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The trial was carried out in an IRTA Mar
recirculation system with 12 100L tanks,
using an experimental design of 4
different feeding conditions with 3
replicates (200 fish/tank). Fish (202±5 mg
initial weight) were obtained from a local
dealer and transported by road to IRTA
where they were acclimated and treated
to avoid any pathogen or parasite.
Rearing conditions were 18±0.5ºC,
1.2±0.2 ppt salinity, 6.5±0.5 mg/L oxygen,
10hL:14hD photoperiod.

Feeding protocol

i) days 0-5: 100% live 6 days-old Artemia metanauplii (15-20 metanauplii/mL);

ii) days 6-10: 75% Artemia metanauplii + 25% inert feed (FM, PP50, PP75);

iii) days 11-15: 50% Artemia metanauplii + 50% inert feed (FM, PP50, PP75);

iv) days 16-20: 25% Artemia metanauplii + 75% inert feed (FM, PP50, PP75);

v) days 21-60: 100% inert feed (FM, PP50, PP75).



Ingredients FM PP50 PP75

% % %

Fishmeal 70 LT 32,000 16,000 8,000

Hydrolized fish protein concentrate 5,000 5,000 5,000

Soy protein concentrate 0,000 5,000 7,000

Wheat Gluten 0,000 6,900 10,500

Corn gluten 0,000 5,000 7,000

Soybean meal 48 6,000 6,000 6,000

Rapeseed meal 5,300 5,300 5,300

Sunflower meal 5,300 5,300 5,300

Wheat meal 16,500 12,600 11,000

Pea starch 12,500 12,500 12,500

Fish oil 11,300 12,500 13,100

Vit & Min Premix PV01 1,500 1,500 1,500

Soy lecithin 1,000 1,000 1,000

Binder 1,500 1,500 1,500

Antioxidant 0,200 0,200 0,200

Dicalcium phosphate 1,700 3,000 4,000

L-Lysine 0,000 0,400 0,700

DL-Methionine 0,200 0,300 0,400

Total 100,000 100,000 100,000

As fed basis FM PP50 PP75

Crude protein 36,0 35,9 35,9

Crude fat 15,8 15,9 15,9

Fiber 2,5 2,7 2,8

Starch 14,8 14,2 13,8

Gross Energy 19,3 19,4 19,3

Lys 2,4 2,3 2,4

Met + Cys 1,6 1,6 1,6

Total P 1,1 1,1 1,2

Ca 1,5 1,5 1,5

The experimental diets (0.8 mm

pellet) were formulated and

manufactured by Sparos Lda

(Portugal). Fish meal was partially

substituted at 50 and 75% with plant

proteins (corn gluten, wheat gluten

and soy protein concéntrate). All the

diets were isoproteic (36%), isolipid

(16%) and isoenergetic.



Control PP50 PP75

Total lipids (mg DW) 158.0 ± 2.0 159.0 ± 2.0 159.0 ± 2.0

Total Fatty acids (mg/g lipids) 688.5 ± 68.6 758.2 ± 16.4 731.0 ± 4.6

Fatty Acids (mg/g lipids)

16:0 119.4 ± 2.4 115.6 ± 2.3 114.2 ± 3.0

Total Saturated (SFA) 172.6 ± 6.5 a 159.6 ± 4.9 b 151.2 ± 5.9 b

18:1n-9 79.7 ± 1.3  82.3 ± 1.9 79.4 ± 1.2

Total Monounsaturated (MUFA) 318.0 ± 2.2 324.9 ± 4.2 312.9 ± 2.2

18:2n-6 42.9 ± 1.1 b 58.1 ± 0.5 a 61.4 ± 1.3 a

20:4n-6 (ARA) 2.7 ± 0.3 3.0 ± 0.1 2.8 ± 0.3

Total n-6 46.3 ± 1.0 b 61.7 ± 0.3 a  66.3 ± 1.2 a

18:3n-3 10.7 ± 0.5 12.3 ± 0.2  11.6 ± 0.5

18:4n-3 26.8 ± 0.3 b 28.2 ± 0.2 a 28.1 ± 0.1 a

20:5n-3 (EPA) 75.2 ± 1.2  79.8 ± 0.8 77.3 ± 1.9

22:6n-3 (DHA) 75.5 ± 1.1 78.1 ± 1.6 73.0 ± 1.9

Total n-3 200.1 ± 3.4 211.9 ± 2.7 202.9 ± 4.7

Tota PUFA 246.4 ± 4.1 b  276.7 ± 2.4 a 269.2 ± 6.2 a

The only difference in the fatty acid
composition of the diets was the higher
content of 18:2n-6 (linoleic acid) and total
n-6 in PP50 and PP75 diets that
contributed to a higher contet in total
PUFA in these 2 diets and was due to the
high content of soy bean meal

Differences in amino acid composition of the
diets were less tan 5-10%, except for Glu.
According to NRC (2011) the diets met in
excess the nutritional requirements for fish in
terms of essential amino acids.
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Samplings:
• Growth performance

BW, SL (30 & 60 d)

• Survival

• Histological organization of 

target tissues
Liver and intestine (60 d)

• Maturation of the digestive 

functions
Activity of gastric and intestinal 

enzymes (30 & 60 d)

• Proximate, fatty acid and 

amino acid composition  
(30 & 60 d)



BW (mg)  SL (mm)  K SGR(%/day)  S (%)

