penetrations of coating glasses and the biofilm layers on the coating surface 
were examined using a light meter and a fluorescent microscope, respectively. The biofilm structure 
on HETAV 60-10.4 and HETAV 60-12.2 Ormosil coating glasses for the two different species show that 
surface adhesion behavior is similar.
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Carbon dioxide (CO2) contributes to approximately 52% of global warming emissions. CO2 
concentration in the atmosphere must be reduced to mitigate its effect as it is a significant 
contributor to greenhouse gas (GHG). A wide range of cultivation conditions, including high CO2 
concentrations, are tolerated by various microalgae. 

In this project, CO2 capture during C. vulgaris microalgae cultivation in three systems of bubble, airlift, 
and a novel photobioreactor (PBR) is investigated. Considering the increase in retain the time of gas 
bubbles in the system due to the new design of the novel PBR, higher gas-liquid molecule interaction 
has occurred which led to more CO2capture rate compared to other systems.

The novel PBR consistently demonstrated the lowest CO2 concentration, done concurrently and with 
identical operating parameters in all three reactors used in this study. The CO2 capture rate by the 
novel PBR significantly improved by 4.7%. According to the results, the novel PBR reported the 
highest biomass productivity of the experiment, which was reported as 0.727 g. L-1. d-1 in the novel 
PBR. 

Using new designs to cultivate potential microorganisms is a possible way to improve their 
properties. C. vulgaris microalgae is one of the most suitable microorganisms for CO2 biofixation and 
capturing & storing it for its beneficial byproducts such as biofuel. This study proved that the 
designing elements used in the novel PBR improved the efficiency of CO2 biofixation.

Keywords: Photobioreactor, Chlorella vulgaris, CO2 Capture
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Overgrowths of algae in water are known as algal blooms. Some blooms harm human and animal 
health, the environment, and local economies by producing harmful toxins in fresh or saltwater. 
Marine mammals are the sentinel species for the oceans’ health. Marine algal toxins caused by 
harmful algal blooms (HABs) are listed as one of the reasons for marine mammal deaths all around 
the globe.  It is important to understand the effect of algal biotoxins on marine life and develop 
multidisciplinary solutions. From the veterinary point of view, it is necessary to have sustainable data 
to better understand the algal bloom events, their effects, and evidence in marine mammals. 
Therefore, bycatch and stranding networks have great importance for the countries, especially for 
the ones that have not established them yet. This study aims to provide an overview of marine 
mammal interactions with algal blooms, current methods to understand, predict and prevent 
harmful algal blooms, and present an insight into the use of algal biotechnology, shared 
environmental information systems, and monitoring mechanisms for marine mammal protection 
strategies of the states from the one health perspective. 
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Continuous rise in world population causes higher demands for food and agricultural resources in an 
unsustainable way. To ensure growth and access to safe food now and meet demands in future, 
sustainable and economically feasible measures are needed urgently. One of the major problems in 
agricultural operations is management of wastewater. Despite the enriched nutrient and embedded 
energy contents of agricultural wastewater, environmentally sound and economically feasible 
methods to reuse these sources are still not at desired levels. In this thesis research, cyanobacteria 
A. maxima was cultivated in chitosan pretreated manure wastewater in custom-made 
photobioreactors. With pretreatment, total nitrogen, total phosphorus, and chemical oxygen 
demand were removed by 84.8%, 92.7%, 64.1%, respectively, and with cyanobacteria by 14.6%, 5.6%, 
28.8%, respectively. Overall removal of 99.4% of total nitrogen, 98.1% of total phosphorus, and 92.9% 
of chemical oxygen demand were achieved. For comprehensive evaluation of biofertilizer use of 
biomass, protein, carbohydrate, lipid, fatty acid methyl esters, vitamins, amino acids, and elemental 
composition were analyzed. Biomass had protein content of 41.8%, total carbohydrate of 27.3% and 
total lipid of 24.1%. Biomass also had significantly higher amounts of B vitamins and considerable 
amounts of free and bound amino acids, some of which are key indicators of biostimulant presence. 
The study aimed to evaluate the use of cyanobacteria for wastewater treatment and harvested 
biomass as biofertilizer for farm applications. Overall aim was to suggest a sustainable livestock and 
farm management option that can manage its waste and resources in a sustainable and 
economically feasible way.
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Due to demographic growth of the last century, the demand for food in large cities has been 
dramatically increased. Thus, the optimization of crops production is necessary in order to supply 
enough food for the population. Accordingly, traditional agriculture has been improved to develop 
more refined culturing techniques. These novel procedures pay more attention to large-scale 
production while standardizing and intensifying global production. Moreover, this model of 
agriculture advocates the use of pesticides and fertilizers, which have a strong impact on 
environmental and human health. On this premise, the PestNu project aims to target systematic 
solutions under circular economy along the farm-to-fork food production chain, using leading-edge 
technology. This investigation unifies a company consortium that brings the latest developments in 
terms of: agro-robotic traps for real time pest monitoring, Earth observation through Agroradar, Bid 
Data management, bioeconomy operations and biofertilizers synthesis, among others. This 
association aims to improve present-time agriculture techniques, along with optimization of the 
nutritional supplementation, the reduction of the generated impact on the environment and the 
minimization of the pesticide addition. With this aim in mind, Neoalgae was responsible for the 
development of a microalgae culturing protocol by using wastewater as culture medium. In addition, 
the generated biomass was exploited as raw material for the development of a novel biofertilizer 
formulation. This procedure was intended to be carried out on-site in order to harness the aquaponic 
drainage while reducing the carbon print generated by fertilizers production and distribution.
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ALGAR-BBE is focused on the biostimulants with Biocide Effect from microalgae and aromatic plants 
and funded by LIFE programme (financial instrument of the European Union under grant Agreement 
LIFE18 ENV/ES/000518).

