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INVITED SPEAKERS  
 

 
Sachi Kaushik 
Sachi Kaushik is one the most prominent experts in the area of Fish Nutrition. He 
was the Director of the Joint Fish Nutrition Unit INRA-IFREMER and Head of 
the Hydrobiology Station of INRA (Institut National de la Recherche 
Agrnomique) at St Pee sur Nivelle, France. Now retired from INRA, he is the 
European Research Area chair on ecosystem approaches to sustainable 
aquaculture development in the eco-aqua initiative, at the University of Las 
Palmas de Gran Canaria. He is Past President of the European Aquaculture Society 
and has continuously supported aquaculture expansion through the FAO, UNDP, 

World Bank and other organisations. In 2015, he was made an Officer of the ‘Ordre du Mérite Agricole’ 
by the French government for his services to nutrition and to aquaculture. He has published more than 300 
scientific papers and contributed to society with countless presentations, expert consultations, general 
articles and interviews on the issues related to the sustainable development of aquaculture. 
 
 
Richard Dewhurst 
MA, PhD, FRSB, is Professor of Ruminant Nutrition & Production Systems and Head of the Dairy 

Research & Innovation Centre at SRUC. He joined SRUC in 2013, having 
previous headed leading ruminant research units in Wales, New Zealand, and 
Ireland. He is the author of over 110 primary research papers, received the Sir 
John Hammond Memorial Award in 2008 and is past President of the New 
Zealand Society of Animal Production and British Society of Animal Science. 
Richard’s research has made significant contributions at the interfaces 
between nutrition, product composition and rumen function - notably 
modelling of forage composition, dry cow feeding strategies, forages and fatty 
acids, fatty acids and fertility, and rumen diagnostics.  He is a Director of 

Agri-EPI Centre Ltd.   
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AGENDA 
 

09:00 • PARTICIPANTS RECEPTION 
 

09:30 • WORKSHOP OPENING 
 

Scientific Committee Doctoral of the Programme in Animal Science:  
Luísa Valente (CIIMAR/ICBAS-UP) 
António Mira da Fonseca (REQUIMTE/ICBAS-UP) 
Ana Rita Cabrita (REQUIMTE/ICBAS-UP) 
Benjamin Costas (CIIMAR/ICBAS-UP) 
Leonor Nunes (CIIMAR) 
 
Accompaniment Committee Doctoral of the Programme in Animal Science:  
Luís Mira Vieira (ICBAS-UP) 
Luís Baião (CIIMAR/ICBAS-UP/SENSETEST)  
Vitor Silva (CIIMAR/ICBAS-UP/SORGAL) 
 

SESSION I 
Chairpersons: Inês Campos (CIIMAR/ICBAS-UP) & Elisabete Matos (SORGAL) 
 
09:45 • Plenary lecture: Organic aquaculture, Sachi Kaushik (Universidad de Las Palmas de Gran 
Canaria-ULPGC) 
10:15 • Defatted Tenebrio molitor larvae meal as fishmeal substitute for European seabass, Ana Basto 
(CIIMAR/ICBAS-UP) 
10:30 • Interactions in the biofilm of a recirculating aquaculture unit and their role in fish welfare and 
environmental sustainability, Diana Almeida (CIIMAR/ICBAS-UP/Sea8) 
10:45 • Dietary arginine and citrulline modulate the gilthead seabream (Sparus aurata) immune-related 
gene expression and plasma proteome signature, Lourenço Ramos-Pinto (CIIMAR/ICBAS-UP/SPAROS) 
10:55 • Impact of dietary carotenoids on consumers’ acceptance of the sea urchin Paracentrotus lividus, 
Luís Baião (CIIMAR/ICBAS-UP/SENSETEST) 
 

11:05 • COFFEE BREAK 
 
11:45 • Effects of short-term feeding micro and macroalgae supplemented diets in innate immunity and 
oxidative status of Sparus aurata juveniles, Bruno Reis (CIIMAR/ICBAS-UP/SPAROS) 
12:00 • Dietary methionine and tryptophan seem to play a different modulatory role in the European seabass 
(Dicentrarchus labrax) immune response, Marina Machado (CIIMAR/ICBAS-UP/i3S/IBMC) 
12:15 • Improving growth performance of fish larvae through supplementation of antioxidants, Maria 
Xavier (CIIMAR/ICBAS-UP/CCMAR/SPAROS) 
12:25 • Effect of dietary supplementation with by-products of Gracilaria sp. on growth, fillet preservation 
and colour of gilthead seabream (Sparus aurata), Francisca Silva-Brito (CIIMAR/ICBAS-UP/Alga+) 
12:35 • Expression of LC-PUFA metabolism genes in juvenile tambaqui (Colossoma macropomum) fed 
different dietary lipid source and levels, Renato Ferraz (CIIMAR/ICBAS-UP) 
12:45 • Effects of therapeutic dietary administration of oxytetracycline in Nile Tilapia (Oreochromis 
niloticus), Carla Teixeira (CIIMAR/ICBAS-UP/SPAROS) 
 

13:00 • LUNCH & POSTER SESSION 
 

SESSION II 
Chairpersons: Margarida Maia (REQUIMTE/ICBAS-UP) & Ingrid Van Dorpe (Premix) 
 
14:00 • Plenary lecture: Biomarkers for feed efficiency based on the rumen microbiome and N isotope 
fractionation, Richard Dewhurst 
14:30 • Effects of yeast derived beta-glucans and digestion products of microalgae on bovine leukocytes 
and its correlation with bovine Dectin-1 expression, Rita Pedro (i3S/IBMC/REQUIMTE/LAQV/ICBAS-
UP/CAVC/Wisium) 
14:45 • Development of a methodology for the characterization of volatile and non-volatile compounds in 
biological samples of Holstein dairy cows, Liliana Cordeiro (REQUIMTE/LAQV) 
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15:00 • Improving lysine bioavailability in dairy cows: what comes after the rumen?, João Albuquerque 
(REQUIMTE/LAQV/ICBAS-UP) 
15:15 • Microbiome in poultry: influence of nutritional factors, Vitor Silva (CIIMAR/ICBAS-UP/SORGAL) 
15:30 • Effect of management system and lactation stage on composition of faecal microbial community 
and volatile organic compounds and ammonia production by dairy cattle, Ana Raquel F. Rodrigues 
(REQUIMTE/LAQV/CITAB/ICBAS-UP) 
 

15:40 • ROUND TABLE ‘Our future: Sustainable Intensification of Livestock Production 
Systems 

 
Chairpersons: Jorge Dias (SPAROS) 
 
Participants: 
Sachi Kaushik (Universidad de Las Palmas de Gran Canaria-ULPGC) 
Richard Dewhurst (Dairy Research Centre-SRUC) 
Jaime Piçarra (IACA) 
Lourenço Ramos-Pinto (CIIMAR/ICBAS-UP/SPAROS) 
 

16:50 • BEST POSTER AND ORAL PRESENTATION AWARDS 
 

Jury:  
Maria Teresa Dinis (CCMAR-UALG) 
Alfredo Teixeira (ESA-IPB) 
 

17:00 • WORKSHOP CLOSING  
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Organic aquaculture: status & issues 
 
Sadasivam Kaushik 
 
European Reserach Area (ERA) Chair, « EcoAqua », Univ Las Palmas Gran Canarias, Spain 
Director of Research (Retd), INRA, France 
 
