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Introduction 

- 
1 he Sudies cm fish nuirrticn c n i  j q a n  about fom p z r s  ago. Sincr ihen, significmt advances 

h ~ v r  b t t n  maae in al1 2cpec:s of ibis subj~ct. The number of sc~cies íor acuacdlturo has oem-also 

%'e noi yet been definrd 2nd cur;ent reconmendations are mosiiy based on dzta obtained with few 
Seicc:sd fist-ies under ini~nsiv- c&ivation such as rainbow troui 2nd cnannal caZish (Kaushik. *95)- 
??? 

, l . ;S  EaSOn, rtsearc.ii s:udies cr; btsi:: nutriiion a r l  n l l d e d  fgr zny c a ~ l i c ~ r a  s?ecies 0f intSr5: 
:c Wmxlturn. 



(i) A przciical o i r ; t  oí view ta S a b ! i s n  nutritional e q u i r t n e n r s  is przírrrrS 

(ii) if optimzi cuiture conditions for ;he t e s t rd  s p e c i e s  nave besn es&bIished, ihc r tqu i r rmenis  
snould be a s s a y e d  in such conaiccns. If no;, it shouia be reviewsc whai ii is known í r c n  t h i s s p c i e s  
in its natural conci?ions. 

(iii) As fa: a s  possiole, experimenta¡ condiiions similcí XJ !hose usec st r ~ m m e r c i a i  scaie shouid 
Se  sed (íeed p~zparai ion i e c h n i ~ & s ,  watsr quality, piiotoperiod arid Zsh s t~cking  density) 

(ivj CnIy a n e  h y p a h e s i s  iesied per sxperiment ispref5rrad. 

(v) At' leasi t r i p l i c ~ ! ~  tanks oí ?¡SR s.l'culd be' u s e 6  pr dit tzn/  irez!i;;ier, a s  one- tank  of fish 
regresents a single block observation:- 

(vi)?o d z t e r n i n e  qui?niitai~ve í z ~ u i r z n e n t s  it iS imporiant lo  consider different factors reletrd :o 
t h e  s~ecies, such as age (ian/-,i to brooCstock nutntion) znrj sizr, rslaied to i h e  mecium, s u c n  as 
tenpera ture ,  saiinity, cuiture density, to the ty9e of culture (extmsivelintens;ve), reiated lo the k e d i n g  
siidieyy and krdilig-resime añd fiñaiiy. reiaied tu rhe keC.  dietay zriergy conient, nuirient avaiiabiiiiy 
ir; tile ingredienr source and  inierzctions l ~ i t h  other-dieiary nutrients or incp0inn:s. 

(viii) A s tandard diei should be csed  a s  a control in addiiiion to any locoi diei a iso designed a s  a 
control. In most  c a s e s  the u s e  of d i k r e n :  control diets  a m o n g  d iEsr~r i t  a x h o r s  makes c o n p a n s o n  
between them diíiícul2. 

(ix) According to the EIFAC workshop. E: minimum o f  six d i ~ i ~ y  nutrient ievels o r  treatments is 
r e c o n m e n d e d  íor nuirient requirement s;ucies. 

(x) C a r c a s s  anaiysis should be czmed out  at t h e  beginning a n d  at !,is rna o í  {he exlerimeni. 

(xi) An appropriatv statistic anclysis is alwoys neczssary.  

(xii) Fisn should b e  k c  un;¡¡ "ap?arax saiiation" i n s e a e  of i%::ic~ed %eaing rat ts .  

Chc et al. (7976) dsrnonstrated ihct on restrictud feed  intake a 50-60% die12ry protsin leve1 g a v e  
higher weicht gain than 40%, whersas on ad libitum :eeámg the siiuation was inversed. According to 



