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ABSTRACT 
 
Raw ingredients, apparently routine topic and a risk for a recycling of data, are in reality 
becoming more and more important. It brings many additional constraints to the formulator. 
Just because consumers protection against dioxine, BSE, immunostimulants, or projection 
to 2010 concerning fishmeal utilization in aquaculture, will lead to eliminate some products 
or to replace others. Meat and bone meal, fishmeal and fish oil are particularly concerned. 
So aside from conventional protein sources, many ingredients especially from plant origin 
are tested and it opens up a new era for nutritional research. A short review of common 
ingredients for shrimp and fish brings new recommendations, evidences old papers, triggers 
the feed manufacturer, makes appear new set of additives (amino acids, attractants, 
concentrates, pigments,…) to face challenges of fast growing fish and shrimp in different 
culture systems. Biosecurity measures add up some considerations on the pertinence of 
recycling aquaculture by-products. Then from a routine topic, it comes up a fascinating one, 
which combines contribution from farmers, from manufacturers, scientists, and in particular 
nutritionists, all tended to make the best combination at a minimum price. Outlines of the 
paper were set to sum up 5 years research on sea bass culture (Aquacop, 1989-94) and draw 
a comparative approach (sea bass, snook, red drum)  from an  ADC point of view, 
optimum P/E at different stage of development : larvae,  weaning, fingerlings at nursery,  
juveniles  and grow-out making emphasis on animal vs plant protein :  soybean meal with  
nutritional aspects and appetibility, fishmeal and fish oil criteria  to end up with breeders 
requirement and feeding. 
 
INTRODUCTION 
 
Raw materials are presented very regularly in order to update information on such basic 
knowledge, which is so important. Importance goes to the formulator of course as well as to 
the researcher. For that reason, a brief review on ingredients, its composition, but also 
origin, essentiality, relation with aspects such as succulence of the diet, environment 
concerns (in case of fishmeal for example), immune response, is certainly worth to be 
examined. Nutritionists, formulators, scientists are all mainly concerned to collect data for 
improvement of the current knowledge along such wide topic. Raw materials are basically 
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the same for all species but can be selected differently according to development stage. 
Ingredients particles were emphasized again for shrimp feed (Obaldo et al., 1998; 2000) as 
well as technology (extrusion) to improve nutritive value; technology is compared for 
shrimp pellets with and without heat (Rout, 1999).  
 
In fish juveniles, Anon (1999) examined sea-bream performances; red drum and MCT 
which are fatty acids 8-12 carbon atoms gave indication on the fat deposition and its 
limitation through MCT (Davis et al., 1999); feeding stimulants were examined for 
flounders (Fredette et al., 2000), soybean products as a medicament for salmon (Kroglähl et 
al., 2000) and copra was used for Labeo rohita fingerlings in spite of its high cellulose 
content (Mukhopadhgay, 1999); yellowtail could be fed on practical diet (Shimeno et al., 
1999) but steatosis should be avoided (Spiris et al.,1998) using choline-methionine as a 
lipotropic factor. ADC of ingredients for salmonids is still of importance (Sugiuro et al., 
1998) and minerals are surveyed. Antinutritional factor from soybean affected puffer fish 
(Takii et al., 2001). Thoman et al.(1999), Watanabe et al. (2000) evaluated protein energy 
ratio in red drum and yellowtail; in yellowtail, Watanabe et al. (1998) examined the 
possibility of non-fish meal diets. Glencross et al. (1999) experimented a feed for tuna; 
Hardy (1999) investigated grains by-products for fish feeds; in Sparus soy and rapeseed 
could replace fish meal (Kissil et al., 2000).  
 
These are some of available information concerning raw materials for different aquaculture 
species and different development stages to limit live food sequence and to replace 
ingredients such as fish meal to a certain extent. Rainbow trout faced a growth reduction at 
50% soy flour replacing fishmeal (Kaushik et al., 1995) but poultry by-product meal is 
suitable as a partial or complete replacement of fishmeal if LYS and MET are added 
(Steffens, 1994).Different processing treatments on soybean meal revealed that full-fat 
extruded soybean meal did not improve its nutritional value and 20% dietary protein 
replacement of brown fish meal was achieved with rainbow trout (Oliva-Teles et al., 
1994).In catfish, heat processed winged bean as partial replacement(80%) menhaden fish 
meal proved satisfactory (Fagbenro, 1999) and distillers grains with LYS replaced soybean 
meal up to 40% (in channel catfish (Webster et al., 1991). Sea bream presented similar 
growth and feed efficiency when fed soybean meal or chicken offal meal at 25% 
substitution level with fish meal (El-Sayed, 1994).  What are the other considerations which 
would lead to an improved ability to use raw materials in order to cope with nutritional, 
economical, and environmental constraints? 
 
