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Welcome to the Lipids in the Ocean Conference 2026!

Over the past few years, this conference has been organized as an international meeting point
for cutting-edge basic and applied research in the field of marine lipids. Since 2018, prestigious
marine scientific institutions have organized this event to promote and animate lipid research
in the marine field. Previous editions have been held in Brest, France (2018), Aveiro, Portugal
(2021), and Halifax, Canada (2024). The upcoming edition, the Lipids in the Ocean Conference
2026, will take place from June 14th to 17th, 2026, at the fabulous seaside Hotel Attica, in
Vigo, Spain, hosted by the Institute of Marine Research, Spanish National Council of Research

(1IM-CSIC): https://www.iim.csic.es/.

This conference will bring together leading researchers, encouraging interest in marine lipid
research, from environmental processes and primary production to industrial implementation
pathways to consumers, across all marine organisms including animals, plants, algae and
microorganisms. During the meeting, challenges, advances, new tools and techniques involving
the fields of marine ecology and trophic chains, food production and human consumption,
animal feed and nutrition, sustainable production and application of bio-based processes will
be discussed, along with the major difficulties associated with accurately analysing the
complex diversity of marine lipids and lipidomes. To this end, five thematic sessions are
proposed, addressing 1) Lipid biomarkers in marine ecosystems, 2) Analytical challenges for
marine lipids and lipidomes, 3) The present and future of marine lipids in aquaculture, 4) The
role of marine lipids in nutrition and health, and 5) The development of blue technologies for
the industrial valorisation of marine lipids. Furthermore, a satellite session on Marine Plants
and Algae Lipidome, jointly organized with the working group of Epilipidnet Cost Action
CA19105 — Pan-European Network in Lipidomics and Epilipidomics, will be included in the
program.

We eagerly await your participation and look forward to welcoming you to the Atlantic city of

Vigo in June 2026.

The Scientific and Organizing Committees


https://www.iim.csic.es/

Organising Committee

Isabel Medina, Instituto de Investigaciones Marinas, CSIC, Spain.

Santiago Aubourg, Instituto de Investigaciones Marinas, CSIC, Spain.

Chris Parrish, University of Newfoundland St. John's, Newfoundland, Canada.

Lucia Méndez, Instituto de Investigaciones Marinas, CSIC, Spain.

Pedro Beca, Instituto de Investigaciones Marinas, CSIC, Spain.

Luis Freiria, Instituto de Investigaciones Marinas, CSIC, Spain.

Fiz da Costa, Centro Oceanogréfico de Vigo del Instituto Espafiol de Oceanografia, CSIC,
Spain.

Fernando Gonzalez Santos, executive professional with background in health ingredients

industries (Omega-3 EPA, DHA, SPMs).

Scientific Committee

Isabel Medina, Instituto de Investigaciones Marinas, CSIC, Spain.

Santiago Aubourg, Instituto de Investigaciones Marinas, CSIC, Spain.

Chris Parrish, University of Newfoundland St. John's, Newfoundland, Canada.

Lucia Méndez, Instituto de Investigaciones Marinas, CSIC, Spain.

Pedro Beca, Instituto de Investigaciones Marinas, CSIC, Spain.

Giuliana Parisi, Department of Agriculture, Food, Environment and Forestry-DAGRI,
University of Florence, Italy.

Philippe Soudant, CNRS. Laboratoire des Sciences de I'Environnement Marin (LEMAR),
France.

Résa Jonsdattir, Matis ohf. / Icelandic Food and Biotech R&D, Iceland.

Stefanie Colombo, Faculty of Agriculture, Dalhousie University, Canada.

Matthias Schmid, School of Geography, Earth and Atmospheric Sciences, University of
Melbourne, Australia.

Suzanne Budge, Department of Process Engineering and Applied Science, Dalhousie
University, Canada.

Freddy Guihéneuf, Scientific Director (CSO) at Inalve, Nice, France.



=
&
5 3
% <
INSTITUTO DE INVESTIGACIONES MARINAS N 4
o »
“Seagor pe 0

AQUACULTURE NUTRITION HEALTH
ImmunoResolvyx

cienvtech &

ABITEC

Resaeanch Grade Lipids

6 e celtaingenieros

AFAMSA

Supporting Organizations

< ) turo Fed Lipid




LIPIDS IN THE OCEAN 2026 CONFERENCE PROGRAM

18:00 — Open Reception & Registration (Attica Hotel)

19:30 — Welcome Cocktail (Attica Hotel)

08:15 — Registration

09:00 — Welcome address by chairpersons Isabel Medina and Santiago Aubourg.

09:05 ~ 09:45 — Opening plenary lecture

Invited speaker: Dr. Philip C. Calder (University of Southampton, UK)

Title: Marine Omega-3 Fatty Acids for Lifecourse Health

Session | — Lipid Biomarkers in Marine Ecosystems: Environment, Trophic Transfer and

Metabolism. Welcome by chairpersons: Suzanne Budge and Pedro Beca

09:45 ~ 10:15 — Invited speaker: Dr. Chris Parrish (Memorial University of Newfoundland St.

John’s, Canada)

Title: Biomarker and Nutritional Lipids in Marine Food Webs

10:15 ~ 11:00 - Short talks (12 min + 3 min Q&A each)

0O-1-01. Anthony Voisin. University of Liege, France. Ice to meet you, what'’s for dinner?
Trophic strategies in a changing Antarctic peninsula

0-1-02. Stefanie van Bergeijk. IFAPA, Spain. Compound-specific isotope analysis of
fatty acids to assess accumulation of long-chain PUFAs from seston compared to
microphytobenthos in higher trophic levels in a highly turbid estuary

0-1-03. Eduardo Almansa. IEO-CSIC, Spain. Lipid metabolic constraints and trophic

transfer in early life stages of cephalopods: insights from Octopus vulgaris

11:00 ~ 11:30 — Coffee break + Poster viewing

11:30 ~ 13:00 — Short talks (12 min + 3 min Q&A each)

O-1-04. Gustavo Yunda-Guarin. Memorial University of Newfoundland St. John's,
Canada. Linking taxonomy and functional traits to lipid-mediated carbon storage and

omega-3 transfer in Arctic mesozooplankton



0-1-05. Covadonga Rodriguez Gonzalez. Universidad de La Laguna, Spain. In vivo fatty
acid metabolism studies as a window of knowledge into physiological constraints,

lipostasis and trophic transfer in marine organisms

O-1-06. Blazenka Gasparovi¢. Ruder Boskovi¢ Institute, Croatia. Environmental controls

on lipid preservation during early degradation of coccolithophore organic matter

O-1-07. José Pedro Caiavate. IFAPA, Spain. Phytoplankton-driven net production of

essential marine lipids in a brackish marsh reconnected to a hypertrophic estuary

O-1-08. Maxime Marinier. University of Brest, CNRS, Ifremer, France. Diet
characterization of three cold-water coral species in the Lampaul Canyon through fatty

acid analysis

0O-1-09. Elizabeth Yanuskiewicz. Royal Netherlands Institute for Sea Research, The
Netherlands. Characterizing prey quality and transfer to consumers in the North Sea
using fatty acid biomarkers and stable isotopes
13:00 ~ 14:30 — Lunch (Attica Hotel)
14:30 — 15:15 Continuation Session I. Short talks (12 min + 3 min Q&A each). Welcome by
chairpersons: Chris Parrish and Pedro Beca
e 0-I-10. Inés G. Viana. IEO-CSIC, Spain. Contrasting signatures of fatty acid biomarkers
reveal trophic plasticity of mesozooplankton across the North Iberian shelf
e 0O-I-11. Suzanne Budge. Dalhousie University, Canada. Applying FA signatures and
d13Cvalues in blubber to investigate diet in grey seals (Halichoerus grypus)
e 0-1-12. Eva Janowski. Western Brittany University, France. Non-methylene-interrupted
fatty acids (NMls) as biomarkers of physiological regulation to environmental

variability in the bivalve Senilia senilis along the Sine Saloum inverse estuary (Senegal)

Session Il — Analytical Challenges for Marine Lipids and Lipidomes. Welcome by chairpersons:
Maria Paz Garcia and Résa Jonsdottir

15:15 ~ 15:45 — Invited speaker: Dr. M. Rosario Domingues (University of Aveiro, Portugal) —
Title: Analytical Challenges for Algal Lipidomics

15:45 ~ 16:30 — Short talks (12 min + 3 min Q&A each). Open session on Marine Plants and
Algae Lipidome jointly organized with the working group of Epilipidnet Cost Action
CA19105 — Pan-European Network in Lipidomics and EpiLipidomics

e O-11-01. Léa Jeunet. University of Western, LEMAR, France. From fatty acids to full

lipids: using bioinformatic modeling of molecular species in Aurantiochytrium

mangrovei membrane lipid profiling



O-11-02. Pedro Beca. IIM-CSIC, Spain. Lipid-sensors based on seagrass phytosterols to
follow up the success of environmental restoration processes

O-11-03. Thierry Durand. Institut des Biomolécules Max Mousseron CNRS, France.
Lipolysis of Galactolipids from the microalga Chlamydomonas reinhardtii by
endogenous enzymes or lipases added to the biomass triggers the production of

Phytoprostanes

16:30 ~ 17:00 — Coffee break + Poster viewing

17:00 ~ 18:30 — Short talks (12 min + 3 min Q&A each)

O-11-04. Natalia Castejon. Universidad Auténoma de Madrid, Spain. Unwrapping High
Value Fatty Acids and Oxylipins from Microalgae: A Green Perspective

O-11-05. Natalia Prieto Vidal. Aarhus University, Denmark. Decoding the presence and
type of betaine lipids across red, green and brown macroalgae

O-1I-06. Marcos Bouza. IPLA-CSIC, Spain. MicroLC-HRdm-IMS-MS for increased
sensitivity and sn-position resolved lipidomics

O-11-07. Camille OGER. Institut des Biomolécules Max Mousseron, CNRS, France. When
Total Synthesis Meet Lipidomics

O-11-08. Maria Dolores del Castillo. CIAL-CSIC, Spain. Seasonal Modulation of the Lipid
Fraction in Hydroalcoholic Extracts of Thalassia testudinum: Advancing the Chemical
Characterization of a Bioactive Marine Angiosperm

O-11-09. Tiago Conde. CESAM, Portugal. Centre for Environmental and Marine Studies.
Diversity of isoprostanoids profile in Chlorella sorokiniana grown under autotrophic

and heterotrophic conditions

08:15 — Registration

Session Il — The present and future of marine lipids in aquaculture. Welcome by

chairpersons: Giuliana Parisi and Isabel Medina

09:00 ~ 09:30 - Invited speaker Dr. Jorge Dias (SPAROS Lda., Portugal)

Title: Sustainable Use of Lipid Sources in Aquafeeds: Opportunities and Constraints

09:30 ~ 10:30 — Short talks (12 min + 3 min Q&A each)

O-llI-01. Luisa Marques. CESAM, Portugal. Salinity-driven modulation of fatty acid

profiles in brackish and marine amphipods.



11:00 ~
11:30~

12:30~

13:00 ~

O-llI-02. Fiz da Costa. IEO-CSIC, Spain. Effects of dilution rate of a continuous
Tisochrysis lutea photobioreactor culture on Magallana gigas larval development
O-llI-03. Daniel Jeronimo. RIASEARCH Lda, Portugal. Microalgae oleoresins as
functional ingredients to enhance vaccination efficacy in rainbow trout juveniles
O-111-04. Gonzalo Del Olmo Berenguer. IIM-CSIC, Spain. Fat Chance? Not with IMTA:
sustainable approach for macroalgal production rich in bioactive lipids

11:30 — Coffee break + Poster viewing

12:30 — Short talks (12 min + 3 min Q&A each)

Continuation Session Ill. Welcome by chairpersons: Giuliana Parisi and Fiz da Costa.
O-Il1-05. Giulia Secci. University of Florence, Italy. Ulva ohnoi and Phaeobacter sp.
integrated in IMTA-RAS decrease lipid and cholesterol contents in Senegalese sole
muscle tissue

O-llI-06. Marta Bou. Nofima, Norway. Ethyl ester side-stream oil as a circular lipid
ingredient in salmonid feeds: performance and fillet quality across life stages

O-l11-07. Felisa Rey. University of Aveiro, Portugal. From agricultural waste to Omega-
3-rich biomass: the potential of Gammarus locusta through trophic upgrading

O-l11-08. Gabriel Pérez Tierra. University of Vigo, Spain. Beyond emulsification:

secondary bile acids as modulators of adipose tissue metabolism in rainbow trout

13:00 - Flash presentations (2 min, no Q&A). Welcome by chairpersons: Lucia Méndez
and Fiz da Costa

14:30 — Lunch (Attica Hotel)

Session IV — Marine lipids, nutrition and health. Welcome by chairpersons: Isabel Medina and

14:30 ~

15:00 ~

Fernando Gonzalez

15:00 - Invited speaker Dr. Prof. Dr. Oliver Werz (Institute of Pharmacy, Friedrich
Schiller University Jena, Germany)

Title: Together We Can: Synergistic Combinations of Omega-3 Supplements and
Natural Products/Probiotics as Inflammation-Resolving Concepts

16:30 — Short talks (12 min + 3 min Q&A each)

O-1V-01. Ricardo Calado. CESAM, Portugal. The long chain polyunsaturated n-3 fatty
acids supply crisis — farmed and wild seafood may no longer meet human dietary
needs

O-IV-02. Alba Dominguez-Encinas. CIAL-CSIC, Spain. Microalgae-derived lipids: A

sustainable approach to inhibit adipogenesis and oxidative stress



e 0-1V-03. Jennifer Mildenberger. Mgreforsking AS, Norway. Effects of herring roe oil
and calanus oil on inflammatory signaling in macrophages

e 0O-1V-04. Ana Gomes-Bispo. IPMA, Portugal. Hepatic lipid remodelling in 5xFAD mice
following dietary enrichment with chub mackerel or DHASCO

e  0O-IV-05. Tone-Kari Knutsdatter Oestbyea. Nofima, Norway. Cetoleic Acid and Omega-
3s as dual modulators of psoriatic inflammation

e O-V-06. Ana Moreira. CESAM, Portugal. Seasonal dynamics of health-promoting
marine lipids in sustainably cultivated Microchloropsis gaditana

16:30 ~ 17:00 — Coffee break + Poster viewing
17:00 ~ 18:15 — Short talks (12 min +3 min Q&A each)

e 0-1V-07. loannis Zabetakis. University of Limerick, Ireland. The role of marine polar
lipids against cardiovascular and neurodegenerative diseases: where do we stand
today?

e 0O-IV-08. Narcisa M. Bandarra. IPMA, Portugal. Dietary source influences brain DHA
enrichment in 5xFAD mice: comparison between chub mackerel and algal DHA
(DHASCO)

e O-1V-09. Laura Alonso Pintre. CIAL-CSIC, Spain. Why lipids matter: Functional insights
from microalgal lipidomics to nutraceutical value

e 0O-IV-10. Sara Arranz. AZTI, Spain. Dried blood spots as a practical tool to assess dietary
habits and monitor changes in oily fish consumption

e O-V-11. M. Carmen GAmez-Guillén. ICTAN-CSIC, Spain. Design of bioactive edible
films based on fish gelatin and salmon oil pickering emulsions for functional food
applications

20:00 — Conference Dinner Cocktail (Attica Hotel, not included in registration)

08:30 — Registration

Session V — Blue Technology and Marine Lipids. Welcome by chairpersons: Josafat Marina
Ezquerra-Brauer and Santiago P. Aubourg

09:15 ~ 09:45 — Invited speaker Dr. Asterio Sanchez Mirdn (University of Almeria, Spain)
Title: Maximizing the Ocean’s “Green Gold”: Strategies for the Production, Extraction
and Modification of Microalgal Lipids

09:45 ~ 11:00 — Short talks (12min + 3 min Q&A each)

10



e 0-V-01. Borja Lagoa Costa. ANFACO, Spain. Sustainable recovery of fish oil from
marine by-products using advanced green extraction technologies

e 0-V-02. Daniela Maria Porfirio Rodrigues. CESAM, Portugal. Advancing lipid sources
diversification for sustainable marine aquafeeds: Trophic upgrading and nutritional
programming in Gammarus locusta

e 0O-V-03. Davide Faggionato. Leibniz Institute DSMZ-German Collection of
Microorganisms and Cell Cultures, Germany. Navigating high-seas bioprospecting:
policy pathways for marine lipid discovery

e 0-V-04. Helena Zamora Alarcon. Universidad Auténoma de Madrid, Spain. Enzymatic
biotechnology for phospholipids production with high concentration of DHA from
microalga

e 0-V-05. Pedro Antonio Gonzalez Moreno. University of Almeria, Spain. Obtaining

polar lipids enriched in EPA and DHA through enzymatic reactions

11:00 ~ 11:30 — Coffee break + Poster viewing
11:30 ~ 12:15 — Short talks (12 min + 3 min Q&A each)

e 0-V-06. Sérgio Sousa. Universidade Catdlica Portuguesa, CBQF — Centro de
Biotecnologia E Quimica Fina, Portugal. Melatonin-primed oxidative elicitation
coordinately enhances EPA, fucoxanthin, and antibacterial potency in Phaeodactylum
tricornutum

e O0-V-07. Alba Alonso. Food Science Research Institute (CIAL-CSIC). Enzymatic
Production of Bioactive Phospholipids for Nutraceutical Applications in Health

e 0-V-08. Paz Garcia-Garcia. Aarhus University, Denmark. Sustainable fractionation of

microalgal lipids using Pressurized Liquid Extraction combined with bio-based solvents

12:15 ~ 12:45 - Flash presentations (2 min, no Q&A). Welcome by chairpersons: Lucia Méndez

and Fiz da Costa

Closing session

12:45 ~ 13:15 — Invited speaker: Dr. Philippe Soudant and BlueLipids participants (CNRS.
Laboratoire des Sciences de I’Environnement Marin (LEMAR), France)
Title: Al-driven Bioprospecting to Produce Bioactive Lipids for Nutraceuticals,

Functional Food and Feed

11



13:15 ~ 13:30 — Announcement of poster prizes and awards for outstanding student
presentations, followed by final remarks and the announcement of the gt Lipids in

the Ocean Conference 2028

12



LIST OF POSTERS

Session | — Lipid Biomarkers in Marine Ecosystems: Environment, Trophic Transfer and

Metabolism

e P-I1-01. Ismael Hachero-Cruzado*, Alejandro Bernal-lbafiez, Esperanza. G. Sumariva,
Gustavo F. de Carvalho-Souza, Enrique Gonzdlez Ortegdn. Assessing algal
contributions to sea urchin diets under Rugulopteryx okamurae invasion scenarios: A
Bayesian mixing model approach

e P-1-02. Lucas V. Jacolin, Nieves G. Acosta, Sabrina Clemente, Maria E. Lambre, lago
Bornens, Elena Fuentes, Manuel Marrero, José A. Pérez, Covadonga Rodriguez*. Lipid
remodelling in zoantharians from the Canary Islands in response to thermal stress

e P-1-03. Leonarda Lazarin*, Robert Horn, Jelena Godrijan, BlaZzenka Gasparovic.
Degradation and persistence of lipids from Chaetoceros affinis: Implications for
marine carbon sequestration

e P-1-04. Maura Niemisto*, Cameron Thompson, Craig Burnell, Damian Brady, David
M. Fields. The seasonal lipidscape of plankton in the Gulf of Maine

e P-1-05. Eva Janowski, Margaux Mathieu-Resuge, Fabienne Le Grand, Enora lJaffrezic,
Fabien Quéroué, Alice Guillemot, Morgane Ramonet, Virginie Lagarde, Caroline
Cailliau, Valentin Foulquier, Gauthier Schaal*. SABRE: A collaborative and educational
project for studying the role of plankton in sardine development on the Breton coast

e P-1-06. Maxime Marinier, Julie Landier, Enzo Le Bras, Margaux Mathieu-Resuge, Fany
Sardenne, Manon Buscaglia, Loic Harrault, Fabienne Le Grand*. A cost-effective
protocol for the separation of fatty acid methyl-esters from fatty alcohols and sterols
in biological matrices

e P-1-07. Mathias Pineau*, Christophe Leboulanger, Myléne Hugoni, Didier Jézéquel,
Magali Ader, Vincent Grossi. Remodeling of sterols in green microalgae as a
mechanism for acclimation to low redox potential in a stratified thalassohaline
ecosystem

e P-1-08. Diana B. Reis, lvette de Ledn, Alejandro Herndndez, Begofia Bustamante,

Monserrat Aleman, Marianna Venuleo, Diego Garrido Covadonga Rodriguez, José A.

13



Pérez*. Environmental conditioning shapes microalgal lipid phenotypes and their
trophic transfer to the rotifer Brachionus plicatilis

e P-1-09. Flavie Chevalier*, Rémi Millot, Enora Jaffrezic, Fabienne Le Grand, Philippe
Soudant, Fany Sardenne. Exploration of the structural lipid composition of the neural
visual system of the swordfish (Xiphias gladius)

e P-I1-10. Malika Kerherve*, Marie Marbaix, Julien Thébault, Francois Le Loc’h, Eric
Pante, Khady Diop, Babacar Sane, Yoann Thomas, Fany Sardenne. The West African
hydroclimatic gradient: a challenge for describing the spatio-temporal variability of
trophic sources in the bloody cockle (Senilia senilis)

e P-I-11. Nuria Mondéjar*, Inés G. Viana, Antonio Bode. Fatty acids biomarkers in
sardine muscle reveal differences in diet across the North Iberian shelf

e P-I-12. Rafael C. Duarte*, Jodo P. Monteiro, Tiago Sousa, Fernando Atroch, Luis Filipe
Rangel, Camilo Ayra Pardo, Paula Ramos, Maria Jodao Santos, Ricardo Calado, M.
Rosario Domingues. Environmental factors outweigh parasitic load in shaping the
fatty acid profile of European hake (Merluccius merluccius)

e P-1-13. Jing Mao*, Megumu Fujibayashi, Takaya Fujimoto, Tomohiro Komorita, Takashi
Sakamaki, Ryoko Senda, Takahiro Kuba. Effects of medium Si:N:P ratios on lipid
production in marine diatoms

e P-1-14. Megumu Fujibayashi*, Huazu Liu, Chin-Sheng Kuo, Hsin-Hsu Huang, Alowaisy
Ammar Mohammad Adel, Ryoko Senda, Yoshiomi Migita, Morio Ueda, Takahiro Kuba.
Linking fatty acid composition to PFAS accumulation in benthic animals from a tidal
flat ecosystem

e P-I-15. Takashi Sakamaki*, Ruka Sahade, Takashi Akimoto, Hikaru Saito, and Megumu
Fujibayashi. Coastal environmental controls on fatty acid concentrations and
composition in seawater: A large-scale survey across 192 sites along the Pacific coast
of Japan

e P-I-16. Hajar Bouda* Rajae el Bourki, Abderrazzak Fattah, Nadia Takati. Marine
biotoxins and lipid interactions: Implications for trophic transfer, oxidative stress,

and environmental monitoring

Session Il — Analytical Challenges for Marine Lipids and Lipidomes
e P-1I-01. Léa Jeunet*, Sonia Abreu, Manon Buscaglia, Fabienne Le Grand, Pierre
Chaminade, Philippe Soudant. Identification of very long chain polyunsaturated fatty

acids in Crypthecodinium cohnii membrane lipid profiles

14



P-11-02. Robert Horn*, Martha L. Aguilera, Leonarda Lazarin, Jelena Godrijan, BlaZenka
Gasparovi¢. Development of a workflow for detailed characterization of Calcidiscus
leptoporus lipids using FT-ICR MS mass accuracy and MS/MS-based structural
annotation

P-11-03. Luis Freiria, Jorge Millos, Ingrid Ferndndez, Bernat Miralles, Marta Romeu,
Marta Iglesias, Carlos Spuch, Isabel Medina’. Mapping the journey of dietary marine

lipids in the brain

Session Il — The present and future of marine lipids in aquaculture

P-llI-01. Marta Castilla-Gavilan*, Miriam Mufoz-Martinez, Eugenia Zuasti, Joaquin
Canoura- Baldonado, Ismael Hachero-Cruzado. Earlier growth, different lipids:
Seasonal constraints on halophyte metabolism

P-111-02. Eulalia Peraza*, Ana Galindo, Nieves G. Acosta, José A. Pérez, José J. Pascual,
Jaime Ramodn, Abenchara Betancor, Marianna Venuleo, Covadonga Rodriguez. From
waste to resource: tuna fishery by-products as a sustainable source of high-value
omega-3 LC-PUFA (EPA and DHA)

P-1II-03. Enora Jaffrezic*, Fabienne Le Grand, Colin Grunberger, Loic Harrault, Manon
Buscaglia, Lionel Larvol, Luc Chauchat, Philippe Soudant. LIPEP Project:
Characterization of lipids from thraustochytrid oil refining co-products for aquafeed
P-111-04. Sara Cartan*, Ismael Jerez-Cepa, Fini Sdnchez-Garcia, Marta Chacén-Montano,
Juan Miguel Mancera, Ismael Hachero-Cruzado. Effects of a Cannabis sativa-based
phytogenic additive on liver and muscle fatty acid composition in gilthead seabream
(Sparus aurata) under high stocking density stress

P-1ll-05. Carla Lin, Deiene Rodriguez-Barreto, Nieves G. Acosta, Diego Garrido,
Covadonga Rodriguez Gonzalez, Lorenzo Marquez, Beatriz Felipe, Eduardo Almansa*.
Comparing lipid classes and fatty acid profiles of sterol and wax esters in Octopus

vulgaris paralarvae and potential new preys

Session IV — Marine lipids, nutrition and health

P-IV-01. Darragh Curran¥*, loannis Zabetakis. Marine polar lipids: Bioactive potential
in cardiovascular and neurodegenerative health
P-IV-02. Josafat Marina Ezquerra-Brauer¥*, |sabel Medina. Are jellyfish a source of

polyunsaturated fatty acids?
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P-1V-03. Marta Majchrzak, Laura Alonso Pintre, Pilar Gémez-Cortés, Miguel Angel de
la Fuente, Blanca Hernandez-Ledesma®*. Sustainable omega-3 fatty acids from
microalgae to reduce oxidative stress and inflammation

P-IV-04. Megumi Tsuchida*, Alicia Rodriguez, Maria Elsa Pando, Gretel Dovale-Rosabal,
Benjamin Claria, Santiago P. Aubourg, Alejandra Espinosa, Dayana Apaza, Alvaro
Pérez. Determination of the fatty acid profile in tissues of an obese murine model
supplemented with a bioactive omega-3 lipid derived from rainbow trout oil
concentrate and maqui seed oil obtained by enzymatic acidolysis

P-IV-05. Graciela Ramilo-Ferndndez*, Santiago P. Aubourg, Estela Sanchez Rodriguez,
Marcos Trigo, Helena Pazé Malvido, Carmen G. Sotelo. Lipids in turbot subcutaneous
adipose tissue and skeletal muscle: seasonal fatty acid profile and relevance to
human nutrition