?:otsins  SR^ srninc r c i d s  

Froieifi ir; iish is 2 zc in  componar.? =z~;ií~?c?i of rissue z c i  c:zsris, tkzy a:? p c u s o r u  cf ~ i ? r ;  
niiragen cornpounds (enzymrs, iiornccés. aiuriy, neuroiransniitors, a í ~ c t o r s ,  ~ ; k . j  en4 consiiiuie cn - 
iriiport2ni enercy source. I hus, a conaisisnt intake oí protein cr aminc acids ( A k )  is r=lq~ir=rJ, cinc2 
:fiey a.re coniinually usec by the {sh ic 5ui!c' s t w  proieins. I n a i r c j ~ a f  ~ r o i r i n  k E l s  in k? diet rrsulís 
jn 2 reáuction cf ~ r 3 w i 5  2nd icss ~f ws;$".i ~owever ,  wnen nn ZXCESS cf ~ r ü ~ z i n  is sup$ied in the 
disi, only pari o? i i  is üsaC íor oroieir: a;~ntksis 2nd tnr remdining is  t m s f o r n  inlo InerGy. Accorling 
;, V\lilson 2nd Hdver (1986) anc oihe: ~cthcrs,  íisi:! digest proieir, :o ojtain f r t r  amino aciis, wnich 
c r t  absorbed from :he inksiinai tract 2nd used by various iissues io  synthesize new proirir,. It has 
beer! generaliy assunec thet cppareni ~ ro ie in  digestibility vdues zrs inaicaiive o i  ~~failability amino 
acids (\Nilson et d., 7981; Spyridzkis st al., ;388), bui reasonable c! i%?rmxs botvl'etn apparrnt 2nd 
t n e  amino acics availobility for cvnain fe?dstui;s can be ?ouná in some sicdias (Andsrson si al., 
1002). 

For ine q ~ ~ i i i a i i v e  detrrminelion oí zssential amino cciCs (EM) ,  i h r x  difkreni nrthoas n a o  . * 
Sern uszd: gru~vtk s iEes .  '-C - lab$Ilir.~ s;cdies 2nd znzyrnatic stucies. 

12 the cose o i  cjrowth stuiies, dieis Ce5cienr in one AA are u s d  ;O feed ihe ilsh ior a long per io~.  
&hile growtn Ssn is rnonoro~zec. Then ~n initial test di& is nécesscry. For this puTose, dii=;e~ni óieis 
nave seen useci has- on caseirr, ge!atine. zoin 2nd crystalline anirio acid in dii=;sreat combinations. 
[n :he first studies, during ihe late 30'ssnffihr eariy 60's, Haiver cnd co-workers ícund that whole egg 
proiein gave the best results in chinook saimon (Oncornyncnus ts.?owytscha) 3eing then adopted as 
ine oasal prot&n oí the test diet. But frquently, t i s t  diets bcseci in carticular protrin sources cause 
iow feed intakes (¡.e?. Klein and !+!ver, ;970), related to :heir Foor palatabiiily or low 5sh growh 
response, nzking di5cult to precise the rrquirements. Adequatr c x t r o i  diets which rre we!l accepte~ 
by :he fish 2nd abie to mximize grcwth, sucn cs ihose Oased in tkt muscie protcin o: the TIsh studied 
spscies, are always raquired to determine ?he requirements. 

ln labelling stuaies, 3sh is injecxd intraperitoneally wilh an z<equate arnoui;i oí a " C  labelled 
substrato sucn as glucose or acaiate. A significani amount of ihe "C will be incorporat-a into those 
amino acids that ihe orpnism can synthesize. Aftrr 6 days o? normsl feeding, fish ara killed cnC 
komogenized 2nd :he protsin isolattd. m i n o  acids separated by chrornato~rapny and radioactivi~ 
countrd (Metailler eral.. 1973; Cowey 2nd Walton. 1988). 3ut this technicue has the problem that 
sane amino acids sucn as Trp, Asn 2nd Gln are destroyed during riie acid nyarolisis oí proteins. 

-, 
I ne enzymatic studies nethod was iher: used. With this techniqur thoss mzymes nerded to 

synthesize Gln fron Glu 2nd Asn fron Aop were found. 

Using tnese methoas the same 10 EM havr been found iü be reauirec íor al1 ihe studied 3sn 
sorc is .  



( i )  DiFer~nces .in the rsíerencz prckin s e d .  As it w2s cessribsd a 5 ~ v e . k r  ihe deterrnin2tion oi 
quali;ative requirernenis difieren; proí~in sources in bssaí Gieis nive G e ~ n  useC inciucing ccsein, 
grlaiioe, zein, carn giutrn, íisk rr;ra!. soyóean me21 and crystdlina amino ic ids in difkrant 
combinations. Keernbiyehetty and &tiin (1 937) used semi-purifkd dieis cpnrzicing cr/\ stailine aninc 
acids 2nd lyophilizsd -fish.rnuscle io quzntify thr dietary thrroriinr re~ui:smlnt oí juvenile hybrid 
striped bass (Morone cnrysops x M. saxzfiiis). For rainoow tiout for .iiist~;nct, iarger variations in 
lysine requiremeni have bezn r rpo f i~d  ir! dii';er=ni works rangad f r ~ m  1 .O3 io 2.80 % of dirfoí 4.2 lo 
6.1% of protein. a 