DEVELOPMENT  
 
Fish nutrition work in Tahiti. A 5 years experience: Lates calcarifer (sea bass) is an easy 
fish to cultivate compared to other finfish species (C. undecimalis…) because larvae can be 
produced, mass produced in hatchery, weaning is short and consistent, juveniles grow well 
in tanks or floating cages or ponds, up to commercial size (4 to 300g in 4 months at 28°C) 
and then it is possible to keep some specimen for breeders.. Breeders kept in round tanks 
can be handled, injected and spawned regularly. Then, closing the life cycle in captivity is 
quite achievable and farms installed in French Polynesia produce today, few 10 m tons of 
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marketable fish. Only limitation would reside in nodavirus present at larval stage up to J25 
and sometimes a parasite (Cryptocaryon sp; but this is not impairing a production for local 
market (<100mt/y). 
 
It is an example where nutritional requirements , some of them, were approached using 
practical diets right from the beginning in 1986 and regular raw materials (fishmeal, 
soybean meal, wheat) were the main protein and carbohydrate source for juveniles , 
fingerlings and breeders. 
 
Fish are raised in 10m3 tanks, and maturation in captivity all year round is achieved under 
environmental control (T°C and photoperiod) in order to get 1-7 million eggs /month/pond. 
Larval rearing and fry production in hatcheries, survival rates 30% after day 25 and food 
sequence with rotifers and Artemia at 10-20 larvae/l in 10 m3 tank in semi-intensive 
conditions or extensive conditions at 2-5 larvae/l in 500m2 earthen ponds. Weaning and 
nursing on artificial diets bring 50% survival after 2 months and artificial feeds placed on 
automatic feeders help to get a final weight of 1.5 to 2 g fry. Grow-out in cages or earthen 
ponds would be conducted with expected 90% survival and final mean weight of 350-400g 
after 3 months. 
 
A brief comparison with Centropomus undecimalis of America: Barramundi (sea bass) 
have been found easier to spawn voluntarily or induced tank spawning, faster developing 
(25 vs 35 days, and faster growing (545 g within 9-11 vs 11-12 months) than Centropomus 
undecimalis (snook) according to Tucker et al. (2001).  
 
Red drum can be raised from eggs to fingerlings size in fiberglass tanks and seawater with 
rotifers and Artemia: in Martinique (Soletchnik et al., 1989) rearing larvae at 20-200 
larvae/liter with a survival up to 35-65% for the first and second month was achieved; 
mortality could come from nutritional deficiency of Artemia strains out of any enrichment. 
Red drum adapt well to captivity and is very prolific (Holt, 2001), many work has been 
conducted on its nutritional requirement and recently it was investigated a replacement of 
fish meal (Davis & Arnold, 2002) as discussed in this paper. 
 
Larvae  
 
In larvae, aside from the live food sequence, Teshima et al. (2000) reviewed nutritional 
value of micro particles. Microencapsulated diets were tested on striped bass (Chu, 1999); 
Garcia Ortega (2001) evaluated with micro bound diets protein levels for fish larvae; a diet 
experienced for halibut larvae (Hamre et al., 2001) and Artemia was needed to achieve 
success at metamorphosis (Gera et al., 1998). Spray dried diets for M. rosenbergii and 
striped bass larvae were  tested (Ohs et al., 1998) while micro bound MBD diet worked in 
sea bass larvae (Partridge, 1999).  
 
