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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 (20245 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+0.5°C,
1.2+0.2 ppt salinity, 6.5£0.5 mg/L oxygen,
10hL:14hD photoperiod.




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 PVO1 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.




Total lipids (mg DW)

Total Fatty acids (mg/g lipids)
Fatty Acids (mg/g lipids)

16:0

Total Saturated (SFA)

18:1n-9

Total Monounsaturated (MUFA)
18:2n-6

20:4n-6 (ARA)

Total n-6

18:3n-3

18:4n-3

20:5n-3 (EPA)

22:6n-3 (DHA)

Total n-3

Tota PUFA

Control

PP50

158.0+2.0
688.5 £ 68.6

119.4+2.4
172.6+6.5a
79.7+1.3
318.0+2.2
429+1.1b
2.7%+0.3
46.3+1.0b
10.7+£0.5
26.8+0.3b
75.2+1.2
75.5+1.1
200.1+3.4

246.4+4.1b

159.0+£2.0
758.2+16.4

115.6+2.3
159.6+4.9b
82.3+1.9
324.914.2
581+05a
3.0£0.1
61.7+0.3a
12.3+0.2
28.2+0.2a
79.8+0.8
78.1+1.6
211.9+2.7
276.7+2.4a

159.0+£2.0
731.0+4.6

114.2+£3.0
151.2+59b
79.4+1.2
312.9%2.2
61.4+13a
2.8+0.3
66.3+1.2a
11.6+0.5
28.1+0.1a
773119
73.0+19
202.9+4.7
269.2+6.2a

Experimental diets

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

FM PP50 PP75
HyPro 0.43+£0.01a 0.30x0.02b 028+0.010
His 0.81 £0.01 0.76 £0.03 0.76 = 0.01
Tau 0.25+0.01 a 0.15+0.03b 0.10+0.00 ¢
Ser 1.53+£0.01 1.63=0.01 1.71+£0.04
Arg 2.32+0.02 2.08 £0.05 2.08 £ 0.07
Gly 247+£0.02 a 2.13+£0.060b 2.05+0.040
Asp 3.16+£0.01 a 2.88x0.03b 2.72+0.010
Glu 5.61x0.07c¢c 7.51+0.08b 8.30+£0.07a
Thr 1.49 £ 0.00 a 1.35+£0.020 1.31+£0.020
Ala 2.19+£0.02a 2.07+0.01lb 1.90£0.01c¢
Pro 1.82+0.01c 2.36=0.03b 2.64+0.03 a
Cys 0.14+£0.01¢c 020+ 0.0l b 0.24+0.01a
Lys 2.58+0.02 a 2.54+0.04a 234+0.020
Tyr 0.96 £0.02 1.00 £ 0.05 1.12+0.03
Met 0.84 = 0.02 0.77 £0.01 0.83 £0.03
Val 1.74+0.02a 1.60£0.03 b 1570010
Ile 1.40 £0.02 1.37£0.01 1.35+£0.03
Leu 2.59+0.03b 288x0.01a 297+0.05a
Phe 141+ 0010 1.53+£0.06 ab 1.76 £0.06 a

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.




Samplings:

s o Growth performance
WP BW, SL (30 & 60 d)

» Histological organization of « Proximate, fatty acid and
target tissues amino acid composition
Liver and intestine (60 d) (30 & 60 d)

« Maturation of the digestive

functions
Activity of gastric and intestinal
enzymes (30 & 60 d)

5



Day 30 (end of the weaning)

BW (mg) SL (mm) K SGR(%/day) S (%)
Control  390%15  25%001 264006 19+01  786%5.1
PP50 385+12  24+002 2724005 18%0.1  73.4%3.1
PPN 375+18  2.4:002 2724005 19+01  71.1%4.2
~ Day60(endofthetria)
Control 70717  3.2#0.02 2174005 21+005 74.6+3.1
PP50 661+10  3.1+0.02 218+0.04 19+0.07 70.4%4.2
PRSI 681:20  32+002 217#0.03 18%009 69.1+3.1
50 . 25.0 :
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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

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
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Day 30 (end of the weaning)