P-IV-06. Lina Pena*, Marcos Trigo, Sidonia Martinez, Santiago P. Aubourg. Application
of octopus cooking water for quality enhancement in refrigerated fish

P-IV-07. Adalheidur Olafsdéttir*, Résa Jonsdéttir, Grimur Valdimarsson, Magnus
Gottfredsson. Efficacy of omega cold FFA cod liver oil on susceptibility to viral
respiratory infections: A randomized controlled trial

P-IV-08. Sara Moutinho*, Diogo Filipe, Daniel Acebes, Ana Basto, Paula Canada, Daniel
Murta, Luisa M.P. Valente. Lipid mediators of inflammation resolution in gilthead
seabream: Effects of insect oil inclusion under acute stress

P-IV-09. Andrés Lopez*, Sébastien Marze and Ha Phuong Ta. Bioaccessibility of
omega-3-rich marine galactolipids from Nannochloropsis oceanica: comparison with
phosphatidylcholine and triacylglycerols

P-IV-10. Marisa Pinho*, Ana S. P. Moreira, Felisa Rey, Jodo Lourac, Rui Coutinhoc,
Maria A. Salvador, Tania Melo, Pedro Domingues, Ana |. Lillebg, Javier Cremades,
Maria Rosario Domingues. Impact of drying methods on lipidomic composition of
edible halophytes Salicornia ramosissima and Atriplex portulacoides

P-IV-11. M. E. Lépez-Caballero, Ana Gomes-Bispo, Romina Gomes, Joana Ferreira,
Vitéria Alves, Florbela Soares, Pedro Pousdo-Ferreira, Narcisa M. Bandarra®*. Lipid
profile of wild and farmed sea bass: nutritional and production implications

P-IV-12. Luis Eduardo Ordéfiez-Santos*, Concepcidn Pérez-Lamela, Santiago P.
Aubourg. Effect of fruit and vegetable by-products on oxidation processes in fish
products

P-IV-13. Jorge Somoza-Alcalde, Luis Freiria-Martinez, Lucia Méndez, Noelia Lépez-

Sanchez, José Marfa Frade, Isabel Medina . Unlock the power of fish oil to support a
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healthier brain by promoting the resolution of inflammation driven by hypercaloric
diets

P-IV-14. Bernat Miralles-Pérez, Lucia Meéndez’, Vanessa Sdnchez-Martos, Judit Biosca-
Brull, Lorena Barros, Ingrid Ferndndez, Salomé Lois, Montserrat Giralt, Marta Romeu,
Isabel Medina. Remodeling redox aging: Tissue-specific effects of fish and krill oils on

glutathione homeostasis

Session V — Blue Technology and Marine Lipids

P-V-01. Sheyma Inoubli*, Wided Megdiche, Leila Ktari, Riadh Ksouri, Fethi Mensi,
Beatriz Diaz-Reinoso, Maria Dolores Torres, Herminia Dominguez. Supercritical fluid
extraction of lipids, pigments and phenolic compounds from Mediterranean brown
seaweeds

P-V-02. Isa B. D. Ingrez*, Luana Granja, Sheyma Inoubli, Liyané Veitia, Maria Lourdes
Mourelle, Tonia Principe, Abenchara Betancor Abreu, José Luis Legido, Beatriz Diaz-
Reinoso, Maria Dolores Torres, Herminia Dominguez. Stability of hydrating cosmetic
creams formulated with algal lipid ingredients

P-V-03. Martin Cid-Ferndndez, Aida Ochogavias, José Manuel Dominguez, Alicia Paz.
Microalgal production of DHA-Rich lipids using seafood cooking effluents

P-V-04. Blanca Pardo de Donlebin, Pilar Aguila-Carricondo, Juan Pablo de la Roche
Cadavid, Miguel Angel de la Fuente, Blanca Hernandez-Ledesma, Pilar Gdmez-Cortés*.
Microalgae holobionts as sustainable sources of bioactive lipids: A comparative
study of conventional vs pressurized liquid extraction

P-V-05. Martin Cid-Ferndndez*, Aida Ochogavias, José Manuel Dominguez, Alicia Paz.
Microbial lipid production from mussel processing waste by solid-state fermentation
P-V-06. Francisco Gonzalez, Jaime Ortiz-Viedma*, Camila Benavides-Delmonte, Marcos
Flores-Garcia, Cielo Char, Roberto Lemus-Mondaca, Melissa Terruzzi, Vicente Ortiz-
Ramirez, Santiago P. Aubourg*. Biorefinery of bioactive compounds from cochayuyo
(Durvillaea incurvata) through ultrasound-assisted extraction and pressurized liquid
extraction, and their application in 3D-printed salmon paste prototypes

P-V-07. Concepcién Pérez-Lamela*, Andrea Luaces, Andrea Rodriguez-Sanz, Daniel
Miranda-Catald, Sonia Iglesias Cimadevila, Ana Maria Torrado-Agrasar, Maria Luisa
Rua. Lipid content of red and green macroalgae in the context of a blue biorefinery

for the production of functional ingredients
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e P-V-08. Tito Teixeira, Nikolina Golub, Maria Antdnia Salgado, Sofia A. Costa Lima .
Valorization of marine antioxidant lipids from Dunaliella salina through lipid

nanoparticles
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INVITED SPEAKERS

OPENING LECTURA: DR. Philip C. Calder, Faculty of Medicine, University of

Southampton, UK

Marine Omega-3 Fatty Acids for Lifecourse Health

The omega-3 polyunsaturated fatty acids EPA and
DHA influence cell membrane structure and function,
gene expression and the pattern of bioactive lipid
mediators produced by cells. Through these actions
they modulate physiology, metabolism and cell and
tissue responses to activation. These effects are linked
to improved development early in life and improved
health outcomes later in life. Effects on fertility,
preterm birth risk, infant visual and cognitive

development, respiratory illness in school children

and key health-related outcomes in older people will
be reviewed and the strength of the evidence discussed. Recent research has indicted positive
effects on biomarkers of ageing. As a result of these many actions of EPA and DHA, there are
intake recommendations for population heath. The richest dietary source of EPA and DHA is
seafood especially fatty fish. The majority of the population does not consume enough fish and
so are missing the health benefits of EPA and DHA. The physiological effects of EPA and DHA,
which relate to their health benefits, are strongly influenced by intake and incorporation into
body pools. This creates a causal chain between intake, body status, physiological effect and

health outcomes.
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Lipids are largely composed of carbon
and hydrogen thus providing a greater
specific energy than other oceanic
macromolecules. It also means they can
act as a solvent and absorption carrier
for hydrophobic contaminants so they
can drive ecosystem pollutant

bioaccumulation. Lipids form energy

- storage depots, cellular barriers and
signaling molecules in marine organisms. Among the lipids, certain essential fatty acids and
sterols are considered important determinants of ecosystem health and stability. In addition,
lipids have direct and indirect roles in the control of buoyancy in marine fauna ranging from
copepods to whales. Phytoplankton account for about half the global carbon fixation and
about half of that carbon goes into lipids. Lipids are an important component of the ocean’s
ability to sequester carbon away from the atmosphere through sinking and especially after
transfer to zooplankton. Phytoplankton are the main suppliers of w3 polyunsaturated fatty
acids in the marine environment. They also supply cholesterol and many phytosterols to ocean
ecosystems.

Marine lipids are also a valuable tool to measure inputs, cycling, and loss of materials. Their
heterogeneous nature makes them versatile biomarkers that are widely used in marine trophic
studies, often with the help of multivariate statistics, to delineate carbon cycling and transfer
of materials. Integrating stable isotope data with lipid data can facilitate the interpretation of
both data sets and can provide a quantitative estimate of transfer across trophic levels. Of the
lipids, fatty acids and sterols are among the most widely employed because of the large
number of unique structures synthesized. In this context we have recently been investigating
regional differences in essential fatty acids in marine food webs and the importance of
temperature. We have also been studying the particle field associated with finfish aquaculture

and how benthic organisms interact with it in land-based and cage site facilities.
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The increasing demand for sustainable
and nutritious lipid sources has
increased the interest in algae,
seaweeds and microalgae, as
alternatives to conventional resources
such as fish oil. Algae are rich in omega-
3 fatty acids, including eicosapentaenoic

acid (EPA) and docosahexaenoic acid

(DHA), and also contain valuable polar
lipids such as phospholipids, glycolipids, and betaine lipids with enhanced nutritional and
bioactive properties. These compounds exhibit anti-inflammatory, antioxidant, and
antimicrobial activities, offering important opportunities for the development of innovative
functional foods, nutraceuticals, and bio-based ingredients.

But, algal lipid composition is highly diverse, species-specific, and strongly influenced by
environmental and cultivation conditions, representing a major analytical challenge. Advanced
lipidomic approaches, mainly based on liquid chromatography—mass spectrometry (LC—MS),
have become essential tools for the characterization of algal lipidomes, enabling the
identification of fatty acids, polar lipids, sterols, and other bioactive metabolites. Lipidomics
also contributes to understanding algal metabolism and optimizing cultivation strategies to
improve lipid yield and composition. Despite its potential, algal lipidomics still faces analytical
challenges, including lipid structural complexity, isomer discrimination, and limited availability
of standards and databases. Lipidomic data processing and annotation remain significant
bottlenecks.

Furthermore, algal lipid profiles are affected by seasonal changes, environment, and
geographical origin, complicating reproducibility and comparative analyses. Nevertheless,
these variations also highlight the potential of the algal lipidome for traceability,
authentication, and denomination of origin, since species-specific and environment-dependent
lipid signatures may serve as reliable biomarkers for product identification and quality
assessment. The integration of lipidomics with algal biotechnology may therefore support the

development of healthier, sustainable, and traceable food systems for future generations.
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The progressive reduction in the use of marine-
derived lipids in aquafeeds, particularly fish oil, has
been driven by sustainability concerns, price
volatility, and limited supply. This transition has led
to the widespread incorporation of terrestrial
vegetable oils, which effectively support growth
performance in many farmed species by meeting
essential energy requirements. B, these
replacements typically lack long-chain n-3

polyunsaturated fatty acids (LC-PUFA), notably EPA

and DHA, which are critical for both fish physiology
and the nutritional quality of aquaculture products.

We will review current trends and strategies for reducing fish oil dependency, highlighting
both the opportunities and constraints associated with alternative lipid sources. Particular
attention will be given to emerging n-3 LC-PUFA-rich ingredients, including microalgae and
novel biotechnological products (e.g., heterotrophic algal oils, and other fermentation-derived
oils). These ingredients offer promising solutions for restoring EPA and DHA levels in

aquafeeds, although their scalability, cost, and regulatory acceptance remain key challenges.

The implications of lipid source replacement are discussed in three dimensions: (i) zootechnical
performance, both growth efficiency and feed conversion; (ii) product quality, particularly fillet
fatty acid composition and organoleptic traits; and (iii) fish health and robustness, with
emphasis on immune competence, stress resilience, and inflammatory responses. Evidence
suggests that while vegetable oils can sustain growth, reductions in dietary n-3 LC-PUFA can
negatively affect fillet nutritional value and, under certain conditions, compromise health-
related outcomes.

Overall, achieving a sustainable balance between environmental responsibility, economic
feasibility, and biological performance needs a strategic combination of lipid sources.

Integrating alternative n-3 LC-PUFA-rich ingredients into precision feeding approaches will be
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critical to maintaining aquaculture productivity and delivering high-quality, health-promoting
seafood.

Key words: fish oil replacement, aquafeeds, algae

Session IV: Prof. Oliver Werz, Institute of Pharmacy, Friedrich Schiller, University

Jena, Germany
Together We Can: Synergistic Combinations of Omega-3 Supplements and Natural

Products/Probiotics as Inflammation-Resolving Concepts

4@ Polyunsaturated fatty acids (PUFA) are
| substrates for the biosynthesis of lipid
mediators (LMs) that regulate all stages
of inflammation. While prostaglandins
and leukotrienes foster inflammation
and mediate the cardinal symptoms

pain, swelling, redness, and heat, the

specialized pro-resolving mediators
(SPM), formed from omega-3-PUFAs, promote inflammation resolution and tissue
homeostasis. The temporal proportion of pro-inflammatory versus pro-resolving LMs is
therefore decisive for whether inflammation proceeds or resolves. Consequently, smart
readjusting of deregulated LMs, namely reducing prostaglandins/leukotrienes but elevating
SPM levels (= LM class switch), offers novel therapeutic options to intervene with
inflammation by promoting the resolution process.

Here, | present feasible approaches to enhance resolution by eliciting endogenous SPM
formation in the body through activation of their biosynthetic machinery. This can be
accomplished by two strategies that ideally are combined: (i) elevating the omega-3 PUFA
substrate levels, or/and (ii) activating the major SPM-biosynthetic key enzymes, namely 15-

lipoxygenases, in innate immune cells.
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Marine microalgae represent a versatile biological
chassis for the sustainable production of high-value
lipids, often termed "Green Gold" due to their dual
potential in bioenergy and human health. The
optimization of lipid yields depends on the integration
of  trophic cultivation strategies (including
photoautotrophic, mixotrophic, and heterotrophic
modes) which strongly influence biomass productivity,
carbon partitioning, lipid composition and bioreactor

design. In photoautotrophic and mixotrophic culture

systems, abiotic stressors -primarily nitrogen and
phosphorus starvation, spectral light modulation, and hypersalinity- induce metabolic
remodeling that favors the accumulation of neutral triacylglycerols (TAGs). Furthermore,
advancements in metabolic engineering and CRISPR/Cas9 genome editing emerge as promising
tools to redirect carbon flux toward the biosynthesis of essential and high-value
polyunsaturated fatty acids (PUFAs), including EPA and DHA, and precursors for renewable
fuels.

Efficient downstream processing is critical for industrial scalability. "Green" technologies,
including supercritical CO2 extraction and the use of biological solvents, provide high recovery
rates while preserving molecular integrity. Mechanical disruption based techniques
significantly enhance mass transfer. Moreover, enzyme-assisted disruption offers a low-
energy, solvent-free alternative to process wet biomass, improving the bioaccessibility of
intracellular lipid fractions.

Post-extraction molecular tailoring is critical to meet diverse industrial standards. Biocatalytic
transesterification converts microalgal oils into high-performance biodiesel with reduced
carbon footprint. Beyond energy, these lipids provide medical benefits. The synthesis of
structured triacylglycerols through regioselective lipases enrich the sn-2 position—mimicking
human milk fat—to enhance bioavailability in infant formula. And, microalgal-derived PUFAs

and polar lipids exhibit potent anti-inflammatory and cardiovascular properties, mitigating
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risks linked to chronic non-communicable diseases. Integrating these production and
modification strategies within a biorefinery framework is fundamental for the viability of the

global blue bio-economy.

The global demand for bioactive lipids,
such as omega-3 polyunsaturated fatty
acids (PUFAs), phospholipids, and
carotenoids, is rising due to their proven
health benefits and applications in
nutraceuticals, functional foods, and
aquafeed. However, traditional sources

like fish oil and krill are unsustainable,

contributing to overfishing and biodiversity loss. To address this challenge, Al-driven
bioprospecting and synthetic biology offer innovative solutions by leveraging marine
microorganisms—such as bacteria, thraustochytrids, and microalgae—as sustainable
biofactories.

Al and multi-omics technologies play a pivotal role in accelerating the discovery of high-yield
microbial strains and novel enzymes. Machine learning models, including deep neural
networks and gradient boosting, analyze genomic, lipidomic, and metabolomic datasets to
predict biosynthetic pathways and prioritize candidates for industrial applications. Genome
mining tools, such as antiSMASH, PRISM, NaPDoS, DeepBGC, and GECCO, identify biosynthetic
gene clusters (BGCs) involved in lipid production, while AlphaFold and other structural
prediction tools uncover the functions of unknown enzymes.

Metabolic modeling further enhances strain productivity by simulating and optimizing
biosynthetic pathways. Genome-scale metabolic models (GEMs) and enzyme-constrained
models (ecGEMs) allow researchers to predict metabolic bottlenecks and design targeted
genetic or evolutionary improvements. Techniques like Adaptive Laboratory Evolution (ALE)
and CRISPR-based engineering enable the development of robust, high-yield strains capable of

thriving on low-cost, sustainable substrates, such as agri-food side streams.
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Circular bioeconomy principles can be integrated into this approach, as they enable the
valorization of waste streams from industries such as dairy, breweries, and agriculture. These
side streams provide essential nutrients and water for microbial cultivation, reducing both
production costs and environmental impact. Advanced downstream processing techniques—
including supercritical CO, extraction and enzymatic modification—ensure the sustainable
production of high-value lipids while minimizing waste generation.

By combining Al, circular economy strategies, and biotechnology, we can reduce dependency
on unsustainable fisheries and support the development of scalable, eco-friendly production
pipelines. This approach offers a sustainable and economically viable alternative to meet the
growing demand for marine bioactive lipids, aligning with global goals for biodiversity

conservation, climate action, and public health.
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0O-1-01 Ice to meet you, what’s for dinner? Trophic strategies in a
changing Antarctic peninsula

Anthony Voisinl'z'*, Manon Buscaglial, Martin Dogniezz’3’4, Enora Jaffrezic', Fabienne Le

Grand®, Gilles Lepointz, Gauthier Schaal®, Julien Thébault®, Loic N. Michel’®

1Laboratory of Environmental Marine Sciences (LEMAR), University of Brest, France

? Laboratory of Trophic and Isotopes Ecology (LETIS), FOCUS Research Unit, University of Liege,
Belgium

3Center of Environmental Science (CMK), University of Hasselt

* Freshwater Biology Department, Operational Directorate Natural Environment, Royal Belgian
Institute of Natural Sciences (RBINS)

> Animal Systematics and Diversity (ASD), FOCUS Research Unit, University of Liege, Belgium

* Corresponding author’s email: anthonyvoisin@orange.fr

Abstract

The coastal benthic ecosystems of the Southern Ocean are strongly structured by light
availability, sea-ice and glacier dynamics. Rapid environmental variations observed along the
western Antarctic Peninsula could influence nature, seasonality, and fluxes of organic matter
to the benthos. Here, we aimed to assess how changes in environmental conditions and food
source availability influence the diet of Antarctic benthic consumers. In hard and soft bottom
habitats from 5 locations, we sampled dominant food sources and basal consumers, and
combined fatty acids and highly branched isoprenoids (HBI) as trophic markers to characterize
the origin of assimilated organic matter and to discriminate the relative influence of sea-ice
production. The results reveal different feeding strategies depending on the species and
habitat. Grazers have contrasting diets, reflecting varying capacities to exploit benthic
resources. Between the two species of gastropods studied, differences were observed with
higher proportions of diatoms biomarkers in the snail Margarella antarctica, compared to the
limpet Nacella concinna that showed high content of macroalgae biomarkers despite
assimilation of HBI sea-ice diatoms biomarkers in stations with persistent sea ice. Suspension
and deposit feeders also presented contrasting trophic niches based on their feeding
structures. The sea squirt Cnemidocarpa verrucosa showed high trophic variability in terms of
fatty acid biomarkers, compared to the sponge Dendrilla antarctica having high proportion of
cryptophyte, haptophyte and dinoflagellates biomarkers or annelids from the Terebellidae
family that had high diatoms biomarkers proportions. High proportions of macroalgae
biomarkers were also found in the sea squirt, suggesting an ingestion and assimilation of this
organic matter by this suspension feeder. Overall, our results highlight the key role of local
ecological conditions (i.e. persistence of sea ice in summer, presence of macroalgae) in the
structure of benthic food webs and underline the implications of climate change for the
functioning of Antarctic coastal ecosystems.

Keywords: Trophic ecology, fatty acids, highly branched isoprenoids, Antarctica, benthic
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0-1-02 Compound-specific isotope analysis of fatty acids to assess
accumulation of long-chain PUFAs from seston compared to
microphytobenthos in higher trophic levels in a highly turbid estuary
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IFAPA (Andalusian Institute of Agricultural and Fisheries Research and Training) Centro El
Torufo, Camino Tiro del Pichdn, s/n, 11500 El Puerto de Santa Maria, Cadiz, Spain
* Corresponding author’s email: stefaniea@juntadeandalucia.es

Abstract

The Guadalquivir estuary (SW Spain) is a fisheries reserve and important nursery area for
several commercially relevant fishes and crustaceans in the Gulf of Cadiz, subject of an ongoing
Long Term Monitoring Ecological Research program since 1997. It is characterized by a very
high nitrate concentration and a very high turbidity, where primary productivity is light-limited
and phytoplankton makes up only a very small fraction of the seston (TSS).

Primary productivity of microphytobenthos (MPB) on intertidal sediments along the estuary is
much higher, which led to the idea that (resuspended) microphytobenthos may play a role as
the food source at the base of the food web. In order to determine carbon origin and estuarine
low level food web relationships, fatty acids (FAs) composition and §*C isotopic signal of 18
specific FAs (from C14:0 to C22:6n3) were analyzed-including biomarkers of bacteria and
phytoplankton classes-, in selected samples of seston, MPB, zooplankton, mysids
(Mesopodopsis slabberi, Rhopalophthalmus tartessicus) and anchovies (Engraulis encrasicolus)
taken during 2019, 2020, 2023 and 2024. Seston and MPB composition were also evaluated
microscopically. Both seston and MPB contained a neglible amount of terrestrial FAs, while
bacterial FAs made up a significant part of total FAs, especially in the MPB. On average, 6°C of
seston FAs was much lower (-35.2 + 4.9%.) than that of MPB FAs

(-23.7 £ 4.9%o0), and in general there was a low incorporation of MPB into the seston. All
consumers showed §C values in FAs very similar to those found in the seston, being the
proportion of long-chain PUFAs, especially of C22:6n3, much higher than in both seston and
MPB. This clearly indicates that consumers accumulate long-chain PUFAs from the seston. We
will discuss some of the variability encountered, comparing trophic relationships described
with seston and MPB composition, consumer organisms communities and environmental
variation.

Keywords: estuarine food web, phytoplankton, microphytobenthos, compound-specific
carbon isotope analysis of fatty acids, microbial

30


mailto:stefaniea@juntadeandalucia.es

0O-1-03 Lipid metabolic constraints and trophic transfer in early life stages
of cephalopods: insights from Octopus vulgaris
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* Corresponding author’s email: eduardo.almansa@ieo.csic.es

Abstract

Cephalopod early life stages exhibit distinctive physiological traits that challenge current
understanding of lipid metabolism in marine organisms. In the common octopus Octopus
vulgaris, the high mortality observed during the paralarval phase has long been associated
with nutritional imbalances, highlighting the critical role of lipids during early development.
This communication synthesizes experimental and biochemical evidence obtained from a
series of studies examining fatty acid metabolism, phospholipid organisation and trophic lipid
transfer in O. vulgaris hatchlings and paralarvae. Collectively, these studies reveal that
although early life stages can efficiently incorporate dietary fatty acids, their capacity for
further metabolic modification appears limited. Endogenous pathways involved in long-chain
polyunsaturated fatty acid (LC-PUFA) biosynthesis are present but show restricted activity,
indicating that several key fatty acids must be supplied directly through the diet.

At the same time, cephalopod hatchlings display a highly structured lipid architecture. Distinct
fatty acid signatures characterize the main phospholipid classes, with DHA predominantly
associated with phosphatidylcholine (PC) and EPA with phosphatidylethanolamine (PE). In
contrast to vertebrates, ARA is not specifically esterified into phosphatidylinositol, but rather
into PE, suggesting divergent evolutionary patterns and a tightly regulated control of
membrane lipid composition.

Beyond predator metabolism, the lipid composition and metabolic activity of live prey strongly
influence the effective availability of essential fatty acids. Comparative feeding trials and meta-
analytical approaches indicate that crustacean zoeae provide lipid profiles and molecular lipid
classes more suitable for paralarval development than commonly used Artemia. Differences
between wild and cultured paralarvae further support the importance of matching the natural
lipid supply encountered in the plankton.

Altogether, these findings reveal a distinctive lipid metabolic framework in cephalopod early
life stages characterised by restricted biosynthetic flexibility, highly regulated phospholipid
organisation and strong dependence on trophic lipid transfer.

Keywords: Cephalopods, lipid metabolism, LC-PUFA, trophic transfer, paralarvae
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0O-1-04 Linking taxonomy and functional traits to lipid-mediated carbon
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Abstract

Mesozooplankton play a central role in sub-Arctic marine food webs by mediating the transfer
of energy and essential biomolecules from primary producers to higher trophic levels. Yet
taxonomic identity alone often provides limited insight into functional differences in carbon
storage and essential w3 fatty acid transfer. We analysed fatty acid (FA) and lipid class (LC)
composition across a taxonomically and functionally diverse zooplankton assemblage using
multivariate ordination, permutational analyses, and covariance-ellipse overlap metrics to
qguantify lipid niche structure. Phytoplankton and zooplankton were biochemically distinct,
with phytoplankton dominated by phospholipids and zooplankton enriched in storage lipids
(wax esters and triacylglycerols), consistent with the conversion of structural primary-producer
lipids into energy-dense storage compounds within consumers.

Within mesozooplankton, FA composition was structured primarily by taxonomic order rather
than feeding mode. Multivariate separation was driven by 16:0, 16:1w7, 16:4w1, 18:1w9, and
the essential w3 PUFA 20:5w3 (EPA) and 22:6w3 (DHA), indicating differential routing of
primary-production signals and long-chain w3 fatty acids through the pelagic community. DHA
characterized phospholipid-dominated vertebrate taxa, whereas long-chain MUFA were
associated with wax ester—rich invertebrate groups, reflecting contrasting lipid allocation
strategies. Order-level contrasts distinguished wax ester—rich carbon storage (Calanoida),
triacylglycerol accumulation (Copelata and Decapoda), and phospholipid-dominated structural
allocation (Gadiformes). Lipid class composition showed consistent but secondary
differentiation among feeding strategies. Although most contrasts were statistically distinct,
covariance ellipse overlap (4—63%) indicated variable but incomplete lipid niche sharing among
taxa and functional groups. These results highlighted that lipid-mediated carbon storage and
w3 transfer are structured primarily by taxonomy in sub-Arctic zooplankton.

Climate-driven shifts in community composition will therefore likely alter carbon storage
capacity, the routing of essential w3 fatty acids, and energy transfer efficiency to higher
trophic levels under ongoing Arctic change.