In sea bass, larval rearing and fry production in hatcheries provided survival rates around 
30% after day25 while providing food sequence with rotifers and Artemia at 10-20 larvae/l 
in 10 m3 tank (semi-intensive conditions) or extensive conditions at 2-5 larvae/l (500m2 
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earthen ponds). Rotifers density of 10-20 pieces/ml was required; Tetraselmis or Chlorella 
should be added daily to maintain 8-10x103   or 2-4 x104  cells/ml respectively: the algae 
serve a dual purpose as a direct food to rotifer and a water conditioner in the rearing tank. 
Artemia were used to feed larvae together with rotifers from age 8 days. (Tookwinas, 
1989).Clear water technique derived from European sea bass and sea bream larvae rearing 
was adapted to tropical sea bass. Enriched preys were more nutritious than rotifers grown 
on algae and yeast. Rotifers concentration started at 1 per ml to increase at 10-15/ml (Duray 
et al., 1986) then 20/ml (Rimmer et al., 1989). Survival rates ranged 50-60% on day 25. 
Sea bass larvae can accept dry particles after a few days; survival and growth after 20 days 
are satisfactory compared to control fish on live Artemia. A suitable feeding program 
included: from 20mg larvae, live Artemia up to day12 (5g/5400 larvae), micro particles 
ACAL (Aquacop, 1983) up to day10 (5-12 g feed weight / 5400 larvae) and sevbar, 
granulated feed from day7 onwards, 5-50g feed weight / 5400larvae (Aquacop, com pers.). 
Only limitation with sea bass at larval stage up to J25 would reside in presence and virulence 
of  nodavirus. 
 
Snook references on larval culture indicate a need for redefinition of culture technique to 
increase survival from 1.2% to 7% with probiotic and at least 10-15% survival rate if an 
effective control of cannibalism is achieved (Tucker et al., 2001). Lipid content in live 
preys or dry particles is like other marine species, essential, not only in terms of 
triglycerides amount: the n-3 HUFA’s are required during the first feeding too (Seiffert et 
al., 2001). In larvae, rotifer enriched with superselco showed highest levels of EPA 
(13mg/g dwt) and DHA (6mg/g dwt) with a survival rate still low at 2-3% (Seiffert et al., 
2001). 
 
Red drum larvae fed on artificial diets (Holt et al., 1991) evidenced an absence of a well 
developed digestion system and lipid dietary supply is of prime interest to mimic the 
natural food and its lipid content (30-50% dwt). 
 
As far as lipid nutrition (Izquierdo et al., 2000) is concerned, larvae received unsaturated 
fatty acids(HUFA’s) from marine oils; but the hydrolysis of triglycerides with non-specific 
lipase lead to micelle formation and such micelles contain phospholipids. In enterocytes the 
reformation of glycerides and phospholipids contribute to synthesis of VLDL and transport 
to different tissues. There is a need for phospholipids (PC and PE noticeably) for the 
constitution of bio membranes while larvae is presenting a high tissue growth. There is a 
complex timing from a feeding point of view consisting in providing HUFA’s and 
phospholipids according to ontogeny of digestive enzymes in order to supply triglycerides 
and lecithin in proportion for optimum absorption, reformation of key molecules to ensure 
adequate membrane structure. There are metabolic enzymes such as desaturase, 
phosphorylase, regulating the flow of nutrients and bringing to tissues what is essential for 
growth and adaptation to changes in environmental conditions. 
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Weaning 
 
In order to facilitate digestive enzymes adaptation to a new diet (Peres et al., 1996), larvae 
are fed with an overlapping feeding schedule during a few days with a mixture of frozen 
Artemia and micro particles (MBD,..) or extruded feeds (56/16, sevbar) . The incorporation 
of 19 and 38% hydrolysate (CPSP 70 ) in larvae diets (day 10-41) induced a high level of 
two membranous enzymes of intestine, alkaline phosphatase and amino peptidase N as 
early as day 20. The cytosolic enzyme leucine-alanine peptidase (leu-ala) was also assayed 
(Cahu et al., 1999). 
 
In a comparison between several diets (Table 1), weaning of larvae and further growth 
feeds without sorting. Survival (%) and mean weight (mg). Feed and carcass composition 
are given for protein and energy (MJ/kg DE).  
 
The results were similar in terms of survival (80-100%) and growth rates were not different 
whichever diet considered while carcass composition did not show significant difference 
even with the treatment (star cop) while the survival dropped at day30 (Fig in table1) .this 
experiment was conducted without sorting of animals; grading of larvae is recommended 
before weaning This operation is conducted generally to refrain cannibalistic tendency of 
fingerlings (Cuzon et al., 1990).  
 