The effectiveness of different biostimulant formulates from microalgal biomass with biocide activity 
from aromatic plants extracts was tested. Several species were selected for the project, such as 
Origanum vulgare, according to the proved antioxidant and antimicrobial properties of their 
essential oils. Moreover, microalgae are an optimum source of biostimulant compounds such as 
phytohormones, oligosaccharides and microalgal protein hydrolysates, while being the perfect 
atmospheric carbon sinks. Therefore, their inclusion into ALGAR-BBE aimed to assure the recovery of 
biostimulant compounds while using these organisms to remediate power plant flue gases. 
Accordingly, the project aimed to produce a novel formulation with a mixed biostimulant and biocide 
action. On this basis, culturing optimization of 2 microalgal strains (Nannochloropsis gaditana, 
Acutodesmus obliquus) was done while enhancing the extraction yield of aromatic plants essential 
oils. With the objective of increasing the sustainability of the final formulates and following the 
circular economy principles, different wastes from other industries was used in the biostimulant 
development. Moreover, the developed formula was tested on tomato and corn crops with the 
objective to reduce almost a 56% of pesticides.

In order to prove the demonstrate the effectiveness of the developed formulates, intensive trials 
were carried up in different crops in Spain and Portugal (mainly in tomato and corn, but also in 
pepper and potatoe), reaching up to 20 ha treated.
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Phycobiliproteins are water-soluble proteins that can be extracted from cyanobacteria and certain 
species of red algae. Their role is to improve the efficacy of the photosynthesis by widening the 
absorbance range of incoming light beyond the area that chlorophyll and carotenes can capture. 
They are divided into three major classes based on their light absorbance properties: i) phycocyanin, 
ii) allophycocyanin, and iii) phycoerythrin. Among these, phycocyanin is a commercial product of 
interest, especially for food and cosmetic industries. Being non-toxic, phycocyanin was the first Food 
and Drug Administration (FDA) approved natural food colorant in the United States. Extraction yield 
and purity of C-phycocyanin (C-PC) varies significantly based on applied physical or chemical 
disruptions, which in turn affect its activity. Applicable physical pretreatment methods include bead 
beating, sieving, bead-milling, sonication and freeze-thaw. Meanwhile, chemical pretreatment 
methods include acid, detergent, and enzyme treatment. Considering the potential health 
implications and overall commercial interest of C-PC as an important bioactive compound, 
downstream processes such as pretreatment, extraction and purification methods need to be 
optimized for particular species of interest. In this study, a comprehensive evaluation of several 
pretreatment methods has been conducted for red algae (Galdieria sulphuraria) and cyanobacteria 
species (Phormidium sp., Scytonema sp., Synechocystis sp., Nostoc sp., and Desertifilium tharense) 
as potential candidates for the production of C-PC. Purity and concentration values are also reported 
to assess the effects of pretreatment on final product quality and quantity.
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To date, microalgae have been used many times for different purposes for the production of 
bioplastics. The genus Klebsormidium represents filamentous terrestrial microalgae with a waxy 
layer covering the cell wall. This unique feature may make them potential biosource for organic 
hydrophobic surface production. In this study, we used solvent casting and electrospinning to obtain 
hydrophobic film and nanofibers from a psychrophilic Klebsormidium sp. ASYA19 which was isolated 
as an epilithic strain from Horseshoe Island, Antarctica. For hydrophobic film production, 
optimization studies were carried out with 2.5%, 5%, 7.5%, and 10% microalgae solutions at different 
temperature conditions (30°C, 23°C, 15°C) and humidity ranges (30%,40%, 60%). The best condition 
for solvent-cast film production from Klebsormidium sp. ASYA19 was determined as a 5% microalgae 
solution incubated at 15oC temperature and 70% humidity for 36 hours. For nanofiber production, 
wax (1%, 3%, 5%) extracted from Klebsormidium was mixed with 25% polycaprolactone and the new 
solution was tested for electrospinning. Results showed that 3% microalgal wax produce an even and 