N 

Also when fish meal is u s d  in t k  diets ¡S important to nore that ;he oraiein 2nd IipiC con2r.t in the 
fish used to produce fisn mecl va? aeoending on fish sgecies 2nd sezson, koing irs íreshness anG n 

Processing iemperature very in.oCant cs well to deiernine its quaiity. Tkrs situaiion COUIG be 
- 
m 
O 

sinplifiea.by the use of standarc control diets or a standcrdised rrference ilsh meal. Rrcrntly. tne E 

Norsildnel Company in Norwdy grocucss a high quali?y r lk rence fish macl from a specific raw a 
- 

material ct a standardised procesv that can b s  used íór exgerím~n:al urposas. 
3 

(ii) 2educrd growih oí'fish @!,+S AA. i i  nas besn shown in difieren: sgecss 3 a i  5sh ccr, utilizi 
more e,?ec:ively iarger amounts o? fr$t a r~ ino  acias wnen the feeciincj frequency i s  high. Tnus; the 
necjaijve efiects ofíeeding pure m i n o  acids on dietary nirrogen utilizatior;, due to the fast zbsorption 
and the wide variation of plasma amino acid concentration f o w d  with ihase diets e n  Se reduced, 
providing-a continuous supply of -e--amino acids to the tiscxcs ?S: procein synthesis (Tac6n ana 
Cowey, 1985; Cowey, 1988; Tualdi end Lanari, Y99l). 

2 

( i i i )  lnreractions arnong AA (aietary imbalances oí some AA with rcspsct io anather). Fo; insttnco 
n 
n 

differen: suthors have 'íound 2 lysins-aqinine antasonicm in rainbow trout. Tnus Kcushik et al. (1088) 3 

ieported a slicjht growth depression in 100 g rcinbow trout wnen 50% excsss lysine w2s f2d in a diei O 

srionl tato 3rnininn 
" 'Y"" '" '  

(iv) Subjecfive interpetation oídose-response curves. The üroken-line mcael propose by Robbins 
et al. (1979) (Fig. 1.) has Seen extensively used to determine ~uantiiative needs (TiDaldi and Lanari. 
1991; Kim et al., 1992; Lall et al., 1994; Keernbiyehetty and Gzilin, 1997). This model is based on the 
assunption that increasing leveis af the testeu nutrient will cause linear incrsasgs in grawtn up to a 
"break point" after which no further response is to be expected. BUZ the response may be somelimes 
more cumilinear t h ~ n  linear, and then diííerent modeis cduld be applied to intsqxet the resdts 2nd 
diíierent réquirenents obtained by the different models applied (iable ti Figs 2, 3 and 4). 

Different results can be aiso obtained if regression analysis are applied to difierent parameters. 
Tnus. Keembiyehew and Gatlin (1997) obtained estirnations Íor thraonine rsquirements oí 9.7, 8.5 
and 8.6 glkg dry diet applying &ha broken-line model to weicht cjain;, feed ezciency and protein t0 
tiieígy iatio (PEKj resuiis, respectiveiy (Fig. 5j. 

(v)Other nutrient dieisr/ camposition. Ir; the anino a c i ~  oxidaiion studies. it is assumedihat when 
fish are fed an amino acid-deficieni or imbalanced aiet, the oxidation rate oí such amino acid is ION. 
and it graduaily increasss to De stebilizzd when the dietary leva\ oí this amino acid is meets the fish 
recuirements. For instante, Lall et al. (1934) íound that the aqinine rrquiremen: in At la~t ic  salmor: 
rrarrd in sea water is l .E% of.dry matter (4.1% of protein) when a rqr tss ion analysis IS used 
betwern the percrnt oí injected L-(U-"c) arginine rrcovered as ''coz versus cietary arginine level. 



incwase in tested nutrient 

Fig. 1.. Sroken line nodel ofter R~bins rral., 1979 

- 
1 &le 1. Diet fonulation io de;errnine prokir; reayirameni for 2-10 9 

Pagrus pacyus (Sckuchard et al., 1 S E )  