Table.1 nursing under experimental conditions of fingerlings sea bass fed extruded 
 

moist prot lipid energy ash
F4diet 15 49 11 17 15
sevbar 12 56 11 18 12
F3 diet 12 47 13 17 12
starcop 10 52 15 19 10
carcass 1 65 15 20 17
carcass 3 62 17 20 15
carcass 1 59 19 20 16
carcass 1 65 15 20 17   

 
Snook will begin to eat dry feed within 35 days after hatching and then raised on pellets in 
small or large tanks (Tucker, 1987). 
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Fingerlings 
 
At nursery stage (Table 2), optimum protein level is determined using a commercial diet 
(sevbar).  

 
Table 2.nursery stages of sea bass fingerlings fed on dry feed (sevbar or 56/16) 

 
age cycle growth survival FCR final load 
J75 to J140 2 m. 2 to 30 g >60 % <1.5 :1 18 kg/m3 
J80 to J142 2 m. 2 to 29 g 90 % 1.3 :1 11 kg/m3 

 
High quality protein diets can promote growth rates of about 6g/15days provided that 
protein content range between 41-50% and similar conclusions were drawn on snook 
(Tucker, 1987) with a starter feed which should contain at least 50% protein 
 
Juveniles 
 
Red drum amino acid nutrition (Moon & Gatlin, 1990) provided information on limiting 
factor. Requirements of red drum were described (Robinson, 1991). In intensive 
recirculating systems, red drum feeding trials were reported (Gatlin et al., 1996), with a 
recent description on its culture (Holt, 2001); in clear water, feeding of cultured sea bass 
(Williams et al., 1994) were conducted by replacing fishmeal with greaves meal (Aquacop, 
1993) and amino acid requirement in sea bass described to be correlated with muscle amino 
acid composition. But first and before all, research on sea bass focused on ADC and 
optimum protein energy determination. 
 
ADC: Digestibility values (Table 5) on ingredients for marine fish are a prerequisite and 
with L.calcarifer, a cooperative study Asian / UE project, 1994) gave consistent data for the 
species and considering fishmeal as a major component. In a range of diets from 38-60% 
protein content, ADC protein were found at 95%, energy at 79-87% lipid at 95-98% and 
DP/DE in mg protein /MJ ranged from 18-27. 

 
 

Table 5.  Juveniles ADC nutrient and energy for some ingredients 
 

 sea bass red drum snook 
ADC protein fishmeal 90 74-100 - 
ADC protein soybean 
meal 

85 - - 

ADC starch 55 - - 
ADC lipid 72-83 - - 
ADC energy - 56-60 - 

 
Red drum (Sxianops ocellatus) were found to digest protein from different sources (blood 
meal, corn grain, cottonseed meal, sorghum, meat, menhaden fish meal, rice bran, soybean 
meal and wheat mids in a range of 74-100% with a relation between high values and high 
(>60%)protein content (McGoogan & Reigh,1996). ADC energy was low for animal 
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products (54-60%) and lower for plant products (12-52%). Digestive enzymes (Table 6) 
were found to vary with the feeding frequency in snook (Gaxiola et al., 2000) and the peak 
of proteinases increased with residence time of feed in the gut leading to a maximum 
digestion of dietary protein (Garcia et al., 2000). All species presented a good aptitude to 
digest fishmeal based diets containing 420-500 g kg-1 dietary protein. 
 

Table 6.  Juveniles feed performances and utilization *data for larvae (Walford et al., 1991) 
 

 sea bass red drum snook 
feeding frequency  continuous 2 3 
gastric evacuation 1-2 

hour* 
 4 hours 

FCR 1 :1  0.9 :1 
appetability 

FM ++ ++ ++ 
SBM - - - 

 
Optimum protein and Energy: fishmeal remains the basic ingredient when examining the 
requirement (Lee et al., 1994))) and results (Fig. 1) gave an expression of sea bass 
requirements not only in percentage but in quantity per 100g of juvenile per day. 
Improvement in previous recommendations led to a sparing effect on protein; however, 
these recommendations whose acquisition was made under laboratory conditions were 
needed to be confirmed on large fish raised in field  conditions i.e. for example in floating 
cages.  
 

 

 
Fig.1. Contour lines for SGR plotted according to g protein/ MJ DE for juveniles Lates calcarifer. 
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Growth performances were best with the diet containing 43% protein and 17MJ/kg when 
fish were fed at a feeding rate of 4.1% per day. 
 
