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Welcome to AE14 

Welcome to the beautiful city of Donostia–San Sebastián in the heart of the Basque 
Country and thank you for attending our annual Aquaculture Europe event. 

We are pleased to offer you a diverse and rich conference programme thanks to the 
outstanding efforts of our Programme Co-chairs Diego Mendiola from AZTI Tecnalia 
and Herve Migaud from Stirling. With the hard work and support of our session chairs, 
they have had to make some very difficult choices in trying to compiling sessions with 
a limitation on the number of oral slots against an absolute record number of abstracts 
(more than 830!) submitted for AE2014.

We also have strong attendance at the trade show, with more than 70 booths sold. Within the trade show area, we 
have organised three research/industry workshops to address industry issues and provide a forum for discussion. 
On Tuesday, the European Percid Fish Culture (EPFC) workshop (originating from an EAS Thematic Group), 
on Wednesday the EAS/EATiP day on the production performance of the sea bass and sea bream sector and also 
on Wednesday, the University of South Bohemia and the EU AquaExcel project will present a repository for 
large data sets for biology, food safety and other biologic applications.

A social programme of tours for AE2014 delegates has also been developed with pintxo hunting in the old 
town of San Sebastian; a catamaran tour through La Concha bay; a tour of the coastline of the French Basque 
Country; visits to AZTI and to INRA and finally a visit to the offshore experimental facilities for mussels and 
oysters in the Spanish Basque Country.

Since 1976, the EAS has sought to be a leader in providing a bridge between science and the sector – by 
sharing information and promoting activities that foster contacts, collaboration, co-operation and networking. 
Aquaculture Europe 2014 offers you an opportunity to discuss some of the latest research initiatives, perhaps 
even before their potential is fully realised, so we urge you to engage in all the planned activities to really get the 
most out of your time here and I very much hope that this meeting lives up to yours and EAS’s high expectations. 

Please do consider joining EAS if you are not already a member and becoming part of Europe’s biggest 
aquaculture network. Please also note the dates of our AE2015 event in Rotterdam and plan to join us there.

Incoming EAS President and AE14 Steering Committee chair Sachi Kaushik, the EAS Board and I really look 
forward to meeting you, and we hope you will have a productive meeting. 

Donostia-San will be the European Capital of Culture in 2016. I’m sure that you will see why during your days 
here.

Kjell Maroni
EAS President 2012-2014
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FISH MEAL AND FISH OIL FREE DIETS FROM FIRST-FEEDING ONWARDS IN 
RAINBOW TROUT (Oncorhynchus mykiss): MYOGENIC GENES MORE AFFECTED IN 
ALEVINS THAN IN JUVENILES

H. Alami-Durante*, A. Marrec, M. Cluzeaud, S. Kaushik, G. Corraze, F. Médale

INRA UR 1067, Nutrition Métabolisme Aquaculture, Aquapôle, F-64310 Saint Pée-sur-Nivelle
(France)
E-mail : alami@st-pee.inra.fr

Introductio

Our knowledge on the effects of dietary plant protein and oil sources on trout muscle growth processes is limited. 
The ARRAINA (EU-FP7) project, with a dedicated work package devoted to the analysis of the long-term effects of 
replacement of FM and FO, gave opportunities to characterize and compare the effect of FM-FO substitution on muscle 
growth-related genes at different life stages starting from alevins.

Materials and methods

Rainbow trout were incubated and reared at 8°C and fed from emergence onwards with 3 diets to apparent satiety during 
8 months: a marine diet (M) based on FM and FO, a commercial-like diet (C) containing an equal mixture of marine 
ingredients (FM-FO) and a mix of plant protein (PP) and vegetable oils (VO), and a diet V that was devoid of FM and FO 
containing a blend of PP and VO. The feeds were formulated to meet the nutrient requirements of rainbow trout (NRC, 
2011). Survival and mean tank body weight were recorded every 3 weeks. Fish were sampled after the first 3 weeks 
of feeding (trunks of alevins) and after a further 7 months of feeding (white muscle of juveniles), and at different hours 
after the last meal, in order to have a basal level of gene expression for both stages (alevins: 18h, juveniles: 50h) and an 
absorptive level for juveniles (6h). The samples were frozen in liquid nitrogen and kept at -80°C until RNA extraction 
and analyses of muscle-growth related gene expressions by RT-qPCR. The candidate genes were selected in order to 
study the nutritional regulation of different steps of muscle fibre recruitment and growth.

Results

The total substitution of FM and FO did not alters survival during the first 3 weeks of feeding, but induced a progressive 
mortality during the 9 subsequent weeks (survival at 12 weeks with the V diet: 74% vs. 98-99% in the C and M diet fed 
groups); there was no further differences in survival thereafter (survival after 8 months: 70% with the V diet vs. 95% in 
the C and M diet-fed groups). On the contrary, even a partial substitution of FM and FO induced a very rapid decrease of 
growth rate, as shown by significant differences (P<0.0001) in body weight after the first 3 weeks of feeding (M>C>V). 

A similar highly significant difference in body weight was recorded up to 5 months of feeding. Thereafter, the growth 
rate of the fish fed the C diet decreased, while that of the fish fed the V diet increased, resulting in a body weight not 
significant different (P=0.137) after 8 months of feeding.

The myogenic genes of trout appeared to be very sensitive to FM and FO substitution during early life. The relative 
expression of key myogenic genes decreased very significantly even after only 3 weeks: feeding the C or the V diet led to 
a decrease in the relative expressions of regulatory genes involved in determination (MyoD1) and fusion / differentiation 
(myogenin) of muscle precursor cells, of a sarcomeric gene (fMLC2), and of a growth factor (IGF1).

The C diet was found to induce a significant decrease of the relative expression of pax7 (P=0.017), MRF4 (P=0.007), 
fMHC (P=0.006), and IGF2 (P=0.006) in alevins. Of the set of genes studied, only FST had a relative expression that was 
up regulated in fish fed a FM/FO free diet (M=C<V, P=0.0142). The relative expression of PCNA, MyoD2, Myf5, and 
cathD did not change significantly when alevins were fed the substituted diets.

(Continued on next page)
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In the juveniles, the substitution of FM and FO by plant ingredients appeared to have less effect on the myogenic 
genes than in alevins. At this stage, only MyoD1 and MyoD2 were significantly affected by FM/FO substitution, 
with significant increase of the relative expression of MyoD1 with the V diet at both 6h and 50h post-feeding (P=0.045), 
and a significant increase of the relative expression of MyoD2 with the V diet at only 6h post-feeding (P=0.004). The 
mean relative expression of PCNA and FST was increased in the V-fed juveniles at 50h post-feeding, but this failed to be 
significant due to individual variability.

Discussion and conclusion

The observed higher sensitivity of muscle growth-related genes to FM/FO substitution during early life confirms data 
from a previous study showing that developmental stages interact with nutrition to regulate the expression of myogenic 
genes (Alami-Durante et al., 2011). The lower body growth of the alevins fed the C and the V diet as compared to the M 
group is likely linked to an early down regulation of the expression of MyoD1, myogenin, fMLC2 and IGF1, showing 
that these four genes are early potent makers of nutrition-induced perturbations in myogenic process in trout. The lowest 
growth of the juveniles fed the C diet is also accompanied by the down regulation of four genes (pax7, MRF4, fMHC, 
IGF2) in alevins which remain to be explained. Our data also show that even when trout juveniles reached a similar body 
weight after 8 months of feeding, their white muscle remains sensitive to FM and FO substitution, as reflected by the 
changes in the relative expression of MyoD1 and MyoD2. Finally, present results show that the substitution of FM and 
FO from first-feeding onwards induced changes in the relative level of expression of myogenic genes in juveniles that 
are different from those induced by a shorter period of FM substitution directly applied in juveniles (Alami-Durante et al.,
2010a, 2010b).

Complementary histological analyses will be done in order to assess the consequences of the changes induced at the cellular 
level.
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LOW WATER EXCHANGE RECIRCULATION AQUACULTURE SYSTEM (RAS) 
IMPROVES GROWTH AND MINERALISATION IN COMMON CARP (Cyprinus carpio) 
JUVENILES

P. Antony Jesu Prabhu1,2,3*, S. J. Kaushik1, T. Stouten2, I. Geurden1, C. Mariojouls3, S. Fontagné-dicharry1,  
J. A. J. Verreth2, E.H. Eding2 and J. W. Schrama2

1UR 1067 NuMeA, INRA, 64310 Saint Pée sur Nivelle; 2AFI, WIAS, WUR, PO 338, 6700 AH, Wageningen, 
Netherlands; 3AgroParisTech, 16 rue Claude Bernard, 75231 Paris, France.
E-mail: pantony@st-pee.inra.fr 

Introduction
Space availability, water utilisation efficiency and nutrient discharge in wastewater are major challenges facing the 
sustainable development of aquaculture. Recirculation aquaculture system (RAS) offers potential ways to handle the 
foresaid issues. In low water exchange RAS many particulate and dissolved substances tend to accumulate in the water, 
especially minerals and trace elements (Martins et al., 2009). Fish are known to be capable of acquiring dissolved mineral 
ions from water via gills, skin and drinking to compensate for a part of dietary supply (Kaushik, 2001; Lall, 2002). Given 
the accumulation of minerals in RAS and the ability of fish to acquire dissolved minerals, the objective was to study the 
effect of aqueous mineral availability on mineral balance and minimal dietary inclusion levels required for common carp 
reared in RAS with high or low mineral concentrations in the water.

Material and Methods
Two types of RASs contrasting in dissolved mineral concentrations (low accumulation, LA or high accumulation, HA) 
were created by altering the water exchange rates, 2000 and 70 L kg-1 of feed, respectively. Each system consisted of 15 
aquaria of 70 L each. Common carp fingerlings (mean initial weight, 10g) were distributed to all the 30 aquaria (25fish/
unit). Five non-fishmeal/fish oil diets prepared with graded level of trace mineral mixture (0, 0.3, 0.6, 1 and 1.5%) were 
randomly assigned to each unit, in triplicates. The trace mineral mixture consisted of Cu, Fe, Zn, Mn and Se. All the 
groups were fed at 18 g kg-0.8 d-1, in two rations for 8 weeks. At the end of 8 weeks, the fish were anesthetised (0.25ml L-1, 
2-phenoxyethanol), weighed and a random sample of 5 fish per unit were sampled for blood. The fish were then euthanised 
and sampled for gill, intestine and hepatic tissues; ten other fish from each aquaria were sampled for body composition 
analysis. Mineral analysis were made with ICP-MS. T-test, 2-way ANOVA and broken line regression (Robbins et al., 
2006) were used to analyse the data.

Results
The analysed mineral (P, Mg, K, Na, Cu, Fe, Mn, Zn and Se) concentrations of water from HA system was several fold 
higher than LA system, except for Ca (Table I). 

Carp reared in the HA system exhibited higher weight gain than in LA (P<0.05). Mineral mix levels above 0.6% led to 
reduced growth in both the systems (P<0.05). Final body mineral composition was significantly higher (P<0.05) for all 
macro-minerals (Figure 1) and micro-minerals (data not presented) of carp reared in HA compared to LA system, except for 
Cu. Based on broken line regression of final whole body concentration against dietary levels (Table II), we could determine 
the minimal dietary inclusion levels (mg/kg diet) for Cu (9.9), Fe (254) and Zn (46). The minimal dietary inclusion level of 
Se appeared to be lower (P<0.05) in carp reared in the HA (0.28) compared to LA (0.31) system. In the case of Fe, although 
the minimal dietary inclusion level was not affected by system, utilisation efficiency and plateau were significantly higher 
in carp from HA than in LA system, which correlated with the higher haemoglobin content of blood in HA group (P<0.05). 

Discussion & Conclusion
Analysed contrast in water mineral concentrations between LA and HA were in accordance with Martins et al. (2009). 
Low hatching rate, higher mortality and growth retardation were observed in common carp eggs and larvae incubated in 
water from a similar HA-RAS (Martins et al., 2009). However, the occurrence of deformities was lower in larvae reared 
in water from HA-RAS (Martins et al., 2009). In the present study, the significantly higher body mineral levels observed 
in HA groups indicate better mineralisation in carps reared in the HA compared to LA system. Fish reared in HA system 
presumably retained minerals acquired from water in addition to the dietary supply, as reported earlier (Shearer and Åsgård, 
1992; Wilson and Naggar, 1992). The effect of HA system in lowering the dietary need for minerals to maintain maximal 
whole body mineral levels was significant only for Se. In summary, low water exchange RAS improved growth and 
mineralisation in common carp juveniles.
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APPARENT AVAILABILITY OF PHOSPHORUS AND OTHER MINERALS IN HYDROLYSED 
FEATHER MEAL, WHOLE PEAS, SUNFLOWER MEAL AND WHEAT DRIED DISTILLERS 
GRAINS TO COMMON CARP

P. Antony Jesu Prabhu1,2,3*, L. T. N. Heinsbroek2, E.H. Eding2, J. A. J. Verreth2, S. J. Kaushik1 and  J. W. Schrama2

1UR 1067 NuMeA, INRA, 64310 Saint Pée sur Nivelle; 2AFI, WIAS, WUR, PO 338, 6700 AH, Wageningen, 
Netherlands; 3AgroParisTech, 16 rue Claude Bernard, 75231 Paris, France.
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Introduction
Phosphorus (P) is one of the most studied essential nutrient to fish (Antony Jesu Prabhu et al., 2013) and has been at the 
forefront of fish nutrition research for more than one reason (Kaushik, 2002). Dietary supply is the major source of P to 
fish, making dietary P availability of utmost importance. Fish meal has been long regarded as the best source of available 
P to fish, whereas plant derived ingredients more often contain phytic acid which limits P availability to fish (Lall, 2002). 
Given the need to find sustainable alternative to fish meal in fish feeds, it is considered essential to gain knowledge on 
the availability of P and other minerals to fish from alternate ingredient sources. It is of added significance in an agastric 
fish species like common carp (cyprinids), which lack acid secretion in the stomach thereby restricting the utilisation of 
ingredient bound P and other minerals (Ogino et al., 1979). Therefore this study examined the apparent availability of P and 
other minerals in four alternate ingredients namely, hydrolysed feather meal (HFM), whole peas (PEA), sunflower meal 
(SFM) and wheat dried distillers grains (WDG) to common carp.

Material and Methods
Fish meal incorporated basal ingredient mixture devoid of any of the four test ingredients was prepared with yttrium 
oxide as the inert marker. A control diet (CON) was prepared with 100% inclusion of basal mixture. Four other diets were 
prepared by incorporating 70% basal mixture and 30% of the corresponding test ingredient namely HFM, PEA, SFM and 
WDG, respectively. The analysed concentrations of minerals and the inert marker (yttrium) in the diets are provided in 
Table I. Common carp fingerlings (mean initial weight, 94g) were distributed to 15 aquaria (15fish/unit). Triplicate groups 
of fish were fed an equal ration of one of the five diets for 6 weeks. At the end of the 6 weeks feeding trial, faecal samples 
were collected by stripping while the fish were in sedation (0.25ml L-1, 2-phenoxyethanol). The experiment and animal 
handling protocols were approved and overviewed by the animal ethics and welfare committee of Wageningen University. 
Mineral and yttrium concentrations in the diets and faeces were analysed in ICP-MS. Apparent availability coefficients 
(AAC) of P and other minerals from the test diet and ingredients were calculated following the formulae as described in 
Bureau et al. (2002). One way ANOVA was used for the statistical analysis of data.

Results
AAC of phosphorus and other minerals from the diet and the corresponding ingredient sources are provided in Table II. 
AAC of P in WDG (66%) and PEA (44%) was significantly higher than from HFM (23%) and SFM (3%). The AAC of 
Ca and Na was negative for all the tested ingredients; except for Ca in PEA Mg in HFM was almost completely available 
(98%). AAC of K was above 75% in all the tested ingredients. Availability of Fe and Cu were negative in all the ingredients, 
except for Cu in SFM. AAC of Zn was the highest in HFM (30%). Availability of Se was similar between HFM and WDG 
while SFM was the lowest. 

Discussion and Conclusion
Availability of P in WDG, which was in par or even better than the AAC of P from different fish meals to common carp 
(Ogino et al., 1979). Although the AAC of minerals such as Mg and Zn were the highest in HFM, availability of minerals 
in HFM to common carp observed in the present study was in general lower to those observed in salmonids (Sugiura et al., 
1998). Peas showed the second best AAC for P among the tested ingredients and also indicated better availability of Ca, 
Mn and Se compared to other ingredients tested. Of all the ingredients tested, SFM showed very poor availability of P and 
also for all minerals tested, except for Cu. The low AAC for Fe, Cu and Mn in the diets is due to the high dietary levels 
compared to the requirement of common carp. On the whole, among the four ingredients tested, WDG can be regarded as 
a better available source of P and other minerals to common carp, while SFM was the least.

(Continued on next page)
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A METHOD FOR FAST-ASSESSMENT OF VITAMIN REQUIREMENTS IN GILTHEAD 
SEABREAM Sparus aurata

Cláudia Aragão1*, Carmen Barrios1, Rita Teodósio1, Rita Colen1, Jorge Dias2, Sofia Engrola1

1 Centro de Ciências do Mar (CCMAR), Edifício 7, Universidade do Algarve, Campus de Gambelas, 8005-139 
Faro, Portugal 

2 SPAROS Lda., Área Empresarial de Marim, Lote C, 8700-221 Olhão, Portugal
* Presenting author: caragao@ualg.pt

Introduction
Replacement of fishmeal and fish oil has been the main focus in fish nutrition research during the last decades. The use of 
vegetable protein and oil sources from grain and oilseed by-products in aquafeed formulation implies not only changes 
on the macronutrient and energy supply, but also results in a distinct balance of micronutrients such as vitamins and trace 
minerals. Some vegetable ingredients commonly used in fish diets, such as corn gluten or soybean meal, present lower 
levels of vitamins then fishmeal. Among these, we can find some water-soluble vitamins, such as choline, biotin, niacin 
and riboflavin (NRC, 2011).

Dietary nutrient requirements in fish are usually estimated empirically by feeding graded levels of a specific nutrient (dose), 
in a basal diet containing a deficient level of that nutrient, and then measuring growth, feed intake, body nutrient stores or 
other variables (response). The statistical robustness of such estimates is clearly affected by the experimental design and 
generally, requirement studies require a high number of dietary nutrient doses and replicates. For water soluble vitamins, 
requirement studies rely on the hypothesis that nutrients present at low dietary levels will be retained in fish to a greater 
extent than if the dietary level of nutrient is sufficient. The objective of our research is to develop a fast method to estimate 
vitamin requirements in fish. Therefore, we adapted the tube-feeding method of radiolabelled nutrients used by Costas 
(2011) as a way of estimating water-soluble vitamin requirements in fish using short-term studies. Model species to be used 
include two species: gilthead seabream (Sparus aurata) and common carp (Cyprinus carpio).

Methodology
The method of controlled tube-feeding of radiolabelled nutrients has been adapted to fish larvae by Rust et al. (1993) and 
further refined by Rønnestad et al. (2001). This method has been successfully used in nutritional studies along these last 
12 years, allowing the scientists to have a deeper knowledge on amino acid metabolism in fish larvae, but also on lipid and 
fatty acid metabolism (for a review see Conceição et al., 2007). Lately, this method has been adapted to fish juveniles and 
has been successfully applied in the study of amino acid metabolism (Costas, 2011).

The Aquaculture Research Group at Centro de Ciências do Mar (Portugal) is currently adapting this method to estimate 
water-soluble vitamin requirements. For that, fish were previously conditioned to a diet deficient in the water-soluble 
vitamin under study, and then were tube-fed with graded increasing doses of 3H- or 14C-labelled vitamin, such as choline 
or biotin, and then left for a fixed time period (usually up to 24 h) inside a metabolic chamber with water and oxygen. 
Estimation of the requirement was based on the amount of radioactivity present in water (resulting from excretion of 
the dietary vitamin excess) and/or in specific tissues (e.g. liver, as an indicator of vitamin accumulation). This method is 
currently being adapted using juveniles of the model species (gilthead seabream and common carp), but once validated it 
can be a valuable tool to estimate vitamin requirements in fish larvae. 

Expected Results
The development of this method does not intend to fully replace growth trials to estimate vitamin requirements in fish. 
These short-term tracer studies are foreseen as a fast complementary method to gain an initial insight on the range of water-
soluble vitamin requirements in fish. This preliminary approach will allow choosing just a few dosages to be further tested, 
thereby allowing refinement of effective experimental designs for long-term (dose-response) experiments.

Another application of this method is the possibility of checking in a fast way if changes in dietary formulations affect 
the vitamin requirements of fish. Moving towards the complete replacement of fishmeal and fish oil in fish diets, as is the 
objective of the ARRAINA project, a very broad range of alternative ingredients are available for feed formulations. Each 
new combination of ingredients may result in a different impact on the fish, and with this method it is possible to analyze 
nutrient interactions and changes in the requirements when using different protein and lipid sources.

(Continued on next page)
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This method has two major advantages compared with the traditional growth trials:
- reduces the time needed to obtain the first indications on the requirement;
- reduces significantly the number of fish needed for trials, as less dietary levels need to be confirmed.

Ultimately, with this method it is intended to contribute to increase the knowledge on quantitative nutrient requirements 
of gilthead seabream and common carp in order to attain maximal growth performance and optimal health in fish fed with 
diets with reduced levels of fishmeal and fish oil. Moreover, once validated, this method can be a valuable tool to estimate 
vitamin requirements in fish larval stages.
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EFFECTS OF FISH FEEDS SUPPLEMENTED WITH FISH OIL OR VEGETABLE OIL 
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Introduction
Highly unsaturated fatty acids are essential components of cell membranes and modulate many physiological functions, 
including immunological processes and stress responses (Ganga et al., 2006). For fish feed production, their most important 
sources are fish meal (FM) and fish oil (FO). However, with a decline of FM and FO availability, alternative sources have 
to be found as replacements (Pickova and Mørkøre, 2007). Vegetable oils (VO) as potential candidates have been tested on 
various fish species, e.g. European eel (McKenzie et al., 2000), gilthead sea bream (Ganga et al., 2006) or Atlantic salmon 
(Oxley et al., 2010). In the framework of the ARRAINA project, researchers of NARIC HAKI investigated the effect of 
feeds supplemented with FO or VO on growth, innate immunity and disease resistance of common carp.

Materials and methods
The long-term carp production trial was started in June, 2013 with feeding of carp fingerlings in monoculture ponds of 
SME partner, KARAS, (partner number 18). Two groups of semi-intensive supplementary feeds were formulated for 
nursery. One group of the feeds (vegetable oil, VO) was without fish meal and fish oil, containing winter wheat meal and 
maize in 34.6% and linseed oil in 1.85 %. The feeds in the other group (fish oil, FO) contained moderate levels of fish meal 
(16 %) and fish oil (1.65 %). The control groups were fed on natural food (NF) + supplementary cereals (grounded wheat).

Fry were stocked into six (each around 1700 m2) earthen ponds, previously manured by cow manure (3 t/ ha). Stocking 
was performed at 17th June with density of 20,000 fish/hectare in duplicate ponds. Additionally, the ponds were manured 
twice (1 and 1.7 tons/ha) during the nursing period. The examination lasted for 136 days and it was ended on 30th October. 

To assess the effect of feeding with experimental diets on the innate immune response, 100 fish/treatment were placed into 
a recirculation system at the end of nursery period. Fish were kept there for three weeks to reduce the effect of harvesting 
stress. During this time fish were fed with the same diets. At the end, 10 fish/treatment were sampled. Respiratory burst and 
phagocytic activities of blood leukocytes and plasma lysozyme, total protein and immunoglobulin levels were determined. 
At the same time 30 fish/treatment were experimentally infected i.p. with Aeromonas hydrophila bacteria (LD50 dose). 
Mortalities were observed during one week.