Keywords: Zooplankton, fatty acids, functional traits, lipid niches, sub-Arctic marine
ecosystems
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organisms

Diana B. Reis’, Nieves G. Acosta’, José A. Pérez*, Ivar Lund?, Kristin Hamre®, Renata Goncalves?,
Douglas R. Tocher’, Covadonga Rodriguez"”

! Grupo de Investigacion NUTRAHLIPIDS, Departamento de Biologia Animal, Edafologia y
Geologia, Universidad de La Laguna, 38206 San Cristobal de La Laguna, Spain

% Technical University of Denmark, DTU Aqua, Section for Aquaculture, The North Sea Research
Centre, P.O. Box 101, DK-9850 Hirtshals, Denmark

? Institute of Marine Research, Nordnes, 5817, Bergen, Norway

* Institute of Aquaculture, School of Natural Sciences, University of Stirling, Stirling FK9 4LA,
Scotland, UK

* Corresponding author’s email: covarodr@ull.edu.es

Abstract

Lipids are central to marine ecosystem functioning, acting simultaneously as structural
components of cell membranes, energy reserves and vectors of essential fatty acids (FAs)
across aquatic trophic levels. However, the extent to which early developmental stages can
modify or biosynthesize FAs and lipid classes, remains a key physiological constraint
influencing trophic transfer efficiency and lipostasis under a global change scenario.

Drawing on a series of in vivo studies across diverse marine taxa, including fish larvae,
cephalopod hatchlings, and whole zooplankton organisms, we summarize evidence on fatty
acid incorporation, phospholipid remodelling and elongation/desaturation capacity using
radiolabelled substrates. Results reveal a generally limited and highly species-specific capacity
for de novo synthesis of long-chain polyunsaturated fatty acid (LC-PUFA) along with variable
esterification patterns. Essential FA such as eicosapentaenoic acid (EPA, 20:5n-3),
docosahexaenoic acid (DHA, 22:6n-3), and arachidonic acid (ARA, 20:4n-6) are predominantly
incorporated unmodified and selectively esterified into specific polar lipid classes, highlighting
tight regulation of membrane lipid architecture during early ontogeny.

Furthermore, contrasting metabolic strategies observed in live prey models demonstrate that
intermediary trophic levels can substantially modify the lipid quality available to predators,
thereby influencing the efficiency of LC-PUFA transfer within marine food webs.

These findings underscore the value of in vivo lipid metabolism studies as a powerful tool for
understanding physiological constraints, trophic upgrading potential, and ecosystem-level lipid
dynamics in marine environments.

Keywords: Lipid metabolism, trophic transfer, LC-PUFA, early development, marine food webs
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Abstract

Understanding the role of the oceans in the future Earth system is of central importance not
only to marine scientists but also to society at large. Marine lipids are of particular interest
because specific lipid classes can persist during early degradation and constitute a substantial
fraction of sinking particulate organic matter, a key pathway for the sequestration of
atmospheric carbon in the deep ocean. Here, we investigated the degradation of particulate
lipids associated with the coccolithophore Calcidiscus leptoporus, a species whose abundance
is projected to increase in future oceans. Cells were cultured under nutrient-replete and
phosphorus-limited conditions to assess how growth regime influences lipid composition and
subsequent degradation. Using a combination of lipidomics and bacterial community
characterization, we examined bacterial and photochemical lipid degradation processes under
both light and dark conditions. Our results demonstrate that phycosphere-associated bacteria
play a central role in particulate lipid breakdown, while photochemical processes accounted
for approximately 12—13% of total lipid degradation. Here we show that degradation patterns
depend strongly on algal growth conditions through their influence on lipid composition.
Glycolipids, particularly MGDG and DGDG, were most abundant and degraded most rapidly.
Importantly, a fraction of the particulate lipid pool exhibited resistance to further degradation
after the initial phase, increasing its potential for transfer below the mesopelagic zone. In
addition, newly synthesized bacterial lipids contribute to the carbon pool associated with
sinking particles derived from dead, bacteria-colonized phytoplankton cells. Together, these
findings highlight the dynamic and condition-dependent nature of lipid turnover in the ocean
and demonstrate that both biochemical composition and lipid processing regulate the
efficiency of carbon export and long-term sequestration in the deep sea.

Keywords: lipid biogeochemistry, degradation, bacteria, photochemistry, Calcidiscus
leptoporus
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Abstract

After anthropogenic degradation of almost three-quarters of the planet's tidal marshland area,
some recent initiatives have aimed to rehabilitate drained marshes by hydrological estuarine
reconnection. A drained area of 13 ha on the left bank of the Guadalquivir Marshes (SW Spain)
was reconnected to the mesohaline section of the hypereutrophic Guadalquivir Estuary, where
salinity ranged 12-18 and nitrate concentration averaged 131.7+56.1 uM. The marsh was
rehabilitated to function as a brackish aquatic environment basically subject to stagnancy, with
estuary water supply during spring tides. Under such conditions, a seasonally sustained high
biomass (75.4+44.1 ug I"* chlorophyll a) phytoplankton community was found. This community
was dominated by high nutritional value species, a noteworthy finding under eutrophic
conditions. Main microalgae were identified as haptophye (Diacronema, Isochrysis) and diatom
(Chaetoceros, Cylindrotheca) species. Considering seasonal variability, the daily net primary
production averaged 22.4+10.3 kg C m™ ha™. Total lipid (TL) content in the suspended
particulate organic matter (SPOM) usually ranged 0.5-1.0 g I, with peaks of up to 2.0 g I"*
coinciding with chlorophyll maxima. TL production by SPOM ranged from 7.2+1.8 kg ha™ d™
(summer/autumn) to 13.845.5 kg ha™ d™* (winter/spring). Bacterial fatty acid markers in SPOM
were below 5% of the total fatty acids, suggesting a phototrophic dominated planktonic
system. The EPA content ranged from 21.8+10 mg g™ TL (winter) to 30.8+10 mg g™ LT (spring),
while the DHA content varied more widely, from 12.7+5.8 mg g™ TL (summer) to 56.9 +2.0 mg
g™ TL (winter). Total w3 fatty acids in the SPOM were highest in winter (158,5+54 mg g™ TL)
and the seasonal average w3/w6 ratio ranged 5.8 to 7.9. The fatty acids generated by
phytoplankton in the rehabilitated marsh confirm that this environment has a primary food
source of high nutritional quality that can be efficiently transmitted to consumers.

Keywords: phytoplankton, essential lipid production, brackish marshland, rehabilitation
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Abstract

Unpuzzling the gap between limited food inputs to cold water coral (CWC) reefs and their
thriving biodiversity, biomass and metabolic activity is a major challenge that requires further
insights into energy acquisition and storage mechanisms in these ecosystems. A deeper
understanding of resource partitioning between key reef builder CWC species such as
Desmophyllum pertusum, Madrepora oculata and Solenosmilia Variabilis is therefore needed
to assess the trophic structure of these ecosystems. Storage lipids analyses provide a
temporally integrated signature of CWC diet over the last months. Wax esters and
triacylglycerols represent the majority of CWC’s reserve tissues. In the last decades, fatty acids
(FA) constituting these lipids have been used as biomarkers to study CWC diet. They revealed
that the globally distributed CWC species M.oculata and D.pertusum are able to feed on a wide
diversity of prey such as zooplankton, phytodetritus and bacterioplankton while the diet of
S.variabilis had not been studied yet. CWC diet was also documented as highly variable
through space and time, emphasizing the need for studies integrating several CWC species
from the same reef over a long period of time. In this work, we assess the interspecific dietary
variability between the three main reef building species M.oculata, D.pertusum and S.variabilis
in the Lampaul canyon (Bay of Biscay, North East Atlantic) between 2021 and 2023. Results
demonstrated the diversity of prey consumed by all three species, with a diet including
phytodetritus, zooplankton and bacteria. Interspecific differences were nonetheless observed,
with D.pertusum and S.variabilis showing similar FA compositions while M.oculata exhibited
slight differences, such as lower proportions of zooplankton biomarkers. This interspecific diet
variability could be associated with differences in species morphological features, such as
polyp size. These results highlight the efficiency of resources partitioning within the CWC reefs
of the Lampaul Canyon.
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Abstract

Phytoplankton produce essential biomolecules required by higher trophic level organisms in
marine food webs, and such production of phytoplankton-derived organic material is impacted
by community composition and environmental drivers. To maintain areas of high marine
biodiversity, knowledge of which phytoplankton groups provide higher quality food, for
example, omega-3-rich fatty acids, in addition to identifying biogeochemical regimes that
support production of higher food quality is essential. Here, the fatty acid composition of
phytoplankton and consumers are investigated around the Dogger Bank in the central North
Sea. Group-specific fatty acid biomarkers identified spatial patterns in phytoplankton
community composition that is likely related to consumer feeding strategies. Uniquely,
samples were collected during an intense marine heatwave, which is one of the main
environmental drivers of fatty acid compositions. Combined fatty acid and stable isotope
analysis assessed transfer of essential fatty acids to higher trophic levels and begins to explore
how species- specific consumers metabolize essential fatty acids. The Dogger Bank may
represent a foraging area for marine apex predators that is heavily impacted by human
activities (e.g., oil exploitation, offshore wind farms) and environmental change (e.g., global
warming) making the investigation of the base of the food web a crucial step towards
maintaining this area.

Keywords: Fatty acid, stable isotopes, phytoplankton, food web, North Sea
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Abstract

Mesozooplankton play a pivotal role in marine food webs by connecting higher trophic levels
with basal resources, thereby regulating energy transfer and nutrient cycling. Therefore,
understanding their trophic ecology is essential for evaluating their functional roles in food
webs. In upwelling systems, mesozooplankton community composition, largely dominated by
diverse copepod assemblages, is strongly influenced by changes in primary productivity
enhanced by these seasonal events. Although many copepod species have traditionally been
considered as herbivores, they can exploit alternative food sources (e.g. microzooplankton or
marine snow) reflecting a high degree of dietary plasticity. Such trophic shifts can be tracked,
among other indicators, by changes in fatty acid (FA) biomarkers. With the aim of investigating
mesozooplankton feeding patterns under contrasting upwelling influence, we analysed FA
biomarkers from mesozooplankton biomass collected during the Pelacus0423 cruise along the
North Iberian shelf. This sampling encompassed two areas with differing exposure to seasonal
upwelling: the northwestern Iberian shelf (Galicia) and the southern Bay of Biscay (Mar
Cantdbrico). As expected, mesozooplankton community differed between areas, together with
significant differences in total FA concentration and composition. Mesozooplankton
communities from Galicia, characterized by higher productivity and phytoplankton availability
driven by upwelling, exhibited lower trophic positions, high FA concentrations, and elevated
levels of herbivory-related FA indicators (e.g. 20:1n9). In contrast, communities from Mar
Cantdbrico displayed FA signatures indicative of phytoplankton feeding, such as 20:5n3
(diatoms) or 22:6n3 (dinoflagellates), and also a notable contribution from the microbial loop
(e.g. 15:0). These patterns, together with trophic positions above 3, suggest a more
omnivorous diet associated with lower phytoplankton availability in Mar Cantdbrico. Overall,
FA signatures proved to be a good tool for detecting dietary plasticity of mesozooplankton
across contrasting productivity regimes, suggesting shorter and more efficient food webs in
areas characterized by more frequent and intense upwelling events.

Keywords: Zooplankton, upwelling, diet, feeding ecology
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Abstract

Debate concerning diets of grey seals (Halichoerus grypus) in the NW Atlantic persists, with
conflicting information arising from analysis of DNA of stomach contents, bulk stable isotopes
and fatty acid (FA) signature analysis. Here, we offer another perspective on diet analysis and
have determined 6%C values of FA in blubber of grey seals sampled on Sable Island, NS. We
collected blubber biopsies from male and female seals in winter and spring 2000 and females
in winter 2023/24 to identify differences in foraging preferences with sex, season and year.

We measured 6"°C values in a suite of 11 FA that were consistently present at levels >1 % of
total FA mass. Females from 2023/24 were also sampled longitudinally at the beginning and
near the end of lactation, allowing us to assess fractionation of stable carbon isotopes with FA
mobilization from blubber. We did not find any difference in §°C values of FA due to sex or
season in 2000, suggesting that males and females consumed similar diets with little variation
in early winter and late spring. In contrast, we found substantial variation between females
sampled in winter of 2023/2024 and 2000, suggesting a diet shift over the 20-year period, and
supported by FA proportional data. Finally, we found obvious fractionation due to hydrolysis as
FA were mobilized from blubber during fasting, with blubber FA §"3C values increasing during
the fast. Such information about fractionation is critical in establishing routine methods to
evaluate diet using this technique.
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Abstract

Non-methylene-interrupted fatty acids (NMls) are unusual polyunsaturated fatty acids
biosynthesized de novo by a limited number of invertebrates, including mollusks. Unlike
conventional polyunsaturated fatty acids, NMls exhibit double bonds separated by more than
one methylene group, conferring distinctive biochemical properties. Although their exact
function in marine bivalves remains unclear, NMls are hypothesized to play protective and
adaptative roles, particularly in response to environmental stress like oxidative stress, based
on their distinctive molecular structure. In bivalves, the main NMls (20:2A5,11; 22:2A7,13;
20:2A5,13; 22:2A7,15) are synthetized from monounsaturated fatty acid precursors of the n-9
and n-7 series. Environmental variability, including fluctuations in temperature, salinity, and
food availability, may influence NMls synthesis by modulating environmental stress and
dietary precursors availability. The inverse estuary of the Sine Saloum (Senegal) is
characterized by strong seasonal and spatial environmental gradients and provides a natural
setting to investigate these relationships. This study examined spatial and seasonal variations
in NMlIs content in the bloody cockle Senilia senilis. Four stations along the estuarine gradient
were sampled during the late dry season (April 2022) and the monsoon season (October 2022).
Fatty acid composition of digestive glands was analyzed and related to environmental
parameters. NMI proportions were highest at upstream stations, particularly during the
monsoon, in association with higher water temperature and pH. During the dry season, NMI
abundance increased with salinity under hypersaline upstream conditions. Conversely,
downstream sites showed higher abundance of monounsaturated precursors, which were
negatively correlated with NMlIs, suggesting reduced conversion under less stressful
conditions. These results suggest that NMlIs biosynthesis in S. senilis is environmentally
regulated and support their potential use as biomarkers of physiological stress and adaptive
responses in extreme environments.

Keywords: Fatty acids, NMI, filter feeders, environmental drivers, physiology
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Abstract

This study investigates the distribution of docosahexaenoic acid in different membrane lipid
classes through molecular species composition in the heterotrophic protist Aurantochytrium
mangrovei. Using gas chromatography with flame ionization detector (GC-FID) and liquid
chromatography coupled with tandem mass spectrometry (LC-MS/MS), we determined the
detailed molecular species composition of nine polar lipid classes.

The innovative approach of this study lies in the use of bioinformatic modeling to perform the
theoretical analysis of complex molecular mixtures. It first generates the complete theoretical
list of possible molecular species based on the fatty acid composition and, using the
proportions of each fatty acid within the samples, calculates the theoretical probability
(expressed as a percentage) of finding each specific molecular species. Finally, the script
determines the theoretical mass-to-charge ratio (m/z) for target molecules and their
fragments, utilizing exact isotopic masses to provide precise values for neutral molecules and
key ions (e.g., [M-H], [M-CH3] or [M-N(CH3)3+AcO]) to facilitate mass spectrometry data
interpretation. This method has enabled us to provide more comprehensive information than
those currently found in literature, for both major and minor polar lipid classes.

Each class of polar lipid plays a specific role based on its unique molecular species composition
so by analyzing them we obtained more clues on how they dictate the physical properties of
the cell membrane, such as its thickness and its fluidity (how flexible or rigid it is). These
physical traits are not just structural; they directly control vital biological functions, including
nutrient transport, cell signaling and protein-lipid interactions.

It has also enabled us to determine the composition of a phosphate-free membrane lipid class,
M-glyceride, first discovered in Aurantiochytrium by Kunimitsu Kaya and coworkers in
2021.This provided new insights into the lipid diversity of this protist and confirmed the
presence of this unique lipid class.

Keywords: Molecular species, bioinformatic, profiling, protist
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Abstract

Environmental restoration of seagrass meadows can be monitored through the analysis of lipid
content and composition. Among these lipids, phytosterols are key components of plant cell
membranes and lipid rafts, and they present important physiological and biochemical
functions. They are central to resistance and adaptive responses to abiotic and biotic stress
and are therefore considered valuable biomarkers of plant health. This work aimed (1) to
optimize and validate a GC-MS/MS method for measuring phytosterols in Zostera marina
leaves and (2) to determine phytosterol dynamics during a seagrass restoration strategy in
degraded marine areas.

Leaf samples of Zostera marina were collected from a marine area located at the Port of Vigo.
Sample preparation included drying, lipid extraction with methanol/dichloromethane,
overnight saponification with potassium hydroxide, and trimethylsilylation. Phytosterols were
then analyzed by a GC-MS technique using a triple quadrupole mass analyzer in selected
reaction monitoring mode. The method was validated for individual phytosterols in terms of
limits of detection and quantification, linearity, recovery rates, repeatability, and
reproducibility.

Application to Zostera marina leaves showed results consistent with prior studies and
demonstrated good intra- and inter-day precision. Leaves at distinct stages of development
(young, aged, and necrotic leaves) revealed specific sterol amounts. Aging and necrosis were
associated with decreased total phytosterols, particularly B-sitosterol, while brassicasterol and
stigmasterol increased, suggesting enhanced C22 sterol desaturase activity under stress.
Necrotic leaves showed the greatest loss of B-sitosterol and a marked increase in
brassicasterol and stigmasterol, with clear shifts in relevant sterol ratios.

In conclusion, the optimized and validated GC-MS/MS method enables robust, selective,
sensitive, and precise quantification of phytosterols in Zostera marina leaves. Developmental-
stage differences in sterol amounts, especially the stigmasterol-to-sitosterol ratio, highlight
their potential as biomarkers for monitoring seagrass restoration success and for advancing
understanding of sterol-mediated signaling in marine plant stress responses.

Keywords: Biomarkers, environmental restoration, phytosterols, seagrass, Zostera marina

43


mailto:medina@iim.csic.es

O-11-03 Lipolysis of galactolipids from the microalga Chlamydomonas
reinhardtii by endogenous enzymes or lipases added to the biomass
triggers the production of phytoprostanes

Beatriz Rodrigues Fachini, Cassy Gérard®, Achille Marchand®, Olivier Bornet?, Valérie Gros?,
Claire Vigor 3 Camille Ogers, Guillaume Reversat®, Thierry Durand3’*, Goetz Parsieglal, Brigitte
Gontero', Héléne Launayl, Frédéric Carriere’

! Aix Marseille Univ, CNRS, UMR7281 Bioénergétique et Ingénierie des Protéines, 31 Chemin
Joseph Aiguier, Marseille, France.

2 NMR Platform, Institut de Microbiologie de la Méditerranée, Aix Marseille Univ, Marseille,
France

? Institut des Biomolécules Max Mousseron (IBMM), Pdle Chimie Balard Recherche, UMR 5247
CNRS, Université de Montpellier, ENSCN, France

* Corresponding author’s email: thierry.durand@umontpellier.fr

Abstract

Microalgae, like Chlamydomonas reinhardetii, are rich in polyunsaturated fatty acids (PUFAs)
bound to galactolipids. Their bioaccessibility to digestive enzymes in whole cells was tested
using guinea pig pancreatic lipase-related protein 2 (GPLRP2) and Fusarium solani cutinase,
showing high lipolysis levels with total galactolipid fatty acid release of 93% with GPLRP2.
These enzymes also converted galactolipid fatty acids into ethyl esters with ethanol, what
could facilitate PUFA recovery from microalgal biomass. In vitro digestion studies mimicking
gastric and intestinal conditions revealed that human pancreatic galactolipases release a-
linolenic acid (ALA) as the main free fatty acid (235%). NMR analysis indicated PUFA oxidation
when microalgal endogenous enzymes were not inactivated before digestion. ALA oxidation
into phytoprostanes occurred, especially after lipolysis. Thus, C. reinhardtii galactolipids are
bioaccessible to digestive enzymes, making them a valuable PUFA source, provided oxidation is
controlled.

Keywords: Alcoholysis, Fusarium solani cutinase, galactolipase, lipolysis, microalgae,
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Abstract

Microalgae represent a valuable reservoir of essential lipids, notably omega-3 and omega-6
polyunsaturated fatty acids (n-3 and n-6 PUFA), as well as emerging lipid metabolites such as
oxylipins. Despite this potential, sustainable extraction approaches for these bioactives remain
largely unexplored, and their comprehensive analytical characterization remains challenging
due to the complexity of the microalgal lipidome. Therefore, innovative strategies are required
to fully explore the potential of microalgal lipids. To address these challenges, we developed
novel workflows integrating green chemistry extraction strategies, including ultrasound- and
enzyme-assisted approaches combined with green solvents, and analytical characterization by
liguid chromatography coupled to high-resolution mass spectrometry (LC-HRMS) and gas
chromatography—mass spectrometry (GC-MS). These methodologies were applied to selected
microalgal species, namely Microchloropsis gaditana, Tisochrysis lutea, Phaeodactylum
tricornutum, and Porphyridium cruentum. The resulting lipid extracts exhibited a high PUFA
content (36—-63%), with n-3 PUFA levels ranging from 31-58% across species. Based on this
fatty acid composition, we targeted oxylipins derived from n-3 fatty acids, including alpha-
linolenic acid (ALA), stearidonic acid (SDA), eicosapentaenoic acid (EPA), and docosahexaenoic
acid (DHA), as well as from n-6 fatty acids such as linoleic acid (LA) and arachidonic acid (ARA).
In total, 68 oxylipins originating from n-3 and n-6 PUFA were identified. The highest
concentrations of n-3 oxylipins were detected in Phaeodactylum tricornutum and Tisochrysis
lutea, whereas n-6 oxylipins were most abundant in Porphyridium cruentum. Importantly, both
fatty acid and oxylipin profiles were comparable to those obtained using conventional
extraction methods, confirming that the green strategies preserved lipid composition. These
findings provide valuable insight into sustainable extraction approaches for comprehensive
lipid and oxylipin profiling in microalgae.
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Abstract

Betaine lipids (BLs) are phosphate-free, zwitterionic lipids structurally similar to
phosphatidylcholine. They are currently classified into three main subclasses (DGTS, DGTA,
DGCQC) that differ in the chemical linkage of their headgroups. Although their biological role is
not yet fully understood, BLs are associated with algal adaptation strategies to environmental
stressors. Moreover, they also seem to exhibit an inner phylogenetic variability. In recent
years, BLs have attracted increasing interest due to their structural features and emerging
biotechnological potential. Nevertheless, studies remain limited, and significant gaps persist in
understanding their distribution in macroalgae. In this context, the aim of this study was to
explore BLs composition in three types of macroalgae: red (Rhodophyta), green (Chlorophyta),
and brown (Ochrophyta, class Phaeophyceae). For this, Sargassum muticum, harvested from
Danish coasts, together with Palmaria palmata and Ulva spp, grown under controlled growing
conditions, were selected and their lipids characterized. Polar lipids were ultrasound-assisted
extracted with 100% ethanol and analyzed by UHPLC-ESI-QTOF-MS/MS. Results depicted that
S. muticum and Ulva spp contained the largest number and type of BLs compared to P.
palmata. At molecular level, BLs contained highly unsaturated molecular species, such as DGTS
20:5 22:5 or DGTS 22:5 22:5, particularly Ulva spp. BLs and phosphatidylcholine (PC) co-
existed in P. palmata, PC in larger number and abundance; however, very low content of PC
was detected in S. muticum and Ulva. These results expand current knowledge on the
occurrence and patterns of BLs, both at class and molecular level, across macroalgal phylum.
Although further studies are needed to increase the number of species from different
taxonomic groups, these findings can pave the way to use BLs as intact polar lipid biomarkers
in ecological and phylogenetic studies.
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Abstract

The structural characterization of lipidomes from marine organisms, isolated cell populations,
and low-volume biological fluids remains analytically challenging due to sample scarcity, high
isomeric diversity, and the presence of numerous low-abundance lipid species. To address
these limitations, we optimized a MicroLC-ESI-IMS-MS workflow as an alternative to traditional
UPLC for lipid analysis, enabling injection volumes as low as 0.1 uL at flow rates below 100
pL/min. Using the UltimateSPLASH™ ONE internal standard with 69 lipids across 15 classes, we
systematically optimized chromatographic conditions, tubing configurations, and ion source
parameters. A flow rate of 75 puL/min improved overall sensitivity, while reduced diameter
PEEK connections (0.076 mm) decreased peak broadening by 9.7%. Removal of the secondary
ESI source, normally used for continuous m/z calibration, increased signal intensities by 31%.
Under optimized conditions, MicroLC showed 5-fold peak area enhancement and 3.5-fold peak
height increases compared with UPLC. Analysis of the complex references matrix NIST 1950
plasma revealed substantial improvements: 113% more lysophosphatidylcholines, 107%
sphingomyelins, 136% phosphatidylcholines, 75% triacylglycerols, and 350% cholesterol esters
detected, plus new lipid classes including diglycerides, phosphatidylethanolamines, and
ceramides undetected by UPLC.

Adding IMS as an orthogonal separation dimension further expanded MicrolLC detection
capabilities for lipidomics. Signal intensities with MicroLC were consistently higher than UPLC,
showing 1.5- to 3.8-fold increases across analyzed lipid classes in NIST 1950. The increased
sensitivity of MicroLC analysis enabled identification of structural isomers missed or partially
unresolved during UPLC; NIST 1950 compounds like TG 50:3 (2 isomers), PC 32:1(2 isomers), PC
34:1, and PC 38:5 (2 isomers) exemplify this improvement. The enhanced performance also
enabled detection of lipids from scarce samples, including small cell populations (1,000 cells)
and sub-microliter biofluids such as vitreous humor. The MicroLC-IMS coupling demonstrated
improved collision cross-section measurements and enhanced resolution of sn-position
isomers, advancing structural lipidomics capabilities for complex biological matrices.
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Abstract

A vast array of oxygenated metabolites derived from polyunsaturated fatty acids (PUFAs) has
been uncovered and named oxylipins. Radical cascades play a pivotal role in the biosynthesis
of these metabolites, with radical initiation occurring either within the active site of an enzyme
in the extracellular environment or within membrane on phospholipids/glycolipids. The
advancement of convergent and adaptable chemical methodologies by organic chemists,
coupled with the refinement of sophisticated mass spectrometry techniques, has significantly
expanded our understanding of PUFA metabolites. Therefore, these oxygenated fatty acid
metabolites have emerged as crucial indicators of oxidative stress in marine environments.
This presentation will provide a brief overview of the biosynthetic pathways leading to
oxylipins, chemical strategies for obtaining pure compounds, and examples of LC/MS-MS
guantification of oxylipins in marine matrices such as algae and corals.

Keywords: Oxylipins, total synthesis, biomarkers
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Abstract

Thalassia testudinum is a dominant Caribbean seagrass with very low total lipid content
reported for its tissues (0.5-0.7% dry weight). While lipids have been described in the related
species T. hemprichii, including fatty acids such as 18:3 w-3 (ALA) and 18:2 w-6, the lipid
fraction of T. testudinum extracts has not been previously characterized. In particular, no
studies have examined the lipid composition of hydroalcoholic powdered extracts, nor how
this composition may change seasonally.