SGR at 2.4% gave a requirement for maximum growth which was 1.5 g balanced 
protein(DP) and 64 MJ DE (Fig.1) and similar approach on FCR provided another value: 
1.3g (Table 3) while body lipid content and DP g was not addressed yet (Lee et al., 1994). 
 

Table 3. Juveniles sea bass performances according to DP and DE 
 

 DP g DE kJ 
SGR 1.5-1.7 55 
feed efficiency 1.3 60 
   
body lipid content - - 

 
But, if feed efficiency is taken into account, DP is lower (1.3 g) and DE =60kJ then it could 
be looked into body lipid content and optimum DP and DE. 
 
Juveniles red drum diets should contain 35-45 % high –quality protein and 15-17 kJ/g 
energy with 5-6% fat and below 12 % to prevent depressed weight gain (Chamberlain et 
al., 1990). 
 
CRITERIA FOR FISHMEAL TO BE USED IN FISH RATION 
 
As it is the main protein source, there is a constant need for definition of its quality. Quality 
can vary considerably from one origin to another. In order to get a quality fishmeal (FM), it 
should have been dried at a temperature which does not exceed 90°C, considering that 70°C 
is ideal. Its moisture content should be below 10% for storage reasons. Protein content 
should be around 70% and ash content is expected staying below 15% because for example 
phosphorus availability is 50% with FM or meat and bone meal, and it is a better source 
with mineral mix including dicalphos (80% phosphorus availability). Then there is another 
prerequisite for regularity in composition. Such regularity was not always achieved and that 
is why some manufacturers in Europe practiced the blending of 4 or 5 different fishmeal 
and then coping with one or two compounds variation without altering the overall 
composition of the final mix product. Common sense advice is sometimes given through 
the assertion “talk with your fishmeal supplier”. 
 

- wastes use is an alternative to produce fish at local level with a possibility to recycle 
fish offal and then decrease the possible pollution risk in an island area for example, 
where environment need to be preserved.  
 

- other animal protein sources (meat and bone meal, poultry meal; feather meal, whey, 
…. 
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CRITERIA FOR FISH OIL TO BE USED IN FISH RATIONS 
 
There are several criteria to be looked into such as free fatty acids (<3%), unsaponifiable 
fraction (<2.5%) , POV < 5 meqv /kg, iodine value >135, n-3 fatty acids above 15% with 
EPA and 8% for DHA, and ethoxyquin at 500ppm. Moreover, polyunsaturated fatty acids 
level in the diet will condition the level of vitamin E to be added to the diet with a range 
between 20 to 50 mg/kg according to 1% to 10% PUFA’s respectively.  
 
Fish oil is used to meet essential fatty acid requirements of juvenile red drum or sea bass. 
As far as 0.5-1% n-3 HUFA (0.3-0.6%EPA+DHA) are provided to juveniles red drum , 
best growth, survival and feed efficiency were observed (Lochman & Gatlin, 1993). In 
experimental diets, dietary fish oil was utilized up to 13% for red drum better than soybean 
oil (Tucker et al.,1997) and fish were fatter with 13% dietary lipid than with 2% moreover, 
quantitative EFA (linolenic acid) requirement will increase with dietary lipid (Lochman & 
Gatlin, 1993); semi purified diets would contain 7% total lipid.  
 
Animal protein versus plan protein: an outdated distingue: end of 50’s nutritional value 
of animal protein were considered higher than plant protein; today, they have a higher 
ADC, a higher BV and APF (animal protein factor) but generalization is a fake, exceptions 
exist and APF is known to be a combination of B12 + carnitine + attractants. Most 
difference does not refer to protein itself, but to factors such as anti-nutritional factors and 
cellulose in plant sources, vitamins of animal raw materials, attractants and succulence.  It 
is a matter of thinking in terms of protein of a given characteristic, plant or animal raw 
materials source. 
 
