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RESUME - "Siratégies méthodclogiques pcur la détermination das bescins nutritionnels chez les poissons”. A
rr‘_asuf= qu'zugments la procduction aguacsie, basée sur un Aomors reletivement r3cuit d'esgéces avec des prx

s marché trés comp2litifs mais siatiques cu 2 la baisse, la divarsificaticn des espéces devient plus importante
ocur ie durabilité de I'Aquacuiture Méditarranganne. Eiant donné que la finelitz princigale ¢z I'aquaculivreest de
convertir aificacement des aliments en poisson, 4l est essentiel de fairz das 2tudes visant2 deéfinir ias bescins
nutritionnels des especes candidates pour cévelopper leurs tschniguss de cultura~{n grand nomorz de
recherchesont eu pour objet d'examiner las b2s0ins nutriticrinels pour 1es principales sspéces cuitivées de—
seissons. Cependant, des cifférancas concernznt la définition des bescins sont irécuemmant rencontrées gans
iz lixérature pas seulement pour des aspacss diffdrentes mais aussi pour la méme 2spéce. il st donc difficie d2
dire s cette variation das données obtenues est simplement due 2 des diiférances méthodologigues ou si elle
est le résultat de diiférences spécifiquss zux aspéces. If est par conséquant importznt d2 stancardiser I23
methodes expérimentales, st que toutss les données soient accampagnées par les conditions experimentales
amplayges lorsque 'on éiudie une nouvallz asgéce. La comparaison des Giversas mathodoiogies ef expérisnces
sur diiférentes espéces est Géhatiue dans cenms Stuce afin de mieux illusirer les siratsgies possidles pour la
Cétermination des tesoins gualitatiis et quantitatis des poissons.

Mots-clés : Nutriticn, mathodclogie, besains cas poissons, conceotion des 25sals.

Introduction

The studies on fish nutriticn only began about forty years ago. Since then, significant advances
Nave been made in all aspects of this subiect. The number of species for aquaculture has been-aiso
dramalically increased. At the moment, nutrient requirements for most of the fish culturad spacies
nave not yet been defined and current recommendations are mostly based on cata obtained with few
seisctad fishes under intensive cultivation such as rainbow trout znd channal catish (Kaushik, 1€33).
'_‘C-' iis reason, research studies on basic nutrition are nasded for any cancidaie species of interast
‘C aquaculture.

F’ecogmzmg the importance of fish nutrition ressarch in agueculture devaiopment and tﬁe

=rences found in the litaratura for different and the same species, it is nacessary 1o standardizad

b0 SD:?‘?S ﬁetho\.o(ogy o determinz the nutrient requirements. The presant papsr shows a ravisw

t2cn mm;r‘; t: reguirements des aor...: -:o. irom the available Iz::.' wre, and sugge 2st somsa practical
ens inciuding those cafinad in 2an EIFAC workshop h2id in Ce""‘=rr'/ in 1693.
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than the 34% protein leve!l wnich supgoried maximum growin. Finai!y', it could be d eﬁnad the

requirsment for fish hiealih. The nuirient requirements determined for ceriain nutrients under optimal
culture conditions increzse whan fish zre exposed {0 uniavoursdle snvironmental conditions {pcor
“watar quality, stress, pathogens, . ). Trus for example, the definiiica of the raquirament for vitamin C
to improve immunological defencss, is ralatad to the production concitions epglizd.

Defining the methcdology apglied o the determination of raguirements for diiferant nitrient some
general recommendations should b2 censidered:

(i) A prectical point of view 0 estaplish nutritional requiremenis is preferrad.

(i) if optimal culture conditions for the tested species have bzsn esteblished, the raquiramenis
should be assayed in such conditicns. If not, it should be raviewsd what it is known from this species
in its natural conditions.

(iiiy As far as possible, experimental conditions similar to those used zt commercial scale should
be usad (feed preparaiion technigue, watar Guality, photoperiod and fish stocking density).

(iv) Only one hypotResis tested per experiment i preferred.

(v} At least triplicate tanks of fish should be usad per distary treatment, as one tank of fish
represents a single block observation..

(vi)"To determine quantitative rsguirements it iS important to consider differant factors relaied io
the species, such as age (larval to broodstock nutrition) and size, relzted to the medium, such as
temperature, salinity, culture density, to the tyne of culture (extansive/intansive), related to the faeding
strategy and feeding regime and finally, related to the feed, dietary snergy content, nutrient availability
in the ingredient source and interactions with other dietary nutrients or ingradients.

{vity Complete feed ingredient descriptions should be provided, inciuding International Feed
Number {IFN), chemical composiiion and particie size, when reporiing dietary formulaticns and the
results of nutritional feeding trials. If a commercially preparad diet is used, the trade name and
manufacturer should be indicated.

{viii) A standard diet should be used as a control in addition to any locai diet also designed as a
control. In most cases the use of different control diets among different authors makas comparison
between them difficuit,

(ix) According to the EIFAC workshop, @ minimum of six dietary nutrient levels or treatments is
recommended for nutrient requirsment studies.

(x) Carcass analysis should be carried out at the beginning and at the end of the experiment.
(xi) An a2ppropriate statistic analysis is always necessary.
(xii) Fish should be fed until "apparant satiation” instead of restricted feeding rates.

Cho et al. (1876) demonstrated that on restricted feed intake a 50-80% dietary protain level gave
higher weight gain than 40%. wheraas on ad /ibitum feeding the situation was inversed. According 1o
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Droteins and aminc acids
Srotein in fish is @ main component censiiiuent of lissue and crgans, they ar2 srecursors of oiner

nitrogen compounds {enzymes, hormenes, siurry, neurorransm:ttera, cofectors, &ic.) end consm e an
important energy source. Thus, a consisient intake of protein cr aminc acids (AAs) is requirad, since
shey are continually usad by the fish to build nsw proteins. Inzdeguats groiein i:vcls in ihe diet resulis
in & reduction ¢f growth and lcss of wsight. However, when an excess cf groizin is supoiied in tha
diet, only part of it is ussd for protein synihasis and the remaining is trznsform i'nto energ.y. According
G /.ison cnd Halver (1988) and cther zuihers, fish digest proiein 10 obtain frze zmino acids, which
are absorbed from the intestinal tract 2ad used by various fissues 0 synihesize new protein. it has
peen generally assumed that zpparent grotein digestibility vaiues ara indicative of availability amino
acids (Wilson et al., 1981; Spyridakis af al., 1988), but reascnable diffarences betwesn apparent and
true amino acids availability for certain feadstufis can be found in some siudies (Anderson et al.,
1892).