Results
At the end of nursing period final weight and total length, survival rate, condition factor (CF), specific growth rate (SGR) 
and feed conversion rate (FCR) were determined. All examined parameters (except for SGR) were significantly better 
in the two treated groups compared to the control group. The best production performances were detected in FO group, 
although the most important parameters (growth, survival and feed conversion) were not significantly different from that 
in VO group (Table 1).

Following pond nursery, significantly higher level of plasma total immunoglobulin was observed in group fed with fish 
oil compared to other groups. Plasma total protein level was significantly higher in the FO group than in the VO group. 
Phagocytic activities of blood leukocytes in groups fed with plant and fish oil was significantly higher than in the control 
group. Other parameters were on the same levels (not shown). Mortalities of experimentally infected carp fingerlings did 
not differ significantly among groups (Table 2).

(Continued on next page)
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Discussion
Based on the observed values it could be concluded that the replacement of fish meal and fish oil with nutrients of vegetable 
origin has high potential for common carp fingerling production in pond conditions. Feeding the carp fingerlings with 
vegetable oil enhanced their growth performance and did not reduce the non-specific immune response or disease resistance. 
However, the question of its feasibility/applicability in economically scale still needs further clarifications taking into 
account the specific features of traditional pond fish culture.

Acknowledgement
The financial support of the ARRAINA project (GA:288925) by EU 7th framework programme is gratefully acknowledged.

References
Ganga R., Tort L., Acerete L., Montero D., Izquierdo M. S. (2006): Modulation of ACTH-induced cortisol release by 

polyunsaturated fatty acids in interregnal cells from gilthead sea bream, Sparus aurata. Journal of Endocrinology 190, 
39-45.

McKenzie D. J., Piraccini G., Piccollella M., Steffensen J. F., Bolis C. L., Taylor E. (2000): Effects of dietary fatty acid 
composition on metabolic rate and responses to hypoxia in the European eel. Fish Phisiology and Biochemistry 22(4), 
281-296.

Oxley A., Jolly C., Eide T., Jordal, A. O., Svardal A., Olsen R. (2010): The combined impact of plant-derived dietary 
ingredients and acute stress on the intestinal arachidonic acid cascade in Atlantic salmon (Salmo salar). British Journal 
of Nutrition 103, 851-861.

Pickova J., Mørkøre T. (2007): Alternate oils in fish feeds. Eur. J. Lipid Sci. Technol. 109, 256-263.



110

TOWARDS A MULTI-SPECIES PREDICTION MODEL OF FILLET FATTY ACID 
COMPOSITION IN MARINE FARMED FISH

G. F. Ballester-Lozano1*, L. Benedito-Palos1, M. Mingarro2, J. C. Navarro1 and J. Pérez-Sánchez1

1Institute of Aquaculture Torre de la Sal (IATS-CSIC), 12595 Ribera de Cabanes, Castellón (Spain).
2Andromeda Ibérica Acuicultura S.L, Castellón, Spain.
E-mail: gabriel@iats.csic.es 

Introduction
Fish meal and fish oil are finite natural resources, and their use in aquaculture industry has been progressively reduced. 
Vegetable ingredients are the most obvious alternative, but vegetable oils are devoid of n-3 long-chain polyunsaturated 
fatty acids (n-3 LC-PUFA), and fish fed these oils have a fillet reduction of eicosapentaenoic (EPA, 20:5n-3) and 
docosahexaenoic (DHA, 22:6n-3) fatty acids. Therefore, holistic approaches for multispecies predictive modelling of fillet 
fatty acid (FA) composition are of relevance to guarantee the human healthful benefits of farmed fish consumption. The 
robustness of dummy regression analysis for predictive modelling of fillet FA composition was proven in turbot and sole 
using gilthead sea bream as a reference subgroup species (Ballester-Lozano et al., 2014). The absence of a statistically 
significant interaction between fish species and diet composition spares the necessity of the use of a vast array of diets 
for all the species included in the model. However, most outputs are species-specific, and each new species in the model 
should be introduced as a dummy regression variable and the resulting FA descriptors validated thereafter with additional 
data. This interactive procedure is carried out herein with European sea bass (Dicentrarchus labrax), using fish reared at 
the laboratory scale for the definition of the specific FA descriptors and farmed fish for the up-scaling validation of the 
predictive results of fillet FA composition. 

Materials and methods
Juvenile European sea bass were grown over the course of a 20-month productive cycle (November 2011-July 2013) 
at the IATS facilities. All fish were fed to visual satiety with commercial diets. At regular intervals (each 6-8 months), 
12 individuals were randomly selected for fillet sampling. Deboned left side fillets were extracted for fillet lipid content 
and FA composition analyses. Lipid content was determined gravimetrically using a Soxhlet apparatus. Total lipids for 
analyses of diet and fillet FA composition were extracted by the method of Folch and FA methyl esters were analysed 
by gas chromatography. The resulting results along with our own published data on gilthead sea bream, turbot and sole 
(Ballester-Lozano et al., 2011; Ballester-Lozano et al., 2014) were fitted to dummy regression equations with European sea 
bass, turbot and sole as dummy variables, gilthead sea bream as a reference subgroup category, and diet FA composition 
and fillet lipid content as independent variables. 

For details in dummy regression coefficients see Ballester-Lozano et al. (2014). For the up-scaling validation of FA 
descriptors, additional dataset from a Mediterranean fish farm of Andromeda Ibérica Acuicultura were harvested at 
commercial size (330-400g) in June of 2013. Deviations from the model were analysed using a statistical t-test to determine 
if predicted FA values (results from the regression equations) were statistically distinguishable from observed values at the 
significance level of 5%. 

(Continued on next page)
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Results
Most of the observed variance in fillet FA composition was explained in European sea bass by dummy regression equations 
with highly significant (P<0.0001) coefficients of correlation (0.75-0.99) for representative FAs, including saturated FAs 
(14:0, 16:0, 18:0), monoenes (16:1n-7, 18:1n-7, 18:1n-9, 20:1n-9), C18 PUFAs (18:2n-6) and n-3 LC-PUFAs (EPA, 
22:5n-3, DHA). Statistically significant interactions between dietary FA composition and fish species subgroups were not 
found. The independent variable dietary FA composition highly contributes to the total variance of either endogenous or 
non-endogenously synthesised FAs. The contribution of the second independent variable “fillet lipid content” to the total 
variance is generally lower, and the β2 partial regression coefficients were not statistically significant for 20:1n-9, 18:2n-6 
and EPA. The up-scaling of predictive values to farming conditions allowed a close linear association near to equality for 
the regression plot of the observed (X-axis) vs. predicted values (Y-axis). 

Fig. 1. Regression plot of observed/predicted values of fillet FAs in farmed fish.

Discussion and conclusion
Dummy regression is confirmed as a powerful multispecies tool for predictive modelling the nutritionally tailored fillet 
FA composition in marine fish. This feature is supported by the absence of statistically significant interactions between 
dietary FA composition and fish species subgroups, which reinforces the possibility to produce more tailored and healthy 
seafood products according to the guidelines of essential FA requirements in humans. For practical purposes, FA algorithms 
for gilthead sea bream, turbot, sole and European sea bass are hosted at www.nutrigroup-iats.org/aquafat as an interactive 
tool to interrogate fillet FA composition in four marine species of a high added value for the European aquaculture helping 
to preserve the nutritive value of farmed fish and the concomitant policies advising the sustainable utilisation of marine 
resources as fish feed ingredients.
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Introduction
The expansion of the aquaculture industry in combination with limited availability and high prices of fishmeal has 
prompted feed producers to include more plant proteins in the aquaculture feeds. However, replacement of fish meal with 
plant proteins is often limited by the level of methionine in the alternative plant protein sources. To make inroads in the 
understanding of the influence of methionine intake on growth and nutrient accretion, several groups have investigated 
the effect of graded levels of methionine in the diet on hepatic metabolism in fish (Cowey et al., 1992; Espe et al., 2008). 
However, until now, no data is available in any fish species on the specific role of this amino acid in the molecular control 
of muscle growth. Since muscle protein synthesis rates are low in fish despite the high efficiency of deposited protein, it 
is considered essential to get full insight on the protein degradation pathways (Kaushik and Seiliez, 2010). The present 
study was dedicated to investigate the consequence of dietary methionine deficiency or excess on the two main muscle 
proteolytic systems, the Ubiquitin-proteasomal and Autophagy-Lysosomal.

Material and Methods
Juvenile rainbow trout (Oncorhynchus mykiss) were fed for 6 weeks with one of the three isonitrogenous diets providing 
three different methionine levels (deficient (DEF), adequate (ADQ) and excess (EXC)). The adequate level (0.82 g Met or 
1.25 g total sulphur amino acids methionine + cysteine per 100 g diet) corresponds to the requirement value for rainbow 
trout (NRC, 2011). To follow growth and feed utilization, fish were counted and group weighed at the start and the end of 
the experiment. At the end of the trial, muscle samples were randomly collected at 4, 8, and 16 h after the last meal (n=6) 
and were subject to western blot and gene expression analysis.  

Results
At the end of the study, fish fed the DEF diet showed a significantly lower body weight and feed efficiency compared to fish 
fed ADQ and EXC diets (57.6 ± 0.8b < 73.9 ± 3.2a = 78.5 ± 2.7a  and 0.52 ± 0.06b < 0.82 ± 0.03a = 0.84 ± 0.07a respectively). 
This growth reduction of the DEF group was accompanied by an increase in the levels of the main autophagy-related 
markers (Fig.1) as well as the expression of several autophagy and proteasomal genes in trout muscle (Fig.2).

Discussion & Conclusion
The ubiquitin/proteasomal and the autophagic/lysosomal pathways are the two major intracellular proteolytic systems in 
the skeletal muscle of vertebrates (Sandri, 2010). In  rainbow trout, we previously demonstrated that the composition of 
macronutrients (protein/carbohydrate ratio) affects the feeding-mediated inhibition of autophagy in the muscle (Belghit et 
al., 2013). In the present study, we provide first ever evidence that autophagy as well as ubiquitin proteasome pathways are 
both affected by the profile of amino acid in the protein fraction. From a practical point of view, this study provides valuable 
biomarkers linked to proteolytic system in the skeletal muscle of trout fed sulphur amino acid deficient diet, a situation not 
uncommon in plant-based ingredients.

(Continued on next page)
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Introduction
The use of new diets based on alternative sources to marine raw materials has been successful in several finfish species of 
interest to European aquaculture, including gilthead sea bream (Benedito-Palos et al., 2009). However, concerted efforts 
are still needed to undertake in depth the long-term consequences of feeding very low fish meal and fish oil diets (less 
than 10% of inclusion), and new knowledge is welcome to fill the gaps in a wide range of protein- and lipid metabolic 
disorders, closely related with reduced growth and survival. Therefore, there is a strong need for integrative tools that are 
capable of describing and predicting any metabolic disturbance of lipid metabolism in fish. In this scenario, the aim of the 
present study was to phenotype at the transcriptional level the tissue-specific regulation of lipid metabolism in nutritionally 
challenged fish, focusing on a panel of 40 genes which were selected as markers of fatty acid, phospholipid, acylglycerol 
and lipoprotein metabolism. The final aim is to define a data set of highly informative molecular markers of nutritional 
condition for a given tissue.

Materials and methods
Juvenile gilthead sea bream were fed with a commercial diet (Biomar) for 74 days. Following this period, fish of 80-90 g 
body mass were distributed in duplicate tanks of 500 l in groups of 30 fish each. One group of fish continued to be fed as 
usual (CTRL group) while the other group was fasted for 10 days prior to the tissue sampling (fasted group). At harvest, 
mesenteric adipose tissue, liver, brain and a portion of the skeletal muscle were excised (8 fish per group) for the gene 
expression analyses. The nutrigroup-iats.org/seabreamdb database (Calduch-Giner et al., 2013) allowed the identification 
of 19 new gilthead sea bream sequences uploaded to GenBank (JX975700-JX975718). Then, a qPCR array layout was 
designed for the simultaneous profiling of 40 genes. The set of genes included 5 fatty elongases (ELOVL1-4-5-6-7), 3 
fatty acid desaturases (FADS2, SCD1a,  SCD1b), 11 phospholipid synthesis and remodelling enzymes (LPCAT1-2-3, 
PEMT; PLA2G12A; PLA2G12B; PLA2G15; RARRES3; PLA2G6; cyt-PLA2; int-PLA2), 13 lipase-related genes (HL, 
LPL, LPL-like, LMF1, LIPH, LIPA, HSL, ATGL, DAGLB, ABDH6-12, CEL, cd-PL, int-PLA2), 4 enzymes of fatty acid 
β-oxidation (CPT1A, CPT1B, ECH, HADH), and 4 transcription factors (LXRα, PPARα-β-γ). 

Results
CTRL fish grew efficiently with an 18-20% increase in body weight whereas fasted fish had a 6-8% loss in body weight 
mass. The gene expression profile reflected the lipid storage capacity and biosynthetic and lipid oxidative capabilities of 
each tissue in a given nutritional condition. Accordingly, the tissue-specific molecular signature of lipases, desaturases, 
elongases, phospholipid-related enzymes and lipid oxidative enzymes changed gradually from adipose tissue, liver, brain 
and white skeletal muscle.

Figure 1 shows fold-changes in gene expression between CTRL and fasted fish for a given tissue and differentially expressed 
genes. The adipose tissue showed an overall down-regulated response that was statistically significant for PPARγ, ELOVL5, 
Δ9 desaturases (SCD1a and SCD1b) and several lipases (CEL, LPL, LIPA). The magnitude and intensity of changes 
was higher in the liver with a strong down-regulation of elongases (ELOVL4-6), desaturases (SCD1a, SCD1b, FADS2), 
phospholipid-related enzymes (PEMT, LPCAT2, LPCAT3, RARRES3, PLA2G12B, PLA2G6), acylglycerol lipases (cd-
PL, CEL, HL), LMF1, ECH and transcription factors (PPARγ, LXRα), which was  accompanied by the up-regulation of 
ATGL, LPL and LPL-like as well as HADH and CPT1A. In muscle, LPL-like, LMF1, the phospholipase PLA2g15 and 
markers of fatty acid-β oxidation (HADH, CPT1A, CPT1B) were also up-regulated, in association with a strong down-
regulation of Δ9 desaturases (SCD1a, SCD1b). However, all analysed lipid markers remained almost unaltered by fasting 
in the brain tissue. 
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Discussion and conclusion
The results clearly show a tissue-specific regulation according to the different metabolic capabilities of each tissue and vital 
functions for life, which makes the brain highly refractory at the transcriptional level to changes in nutrient and energy 
availability. In contrast, the liver is clearly the most reactive tissue, with changes in gene expression affecting not only 
ELOVL4-6 and ∆6-∆9 desaturases, but also to a high extent to the “lipolytic machinery”, including ATGL, HADH and 
CPT1A enzymes. The two isoforms of LPL have also been confirmed as key enzymes of lipid metabolism in fish, with a 
differential and tissue-specific gene expression pattern in adipogenic and muscle tissues. This kind of differential tissue 
regulation has also been reported for most of the genes included in the array, which is of interest when defining the set of the 
most informative lipid markers for a given tissue and experimental condition. Secondly, this knowledge will contribute to 
define in future studies how the different tissue-specific gene expression patterns are segregated with the selection pressure 
for fast growth and alternative diets on intensive fish farming.
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Introduction
Limited access to fish meal and fish oil for the rapidly growing aquaculture has prompt the need to develop more sustainable 
aquafeeds that rely less on marine ingredients. Plant oils and proteins have represented the main fish feed alternatives for 
the major farmed fish species in Europe. The development of plant-based sustainable feed introduces new challenges that 
were previously not relevant by use of traditional marine feed ingredients. Unrefined plant oils obtained from oils seeds 
such as soybeans, rapeseeds, and sunflower seeds are known to contain elevated levels of poly aromatic hydrocarbons 
(PAHs). The replacement of marine ingredients with plant feed ingredients led to an increase of PAH in salmon feeds 
(Berntssen et al., 2010). The thermal processing of oil seed by toasting and gas drying is one of the main sources for PAH 
contamination of plant oils (Dennis et al., 1991). One of the known potentially toxic actions of PAHs is the disruption 
of vitamin metabolism in both mammalian and fish. Potential disruption of vitamin metabolism is of particular interest 
to aquaculture where vitamins are supplemented to plant-based feeds that have lower background level of fat-soluble 
vitamins (e.g. vitamin A, D, E) which normally originate from marine feed ingredients. The aim of the present study 
was to investigate the interaction of dietary PAH and vitamin A on weight, vitamin A and PAH deposition and central 
detoxification and vitamin A pathways in Atlantic salmon. 

Material and methods
Atlantic salmon (initial weight was 195±0.15 gr, mean±SE) were fed four identical plant-based diets that were supplemented 
with PAHs or Vitamin A singularly or in combination for 2.5 months, in triplicate. Levels of vitamin A and PAH in un-
supplemented feeds were 0.9 mg vitamin A/kg and under the limit of quantification for PAH. Vitamin A was supplemented 
as retinyl acetate to a level of 3.4 mg vitamin A/kg and PAH was supplemented by phenanthrene (Phe) as a marker PAH 
for light (<4 ring) PAHs and benzo-a-pyrene (BaP) as a marker for heavy (> 4-ring) carcinogenic PAHs (Phe 100 mg/kg, 
BaP 10 mg/kg). The supplementation level of Vit A was based on required supplementation levels for Atlantic salmon in 
plant-based feeds as assessed in the EU-ARRAINA projectand the ratio of Phe and BaP was based on the relative presence 
of these PAH congeners in earlier plant based feed trials (Berntssen et al., 2010). After 8 days, 1.5 months and 2.5 months, 
liver samples from 6 fish per net pen were collected for assessment of PAH and Vit A levels (pooled samples) or gene 
expression (individual samples). Significant interactions between dietary Vit A and PAH on measured parameters were 
assessed by factorial ANOVA. 

Results and discussion
Preliminary data showed a reduced final weight (n=285 per diet) for fish fed the PAH diets and a significantly higher weight 
when fed in combination with Vit A (Figure 1) compared to PAH alone. 

Preliminary liver Vit A and PAH data show a significant interaction of dietary Vit A and PAH on liver Vit A storage and 
liver PAH contamination. The presence of PAH reduced the storage of Vit A and reversely dietary Vit A lowered the level 
of liver PAH contamination, mostly BaP (Table 1). 

The gene expression (data not shown) had only significant interactions between dietary Vit A and PAH at day 8 of exposure. 
The genes involved in this interaction were the detoxification genes CYP1A and AhR2, and the gene coding for esterase 
enzyme LRAT which is involved in the esterification of retinoids for storage. 

The present study showed that dietary PAH and Vit A interact on liver Vit A storage and PAH contamination. One of the 
main interaction pathways seems to be the cyp1A detoxification pathway which can be induced by AhR-agonists such as 
BaP. The cyp1A pathway primarily metabolizes xenobiotica such as PAH, but could also be responsible for metabolizing 
all-trans retinoic acid to more hydrophilic compounds facilitating excretion. The presence of plant-based contaminants 
such as PAH could affect the requirement of micro-nutrient supplementation in plant-based feeds. Further PAH regression 
studies are needed to assess effect levels of the currently identified interaction. 
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Introduction
In addition to digestion and feed absorption, the intestinal tract is involved in a variety of other physiological functions, 
such as water and electrolyte balance, endocrine regulation of digestion and metabolism, and immunity. The use of novel 
fish aquafeeds can have an effect on intestine integrity and function, and differences become more evident in challenging 
scenarios, as it was the case of immune-compromised gilthead sea bream (Sparus aurata) facing an experimental parasite 
infection (Calduch-Giner et al., 2012). In this context, the characterization of the intestine transcriptome of a fish of 
economic importance as the European sea bass (Dicentrarchus labrax) becomes a valuable tool in order to design a 
functional map of the main genes and functions involved in the different sections of its intestine tract. For this purpose, a 
goal of this work was to generate a large amount of transcriptome data from intestine sections of sea bass by means of the 
construction of next-generation sequencing libraries. The obtained sequences, combined with other from diverse public 
and private repositories, were used to construct a reliable assembly database (www.nutrigroup-iats.org/seabassdb). Finally, 
the annotated assembled sequences have served to design an oligo-microarray that has been tested in the anterior, middle 
and posterior intestine regions of sea bass juveniles in order to have a precise functional map of intestinal sections in this 
valuable fish species.

Materials and methods
Naïve stock juveniles of European sea bass, maintained under intensive rearing conditions in the indoor experimental 
facilities of IATS, were sampled after overnight fasting for anterior, middle and posterior sections of intestine. Samples 
were frozen in liquid nitrogen and stored at -80ºC until RNA extraction by means of the Ambion MagMax-96 for Microarray 
kit. Samples from anterior and posterior intestine with higher quality (A260/280 > 1.95, RIN number > 9.5) were selected for 
high-throughput sequencing.

Two normalized cDNA libraries (anterior and posterior intestine) were constructed and sequenced using 454-Titanium FLX 
technology. Reads from both libraries were assembled together, and then were combined with annotated sea bass nucleotide 
sequences from public (GenBank) and private (Sigenae) databases. Annotation, frameshift correction and redundancy 
filtering of assembled sequences was made following a procedure similar to that established for the construction of a 
transcriptome database for gilthead sea bream (Calduch-Giner et al., 2013) (see Figure 1).

A custom high density oligo-microarray (8 x 15K) was designed and printed by means of the eArray web tool (Agilent) to 
analyze the transcriptome of the three intestinal sections  in fed and 10-days fasted fish. The array comprised 60-oligomer 
sequences for 14,147 different sea bass annotated sequences. Total RNA (200ng) from individual fish were labelled with 
cyanine 3-CTP and 1,000ng of each labelled cRNA were hybridized to microarray slides. Analysis of the scanned data, 
including principal component analysis and unpaired t-test with Benjamini-Hochberg multiple testing correction, was 
carried out with GeneSpring GX software (Agilent). Pathway analysis of differentially expressed sequences was performed 
using the Ingenuity Pathway Analysis (IPA) software.

Results
Sequencing of the 454 normalized intestine libraries produced 987,398 high-quality reads and the de novo assembly yielded 
85,350 unique sequences with an average length of 788nt. After combination with annotated assembled reads from Sigenae 
(6,953 sequences) and GenBank (492 mRNAs), annotation and bioinformatic analysis resulted in the identification of 
24,906 non-redundant annotated sequences encoding for 15,367 different gene descriptions. Principal component analysis 
of microarray results (fed vs. fasted fish) grouped very closely samples from anterior and middle intestine, with a clear 
separation for samples from posterior intestine. No differences were found by an astringent t-test between anterior and 
middle intestine samples, so they were grouped in a same category (MID-ANT), and subsequent comparison (t-test, 
Benjamini-Hochberg and a fold-change cutoff of 2.0) with posterior intestine (POST) samples resulted in the differential 
expression of 1,906 genes (960 highly expressed in MID-ANT intestine, and 946 highly expressed in POST intestine). 

(Continued on next page)
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Pathway analysis of differentially expressed genes showed differences in the main molecular and cellular functions, with 
more genes involved in metabolism of lipids, vitamins, minerals and carbohydrates in MID-ANT intestine. In POST 
intestine, main functions were related to cellular movement, function and maintenance and signalling, with close relation 
to inflammatory response processes, chemotaxis of cells and migration and activation of leukocytes.

Discussion and conclusion
The newly assembled transcriptome database from sea bass intestine and the derived oligo-microarray represent a progress 
in genomic resources for this species, which will serve to provide reliable markers of the diverse functions in the different 
sections of the intestinal tract.
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Introduction
Increased substitution of fishmeal and fish oil by vegetable ingredients implies an associated change in a variety of 
micronutrients. This variation in the quantity and quality of minerals and vitamins could be responsible for a reduction 
in feed efficiency, growth or health in the fish produced. To avoid these problems, inclusion of the adequate level of each 
micronutrient is required. However, up to date the knowledge on the dietary requirements for each of these micronutrients 
on many commercially important species such as gilthead seabream (Sparus aurata) is very scarce (NRC, 2011). Thus, 
frequently many micronutrients are added in excess, whereas other may be insufficient. Determination of the dietary 
requirements for each mineral and vitamin would involve over 20 long-term trials with at least 6 levels for each nutrient 
assayed. Recently, in the context of the EU funded project Arraina, the nutritional requirements of Atlantic salmon (Salmo 
salar) fed on low fishmeal/fish oil diets have been successfully studied by feeding the fish several concentrations of a whole 
complementary nutrient package. In parallel, the present study aimed to determine the optimum levels of this nutrient 
package in low fishmeal/fish oil practical diets for gilthead seabream and to obtain information about the micronutrient 
requirements of the individual micronutrients. In particular, the study presented here will focus on the effect of this nutrient 
package on bone morphology and development, given the importance of skeleton anomalies for commercial production of 
gilthead sea bream. 