In the present work, we analyze two hydroalcoholic powdered extracts of T. testudinum
obtained in January (winter) and April (spring). Our aim is to describe their lipid fraction using
high-resolution analytical techniques and to determine whether seasonal and temperature
differences influence the profile of minor lipid constituents. Because extraction processes may
selectively concentrate certain compounds, characterizing the lipid content of the extract itself
is essential for building a complete chemical overview of this marine species.

We also present new data showing anti-inflammatory potential of these extracts. Although the
lipid fraction is expected to be minor, our working hypothesis is that some lipid species—
individually weak but potentially synergistic—may contribute to the biological effects
observed. In addition, defining the lipid profile will allow us to explore whether any of the
identified lipids align with known bioactive lipid families of interest for neurological health, a
guestion that has not yet been addressed for this species or this type of extract.

This study is preliminary and does not aim to establish functional causality. Instead, it provides
the chemical and conceptual foundation required to guide future investigations into the
interplay between lipid composition, seasonal variation, inflammation-related activity, and
potential neuroprotective implications.

Keywords: Marine angiosperms, lipidome, seasonal variation, Thalassia testudinum, anti-
inflammatory extract
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Abstract

Isoprostanoids are non-enzymatic oxygenated metabolites of polyunsaturated fatty acids
(PUFAs) generated under oxidative conditions and increasingly recognized as bioactive lipid
mediators with anti-inflammatory, neuroprotective, and anti-cancer properties. Although
terrestrial plants have been identified as natural sources of these compounds, their occurrence
in microalgae remains underexplored. Microalgae are known PUFA producers, thus higher
levels of isoprostanoids are expected. Moreover, the impact of cultivation conditions on
isoprostanoid formation is still largely unknown. Here, we investigated the isoprostanoid
signature of Chlorella sorokiniana grown under auto- and heterotrophy using targeted liquid-
chromatography mass spectrometry analysis. We identified 22 isoprostanoids across different
classes, namely 6 phytoprostanes (PhytoP), 6 phytofurans (phytoF), 6 isoprostanes (IsoP), and
4 neuroprostanes (NeuroP). Higher amounts of isoprostanoids were detected in C. sorokiniana
grown under autotrophic conditions compared to heterotrophic cultures, particularly for
PhytoP (5099 + 131 pg/mg dry biomass) and PhytoF (2144 + 50 pg/mg dry biomass), both
derived from a-linolenic acid (ALA). 9-F1t-PhytoP was the most abundant isoprostanoid
detected in autotrophic Chlorella, while 16-B1-PhytoP in heterotrophic Chlorella. Cultivation-
specific trends were observed for some oxylipins, namely 10(R)-10-F4t-NeuroP was only
detected in heterotrophic biomass. Several isoprostanoids in Chlorella were previously
associated with bioactive properties. These findings demonstrate C. sorokiniana as a source of
structurally diverse isoprostanoids and manipulation of growth conditions represents a
strategy to modulate their profile. This work broadens current knowledge of microalgal
oxylipin diversity and supports the use of cultivation strategies to tailor biomass enriched in
high-value lipid mediators for nutraceutical and biotechnological applications.

Keywords: Chlorella, lipid mediators, oxylipins, isoprostanoids, autotrophy
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Abstract

Coastal ecosystems are increasingly exposed to temperature and salinity shifts driven by
climate change, including abnormal precipitation, intensified evaporation, and saline intrusion.
These changes affect osmotic balance and lipid metabolism in estuarine invertebrates, with
potential impacts on trophic interactions and energy transfer. Amphipods are widely
distributed along salinity gradients and are naturally rich in long-chain n-3 polyunsaturated
fatty acids (n-3 LC-PUFAs), making them suitable model organisms to explore how fatty acid
(FA) profiles respond to environmental variability. Their resilience to salinity fluctuations
makes them promising candidates for aquaculture, particularly in earthen ponds where salinity
varies naturally.

This study assessed how salinity influences the FA profiles in amphipods by analysing males
and females separately in wild populations of Melita palmate and Gammarus locusta along a
natural salinity gradient, and by experimentally testing sex-specific responses of G. locusta to
controlled salinity conditions. Complementary laboratory and field trials revealed consistent
FA modulation in response to salinity shifts. Under controlled conditions, exposure to the
lowest salinity (20) increased total FA content, including EPA and DHA. Similarly, along a
natural coastal lagoon salinity gradient (3 to 35), total FAs and n-3 LC-PUFAs generally
increased with salinity in some species, while remaining stable or slightly decreasing in others,
reflecting species-specific physiological responses. Osmotic variation affected the n-3 LC-PUFA
content, suggesting membrane lipid remodeling to maintain fluidity under salinity stress. In
both settings, females accumulated higher FA levels than males, likely linked with reproduction
and the production of lipid-rich oocytes.

In conclusion, the FA profiles of amphipods are shaped by environmental conditions and sex-
specific physiology, with ecological implications for coastal food webs. Their ability to
withstand fluctuating salinities while retaining high nutritional quality highlights their potential
for sustainable aquaculture. By exploiting this trait, amphipods could serve as a sustainable
aquaculture feed ingredient and, if cultivated under low-cost production in earthen pond
systems, provide an important source of essential n-3 LC-PUFAs.

Keywords: Salinity gradients, n-3 LC-PUFAs, earthen-pond production, climate change,
Gammarus locusta, Melita palmata
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Abstract

The Pacific cupped oyster (Magallana=Crassostrea gigas) is a species of interest for
aquaculture worldwide and it is widely produced in hatcheries. Lipid quality composition of
microalgal diets is the major factor influencing larval performance in bivalves. The microalga
Tisochrysis lutea is widely used as live food in bivalve hatcheries due to its advantageous fatty
acid (FA) spectrum. Microalgal culture in photobioreactors (PBRs) allows reaching large
productivities, minimizes contaminations and nutritional quality can remain stable during
cultivation process. This works aims to investigate the impact of dilution rate of T. lutea
cultured in PBR on M. gigas larval culture performance and fatty acid and lipid class
composition. Mono- specific diet T. Jlutea cultured in batch in 300-L cylinders (T) was compared
with T. lutea grown at two dilution rates (D, 0.2 and 0.7 d, T0.2 and T0.7 respectively) in a 3.5-
L PBR supplied also as mono-specific diet and a positive control consisting of the bi-specific
diet T. lutea + Chaetoceros neogracile (TC). Differences in mono-specific diets (T, T0.2 and T0.7)
were observed. For instance, diet T0.2 contained higher triacylglycerol (TAG) (~140 fg cell™)
than T and T0.7 (~60 fg cell). Contrary, total FA in T was higher (~1300 fg cell™!) than T0.2 and
T0.7 (~870-920 fg cell™). Lower proportions of 22:6n-3 (DHA) were observed in T (11%)
compared to TO2 and T0.7 (15-17%). Larval survival was similar at day 15 (i.e. when larvae fed
TC achieved competency) under all experimental conditions. However, the duration of larval
life and survival until pediveliger stage (competency) differed among conditions. Similarly,
growth rate was significantly different under all fed larvae, following the pattern TC > T > T0.2
> T0.7. Larvae fed T0.2 showed intermediate metamorphosis between T and TC. The lowest
metamorphosis success was observed in larvae fed T0.7.

Keywords: Magallana gigas, larvae, Tisochrysis lutea, photobioreactor, lipids
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Abstract

Microalgae are a rich source of bioactive compounds with potential applications as functional
ingredients in aquafeeds. A study was undertaken to evaluated whether dietary
supplementation with microalgae oleoresins could enhance the immune response of Atlantic
salmon (Salmo salar) juveniles vaccinated against Yersinia ruckeri. Oleoresins derived from
Tisochrysis lutea and Phaeodactylum tricornutum, obtained by pressurized liquid extraction
(PLE) or supercritical fluid extraction (SFE), were incorporated into isonitrogenous, isolipidic
and isoenergetic diets and fed to salmon fry prior to (45 days) and following vaccination (21
days).

Dietary inclusion of algae oleoresins had no adverse effects on growth, feed efficiency,
nutrient retention or body composition during either experimental phase. Skeletal
assessments revealed a pre-existing incidence of opercular deformities, with a non-significant
trend towards lower incidence in fish fed oleoresin-containing diets. Prior to vaccination,
dietary microalgae oleoresins had no effect on plasma innate or adaptive immune markers.
Post-vaccination, all groups showed increased humoral immune activity; however, fish fed
diets containing P. tricornutum oleoresins—particularly the PLE extract—exhibited significantly
higher plasma peroxidase activity, bactericidal activity and Y. ruckeri-specific 1gM levels
compared to control and T. /utea treatments. These findings indicate a potentiation of vaccine-
induced immune responses linked to both microalgae species and lipid extraction method. The
lipidome characterization of algae oleoresins (phospholipids, glycolipids, betaine lipids and
acylglycerols), allowed the generation of new knowledge on the bioactive role of these various
lipid classes in the immune modulation of salmon fry.

Keywords: Atlantic salmon, microalgae, lipidome, vaccination, immunity
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Abstract

Marine macroalgae are increasingly recognized as alternative sources of bioactive lipids for
nutraceutical applications. However, wild harvesting leads to strong seasonal and
environmental variability, limiting compositional consistency and scalability. Aquaculture
offers control over nutrient availability and environmental conditions, potentially stabilizing
lipid yield and fatty acid (FA) composition. Nevertheless, more sustainable production models
are required to support the expansion of this sector. In this context, Integrated Multi-Trophic
Aquaculture (IMTA) represents a strategy that couples nutrient recycling with high quality
seaweed production, enhancing environmental sustainability.

We evaluated lipid quality in two macroalgae species under two IMTA configurations. Firstly, in
a land-based IMTA-Recirculating Aquaculture System (IMTA-RAS), Ulva ohnoi co-cultivated
with Senegalese sole effluents was compared with wild Ulva spp. and with U. ohnoi grown with
inorganic nutrients. Wild samples showed low lipid contents (~1.3%), despite relatively high w-
3 PUFA proportions (24.5-26.7%). Cultivation in IMTA-RAS increased lipid levels (~3-3.8%) and
ensured w-3-enriched profiles (29.6-41.18%). Although inorganic culture produced slightly
higher w-3 proportions (43.85+10.09%), IMTA-RAS achieved the best compromise between
lipid quality, productivity, and sustainability by using fish-derived nutrients instead of external
fertilizers.

The second system consisted of an offshore IMTA were Saccharina latissima was co-farmed
with mussels. Although no temporal differences were observed in 2024, in 2025 FA profiles
transitioned from SFA- and MUFA-enriched in February to w-3 and w-6 PUFA-enriched in
March, likely driven by changing environmental conditions such as light availability.
Furthermore, hydrodynamic exposure significantly influenced lipid profiles, with protected
sites maintaining higher long-chain PUFA proportions observed in February. Compared to wild
Northern European S. latissima, our system showed PUFA (45-61%) and w-3 (27-45%) levels
at or above reported ranges.

These findings demonstrate that strategic IMTA system design can ensure a continuous and
compositionally controlled source of seaweeds containing bioactive lipids enriched in PUFA
while improving production sustainability.

Keywords: Saccharina latissima, Ulva ohnoi, PUFAs, omega-3, IMTA
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Abstract

Lipid composition of Senegalese sole (Solea senegalensis) liver and muscle was analysed
comparing a conventional recirculating aquaculture system (RAS) with an integrated
multitrophic aquaculture system with the green macroalga Ulva ohnoi (IMTA-RAS), and with
the same system with the addition of the probiotic bacterium Phaeobacter sp. 4UAC3 (IMTA-
RAS-PHAE), in three independent trials. One hundred eighty adult sole (approx. 85 g) in each
experiment were grown in three tanks for six weeks. Six fish per tank were sampled at the
beginning of each trial (Ti), while eight fish per tank were sampled at the end (Tf). Total lipid
and cholesterol were cold-extracted from both liver and muscle tissues at Ti and Tf, and the
fatty acid (FA) profiles were determined. Lipid and cholesterol levels in the liver were quite
stable from Ti to Tf within each experiment; however, at Tf, liver cholesterol content changed
by -2.7%, +4.7%, and -7.1% in the RAS, IMTA-RAS, and IMTA-RAS-PHAE groups, respectively.
Regarding FA profiles, eicosapentaenoic acid (EPA) C20:5 n-3 significantly increased in RAS,
slightly decreased in IMTA-RAS, and significantly decreased in IMTA-RAS- PHAE livers. Overall,
the polyunsaturated FA/saturated FA ratio significantly increased in the RAS and IMTA-RAS
groups, while it remained unchanged in the IMTA-RAS-PHAE group.

Muscle total lipid content increased significantly in RAS sole from Ti to Tf, while it decreased
marginally in IMTA-RAS fish and significantly in IMTA-RAS-PHAE. A hypocholesterolaemic effect
was observed in fish reared in the IMTA-RAS-PHAE system (Ti: 65.96 mg/100 g muscle vs. Tf:
59.69 mg/100 g muscle). Minor changes in FA profiles were noticed.

To conclude, combining macroalgae and probiotics in S. senegalensis farming seems promising
and prompts further studies into the specific cause-effect relationships affecting fish
metabolism in these innovative management systems.

Keywords: Solea senegalensis, integrated multitrophic aquaculture system, cholesterol, fatty
acid profile
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Abstract

The Norwegian aquaculture sector is expanding the use of sustainable, locally produced feed
ingredients, including side-stream lipids from fish-oil refining for marine omega-3
concentrates. Ethyl ester (EE) side-stream oil is a circular lipid source with relatively high
saturated fatty acids (SFA) alongside n-3 PUFA. We evaluated the production relevance of EE
oil in two salmonid feeding trials, focusing on growth, health markers, and product quality.

In freshwater, Atlantic salmon (initial ~11 g) were fed six diets where EE oil supplied 0-35% of
the dietary lipid fraction for 40 days at 12°C. EE oil did not compromise growth (SGR) and
health indicators remained stable, with no histological signs of liver lipid accumulation or
intestinal inflammation. Tissue fatty acid (FA) profiles reflected diet, while increasing EE
elevated faecal lipid output mainly due to SFA, consistent with lower SFA digestibility.

In seawater, Atlantic salmon (~274 g) and rainbow trout (~195 g) were reared at 12°C for 8
weeks and fed diets where EE oil represented 0, 15, or 30% of the lipid fraction (triplicate tanks
per diet and species). In both species, growth was slightly but significantly reduced at the
highest EE inclusion. Serum biomarkers (ASAT, ALAT, TAG, NEFA, cholesterol) were largely
unaffected; only cholesterol decreased in salmon at 30% EE. Importantly for marketability,
fillet quality was maintained (texture, liquid loss, colour). Whole-body FA composition
mirrored dietary FA, and EE tended to reduce whole-body lipid content. As in the freshwater
trial, EE increased faecal lipid losses, a predictable outcome of higher dietary SFA.

Overall, EE oil has potential as a circular, value-adding lipid ingredient for salmonids,
maintaining health markers and fillet quality across life stages. Commercial optimisation
should balance EE with more unsaturated lipid sources to mitigate SFA-related digestibility
losses and support growth during seawater production.

Keywords: Ethyl ester oil, side-stream, circular lipid ingredient, salmonids

57


mailto:marta.bou@nofima.no

O-111-07 From agricultural waste to omega-3-rich biomass: The potential
of Gammarus locusta through trophic upgrading

Felisa Reyl’z’*, Manuel AIbuquerquea, Jodo P. Sousa®, Maria A. Salvador?, Luisa Marques3,
Daniela P. Rodriguesa, Maria Rosario M. Dominguesl’z, Ricardo Calado®

! CESAM-Centre for Environmental and Marine Studies, Department of Chemistry, University
of Aveiro, Campus Universitario de Santiago, 3810-193 Aveiro, Portugal

> Mass Spectrometry Center, LAQV-REQUIMTE, Department of Chemistry, University of Aveiro,
Campus Universitario de Santiago, 3810-193 Aveiro, Portugal

* ECOMARE, CESAM-Centre for Environmental and Marine Studies, Department of Biology,
University of Aveiro, 3810-193 Aveiro, Portugal

* Corresponding author’s email: felisa.rey@ua.pt

Abstract

The global demand for marine-derived foods continues to grow, driven by their high
nutritional value, particularly as sources of long-chain polyunsaturated fatty acids (LC-PUFA).
However, the sustainability of this demand is increasingly constrained by declining wild stocks.
Aguaculture plays a key role to meet seafood needs, but the major bottleneck is the limited
supply of sustainable feed ingredients rich in omega-3 LC-PUFA, namely eicosapentaenoic
(EPA) and docosahexaenoic acid (DHA). These fatty acids are essential for the growth,
reproduction, and health of cultured species.

Marine gammarid amphipods are promising candidates for feed innovation due to their ability
to perform trophic upgrading, converting plant-based diets into nutritionally valuable biomass
enriched in omega-3 LC-PUFA. However, their efficiency when reared on agricultural by-
products remains poorly explored. This study evaluated four agricultural side-streams (potato
peels, carrot peels, carrot leaves, and tomato leaves) as monospecific diets for Gammarus
locusta broodstock. The macroalga Ulva sp. served as a control diet, and neonates from wild
ovigerous females were used as a reference for fatty acid composition. Broodstock fed Ulva sp.
produced a higher average number of neonates than wild individuals. Reproductive
performance with potato peels, carrot peels, and carrot leaves was comparable to that of wild
conspecifics, whereas tomato leaves reduced hatching success, likely due to the presence of
insecticidal compounds. Neonates from all treatments displayed EPA and DHA, although at
lower levels than those of wild neonates. Potato peels showed fatty acid profiles most closely
resembling those of wild conspecifics, including the highest DHA and EPA contents among the
agricultural by-products evaluated.

These results highlight G. locusta’s capacity to trophically upgrade agricultural residues,
supporting its potential role in a circular bioeconomy, selective breeding programmes, and the
sustainable  production of high-value ingredients for aquafeed formulations.

Keywords: Blue biotechnology, circular economy, LC-PUFA, omega-3, sustainable aquaculture
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Abstract

The sustainable use of lipid sources in aquafeeds requires not only improving lipid digestibility
but also understanding how dietary components influence energy partitioning in farmed fish.
Bile acids (BAs) have traditionally been incorporated into aquafeeds as emulsifiers to enhance
lipid absorption. However, increasing evidence in vertebrates indicates that BAs also act as
hormone-like signaling molecules regulating energy homeostasis. Despite their use in
aquaculture, their metabolic roles beyond digestion remain insufficiently characterized. In this
study, we investigated whether secondary bile acids (SBAs) directly influence white adipose
tissue (WAT) metabolism in rainbow trout (Oncorhynchus mykiss). Using intragastric
administration of lithocholic acid (LCA), deoxycholic acid (DCA), and their taurine-conjugated
forms (T-LCA and T-DCA, respectively), we evaluated short-term responses in WAT through
comprehensive transcriptomic (RNAseq) analysis, complemented by the assessment of BA-
related signaling elements and key indicators of glucose and lipid metabolism, including mRNA
abundance, enzyme activities and metabolite levels. Our findings demonstrated for the first
time that WAT is a functional target of SBAs in rainbow trout and that their effects depend on
BA identity and conjugation state. The responses observed were consistent with coordinated
adjustments in carbohydrate and lipid metabolism, supporting a role for SBAs in modulating
metabolic flexibility. These adipose effects align with previous evidence of SBA-mediated
regulation in other peripheral tissues such as liver in this species, reinforcing the concept that
BAs may act as systemic metabolic regulators in teleost fish. Overall, this work expands the
view of BAs in aquaculture, indicating that their inclusion in feeds may have metabolic
consequences beyond emulsification. The BA—specific nature of the responses suggests that
the identity and combination of BAs used in aquafeeds may critically determine their
physiological outcomes, an aspect that should be considered when designing sustainable lipid
utilization strategies.

Keywords: Secondary bile acids, adipose tissue, transcriptomic analysis, energy homeostasis,
rainbow trout

59


mailto:gabriel.perez@uvigo.gal

60



O-1V-01 The long chain polyunsaturated n-3 fatty acids supply crisis -
farmed and wild seafood may no longer meet human dietary needs

Ricardo Calado”

ECOMARE, CESAM-Centre for Environmental and Marine Studies, Department of Biology,
University of Aveiro, 3810-193 Aveiro, Portugal
* Corresponding author’s email: rjcalado@ua.pt

Abstract

Humanity faces the unprecedented challenge of ensuring that everyone has access to safe and
nutritious food. With most fisheries fully or over-exploited, aquaculture plays a key role in
addressing this issue.

Aquaculture of marine finfish and shrimp still heavily relies on fisheries. Alone, the Peruvian
anchoveta (Engraulis ringens) fishery secures =30% of global fishmeal and fish oil supply.
Despite the breakthroughs achieved on sourcing long chain polyunsaturated n-3 fatty acids (n-
3 LC PUFA) from other sources than the Peruvian anchoveta, namely by using by-products
from fish processing and other alternative sources (e.g., microalgae and krill), the aquafeeds
industry still struggles to keep up with demand. This scenario has led to a generalized decrease
on the levels of n-3 LC PUFA in aquafeeds formulation and, consequently, on the muscle of
farmed marine finfish and shrimp. Additionally, due to the need to diversify ingredients for
marine aquafeeds formulation, farmed specimens now display higher levels of n-6 fatty acids
(well-known for being promotors of inflammation). Lower amounts of n-3 LC PUFA in the
tissues of marine fish and shrimp mean that people will have to eat larger servings of seafood
to get the same nutritional benefits, which will ultimately raise the demand for farmed
seafood.

Concerning fisheries, the increase in seawater temperature promoted by global climate change
is foreseen to reduce the levels of n-3 LC PUFA in marine organisms. In line with the theory of
homeoviscous adaptation, higher seawater temperatures allow cell-membrane fluidity to be
maintained at a lower level of unsaturation, hence larger portions of seafood will also have to
be consumed to obtain the same nutritional benefits.

Overall, seafood supply must be significantly increased to secure human dietary needs in n-3
LC PUFA, particularly EPA and DHA. How can this be achieved, in a sustainable way, remains an
open question.

Keywords: Aquaculture, aquafeeds, climate change, fisheries, food security
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Abstract

Obesity is a multifactorial and chronic condition associated with oxidative stress, inflammation
and insulin resistance, ultimately contributing to metabolic disorders such as type 2 diabetes,
and cardiovascular diseases. Microalgae represent a sustainable marine source of bioactive
lipids, whose inherent antioxidant and anti-inflammatory properties position them as a
promising functional ingredient for the prevention and management of obesity. This study
evaluated the anti-obesity potential of lipid extracts from four microalgae species (Arthrospira
platensis, Chlorella vulgaris, Tetraselmis chuii and Nannochloropsis gaditana) obtained by
pressurized liquid extraction (PLE), and assessed their antioxidant capacity, inhibition of key
digestive enzymes and modulatory effects on adipogenesis. PLE extraction yields ranged from
12.1% (T. chuii) to 41.1% (N. gaditana). All lipid extracts showed dose-dependent ABTS and
DPPH radical scavenging activity, with T. chuii and C. vulgaris displaying the highest antioxidant
potential. T. chuii lipid extract exhibited the strongest pancreatic lipase inhibition (IC50 = 0.40
+ 0.04 mg/mL), followed by C. vulgaris (IC50 = 0.59 + 0.05 mg/mL). Regarding a-amylase
inhibition, C. vulgaris and A. platensis presented the lowest IC50 values (1.41 + 0.10 and 2.32

+ 0.21 mg/mL, respectively). All microalgal oils reduced intracellular lipid accumulation in a
dose-dependent manner using 3T3-L1 adipocytes, confirming their anti-adipogenic properties.
Among the four microalgae examined, T. chuii and C. vulgaris lipid extracts showed the
greatest antioxidant, enzyme-inhibitory, and anti-adipogenic potential. The lipidomic analysis
revealed that the enhanced bioactivity of T. chuii and C. vulgaris extracts could be attributed to
the higher levels of phosphatidylethanolamines and N-acylglycines, acting as key molecules in
lipid metabolism. Overall, our research highlights specific microalgae-derived lipids as
promising and sustainable ingredients for the development of functional foods and
nutraceuticals targeting obesity and associated metabolic conditions.

Keywords: microalgae oils, pressurized liquid extraction, oxidative stress, adipogenesis; 3T3-L1
cells, obesity
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Abstract

Marine lipids have been recognized for their health effects, and especially omega 3 intake is
linked to reduced cardiovascular risk, improved lipid metabolism, and inflammation control. As
the demand for sustainable resources rises, interest has grown for underutilized species and
novel lipid sources, including herring roe and the copepod Calanus finmarchicus. Their lipids
offer unique structural characteristics—phospholipid rich profiles in herring roe oil and wax
esters based calanus oil—positioning them as promising alternatives to traditional fish oils.
Understanding their health effects on cellular level is essential for evaluating their potential
roles for human health.

We here present results in the context of the inflammatory skin disorder psoriasis, which
suggest that supplementation with herring roe oil reduces the secretion of the main pathologic
drivers IL-23 and IL-17 from macrophages and T-cells, respectively. We also observed broad
biosynthesis of lipid mediators and specialized pro-resolving mediators (SPMs) by
macrophages treated with herring roe oil, thus demonstrating a possible mechanism for
resolution of inflammation in the skin niche.

For oil from Calanus finmarchicus (Zooca Calanus® Qil), we show a pronounced effect on
interferon regulatory factor (IRF)-mediated inflammatory signaling and a protective effect in
metabolically stressed macrophages. We have also analyzed the contributing effects of
different components of the oil, such as pure fatty acids and astaxanthin. These results support
previous clinical and preclinical studies, which suggest effects of calanus oil on obesity-induced
metabolic distortions.

Keywords: Inflammation, phospholipids, wax esters, lipid mediators
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Abstract

Docosahexaenoic acid (DHA, 22:6 n-3) plays a critical role in Alzheimer’s disease (AD), where
its depletion in neurons is a hallmark of the pathology reduced neuronal levels being a
consistent feature of the pathology. Given the central role of the liver in systemic lipid
metabolism, hepatic lipid homeostasis may be a key factor in determining DHA availability to
the brain.

In this study, we compared two independent experiments evaluating dietary DHA enrichment
through chub mackerel or DHASCO in 5xFAD mice. To enable comparison across experiments,
treatment effects were expressed as log(Treatment/Control) ratios. The statistical analysis
(Student t-test) was performed on log-transformed values, after which results were converted
into percentage of variation relative to respective control.

Significant differences were recorded for total saturated fatty acids (SFA) when the variations
of both treatments are compared: chub mackerel induced a reduction in SFA (-10.0%),
whereas DHASCO led to an increase (+2.5%). Both diets increased the hepatic n-3
polyunsaturated fatty acids (n-3 PUFA), with a greater effect (p<0.05) observed for chub
mackerel (+105.7%) compared to DHASCO (+31.3%). These variations were largely driven by
DHA (+143.7% vs. +28.9%, observed in chub mackerel and DHASCO groups, respectively).
Eicosapentaenoic acid (EPA, 20:5 n-3) increased similarly in both groups (~+110%). In contrast,
arachidonic acid (ARA, 20:4 n-6) increased slightly with chub mackerel (+1.6%) but decreased
substantially with DHASCO (-30.1%).