Reviews for optumum dietzry proiein raguirament show some varniaiions not only among different
fish species but alse for a single one (Luguet and Kaushik, 1981; Bowen, 1987); and it is difficult to
say whether the veriebility in date obtained is due to methodologica! difierences or rezally dus to
species-specific differances.

Fo the quelitative detarmination of sssential amino zcids (EAA), three differant methods nave
beenu d growth sfudies, "C_‘ labelling studies and enzymatic studies.

in the case of growth studies, diets deficient in one AA are used ¢ feed ths fish for a long period,
while growth fish is monotorized. Then an initial test diet is nécessary. For this purpose, diffierent diets
have been usad based on caseair, gelatine, zein and crystalling amino acid in difiereat combinations.
In the first studies, during the late 50's-and the early 60's, Haiver znd co-workers found that whole egg
protein gave the best resulls in chinook saimon (Oncorhynchus tshawytscha) being then adopted as
the basal protain of the test diet. But frequently, test diets based in particular grotein sources cause
low fzed intakes (i.e. Klein and Halver, 1970), related to their poor pzlatabiiity or low fish growth
response, making difficult to praecise the raquirements. Adequate controi diets which zre wall accepted
by the fish and able to maximize grewth, such as those based in the muscie protein of the fish studisd
spacies, are always required (o determine the raquirements.

In labelling studies, fish is injecied mtraoerxtoneany with an cdﬁqucte amount of 2 *C lzbeiled
substrate such as glucoss or acetate. A significant amount of the "C will be incorperatad into those
amino acids that the organism can synithesize. After § days of normal fesding, fish are killed enc
fiomogenized and the protsin isolated, amino acids separaied by chromatography and radicactivity
counted (Metailler et al., 1873; Cowey and Walton, 1988). But this technigue has the problem that
some amino acids such as Trp, Asn and Gln are destroyed during the acid hydrolisis of proteins.

The enzymatic studies method was then used. With this technique those znzymes needed to
synthesize Gin from Glu and Asa from Asp were found.

Using these methods tha same 10 ZAA have been found to be required for all the studied fish
soacies.

When determining the qualitative requirements for essential amino acids it shouid be considered
the sparing effect of cartain AA (CYS/MET, TYR/PHE) and the antagonism between others
(LYS/ARG; LYS/THR; LEUALE).

Far the quantitative determination of EAA several methods have been usad such as the dose-

9]
=~

© Universidad de Las Palmas de Gran Canaria.Biblioteca Universitaria. Memoria Digital de Canarias, 2004



response method, the AA oxic
in bedy fdssues and swciss ab

The dose-response
cne amino &cid &t a time.
in

0]
<
W
(T )]
(_)‘

:cr‘amsr*o el“he.

=

NS B
DA
ot

¢ and « rys Hxﬂ— a*ﬂ.'znc .
jof o ine
ai ed moporiant
disagvaniages, .org term grow rznt wcys of cxpm istel
ine results

The problems for compariscn of irizis results obiained by growtn studies include:

(i) Differances in the referencs proisio used. As it was describec above . jor the determination of
qualitative requirements different grotgin sources in basal diels nave besn used including casein,
gsiatine, zein, corn giuten, fish maal, soybean meal and crysteliine amino acids in different
combinations. Keembiyehetty and Catlin {1997) used semi-puriiiec dieis containing crystalline aminc
acids and lyophilized -fish -muscle {0 quantify tha dietary thrzonine requiramant of juvenile hybrid
striped bass (Morone chrysops x M. saxatiiis). For rainpow trout ior instance, targer variations in
lysine requirement have bean reporiad in different works ranged from 1.03 to 2.80 % of distor 4.2 to
6.1% of protein. '

Also when fish meal is usad in ths diets is important to note that the protein and lipid contant in the
fish used to produce fish meal vary depending on fish species and saason, being its freshness and
processing temperature very imporiant as well to determine its quatity. THIS situation could be
simplified by the use of standarc control diets or a standardised raference iish meal. Recently, ihe
Norsildmel Company in Norway procuces a high quality reference fish mezl from a speciiic raw
material at a standardised process ihat can be used for experimental purposes.

(i) Reduced growth of fish fad 7r2e AA. It has been shown in different speciss that fish can utilize
more effectively iarger amounts of free amino acids when the feeding iraquency is high. Thus, the
negative effects of feeding pure amino acids on dietary nitrogen utilization, due t© the fast absorption
and the wide variation of plasma amino acid concentration found with these diets can be reduced,
providing.a continuous supply of the-amino acids to the tissues for protein synthesis (Tecon and
Cowey, 1885; Cowey, 1888; Tipaldi and Lanari, 1891).

(1) Interactions among AA (dietary imbalances of some AA with raspect 1o another). For instance
different authors have found a lysine-arginine antagonism in rainbow trout. Thus Kaushik et al. (1°88)
reported a slight growth depression in 100 g rainbow trout when 50% excess lysine was fad in & diet
adequate in arginine.

(iv) Subjective interpratation of dose-response curves. The Broken-line mcdel propose by Robbins
et al. (1979) (Fig. 1.) has been extensively used to determine quantitative needs (Tibaldi and Lanari,
1891; Kim et al., 1992; Lall et al., 1994; Keembiyehetty and Gatlin, 1997). This model is based on the
assumption that incréasing levels of the tested nutrient will cause finear increassas in growth up to a
"break point" after which no further response is to be expected. But the response may be sometimes
more curvilinear than linear, and then different models céuld be applied to interpret the results and
different requirements obtained by the different models applied (Table 1’ Figs 2, 3 and 4).