homogenous nanofiber when mixed with 25% polycaprolactone. 

Keywords: Microalgae, nanofiber, solvent-cast film, hydrophobic surface
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Usage of bioactive algal pigments have considerably increased in recent years with key applications 
in functional food and beverage sectors, as well as nutraceutical and pharmaceutical industries due 
to their high antioxidant activities, antimicrobial and antiviral effects, flavor and fragrance 
advantages. Among the highly sought pigments from microalgae, phycocyanin is a blue colored, 
odorless, non-toxic, water-soluble natural colorant with strong fluorescent properties and strong 
neutralization against reactive oxygen species. Astaxanthin, is one of the most potent antioxidants, 
with applications in fish feed and nutraceuticals. Beta-carotene from marine algae also has 
promising effects for several olfactory diseases and natural orange-coloring agent. These pigments, 
collectively can be used as natural pigments in food, textiles and cosmetics as safe and sustainable 
alternatives of synthetic pigments. Their antioxidant and anti-inflammatory properties contribute to 
extended usage in functional foods as well as pharmaceutical industry. In this study, the optimization 
of maximum recovery for microalgal bioactive pigments will be evaluated by changing the 
immobilization conditions during encapsulation processes.  Effects of alginate concentration, CaCl2 
concentration, temperature of CaCl2, bead size, crosslinking time on bioactive pigment loading 
efficiency into alginate beads will be presented.
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Edible microalgae are exceptional candidates for functional food industry due to their high protein, 
vitamin, essential fatty acids content combined with carbon fixation ability without requiring fertile 
lands and hazardous pesticides during agricultural practices. To overcome the main drawback of the 
consumption of the microalgae, the undesired taste or odor, in this study, we explored the potential 
usage of the green microalgae Chlorella vulgaris for functional food baking recipes. On this path to 
explore the thermal stability of the vitamins present in Chlorella vulgaris, Vitamin B complex was 
selected for baking tests. This presentation will provide the results showing the effects of baking at 
1250C for 15 min (short) and 35 min (long) durations on the vitamins B1, B2, B3, B5, B7, B9, and B12 
and Chlorella vulgaris grown in custom-made, batch-type photobioreactors and quantified with 
liquid chromatography-mass spectrometer (LC-MS/MS). We provide evidence that some of the heat 
sensitive B vitamins can be conserved in Chlorella vulgaris and long duration baking had no 
significant effect on majority of B vitamins. Consequently, biomass of Chlorella vulgaris green 
microalgae seem to be suitable for addition to functional food baking recipes considering the 
durability of the water soluble vitamin B complex.
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Exopolysaccharides (EPS) are high-molecular-weight polymeric structures that are produced by 
different microorganisms like bacteria, microalgae, fungi, and cyanobacteria for protection and 
adaptation to unfavorable environmental conditions. In recent years, EPSs of photosynthetic 
microorganisms have increased attention due to the green production concept and differentiations 
in EPS characteristics. We screened several cyanobacteria for their EPS production capacities. For this 
purpose, cyanobacteria cultures were incubated in favorable growth conditions until they reach the 
linear growth phase and incubated for one more week to ensure the saturation of the population 
growth. Then, to analyze free EPSs, the growth solutions were exposed to ethanol-based EPS 
extraction analysis. Amongst the tested cyanobacteria, Aliinostoc sp. ARAS26, Trichormus azollae 
ARAS24, Synechococcus sp. ARAS28, Trichormus variabilis ARAS9, Anabaenopsis sp. ARAS51, and 
Nostoc sp. ARAS34 presented a considerable amount of EPS production. The saccharide content of 
EPS fractions ranged between 317 to 904 mg/g EPS in other cyanobacteria. Most interestingly, 
Trichormus azollae ARAS24 showed two free EPS fractions in the same extraction step. The upper 
phase contained 674 mg/g EPS while the lower phase was 450 mg/g EPS. This strain emerges as a 
potential EPS producer cyanobacterium. We have been trying to identify the monosaccharide 
composition of the EPS fractions and find out possible ways to utilize them for biomedical use. 