Abstract 
Organic agriculture is considered a holistic production management system based on minimising the use of 
external inputs, avoiding the use of synthetic fertilizers and pesticides. Organic production is considered as 
a system that integrates "cultural, biological, and mechanical practices that foster cycling of resources, 
promote ecological balance, and conserve biodiversity". Globally, over the past twenty years, the area under 
organic agriculture has increased almost six-fold from 11 mio ha to 70 mio ha; this is nevertheless a very 
small portion, less than 1.4%, of the overall agricultural land use. When dealing with animal production, 
the organic production should meet animal’s species-specific behavioural needs, under an overall system 
of farm management and food production that combines best environmental practices, a high level of 
biodiversity, the preservation of natural resources, the application of high animal welfare standards. In 
general, such production methods rely on the use of natural substances and processes, catering to demands 
of consumers looking for products with high standards of food safety, environmental protection and animal 
welfare.  
In order to maintain the integrity of organic agriculture products, the organic food sector has to adhere 
strictly to a set of standards of production. There are indeed hundreds of certifying agencies, both private 
and public, vouching for the organic nature of production practices. At the EU level, some attempts have 
been made to harmonise the standards to provide a generic EU level labelling system.  
When it comes to organic aquaculture, the general tendency is that of an increasing share albeit extremely 
small. At the global level, it is estimated that about 600 000 tons are considered as produced under organic 
standards, with shares of Asia and Europe respectively being 85% and about 14%. One major difficulty is 
that we have little information on the different species produced under organic aquaculture. In Europe, 
organic products account for about 4% of the total aquaculture production with a production of about 50 
000 tons, including 20 000 tons of mussels. The main producer of organic farmed products is Ireland, 
accounting for 44% of the EU total organic production, followed by Italy (17%), the UK (7%) and France 
(6%) (http://www.eumofa.eu). The standards of organic aquaculture production have also been defined and 
concern strict maximum stocking densities, water quality requirements, respect of biodiversity, minimum 
stress and handling, ban on the use of hormones and chemicals, need for the use of organic feeds etc. 
(https://ec.europa.eu/info/food-farming-fisheries/farming/organic-farming/organic-production-and-
products_en). Specific provisions are also made for bivalve mollusk or seaweed production. As in all animal 
production systems, the cost of feeds represents the major proportion and hence the use of organic feeds 
along with strict rearing conditions often lead to increased production costs, leading naturally to cater niche 
markets of relatively well-to-do conscious consumers. Efforts have been made to harmonise standards, 
address issues at the European level through dedicated research and dissemination initiatives 
(www.oraqua.eu).  
 
References 
1. Willer, H., Lerrnoud, J., Kemper, L., 2019. The World of Organic Agriculture 2019: Statistics and 

emerging trends. https://www.organic-world.net/yearbook/yearbook-2019.html.    
2. Lembo, G., ¬Mente, E., 2019. Organic aquaculture: impacts and future developments. Springer, 

https://doi.org/10.1007/978-3-030-05603-2.    
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Biomarkers for feed efficiency based on the rumen microbiome and N isotope 
fractionation 
 
Richard J. Dewhurst 
 
Dairy Research and Innovation Centre, Hestan House, Dumfries DG1 4AT, United Kingdom 
 
Abstract 
There is ever-increasing financial pressure on beef farmers due to volatile feed prices, consumer 
requirements for cheaper produce and competitive beef imports from abroad. Feed is the single largest 
variable cost of beef production (~60%) and so increasing the efficiency of conversion of feed into muscle 
will have a large effect on the profitability and environmental footprint of beef production systems. 
Selecting for Feed Conversion Efficiency (FCE) offers the prospect of substantially reducing feed costs 
(for the same output) in the longer-term. The pig and poultry industries have selected for improvements in 
feed conversion efficiency over many decades and have achieved remarkable improvements. Progress in 
the beef sector has been much slower.  
The concept of Residual Feed Intake (RFI) has been introduced by animal breeders to deal with a problem 
caused by the negative genetic correlation between animal size and feed efficiency.  There is a danger that 
selection for feed efficiency simply results in larger animals – an undesirable trend that has been seen in 
most breeds. RFI overcomes this challenge as is independent of body weight and liveweight gain. By 
selecting for animals that eat more or less feed than predicted on the basis of their weight and weight gain, 
it is possible to select for feed efficiency independently of weight.  Many studies around the world have 
shown that RFI is quite heritable.  The range is 0.18-0.5, with an average heritability of 0.37, the same as 
for 400 day weights, so gains can be made relatively quickly. 
Recording feed efficiency is expensive (£500-1000/animal) because it is necessary to carefully record 
growth over an extended period to achieve appropriate levels of accuracy – this is typically 8-10 weeks. 
Facilities for recording individual animal feed intake (daily intakes) and body composition (fat and muscle 
depths) are expensive and moving animals between units leads to additional health protocol costs. 
Achieving a good flow of appropriate animals is also a challenge; there are issues around procuring animals 
to achieve a good genetic structure, seasonal availability of animals and animal health status.  
These challenges have led us to consider alternative approaches using low-cost proxy methods to predict 
feed efficiency. There is the prospect of a genomics approach once a reasonable sized population has been 
characterised – though this may be some way off.  We have identified Nitrogen isotopic fractionation as a 
potential proxy for FCE. In fact it is more related to Nitrogen-use efficiency (NUE), which is the efficiency 
of conversion of feed protein into beef protein. Other work has explored the use of rumen gene abundances 
as a proxy for FCE. 
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Defatted Tenebrio molitor larvae meal as fishmeal substitute for European seabass 
 
Ana Basto1,2*, Margarida R.G. Maia1, Jaume Pérez-Sánchez3, Josep Calduch3, Elisabete Matos4, Luísa 
M.P. Valente1,2 

 

1ICBAS, Instituto de Ciências Biomédicas Abel Salazar, Universidade do Porto, Rua de Jorge Viterbo 
Ferreira 228, 4050-313 Porto, Portugal; 
2CIIMAR, Centro Interdisciplinar de Investigação Marinha e Ambiental, Universidade do Porto, Terminal 
de Cruzeiros do Porto de Leixões, Av. General Norton de Matos S/N, 4450-208, Matosinhos, Portugal; 
3IATS - CSIC, Instituto de Acuicultura Torre de la Sal, Ribera de Cabanes, Castellón, Spain; 
4SORGAL, Sociedade de Óleos e Rações, S.A., EN 190 – Lugar da Pardala, 3880-728, S. João de Ovar, 
Portugal. 
*Presenting author: anafbasto@gmail.com 
 
Abstract 
Defatted Tenebrio molitor larvae meal (TMd) is a rich protein source (up to 70%) with a well-balanced 
amino acid and fatty acid (FA) profile. This study evaluated the feasibility of replacing fishmeal (FM) by 
TMd in European seabass (Dicentrarchus labrax) juveniles. Four extruded isonitrogenous diets were 
formulated to replace increasing levels of FM by TMd meal: 0 (CTRL), 40 (TM40), 80 (TM80) and 100% 
(TM100). Each diet was assigned to triplicate homogeneous groups of 25 fish (55±5g) fed until apparent 
satiation for 10 weeks, under a 12:12-hour photoperiod regime, in a recirculating saltwater system (35‰, 
22±1°C). The apparent digestibility coefficients of the experimental diets were also determined. Despite 
the significantly decrease of protein digestibility in fish fed TM100, they had the best feed conversion ratio 
resulting in similar final body weight among treatments; intestinal morphologic integrity was maintained. 
Although whole body lipid content and the hepatosomatic index increased in fish fed TM100, flesh total 
lipid content, colour and texture remained similar among treatments. The inclusion of TMd increased the 
muscle level of linoleic acid (LA, 18:2n-6), whilst the eicosapentaenoic (EPA, 20:5n-3) and 
docosahexaenoic (DHA, 22:6n-3) acids remained unaffected in fish fed diets up to 80% replacement level. 
The inclusion of TMd meal did not alter the alternative-complement-pathway and lysozyme activity but 
plasma peroxidase activity increased significantly in fish fed TM100 compared to the CTRL. The present 
study shows that it is possible to replace up to 80% FM by TM without affecting European seabass 
juveniles’ growth performance, nutrient utilization, flesh quality, intestinal morphology and humoral innate 
immunity. The dietary replacement of FM by TMd, up to 80%, resulted in fair levels of EPA and DHA in 
muscle (0.46g 100g-1), which are above the recommended levels for human consumption to decrease the 
risk of cardiovascular diseases (0.25g per day for adults1). 
 
Acknowledgements 
Work supported by the Project ANIMAL4AQUA, funded by Portugal 2020, financed by the European 
Regional Development Fund (FEDER) through the Operational Competitiveness Program (COMPETE) - 
POCI-01-0247-FEDER – 017610 and EU H2020 research innovation program under the TNA program 
(project AE090027) within AQUAEXCEL2020 project (652831). A. Basto was financially supported by 
Fundação para a Ciência e Tecnologia, Portugal, through the grant SFRH/BD/138593/2018. 
 
