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NTRODUCTION
The substitution of fish meal (FM) and fish oil (FO) in Price variation for fish/soybean oil and fish
aquafeeds remains an important issue: meal/soybean (source: FAO)

+ Fisheries resources will be a bottle-neck for the increase
of aguafeed preduction in the future

+ Supply and price of FM/FO is highly variable FISH OIL AND SOYOIL PRICES

+ Dioxine and pesticide restrictions CIF W, Europe (US$MT)

« Organic farming

Altemate protein sources originating from cereals,

soybean, and terrestrial animal by-products have great

potential for replacing FM/FO in aquafeeds, but also show
some drawbacks:

« Unstable end-consumer acceplance (BSE, GMO,
dioxine,...)

«+ Limited information for practical feed formulation
{cost-efficiency compared with FM/FO; raw material
quality and selection; inclusion restrictions; need for the
supplementation of essential nutrients; effects on o0

palatibility, ...

FISH MEAL AND SOYBEAN PRICES
CIF Germany (USSMT)

..... e

The present study evaluated the reduction of fish meal and = -
fish oil in practical feed formulations for European seabass . il

down to 1/4 of dietary protein and 1/3 of dietary fat. This [ m———
degree of replacement is relatively high compared to fiiiiiEcEiiiREacite
today’s practice (sg 60-80% of protein from fish meal), RN LR A AR A A b |

whereas replacement beyond this level may not be cost-
effective in practice

TRIAL A: Partial replacement of fish meal protein with vegetal protein

OBJECTIVE EXPERIN

ENT CO

AL CO
Reduce the fish meal level in a practical feed for sea bass  + 50 seabassof 559 /250 L tank
from 86 to 25% of dietary protein by « partial recirculation
+ the use of vegetal protein sources (scybean products, s 20.7 °C +- 0.7; 34+- 1 ppt salinity
comgluten) « duration: 70 days

+ nutritional compensation of possible essential nutrients ~ + fed to apparent satiation 2 times/day
lost by the fish meal replacement (amino acids, minerals, .
vitamins, phospholipids, highly unsaturated fatty acids,
attractive substances)

Evaluate the effects on culture performance and carcass
composition

CONTROL FEED (FM66)
= high performance, practical feed formulation for sea bass
« 66% fish meal protein
« standard premix supplementing minerals, vitamins, S ~
assential amino acids, phosphelipids RESULI
Juvenile sea bass fed FM25-VEG versus the control feed
Protein composition FM66 FM for 70 days showed
= no significant difference in performance
4% (SGR 1.9-2.0%/day; FCR 1.1: PER 1.7-1.8; Table A3)
+ no significant difference in total carcass analysis
[ Fish meal (moisture 66%; protein 17.7%: fat 12.2%; ash 4.2-4.3%:
W Soybean Fig. A1)
+ no difference in nitrogen retention
(30% of N intake; Table Ad)

Fig A1: Tolal carcass analysis of initial (one sample) and

EXPERIMENTAL FEED (FM25-VEG) bk s b et
« 25% fish meal protein, the remaining from vegetal between:'naans Hsle Pcd 05)
sources, mainly soybean meal and com gluten 5 : 5

« specialty premix compensating possible nutrients lost due

o the fish meal replacement (essential amino acids, ) 3 7
aftractants, minerals, vitamins, phespholipids, highly bl | = 5 s
unsaturated fatty acids) g L 2 R B Winitial fish
oy Ciie S 2
. - HFN2SVEG
Protein composition FM25-VEG Tx et mFaes

5%
25% -
= Fish meal
~ Nl =5 .
=Wheat |
Com
1% mOther Table A3: Growth and feed utilization of sea bass juveniles fed

0% the experimental diets for 70 days (means and standard
deviation from triplicate tanks; no significant ditference
between treatment means, t-lest P<0.05).