Material and Methods
Diets. Six different isoenergetic and isonitrogenous practical diets were designed containing a premix of the objective trace 
elements in ascending order including the current standard (0%, 25%, 50%, 100%, 200%, 400%), and a + control diet based 
on fish meal. The complete nutrient package included Selenium, Iodine, Copper, Cobalt, Manganese, Iron, Zinc, Calcium, 
Thiamin, Riboflavin, Niacin, Pantothenic acid, Piridoxin, Biotin, Folic acid, Cyanocobalamin, Vitamin A, Vitamin D, 
Vitamin E, Vitamin K, Vitamin C, Taurine, Methionine, Histidine and Cholesterol. The levels on the 100% nutrient package 
were theoretically based on the identification of nutrients required to avoid reduced performance and health status in sea 
bream when fed high levels of plant products.

Fish and experimental conditions. Two thousand, six hundred and twenty five gilthead sea bream (Sparus aurata) juveniles 
were randomly distributed in twenty one 500 l fiberglass tanks. Fish average initial weight was 25.45 ± 2.74 g (mean ± 
S.D.). Fish were manually fed until apparent satiation three times per day. Each diet was tested in triplicates during 3 
months, when fish body weight was over 100 g.  For the final sampling 20 fish per tank were collected for radiographic 
study and 5 for vertebra and body proximate composition.

Biochemical analysis. Diets, vertebra and fish biochemical composition were analyzed following standard procedures, 
crude lipid was extracted following the method of Folch et al. (1957), ash was determined by combustion in a muffle 
furnace at 600 ºC for 12 h, protein content (Nx6.25) by the Kjeldahl method and dry matter content by drying the sample 
in an oven at 105 ºC until constant weight. 

Vertebral morphometry. Radiographs were taken using a fixed X-ray apparatus (Bennett B-OTC, Bennett X-Ray Corp., 
New York, U.S.A.) and a 35x43cm digital film (Fujifilm FDR D-EVO (Fujifilm Corporation, Tokyo, Japan). Radiographs 
were treated digitally (Onis 2.4, DigitalCore, Co.Ltd, Tokyo, Japan) and vertebral length/height and vertebral length/ furcal 
length ratios of posterior vertebra were measured. Vertebral and cranial anomalies were studied and classified according to 
Boglione et al. (2001). Frequencies of individuals with at least one anomaly, and frequencies of individuals with at least one 
serious anomaly (cranial anomalies, kyphosis, lordosis, vertebrae fusion or deformation) were calculated for each dietary 
treament.

(Continued on next page)
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Mineral analysis: Mineral analyses of anterior and posterior segments of the vertebral axis were conducted. Manganese 
(Mn), iron (Fe), cobalt (Co), copper (Cu), zinc (Zn) and selenium (Se) concentrations were determined using a Thermo 
Scientific iCAP Q inductively coupled plasma mass spectrometer (ICP-MS) (Thermo Scientific, Waltham, Massachusetts, 
USA). Samples were previously homogenized, freeze-dried and submitted to wet digestion in a Milestone Ultra Wave 
support system (Milestone, Sorisole, Italy).

Results 
Fish growth in terms of body weight and furcal length increased with the incorporation of the nutrient package from 0% 
to 50% where it reached a plateau.Whole body content of lipids significantly increased with the elevation of the dietary 
nutrient package up to 100%, whereas the values decreased again towards 400%. Whole body protein and ash content 
followed a similar trend, reaching a maximum value for fish fed 200% and decreasing later on for diet 400%. Vertebra 
from fish fed 0% diets presented the lowest values for lipid content. However, vertebra ash content was not significantly 
correlated with the dietary contents of the nutrient package.Among the different morphometric parameters studied, 
vertebral morphology in terms of vertebral length/ furcal length increased with the elevation of the nutrient package up 
to 50%. Similarly, vertebral length/vertebral height increased with the nutrient package up to 100%, showing a similar 
morphology to fish fed FM and 400% nutrient package.The frequency of individuals with at least one vertebral or cranial 
anomaly decreased with increasing levels of vitamins and minerals concentrations, whilst fish fed FM presented the second 
highest frequency. Similar results were obtained when analysing the frequency of individuals with at least one severe 
anomaly. Mn concentration in vertebra was lowest for fish fed 0%, and similar among fish fed the other diets. Cu contents 
did not significantly differ among fish fed  the different proportions of nutrient package. Fe concentration in vertebrae 
showed a decreasing trend when compared to micronutrient concentration, reaching the highest values on fish fed 25% and 
decreasing towards 400% diet. Zn, however, demonstrated the opposite trend, reaching its highest values in vertebra for 
fish fed 200% diet.

Discussion
Reduced weight and length in fish fed diets containing 0% and 25% complementary nutrient package suggested the 
deficiency in some nutrients related with fish growth, whereas both 50 and 100% complements were able to fulfill the 
nutritional requirements for growth. A 100% supplementation with the nutrient package also produced the highest whole 
body lipid content in relation to the increase of nutrients related to the energetic metabolism of the fish. Other parameters 
such as whole body ash or whole body protein were not correlated to the increase in the nutrient package and therefore 
could not consider to be good indicators of the fulfillment of requirements. 

Among the different bone morphometric parameters analyzed both vertebral length/height and vertebral length/furcal 
length ratios were found to reflect the elevation of the complementary nutrient package and the optimum levels were found 
to be also 50-100%. However, in order to reduce bone deformities the package had to be increased up to 200% pointing out 
the optimum dietary levels for some nutrients related to bone development, most probably Zn, whose content in vertebrae 
reached the maximum value in fish fed the 200% diet. Interestingly, fish fed FM presented a higher frequency in these 
anomalies, suggesting a supplementation is needed. Cu concentrations in vertebrae suggested that the requirements could 
be covered even by the levels at 0% nutrient package, whereas Mn levels could be covered by the dietary Mn contents in the 
25% diet, and therefore, neither of these minerals were responsible for the improvements obtained in growth or vertebral 
morphology. Besides, the decreasing tendency of Fe concentrations in vertebrae could be related to the presence of Zn. 

In conclusion, the results of this study have shown that despite an overall content of 50-100% nutrient package may be 
enough to cover the nutritional requirements for growth of gilthead seabream juveniles fed vegetable protein and lipid 
sources, some nutrients such as Mn or Co may be included in excess whereas some other like Zn must be further increased 
to the 200% levels to prevent bone anomalies. 
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Introduction

Currently, the opportunities to exert a nutritional stimulus during fish embryogenesis are restricted to maternal transfer and 
the onset of exogenous feeding. The concept of nutritional programming was first introduced in Humans, and nowadays is 
arising in aquaculture nutrition. In mammals some “developmental windows” were identified when the organism presents 
high genetic plasticity on processes such as cell proliferation, organs and tissues formation (Srinivasan and Patel, 2008). 
Modulation of abiotic factors like temperature has demonstrated the existence of such “developmental windows” in fish. 
When controlled during egg stage and during specific time frames of ontogeny, temperature has both short-term and long-
term effects on growth and muscle cellularity (Campos et al., 2013). Hence to modulate the nutritional reserves of a fish 
egg, new tools have to emerge. Studies confirming the efficacy of low-frequency ultrasounds (sonophoresis) in enhancing 
the transport of compounds across skin epithelia, gills and embryo membranes have been reported in fish (Bart et al., 
2001; Navot et al., 2011) but are still quiet scarce. The incorporation of a specific nutrient in fish egg is the cornerstone 
of nutritional programming in aquaculture. The knowledge gap that the early nutrition research field suffers will diminish 
once such a tool is made available. 

The present work presents recent studies in gilthead seabream and rainbow trout regarding the potential of sonophoresis 
methodology in modulating the egg composition.

Material and Methods
Several trials were performed in order to verify the feasibility of using sonophoresis (low-frequency ultrasounds) as a 
methodological tool to enhance the incorporation of amino acids and glucose in gilthead seabream and rainbow trout eggs. 
A first approach was to study the effect of 4 simultaneous physical properties of the ultrasound wave at different stages of 
embryonic development of gilthead seabream eggs in the incorporation efficacy of an inert dye. A preliminary protocol was 
established which allow to test the incorporation of nutrients in the studied species eggs. In a nutshell the experiments were 
done as follows; gilthead seabream eggs at 8 cells – 16 cells stage were maintained at 19 °C ±1 water temperature until the 
sonophoresis trial, meaning 24 hours after fertilization. The amino acid supplementation amount was designed to attain a 
5-fold increase in free Aspartate (Asp) and Leucine (Leu) concentrations. The glucose supplementation was based in Rocha 
et al. (2014), and was determined to enrich the seabream eggs in glucose solutions as follow: 1.0M, 1.5M, and 2.0M. For 
rainbow trout supplementation was done in order to supplement 20x the glucose in the eggs. Free amino acids and glucose 
solutions were made in Ringer’s medium (corrected for each species). The experiments were done with triplicates that had 
a total of 300 eggs for seabream and 50 eggs for rainbow trout per replicate.

For seabream data was collected after 1 and 24 h after sonophoresis, and hatching. For trout data was collected 24 h after 
sonophoresis, and hatching. Viability rate was determined as follow: (dead eggs/total eggs) x 100; hatching rate was 
determined as follow larvae/viable eggs x 100. Amino acid incorporation success was determined by UPLC analysis.

(Continued on next page)
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Results
High blastula stage seems to be a difficult developmental stage for the implementation of a supplementation protocol. At 
the moment is possible to achieve around 60% hatching rate with the sonophoresis protocol if the supplementation is done 
during later stages like neurula (NSt) and appearance of first pigmentation (AFPSt). Aspartate showed an almost direct 
dose-response to the supplementation, around 4.5-fold incorporation. Regarding glucose incorporation the sonophoresis 
protocol was unable to modify the glucose composition of gilthead seabream eggs. Samples from rainbow trout trial are 
under analysis. Sonophoresis showed the possibility to manipulate the nutritional reserves of seabream eggs and can be 
used to gain a better insight on the nutritional regulation of key biological and metabolic processes occurring in early 
developmental phases of fish.
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Introduction
In marine fish, parental feeding markedly affects not only spawning quality, but also larval performance in terms of survival 
and growth (Fernández-Palacios et al., 2011). Moreover, our recent studies have also demonstrated that feeding gilthead 
seabream broodstock with vitamin E or linseed oil alters growth, biochemical composition and gene expression of 30 
day-old larvae, as well as 90 day-old juveniles. Therefore, parental feeding exerts a persistent effect on metabolism and 
performance of the progeny that encourages the study of early nutritional programing in marine fish in other to produce fish 
that are better adapted to fish farms production conditions. However, the inclusion of linseed oil to completely replace fish 
oil leads to high larval mortalities. Thus, the aim of the present study was to determine if partial replacement of fish oil by 
linseed oil in parental diets is able to produce a progeny that would be able to better utilize linseed oil later in life, without 
significantly affecting larval growth or survival. For that purpose, gilthead seabream broodstocks were fed in triplicates with 
four different diets containing four different ratios of fish oil/linseed oil (FO/LO): 100LO, 80LO/20FO, 60LO/40FO and 
100FO. Egg and larval production, as well as spawning quality, larval and juveniles performance, biochemical composition 
and gene expression were studied. Finally, when juveniles were 4 months old, a nutritional challenge was performed with 
diets 100FO
 
Material and Methods
75 gilthead seabream broodfish, were divided into 1000 l tanks with two males and one female each, and were fed for the 
whole spawning period with one of four diets containing 100VO, 80VO/20FO, 60VO/40FO and 100FO. Each diet was 
tested in triplicates. The larvae obtained from these broodstock were all fed the same commercial protocol until they were 
4 months old, when they were nutritionally challenged with the 100VO, 80VO/20FO and 100FO diets for one month. 
Survival, growth, expression of selected genes and biochemical composition of different tissues was studied along the 
programming and challenge trials.

Results 
Gamete and embryo development were negatively affected by 80 and 100% replacement of FO by LO in diets for gilthead 
seabream broodstock. Thus, total production of spawned, fertilized or hatched eggs, as well as 3-day old larvae were 
significantly reduced by these high LO inclusion levels. On the contrary, substitution of 60% FO by LO did not negatively 
affected spawn quality. Larval growth was not affected by the elevation of FO substitution levels in the parental diets up 
to 80%. On the contrary, and despite all larvae were reared with the same commercial protocol, feeding the parents with 
100LO significantly reduced growth and increased 18:2n-6 and 18:3n-3 in 30 d-old larvae. Morover, increase in LO in the 
broodsock diets up to 80%, not only did not affected larval growth but also increased DHA contents in the larvae, as well 
as expression of D6 desaturase expression, in comparison to larvae obtained form broodstock fed the 100FO. Expression 
of other genes, such as TNFa or GR, was also up-regulated in these larvae. When juveniles were challenged with the FO 
and 80LO/20FO diets, the increase of LO in the parental diet tend to produce fish that grew faster. However, only juveniles 
from parents fed 100LO grew better than the others, when fish was challenged with the 100LO. 

In summary, up to 60-80% FO substitution by LO in diets for gilthead seabream broodstock seems to promote growth 
of juveniles fed diets containing linseed oil, without affecting larval or juvenile performance under commercial feeding 
protocols. The results of this study suggest that it is possible to nutritionally program gilthead seabream by broodstock 
feeding to produce juveniles that are better adapted to utilize low FO diets. 
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Introduction
Iron (Fe) is essential for various physiological processes in fish like in most farmed animals. Diet is the preferred and major 
source of Fe to fish (Bury and Grosell, 2003). Fe absorption in fish is regulated by iron stores and dietary levels (Standal et 
al., 1999). Over the years, the use of marine ingredients (fish meal and fish oil, M) in aquaculture feeds has been replaced 
to a large extent by vegetable sources (V). It is not clear whether the differences in the form of Fe in M or V based diets 
affect the physiological mechanisms regulating Fe balance in fish. Despite the identification of Fe responsive genes in 
teleost (Bury and Grosell, 2003), our knowledge on the transcriptional regulation of Fe homeostasis by the aforesaid dietary 
changes remain unexplored. We undertook this study to analyse the response to M or V diets, with or without trace element 
supplementation on absorption and transport of Fe in rainbow trout.

Material and Methods
Four iso-energetic (24.6±0.8 kJ g-1) and iso-nitrogenous (49.3±0.7 %CP) diets of different basal ingredient compositions 
(M or V) were prepared, with or without trace mineral mix supplementation (M0, M1, V0 and V1). The trace mineral mix 
consisted of Cu, Fe, Zn, Mn and Se. Fe concentration in the diets are presented in Table I. Triplicate groups (40 fish/tank) 
of rainbow trout (IBW: 20g) were fed one of the four diets to apparent satiation for 12 weeks. At the end of 12 weeks and 
24h after the last meal, 6 fish per tank were sampled for whole body (WB) analysis. Blood was sampled from 3 fish per tank 
following anesthetisation (0.25ml L-1, 2-phenoxyethanol); liver and intestine were sampled after euthanisation (Decree no. 
2001-464, INRA). The remaining fish were fed a single meal and subsequently stripped for faecal samples, 9h after the 
meal. Fe concentrations in the diet, whole body, faeces and plasma were analysed using ICP-RS. Relative expression of key 
genes (Table II) involved in Fe metabolism in the liver and intestine were analysed using self-designed primers in qPCR. 
Ferric reductase activity was measured in the tissues as described by Carriquiriborde et al. (2004), with slight adaptations. 
Two-way ANOVA was used to analyse the data. 

Results
Final WB-Fe concentration was higher in the supplemented group irrespective of the diet (P=0.021) than in the 
unsupplemented groups. Plasma Fe was lower in the M groups compared to V (P<0.0001). Expression of HAMP in liver 
(Fig. 1) was increased in M fed group (P<0.0001) and by supplementation (P=0.0003) in both dietary groups. FPN1 
expression in the intestine (Fig. 2) was low in the M group (P=0.023); supplementation also reduced (P=0.0002) FPN1 
expression. Activity of ferric reductase in the intestine (Fig. 3) was higher in group V than in M (P<0.0001). Relative faecal 
Fe loss (Fig. 4) was higher (P<0.0001) in supplemented groups of both diets, the magnitude of increase was higher in M 
than in V (interaction, P=0.0004). Expression of DMT1 isoform, Nramp-β was the highest in the V0 group.

Discussion & Conclusion
Hepcidin has been identified as the iron regulatory peptide in mammals and few teleosts (Douglas et al., 2003) including 
rainbow trout (Alvarez et al., 2013). Iron overload increases liver HAMP expression and reduces intestinal Fe absorption 
by degradation of FPN1, the protein involved in the basolateral extrusion of iron from the enterocytes to the blood (Yeh 
et al., 2004). In the present study, fish fed the supplemented diet had increased HAMP expression in the liver in order to 
regulate Fe balance in the body. High dietary iron and marine ingredients increased liver HAMP expression (Fig. 1) which 
in turn reduced intestinal FPN1 expression (Fig. 2). Decreased FPN1 expression presumably increased the cellular Fe 
concentration inside the enterocytes, thereby reducing the apical ferric reductase activity (Fig. 3) leading to higher faecal 
Fe loss especially in fish fed marine ingredient based supplemented diet, M1 (Fig. 4). In summary, our results indicate that 
normal Fe balance in rainbow trout is achieved by up- or down-regulation of liver HAMP expression when fed M or V 
based diets, respectively.  

(Continued on next page)
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Introduction
Vitamin E, a generic term to designate the tocopherols and tocotrienols, is a potent antioxidant which protects polyunsaturated 
lipids against oxidation and also may have other biological functions including regulation of gene expression (Hamre, 
2011). For instance, vitamin E has been shown to decrease expression of the genes responsible for polyunsaturated fatty 
acid (PUFA) synthesis in zebrafish (Lebold et al., 2011). With the increasing concern to substitute fish oil, a source of n-3 
long chain PUFA (LC-PUFA) in aquafeeds, strategies to maximize the deposition efficiency of n-3 LC-PUFA in farmed 
fish species are vital. So the objective of the present study was to assess the impact of dietary vitamin E supplementation 
and fish oil replacement by a blend of vegetable oils on growth performance, antioxidant status and fatty acid metabolism 
in rainbow trout juveniles.

Materials and methods
Six plant protein-rich diets were formulated to contain 49% crude protein, 22% total lipid and low a-tocopherol levels (14 
mg/kg) using oils treated with aluminium oxide. Diets were supplemented with 0, 50 or 500 mg α-tocopherol acetate per kg 
dry diet (dietary groups E0, E50 and E500, respectively) and contained either fish oil (F-diets) or a vegetable oil blend (V 
diets) consisting of 50% rapeseed, 30% linseed and 20% palm oil. Each diet was distributed to 3 replicate tanks of 70 fish 
(initial mean body weight: 33±1 g) over a 12-week growth trial at a water temperature of 17.5°C. Analyses of tocopherols, 
antioxidant enzyme activities, gene expression, lipid peroxidation products and fatty acid profiles were determined as 
described by Fontagné et al. (2014).

Results
Growth, feed efficiency and survival were not significantly influenced by the dietary treatments, the final body weight 
being 127±10 g. Whole body α-tocopherol content was clearly reduced after 12 weeks of feeding in fish fed diets E50 
and E0 (from 26±1 in initial fish to 14±1 and 6±2 mg/kg, respectively). Both dietary vitamin E supplementation and fish 
oil replacement significantly increased whole body a-tocopherol content (about 2 and 13 times in fish fed E50 and E500 
respectively compared to fish fed E0 and about 1.1 in fish fed vegetable oil irrespective of vitamin E supplementation). The 
effect of dietary vitamin E supplementation was also observed in muscle and was more so in the liver with a-tocopherol 
content ranging from 9±1 mg/kg in fish fed E0 to 930±340 mg/kg in fish fed E500. Whole body lipid peroxidation (assessed 
by thiobarbituric acid-reactive substance level) decreased with both dietary vitamin E supplementation (1.7±0.5 µg/g in 
fish fed fish oil and E50 vs. 1.1±0.3 µg/g in fish fed E500) and fish oil replacement (1.8±0.5 µg/g in fish fed fish oil vs. 
1.2±0.4 µg/g in fish fed vegetable oil). Hepatic expression of the antioxidant enzymes glutathione reductase, glutathione-
S-transferase, g-glutamyl-cysteine synthetase and superoxide dismutase was also reduced by both factors.

The whole body n-3 LC-PUFA content was significantly decreased in fish fed vegetable oil compared to fish fed fish oil 
(4.4±0.6 vs. 22.1±2.5% of total fatty acids) and was significantly increased by dietary vitamin E supplementation (15±11% 
of total fatty acids in fish fed E500 vs. 12±9% of total fatty acids in fish fed E0). However, in the muscle, the effect of 
dietary vitamin E supplementation on n-3 LC-PUFA was less clear as a significant decrease was observed only in fish fed 
the V diets (from 9.9±0.4% of total fatty acids in fish fed E0V to 6.4±0.9% of total fatty acids in fish fed E500V). Hepatic 
expression of genes for n-3 LC-PUFA synthesis was not significantly affected by dietary vitamin E content and fish oil 
replacement, except for stearoyl-CoA desaturase which was reduced in fish fed E500 compared to fish fed E0 and E50 
irrespective of the dietary oil.

Discussion and conclusion
Variations of lipid peroxidation and α-tocopherol contents in tissues of rainbow trout confirm that dietary supplementation 
of vitamin E has a protective action against lipid peroxidation. This was reflected in the fatty acid profile of the whole fish. 
The effect of dietary vitamin E supplementation on the flesh fatty acid profile in fish fed vegetable oil also suggests another 
effect of vitamin E on PUFA synthesis as proposed by Mourente et al. (2007) even if there was no significant effect on 
gene expression for PUFA synthesis in the liver of rainbow trout. The precise mechanisms of action of vitamin E on PUFA 
synthesis remain to be elucidated and need further investigation.

(Continued on next page)
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In conclusion, if a high dietary supplementation with vitamin E is beneficial for low lipid peroxidation and n-3 LC-PUFA 
protection in rainbow trout juveniles fed fish oil, it can be detrimental in fish fed vegetable oil when n-3 LC-PUFA are 
more limiting as a high dietary supplementation with vitamin E seems to prevent biosynthesis of n-3 LC-PUFA from C18 
precursors.
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Introduction
Aquaculture is the food production sector growing fastest in last years, but infectious diseases are an important constraint 
for its advance. The inclusion of immunostimulants in fish feeds (functional diets) is one of the main strategies to achieve 
sustainable aquatic cultures. Since butyric acid and butyrate may exert a positive effect on fish gut health, they appear as 
promising additives in fish feeds (Gao et al., 2011). The present study aimed to analyze the effects of sodium butyrate feed 
supplementation upon the composition of the intestinal microbiota (IM) and the innate immune response of gilthead sea 
bream (Sparus aurata), as well as the protection against photobacteriosis, a disease caused by the bacterium Photobacterium 
damselae subsp. piscicida (Pdp)  (Toranzo et al., 2005). 