PLANT VS ANIMAL PROTEIN:  EXAMPLE OF SOYBEAN MEAL (SBM)  
 
Soybean meal used in sea bass studies (10%moisture, 47.5% crude protein, 3.4 % crude 
fiber, 1.9% crude fat, 6% ash) contained 1.9 mg/g antigens such as glycinin and β-
conglycinin with 14 and 8 wells of inhibition by hemagglutination testing); (Central soya, 
pers.com.): while trypsin inhibition was low, the antigens were quite high in this sample. 
This conventional protein source is used to try and replace fishmeal, and if inclusion level 
tends to increase the loss of succulence of the diet put formulators in front of an alternative 
which is to combine soy concentrate (procon) and fish soluble, CPSP80 for example. 
Moreover, when lower than 15% of the ration in animal protein (fishmeal), a trace 
supplement (Mn, I, Cu, Zn Fe, Co) is recommended with an attention to phosphorus, 
availability of which is only 40% compared to 80% with dicalphos (Lovell, 1979). Ash 
content was examined recently in L. calcarifer diet (Chaimongkol and Boonyaratpalin, 
2001) and low ash-diets (10%) provided higher Ca, Mg, P and Zn retention than high-ash 
diets (22%). Concerning Ca, there is a possible interference with direct absorption derived 
from water: for example, with goldfish, [between 0.2 and 0.8 % Ca in diet], Ca derived 
from water (i) decreases as concentration in food increases (ii) increases as concentration  
in  water increases from 4 to 20mg Ca/l water. Marine fish are sometimes raised in waters 
from 35ppt down to 12ppt salinity or even less in case of sea bass and then consideration in 
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consideration in calcium load should be taken accordingly. Sea bass and related species are 
examined form a comparative point of view, more generally for some of their requirements 
and data summed up in Table 4. A comparison is made from a qualitative and quantitative 
point of view for protein, lipid, starch, and mineral (phosphorus) but the level of acquisition 
forms our knowledge and our experience is more detailed with sea bass rather than with the 
two other species considered and more data will certainly benefit to the comparative and 
fruitful approach. 
 
 

Table  4. Comparative values for some nutritional requirements in juvenile fish, (* on RT basis) 
 

 seabass red drum snook 
relative % protein  48 35 42 
DP g/100g fish/d 1.5-1.7 - - 
DE / 100g body mass 55 kJ   
crude lipid % 6-10-13 2-13 12 
18 :3n-3 % in the diet 2-3 - 
20 :5n-3 % in the diet 0.3 - 
22 :6n-3 % in the diet 0.3 

0.8-1.7 
0.3-0.67 

- 
starch % 12 - 6-24 
ADC protein    
fishmeal 90 - 
soybean meal 85 

74-100 
 - 

ADC energy  54-60  
available phosphorus 0.9 - 0.6 
calcium - - - 
methionin g % g diet 0.8* 1.0 1.0 
DP/DE mg/kJ 26 mg 23-27  
proteinases - - 10 

 
 
An example of FM replacement is given (Fig.2) with a possibility to reach 30% inclusion of 
soybean meal (diet B with 23% SBM or 30% replacement of fishmeal) without significant 
reduction in growth performances (100-110g) of sea bass after 3 months trial; however, a 
trend is observed of a progressive reduction in weight gain (100 down to 90g) following a 
reduction in fishmeal content. Interestingly, feed intake maintained at 3% /day for the 3 
diets at the difference with other species (red drum, rainbow trout, and striped bass with up 
top 75% replacement of FM protein with soybean protein. 
 
Given the limited supply of fishmeal, a replacement with soybean meal for red drum 
juveniles (Davis & Arnold, 2002) reduced palatability of the feed. Provided that 20% 
poultry by-products meal was present, fishmeal was reduced to 5% of the diet and replacing 
it with solvent extracted soybean meal. Similar approach was reported on trout (Cho, 1992; 
pers. com.) and a combination of soy concentrate and CPSP80 would overturn he problem of 
succulence of the diet in absence of regular fishmeal. On a 34% CP diet with protein 
supplied by soybean meal and fishmeal, diets containing only soybean meal protein were 
poorly consumed by red drum (Reigh & Ellis, 1992) which lost weight. 
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A B C F
dry matter 92 92 92 90
CP 49 49 49 49
DP 44 44 44 44
CL 10 10 11 11
cbh 20 15 14 5
ash 9 9 9 13
DE MJ/kg 15 15 15 15
fishmeal 50 33 27 33
soyabean meal 0 20 30 10  
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Fig.2. Practical diets with FM reduction for L.calcarifer juveniles and growth performances (weight gain/120 
days) by incorporation of soybean meal (SBM 48). ( Boissin & Aquacop,1989; unpublished results). 
 
