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THE CHALLENGE AHEAD

• Fish meal production has not increased throughout the last 20 years

• The growth in aquaculture has partly been based on an increased share of  

marine raw materials allocated to aquaculture, and partly due to their 

replacement with other ingredients

• The challenge ahead is to allow further development by improving feed 

efficiency while reducing our dependence from marine raw materials
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IMPROVING FEED EFFICIENCY

Impact of changes in dietary digestible energy (DE) content on the biological feed 

conversion ratio of Atlantic salmon in seawater – Progressive changes in the DE 

content of salmon feeds over 2 decades have reduced the FCR that can be achieved 

which, coupled with improvements in feeding technology and strategy, have resulted 

in substantially improved use of the feed resource.
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Crude protein (%) 45 42 36

Crude fat (%) 18 32 38
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Ash (%) 9 7 6

Crude fibre (%) 2 1 1

NFE (%) 18 12 13

Moisture (%) 8 6 6

DE (MJ/kg) 17 21 22

FCR, biological 1.32 1.14 1.10
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REDUCED MARINE RAW MATERIALS DEPENDENCY –

FISH MEAL
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Main Studies on FO and FM substitution

• RAFOA, www.rafoa.stir.ac.uk, established that salmonids could 

be cultured on diets where 100% of the FO is replaced by a 

single (or a blend of) VO, and that for bass and bream, 

replacement of up to 60% of FO showed no detrimental 

effects on growth. 

• PEPPA www.st-pee.inra.fr/ici/stpee/nut/peppa/peppa.htm

established that trout and bream can be cultured with 75% 

replacement of FM, by plant products, with no loss on 

growth performance.

• Other projects (AquaMax, for instance) take in 

consideration the quality of fish in human nutrition, after 

feeding with high percentage FO & FM substitutions .    



Trota 
bianca

Trota 
salmonata

Pangasio

C18:2 n-6 5.25-7.36 4.63-8.09 7.16-8.19

C18:3 n-6 0.29-0.35 0.00-0.20 0.18-0.36

C18:3 n-3 1.16-1.71 1.32-2.29 0.28-0.57

C18:4 n-3 1.30-1.51 1.46-1.55 0.04-0.10

C20:2 n-6 0.33-0.44 0.36-0.54 0.42-0.59

Profilo degli acidi grassi POLINSATURI
in trota bianca, trota salmonata e pangasio

(% degli acidi grassi totali)

C20:2 n-6 0.33-0.44 0.36-0.54 0.42-0.59

C20:4 n-6 0.46-0.70 0.44-0.54 1.55-3.61

C20:5 n-3 (EPA) 4.83-6.20 5.62-5.86 0.19-1.31

C22:4 n-3 0.00-0.09 0.06-0.07 0.24-0.64

C22:5 n-3 1.55-1.98 1.68-1.82 0.34-1.06

C22:6 n-3 (DHA) 13.59-15.80 12.86-14.22 1.70-3.64

Polinsaturi totali 30.55-35.73 30.27-33.32 12.48-18.76

n-3 totali 22.50-26.85 23.54-24.68 2.58-6.69

n-6 totali 6.28-8.88 5.60-9.33 9.89-13.38

rapporto n-3/n-6 2.74-3.89 2.57-4.41 0.26-0.64

(Da: E. Orban, 2009)



High dietary VO inclusion result in reductions of 

flesh DHA & EPA (≈65% in salmon fed 100% VO or 

up to 50% in bass and bream fed 60% VO)

• However, flesh EPA and DHA can be restored

to 70-100% in fish fed FO, by the use of FO-

containing finishing diets in pre-harvestcontaining finishing diets in pre-harvest

period (Bell et al., Lipids, 2004; Torstensen et

al., JAFC, 2005; Mourente et al., Aquac. Nutr.,

2005; Izquierdo et al., Aquaculture, 2005)
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partial soy protein replacement
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Hepatic transcriptome in fish FO / VOHepatic transcriptome in fish FO / VO