Keywords: Cyanobacterium, exopolysaccharide, Trichormus azollae
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Low larval survival and high costs of live feed are relevant bottlenecks that decrease the production 
efficiency of aquaculture finfish hatcheries. The project ALLARVAE aims to solve this problem by 
developing microalgal-based products with a promising price-quality ratio and high-quality 
nutritional feed for finfish larvae. In the project, multi-microalgal feeds will be developed to improve 
the performance, growth, resistance to stress and pathologies, and overall survival of finfish larvae 
by enriching their microbiome, particularly in the critical weaning period. This will be accomplished 
by exploring synergies between different microalgae and probiotics, and using microalgal protein 
hydrolysates in novel microdiet formulations to improve digestion. Moreover, the use of new species 
of microalgae with high potential for marine larvae culture will also be assessed. Therefore, the 
project will focus on enhancing 1) "green water technique", 2) rotifer production, 3) live feed 
enrichment for larvae nutrition, and 4) microalgae hydrolysates for microdiets. A particular focus will 
be placed on developing cost-effective microalgae products and application methodologies suitable 
for marine fish larvae production facilities, including the most challenging systems, such as 
Recirculation Aquaculture Systems. Overall, ALLARVAE aims to increase fish larvae' survival before, 
during, and after the weaning period. Developing innovative and efficient microalgal products for 
marine fish larvae will stimulate the circular bioeconomy and aquaculture's sustainability.



46

Improving Cell Disruption in Two Freshwater Microalgae to Increase Their 
Biopesticidal Potential 

Carvalho, B.1, Figueiredo, D.1,2, Coelho, L.1, Viana, C.1, Gouveia, L.1,2, Varela, J.1,3, Pereira, H.1

1GreenCoLab – Associação Oceano Verde, Faro, Portugal
2LNEG – Laboratório Nacional de Energia e Geologia, Lisbon, Portugal
3CCMAR – Centro de Ciências do Mar, Faro, Portugal