able A1: Formulation oﬂheieadsé rial A =T —T
wighttoT s T

Standard fishmeal 449 173 Firwl weight @) mas1t 28108
Tobish oil 88 88 Weight gain (g’kg ABWIday) (1) 171205 168202
Soybean protein concentrate 4.3 25.6 Bpoclc grewth i (KM @) 1952047 182004
Defatted soybean meal 16.8 i Faod intaks (dry fosd a8 %ABWIday) 1502001 1904003
Fullfat Somn mﬁa‘ 8.7 95 Faed conversion (dry feed basis) (3) 1081002 1112002
Wheatflour 125 52 Protein sfficiency rato (4) 1771004 173004
Comgluten - 215 Survival 100% in all treaiments
(1)Average body weight (ABW): (initial body weight +
Standard premix’ 4.0 - final body weight)/2
Specialty premix® - 12.0 (2)SGR (%) : (In final weight - In initial weight) x 100/ time
(days)
Total 100 100 (3)FC: dry feed intake / fresh weight gain

s sl i i) pyedbia phceptioncun, (4)PER: fresh weight gain / crude protein intake

trace minecais, vitamins, phospholipids, filer

contains essential amino ackds, available phosphorous,

macro & Irace minerals, vitamins, phospholipids, highly

unsaturated fafty acids, atractants, filler Table Ad: Nitrogen balance in sea bass fed the
experimental diets for 70 days.

~—PROTEINRETERTION — MBS FM2SVEG

Inktial weigh 58 56
able AZ: Proximate mmgmn of the feeds sﬂrial A) Pl poclon e (%) v s
% Final protein content (%) 1y 7
Moisture 3.0 ] Protein gainind (g) 28 27
Ash 106 115
8 Feed intake/ind (g dry matter)  18.2 178
Crude protein 509 49.7 Dietary prm‘in e(gnml (hdry 8§26 51T
Crude fat (after hydrolysis) 15.6 16.6 matter)
Starch 9.9 9.5 Protein intake/ind (g) 26 EX]
Crude fibre 1.3 13

Protain retention (%) 3 0
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FEED FORMULATION & PREPARATION
Practical feeds for European sea bass (48/17 crude protein/crude fat after
hydrolysis ; Tables A1 & B1) were formulated using the Least Cost Formulation
software “Bestmix” (Adifo N.V., Belgium). Pellets (2 mm diameter) were extruded

on a co-rotating twin-screw extruder Clextral BC45. Up to 6% of the oils was
coated on the pellets after drying.

b

CONCLUSIONS

The proportion of fish meal protein in nutritionally balanced feeds for European
sea bass could be reduced from 66% (of total dietary protein) to 25% by the use
of either pure vegetal protein sources (soybean, com) or a mixture of vegstal
(soybean, wheat) and animal meals (poultry meal, hasmoglobin)

The proportion of fish oil/meal fat could be reduced from 81% (of total dietary
fat) to 33% by the use of a mixture of predominantly vegetal (soybean) and
animal fat (poultry meal).

This replacement did not affect growth performance, food conversion and total
carcass proximate analysis in laboratory trials.

Further studies are needed to verify the effects on performance and flesh quality
in long-term ongrowing studies under farm conditions.

TRIAL B : Partial replacement of fish meal/fish oil with vegetal and animal protein/fat sources

OBJECTIVES

Reduce in a practical feed for sea bass
+ the fish meal level from 66 to 25% of distary protein
«+ the fish oil level from 81 to 33% of dietary fat

By

« the use of vegetal (soybean products, wheat gluten) and animal proteinfat
sources (poultry meal, haemoglobine powder)

* nutritional compensation of essential nutrients lost by the fish meal
replacement (amino acids, minerals, vitamins, phospholipids)

Evaluate the effects on culture perfformance and carcass composition

CONTROL FEED (FM66/FO81)

= high performance, practical feed formulation for sea bass

* 66% of dietary protein and 81% of dietary fat supplied by FO/FM

+ standard premix supplementing minerals, vitamins, essential amino acids and
phospholipids

Protein composition FM66/FO81

EXPERIMENTAL FEEDS

* FISH MEAL REPLACEMENT: FM25-VEG/AN
25% fish meal protein, the remaining from vegetal (soybean & wheat) and
animal sources (poultry meal & haemoglobine powder)

Protein composition FM25/F033&62

ALY
R
g

5%
+ FISH OIL REPLACEMENT: FO33 vs FO62
either 33 or 62% of the dietary fat supplied by FO/FM, the remaining from
vegetal (soybean cil) and animal sources (poultry meal)

Fat origin
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« NUTRITIONAL COMPENSATION
A specialty premix was formulated to compensate possible nutrients lost due
to the fish meal replacement (essential amino acids, available phosphorous,
macro and trace minerals, vitamins, phospholipids)

Table B1: Formulation of the feeds (Trial !'