71 genes differentially 

expressed

16 up-regulated in VO

55 down-regulated in VO 

FOFOVOVO

Proteolytic system : Proteolytic system : 

proteasomeproteasome

FASFAS

CYP1A CYP1A 
Proteolytic system : Proteolytic system : 

proteasomeproteasome

55 down-regulated in VO 

FASFAS

CYP3ACYP3A

Proteolytic system : Proteolytic system : 

Lysosome (cathepsin)Lysosome (cathepsin)

Proteolytic system : Proteolytic system : 

Lysosome (cathepsin)Lysosome (cathepsin)

(From: S. Kaushik, 2009)





ESTs’:

D. labrax: 85,049

S. aurata: 103,320

O. mykiss: 299,088



Compensatory growthCompensatory growth
• The exceptionally fast growth that

fish experience after periods of
fasting has been called
“compensatory growth”

• This phenomenon, reported in a
wide range fish species, has beenwide range fish species, has been
studied in intensive aquaculture as
a means of enhancing feed
conversion efficiency, but the
mechanisms implicated are
complex and not yet fully
understood.







Sequences
blast: Basic Local Alignment Search Tool

Alignments

Primer design



PCR



Absolute quantitative analyses with the Real Time 
PCR 

Sequential dilution of 

the transcript, at known 

concentrations

One-step TaqMan EZ 

RT-PCR





L’ormone grelina prodotto 

principalmente nello stomaco 

agisce sul cervello, interagendo 

con specifici recettori a livello 

delle fibre afferenti del nervo 

vago, o raggiungendo 

direttamente il cervello mediante 

la circolazione sanguigna. Questo 

peptide gastrointestinale è 

sintetizzato anche nel cervello e sintetizzato anche nel cervello e 

può per questo essere 

considerato allo stesso tempo un 

segnale sia periferico, sia 

centrale.



• La grelina è un peptide di 28 aa originariamente isolato dallo stomaco umano e 
murino. 

• Trasmette le informazioni riguardanti la disponibilità di nutrienti 

• Implicato nella secrezione di GH e nella modulazione del metabolismo energetico

• Recettori espressi principalmente nell’ipofisi e nell’ipotalamo, ma anche in altri 
tessuti

• Studi in teleostei a favore di un’azione oressigenica

GRELINA nei PESCI GRELINA nei PESCI 



Livelli tessutali di espressione di grelina in branzino
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Growth hormone     Insulin-like growth factors (IGF) axis

Moriyama et al., 2000



IGF1 muscle
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Terova et al., IJAS, 2007
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HIF-1α

HIF-1β

HIF-1α

HIF-1α
HIF-1α

HIF-1α

NUCLEO
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Impiego di idrolisati proteici nelle diete

• Richiede 
compensazione con 
EAA in forma di 
dipeptidi (DP) o 
tripeptidi (TP). 

• Ma il trasportatore • Ma il trasportatore 
intestinale Pept-1 
non presenta la 
stessa affinità per 
tutte le possibili 
combinazioni di  DP 
e TP 
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Attività del gene Pept-1 in diversi organi e parti dell’intestino
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A number of candidate genes are available for fish

feeding and nutrition studies, and they may

quantitatively describe:

• A response to FO and FM substitution

• The growth actitude

• Feeding interests

• A response of the digestive functions• A response of the digestive functions

• The response to specific environmental agents 

affecting appetite

• Nutrition strategies affecting the immunitary 

response

• Others………..



Molecular biology and  fish 

feeding/nutrition: a winning combination

• A study on a larger number of candidate genes 

must be afforded on the most important 

farmed species

• And it should include genes that directly • And it should include genes that directly 

describe the CNS responses  (brain-derived 

neurotrophic factor, BDNF?)

• In spite the quantitative real time RT-PCR 

already  being a profitable approach, simplest 

“kits facilities” should be developed for larger 

“on farm” monitoring applications