Poster no. 2

Microalgae contain many valuable compounds with known and untapped bioactive potential, 
comprising a promising source of functional ingredients for many biotechnological applications. In 
this study, to unlock the potential of Chlorella vulgaris and Tetradesmus obliquus as sustainable 
biopesticides, different cell disruption approaches, including enzymatic hydrolysis and high pressure 
homogenization (HPH), were tested, alone and in combination, to increase the bioavailability of 
intracellular compounds (e.g., polyphenols). Then the effect of the disrupted biomass on the 
inhibition of growth of commercial crops’ pests, including Phytophtora cinnamomi, Fusarium 
oxysporium and Rhyzoctonia solani, was evaluated in vitro. For C. vulgaris, the cell disruption 
efficiency reached 85% using HPH (1 cycle at 1150 bar), and only 68% efficiency was observed for the 
best enzymatic treatment, using the commercial endopeptidase alcalase. Regarding T. obliquus, a 
maximum cell disruption of 87% was obtained using 3 cycles of HPH at 600 bar, comparing with 43% 
for the optimum enzymatic treatment, using a mixture of xylanase, pectinase and cellulase. The best 
inhibition results were obtained in P. cinnamomi, in which hydrolysed T. obliquus achieved 100% 
inhibition, compared to 40% for untreated and mechanically disrupted biomass. In contrast, both 
mechanically and hydrolysed biomass of C. vulgaris had 50% inhibition of P. cinnamomi, while 
untreated biomass had no significant effect. Despite no direct correlation being observed between 
cell disruption and pest inhibition, this work unveils the potential of disrupted algal biomass as a 
viable sustainable biopesticide without necessarily having to compromise inhibition efficiency. 
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A terrestrial coccoid green microalga Chloroidium saccharophilum ASYA23 was purified as an epilitic 
isolate from Horseshoe island (67°49'23.6"S 67°18'20.9"W), Antarctic peninsula. The SSU and ITS 
rDNA were sequenced to obtain the phylogeny. The morphological assessment was done by using 
several monographs previously published. The cells are mostly ellipsoidal, ovoid, or almost spherical. 
The naked pyrenoid and large single nucleus are readily visible under microscope. Chloroplast is 
parietal, band-shaped. Cell size change from 5-12um with a thin cell wall.  

Bold-Basal Medium with three-fold Nitrogen, continuous shaking as a batch culture under 
continuous light (60 umole photons m-2s-1), and 15oC temperature were found as the most 
favorable growth condition for this strain. Total chlorophyll, carotenoid, saccharide, and protein 
contents did not show remarkable variations during the exponential and linear growth phases. On 
the other hand, the total lipid content gradually increased during late exponential and linear growth. 
Most importantly, the saturation level of the fatty acid methyl esters was low. Its high 
polyunsaturated fatty acid level (28.6%) with a high ω6/ω3 ratio (3.6) makes Chloroidium 
saccharophilum ASYA23 a potential candidate for large-scale polyunsaturated fatty acid production. 
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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.



49

Nostoc sp. ARAS34 Exopolysaccharides as a Potential Cryoprotectant

Görünmek, M.1,2, Çakmak, T.1,2

1Department of Molecular Biology and Genetics, İstanbul Medeniyet University, 
İstanbul-Türkiye
2Science and Advanced Technologies Research Center, İstanbul Medeniyet University, 
İstanbul-Türkiye

Poster no. 9

Exopolysaccharides (EPSs) are extracellular polysaccharide polymers produced and secreted by 
several microorganisms. EPS may contain rich sugar monomers such as mannose, glucose, 
galactose, fucose, rhamnose, and ribose. The natural role of EPS in protecting cells from damage 
caused by freezing conditions and freeze-thaw events has been demonstrated in several studies. In 
this study, we analyzed the cryoprotective effect of cyanobacterial EPS in comparison to commonly 
used reagents such as DMSO and methanol.

The cyanobacterium Nostoc sp. ARAS34 was incubated in BG-11 growth medium for approximately 
30 days to let them grow until the stationary phase before harvesting. For EPS extraction, the Nostoc 
sp.ARAS34 culture was centrifuged, and the supernatant was incubated with 1:2 water/ethanol, then 
EPSs released into ethanol was collected by centrifugation. Two different concentrations of EPS (5% 
and 10%) from a stock solution (20 mg/mL) were used for cryopreservation. The microalga Chlorella 
sp. ASYA27 was employed as a test organism for the cryopreservation experiment. The 
cryoprotective effect of EPS (%5-%10) was compared with 10% DMSO, glycerol, or methanol.

The recovery and growth ratio of Chlorella sp. ASYA27 was followed after 10 days and 30 days of 
cryopreservation. A considerable change or deterioration in the morphology of the microalgae was 
not observed when Nostoc EPS was applied. Maximum recovery and specific growth rate were 
recorded when 5% EPS was used as a cryoprotectant. Results show that Nostoc EPS may be 
considered a potential cryoprotective agent due to its biodegradability and non-toxic nature which 
makes it superior to the commonly used chemical cryoprotective compounds.