These results demonstrate that hepatic lipid remodelling varies significantly according to the
dietary source of DHA. This suggests that the nutrient matrix surrounding DHA may modulate
liver fatty acid profiles, potentially influencing the subsequent DHA availability to the brain.

Keywords: Alzheimer’s disease, lipid fraction, n-3 polyunsaturated fatty acids (n-3 PUFA),
docosahexaenoic acid (DHA), liver
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Abstract

Omega-3 fatty acids such as EPA and DHA play a central role in modulating inflammation by
serving as precursors to bioactive oxylipins specialized pro-resolving mediators (SPMs), which
actively regulate and promote the resolution of inflammation. Marine monounsaturated fatty
acids, particularly cetoleic acid, may further influence this process by enhancing fatty acid
metabolism and increasing the availability of EPA and DHA, thereby indirectly supporting the
formation of these bioactive mediators. Notably, North Atlantic fish oil naturally contains
moderate levels of EPA and DHA but is especially rich in cetoleic acid, suggesting a
complementary and potentially synergistic anti-inflammatory effect.

Psoriasis is a chronic inflammatory skin disease driven by an overactive immune response,
particularly involving the IL-23/IL-17 axis. In this condition, keratinocytes, fibroblasts, and
immune cells interact to sustain inflammation and promote abnormal skin proliferation.
Adipose tissue also contributes to disease progression through the secretion of pro-
inflammatory cytokines, especially in individuals with obesity, highlighting the close interplay
between skin and fat tissue.

In this study, three complementary human in vitro model systems—keratinocytes, a 3D skin
model, and subcutaneous adipocytes—were used to investigate the effects of cetoleic acid,
EPA and DHA on psoriasis-related inflammation and to identify underlying mechanisms. The
findings indicate that cetoleic acid acts early in the inflammatory response. In skin models, the
fatty acid inhibits key signaling pathways involved in psoriasis pathology, particularly the IL-
17/NF-kB axis, reduces IL-6 secretion, and limits extracellular matrix remodeling. In
subcutaneous adipocytes, cetoleic acid promotes an anti-inflammatory profile by reducing IL-8
secretion, downregulating inflammatory gene expression, and enhancing mitochondrial
function.

Overall, cetoleic acid appears to dampen early inflammation, while EPA and DHA primarily
contribute to the resolution phase, supporting a combined therapeutic potential in chronic
inflammatory conditions such as psoriasis.

Keywords: Cetoleic acid, psoriasis, omega-3 fatty acids, in vitro models
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Abstract

Microalgae are rich in high-value compounds such as lipids, making them promising
alternatives as food and functional ingredients. However, microalgae exhibit metabolic
plasticity under varying growth conditions, including seasonal changes affecting temperature
and light intensity. Understanding seasonal lipidomic variability is essential to optimize
production, enhance nutritional value and support integration into sustainable healthy diets
[Lopes et al. 2026, Algal Research, https://doi.org/10.1016/j.algal.2026.104520]. This study
evaluated the total lipid content, fatty acid (FA) composition (by GC-MS), and lipid molecular
species (by C18 LC-MS-based lipidomics) of Microchloropsis gaditana sustainably cultivated in
outdoor closed photobioreactors across four seasons. Lipid content varied between seasons,
achieving higher levels in autumn (21.7 £ 1.4%) and winter (18.9 + 0.4%). Esterified FA also
showed seasonal fluctuations, notably eicosapentaenoic acid (EPA, FA 20:5 n-3), which
decreased significantly from winter (31.6 + 3.7 mg FA g * biomass) to summer (11.4 + 1.2 mg
FA g™ biomass). Lipidomics revealed that winter and spring samples were enriched in lipid
species containing more unsaturated fatty acids, whereas summer and autumn biomass
displayed a higher relative abundance of less unsaturated species. Glycolipids and neutral
lipids (triacylglycerols and diacylglycerols) were upregulated in spring biomass, while winter
samples showed higher levels of lipids containing polyunsaturated fatty acids (PUFA), likely
reflecting adaptive responses to low temperature and reduced irradiance. Betaine lipids
showed notable molecular plasticity, with longer-chain and more unsaturated species
predominating in winter. These findings demonstrate seasonal lipidome modulation and its
relevance for optimizing M. gaditana lipids as a sustainable source of health-promoting marine
lipids, supporting nutrition, functional foods, and tailored approaches for global health
strategies.

Keywords: Microalgae, functional lipids, glycolipids, betaine lipids, phospholipids
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Abstract

The two most important diseases worldwide are cardiovascular diseases (CVD) and
neurodegenerative diseases (ND). In 2021, more than 3 billion people worldwide were living
with a neurological condition. Covid-19 has claimed the lives of 7.1 million (till 12" December
2025) whereas each year, CVD claim the lives of 18 million worldwide; this renders these
diseases as the worst pandemic.

Our team has been working on the role of marine polar lipids against CVD and ND for over two
decades. Our approach is to separate the polar fraction of lipids from marine foods and assess
their bioactivities against thrombosis, Alzheimer’s and autism. Our results to date have shown
that polar lipids derived from these marine sources have the potential to inhibit the onset of
these diseases, rendering them good candidates for novel nutraceuticals or even
pharmaceuticals.

In this presentation, we are going to present all the latest developments of our in vitro, in vivo
and ex vivo work. We have also carried out two small scale human trials on the role of salmon
polar lipids as inhibitors of the aggregation of human platelets, with promising results; these
data will be also presented.

Stemmed from our work so far, we believe that the role of polar lipids has been
underestimated by the scientific community. Concerted efforts are needed to upscale studies
on the role of polar lipids against the whole spectrum of theses diseases.

Keywords: inflammation, cardiovascular diseases, neurodegenerative diseases, lipids
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Abstract

Docosahexaenoic acid (DHA, 22:6 n-3) is vital for neuronal function, and its depletion in the
brain DHA is closely linked to Alzheimer’s disease (AD). Given the lack of effective clinical
treatments, nutritional strategies to support brain health have become increasingly relevant.
This study compared how dietary DHA enrichment from two different sources - chub mackerel
or DHASCO (algal oil) affects the brain fatty acid composition in 5XxFAD mice. Data from two
independent experiments were integrated using log(Treatment/Control) ratios, with statistical
analysis (Student t-test) performed on log-transformed values.

While global levels of saturated (SFA), monounsaturated (MUFA), and polyunsaturated fatty
acids (PUFA) remained largely unchanged across groups, significant differences emerged
between the two DHA sources regarding n-3 and n-6 PUFA profiles. Chub mackerel induced a
substantially higher increase in brain DHA and total n-3 PUFA compared to DHASCO (DHA:
+9.8% vs. +2.9%; n-3 PUFA: +10.3% vs. +2.6%). Furthermore, although both treatments
reduced arachidonic acid (ARA, 20:4 n-6) by approximately 10.1%, the reduction in total n-6
PUFA was more pronounced in the mackerel group (-11.68%) than in the DHASCO group
(-7.83%).

These findings suggest that brain DHA enrichment depends not only on the amount of DHA
consumed but also on its dietary source and the broader food matrix. This underscores the
potential superiority of whole food sources of n-3 PUFA in nutritional designed to maintain
brain lipid homeostasis in neurodegenerative contexts.

Keywords: Alzheimer’s disease, lipid fraction, n-3 polyunsaturated fatty acids (n-3 PUFA),
docosahexaenoic acid (DHA), brain health
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Abstract

Microalgae are photosynthetic microorganisms which grow in aquatic environments. Thanks to
solar energy, carbon dioxide, and essential nutrients, they can produce lipids, pigments, and
other bioactive metabolites of interest to human health. This versatility has positioned them as
an emerging alternative to traditional sources, with increasing applications in the nutraceutical
sector.

This study aimed to characterize the lipidomic profile of three species of microalgae
(Arthrospira platensis, Nannochloropsis gaditana and Tetraselmis chuii), and associate the
identified compounds with their potential bioactive properties for the development of
microalgae-based nutraceuticals. Lipid extracts were obtained by Soxhlet and analyzed by
Ultra-High Performance Liquid Chromatography coupled with Quadrupole-Orbitrap High-
Resolution Mass Spectrometry (UHPLC-Q-Orbitrap MS/MS). Lipidomic data processing was
carried out using LipidOne 2.4 software.

A comparative assessment of the lipid profiles showed clear differences between the
microalgae extracts. A. platensis was characterized by a higher proportion of hydroxyl fatty
acids, composed of long-chain saturated fatty acids, mainly C16:0 and C18:0. This class of
complex lipids has been associated with insulin sensitivity and improved glucose metabolism,
emerging as a new class of compounds with potential antidiabetic properties. In contrast, N.
gaditana presented the highest levels of eicosapentaenoic acid (C20:5 omega-3), well known
for its anti-inflammatory effects, and ceramides. These bioactive lipids are structural
components of the skin barrier and critical signaling molecules regulating cell differentiation
and apoptosis, valuable for the cosmetic industry. Finally, T. chuii was distinguished by a high
proportion of oleic acid (cis-9 C18:1) and a rich diversity of C28 phytosterols, suggesting an
application in the prevention of cardiovascular diseases through the modulation of cholesterol
absorption. Overall, these results underscore the potential of microalgae-derived bioactive
lipids as promising ingredients for different applications in nutraceuticals, functional foods,
cosmetics, and biomedical formulations.

Keywords: Microalgae, lipidomics, bioactivity, nutraceuticals, functional foods
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Abstract

Background: Dried blood spots (DBS) have emerged as a minimally invasive and practical
method for assessing omega 3 status in population studies. Previous research has linked whole
blood omega 3 levels with cardiovascular risk, but less is known about their capacity to reflect
short- and medium-term dietary changes.

Aim: To evaluate whether the fatty acid (FA) profile obtained from DBS can identify dietary
habits and monitor changes associated with different levels of oily fish intake.

Methods: A within-subject nutritional intervention was performed in 18 healthy adults. FA
profiles were analysed at baseline and across four subsequent periods of controlled oily fish
consumption. Participants recorded daily dietary intake, and DBS samples were collected at
five time points for FA analysis.

Results: DBS FA profiles revealed three distinct patterns that aligned with participants’ habitual
dietary behaviours. During the intervention, EPA levels showed rapid fluctuations influenced
by oily fish intake from the previous day. In contrast, DPA and DHA displayed slower
responses, requiring one to two weeks to exhibit measurable changes. Interindividual
variability was partly explained by baseline FA status.

Conclusion: DBS provide a reliable and convenient approach for assessing dietary habits and
capturing dynamic responses to oily fish intake. This technique holds strong potential for
personalised nutrition applications and for monitoring adherence in dietary intervention
studies.

Keywords: Dried blood spots, omega-3 fatty acids, oily fish, dietary biomarkers
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Abstract

This study reports the development and characterisation of functional edible films based on
fish gelatin incorporating Pickering-type emulsions formulated with increasing concentrations
of Atlantic salmon (Salmo salar) oil (10-40%), and stabilized by musky octopus (Eledone
moschata) protein—quercetin nanoparticles. The objective was to design bioactive films with
tailored physicochemical and nutritional properties for potential gastronomic and
nutraceutical applications. Pickering emulsions were successfully formed using protein—
polyphenol nanoparticles as solid stabilizers, ensuring physical stability and homogeneous
droplet dispersion. The incorporation of salmon oil emulsions significantly modified the
structural and functional properties of the films. As the oil fraction increased, a marked
reduction in tensile strength was observed, indicating a plasticising and discontinuity effect
within the polymeric network. Film solubility in water also decreased drastically with higher oil
proportions, suggesting enhanced hydrophobicity and reduced matrix—water interactions, as
observed by FTIR and DSC. These changes reflect the progressive dominance of the lipid phase
and its interference with gelatin chain interactions. Simulated gastrointestinal digestion assays
(INFOGEST) revealed that the films retained biological functionality after exposure to digestive
conditions. The micellar bioaccessible fraction exhibited variable fatty acid profiles depending
on the initial oil concentration, confirming that lipid loading modulates nutrient release and
availability. Moderate oil incorporation resulted in increased levels of bioaccessible long-chain
polyunsaturated fatty acids, particularly those associated with salmon oil. Overall, the
incorporation of salmon oil Pickering emulsions into fish gelatin films not only enables
modulation of mechanical and solubility properties, facilitating their potential culinary
application, but also imparts bioactive potential through the controlled delivery of health-
promoting fatty acids. These findings support the feasibility of designing multifunctional edible
films that combine structural performance with nutritional functionality, expanding their
applicability in innovative food systems and functional gastronomy.

Keywords: Fish gelatin films, pickering emulsions, salmon oil, protein—polyphenol
nanoparticles, In vitro bioaccessibility
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Abstract

The current work was carried out in the framework of the Horizon Europe VALORISH project
(https://www.valorish.eu/), which aims to promote the sustainable valorization of marine by-
products through the use of green and advanced extraction technologies. Within this context,
several raw materials were characterized to assess their potential for value-added
applications. Among them, salmon by-products were identified as one of the most suitable
candidates for oil extraction due to their high lipid content. Three different technologies were
used for oil recovery, named natural deep eutectic solvents (NADES), supercritical CO,
extraction (SFE), and subcritical water extraction (SWE). Both SFE and SWE were optimized
using a factorial experimental design with the aim of maximizing extraction yield: pressure,
temperature and extraction time were studied in SFE, while temperature, extraction time and
solid-to-liquid ratio were evaluated in SWE. Regarding NADES, eight different formulations
were synthesized by mixing compounds such as choline chloride, sugars, alcohols and urea,
and tested for their potential to extract lipids. Very promising results were obtained with the
three techniques. After a first experimental design where pressure and temperature were
assessed, SFE reached 67% of extraction yield and, after a second set of experiments, the
performance of the process rose to 97% by optimizing extraction time. Regarding SWE, a
similar methodology was followed. Temperature and extraction time optimization led to a
maximum of 54% of oil recovery and after assessing solid-to-liquid ratio, the yield was
increased up to 71%. Finally, the extraction capacity of each of the mixtures of NADES was also
evaluated and the yields obtained ranged from 8% to 70%.

Keywords: Fish by-products, valorization, green extraction techniques, lipid extraction
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Abstract

The increasing global demand for aquaculture products, combined with the limited availability
of marine-derived resources, has intensified the search for new feed ingredients, that can
supply essential long-chain polyunsaturated n-3 fatty acids (LC-PUFA), particularly
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Ensuring a sustainable and
reliable supply of these lipids remains a critical bottleneck for the development of a more
resilient aquafeed formulation, driving research into novel, lower-trophic level, and resource-
efficient biological systems.

Among emerging candidates, marine invertebrates have gained attention due to their
potential to convert low-value plant-based substrates into nutritionally high-valuable biomass.
The amphipod Gammarus locusta is one such organism capable of performing trophic
upgrades through food webs. The experimental trial using three plant-based diets derived
from vegetable processing by-products demonstrated that, despite the absence of EPA and
DHA in the diets, Gammarus locusta individuals and their offspring displayed these n-3 LC-
PUFA in their fatty acid profiles, suggesting the occurrence of endogenous bioconversion
mechanisms.

The results obtained with the first multi-generational feeding experiment in G. locusta
revealed that parental nutrition plays a key role in shaping offspring fatty acid composition,
suggesting the existence of nutritional programming, a feature that may have mitigated some
of the negative effects associated with plant-based feeding strategies. Overall, the present
work highlights the potential of G. locusta as a new biological resource for marine aquafeeds
formulation and contributes towards the supply of n-3 LC-PUFA in aquaculture. Strategies
integrating trophic upgrading may offer a viable pathway to support the ongoing efforts to
diversify aquafeed ingredients and develop more sustainable, circular production systems,
merging green and blue food production systems.
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Abstract

Researchers seeking new bioactive compounds from marine genetic resources now operate
within an increasingly complex, multi-layered regulatory landscape. Access to, use of, and
benefit-sharing from these resources are governed by multiple international frameworks,
many under the auspices of the United Nations. These frameworks may apply not only to
samples collected directly on the high seas, but also to materials held in collections and
biobanks, and to genetic data stored and shared through digital repositories, including DNA
and RNA sequence databases.

In particular, bioprospecting and marine lipid research involving genetic resources from areas
beyond national jurisdiction must, as of January 2026, comply with the new High Seas Treaty
(also known as the BBNJ agreement) which establishes a dedicated framework for access to
and benefit-sharing from marine genetic resources. Importantly, it regulates not only the
material use of biological samples, but also genetic data, commonly referred to as Digital
Sequence Information (DSI).

Beginning with an overview of the principal regulatory frameworks governing microbiological
and marine genetic resources, their interplay, and areas of overlap, | will examine the key
provisions of the BBNJ Agreement and the Nagoya Protocol to assess their practical
implications for researchers working on marine lipids. The aim is twofold: first, to provide
interpretative tools that help scientists navigate this evolving regulatory environment and
conduct research in a compliant and efficient manner; and second, to encourage more active
engagement of the scientific community in ongoing decision-making processes and
negotiations that will shape the future governance of marine genetic resources.

Keywords: Access and Benefit-Sharing, Nagoya Protocol, BBNJ, Marine Genetic Resource,
Digital Sequence Information
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Abstract

Due to the growing interest in the search for lipidic bioactive compounds with potential health
benefits, efforts have intensified to identify new sources that allow their extraction. In this
context, microalga Schizochytrium sp. has emerged as a promising option owing to its high
content of omega-3 polyunsaturated fatty acids (PUFAs), as commercial oils derived from this
microalga can contain more than 40 % docosahexaenoic acid (DHA), which has been associated
with neuronal benefits and potential neuroprotective effects.

The aim of this work was to obtain structured phospholipids enriched with DHA from
alternative sources to fish oil such as Schizochytrium sp. oil, since DHA in this form is more
bioavailable and accumulates more efficiently in brain tissue. This opens the door to its
potential application in the prevention of neurodegenerative diseases through the
development of functional ingredients.

To achieve this, an enzymatic process was employed, beginning with the enzymatic hydrolysis
of Schizochytrium sp. oil using different immobilized commercial lipases and green solvents,
achieving a more sustainable and environmentally friendly process. This step resulted in a
hydrolysed oil with more than 90 % free fatty acids (FFA) rich in DHA. Subsequently, a
transesterification process was carried out using phosphatidylcholine (PC) and the hydrolysed
oil to maximize DHA incorporation. This process was optimized using a multi-level factorial
design, which allowed the identification of optimal conditions, achieved a DHA incorporation
of more than 30% in the phospholipids.

Keywords: Schizochytrium sp., phospholipids, omega 3-PUFAs, biotechnology, enzymatic
reactions
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Abstract

Current research indicates that when n-3 PUFAs are bound to polar lipids, such as
phospholipids (PLs), or glycolipids (GLs), they seem to exert differential bioavailability and
biological effects upon consumption compared to neutral forms (glycerides) of n-3 PUFAs. In
this study, lipid extracts from microalgae were modified to enrich them with EPA (a native
fatty acid) and DHA (an exogenous fatty acid). The selected marine microalga was cultivated
under autotrophic conditions, with an EPA content of 31.2%. Most of the EPA in the biomass
was in the form of polar lipids. Therefore, an extraction procedure was studied to obtain an
extract rich in polar lipids. The lipid extract obtained shows an EPA content in the range of 42-
48% (depending on the particular extraction condition used).

EPA enrichment was carried out by selective enzyme-catalyzed hydrolysis, based on the
discrimination that some lipases show towards EPA, which is hydrolyzed at a lower velocity
and remains in the original polar lipids in greater proportion than other fatty acids. DHA
enrichment was performed by an acidolysis reaction with DHA from heterotrophically
cultivated Aurantiochytrium limacinum biomass.

In the two enzymatic reactions (hydrolysis and acidolysis), some of the most relevant operating
variables were studied: type of lipase, lipase / lipids ratio, type of solvent, reactive (water or
DHA) / substrate ratio, temperature and reaction time. Polar lipids with up to 70 % EPA
(starting from a microalgal polar lipid extract containing 48% EPA) were achieved by hydrolysis.
92% EPA recovery from native lipids was reached. Polar lipids with variable DHA content
(starting from a microalgal polar lipid extract containing 42% EPA and no-DHA) were achieved
by acidolysis. By selecting the reaction time, polar lipids with up to 39% DHA are obtained,
although the EPA content decreases to approximately 15%.

Keywords: EPA, DHA, polar lipids, enzymatic reactions
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Abstract

Elicitation strategies for microalgal biorefinery feedstocks are often optimized for a single
target metabolite, whereas commercial co-valorization requires coordinated enhancement of
lipids, pigments and downstream functionality within the same biomass. We investigated
whether melatonin-mediated redox priming could redirect metabolism in the marine diatom
Phaeodactylum tricornutum toward concomitant accumulation of eicosapentaenoic acid (EPA)
and fucoxanthin. Cultures preconditioned with 0, 5 or 10 uM melatonin were challenged with
0, 0.25 or 0.50 mM H,0; in a factorial design. The condition 10uM melatonin — 0.25mM H,0,
originated the most favorable integrated phenotype relative to untreated post-stress controls,
increasing EPA from 1.81 to 2.64 pug mg™" biomass (+46%), total fatty acids from 7.59 to 11.75
ug mg™' (+55%), total PUFA by 49%, and fucoxanthin by 47%. The fatty-acid profile remained
characteristically diatom-like, dominated by palmitoleic acid, palmitic acid and EPA, while
maintaining a low w6/w3 ratio (<0.13). Pigment accumulation followed the same trend:
fucoxanthin increased by 47% and total pigments by 36%, whereas lutein and B-cryptoxanthin
changed only marginally. The fucoxanthin quadratic model showed a robust fit (R? = 0.955)
with a significant negative melatonin — H,0, interaction, indicating that dual-high levels
underperform relative to additivity. In contrast, the EPA response surface (R* = 0.871)
displayed a positive interaction term, consistent with synergistic enhancement of omega-3
accumulation by redox priming and oxidative challenge. Despite these contrasting interaction
geometries, both responses converged on the same favorable factorial region, identifying
10uM melatonin — 0.25mM H,0, as a unique co-optimization window. Ethanol-soluble extracts
from the optimized biomass showed improved antibacterial activity, with MICs of 80 vs 105ug
mL™ against Listeria monocytogenes, MRSA, MSSA, and Escherichia coli, and 20 vs 52.5 ug mL™
against Staphylococcus epidermidis. These results identify melatonin-primed oxidative
elicitation as a practical strategy for co-valorizing marine diatom biomass through
simultaneous enhancement of omega-3 lipids, fucoxanthin, and extract bioactivity.

Keywords: Microalgae biorefinery, Phaeodactylum tricornutum, omega-3 lipids, fucoxanthin,
blue biotechnology
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Abstract

The development of marine-derived lipid ingredients with high neuroprotective potential
constitutes an emerging frontier in food biotechnology and nutraceutical innovation. This
study addresses this challenge by optimizing the enzymatic synthesis of 1,2-
didocosahexaenoyl-sn-glycero-3-phosphocholine (diDHA), a neuroprotective structured
phospholipid, using DHA derived from anchovy oil. Unlike conventional extraction of lipids
from natural fatty matrices—where complex mixtures limit purity and structural
reproducibility—this biocatalytic approach allows for the generation of highly defined
phospholipids with superior molecular design and purity, essential for advanced nutraceutical
applications and functional consistency of the ingredient. The research was conducted by
optimizing the direct condensation of free DHA and glycerophosphocholine (GPC) using
immobilized Lecitase Ultra (phospholipase). To enhance operational robustness in non-
conventional media, the enzyme was stabilized via interfacial adsorption onto hydrophobic
C18-methacrylate supports combined with a novel bioimprinting strategy. This approach
focused on using lauric and oleic acids as molecular templates to prime the enzyme; the
process involved incubating the biocatalyst with these fatty acids prior to immobilization,
followed by specific washes with water and acetone to remove the templates and stabilize the
imprinted active conformation.The results show that both fatty acids significantly boost
synthetic efficiency; lauric acid imprinting increased the synthesis yield of diDHA from
anchovy-derived DHA and GPC by 300% compared to the non-imprinted control , while oleic
acid led to a 380% increase compared to the non-imprinted control. This suggests that the
fatty acid templates effectively modulate the enzyme's active site, modifying its architecture to
better accommodate bulky polyunsaturated substrates. In conclusion, this work demonstrates
a comprehensive approach—integrating high-purity enzymatic synthesis, green chemistry, and
enzyme engineering—to address the emerging frontier of marine-derived neuroprotective
ingredients.

Keywords: Anchovy oil, phospholipid, biocatalysis, functional ingredient, bioimprinting
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Abstract

The methodology used to extract algal polar lipids is vital to maintain lipids integrity, avoid
degradation and retain their bioactivities. Conventional lipid extraction methods using biphasic
extraction systems with chloroform and methanol are widely used for the extraction of total
lipids with a further fractionation step. Despite their effectiveness, they present sustainability
drawbacks due to the volatility and toxicity of the solvents. In this context, shifting to more
environmentally friendly extractions to extract polar lipids from algae biomass is essential to
align lipid research and bioproduct development with sustainability goals. Pressurized liquid
extraction (PLE) is a green advanced extraction method able to perform automated lipid
extractions from algal biomass. In this study, we investigate the use of PLE combined with bio-
based solvents of different polarities to selectively fractionate the polar lipidome of Tisochrysis
lutea. For this, ethanol, 2-methyl-tetrahydrofuran (2-meTHF), and a combination of both
solvents (1:2; v/v) were used and compared to Folch lipid extraction. The extracts were
analyzed by UHPLC-ESI-QTOF-MS/MS. Extraction yields were significantly higher with PLE than
with Folch (40 g vs 26.6 g/100 g dried weight biomass). Among the bio-based solvents, 100%
ethanol exhibited the highest extraction yield (40 % of d.w.) compared to 2-meTHF and
ethanol:2-meTHF (38.9 and 30 % d.w., respectively). The analysis of T. lutea depicted a diverse
and complex polar lipidome formed by phospholipids, glycolipids, betaine lipids and other
minor lipid classes. Betaine lipids and glycolipids represented the most abundant classes in all
the extracts; however, significant differences were detected in number and type depending on
the solvent system used. PLE proved to enhance the lipid yield of T. lutea, particularly when
using 100% ethanol. Moreover, polar solvents selectively enhanced the number and type of
betaine lipids species. Interestingly, under this condition, 2.6 mg of fucoxanthin/g d.w. were
also co-extracted. These results demonstrate that PLE combined with bio-based solvents is a
suitable green technique to selectively fractionate novel polar lipids and extract fucoxanthin
from microalgae, compounds of high biotechnological value and growing interest as marine-
derived nutraceuticals.