References 
3. EFSA (2010). Scientific opinion on dietary reference values for fats, including saturated fatty acids, 

polyunsaturated fatty acids, monounsaturated fatty acids, trans fatty acids, and cholesterol. EFSA 8: 
1461-1566. 
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Interactions in the biofilm of a recirculating aquaculture unit and their role in fish 
welfare and environmental sustainability 
 
Diana Almeida1,2,4*, Zélia Sousa3, Catarina Magalhães2.3, Eliane Silva1, Isidro Blanquet4, Ana P. Mucha2,3 

 

1ICBAS – Instituto de Ciências Biomédicas Abel Salazar, University of Porto 
2CIIMAR - Interdisciplinary Centre of Marine and Environmental Research, University of Porto 
3FCUP – Faculty of Sciences, University of Porto 
4SEA8 - Safiestela Sustainable Aquafarming Investments, Lda. 
*diana.almeida@ciimar.up.pt 
 
Abstract 
In order to allow water reuse and waste management with nutrient recycling, recirculating aquaculture 
systems (RAS) have been developed in order to intensify fish production. These systems depend on the 
water treatment performed by the beneficial bacterial community present in the biofilter. The recirculation 
of water recirculation can, however, enable fish husbandry challenges such as the development of diseases 
caused by an opportunistic pathogen [1]. We aim to study the dynamic of a RAS microbial community 
considering the variability of water physico-chemical parameters along with the network interrelationships 
concerning key groups. Samples were collected in two RAS, kept at two different salinities, covering their 
inlet and outlet water, as well as fish tank biofilm and biofilter. An identical sampling program was applied 
after three weeks to account for likely temporal changes. Total DNA was isolated from the water samples 
of several compartments of the RAS system for microbial diversity. Samples were sequenced by Illumina 
MiSeq® platform and the output analyzed in SilvaNGS pipeline. Preliminary results shows that shifts in 
salinity were translated into divergent microbial communities between the two systems. The genera 
Leucothrix and Pseudoalteromonas are the most abundant in the system at salinity 15 and Tenacibaculum 
and Ardenticatenaceae in the system at salinity 35. The characterization of the core, healthy and established, 
microbiome community, will help to clarify the optimum conditions for fish welfare and environmental 
sustainability of the production. The interactions between groups of interest may enlighten future 
frameworks for possible modulation formulas. 
 
Keywords 
RAS, microbial community, physicochemical parameters 
 
Acknowledgements 
This research was partially supported by the Strategic Funding UID/Multi/04423/2019 through national 
funds provided by FCT – Foundation for Science and Technology and European Regional Development 
Fund (POCI-01-0145-FEDER-007621), in the framework of the programme PT2020. Authors also 
acknowledge the Ph.D. grant with the reference PD/BDE/135542/2018, and Safiestela Sustainable 
Aquafarming Investments, Lda. 
 
References 
1. Martins, C. I. M., Eding, E. H., Verdegem, M. C., Heinsbroek, L. T., Schneider, O., Blancheton, J. P., 

& Verreth, J. A. J. (2010). New developments in recirculating aquaculture systems in Europe: A 
perspective on environmental sustainability. Aquacultural Engineering, 43(3), 83-93. 
doi:10.1016/j.aquaeng.2010.09.002 
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 Effects of short-term feeding micro and macroalgae supplemented diets in innate 
immunity and oxidative status of Sparus aurata juveniles 
 
Bruno Reis1,2,3,*, Jorge Dias2, Luís Conceição2, Joana Silva4, João Navalho5, Helena Abreu6, Benjamín 
Costas1 

 

1Centro Interdisciplinar de Investigação Marinha e Ambiental (CIIMAR), Universidade do Porto, Avenida 
General Norton de Matos, S/N, 4450-208 Matosinhos, Portugal.  
*E-mail: breis@ciimar.up.pt 
2SPAROS Lda., Área Empresarial de Marim, Lote C, Olhão, Portugal.  
3Instituto de Ciências Biomédicas Abel Salazar (ICBAS-UP), Universidade do Porto, Rua de Jorge Viterbo 
Ferreira nº 228, 4050-313 Porto, Portugal.  
4Sorgal S.A., EN 109- Lugar da Pardala 3880-728 São João de Ovar, Portugal.  
5CMP–Cimentos Maceira e Pataias, ALGAFARM–Microalgae Production Unit, 2445-411 Pataias, 
Portugal. 
6Necton, Companhia Portuguesa de Culturas Marinhas, S.A., Belamandil, Olhão, 8700-152, Portugal. 
7ALGAplus Lda., Travessa Alexandre da Conceição s/n, 3830-196 Ílhavo, Portugal. 
 
Abstract 
This study aimed to evaluate the effects of short-term feeding with marine macro and microalgae biomasses 
on gilthead seabream (Sparus aurata) health status.  
Six isonitrogenous (45% protein) and isolipidic (18% fat) diets were formulated. Diet A served as control 
whereas five other diets consisted of diet A with a 2% inclusion of different algae: Diet B (Tetrasselmis 
striata); Diet C (Phaeodactylum sp.); Diet D (Nannochloropsis sp.); Diet E (Gracilaria gracilis); Diet F 
(Ulva rigida). Diets were randomly assigned to triplicate groups of 110 fish/tank (IBW:11.7±1.0g), fed to 
satiation twice a day. Fish were maintained in a recirculated seawater system (temperature 22.4°C; salinity 
35.2‰). After 1, 2 and 4 weeks of feeding 4 fish/tank were sampled for blood and tissues. Following 1 and 
2 weeks of feeding, 15 fish/treatment were also subjected to an inflammatory insult by intraperitoneally 
injecting heat inactivated Photobacterium damselae piscicida and sampled at 4 and 24 h post-injection.  
Total red blood and white blood cells remained unchanged throughout the feeding trial. Plasma bactericidal 
and anti-protease activities decreased over time while IgM levels followed an opposite trend, increasing 
from week 1 to the end of the trial. Since fish were not challenged, results showed changes over time, most 
likely related to fish normal growth and development. At the end of week 1, fish subjected to the 
inflammatory insult showed a decrease in plasma bactericidal activity at 4 and 24 h when fed diets C and 
F, respectively. Plasma anti-protease activity also decreased after 4 h post-injection in fish fed diet F. After 
fish stimulation, preliminary results suggest a possible immune-modulatory effect of dietary treatments 
after one week of feeding. 
Further analyses are currently on-going to obtain a more accurate picture of fish immune response and 
oxidative status attributable to the different dietary treatments. 
 
Keywords 
Microalgae biomasses; short-term feeding; immunity 
 
Acknowledgements 
This work was supported by VALORMAR project (POCI-01-0247-FEDER-024517) funded by Compete 
2020, Lisboa 2020, Algarve 2020, Portugal 2020 and the European Union through FEDER. BR and BC 
were supported by FCT - Foundation for Science and Technology (PD/BDE/129262/2017 and 
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Dietary methionine and tryptophan seem to play a different modulatory role in the 
European seabass (Dicentrarchus labrax) immune response 
 
Marina Machado1,2,3,4*, Rita Azeredo1,3, Filipa Fontinha1, Andreia Domingues2,4, Sérgio Fernandez-Boo1, 
Luis E.C. Conceição5, Jorge Dias5, Nundo M.S dos Santos3,4, Benjamín Costas1,3 

 

1Centro Interdisciplinar de Investigação Marinha e Ambiental (CIIMAR), Terminal de Cruzeiros do Porto 
de Leixões, Avenida General Norton de Matos s/n, 4450-208 Matosinhos, Portugal.  
2Instituto de Investigação e Inovação em Saúde (i3S), Universidade do Porto, Rua Alfredo Allen, 208, 
4200-135 Porto, Portugal. 
3Instituto de Ciências Biomédicas Abel Salazar (ICBAS-UP), Universidade do Porto, Rua de Jorge Viterbo 
Ferreira nº 228, 4050-313 Porto, Portugal.  
4Instituto de Biologia Molecular e Celular, Universidade do Porto, Rua Alfredo Allen, 208, 4200-135 Porto, 
Portugal. 
5Sparos Lda, Area Empresarial de Marim, Lote C, Olhão, Portugal. 
*Email address: mcasimiro@ciimar.up.pt 
 