Diet no. ingracient 7 2 3 Y A 5 6 
(% wet weigntj 

í ish nea! 51.77 55.75 30.53 73.94 81.34 88.7$ 
Fish oil 8.28 7.46 0.63 5.83 5.01 L.23 
Rsw starch 8.85 7.22 5.57 3.93 2.29 @.E4 
.Gelatinized s;c:ch 26.50 21 -67 16.73 1 1.80 6.86 1 -22 

Plasma AA concantration studios 2:s b ~ s s d  in tiie pasi~vs c-,r;tk:ions botw~on tho leveis oi 
otasma or serum frer essentisl amino acids and their respective levels in the diets regortsc íor 
digerent s~ecies (Wilson et 21., 1978; Thrbzult, 1983). The requirene~t is considered io be net  wnan 
the tested EAA accurnuiztrs in the plasma. nigh variabiiity witfin replicaízs for each diet2.y treotment 
l a s  been'iound as a disadvantaca oí  this ttchniaue (Keenbiyenetty cnd Gailin, 1997). 

In adaition to these rnethods. difftrznt authors have iried to used the activiiies of catcbolizing 
enzyrnes in liver 2nd kidney io esl=blish the arnino acid requiremlnta. Howevtr difíereni studies 

& & ,  4 noc. ' ,." ..' - 1  ' " " A '  ' -'-. ""-A '" --.- --A:. .:Lr_ - . . - -  - _ -1---LI.. 2- A - -  -1 

~ o u ,  LCU ~i Q I . ,  t YYCIJ i i d v e  bt LUWI I i~ id i  u ~ a r r :  C~GIIVILI'S v a  y wriskerauiy uepena upon 
the nutntional status of animals. ln this contoxt. the postprandial paak of-'semm urea bnccntration 
has been proposed by Cho et el. (1992) 2nd Tibaldi et al. (1904) to confirm the arginine requirernent 
ir; rainbow trout and seo bsss rospectivtly, oased in the obsarvaiion ihat urea production fron tris 
ercinase pathway is related to arginine. i n tak~  

The dietary protein requirement i'or fish is greatly influenced Oy the dietary protein-to-energy 
oalancs, by the amino acid composition cnd digestibi1i:y of :he prorein(s) testeci ievels (Table 2). - 
Excess energy in the test diet may linii coíisumption since fish, I i h  othsr animals. eat to meet their 
snergy requirernent. Despite most inves;igators use isoeneryetic di l is  in terms oí gross energy 



Diet 1 - D/$i 2 Diec 3 Diet 1 Ciei 5 Oiet S 
(39.14%) (-3.36%) (~~ .3r? /1 )  (55.26% j (59.51 %) (S1.34%) 

Oiet 1 Diet 2 Oiei 3 Diet 4 9iei 5 Diet 6 

(39.14%) (43.96%) (49.34%) (55.26%) (60.52 %) (63.24%) 

Fig. 3. Protein requirrneni for 2-10 g Pagrils pagrus by using weight gain data to apply t h e  
Broken-line model (Schuchard rt al., 1999). 

Many investigators havr dernonstrateu the irnportant sparinc siítct of non-protein enemy sourcrs 
on the utilizaticm of dieiary protein. The urilization oí dietory carbonydratt is known to vary among 
species. and it has ~ e e n  shown to spare protein in saimonids, olaice, turbot. channel catiish, sea 
bass, common carp and red sea brran. Lipids have also been shown to sparz protein 2nd enhcnce 
protein utiiization in saimonids, conmon carp. chanflei céiCish, turbo;. r d  sea bream, giltheod sea 
brearn, striped bass 2nd TiIepia a u n a .  



1 .3 
Diet 1 Dier 2 Dier 3 Diei 4 Ciet 5 6 

(39.14%) (43.90%) (43 .2%) (50.26%) (E2.5: %) (63.24%) 

% lrzrein 

5s .  4 Proitin rquirenent for 2-7 O c P q u s  pegms by using dats ohtcicod for PEI, 
data {Schuchad et a¡., 1999). 

Sane rnode! ío: aiííernnt paiamataz in Red drdrn ( Sci2enops o c r l l ~ ¿ ~ ~ s ) .  

Vlsigh~ gain 2.7 ($kg drj  dier 

Fig. 5. Obienticn of ciffsrent values in the drtsminatjon oí quantitatiw rt@uirwisnts wnen difierent 
parümeizís a i t  üseci (Kzsinbiyehegy' aíid üaiiin, i997j. 