Material and methods
The influence of the diet was demonstrated in a controlled laboratory trial in which cultured gilthead sea bream were fed 
control diet (CTRL) or a functional diet (BP) (fortified with 0.8 % commercial sodium butyrate preparation BP-70, ® 
Norel) during a 10 week-period. The basal composition of the diet was the same in both diets and fish were fed near to 
satiety. Blood was taken at 7 and 10 weeks, and intestinal mucus was collected at the end of the experimental feeding. 
The microbiota in the gut mucus (autochthonous microbiota) was analysed by pyrosequencing of PCR-amplified 16S 
rRNA gene and subsequent OTU determination and rarefaction analysis (Carda-Diéguez et al., 2014). Lysozyme activity, 
myeloperoxidase (MPO) content and the lysis by the alternative complement pathway (ACP) was determined in plasma 
as described elsewhere (Sitjà-Bobadilla et al., 2003). Additionally, fish were challenged with Pdp by triplicate using an 
intracoelomic (intraperitoneal, ip) injection model. Efficacy in terms of protection was based on differences in mortality in 
fish fed functional diet or control diet after challenge with the lethal dose 20 % (LD20).

Results
IM from gilthead sea bream fed the CTRL diet was slightly more diverse than microbiota from fish fed the functional diet. 
However, the intestinal community was predominately represented by two bacterial genera, Photobacterium (about 55% 
in both groups) and Vibrio (30 and 33% in BP and CTRL fish, respectively) (Fig. 1). After challenge with Pdp, mortality 
in CTRL group was slightly higher than in BP group. An increase in plasma  MPO content and lisozyme activity  was 
observed after 7 weeks of intake, as well as for the hemolytic activity by alternative complement pathway (statistical 
significance, P = 0.01) in the BP compared to the CTRL group. 

(Continued on next page)
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Discussion and conclusion
The composition of the autochthonous IM of gilthead sea bream only showed minor differences due to the diet composition, 
being Photobacterium and Vibrio the dominant genera in both cases. However, the lower diversity in response to the 
inclusion of BP-70 (® Norel) in the diet could indicate that the intestinal community from BP fish achieves a stable 
situation faster than microbiota from CTRL animals. An apparent benefit of the functional diet in terms of stimulation 
of the innate immune response and protection against photobacteriosis under the assayed conditions was also observed. 
Therefore, butyrate supplementation is a promising feed additive to be used in gilthead sea bream, especially when fish are 
facing stressful challenges, which may be of relevance with the advent of sustainable diets with extremely low inclusion 
levels of fish meal and fish oil.
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Introduction
The replacement of fishmeal in aquaculture feed by terrestrial plant protein often leads to a deficiency in dietary methionine 
supply. Dietary methionine, besides its effect on growth and feed intake, plays an important role in various physiological 
processes (Walton et al., 1982). The present study analyzes the response of rainbow trout to diets deficient or adequate in 
methionine in terms of i) growth and nutrient utilization, ii) muscle growth dynamics and ii) changes in molecular markers 
involved in the control of the antioxidant status and in central and hepatic amino acid signalling.

Material and Methods
Two isoproteic diets (38 % diet) were formulated using soy protein concentrate, a crystalline amino acid blend and fish 
hydrolysate concentrate (30, 10 and 6 % of diet, respectively) as major protein sources. The control diet (CTL) contained 
an adequate amount of methionine and cysteine (0.82 and 0.43% diet, respectively), i.e. a total of 1.25 % sulphur amino 
acids (SAA) documented to fulfil the requirement for rainbow trout (NRC, 2011). The SAA-deficient (DEF) diet contained 
0.92 % SAA (% diet), having the methionine/cysteine ratio similar to that in CTL diet. The diets were fed for 12 weeks 
to triplicate groups (38 fish/tank) of rainbow trout (IBW: 40 g) to apparent satiation. At the end of the 12-week feeding 
trial, fish whole body composition was determined and tissue samples were taken for analysis of cellularity by quantitative 
histology (muscle) and relative gene expression levels by qPCR (liver, muscle, brain). 

Results and Discussion
As expected, feed intake, whole body growth and protein retention efficiency were higher with the control than with the 
DEF diet (Fig. 1). The decreased body growth of the DEF-fed trout was linked to a lowering of axial white muscle growth 
which was mainly due to a decrease in the hypertrophic growth of white fibres (Fig. 2). Complementary analyses will be 
done in order to specify the molecular steps of myogenesis regulated by dietary methionine.

In fish, the central mechanism causing the lower feed intake due to an imbalanced essential amino acid profile remains 
unknown. In our study, anorectic peptides such as CCK-T, CRF and also the somatostatin SSTR2 receptor showed higher 
gene expression than in brain of CTL-trout (Fig. 3), whereas the expression of the orexigenic peptide NPY was not different. 
Also, ASNS, a downstream target of the GCN2/ATF4 pathway known to be involved in the central sensing of an amino acid 
deficiency in mammalian brain was not altered here. This contrasts with the large increase in the well-characterized GCN2/
ATF-targets (ASNS and CAT) in liver of DEF-fish (Fig. 3), suggesting the repression of hepatic protein translation initiation. 
Dietary sulphur amino acid deficiency also led to an increased hepatic expression of some antioxidant enzymes(Fig. 3) as 
evidenced for glutathione-S-transferase  (GSTP) in methionine-restricted rats (Tsai et al., 2010). This increase, associated 
with decreased hepatic glutathione content may indicate oxidative stress induction, confirming the antioxidant properties 
of sulphur amino acids in fish.

In summary, the data presented here show some of the multiple effects of dietary sulphur amino acid deficiency on growth-
related and anti-oxidative processes. Further ongoing analyses aim to improve our understanding of the physiological roles 
of methionine in growing rainbow trout.

(Continued on next page)
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The classic NRC (2011) recommendations for fishes are mostly based on studies with small fish given purified, to semi-
purified diets.  In NRC (2011) little data targeting Atlantic salmon exist, so the requirement data for rainbow trout has to 
a large extent been used as standard.  Research has revealed that several of the micro-nutrient requirements of farmed 
Atlantic salmon, when fed modern plant based diets, might not be met when using the NRC (2011) (Torstensen et al. 2008).  
Consequently, the ARRAINA project was designed to determine micronutrient requirements for the five most important 
European farmed fish species at critical stages during life cycle, species included were rainbow trout, seabass, seabream, 
carp, and Atlantic salmon.  This presentation will focus on the results from the studies with Atlantic salmon. 

Two studies were performed, giving Atlantic salmon parr (freshwater) and smolt (seawater), graded levels of a nutrient 
premix (NP) added to a basic diet with a low content of marine ingredients.
The inclusion of the NP ranged from no addition to four times the current estimated requirement (NRC, 2011) for each 
nutrient. Methionine, histidine and taurine were included in the nutrient premix, as well as cholesterol, vitamin A, D, E, 
C, biotin, folate, niacin, pantothenic acid, vitamin B6, riboflavine, thiamine, and cobalamine. Furthermore, the minerals 
selenium, iodine, copper, cobolt, manganese, iron and zinc were added to the nutrient premix.

Both trials lasted approximately three months. Fish growth and protein accretion increased with increasing dietary nutrient 
premix, while lipid accretion decreased, together with liver index and viscera-somatic index, all indicating nutrient 
deficiencies at low levels of nutrient premix. Tissue status for the different nutrients added was assessed, in addition to 
parameters of fish health and antioxidant status. Results for some nutrients gave indications of a requirement level as 
already given in NRC (2011), while for others the requirement levels may be higher than previously expected.  

The results will be discussed for the different nutrients and compared to the current recommendations. 

These studies are part of the EU-project ARRAINA (Advanced Research Initiatives for Nutrition and Aquaculture, 7th 
framework programme). 
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Introduction

The complete removal of fishmeal (FM) and fish oil (FO) from aquafeeds is required to promote the sustainable development 
of aquaculture and for that, fast growing high quality fish that are better adapted to utilize diets without fishmeal and fish 
oil are necessary. Studies in mammals and humans show that dietary influences exerted at critical developmental stages 
early in life (neonatal nutrition, post-natal nutrition) may have long-term consequences on physiological functions later in 
life. Nutritional programming is largely studied in mammalian models for the understanding of diseases such as metabolic 
syndromes or diabetes. Fish oil is rich in omega 3 highly-unsaturated fatty acids (n-3HUFA), essential for marine species, 
due to their low bio-conversion ability. Vegetable meals (VM) as well as vegetable oils (VO) lack n-3HUFA but contain 
their precursors. The genes of enzymes bio-converting these precursors may be nutritionally regulated. Thus, nutritional 
conditioning would allow fish genome adaptation for a better utilization of diets without fishmeal or fish oil. To define the 
most sensitive time-windows for a nutritional intervention in marine fish, we conducted two trials by early exposure of 
fish during embryogenesis or larval metamorphosis to diets with different plant oil/fish oil ratios. After several months of 
monitoring growth and metabolism, fish were challenged with either plant diets or fishmeal diets. The studies showed the 
very long-term effects resulting from parental epigenetic control of embryogenesis, perhaps along the whole life cycle of 
the fish, as well as the potential of nutritional conditioning during early larval stages.

Material and Methods

Two trials were conducted to determine the effectiveness of different developmental windows. To study programming 
during metamorphosis, gilthead seabream larvae (3.98±0.48 mm total length, 72.33±10.07 μg dry body weight) of 18 
dph, were randomly distributed in 15 experimental tanks at a density of 2400 larvae/tank and fed one experimental diet 
for 10 days, afterwards fish was fed a commercial feeding protocol 90 days. Each diet was tested in triplicates. The five 
experimental diets contained 100VO, 75VO/25FO, 50VO/50FO, 25VO/75FO and 100FO. To study programming during 
embryogenesis, 75 gilthead seabream broodfish, were divided into 1000 l tanks with two males and one female each, and 
were fed for the whole spawning period with one of four diets containing 100VO, 80VO/20FO, 60VO/40FO and 100FO. 
Each diet was tested in triplicates. 

When fish obtained from these two trials were 3 months-old, they were nutritionally challenged for one month with one of 
two diets either High or Low in FMFO. The HighFMFO diet  was formulated with 58% South American 86 superprime 
fishmeal and 15,3% South American fish oil as protein and lipid sources,  whereas the LowFMFO diet contained only 5% 
fishmeal and 3% fish oil. 

Survival, growth, expression of selected genes and biochemical composition of different tissues was studied along the 
programming and challenge trials.

Results 
Specific genes such as those involved in essential fatty acids metabolism, were markedly affected by the nutritional 
programing at both developmental windows. For instance, an up regulation of delta-6 desaturase gene expression was 
obtained when fish was conditioned with moderate levels of vegetable oils, whereas extreme conditioning conditions 
inhibited the expression. Despite it was potentially possible to condition fish during metamorphosis, the larvae were very 
sensitive during this period and high mortalities occurred during feeding with high levels of VO. 

(Continued on next page)
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When fishes were programmed through broodstock nutrition, a very high larval and juveniles survival rate was obtained. 
Even extreme conditioning produced reliable survival rates. During the nutritional challenge with High FMFO and 
LowFMFO, a significant positive effect of the nutritional programming was observed in lipid metabolism response as 
well as a better utilization of the feeds. When juveniles were challenged with HighFMFO growth was similar for fish 
nutritionally programmed during embryogenesis. However, when juveniles were challenged with the LowFMFO diet a 
higher growth, in terms of final body weight and SGR, was higher in fish nutritionally programed with increased VO, 
being significantly higher in fish programmed with 100VO tan in those programmed with 100FO. The results confirm 
previous studies suggesting that nutritional reprogramming is possible during early life of Sparus aurata. Nevertheless, 
developmental windows play an important role in the reprogramming of the individuals and must be carefully selected. 
Survival rates of the animals differed pronouncedly by the time of conditioning.  Reprogramming effects the growth 
performance, biochemical composition and gene expression on fish. Future research is being conducted to determine the 
morphogenetic or epigenetic component in this type of nutritional programming and its potential persistance through 
generations.  

This work has been (partly) funded under the EU seventh Framework Programme by the ARRAINA project N°288925: 
Advanced Research Initiatives for Nutrition & Aquaculture. The views expressed in this work are the sole responsability 
of the authors and do not necessary reflect the views of the European Commission.
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Over the past decade, a number of European and other research initiatives have shown that a large proportion of fish meal 
(FM) and fish oil (FO) can be replaced by other alternative sources in a number of species. Recent European research 
has demonstrated that it is possible to reduce both FM and FO levels in fish feeds. A number of questions remained to 
be addressed: whether what is obtained with juvenile fish up to marketable size can be extended to the whole life cycle; 
whether such dietary interventions can have effects during specific physiological stages such as very early life stages or 
broodstock; whether supply of nutrients based on available data on nutrient requirements are valid for all stages of fish fed 
diets low in FM and FO; whether fish can be tailored to accept such low marine diets. The objectives of the ARRAINA 
project is to address these issues using five finfish models (Atlantic salmon, rainbow trout, common carp, European seabass 
and gilthead seabream) of interest to European aquaculture. 

Current status of the “ARRAINA” project 
The scientific objectives of ARRAINA are as follows:  (i) to identify targeted integrative tools that accurately measure and 
predict metabolic and health effects; (ii) test blends of novel sources in commercial feeds for their nutritional value and 
new methods to deliver nutrients and supplements; (iii) to define / update / re-assess quantitative nutrient requirements 
for the five target species; (iv) to develop and apply integrative approaches linking pathways of energy allocation, protein 
accretion and identify nutritional drivers in alternative ingredients that may modify metabolism and fish performance; (v) 
to measure the long-term effects of changes in diet formulations on fish performance, such as threshold effects, nutritional 
intervention in early life history stages, and carry-over from maternal diets to larvae; (vi) to evaluate the environmental 
impacts of long term effects of changes in aquaculture feed formulations and effects on product quality and (vii) to tailor 
fish capable of efficiently using alternative feeds by exploiting the potential of the nutritional programming concept. 

Initiated in 2012, ARRAINA is at its mid-term. Besides meta-analyses of existing data on nutrient requirements of fish, 
dedicated studies have been performed to validate and improve our knowledge on requirements for specific nutrients of 
concern in fish fed low FM-FO diets. A first list of data on potential markers in selected tissues for possible physiological 
or metabolic disturbances in different metabolic pathways or phenotypic responses has been generated and continuously 
updated: http://nutrigroup-iats.org/arraina-biomarkers/. Dedicated studies have also been undertaken to validate these 
biomarkers. 

Long-term studies with low FM-FO feeds have been initiated with all the five species and analyses of the physiological 
consequences well under way. In some species studies have also been undertaken with broodstock fish and the consequences 
on reproductive performance and offspring quality besides the metabolic consequences, if any.  Database on the physical 
quality of ingredients used in the feeds and technological optimisation conditions have been defined. Model parameters for 
environmental impact assessment have been gathered for application in later studies. 

With regard to the development of new nutrient delivery vectors, methods have been developed and evaluated for 
incorporating a set of nutrients into the eggs. Studies with fish larvae have been undertaken to improve nutrient delivery. 
As regards nutritional programming, studies have been undertaken to develop the necessary tools as well as to assess such 
concept in different species. 

The ARRAINA consortium consists of an equal number of scientific groups and SMEs and industrial partners involved in 
fish feeds and fish farming.  Specific actions are also devoted towards increasing research capacities and expertise through 
dedicated training courses in fish nutrition and feed development. 

(Continued on next page)



621

RTD Partners
1. INRA, St-Pée, France (coord)
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Studies undertaken and the outcomes are regularly updated in the dedicated website http://www.arraina.eu.  

The dedicated session at Aquaculture Europe 2014 will provide insights on recent data obtained by the different partners 
of the ARRAINA consortium. 
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Introduction
Lipid and fatty acid composition of broodstock diet have been identified as major dietary factors that determine successful 
reproduction and survival of offspring (Izquierdo et al., 2001; Tocher, 2010). The percentage of morphologically normal 
eggs as a parameter to determine egg viability has been found to increase with an increase in the n-3 PUFA levels in 
broodstock diets and an incorporation of these fatty acids into the eggs (Fernandez-Palacios et al., 1995) thus indicating 
the importance of essential fatty acids (efas) for normal development of eggs and embryo. EFA deficiency was frequently 
experienced in Hungarian carp farming using cereals as feeds supplementary to natural food (Csengeri, 1996). Therefore, 
present study was conducted to study the effect of EFA deficiency in the diet of Common carp broodstock on roe production, 
fatty acid profiles and expression profile of biomarker genes related to fatty acid metabolism.

Materials and Methods
Brood-stock candidate common carp (Cyprinus carpio) were reared in three small ponds on plankton and benthos and on 
supplementary feeds including two compounded feeds (1: moderate FM-FO (F) feed and 2: plant based PP-PO feed (N)). 
In the control pond (C) coarsely grinded maize with low PUFA contents were used as supplementary feeds. Carp ovary 
samples of mirror (M) and scaly (S) varieties were collected after the autumn harvest. Fatty acid composition of fish roe 
were analyzed by capillary gas chromatography as described by Csengeri et al. (2011). Total RNA was purified from blood 
with accupreptm Viral RNA extraction kit (Bioneer, Daeleon, Korea) according to the manufacturer’s protocol. Total RNA 
was converted into cdna with the High-Capacity cdna Archive Kit (Applied Biosystems, Foster City, CA). Profiling of 
gene expression levels was performed with high-throughput, nanocapillary QRT-PCR in an openarray™ Cycler system 
from Life Technologies (biotrove) with housekeeping genes [beta-actin (ACTB) and putative glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH)].

Results
The fatty acid profile of common carp ovary showed significant difference among the dietary treatments. Mead’s acid 
content was found significantly highest (p<0.05) in the ovary of common carp fed with control diet compare to either PP-
PO or FP-FO diet fed groups. The FP-FO diet fed group showed significantly highest (p<0.05) n-3/n-6 ratio in the ovary 
and lowest in control diet fed group. Mead’s acid / EPA ratio in the ovary was significantly highest in control diet fed group. 
Correlation analyses of the gene expression in the blood sample of broodstock carp fed with different diet showed strong 
correlation with the EFA-deficiency indicators in the ovary. 

Discussion
The high variation in the Mead’s acid level in the ovary indicated pronounced EFA deficiencies in the fish from control 
ponds resulting in lower body weights (Csengeri, et al., 2013). EFA deficiency caused limited growth and suppressed the 
egg production. The expression of Hormone-sensitive lipase (HSLP) has the strongest positive correlation (p<0.001) with 
all EFA-deficiency indices (C20:3n-9/ 20:5n-3, C20:3n-9/20:4n-6 and C20:3n-9/22:6n-3) in the ovary of common carp 
whereas Selenoprotein P plasma 1a type gene (SEPW1A), the Stress-induced-phosphoprotein 1 (Hsp70/Hsp90-organizing 
protein; STIP1) and the Uncoupling protein 2 (UCP2) had strong negative correlations with these indices. 

In the control group, Carp Desaturase 2 (CDS2), MHC class I antigen (CYCA-ZE), and Selentoprotein W1 (SEPW1) genes 
were strongly up-regulated. Our data based on QRT-PCR enable us to identify modifications of gene expression after intake 
of EFA-deficient diet by common carp broodstock which was expressed in the roe. This will be used in future as potential 
tools to more closely monitor the effect of the evolution of feed used for common carp broodstock. 

(Continued on next page)
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Summary
A high-throughput freezing method for the simultaneous and absolutely similar handling of several hundred straws was 
simulated using SolidWorks FlowSimulation (2014) and a special cooling block system. The simulated freezing rate was 
higher than the real freezing rate obtained in freezing boxes in the vapour of liquid nitrogen under comparable conditions. 
Simulation of single straw freezing and multiple straw freezing resulted in similar freezing rates. The results indicate that 
modifications in the cooling block are necessary concerning its thermal conductivity. 

Introduction
The cryopreservation of fish semen is a technology which has received a lot of attention from science as well as from 
aquaculture industry during the past decades. Today fish sperm cryopreservation has achieved a high technical standard. 
Parameters essential or critical in sperm cryopreservation protocols are well defined and efficient sperm quality tests have been 
developed which allow determining the success of cryopreservation and the quality of the cryopreserved semen (Jamieson, 
1991; Lahnsteiner, 2000; Cabrita et al., 2009). Based on this knowledge successful sperm cryopreservation protocols have 
been described for many fresh water and marine fish species (review see Cabrita et al., 2009). Cryopreservation of large 
quantities of fish semen as required in aquaculture industry is still an unsolved problem. Several studies focussed on this 
problem (Lahnsteiner et. al., 2002), however the practical application of these methods is restricted. Two main problems 
have been identified: When using straws with volumes > 1.2ml the optimal freezing rates required for fish semen cannot 
be achieved, when using straws with smaller volume the simultaneous handling of a high number is impossible at present. 

The freezing process is based on a 4 step work flow. The first step is the pre-cooling of straws before filling with semen 
diluted in extender. The second step is the filling of straws with in extender diluted semen. The third step is freezing straws, 
the fourth step the straw transfer into the storage container. In a high-throughput freezing method the simultaneous and 
absolutely similar handling of several hundred straws must secured to assure the quality of the frozen semen. From these 
4 steps the third step was simulated by SolidWorks FlowSimulation 2014 in a special designed temperature controlled 
freezing block.

Material and methods
Process handling and construction
The construction of the freezing unit was done with the CAD software SolidWorks 2014. 
Freezing followed the following principle. Straws were simulated to be clamped between two metal blocks with semicircular 
indentations. The blocks were pervaded by cooling coils which could be flushed with liquid nitrogen in that way that 
different freezing temperature and freezing rates could be obtained. 

It was simulated that the coils of both blocks were flushed with liquid nitrogen to reach the required start temperature. The 
0.5ml straws were placed in the indentations of the lower block. The upper block was placed on the lower block to clamp 
the straws tightly in between. Using a magnetic valve, the flow rate of the liquid nitrogen through the metal blocks was 
simulated to be controlled and therefore the block temperatures (= freezing temperatures) were changed and regulated. 

Simulation for freezing
Freezing of multiple straws in the described freezing unit and freezing of single straws in a standard freezing box 
(Lahnsteiner et. al., 1996) was simulated. Different freezing configurations were tested. In the simulation it was assumed 
that the blocks had homogenous temperatures and possible deviations from homogenous temperature distribution due to 
the cooling coils were not considered. 

(Continued on next page)
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Simulation was performed with starting temperatures of the straw content of 0°C, 4°C, 5°C, 10°C, 15°C, 20°C and metal 
block temperatures of -80°C to -190°C in 10°C intervals. The freezing time was set to 360s.

For the single straw simulation, 100 temperature measuring points were set in a distance of 1mm to each other in the 
centre of the straw. For straw freezing in the metal block, it was assumed that the block was filled with 75 straws and 
one measuring point was set in the centre of each straw. Temperature was simulated in 10s intervals for a period of 360s. 
Repetition of the simulation was not done, as the results based on mathematical algorithms. 

Results and discussion
The simulation results for the single straws were compared with those obtained in the vapour for liquid nitrogen using the 
freezing box and the method of Lahnsteiner et. al. (2000). The simulated freezing rate was higher than the real freezing 
rate. This indicates, that modifications in the temperature block are necessary concerning the thermal conductivity (e.g. 
cooling coil design). 

Simulation of single straw freezing and multiple straw freezing resulted in similar freezing rates. The conducted simulation 
is an approximation of the reality. To confirm the simulation results, the freezing unit must be physically constructed and 
tested in reality. 
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Introduction

A tubular worm reactor concept (Elissen et al. 2006) was adapted to produce a high quality animal feed source by 
converting safe food industry byproducts into worm biomass. The freshwater worm Lumbriculus variegatus (Müller) 
has been selected for this purpose. This cosmopolitan oligochaete is capable of reducing and concentrating bio solids 
like food residues or bacterial sludges and recover its nutrients. The simple life cycle and high stress tolerance make 
this worm suitable for controlled applications. The worm’s macronutrient composition also makes it a promising 
aquaculture feed source. With a gross nutritional value similar to diets such as brine shrimp and trout chow it matches 
fish nutrition guidelines with respect to proteins and essential amino acids (Mount et al. 2006). The goal is to develop a 
worm tubular reactor for the production of worms in which suspended bio solids from food industries are converted in 
an efficient way. The present study was undertaken to study the conversion of real-life starch sludge into worm biomass.  
 