Abstract 
Methionine is an example of an amino acid (AA) with recognized roles in the immune system, DNA 
methylation, polyamines biosynthesis, and in processes involved in the control of inflammation1. 
Tryptophan participates in an array of physiological mechanisms of the neuroendocrine-immune network 
and plays a critical role in macrophages and lymphocytes function2. Thus, a potential immunomodulatory 
role of both AA during infection is envisaged and deserves further attention.  In this context, two identical 
trials were performed to evaluate the effects of methionine or tryptophan supplementation on the European 
seabass inflammatory response and disease resistance to Photobacterium damselae piscicida (Phdp) after 
a 4 weeks feeding period. A control diet (CTRL) was formulated to meet the seabass AA requirements, and 
four CTRL-based diets were supplemented with DL-Methionine at 0.5% and 1% (MET 0.5 and MET 1, 
respectively) or L-Tryptophan at 0.35% or 0.39% (TRP 0.35 and TRP 0.39, respectively) of feed weight. 
Methionine supplementation translated into an enhanced immune response to infection, as observed by 
improved cellular and humoral defences as well as modulation of key immune-related genes. This 
enhancement of immunity resulted in increased survival of fish fed methionine-supplemented diets and 
ultimately suggest a positive effect of methionine administration in a dose-dependent manner. Tryptophan 
supplementation led to a reduction of peripheral blood lymphocytes, monocytes and peritoneal 
macrophages numbers and down-regulation of several immune-related genes in response to the Phdp insult. 
As a result, fish fed TRP 0.39 presented the highest mortality whereas fish fed TRP 0.35 and CTRL showed 
similar disease resistance. Therefore, data point out deleterious immunomodulatory effects of TRP 0.39, 
under the present experimental setup. This study brings relevant insights about the opposite roles of 
individual AA on the seabass immune system, and their possible application as nutritional additives for fish 
health management should be carefully considered. 
 
Keywords 
Amino acids, inflammation, immunostimulation, neutraceutic, Photobacterium damselae piscicida 
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This work was partially supported by Projects ALISSA (reference ALG-01-0247-FEDER-3520), 
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supported by FCT, Portugal (SFRH/BD/108243/2015 and IF/00197/2015, respectively).  
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Effects of yeast derived beta-glucans and digestion products of microalgae on bovine 
leukocytes and its correlation with bovine Dectin-1 expression 
 
Rita Pedro*1,2,3, Tânia Lima1,3, Cátia Mota2,3, Ricardo Fróis-Martins1, Isabel Ramos4, Elisabete Martins5, 
Manuel Vilanova1,3, Margarida Maia2,3, Alexandra Correia1 

 

1i3S - Instituto de Investigação e Inovação em Saúde, Universidade do Porto, 4200-135 Porto, Portugal; 
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Abstract 
Infectious diseases, gastrointestinal and respiratory, are the major health concerns of calf rearing and the 
most important cause of calf mortality. These syndromes usually derive from an imbalance between calves’ 
immune status and environmental pathogen pressure. The use of feed extracts and feedstuffs in animal diets 
to improve immune function, calf health and well-being, may be used as an approach to decrease the 
incidence of infectious diseases. Dietary supplementation with microalgae and microbial-derived products, 
such as β-glucans from Saccharomyces cerevisae, may exert positive effects by modulating immune 
function (1, 2). β-glucans, present in yeast cell walls and in some species of microalgae, are described to 
have immunomodulatory properties according to studies performed in mice and humans, since they may 
stimulate phagocytosis, production of cytokines and reactive-oxygen species (1, 3). These polysaccharides 
are recognized by Dectin-1 receptor expressed in innate immune cells such as monocytes and monocyte-
derived dendritic cells. Our aim was to evaluate the effects of yeast-derived β-glucans and digestion 
products of microalgae on bovine innate immune cells and to correlate those effects with the expression of 
bovine β-glucan receptor Dectin-1. In vitro enzymatic digestion products of three microalgae species 
(Chlorella vulgaris, Nannochloropsis oceanica and Tetraselmis sp.), obtained according to Minekus et al. 
(2014), and commercially available yeast-derived β-glucans (particulate β-glucan, soluble β-glucan and 
zymosan) were used to stimulate in vitro bovine monocytes and monocyte-derived dendritic cells or 
macrophages. Pro- and anti-inflammatory cytokine expression was evaluated by ELISA and real-time PCR. 
Expression of Dectin-1 was also evaluated by real-time PCR. Our preliminary results indicate that 
particulate β-glucan, zymosan and digestion products of C. vulgaris and N. oceanica enhanced cytokine 
expression in vitro which indicates an immunomodulatory effect on these cells. Our results suggest that 
Dectin-1 expression is correlated with the production of both pro- and anti-inflammatory cytokine 
expression. 
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Abstract 
End-products of the ruminal fermentation can be important indicators of the nutritional and health status of 
the animal1. Some volatile compounds, such as acetone and ammonia, were already pointed as potential 
biomarkers of acidosis and ketosis2, 3. Besides these, several studies suggested the possibility to find other 
potential biomarkers for metabolic diseases in ruminants. Currently, the most used techniques are based on 
gas chromatography–mass spectrometry (GC-MS) and solid-phase micro extraction (SPME) protocols due 
to the possibility to analyse a wide range of compounds1, 4. Despite this, SPME is an expensive technique 
and require specific instruments which is difficult to use in regular analysis in the field. 
This work aimed to develop a simple and reliable method to characterize the profile of volatile and non-
volatile compounds in biological samples (urine, feces and rumen fluid) from Holstein cows. The protocol 
was based on liquid-liquid extraction and the optimal conditions were studied by experimental design 
(central composite design). The samples were placed in glass tubes with an internal standard (0.05 mM 
hexyl ether), salt (0.16 M), HCl (6 M) and diethyl ether; the tubes were mixed in a vortex for 1 min and 
centrifuged at 35000 g during 10 min. The organic phase was collected and analysed by gas-
chromatography with flame ionization detection (GC-FID). After studying all the parameters and defining 
the optimal conditions, the procedure was applied to samples of rumen contents from three fistulated 
animals fed different proportions of the same feed ingredients. In the studied samples several compounds 
were identified. The compounds present in higher concentration were, propionic acid, butyric acid, and 
acetic acid. Despite of the similarity of the diets of the donor cows, significant differences were observed, 
namely on the levels of iso-valeric and iso-butyric acids, reflecting the different protein content of the diets. 
The developed methodology allowed the determination of several compounds, being applicable to complex 
studies of the chemical profile characterization of biological samples from Holstein cows. 
 
Keywords 
GC-FID, Liquid-Liquid extraction, Ruminants, Volatile/non-volatile compounds  
  
Acknowledgments  
This work was supported by UID/QUI/50006/2019 with funding from FCT/MCTES through national 
funds. 
LEC also thanks FCT, SANFEED Doctoral Programme, AGROS UCRL and Alltech for her PhD grant 
PD/BDE/136294/2018. IMV (SFRH/BPD/111181/2015) also acknowledge her post-doctoral grant to 
FCT/MEC and the European Social Fund within the 2014–2020 Strategic Framework. I. M. Valente 
acknowledge the funding program (DL 57/2016 – Norma transitória) supported by Fundação para a Ciência 
e a Tecnologia I.P. 



18 
 

References 
1. Zhao S, Zhao J, Bu D, Sun P, Wang J, Dong Z. Metabolomics analysis reveals large effect of roughage 

types on rumen microbial metabolic profile in dairy cows. Lett Appl Microbiol. 2014;59(1):79-85. 
2. Ellis CK, Stahl RS, Nol P, Waters WR, Palmer MV, Rhyan JC, et al. A Pilot Study Exploring the Use of 

Breath Analysis to Differentiate Healthy Cattle from Cattle Experimentally Infected with 
Mycobacterium bovis. PLOS ONE. 2014;9(2):e89280. 