Table 2. Pratsin requirement for n2xinai crowth reporlec! íor Tilapic 

YO P/E Fish (g) Reelculatad Source 
prottin (mg prot/kcal) ?!ET- 

24 68.1 2.8 68.1 Shizu 2nd Huang, 1989 
30 95.3 1.6 108.0 Mazid el al.. 1979 
31 1 013 7 3  i 29.0 Winfree and Stickney, 1981 
A n -ru 4 4 C  C 

1 1U.U 
0.5-3 .U 4 ' "  2 

I 10.0 
I -..---. . ~ n n -  

JCUIILZY, I Y O L  

'PiE = protein to energy r.?.tio. 
*'PIE recaiculated ior the carne mtzbolizabie energy (protein 4.5 kcallc; 
canohydrate 3.49 kcaltg and lipd 8.3 kcaiig). Frorn Shiau and Huang, 1989. 



f nergy 

Srudies obouí the wercjy rc~uirer;?e?.is Sr2 sczrca in ~ a r i n r  fisn, ces~it;. rí ;he irnpcr',ancr af P!' *'--S 

?/DE 2nd protein to iipid raiia (Píi) ratioc in 5sh nutrition. 

CE ?roviCes moro inícmati6n than aietary GE aóout the r s e  of the enercy in~akr .  DE 
reauiranenx hove Sern shown to CI consiaerably decendenion s e v r z i  3 z m e t r r s  such as Fish 
growth rale, amount oí feir, oased or? 6odv weqht. Giefaq faciors (cirr conoccrt!on. ingredienic usec 
and prccrssinc: rneiiiods) 2nd wasr trrnperature. SE íor rnaintsnencs ( m e r ~ y  icss durinc starváticn) 
is dependent m fish body weish: anO ?,E (nainly from jroiein ccd ¡i?ids) deperic's arnong otners on 
the cnernicai for in whicn DE is absoril?~. Rodehui~corá 2nd Pí-.?x :199S), Cy pooling data frcrn 2'2 
different experiments witn íast-growing rainbow irou;, found i k t  DE fcr rnaintenancr was &oui !O- 
30% of tne :otal energy reqiiirernsnt Ceoencing on ti?e desiroci crowth r2k ;  thes? a ~ t h a r s  alsu 
oi íserec ihct the DE for ;elrntion is higiiiy Cepondent on t!!e dieIcq íat csnteni. 

Pan oí the DE is iosi by [he non-fecoi exc:eiion of niirogenous cornpounds, rnainly arnrnonia and 
urea, ana consquendy, ME is no: a canstan'i proportion of tho DE. Tnis proportron depenós on ine 
quelity and quantity of dietary prckin 2nd non-protein enercy sources in tno diet. For such reason, 
ME its difricult to est inak invoiving siiher ihe coniinuous noniicirinc of niríoger, excretion in watz- 
(Xausnik. 1980) or the use oi mrtabolic ch-nbers. 

Methods 

(i) E m r ~ y  ha!ance ,N&,+=&. inc!gdes !he deterninatior: = f  n?E, DE fcr ~aintenaricv 2nd RE hyi 
analysing whole boey composition. DEin deterrnination has been octsined rntasuring heat releasec 
k o n  siawea fisn (Sasal netabolic r e i ~ ) .  Rtsults are variable ~Nithin diffrrent works and are iinearly 
dependent m body weigtit (Cho ana S u r t a ,  1995). Thus. Ohto and Waianaoe (1996) found that :he 
energy rrauirsrnent boih far maintanance and maximum Growth in rain"w trru; clightly decrease? 
wiih increase of fisn body weignt. 



Proviea ciata relatsd io 8sh size 2nd age. wotsr ienberztcrs. : ik cycle stégz. Cznk water current 
2nd water supply. photcpsiod, wzirr qüaiiiy anC stress as :hese 2:s factcrs aZectinc enerctv - , 
recuirernan;~ ir, fish. 

'Use DE to m a k  2 i~ r rnu la  feed, 2nd incltide. dicjrs:i5iiiq ost inat isr ,~ cs E routine ~~OCSCU:?  in 
"growth trials" rather t h ~ n  reiyicg on "~reviously publisned cr perzeive5 valuer" i ron  other sluaies or 
fish species. f o r  f2ec~;I colleciion tha setiling c d u n n  ("Gusi?hn s y ~ i s m )  or roraiing scr3e-n principie - 
{"Saint 2?én syston) rnay be reGnmenCa.  The nand "Sííippicc" iechniqus sheuic be s e d  \viiK 
great czre. 