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

3.0+£0.03
3.2+0.08
3.2+0.10

3.610.1
3.610.1
3.5%0.1

5.2+0.05
5.0+£0.13
4.8+0.13

PP50

4.8+0.1
3.9+0.1
4.2+0.1

Control 56.6+1.1 26.2+0.6
PP50 56.8+1.7 26.5+£0.5
56.3+1.1 26.0£0.8
Control 44.4+0.9 34.5+0.6
PP50 459+1.1 32.8+1.0
BRI  s66:10 32512
Control
Total lipids (mg DW) 345+6
Total Fatty acids (mg/g lipids) 634.1+128.2
Fatty Acids (mg/g lipids)
16:0 110.546.3
Total Saturated (SFA) 154.0+6.3
18:1n-9 17.0+3.6
Total Monounsaturated (MUFA) 237.1+10.5
18:2n-6 46.6+2.2b
20:4n-6 (ARA) 2.8+0.2
Total n-6 51.6+3.3b
18:3n-3 10.3+0.5
18:4n-3 13.6+0.7
20:5n-3 (EPA) 47.6+1.8
22:6n-3 (DHA) 71.7£0.4
Total n-3 163.4+4.4
Tota PUFA 215.0+8.0

328+10
709.9+162.1

116.8+4.5
161.9*t6.4
96.6+5.8
263.9+18.9
66.6+3.1a
24104
69.9+4.1a
13.0+1.1
15.8+0.81
44.4+2.1
78.0+3.3
179.3+10.2
229.2+13.1

325+12
675.5123.9

109.1+2.0
152.6 3.0
102.0+4.4
260.3+9.4
67.6+1.0a
23+0.3
72.0+1.0a
12.3+0.5
15.6+£0.6
44.8+3.1
77.3+0.2
171.1+10.6
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




Day 60 (end of the trial)

FM diet PP50 diet PP75 diet
HyPro 0.08£0.01 0.10+0.01 0.09 £0.00 1 1
<M e AL pa No differences could be found in the
Tau 0.37 £0.01 0.38 £ 0.02 0.37 £ 0.01 1 1 1 1
= e E — amino acid profile of the fish at the end
Arg 0.98 £0.01 0.99 = 0.03 0.98 £0.01 1
Gly 0.83 £0.01 0.86 £ 0.01 0.84 £ 0.01 Of the trlal'
Asp 1.66 £ 0.04 1.62 £ 0.01 1.63 £ 0.01
Glu 2.41 £0.03 2.35+£0.03 2.37+£0.03
Thr 0.72 £0.01 0.72 £0.01 0.71 £ 0.01 1F1 nsi 1
L e S e The specific activity (mU/mg protein) of
Pro 0.63 £ 0.00 0.66 £ 0.01 0.65 £ 0.01 H H H H H
P o oo o 00 oot pancreatic and intestinal digestive
Lys 1.54 £ 0.03 1.48 = 0.04 1.48 £ 0.03 H ’ :
T S S— S— enzymes didn’t show any difference
Met 0.45 £0.01 0.43 £ 0.01 0.43 £ 0.01 H :
Val 0.80+0.01 0.81 £0.01 0.80 £ 0.02 among the groupsl nelther dld the
Ile 0.68 £ 0.01 0.68 £ 0.01 0.68 = 0.02 H H H
= R S S antioxidative stress enzymes (data not
Phe 0.65 £ 0.01 0.67 £ 0.03 0.65 £ 0.01 Shown)
FM diet PP50 diet PP75 diet
Exocrine pancreas
Total alkaline proteases 3.70+x 032 3.70 £ 0.19 3.51+0.17
Trypsin 0.71x0.13 0.81 £ 0.05 0.81 £0.07
Lipase 31.6x8.97 26.6 = 4.31 26.2+3.43
a-amylase 23.6 £ 6.83 17.0 £ 3.51 20.5+£2.39
Intestine
Alkaline phosphatase (AP) 2.9+ 0.65 2.3+0.86 4.1 £0.68
Aminopeptidase-N (AN) 0.05 + 0.004 0.06 = 0.009 0.04 = 0.006
Maltase 1.56 £ 0.50 2.16 £0.31 2.04+0.17
Leucine alanine peptidase (LAP) 717 + 131 849 £ 104 845+ 141
Intestinal maturation indexes 0
AP/LAP 44+1.1 29+0.8 51+14

AN/LAP 0.07£0.01 0.06 £0.01 0.08 £0.02
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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.
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PP50 diet

No major changes were
observed in the intestine of
the fish fed the experimental
diets. Different regions of the
gut showed prominent villi
with @ 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.