Keywords: Pressurized liquid extraction, bio-based solvents, algal polar lipidome, betaine lipids
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Abstract

This study aim to investigate the utilisation of fatty acids (FA) as trophic markers to quantify
the contribution of macroalgal source to the sea urchin Paracentrotus lividus under different
Rugulopteryx okamurae invasion scenarios (high invasion >66%; medium invasion 33—66%; low
invasion <33%). Gonad FA were analyzed from 58 P. lividus and from key local algae. The
intestinal contents of the sampled sea urchins were analyzed to identify the percentage of R.
okamurae ingested. To identify a practical set of FA dietary tracers data were filtered through
several stages to select markers capable of distinguishing between macroalgal sources without
redundancy. A PCA was performed on transformed dataset, retaining highest-ranked FA
sufficient to account for at least 90% of the cumulative variance. To address potential
multicollinearity, pairwise Pearson correlations were assessed and any component showing
high correlation (r > 0.90) were excluded. This procedure yielded a final panel of 21 FA,
including essential PUFA, pathway markers and specific algal biomarkers. Diet estimation was
performed using the MixSIAR Bayesian mixing model in R. Model indicates that in low-invaded
sea urchins diet was dominated by the native alga Ericaria selaginoides (0.74), while the
invasive algae R. okamurae was the second most contributing species (0.23). At medium-
invasion, the primary dietary source was Codium fragile (0.73), followed by Halopteris scoparia
(0.17) and R. okamurae (0.09). In high-invasion, H. scoparia became the main contributor to
the sea urchin lipid profile (0.91). In these sites, the contribution of the invasive R. okamurae
was minimal (0.04). These values are consistent with the electivity of sea urchins on R.
okamurae, as determined by the analysis of intestinal contents. These models have been
shown to provide reliable information on macroalgae ingestion, even in cases where there is a
low difference in the FA profile between macroalgae samples.

Keywords: Lipid biomarkers, macroalgae, sea urchins, marine bioinvasions, Bayesian mixing
model
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Abstract

Marine heatwaves are increasing in frequency and intensity as a consequence of climate
change and represent a growing threat to benthic marine ecosystems. In the Canary Islands,
ocean warming and the decline of macroalgal forests have facilitated the expansion of
zoantharian species such as Palythoa caribaeorum and Zoanthus pulchellus, which are
becoming dominant components of shallow rocky communities. However, the physiological
mechanisms supporting their performance under elevated temperatures remain poorly
understood.

This study investigated lipid-based ecophysiological responses of these two zoantharian
species under simulated marine heatwave conditions. Colonies collected in Tenerife were
maintained in aquaria and exposed to thermal stress (26 °C) compared with control conditions
(22 °C) through an experimental design including acclimation, heat exposure and recovery
phases. After lipid extraction, lipid classes were quantified by high-performance thin-layer
chromatography and fatty acid profiles analysed by gas chromatography.

Clear interspecific differences in lipid composition were detected. Zoanthus pulchellus showed
higher total lipid content and greater proportions of storage lipids, including triacylglycerols,
monoacylglycerols and sterol esters. In contrast, Palythoa caribaeorum displayed lower lipid
content but higher relative abundance of structural lipids and omega-6 long-chain
polyunsaturated fatty acids, particularly 20:4n-6 (ARA) and 22:4n-6.

Thermal stress induced marked lipid remodelling in both species. Especially
phosphatidylethanolamine, increased during the heat phase, while storage lipids particularly
shifted dynamically in Palythoa. A consistent decrease in oleic acid (18:1n-9) was also observed
with increasing temperature in both species, together with an increment of 20:4n-6, 22:4n-6
and 22:6n-3 (DHA), but only in Palythoa.

These results indicate that lipid remodelling plays a central role in the physiological response
of zoantharians to marine heatwaves. The greater biochemical flexibility observed in P.
caribaeorum may contribute to its successful expansion in warming coastal ecosystems of the
Canary Islands.

Keywords: Lipid remodeling, marine heatwaves, fatty acids, thermal Adaptation, zoantharians
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Abstract

Diatoms play a central role in oceanic carbon sequestration by fixing atmospheric CO, into
organic matter through photosynthesis. Due to their dense silica frustules, a substantial
fraction of this biomass rapidly sinks to the deep ocean, enhancing the efficiency of the
biological carbon pump and contributing to long-term carbon storage and climate regulation.
Here, we investigate the degradation of particulate lipids over a 14-day period associated with
the diatom Chaetoceros affinis, cultured under nutrient-replete conditions at 18 °C. Species of
the genus Chaetoceros are among the most diverse and abundant marine diatoms, and C.
dffinis is widely distributed across the world’s oceans. Because lipids represent an efficient
carbon sink and potential negative feedback to global warming, we developed and optimized a
HILIC-LC-MS/MS method to characterize lipid composition and its transformation. This method
separates lipids based on their polar headgroup composition, enabling reliable quantification
of lipid classes. We aim to assess the extent to which lipids derived from C. affinis are subject
to abiotic (photooxidation) and biological (phycosphere-associated bacteria) degradation, and
guantify the fraction that remains resistant to degradation, thereby contributing to long-term
carbon sequestration in the ocean.

Keywords: Lipid biogeochemistry, degradation, bacteria, photochemistry, Chaetoceros affinis
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Abstract

Lipids are central to marine food webs as high-density energy reserves and indicators of
trophic transfer. However, ecosystem productivity is often described using bulk metrics (e.g.,
plankton biomass or carbon) that do not capture prey quality or accessibility. In temperate
shelf ecosystems such as the Gulf of Maine, seasonal plankton succession drives changes in
both prey abundance and nutritional value. Plankton nutritional quality is a key but under-
assessed determinant of foraging habitat for higher trophic predators, including forage fish,
larval lobster, and North Atlantic right whales. This project characterized the seasonal
“lipidscape” and nutritional value of the plankton community at the Coastal Maine Time Series
(CMTS, 43.749° N, 69.504° W) station during the 2025 productive season (April-November).
Plankton samples collected throughout the water column were used to quantify
phytoplankton and zooplankton community composition and abundance, while FlowCam
imaging characterized seasonal shifts in plankton size structure. Concurrent CTD profiles
provided physical context for seasonal changes in stratification and productivity.

To evaluate how community turnover shapes biochemical energy resources, total lipid content
was quantified alongside a three-part fractionation of phospholipids (PL), triacylglycerols
(TAG), and wax esters (WE). Species-specific fatty acid profiles were generated for dominant
taxa to link lipid signatures with community patterns. By pairing community succession with
lipid storage strategies and prey size structure, this study evaluates how taxonomic shifts drive
seasonal changes in the quantity, quality, and accessibility of lipid resources.

Together, these analyses aim to reveal how seasonal plankton succession redistributes
biochemical energy across prey sizes and lipid storage strategies, providing a framework for
identifying species-specific food limitation in marine food webs.

Keywords: Plankton lipidscape, trophic transfer, zooplankton lipids, Gulf of Maine
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Abstract

Since the early 2000s, Atlantic small pelagic species like sardines have shown a significant
decline in size and body condition. A shift in the quality of plankton, the primary food source
for larvae, juveniles and adults, is a possible explanation for this change. The SABRE project
aims to understand the fine-scale variability in feeding conditions, a factor essential to the
stocks exploited in Western Brittany.

The project’s originality lies in its dual approach: uniting all stakeholders around a
local/regional scientific issue, while deploying innovative educational methods to prepare
future generations for tomorrow's challenges. Led by the Finistéere Fisheries Committee
(CDPMEM), the initiative brings researchers (Univ. Of Brest - UBO) together with managers
(Iroise Marine Natural Park-PNMI), future scientists (European University Institute for the Sea -
IUEM Master’s students), future fishing professionals (Guilvinec Maritime Vocational High
School), and active professional fishermen.

Over three years, the operational phase focused on evaluating the lipid quality of plankton.
Each year, fishermen students conducted sea sampling alongside the PNMI and the CPDMEM.
The fatty acid composition of these samples (phytoplacton and zooplankton) were
subsequently analyzed by Master’s students under the supervision of UBO researchers. Finally,
needs and observations of the fishermen students and scientific results were shared during a
presentation day. This collaborative "field-to-lab" pipeline allowed for very fruitful and rich
exchanges and grounded scientific work in economic reality, facilitating knowledge transfer
and raising awareness across the industry.

By popularizing research and highlighting the local economic weight of the sardine fishery, this
collaborative and transdisciplinary project serves as a first step towards a long-term
monitoring program (10 years). Ultimately, it aims to better anticipate fluctuations in sardine
fishery yields over time and improve local resource management, offering a model that could
be transferred to other exploited species.

Keywords: Sardine stocks, feeding conditions, environmental variability, fishery management,
transdisciplinary collaboration

87


mailto:Gauthier.schaal@univ-brest.fr

P-1-06 A cost-effective protocol for the separation of fatty acid methyl-
esters from fatty alcohols and sterols in biological matrices

. . . ** . . ** .
Maxime Marinier® , Julie Landier” , Enzo Le Brasl, Margaux Mathleu—Resugel, Fany
. . . s Kk
Sardenne?, Manon Buscaghaz, Loic Harrault?, Fabienne Le Grand>"

Y Ifremer, UBO, BEEP, F-29280, Plouzané, France

2 UBO, IRD, Ifremer, CNRS, LEMAR, IUEM, F-29280, Pouzané, France
* Corresponding author’s email: fabienne.legrand@univ-brest.fr

** These authors share first co-authorship

Abstract

In marine environments, wax esters primarily serve as long-term energy storage and can
represent the main class of lipids in organisms such as Arctic zooplankton or cold-water corals.
Wax esters are composed of a fatty acid esterified with a fatty alcohol. These two types of
compounds are often used as complementary physiological and trophic biomarkers. To study
them, wax esters generally undergo derivatization, which produces fatty acid methyl esters
(FAME) and fatty alcohols, both of which are analyzable by gas chromatography (GC).
However, the frequent co-elution of these compounds in GC can hinder their identification and
guantification. These analytical difficulties can thus limit the use of FAME and fatty alcohols as
trophic and physiological biomarkers in ecology, highlighting the importance of separating
them before GC analysis.

Current methods for separating FAME and fatty alcohols generally rely on time-consuming
techniques that often require specialized equipment or expensive consumables. This work
presents a new protocol for separating FAME from fatty alcohols and sterols, which offers the
advantages of being rapid, reproducible, applicable to a wide variety of matrices, economical,
and easy to integrate into routine practice. It simply involves, after derivatization, separating
FAME from fatty alcohols and sterols by solid-phase extraction, using a homemade silica-gel
column.

To validate its robustness and repeatability, this protocol was applied to five replicates of six
contrasted matrices (standard commercial wax esters, squid, pelagic and hydrothermal vent
shrimps, Arctic zooplankton, and cold-water corals). The quality of the separation was
confirmed by high-performance thin-layer chromatography (HPTLC). In the end, this protocol
proved to be effective, suitable and low-cost, allowing for the precise identification and
quantification of FAME, fatty alcohols and sterols in a wide variety of matrices.

Keywords: Solid phase extraction, wax esters, marine lipids, cold water corals, Arctic
zooplankton
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Abstract

Climate warming and eutrophication threaten aquatic ecosystems, notably through thermal
stratification of water columns. In stratified ecosystems, sinking phytoplankton cells are
gradually exposed to physicochemical gradients (e.g., temperature, salinity, oxygen, redox
potential) that require metabolic acclimatization to ensure their survival. However, the
mechanisms underlying phytoplankton responses to redox stress, particularly the regulation of
membrane lipids, remain poorly understood.

Dziani Dzaha (Mayotte, Indian Ocean) is a highly productive thalassohaline lake characterized
by the absence of light and oxygen below 1 m and a deep euxinic zone enriched in reduced
chemical species (sulfur, ammonium, methane) (Sarazin et al. 2020). Intense phytoplankton
productivity is partly sustained by the green microalgae Picocystis salinarum, which remains
viable throughout the water column despite anoxic and euxinic conditions (Bernard et al.
2019). This study traces changes in microalgal lipids, especially phytosterols, within particulate
organic matter across this stratified water column.

GC-MS analyses of sterols reveal changes in phytosterol structures (i.e., unsaturation patterns)
and distribution in the deep, euxinic waters of Dziani Dzaha, compared to those observed in
the oxygenated waters. These structures cannot be explained by diagenetic processes and are
unlikely to have been produced by other eukaryotes, which are scarce according to
metabarcoding analyses (Hugoni et al. 2018). Moreover, GC-MS/MS quantification indicates
that, while classical phytosterols in the photic zone decrease with depth, the abundance of
other sterols initially present at the surface increases in deeper layers. These observations
suggest that P. salinarum adapts its sterol composition to acclimate to low redox potential.
Our work sheds new light on the ability of microalgae to survive in anoxic/euxinic
environments and highlights the role of membrane sterols in these adaptive processes. Sterols
play diverse functions in eukaryotic membranes, including regulation of fluidity and enzymatic
activity. The implications of this new acclimatization mechanism remain to be further
investigated.
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Abstract

Microalgae constitute the primary source of essential fatty acids in marine food webs, yet their
lipid composition is highly responsive to environmental conditions. Understanding how
cultivation environments shape microalgal lipid phenotypes and how these biochemical
signatures propagate across trophic levels is key to interpreting lipid transfer processes in
marine ecosystems and to optimizing microalgal bioprocesses for aquaculture nutrition.

This study examined lipid plasticity in four microalgal species (Tetraselmis striata, Chlorella
vulgaris, Dunaliella salina and Limnospira platensis) subjected to different cultivation
conditions, and evaluated the persistence of these lipid phenotypes during trophic transfer to
the rotifer Brachionus plicatilis. Cultivation strategy and physiological state exerted a stronger
influence on lipid architecture than species identity alone. Medium recirculation in T. striata
enhanced omega-3 polyunsaturated fatty acid (n-3 PUFA) levels without reducing total lipid
content, while cultivation with 10% seawater in C. vulgaris stimulated sterol production and
promoted long-chain PUFA biosynthesis under moderate osmotic stress. The transition from
green to orange phase in D. salina, driven by nutrient depletion as well as increased irradiation
and salinity, generated a triacylglycerol-dominated storage phenotype, whereas acclimation to
full seawater conditions in L. platensis shifted lipid partitioning toward membrane-associated
fractions while maintaining y-linolenic acid (18:3n-6) levels.

Enrichment experiments revealed that although commercial emulsions largely determine fatty
acid composition in rotifers, microalgal supplementation can modify lipid class distribution,
indicating selective incorporation of metabolically relevant lipid fractions. Rotifers limited
endogenous conversion of C18 precursors further highlights the importance of supplying pre-
formed essential fatty acids.

Overall, these results demonstrate that environmental conditioning can generate reproducible
lipid phenotypes in microalgae that partially persist across trophic transfer, emphasizing the
role of metabolic plasticity in shaping lipid dynamics in marine trophic pathways.

Keywords: Microalgae, lipid plasticity, trophic transfer, fatty acids, bioprocess optimization
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Abstract

The swordfish (Xiphias gladius) is a predatory billfish known for its ability to dive deep into the
mesopelagic layer to capture its prey, especially once it has reached maturity. In order to
detect prey at such depths and in conditions of low light and temperature, the visual system of
billfish exhibits adaptations, such as a thermogenic eye muscle and a specific photoreceptor
composition of the retina. However, although the role of structural lipids in vision is well
understood in other species, the structural lipid composition of the swordfish's visual system
has not yet been studied. Therefore, this study aimed (i) to describe the structural lipid classes
and membrane fatty acid profiles of the neural visual system of swordfish, including the retina,
optic nerve and brain, and (ii) investigate whether these lipid compositions vary with the
ontogeny of swordfish. Samples of the three tissues from 17 swordfish individuals were
analysed for lipid classes and fatty acids profiles of the membrane lipid fraction. Tissue-
specific differences in structural lipid composition were consistent with the tissue’s
functionality. Cerebrosides were only found in the brain and optic nerve whereas
sphingomyelin proportion was ten times higher in the retina than in brain and optic nerve.
18:1n-9 was the predominant FA in brain and optic nerve (20-30%), and 22:6n-3 (DHA)
proportions varied between tissues, from 19% in the brain and 14% in the retina to only 5% in
the optic nerve. Furthermore, lipid composition of the optic nerve varied with individual size
length, with MUFA and dimethyl acetals (DMA) increasing and DHA decreasing as individual
length increased. This suggests possible ontogenetic variations in lipid composition that could
improve nerve impulse conduction and maintain neural integrity during deep dives in large
swordfish.

Keywords: Swordfish, visual system, structural lipid composition, fatty acid
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Abstract

West African coasts are structured by a pronounced hydroclimatic gradient that subjects
marine organisms to highly contrasted environmental conditions. This is the case for the
bloody cockle (Senilia senilis), a bivalve of fisheries interest, which faces extreme rainfall
regimes in its distribution range, from the desert climate of Mauritania to the equatorial
climate of Angola. This rainfall gradient leads to alternating dry and wet seasons of varying
intensity and duration, resulting in large-scale spatio-temporal heterogeneity in hydrological
conditions. The consequences of this heterogeneity on the trophic ecology of the species
currently represent one of the challenges to understanding stock dynamics. Here, we
investigate the influence of rainfall inputs on the spatio-temporal variation of S. senilis trophic
sources using biomarkers such as fatty acids and stable isotopes, monitored seasonally over a
two-year period in Gabon and Senegal. Preliminary results show marked seasonal changes in
each region, affecting carbon sources in Senegal (8™C values) and nitrogen sources in Gabon
(8N values). Regional contrasts are more pronounced during the dry season, with higher
content of dinoflagellates biomarkers (22:6n-3, 18:4n-3, and 22:5n-6) in Gabon and of diatom
and bacterial biomarkers (20:5n-3, 16:1n-7 and is019:0) in Senegal. The latitudinal and
seasonal variability highlighted suggests potential consequences for the species life history
traits (e.g., growth, reproduction). This link will need to be established in order to better
understand the implications for stock dynamics.

Keywords: Trophic ecology, hydroclimatic gradient, fatty acid profiles, stable isotope analysis,
West African coast
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Abstract

The European sardine (Sardina pilchardus) is a mid trophic level (MTL) species, key component
of marine food webs channelling the resources bottom-up and top-down. Sardine populations
are among the most exploited in the North Iberian shelf. In this study, muscle fatty acids (FA)
were analysed to investigate sardine feeding patterns in two areas with different influence of
the seasonal upwelling: the northwestern Iberian shelf (Galicia) and the southern Bay of Biscay
(mar Cantabrico). Significant differences in total FA concentration and composition were
detected between areas, with similar variation across sexes or maturity stages. Individuals
from Galicia exhibited high proportions of FA indicators of feeding on phytoplankton
(e.g.22:6n3/20:5n3), consistent with the high productivity and phytoplankton availability
driven by upwelling in this area. In contrast, sardines from mar Cantabrico showed high values
of FA indicating feeding on zooplankton (e.g., 20:1n9, 22:1n9, and 18:1n9/18:1n7) but also on
diatoms (e.g., 14:0 and 18:1n7), suggesting an omnivore diet associated with lower
phytoplankton availability. This study illustrates the application of FA profiling to elucidate
dietary differences related to ecosystem productivity in MTL species.

Keywords: Sardine, upwelling, North Iberian shelf, mid trophic level species, feeding ecology
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Abstract

The presence of anisakid nematode larvae in marine fish is an increasing concern for
consumers, the seafood industry, and public health authorities due to implications for food
safety and nutritional quality. However, the extent to which parasite burden affects the lipid
composition of fish muscle remains poorly understood. Here, we investigated a possible
modulation of the fatty acid (FA) profile of European hake (Merluccius merluccius) by Anisakis
spp. infection intensity, while also assessing the role of environmental drivers, including
season and fishing location. Hake specimens were collected from two fishing grounds, the Bay
of Biscay and the Southern Irish Sea, across all four seasons over a year. All individuals were
infected with Anisakis larvae, with parasite density being quantified. The FA profile of fish
muscle was determined by gas chromatography-mass spectrometry, and data were analysed
using multivariate and univariate approaches. The effect of Anisakis density on the FA profile
of hake muscle tissues was negligible when compared with the strong influence of
environmental variables, with significant effects being recorded for both fishing ground and
season. The differences between fishing grounds were mainly driven by monounsaturated FAs,
while seasonal variation was primarily associated with changes in saturated FAs. Although
seasonal patterns of infection intensity differed between fishing grounds, parasite density
showed no detectable effect on any of the variables examined. Site-specific seasonal shifts in
FA composition suggest a homeoviscous adaptation in fish to maintain optimal membrane
fluidity in response to environmental conditions, with potential consequences for important
nutritional indicators. Overall, our findings indicate that Anisakis infection intensity does not
compromise the FA composition of European hake, a species of great commercial and
nutritional importance in Europe. Instead, natural environmental variability, particularly due to
temperature and habitat-related factors, plays the major role on fish nutritional value,
regardless of the prevalence of Anisakis.
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Abstract

Diatoms are major contributors to marine primary production and important lipid sources in
aquatic ecosystems. Nutrient stoichiometry (Si:N:P) strongly influences their metabolic activity
and lipid profiles, yet most studies have largely focused on single nutrient limitation, leaving
combined effects unclear. This study evaluated lipid responses to varying Si:N:P ratios in three
marine diatoms (Nitzschia sp., Entomoneis sp. and Skeletonema dohrnii Sarno & Kooistra), with
analyses based on N:P, N:Si, and Si:P ratios in the initial culture medium. Three diatoms were
grown under controlled conditions with four distinct Si:N:P ratios, followed by fatty acid
analysis. The results showed that Skeletonema dohrnii had a significant negative monotonic
relationship between N:P ratio in the culture medium and EPA (pg cell™). Under N:Si variation,
EPA content (% of total FA) decreased significantly in Nitzschia sp., while S. dohrnii exhibited a
significant but non-linear decline in EPA content. For Si:P, a strong negative correlation with
EPA content was observed only in S. dohrnii. In contrast, Entomoneis sp. showed no significant
responses across all ratios. Importantly, in Nitzschia sp., cell density remained similar under
conditions close to and above the Redfield ratio, whereas the treatment with higher Si:P in the
culture medium led to higher EPA production (pg L™). This indicates that silicon enrichment
can shift cellular resource allocation toward EPA synthesis rather than biomass accumulation,
thereby promoting EPA accumulation without further enhancing biomass production. This
effect was species specific, with Nitzschia sp. showing the most pronounced increase in EPA
production under Si enriched conditions. These findings demonstrate that nutrient
stoichiometry drives species specific lipid responses, with stronger effects on EPA content and
production, highlighting the importance of species identity in understanding lipid dynamics
under varying nutrient conditions.

This study was supported by the EMECS Grants-in-Aid for Young Researchers from the
International EMECS Center and by JSPS KAKENHI Grant Number 25H01193.
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Abstract

Per- and polyfluoroalkyl substances (PFASs) are persistent contaminants that accumulate in
aquatic ecosystems, yet their trophic transfer mechanisms remain poorly understood,
particularly in tidal flats. In marine lipid research, fatty acids are widely used as biomarkers of
trophic interactions and energy transfer in food webs, providing a useful framework to
investigate contaminant pathways. This study examined PFAS contamination in tidal flat
ecosystems in Kyushu, Japan, with a specific focus on the role of lipid-derived trophic markers.
Water, sediment, and benthic organisms were collected from the Imazu tidal flat. PFAS
concentrations were analyzed together with fatty acid composition and stable isotope ratios
(6™C and &™N) to characterize trophic structure and dietary sources. PFASs were detected in
all samples and showed clear bioaccumulation in benthic organisms, particularly in
polychaetes and bivalves. Stable carbon isotope analysis indicated that benthic animals in the
tidal flat relied predominantly on marine-derived carbon sources, while terrestrial
contributions were generally less than 20%. Notably, species with greater dependence on
terrestrial carbon tended to exhibit higher PFAS accumulation. A significant negative
correlation was observed between eicosapentaenoic acid (EPA) content and PFAS
concentrations in benthic animals. As EPA is a fatty acid primarily derived from diatoms, these
results suggest that benthic animals feeding on diatoms are less susceptible to PFAS
contamination. However, previous studies have suggested that aquatic organisms rich in w3
fatty acids may exhibit enhanced elimination of PFAS. Therefore, the relationship between
fatty acid composition and PFAS accumulation warrants further investigation.
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Abstract

In this study, coastal seawater samples were collected from 194 sites along the Pacific coast of
Japan, spanning from Kyushu to Hokkaido, between May and July 2025. We analyzed the
spatial distribution of fatty acid composition and concentration in suspended particulate
organic matter (POM), as well as the relative importance of various environmental factors.
Along with fatty acid composition and concentration in POM, salinity, inorganic nutrients, and
chlorophyll a concentrations were measured, and multivariate analyses were conducted. The
results showed no clear regional differences in fatty acid composition of POM across the study
area. In contrast, even within the same region, fatty acid composition varied markedly
depending on the magnitude of riverine influence. Many fatty acids exhibited negative
relationships with salinity, and sites with relatively strong river influence tended to show
higher concentrations of essential fatty acids. However, differences were observed among
essential fatty acids in their relationships with environmental variables. Eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) showed positive relationships with ammonium N and
silicate concentrations. In contrast, linoleic acid (LA) and a-linolenic acid (ALA) showed unclear
relationships with inorganic nutrients but exhibited particularly strong negative relationships
with salinity. These results suggest that, in areas strongly influenced by river inputs, LA and
ALA derived from terrestrial and riverine producers are supplied to coastal waters to a certain
extent. Arachidonic acid (ARA) showed no clear relationship with environmental factors. These
findings indicate that different groups of fatty acid—producing organisms respond differently to
environmental variables, which in turn strongly influence the distribution of fatty acids in
coastal environments.