Materials and methods
A renewed prototype was designed and optimized for feeding worms on suspended bio solids. The key element in this 
prototype is the use of a vertical sand packed column which acts as a worm carrier and separation layer between the worm-
feed compartment and the water column. In this design, worm feed particles, worms and fecal pellets can be separated and 
collected. To determine the performance of the worm tubular reactor, mass flows for total COD and N were determined in 
combination with changes in total weight and number of worms.  The worm reactor unit was situated in a small recirculation 
system containing an oversized trickling filter, pump unit and worm reactor housing with a funnel bottom to collect produced 
worms and fecal pellets. The reactor was started with a maximum standing stock which was estimated prior to the test (66 g. 
wet weight). Fresh secondary potato sludge was daily applied to fill up the worm feed compartment.  For a period of 14 days, 
samples were taken regularly from the starch sludge, produced worm biomass, fecal pellets, worm reactor influent and effluent. 
Final sampling included the sampling of residual potato sludge retained in the reactor core and residual worm biomass. 
 
Results
About 8.7% COD and 14.9 % N of the starch sludge were recovered in new worm biomass (table I). The average standing 
stock of approximately 57.8 g, produced 18 g of new worm biomass.  Initial and final worm number estimates showed 
that number of worms increased from 7104 to 7239 worms and the average individual weight declined from 9.2 to 6.8 mg.

Table I. Mass balances for COD and Ntotal of the starch sludge supplied in a worm reactor unit for a period of 14 days. 
Mineralization products were CO2, NH4 and NOx. Net produced worm biomass was calculated taking into account the 
difference between initial and final standing stock of the total worms lost from the reactor unit. 

COD N
g % g %

Supplied starch sludge 51.5 100.0 2.41 100
Net produced worm biomass 4.5 8.7 0.36 14.9
Fecal pellets 13.3 25.9 0.58 24.0
Mineralization product in effluent 23.1 44.9 0.42 17.6
Starch sludge Retained 6.6 12.8 0.30 12.4
Not measured /error 4.00 7.8 0.75 31.2
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Discussion and conclusion
Operational successes of the worm production are directly related with the feed recovery and speed of production realized 
per area of reactor. This study showed that during application of starch sludge in a worm reactor COD and N recovery were 
similar to that in a previous worm reactor fed with communal waste sludge (Hendrickx et al. 2010).  In the latter study a 
COD fraction of 34 % was lost due to mineralization after worm consumption; in our study almost 45 % was lost due to 
bacterial breakdown and worm consumption together. As potato sludge was supplied in excess to optimize production this 
also resulted in more bacterial breakdown and lower feed recovery. Depending on the feed and operational costs, future 
designs and operation should focus on an optimum between feed recovery and worm production.  By manipulating feed 
retention either by changing the feed dosing or the worm carrying capacity, external breakdown or bacterial conversion 
can be tuned to optimize the conversion of a specific food byproduct by L. variegatus. The commercial success will largely 
depend on the acceptance of blackworm as an alternative safe feed for aquaculture purpose and the legalization of food 
waste products for worm feed applications.  
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Introduction
Since 2008 and due to the mass mortalities of Pacific oysters Crassostrea gigas juveniles (Pernet et al., 2014; 2012), 
Mediterranean shellfish farmers have decided, with the collaboration of the scientific community, to better understand the 
settlement of oyster larvae in Mediterranean lagoons (Rayssac et al., 2012). To answer this purpose, the PRONAMED 2 
project based on ecological observations around the life cycle of the oyster over two consecutive years (2012 and 2013). 
This study was set up in order to explore on the reproductive cycle, the larval development and the spat settlement of 
C. gigas. This experiment demonstrated the potential of pacific oyster recruitment and it variability in shellfish farming 
Mediterranean lagoons. Moreover, a characterisation of both temporal and spatial variations of spat settlement gave 
valuable information on the best periods but also on the best recruitment sites within Thau lagoon.

Materials and methods
The study focuses on Thau Lagoon (Figure 1). The experiment was to place “Chinese hats” collectors in the water columns 
at six stations in 2012 and seven stations in 2013. Another feature of the experiment was to test the recruitment inside and 
outside several shellfish farming areas. The collectors were deployed every 2 weeks from June to September and were 
removed after 4 weeks of immersion.

Environmental parameters such as planktons (bacteria, protozooplankton, mesozooplankton, phytoplankton) were 
monitored every week at three stations (Bouzigues, Marseillan and Meze_HT) to determine conditions under which larvae 
and spat development occurred (Auby and Maurer, 2004; Miron et al., 1995).

Results and discussion 
Both years 2012 and 2013 have different spat recruitment profile (Fig. 2). We observed that the year 2012 has a level of 
recruitment lower than 2013. Despite the fact that the site “Mèze_HT” is located outside a shellfish farming area, there 
is still a profitable recruitment (46 to 63 spats by “Chinese hat”) over both years in comparison with others traditional 
shellfish areas in France (Pouvreau, 2013).

In 2012, the spat recruitment occured mainly during the beginning of august 2012, with a fairly low density on collector. 
The next spat recruitment was much lower and a bit later, around the 25th of September.

In 2013, two consecutive series of collectors (around the 13th and the 28th of August) showed a longer collecting period 
with higher spat density.

Moreover, a late and isolated recruitment was detected at “Loupian_HT” site with high level of collected oyster spats (243 
spats by “Chinese hat”).

Collected environmental parameters still need to be analyzed in order to better characterize favorable sites and periods. Spat 
collecting in Thau lagoon presents a high spatial, temporal and inter-annual variability probably induced by competition 
and trophic resource variability. These first results give new insights into the ecological variations of the natural oyster 
recruitment in Thau lagoon.
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Summary
The present study describes a method for induction of spawning in the European minnow, Phoxinus phoxinus, which is 
practicable under aquaculture conditions. Fish were kept in flow through tanks supplied with 10°C ground water. Before 
induction of spawning, fish were placed in special spawning tanks. Spawning was induced by a temperature rise from 10°C 
to 18°C independent of the photoperiod. In the same group of fish repeated spawning could be induced when they were 
kept at 10°C and exposed to 18°C for 4 d in 14 d intervals.  The number of spawned eggs was 4000-6000 per spawning 
event, the fertilization rate 70 - 90%, the rate of ready to hatch embryos and of hatched larvae was 60 -75% respectively, 
and the percentage of misshaped larvae < 5%. The method may be useful to induce spawning in different batch spawning 
cyprinid species.

Introduction
The European minnow (Phoxinus phoxinus) spawns in successive clutches from April to June. It has high importance in 
the aquatic food web, however many of its populations are endangered due to fragmentation and destruction of habitats 
(Blanck et al., 2007). Recently, P. phoxinus became also a preferred fish for garden ponds. For restocking of endangered 
populations and for culture it is important to develop non-invasive reproduction methods practicable in aquaculture. The 
present study investigates if induction of spawning is possible by modifications of temperature regimes. 

Material and methods
Experiments were conducted in the fish farm Kreuzstein (Austria). P. phoxinus, with a total length of 7.6 ± 2.9 cm (mean 
± S.D.) were used. Experimental groups consisted of 10 males and 10 females, respectively, and each experiment was 
done in triplicate and under flow through conditions. Fish were kept in circular tanks supplied with 10.3 ± 0.6°C ground 
water at a flow rate of 0.2 l/min and under natural photoperiod. Before induction of spawning small cages with a false 
bottom consisting of stainless steel mesh (mesh size: 5 mm) were placed in the tanks, the fish were stocked in the cages 
and the water was warmed with a commercial heat pump to generate the temperature regimes shown in Fig.1. Tanks were 
inspected daily at 8 pm on spawning events. In case of spawning, eggs were drained off from the bottom of the tanks and 
the total number of eggs was determined. Eggs were disinfected in 200 ppm of 36% formaldehyde solution for 15 min 
and fertilization rate was counted in the 2 - 4 cell stage. Then the eggs were incubated in flow through incubators at 15°C. 
Percentage of ready to hatch embryos, of hatched larvae and of misshaped larvae was evaluated. Data are presented as 
mean ± standard deviation and analysed with one way ANOVA using the treatment procedure as independent variable and 
the spawning parameters as dependent variables. Tukey-B-test was used as multiple comparison posthoc test. 
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Results
Experiment 1 tested the temperature regimes shown in Fig.1a at an increasing photoperiod (14th May; 15L : 9D). Spawning 
could be induced by a temperature rise from 10°C to 18°C (T3), but not by a temperature rise from 10°C to 14°C (T2), from 
10°C to 22°C (T4) and at constant temperature (T1). In T3 the number of spawned eggs was 5300 ± 1100, the fertilization 
rate 82 ± 7%, the rate of ready to hatch embryos 63 ± 6%,  the hatching rate 57 ± 6%, and the rate of misshaped larvae <5% 
(n =3, mean ± S.D.).

Experiment 2 tested the temperature regimes shown in Fig. 1b. In the same group of fish repeated spawning could be 
induced when they were kept at 10°C and exposed to 18°C for 4 d in 14 d intervals. Between the 3 spawning events sp1, 
sp2, and sp3 the number of spawned eggs (4800 ± 1200, data pooled for the 3 spawning events, n = 9), the fertilization rate 
(77 ± 11%), the rate of ready to hatch embryos (57 ± 6%), and the hatching rate 62 ± 8%) did not differ. The percentage of 
misshaped larvae was < 5%.
Experiment 3 used temperature regime T3 of Fig. 1a. It was tested if induction of spawning was possible at increasing 
(15th April: 14L : 10D; 20th June: 16L : 8D) and at decreasing (15th September: 12.5L : 11.5D, 30th October: 10L : 14D) 
photoperiod.  Under all conditions spawning could be initiated. The number of spawned eggs, the fertilization rate and the 
hatching rate did not significantly differ between the dates and were in the range reported for experiment 1 and 2. 

Discussion
Generally, spawning cycles of teleost fish are regulated by photoperiod and temperature. In the Salmonidae the reproductive 
cycle shows a strong dependence on photoperiod and in the absence of other variables it can regulate complete reproductive 
development (Bromage et al., 2001). Temperature plays only a modifying role in precising the timing of spawning (Migaud 
et al., 2010). In the Cyprinidae, the pattern of the reproductive cycle is dependent more on temperature than on photoperiod. 
In the common carp, Cyprinus carpio, secretion of estradiol and testosterone is highly temperature dependent (Manning 
and Kime, 1984). Also the responsiveness of the ovary to gonadotropin and of the oocyte to maturation-inducing steroid 
hormones is influenced by temperature (Glasser et al., 2004). The present experiments demonstrate that spawning cycles 
of P. phoxinus can be regulated by temperature. Spawned gametes have a high quality as indicated by high percentages of 
fertilization, of ready to hatched embryos, and of hatched larvae. The described procedure is suitable for intensive culture 
of this and of related species in aquaculture. 
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The aim with this project is to develop technology which can transmit in vivo sensor data wireless and real-time from single 
fish in large scale cages containing e. g. salmon
The equipment can also be used for monitoring movement of mooring systems around the cages without the need of cables 
due to the acoustic transmitting technology. The transmitting range can be several hundred meters.

Telefish is in its third year with testing and development of hardware and software for a new type of receiver for underwater 
use.

Acoustic transmitting inside a cage is challenging due to high density of fish. This represents another aim with Telefish, 
which is to investigate and learn more about this challenge and make communication protocols for use in large scale cages 
with high biomass.
 
Thelma Biotel, in corporation with NTNU and SINTEF, develop and deliver both hardware and software. The system is 
tested at one of the large scale facilities at ACE (AquaCulture Engineering), who is the owner of the project. The equipment 
will be used at ACE in future R&D projects with needs for underwater wireless acoustic communication.
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Introduction
Over the last years Quality Index Method e QIM (Bremner,1985) has been regarded as the most useful grading system 
for freshness and quality estimation of fishery products (Billar dos Santos et al., 2014). Researchers have compiled lists 
comprising 37 fish species for which QIM schemes had been developed, covering whole and gutted fish, as well as other 
processed products including unfrozen or cooked steaks (Barbosa and Vaz-Pires, 2004, Sant’ana et al., 2011). The results 
of these studies have shown the importance of the QIM as a tool for sensory evaluation of fish. QIM schemes usually 
indicate the occurrence of changes in skin colour, gills and muscle of fish during storage. However, the instrumental 
evaluation of these colour changes has rarely been documented and compared with QIM results. The objective of this 
study was to develop a QIM scheme for gutted curimbatá (Streaked prochilod - Prochilodus lineatus) stored in ice. The 
efficiency of QIM for freshness evaluation was compared with the traditional total volatile base nitrogen (TBVN) method 
and instrumental colour analysis.

Material and Methods
Batches of 32 fish were gutted, placed between layers of ice in clean insulated containers and transported to the laboratory. 
New ice was added to the boxes daily. During a storage time of up to 25 days, two fishes were periodically sampled 
and examined by six to eight trained assessors for QIM development. After sensory analysis the fillets and gills of the 
fishes were taken for instrumental colour analysis. The instrumental colour parameters was measured using a portable 
MiniScan XE Plus (HunterLAB, Reston, USA) colorimeter with 4mm aperture, under the following conditions: CIE (1978) 
L*a*b*colour space,10_ Standard Observer and D65 Standard Illuminant. Other two fishes were sampled at the same days 
and analyzed for total volatile base nitrogen (TVBN) according to the distillation procedure (Howgate, 1976) and microbial 
counts (data not shown). Correlation analysis between QI, colour parameters, TVBN and storage time was performed using 
Excel software, version 7 (Microsoft Office, 2007) at a significance level of P<0.05.

Results and Discussion
The TVBN contents in curimbatá muscle ranged from 16.8 to 14.2 mg/100g from beginning to the end of the storage, and 
no significant differences were detected between storage days (P>0.05). Consequently, there was no significant correlation 
between TVBN and storage time. The values remained below the limit of 30mg of TVBN/100g established by Brazilian 
law (Brasil, 1997). The values of L*, a* and b* in curimbatá muscle during the ice storage remained stable, with averages 
of 41.44, -0.17 and 10.21, respectively, indicating that the muscle on the dorsal region is yellowish. On the contrary, a* 
values in gills decreased from 31.6 to 7.5 during the storage time and were significantly correlated with storage time 
(r=0.71). For Acoupa weakfish, also, only a* values in gills presented a significant quadratic correlation with storage time, 
showing slight decreasing values towards the end of the storage period (Billar dos Santos, et al. 2014).

The QIM for curimbatá comprises sensory evaluation of 14 parameters, among them: skin brightness, skin mucus, eye 
transparency, pupil shape, gill odour, gill colour and flesh firmness. The total sum can reach 28 demerit points. The QIM 
for gutted curimbatá stored in ice could be represented by the equation QI = 0.8451days + 0.9801 (R2 = 0.9645, P<0.001) 
(Figure 1). 

The results shown that the QIM scheme was high correlated with storage time, representing a good tool for sensory 
evaluation of fish, Comparing results from QIM, mesophilic microbial counts and TVBN for hake, Baixas-Nogueras et al. 
(2003) concluded that QIM was the most accurate indicator of acceptability due to its sensitivity and specificity.

Conclusion
QIM was successfully applied for assessing freshness of Prochilodus lineatus. The change of gill colour detected by 
instrumental colour analysis was also correlated with storage time and may be used for freshness evaluation.

(Continued on next page)
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Introduction
Seafood is a very perishable product and its freshness is commonly regarded as synonymous of quality. Sensory methods 
are the oldest and still the most satisfactory, fast and reliable way of grading and assessing the seafood quality (Branch 
and Vail, 1985; Howgate, Johnston, Whittle, 1992). The Quality Index Method (QIM), developed by Bremner (1985) is 
a scoring system for freshness and quality estimation of fishery products, which is based on significant and well-defined 
characteristics of appearance, odour and texture attributes of seafood changing through storage time. Each quality parameter 
evaluated receive scores (demerit points) ranging from 0 (very fresh fish) to 1 or 2 (spoiled fish). The scores are then added 
to provide a total — a quality index (QI). The QIM schemes are developed in such a way that there is a linear relationship 
between QI and the days of storage of the fish (Hyldig & Green-Petersen, 2004). Once a linear correlation between QI 
and storage time has been obtained, the total demerit scores may be used to readily predict the remaining shelf life (Botta, 
1995). The objective of this study was to develop a QIM scheme for matrinxã (Brycon cephalus), a freshwater fish member 
of Characidae family, stored in ice. QIM efficiency for freshness evaluation was compared with the traditional total volatile 
base nitrogen (TBVN) method.

Material and Methods
Batches of 30-36 fish were gutted, placed between layers of ice in clean insulated containers and transported to the 
laboratory. The containers were stored at refrigeration temperature and ice was added to the boxes as required. During a 
storage time of up to 29 days, at least four fishes were periodically sampled, examined by six trained assessors for QIM 
development and analyzed for TBNV in three independent storage experiments. Total volatile base nitrogen (TVBN) was 
determined in 20ml of protein free extracts according to the distillation procedure (Howgate, 1976). At the first experiment 
the assessors described the sensory changes occurring during the storage of matrinxã. The draft of the QIM scheme was 
developed and tested at the second experiment. Finally, at the third experiment the assessors evaluated the fish using the 
QIM scheme. Correlation analysis between QI and storage time was performed using Excel software, version 7 (Microsoft 
Office, 2007) at a significance level of P<0.05.

Results and Discussion
The storage time did not affect the production of TVBN (P>0.05) that remained stable around 9.5, 8.5 and 20.7mg /100g 
in experiments 1, 2 and 3 respectively. These values are below the limit of 30mg of TVBN/100g established by Brazilian 
law (Brasil, 1997).

(Continued on next page)
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The QIM was obtained after experiment 2 and comprises sensory evaluation of 12 parameters, reaching a total sum of 18 
demerit points. The best parameters to determine the freshness of gutted matrinxã during iced storage were skin colour, 
scale adherence to the skin, eye transparency, pupil shape, gill odour and flesh firmness. These sensory parameters listed for 
matrinxã are usually present in QI schemes for fish (Gonçalves et al., 2007; Sant’Ana et al. 2011; Billar dos Santos et al., 
2014). The QIM was used for fish evaluation in experiment 3 and the evolution of QI could be represented by the equation 
QI = 0.5905days + 0.6042 (R2 = 0.9778, P<0.0001) (Figure 1). 

Conclusion
The developed QIM scheme was a reliable way of assessing freshness of matrinxã, allowing better discrimination of days 
of storage than the traditional TVBN analysis.
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Introduction

During the last years, several breeding programs have been initiated in France at the professional scale to improve survival 
of oysters to face the dramatic impact of diseases to which resistance has been shown to be heritable. The detection of QTLs 
(Quantitative Trait Loci) that are portions of the genome associated with the genetic variability of traits, is therefore crucial 
to understand the genetic architecture of those traits and potentially useful to assist selection.

Material and methods

We conducted a QTL mapping study in the Pacific oyster, Crassostrea gigas, facing heavy summer mortality associated 
with the virus OsHV-1 since 2008 (Renault et al., 2012). We produced several F2 families segregating for survival and viral 
load and performed experimental challenges on the foreshore or in raceways, following survival/death. Two families with 
300 animals in total were studied and genotyped with SNPs markers. A first set of 384 SNPs markers (Lapègue et al., 2014) 
were used followed by a RAD sequencing analysis for a subset of 96 animals.

Results

We increased the number of markers available by first developing a medium throughput genotyping tool of 384 SNPs with 
the Golden Gate Illumina technology, then a high throughput tool of several tens of thousands of SNPs with the RAD-
sequencing approach. Therefore we tremendously increased the resolution of existing genetic maps, with a total of 1516 
markers ordered on a map for a total length of 965 cM.

New QTL analyses allowed confirming the location of some previously detected QTLs for spat survival (Sauvage et al., 
2010), showing their significance and interest for breeding. Furthermore additional QTLs were also detected, within a 
narrow genome window. Hence a total of 5 highly significant QTLs were detected, one being in common in several families 
for Linkage Group IX.

Discussion and conclusions

This now allows a further investigation of those areas with the help of the whole oyster genome sequenced in 2012 in 
order to look for potential links with candidate genes that could be functionally related. Furthermore the allelic frequency 
at those markers will be studied in different selected populations or families in order to estimate their potential interest to 
assist selection.
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Introduction
Residual Feed Intake (RFI) is defined as the difference between an animal’s actual feed intake and its predicted feed intake 
based on the average costs of maintenance and growth. It has been widely used in farm animals as a measure of feed 
efficiency and can be used in genetic selection programs (Rauw, 2012). In aquaculture species, feed efficiency is difficult 
to measure because measurement of individual feed intake is not possible when fish are reared in groups in tanks. Instead, 
feed conversion ratio has been measured using individual tanks as the unit of measurement (Mambrini et al., 2004). Refstie 
and Kittelsenhigh (1976) showed that a high stocking density can depress growth rate but compensatory growth can occur 
when the stocking density is later decreased. To our knowledge there are no reports on compensatory RFI in response to a 
decrease in stocking densities after a period of high density. 

The objective of this study was to investigate compensatory RFI at tank level in rainbow trout after a period of high 
stocking density. 

Material and methods
Approximately 2000 rainbow trout (Onchorynchus mykiss), with an average weight of 48gr and originating from fish 
farm IPEASA S.A, were moved to the facilities of the Center of Aquaculture of Zamarramala (Segovia, Spain). Fish were 
randomly allocated to two rooms with ten tanks of 500 L each. In each room, 495 fish were allocated to one ‘high density’ 
tank and five groups of 99 fish each were allocated to five ‘low density’ tanks; the four remaining tanks were left empty. 
The initial densities were 37 kg/m3 for the high-density tanks and 6 kg/m3 for the low-density tanks. After 42 days, in each 
room, the fish in the high density tank were divided into five equal groups and redistributed over five tanks. The trial ended 
after 78 days. 

Each room had an independent freshwater recirculation system. The water used originated from a well with a constant 
temperature of 14.6ºC. During the experiment, the average dissolved oxygen was greater than 8.4 ppm and average pH was 
8.3. Fish had restricted feeding with a commercial diet using feeding tables recommended by the manufacturer (DIBAQ 
DIPROTEG). All fish were weighed every 21 days approximately (five weights in total) after anaesthetization with Tricaine 
Methane Sulphonate (MS222®). Feed intake was recorded for each of the four periods.

RFI was estimated for each tank in each period according to the following linear regression: FIi = β0 + β1 × BIOi + ei, 
where FIi = feed intake in tank i, BIOi = biomass produced in tank i, β0 = population intercept, β1 = regression coefficient 
representing feed requirements for biomass production, and ej is the error term representing RFI. Subsequently, RFI was 
analyzed with a two-way analysis of variance including the fixed effects ‘density’ (high, low) and ‘period’ (period 1 to 4 of 
14, 28, 19 and 17 days, respectively) and their interaction. 

Results and Discussion
The R2 of the regression of total biomass produced on feed intake was 0.97. The effect of ‘period’ was significant (P = 
0.0009) as well as the interaction of period × density (P = 0.009). Least square means of the ANOVA are shown in Figure 
1. Tank RFI increased dramatically in the high-density tanks whereas it increased slowly in the low-density tanks. This 
trend changed drastically after ‘high density’ fish were redistributed in low-density tanks, where they showed a subsequent 
compensatory reduction in tank RFI. At the end of the experiment, tank RFI became similar in the two treatments. The 
results in this study may help to explain feed efficiency under different stocking densities. Tank RFI can be used in family 
selection programs rearing full-sibs in tanks, which is a common practice at early stages of life in aquaculture species with 
a selection program. Genomic selection could be applied within families allowing for the selection of feed efficiency when 
individual recording of feed intake is not possible.

(Continued on next page)



693

Acknowledgements
This work was financed by a grant from the Ministerio de Economía y Competitividad of the Spanish Government 
(AGL2012-39137) and a grant from the European Union (KBBE-KBBE-7-613611).

References 

Grima L, E Quillet, T Boujard, C Robert-Granié, B Chatain, M Mambrini. Genetic variability in residual feed intake in 
rainbow trout clones and testing of indirect selection criteria..Genet Sel Evol. 2008; 40(6): 607–624.