Fish meal svbstitution in diets for fluthead grey
mullet Mugil cephalus fry

LR [P B R LN PN R >
- Markai ritn Crbwerad o Mot ol Flermd Hbers] Breerests, Db o Mo e’ o ke adeg
Dimredver, bram BT830 i Bk How b g mpopn Bt Sk o b B, Sp—

IrTedwchan
BBl o O ngumailoey okl 'y wfnch 8
tur E'm s el iy oF P "ol 0 oy ik hm H—Jy-.-ﬂdll-.i_u-.--mw
L e T ) s
e e ] o pin e e ey mea i Dm u-u-!-—--u— :-—-l B g i il
il e e bl el e oF B il o] e ded g, v Ll

Y T SRR N [ S ST S g (S Y SR S S R R SCCS S R P S S L PR, (R
i = B Vel o De shessy o & D soeees fon. 1 e deremse] e Do owpr el bomddes Dmon T e oo wosclladie mn
i e

kg ol U b b, e o e e T Ry O, et | B e by e ekl e
U . ety el e o] e et i | e L e hlin L e et o Lev el n aUaog 0w cermemes mel o el o cialion. Lemee e e
o mlmad T e

— o il b wemantn Do e oF Bt . ! T s a7 00w (R e e e Talmd g s By e e o s
b L [ ey sy e ———— ]
Matirealy arsd B thoda
i Wt iy b o] iy o] s Mo il Uy [0 2 g e ek b " v o T L o ol "0 s e L v e s T
S RS S ey
Bl I g S P [ S ——

ks wh ] i ki FEI med S s - e CL cmlieem e L
T i mi e

i e gl 1R & 0T ey 1418 W @ 05 FE M DXl
apas FLI O g pkipeied TAL " L 6 i SR e JH LSra®] i e Pl P s Bl - Pt
St iy el i e it ek il o Pl oF B Wl il P e e e
e rrekaln warinl Ton mee bl e w b Grast i werg o sl et
e e
s o el MU primdo el e sy o
..—..-l..--l.-i-n-p-.l...-n-.-u..,n.-.n.
Pl o s B s i ¥ a
3 -..-.-l.-.i-l.-u.-l.-.-l-i.-l-u—h = 3 i
gy "y R e ol BT el Sar il
i e FoAL U OPR wald GEHT] e ale O R L sl Wa
e [p oy e pep— "I_"'_q‘_ T o N
= - i

L MaCmmd d T 4 T el S day Dwem ewrw ol S
sy gl N el 11 o DT RSO CIET g FRTH SN 30 g, iledeed gl A8 i 30 O e, R
N DT i, ST N7 DO ] e e [ il Lk 1D ST U D DT SROTDLH T PR

B e ap . AR | (TSR —— e Sp——— e = T |
T RN OXEY T TR N N e B D kO DD IR R PR METH OIDD Gk O] e e el 0D DO
P 03 S0 VE PRS2 0T el e [ el 0 A VR SPEOU L P 00T PR DS TR

T mdially of b wdr e il b b e, 8 Ty ST ke e AT e B L v B el el o] T i aed 1
B . B T S S S e p———
il b B el o Do ey ot o, e o L T e e e o s T o o b R k] i

T wapun o vl Sy e e Tl e o el ol efled
S wlely o ek A Blmrt (HEM
B S T T e e
maloalon @i LS rdhabey Bal Te Sl dme o @bl
digmliaes el e bl ey ] ol by B sdama o 54
D T e e T
Dw el s fele ni sees) Mo oMo @ O el o
ey il RS s e el sy s
Candoassra