3. Oetzel GR. Monitoring and testing dairy herds for metabolic disease. Vet Clin North Am Food Anim 
Pract. 2004;20(3):651-74. 

4. Cai L, Koziel JA, Davis J, Lo YC, Xin H. Characterization of volatile organic compounds and odors by 
in-vivo sampling of beef cattle rumen gas, by solid-phase microextraction, and gas chromatography-
mass spectrometry-olfactometry. Anal Bioanal Chem. 2006;386(6):1791-802. 



19 
 

Improving lysine bioavailability in dairy cows: what comes after the rumen? 
 
João Albuquerque1,2*, Susana Casal1, Ingrid Van Dorpe3, António J. M. Fonseca4, Ana R. J. Cabrita4, Ana 
R. Neves1,5, Salette Reis1 
1 LAQV, REQUIMTE, Department of Chemical Sciences, FFUP, Rua Jorge Viterbo Ferreira n.º 228, 4050-
313, Porto, Portugal 
2 Instituto de Ciências Biomédicas Abel Salazar (ICBAS), Universidade do Porto (UP), Rua Jorge Viterbo 
Ferreira n.º 228, 4050-313, Porto, Portugal 
3 PREMIX-Especialidades Agrícolas e Pecuárias. Lda, Parque Industrial II – Neiva, 4935-232, Viana do 
Castelo, Portugal  
4 LAQV, REQUIMTE, ICBAS, UP, Rua Jorge Viterbo Ferreira n.º 228, 4050-313, Porto, Portugal  
5 Current Address: CQM - Centro de Química da Madeira, Universidade da Madeira, Campus da Penteada, 
9020-105 Funchal, Portugal 
*joao.albuquerque.costa@gmail.com, +351919023470 
 
Abstract 
The main objective of this work was to assess if solid lipid nanoparticles (SLNs), already proven to be 
resistant to ruminal digestion, were able to resist the remaining digestive processes prior to lysine (Lys) 
uptake by the mammary glands.  
SLNs were produced by a sonication-based organic solvent-free method, using only natural occurring and 
safe lipids and surfactants. These nanoparticles (NPs) were incubated in different biological media, 
designed to mimic the in vivo conditions of the abomasum, the small intestine and the blood stream as well 
as in fresh bovine blood. The NPs were characterized by dynamic light scattering prior to and after 
incubation in the different media and compared to assess their stability in each one. The SLNs were also 
evaluated to assess their cytotoxicity towards a fibroblastic cell-line (L929) for periods of 24h (1). Two-
tailed student’s t-test and one-way analysis of variance (ANOVA) were performed to compare dependent 
samples and multiple groups of independent samples, respectively. When the groups presented significant 
statistical difference (p ≤ 0.05), the differences between the respective groups were compared with a post-
hoc test (Tukey, p ≤ 0.05). 
The results showed that the proposed SLNs were able to resist digestion in both the abomasum and the 
small intestine, while appearing to be slowly degraded in the bovine blood. This supports the hypothesis 
that NPs can transport Lys across the entire bovine digestive track and release it in the blood where it can 
be used by the animal. The proposed SLNs were also shown not be toxic to fibroblasts for at least 24h. 
To conclude, the tested NPs formulations are capable of resisting digestion in the bovine digestive track 
and delivering Lys in the blood, while being biocompatible and safe for feed applications. Showing high 
promise for future applications in the Lys supplementation of dairy cows. 
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Abstract 
Poultry has a major relevance for human feeding, being one of the most important protein sources. Over 
the past century poultry has transitioned from predominantly breeding layers to breeding a mixture of both 
layers and broilers, based on the consumers demand evolution. Optimization of zootechnical performance 
through diet adjustment is one pivotal focus point for the industry. Chicken’s digestive system is adapted 
to extract energy and nutrients from difficult to digest food sources, which requires an interplay between 
the chicken and the microbiota present within the gastrointestinal tract (GIT). While supplementing the 
chicken’s diet with prebiotics and probiotics, it is expected that the zootechnical performance is improved 
through positive selection of the GIT microbiota. Also, genetic potential is tough not yet achieved. Protein 
and Aminoacid levels’ fine tuning may help understand how far optimal growth is.  Recent advances in 
culture-independent techniques allowed the identification of new taxa within the microbiota. The chicken 
GIT harbors a very diverse microbiota that aids in the breakdown and digestion of food and comprises over 
900 species of bacteria, which contain both human and animal pathogens. Unlike mammals, caecum has an 
important role in birds’ digestion, being a fermentation powerhouse due to the presence of a dense microbial 
community. The main objective of this work is to obtain information regarding the chicken GIT microbiome 
and selectively increase the chicken growth process performance. Histological samples will be scanned to 
evaluate possible morphological changes regarding the different feedings. Villi height and quantity was 
assessed as well as the different cell types present. Combined with the different microbiome analysis results, 
it will be possible to infer which supplements will have a positive effect on chickens’ growing and nutrient 
absorption as well as improved wellbeing and reducing the stress as well as the cost of production. 
  



22 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SHORT ORAL 
COMMUNICATIONS 



23 
 

Dietary arginine and citrulline modulate the gilthead seabream (Sparus aurata) 
immune-related gene expression and plasma proteome signature 
 
Lourenço Ramos-Pinto1,2,3*, Carlota Silva1, Rita Azeredo1,2, Luis E.C. Conceição3, Jorge Dias3, Tomé S. 
Silva3, Daniel Montero4, Benjamín Costas1,2 
 

1 Centro Interdisciplinar de Investigação Marinha e Ambiental (CIIMAR), Universidade do Porto, Terminal 
de Cruzeiros do Porto de Leixões, Avenida General Norton de Matos, S/N, 4450-208 Matosinhos, Portugal. 
2 Instituto de Ciências Biomédicas Abel Salazar (ICBAS-UP), Universidade do Porto, Rua de Jorge Viterbo 
Ferreira nº 228, 4050-313 Porto, Portugal. 
3 SPAROS Lda., Área Empresarial de Marim, Lote C, 8700-221 Olhão, Portugal. 
4 Grupo de Investigación en Acuicultura (GIA), Universidad de Las Palmas de Gran Canaria, Las Palmas 
de Gran Canaria, Spain 
*Corresponding author. Tel.:  (+351) 223 401 840; E-mail address: lourenco.pinto@ciimar.up.pt  
 
