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PEPPA, 2001-
2004 

PERSPECTIVES OF 
PLANT PROTEIN USE 
IN AQUACULTURE 

15-20% FM 
12-15% FO 

Gómez-Requeni et 
al., 2003, 2004 

 

 

AQUAMAX, 2006-
2010 

SUSTAINABLE 
AQUAFEEDS TO 
MAXIMISE THE 
HEALTH BENEFITS 
OF FARMED FISH 
FOR CONSUMERS 

15-20% FM 
5% FO 

Benedito-Palos et 
al., 2007, 2008, 
2009 

 

 

ARRAINA, 2012-
2016 

ADVANCED 
RESEARCH 
INITIATIVES FOR 
NUTRITION & 
AQUACULTURE 

5% FM 

2.5% FO 

 



EXPERIMENTAL SETUP 

Four experimental diets with changing FM/FO content 
formulated  by BIOMAR and supplemented by BP70® 

 

Initial BW 15 g  
Replicate tanks (3000-L), 150 fish each   
Natural photoperiod and temperature conditions 
 
Fish are fed to visual satiety 1-2 times per day and 3-6 
days per week through the production cycle  

Each 4-6 weeks biomass is determined 

Fish are sampled periodically for blood and tissue 
samples (biochemical, histological, molecular, proteomic, 
microbiological, and food safety analyses )    
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Diet composition 

 
Ingredient (%) Diet    

 D1 D2 D3 D4 

Fish meal  23.00 3.00 3.00 3.00 

CPSP 90 2.00 2.00 2.00 2.00 

Soya protein  16.00 25.00 25.00 25.00 

Corn gluten  15.00 25.00 25.00 25.00 

Wheat gluten 4.00 7.30 7.30 7.30 

Rapeseed cake 12.00 9.70 9.90 9.90 

Wheat 11.08 6.80 6.64 6.24 

Fish oil 15.60 6.56 2.50 2.50 

Rapeseed oil   0 4.40 6.50 6.50 

Palm olein  0 4.40 6.50 6.50 

Emulthin G35  0 1.625 1.456 1.456 

Choline chloride   0 0.199 0.196 0.196 

Monocalcium phosphate 0.303 2.097 2.097 2.097 

L-Lysine 0.196 1.009 1.005 1.005 

L-Histidin 0.136 0.136 0.136 0.136 

Methionine  0 0.085 0.084 0.084 

Mineral-vitamin mix
1
 0.500 0.500 0.500 0.500 

Cholesterol 0.113 0.113 0.113 0.113 

Ethoxiquin  0.020 0.020 0.020 0.020 

BAROX BECP  0.025 0.025 0.025 0.025 

Yttrium 0.03 0.03 0.03 0.03 

BP-70  0 0  0  0.4 

     

Proximate composition     

Dry matter (DM, %) 91.65 91.79 91.80 92.34 

Crude protein (% DM) 45.48 46.73 46.12 46.03 

Crude fat (% DM) 19.80 19.56 20.13 19.40 

EPA+DHA (% DM) 2.90 1.38 0.67 0.63 

D1 (CTRL) 

25% FM 

15.6% FO 

EPA + DHA 
2.9% DM 

D2 

5% FM 

6.5% FO 

 8.8% VO 

EPA + DHA 
1.4% DM 

D3 

5% FM 

2.5% FO 

13% VO 

EPA + DHA 
0.6-0.7       
% DM 

D4  

5% FM 

2.5% FO 

13% VO 

0.4%  

BP70®  

EPA + DHA 
0.6-0.7      
% DM 
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Growth performance I 
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D2(FM5/FO6)

D3(FM5/FO2.5)

D4(FM5/FO2.5/BUT)

4 wks

13 wks

31 wks

All groups grew fast,  

final FE ~ 1  

Fish fed CTRL (D1) and D2 
(5FM/6.5 FO) diets are 
undistinguishable 

6-7% reduction in BW mass is 
found in fish fed D3 and D4 
diets (5FM/ 2.5FO) 