Different results can be alsc obtained if regression analysis are applied to different parameters.
Thus, Keembiyehetty and Gatlin (1997) obtained estimations for threonine requirements of 9.7, 8.5
and 8.6 g/kg dry diet applying the broken-line model to weight gain, feed efficiency and protein to
energy ratio (PER) results, raspectively (Fig. S5).

(v)Other nutrient dietary composition. In the amino acic oxidation studies, it is assumed-that when
fish are fed an amino acid-deficient or imbalanced diet. the oxidation rate of such amino acid is low,
and it gradually increasas to be stabilized when the dietary level of this amino acid is meets the fish
requirements. For instance, Lall et &. (1994) found that the arginine requirement in Atlantic salmon
reared in sea water is 1.6% of- dry matter (4.1% of protein) wh=n a regrassion analysis is used
between the percent of injected L-(U- *C) arginine recovered as '“CO, versus dietary arginine ievel.
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Fig. 1. Broken line mocel after Robins 2t af., 1978.

Table 1. Diet formulation to determine protein requirement for 2-10 g
Pagrus pagrus (Schuchard st 2/., 1938)

Diet no. ingredient 1 2 3 4 5 8

(% wet weight)

Fish mea! 5177 5%.15 88.55 73.94 8132 8874
Fish ail 828 746 665 583 501 420
Raw starch 886 7.22 557 3.93 229 084
Gelatinized starch  26.39 2167 1673 1180 685 1.2

Plasma AA concentration studies ar2 basad in the pasitive carrelations between the levels of
plasma or serum free essential amino acids and their respactive levels in the diets reportad for
difierent species (Wilson et 2/., 1978; Thabault, 1985). The requiremsnt is considerad to be met when
the tested EAA accumulates in the plasma. High variability within replicates for each dietary treatment
nas been’found as a disadvantage of this technique (Keembiyehetty and Gatlin, 1697).

In addition to these methods, differant authors have tried to usad the activities of catabolizing
enzvmes in liver and kidney to establish the amino acid requiremsnts. Howavar different studies
{Walton et al., 1986; Lall ef al., 1994) have shown that these activities vary considerably depend upon
the nutritional status of ammals in this context, the postprandial psak of ‘serum urea concentration
has been proposed by Cho et al. (1992) and Tibaldi et al. (1924) to conifirm the arginine requirement
in rainbow trout and sea bass raspectively, based in the obsarvation that urea production from the
arginase pathway is refated to arginine inteke.

The dietary protein requirement for iish is greatly influenced by the dietary protein-tc-energy
balance, by the amino acid composition and digestibility of the protein(s) tested levels (Tabie 2).
Zxcess energy in the test diet may limit consumption since fish, like other animals, eat to meet their
znergy requirement. Daspite most investigators use isoenergetic dials in terms of gross energy
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Fig. 3. Protein rgquirement for 2-10 g Pagrus pagrus by using weight gain data to apply the
Broken-line model (Schuchard st al., 1999).

Many investigators have demonstrated the important sparing effect of non-protein energy sources
on the utilizatiqn of dietary protein. The utilization of distary carbohydrats is known to vary among
species, and it has been shown to spare protein in salmonids, plaice, turbot, channel catfish, sea
bass, common carp and red sea bream. Lipids have also been shown to spare protein and enhance
protein utilization in salmonids, common carp, channel catfish, turtot, red sea bream, gilthead sea
bream, striped bass and Tilapia aurez.

30
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Fig. 4. Protein requirement for 2-10 ¢ Pagrus pagrus by using datz ociained for PER
data {Schuchard et 2/, 1899).

Same mode! for different parameters in Red drum { Scizenops ocellzius).

Threonine requirement

Weight gain S.7 glkg dry diet
groken-line model! Feed e;:ﬁciency 8.5 g/kg cdrvdiet
PER 8.6 g/kg dry diet

Fig. 5. Obtenticn of differant values in the determination of quantitative reauirements when different
parameters are used (Keembiyehetly and Gatlin, 1897).

Teble 2. Protein requirement for maxima! growth reported for Tilapia

% P/E Fish (g) Recaiculated Source

protein  (mg prot/kcal) PIE”

24 681 28 68.1 Shiau and Huang, 1989

30 85.3 1.8 1C8.0 Mazid et al., 1979

34 108 7.5 129.8 Winfree and Stickney, 1981
40 116.6 0.5-1.0 1188 Jauncey, 1982

*PIE = protein to enargy ratio.
“P/E recalculated for the same metzbolizabie energy (protein 4.5 kcal/g;
carbohydrate 3.49 kcal/g and ligid 8.5 kcal/g). From Shiau and Huang, 1989.
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According to the EIFAC worksihop (1693}, the growih respcnss of axperimental fish sheuld ¢
monitoraed using & model such as seeciiic growth rate or mere praferatly on the basis of the cube ro
of fish weight. Furthermore, nutrient recuirement should be determined 2t the maximal possitle rat
af growth.
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S

Energy

Studiss zbout the 2nergy requiremanis are scarce in marine iisn, dasgiie of the importance of PIT,
P/DE and protein to lipid ratio (P/L) ratios in fish nutrition.

Energy supply (grass snergy, GE) = digestible energy (DE) + fecal 2nergy loss
Yy SUpply (g Y )= Cig gy

OE intake =meaintenance energy (M) + refained enargy (RZ) + non-facal 2nergy loss
Metabolizebie energy (ME) = DE — non-fecal energy loss

DE provides more infermation than dietary GE about the use of the energy intaks. DE
requirements have bean shown {o be cohsiderably dependeni on severzi parametiers such as fish
growth rate, amount of feed based on body weight, dietary factors (ciet compesition, ingredients used
and processing methods) and water temperature. DE for maintenancs (energy loss during starvation)
is dependent on fish body weight and RE (mainly from protein and lipids) depends among others on
the chemical for in whicnt DE is absorbed. Rodehutscord and Ffeffer (1989), by pocling data ifrom 20
different experiments with fast-growing rainbow irout, found tnat DE for maintenance was about 10-
30% of the total energy requirement depending on the desired growth rate; these authors also
observed that the DE for ratention is highly dependent on the dietary fat content.