 
- corn meal: it was chosen for salmonids feeds even if its protein quality is variable 
depending on the way of processing and a risk of overheated product, but it use was less 
frequent in marine rations. 
 

- alkane - diets in early seventies were already used in replacement of fish meal with 
success. … At that time, fishmeal level was at least 40% of the diet. In Asia, the 
availability of marine sources: squid meal, squid liver powder, whole shrimp 
meal,….contributed to improve considerably feed efficiency. Such considerations 
led nutritionists to find the best mix of potent ingredients to meet such high growth 
rate.  

 
- Algae meal is around 23% protein content and carbohydrates would represent 40-

60% with starch, mannitol, laminarine, and cellulose. for example by the bio-
availability of calcium source and trace elements.(iodine, zinc) Although 
preliminary studies need to be extended to species, this kind of product should be 
considered for future rations in the perspective of fishmeal and shrimp partial 
replacement , considering both growth rate and health status.  

 
 
 
BREEDERS 
 
Broodstock for marine aquaculture species required a particularly up-graded diets where 
quality ingredients need to be selected (Wouters et al., 2001). Breeders kept in round tanks 
can be handled, injected and spawned regularly (Nédélec et al., 1997). Barramundi (sea 
bass) have been found easier to spawn voluntarily or induced tank spawning; maturation in 
captivity all year round is achieved under environmental control (T°C and photoperiod) in 
order to get 1-7 million eggs /month / pond. 
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For breeders nutrition, has been modified as far as animals reach 3-4 kg: instead of a 
regular grower diet, (48%CP 10%lipids) a mixture of fresh ingredients such as squid, 
mussel, and shrimp is prepared and added to wheat gluten, vitamins, fish oil to form what is 
called a moist extruded feed (30%moisutre), frozen and supplied on an automatic feeder 
(rolling carpet) placed above a 30m3 round fiberglass tank. So, in place of dry ingredients, 
the major change in view of reproduction is to bring fresh materials, increasing palatability 
and more prone to cover special requirement in terms of broodstock requirements (water, 
native protein, n-3 fatty acids, phospholipids, pigments,…) ; Feed ration is around 2% of 
live weight per day to sustain good maintenance conditions of breeders. 
 
CONCLUSIONS 
 
Raw materials are selected for their nutritive value, balance in amino acids, digestibility of 
proteins, level of succulence, absence of anti-nutritional factors, availability, cost, 
regularity in composition over a year, etc., Raw materials will not be considered in a same 
way whether rearing conditions are intensive, semi-intensive, in low water renewal,… also, 
it will depend on stage of development of fish: for example at larval stage , raw materials  
are different in composition , quality, cost,.. from ingredients for a grower diet, and 
similarly, one will select high quality ingredients, native protein sources for a breeder diet. 
Another consideration is the balance of the diet in rearing conditions in earthen ponds for 
example, where at least during a certain period, natural productivity (biota) will represent a 
substantial nutrient input and then feed will become a “supplemental feed” more or less. In 
summary, high quality ingredients will be selected for larval stages and breeder diets, 
ingredients of prime quality will make the feed for intensive farming of many species, 
Basic ingredients (plant sources mainly) will serve in case of semi-extensive rearing 
system, and wastes of fish processing (for example with rainbow trout) can represent a 
solution in certain situations (Abdel-Warith et al., 2000). At last, farm made feeds represent 
a solution for local ingredients (alfalfa, rice bran, copra,…) in particular context.  This topic 
faced a strong evolution with the reduction of fishmeal in formulation, the possible 
utilization of transgenic lupine (Kissil et al., 2000) , the drastic reduction in meat by-
products, dioxin found in a small category of fish meals ,…and the general trend to go for 
mare and more plant sources with a corollary which is: (i) more anti-nutritional factors to 
cope with (ii) a great need for attractants , phagostimulating substances to compensate the 
lack of succulence with the retrieval of fishmeal. By and large, this trend should be viable 
from a nutritive point of view, meaning that a well-balanced diet could be found apart form 
the restriction mentioned above. The least cost formulation is set with new data, updated 
ones, with more technical constraints than before. Linear programming has limits and one 
should avoid too much simplification such as what happened with brewery yeasts 
(conferring a prophylactic aspect in tanks,..) whose properties are so much needed today 
with dramatic increase in bacterial or virus epizooties in many places where farming is 
under development. 
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