Keywords: Coastal waters; environmental factors; essential fatty acids; nutrients; river
influence
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Abstract

Marine biotoxins produced by harmful algal blooms (HABs), including diarrhetic shellfish
poisoning (DSP) toxins such as okadaic acid and its analogs, represent a growing concern for
marine ecosystems and human health. While their toxicological effects have been extensively
studied, their interactions with lipid metabolism and lipid-rich biological compartments remain
insufficiently explored. This study aims to investigate the relationship between marine
biotoxins and lipid dynamics in bivalves, focusing on their trophic transfer, tissue distribution,
and potential impact on lipid metabolism. Due to their lipophilic nature, several marine toxins
exhibit strong affinities for biological membranes, potentially altering membrane integrity,
lipid signaling pathways, and oxidative balance. In this context, particular attention is given to
oxidative stress biomarkers associated with lipid peroxidation, which may serve as early
indicators of toxin exposure. Furthermore, the accumulation of biotoxins in lipid-rich tissues
highlights the need to better understand their transfer along the marine food web and their
implications for seafood safety. Analytical approaches, including liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS), are employed to characterize toxin
profiles alongside lipid-related responses, offering new perspectives for integrated
environmental monitoring. This work provides novel insights into the interplay between
marine biotoxins and lipid systems, contributing to a more comprehensive understanding of
their ecological and toxicological roles. It also supports the development of lipid-based
biomarkers as complementary tools for assessing environmental risks associated with harmful
algal blooms.
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Abstract

This study characterizes the fatty acid distribution across membrane lipid classes in the
oleaginous heterotrophic dinoflagellate Crypthecodinium cohnii. Initial analysis via gas
chromatography with flame ionization detector (GC-FID) identified the very-long-chain
polyunsaturated fatty acid (VLC-PUFA) octacosaoctaenoic acid (28:8n-3) within the global polar
fatty acid fraction. Using the data, a bioinformatic model was employed to establish a
theoretical library of molecular species, specifically targeting those containing the 28:8 moiety.
Subsequent LC-MS/MS analysis validated these predictions, revealing the minor but distinct
presence of symmetric diacyl 28:8 species sequestered within phosphatidylglycerol (PG) and
phosphatidic acid (PA). While 28:8n-3 has been previously noted in dinoflagellates, its class-
specific distribution remained little studied. The identification of these unconventional, very-
long-chain homodimers provides new insights into the membrane architecture and biophysical
properties of C. cohnii.
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Abstract

Using lipid extracts from monocultures of the coccolithophore Calcidiscus leptoporus, we are
developing an analytical and data-processing workflow for detailed lipid characterization at the
fatty acid composition level. This approach integrates chromatographic separation with ultra-
high-resolution MS' spectra acquired on a 21 T FT-ICR MS, along with MS/MS spectra obtained
on an Orbitrap system within a single analytical run. As a result, it enables the annotation of up
to 1000 distinct lipid molecular species. The sub-ppm mass accuracy of FT-ICR MS enabled
precise elemental formula assignment and consistent grouping of multiple species originating
from the same molecular feature, improving neutral mass determination and reducing dataset
redundancy.

Extracted lipids were analyzed by two complementary LC methods performed in separate runs:
C30 reversed-phase chromatography separated lipid species by acyl-chain composition and
enabled generation of high-quality MS/MS spectra, while hydrophilic interaction
chromatography (HILIC) targeted selected lipid classes for quantification using deuterated
standards.

We process raw data in MZmine, including feature detection, retention time alignment, and
filtering based on isotopic patterns, adduct grouping, and reproducibility across biological
replicates. This curation step reduced dataset complexity while preserving chemically relevant
features. Further on, we obtained structural annotation using Lipidex 2, enabling detailed
interpretation of MS/MS fragmentation patterns. The use of full MS/MS spectra improved
differentiation of structurally similar lipid species and reduced ambiguous assignments.
Integration of FT-ICR MS mass accuracy with MS/MS-based spectral matching increases
confidence in lipid identification and supports annotation of both known and previously
unreported lipid species.

Orthogonal validation using chromatographic retention behavior further support structural
assignments. This workflow provides a robust strategy for detailed characterization of complex
marine lipidomes through combined data processing and multi-level spectral annotation.

Keywords: 21T FT-ICR MS, MS/MS-based annotation; LC-MS data processing,
coccolithophores
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Abstract

One of the most debated topics in the fish oil supplement industry concerns the potential
superior health effects of polar lipids, specially phospholipids, in nutrition and cognitive
development. The amphipathic structure provides exceptional emulsifying properties of
phospholipids, while their contribution to enhancing the absorption of nutrients such as w3
PUFAs remains an active area of scientific research. Stable Isotope Analysis represents a robust
analytical approach in marine biology for elucidating trophic relationships and verifying the
origin of nutritional supplements. Marine oils exhibit a differential isotopic fingerprint
according their origin. Thus, krill oil displays a distinct carbon and nitrogen isotope signature
compared with that proceeding from higher-trophic-level predatory fish. This characteristic
may offer substantial benefits for nutritional research investigating the consumption of marine
oils.

Hereby, we propose the use of Isotopic determinations of lipids in brain cortical tissue to study
the incorporation of dietary PUFA w3 into the cerebral structures. For doing that, we have
performed an interventional study in an experimental model of wild-type mouse fed a weekly
dose of fish oil containing 17% EPA; 10% DHA (AFAMSA, Vigo, Spain) and krill oil with 16% EPA,
9% DHA (Rimfrost AS, Norway). After, six months the animals were sacrificed and the lipids of
the cortical tissue were analysed. The study has been completed with cellular models of brain
cells, neurons and glia (glial cells) to precisely quantify nutrient consumption and metabolic
flux.

The isotopic signature of the brain reveals differential lipid incorporation following exposure to
marine oils intake in the cerebral cortex of the mouse model. The analysis of the incorporation
of dietary fatty acids confirmed these findings. Trials in glial cells and neurons treated with the
marine oils highlighted the influence of the chemical form on the incorporation of the w3
PUFA into brain structures. Overall, the findings of this study demonstrate that the integration
of stable-isotope analysis with cellular models provides a valuable approach for mapping brain
metabolism and assessing the influence of chemical form on the uptake of w3 PUFA into
biological structures.

Keywords: Stable isotope analysis, w3 marine PUFA, phospholipids, lipid incorporation, cortical
tissue
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Abstract

Understanding how environmental conditions shape lipid composition in marine primary
producers is key for both ecological and applied perspectives. We investigate how seasons
and cultivation system influence the fatty acid (FA) and lipid class (LC) profiles of the
halophyte Salicornia ramosissima cultivated in IMTA systems. Two cultivation periods were
compared under greenhouse conditions: an advanced winter cycle and a conventional spring
cycle. Plants were grown hydroponically and coupled to either a recirculating aquaculture
system (RAS) or an open-flow system.

Multivariate analyses revealed that season was the dominant driver of lipid composition,
explaining ~66% of FA variability and ~53% of LC variability (p < 0.001). PCA showed a clear
separation between winter and spring samples, highlighting differences in lipid profiles. These
differences were associated with plant developmental stage: winter-grown plants showed a
rapid transition from vegetative growth to reproductive stages, entering flowering and
senescence earlier than spring-grown plants, resulting in a shorter vegetative phase. In
contrast, spring-grown plants maintained a prolonged vegetative stage. Consistent with this
shift, winter samples were associated with higher contributions of certain FA (18:2n6, 18:1n9)
and neutral storage lipids such as triacylglycerols, as well as carotenoids. In contrast, spring
samples showed higher proportions of 18:3n3 and structural lipids, including glycolipids and
phospholipids.

Interestingly, the effect of the system on LC showed opposite patterns between seasons. In
spring, the RAS system was associated with higher proportions of neutral storage lipids,
whereas the open-flow system was linked to structural lipids. In winter, this pattern was
reversed. This inversion likely reflects differences in plant phenological stage combined with
system stability: the more variable and less controlled conditions in the open system may
accelerate stress and senescence processes, while the more stable RAS conditions may
slightly delay senescence, leading to contrasting lipid signatures between systems.

Overall, lipid composition in S. ramosissima is primarily driven by phenology, while IMTA
conditions modulate these patterns, offering opportunities to tailor production and lipid
quality in halophyte aquaculture.

Keywords: Fatty acids, Lipid classes, Seasonality, Salicornia ramosissima, IMTA

104


mailto:marta.castilla-gavilan@univ-nantes.fr

P-111-02 From waste to resource: tuna fishery by-products as a
sustainable source of high-value omega-3 LC-PUFA (EPA and DHA)

- * . . Vs 7’ 7’ .
Eulalia Peraza™’, Ana Galindo?, Nieves G. Acosta®, José A. Pérez’, José J. Pascual?®, Jaime
Ramon?, Abenchara Betancor®, Marianna Venuleo?®, Covadonga Rodrfguez1

! Grupo de Investigacion NUTRAHLIPIDS, Departamento de Biologia Animal, Edafologia y
Geologia, Universidad de La Laguna, 38206 San Cristobal de La Laguna, Spain

% Grupo de investigacion PESCATUR Pesca, turismo y gestion de recursos naturales, Instituto
Universitario de Investigacion Social y Turismo, Universidad de La Laguna, 38206 San
Cristdbal de La Laguna, Spain

* Instituto Tecnoldgico de Canarias (ITC), Biotechnology Department, Pozo lzquierdo, Santa
Lucia de Tirajana, 35119 Gran Canaria, Spain

* Corresponding author’s email: eperazag@ull.edu.es

Abstract

Artisanal fisheries are a key socio-economic and cultural sector in the Canary Islands,
supporting marine ecosystem conservation through sustainable practices. The Atlantic bluefin
tuna is one of the most valuable target species due to its high commercial quality and
international demand. Together with other tuna species, these catches typically yield 6,000—
9,000 tons per year. However, approximately 85% are exported and processed outside the
archipelago, while local consumption relies largely on imported frozen fish. These fisheries also
generate significant quantities of by- products, often discarded, accounting for up to 40-50%
of total biomass. Within the INTERREG-MAC projects ECOTUNIDOS, NATUREXT, and
ACUICONECTA, local processing of catches and valorization of fisheries and aquaculture by-
products are proposed as strategies to promote circular economy principles, focusing on their
nutritional and functional potential.

Against this background, the present study aimed to evaluate the nutraceutical value of tuna
by- products through lipid profiling. Collar cuts and heart tissues (atrium and ventricle) from
fresh Atlantic bluefin tuna were sampled at ISLATUNA (Tenerife, Spain). Lipids were extracted
using the Folch method and fatty acid composition was determined by gas chromatography.
Results revealed a high content of omega-3 long-chain polyunsaturated fatty acids (LC-PUFA),
EPA (20:5n-3) and DHA (22:6n-3), well-documented for their beneficial effects on human and
animal health. Heart tissues showed a significantly enriched omega-3 profile compared to
muscle. The atrium presented higher EPA levels, whereas the ventricle was especially rich in
DHA, reaching 7.4% and 32.6% of total fatty acids, respectively, corresponding to 259.9 + 158.1
mg and 630.7 + 226 mg per 100 g of tissue (300-500 g of heart per ~200 kg tuna).

These results underscore the significance of tuna by-products as a sustainable source of high-
value omega-3 compounds, fostering the development of innovative value chains for
nutraceutical oils and functional feed ingredients.

Keywords: Tuna fisheries, by-products, LC-PUFA, EPA, DHA

105


https://portalciencia.ull.es/grupos/6573/detalle
mailto:eperazag@ull.edu.es

P-111-03 LIPEP Project: Characterization of lipids from thraustochytrid oil
refining co-products for aquafeed

Enora Jaffrezicl’*, Fabienne Le Grand®, Colin Grunbergerl, Loic Harrault’, Manon Buscaglial,
Lionel Larvol?, Luc Chauchat?, Philippe Soudant®

YIRD, Univ Brest, CNRS, Ifremer, LEMAR, IUEM, Plouzané F-29280, France
2 POLARIS, 29000 Quimper, France
* Corresponding author’s email: enora.jaffrezic@univ-brest.fr

Abstract

In recent vyears, the industrial-scale heterotrophic production of n-3 long-chain
polyunsaturated fatty acids by unicellular eukaryotes (Thraustochytrids) has expanded to meet
the growing demand in the nutraceutical or aquaculture sectors. However, current industrial
processes often discard essential bioactive compounds during the refining of crude oils such as
sterols, squalene, and pigments. These compounds are valuable as they may be beneficial for
fish health and growth. The objective of the LIPEP project (Valorisation of lipids and peptides
from Thraustochytrid biomass as aquafeed ingredients) is to develop an aquaculture feed
composed of co-products from the refining of Thraustochytrid crude oil, which are potentially
rich in high-value molecules. First, the lipid fractions from the various refining stages of a
private lipid refiner—comprising a complex mixture of molecules—were precisely
characterized both qualitatively and quantitatively. To achieve this, a suite of separation
techniques (HPTLC, SPE, gravimetry), chemical derivations (transmethylation, silylation,
staining), and chromatographic analyses (1D/2D HPTLC, HPLC, GC-FID, GC- MS) was employed.
These analyses first enabled the optimization of the refining process to obtain a co-product
rich in squalene, sterols, and carotenoids. Based on these results, three aquaculture feeding
pellets were formulated using (1) fish oils (standard feed); (2) fish oil and refined
Thraustochytrid oil (control feed without high-value molecules); (3) refined oil and the refining
co-product, including high-value molecules (test feed).These three types of pellets will be used
in an initial in vivo experimental trial involving 1,200 European sea bass (Dicentrarchus labrax),
with 200 fish per condition in duplicate. The aim of this experiment is to evaluate the effect of
the co-product on the growth and resistance to bacterial and viral infections of sea bass fed
with enriched pellets for two months.

Keywords: Thraustochytrids, aquafeed, oil refining co-products, bioactive compounds
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Abstract

High stocking density (HSD) is considered one of the primary stressors in the aquaculture
industry. Chronic stress can alter muscle composition, which is a determining factor for
product quality. Hemp (Cannabis sativa) has been widely used in humans for its anxiolytic
effects, and in fish, some studies suggest that the use of cannabis extracts could reduce
aggressiveness and improve muscle lipid profiles. This study assessed the effect of a
phytogenic additive (TecnoGMP) based on non-psychoactive Cannabis sativa (CSNPE) on the
fatty acid profile in the liver and muscle of gilthead seabream (Sparus aurata) juveniles reared
under HSD.

In the liver, HSD reduced eicosapentaenoic and docosahexaenoic acid levels in animals fed the
control diet compared to those maintained at low stocking densities (LSD). Dietary
supplementation mitigated the effect of HSD, and no significant differences were observed
between the LSD groups and the TecnoGMP-supplemented HSD group. PERMANOVA analysis
of the liver fatty acid profile showed that while HSD induced a significant stress response, this
deleterious effect was counteracted by the phytogenic diet; the multivariate analysis revealed
no significant differences with respect to the LSD groups, yet significant differences remained
compared to HSD fish fed the control diet. In the muscle, however, a significant decrease in
essential fatty acids (arachidonic, eicosapentaenoic, and docosahexaenoic acids) was observed
due to high density, and the phytogenic diet did not mitigate this effect. PERMANOVA analysis
confirmed significant differences between the LSD control group and both HSD groups.

Overall, our results suggest that dietary TecnoGMP supplementation can partially mitigate the
physiological impact of HSD conditions on liver fatty acid composition in gilthead seabream,
although these protective effects are not reflected in the muscle fatty acid profile.

Keywords: ARA, DHA, EPA, fish welfare, hemp
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Abstract

Despite recent important advances in the culture of common octopus paralarvae, this goal
remains to be a challenging task for many aquaculture facilities worldwide. Supplying preys
with the appropriate profile of lipid classes and fatty acids is a key point to rear common
octopus paralarvae. The present work compares lipid compositions of O. vulgaris newly
hatched paralarvae, decapod zoeae (from the crab Grapsus adscensionis, and the shrimp
Plesionika narval), and Artemia sp. nauplii enriched with freeze-dried Isochrysis aff. galbana.
Lipid classes (LC), and fatty acid (FA) profiles of total lipid (TL), sterol esters (SE) and wax esters
(W) of each species were measured, and compared by the multivariate statistical technique
known as multidimensional scaling (MDS). Despite their low abundance, fatty acids in wax and
sterol esters provide complementary trophic and metabolic insights, improving understanding
of prey quality and lipid assimilation in Octopus vulgaris beyond total lipid or phospholipid
analyses alone.The results confirmed the inadequacy of Artemia lipid composition, which is
rich in neutral lipids, and low in EPA and DHA. In contrast, LC and FA profiles of Grapsus and
Plesionika zoeae were more similar to that of octopus paralarvae. The MDS analysis of FA
profiles (from the three types of samples: TL, SE, and W) indicate that: i) FA profiles of SE and
W are much more variable (within the same species) than FA profiles of TL; ii) FA of TL
effectively separate paralarvae, decapods and Artemia; iii) FA of SE or W did not clearly
separate the 4 species; iv) independently of the species, TL contain more HUFA, and less
saturate FA than SE or W; v) independently of the species, it seems that FA of SE contain less
C16:1 (n9) and C18:1 (n9, n7) than FA of W, but the variability among samples was high. The
relative similarity in FA profiles of SE and W (amongst species) warrants further research.

Keywords: Sterol esters, Wax esters, Octopus vulgaris paralarvae, Grapsus adscensionis,
Plesionika narval
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Abstract

The sustainable valorisation of marine resources, particularly pelagic fish species, represents a
growing opportunity within the blue bioeconomy, offering both environmental and economic
benefits. Marine-derived lipids are increasingly recognised for their structural diversity,
bioavailability, and potential relevance in human health applications, particularly in the
context of chronic diseases such as cardiovascular (CVD) and neurodegenerative (ND)
disorders. These diseases continue to pose significant global health burdens, with a projection
of over 35 million CVD deaths by 2050, and the World Health Organisation has estimated that
NDs will become the second leading cause of death worldwide by 2040, behind CVD. Our
research group has been investigating the role of marine polar lipid fractions and their effects
on CVD and ND for over two decades.

In collaboration with Ireland’s seafood development agency, Bord lascaigh Mhara, this work
examines the bioactive potential of marine polar lipids using in-vitro approaches relevant to
both CVD and ND pathways. Cardiovascular-associated activity has been explored through
platelet bioactivity assays assessing the modulation of platelet aggregation as an indicator of
anti-thrombotic potential. In parallel, neuroprotective properties are being investigated using
human microglial cell models to evaluate cellular responses linked to neuroinflammation and
oxidative stress.

This poster will present an overview of the design of the research, methodological approaches,
and results observed to date, with discussion of the wider implications for marine lipid
valorisation, as well as functional food and nutraceutical development.

Keywords: Dietary polar lipids, inflammation, cardiovascular diseases, neurodegenerative
diseases, valorisation
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Abstract

Jellyfish (phylum Cnidaria) are globally abundant marine organisms increasingly recognized as
a potential low-trophic biomass within the blue bioeconomy. While traditionally overlooked as
a lipid source, emerging evidence suggests they may contribute bioactive marine fatty acids of
nutritional relevance. However, their lipid quality and potential health implications remain
insufficiently synthesized and critically evaluated. This study provides a systematic assessment
of jellyfish lipid composition with specific emphasis on nutritional value and functional
relevance. Published data were integrated to evaluate total lipid content, lipid class
distribution, and fatty acid profiles—including eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA), arachidonic acid (ARA), and n-3/n-6 ratios—while considering the influence of
species, life stage, symbiotic associations, seasonality, geographic variability, and processing
methods. Although jellyfish exhibit low total lipid levels (<1-5% dry weight), polyunsaturated
fatty acids represent a substantial fraction of total fatty acids. EPA and DHA have been
consistently detected in several edible taxa, and processed products (dried or salted) may
provide measurable amounts of long-chain n-3 PUFAs. Notably, some species display a
considerable phospholipid fraction, suggesting enhanced bioavailability of membrane-bound
EPA and DHA compared to neutral lipid sources. Species that host symbiotic microalgae tend
to exhibit elevated omega-3 levels, suggesting biologically relevant modulation of lipid quality.
Despite variability associated with taxonomy and processing—and generally lower n-3/n-6
ratios than conventional fish oils—jellyfish emerge as an underexplored marine source of
structurally valuable polyunsaturated fatty acids. By consolidating fragmented evidence, this
work establishes a foundation for evaluating jellyfish-derived lipids in nutraceutical
applications, functional foods, and alternative marine lipid development aligned with global
health and sustainability priorities.

Keywords: Jellyfish, fatty acids, PUFA
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Abstract

Microalgae are photosynthetic unicellular eukaryotes that thrive in aquatic environments and
grow rapidly when supplied with light, nutrients, and CO,. They have recently gained attention
as sustainable sources of bioactive compounds such as polysaccharides, proteins, lipids,
vitamins, and minerals. Among these, essential fatty acids and lipid-soluble pigments stand out
for their promising biological activities. This study aimed to evaluate the protective effects of
lipid extracts obtained from several microalgae species (Tetraselmis chuii, Nannochloropsis
gaditana, Arthrospira platensis, and Schizochytrium sp.) against oxidative stress and
inflammation using an immune cell model.

Lipid extracts were obtained through Soxhlet extraction, and their fatty acid composition was
analyzed by gas chromatography. Antioxidant and anti-inflammatory properties were assessed
in RAW 264.7 macrophages stimulated with lipopolysaccharide (LPS) from Escherichia coli.
Cellular responses, including viability (MTT assay), reactive oxygen species (ROS) and nitric
oxide (NO) production, and pro-inflammatory cytokines interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) levels were evaluated. The characterization of the lipid extracts revealed
distinct fatty acid profiles among species. A. platensis showed a high content of saturated fatty
acids, while the fatty acid profile of the other microalgae was more unsaturated. N. gaditana
exhibited high levels of eicosapentaenoic acid (EPA) and palmitoleic acid, Schizochytrium sp.
was rich in docosahexaenoic acid (DHA) content, and T. chuii displayed the highest proportion
of monounsaturated fatty acids, especially oleic acid. Extracts rich in PUFAs w-3, particularly
those from N. gaditana and Schizochytrium sp., were the most effective at modulating the
inflammatory response in macrophages, reducing ROS, NO, and pro-inflammatory cytokines.

T. chuii also showed anti-inflammatory effects linked to its high oleic acid content, whereas the
efficacy of the lipid extract of A. platensis was comparatively lower. Overall, N. gaditana
emerged as the most promising microalgae species, combining a lipid profile enriched in EPA
with a strong capacity to attenuate key inflammatory mediators, highlighting its potential for
health-oriented biotechnological applications.

Keywords: Microalgae, lipid extracts, oxidative stress, anti-inflammatory activity, omega-3
fatty acids
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Abstract

Obesity is a global health concern associated with metabolic disorders such as type-2 diabetes,
cardiovascular diseases, and non-alcoholic fatty liver disease. This study evaluated the effect of
a bioactive lipid rich in EPA and DHA, produced by enzymatic acidolysis of rainbow trout oil
(Oncorhynchus mykiss) and maqui seed oil (Aristotelia chilensis) under supercritical CO,
conditions, on the fatty acid composition of tissue from an obese murine model. Male C57BL/6
mice were initially fed a high-fat diet and subsequently supplemented with different
treatments: glycerol (control), commercial omega-3 capsules, a mixture of EPA/DHA
concentrate with maqui oil, and the developed bioactive lipid. Fatty acid profiles in liver,
epididymal, and visceral tissues were determined by gas-liquid chromatography.
Supplementation with the structured bioactive lipid enhanced the incorporation of EPA and
DHA into tissues when compared to the other treatments, promoting a more favorable lipid
profile characterized by an increased omega-3/omega-6 ratio. This shift is associated with
potential reductions in oxidative stress and chronic inflammation, key factors in obesity-
related metabolic dysfunction. Notably, the enzymatically modified lipid demonstrated
superior bioavailability compared to the non-structured mixtures and commercial
supplements.

These findings suggest that enzymatic modification of lipids under supercritical conditions
represents a promising strategy to improve omega-3 delivery and functionality. This approach
could contribute to the development of advanced nutritional interventions targeting metabolic
issues associated with obesity.

Keywords: Omega-3, bioactive lipids, enzymatic acidolysis, supercritical CO,, obesity model
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Abstract

The lipid distribution pattern in fish determines their fatty acid (FA) profile. Turbot uses
subcutaneous adipose tissue (SAT) as a primary lipid reservoir, yet its seasonal FA profile
compared to skeletal muscle (MT) remains under-investigated. This study evaluated the
seasonal FA profiles of both tissues in wild-caught (W) and farmed (F) turbot over an annual
cycle, with differences assessed by ANOVA (type ll), followed by Tukey’s HSD post hoc test.

F turbot exhibited significantly higher SAT lipid content (~26%) than W specimens (~8-9%). On
lipid basis (g/100 g total FAs), W turbot showed higher proportions of EPA, DPA, DHA, and total
omega-3 FAs than F specimens across tissues, except for EPA in MT (p=0.2628). Conversely, F
turbot provided significantly (p<0.01) higher total omega-3 FAs, on tissue basis (g/100 g
tissue), resulting from its substantial lipid accumulation. A notable exception occurred in the
SAT, where absolute DHA levels were similar between both groups (p=0.111), as the
exceptionally high DHA proportion in W specimens (24.1% vs. 10.4% in F) counterbalanced
their significantly lower lipid accumulation.

Relative DHA content showed a tissue-specific inversion. Thus, F turbot remained stable in the
MT, while W specimens peaked in summer (36.3%). W specimens were stable in the SAT, while
F fish fluctuated, reaching a minimum value in autumn (9.3%) and a maximum omega-6 peak
(14.4%). Absolute DHA levels in the MT were differently affected by season depending on the
production method (p=0.029), in contrast to the SAT, where levels were independent of
production method and season. These results highlight the SAT as a biological indicator of
traceability and dietary sensor, reflecting seasonal shifts and the production method (W or F)
more clearly than the structural MT.

In conclusion, turbot displays high metabolic plasticity in its biochemical fat profile (lipid basis),
but provides exceptional nutritional stability for consumers, as the absolute omega-3 FA
delivery (tissue basis) is largely independent of seasonal shifts.

Keywords: Scophthalmus maximus, subcutaneous adipose tissue, wild or farmed, omega-3
fatty acid, human nutrition
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Abstract

During the cooking process of common octopus (Octopus vulgaris), different bioactive
compounds with potential antioxidant and preservative activities in general are released into
the water. In the present study, the use of octopus cooking water as a natural preserving agent
during the chilled storage of horse mackerel (Trachurus trachurus) was evaluated by modifying
the ice used during the refrigerated storage. For this purpose, ice was prepared with different
concentrations of cooking water, and parameters related to lipid degradation and fish quality
were analysed, including different kinds of values such as peroxides, aqueous fluorescence,
free fatty acids, thiobarbituric acid reactive substances (TBARS), trimethylamine (TMA), and
pH. Additionally, the fatty acid profile was determined by gas-liquid chromatography,
employing response factors to ensure accurate quantification of the compounds.

The results showed that the use of modified ice with octopus cooking water delayed lipid
oxidation and fish deterioration, as evidenced by lower (p < 0.05) peroxide, TBARS, and TMA
values compared to the control. Likewise, a more favourable evolution of the free fatty acid
content and the aqueous fluorescence formation was observed during storage. Differences
were found more important in advanced stages of the chilling storage.

These findings suggest that the use of octopus cooking water constitutes an effective strategy
to extend the shelf life of refrigerated fish, while also contributing to by-product valorisation
and development of sustainable practices within the circular economy of the fishing industry.

Keywords: Common octopus, cooking water, lipid oxidation, shelf-life extension, by-product
valorisation
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Abstract

Commercially available cod liver oil is typically refined to remove free fatty acids (FFAs).
However, prior to the introduction of this refining process, cod liver oil naturally contains FFAs
in considerable amounts. Omega Cold is a refined cod liver oil similar to products currently on
the market, but resembling traditional cod liver oil in that it contains 2% FFAs. Studies
conducted in the United States on behalf of Lipid Pharmaceuticals Ltd. demonstrated that low
concentrations of these fatty acids effectively inactivated in vitro the viruses responsible for
COVID-19 and the common cold. The present study represents the first step in investigating
whether cod liver oil containing FFAs can inhibit the progression of these viruses in vivo. The
study is a randomized, double-blind, placebo-controlled trial comparing two groups with
respect to the incidence and severity of colds and other respiratory tract infections. One group
of participants ingests Omega Cold cod liver oil, while the other ingests vegetable oil as a
placebo. A total of 400 participants is expected to be enrolled. Results have already been
collected from over 100 participants during the winter of 2025-2026 and around 300 are
expected to participate next winter 2026 - 2027. The aim is to publish first results from the
study in autumn 2027.The study is conducted by Matis ohf. under the auspices of the
University of Iceland and Lipid Pharmaceuticals Ltd. and is funded by the Icelandic Technology
Development Fund.