Keywords: Cyanobacteria, exopolysaccharide, cryopreservation
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Phycobiliproteins are photosynthetic proteins that are mainly found in cyanobacteria and red algae, 
and serve as light harvesting complexes. Blue-colored C-Phycocyanin (C-PC), one of the 
phycobiliproteins, gained significant attention in the recent years due to its anticarcinogenic, 
antioxidant, anti-inflammatory, antiviral, hepatoprotective and neuroprotective effects. In addition to 
these benefits, C-PC is also used as a natural and non-toxic coloring agent alternative to conventional 
dyes in food, cosmetic, textile and similar industries. Meanwhile, simple extraction and purification 
techniques for C-PC still remain a labor-intensive and costly process. This study aimed to optimize a 
low-cost C-PC purification methodology coupled by activated carbon and chitosan extraction from a 
local filamentous cyanobacteria Desertifilum tharense. Cultures were grown in 2L reactors with 
BG-11 medium for 11 days under light flux of 37 mE s-1m-2 at ambient temperature. Harvested 
culture was lyophilized and treated with Na-P extraction buffer (0.01M) after homogenization. 
Purification was done using 0.02 g/ml activated carbon and chitosan 0.02% (w/v) dissolved in 1% 
acetic acid. Preliminary data showed that a purity increase from 0.71 to 2.48 (above food grade) is 
possible. The results showed that low-cost production of high purity C-PC is possible as an alternative 
to traditional processes such as salt precipitation, dialysis, ion-exchange chromatography and/or 
other chromatographic techniques.
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Microalgae are becoming an increasingly valuable source of biomass. However, large-scale 
cultivation and harvesting are major technological and economic challenges limiting the commercial 
production of microalgal biomass. In this study, the efficiencies of three metal salts (aluminum 
sulfate - AS, aluminum potassium sulfate - KAL, iron chloride - IC) and the environmentally friendly 
biopolymer chitosan were evaluated for the harvesting of microalgae cultivated in two different 
growth media (mineral medium and digestate). The results showed that all flocculants obtained 
higher efficiencies for algae cultivated in the digestate medium. IC and AS with 0.5 g L-1 addition in 
mineral medium yielded 85.6% and 86%, respectively, while 0.2 g L-1 IC and AS yielded more than 
95% harvesting efficiency for microalgae grown on the digestate medium. Flocculation with 1 g L-1 
KAL in mineral medium harvested approximately 87% of cells, while KAL was the most stable 
flocculant for digestate with a harvesting efficiency of almost 100% at all tested dosages. Although 
the harvest yield of chitosan was also higher in the digestate medium compared with the mineral 
medium, it gave the lowest harvest yield compared to the metal salts, of 75%. Considering the 
environment’s pH and the harvesting success of the flocculants used, it was observed that the 
digestate medium promoted higher yields for the harvesting of microalgae. Moreover, flocculated 
biomasses were also characterized regarding trace elements and the findings indicated that Al and 
Fe residues in the flocculated biomass were 2 times lower in digestate. 
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Due to their high oil content, rapid growth, and high carbon dioxide absorption, microalgae are one 
of the most significant sources of green hydrocarbons and have the potential to lessen human 
reliance on fossil fuels. Additionally, no arable land is needed for the cultivation of microalgae. This 
article aims to show how various catalytic chemical methods have been developed to transform the 
crude biofuel of microalgae into biofuels utilizing various types of zeolites, as well as how suitable 
microalgae are as a source of biofuels depending on their lipid content.
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EPA a Omega-3 type fatty acid is a valuable nutritional and pharmaceutical ingredient that is usually 
available from animal sources and in combination with DHA type Omega-3 fatty acids. The 
importance of EPA supplements free from DHA has been shown in several contexts. There is also an 
ever growing interest in non animal sourced Omega-3 type fatty acids. 

In 2022 our company worked on extraction and purification of a proprietary microalgae grown 
indoor glass race with artificial illumination. We have internally developed a series of pilot scale 
equipment namely a spray dryer, an ethanol extraction and reaction system composed of an array of 
jacketed vessels, stirrers and controls, an FFE evaporator along with an ethanol rejuvenation system 
and a centrifugal molecular distillation system. 

Making use of this machinery we have been able to recover clear looking extracts with > %30 EPA 
concentration consistently. The majority of the developed equipment is commercially exported and 
no other funds public or otherwise are used for this development effort. 