T e ke Tl by gy miind B owi e el e
O T W S e I JE——
gl p— i e | n
ol mal e e g g e e B e i

e e

f * BrTLRLIEY Thoh, pr ol bl v iy Py B boorapme Linen Srendl Simmmrh @i b el
N dareriean ] b el nll (A TR g s 58 B0 ST WS

Results presented in a national
congress:

Jornadas Anual de la Seccion
de  Acuicultura, Sociedad
Catalana de Biologia, June
12th 2015, Barcelona (Spain)




Aquacn bure J62 [3N6) 92-100

Contents lists svailable at ScienceDirect

Aquaculture

journal ho mepage: www. elsevier.com/locate/aquaculture

Weaning wild flathead grey mullet { Mugil cephalus) fry with diets with OE“““““"
different levels of fish meal substitution

Enric Gisbert **, Mansour Torfi Mozanzadeh ®, Yannis Kotzamanis ©, Alicia Estévez *

* M.-l.tmdzhrﬂ.a—h e ke Ripite (IRTA-S(R), Uniiteat che Caalti s Exprrimentabs, Oetn. dled Poble NMow Km 5.5 42580 Sant Garkes de b Refpits, Spain
mhmwmfmmydhm MNaturdl Reance, Khoramshahr Matine Stence and Technology Unhersity, inen

ARTICLE INFO ABSTRACT

Asticke hisiory: The culture of flathead grey mullet| Mugll cephalis) i based on wild fry captured duwr g the ir migration intoes-
Reretved 24 February 206 fuarine environments and consequently, o ptimizing weaning dists is of special importance for this spedes at this
Rereived in revised farm 26 Apdl 2016 particular stage of development. This, suthars have tested a weaning protocol for wild flathead grey mullet fry

Accepied 27 Aqril 3016

Aot e e 13 My 2016 {202 mg initlal body weight) during 60 days (181 + 03 °C salinity, 12 + 02%.) using compound diers [ 365

crude pro@in, 168 crude far) with different levels of fish meal (M) substingion by plant pro@in (PF) sowrces

[romm— (50% and 75 of FM replacement by a blend of avm ghuten, wheat gluten. soy bean meal and soy protein comncen-
Weming trate] Fry were progressively weansad onto experimental diets during the first 20 days of the trial (255 Arenla
Crey mullet metanauplii replaceme nt each 5 days), whereas com pownd diets were offered a1 a feed rato of 5% of stocked bio-
Fish meal subs Stutian s wntdl the end of the trial | day 60). A blend of PP sources [oorng luten, wheat gluten and soy protel noomscen-
Diigestive enzymes trate] as the maindietary protein soures in combination with crystalline 1-lysine and m-methionine dietany
Cocid Eivestrens supplementation were x5 good a5 FM-based diet in terms of growth performance, digestive phy s ology and

fish vl thon ({2, prosd mate com posi ton, 03 da dve stress s | AS the cost-benefit prosxy analyeis of the tested
weaning diets indiated, the indusion of alte mative PP was a satidactony strategy in terms of feed price reduc-
tion, sinoe PPS0 and PPTS dists were 15.5 and 23,65 cheape rthan the P diet. Althaughow ld flarhead greymullet
fry were satifactonly weaned onto diets @ntainieg 755 FM substirution by PP sounces, present resulrs indi cited
that emple® FM replacement in weaning diers for this species might alo be feasible.
Smerment of relevance: In this study, aurhors have tested a weaning protocol for wild flarhead grey muller | Mugll
ephalie ) fry based on diets with different levels of fish meal substitution by altemative plant protein sowes
This is of spedal importance due to the importance of the aquacuiue of this species in several regions of the
wiard, a5 well as for the use of wild animals for on-growing purposes. Resuls showed that diets with 75 of
fish mea | substinution can be suocessful ly wse d for weani ng and on-growing wild fry withour any detr mental ef-
fect of fry performance and cndition

02006 Hsevier BV All rights reserved.

Published in Aquaculture, 462: 92-100, 2016
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Objective: Tha objective of this Deliverable was to determine the cost-banafit of differant weaning diets cn
the parformance and health strms of grey mallat fry.
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