PvletaDoiizable a n ~  net energy aw reconmended for the evaluciion cfmmpiere ~ i s i s  as a measure 
o i  sroductivlty. Reteniion oí Doth nitrccpn 2nd energy is cnciai to dsrerrnine RE. net rnergy (NE), ME 
2nd DE. Opencircuit incirect calor ineq is recmrne~ded  b r  the rnzzsur-ment of heat produciion. 

Lipids and essential íatty acids 
-. 
i ne irnpofiance of iipids in fish pnysiology is related wilh i is differant iunc?ions: diera? snergy 

sourcs, DionemSrane siructure and knction mainienanco, cellu!ar m n b r z n s  fiuidity regula:ion, 
prostaglandin prerursors, kt-soluble vitanins 2nd carotenoid pigr;;ents carriers. nonones, ex .  

Under a cornnercial point of view, ligid cornposition in ñsh f ssh  2is3 affects the 5llet texiure 2nd 
flavor. lnterest in fish iipids hasfbeen aiso raised Dy tne comrnercial irnportanc% of hepatic and 
muscular lipids in 5sh s.ecies, and its incrsased relevante for human ntitririon. Results from diíierent 
w o i ! ! ~  su?pofi that fish body lipid c o ~ p ~ s i i i ~ n  ¡S ~icjnificanily affectec! by tino dieizq lioids. 

i i t t k  is known concerriing ihe detailed quantitativr essential f 2 3 j  acid (EFA) rtquirements in fisi;. 
wnich ars afíeded by several f 2 c t 0 ~  such as fkh  age. dietary lioid leve!s, dietary c-tocopherol levels 
2nd other dieiary 2nrioxiCants. dietary biotin levels, dietary ratios betwesn severai fattyzcids such as 
eicos~pentanoic/docosanexanoic E3NDkiA. n-3/n-6 ratio. distar;/ form in which they are f l d  
(triglyceridesinethy! estercifre? fctty acids/phospholipids), óietar\/ phos?hocjlyceride levels 2nd 
environmental condWons. 



. -. 
Since quantitctive rrquirrnenis 3 i  esse~ t ia l  fatty zcies er- spsrirs sarc;nc. sizcies c u s t  be 

c,~r,ciucted for sech singlc r,rw surcirs - f o r  oquacul'iurr. Dil-;~rrni- msthocs have Cesr! siso used. 
com.cn ly  based ir, i h e  grow~h añc sur/ival fish response ;c crococ dieta?/ ! ~ve l s  o i  esser,riai íazy 
acids or on tne surge of @eficiir?c;/ syrnptoms or changes in i h ~  ~ c c y  iipic con.ositior: as E :?sü!l of 
thcsg d i e x .  Ferrjincj aie':ar\/ !$;ES I ~ c l t i q  5FA muscie w z e r  ZonrzziS incrtasi  2nd bcin prurein anC 
pafiicularly iipk contrnts derreastc' ('iVatanabe. 1982). I n e  conrrn: of iiv& iigic is oiso incrscsec;. 
ináicaiing a sino oí  faSy iiver accricing LV\Igar,cbe 3; S!. ('374) cric - oiher auihoís í.52. 5). 
Re.Uc:iui: dieta?;; EFA iE"ais cn&í ;Me riqui& icv2is r ~ ~ ~ k e d i ~  ; & ~ c t ~  2 ~ h  bo*y EFA ~ z f i t ~ i , ; ~  jn. 
both neutrci and polar lipi8s. ~a r r~cuk i l y  auickfy in some i i s s k s  wirf: 2 c:tai csll tiirnover suc.'; as ~ i l !  
or skin. bu; PISO ~jíSci ins cramaiicaily ;o other kissues suclr as ncur i i .  iiepaiic or muscular onss. iow 
dietary ievels o? oicosapeniaenoic 2nd Bocosahexaenoic fstr\/ acids asa  -~cüc,o i h e  fisn rasisznre iD  
-5;recs (Muncer~ et r!,, lS28) 2nd i ~ m u f l c c ~ m p - ~ : ~ f i c ~ ,  incrssciqc ~ , n j ~ r c ; < ~  @z~iii>, ~ 3 r  - 
alternative cornplernent pathway 2c:iviaj 5s l~e!l as nertrcphii acevit.. 