54

Algae-based Dairy Manure Wastewater Treatment and Nutritional Profiling 
for Potential Feed Applications 

Özçelik, D.1, Haznedaroğlu, B.Z.1

1Institute of Environmental Sciences, Boğaziçi University, Türkiye

Poster no. 21

In this study, six different strains of microalgae from Chlorella and Scenedesmus genera were 
screened to test their capabilities to remove nutrients present in wastewater collected from a dairy 
farm. Based on the best removal capacity, Chlorella sorokiniana UTEX1230 was cultivated in a custom 
designed floating plastic photobioreactors (FP-PBR) operated in batch mode and fed with coagulated, 
filtered and 1/4 diluted farm wastewater. Removal rates of 59.4%, 64.2% and 95.7% were obtained 
for total phosphorus, total nitrogen, and chemical oxygen demand, while biomass concentration of 
1.8 g/L was achieved. To demonstrate a circular bioeconomy case by upcycling agricultural 
wastewater nutrients, microalgal biomass was further explored as potential feed formulations for 
livestock and aquaculturing operations. For this purpose, biochemical characterization including 
protein, carbohydrate, lipid content, vitamin, amino acid, and FAME profiles were determined. Total 
lipid content of 22.6%, monomeric sugar content of 47.3%, and total hydro-soluble protein content 
of 28.7% were measured in harvested microalgal biomass. Overall, the study was aiming to optimize 
general and specific parameters of a low cost microalgae-based agricultural wastewater treatment 
applications and generate value added bio-feed products for sustainable livestock production and 
aquaculturing facilities.
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Industrial wastewater contains various heavy metals, which pose a risk to receiving water bodies and 
human health. Conventional treatment systems fail to satisfy stringent wastewater discharge 
standards on heavy metals. A specialized process, like microalgae adsorption or assimilation, should 
be applied to efficiently remove heavy metals in wastewater streams. If living algae is utilized in the 
process, the algae biomass grown in heavy metal-contaminated wastewater might be utilized in 
downstream processes, i.e: biofuel production. In this context, the resilience of microalgae to heavy 
metal exposure becomes an important factor for the treatment of heavy metal-contaminated 
industrial wastewater using living microalgae. In this study, microalgae species among Anabaena 
flos-aquae, Cyanobacterium sp., Chlorella vulgaris, Coccomyxa subellipsoidea, Ettlia oleoabundans, 
and Tetraselmis suecica with the highest tolerance to heavy metals was determined by challenging 
the growth metrics by exposure to individual heavy metals. Five metal salts, namely As2O3, CdCl2, 
CuCl2, PbCl2, ZnCl2, were chosen as model contaminants. The metals with the most growth-limiting 
effect on microalgae were copper (Cu2+) and cadmium (Cd2+). T. suecica performed the best survival 
against Cu2+ and Cd2+ having IC50 values of 4.2±2.6 mg/L and 8.4±2.5 mg/L, respectively, whereas IC50 
values of other microalgae strains were around or below 1 mg/L for Cu2+ and <4 mg/L for Cd2+. T. 
suecica was tested for the treatment of metal salts in a synthetic media containing a mix of five metal 
salts. This algae strain was found to treat PbCl2 effectively through adsorption (93±1% on Day 1), and 
to treat partially CdCl2 (26±3% on Day 15) and CuCl2 (47±2% on Day 15) through assimilation while 
generating 1.48x105 cells/mL∙day biomass density.
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The extremophilic red microalgae of the Cyanidiales order have been explored in fundamental 
studies and some biotechnological applications. However, little is known about the physiological and 
transcriptomic responses of Cyanidiales during cell adaptation to extreme conditions. The aim of this 
work was to evaluate the physiological and transcriptomic changes that may occur in 
Cyanidioschyzon merolae in the presence of different nickel concentrations. During a 15-day Ni 
treatment, C. merolae cells tolerated well high Ni concentrations (up to 3 mM) as measured by cell 
viability and growth curves. DUAL-PAM measurements of the cells treated with 1-10 mM Ni showed 
that maximal quantum efficiency of PSII (Fv/Fm) was similar to the control or was relatively mildly 
affected at 1 and 3 mM Ni, respectively, confirming that the photosynthetic apparatus remained 
functionally intact due to high metabolic adaptability of this alga. Based on comparative 
transcriptomic analysis, 172 differentially expressed genes (DEGs) were shared between both 
treatments; whereas 80 and 2716 genes were unique to 1- and 3-mM Ni treatment, respectively. 
Transcriptome analysis revealed that Ni affected DEGs involved in photosynthesis, ribosomes, 
among others. Interestingly, the RT-PCR analysis of the genes belonging to the ABC transporter 
family (MRP and HMT/ATM subfamily) of C. merolae showed that the corresponding transcripts are 
upregulated, which implies their involvement in the extrusion of Ni from the cells. Our study reports 
the first physiological and transcriptomic characterization of C. merolae cellular responses to Ni, 
providing the first in-depth insight into the mechanisms of Ni toxicity.
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MICOALGA-FEED Operative Group innovation project aims to develop new feeds supplemented with 
fungi and microalgae that have antibiotic, immunomodulatory and anti-inflammatory capacity for 
use in avian growth farms.