Keywords: Cod liver oil, free fatty acids, respiratory infections, COVID-19, randomized
controlled trial
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Abstract

Inflammation is a natural biological process that eliminates harmful stimuli and promotes
tissue repair. Under normal conditions, inflammation resolution is actively mediated by
specialized pro-resolving lipid mediators (SPMs) derived from the n-3 long-chain
polyunsaturated fatty acids, EPA and DHA. However, disruption of this process under stressful
conditions may impair immune homeostasis and compromise health. While SPMs have been
studied in mammals, their role in teleost fish remains poorly understood. In aquaculture, the
increasing use of alternative lipid sources, such as insect oils, raises questions about their
impact on lipid-mediated physiological pathways involved in stress and inflammation,
particularly under routine practices such as confinement and handling.

The present study evaluated the response of juvenile gilthead seabream (Sparus aurata) to an
acute stress event after 56 days of feeding with one of two experimental diets: a control diet
containing fish oil and poultry oil, or a BSFLO diet in which Hermetia illucens oil fully replaced
poultry oil (5.2% inclusion). Fish were then subjected to 1 min of air exposure followed by
confinement. Blood samples were collected at the end of the feeding trial (before stress
exposure) and 90 min after stress exposure to quantify resolvin-E1 and maresin-1 in plasma.
These plasma SPMs were measured by ELISA (n=9) and analysed by two-way ANOVA (diet and
stress as fixed factors). Acute stress significantly reduced plasma resolvin-E1 levels (p = 0.009),
with higher values in non-stressed fish regardless of diet, while maresin-1 remained
unchanged. Diet did not affect resolvin-E1, but BSFLO-fed fish tended to show higher maresin-
1 levels (p = 0.069). These findings suggest a rapid utilization of resolvin-E1 during the early
phase of inflammation resolution, whereas maresin-1 may contribute to later stages of the
process. Further research is required to better elucidate the temporal dynamics of
inflammation resolution in gilthead seabream.

This work has been supported by InsectERA Mobilizing Agenda (PRR - InsectERA - The ERA of
the insect industry), funded by Portugal and European Union - NextGenerationEU, with the
identifier C644917393-00000032, by national funds through FCT - Fundagdo para a Ciéncia e a
Tecnologia, I.P., and by the European Commission’s Recovery and Resilience Facility, within the
scope of UID/04423/2025 (https://doi.org/10.54499/U1D/04423/2025), UID/PRR/04423/2025
(https://doi.org/10.54499/UID/PRR/04423/2025), and LA/P/0101/2020
(https://doi.org/10.54499/LA/P/0101/2020). S. Moutinho was supported by FCT
(2024.12176.CEECIND).
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Abstract

Marine microalgae contain large amounts of long-chain omega-3 fatty acids such as
eicosapentaenoic acid, and are increasingly considered as sustainable alternatives to fish-
derived lipids. However, omega-3 intake remains below nutritional recommendations in many
populations. In the marine microalga Nannochloropsis oceanica, eicosapentaenoic acid is
carried not only by triacylglycerols but also by galactolipids, whose digestive fate remains
poorly understood.

In this study, eicosapentaenoic acid-rich galactolipids were first extracted and purified from N.
oceanica using a green solvent-based process, avoiding chlorinated and petroleum-derived
solvents.

Their nutritional functionality was then assessed through a standardized static in vitro
digestion protocol (INFOGEST), comparing galactolipids with eicosapentaenoic acid-rich
phosphatidylcholines and triacylglycerols. The results show that the molecular carrier
significantly affects omega-3 bioaccessibility, with monogalactosyldiacylglycerol and
digalactosyldiacylglycerol displaying distinct behaviors not only compared to phospholipids
and triacylglycerols, but also relative to each other.

To investigate the underlying mechanisms, the interfacial properties of these lipids were
characterized using Langmuir monolayers and drop tensiometry. Differences in adsorption
kinetics and monolayer organization were observed not only between galactolipids and
phosphatidylcholines, but also between monogalactosyldiacylglycerol and
digalactosyldiacylglycerol. Altogether, these results suggest that the observed differences in
bioaccessibility may originate from distinct interfacial properties.

Overall, marine EPA carried by galactolipids appears to be a promising alternative source of
omega-3 fatty acids. Their specific interfacial properties may contribute to enhanced
bioaccessibility compared to other lipid carriers. These findings are consistent with previous
studies on ALA-rich galactolipids, suggesting a broader relevance of this lipid class for omega-3
delivery. Further work will focus on confirming these observations through in vivo
bioavailability studies.

Keywords: Marine lipids, galactolipids, omega-3 bioaccessibility, in vitro digestion, interfacial
properties
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Abstract

Halophytes are increasingly recognized as a nutritional and functional food; however evidence
on how post-harvest drying influences their lipid integrity its still scarce. In this study, the
effects of freeze-drying (-55 2C), oven-drying (60 2C), and sun-drying (17-27 2C) on the lipid
profiles of Salicornia ramosissima and Atriplex portulacoides were evaluated using GC-MS (Gas
Chromatography-Mass Spectrometry) and LC-MS (Liquid Chromatography-Tandem Mass
Spectrometry). An integrated approach combining fatty acid profiling with untargeted
lipidomics was employed to achieve a comprehensive characterization of lipid composition and
class-specific remodeling. Total lipid content was not changed by the drying treatments.
Nevertheless, both oven- and sun-drying led to a marked reduction in esterified fatty acids,
particularly FA 18:3 n-3 and FA 16:0, when compared to freeze-drying. This effect was more
pronounced under sun-drying conditions, suggesting enhanced lipase activity and/or hydrolytic
processes during drying. Despite the decrease in the esterified fatty acids, the total fatty acid
amounts remained relatively stable, indicating that lipid hydrolysis, rather than FA oxidative
degradation. A total of 270 and 275 lipid species were identified in S. ramosissima and A.
portulacoides, respectively. Drying treatments promoted a decrease in the relative abundance
of membrane phospholipids (PL), namely phosphatidylcholine and phosphatidylethanolamine,
and an increase in lysophospholipids (corroborating PL hydrolysis), ceramides, triacylglycerols,
and diacylglycerols. Among the tested methods, sun-drying induced the most pronounced
lipidomic alterations, followed by oven-drying. Overall, these findings demonstrate that post-
harvest drying significantly modulates the lipidome of halophytes, with potential implications
for their nutritional and functional properties. Choosing the best drying technique is therefore
essential to balance processing efficiency with the preservation of lipid quality in halophyte-
based foods.

Keywords: Halophytes, lipidomics, lipids, fatty acids, post-harvest treatment
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Abstract

The European sea bass (Dicentrarchus labrax) is one of the most important marine species in
aquaculture in Mediterranean and Atlantic countries due to its commercial value and
nutritional significance. This study aimed to characterise the lipid profile of farmed and wild
fish. Muscle samples from wild-caught sea bass and those from farming systems were
analysed. Lipids were extracted using standardised methods and the lipid classes (LC) and fatty
acid (FA) composition were determined by High Performance Thin Layer Chromatography and
Gas Chromatography, respectively.

Among LC, for both production systems, triacylglycerols predominated and were followed by
phospholipids. Concerning FA, the results revealed differences in the FA profile and the n-3/n-
6 ratio, which were attributed to diet, activity levels and the environmental conditions specific
to each production system. Whilst farmed specimens had a relatively low n-3/n-6 ratio (<1),
wild fish showed an n-3/n-6 ratio higher than 5. Wild sea bass were found to be richer in SFAs
than those from the aquaculture system. On the other hand, total PUFA levels were higher in
farmed sea bass for most FA, with the exception of long-chain n-3 PUFAs such as EPA and DHA.
The MUFA fraction was higher in farmed fish, due in particular to the contribution of oleic
18:1n-9, oleic acid.

It can be concluded, therefore, that farmed sea bass tends to have higher total absolute level
of fatty acids and a lower n-3/n-6 ratio. While wild fish generally showed a higher content of
SFAs, EPA and DHA, farmed fish registered higher levels of 18:1n-9 and 18:2n-6, with 18:3n-3
emerging as a potential indicator. The ratio 18:2n-6/(EPA+DHA) is considered a crucial
biomarker in discriminating the origin of sea bass, since aquaculture fish have significantly
higher values in this ratio, driven by the higher relative percentage of LA from plant-based
diets.

Keywords: European sea bass, aquaculture, n-3 PUFA, EPA, DHA
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Abstract

The oxidation of lipids and proteins affects the sensory attributes (odor, flavor, and color) of
fish products, thereby impacting final consumer acceptance. Growing concerns about the risks
to human health and the environmental impact of synthetic antioxidants have encouraged the
use of natural antioxidants in fish products. Fruit and vegetable by-products (FVB) are an
important source of natural antioxidants that inhibit these oxidation processes. These matrices
are a significant source of phytochemicals, including carotenoids, phenolic acids, flavonoids,
and other secondary metabolites. Therefore, this work presents a review of recent research
addressing the inhibition of lipid and protein oxidation in fish products (fillets, surimi, nuggets,
meatballs, croquettes, and burgers) using phenolic compounds present in FVB. This review
explores the effects of using these natural antioxidants on oxidation processes and sensory
changes in fish products. Furthermore, the review examines the potential phenolic compounds
that inhibit oxidation reactions in these products. It also presents the main challenges that can
be addressed in future research.
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Abstract

Hypercaloric diets are associated with a state of chronical inflammation. In this situation, the
organism fails to activate the effective process of resolution of inflammation that works as a
natural response to injuries or insults. That provokes an inflammatory response which persists
over time and can be the cause of many different diseases and metabolic disorders.
Hypercaloric diets are associated to an increase of proinflammatory lipid mediators, mainly
those derived from w6 PUFAs, such as ARA. In contrast, supplementation with w3 PUFAs
provide the formation of lipid mediators associated with the resolution of inflammation,
especially those formed from EPA and DHA. Diets rich in these fatty acids, such as those
abundant in marine products, lower the w6/w3 ratio, which is higher in hypercaloric diets, and
enhance the formation of these pro-resolutors of inflammation, addressing a less
proinflammatory profile.

The aim of this study is to observe the differences in the profiles of lipid mediators from ARA,
EPA and DHA in cerebral cortical tissue of three groups of healthy mice after dietary
interventions: one group followed a standard diet, and the other two followed a high fat high
and sucrose (HFHS) diet, one of them with a soybean oil supplementation (rich in PUFAs w6)
and the other one with a fish oil supplementation (rich in PUFAs w3).

Results demonstrated a proinflammatory phenotype associated to HFHS diets, characterised
by an increase of proinflammatory ARA-derived mediators in the group, particularly
prostaglandins and ARA-derived monohydroxides. In contrast, supplementation with fish oil
reverted such profile into a more able to resolve the inflammation, providing a shift towards
the formation of EPA and DHA-derived monohydroxides, which are the precursor molecules of
specialized proresolving mediators maresins, resolvins and protectins (SPMs).

Keywords: Resolution of inflammation, brain cortex, hypercaloric diets, fish oil, lipid mediators
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Abstract

Dietary intake of n-3 polyunsaturated fatty acids (n-3 PUFAs) has been linked to a reduced risk
of age-associated diseases, including cardiometabolic and neurodegenerative disorders.
Nevertheless, evidence regarding their protective effects remains inconsistent, potentially due
to variations in their chemical form and their differential ability to modulate oxidative stress, a
central mechanism in disease progression. This study investigated the effects of marine oils
enriched in n-3 PUFAs, present either as triacylglycerols (sardine/tuna oil) or phospholipids
(krill oil), on cardiometabolic and cognitive function during aging, with a focus on oxidative
stress regulation. Young and aged male C57BL/6) mice received supplementation with
soybean, sardine/tuna, or krill oil over a six-month period. Throughout the intervention,
cognitive performance and cardiovascular parameters were evaluated. At study completion,
fatty acid profiles in plasma, liver, and cortex were analyzed. Oxidative stress markers were
assessed through measurements of the glutathione redox system, lipid peroxidation, and
protein carbonylation. Marine oil supplementation mitigated age-related impairments in
spatial memory, perigonadal fat accumulation, heart rate, and the age-associated increase in
blood pressure. These effects were accompanied by a reduced n-6 to n-3 PUFA ratio. In
addition, marine oils improved glutathione redox balance and decreased oxidative damage.
Krill oil provided the most pronounced protection against oxidative stress and cognitive
decline, whereas sardine/tuna oil specifically increased hepatic GSTP1 expression and protein
S-glutathionylation. Overall, marine oil supplementation attenuates oxidative stress and
supports both cardiometabolic and cognitive health during aging. Notably, phospholipid-bound
n-3 PUFAs appear to confer greater benefits than triacylglycerol-bound forms, suggesting that
biological effects depend not only on PUFA dose but also on their molecular form.

This Project has received funding from Spanish Ministry of Science, Innovation and Universities
grant numbers PID2023-1460420B-C21 and PID2023-1460420B-C22and Xunta de Galicia—
Axencia Galega de Innovacion (GAIN) (IN607B 2023/05).
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Abstract

Seaweeds are a renewable widely available source of valuable ingredients with nutritive,
bioactive and functional properties. The Mediterranean Sea hosts nearly more than 1000 taxa
of marine macrophytes, with high endemism rate. Those organisms could provide valuable
metabolites for food and nutraceuticals. The polysaccharides account for the major fraction
but other minor compounds, lipids, pigments and phenolics could be of commercial interest
based on their properties. Despite their low lipid content, this fraction might contain higher
levels of essential polyunsaturated fatty acids than earth vegetables. Among pigments,
fucoxanthin is a xanthophyll with exceptional properties. The initial extraction of these
valuable compounds using a green non-toxic solvent could be proposed as an initial stage in
seaweed biorefineries.

The present study was aimed at obtaining lipophilic fractions from selected brown seaweeds
from the Tunisian Coast, which were freeze-dried before storage. Supercritical CO2 (scCO2)
was performed for the extraction of lipids, fucoxanthin, and polyphenols from the ground
seaweeds, which were packed with glass beads into a Thar (SFE-1000 F-2-C10) extractor
(Pittsburgh, USA) operating at 10-30 MPa and 35-50 2C. The CO2 was pumped at 25 g/min, and
in some experiments ethanol as added as modifier at 0.5-10% (wt). The yield was determined
gravimetrically, total phenolic content spectrophotometrically and fucoxanthin both
spectrophotometrically and by reversed phase HPLC, in an Agilent HPLC 1100 with diode-array
detector. Fatty acid methyl esters, prepared by transmethylation were further extracted by
hexane, and after evaporating the organic phase, were analyzed by a GC-MS QP 2010
(Shimadzu, Japan). The extraction yield, bioactive content and antioxidant activity in the
supercritical extracts were compared to those obtained with conventional solvents.

Keywords: Macroalgae, lipids, bioactives, extraction
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Abstract

The demand for antioxidants from natural sources is growing due to the awareness of the
consumers towards both the environment and health. In addition, the potential of algal
biomass as a renewable source of bioactives has attracted increased attention. The presence
of polyunsaturated fatty acids in algal lipids could be beneficial for skin care, and the phenolic
compounds could be proposed as a natural preservative in cosmetic products, since they also
exert an antioxidant/protective effect in skin by decreasing the oxidative stress. In this study,
the lipids, carotenoids and phenolic fractions obtained from seaweeds and from microalgae
before the extraction of valuable polysaccharides with commercial value, have been proposed
as ingredients in the formulation of green cosmetics.

Fucus vesisulosus, Saccharina latissima, Bifurcaria bifurcata and Ascophylum nodosum were
kindly provided by Porto-Muifios (Cerceda, Spain), Nannochloropsis gaditana was kindly
provided by Algikey (Pévoa de Sta Iria, Portugal) and Dunaliella sp. by Instituto Tecnoldgico de
Canarias (Spain). Pure and ethanol-modified supercritical CO2 extraction was used to obtain
lipids, pigments and phenolics from the dried algal biomass. A hydrating cosmetic O/W cream
with green ingredients was formulated, focusing on selecting Cosmos approved natural raw
materials: emulsifiers, solvents, preservatives and plants extracts and oils, as well as natural
essential oils as fragrance. Alternative formulations incorporating algal ingredients were also
prepared. The stability of the different cosmetic creams was assessed during accelerated
oxidation assays. The functional and rheological behaviour of the creams and the protecting
effect of the different extracts were evaluated in relation to standard ingredients and
additives.

Keywords: Algae, lipids, antioxidants, cosmetics oxidative stability
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Abstract

Galicia stands out as one of the leading regions in Europe for canning industry, producing over
308,000 tonnes in 2024 and reaching a turnover of approximately €1.9 billion. This high level
of activity generates a significant amount of waste, particularly cooking effluents, which
contain high levels of organic compounds such as proteins, lipids, and salts.

The high organic load present in cooking effluents represents a challenge for industries in the
sector, due to the difficulty and high costs associated with their treatment and
decontamination. Despite strict regulations on effluent management, direct discharges into
the marine environment still occur, generating significant environmental impacts.

This study aims to evaluate the use of cooking effluents from octopus and mussels as culture
media for the growth of Crypthecodinium cohnii, a marine heterotrophic dinoflagellate known
for its ability to produce lipids rich in docosahexaenoic acid (DHA).

A preliminary assessment will be conducted to determine the suitability of these effluents as
substrates for microalgal cultivation and to explore process optimization. The effects of salinity
and effluent concentration on microalgal growth and lipid production will be evaluated. Lipid
composition will be analyzed by chromatography to determine fatty acid profiles, and nutrient
consumption will be monitored throughout the cultivation process.

The main goal of this proposal is to valorize a highly polluting and costly waste by converting it
into valuable bioproducts through microalgal cultivation, thereby contributing to circular
economy strategies and Sustainable Development Goals of the 2030 Agenda.

Keywords: Seafood industry effluents, Microalgae cultivation, Omega-3 fatty acids, Sustainable
biotechnology
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Abstract

Microalgae holobionts are symbiotic associations between different microalgae and their
microbiome, being sustainable sources of bioactive compounds. The industrial use of
holobionts has increased in recent years, leading to the development of effective processes for
their utilization. In this regard, the sustainable extraction of the lipid fraction of microalgae
requires the use of clean technologies, and pressurized liquid extraction (PLE) has emerged as
an environmentally friendly alternative to conventional methods.

In this study, PLE was optimized for two holobionts, named H1 (Chlorella vulgaris and
Arthrospira platensis) and H2 (Kamptonema sp., Nannochloropsis oculata, Tetraselmis suecica
and C. vulgaris), by testing different solvents and temperatures. PLE extraction yields, fatty
acid (FA) profiles, and pigments contents were compared to conventional extraction. Higher
extraction yields were obtained using PLE with 100% ethanol at 80°C in both holobionts. Using
that conditions, H1 showed an enhanced FA profile with lower saturated and higher
unsaturated FA contents, and lower omega-6/omega-3 ratio. In contrast, the optimal FA
profile for H2, with lower saturated and higher unsaturated FA, and low omega-6/omega-3
ratio, was obtained with 100% ethyl acetate at 80°C. Furthermore, in both holobionts, the use
of ethyl acetate significantly increased the recovery of pigments.

Overall, PLE with ethanol at 80°C proved to increase the yield of lipid extraction, but our
results showed that the solvent used is a critical factor for the composition of the holobiont
extracts; while ethanol improved the nutritional FA profile for H1, ethyl acetate was more
effective for H2 and pigment recovery in both holobionts. This research also provided the first
description of the FA profile of a microalgae consortium consisting mainly of Kamptonema sp.,
which remains unexplored in the literature. The findings highlight the potential of both
holobionts as sources of high-value FA and pigments for applications in nutraceutical,
cosmeceutical, and pharmaceutical industries.

Keywords: Pressurized liquid extraction, lipids, fatty acids, microalgae, holobiont
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Abstract

According to the FAO between 30% and 70% of the total fish processed is considered waste.
Galicia, the leading fishing region in Europe, markets over 100,000 tons annually, producing a
substantial fraction of these residues. Rich in proteins, lipids, and vitamins, these by-products
remain largely underutilized, posing both economic and environmental challenges for the
sector.

This study explores a novel approach to transform these discards into valuable by-products
through the production of microbial lipids via solid-state fermentation (SSF). Aspergillus oryzae
CECT 2094, traditionally used in the food industry for miso and sake production and recognized
as GRAS by the FDA and WHO, was selected as the microorganism. Epibiota and the broken
viands and breeds of mussels (Mytilus galloprovincialis) were evaluated as substrates.

Growth capacity of the fungus and lipid production was evaluated over 10 days. Subsequently,
SSF was extended to 4 weeks, and total microbial lipids were quantified. Fatty acid methyl
ester (FAME) profiles were analyzed and compared with those extracted from the raw biomass
to identify changes, in the composition and postulate potential industrial applications.

Results indicated that both substrates were suitable for microbial lipid production,
substantially increasing lipid content, modifying fatty acid profiles, and revealing potential
applications in food products.

These findings highlight SSF of marine by-products as a promising biotechnological strategy for
sustainable lipid production, aligned with circular economy principles and the Sustainable
Development Goals of the 2030 Agenda.

Keywords: Oleaginous fungi, seafood by-products, solid state-fermentation, sustainable
biotechnology
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Abstract

This research proposes a biorefinery process for the valorization of the Durvillaea incurvata
(cochayuyo) alga, through the sequential extraction of bioactive compounds and their
application in the formulation of salmon paste for 3D printing. Green extraction techniques
were utilized, i.e., ultrasound-assisted extraction (UAE) to obtain hydrocolloids (alginates) and
pressurized liquid extraction (PLE) to recover phenolic compounds from the solid residue. The
conditions were optimized using Response Surface Methodology. For PLE, the maximized total
phenolic content (TPC) and antioxidant capacity (ORAC) were obtained by using the conditions
160 °C and an ethanol:water ratio of 1.73:1.27. In the case of UAE, the optimized condition
was attained with 5% algae, 40% amplitude, and 30 minutes. Following their chemical
characterization, the extracts were applied to 3D-printed salmon prototypes to evaluate
rheology, print fidelity, texture, and post-baking oxidative stability.

The results demonstrated that incorporating the extracts improved the rheological properties
of the paste, facilitating extrusion and significantly reducing deformation compared to the
control. Chemically, the addition of 500 ppm of the phenolic extract acted as a first line of
antioxidant defence during heat treatment, reducing primary and secondary oxidation (K
coefficients). Although the formation of a surface crust on all prototypes limited oxygen
transfer and preserved the lipid profile in the control sample, a significant astaxanthin
degradation was produced. In conclusion, the phenolic extract protected the integrity of the
astaxanthin, achieving a final product with a superior nutritional profile while keeping lipid and
antioxidant compound intact.

Keywords: Sustainable extraction, cochayuyo, antioxidants, hydrocolloids, 3D printing,
rheology, lipid oxidation
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Abstract

Global seaweed consumption has increased significantly in recent years, driven by the growing
demand for sustainable, healthy, and plant-based foods. In Spain, seaweed consumption has
shown steady growth over the past decade, becoming an emerging product within “bio” and
healthy eating trends, largely due to its high fiber content and proteins with a well-balanced
essential amino acid profile. In addition, seaweeds are known to contain potent antioxidant
compounds and to prevent lipid oxidation, as demonstrated in animal models and preliminary
clinical studies.

In this context, our research group focuses on the optimization of biorefinery strategies based
on green fractionation technologies and enzymatic processes. The main objective is the
valorization of the major components of red and green macroalgae—polysaccharides and
proteins—to obtain functional ingredients for human nutrition. Within this framework, the
BlueBIOTICS project, recently funded by the Spanish State Research Agency, targets different
red and green macroalgae species: Palmaria palmata, Porphyra sp., Codium tomentosum and
Caulerpa lentillifera. The project aims to design an integrated strategy for the production of
prebiotic oligosaccharides as the primary product of the biorefinery process.

Although lipid content in these species is relatively low, the residual biomass obtained after
polysaccharide and protein extraction is enriched in lipids, highlighting its potential as a source
of novel functional ingredients. Notably, the predominant fatty acids in these algae—mainly
polyunsaturated (PUFA) and monounsaturated (MUFA)—are of high biological value and are
associated with beneficial effects on cardiovascular health.

This study quantifies the lipid content in these macroalgae, assessing seasonal variations and
the degree of lipid enrichment in the residual fractions generated during the biorefinery
process.

As future work, collaboration with other research groups is envisaged to further characterize
the composition of this lipid fraction and to evaluate its biological properties.

Keywords: Seaweed, biorefinery, functional ingredients
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Abstract

Dunaliella salina is a marine microalga recognized as a valuable source of bioactive lipids,
including polar lipids with health-promoting potential. The exploitation of microalgal lipids for
sustainable blue biotechnology applications requires not only efficient extraction strategies
but also suitable delivery systems to protect and enhance their functionality.

In this work, lipids were extracted from D. salina biomass using a conventional organic solvent
method based on methanol/chloroform homogenization. The extraction process resulted in a
lipid yield of 5.7 £ 0.7 % (dry weight). The antioxidant activity of the lipid extract was evaluated
using DPPH, ABTS and FRAP assays, revealing significant antioxidant capacity (37.0 + 0.5, 105.3
+0.9 and 94.3 + 3.5 uM Trolox equivalents, respectively), highlighting the potential of D. salina
lipids as functional marine-derived ingredients. Gas chromatography analysis revealed a lipid
extract dominated by saturated and unsaturated C16-C18 fatty acids, with a relevant
proportion of palmitic (16:0) and a-linolenic (18:3) acids, indicating the presence of
nutritionally and functionally valuable marine lipids.

To improve the delivery and stability of these bioactive lipids, the extracts were incorporated
into lipid nanoparticles composed of Compritol®E ATO as the solid lipid matrix and Tween®80
as surfactant. Nanoparticles were produced using a hot emulsification followed by sonication
method. The resulting lipid nanoparticles were physicochemically characterized in terms of
particle size (250 £ 15 nm), polydispersity index (0.270+ 0.038 nm) and zeta potential (-15.2 -
1.5 nm), demonstrating the formation of stable and homogeneous nanosystems. Nanoparticle
morphology was further assessed by microscopy, confirming the successful formation of well-
defined lipid nanoparticles. D. salina lipid-loaded nanoparticles were subsequently evaluated
for their stability during storage, under feed formulation and processing conditions, and in
simulated gastrointestinal environments.

Overall, these results demonstrate that D. salina is a promising marine source of antioxidant
lipids and that incorporating them into lipid nanoparticles represents an effective strategy for
developing functional formulations for blue biotechnology and aquaculture-related
applications.
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