Part of the DE is lost by the non-fecal excretion of nitrogenous compounds, mainly ammonia and
urea, and consaguently, ME is not a constant proportion of the DE. This proportion depends on the
quality and quantity of dietary protein and non-protein enargy sources in the diet. For such reason,
ME its difficult to estimate involving sither the continuous monitoring of nitrogen excretion in water
(Kaushik, 1880) or the use of metabolic chambers.

Methods

(i) Energy balance methods. It inciudes the determination of ME, DE for maintenance and RE by
analysing whoele body composition. DEm determination has been obttained measuring heat releasec
from starved fish {basal metabolic rate). Resuits are variable within different works and are Imear!y
dependent on body weight {Cho and Sursau, 1995). Thus, Ohta and Watanabe (1996) found that the
energy requirsment both for maintenance and maximum growth in rainbow trout slightly decreased
with increase of fish body weight.

(i) Comparative carcass analysis methods. These are long term feading studies in which fish 27
iad with different dietary energy and the results depends on the duration ¢f the experiment.

(D
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ingradients. Whean this method is usec cars must be taken that cee fiiciants werz obtained using the
same fish spacies and that the quality and preparation of the fead ingradisnts wars the same as those

intanded for usea in the formuliae

Recommendations from the European Inland Fisheries Adviscry Commission
EIFAC)

Provide cdata relatsd io fish size and age, watsr temperaiure, Yz cycle stags, tank water currant
and water supply, photoperiod, weaier quality and stress as these zre faciors affecting energy

requirements in fish.

Use DE tc make z formula feed, and include. digsstibiiity estimations as z routine procadurs in
"growth trials” rather than reiying on "graviously publishec or perceived values” rom other studies or
fish species. For faecal collection the setiling coiumn ("Gusiph” systam) or rotaling scraen principie
{("Saint Pgé" system) may be reCommendad. The hand “Stripging” technique sheuld be used witd
graat care.

Metabolizable and net energy are recommended for the evaluziion of complete diets as a measure
of productivity. Retention of beth nitrogen and enargy is crucial to dstermine RE, net energy (NE), ME
and DE. Open-circiit indiract calorimetry is recommended for the mesasurament of hieat production.

Lipids and essential fatty acids

The imporance cf iipids in fish physiclogy is related with its different functions: dietary snergy
source, biomembrane structure and function maintenance, cellular mambrane fluidity regulation,
prostaglandin precursors, fat-soluble vitamins and carotenocid pigments carriers, hormones, sic.

Under & commercial ocint of view, lipid compasition in fish fiesh ziso affects the fillet texture and
flavor. Intarest in fish lipids has-besn also raised by the commercizl importance of hepatic and
muscular lipids in fish species, and its incraased relevance for human nutrition. Rasults from differant
warks support that fish body lipid composition is significantly affected by ihe dietary lipids.

Litle is known concerning the detailed quantitative essential fatty acid (EFA) requirements in {ish,
which are affected by several factors such as fish age, dietary lioid levels, dietary c-tocopherol leveis
and other dietary antioxidants, dietary biotin levels, dietary ratios between several {atty_acids such as
eicosapentanoic/docosanaxanoic EPA/DHA, n-3/n-6 ratio, distary form in which they are fed
(triglycerides/methy! esters/ireg falty acids/phospholipids), dietary phosphogiycaride levels and
environmental conditions.

Particular emphasis in the importance of the n-3/n-6_fatty acid ratic, and the sffect of dietary licids
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periods of their lif2 cycle (iarval or juvenile sizges for instance) {izguierdo, 1888; lzguierdo st al. i
oress z). {f deficiency sympicms =rz {0 be observed, feading ssricds longer than thcse raquirsd ©
cs held (Stickney and Hardy, ec
25 weil as those determining he 2nzymatic aciivity of celta-desaiurases, ar2 conducied o ¢
the capacily of polyunsaturzied fzity 2cid synthesis of each species and their ability ¢f utiliz )
precursors of those fatty acids. In this type of studies, as weil 25 in iicse invoiving cali cultura
technigues, in vitro studies should ca combined with jn vivo cnes ¢ confirm ihe hypoihesis in alive
fish under commcen culture conditicns, since a particular fish species may shew in vitro the ability ¢
synthesize an @ssential fatty acid tut under common cuiturs condilions anc ¢ obtain high growth
retes this ability is not high encugh o cover the fish reguirements.
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Since quantitalive requiremenis of essential faity acids ars spacies specific, studies must be
conductad for sach single naw spe'ciesﬁr aquaculture. Differani. methods have tesn ziso usad,
commenly based in the growth and survival fish response to graded dietary lavels of essential fatty
acids or on the surge of deficiency symptoms or changes in ihe bedy lipid composition as 2 rasult of
those diets. Faeding dietary licids lacking EFA muscie wzater conients incrgase and beth pratein and
particutarly lipid contents decreased (Watanabe, 1882). The contant of liver ligid is also incraaseaq.
indicating z sing of fatty liver zccording e-Waianabe et 2/ (1974) and ciher authors (Fig. §).
Reduction of dietary EFA levels under the required levels markedly reducas fish body £FA contenis in
both newtral and polar lipids. particularly quickly in some tissues with & graat call wurnover such as gil!
or skin, but also affecting dramaticaily to other Hssues sucir as neurzi, hepatic or muscular ones. Low
dietary leveis of sicosapentaenocic and docosahexaenoic fatty acids also racduce the fish rasisiance to
siress (Montero et al, 1998) and immunccompetence, incrazsing eryoccyte fragiiity and reducing
alternative complement pathway achivity as well as neutrophil activity.