Abstract 
Several amino acids (AA) are known to regulate key metabolic pathways that are crucial for immune 
response. Arginine (ARG) for instance appears to have important roles regarding immune modulation since 
it is required for macrophage responses and lymphocyte development. Moreover, citrulline (CIT) is a 
precursor of arginine, and it was reported as an alternative to ARG for improving macrophage function in 
mammals. The present study aimed to explore the effects of dietary ARG or CIT supplementation on the 
gilthead seabream immune status. Triplicate groups of fish (23.1 ± 0.4 g) were either fed a control diet 
(CTRL) with a balanced AA profile, or the CTRL diet supplemented with graded levels of ARG or CIT 
(i.e. 0.5% and 1% of feed); ARG1, CIT1, ARG2 and CIT2, respectively. After 2 and 4 weeks of feeding, 
fish were euthanized and blood was collected for blood smears, plasma for humoral immune parameters 
and shotgun proteomics, and head-kidney for health-related gene expression analysis. A total of 94 proteins 
were identified in the plasma of all treatments. Among them, components of the complement system, 
apolipoproteins, as well as some glycoproteins were found to be highly abundant. After performing a PLS 
of the proteins of interest, differences between the two sampling points regardless dietary treatment were 
observed. In this regard, component 1 (61%) justified the effect of sampling time, whereas component 2 
(18%) represents the individual variability within diet. It is particularly interesting that fish fed ARG2 and 
CIT2 at 4 weeks were more distant than fish fed all dietary treatments at 2 weeks and fish fed the CTRL 
diet at 4 weeks, suggesting that the modulatory effects of AA supplementation at the proteome level were 
more effective after 4 weeks of feeding. The bactericidal activity increased in fish fed the highest 
supplementation level of both AAs after 4 weeks. A tendency of increased circulating monocyte numbers 
was observed in fish fed diets with the highest supplementation level of both AAs after 2 weeks of feeding 
compared to their counterparts fed the lower supplementation level. Peripheral monocyte numbers also 
correlated positively with plasma nitric oxide levels, which showed an increasing trend in a dose-dependent 
manner. The colony stimulating factor 1 receptor tended to be up-regulated at the final sampling point 
regardless of dietary treatments. These results suggest that dietary supplementation with ARG or its 
precursor (CIT) have an immunostimulatory effect after 4 weeks of feeding. More health-related 
biomarkers are being processed which will enlighten the effects of these functional diets. 
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Abstract 
Sea urchin gonads are receiving increasing attention for their exclusive sensorial attributes. But the sensory 
profile of this highly demanded gourmet product is not well described yet, and may help enhancing gonads 
marketability and acceptability. The aim of this work was to evaluate the impact of diets including different 
sources of carotenoid pigments on the visual appearance of the sea-urchin gonads, using Check-All-That-
Apply (CATA). Four extruded diets were enriched with two β-carotene sources: paprika (PAP) and 
synthetic β-carotene (BC) at two incorporation levels (High and Low). A non-supplemented diet was used 
as control (CTRL) diet. A panel of 48 untrained panellists was asked to evaluate the gonads following a 
CATA ballot with a list of 16 sensory attributes divided into two dimensions: appearance (8) and odour (8). 
The data showed that consumers of sea urchin gonads clustered the samples in three different groups. The 
group of all females and males fed high levels of PAP were characterized by attributes such as ‘appealing 
appearance’ and ‘orange colour’ and also by a ‘pleasant’ and ‘sea odour’. Males fed high levels of BC were 
described as ‘not appealing’ and finally, the other males were characterized by a ‘grainy appearance’ and 
‘yellow colour’. Multiple dimensional analysis (MDA) supported that females fed low levels of BC, CTRL 
or high levels of PAP were highly associated with an ‘orange colour’ and ‘appealing appearance’. In 
general, males were intrinsically related with not desirable attributes, for instance ‘brownish colour’, and 
‘soft’, ‘grainy’ and ‘not appealing appearance’. However, males fed diets with high PAP levels were 
strongly related with a ‘pleasant odour’. These results show that females were related with positive 
attributes (‘pleasant’ and ‘appealing’), evoking positive sensations. Conversely, males were mostly 
characterized by less demanded attributes, for instance ‘not appealing’, ‘yellow’ and ‘grainy’, inducing 
undesirable sensations to consumers. Moreover, sea urchins fed low levels of BC had the highest acceptance 
rates among the consumers. 
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Abstract 
Antioxidants play a key role in protein turnover by acting as potent scavenger of ROS by reducing the 
oxidative damage in proteins and hence promoting growth performance in the long-term1. 
In the present study, Senegalese sole post-larvae (45DAH) were fed with one of four experimental diets, a 
control (CTRL) and three supplemented with natural antioxidants: curcumin (CC), green tea (GT) and grape 
seed (GS). The growth trial lasted 25 days and growth performance, oxidative status, muscle cellularity and 
expression of muscle growth and oxidative status related genes were assessed at that time. A stress test was 
performed after the growth trial. The water temperature was raised, and two samplings were performed (at 
72 and 78DAH) for assessment of fish oxidative status. 
The dietary inclusion of CC and GS resulted in significantly larger fish compared to CTRL (Figure 1). Sole 
fed CC diet had a higher number of muscle fibres (21906.5 fibers in CC; 17983.6 fibers in CTRL) and an 
increased proportion of large-sized fibres (>25 µm) at 70DAH. In addition, the inclusion of CC resulted in 
a significant up-regulation of the myod2 and mynk transcripts. At the different sampling stages the 
expression of cat was changed in all dietary treatments however, the enzymatic activity remained 
unaffected. CC improved 30% more the transcription of hsp90aa, before stress, compared to the CTRL. A 
higher activity of HSP70, PC and LPO was observed in the GT 72DAH fish. 
In conclusion, the results demonstrate that the dietary supplementation with CC can promote Senegalese 
sole growth by both hyperplasia and hypertrophy of muscle fibres, through an up regulation of both myod2 
and mynk genes. The use of GS in fish diet also improved fish growth, however the mechanism of action 
of this antioxidant need to be further studied. The supplementation of GT in these diets did not have any 
advantage and may hinder the larval antioxidant status. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Dry weight (mg) of Senegalese sole at 70 days after hatching (DAH) of the different treatments (CTRL; CC; 

GT and GS). 
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Abstract 
Lipid peroxidation (LP) modify properties of compounds contained within animals feed and their tissues. 
Negative effects of LP could be reduced with antioxidant in feeds. This study aimed to teste the effect of 
dietary supplementation with 5% or 2.5% agar waste (5% AW and 2.5% AW, respectively), 0.5% ethanolic 
extracts (0.5% EE) and 5% ethanolic extraction waste (5% EEW) obtained from raw Gracilaria sp. on 
physiological condition, fillet and skin colour of Sparus aurata, as well as LP of feeds and fillet. The effects 
were compared to basal diet with or without commercial antioxidant (CTR and NO AOX, respectively). 
Growth performance remain similar between fish fed the experimental diets after 52 days. However, trypsin 
activity but not trypsin/chymotrypsin ratio was increased in intestine of fish fed the 5% AW. Plasma 
glucose, triglycerides, lactate and cholesterol of seabream were not altered by the different diets. Dorsal 
muscle LP increased after 6 days storage at 4 ºC in all the treatments. Also, cold storage significantly 
decreased L* (lightness) and a* (redness) of fish muscle, which may be linked to a higher LP detected in 
muscle. The b* (yellowness) value of seabream skin was higher in fish fed 2.5% AW, 5% EEW and 5% 
AW diets than those detected in the skin of fish fed 0.5% EE and NO AOX diets which can be associated 
to higher pigment deposition. Conversely, fish fed 0.5% EE supplemented diet and NO AOX diet had the 
lowest a* values which may be due to higher LP measured in the 0.5% EE and NO AOX diets. This study 
showed the potential use of AW and EEW as a source of natural antioxidants to be supplemented in fish 
feeds without adverse effect on growth or welfare. Additionally, dietary AW and EEW increase the colour 
of the skin in seabream.  
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Abstract 
Fish oil (FO) is an important aquaculture fish feed ingredient, but its limited natural supply has fostered the 
search for new lipid sources. The current study evaluated the capacity of tambaqui (Colossoma 
macropomum), one of the most produced fish species in Brazil, to biosynthesize long-chain polyunsaturated 
fatty acids (LC-PUFA) from dietary plant oil sources (1). To the best of our knowledge, little information 
is available about the effects of dietary vegetable oil (VO) levels on hepatic lipid metabolism in tambaqui. 
The current study evaluated the effects of different dietary lipid source and levels on the gene expression 
of key enzymes involved in LC-PUFA metabolism in juvenile tambaqui. Fish (IBW: 8.61 ± 1.38g) were 
fed for 9 weeks with four diets (FO5%, FO10%, VO5% and VO10%) and the gene expression of fads2, 
elovl5 and elovl2 were carried out in liver and brain tissues. The expression of fads2 and elovl5 in liver 
were up-regulated when the fish were fed by the VO diets (Fig. 1, A and E). It is plausible to infer that fish 
fed VO diet have more LA (18:2n–6) and LNA (18:3n–3) available for LC-PUFA biosynthesis. In addition, 
brain fads2 and elovl2 expression was up-regulated (Fig. 1, B and D), with the higher activity of elovl2 in 
the brain suggesting its important role in the biosynthesis of docosahexaenoic acid (DHA). In conclusion, 
the elongation and desaturation of C18 substrates are active processes for the production of LC-PUFA in 
tambaqui, when it is fed with a VO source in replacement of FO, showing that the tambaqui has the innate 
ability to biosynthesize LC-PUFA from C18 VO, thus satisfying its lipid essentiality for normal growth and 
development. 
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Figure 1. Expression of genes involved in long-chain polyunsaturated fatty acid (LC-PUFA) biosynthesis. Expression 

of Fads2 in liver (A) and brain (B), Elovl 2 in liver (C) and brain (D), Elovl 5 in liver (E) and brain (F) determined by 

real-time quantitative PCR. Different letters represent significant different between diets (ANOVA, P<0.05) where the 

fast letter is the effect of font od oil and second is about percentage of oil.  
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(Oreochromis niloticus) 
 