Mambrini M., Sanchez M.P., Chevassus B., Labbe L., Quillet E., Boujard T. Selection for growth increases feed intake and 
affects feeding behavior of brown trout, Livest. Prod. Sci. 2004. 88: 85–98.

Rauw, 2012. Feed efficiency and animal robustness. In: Feed Efficiency in the Beef Industry (R.A. Hill ed.), pp. 105-122, 
Wiley Blackwell.

Refstie T, A Kittelsen, Effect of density on growth and survival of artificially reared Atlantic salmon. 1976. Aquaculture. 
8:319–326.



694

EVALUATION OF SOYMEAL REPLACEMENT WITH SESAME SEED MEAL USING 
ACTIVATED CHARCOAL AS AN ADDITIVE IN THE DIET OF AFRICAN CATFISH (Clarias 
gariepinus) JUVENILES

M. O. Lawal*, A. Z. Aderolu, B. M. Seriki, O. O. Aarode and T. O. Alonge

Deparment of Marine Sciences, University of Lagos, Akoka, Lagos, Nigeria
E-mail: mlawal@unilag.edu.ng

Introduction 
The African catfish is hardy and grows fast on a large variety of plant protein sources resulting in high net yields. 
Nevertheless, the associated high cost and competition for conventional fish feeds are some of the problems limiting its 
production in Nigeria (Iyayi and Aderolu, 2004; Siddhuraju and Becker, 2001). Accordingly, attempt at increasing the use 
of alternative plant protein source to replace conventional protein source such as soybean meal (SBM) in feed ingredients 
is being studied. The present study investigated the effects of bamboo activated charcoal (AC) as an additive in the diet of 
sesame seed meal (SSM) on growth and haematological parameters of catfish.
 
Materials and methods 
The feeding trial was done over a period of 11 weeks with C. gariepinus juveniles (average weight, 20.9±0.05 g) that 
were acclimatize for two weeks during which they were fed with 2mm commercial feed. Fish were weighed and sorted 
into experimental tanks (52.5 x 33.5 x 21 cm) at the rate of 10 fish per tank and hand-fed to satiation twice daily, while 
their water was changed three times a week. Four iso-calorific and iso-nitrogenous diets were formulated; diet1 (Control, 
100%SBM), diet2 (50%SSM), diet3 (50%SSM+AC), diet4 (70%SSM), diet5 (70%SSM+AC) (Table 1). The weight gain 
measurement of fish was done by bulk-weighing week.

Results
Activated charcoal diets had significant effects (p < 0.05) on average weight gain (MWG), specific growth rate (SGR), feed 
conversion ratio (FCR) and protein efficiency ratio (PER) across treatments. Fish fed with diets 1 and 4 recorded the best 
and worst values for the growth parameters respectively (Table 2). In addition, the activated charcoal group recorded better 
performance compared to other group without its inclusion. The haematology parameters did not record any significant 
difference (p > 0.05) among the treated groups (Table 3).

Discussion and conclusion
The inclusion of activated charcoal along with the sesame recorded better growth performance and improved nutrients 
utilization in the treated diets. This result was corroborated by the work of Tobioka et al. (1994) on growing cattle where a 
marked increase in daily weight gain was observed for the animals fed concentrate diet with 0.3/ 0.5% AC. Also, Ayanwale 
et al. (2006) found that the addition of different levels of activated charcoal to the diets of laying pullets significantly 
improved eggs weight and quality. The blood parameters recorded did not differed among the treated groups. However, 
Garillo et al. (1994) observed that RBC count of mature goats offered 0.3% AC diet were slightly higher than that of the 
control diet. Hence, from the present study 0.25% AC could favourably be added as natural substance to the feed of C. 
gariepinus for optimum performance without any adverse effect on the health status of the fish.

(Continued on next page)
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Introduction
Reducing the use of marine fish meal (FM) and fish oil (FO) in the feeds for farmed fish is a major challenge. In this 
context, terrestrial plant products are increasingly used as substitutes of marine resources for fish feed.

Replacing FM and FO by plant ingredients results in drastic modification of the dietary fatty acid content because none of 
the plant products contain n-3 long chain polyunsatured fatty acids (n-3 LC-PUFA). 

Although the major role of fatty acid composition of broodstock diet in reproduction is recognized (Izquierdo et al. 2001), 
the effects of maternal dietary regime on metabolic capacity of progeny is poorly documented. We hypothesized that a 
long term-feeding of female rainbow trout with plant-based diets devoid of n-3 LC-PUFA over the full life cycle up to 
reproduction could affect progeny capability and their response to different first feeding diets.

The present study aimed to assess the effect of the nutritional broodstock history and the diet-induced changes on the 
transcriptome of alevins, when fed 3 different first-feeding diets (M: marine; C: commercial like; V: plant-based).

Material and methods
Two groups of female rainbow trout (n=10, each) were fed from the first feeding throughout the whole life cycle either a 
commercial diet (COM), containing both marine and plant ingredients, or a totally plant-based diet (VEG) devoid of FM and 
FO. Ova from the two groups were fertilised with sperm from males fed a commercial diet. Alevins from both cohorts were 
subsequently split into three groups. Each group received from the first feeding for 3 weeks one of the three experimental 
diets marine (M), commercial like (C) and plant-based (V), containing decreasing levels of FM and FO respectively, after 
which, body weight was measured and whole alevins were collected for subsequent transcriptome analysis.

The total RNA was extracted from individual alevins of all groups (n=8/group). Transcriptome analysis was performed to 
identify changes in alevins response to both the maternal nutritional  history (COM vs VEG) and the first feeding diets (M, 
C or V) using an Agilent 8x60K high-density oligonucleotide microarray (GEO platform # GPL15840). 

Normalisation and statistical analysis were carried out using the GeneSpring GX software (v.10.0.2). Data were scale-
normalized using the median value of each array and a two-way ANOVA was performed with a Benjamini-Hochberg 
correction (P-value cut-off <0.05). 

For all genes analysed, ontologies (biological process, cellular component, molecular functions) were obtained using the 
Expression Analysis Systematic Explorer (EASE) software version 2.0 (Hosack et al. 2003). Based on the Gene Ontology 
(GO) annotation obtained, we considered a classification overrepresented if the EASE score was lower than 0.05. 

Results and discussion
At the beginning of the feeding trial, swim-up alevins from VEG-fed females had a slightly lower body weight (-13%). 
After 3 weeks of feeding, the progeny responded to the three dietary treatments (M, C or V) irrespective of the nutritional 
history of the broodstock, with reduced growth when fed the V diet (V vs C: -15%; V vs M: -27%). The initial difference in 
weight resulting from the maternal nutritional history (COM vs VEG) still remained after 3 weeks of feeding, irrespective 
of the diets fed to the progeny.

(Continued on next page)
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Analysis of the transcriptome profile of whole alevins by 2-way ANOVA (p-value<0.05), revealed that 71 genes were 
differentially expressed, in response to the broodstock nutritional background and 249 genes in response to the first-feeding 
diets (Table 1). No significant interaction between the nutritional background of female broodstock and first-feeding diets 
was detected at the level of gene expression.

Regarding the effect of broodstoock nutritional history (COM vs VEG) on gene expression in the alevins, 54 of the 71 genes 
differentially expressed had an assigned GO annotation. Considering the biological processes involved, the transcriptome 
analysis revealed that the major changes are related to the muscle growth and development (20%), as well as to the 
carbohydrate metabolism and energy pathways (22%).

Within the 249 differentially expressed genes in response to the first feeding diets, 133 had an assigned GO annotation. 
With regard to the GO annotated genes involved in biological process, 71% of them correspond to genes involved in 
metabolic pathways. Among these genes, 17% correspond to protein metabolism, 11% to lipid metabolism and 11% to 
carbohydrate and energy metabolism.

Further analysis will be conducted by real-time PCR on a set of genes selected for each category of effects (broodstock 
dietary history and first-feeding diets), in order to validate microarrays results. 
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Introduction
The decreasing availability of fish meal (FM) and fish oil (FO) has forced a change from marine resources towards more 
available plant products as ingredients for aquafeeds. Intense research efforts have led to increase incorporation of plant 
ingredients as substitutes for marine feedstuff (FM and FO) in the diets of many fish species (Gatlin et al. 2007) including  
rainbow trout (Oncorhynchus mykiss). 

Dietary replacement of FM and FO by plant ingredients affects the dietary supply of n-3 long-chain polyunsatured fatty 
acid (n-3 LC- PUFA). Fatty acid composition of broodstock diet is known to play a major role in fish reproduction and 
progeny performance (Izquierdo et al. 2001). However, the effect of the maternal diet history in reproduction and metabolic 
capacities of progeny is still poorly documented, especially when broodstock are fed a totally plant based diet, devoid of 
n-3 LC-PUFA, over the whole life cycle.

Therefore, the present study aimed at analyzing the effect induced by the maternal diet history on the metabolic response 
of swim-up alevins (before first feeding), using a transcriptomic approach.

Material and methods
Two groups of female rainbow trout were reared under natural photoperiod and temperature conditions and fed either a 
commercial diet (COM), made of a blend of marine and plant ingredients, or a totally plant-based diet (VEG) free of FM 
and FO from the first feeding throughout the whole life cycle. Females of the VEG-diet group were fed by hand twice a day, 
until apparent satiety. In order to reach similar body weight at spawn, females of the COM-diet group were food restricted. 
Ova produced by female trout from the two dietary treatments (n=10, each) were fertilised with a pool of sperm from males 
fed a commercial diet.

Reproductive parameters (whole spawn biomass, ova and swim-up alevins weight) were recorded and samples of whole 
body alevins were collected just before first feeding.

The total RNA was extracted from individual swim-up alevins issued from both female groups (n=8, each). Transcriptome 
analysis was performed to identify the possible changes in progeny of females with two different nutritional histories, 
COM or VEG respectively, by using an Agilent-based 8x60K high-density oligonucleotide microarray (GEO platform # 
GPL15840).

(Continued on next page)
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Normalisation and statistical analysis were carried out using GeneSpring GX software (12.6, Agilent). Data were scale-
normalized using the median value of each array. An unpaired T-test was performed with a Benjamini-Hochberg correction 
(p-value cut-off <0.05) to identify genes differentially expressed between the two groups (COM vs VEG).

Results and discussion

At spawn, no statistically significant difference in terms of body weight was measured between females from the two 
groups. The whole spawn biomass, the ova and whole body weight of swim-up alevins from the VEG-fed females were 
lowered by 29%, 15%, 13%, respectively compared to the COM fed group (Table 1). 

Microarray analysis showed that, depending on the fold change considered, 3185 genes (FC >1.5), 624 genes, (FC >2) or 
114 genes (FC >3) were differentially expressed between the two groups (Table 2). However, irrespective of the magnitude 
of fold change, no statistical significance was observed between the groups (p-value>0.05).

It can be inferred that, under the present experimental conditions, the maternal diet history (COM vs VEG) had no 
significant effect on the transcriptomic profile of alevins at this specific stage of development (before the first feeding). 
Further analyses are needed in order to evaluate possible significant changes in term of transcriptome profile at different 
developmental stages in rainbow trout.
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Introduction

Larval stage is considered the main bottleneck in marine fish culture due to the high mortalities produced during this period. 
Most of the problems related with feeding and nutrition may be related to the lack of a detailed knowledge on the digestive 
process during the weaning process. Inadequate feeding regime during the larval stage is reflects in high mortalities. The 
aim of this study was to describe the effect of different microdiets feeding regimes (2, 4 and 8 times a day) on digestive 
physiology of 10 days post-hatching (dph) gilthead seabream (Sparus aurata) larvae during a 24 h cycle. 

Material and Methods

Larvae were maintained in 300-L circular tanks under 12L:12D photoperiod. In the Control treatment larvae were fed with 
a constant density of 10 rotifers ml-1. Depending of feeding regime (2, 4 or 8 times a day) the microdiet were supplied every 
6, 3 or 1.5 h respectively during the light period. At 10 dph samples were taken every 3 h during a 24 h cycle. The digestive 
function was analyzed enzyme by measuring the enzyme activity of trypsin, and lipase as well as the gene expression of 
trypsinoge (Try) and bile salt-activated lipase (Bal).

Results 

Results of enzyme activities are shown in Figure 1. Control larvae showed a bi-modal peak in trypsin activity reaching a 
statistical maximum activity three hours after the end of light period at ZT -15 (Zeitgeber time). With 2 and 4 meals the 
trypsin showed a gradual increase during the light period reaching the activity peak just at the end of the day time at ZT-12, 
in both cases at this point a statistical increase was observed. In the case of 8 meals, the trypsin sowed a similar pattern than 
the control treatment with the same two peaks two picks at ZT-6 and ZT-15 with the same statistical rise in activity 3 hour 
after the cessation of feeding (Figure 1). In all cases in the last part of the cycle (ZT 21-24) no activity was observed. The 
lipase activity of the Control larvae showed clearly higher values during the last hours of the day and a great part of the 
night (from 9 to 18h, Zeitgeber time). With the other treatments with microdiets the lipase pattern was different showing 
a relatively constant activity with some occasional picks and valleys that differed among treatments. It is interesting to 
remark that in these treatments with microdiets the lipase activity was much lower and close to the basal values found in 
the Control

The gene expression of trypsinogen and BAL-lipase also showed some changes during the 24 h cycle, although overall 
these changes were less evident than those observed in the enzyme activities and in some treatments were not statistically 
significant. Contrarily to that observed with the activity, in this case the patterns exhibited by both genes were similar. In 
general, higher expression was observed during the last part of the dark period and during the morning while minimum 
values were observed in the afternoon. Nevertheless, the inter-hourly differences in trypsinogen in the Control and 8 meals 
treatment were not significant. Likewise, the inter-hourly differences observed in BAL-lipase expression fed on 4 and 8 
meals were not statistically significant.

Conclusions

Firstly, a clear daily rhythm can be observed in the digestive activity associated to food intake and consequently to the 
feeding protocol. Trypsin and lipase activity showed such clear rhythmicity when fed on rotifers with permanent prey 
availability and also with the microdiet. The trypsin activity may change depending on the time of the day and on the 
feeding protocol. This fact can explain the high variability observed when just one sample a day is considered.   

(Continued on next page)
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On the other hand, the gene expression of the RNA codifying the digestive enzyme precursors (trypsinogen, BAL-lipase) 
appeared in general poorly affected by the different feeding regimes and control treatment, although it trend to increase 
during dark period. This response would indicate the dominance of an internal programming independent of the feeding 
regime and type. These results confirm once again the ability of gilthead seabream larvae to digest and assimilate microdiets 
at 10 dph.

Acknowledgements: EU Project ARRAINA, Advanced research initiatives for nutrition & aquaculture (KBBE-2011-
288925) and project AGL2011-23722 (MINECO, Spain, and FEDER/ERDF).
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Introduction
Currently, the European Atlantic salmon industry is considering the implementation of triploidy within the sector. Although 
research has shown that triploids can grow faster than their diploid siblings, it is the higher incidence of vertebral deformities 
and occurrence of cataract which has prevented their adoption to date. Recent research has shown that conventional diploid 
diets may be nutritionally inadequate to support the inherent faster growth of triploids. We present a series of dietary trials 
conducted in both fresh and saltwater stages of production with the specific aim of reducing spinal deformity and the 
occurrence of cataract while maximising growth. In both pilot and commercial studies, supplementation of higher dietary 
histidine inclusion (1.2% vs. 1.7%) during periods of rapid growth and high water temperature in seawater arrested the 
development of cataracts. Further seawater studies have also examined the effect of different “nutrient packages” on growth 
of triploid salmon, and by elevating certain dietary components we have been able to enhance triploid growth in seawater 
by +10% compared to their diploid siblings, whilst simultaneously reducing spinal malformation (50% reduction). 

Spinal malformation has remained an inherent culture problem of triploid salmon, where prevalence increases during 
seawater stages. As such, most research has focused on addressing the problem at sea, however, we have provided evidence 
that spinal malformation may result mainly from inadequacies of the diet during freshwater. A series of experiments have 
been conducted feeding elevated levels of dietary phosphorous, and for different durations from first feeding, with results 
indicating a reduction in radiological spinal deformity with increasing P supplementation. Current research also aims to 
optimise P feeding duration in order to minimise environmental discharge. Studies are also focusing on the molecular 
mechanisms of spinal development in relation to dietary P, and characterising nutrient digestibility in the triploid 
gastrointestinal tract. Finally, with the growing emphasis on sustainability of aquafeeds, and subsequent replacement of 
FM/FO, a series of experiments have examined how triploids respond to low FM/FO diets. Trials will determine the 
micronutrient requirements of triploids in response to increased VM/VO substitution and subsequent effects on growth and 
deformity.

Collectively, results of the various trials are discussed in terms of triploid dietary requirements in relation to spinal 
development and environmental discharge, and work towards the development of specific triploid salmon aquafeeds to 
facilitate commercial viability of triploidy within Europe.
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Introduction
The new strategies for aquafeeds are focused on the substitution of fish meals and oils in fish diets. Vegetable oils (VOs) 
have been proved to be the best candidates for the replacement of fish oil in aquafeeds, although total substitution is not 
possible for marine fish (Sales & Glencross, 2011) due to the limited availability of marine fish to elongate and desaturate 
18C fatty acids to highly unsaturated fatty acids (HUFA). The use of dietary VO has been widely studied in gilthead sea 
bream (Sparus aurata). The Δ6-desaturase-like enzyme gene has been cloned for this species (Seiliez et al., 2003), being 
this gene modulated by dietary lipids, although this modulation is not enough to produce HUFA (Izquierdo et al., 2008). 
HUFAs and vitamin E are of special importance for fish reproduction and larval development (Izquierdo et al., 2001). There 
is considerable evidence for the induction of different phenotypes by variations in the early life environment, including 
nutrition (Burdge et al., 2007). Both HUFA and vitamins have been described to have epigenetic properties. In fish, first 
feeding diet has been described to influence phenotype on cod (Koedijk et al. 2010). Thus the objective of this study is 
to determine the possibility of an early genetic programming of gilthead sea bream embryos for the better vegetable oil 
utilization during on-growing.

Materials and methods
Thirty six brood gilthead sea bream (2-4 years old) were randomly selected and distributed in twelve 1000-litre fibre-
glass tanks with a 2:1 ratio of males to females. At the beginning of the spawning season, fish were fed a commercial diet 
to ensure that there was no significant difference in the spawning quality of different broodstock. After that period, each 
dietary treatment group was fed three times a day with one of the three test diets during 2.5 months. A control diet based 
on fish oil (FO) a diet with 80% of fish oil substituted by linseed oil (80LO) and a third diet based in 80% of linseed oil 
and supplemented with Vitamin E (LO+VitE). Eggs produced naturally by female broodstock given each test diet were 
collected five times at week, during the experimental period. The quality of each spawn was determined by quantifying 
the total number of eggs and larvae produced, and the proportion of fertilized, viable and hatched out eggs. Larvae were 
kept from all experimental groups were fed same dietary regime and sampled at day 30 after hatching (dah). Besides, 
offsprings from each dietary group were kept during three months under equal dietary regime (commercial microdiets). 
After this period, a nutritional challenge test was conducted, feeding progeny with FO, 80LO or 100LO diet during two 
months. Biochemical and fatty acid composition, as well as expression of Δ6-like enzyme were analyzed in 30 dah larvae 
and juveniles liver.

Results
Diets. FO diet was low in 18C precursors such as LA and LNA but rich in the end products of the Δ6 desaturase ARA, 
EPA and DHA. On the contrary diets containing 80LO were high in the precursors and low in the products of the enzyme. 

Spawning quality. There were no differences in spawning quality parameters among experimental groups before the feeding 
period with the experimental diets. Inclusion of 80% LO markedly reduced the total number of eggs produced by kg female 
per spawn, whereas the addition of vit E increased the production, denoting the importance of vit E for gametogenesis, but 
also suggesting the higher oxidation risk when high LO levels are included in broodstock diets.

Larval quality.  At 30 dah larvae from families coming from broodstock fed vit E showed a significantly lower length. 
Parental feeding with vit E is reflected in the 30 dah progenie gene expression. Δ6 desaturase gene in 30 dah larvae was 
down-regulated by parental feeding with vit E, other genes also affected (figure 1).

(Continued on next page)
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Dietary Challenge test in juveniles. SGR of juveniles from different families were affected by the nutritional challenge test 
(figure 2). The growth of fish fed VOs based diets was significantly higher after feeding a FO based diet when compared 
with animals coming from broods feeding FO diet. Fatty acid analysis of the liver after challenging the juveniles with 
vegetable oil diets showed that DHA and EPA content where reduced by increased inclusion of LO in all the families, 
regardless the broodstock feed. On the contrary LNA was progressively raised by the increase in LO in juvenile diets, 
regardless the family origin. An elongation of fatty acid could be observed in 80LO family feeding 80LO diet, since 
increases of both 20:3n-3 and 20: 2n-6 could be observed. However, no signs of desaturation were observed. Indeed there 
were no significant differences in delta 6 gene expression after nutritional challenge test. 

Conclusions The results of this study have shown a direct effect of broodstock feeding on the later performance of the 
progeny. Broodstock diets not only affect fish growth and delta-6 gene expression after 30 days, but also alter growth after 
a nutritional challenge test in juveniles. Progeny coming from broodstock feeding VOs based showed a better growth when 
challenging with fish oil based diet. The results obtained indicate the possibility for an early programming in gilthead sea 
bream.  
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Introduction
Thousands of potential undesirables (such as pesticides and therapeutic agents) may be associated with current and novel 
terrestrial feed ingredients used in aquafeeds. Some of these compounds can be transferred to animals and potentially 
affect seafood safety and fish welfare. This fact raises the need to develop modern analytical strategies based on multiclass 
screening able to monitor a large number of undesirables from different chemical families. After wide-scope screening, 
detected compounds can be subsequently quantified using target methodologies to know their occurrence, concentration 
levels and implications in humans and/or fish.

Hyphenation of high-resolution mass spectrometry (HRMS) with liquid chromatography (LC-HRMS) and gas 
chromatography (GC-HRMS) has provided reliable analytical tools to identify new potential risks from feed to fish 
(Nácher-Mestre et al., 2013, 2014). These hyphenated techniques allow monitoring a wide range of organic residues and 
contaminants from different polarity and volatility in a large variety of sample matrices. Hybrid quadrupole time-of-flight 
mass analyzer (QTOF MS) is among the most powerful analytical tools for wide-scope screening. The high sensitivity 
in full-spectrum acquisition mode together with the accurate-mass measurements offers an exceptional potential to this 
technique for qualitative screening purposes. Subsequently, the use of the triple quadrupole analyzer (QqQ) in tandem 
MS mode (MS/MS) coupled to GC or LC (GC-MS/MS and LC-MS/MS) allows one of the best target approaches for 
quantification and confirmation of potential candidates from the screening.

Material and methods
Samples coming from the ARRAINA EU project and SAFETY PAP project were analysed. Briefly, the method for LC-
amenables consisted of a extraction with acetonitrile:water acidified with formic acid (0.1%) followed by freezing clean-up 
and centrifugation. For GC-amenables the method consisted of a QuEChERS sample treatment with freezing clean-up. An 
UHPLC (Waters, Milford, MA, USA) and a GC system (Agilent 7890A, Palo Alto, CA, USA) equipped with an autosampler 
(Agilent 7693) were employed for LC and GC chromatographic separation, respectively. Both LC and GC were coupled to 
a hybrid quadrupole-orthogonal acceleration-TOF mass spectrometer (XEVO G2 QTOF, Waters Micromass, Manchester, 
UK) for the qualitative screening. Electrospray ionization was selected for LC, and an APCI source (APGC by Waters 
Corp.) for GC. For quantification purposes, a triple quadrupole (QqQ) mass spectrometer (Xevo TQ-S, Waters Corporation, 
Manchester, UK) was used.