(4]
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Fig. 6. Addition of soybean oil to gilthead sea bream diets significantiy increased the liver conientin
18: 2n-5 (Robaina et a/., 1995).
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cf these perticular essantial fatty acids or their pracursors. Morsovar, since there arz biochemicel,
znzymatic a2nd histologica!l evidencas of competitive interactions zmong these assantiel faity zcics
estimation of the dietary EFA reguirsmenis raquires o consicar nct only their ebsclute distary
amounis but also the adegueate properiicns 2mong them (lzcuierds =i 2/, in gress g). For instance
Rodriguez ef al (1994), feeding gilihead sez bream larves wilh rolifars containing 2 ratic of 2.

[A VI S T

(9]
&
{n

EPA/DHA, obtained best growth when r
further experiment the same zuthors (

when the EPA/DHA rztio in rolifers was reduced iTom 36 to 8, for & constant n-3 HUFA level of 30 g/kg.
Finally, adequaie ievels of bictin, phospherous, selenium and other nutrients which interiera with lipic
metabeoiism as-well as viiamin £ and cihsr antioxidant ingradienis such 25 vitamin C, carofenoics,
phospnolipids or ethoxyguin, should t=2 providad in the diets to promois the best uiilizetion of dietary
afty acids.

s cantzined 55 g/kg n-3 HUFA on dry weight basis. dut in
2adriguez et al, 1994) found an improvemeant in larval growth

0

Strategies for the study cf the lipic requirement for marine fish larvae: Particular case

Although the most diract methad to svaluate the TFA requiraments in fish larvae shoulc te (o feed
therdA wWith different levels of these nutrients these is paricularly complicate since most fish larvae arz
unable to survive in formulated diets zlone. To achieve this gosai we must feec the larvae with
enriched life prey or microdiets containing differant levels of fatty acids, together with some non-EFA-
content life food. Requirements are defined tased in larval response in terms of: (i) growth rate (some
species present-strong effect, but some other net); (ii) survival rate and rasistance to activily tes:
(some species present strong effact, but scme other not); and (iii) biocchemiczl composition of the fish
larvae.

Other additiona!l and very useiul methods ara:
b4

(i) Study of the sssential biochemicel compaosition of the eggs. Since, marine iish eggs should
contain il the nuirients which are essential for embryonic and larval cevelopment up to the stage cf
yolk-sac absaorption, their tiochemical composition should give us some information about which
nutrients are essential for such-deveiopment. Thus, for exampole, in gilthead sez bream (Sparus
aurata) and other sparids the major fatty acids in the iotal lipids of the eggs ars DHA, palmitic acic,
EPA and oieic acid, suggesting their impeoriance for larval development.

(if) Study of the svolution of the fatty acid composition ¢f the embryo during the development. The
evoiution in the changes in the fatty acid composition during the embryo development should say us
which of these fatty acids are prefersniially preserved and are important for the larvae. In gilthead sea
bream for example, during the first 3.days of larval development n-3 fatty acids like DHA, EPA and AA
are preferentially preserved instead of saturated fatty acids or n-9 falty acids which are used as
2nergy source. Thus, DHA, EPA and AA, are regarded as essential or imporiant for the development
of the larvas.

(iit) Study of the conservation or loss ¢f fatty acids during larval development and during stervaticn
and the feeding of the fish with several levels of these fafty acids. Again for gifthead sea bream, afier
5 days of starvation, scme saturated fatty acids such as palmitic acid or mondunsaturated fatty acids
such as oleic acid are usad to obtain energy while other fatty acids such as arachidonic acid and DHA
arg preferentiaily consarvad. This biochemical strategy allows the larvae {o preéerve during the critical
period of starvation, those fatty acids which are very imponant for the membrane construction and
function.

W)
Uy
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Triglycerides or phesphelipids shculd oe always preferred as
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Hynothesis formulated in in viro studies sheuld be ¢
practical purcoses.

Since guantitative requiremeanis of assential faity acids z=rg species sgecific, studies must o2
cundL.ctec for each single naw sgeciss for aquacutivre

Lecithins (namely phosphelipids mixturas with high quaniities of pno nziidyl-cnoling, but 2lso
including other fractions) containing oolymsatua@d fatly acids should be incl lucad in the diet.

Adeguate levels of biotin, phosphorous, selenium and other nutrlents which inzrigra with iiaia’
metzbolism as well &s vitamin £ andothar antioxicant ingredients such as vitamin C, céroienoid
chospholipids or ethoxyguin, shatic be crovided in the dists (© promdie tha 2sast utiiization of dist
fstly acids.

ar
a

ot
o]

erv

Comparing the rsquirements otiain by several authers.
background and cultura conditions employed should oe considerad.

for larvel sigges, larvel faily acic

J

Dietary {ipid quality and comglste faty acid anzalysis should always de aspacific, since rancidity or
toxicity of some compounds could markadly interfere with the results.

N

Instead of limiting the information to fatty acid groups, compigte fatly acid proiiles of b iioi
creferred to provide information aiout ihe capacity of faity acid desaturation and eiongation or’ each
species.

Vitamins

Fish performarce and final production cost are easily eifected by the dietery vitamin
Supolementation, so information about vitamin requiremeént in fish is important 0 optimize the
production system. In the case of marine fish very little information is availzble although the
requirements have been well estimated in salmonids.

The reported - distary vitamin requiraments of fish is cependent upen the criteria used Dy
researchers o estimate the requirsment, ranging from low recuirement lavels for optimal growth to
high requirement levels for maximum tissue storage or optimum disease rasistance. Comparison
between estimated vitamin requirer“ents and the recommended feed levels ars generally quite
different. The supplemental levals of each vitamin in fish f2eds ars aiways higher than the requirsc
leveis for the safety margin, in s_oite of the high price of these nutrients, Two main r2asons Coulc
affect the differences: the avaiiability of vitamins can be differant depending upon the form of dietary
input and also certain vitamins may be destroysc¢ curing fead manufactura by heaf moisture,
alterations in pH, the prasence of some metals, licid oxidation... Destruction of vitamin C {ascorbic

(93]
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Quelitative requirsmanis icr beih liscsciuble and hydrosciub minec using ires-

For the gueniftative studiss dose-responss o growin, viiamin
ce levais, gross p'nvsioioc\ s — ¢aiiciencies, hisicoathoicg gy 2 and specific vitzamin-depanden
zym#e aclivities ara freguantly ¢ .—\cc tional anc very useful informaticn is racenily obizines
t gh siress or immune rasponsna siu . Interaction among diftarant vi':arr:ina or vitamins znd
oiner nuirienis must be also considerad in sudies to deierming vitamin requirsment

ot

For instance, e direct relationshis baedveen the regquiremant ¢f vitamin £ and PUFA co
diets nas deen regoried in few studies. It nas been shown thai zddiden of lipids o a
crrectxva in promotxr‘g oretein ulilizaticn but this may be impairsd with and incrsass of ¢
vitamin = requirement.