Carla Teixeira1,2,3*, Claúdia Serra1, Paulo Martins da Costa1,2, Jorge Dias3, Paulo Rema4, Benjamin 
Costas1,2 
 

1CIIMAR - Interdisciplinary Centre of Marine and Environmental Research. Terminal de Cruzeiros de 
Leixões. Av. General Norton de Matos S/N. 4450-208 Matosinhos. 
2ICBAS - Abel Salazar Biomedical Sciences Institute. R. Jorge de Viterbo Ferreira 228, 4050-313 Porto. 
3SPAROS Lda. - I&D Nutrition in Aquaculture. Área Empresarial de Marim, Lote C, 8700-221 Olhão. 
4UTAD - University of Trás-os-Montes e Alto Douro. Quinta de Prados, 5000-801 Vila Real, Portugal. 
*Presenting author: cteixeira@ciimar.up.pt 
 
Abstract 
This study aimed to evaluate the effect of Oxytetracycline (OTC) medicated feed on Nile tilapia 
(Oreochromis niloticus) health status. A group of 315 Nile tilapia (ABW: 118 ± 0.8g) was randomly 
distributed among 9 tanks, in a freshwater recirculating system. All animals were acclimatized during 15 
days. Thereafter, animals from 6 tanks were fed with the medicated feed (OTC) at a therapeutic dose (55 
mg Kg-1 body weight day-1) whereas fish from 3 tanks were fed with the control diet (CTRL), twice a day. 
After 10 days, fish from OTC treatment shifted to the control diet (OTC-CTRL) or to an extreme diet, rich 
in vegetable nutrients (OTC-ED). The feeding trial lasted for 55 days. Several samplings (n=9 per 
treatment) were performed: at 15 days (prior to OTC treatment); at 25, 26 and 33 days (after medicated 
feed administration); at 40 and 55 days (to assess recovery after OTC treatment). Blood, gut and liver tissues 
were collected to evaluate health-related parameters, as described by Guardiola et al. (2013)1 and Machado 
et al. (2015)2. Nile tilapia fed OTC-ED decreased weight gain compared to those fed CTRL at 55 days. At 
25 days, lower levels of hepatic lipid peroxidation were found in fish fed OTC compared to those fed CTRL. 
At 26 days, haematocrit and red blood cells increased in animals fed OTC-ED compared to those fed CTRL 
whereas anti-proteases activity in plasma decreased in fish fed OTC-ED compared to those fed CTRL. 
Higher levels of catalase activity in liver were found in fish fed OTC-CTRL compared to those fed CTRL 
at 26 days. Circulating white blood cells and peroxidase activity in plasma decreased in fish fed OTC-ED, 
compared to those fed CTRL, at 55 days. Further analyses will be performed to evaluate the effects OTC 
administration in intestinal microbiota, gene expression and histology. 
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Abstract 
Microbial fermentation in the ruminant forestomachs carried out by bacteria, protozoa, archaea, and fungi 
enables the conversion of fibrous feedstuffs unsuitable for simple-stomach animals into volatile fatty acids 
and microbial proteins that can be utilized by the host animal1. Feed components that escape ruminal 
fermentation become available for enzymatic digestion in the abomasum and small intestine, and later for 
fermentation in the gross intestine. Composition and function of the microbial community in the 
gastrointestinal tract is important, impacting milk production and host health2. Additionally, knowledge 
of volatile organic compounds from faeces has the potential to provide information on the gut microbiota 
characteristics.  
The work herein presented describes the selected methodology for the determination of faecal microbial 
composition of cows from different management systems and at different lactation stages to further relate 
it to the volatile organic compounds and ammonia content of faeces. 
Faeces were collected directly from the rectum of dairy cows at mid and late stages of lactation, housed in 
three commercial dairy farms located at Northwest Portugal, at three collecting time points for a 
representative sample over time of the 24-H digestion process. Diet composition was recorded one day 
prior to sampling.  
DNA was extracted from faecal samples with commercial FastDNA™ SPIN Kit for Soil (MP Biomedical, 
Solon, OH, USA) and its concentration and purity were quantified using NanoDrop (Thermo Fisher 
Scientific, Waltham, MA, USA)3. Bacteria, archaea and protozoa communities will be characterized using 
Illumina high-throughput sequencing.  
Volatile compounds will be extracted from sampled and analysed by gas chromatography using a GC-FID. 
Ammonia will be determined by gas-diffusion microextraction4.  
From the proposed methodological approach we expect to identify the main microbial groups correlated to 
the profile of volatile compounds and ammonia, thus serving as proxies of the dietary management on dairy 
cattle health and environmental impact.  
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Abstract  
Selenium is an essential trace element required to enhance immunity, but also to regulate and thus prevent 
excessive immune responses that may lead to autoimmunity or chronic inflammation(1). Dietary selenium 
supplementation is a common strategy to ensure the nutritional requirement of dogs(2). Food fortification 
can be carried out with selenium in inorganic or organic form, both commercially available, but its benefits 
for dog immunity have not yet been extensively studied. In this sense, a trial was conducted aiming to 
evaluate the influence of inorganic vs organic selenium in inflammatory markers of juvenile dogs, namely 
cytokine production. Two complete dry foods were formulated only differing in the source of supplemental 
selenium, inorganic (sodium selenite) and organic (from the yeast Saccharomyces cerevisiae). Twelve dogs 
(6 males and 6 females) from 3 litters were distributed into 6 blocks according to body weight, gender, and 
litter, and randomly allocated to one of the diets. The trial lasted for 40 weeks, from 12 to 52 weeks of age. 
At weeks 12, 24 and 40 of the trial, blood was collected from the jugular vein for mononuclear peripheral 
blood cell (PBMC) isolation. PBMC (1x105) were cultured in 96-round bottom microplates and incubated 
for 72 h at 37 ˚C with 5 % CO2 without stimulus and stimulated with 2.5 μg mL-1 of LPS or concanavalin 
A (ConA). The levels of the cytokines TNF-α, IFN-γ, and IL-10 in cell culture supernatants were measured 
using commercial canine ELISA kits. Data was analyzed with a mixed model including diet and gender as 
fixed effects, week as a repeated measure, block as a random effect, and the random residual error.  
Results presented in Figure 1 demonstrate that organic selenium significantly reduced the production of 
TNF-α and IL-10 in response to LPS stimulation (p<0.05) as tended to lower the IFN-γ production in 
response to ConA stimulus (p=0.072). Significant differences were also found in IL-10 production of non-
stimulated cells (p=0.031). Cytokine production was not influenced by gender (p>0.05). 
The downregulation of the pro-inflammatory cytokines TNF-α and IFN-γ in dogs fed the organic vs 
inorganic selenium, accompanied by lower IL-10 (anti-inflamatory cytokine) suggests that organic forms 
can modulate the inflammatory response and thus prevent chronic inflammation. To our knowledge, this 
study was the first highlighting this counter inflammatory effect of selenium in healthy dogs. The potential 
benefit of organic selenium supplementation in dog foods may thus offer a nutritional approach to delay or 
reduce the deleterious effects of inflammaging in dogs. 
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Figure 1. The mean and standard error of the mean (SEM) of cytokine concentration in supernatants of mononuclear 

peripheral blood cells (PBMC) culture from dogs fed organic (▲) Vs inorganic (●) selenium dietary treatments. 