Results
The screening methodology was qualitatively validated for a notable number of selected compounds in more than 20 
matrices including protein and lipid feed ingredients, feeds and fish samples focusing on Atlantic salmon and gilthead sea 
bream. After validation, different processed animal products (PAPs) and plant ingredients, fish feed, and fish tissues were 
analysed. From preliminary results (Table I), the pesticides pirimiphos-methyl, chlorpyrifos methyl, tebuconazole and 
ethoxyquins were identified in ingredients, feed and muscle tissues; therapeutic agents like enrofloxacin, trimethoprim, 
crystal violet, leucocrystal violet, leucomalachite green and malachite green were identified in PAPs from terrestrial 
farming; light PAHs (≤ 4 rings) were also identified in almost all the samples. Quantification of the identified candidates is 
being carried out by using matrix matched calibrations as well as quality controls for every matrix. GC-MS/MS and/or LC-
MS/MS are being used depending on the polarity/volatility of the compound. More data will be available in the following 
months for the rest of undesirables. 

Specific results from mycotoxins will be presented in this Congress in the communication of R. Serrano and co-authors.

(Continued on next page)
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Discussion and conclusion
Large-scope screening approaches have become more attractive in recent years, as conventional target analysis offers a 
limited overview of a (normally) reduced number of organic compounds. Through the combination of GC-HRMS and 
LC-HRMS, we pursue one of the main challenges in food safety and toxicology: advancing towards the ideal “universal” 
screening where all type of analytes, independently of their polarity and volatility, could be detected in the analysis. 
Taking this in mind, the screening developed has been qualitatively validated for a notable number of model compounds 
in complex samples from Atlantic salmon and gilthead sea bream, allowing the detection of these compounds in a rapid 
and efficient way at low screening detection limits. Subsequently, quantitative methods directed towards the suspected 
compounds will be made to know the potential impact on food safety and/or fish welfare. 
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Introduction
Much attention has been focused on plant ingredients as alternatives to fish meal (FM) and fish oil (FO) in a wide range of 
finfish species, including gilthead sea bream (Benedito-Palos et al., 2009). However, consequences of feeding very low FM 
and FO diets (less than 10% inclusion levels for marine ingredients) on fish performance over the production cycle are still 
under debate. We have shown earlier that the nutritionally-mediated changes in fillet fatty acid (FA) composition are highly 
predictable with an important reduction in the fillet content of n-3 long-chain polyunsaturated FAs (LC-PUFA) in fish fed 
low levels of FO. In addition, short FAs, such as butyrate, are emerging as important regulators of a vast array of cellular 
functions with a positive effect on growth and gut health in several models of livestock animals. In this scenario, the aim of 
the present study is to confirm and extend the idea that combined FM and FO replacement is highly feasible in gilthead sea 
bream without detrimental effects on growth when the theoretical nutrient requirements in essential amino acids and FAs 
are met. Secondly, we explored the potential benefits of butyrate feed supplementation focusing on growth, haematology 
and basic blood biochemistry. Thirdly, fish quality was assessed on the basis of the expected changes in muscle FA profile. 

Materials and methods
Four plant protein-based diets were formulated and delivered by BioMar. FM was added at 25% in the control diet (D1) 
and at 5% in the other three diets (D2-D4). Added oil was either FO (D1 control diet) or a blend of vegetable oils (VO) 
(rapeseed oil: palm oil, 1/1), replacing the 58% (D2) and the 84% (D3-D4 diets) of FO. A commercial sodium butyrate 
preparation (NOREL, 70-BP) was added to the D4 diet at 0.4%. The nutritional composition of diets D2-4, including amino 
acids, phosphorus, phospholipids and cholesterol, was balanced to the control diet. EPA (20:5n-3) plus DHA (22:6n-3) 
content on dry matter basis was 2.9% (D1), 1.4% (D2) and 0.6-0.7% (D3, D4). 

Juvenile gilthead sea bream were fed with the respective diets (triplicate tanks of 2500 l in groups of 150 fish each) 
for 7 months (May-December). At week 13 (August) and 31 (December), 12 fish per dietary treatment were randomly 
sampled for blood and tissue collection in overnight fasted fish anaesthetised with MS-222. Blood was taken from caudal 
vessels, and one aliquot was used for counting the number of red blood cells (Neubauer chamber), and haematocrit and 
haemoglobin measurements. The remaining blood was centrifuged at 3000g for 20min at 4ºC, and plasma samples were 
frozen and stored at -20ºC until analysis of electrolytes, metabolites, enzymes, and antioxidant and inflammatory markers. 
A representative portion of dorsal skeletal muscle was taken for fatty acid (FA) analyses. Total lipids were extracted by the 
method of Folch and FA methyl esters were obtained by acid transmethylation and analysed by gas-chromatography on a 
Fisons Instruments GC 8000 Series gas chromatograph.

Results
All fish in the trial grew efficiently from 15g of initial body weight to 296-320g with overall FGR of 1-1.05 and SGR of 
1.42-1.37%. Fish fed D1 and D2 diets were undistinguishable in terms of growth and feed efficiency. Fish fed D3 and 
D4 diets showed an impairment of FGR (1.6 vs. 1.05 of D1) over the course of the first 4 weeks of the trial. Later, this 
detrimental effect was reversed and only a slight reduction (6-7%) in final body weight was found at the last recording 
sampling time (December). The dietary treatment did not alter whole body composition, whereas a statistically significant 
increase in whole body protein (from 16% to 18%) and lipid (from 9 to 12%) content was found from August to December. 
Protein and lipid retention were in the range of 36-40% and 46-50%, respectively.

A sampling-time effect (August vs. December) was found for practically all the blood parameters analysed. A consistent 
diet effect (P<0.05) was mostly found in circulating haemoglobin, cholesterol and choline. Low FM inclusion levels (D2-
D3 diets) reduced haemoglobin levels, but this effect was reversed with sodium butyrate supplementation in fish fed the D4 
diet. The same happened for total cholesterol levels. In addition to this, the circulating levels of choline in summer were 
significantly higher in fish fed the D4 diet than in the other three experimental groups.

(Continued on next page)
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The FA composition of skeletal muscle highly reflected the composition of the diet according to the degree of replacement 
of FO with VO oils. Thus, EPA+DHA content (% FAME) was 23%, 14% and 7.5-8% in fish fed D1, D2 and D3-D4 diets, 
respectively.

Discussion and conclusion
Data on gilthead sea bream growth performance clearly indicates that a very high replacement of FM and FO is highly 
feasible when the theoretical requirements in essential nutrients are met by the diet. However, with the most extreme diet 
(D3, 5% FM & 2.5% FO), an adaptive period of at least 2-3 weeks is necessary to avoid any transient detrimental effect on 
growth performance. Butyrate  supplementation (D4 diet, 0.4% supplementation) did to reverse this effect, but it was able 
to prevent the onset of signs of anaemia and hypocholesterolemia, as previously reported for other authors with taurine 
supplementation in low FM diets. Additional evidence for the close association between butyrate and the metabolism of 
cholesterol and sulphur amino acids is supported by the increased circulating levels of choline in fish fed the D4 diet. 
Butyrate supplementation did not affect muscle FA composition, and the observed values highly correlate with the 
predictions made with the FA algorithms (http://nutrigroup-iats.org/aquafat) reported by Ballester-Lozano et al. (2014), 
using a dummy regression approach with fillet lipid content and dietary fatty acid composition as independent variables. 
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Introduction

Vegetable meals diets can successfully replace fish meals in a large extend in diets for gilthead seabream (Sparus aurata). 
However, even if dietary aminoacids and protein requirements are fulfill, imbalances in other nutrients such as certain 
minerals may occur and adjusted mineral supplements may be required. Moreover, the availability of these minerals may be 
significantly affected by the molecular form in which they are provided and by their high liability during feed manufacture 
or leaching along feeding. Thus, the use of appropriate delivery vectors for these minerals could improve their availability 
to achieve a more effective mineral supplementation. In the present study, vegetable meal and oil (VM/VO) diets were 
formulated including the target minerals: Se, Mn, Fe and Zn, in the form of inorganic, organic or encapsulated minerals. 
Their performance was compared with two diets without mineral supplementation one with the VM/VO formulation and 
another with a fish meal/fish oil (FM/FO) based formulation. 

Material and Methods

Five diets were formulated to be isoproteic and isoenergetic. Three of the diets contained Se, Mn, Zn and Fe either in 
encapsulated (DE), organic (DO) or inorganic (DI) forms, whereas in two of them there was no addition of these minerals: 
a negative control diet (C-) with the same formulation than the former diets, and a fishmeal based diet (FM).

Two thousand and seventy juvenile gilthead sea bream (Sparus aurata) of an initial weight 22.46 ± 1.51 g were randomly 
located into eighteen 500 l circular fiberglass tanks and manually fed one of these diets for 12 weeks. Water temperature 
ranged around 22.8-24.3 ºC. Fish performance in terms of growth and feed utilization, vertebra and body biochemical 
composition, gene expression of antioxidant enzymes genes and biomarkers of bone development and x-ray studies to 
determine vertebral morphology were conducted. 

Results 

Low haematocrit values were found in fish fed the VM/VO diet without supplementation of the target minerals, denoting 
the requirement for Fe supplementation in these diets and the good availability of either inorganic, organic or encapsulated 
forms of Fe. Results of the GPX transcript expression levels also suggested the high availability of inorganic, organic and 
encapsulated Se.

(Continued on next page)
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Fish fed FM/FO diets showed a lower vertebral weight and ash content suggesting that this type of diet requires 
supplementation of Zn or Mn, in relation to the high FM content in Ca and P as previously reported. Fish fed VM/VO diets 
without the target minerals supplementation showed the lowest mineral content, vertebral weight and vertebral length/
vertebral height as well as a down-regulation of both BMP2 and OC, biomarkers of bone differentiation and mineralization, 
and suggesting a deficiency in Zn or Mn, which play an important role in bone mineralization. However, these minerals 
were effectively incorporated when they were supplemented in an inorganic form as denoted by the higher vertebral weight 
and mineral content, as well as the larger vertebral length/vertebral height. On the contrary, encapsulation of inorganic 
minerals reduced the mineral content in vertebrae and lead to a lower final weight, suggesting that Zn or Mn, were not so 
available as in the free inorganic form.

Finally, feeding the organic Mn and Zn, despite increasing vertebral mineral content, caused a significant reduction in 
growth, suggesting that a higher availability of organic minerals may require reducing dietary levels to avoid a potential 
toxic effect of excess of these minerals. Further dose-response studies are being conducted to further understand the effect 
of organic or inorganic Mn and Zn in diets containing high vegetable meals inclusion.

This work has been (partly) funded under the EU seventh Framework Programme by the ARRAINA project N°288925: 
Advanced Research Initiatives for Nutrition & Aquaculture. The views expressed in this work are the sole responsability 
of the authors and do not necessary reflect the views of the European Commission.
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Introduction
Nutritional programming is gaining momentum as a strategy to alter specific metabolic pathways or functions in farmed 
animals. Numerous studies in mammals have demonstrated that a nutritional intervention (or stimulus) during a critical 
period of development can result in a persistent effect lasting into adulthood (Lucas 1998). The programming response of 
storing in memory the nutritional stimuli can be related to mechanisms of epigenetic and genomic imprinting (Waterland 
and Jirtle 2004), which influences the expression pattern of several metabolic genes. The possibility to manipulate the first 
nutritional experience of fish during the onset of exogenous feeding can be a valuable approach to understand why some 
fish show a low ability to use dietary carbohydrates as energy substrates. The effects of hyperglucidic stimuli during early 
development of fish remain poorly studied. (Geurden et al. 2007; Fang et al. 2013; Rocha et al. 2014). A better knowledge 
on the triggering effect of hyperglucidic stimuli upon the regulation of key metabolic processes may contribute to improve 
the use of dietary carbohydrates by carnivorous species.

Material and methods
On the onset of exogenous feeding, larvae were submitted to different hyperglucidic conditions: the acute (ACU) group 
received a single stimulus with glucose enriched rotifers (3DAH, days after hatching), while the recurrent (REC) group 
received successive stimuli with rotifers (3DAH), Artemia (20DAH) and inert diet (30DAH), all enriched with glucose. 
Each stimulus was delivered for six days.  Fish that did not experienced the hyperglucidic stimuli served as control (CTRL). 
Following the periods of glucose conditioning, larvae were fed under a standard protocol, characterized by a high protein 
intake.  At a later stage (from 50 to 60DAH), all treatments were submitted to a dietary challenge with a high carbohydrate 
diet. Samples were collected halfway through (33DAH) and at the end of the experiment (60DAH) for determining 
growth, nutrient metabolic utilization (by Artemia labelling with 14C-glucose) and gene expression levels. Feed intake was 
determined at 34DAH during daily feeding routine (using a fluorescent pigment) and during the metabolic trial (14C tracer). 
Gene expression analysis was aimed to hepatic and muscle metabolic-related genes and conducted by qPCR using specific 
primers for seabream. 

Results
Significant differences were found for several parameters between the glucose conditioned groups (ACU, REC) at 33DAH 
larvae, in comparison to CRTL. The REC larvae had a significantly higher weight (P<0.05) than the CRTL group (1mg and 
0.8mg D.W., respectively) but not different from the ACU. The 14C-glucose labelled Artemia revealed the metabolic fate 
of glucose. REC larvae showed lower glucose catabolism and higher retention of glucose (in body tissues) in comparison 
to the CTRL group (P<0.05); ACU group had an intermediary phenotype for both catabolism and retention (Fig. 1). The 
absorbed and evacuated fractions of 14C-glucose were nearly equal (around 50%) in all groups. Larval feed intake under 
standard conditions (rearing tanks) was not significantly different among the treatments, however under more intense 
handling conditions (metabolic trial) the REC group showed a higher ingestion of 14C-labelled Artemia (2.4% BDW) in 
comparison to CRTL (1.6% BDW), while ACU remained as an intermediary group. Analysis of gene expression data is 
in progress, but will give us a better insight of the metabolic regulation of carbohydrate metabolism in seabream larvae. 

(Continued on next page)
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Discussion
Seabream larvae were able to tolerate different hyperglucidic stimuli without compromising survival, growth or development. 
At 30DAH, our results for growth and glucose metabolism suggest the occurrence of some metabolic adaptations of larvae 
to the early glucose conditioning. Further, an intermittent (REC) versus a punctual (ACU) exposure to stimuli seems to 
enhance the possibility of occurring some metabolic imprinting in seabream larvae. Our findings of a preferential retention 
of glucose and lower catabolism, in association to the increase of body weight and feed ingestion in the REC group 
strongly suggest a metabolic programming of specific pathways related to carbohydrate metabolism in comparison to 
the CRTL group. Data on gene expression will provide further enlightenment on the molecular mechanisms involved in 
glucose supplementation during critical developmental stages of fish. Furthermore, the comparison between the results 
from 30DAH and the ones obtained after the final challenge with high dietary carbohydrates (60DAH) will be discussed, 
in detail, at a metabolic and molecular level.
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Introduction
The improvement of microdiets for fish larvae has been a major challenge in past years. However some problems still 
remain without a resolution. Besides its tremendous growth rates, at early developmental stages, fish larvae present an 
immature digestive system and a progressive metamorphic process that suggest special nutritional requirements [1, 2]. It 
is therefore essential to provide fish larvae with easy and/or quickly metabolized protein sources, like protein hydrolisates, 
highly bioavailable forms of vitamins and trace minerals [3]. The low molecular weight of such compounds, in association 
to the high surface area of the micro-particles, makes them highly soluble and prone to water leaching losses [4]. These 
nutrient losses, not only makes these nutrients unavailable to the larvae, but originate an important increase of organic 
matter in the rearing tanks, leading to detrimental water quality criteria.

The development of high-performing micro-particulated diets for fish larvae requires a delicate balance between an 
adequate quantitative and qualitative nutritional supply and good water stability of the feeds, without compromising the 
palatability and the digestive breakdown.

A study was undertaken to assess the role that several ingredients or additives with binding properties play on the modulation 
of water stability and nutrient leaching of a micro-particulate feed for marine fish larvae.

Materials and methods
A series of binders, protein-based (e.g. fish gelatin, wheat gluten, soy isolate, pea protein concentrate, whey), carbohydrate-
based (gums, alginates, pectins, starches, dextrin, CMC) and selected polyols were incorporated at graded levels (variable 
among test binders) in a standard formulation for gilthead seabream larvae. Diets were manufactured by a proprietary low-
shear and temperature controlled moist extrusion process and afterwards processed to obtain a microparticle fraction with 
100-200 micron.

Following manufacture, all diets were analyzed for the following criteria: 
Physical stability was measured as disintegration kinetics of particles after immersion in saltwater by a microscopic 
assessment at various time points (1, 15 and 30 min). Photos taken at the various time points allowed also the measurement 
of increase on particle size and therefore water absorption capacity after immersion. 
Water leaching of nitrogenous compounds by quantitation of total nitrogen after immersion and organic matter losses by 
turbidimetry

Results
By image analysis of micro-photographs taken at several time points after immersion, shape integrity and discoloration 
were effective parameters to assess particle water stability. Among the various ingredients and additives tested, the use of 
polyol(s), wheat gluten, arabic gum and sodium alginate resulted in good water stability of microparticules.

The incorporation of food grade polyols in the formulation resulted in lowest values of nitrogen (N) leaching (15 to 18%), 
while a protein-based binder (e.g. wheat gluten), lignosulfonate and arabic gum originated N leaching values ranging 
from 22 to 24%. Losses of organic matter were estimated by turbidimetry, and highest losses were associated to the use of 
carboxymethycellulose (CMC), yellow dextrine and sodium alginate.   

Conclusions
Data generated in this technological trial showed that the beneficial effects towards nutrient leaching and physical stability 
of a microparticulate diet after immersion in water are highly dependent on binder type and less markedly on binder dose. 
The next step towards the optimization of a high performance microparticulate diet for larval fish encompasses in vivo 
studies to assess the palatability and digestive breakdown of these binders.

(Continued on next page)
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Introduction
Aquaculture is finding new alternative raw materials to partially substitute feedstuffs of marine origin in fish feeds. Plant 
ingredients are the most obvious alternative, and recently processed animal proteins (PAP) have also been allowed to be 
used in aquafeeds in the EU, which increases the potential for the large and combined replacement of fish meal and fish oil. 
The use of these novel ingredients introduces new potential feed and food safety challenges to farmed gilthead sea bream 
(Sparus aurata) or Atlantic salmon (Salmo salar). Mycotoxins are well known natural contaminants in plant feed material, 
while they could also be present on PAPs after fungi growth during storage. The EU has set upper limits for mycotoxins 
in animal feeds but little information exists on their presence in commercially relevant plant and PAP ingredients or their 
transfer from feed to fish fillet. Thus, the occurrence and comparison of the mycotoxin content in plant material and 
PAPs have been investigated to have a widen overview of their presence and potential problems associated in the field of 
aquaculture.

Material and methods
Matrices studied corresponded to different plant materials, PAPs, feeds and cultured fish tissues. Plant ingredients and 
PAPs were selected from available commercial materials based on their relevance on ingredients to novel aquafeeds. Plant 
ingredients: wheat (3 samples), wheat gluten (4), pea (1), pea protein (2), rapeseed meal (1), corn gluten (3), soya protein 
(4) and sunflower meal (1). PAPs: poultry meal (4), poultry blood meal (4), pork meal (3), pork blood meal (3), pork 
greaves (2) and feather meal (3). Feeds: experimental salmon feeds based on plant feed ingredients (4), sea bream feed 
based on plant feed ingredients (4) and semi-synthetic fish feeds (1). Farmed fish tissues: salmon fillets of fish reared on 
plant-based feeds for 3 months (8), sea bream fillets of fish reared on plant-based feeds for 7 months (24).
The method applied was based on our previous work used for a total diet study related to the presence of mycotoxins in 
foods (Beltrán et al., 2013). Briefly, 2.5 g homogenized samples were extracted with acetonitrile:water 80:20 (1% HCOOH) 
using an automatic mechanical shaker for 90 min. Then, the extract was centrifuged followed by a 4-fold dilution with 
water prior analysis. Mycotoxins were determined by ultra-high performance liquid chromatography (UHPLC) coupled 
to tandem mass spectrometry (MS/MS) with a triple quadrupole analyser (QqQ). For quality control, selected matrices 
spiked at two different concentrations were included in every batch to assure reliability of data reported. Matrix-matched 
calibration was used for a correct quantification in order to correct for matrix effects. The acquisition of three SRM (Selected 
Reaction Monitoring) transitions per compound allowed the unequivocal confirmation of positive samples, supported by 
the accomplishment of ion intensity ratios and retention time when compared with reference standards. 

Results
Regarding the results of the analysis of the different ingredients and feeds from the feeding experiments, the highest 
occurrence of mycotoxins was observed in corn gluten, wheat gluten and wheat. Nine mycotoxins were detected in the 
ingredients analyzed. Deoxynivalenol showed the highest concentrations (up to 371 μg/Kg). The mycotoxins detected in 
ingredients were also found in feeds manufactured with these ingredients, except zearalenone, which was present only in 
one ingredient (corn gluten, 7.8 μg/Kg). As opposed to the plant materials, PAP had only minor levels of fumonisin B1 
and ochratoxin A, which were detected in six out of nineteen samples. Only fumonisin B1 was found at a concentration 
higher than the limit of quantification in one sample of poultry meal. Finally, in relation to fish fillets, mycotoxins were not 
detected in any Atlantic salmon and sea bream fillets from growing fish in controlled experimental conditions.

(Continued on next page)
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Discussion and conclusion
The concentrations of mycotoxins were, in all cases, below the maximum permitted levels in products for animal feeding 
(European Commission Recommendation 2006/576/EC). As expected, the presence of mycotoxins in animal products 
was lower than in plant products, although they were detected in six out of nineteen PAP analyzed. The mycotoxins found 
in plant ingredients were also found in aquafeeds. In the light of our results, mycotoxins present in the samples analyzed 
did not reach in any case the maximum permissible levels in feeds. Although fillets (edible part) of fish seem not to 
contain mycotoxins under normal conditions, the possibility of mycotoxins transfer from feed to cultured fish should be 
monitored as their potential presence could be a threat to public health. Furthermore, the co-occurrence of mycotoxins with 
potential negative effects on fish health makes advisable the control of these compounds in the products used in aquaculture 
activities to guarantee fish welfare.  These compounds are known to pose a potential treat to fish health for several fish 
species (Manning and Abbas, 2012; Caruso et al., 2013), however few studies have been performed for the finfish species 
that are important for EU marine aquaculture.
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Introduction
Current changes in fish feed formulations due to the introduction of novel ingredients can have an impact in the waste 
output of aquacultural activities. An important example are vegetable ingredients used to replace marine protein sources, 
which can contain high amounts of undigestible phosphorus (as phytate), thus increasing the efflux of phosphorus from 
fish farms. It is therefore essential to estimate how changes in the formulations of fish feeds can affect aquacultural waste 
outputs.

The classical way of estimating waste outputs is through a “mass budget” approach (Islam 2005), where the system is 
treated as a “black box” and the outputs are obtained from the partitioning of the inputs into “retained as biomass” vs. 
“non-retained”. Though straightforward and powerful, all implementations of this approach require the measurement or 
estimation of parameters that display some degree of uncertainty (e.g. digestibility coefficients), and generally resort to the 
use of point estimates (e.g. “most likely value” or “mean value”) for these parameters. Given that, for example, the mean 
of the total waste calculated from 5 estimates of the FCR is not necessarily the same as the total waste estimated from the 
mean FCR of those 5 estimates, we have decided to implement an extension of the “mass budget” approach, in order to 
obtain not only point estimates for the waste outputs, but also estimates of their uncertainty, using parametric bootstrapping.

Methodology
A meta-analysis was performed in order to obtain point estimates (along with associated uncertainties) of the composition 
and digestibility parameters for most common ingredients, focusing on data available for gilthead seabream.

A working prototype of this tool has been implemented in the R statistical computing language, following the logic flow 
depicted in Figure 1.