N
n
Py

Deticiency signs of Vii By; and iic acid produce anasm iz in fish and the sffect of combined
deficiency have teen rccorcod to de adcitive. The meiabaiic era ticn befwesan both vitamins in fish
it would apoear that may be esseniiglly the same as that in ciher domasiic animais. Accerding ©
Hilton (1888), Vit-8,, wouid saduce the folic acid functionzlity by trapping folaiz as methy! doner for
{he hcmogystine for the synthesis of methionins.

n tha case of Vit € and Vit C, ith

|
- . iy = - i omz oo

W
0

teen shcwn that ascorbic 2cid could have an sparing efiect cn

tissue Vit & leveis gnd the Vit E reguiremant of fish as both vilamins aci topravent lipid oxidaticn. Ths
lack of efiect of Vit £ deficiancy in :>r sence of Vit C has been foung in catiish (Catlin et al, x98, and
raintow trout (Cowey et al., 1883, 1884},

Vit © or its metzbolites essential nutrients in fish ciets, have Seen shown 1o 2ct in the uptake of
calcium from water-bone through the ciils and stimulate the zbsorpticn of calcium from the intestinai
mucosa. Sings of hyparcalcaamiz were observed after Vit O3 injection in fish (Swarup and Srivasizav,
184).

studies to determine choline requiremants, it is important to know that the leve! of this vitamin or
otner mathyl donors in the diet can have an importan sifact (NRC, 1693). Thus, the poientiai
intaraction between choline and methionina must be accouniad relizbie estimats thair requiraments.
For this purpose, the diet must be formulated to provided methionine at the minimum requirement
tevel determined for the species (o be avaluaied. Craig and Gatlin (1586) estimated that choling
requirement for juvenile red drum range from 330 to 676 mg choline/kg diet; data of weight gain and
liver and plasmae lipids obtained with a basal diet adjusted in mathionine contant with liophilized r2
drum muscle and amino acid premix whera subjacted to a brokan-iing regression analysis.

Rscommendations
Dose response analysis using an acdequzie test diet is racommendad. It is important to -consicar
oossible interactions, sparing eifects, vitamin inhibitors and hyparvitaminosis in studies with some

suec'nc vitamins.

Stzoiz forms of vitamin C (ascorbatz-2-sulphate, ascorbate-oolvohosiate) are recommendac, as

~
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Purified dists (casei -gelatine) formuigted with mix of cartain 2mino &cids anc & mingrzal mix frae of
' i { are frequently usad fcr ine qualitative determinations.

To detarmine qucnurzuw raguirsments, dose-résponsea 'n:i:hoc's besed on {ish growth and sody
composition, whole body minerzl belance studies and meathods beased on tlissua mineraf rete s

sicrage are used.

aken 10 obtain adegueate fed intakes. Most siudizs sbout minaral requiraments of
i us fed diats, semi-gurifiad digis hava 52en nesded (o cotain
s red drum {Sciesnaps ccsilatus), Geatlin g al. (1387).

adecguate feecing intake or som
This suthors used liophilizad adult red drum muscle and egg white as proigin sources o delermiiie Zn
reguirament in_this sgecies. Minsral aneiysxs at the and of the feeding irial showed that scale mineral

2nd bone-zinc concentrations wers-signiiicaniy affect ec oy dietary Zn concentration and wers usad
together with growth parameters as tha response criteriz for the estimation of the dietary zinc
requirement through the troken-linen rzgression analysts.

Uifferent faciors influence ihz minsral requiraments of fish: fish size and growth rate, dist
composition, avaiiability of the minarzl chemical form usad znd the mineral interactiocns with cther
dietary or water bone slemanis. Differant requirement ievels rasult from different works where
different diets are usec. Thus, {cr channel catfish (Ictalurus punctatus), Andraws 2t al. (1973) found 2

dietary caiciurm raguirament of 1.53% cf ¢ry diet using anchovy meai as protein source wmcn has iow
in calcium availapility. After that, Robinsen et al. (1888) found z lower requirament (0.45% dry diet) for
the same species, using a purified dist with casein and different amounts of calcium sulfate with high
availability of calcium. The latter author zlso used calcium-iree watar, as natural water usually contain
aporaciatle amounts of dissolvad calcium which can be utilized to mest part of the metabolic caicium
requirement.

It has beer reparted that calcium and/or phasphorus level in the diet affects Zn bioavailability in
different fish species, Porn-Ngam er al. (1993) found in rainbow trout & depletion in growth and Zn
availability with an axcess of dietery P. The proportion of P in the form of iricalcium phosphate
contained in fish meai might also inhibit Zn availability (Satoh ef al., 1893). Also, presence of strong
mineral binding agents, such as phyiic acid, mainly in vegatadle protain sourcas, aifect mineral
avaiiability tc a great axient, through the formation of insoluble phytates (mainly Zn - Ca - Mg -
phytate) in the intastinal lumen resuliing in lowered mineral availasility.

Recommeandations

Mineral recuirements can ba determmed by ragression anziysis using the dose-r2sgonse
iechnique with distary mineral leveis ranging from suboptimai 10 Sossitly susioxic isvals.

© Universidad de Las Paimas de Gran Canaria.Biblioteca Universitaria. Memoria Digital de Canarias, 2004



darson, J.S., Lall. S.P., Ancerson, D.5. znd Chandrasome, J. (1862}, Apparsni 2nC ug avauaciiity
of amino acids from common fzac ingradients for Adentic salmen (Salmo sealar) rearsc In sex

;
waier. Aquacuiturs, 108: 11

Andrews, JW., Mural, T. and Ccmoo—-l C. (1973). Effects of distary caloium &
growih, -ood conversion, bone and zsh end hematocrit leve i

Bowan, S.H. (1887). Dietary grotein raquirament of fishes. A r2ess
Sci., 44: 1885-2001.