59. 6. Addiiion oí soybean oil to gi l th~ad sea broam diets signi5cantiy increzssd iho Iiver ton:an: in 
18: 31-6 (Roóaina e: a l ,  7995). 



Siraiqies ior t h e  study cf:he lipic'.recjuirement for rnarine fish lanlca: Pa;licukr c2sc 

Aithoqh ti;? most di;?cr method to evcluzte tne EFA rec;uiremer.ts - in fisR !zn/ae should 52 to fzrc  
t he r3 t i ;  EifiGm;? ISVP!~  oí :hese nut;im:s rhrse is sarticuicrly csnciiccte sinco nasi fisn Izrvao erz 
umbie to survive in  fornuictec! d.ieis elone. To achievs this gozi we mcsi feed the tarvae witn 
enricned !¡fe brey or micrcdieis cunizining Ci5oreni leveis of k Z y  ~c i ds ,  tocjether wiíh some non-EFA- 
conteni liíe bod. Requirrrr,enis ars deiir.rd ccsea in larvai íespomz ir; ierms of: (i) @&kh rae  (sornr 
species. present-stronc - e3eci. but s o m  other n ~ i ) ;  (ii) survlval rato 2nd rtsistance to activi;y :es; 
(some species oreseni s t ron~  eEzct, htit s c m  other not); 2nd (iii) Qiochenical coínpocirion of h e  ?sk 
iarvan. 

Othet adciitjona! 2nd v s ~ j  usefui nrthcds art: 

(i) Siudy oí  ?he tsseniial biocnemicd composition oí the eggs. Sincr. ncrine fish egcjs shoiiid 
csntain ail ine nuirienis ~ ~ h i r h  are essenticl íor embryonic 2nd lawal development lip to the stace c? 
yoik-sac absorption, their biochemical composition shoulO give us some inf~rmation aDout wnici; 
nutrients ero essentizl for sucn-deveioonent. l h i ' s ,  far exzmplel in gilthsad ssa hrl-m (Sparvs 
auraia) 2nd oiher sparids the major fa31 acids in the total lipids o i  the eggs ars DHA; pdmitic ccid, 
E I A  and oieic acid, suggesting iheir inpofiance for larval developmenl. 

(ii) Study oí the r~olut ion oí the kr;./ acid cornposition oí the ernbryo during ¡he deveiopment. The 
evolution in ths changrs in ihe íatty acid composition during the ~ n b r y o  drvtlopmrni should say us 
whicn oí these kt ty acids are prekrsntially preserved a"d arc inportanl iór tht  Iarvae. In gilthe3d see 
breom icr exzrnple, during the 5rst 3 days oí larval aevdopment n-3 iatty acics like DHA, EPA 2nd M 
era preferentially preserva' instead oí sc'rurated íatty acids or n-9 nity acids which aiz use5 as 
-.----., --. .--- TL. .- nu .\ rni\ - - A  .\ r --- -----A- -t -- r:-i -- :---i--& :-- A L -  A - .  .-i i 
=IICI  y y suu t~z .  I I tus, U I ~ H ,  crr4 e~ iu  m, are r rydrueu as esser iudi VI iiiipui iat i c  iui uie ueveiupri iei i c  

of the larvae. 

(iii) Study o: !ne ronsrn/e!ion or ioss ci %ífy acids during I z ~ ü l  development and dcring s;avaricr: 
and the íeecfing of ths fish with several Ievels af these fatty ocids. Again for giithead sea bream. cfier 
5 days o i  siarvarion, some saicíaiod k i t y  acids such as palnitic tc ic  or monaunsaiurated fatiy acicis 
sucn as oleic acic are usad to obtain energy while other fatty acids such as aricnidonic acid and DHA 
ara preferentially conssrved. ih is  biochtnical strategy allows the le?dae io preserve ciuring ih t  cniicai 
period of starvation, those iatry acids which are very important íar inz rnemerane construction ana 
iunctior;. 



Dietcry iioid quoliry anc co(~i,pierz f a q  aciá anaiysis shcliid a h q s  be es+2ic, sincr ;xcici:;/ cr 
:oxici-/ of some com~ounds could mart<edly inteferv with ihe ~ E S U ~ ~ S .  