Statistical differences and trends are noted in the graph (dashed area).  
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Abstract 
In the past two decades, hair cortisol measurement has gained popularity in wildlife research. This methods’ 
robustness against confounding effects due to sampling and ultradian variation, coupled with its non-
invasive nature make it ideal for use with free-ranging populations. Over the years, several studies have 
been published, many of which using comercial cortisol ELISA kits. However, many have alerted to the 
potential pitfalls of glucocorticoid measurement (e.g. Palme, 2019; Touma and Palme, 2005), and more 
specifically hair cortisol measurement (e.g. Heimbürge et al., 2019), which require careful validation prior 
to application as indicators of stress. In previous work, we measured hair cortisol in the Egyptian mongoose 
using an ELISA targeting cortisol-21-HS-BSA, which had been validated for other species, and investigated 
the effect of age, sex, season and storage time on the obtained measures. Subsequently, we performed HPLC 
immunograms to confirm we were tracking cortisol, and discovered that cortisol represented less than 5% 
of the measured compounds. We then selected anther antibody targeting cortisol-3-CMO-BSA that 
measured predominantly cortisol, based on the HPLC immunograms, and repeated the ELISA and 
statistical analysis. We observed marked quantitative and qualitative differences between the results 
obtained with both methods. Using the cortisol-21-HS-BSA method, hair cortisol measured was 159.66 ± 
46.44 pg/mg and we only found an effect of age. Using the cortisol-3-CMO-BSA assay, hair cortisol was 
19.99 ± 8.52 pg/mg and we found an effect of age, sex and storage time. Thus, our unvalidated results 
would have misestimated the normative patterns of variation with age, sex and storage time, and 
consequently those of any subsequent applications. Altogether, our results highlight the importance of 
species-specific methodological validation of hair cortisol measurement, and establish the basline for its 
application in the Egyptian mongoose. 
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“Our future: Sustainable Intensification of Livestock Production Systems” 
 
The Round Table kick-started with an introduction by Jorge Dias from SPAROS, who told the audience 
about his expertise in intensification of livestock, emphasizing the issues and the needs from this 
intensification. He also enlighted the recent interest in new and sustainable ingredients to be used in diets 
for fish and other animals. The discussion started with a question to the audience. Jaime Piçarra highlighted 
the need for fast growth, locally produced ingredients. According to Jaime Piçarra, fish meal protein which 
is the major ingredient in aquaculture feed has the potential to be replaced by other sources and that its level 
of incorporation has actually been reduced to one third. However, a element from the audience highlighted 
that in a 20-year scenario, the growth of the aquaculture industry cannot only rely on ingredients of plant 
origin, like soybean meal, which is harvested in tropical countries, linked to deforestation, and whose long 
journeys from where it is produced, have been leaving behind a massive footprint. Jorge Dias agreed and 
added that the need to continue the intensification of animal production goes beyond concepts such as 
“optimization” and “nutrition of precision”. According to him, it is mandatory to find new and sustainable 
ingredients. Jorge Dias also highlighted that research on sub-products such as feather meal and blood meal 
must continue despite its association with high energetic costs of production, since they may be sustainable 
alternatives in the future. Jorge Dias asked Sachi Kaushik, about his opinion regarding the role of the 
organic aquaculture in the sustainable increase of fish production. Sachi Kaushik told that legislation 
regarding organic aquaculture needs to be adjusted to reality, because several fish natural foods were 
prohibited in this type of aquaculture. However, several fish natural foods, for instance insects, can be a 
sustainable alternative for the fish and other animals feed. Elisabete Matos commented that the production 
of protein from insects has a huge potential for both feed and food. However, she thinks that organic 
aquaculture is not compatible with the recent food requirements, and she wonders if it will change in the 
future. Jorge Dias agreed and said that are the consumers that ditate new trends. Consumers are looking 
increasingly for the “green” label. Insects have potential to follow a “green” policy, but Jorge Dias said that 
people have yet disgust to this product and there is a need to educate the consumer regarding this topic. So 
it would be useful if SANFEED programme could enrol social thematics to work more in the consumer 
perception and perspective.  
The audience questioned  Sachi Kaushik regarding the tenants that separate organic aquaculture from the 
standard aquaculture model, namely concerning the fact that the inclusion of animal protein sources, despite 
being proven as often more sustainable than other sources, does not meet the requirements for organic 
aquaculture. The audience also asked if legislation was likely to change in the future. Sachi Kaushik 
responded by agreeing with the audience, highlighting that inclusion of animal protein sources would be 
very beneficial on an environmental level, and attributed this discrimination to societal and consumer 
pressures associated with less of a scientific and more of an emotional approach on the subject matter. Sachi 
Kaushik ended his statement by paraphrasing Jaime Piçarra regarding the importance of educating the 
public in order to change the erroneous way society perceives the inclusion of animal protein sources in 
aquafeeds. The audience raised the question of differences in culture being a possible impediment for 
inclusion of animal protein, and Sachi Kaushik continued the reasoning, citing religion as an example, and 
elaborated on certain contradictions regarding domestic animals and cattle. The audience mentioned the 
cognitive dissonance that is often ignored by the general public regarding organically raised poultry, which 
feeds on animal protein such as insects. Sachi Kaushik responded by mentioning that there is an effort to 
organize meetings in order to discuss these subjects, but highlighted the complications raised by different 
legislations between countries. He also mentioned the increase of human error when you feed animal 
protein to other animals, which might negatively reflect on the final section of the food chain, which is 
farmed fish. The audience affirmed that an LCA analysis is simply another way of looking and data, and 
should be looked at as a useful tool but not the only tool available for analyzing data. The same audience 
member also mentioned that animal-based fish feeds may reportedly be worse for animal health, and use 
up more resources, recommending that authorities look at this subject from different angles in order to 
achieve a truly sustainable solution. The audience mentioned the fact that importing animal protein sources 
has a large carbon footprint and is not very sustainable. Richard Dewhurst mentioned that his belief that 
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there is an issue regarding the lack appeal of feed evaluation units to the general public, despite their 
importance for assessing proper feed values and their impact on the environment, giving soy as an example. 
Jaime Piçarra highlighted the importance of inters-sector communication and the importance of Portugal’s 
food industry as an important exporter for the EU, as well as the importance of expanding the amount of 
available data beyond those collected by NGO’s, as it has been done by IACA in collaboration with several 
agencies and was presented to the European Commission in Brussels. Local programs with schools have 
also been set into motion in order to increase public awareness regarding sustainable animal farming. The 
audience mentioned the low economic feasibility and overall lesser sustainable properties of feeding cattle 
with soy-based feeds and other plant-based products. The Round Table then questioned present audience 
member Roberto Branco on his thoughts about shifting trends in the feed industry. Roberto Branco 
mentioned the importance of trends and the increasing concern for animal welfare, and that the animal 
farming industry must meet those needs in the future, including the importance of locally grown raw 
materials. Jorge Dias agreed and mentioned that it is something possible to put into practice, and that the 
industrialization of this process allows for further manipulation of the raw materials in order to create 
functional products. However, Jorge Dias mentioned the lack of information and questioned the panel about 
the best possible sources of information. Richard Dewhurst elaborated the large amount of research 
opportunities in terms of biomarkers associated with aquaculture, however, there is some doubt about the 
practical applicability of this information. Jaime Piçarra mentioned that tense international relationships 
might negatively affect the prices of soy and soybean, adding to the huge environmental impact of soy 
production. Richard Dewhurst elaborated regarding the history of soy usage, as well as the past research 
efforts, whereas we are still “in the dark” in terms of other materials. Lourenço Ramos-Pinto seconded the 
importance of proper regulation and research for diet optimization in terms of functionality and 
sustainability. Luísa Valente elaborated regarding the importance of communication and the hardships in 
terms of passing the information from the universities to the larger audience, and subsequently praised the 
CIIMAR’s projects in terms of raising the scientific awareness of society in general. Jorge Dias requested 
the opinion of Emídio Gomes in terms of research information from the feed sector reaching the consumers. 
Emídio Gomes answered by highlighting the importance of government in mediating and supporting this 
information flow, by generating a discussion that approaches all different aspects of the problem in terms 
of economics and sustainability. He also mentioned the need to circumnavigate around the complexity of 
the subject in order to achieve mutual understanding between the scientific community and the general 
public, highlighting the importance of discussing this using a mostly societal and political approach as 
opposed to a purely scientific approach. The audience suggested that the workshop should include experts 
from different scientific areas in order to achieve better and more diverse opportunities for collaboration. 
Jorge Dias replied that this was one of the goals of the workshop and that such would be improved in the 
future. The panel subsequently proceeded to their closing statements and the session was closed. 
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