Crc, CY. and Bursau, 3.7 {1385). D=z rr",matxcn of the ansrgy rscuirsmant ¢of fisn with paricuiar
reference o salmonids. J. A,up!‘ /c.,zh, ci., 11: 141-153.

Cho, C.Y., Kaushik, S. and Wocdgward, 8. (1992). Dietary arginine rsquiremsani-of young rainoow rout
{Oncorhynchus mykiss). Como. Biochem. Physiol., 102A: 211-218

Che, C.Y., Slinger, S.J. and Bayiey, H.3. (1878): lml.,e'xce ci tevel znd type of dietary protzin, and
lavel of feeding on f2ed utilization by rainbow trout. J. Nuir., 108: 1347-135¢.

Coway, C.B. (1988). The nutriticn of fish: The develcoment scene. Nufriticn Rasearch Raviews, 1.
255-280.

Cowey, T.B., Adron, JW. and Youngsen, A. {1883).
{Selmo gairdneri) given dieis conizining pelyunse
Agquaculture, 30: 35-83. '

Cowey, C.B., Degener, E., Tacon, A.G.J., Youngson, A. and 3ell, J.G. {1984). ‘
and oxydized oil on the nuitriticn of rainbow treut (Salmo gairdned) grown 2t .atural. varying watsr
temperaturas. 8r. J. Nuir., 51 443431,

Cowey, C.B. and Walicn, M.J. (1588). Siudies on the upiake of { C) amino gcics derivad rom both
dietary (**C) protein anc dietary (*°C) amino acids by rainbow trout, Saimo gaircner Richardson. J
Fish 8iol., 33: 293-305.

Craig, S.R. and Gatiin I, D.M. {18686). Distary choline reguirsment of juveniie red drum (Sciaencpos
ocellatus). J. Mutr., 126: 1686-1700.

Dabrowski, K.R. (1988). Ontogenstical aspects of nutritional requirements in fish. Comp. Biocham.
Physiol., 353A{4): 839-855.

dz Silva, S.S., Gunasakara, R.M. and Aiapatiy, D. (1983). The distary protein reguirament of young
*ilaoia and the svaluation of the isast cost dietary orotein level. Aquacuiture, 80: 271-284.

EIFAC (1983). Regort of the EIFAC Workshop on Methodology for Defsrminatﬁon of Nutrient
Requ:remenza in Fish, Grooo, J.M. and Tacon, A.G.J. (ads), Eichenau {Garmany), 28 Juna-1 July
1593.

Gatlin 1li, D.M., O'Connell, J.P. and Scarpa, J. (1851). Dietary zinc requirament of the red drum,
Sciaenops ocellatus. Aquaculture, 82: 258-265.

Gatlin 111, D.M., Poe, W.E., Wilson, R.P., Ainsworth, A.J. and Bowser, P.R. (1988).

]

i rainbow rout
rom fisn oil

—n

density and vitamin C status on vitamin E-adequate and vitamin E-deficiant
Aguaculturs, 56: 187- ‘05 : v
Geurden, Y., Coutteau, P. and Sorgsicos, P. (1997). Effect of distary phosgholipid supplementation
n growth and fatty ac:d compositicn ¢f European seabass (f‘icenfr*rch/'s jabrax L) and turbot
(Scophthalmus maximus) juveniles from weaning onwards. ~ish Physiol. Biccham., 18: 259-272.
Hilton, JW. (1889). The interacticn cf viiamins, minerals and dlet compasition in the diet of fish.
Aguaculturs, 79: 223-244,
Izauierdo, M.S. (1988). Zssentiat istty zcid requiraments of culiurad marine fish iarvas. Aguaculture
Nuirition, 2: 183-181.

Effects of stocking
fingerling catish.

© Universidad de Las Palmas de Gran Canaria.Biblioteca Universitaria. Memoria Digital de Canarias, 2004



of Anmvargins  memtais
wis auiiiT b‘u RO EON-ME

BIGLef‘nnOI

Kzusnik, S.J., § raguirement 2nc sizius
zssassad by i R.). Aguecuiiirs, 70
75:95.

Keambivehetty, C.N. and Catlin ili, DML (1887). Dietary ihrzenin ement of juveniis nyoric

siripped bass (Morone chrysops x M. saxatilis). Aquaculiure Muti

Kim, K.I., Kayes, T.B. and Amundson, C.H. (18982). Requiremenia
traut (Oncorhynchus mykiss). Agueculiure, 106: 333-344.

Kinumaki, T., Sugii, K., lida, H. and Takahashi, T. (1972). Adcitien of r'*z iuble viiamins o ihe

" feeding stuffs for parant rainbow trout with particuiar refarence ic ihe effect on the vitamin isvals of
eggs and iry. Bull. Toxai Reg. Fish. Res. Lab., 71 133-138. .

Klegin, R.G. and Halver, J.E. (1870}, Nutriticn of salmonid fisnes: Argining anc histiding reguiramsnt of
chinook and coho salmor . Nair., 100: 1105-1110.

Lall, S.P.~Kaushik, S.J., Ls Rczl PY. Ksith, R., Anderson, -8, and Plisaisk z. i
Queantitative arginine reguirsment of Atlantic salmon [S&a/mo seiarn) reared in sez waler
Agquaculture, 124: 13-23.

Luguet, P. and Kaushik, S.J. (1
Poissons, Fentzine, M. (2d.).

Membrini- M. and Kaushik, lncxso=nscoi Zmino & e i
Corresgondence between guaniiigtive data and amino acic prefiles cf tissue protains. J. Apol.
Ichathyol., 11: 240-247 .

ll
(') ¥
)
-
«r
2
e ]
[}
¥
<
»
|
C
(®]
p=

)
~
2]

0

81). Basoins en proigines st 2n acides zmines. in: Nuiriicn des
NRS, Paris, pp. 171-183.
4 .