Standard fish meal 438 168 168
Tobish ol 78 28 78
Soybean ol - 50 -

Whest giuten - 65 85
‘Whest flour 08 87 87
Soybean protein concenrate 3.9 n3 23
Defatied soybean meal 168 - -

Fulfat soybean meal ne 189 19.0
Poultry meal - 80 80
Hasmoglobin powder - 20 20
Standard premix’ 50 - -

Specialty premix - a1 (%]
Total 100 100 100

1 contains essentlal amino acids, available phosphorous, trace minerals, vitamins, phospholipids, filer
2 contains essential amino acids, avallable phosphorous, macro & trace minerals, vitamins, phospholipids, filler

Table B2: Proximate composition of the feeds (Trial B)
58 54 62
1z 1.0 105
Crude Protsin 484 420 490
Crude fat (atter hydrolysis) ~ 17.0 164 164
Crude fibra 14 17 16

EXPERIMENTAL CONDITIONS

+ 100 sea bass of 5 g/ 500 L tank
+ partial recirculation

* 22-27°C; 38-40 ppt salinity

* duration: 95 days (feed intake quantified only during last 67 days)
+ fed by means of self-feeders

Juvenile sea bass fed FM25/F033 and FM25/FO66 versus the control feed
FMe6/FO81 for 95 days showed
* no significant difference in performance

(SGR 2.4%/day; FCR 1.1; PER 1.7-1.8; Table B3}
* no significant difference in total carcass analysis, except for the higher water content
in fish fed the lowest level of fish oil (FM25/FO33)
(maisture 65-67%; protein 16.0-16.2%; fat 11.5-13.3%; ash 3.9-4.1%; Fig. B1)
lower nitrogen retention efficiency, particularly in the treatment with the lowest level
Qlf':l')sl'; g'i:‘FMZSIFO&'i‘ 30% versus 38% retained of N intake for the control feed;

Fig B1: Total carcass analysis of initial (one sample) and final fish (data represent
average and slandard deviation from triplicate analyses; the only significant
difference betwesn means is denoted with * above respective bars, ANOVA Tukey
HSD P<0.05)

% of wet fish

Table B3: Growth and feed utilization of sea bass juveniles fed the experimental diets
for 95 days (means and standard deviation from triplicate tanks; no significant
differences between treatment means, ANOVA Tukey HSD P<0.05).

Initial weight (g) 49:01  49:01 48101
Final weight (g) 497428 47831 478432
Waight gain 173202 171202 172102
(9'kg ABW/day) (1)

Spacific rate (%/day) (2} 2443008 240:008 241:006
Faed intake ( B % 1852004 1871005 2073021
ABW/day) (5)

:;dm(tymhlﬂ]ﬁ 1082002 109:003 1.13:0.11
Protein ratio (4, 1802002 178:004 1704015

Survival >97% in all treatments

(1) Average body weight (ABW): (initial body weight + final body weight)/2
(2) SGR (%) : (In final weight - In initial weight) x 100 / time (days)

(3) FC: dry feed intake / fresh weight gain

(4) PER: fresh weight gain / crude protein intake

(5) Data on feed intake are based on the last 67 days of the trial

Table B4: Nitrogen balance in sea bass fed the experimental diets for 67 days.

FMB6F081_FM25F033

Inital weigh (g) 49 5] 45
Inital protein content (%) 139 139 139
Final weight (g) 47 478 478
Final protein content (%) 162 160 16.0
Protsin gsinind (g} 74 69 70
Feed intakefind (g dry matter) 38 7 438
Dietary protein content (% dry mattsr) 514 518 522
Protein intaks/ind (g) 194 2041 29

Protein etsnon (%) ] ] 0
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