The growth impairment was 
restricted to starting period   
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2014 2013 

Benedito-Palos et al., Aquaculture 2016 



Changes in SGR from May to December 

More than 300 g at the end   

* * 

Short adaptation periods (2-4 wks) with 

intermediate diets are required before the 

use of extremely low FM/FO diets 

USSEC 2017, Benicàssim Benedito-Palos et al., Aquaculture 2016 



Growth performance II 

No effects of diet 

composition on growth  

Data on KPIs are record 

values for sea bream 
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Plant based-diets support 

maximum growth of sea 

bream from early life stages 

to completion of sexual 

maturation 

BUTyrate supplementation does  

not act as a growth-promoting 

factor in fast growing sea bream 
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Analysis of Metabolic Consequences 

1- WB composition & biometric indices 

2- Blood biochemistry & Haemotology 

3- Histopathological scoring  

4- FA profiles  

5- Gene expression profiling of metabolically 

active tissues (liver, AT, SKM) 

6- Reproductive performance (sex ratio) 

7- Intestinal health: gut transcriptome, mucus 

proteome, microbiota composition & 

diseases resistance 

8- Food safety (screening of 

biocontaminants)  
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Sampling Schedule  
(metabolic & safe profiling) 
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WB composition/                                           
Nutrient retention  

Blood biochemistry 

Tissue FA profiling 

Histopathological  scoring 
of liver & intestine 

Transcriptome (liver, SKM, 
intestine) 

Intestinal mucus proteome 

Intestinal microbiota 

Screening of contaminants  
(food safety) 

 



ab 

a 
a 

b 

% wet weight 
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Gut Index 
N retention, 36-40% 

Lipid retention > 46-50% 

Benedito-Palos et al., Aquaculture 2016 



Blood Biochemistry & Haematology 

Haematology 

Hc 

Hb 

RBC 

Electrolytes & 
Metabolites 

Calcium 

Chloride 

Magnesium 

Phosphate 

Glucose 

TG 

Cholesterol 

Proteins 

Creatinine 

Choline  

Enzymes 

ALAT 

ASAT 

GLDH 

ALP 

Lysozyme 

Hormones 

GH 

IGF-I 

Cortisol 

Other 

TAC 

RB 
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Basic Blood Biochemistry 

P-values, ANOVA-II (diet_season effects) 

BW 80-100 g  

Aug 2013 

wk 13 

BW 290-310 g  

Dec 2013 

wk 31 

Haemoglobin (g/dl)

Haematocrit (%)

RBC x 10-6/ml

Glucose (mg/dl)

Triglycerides (mM)

Total cholesterol (mg/dl)

HDL cholesterol (mg/dl)

VLDL/LDL cholesterol (mg/dl)

Total proteins (g/l)

ALAT (U/l)

ASAT (U/l) 

GLDH (U/l)

ALP (U/l)

Creatinine (mg/dl)

Choline (µM)

Calcium (mg/dl)

Chloride (mg/dl)

Magnesium (mg/ml)

Phosphate (mg/dl)

Antioxidant capacity (Trolox mM)

Lysozyme (U/l)

Respiratory burst (IRLU)

GH (ng/ml)

IGF-I (ng/ml)

SEASON

0.001

0.061

0.001

0.08

0.033

0.001

0.001

0.001

0.001

0.101

0.025

0.734

0.008

0.008

0.001

0.383

0.05

0.004

0.517

0.001

0.001

0.001

0.001

0.001

Diet & time-interaction 
effects are restricted to 
Hb, RBC, cholesterol, 

choline and IGF-I 

DIET

0.001

0.602

0.007

0.294

0.309

0.001

0.001

0.001

0.306

0.777

0.661

0.505

0.316

0.865

0.03

0.01

0.065

0.197

0.997

0.153

0.622

0.131

0.091

0.01

INTERACTION

0.159

0.259

0.001

0.621

0.323

0.04

0.001

0.001

0.782

0.886

0.217

0.932

0.213

0.077

0.012

0.001

0.915

0.016

0.966

0.097

0.361

0.336

0.483

0.016

A sampling-time effect 
is found for most of the 
analysed parameters 

(wks 13-31)  