Vitamins 

Fish performance and final procl_iction casi a r e  easi!y enected. by the dietary v: to~, i - :  
.supplenentation, so iníormation aboui vitarnin raquiroment in fish is incorrant io optimize ihí: 
production systern. Ir; t h e  case o? n t r i n e  fish very !¡%le infornaiion is availaóie akhougn :he 
requirernents have Seen well rstirnttod in sclrnonics. 

-. 
I ne reportiid Ciotory vitanin r e c u i i n e n r s  si fisn is cependoni tipon ins crireria used by 

iesearchers to estimats ihe roq~irsrnent. r a n g i q  f r on  iow :ocuir-ment ~ V I I S  Ccr o?~inai  p w t h  t3 
high requirement levals for maxicur;i tissuct storacje or optimun disease resistmcr. Comparisoi 
between estimated viternin requ i rs~en ts  and the reconmonded ieed ievrls E E  genereliy cui% 
A:=..---* UI,IcIcIIL. - he ;UPpieme-,ta; l e r z i s  eacn Y ~ ~ a , T l ~ l ~  jn ssh fa=;- --- .d...-. .- I:-L-+ *L.-- *i- ran,i;r=ri 

---a GI= a~vvc;[> ~ , I ~ I I = ;  U , C ~ I  ~ I I G  -+uqz -b 

leveis for the cafety rnargtc. ir; scrtt c i  ;he high cj:icii of ;hese nmtects. Two mam r2asoss c o u ; ~  
aíilect the  differences: :hb avaiiabiliry of \~itarnins can be diffaren: dependii;g c.ion :ne í o rn  o? dieta. 
input and also certain vitanins n a y  Se dostroyrc Curing fozd 7anufact-rr 5y hez!, rrioistc;?, 
a ! t e r l i i cn~  in o+, !be n r ~ s ? n ~ . ~  of 5ar; l l  1;1~ft21$, !¡si,? oxiez;i~n.. D ~ ~ t - ~ ~ ; j ~ , ~  t . , j t ~ ! ~ !  7 ( a s t 3 h i ~  





? E  i 2 r s  (casain-szlar!r:) ic:zrisrzc witn rnix cf ce,z2in err?ino ac:cs ~ n 5  E. , ~ ! . ~ s í z j  T ' X  I r 3 2  'ii 
:ke i ~ s i s d  rninersi 2r5 frr.uerii/y iset :c; ;he qualiiarive deiwmiricrions. 

Care ,-usr be tzksn t3 obrair, adecjc~tr í& ir,i.k$s. LiAost siuciac ~ k c u t  minsrc! racuirernsnts of  
fish ha\/: &?sn rsncucie"sin5 2l;rissc cir,ís, 53: s rmi -pu r :Zad  aisa ntve ;-?SS r.erdrC ic  obra,:: 
adecc;z:í! f9ecinc in:ak; ícr soiris sgz~ies 2s re- drum {Sc~cmops ucc-ilatus), Garlin ¿i -- a!. ('32'j. 
This acihcrs o s ? ~  iiopbi!izz6 aduií E< ~ r ; ; r ~  -,m;;usck 2 n Q  e52 ivn. ! r r  as ;mrs!n socrces ro deier;;iiñi Zz 

, . . 
r ~ . ~ ~ ~ ~ ~ ~ - ~ r n -  3 -  L h i c -  ?m-,-;-- L l ; m - y - i  - - - $ ~ , - , -  - *  >he - - m  e- - m -  --m+,-" A v . - :  -hms.,nA ?e-!- - i - - - - l  , G * L i i  ¿ i r , ¿ !  t i  SI<-.L i 1 3  5+C¿i'=3 I V < I I t ¿ . C L  C:ICIy3'3 5< 1,,- ¿ ' ! U  Ui :> ,Y  i=='Lli l i j  11:ct 3 1 ! U " Y ¿ ' - I  L i I C I  .3LCIC i<ii l lCi ci 

snc bcne-zinc concentrzticns wsre-si~r.i?icanrIy a5tcreC by C i r i 2 ~ /  Zn concsntiakion anci ver? asee 
tccetnor wiih crowth paraneteís 2 s  rh? r lsponse crirsris fu: ;:e rs;inaticí: 3f  íhs ~ i e r a ? ~  zinc 
re",ui:rr;rnr :-,rcuci; ?he broken-iinen rqitssim analycrs. 
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