MICOALGA-FEED is being developed in several stages. In a first phase, the ingredients and 
combinations of them based on fungi and microalgae with the greatest potential were selected for 
the subsequent design and production of feed. From there, in vitro and in vivo tests were carried out 
to confirm the antimicrobial, immunomodulatory and anti-inflammatory capacity. In a last step, the 
efficiency of the feed is being verified in the experimental farm and the quality of the meat obtained 
will be evaluated. Satisfactory results would allow reducing the therapeutic use of antibiotics in 
livestock.

Three species of microalgae were cultivated and evaluateed, in order to assess which would be the 
most advisable to include in the final feed: Arthrospira platensis, Chlorella vulgaris, Haematococcus 
pluvialis.

On the obtained biomass, in vitro tests of both the antimicrobial capacity and the anti-inflammatory 
and immunomodulatory capacity were carried out.

After the in vitro evaluation of the immunomodulatory and anti-inflammatory effect, it can be 
concluded that the microalgae samples have an immunostimulating effect on inactive defense cells, 
which in some cases depends on the concentration evaluated. In addition, when the defense cells are 
activated, the Cv sample also has an anti-inflammatory effect.

Finally, nutritional formulas have been designed that will be used for in vivo and in vitro tests with 
chicks in which Cv biomass has been included.
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Freshwater ecosystems have been exposed to different chemicals released due to human activities, 
including industrial, domestic, and agricultural operations, for a long time. Selenium (Se) 
contamination in aquatic environments has been attracting attention over time due to their 
paradoxical situation of being essential or toxic. Some properties of Se such as being antioxidative, 
preventing DNA damage, being protective against stomach and colon cancer, and slowing aging 
makes it a significant micronutrient. On the other hand, at a certain concentration, it becomes toxic 
to the organism. Se pollution in aquatic environments is mainly caused by mining for phosphates 
and metals, oil refining, fly ash from coal-fired power plants, agricultural drainage, animal husbandry 
on selenium-containing soils, disposal of unused or expired supplements by flushing, and sewage 
sludge. Se is mainly found in the forms of selenate (SeO4

2-) and selenite (SeO3
2-) in aquatic 

environments. 
This study assessed the toxicities of selenate (SeO4

2-) and selenite (SeO3
2-) to freshwater algae 

Chlorella vulgaris. Bioassay has been performed in batch cultures applying OECD test protocol No. 
201. The incubation was maintained under a temperature-controlled growth chamber (24 ± 0.5 0C) 
with continuous lighting (60 mmol photons m-2s-1). The growth of C.vulgaris with and without SeO4

2- 
and SeO3

2- was monitored spectrophotometrically at 680 nm (OD680) every day within a 96-hour 
time period.  At the end of the 96 h, IC50, NOEC, and LOEC, chronic value (ChV) of SeO4

2- and SeO3
2- 

were calculated. The results showed that both forms of Se have a stimulatory effect at low 
concentrations but an inhibitory effect at higher studied concentrations on the growth of algae which 
can be defined as the hormetic effect. It was observed that selenate (SeO4

2-) is more toxic than 
selenite (SeO3

2-) to C.vulgaris.
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