Benedito-Palos et al., Aquaculture 2016 



Haemoglobin, g/dl 

 

b 
b 

a a 

a 
b b 

ab 

D2, D3 
diets 

• Low FM inclusion levels 
(5%) reduce haemoglobin 
concentration 

D4 diet, 

0.4% 
GUSTOR 

BP70®   

• Anaemia signs are  
reversed by BUT 
supplementation  

USSEC 2017, Benicàssim Benedito-Palos et al., Aquaculture 2016 



Cholesterol, mg/dl 
 

D4 diet 

0.4% GUSTOR BP70® 

Clinical signs of 
hypocholesterolemia 
are reversed by BUT 

supplementation  

ab ab 
b 

a 

a 

b 

a 

b 
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Choline & IGF-I  
 

D4 diet  

0.4% GUSTOR BP70® 

Other potential 
benefits include 

transient increases in 
circulating vitamin and 

growth-promoting 
factors   

a a a 

b 

a 
a 

b 

a 
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Targeted gene expression analyses revealed few changes 

of molecular signatures in metabolically active tissues  
(liver, skeletal muscle, adipose tissue) 

LIPID CHIP 

40 genes 

30 new sequences  

Elongases , 5 

Desaturases, 3 

PL metabolism, 11 

Lipases and related genes, 
13 

FA B-oxidation, 4 

Transcription factors, 4 

GROWTH Chip 

88 genes  

20 new sequences 

GH receptors 

Insulin/IGF receptors 

Myogenic factors 

Molecular chaperones 

Inflammatory markers 

……….. 

OXPHOS chip 

88 genes 

86 new sequences 

Complex I, 34  

Complex II, 6 

Complex III, 13 

Complex IV, 22 

Complex V, 13 

MITO chip 

60 genes 

52 new sequences 

Oxidative metabolism & 
respiration uncoupling, 13  

Antioxidant defence, 7 

Protein transport/ 

folding/assembly, 23 

Mitochondria dynamics, 6 

Apoptosis, 5  

 

Pathway-focused PCR-arrays operated by handling 

robots for the simultaneous and semi-automated gene 

expression profiling 
USSEC 2017, Benicàssim 
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SKM, PCA of diferentially expressed genes (9)

Factor score plot 1 (52.6%)
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 The outlier is the lowest FM/FO group (D3) 

 The up-regulation of markers of protein 

breakdown (CD15, CAPN3, PSMA5, 

PSMB1A, UCHL3, UBE2N) is the major 

source of variation  

 BUT supplementation reverse most of the 

observed changes in the D3 group 

GROWTH-CHIP 

outcomes 

Liver, PCA analysis of diferentially expressed genes (13)

Factor score plot 1 (30%)
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 Transcriptional changes mostly reflect low FM 

inclusion levels 

 The down-regulation of mitochondrial HSPs 

(mtHsp10, mtHsp60, mtHsp70) and oxidative 

enzymes (CS, COXI) in fish fed D2-D4 diets is 

the major source of variation 
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Histopahological Scoring 

Estensoro et al., Plos One 2016 

No sings of 

histopathological damage 

were found in liver or 

intestine 

 

BUT supplementation 

(0.4%) increased the 

abundance of Goblet cells 

in AI and PI 

 

Hepatic glycogen depots 

were increased in BUT-

fed fish  

 



Fillet FA profile 

USSEC 2017, Benicàssim 

 