(1995)

mO

Mazid, M A, Tanak, Y., Katayama, T., Rahman, M.A., Simpeson, K.L. and Chichester, C.C. (1875)
Growth response of Tilapia z‘m; xmcerixngs fad isocszloric dieis with variabie pretain levels

i
Agueculture, 18: 115-122.

Metaiiler, R., Febvre, A and Allict, £. (1973). Note préliminaire sur les acides amines essentiels d
i0UD ou bar Dicenirarchus labrax (L.). Etude Rev. CGPM, 52: 1-88.

Montero, D., Tort, L., lzquierde, M.S., Robaina, L. and Vergarz, J.M. (1998). Depletion of serum
zlternative complement pathway activity in gilthead seacream cost by w-tocopherol and n-3 HUFA
dietary defficiency. Fish Physiol. Biochemn., 18: 395-407.

NRC, National Research Council (1893). Nutrient Reqguiremenis of Fish. Committae on Animai
Nutrtion. Board on Agricufture. National Academy Press, Washingion, D.C.

Chiz, M. and Watanabe, T. (1986). Energy requirement for mainienance of body weight and activity,

and for maximum crowt'x in raincow trout. Fisheries Science, 52(3): 737-744.

Porn-Ngam, N., Satoh, S., Takeuchi, T. and Watanabe, T. (1993). Efiact of the ratio of phosphorus (©
caicium on zinc availability to rainbow trout in high prespherus cdiet. Nipcon Suissan Gakkaishi,
58(12): 2065-2070.

Robbins, K.R., Norton, H.W. anc Saker, D.H. (1979). Estimation of nutrient requirements from growtn
data. J. Nuir., 109: 1710-1714,

Robinson, E.H., Rawies, S.0., Browmn, P.B., Yeits, H.E. and Gresne, L.W. (1888). Dietary calcium
rcculremem of channel caffish ictalurus punctatus, rearad in caicium-free water. ,-.quacu/.‘u 2, 33:
53-270.

Rode’nutscord, M. and Pfeffar, £. [1888). Maintenance raquirzment digestible 2ner
utiiization of digestible snergy for ratantion in rainbow rout, Onccrhyf‘ nus myKkiss. Acua
179(1-4): 85-107.

4>

(]

© Universidad de Las Palmas de Gran Canaria.Biblioteca Universitaria. Memoria Digital de Canarias, 2004



)
0y

Sz rious eh
200,

3ch izguierde, M.S.

{ Pzg ;

Stickncy R.R. and Hardy, R.W. {1888). Lipic raquirsments ¢f scme warm waisr species. Aguacuiiurs,

Sugiurz, S.#., Dong, 7.M,, Rathbons, C.K. znd Hardy, R\W. (1888). Appara tleL:"q digastibility 2nd
mingrzal zvailasilitias in various f22d ingredients for saimonid f2eds. Aguaculturs, 159(3-4): 177-
262 v

»

Swarup. K. and Srivasiav, S.P. (1984}, Structurs and tehaviour of Uliimebranchia! giand in response

tc vitamin Ds-induced hypercalceemiz in male Clarias hatrachus. Arch. Anai Microsc. Moroho
Exp., 73:223-229.

Tzcon, A.G.J. and Cowey, C.5. (1
Mew Pcrep,wzves Tyler, P. &

_)
)> 0.

885). Breiein and amino zcic reguiremants. |
nd Calicw, P. (ecs‘ Crcom Helm, Londdn, go. 155-183.

Thebautit, ( 985). Piasmaz essential amino acid changes in sez bess (Dicenirarchus labrex) zfter
feeding ets deficient and supgiemeniad in L-msthioning. Comyp. Biochem. Physici., 82A: 233-
237.

Tibaicfi,' €. and Lanari, D. {1881). Opiim C1ercn/ lysine ievels for growth and protein utilization of
fi ger(mc seatass {(Dicentrarchus feorax) fed semi-purified ¢ \,Lqu racuiturs, 95 287-304.

Tioald., E., Tulli, F. and Lznari, D. {1884 ) ﬁrbmme requirement and giect of different dietary arginine

{1 ;

and iysine levals for fingerling sea bass (Dicenirarchus labrax). Aquecuiiurs, 127: 207-218.

Weiten, M.J., Cowey, C.8., Colosc, R.M. ancd Adron, J.W. -\1::80) Dietary requiraments for raintow
trout for tryptophan, lysine and zrginine determined by growih and biochemical measuraments.
Fish Phy /3/01 BIOCF}cf“ 2: 161-185.

Waianabe, T. (1882). Lipid nutriticn in fish. Comp. Biochem. Prysioi., 73(1): 3-15.

Watanabe, T., ScIOh, S. an¢ Takeuchi, T. (1888). Availability of minerals in fish meal to fish. Asian
Fisherdes Science, 1: 175-195. '

Watanabe, T., Tekashima, . and Qgino, C. (1874). Effect of dietary maihy! linolenate on growth of
rzinbow trout. Bull. Jag. Soc. Sci. Fisk, 40: 181-188.

Wilson, R.P., Alien, O.W., Robinson, £.H4. and Pees, W, 1878). Trypiconan and threonine
requirements of fingarding channel cadish. J. Nutr., 108: 1585-1 '9

Wilson, R.P. and Halver, J.E. (1888). Proiein and amino acid reguiremenis of fishes. Annu. Rev.
Nutr., 8: 225-244.

Wilson, R.P., Redinscn, £.H. and Pos, W.E. (1881). Apparant znd true availability of zmino acics
irom common feed ingrecients for channel catfish. J. Nuir,, 111: §23-928.

Winfree, R.A. and Sticknay, R.R. (1981). Effects of dietary protein and esnsrgy cn growth, fzed
conversion eficiency znd bedy composition of Tilapie aursa. J. Muir, 111: 1001-1012.

!’I'l

@ Universidad de Las Palmas de Gran Canaria.Biblioteca Universitaria. Memoria Digital de Canarias, 2004