Results and Discussion
Some of the results obtained can be seen in Figure 2, where estimates of the waste outputs for three diet formulations are 
compared: CTRL, PAP (replacement of marine ingredients with processed animal proteins) and PP (replacement of marine 
ingredients with plant protein sources). The usefulness of calculating output uncertainties can be seen, for example, on the 
representation of “total inorganic waste”, which implies that, though differences between the PAP diet and the other two 
cannot be confirmed, the difference between the CTRL and PP diets cannot simply be attributed to input uncertainties.

Concluding, this framework shows potential as a basis for a publically-accessible waste estimation tool that aggregates 
knowledge on ingredient composition and digestibility, while also contributing to the discussion on how accurate parameter 
estimates are and how that affects waste output estimates.

(Continued on next page)



1242

Acknowledgements
This work has been partly funded under the EU seventh Framework Programme by the ARRAINA project No. 288925: Advanced 
Research Initiatives for Nutrition & Aquaculture. The views expressed in this work are the sole responsibility of the authors and do not 
necessary reflect the views of the European Commission.

References
Islam S. 2005. Nitrogen and phosphorus budget in coastal and marine cage aquaculture and impacts of effluent loading on 

ecosystem: review and analysis towards model development. Marine Pollution Bulletin 50: 48–61.



1304

INFLUENCE OF DIETARY PHOSPHOLIPIDS ON EARLY DEVELOPMENT AND 
PERFORMANCE OF ATLANTIC SALMON (Salmo salar)

John F. Taylor1*, Laura Martinez-Rubio1, Jorge del Pozo2, James M. Walton3, Alan E. Tinch4, Herve Migaud1, 
J. Gordon Bell1, Douglas R. Tocher1

1 Institute of Aquaculture, School of Natural Sciences, University of Stirling, Stirling, FK9 4LA, UK
2 The Royal (Dick) School of Veterinary Studies, Easter Bush Campus, Midlothian, Edinburgh, EH25 9RG, 
Scotland, UK
3 BioMar Ltd., North Shore Road, Grangemouth FK3 8UL, UK
4 Landcatch Natural Selection Ltd., Stirling University Innovation Park, Stirling, FK9 4NF, UK

Introduction
In the context of sustainable feeds in which fishmeal and/or fish oil levels are reduced, the supply of some nutrients 
such as phospholipids have already been shown to be affected (Tocher et al., 2008). Although fish are able to synthesize 
phospholipids, dietary supplementation at early life stages has been reported to be necessary for good survival, development 
and growth (Coutteau et al., 1997). It has been suggested that dietary phospholipids, specifically phosphatidylcholine (PC), 
play an active role in the absorption of neutral lipids and in lipoprotein production, hence enhancing the efficiency of lipid 
transport from the enterocytes into the serum during early life stages. Moreover, supplementation with phosphatidylinositol 
(PI) has been shown to improve survival and prevent skeletal deformities in carp. The aim of the present study was to define 
the qualitative and quantitative requirements of Atlantic salmon (Salmo salar) for dietary phospholipids derived from either 
marine or plant sources. 

Materials and Methods
Atlantic salmon fry were fed diets containing either krill oil (a rich source of PC) or soybean lecithin (a source of PC and 
PI) in a regression design at four levels, 1.5 (low/unsupplemented), 2.3, 2.9, and 3.2 % total phospholipid, from first feeding 
through to parr-smolt transformation. Fish were sampled at approximately 1g, 2.5g, 5g, 7.5g, 15-20g & smolt. Growth, 
mortality, vertebral malformation and intestinal histology (steatosis) were assessed in addition to measurement of whole 
fish proximate and lipid composition.

Results
Survival was generally similar between the different dietary groups, albeit slightly improved in fish fed krill oil 
supplementation. An effect of phospholipid supplementation was clearly evident at early stages of development (1g), where 
growth increased linearly with increasing dietary phospholipid level irrespective of source (Fig 1A). However, weight 
gain was greater in krill supplemented dietary groups than soy lecithin groups. At later stages of development (>2.5g, 
Fig 1B-C) weight gain continued to increase linearly with soy lecithin supplementation but in fish fed diets supplemented 
with krill oil growth was lower at the two highest levels of inclusion. Highest growth was achieved with supplementation 
of krill phospholipid at 2.3% or soy lecithin at 3.2%. Overall prevalence of vertebral deformities was generally low, at 
4-16% deformed vertebrae as determined by x-ray radiography. Krill dietary groups generally showed a lower prevalence 
than soy dietary groups. Furthermore, increasing phospholipid level decreased prevalence of vertebral deformity, with the 
effect being most pronounced in fish fed the krill oil supplementation. Finally, fish fed either the unsupplemented/base diet 
or the lower levels of soy supplementation (2.3 %) intestines showed significant steatosis in 20 and 10 % of 2.5 g fish, 
respectively. Intestinal steatosis was absent from 2.5 g fish fed krill oil and higher levels of soy lecithin (≥ 3.2 %), possibly 
indicating improved intestinal lipid export/transport in these fish.

Discussion and Conclusions
Survival and growth data confirmed that there was a requirement for dietary phospholipid supplementation in salmon fry 
at early life-stages up to 5 grams. According to these results, the optimum level of dietary phospholipid was 2.3% when 
krill oil supplementation was used and 3.2% when the phospholipid source was soy lecithin. These two diets had similar 
levels of PC, thus levels of this phospholipid class in particular seem to be critical for growth and survival of salmon fry.

(Continued on next page)
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Introduction
Fishmeal (FM) and fish oil (FO) have traditionally been the main ingredients in feed for farmed salmon. These marine 
resources are derived from reduction fisheries that are at their sustainable limits and so FM and FO are finite and limited 
resources and global supply is not able to support sustainable aquaculture development. Although, it is possible to replace a 
large amount of FM and FO in the formulation of feeds for several species, there is still a lack of information with regard to 
the effects of such alternative low FM and FO feeds through the whole life cycle. Previous studies including several large 
EU-funded projects (e.g. RAFOA, PEPPA, FORM, AQUAMAX) have shown that high dietary levels of plant proteins 
and/or vegetable oils (VO) can result in lower weight gain and feed efficiency in salmonids even though the feeds were 
formulated to meet the reported requirements for all essential nutrients. Replacement of FM and FO with plant-based 
alternatives has been shown to have a wide range of metabolic effects that can also impact on fish development and health, 
as well as nutritional quality of the final product. A major concern with low FM and FO feeds is impact on the contents, 
bioavailability and balance of certain micronutrients especially as knowledge of micronutrient requirements for Atlantic 
salmon is limited. The present study focused on the freshwater phase of a full life cycle study investigating the effect of 
FM/FO replacement and micronutrient supplementation on performance, deformity and survival of diploid and triploid 
Atlantic salmon parr. 
 

(Continued on next page)
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Materials and Methods
Duplicate groups of diploid and triploid Atlantic salmon parr were fed from 20g to smolt using either a standard, reference 
diet based on commercial formulations (30/15% FM/FO), or a low FM/FO formulation (15/8%) supplemented with a 
micronutrient premix (modified NRC 2011 recommendation) at three inclusion levels: Standard (S) 100% premix, Diet 
L1 100% premix, Diet L2 200% premix, and Diet L3 400% premix. Fish were reared under simulated natural photoperiod 
(SNP) and ambient water temperature (2-16˚C) to produce S1+ smolts in April 2014. Fish were sampled pre-diet, and 7, 14 
and 31 weeks post-diet application for mortality, growth performance (weight, condition (K), specific growth rate (SGR), 
feed conversion rate (FCR), hepato- (HSI) and viscera- (VSI) somatic indices), whole body and tissue micronutrient 
content, proximate and fatty acid composition. Spinal malformation was assessed by x-ray radiography, and hepatic and 
intestinal histology examined in final smolts.

Results
Mortality was low (<1.6%) in all ploidy and dietary groups, but was lowest in fish fed L2 diet (Fig. 1A). Ploidy and diet 
had a significant effect on growth. Diploids grew faster than triploids within all diets reaching a higher final smolt weight 
(Fig. 1B). Within ploidy, diet L2 resulted in significantly heavier final smolts in diploids than all other dietary groups while, 
in triploids, no significant difference in final smolt weight was observed, although fish fed diet L3 were heaviest at smolt 
transfer. Differences in growth were reflected in FCR, and were generally comparable between ploidy and diet (0.87-1.02), 
with the exception of diploid diet L2 which had the most efficient FCR (0.71). Both ploidy and diet had a significant effect 
on VSI, where triploids had a significantly lower VSI than diploids. There was also an interaction of ploidy with diet, where 
fish fed diets S and L2 had significantly lower VSI than fish fed diets L1 and L3 in diploids, while there was no significant 
difference in VSI between dietary groups in triploids. Ploidy had no significant effect on HSI, but there was a significant 
effect of diet, where fish fed L2 had a significantly lower HSI than fish fed L3. Results were also discussed in terms of body 
lipid and micronutrient composition, and the effect of low FM/FO diets on vertebral and intestinal pathology.

Discussion and Conclusions
This study demonstrated that a high level of plant meal and VO in a salmon diet enabled fish to grow with equal or better 
efficiency than those fed a high marine protein/oil diet during freshwater rearing. Of the micronutrient supplementations in 
fish fed the low FM/FO diet, an inclusion of 200% premix resulted in superior growth in diploids, but triploid growth was 
only improved with 400% supplementation. The differing performance between ploidy suggested there were potentially 
different nutritional requirements between ploidy. Continued monitoring during seawater grow-out will be required in 
order to determine the long-term effect of FM/FO replacement, final product quality and animal health.
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Introduction
Although fish are able to synthesize phospholipids, dietary supplementation with phospholipids at early life stages has 
been reported to improve growth, survival and development in many species including Atlantic salmon (Salmo salar) 
(Poston, 1990, 1991). Thus dietary phospholipid, particularly phosphatidylcholine (PC) may play a key role in promoting 
growth, whereas dietary phosphatidylinositol (PI) has been associated with improved survival and prevention of skeletal 
deformities (Coutteau et al., 1997). The nutritional basis for this requirement is not related to the individual nutrients 
such as essential fatty acids, choline, inositol or phosphate that phospholipid molecules supply (Tocher et al., 2008). 
Furthermore, it does not appear to depend upon the beneficial effects phospholipid may have in improving digestion and 
absorption of lipids. Thus, the biochemical basis of the dietary requirement for intact phospholipid has been suggested to 
be due to impaired phospholipid biosynthesis in intestinal cells (Tocher et al., 2008). Dietary phospholipid may play a key 
role in intestinal lipoprotein production, enhancing the efficiency of lipid transport from the enterocytes and improving 
growth. Our hypothesis is that the phospholipid requirement simply reflects immaturity of the intestine in early life stages 
of fish and that, in addition to impaired digestion, there is also compromised intracellular metabolism in enterocytes. The 
aim of the present study was to determine the molecular/biochemical mechanism of phospholipid requirement in early life 
stages of fish and to define its tissue and ontogenic profile.

Materials and Methods
A phospholipid requirement study was conducted in Atlantic salmon. Fry were fed diets containing either krill oil (a rich 
source of PC) or soybean lecithin (a source of PC and PI) in a regression design at five levels, 1.5 (low/unsupplemented), 
2.3, 2.9, 3.2 and 3.8 % total phospholipid, from first feeding through to parr-smolt transformation. Fish were sampled 
at around 1g, 2.5g, 5g, 7.5g, 15-20g and smolt. Growth, mortality, skeletal development and intestinal histology as well 
proximate and lipid compositions were measured. Samples of liver and intestine were also collected into RNALater for 
determining gene expression. Extraction of RNA and cDNA production were performed as described previously (Betancor 
et al., 2014). qPCR was performed using a Biometra TOptical Thermocycler (Analytik Jena, Goettingen, Germany) in 96-
well plates as described in detail previously (Betancor et al., 2014).
 
Results
The molecular mechanism of the dietary phospholipid requirement was investigated in a quantitative PCR study to determine 
gene expression in liver and intestine obtained from fry fed the unsupplemented diet (low phospholipid) at two time points, 
2.5g and 15-20g. The design enabled the effects of development (2.5g v. 15-20g) and tissue differences (intestine v. liver) 
to be determined. The genes investigated included all those of the main phospholipid biosynthesis pathways in mammals 
(Fig.1) as well as various other candidate genes including transacylases and key transcription factors involved in lipid 
metabolism to form a suite of around 30 genes. 

Growth performance and mortality data confirmed that Atlantic salmon fry showed a requirement for dietary phospholipid 
at an early stage up to 5 grams. Histological analyses of intestine confirmed steatosis in fish fed the lowest level of dietary 
phospholipid. Although the size differences remained, the growth data suggested that this requirement was no longer 
evident in fish of 15-20g. Therefore the data were consistent with our hypothesis and supported our qPCR study design. 
The full results of the qPCR study will be presented.

Discussion and Conclusions
The gene expression data will be discussed in the context of existing knowledge of dietary intact phospholipid in early life 
stages of fish. The anticipated primary outcomes are the identification of genes(s) that may limit phospholipid biosynthesis 
in early life stages of salmon, and confirmation of whether any limitations were restricted to intestinal tissue and how this 
changed with development.

(Continued on next page)
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Introduction
Although fish are able to synthesize phospholipids (PL), dietary supplementation with PL at early life stages has been 
reported to improve growth, survival and development in many species including Atlantic salmon (Salmo salar) (Tocher 
et al., 2008). The basis of this requirement is not related to the nutrients supplied by PL molecules (e.g. fatty acids, 
choline, inositol, phosphate) or physico-chemical effects of PL on lipid digestion. The biochemical basis of this dietary 
requirement for intact phospholipid may be related to intestinal ontogenesis. Thus dietary PL may play a key role in 
intestinal lipoprotein production, enhancing the efficiency of lipid transport from the enterocytes and improving growth 
(Tocher et al., 2008). The aim of the present study was to determine the effects of dietary PL content and composition on 
intestinal metabolism of salmon. To this end, a PL requirement study was conducted in first-feeding salmon and the effects 
on intestinal transcriptome investigated using oligomicroarray technology.
  
Materials and Methods
Atlantic salmon fry were fed diets containing either krill oil (diets K) or soybean lecithin (diets S) from first feeding through 
to parr-smolt transformation. Five total PL levels were used, 1.5% (unsupplemented, K1/S6), 2.3% (K2/S7), 2.9% (K3/S8), 
3.2% (K4/S9) and 3.8% (K5/S10). Fish were sampled at 2.5g and 15-20g, intestinal tissue collected into RNALater and 
extraction of RNA performed as described previously (Martinez-Rubio et al., 2012). The transcriptomic experiment used 
an Atlantic salmon custom-made oligoarray with 44k features per array (Agilent Technologies UK Ltd., Wokingham, UK). 
The experiment comprised of 36 hybridisations with 6 treatments (diet and time point) × 6 biological replicates, and was 
performed using labelling, hybridisation and scanning methodologies described previously (Martinez-Rubio et al., 2012). 
Gene expression data was subjected to bioinformatic analyses using Cytoscape (http://www.cytoscape.org), an open-source 
software platform for visualising molecular interaction networks and biological pathways and integrating these networks 
with annotations and gene expression profiles.

Results
Growth performance and mortality data confirmed that there was a requirement for dietary PL in salmon fry at an early 
stage up to around 5g. The transcriptomic experiment utilised 6 treatments (S6 at 2.5g and 15-20g, and K2, K5, S7 and 
S9 at 2.5g) and enabled several discrete comparisons to be made. Thus, effects of development (S6 2.5 g v. S6 15-20g), 
PL content (S6 v.  S7 v. S9), and PL class  (K2 (PC) v. S7 (PC, PE and PI) were examined. Gene ontology (GO) analyses 
showed intestines of fish fed the diet without supplemental PL (S6) had increased expression of genes involved in GO areas 
vesicle/golgi transport and lipid modification compared to fish fed supplementary PL (S7 and S9) or 15g fish that do not 
show a requirement for dietary PL (Fig.1). These areas were subjected to further detailed metabolic pathway analyses to 
elucidate specific enzymatic reactions involved.

Discussion and Conclusions
The results of this gene expression study will provide considerable insight into the metabolic pathways that may be limiting 
PL biosynthesis and metabolism in salmon fry.

(Continued on next page)
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Introduction

It has been suggested that the high matter density of formulated feed microparticles may affect negatively the digestibility 
of microdiets by larval fish with immature digestive system. Live organisms predated by larval fish have a thin exoskeleton 
and a high water content (between 85 to 95%) that provides a very different texture and physical performance than dense 
feed microparticles. The aim of this study was to find a way for increasing the water content after rehydration in food 
microparticles for fish larvae, and to examine whether or not an increase in the water content may contribute to a better 
digestion of these particles within the gut of fish larvae during the first days of feeding.

Material and Methods

Four different microencapsulated diets were prepared with increasing amount of carboxymethyl-cellulose (CMC), a 
compound that has the characteristic of absorbing water. The four microdiets were prepared by the method of internal 
gelation and included: 0% (control), 2%, 4% and 8% of carboxymethyl-cellulose, respectively. The capacity of absorbing 
water was measured after re-hydration for 30 min. The potential digestibility of the microdiets has been examined by 
observing the disintegration level within the gut of gilthead seabream Sparus aurata larvae from first feeding to 15 days 
after hatching (dah), as well as measuring the enzyme activity of trypsin, lipase and α-amylase and gene expression of 
trypsin (Try), chymotrypsin (Chy), phospholipase A2 (Pla2), α-amylase (Amy) and bile salt-activated lipase (Bal) in larvae 
with 6, 10 and 15 dah. For the feeding assays with microdiets, the larvae that were growing fed on rotifers in 250-L tanks 
were placed in 3-L beakers under the same temperature and salinity conditions. The four microdiets were added on the 
water surface every 30 min from 9:00 hours and the larvae sampled at 19:00 hours.

Results 

The inclusion of CMC resulted in an effective increase of the hydration capacity of the microdiets. The final water content 
after 30 min of immersion in water was related to the percentage of CMC included and ranged from 80% in the standard 
microdiet without CMC to 90% in the microdiet with 8% of CMC (Table 1). Larvae fed on all the four microdiets exhibited 
a good ingestion from first feeding. The food microparticles were more degraded in the gut of larvae fed on microdiet with 
8% CMC during the first days of feeding (Figure 1). No clear differences were observed from 10 dah onwards. 

Differences in enzymatic activities were not evident except for the activity of α-amylase that was significantly higher in 
larvae fed microdiet D (8% CMC) in the younger larvae analyzed (6 dah). A higher but non-significant trypsin activity was 
determined in 15 dah larvae fed also on microdiet D. 

The gene expression increased with the age in Try for the four tested diets and in Bal with diets C (4% of CMC) and D (8% 
of CMC) (P<0.05). No significant differences among treatments were found for Try, Chy and Amy in the three ages tested. 
Significant differences were found for Bal at 6 dah and Pla2 at 10 dah, but only Pla2 showed a decreasing trend in relation 
to the increasing water content and was significantly higher with diet A than with the other three diets (P<0.05).

Conclusions

This type of microcapsule already has a relatively high capacity of absorbing water (80% after rehydration), but still the 
capacity to absorb water of the food microparticles can be improved by adding CMC to the ingredient mixture. Overall 
the results indicate that increasing the water content in the microdiet up to 90% may facilitate the digestively of the 
food particles. The particles with more water content disintegrate clearly better, mainly during the first days of feeding. 
Nevertheless, the enzyme function was overall poorly affected.

(Continued on next page)
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Introduction

A poor digestive capacity during the first days of development has been traditionally considered as a primary factor 
preventing the success of microdiets as solely food for fish larvae. Nevertheless in fish larvae the digestive processes are 
functional from first feeding. Different factors have been considered to affect the digestibility of microdiets, such as particle 
structure, particle matter density, dietary composition and larval developmental stage. Feeding protocol that modulates 
the feed intake is other factor to take into account. In this study we have examined the digestive capacity of gilthead 
seabream (Sparus aurata) larvae in relation to microdiet production technologies, feeding protocols and larval age to obtain 
a global picture of digestive function in fish larvae fed on microdiets. The main objective is to elucidate in what extent the 
digestibility of microdiets is a major constraint in the use of these feeds in larval fish. Secondly, the study aims to know if 
the digestive functional pattern obtained with microdiets could give clues for advancing in the design and formulation of 
larval feeds.

Material and Methods

Three different experiments were performed. The first one was aimed to study the effect of water content in the microdiet 
after rehydration in the rearing tank on the digestive capacity of seabream larvae. In such trial, fish larvae fed four 
microencapsulated diets prepared with increasing amount (0, 2, 4 and 8%) of carboxymethyl-cellulose (CMC) in order to 
increase total water content were assessed. The digestive function was examined in larvae from 6 to 15 dph. The second 
experiment determined the effect of different microdiet feeding frequencies on the digestive capacity of fish larvae. For 
that purpose, enzyme activities of 10 dph larvae fed a microencapsulated diet at three different daily feeding frequencies 
(2, 4 and 8 daily meals) were monitored every three hours along a daily cycle and compared to a control larvae fed on 
live preys. The third trial examined the effect of a microbound diet prepared with different binders (gelatin, arabic gum, 
dextrin and sodium alginate) on the digestive capacity of marine fish larvae. In this experiment, gilthead seabream larvae 
of 15 dph were fed on microbound microdiets for 15 days. In the three experiments the digestive function was assessed 
by analyzing the enzyme activity of trypsin, lipase and α-amylase and gene expression of trypsinogen, chymotrypsinogen, 
phospholipase A2, α-amylase and bile salt-activated lipase.

Results 

The final water content after rehydration increased progressively from 80% to 90% with the inclusion of increasing 
amounts of CMC. Although the final water content was able to affect the disintegration of particles within the gut, the 
digestive function was just lightly affected. Only the activity of α-amylase in larvae fed microdiet D (90% water content) 
was significantly higher in the younger larvae analyzed (6 dph). 
 
Seabream larvae exhibited a clear daily rhythm in digestive activity. Changes in the digestive enzyme activities were also 
associated to the feeding protocol. Trypsin and lipase activity showed rhythmic daily variations when fed on rotifers with 
permanent prey availability and also with the microdiet. The trypsin activity may change depending on the time of the 
day and on the feeding protocol. This fact can explain the high variability between studies observed when just one sample 
a day is considered. The trypsin pattern obtained with 8 meals was similar to that of the control, prolonging the protein 
digestion some few hours more than with 2 and 4 meals. As the larvae fed continuously up to the end of the light period 
it is recommended to supply the microdiet particles as frequent as possible to allow a better accessibility and prolonged 
digestion.     

(Continued on next page)
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Feeding on microdiets with different binders induced some variations in digestive enzymes activities. Trypsin activity was 
significantly higher in larvae fed the Gelatin diet, which was the diet with the highest protein content. However, trypsin 
activity was not correlated with the dietary protein content of the diets and it was very low in the larvae fed any other 
diet. Chymotrypsin activities were not significantly different among larvae fed diets with the different binders, although 
showed a trend to a lower activity in larvae fed diets Dextrin and Gelatin. Lipase activities were not significantly different 
among larvae fed diets with the different binders but showed a general trend to a lower activity in larvae fed Dextrin and 
Gelatin diets and was not related to the lipid contents of the diet. Amylase activities were not significantly different among 
larvae fed diets with the different binders and, despite being highest in larvae fed Arabic gum diet containing the highest 
carbohydrate level, it was not correlated to the carbohydrate contents of the microdiets.

Gene expression of the RNA codifying the digestive enzyme precursors appeared in general poorly affected by the different 
experimental conditions, although it increased with age in some cases (trypsinogen, BAL). This response would indicate 
the dominance of an endogenous programming independent of the feed type.

Conclusions

The technology of microdiet preparation and the binder used in production may have a notable effect in the activity of the 
digestive enzymes. We found different responses between the two microdiet types, as well as among the microbound diet 
with different binders. Gelatin as binder yielded the highest trypsin activity and should be considered as an ingredient in the 
preparation of larval microdiets. The increase of the particle capacity for rehydration by adding CMC can be considered in 
the preparation of microdiets for very early larvae.
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