Control 390 ± 15 2.5 ± 0.01 2.64 ± 0.06 1.9 ± 0.1 78.6 ± 5.1

PP50 385 ± 12 2.4 ± 0.02  2.72 ± 0.05 1.8 ± 0.1 73.4 ± 3.1

PP75 375 ± 18 2.4 ± 0.02  2.72 ± 0.05  1.9 ± 0.1 71.1 ± 4.2

Control 707 ± 17 3.2 ± 0.02 2.17 ± 0.05 2.1 ± 0.05 74.6 ± 3.1

PP50  661 ± 10  3.1 ± 0.02  2.18 ± 0.04  1.9 ± 0.07 70.4 ± 4.2

PP75  681 ± 20  3.2 ± 0.02 2.17 ± 0.03 1.8 ± 0.09 69.1 ± 3.1

Day 30 (end of the weaning)

Day 60 (end of the trial)

FM substitution by different plant
proteins did not affect the growth
in weight (BW) and length (SL),
condition factor (K), growth rate or
survival neather at weaning (30
days) nor at early ongrowing (60
days). The weaning schedule used
had no detrimental effects on fish
performance and condition

BW distribution at the end of the trial was more homogeneous in the fish
fed PP50 and PP75 diets that on the fish fed FM



Protein (%DW) Lipis (% DW) Carbohydrates (% DW) Ash (% DW)

Control 56.6 ± 1.1 26.2 ± 0.6 3.6 ± 0.1 4.8 ± 0.1 

PP50 56.8 ± 1.7 26.5 ± 0.5  3.6 ± 0.1 3.9 ± 0.1 

PP75 56.3 ± 1.1 26.0 ± 0.8  3.5 ± 0.1 4.2 ± 0.1

Control 44.4 ± 0.9 34.5 ± 0.6 5.2 ± 0.05 3.0 ± 0.03

PP50  45.9 ± 1.1 32.8 ± 1.0 5.0 ± 0.13 3.2 ± 0.08

PP75  46.6 ± 1.0  32.5 ± 1.2 4.8 ± 0.13 3.2 ± 0.10

Day 30 (end of the weaning)

Day 60 (end of the trial)

Control PP50 PP75

Total lipids (mg DW) 345 ± 6 328 ± 10 325 ± 12

Total Fatty acids (mg/g lipids) 634.1 ± 128.2 709.9 ± 162.1 675.5 123.9

Fatty Acids (mg/g lipids)

16:0 110.5 ±6.3 116.8 ± 4.5 109.1 ± 2.0

Total Saturated (SFA) 154.0 ± 6.3 161.9 ± 6.4 152.6 ± 3.0

18:1n-9 17.0 ± 3.6 96.6 ± 5.8 102.0 ± 4.4

Total Monounsaturated (MUFA) 237.1 ± 10.5 263.9 ± 18.9 260.3 ± 9.4

18:2n-6 46.6 ± 2.2 b 66.6 ± 3.1 a 67.6 ± 1.0 a

20:4n-6 (ARA) 2.8 ± 0.2 2.4 ± 0.4 2.3 ± 0.3

Total n-6 51.6 ± 3.3 b 69.9 ± 4.1 a 72.0 ± 1.0 a

18:3n-3 10.3 ± 0.5 13.0 ± 1.1 12.3 ± 0.5

18:4n-3 13.6 ± 0.7 15.8 ± 0.81 15.6 ± 0.6

20:5n-3 (EPA) 47.6 ± 1.8 44.4 ± 2.1 44.8 ± 3.1

22:6n-3 (DHA) 71.7 ± 0.4 78.0 ± 3.3 77.3 ± 0.2

Total n-3 163.4 ± 4.4 179.3 ± 10.2 171.1 ± 10.6

Tota PUFA 215.0 ± 8.0 229.2 ± 13.1 231.1 ± 11.7

No differences in the proximate
composition of the juveniles could
be found neither at day 30 nor at
day 60. Only protein showed a slight
decrease between day 30 and 60 in
parallel with a lipid increase
probably due to the food change
(Artemia replaced by feed) and fat
accumulation in the juveniles at the
end of the trial.

The fatty acid composition of th
jvueniles reflected the composition
of diets, with a significant difference
in the content of linoleic acid
(18:2n-6) and total n-6 due to the
inclsion of plant proteins. No
differences could be found in the
levels of n-3 PUFA due to the high
content of fish oil in the diets



No differences could be found in the
amino acid profile of the fish at the end
of the trial.

The specific activity (mU/mg protein) of
pancreatic and intestinal digestive
enzymes didn’t show any difference
among the groups, neither did the
antioxidative stress enzymes (data not
shown)



No major changes in
the histological
organization were
found in the liver of
fish weaned using the
experimental diets,
they showed a healthy
liver with a moderate
accumulation of fat
deposits and glycogen
within hepatocytes,
without any sign of
hepatic steatosis.



No major changes were
observed in the intestine of
the fish fed the experimental
diets. Different regions of the
gut showed prominent villi
with a moderate number of
goblet cells in the epithelium.
Lipid accumulation within
enterocytes was negligible
and no signs of epithelial
abrasion or microvilli
disarrangement were obsrved
along different intestinal
regions



Conclusions

1. FM substitution with different plant protein sources at 50 and 75% did not affect
growth performance and survival of grey mullet .  The weaning strategy used for
wild grey mullet using these diets was correct in terms of growth and survival.

2. The growth rats obtained were similar to those reported by other authors and 
confirm the capacity of grey mullet to digest plant protein sources at early life
stages.

3. No differences in the proximate, fatty acids and amino acid composition were
found among the fish fed the experimental diets. The same can be said regarding
the digestive capacity, the activity of pancreatic and intestinal enzymes was not
affected by the diet composition.

4. Weaning diets for wild grey mullet can be formulated with a high level of FM 
replacement by alternative plant protein sources.

5. It seems plausible that juveniles of this species may accept and use compound
diets with a complete FM substitution by plant protein sources.
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