 Diet 

Fatty acid D1  D2  D3  D4 

14:0 4.01±0.23
a
  4.69±0.43

ab
  5.54±0.27

b
  5.34±0.36

b
 

16:0 18.69±0.20
a  18.15±0.54

a  16.99±0.30
b  16.91±0.25

b 

16:1n-7 6.75±0.33
a  4.07±0.23

b  2.92±0.43
c  3.35±0.21

bc
 

18:0 5.01±0.20  5.18±0.36  4.43±0.30  4.57±0.29 

18:1n-9 17.7±0.77
a  25.61±0.88

b  32.96±1.15
c  31.42±1.13

c 

18:1n-7 2.79±0.46
a  0.53±0.21

b  0.68±0.12
b  0.91±0.10

b 

18:2n-6 5.85±0.13
a  14.63±0.25

b  16.64±0.17
c  16.32±0.30

c 

18:3n-6 0.27±0.01
a  0.13±0.01

b  0.06±0.01
c  0.07±0.01

c 

18:3n-3 1.17±0.05
a  2.32±0.12

b  3.61±0.13
c  3.49±0.13

c 

18:4n-3 1.01±0.06
a  0.46±0.04

b  0.29±0.03
c  0.32±0.01

c 

20:1n-9 0.68±0.05
a  0.85±0.05

b  1.08±0.04
c  1.04±0.05

c 

20:4n-6 1.07±0.07
a  0.70±0.08

b  0.32±0.04
c  0.39±0.05

c 

20:5n-3 (EPA) 10.24±0.21
a  6.42±0.51

b  3.28±0.30
c  3.74±0.41

c 

22:4n-6 0.13±0.01
a  0.08±0.01

b  0.04±0.01
c  0.05±0.01

c 

22:5n-3 0.30±0.02
a  0.17±0.02

a  0.08±0.01
b  0.11±0.02

b 

22:6n-3 (DHA) 12.72±0.77
a  7.67±0.79

b  3.92±0.49
c  4.98±0.70

c 

C18-PUFA 

C18-PUFA 

C18-PUFA 

n3 LC-PUFA 

(LA) 

(LNA) 

(Oleic) 

(ARA) 
n6 LC-PUFA 



Fillet FA composition 
Total lipids, % FAME 
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FO oil 
VO oils 



Dummy regression model: a close association 

between observed & predicted FA-values 
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www.nutrigroup-iats.org/aquafat 

 

Ballester-Lozano et al., 2015, 2016 

http://www.nutrigroup-iats.org/aquafat
http://www.nutrigroup-iats.org/aquafat
http://www.nutrigroup-iats.org/aquafat
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Neutral 
lipids_TG  

• Reflect feed 
composition 

Polar 
lipids_PLs  

• Highly 
regulated 

PL 
allostasis 

• More dependent on 
environmental factors 
rather than diet 
composition  

Benedito-Palos et al., 2008, British Journal of Nutrition 

Benedito-Palos et al., 2010, Journal of Animal Science  

Benedito-Palos et al., 2013, British Journal of Nutrition 



FA analysis, histopathological scoring 

and transcriptomic profiling of liver 

and SKM support the use of high low 

FM/FO diets. This is favoured by the 

healthy effects of additives on 

intestine architecture (shortened 

intestine, higher microvilli length,  

abundance of GB cells) 

and markers of muscle protein 

turnover 



 
• Changes in the gut transcriptome reveal a 

pro-inflammatory state (gut chip) 

• The composition of intestinal mucus is 
specially sensitive to low FM/FO diets, 
(iTRAQ)  

• Low FM/FO diets can compromise the 
integrity of epithelial intestine integrity 
(electrophysiology)  

• Low FM/FO diets reduce the microbiota 
biodiversity  (pyrosequentiation 16S 
rRNA)  

 

• BUT supplementation reverts totally or 
partially the above effects. 

• The restoration of wild phenotype is 
associated to a lower progression of 
diseases outcomes  (E leei) 
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MICROBIOTA 

ELECTRIC 

RESISTANCE 

PROTEOMA 

D1 D4 

Drawback effects of low FM/FO 

diets at the intestinal level  



Concluding Remarks 
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çok teşekkür ederim 

Thanks for your attention! 

Muchas gracias! 

Moltes gracies! 

WELCOME TO BENICASSIM 




